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ABOUT THE TRANSACTIONS

TPGM is acronymed for Transactions of the Persatuan Genetik Malaysia (or Genetics Society of Malaysia). The 
Transactions is the Society's scientific publication. It is published periodically and can be downloaded free from PGM 
website.

Genetics is a rapidly expanding field that has far reaching impact in almost every horizon of life, from agriculture to 
industry to medicine, and has made many invaluable contributions towards our well being. The Transactions is therefore a 
valuable publication to highlight new developments and findings encompassing these wide-ranging fields and disciplines.

Each issue comprises articles, reports and reviews which had been contributed to the Society's scientific activities. 
Selection of articles or contributions to be considered for publication in the Transactions will be done by the Society based 
on their scientific merit, and also their research and application potential.

Each issue is indexed and a cumulative index is planned for the future.

The Society gratefully acknowledges the outstanding contribution of members and non-members alike.

FOCUS OF THIS TRANSACTIONS

In this Transactions, focus is given to the science of genetics and its allied fields.  In a nutshell, genetics is the study of 
genes, genetic variation, and heredity in living organisms. It is generally considered a field of biology, but intersects and 
converges with many other life sciences, and is now strongly associated with molecular biology, genomics and 
bioinformatics.

TPGM Number 7 is a compilation of selected papers contributed to the 12th Malaysia International Genetics Congress 
2017 (MIGC12) with the theme “Soaring Beyond the Frontiers of Genetics” held on 25-27 September 2017 in Bangi, 
Selangor, Malaysia. 

TPGM Number 7 is now available for download from the Society’s website.
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PREFACE

Plant breeding has always played an important role in agriculture and plantation sector, especially for ensuring food 
security, by developing new varieties that are high yielding, high quality, resistant to pests and diseases, and adapted to 
different growing environments.

In Malaysia, plant breeding and genetics have considerable prospects to be further developed to meet demanding 
productivity and sustainability targets for future food security and plantation industry.

Although plant breeding activities have been going on for a very long time for most of our economic crops, there 
has never been an event exclusively dedicated to plant breeding and genetics. Realising the great yet unleashed potential 
of and the need to further empower plant breeding and genetics in the country, Genetics Society of Malaysia, in 2011, 
mooted the idea to create and facilitate a platform for plant breeders in the country and also region to meet and share their 
common but distributed visions, responsibilities, achievements and experiences. 

The Society together with Agro-Biotechnology Institute (ABI), Malaysian Agricultural Research and Development 
Institute (MARDI), and Institute of Agriculture (ITA) of Universiti Putra Malaysia, and in collaboration with the Society for 
the Advancement of Breeding Research in Asia and Oceania (SABRAO) walked the idea and took the initiative to organise 
the First Plant Breeding Seminar in July 2012. The Seminar received overwhelming local and international  participation, 
and turned out to be the first in the country for such an event cross-cutting many crop species. It was not just a pure stroke 
of serendipity.

The following events provide an account of the history in the making. Riding on the success and obligations arising 
from the first Seminar, in October 2014, the Society again co-organised the Second International Plant Breeding Seminar, 
accompanied with higher levels of enthusiasm and participation. The book entitled “A Practical Compendium on Advances 
in Plant Breeding” was published and launched during the second Seminar.

Over 180 participants from 14 countries participated in the third Seminar, namely Australia, Bangladesh, France, 
India, Indonesia, Malaysia, Netherlands, Nigeria, Pakistan, Philippines, Sri Lanka, Sudan, Thailand, and Vietnam.

The overwhelming participation in the Third International Plant Breeding Conference held in November 2016 
provides the testimony that the Society is actively internationalising and pushing the field of plant breeding and genetics to 
the forefront.

More efforts are needed to provide awareness to students and public on the benefits of plant breeding and 
genetics.  A greater number of young people should be inspired to make plant breeding as their professional careers in 
plant breeding. A number of universities should consider to develop and offer dedicated plant breeding programmes at 
undergraduate and postgraduate levels. 

We hope the considerable past achievements of plant breeding in the country will continue to provide an impetus to 
enhance the development of superior varieties and clones for our crops or commodities.

This fourth issue of the Transactions contains selected articles contributed to the international plant breeding 
conference in 2016.

Editors
September 2017

The Society strives to organize various activities towards fulfilling 
its primary objectives. These activities will help members to touch 
base and to keep abreast with new developments in genetics and 
related fields.

The First National Congress on Genetics was held more than 20 
years ago, and since then, there have been considerable and 
remarkable progress in many areas of genetics. The Genetics 
Congress is a major scientific activity for the Society, which will 
provide the forum for researchers, scientists, professionals and 
policy makers to present their
ideas, findings and innovations, and also to offer a mechanism for 
sharing of knowledge and networking.

A wide range of topics would be presented during the
Congress, including topics on plant genetics, animal genetics,
microbial genetics, medical and human genetics, molecular
genetics, biodiversity, biosafety and policy issues.

It is my pleasure to invite you to attend the 11th Malaysia Genetics Congress and to 
deliver the keynote address, also known as the Mendel Lecture.  The Malaysia Genetics 
Congress, which was started in 1994, is a biennial congress organized by the Genetics 
Society of Malaysia. This is the most unique genetic congress in Malaysia that brings 
together  geneticists  from  various  disciplines  including  human,  animal,  plant  and 
microbial.   The Mendel  Lecture  was inaugurated during that  first  Malaysia  Genetics 
Congress and many prestigious speakers have delivered the Mendel Lecture since then. 

The details of the 11th Malaysia Genetics Congress are as follows:

Date : 12-13th  August, 2015
Venue : Perdana University, Serdang, Selangor, Malaysia

Mendel Lecture: 12th of August, 9.00-10.00am (tentatively) 

Your insight into the current and future trends in genetics would certainly benefit all the 
participants of this congress including lecturers, researchers and post-graduate students. I 
would also like to point out that the organizers of this congress would cover your travel 
(return economy airfare and local ground transportation) and accommodation. 

Please feel free to contact Dr. Michael Ling at lkh@upm.edu.my/+603-89472564 should 
you have any enquiries regarding the seminar.  He will follow up with you regarding the 
details of your travel itinerary as well as the Mendel Lecture.

On behalf of the Genetics Society of Malaysia,  I  look forward to welcoming you in 
Malaysia and to see you at this great scientific meeting.  

Dear Prof. Dr. Khush,
Emeritus Professor
University of California, Davis
416 Cabrillo Avenue 
Davis, CA 95616, USA

I am writing to you to follow up on our discussions we had on 25, 
26 & 29 October 2010 when you were the guest of honour with 
MARDI, Biotek, CEBAR and ASM.

On behalf of the Organising Committee, we are indeed dearly 
honoured to extend our invitation to you to be the eminent speaker 
for the 9th Mendel Lecture in conjunction with 9th Malaysia 
Genetics Congress to be held on 28-30 September 2011in 
Kuching, Sarawak. This time the 2½-day Congress will be jointly 
organised by Universiti Malaysia Sarawak (UNIMAS) and Genetics 
Society of Malaysia (PGM). The theme of the Congress 
“Appreciating the richness of nature through Genetics” gels well 
with the focus accorded to biodiversity and biotechnology in the 
context of our national development.

We would like very much to suggest a topic on the title of 
"Mendelian Genetics to Functional Genomics in Rice Science: An 
imperative for Food Security and Environmental Health", but you 
are at liberty to modify as it suits your understanding and 
experiences.  The 9th Mendel Lecture will begin at the outset of the 
Congress, and will be presented in one hour in the plenary session 
as a public lecture.  We hope this Mendel Lecture will serve as a 
premise to continue to strengthen the core areas of the science of 
genetics as well as to promote their onvergence with new emerging 
sciences such as genomics in rice science towards fulfilling & 
achieving our national obligations and goals.  We would very much 
like to print and distribute the manuscript of your presentation in 
advance during the Congress.  

For your information, the past Mendel Lectures presented the 
following eminent speakers: 

    * First Mendel Lecture by Prof. Bruce Holloway, 1994
    * Second Mendel Lecture by Nobel Laureate Prof. Dr. James 
Watson, 1996
    * Third Mendel Lecture by Prof. Yong Hoi Seng, 1998
    * Fourth Mendel Lecture by Prof. Brian Kinghorn, 2000
    * Fifth Mendel Lecture by Prof. Dr. Robert Williamson, 2003
    * Sixth Mendel Lecture by Prof. Dato' Dr Zakri Abd hamid, 2005
    * Seven Mendel Lecture by Prof. Dr Alan Colman, 2007
    * Eigth Mendel Lecture by Prof. Datin Paduka Dr. Khatijah Mohd 
Yusoff, 2009

Since its formation in 1994, Genetics Society of Malaysia (or 
Persatuan Genetik Malaysia in Malay) has grown steadily in 
membership. At present, the Society has 78 life members, 199 
ordinary members, 98 student members and 5 associate members. 
These numbers reflect the strong interest and commitments in 
genetics as a discipline in this country.The Society strives to 
organise various activities towards fulfilling its primary objectives, 
i.e. to develop and promote scientific knowledge on genetics, to 
create public awareness on its importance and advancements, and 
to foster a strong relationship and understanding between 
scientists in genetics and allied fields. For the last several decades, 

The	 First	Na,onal	 Congress	 on	Gene,cs	was	 held	 over	 22	 years	 ago	 in	
1994.	 This	 Congress	 will	 be	 the	 12th	 edi,on	 of	 such	 Congress	 on	
Gene,cs.	Boosted	by	 successes	of	 the	previous	Congresses,	 the	Society	
will	make	every	effort,	and	will	push	on	with	a	bigger	and	wider	role	to	
interna,onalise	its	scien,fic	ac,vi,es.	 	We	hope	you,	members	and	non-
members	 alike,	 will	 help	 us	 make	 the	 Congress	 as	 a	 major	 biennial	
scien,fic	ac,vity	for	the	Society.

1-7 National
8-11 MGC
12  MIGC
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The First National Congress on Genetics was held over 22 years ago in 1994. MIGC12 is the 12th edition of such 
Congress on Genetics. Boosted by successes of the previous Congresses, PGM is making every effort, and will push on 
with a bigger and wider role to internationalise this flagship scientific activity. The main aims of the Congress are to create 
a platform from which researchers can reflect on advances made in the scientific fields of genetics, consider the best of 
contemporary research progress and anticipate future developments in these disciplines.  Scientists from universities, 
public and private research institutions and others attended the MIGC12. Realising the importance of these multi-
disciplines to bring genetics forward to benefit humankind locally and globally, PGM is proud to host this genetics congress 
at international level.
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1

Evaluation Of Onion Accessions For Nutraceutical And Yield
Related Traits

Abstract

Onion is one of the best cure among all the medicinal plants against many chronic diseases. Health secrets are hidden in this crop. It 
contains many chemicals that are of either nutritional or pharmaceutical importance. Previously, breeding efforts in onion mainly focused 
on yield related attributes and ignored their nutraceutical value. Therefore, recent study concentrates over the screening of onion 
accessions for nutritional and pharmaceutical traits along with other morphological attributes so that a best combination having good yield 
and nutraceutical contents could be made in subsequent studies. A collection of Twenty-five onion accessions (including white, yellow 
and brown) was used in this study to estimate nutritional (ascorbic acid, pyruvic acid) and pharmaceutical (total phenolics, total 
flavonoids) parameters using standard methodology. Some economically important morphological traits (bulb weight, bulb neck size and 
bulb diameter) were also recorded. Analysis of variance was used to assess the significance of differences among accessions. Results 
indicated significant variation among accessions for all the traits. Maximum average value for pyruvic acid contents was observed 0.531 
µmole in MKS-11 and minimum was recorded 0.146 µmole in MKS-117.Similar variation was observed for ascorbic acid   MKS-121 with 
maximum value observed 3.64 mg and MKS-117 with minimum value of 0.751 mg was recorded, other genotypes showed intermediate 
results for the ascorbic acid contents. All the accessions were highly variable for total flavonoids and phenolic content. Maximum value for 
total flavonoids was recorded in MKS-108 as 0.487 QE/g   while V-28540 showed minimum 0.0255 QE/g value for this trait. MKS-123 
with maximum value of 0.2mg GAE/g and MKS-102 with minimum value 0.01mg GAE/g was recorded for total phenolic contents. 
Genotypes were characterized for morphological traits viz., bulb weight, bulb neck size and bulb diameter. MKS-123   showed variation 
for bulb weight by showing highest value 103.86g and CGN-24762 with lowest value 15.266g was recorded for this trait. Maximum and 
minimum values for bulb neck size and bulb diameter was observed as 22.2cm in NARC-onion2 and 6.53cm in MKs-121 for neck size 
and for bulb diameter MKS-106 with maximum value of 57.102cm and CGN-24762 with minimum value of 3.94cm  was recorded 
respectively. Results of this study could be utilized to develop high yielding onion genotypes with increased nutraceutical contents.

Rashid Mehmood Rana, Department of Plant Breeding and Genetics, PMAS-Arid Agriculture University, Rawalpindi, Pakistan
Email: rashid_cabb@hotmail.com
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 INTRODUCTION

Onion (Allium cepa L.) is the most important member of the 
family Amaryl l idaceous (Al l iaceae). Onion is a 
monocotyledonous biennial vegetable with diploid number 
of chromosomes 2n=16 (Bassett,1986). Onion is an 
important vegetable crop whose distinctive flavour is 
appreciated by people throughout the world. Bulbs of onion 
can be used either ‘green’ in salads or in dried and powder 
form for seasoning of food. Onion crop is most commonly 
grown all over the world and contributes significantly in 
agricultural economy (Geremew, 2010). The leading onion 
producer countries are China, India, USA and Turkey 
(Brewster, 1994).

Morphologically onion is characterized for various 
bulb traits viz.,bulb weight, bulb diameter and bulb neck 
size. Onion bulbs vary greatly in size (small, medium and 
large), colour (white, yellow and red) shape (flattened, 
round and globular). Moreover, onion can be grouped on 
the basis of day length requirements as short days and 
long days (Costa, 2000) The plant requiring 10-12 hrs day 

length are grouped into short day while those taking 14-16 
hrs or more are regarded as long day.

Onion is a rich source of many important 
nutrients such as pyruvic acid, ascorbic acid and minerals. 
Ascorbic acid plays a role in the nutritional importance of 
onion. It is essential for the human body because it assists 
the body to absorb iron, formation of red blood cells and to 
fight against infections. Minerals are needed for the body 
to perform many important functions like maintenance of 
bones, teeth and muscles (Yoshimura et al. (1991). 
Pyruvate is also an important ingredient of onion which 
makes it pungent. In addition to these nutritional contents 
onion is also known for the presence of many chemicals 
t ha t a re o f med i c i na l impo r tance known as 
pharmaceuticals. Though onion is rich in various 
pharmaceuticals but phenols and flavonoids are of primary 
importance and have various beneficial effects over health 
that are directly correlated with abridged prevalence of 
cardiovascular disease (Banerjee, 2002), osteoporosis, 
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alleviate the chances of cancer, good cure to overcome 
dysenteric problems and many types of other most 
common diseases including hepatitis (Roberfroid, 2007).

Considering the importance of onion crop as well 
its bulb and nutraceutical .properties, the current study was 
conducted to evaluate a collection of onion accessions for 
the said parameters. Results of the study are expected to 
bring an insight of the variation regarding parameters 
under study and could be utilized to modulate the 
characters according to consumer preference. 

MATERIALS AND METHODS

Seeds of 25 onion accessions obtained from NARC-
Islamabad were surface sterilized and sown in field 
following RCBD layout. Data of the following parameters 
was collected according to given methods. 

Morphological Traits 

All the selected plants from each accession were 
characterized for average bulb characteristics i.e. weight, 
diameter and neck size with the help of electrical weighing 
balance (weight) and vernier caliper (diameter and neck 
size). 

Nutraceutical Traits

The concentration of Vitamin C was determined using 
DCPIP (2,6-Dichlorophenol-indophenol) as an oxidizing 
agent following the procedure reported by Cunnif (2002). 
The pyruvic acid concentration was determined following 
the method of Schimmer and Weston, 1961. Sodium 
pyruvate was used as a standard. Flavonoid contents of 
crude extract were determined by the aluminium chloride 
colorimetric assay as reported by Zeishan et al., 1999. 
Quercitin was used as standard and results were 
expressed as mg quercitin equivalents (QE)/1 g dry plant 
material. Folin-Ciocalteu reagent method was used to 
determine the total phenolic contents of the sample extract 
following the method reported by Miguel et al., 2010. Folin-
ciocalteu was used as reagent and finally results were 
expressed as mg of gallic acid equivalent/g dry matter.

Statistical Analysis

Treatments were compared by analysis of variance 
(ANOVA) using the General Linear Model (GLM) 

Table 1. ANOVA (Analysis of variance)

procedureas implemented in the IBM SPSS Statistics 
software package (Chicago, Illinois). Mean comparisons 
were calculated by using the LSD test.

RESULTS

Twenty-five (25) onion accessions were evaluated during 
the course of study. Analysis of variance (ANOVA) was 
performed for all the accessions. All accessions were 
significantly different for morphological and nutraceutical 
traits.

Morphological Taits

Morphological or traits related to yield were recorded for 
all the onion accessions. All the accessions showed 
significant variations for these traits.

 Bulb Weight

All the accessions have highly significant variations from 
each other (Table 1). These differences can also be 
visualized from the graph (Figure 1). Mean values for all 
the accessions were calculated. Maximum value was 
observed for MKS-123,MKS-106,MKS-119,V-,32813 and 
MkS-103 showed medium values.While Minimum values 
were recorded for Mks-114,V-28529, Narc-2005 and for 
CGN-24762.

Figure 1. Estimation of differences among accessions 
for bulb weight
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Bulb Diameter

 All the accessions showed non-significant variation for the 
bulb diameter (Table 1). Mean values were recorded for 
bulb diameter. Maximum value was recorded for 
MKS-123.While medium values were recorded for 
MKS-118.,V-170 and MKS-113.Minimum values were 
recorded for v-28535,v-28537,v-28539 and for MKS-108.

Bulb Neck Size

All the accessions of onion were characterized for neck 
size. Highly highly significant variations  among accessions 
were observed for bulb neck size (Table 1). Maximum 
variation for neck size was shown by NARC-Onion 2.while 
medium values were recorded for CGN-24762,V-28539 
and V-28536.Minimum vales were recorded for onion swat, 
phulkara and  for MKS-103.   

Differences among the accessions can also be 
observed from the graph (Figure 3).

NUTRITIONAL TRAITS

Pyruvic acid

Onion accessions were analyzed for the pyruvic acid 
contents. All the accessions showed significant differences 
for pyruvic acid contents (Table 1). Mean values were 
recorded for pyruvic acid contents. Maximum value was 
recorded for Narc-2005.Medium results were observed for 
V-32813, V-28540, V-28531 and V-171.Minimum value was 
recorded for MKS-106, MKS-10 and for onion swat. 
Differences can be visualized from the graph (Figure 4).

Ascorbic acid

All of accessions were characterized for ascorbic acid 
contents. Highly significant variations were found among 
the accessions (Table 1). Means values were 
recorded .Maximum value was recorded for MKS-106 and 
Narc -2005 .Med ium va lues were reco rded fo r 
V-32813,V-28540, and V-28531.Minimum values were 
recorded for V-28536,V-28539 and for onion swat. 

Figure 2. Computed values among different accessions 
for bulb diameter

Figure 3. Comparison among accessions 
for neck size

Differences can also be observed from Figure 5.

Total Flavonoids:

Accessions were screened for total flavonoids. All the 
accessions showed positive results for the presence of 
total flavonoids. It was observed that accessions are 
highly significantly different from each other for the 
presence of total flavonoids (Table 1). Maximum mean 
values were recorded for V-28539,Onion swat,phulkara 
and MKS-101.Medium values were observed for 
V-28529,V-28531,V-28537 and V-28538.Minimum values 
w e r e r e c o r d e d f o r V- 1 7 1 , V- 2 8 5 4 0 a n d f o r 
CGN-24762.Differences can also be observed from the 
graph (Figure 6).

Phenolic Contents:

Presence of total phenolic contents was observed in all 
the accessions.Highly highly significant variations were 
observed for all the accessions (Table 1). Maximum mean 
values were recorded for MK-123, MKS-121 and for 
MKS-120.Medium results were found for MkS-108, 
MKS-118,, MKS-107 and for Nar-2005.Minimum values 
were recorded for V-28531,V-28529,V-32813 and for 
MKS-106.Differences can also be observed from the 
graph (Figure 7).

DISCUSSION

Onion bulbs have pungent smell. Pungency of onion is 
due to pyruvic acid. Rodriguez et al. (2008) suggested that 
pyruvic acid contents are directly related to the pungency 
of onion. During the recent study accessions having three 
different colours viz., Red, white and yellow were analyzed 
to assessed the quantity of pyruvic acid(unpublished 
Data).It was observed that  Red coloured accessions are 
more pungent due the  presence of maximum quantity of  
pyruvic acid. The yellow accessions have moderate level 
of pungency due to the medium quantity of pyruvic acid 
while white accessions are less pungent than both of red 
and yellow accessions due to minimum quantity of pyruvic 
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Figure 4. Comparison among accessions 
for pyruvic acid contents

Figure 5 Comparison among accessions 
for ascorbic acid 

Figure 6. Comparison among accessions 
for total flavonoids

Figure 7. Comparison among accessions 
for phenolic contents

acid. Randel (1992 conducted study for assesment of 
pyruvic acid in onion accessions and findings of our study 
are agreed with their results. In addition to pyruvic acid 
ascorbic acid is studied as an important nutritional 
parameter. It is a well-known antioxidant present in plants. 
Arrigoni and de Tullio,2000 described that it acts as a 
electron donor in biosynthetic pathways.

Ascorbic acid regulates cell elongation and 
multiplication suggested by Gonzalez-Reyes et al. 1998. 
Ascorbic acid was observed by acid-base titration method. 
DCIP (2,6-dichlrophenolindophenol was used as an 
indicator for ascorbic acid. DCIP turned pink under acid 
conditions that indicates the presence of ascorbic acid. 
Variation among accessions for ascorbic acid was due to 
genetic difference observed during the study. Previous 
studies performed by Caruso et al. (2014) also reported 
the genetic differences for ascorbic acid contents. Total 
Flavonoids and phenolics are the essential pharmaceutical 
compounds . These two are the ma jo r d ie t ry 
phytochemicals. Ning et al.,2014 described that flavonoids 
play a major role in fighting against cancer.in the recent 
study flavonoids were analysed by colorimetric 
determination of  oven dried shredded onion peel and 
ALCl3 was used as reagent.Total flavonoids were 

observed by spectrometric study and quercetin was used 

as a standard.Variation among genotypes was observe for 
total flavonoids (Figure 6). It was observed that variations 
among accessions for total flavonoids were  were due to 
different stress factors such as heat,cut and chemicals as 
observed by Shirley (2002) and also due to genetic 
differences. But the variation among accession in this 
study was due to genetic differences. The total phenolic 
contents of methanolic onion bulb extract were 
determined through spectrophotometric study by using 
gallic acid as a standard. Genetic differences were 
observed for (Table 1) total phenolic content.Phenolis. act 
as a free radical scavenger so the information related to 
the concentration of phenolics could be valuable 
information to enhance its antioxidant activity.Bulb weight 
is an important morphological trait that clearly 
distinguished accessions from each other. It also 
contributes in the quality of onion. Variation among 
accessions for bulb weight was due to environment as 
well as genetic factors. In our study variability among 
accessions was mainly due to genetic factors as reported 
by Naz and Amjad (2004). Bulb diameter describes the 
uses and market value of the onion.Selection for bulb 
diameter varies from country to country according to the 
requirements of the people. Genetic factors are 
responsible for variation in bulb diameter (Table 1). 
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Findings of our study are in accordance with those 
reported by Yang et al. (2014). Bulb neck size plays role in 
storage potential of onion.Accessions with thick neck sized 
are prefered than thin thin neck sized because thick neck 
sized have more storage potential than thin neck 
sized.Accessions showed significant variation (Table 
1).Genetic factors are responsible for variability in neck 
size in this study. Results of our study are in line with those 
reported by Guatam et al. (2006). Characterizion of 
accessions for morphological and nutraceutical traits plays 
a key role in the evaluation of accessions. Variability 
among accessions due to genetic factors can be used as a 
valuable tool for future prospects.

CONCLUSION

Recent study is important in the evaluation of onion 
accessions through screening of onion accessions by 
characterization of nutraceutical and morphological or yield 
related traits. Information related to the total concentration 
of nutritional and pharmaceutical traits is essential from 
breeding point of view in order to enhance such valuable 
nutrients by making best combinations of nutrient rich 
accessions. This study must be adopted in order to 
improve the onion accessions for nutritional and 
pharmaceutical traits and to provide the set off basic 
breeding material as a source of germplasm for the 
breeders
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Abstract

Nuclear technology is a useful technique that has long been utilized by researchers especially plant breeders in developing better quality 
crops. One of the potential crops for mutation breeding program in Malaysia is Hibiscus cannabinus L. or commonly known as kenaf 
which is used in manufacturing of various products such as forage, clothes, car dashboard, particle board, paper etc. Two types of 
irradiation were used in this study, namely acute and chronic gamma irradiation. For acute gamma irradiation, kenaf seeds from V36 
variety were selected as materials to be exposed at 10 different doses of acute gamma rays (0, 100, 200, 400, 800, 1000, 1200, 1500, 
1700 and 2000 Gy) using BioBeam GM 8000. All irradiated and control seeds were planted in trough for 30 days. The acute gamma 
irradiation effects were analysed on several parameters such as seedling survival percentages, plant height, shoot fresh and dry weight. 
In general, it was found that survival rates as well as the other parameters were decreased as the doses of gamma rays increased. From 
the radiosensitivity curve, the values for LD50 and LD25 were estimated at 810 and 310 Gy, respectively. Meanwhile, chronic gamma 
irradiation study was conducted in Gamma Greenhouse (GGH). In contrast to the method used in acute gamma irradiation, kenaf seeds 
were first planted in pots in a shadehouse for 7 days prior to irradiation at various dose rates of 0.3 Gy/hour, 0.17 Gy/hour, 0.11 Gy/hour, 
0.05 Gy/hour, 0.03 Gy/hour, 0.02 Gy/hour, and 0 Gy/hour (control). Plant survival and morphological data such as plant height and stem 
girth, were observed. The LD25 value obtained in this study was 193 Gy after 100 days of chronic irradiation. LD50 value was not obtained 
because none of the exposed plants showed less than 50 percent in growth when compared to the control. It was mainly due to small 
exposure of irradiation in chronic type. The radiosensitivity data obtained from this study is very useful in determining suitable doses for 
subsequent mutation induction on kenaf.
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INTRODUCTION

Kenaf (Hibiscus cannabinus L.) which originated from 
Africa in the family of Malvaceae is usually planted for 
fiber, energy and feedstock (LeMahieu et al., 2003; Mariod 
et al., 2010; Berti et al., 2013). Kenaf has been 
commercialized internationally in various industries for 
various products and purposes such as in the production of 
clothes, particle board, bioplastics, paper etc. Kenaf also 
present less disposal problem (Chahal and Gosal, 2002). It 
can be considered as a new commodity to the country 
(Basri et al., 2014) as Malaysian government has decided 
to replace local tobacco with kenaf due to the ASEAN Free 
Trade Area (AFTA).     

To become a valuable source of economy, plant 
variety or cultivar is one of important key factors other than 
sowing dates, irrigation, weed control etc in crop 
management (Alexopoulou et al., 2015). Petrini et al. 
(1994) reported that kenaf variety with late maturity 
produce higher yield in term of biomass compared to early 
maturity variety. Thus, development of new varieties of 

kenaf with late maturity characteristic is an interesting area 
to be studied. 

One of the methods that can be used to alter 
plant’s genetic is mutation breeding. This technique can 
improve crop development by generating and utilizing 
genetic variability through the application of mutagenic 
agents (Oladosu et al. 2016), either by physical, chemical 
or biological mutagens. The most widely used technique is 
irradiation. Mutation induction through irradiation is usually 
done using gamma rays. One of the advantages of using 
gamma rays is its high penetration rate into tissues of 
multicellular layers (Yunus et al. 2013). In addition, gamma 
ray application is simple, with great reproducibility and 
high mutation occurrence in comparison with chemical 
mutagens (Jain, 2010). Through mutation induction, 
natural and genetic resources can be improved and is 
considered as an effective and economical method to 
develop new cultivars of many types.
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Lethal dose (LD) is an important measurement to 
determine the optimum dose for irradiation. It is a 
measurement that will define the dose that would cause 
death in a certain percentage to a sample population. 
Usually, LD50 and LD25 is used as a bench mark in 

radiosensitivity test in determining suitable doses for 
subsequent mutation induction of plant. LD50 means 50% 
of the irradiated samples die because of irradiation 
(Albokari et al, 2012). The same meaning applied to LD25 

where 25% of the irradiated population dies after 
irradiation. Normally LD50 normally creates high frequency 
of mutation while LD25 can be considered as optimum dose 

where large number of undesirable mutation can be 
minimized in order to determine the suitable dose for 
mutation induction.

In this study, the effect of gamma rays on the 
growth of kenaf and determination of LD50 and LD25 values 

were investigated. 

METHODOLOGY

Kenaf seeds of V36 variety were supplied by Lembaga 
Kenaf and Tembakau Negara (LKTN). To ensure that the 
seeds are in good condition, germination and moisture 
content tests were conducted on the seeds before 
irradiation. Acute gamma irradiation was performed using 
BioBeam GM8000 facility at Malaysian Nuclear Agency. 
The samples were irradiated with 10 different doses of 
acute gamma rays (0, 100, 200, 400, 800, 1000, 1200, 
1500, 1700 and 2000 Gy) from Ceasium-137 source. 
These seeds were planted in troughs containing sand and 
peat only after irradiation process was completed. The 
experiment was done in a shade house where 5 troughs 
were prepared as replicates for each treatment and each 
replicate contains 10 seeds per dose. Each seed was 
planted at a distance of 5cm between one another in the 
same dose and 10 cm between different doses. The seed 
were grown for 30 days and watered manually twice a day. 
Data of survival rate were recorded at 7th, 14th and 30th day 
after planting. Meanwhile, data for final plant height, fresh 
weight and dry weight of stem were recorded at 30th day 
after planting.  

For chronic gamma irradiation, the non-irradiated 
seeds were planted in pots containing coco peat, top soil 
and sand at 3:2:1 ratio in a shade house. After 7 days, pots 
with 10 replicates for each treatment were subjected to 
chronic gamma irradiation in Gamma Green House (GGH) 
facility in Malaysian Nuclear Agency at 6 different dosage 
rates ranging from 0.3 Gy/hour, 0.17 Gy/hour, 0.11 Gy/
hour, 0.05 Gy/hour, 0.03 Gy/hour, 0.02 Gy/hour, and 0 Gy/
hour (control). Plant survival and morphological data such 
as plant height and stem girth were observed during the 
experiment. Plants were taken out from GGH at 125 days 
and accumulated dose of gamma irradiation for each 
treatment was collected at the end of the experiment. The 
controls were planted outside GGH facility with similar 
condition. Linear regression analysis was used to estimate 

LD50 and LD25 using survival data as measurement. 

Analysis of variance was performed using Statistical 
Analysis System (SAS) version 9.2 to measure significant 
differences (p≤0.05) or (p≤0.01) among characteristics 
data. The mean differences between the doses were then 
determined using LSD test. 

RESULTS AND DISCUSSION

Acute Gamma Irradiation

From the result obtained, it was found that the germination 
rate of the seeds received from LKTN was above 80%. 
The moisture content was approximately 13% which 
indicates that the seeds are in good quality. Different 
trends of survival rate for irradiated and non-irradiated 
were observed at 7th and 14th day when compared to 30th 
day of planting (Fig. 1). Based on statistical data, there 
was no significant effect of dose treatment in comparison 

with the control for seedling survival until 14th day. Most of 
the treatments including the control showed 80% survival 
rate at 7th and 14th day after planting. However, after 14th 
days, it was noticed that seedling survival were 
significantly affected when higher doses were applied. 
Doses above 800 Gy were found to cause lethal effect to 
the seedlings of kenaf. In addition, the survival rate began 

to decrease as the dose increases for 30 days old 
seedling. Treatment at 1700 and 2000 Gy totally hinder 
the growth of all seedlings. According to Omar et al 
(2008), DNA damage and the inability to repair them is the 
reason why the seeds could grow at early stage but failed 
to survive after a certain growth period.        

In this study, LD50 and LD25 was determined by 

plotting survival rate data against treatment dosages using 
a linear regression equation. LD50 was calculated at 

approximately 810 Gy while LD25 was approximately 310 

Gy (Fig.2). These values can be used in the next study for 
mutation induction of kenaf. The LD50 value may be used if 

Figure 1.  Survival rate (%) of irradiated and non-irradiated 
kenaf seedlings at 7th, 14th and 30th days of planting
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the aim of the study is to get higher mutation frequency 
whilst LD25 is preferable in some studies to get minimum 
undesirable traits. 

Data on plant height was also recorded in this 
study. From the results obtained, reduction in plant height 
was observed as the treatment dosage increases (Fig.3). 
This finding was similar to many works done previously by 
other scholars (Ellyfa et al., 2007; Omar et al, 2008; 
Roongtanakiat et al, 2012; Khah and Verma, 2015). 
According to Khah and Verma (2015), this reduction was 
possibly due to the disturbance of protein synthesis, 
hormone balance, enzyme activity and water exchange 
after the seeds were irradiated. Interestingly, it was found 
that seedlings irradiated at lower doses i.e 100, 200 and 
400 Gy exhibited increased plant height in comparison with 
the control plants. According to Pitirmovae (1979), 
stimulation of cell division that affect the synthesis of 
nucleic acid at low dose of gamma irradiation might rouse 
the growth of plant. The highest plant height recorded in 
this study was obtained at 200 Gy with an average of 40.4 
cm while the shortest plant was 4.4 cm which was 
irradiated at 1500 Gy, both recorded at 30th day after 
planting. All treatments showed significant effect to the 
development of kenaf height. As in survival rate data, 

dosages above 1700 Gy killed all the seedlings before 30th 

day and therefore no data could be recorded.
Fresh weight and dry weight for stem were 

recorded at 30th day after planting. Based on the results 
obtained, it was found that seed treated with 200 Gy 
produced the highest fresh stem weight which was 
approximately 3.54 g (Fig. 4). The lowest fresh weight for 
stem was produced by plant irradiated at 1500 Gy which 
was 0.22 g. Statistically, dosages at 100 and 200 Gy have 
significant effect on the weight of kenaf stems in 
comparison with the control. However, it shows that the 
fresh weight for stems irradiated from 800 to 1500 Gy have 
no significant effect among them; thus, the data almost 
remained unaffected but able to influence the negative 
growth of plants compared to control. 

In the case of dry weight, statistical data shows 
that treatment with 100 and 200 Gy gave significant effect 
on dry weight of kenaf stem in comparison with the control 
with the highest mean dry weight of stem was produced by 

Figure 2. LD50 and LD25 of irradiated kenaf at 30th day 
after planting

Figure 3. Plant height (cm) of irradiated and non-irradiated 
kenaf at 30th days of planting

plant irradiated at 200 Gy which was 0.37 g (Fig. 5). The 
lowest stem dry weight was produced by plant irradiated at 
1500 Gy which was 0.06 g. However, there was no 
significant effect of treatment dose between 800 to 1500 
Gy for the stem dry weight. 

Chronic Gamma Irradiation

According to the data analysis, there is no significant 
difference in survival rates of kenaf plant during exposure 

Figure 4.  Fresh weight (g) of stems of irradiated and 
non-irradiated kenaf at 30th day after planting

Figure 5. Dry weight (g) of stems of irradiated and 
non-irradiated kenaf at 30th day after planting
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to chronic gamma irradiation. At 100th days after planting, 
the highest percentage of plant survive was at 0 Gy and 31 
Gy which shows 90% of plant survived while the lowest 
percentage of plant survived was at 317 Gy which shows 
only 60% plant survived (Fig. 6). After 100 days of chronic 
irradiation, the value for LD25 obtained in this study is 193 

Gy (Fig.6). This value was obtained by plotting survival rate 
data against treatment dose using a linear regression 
equation. Unfortunately, LD50 was not obtained because no 
population shows survival rate below than 50% in this 
study. Exposure to gamma irradiation can cause blockage 
in the DNA which can cause plant growth to slow, stop or 
eventually killed the plant (Aziliana et al, 2015).  However, 
after certain amount of time, cell will eventually repair the 
fatal DNA damage cause by gamma irradiation (Singh et 
al, 2010).

For plant height measurement, the result 
indicates that the highest amount of dosage received by 
kenaf plant shows the lowest average plant height. This 
result is comparable to a previous study (Aziliana et al, 
2012) where they found that the dosage of mutagen 
received by plant has shown to affect the plant growth in 
term of size and height i.e. the higher the accumulated 
dosage received by a plant, the lower the plant height is. 
However, no significant differences in plant reduction size 
were found in this study. Interestingly, irradiated population 
showed variation in term of size and growth compared to 
the parent population. About 20% of the irradiated 
population showed higher plant height in comparison with 
control. This might be due to nucleic acid being synthesize 
due to stimulation of cell division after receiving gamma 
irradiation. This process would trigger plant to increase in 
height (Pitirmovae, 1979). At 100th days after planting, the 
trendline for plant height over dose accumulated shows 
linear decreasing from low to high dose (Fig. 7). The 
highest average plant height recorded was at accumulative 
dose of 31 Gy which is 118.9cm while the lowest average 
plant height recorded was at accumulative dose of 317 Gy 
which shows 93.2cm. 

The plant height ranging from 110 cm to 129 cm 
has the highest percentage while plant height range with 
the lowest percentage was 50 cm to 69 cm (Fig. 8). 
Individual plant within the lowest range which is 50 - 69 cm 
was observed within the group closest to radioactive 

Figure 6. Survival rate of Kenaf plant over accumulated 
dosage (Gy) at 100 days of planting

Figure 7. Graph showing average plant height 
over dose accumulated at 100 days of planting

source which accumulate higher dosage than other plant. 
Their growth is stunted due to higher accumulative of 
dosage does more damage to their cell. Only 20% plant 
reach peak height which is 130 cm and above. This group 
shows great promises and can be further screened and 
evaluated to obtain superior mutants. This individual plant 
is scattered throughout the group but shows higher rate 
within the middle distance from radioactive source. 

Stem girth was observed at 125 day on 3 
different parts of the stem which is the bottom, middle, and 
the top. Based on the data collected, the highest average 
stem girth recorded for all bottom, middle, and top part of 
the stem is at 230 Gy which show 12.35cm, 8.99cm and 
5.97cm respectively (Fig. 9). The lowest average stem 
girth was recorded at control plant (0 Gy) which shows 
9.64cm, 6.65cm, and 3.52cm for bottom, middle and top 
part of the stem respectively. Individual plant which shows 
the highest number for bottom and middle parts of the 
stem was plant in 40 Gy which shows 24.2cm and 14.6cm 
respectively. Highest number recorded for top part of the 
stem was at 230 Gy which shows 9.04cm. The lowest 
number recorded for each bottom, middle and top part of 
the stem for individual plant was at 400 Gy which shows 
2.8cm, 1.9cm and 1.2cm respectively. 

CONCLUSION

Gamma rays have presents a significant effect on growth 
characteristic of kenaf. Both acute and chronic gamma 
irradiation can alter morphological characteristic of kenaf 

Figure 8. Percentage of plant height range in groups of 50 
- 69cm, 70 - 89cm, 90 - 109cm, 110 - 129cm, 130 - 150cm 

and above
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Figure 9. Stem girth observed at 125 days of planting. 
Each line represents different part of the plant measured

and can be used in the development of new kenaf variety 
which is superior to commonly used variety. The value of 
LD50 and LD25 for acute gamma irradiation obtained were 

810 Gy and 310 Gy respectively. LD25 of chronic gamma 

irradiation was obtained at 193 Gy at 100 days after 
planting. This study can later be improved by observing the 
growth of next mutant generation from this offspring.

REFERENCES

Albokari, M.M.A., Alzahrani, S.M. and Alsalman, A.S. (2012). 
Radiosensitivity of some local cultivars of wheat (Triticum 
aestivum L.) to gamma irradiation. Bangladesh J. Bot., 41(1), 1-5.

Alexopoulou, E., Li, D., Papatheohari, Y., Siqi, H., Scordia, D. 
and Testa, G. (2015). How kenaf (Hibiscus cannabinus L.) can 
achieve high yields in Europe and China. Industrial Crops and 
Products, 68,131–140.

Aziliana N., M.Y., Shamsiah, A. Faiz, Abdul Rahim, H., Rusli, I., 
Khairuddin, A.R., Site Noorzuraini, A.R. (2015). The effect of 
chronic gamma irradiation on Malaysia upland rice (Oryza sativa) 
Kuku Belang, Australian Journal of Basic and Applied Sciences, 
9(31),1-6.

Basri, M.H.A., Abdu, A., Junejo, N., Hamid, H.A. and Ahmed, 
K. (2014). Journey of kenaf in Malaysia: A review. Scientific 
Research and Essays, 9(11), 458-470.

Berti, M.T., Kamireddy, S.R. and Ji, Y. (2013). Row spacing 
affects biomass yield and composition of kenaf (Hibiscus 
cannabinus L.) as a lignocellulosic feedstock for bioenergy. 
Journal of Sustainable Bioenergy Systems, 3, 68-73.

Chahal, G.S. and Gosal, S.S. (2002). Principles and procedures 
of plant breeding: Biotechnological and conventional approaches. 
Alpha Science International Ltd.

Ellyfa, K., Ahmed, O.H., Shahruddin, S. and Rahman, D.A. 
(2007). Gamma radiosensitivity study on snap bean (Phaseolus 
vulgaris). International Journal of Agricultural Research 2, 2(9), 
844-848.

Jain, S.M. (2010). Mutagenesis in crop improvement under the 
climate change. Romanian Biotechnological Letters, 15, 2.

Khah, M.A. and Verma, R.C. (2015). Assessment of the effects 
of gamma radiations on various morphological and agronomic 
traits of common wheat (Triticum aestivum L.) var. WH-147. 
European Journal of Experimental Biology, 5(7), 6-11.

LeMahieu P.J., Oplinger E.S. and Putnam D.H. (2003). Kenaf, 
a l ternat ive f ie ld crops manual . Avai lable at : ht tp: / /
www.corn.agronomy. wisc.edu/FISC/Alternatives/Kenaf.htm.

Mariod, A.A., Fathy, S.F. and Ismail, M. (2010). Preparation and 
characterisation of protein concentrates from defatted kenaf seed. 
Food Chemistry, 123, 747–752.

Oladosu, Y., Rafii, M.Y., Abdullah, N., Hussin, G., Ramli, A., 
Rahim, H.A., Miah, G. and Usman, M. (2016). Principle and 
application of plant mutagenesis in crop improvement: A review. 
Biotechnology and Biotechnological Equipment, 30(1), 1-16.

Omar, S.R., Ahmed, O.H., Saamin, S. and Majid, N.M.A. (2008). 
Gamma radiosensitivity study on chili (Capsicum annuum). 
American Journal of Applied Sciences, 5 (2), 67-70.

Petrini, C., Bazzocchi, R. and Montalti, P. (1994). Yield potential 
and adaptation of kenaf (Hibiscus cannabinus) in north-central 
Italy. Industrial Crops and Products, 3, 11-15.

Pitirmovae, M.A. (1979). Effect of gamma rays and mutagens on 
barley seeds. Fiziol. Res, 6, 127–31.

Singh, S.K., Roy, S., Choudhury, S.R., and Sengupta, D.N. 
(2010). DNA repair and recombination in higher plants: insights 
from comparative genomics of Arabidopsis and rice. BMC 
Genomics, 11, 44

Roongtanakiat, N., Jompuk, P., Rattanawongwiboon, T. and 
Puingam, R. (2012). Radiosensitivity of vetiver to acute and 
chronic gamma irradiation. Kasetsart J. (Nat. Sci.), 46, 383-393.

Yunus, M.F., Aziz, M.A., Kadir, M.A., Daud, S.K. and Rashid, 
A.A. (2013). In vitro mutagenesis of Etlingera elatior (Jack) and 
early detection of mutation using RAPD markers. Turkish Journal 
of Biology, 37, 716-725. 



- 12 -Transactions of Persatuan Genetik Malaysia, No. 7, 2017                           

12



- 13 -

Corresponding author: 

Transactions of Persatuan Genetik Malaysia, No. 7, 2017                           
Published by Genetics Society of Malaysia    http://www.persatuangenetikmalaysia.com                            

 

13

Research On Selection Of Bach Gl2-3 Peach Flower Variety 
(Prunus persia L. Batsch) For The North Of Vietnam

Dang Van Dong1, and Trang Hoang Dang2

1 Center of Flower Research and Development, Institute of Fruit and Vegetable
2 Biotechnology Faculty, Vietnam National University of Agriculture

Dang Van Dong, Center of Flower Research and Development, Institute of Fruit and Vegetable, Vietnam National University of Agriculture
Email: donghoacaycanh@yahoo.com

Key word: Bach GL2-3, pilot production, Prunus persia L. Batsch, white peach flower
Line

Last
Key

Intro

Abstract

Peach botany (Prunus persia L. Batsch) has played a vital role in Vietnamese culture for a very long time. Among Prunus persia (L) 
Batsch, white peach flower (Bach) varieties, despite their late appearance on the market, have attracted more and more flower collectors 
due to their new and pure beauty. Therefore, this research is conducted to select the white peach flower cultivar that best fits to the 
condition of the north of Vietnam. As a result, Bach GL2-3 was selected with the following characteristics: good ability of growth and 
development, large diameter of flowers (>3.5cm), high rate of flower blooming (90%), 12-to-15-day of a flower branch’s duration, good 
resistance to pest and diseases and good tolerance to unfavourable weather. Particularly, economic efficiency from pilot production of 
Bach GL2-3 variety was approximately 30-50% higher than from other white peach flower varieties currently produced in Hanoi, Vietnam.

INTRODUCTION

Peach botany (Prunus persia L. Batsch) has played a vital 
role in Vietnamese culture for a very long time. Particularly, 
most of public places and living rooms of each family in the 
north of Vietnam present at least a branch of peach flower 
during the Lunar New Year. Therefore, production of 
Prunus Persia has been widely developed in many 
Northern provinces such as Hanoi, Hai Duong and Quang 
Ninh, being the main income sources for numerous 
farmers there. These growing areas provide hundreds of 
thousands of Prunus Persia annually to markets 
throughout Vietnam. (Dong & Hang, 2010)

Among Prunus persia varieties, white peach 
flower (Bach) ones, despite their late appearance on the 
market, have attracted more and more flower collectors 
due to their new and pure beauty. However, Bach plants 
are difficult to grow and propagate, leading to the fact that 
the area for growing these varieties is limited in 
comparison to other traditional ones. In addition, the Bach 
varieties tend to degenerate, which means they are not 
easy to adapt to many production areas and their flower 
quality is uneven. (Plant Protection Research Institute, 
2005)

Therefore, we conduct the research on “Selection 
of Bach GL2-3 peach flower variety (Prunus persia L. 
Batsch) for the north of Vietnam” to select the white peach 
flower (Bach) cultivar that best fits to the condition of the 
north of Vietnam, producing high quality flowers that 
satisfies consumers’ demand.

MATERIALS AND METHODS

Materials 

Four white peach flower (Bach) varieties, belonging to the 
species of Prunus persia L. Batsch, grown at the Institute 
of Fruit and Vegetable (Gia Lam district of Hanoi, 
Vietnam).

Methodology 

Procedure (timeline from 2008 to 2012)

- 2008-2009: collecting different lines and varieties of white 
peach flower plant to grow and conserve at the Institute of 
Fruit and Vegetable (Gia Lam district of Hanoi, Vietnam). 

- 2009-2010: Evaluating morphological characteristics, 
flower quality and growing time of the 4 highest-potential 
varieties at the Institute of Fruit and Vegetable, thereby, 
choosing one variety that is unique among all (Bach 
GL2-3). 

- 2011: Propagating 2 varieties: Bach GL2-3 and Bach 
DBa2 (DBa2 represents for the 3 similar white peach 
flower varieties) at the Institute of Fruit and Vegetable.

- 2012: Testing production of Bach GL2-3 at several areas 
in three provinces in the north of Vietnam including Hai 
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Duong, Hanoi and Thai Nguyen. Taking DBa2, which was 
grown in Hanoi, as the control of the test.

Methods

- Collecting method: Collecting one to three Bach varieties 
at each region representing the two unique weather 
conditions in the north of Vietnam (mountanous area and 
delta area). The selected varieties should have high 
potential of growing and development and attractive 
flowers. These plants were then grown at the Institute of 
Fruit and Vegetable for conservation.

- Basic testing method: Comparing growing, developmental 
and agronomic characteristics between Bach GL2-3 and 
Bach DBa2, which represents  the white peach flower 
cultivars currently used in practical production. The 
comparison is made according to the criteria published by 
International Union for the Protection of New Varieties of 
Plants (UPOV, 2010). Thirty individuals of each variety 
were involved. The experiment was sequentially designed 
without repetition in an area of 2 hectares.

- Planting and caring procedures: The planting and caring 
procedure for peach flower is done according to the 
publication by the Institute of Fruit and Vegetable 
(CEFORD, 2011).

RESULTS AND DISCUSSION

Collection of four white peach flower varieties

From 2008 to 2009, we implemented investigation, survey 
and collection of genetic resources of some peach flowers 
in three provinces of Northern Vietnam, resulting in 15 
different lines and varieties of white peach flower.

By the end of 2009, we had evaluated the flower 
morphology and quality of the collected gene pool, through 
which we selected four elite individuals for further study. 

The results showed that Bach GL2-3 has higher 
density of flowers than Bach DBa2, DBa3 and DBa4. This 
evaluation should be continued in the following years to 
make more accurate conclusions. 

The four individuals required different period of 
growing time. The detail is in Table 2. When being 
cultivated naturally (without any interfering techniques), all 
of the 4 individuals bloomed later than the Lunar new year 
event. This suggests that we should conduct further study 
on cultivating techniques to control blooming time of these 
peach flower varieties to match consumers’ demand.

The flower quality of each individual was 
evaluated through four criteria including the number of 
petals, flower diameter, the proportion of blooming 
flower (in comparison to the total number of buds) and 
the natural durability of the flowers. The results were 
presented in Table 3.

According to the assessment, we concluded that 
Bach DBa2, Bach DBa3 and Bach DBa4 have similar 
morphological characteristics and flower quality. 

Table 1. Morphological characteristics of stem, leaf, and 
flower of 4 selected white peach flower individuals 

Table 2. Growing time of 4 selected white peach 
flower individuals

Table 3.  Flower quality of 4 selected white peach 
flower individuals

Meanwhile, Bach GL2-3 expressed distinct appearance 
and some advantages in compare to the other three 
individuals.

In 2010, Bach GL2-3 and DBa2 were propagated 
by grafting method on the base of the pink peach flower 
cultivar, which had been a common cultivar for a long time. 
Each individual was propagated into a line consisting 30 
plants.

Basic testing result

In 2011, at the Institute of Fruit and Vegetable, we 
compare growing, developmental and agronomic 
characteristics between Bach GL2-3 and Bach DBa2, 
which represents  the white peach flower cultivars 
currently used in practical production. The comparison 
was done according to the criteria published by 
International Union for the Protection of New Varieties of 
Plants (UPOV, 2010).

First of all, we collected seeds of the two tested 
varieties, soaking them for sprouting. The propotion of 
survival and germinated seeds of each variety was 
recorded in Table 4. It proved that Bach GL2-3 was 
advantageous in survival ability when compared to Bach 
Dba2.
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Table 4. Survival rate and sprouting time of  Bach GL2-3 and 
Bach DBa2 in the experiment

Beside assessing the living capacity of each 
variety, we also measured their morphological features as 
in Table 5. The results showed that 2 months after seeding, 
there was no difference in stem diameter between the two 
varieties, statistically. However, this factor started to 
diverse at the time of 4-month after seeding, and it became 
significantly higher in Bach GL2-3 than in the control 
variety at the time of 6-month after seeding. On the other 
hand, the canopy diameter seemed to vary distinctly very 
soon. It was 0.40 m in Bach GL2-3 only 2 months after 
seeding, bigger than the canopy of Bach DBa2 (0.32 m). 
By the time of 6-month after seeding, the canopy diameter 
of Bach GL2-3 had reached 1.56m, while the one of Bach 
DBa2 had only been 0.94 m.

Flower quality is one of the most important things 
to evaluate the commercializing potential of a peach flower 
variety. Therefore, we conducted the assessment of 
flowers of Bach GL2-3 as well as the control one (Table 6). 

The number of petals of Bach GL2-3 was 18-20 
more than that of the control. The flower diameter of Bach 
GL2-3 is 4.1 cm, which is 1-cm larger than that of the 
control variety. Blooming rate of Bach GL2-3 was 94.1%, 
while it was only 83.3% in the control varieties. Especially, 
the natural flower durability of Bach GL2-3 variety is quite 
long, up to 14.6 days, prevailing over current varieties.

By qualitative assessment on the survey 
questionnaire by researchers, technicians, traders, 
producers and consumers, we obtained the results as 
shown in Table 7. 

It can be seen that Bach GL2-3 received higher 
level of satisfaction than the control did. This predicted 
good commercial results of Bach GL2-3.

The damaging level of Bach GL2-3 caused by 
pests was shown in Table 8, in which:

- Red spider mite (Tetranychus sp): They are extremely 
small, barely visible with the naked eye as reddish or 
greenish spots on leaves and stems. They can be seen in 
greenhouses and tropical and temperate zones, spins a 
fine web on and under leaves. They are active mostly from 
April to the end of September (Layne & Bassi, 2008). In 
this experiment, Bach GL2-3 showed greater resistance to 
red spider mite than the control.

- Cydia sp: They often causes the most damage for many 
kinds of plants from August to November. In this 
experiment, Cydia sp seemed to have the same effect on 
both Bach GL2-3 and the control. 

- Brown soft scale (Coccus Hesperidum L): The brown soft 
scale is polyphagous, meaning it feeds on many species of 
plants. In order to obtain all the nutrients they need, the 
scale insects ingest large quantities of sap, and then 
secrete the excess sugary fluid as honeydew. The brown 
soft scale does not normally kill the host plant, but the loss 
of sap probably causes plants to grow more slowly and 
crop less heavily. The main disadvantage to the white 
peach flower plants hosting brown soft scales is the sooty 
mould which grows on the honeydew, which reduces the 

Table 5. Growth rate of stem and canopy diameter of Bach 
GL2-3 and Bach DBa2 in the experiment

Table 6. Flower quality of Bach GL2-3 and Bach 
DBa2 in the experiment

 Table 7. Satisfaction level toward Bach GL2-3 

area of leaf available for photosynthesis and spoils the 
appearance of flowers (Layne & Bassi, 2008). In this 
experiment, Bach GL2-3 showed greater resistance to 
brown soft scale than the control did.

Table 8 also summarized the two common diseases 
on peach flower plants observed on Bach GL2-3 and Bach 
DBa2: 

- Leucostoma canker (Leucostoma cincta): It is a fungal 
disease that can have a variety of signs and symptoms 

Table 8. Pest and disease infection on Bach GL2-3
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depending on the part of the tree infected. The fungus 
infects through injured, dying or dead tissues of the trees. 
Annually, this canker appears on plants belonging to 
Prunus spp. from April to June, causing significant 
economic losses (Plant Protection Research Institute, 
2005). In this experiment, Leucostoma cincta seemed to 
have the same effect on both Bach GL2-3 and the control. 

- Cytospora Canker (Cytospora sp): It does harm on 
all parts of the plant, including stems and leaves, 
particularly from March to November. Bach GL2-3 resisted 
to this disease (only affected at level 1), while the control 
was infected at level 3.

We made a detail comparison table between Bach 
GL2-3 and the control to have an overview about the new 
variety Bach GL2-3 (Table 9).

Table 9 showed that Bach GL2-3 differed from 
Bach DBa2 based on 8 traits including leaf blade size, 
petal size, number of petals, flower diameter and flower 
density.

Production testing  

In 2012, we had Bach GL2-3 propagated in Gia Lam to test 
in other localities out of Hanoi, which are recorded in Table 
10.

As we can see, the survival rate and quality of 
Bach GL2-3 was stable when grown in different regions in 
the north of Vietnam, and was the same as the testing 
results previously in Gia Lam, Hanoi. This proved that 
Bach GL2-3 had great stability and potential to be widely 
produced in many areas in the north of Vietnam. 

Beside growing and developmental criteria, the 
theoretical yield and economic efficiency of Bach GL2-3 
was also recorded in this experiment (Table 11).

It can be seen that Bach GL2-3 provided higher 
income than the control at all growing regions. Particularly 
when being grown in Hanoi, Bach GL2-3 showed the 
highest economic efficiency with the total income up to 48 
million VND for 200 plants in one growing season. 

CONCLUSION AND SUGGESTION

Conclusion

- In the group of white peach flower plants (Prunus persia 
L. Batsch) collected, Bach GL2-3 individuals had some 
distinct characteristics with more advantages compared to 
the other ones. Specifically, Bach GL2-3 had greater 
number of petals, larger diameter of flower, and thicker 
petal than the other individuals did.

- In the basic testing experiments, Bach GL2-3 showed 
better quality of flower and resistance to pests and 
diseases, which was higher rated by consumers, in 
compare to other contemporary cultivars of white peach 
flower. 

- There are 8 traits of Prunus persia L. Batsch different 
between Bach GL2-3 and Bach DBa2, the most common 
contemporary cultivar, used as the control. 

Table 9. Detailed comparison between Bach GL2-3 and 
Bach DBa2

Table 10. Some features of Bach GL2-3 in practical 
production in different regions

Table 11. Economic efficiency of Bach Gl2-3 grown in 
different regions in 2012 

- The survival rate and flower quality of Bach GL2-3 was 
stable when grown in different regions in the north of 
Vietnam, and was the same as the testing results 
previously in Gia Lam, Hanoi. This proved that Bach 
GL2-3 had great stability and potential to be widely 
produced in many areas in the north of Vietnam.
- GL2-3 has been approved by the Ministry of Agriculture 
and Rural Development of Vietnam for large-scale 
production since November 2013. 
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Suggestion

Continuing to study some cultivating techniques applied to 
Bach GL2-3 variety to provide a complete process of 
"producing Bach GL2-3 peach blossoms" for practical 
production.
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Abstract

High protein and/or oil contents are important characters for soybean grain when it is utilized for food application.  In this 
study, we intent to determine genotypic variation of grain protein and oil content as well as related traits on soybean 
populations. Nine populations of soybean were obtained from crosses between three lines as male and three varieties as 
female parents. The F1 grain and F2 grain obtained from each population were then planted in 2014 and 2015 in a 
randomized block design. Days to harvest, grain weight plant-1, 100-grain weight, grain yield m-2, grain protein and oil 
content were measured from each entry. Genetic variance component and heritability were estimated in both generations. 
We observed significant (p ≤ 0.05) genotypic variation among populations on grain weight plant-1, 100-grain weight, grain 
yield m-2, protein content, and oil content in F1 and F2 generations. Genetic variance of days to harvest, grain weight per 
plant and 100-grain weight was greater in the F1 than F2 generation. On the other hand, genetic variance for grain yield, oil 
content and protein content was greater in the F2 than the F1 generation. Heritability ranged from 0.27 for grain protein 
content to 0.67 for 100-grain weight in F1 generation and from 0.22 for grain yield to 0.56 for 100-grain weight in F2 
generation.  Grain weight plant-1 was positively correlated to 100-grain weight but negatively correlated to grain protein 
content. Grain yield m-2 were positively correlated to 100-grain weight but negatively correlated to grain protein content, 
which leads to conclude that raising grain protein content may result the reduction of grain yield of a genotype. 
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INTRODUCTION

Grain quality such as grain oil and protein content as well 
as related traits are important economic determinant for 
soybean grain where it is utilized for human diet. These 
characters are desirable for farmers and for consumers to 
meet special food applications.  Approximately 1.7 million 
tons of soybean grain were imported to Indonesia in a 
single year, which is more than 70% of the national 
demand. So that it is important here to increase yield as 
well as to improve other desired characters such as grain 
protein and oil concentration via soybean breeding 
program.  

Until recently, we started to concentrate our attention 
on the traits which related to chemical composition in 
soybean grain, including factors that controls them. 
Previous study confirmed that soybean  grain yield, and 
yield components were influenced by environmental 
condition (Rasyad and Idwar, 2010). Protein and oil 
contents and related traits were controlled significantly by 
additive and dominance components of variance (Rasyad 
et al., 2016). These characters depended upon the 
genotype and also influenced by environmental condition 
(Panthee et al., 2005, Rotundo and Westgate, 2009; Dukic 
et al., 2010) as well as cultural practices such as fertilizer 

application (Win et al., 2010).  Furthermore, both protein 
and oil concentration in the grain were also influenced by 
genetic environment interaction (Ning et al., 2003; Sogut, 
2006, Kang, 1998; Kumar et al., 2006).  

Wide variability for protein content and oil content in 
grain has been reported in several population of soybean. 
Arioglu (2007) and Arslanoglu et al. (2011) documented 
variation of grain oil content ranging from 150 to 220 mg 
g-1 and protein content from 340 to 400 mg g-1 for a 
soybean population in Turkey. Wider variability both 
protein and oil content had been reported by Piper and 
Boote (1999) and Vollman et al. (2000) in which they 
found oil content ranging from 120 to 230 and protein from 
255 to 589 mg g-1. Lately, several studies  has reported 
that an  increase in grain protein content was followed by 
a decrease in  grain yield and oil content in soybean (Li 
and Burton, 2002; Piper and Boote, 1999; Gunasekera et 
al.,  2006), reflecting the existence of negative correlation 
between both traits.  

In this study we intend to determine the genotypic 
variation and heritability of  grain protein, grain oil content 
and their related traits in defined populations and to 
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estimate genetic correlation among the traits in the  
populations.

MATERIALS AND METHODS

Three varieties and the tree breeding lines with a wide 
variation of protein and oil contents were randomly chosen 
from fourteen varieties and five breeding lines as a 
reference population.  Three genotypes assigned as males 
were mated to three females to produce nine F1 crosses.  
Crosses were carried out in a greenhouse to produce 
enough F1 seed for progeny evaluation. Seed harvested 
from each F1 plants was then bulked to provide enough 
seed for F2 generation evaluation. 

Two experiments were conducted at the University of 
Riau Agriculture experiment Station in Pekanbaru, 
Indonesia in 2014 for F1 generation and in 2015 for 
F2generation. The materials used in the experiments were 
planted on 10 March 2014 and 18 April 2015. Soil type in 
the experiment station was Inceptisol (fluventic 
dystrudepts) characterized by low nitrogen and 
phosphorous contents. Due to inadequate moisture during 
growing season of 2015, the entire field experiment was 
irrigated to field saturation by polypropylene hose equipped 
with a sprinkler. 

Experiment 1.  F1 Generation Evaluation

The nine F1 populations obtained from crosses between 
three males and three females were planted in single-row 
plot with a space of 20 cm within a row.  Every single row 
consisted of 15 plants. The experimental design was a 
randomized complete block with three replications.  
Fertilizers in the form of Urea, TSP and KCl were applied 
at planting date at a rate of 25 kg N, 25 kg P2O5, 40 kg K2O 

ha-1, respectively.
Days to harvest (DTH),  grain weight per plant 

(GWP), 100-grain weight HGW), and grain yield were 
obtained at harvest from each row-plot. Grain yield per row 
was then converted into yield m-2. To obtain crude protein 
and oil contents, 15 g of grain were sampled from each 
row plot, and then dried to a moisture content of 130 mg 
g-1. The grain was ground to a fine powder by using grain 
grinder then placed in a plastic jar until extraction.  Oil was 
extracted with petroleum ether (40 - 60ºC) in soxhlet 
apparatus for 12 hours. Resulted solution then was dried 
with anhydrous sodium sulphate then removed by vacuum 
distillation at 30ºC. Grain oil percentage (GOC) was 
determined by calculating the weight differences as 
described by Maestri et al. (1998). Grain protein content 
(GPC) was determined by convert ing ni t rogen 
concentration obtained by macro-Kjeldahl methods as 
described by AOAC (1980). 

Experiment 2.  F2 Generation Evaluation

The F2 seeds from each population of F1 plant were bulked 
and planted in four-row plot at a rate of 13 plants m-2. The 

material was evaluated in a randomized complete block 
design with four replications. Fertilizers rate were applied 
as previously described in experiment 1. Several traits 
including days to harvest, grain weight plant -1, 100-grain 
weight,  grain yield, protein and oil contents were obtained 
at harvest.  The procedure to measure the traits was as 
previously described in the Experiment 1. 

Statistical analysis

An analysis of variance was performed for each 
experiment with the model: 

Yijk = µ + ri + pj + eijk 

in which Yijk = phenotypic value of individual population i;  

µ = the overall mean;  
ri = replication effect; 

pj = the effect of populations j, j = 1-9; and  

eijk = the experimental error due to individual 

observation. 

Estimation of genotypic variance was achieved by 
translating covariance among population into genetic 
variance.  The method used in translation of design 
components into causal genetic components followed the 
procedure of Hallauer et al. (2010). The among population 
variance component was expressed as the covariance of 
full sibs and further translated into genotypic variance. 

Genetic correlation was calculated by dividing the 
covariance component by the square root of the product of 
the variance component of the traits x and y. Thus, rx,y = 

σx,y/(x ) ½, in which σx,y is the genetic covariance of traits 

x and y,  is the genetic variance of traits x and  is the 
genetic variance of trait y.   

Heritability was estimated by the following method: 

h2 =               , in which  h2  is heritability involving the 
total genetic of variance.  The phenotypic variance 
component (was estimated directly from among 
populations mean square.

RESULTS

Mean squares for grain quality characters are presented in 
Table 1. There were significant (P < 0.05) differences 
among populations for GWP, HGW, grain yield, GOC, and 
GPC  but not for DTH in F1 generation.

Significant variation was also observed in F2 
generation for DTH, GWP, HGW,  grain yield, GOC,  and 
GPC. Except for HGW, variation on DTH, GWP, grain 
yield, GOC and GPC was greater in F2 than in F1 
population.

Genotypic mean and ranges of the traits were 
presented in Table 2. On the average, genotypes in F1 
could be harvest earlier, had smaller grain weight per 
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plant, greater 100-grain weight, grain yield, oil content and 
protein content than those in the F2 generation (Table 2). 
However, the range was wider in the F2 that those in the F1 
generation.

Genotypic variance and heritability estimates are 
presented in Table 3.  Except for days to harvest, genotypic 
variance in the F1 generation was considered significant for 
all traits as the values more than twice their standard error. 
The estimate of genotypic variance in the F2 generation, 
however, was significant for all characters. 

Heritability ranging from 0.27 for protein content to 
0.57 for 100-grain weight in F1 and from 0.28 for  grain oil 

content to 0.48 for 100- grain weight was observed in the 
F2 generation (Table 3). The value was considered as 
different from zero if it is equal or more than its standard 
error (Hanson 1987). So, the estimate of heritability which 
is significant from zero was only DTH, GWH, HGW and 
protein content both in the F1 and F2 generation. Aside from 
the significant value of heritability, the magnitude of 
heritability was higher in the F1 than that in the F2 
generation, which inferred environmental factor  played a 
major role in the traits in the F2 generation. 

It was found that genetic correlation coefficients were 
generally greater in magnitude compare to simple 
correlation coefficients for all traits (Table 4). Positive 
correlation was observed between DTH to HGW and GWP 
and between HGW to  grain yield and GPC.   grain protein 
content was negatively correlated to GWP and  grain yield 

but positively correlated to HGW. There was no significant 
correlation between GOC and other traits. 

DISCUSSION

Recent goal of soybean breeding is to obtain varieties 
having high yielding ability as well as increasing grain oil 
and protein content. In this study, we found considerable 
genetic variation for some yield potential and  grain quality 
traits which indicated that these characters were potential 
for population improvement.  This result was in agreement 
with several recent studies by Panthee et al. (2005) and 
Lee et al. (1996). 

Except for GWP,  genotypic mean was greater in the 
F1 generation compared to those in the F2 generation, 
however; the ranges were wider in the F2 than those in the  
F1  generation. This result is understandable, because F2 
plants has already undergone genotypic segregation both 
among population and even between plants within a 
population. The values of genotypic component of 
variance were significant for these two populations except 

for DTH and grain yield m-2  in the F2 population. This  
finding  is in agreement with the result obtained by Aditya 
et al. (2011). So the data for the experiments indicated that 
there is substantial genotypic variation for grain quality 
and related characters among the soybean populations.

High estimates of heritability for DTH, GWP, HGW 
and GPC both in F1 and F2 generations indicated that 

Table 1. Mean squares from analysis of variance of grain quality 
traits at F1 and F2 generation of soybean

Table 2. Mean, range and standard error of several traits in F1 and F2 generations
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those traits can be considered as favourable indicators for 
improvement through selection.  Other characters such as 
GWP,  grain yield and GOC were considered as more 
difficult to be modified in the reference population. The 
magnitude of heritability for all traits evaluated in this study 
was smaller than that reported by several investigators 
(Aditya et al., 2011; Burton and Brim, 1981; Lee et al., 
1996; Li and Burton 2002; Jaureguy et al., 2011).  The 
different value of heritability observed in this study with the 
previous studies is due to differences in the estimation, and 
the differences in material used for the studies. The value 
of heritability estimated in this study is broad sense 
estimate, because it involved total genetic variance. The 
estimated heritability on previous studies was broad sense 
bases, which included all genetic and might genetic by 
environment interaction components of variance.

It was apparent from this data that negative simple 

and genetic correlations between  grain yield m-2 and  grain 
protein content, may hindered the breeder to select a 
variety with both high yielding ability and high  grain protein 
content. When selecting a new variety with high  grain 
yield, a breeder will end up with a genotype having low  
grain protein content. Regardless of this negative 
correlation, however, we are still able to do a joint selection 
which would end up a genotype with considerably high 
yielding ability and high  grain protein content. Implicit in 
the high positive correlation between protein content and 

Table 3. Estimates of Genetic variance ( and heritability (h2), with standard errors 
in parentheses, for soybean  grain quality

Table 4.  Simple (above diagonal) and genetic correlation (below diagonal) for several 
soybean yield components and  grain quality  traits in F2 generation

100-grain weight as also observed in other studies 
(Maestri et al., 1998; Yin and Vyn, 2005; Rasyad and 
Idwar, 2010), is the potential of 100-grain weight to serve 
as indirect selection criterion for  grain protein content.  
The drawback of evaluating  grain protein content in a 
great number of genotypes is time consuming and the 
method is more difficult. Indirect selection for high  grain 
protein content by selecting greater  grain weight would be 
easier in a soybean plant breeding practice. Since we did 
not find significant correlation between  grain oil content 
and both  grain yield and grain protein content, it is 
possible to select a variety with high  grain yield and high 
grain oil content or a variety with high in both grain protein 
and oil content.
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Abstract

Oil palm is well known as Malaysia’s golden crop. As global second largest producer and exporter, efforts to increase the production and 
enhance the quality of palm oil were initiated and pursued aggressively. Resulting from recent completion of oil palm genome sequences 
and the advancement of in silico biology, the huge amount of data made available has lifted up efforts on identification of oil palm 
constitutive and tissue-specific promoters to drive gene of interest in future transgenic oil palm. Thus, a high throughput and fast transient 
gene expression tool need to be established for screening and evaluation of every promoter candidates isolated. In this experiment, we 
tested the ability of oil palm constitutive and tissue-specific promoters to control and drive expression in heterologous plant system, i.e. 
tobacco leaf protoplast. We started with the construction of transformation vectors carrying DsRed gene, each driven by a different 
promoter, i.e. oil palm tissue-specific promoter (KSP, LSP, and MSP), oil palm constitutive promoter (TCTP, UEP1, and UXX-2) and plant 
constitutive promoter (CaMV35S and Ubi1). Protoplasts from tobacco leaf were then isolated and purified prior to transfection by PEG-
mediated method. Observation under the fluorescent microscope shows that protoplasts transfected with pAMDsRed (driven by 
CaMV35S) produced the highest number of red fluorescing protoplasts followed by constructs driven by MSP, UXX2, TCTP, KSP and 
Ubi1 promoter. Based on this result we can conclude that oil palm constitutive promoters are able to direct expression in heterologous 
plant system. However, it may exhibit aberrant expression profile based on the significant number of red fluorescing protoplasts produced 
from transfection with constructs driven by oil palm tissue-specific promoters. 

Key	words:	 Protoplast, PEG-mediated transformation, heterologous expression

INTRODUCTION

The oil palm genetic engineering programme has been 
initiated at MPOB, then Palm Oil Research Institute of 
Malaysia (PORIM) in the early 1990s. One of the main 
objective is to produce transgenic oil palm with high oleic 
oil content. Modification of oil content and quality includes 
increasing stearic acid, value-added oil (e.g. synthesis of 
ricinoleic acid), and novel products such as biodegradable 
plastics have also been targeted. It was postulated for oil 
palm; up to 80% reduction in time could be achieved for 
those target products through the combination of genetic 
engineering and tissue culture. In addition, since the oil 
palm is a perennial crop, these products will be produced 
continuously at least for 30 years, making it an ideal 
candidate for plant genetic engineering. 

Initial stage in pioneering genetic engineering 
programme at MPOB involved extensive use of biolistic 
method or microprojectile bombardment to incorporate 
foreign gene into the oil palm cells (Parveez and Christou, 
1998). Optimized parameters with high DNA delivery 
efficiency for oil palm have been successfully established 
before (Parveez et al., 2000). Strict regulation on 
genetically modified organism (GMO) intended for 
commercial use and the ability of Agrobacterium-mediated 
transformation to introduce single copy number transgene 

drew a lot of interests from plant biotechnology field. In 
parallel with the advancement of plant transformation 
technology, a method for transformation of oil palm via 
Agrobacterium have been established in 2009 (Masli et 
al., 2009). It is important to note that both methods require 
3-5 years to produce a transgenic plantlet due to the long 
selection process during callus formation and somatic 
embryogenesis (Masani et al., 2014a). Recent rapid 
advancement in analysing biological queries through in 
silico method has accelerated the breakthroughs in oil 
palm genomic studies (Singh et al., 2013), thus increasing 
the needs for an easy, fast and efficient gene functional 
analysis system. The laborious and time-consuming 
biolistic and Agrobacterium-mediated transformation 
methods have made them not feasible to be used in high-
throughput analyses of oil palm genes (Masani et al., 
2014b). 

In contrast to analysing gene function through 
characteristic exhibited by stable transgenic line produced 
by biolistic and Agrobacterium-mediated transformation, 
protoplast-based transient gene expression system offers 
versatility and timely efficient for high-throughput gene 
functional analysis (Mazarei et al., 2008). Protoplasts are 
produced by removal of cell wall via enzymatic or 
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mechanical mean. The lack of cell wall has made the 
plasma membrane freely accessible for DNA manipulation 
(Potrykus and Shillito, 1986). However, this fragile naked 
cells need to be maintained in optimized medium which 
offer osmotic protection (Davey et al., 2005). Nevertheless, 
it has been suggested that protoplast-based transient gene 
expression system could provide the solution in analysing 
large scale of gene quickly (Mazarei et al., 2008; Davey et 
al., 2005). Furthermore, the ability of protoplast to retain 
their cell type traits after being isolated will be useful for 
cells and tissue-specific gene functional analysis (Marx, 
2016). 

Expression of heterologous genes in plants can 
be executed either by continuous expression (stable) or 
temporary expression (transient) (Vyacheslavova et al., 
2012). One of the method available for direct transfer of 
DNA into protoplasts is by treatment with Polyethylene 
Glycol (PEG). Extreme hydrophilic characteristic of PEG 
able to minimize charge repulsion effect between 
protoplasts and DNA, and lead to precipitation of plasmid 
DNA from aqueous solution onto the plasma membrane, 
which then stimulate uptake by endocytosis (Draper and 
Scott, 1991). On different note, Vyacheslavova et al. 
(2012) claimed that changes in osmotic pressure (inside 
the protoplasts) resulting from treatment with PEG was the 
factor that promote transfer of exogenous DNA into the 
cells. This method is found to be less damaging compared 
to other protoplast transformation techniques (e.g. 
electroporation and microinjection) (Vyacheslavova et al., 
2012; Masani et al., 2014a).

Most of the established transformation method for 
oil palm rely heavily on the antibiotic resistance selectable 
marker gene (Parveez and Christou, 1998; Masli et al., 
2009). Aside from time-consuming and laborious selection 
process, the growing public concerns on the expression of 
unwanted foreign DNA in genetic modified (GM) plant and 
possible increase in the number of antibiotic resistance 
microorganisms through horizontal gene transfer from 
plants require us to look into viable alternative selectable 
markers (Miki and McHugh, 2004). The green fluorescent 
protein (GFP) has gone a long way through various 

modifications and improvisation (Bevis and Glick, 2002). 
The use of GFP as a visual marker in oil palm cells was 
already tested before (Parveez and Majid, 2008). 
However, it was reported as toxic toward oil palm cells and 
may interfere with the plant regeneration (Majid and 
Parveez, 2016). DsRed is an orange-red fluorescent 
protein, which was discovered from coral of the 
Discosoma genus (Bevis and Glick, 2002). It has 
photostable characteristic, which translated into 
photobleaching resistance (Bevis and Glick, 2002). This 
particular characteristic is desirable in the field of 
fluorescence microscopy, also for future application on 
selection of antibiotic resistance-selectable marker-free 
GM protoplasts through fluorescence-activated cell sorting 
(FACS). Studies showed that the brightness of 
fluorescence signals emitted by the mature folding DsRed 
protein was on par with the best GFPs (Bevis and Glick, 
2002). Supported with this findings, we utilize the DsRed 
gene as visual marker to evaluate the ability of oil palm 
constitutive and tissue-specific promoters to direct 
heterologous expression in tobacco leaf protoplasts.

MATERIALS AND METHOD

PCR Amplification

DNA manipulation was done according to the method 
established before (Green and Sambrook, 2012). The 
promoters of interests were amplified and manipulated 
from different plasmids as listed in Table 1. High fidelity 
AccuPrime™ Pfx DNA Polymerase (Invitrogen, USA) was 
used to amplified the promoters of interests from plasmids 
using pairs of specifically designed primers (Table 1). 
Amplifications were carried out in 50 µl reactions 
containing 1X of 10X AccuPrime™ Pfx Reaction Mix, 0.1 
µl of primer mix, 50 ng of DNA template, 1.0 U of 
AccuPrime™ Pfx DNA Polymerase and autoclaved 
distilled water to 50 µl. PCR amplification was performed 
on the MJ Research Inc. Programmable Thermal 
Controller (PTC-200™) and programme at: 95 °C for 5 min 
to denature the DNA template, followed by 30 cycles of 

Table 1. List of plasmids of origins, promoters of interests and primers used in PCR amplification
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95°C for 15 sec (denaturation), 30 sec at appropriate 
temperature to allow the primers to anneal to the target 
sequence on the denatured template strands, and at 68 °C 
for 45 sec to 2 min 15 sec for the extension step 
depending on the length of the expected PCR products. 
Final extension was set at 68 °C for 10 min to ensure 
complete polymerization of amplified sequences. PCR 
products were electrophoresed on 1% agarose gel at 100 
V for 70 min.

Gel Extraction

Amplified promoters sequences were excised from the 

agarose gel using NucleoSpin® Gel and PCR Clean-up 
(Macherey-Nagel, Germany). First, binding buffer NT1 was 
added to the excised gel. The mixture was heated and 
vortexed until the gel was fully dissolved, before 
transferred onto the silica membrane. In washing steps, 
ethanol added NT3 buffer was used to remove enzymes, 
nucleotides, salts, and other impurities. Purified DNA was 
finally eluted by addition of NE buffer. 

DNA Cloning

PCR amplified DNA were cloned into cloning vector (Zero 
Blunt™ TOPO™ PCR Cloning Kit, Invitrogen, USA or 
pGEM®-T Easy Vector Systems, Promega, USA) prior to 
large scale plasmid isolation. Initially, gel purified DNA 
were treated with GoTaq® Green Master Mix (Promega, 

USA) and incubated at 72 °C for 10 min. NucleoSpin® Gel 
and PCR Clean-up (Macherey-Nagel, Germany) was then 
used to purify the Taq polymerase treated DNA fragments. 
After that, ligation was carried out in reaction mixtures 
containing portions of linearized cloning vector, PCR 
products, ligation buffer and ligase followed by incubation 
at 37 °C for 15 min.

Mini Scale Plasmid Isolation

Mini scale plasmid isolation was carried out using 
Nucleospin® Plasmid EasyPure (Macherey-Nagel, 
Germany). Cloning vectors carrying promoter sequence of 
interests were transformed into Escherichia coli competent 
cells (ECOS™101, Yeastern Biotech, Taiwan), spread onto 
LB agar (1% w/v tryptone, 0.5% w/v yeast extract, 1% 
NaCl, and 1.5% agar) supplemented with 100 µg ml-1 of 

ampicillin, Isopropyl β-D-1-thiogalactopyranoside (IPTG) 
and X-gal, followed by incubation at 37°C for 16 hours. 
Positive single colonies were picked and cultured under 
constant rotation (180 rpm) in 10 ml LB medium 
supplemented with 50 µg ml-1 of ampicillin for 16-hours. 
Cells were pelleted (> 12,000 x g, 1 min) and supernatant 
was discarded. One hundred fifty µl of A1 buffer was 
added and cells were re-suspended completely by vortex, 
before transferred into 1.5 ml centrifugation tube. Two 
hundred fifty µl of A2 buffer was added and mixed slowly 
until the blue colouration from LyseControl spread evenly. 
Samples were then incubated at room temperature for two 
minutes, allowing the cells to lyse completely. Three 
hundred fifty µl A3 buffer was added and swirled slowly to 
mix until lysate turned colourless. The mixture was 
centrifuged subsequently at 13,000 rpm for three minutes. 
Clear supernatant was loaded onto the spin column, 
followed by centrifugation at 13,000 rpm for one minute. 
Four hundred fifty µl of ethanol-supplemented AQ buffer 
was added to the spin column and centrifuged at 13,000 
rpm for one minute. Flow through were discarded and 
centrifugation step was repeated for another two minutes 
to remove any residual ethanol. Spin column was carefully 
removed and transferred to 1.5 ml centrifugation tube. 
Fifty µl of AE buffer was added onto the membrane of spin 
column and incubated at room temperature for two 
minutes. Finally, the 1.5 ml centrifugation tube carrying the 
spin column was centrifuged at 13,000 rpm for two 
minutes to elute the isolated plasmid.  

Endonuclease Restriction

The promoters of interest were isolated from the cloning 
vector by utilizing multiple combinations of restriction 
endonucleases (RE), targeting unique restriction sites for 
each of the promoter. All of the reactions were done by 
single or sequential double digestion as recommended by 
the manufacturer. Combinations of RE used were listed in 
Table 2.

Construction Of Vectors Carrying DsRed Gene

Plasmid pAMDsRed which carries DsRed gene, driven by 
CaMV35S promoter was used as backbone vector. The 
plasmid was linearized, and the promoter was removed 
using var ious pairs of RE to produce unique 
complimentary end specifically for ligation with each of the 

Table 2. List of RE used for each of the promoter during isolation from cloning vector 
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promoters isolated before. The ligation between the 
backbone vector and insert was carried out using T4 DNA 
Ligase (Promega, USA), with molar ratio of 3 (insert) to 1 
(vector). The reaction was done in a 10 µl mixture 
containing appropriate amount of vector DNA, insert DNA, 
10X ligation buffer, T4 DNA ligase and nuclease-free water. 
The reaction mixture was incubated at 37 °C for one hour 
(sticky end), or at 16°C for 16 hours (blunt end). The 
ligation mixture was then transformed into competent cells 
(ECOS™101, Yeastern Biotech, Taiwan) and spread onto 
LB agar supplemented with 100 µg ml-1 of ampicillin. The 
plasmid carried by the putative transformants were 
screened and ver i f ied us ing co lony PCR and 
endonuclease restrictions method.
 
Large Scale Plasmid Isolation

Large scale plasmid isolation was carried out using the 
Plasmid Maxi Kit (Qiagen, USA). Single E. coli colony was 
inoculated into 10 ml LB medium supplemented with 50 µg 
ml-1 ampicillin and cultured under constant rotation (180 
rpm) for 16 hours. The culture was added to 200 ml of LB 
medium with similar concentration of ampicillin and further 
incubated. The next day, the overnight cultures were 
transferred into GSA bottles followed by centrifugation at 
9,000 rpm, 4°C for 10 min. The pellet was then re-
suspended in 10 ml of pre-chilled P1 buffer. Once the pellet 
was fully re-suspended, 10 ml of P2 buffer was added, 
mixed gently and left at room temperature for 5 min. 
Afterward, 10 ml of P3 buffer was added and mixed slowly 
until the blue colouration produce by LyseBlue turned white 
or colourless before incubated in ice for 20 min. The 
mixture was then centrifuged at 9,000 rpm, 4°C for 15 min. 
Subsequently, the supernatant was transferred into the 
Qiagen-tip that been pre-calibrated with QBT buffer. Once 
the column emptied, the resin was washed twice with 30 
ml of QC buffer and subsequently eluted with 15 ml of QF 
buffer. Next, 15 ml of isopropanol was added to the eluent 
and mixed before centrifugation at 9,000 rpm, 4°C for 30 
min. After the supernatant being discarded, 5 ml of 70% 
ethanol was added and centrifuged at 9,000 rpm, 4°C for 
10 min. The pellet was marked before the supernatant 
discarded, and air-dried inside the laminar flow. Finally, the 
DNA pellet was dissolved in 500 µl of EB buffer. 

Isolation Of Tobacco Leaf Protoplasts

Enzyme solution was prepared by dissolving 1.5% 
Cel lulase RS (Duchefa, Netherland) and 0.5% 
Macerozyme R10 (Duchefa, Netherland) in K3 medium 
(Negrutiu et al., 1987). Approximately 1 g of in vitro 
tobacco leaves were cut into smaller pieces and immersed 
in 20 ml of the enzyme solution, followed by overnight 
incubation at 26 °C in dark condition. The next day, 
overnight mixture of tobacco leaf and enzyme solution was 
placed in 50 rpm rotating shaker at 26°C. After 30 min, the 
mixture was filtered through the 100 µm aluminium mesh. 
The filtrate was transferred into 50 ml tube and centrifuged 
at 1,000 rpm, 20°C for 5 min. The upper layer consisted of 

floating protoplast were taken out and washed for two 
times with W5 washing solution (Negrutiu et al., 1987). 
Centrifugation in between of the washing steps (1,000 
rpm, 20°C for 5 min) was done to pellet out the protoplasts 
and removing other impurities. Finally, the protoplasts 
were softly re-suspended in MaMg solution containing 0.4 
M m a n n i t o l , 1 5 m M M g C l 2 a n d 0 . 1 % M E S 
(morpholinoethanesulphonic acid), at pH 5.6 (Negrutiu et 
al., 1987).

Transformation Via PEG-Mediated Method

Transformation of tobacco leaf protoplasts by PEG-
mediated method was performed based on the method 
recorded before (Negrutiu et al., 1987). Fifty µg of plasmid 
was aliquot into 50 ml falcon tube. Six hundred fifty µl of 
protoplast was slowly added and mixed together followed 
by incubation at room temperature for 10 min in dark 
condition. Equal volume of 40% PEG 4000 (40% w/v PEG 
4000 dissolved in MaMg solution) was carefully added and 
mixed, before further incubation at room temperature, in 
dark condition for 20 min. After the transformation steps 
were completed, 4 ml of K3 medium was added to the 
transformed protoplasts. Visualization of red fluorescing 
protoplasts was done under fluorescent stereomicroscope 
(AZ100, Nikon, Japan).

RESULTS AND DISCUSSION

Construction Of Transformation Vector Carrying 
Dsred Gene

PCR-based cloning technique was used to isolate and 
clone promoters of interests. Primers were designed 
specifically for each of the promoters, and unique 
restriction sites were introduced to facilitate future DNA 
manipulation. The difference in melting temperature (Tm) 
between a pair of primer (forward and reverse) was 
carefully designed not to exceed 5 °C for better optimized 
annealing temperature. This would help to reduce the 
possibility of mismatched binding and increase the yield of 
PCR products. The PCR work was carried out using 
AccuPrime™ Pfx DNA Polymerase (Invitrogen, USA). The 
3’ – 5’ exonuclease activity provide proofreading capability, 
and significantly reduced error during the amplification 
compared to Taq polymerase (Cline et al., 1996). Figure 1 
shows the optimized PCR products for each of the target 
genes.

The PCR products were successfully inserted 
into TA cloning vector for DNA sequencing and DNA 
manipulation. TA cloning is one of the simplest method for 
direct insertion of Taq polymerase-amplified PCR products 
into the cloning vector. The cloning vectors used in this 
study are supplied with single 3’ thymidine (T) overhang 
for TA cloning (Zero Blunt™ TOPO™ PCR Cloning Kit, 
Invitrogen, USA or pGEM®-T Easy Vector Systems, 
Promega, USA). PCR products that amplified by Taq 
polymerase has an Adenosine (A) overhang at the 3’ end, 
due to the nontemplate-dependent terminal transferase 
activity (Zhou and Gomez-Sanchez, 2000). Coupled with 



- 29 -Transactions of Persatuan Genetik Malaysia, No. 7, 2017                           

Md. Piji et al. (2017):  PEG-mediated tobacco protoplasts transformation with DSRED gene

29

Figure 1. PCR amplification of the promoters. Lanes M: 
1 kb plus DNA ladder, 1: Kernel-specific promoter (KSP; 

1.3 kb), 2: Leaf-specific promoter (LSP; 1.0 kb), 3: 
Mesocarp-specific promoter (MSP; 1.0 kb), 4: Maize 

constitutive promoter (Ubi-1; 1.9 kb), 5: Translationally 
Control Tumor Protein (TCTP; 0.8 kb), 6: Ubiquitin 
extension protein 1 (UEP1; 0.8 kb) and 7: Oil palm 

constitutive promoter (UXX2; 2.3 kb).

the T overhang on linearized cloning vector, efficient 
ligation between the insert and vector is expected. In this 
experiment, amplification of promoter of interests were 
done using the proofreading DNA polymerase 
(AccuPrime™ Pfx DNA Polymerase, Invitrogen, USA). In 

Figure 2. Schematic diagram for constructed transformation vectors

contrast to the characteristic of Taq, Pfx does not produce 
the A overhang at the 3’ end of the PCR fragments. In 
order for TA cloning to work, the PCR fragments were 
further treated with Taq polymerase (GoTaq® Green 
Master Mix, Promega, USA) and incubated at 72°C for 10 
min. This will allow the nontemplate-dependent terminal 
transferase activity to act on 3’ end of the PCR products, 
and introduce the A overhang.

Seven transformation vectors carrying DsRed 
gene as visual selectable marker were successfully 
constructed. The DsRed gene in these constructs were 
driven either by an oil palm tissue-specific promoter (KSP, 
LSP, and MSP), an oil palm constitutive promoter (TCTP, 
UEP1 and UXX2) or a plant constitutive promoter (Ubi1) 
and terminated by 35S terminator (35ST). The schematic 
diagram of the constructed transformation vectors were 
illustrated in Figure 2.

PEG-Mediated Transformation Of Tobacco Leaf 
Protoplasts

The PEG-mediated transformation offer a simple and 
efficient technique for direct introduction of DNA into plant 
protoplasts. The optimized method for transformation of 
tobacco leaf protoplasts by PEG-mediated method has 
been established before (Negrutiu et al., 1987). In this 
experiment, 50 µl of plasmid DNA (1 µg/µl) was added into 
protoplast and carefully mixed. The mixture was then 
incubated for not more than 10 min as longer incubation 
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time may reduce the transformation efficiency due to the 
DNA nuclease digestion (Mathur and Koncz, 1998). Heat 
shock treatment can be applied during this stage to 
increase the uptake of DNA into the cells, thus improving 
transformation efficiency (Davey et al., 2005). The K3 
medium was added to the protoplasts-plasmid DNA-PEG 
mixture to provide nutrients and osmotic protection to the 
protoplast (Davey et al., 2005). 

Visualization of red fluorescing protoplasts was 
performed under the fluorescent stereomicroscope 
(AZ100, Nikon, Japan) equipped with a ET-mCherry, Texas 
Red® filter set (Chroma, USA). This filter set allowed the 
DsRed protein’s chromophore to be optimally excited at 
558 nm (Bevis and Glick, 2002). The performance of 
DsRed gene was found to be excellent as signals appear 
to be very bright and distinctive compared to the 
background (pale red) signals (Figure 3). This will reduce 
the probability of false positives or false negatives for 
qualitative assay that rely on DsRed gene as visual 
selectable marker. The ability of tested promoters to direct 
expression of DsRed gene in tobacco leaf protoplasts were 
evaluated based on the number of red fluorescing 
protoplasts over total number of protoplasts present in the 
same viewing field, and measured in percentage. At the 
end of the experiment, protoplasts transfected with 
construct pAMDsRed (driven by CaMV35S) produced the 
highest percentage of red fluorescing protoplasts followed 
by constructs driven by MSP, UXX2, TCTP, KSP and Ubi1 
promoters. Based on this result, it was concluded that oil 
palm constitutive and tissue-specific promoters were able 
to direct expression in heterologous plant system. 
However, it may exhibit aberrant expression profile based 
on the significant number of red fluorescing protoplasts 
produced from constructs driven by oil palm tissue-specific 
promoters. 

Figure 3.  Observation of red fluorescing protoplasts under 
fluorescent microscope. Left (brightfield) and right 

(fluorescent) images were taken from the same viewing field. 
Images were taken with QICAM-12bit (QImaging, Canada) 

and visualize using the NIS-BR software (Nikon, Japan)
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Abstract

Hairy root cultures offer a high production of valuable secondary metabolites in many plants. Valuable secondary metabolites can be 
harvested from the fast growing of hairy root at higher concentrations within a shorter period of time. Tongkat Ali (Eurycoma longifolia) 
hairy root culture has been produced at Forest Research Institute Malaysia (FRIM) with aims not only for production of secondary 
metabolites but mainly to provide an alternative of raw material for the industries, therefore protecting the plant’s populations in the forest 
from depletion. Molecular study through transcriptome analysis has been conducted to support the research on Tongkat Ali hairy root 
culture. Through next generation DNA sequencing (Illumina platform) and bioinformatics analysis, RNA from hairy root culture and root of 
10-year-old natural Tongkat Ali were sequenced and assembled. A total of 47,301 and 81,863 transcripts were generated from hairy root 
culture and natural root, respectively. Differentially expressed genes analysis revealed that there were 3,299 transcripts up-regulated in 
hairy root culture.  The up-regulated transcripts were predicted to be involved in high yield production of some secondary metabolites in 
hairy root culture of Tongkat Ali. Gene ontology classification on the 3,299 transcripts showed that 37.5% were involved in molecular 
function, 22.5% in biological process, 19.5% in cellular component and 20% were not annotated, which might be unique to Tongkat Ali or 
has not been studied.  The transcripts might be useful for further analysis to identify the genes involved in biosynthesis of potential 
compounds in Tongkat Ali hairy root cultures. 

Key	words:	Hairy root culture, Tongkat Ali, transcriptome 
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Intro INTRODUCTION

Tongkat Ali or scientifically known as Eurycoma longifolia 
is a medicinal plant that belongs to the family of 
Simaroubaceae and is indigenous to South-East-Asian 
countries.  The plant extract, particularly from root, have 
been used in traditional medicines for antimalarial (Chan et 
al., 1986; Kardano et al., 1991; Ang et al., 1995), antiulcer 
(Tada et al., 1991), cytotoxic (Morita et al., 1990) and 
aphrodisiac properties (Low et al., 2013).  The extract has 
been widely used in pharmaceutical industries and various 
chemica l compounds have been iso la ted and 
characterized (Bhat and Karim, 2012).  The high market 
demand has decreased the number of Tongkat Ali in the 
forest. 
 Hairy root culture can be an alternative to ensure 
the sustainable supply of raw material for pharmaceutical 
industries, thus protecting the wild plant population from 
depletion.  Hairy root culture is induced by the infection of 
wounded plant tissues with Agrobacterium rhizogene 
bearing the root-inducing (Ri) plasmid. The root has been 
reported to posse comparable biosynthetic capacity of 
secondary metabolites to native plant roots with 
advantages of fast growth rate, independent of 
phytohormones, genetic and biochemically stability, long 
term preservation and high biomass production (Guillon et 
al., 2006). Hairy root culture also provides a simple system 
for studying the biochemical properties and gene functions 

(Cheng et al., 2014). Hence, hairy root culture of Tongkat 
Ali has been produced in FRIM with an aim to support 
Tongkat Ali pharmaceutical industries in Malaysia (Nor 
Hasnida, 2008).  

Advances in sequencing technology and 
bioinformatics tools for annotation of the transcriptome 
provide a rapid and cost-effective way in genes discovery 
studies. Transcriptome data generated by next generation 
DNA sequencing technology contain massive amount of 
information buried in the genome-scale expression data 
and could became a new gateway to identify all the genes 
express. The information generated could be used to 
evaluate a wide variety of genetic characteristics of a 
species including how to target genes involved in 
biosynthesis of active ingredients in hairy root culture of 
Tongkat Ali. In this study, up-regulated transcripts of 
Tongkat Ali hairy root culture were studied to discover 
genes involved in biosynthesis of potential secondary 
metabolites.

METHODOLOGY

RNA extraction and integrity analysis

Tongkat Ali hairy root was cultured in conical flask 
containing half strength MS medium.  The root was 
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harvested after six months of cultured and immediately 
proceeds for RNA extraction. Roots of a 10-year-old 
Tongkat Ali were harvested from Bukit Hari, Forest 
Research Institute Malaysia (FRIM). The harvested roots 
were immediately put in liquid nitrogen and kept at -80oC 
until further processing. RNA was extracted using RNeasy 
Plant Mini Kit (Qiagen) according to protocol outlined by 
the supplier. RNA quality was determined using Agilent 
2100 bioanalyzer (Agilent Technologies) which graded the 
RNA according to RNA Integrity Number (RIN), a 
numbering system of 1 to 10, which 10 being the most 
intact RNA.  

Illumina sequencing

The total RNA with the RIN number more than 8.0 was 
selected for Illumina sequencing. Each of the RNA sample 
was used to generate a pair end cDNA library of 100 bp 
sequence reads. Sequencing on Hi-Seq 2000 of Illumina 
platform was carried out at Beijing Genome Institute (BGI), 
China. 

De novo assembly

Quality and trimmed reads were de novo assembled using 
Velvet (Version 1.1.05) (Zerbino and Birney, 2008) and 
Oases assembler (Version 0.1.22) (Schulz et al., 2012). 
DNA sequences first went through pre-processing, where 
the sequences were cleaned by trimming at a minimum 
phred score of Q=20, followed by removal of reads below 
30 bp. Clean reads were assembled using default 
parameters and selection of a minimum transcript length of 
100 bp.  A range of k-mer lengths of 41 to 63 was tested to 
screen for the k-mer that generated statistically the biggest 
N50 value. 

Differentially expressed genes analysis

Differential expression patterns between hairy root culture 
and 10-year-old root were compared after each of the 
groups were normalized with p value < 0.05 and log2 fold-
change > 2 using  fragments per kilobase million (FPKM) 
(Mortazavi et al., 2008). A 2-fold differential was used to 
identify the genes differentially expressed between hairy 

root culture and 10-year-old natural root. All up-regulated 
transcripts of hairy root culture were used as queries in 
BLAST analysis against Nr and Swiss Prot databases (E-
value <10-5).  Function of transcripts was annotated using 
Blast2GO software (http://www.blast2go.org) and 
metabolic pathways involved were predicted by Kyoto 
Encyclopaedia of Genes and Genome (KEGG) mapping. 
 
RESULTS AND DISCUSSION

De novo assembly
 
Sequencing of transcriptome Tongkat Ali hairy root 
generated a total of 36,155,402 raw reads and 35,744,565 
cleaned sequencing reads after pre-processing. 
Meanwhile, the sequencing of 10-year-old root generated 
a total of 38,800,934 raw reads and 38,266,690 cleaned 
sequencing reads after pre-processing. The reads were 
assembled using the Velvet and followed by Oases 
program which was reported to yield better contigs/
transcripts (Garg et al., 2011).  K-mer size of 55 bp was 
found to be the best to assemble Tongkat Ali hairy root 
culture as it generated the biggest N50 statistics. 
However, for 10-year old root, K-mer size of 41 bp was the 
most suitable. Hence, based on the overlapping 
information of high-quality reads, a total of 47,301 and 
81,863 unigenes were assembled from hairy root culture 
and 10-year-old root, respectively.     

Differentially expressed genes

A total of 8,075 unigenes were identified to be differentially 
expressed in both hairy root culture and 10-year-old root. 
Density distribution of the FPKM from both roots was 
compare to predict the expression pattern. This method 
allowed the identification of 3,299 upregulated and 4,776 
down regulated unigenes in hairy root culture as 
compared to 10-year-old root. 
 
Up-regulated transcripts of hairy root culture analysis

Up-regulated unigenes of hairy root culture were BLAST 
against Nr and Swiss-Prot database. Results showed that 
out of 3,299 unigenes, 2,689 (81.5%) showed homology to 

Figure 1.  Tongkat Ali hairy root up-regulated transcripts data 
distribution of each analysis indicated using Blast2GO software

http://www.blast2go.org
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known protein and 610 (18.5%) did not have any BLAST 
hit, which might be unique to Tongkat Ali or never been 
studied before (Figure 1). Most of the transcripts have a 
homology to Citrus sinensis, followed with Citrus 
clementina (Figure 2).  

Classification of gene function through gene 
ontology (GO) on the annotated up-regulated Tongkat Ali 
hairy root unigenes were classified into three main 
categories namely biological process, cellular component 

Figure 2.  Top hits species distribution of Tongkat Ali hairy root culture up-regulated transcripts 

Figure 3. Functional classification of the transcripts. (A) Biological processes, (B) Cellular components, 
(C) Molecular function.  Numbers in bracket indicate the number of transcripts in each particular class

(A)

(C)(B)

and molecular function (Figure 3).  In most of the cases, 
one unigenes were assigned to multiple terms in GO 
categories. Therefore, it was accepted that 2,225 unigenes 
were assigned to molecular function category, 4,320 to 
biological process category and 4,464 to cellular 
component category.  Within molecular function category, 
nearly half of the assignments were related to catalytic 
activity (1,222, 54%) and the others were to binding 
activity (1,003, 46%). Within biological process category, 
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metabolic process (1258, 28.8%) and cellular component 
(1,042, 24.1%) were the most represented terms.  While in 
the cellular component category, cell (908, 20%), cell part 
(899, 20%), membrane (894, 20%) and membrane part 
(744, 16.6%) were dominant.   

Active pathways in Tongkat Ali hairy root were 
predicted through mapping all the up-regulated unigenes to 
the reference canonical pathways in KEGG.  In this study, 

Table 1.  Secondary metabolite pathways mapped by the up-regulated transcripts of 
Tongkat Ali hairy root culture

180 unigenes were mapped to 11 major secondary 
metabolic pathways of KEGG pathways database. Genes 
that encode for key enzymes in major secondary 
metabolites were identified (Table 1). For example, 10 
unigenes were involved in phenylalanine, tyrosine and 
tryptophan biosynthesis (Figure 4), 9 unigenes in 
phenylpropanoid biosynthesis, 8 unigenes in flavonoid 
biosynthesis and 5 unigenes in ubiquinone and other 
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terpenoids-quinone biosynthesis.  These findings provide 
an opportunity for examining the biosynthesis process of 
many more secondary metabolites produced by Tongkat Ali 
hairy root culture. 

CONCLUSION

Analysis on the transcriptome of Tongkat Ali hairy roots 
culture up-regulated transcripts has provided valuable 

Figure 4. KEGG map for Phenylalanine, tyrosine and tryptophan biosynthesis pathway.  Each box represents the enzyme 
code involved in each section of pathway.  The coloured boxes depict identified enzymes by the up-regulated transcripts of 

Tongkat Ali hairy root culture

resources for gene discovery which will accelerate the 
progress of research on secondary metabolite production 
in hairy root culture of Tongkat Ali.  These results 
demonstrate that the Illumina paired-end sequencing 
together with advance bioinformatics is a fast and cost 
effective approach for gene discovery in non-model 
organism such as Tongkat Ali.
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Abstract

Sabah has many varieties of traditional rice. This invaluable genetic resources provide breeders the opportunity for utilization in rice 
improvement. The information regarding Sabah traditional rice, however, is scare. In this study, we analyzed twelve (12) selected Sabah 
traditional rice for their chemical properties associate with cooking and eating qualities. Our results showed that there were significant 
difference in the amylose content, gelatinization temperature, and gel consistency among the samples. Sulug and Kambiring variety had 
the lowest and highest amylose content, respectively. Low amylose content would give a softer texture when cooked. Despite that, all 
varieties tested were categorized as high amylose content. High amylose content is associate with low glycemic index suggesting these 
varieties could be better alternatives for diabetic patients. The samples could be grouped into two (2) classes based on their gelatinization 
temperature. Varieties with low gelatinization temperature such as Wangi Keladi, indicates shorter time required for cooking. Moreover, 
Berinda and Pulut Tadong variety had the highest degree of tenderness due to their low gel consistency value compared to Pulut Putih 
variety. Finally, no correlation was found among the three (3) chemical characteristics analyzed.

Key	words:	Sabah, traditional rice, amylose, gelatinization, tenderness
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Intro
INTRODUCTION

The most important basic food for most human races is 
rice, especially in Asian regions, the Middle East and West 
Indies. The public community has taken cognizance of the 
importance of healthy diets lately and they are searching 
for a better variety of rice and effective techniques in 
preparing rice that to be consumed by diabetics (Ashish et 
al., 2012). Thus, it is proven that the quality traits of the rice 
grain have become a priority for world’s human population.

The rice grain quality can be summarized in terms 
of physical and chemical characteristics (Panda, 2010). 
The chemical characteristics that can be used to determine 
rice grain quality may includes gelatinization temperature, 
apparent amylose content, gel consistency, alkali 
spreading value and aroma. Meanwhile, the physical 
characteristics of rice grain quality are its shape and size, 
colour of grain, chalkiness, bulk density, thermal 
conductivity, equilibrium moisture content and the flow 
ability.

Both physical and chemical characteristics are the 
genetic properties. On the other hand, the acquired 
properties or environmental factors are moisture content, 
grain quality, physical and pest damage, cracked grains, 
presence of immature grains and milling related 
characteristics.

The cooking quality preferences vary in different 
countries (Azeez and Shafi, 1966). Rice is a cereal crop 
that is consumed mainly as whole milled and boiled grain. 
The desired properties or grain quality may vary from one 

ethnic group or geographical region to another and may 
vary from country to country (Juliano et al., 1964). The 
quality in rice may, therefore, be considered from different 
aspect which includes milling quality, grain size, shape and 
appearance and cooking characteristics. The Good grain 
quality fetched a higher price for the farmers.

The amylose content correlates negatively with 
taste panel scores for cohesiveness, tenderness, color 
and gloss of the boiled rice. The rice varieties grown in the 
Philippines, Malaysia and Indonesia have intermediate 
amylose content. The intermediate-amylose rice cook 
moist and tender and do not become hard upon cooling. A 
survey conducted by IRRI have shown that the most 
preferred varieties in the areas where high-amylose rices 
are generally grown have intermediate amylose. Rice 
varieties are grouped on the basis of their amylose content 
into waxy (0 to 2%), very low (3 to 9%), low (10 to 19%), 
intermediate (20 to 25%) and high (more than 25%) 
(Kumar and Khush, 1986). Intermediate amylose rices are 
the preferred types in most of the rice growing areas of the 
world, except where low-amylose japonicas are grown.

The hardness of rice grain can be measure 
through rice gel consistency (Cuevas et al., 2010). 
According to an article by Ebron (2013), hard gel 
consistency will give firmer cooked rice. Gel consistency 
will measure the tendency of the cooked rice to harden 
after cooling. Varieties with softer gel consistency are 
preferred within the same amylose group and the cooked 



- 40 -Transactions of Persatuan Genetik Malaysia, No. 7, 2017                           

Chendan et al. (2017):  A study on chemical characterization of several varieties of Sabah traditional rice

40

rice will have a higher degree of tenderness. Softer gel 
consistency is associated with softer cooked rice and this 
feature is evident in low-amylose content rice. Soft cooked 
rice tends to be stickier. By heating a small amount of rice 
in dilute alkali, gel consistency can be determined.

The time required for cooking is highly determined 
by the gelatinization temperature of starch. Gelatinization 
temperature, which is a physical property of starch, is the 
range of temperature wherein at least 90% of the starch 
granules swell irreversibly in hot water with the loss of 
crystallinity and birefringence. Final gelatinization 
temperature usual ly ranges f rom 55 to 79°C. 
Environmental conditions such as temperature during grain 
development influence gelatinization temperature. A high 
ambient temperature during grain ripening results in starch 
with higher gelatinization temperature (Cruz et al., 1989). 
According to Food and Agriculture Organization (FAO), the 
gelatinization temperature of rice varieties may be 
classified as low (55 to 69°C), intermediate (70 to 74°C), 
and high (more than 74°C).

The exact data of amylose content of Sabah 
traditional rice have not yet been published. Besides, there 
are not many reports or established works on Sabah 
traditional rice regarding their amylose content. The 
establishment of knowledge of amylose content on Sabah 
traditional rice is important as a guide for end-product 
consumers who in need of selecting good rice species for 
healthy lifestyles.

This research will provide information regarding 
the amylose content, gel consistency and gelatinization 
temperature of traditional rice in Sabah as a guide for 
future research. Apart from that, the data collected from 
this research can be used to determine availability of 
possible useful trait in Sabah traditional rice as a healthy 
diet for diabetics. The main objectives of this study are to 
determine chemical qualities of rice grain (amylose 
content, gel consistency and gelatinization temperature) of 
the various traditional rice of Sabah.

METHODOLOGY

Materials

Twelve (12) selected traditional Sabah rice were obtained 
from Tongod Agricultural Department (Table 1). Purak Bukit 
was used as a control as it possessed characteristics 
resembles the staple white rice. Collected samples were 
dehulled, packed in plastic bags and stored inside the seed 
storage room (10 to 15°C, RH range between 50 to 60%).

CHEMICAL CHARACTERIZATION OF SEED

Seeds of selected Sabah traditional rice varieties were 
analyzed for their amylose content (AC), gelatinization 
temperature (GT) and gel consistency (GC).

Table 1.  Selected traditional Sabah rice 

Amylose Content (AC) Analysis

Standard Curve of Potato Amylose Content

For the amylose content analysis, the potato amylose was 
used as the standard. Ten (10) milligrams of amylose from 
potato were added into a solution that contained 0.25 mL 
95% C2H60 and 2.25 mL 1N NaOH and heated in boiling 
water bath for 10 minutes. Then, the solution left to cool 
for one hour before addition of distilled water until the final 
volume of the solution reached 100 mL. Next, the solution 
was pipette out into six different 25 mL volumetric flasks (0 
mL, 0.25 mL, 0.50 mL, 0.75 mL, 1.00 mL and 1.25 mL 
respectively). The solutions were acidified with 1N acetic 
acid (0.0 mL, 0.2 mL, 0.4 mL, 0.6 mL, 0.8 mL and 1.0 mL 
respectively). After that, 2 mL iodine solution (0.2 g iodine 
and 2.0 g potassium iodide in 100 mL of aqueous solution) 
was added to all solutions and addition of distilled water 
until the final volume of the solution reached 25 mL. The 
absorbances of the solutions were measured at 620 nm by 
using spectrophotometer.

Amylose Content (AC) Analysis for Rice Samples

Amylose content analysis was conducted as described by 
Cruz and Khush (2000). Five (5) replicates of twenty (20) 
dehulled rice from each variety were randomly selected 
and grounded into powder using Stein Mill machine for 30 
seconds.  Then, 100 mg of the rice powder was added into 
solution content 1 mL 95% ethyl alcohol (C2H6O) and 9 
mL 1.0 N sodium hydroxide (NaOH).  The starch solution 
was heated in boiling water bath for 10 minutes until the 
starch gelatinized.

After that, the starch solution was left to cool for 
an hour before addition of distilled water until the final 
volume of the solution reached 100 mL. From this 
suspension, 5 mL of starch solution was taken, 1 mL 
acetic acid to acidify the sample and 2 mL iodine solution 
(0.2 g iodine and 2.0 g potassium iodide in 100 mL 
aqueous solution) were added and mixed well. Once 
again, the addition of distilled water until the final volume 
of the solution reached 100 mL was made up. Next, the 
solution was left to stand for 20 minutes at room 
temperature. Absorbance of the solution was measured at 
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620 nm by using spectrophotometer. Percentage of 
amylose content value was calculated using the following 
formulae:- 

Amylose Content Percentage (%) = 100 x Antilog^(-Absorbance unit (A))           

Rice Gel Consistency (GC) Analysis 

Rice gel consistency analysis was done as reported by 
Cruz and Khush (2000). All the samples were stored in the 
same room for 2 days so that the moisture content will 
become similar. A total of five replicates for each sample, 
10 whole milled rice grains were placed in Stein Mill 
machine and were grinded for 30 seconds to give fine 
powder. One hundred (100) mg (±1 mg at 12% moisture) 
of powder was weighed in duplicate into the 13 x 100 mm 
culture tubes. To this, 0.2 mL of 95% C2H6O containing 
0.025% thymol and 2.0 mL of 0.2N potassium hydroxide 
(KOH) were added into the culture tubes. The solution was 
mixed using a homogenizer kit. 

The test tubes were covered with glass marbles 
to prevent steam loss and to reflux the samples. The 
samples were cooked in a vigorously boiling water bath for 
8 minutes. The test tubes were removed from the water 
bath and were left to stand at room temperature for 5 
minutes. The tubes were cooled in an ice-water bath for 20 
minutes and were laid horizontally on a laboratory table 
lined with milliliter graphing paper. The total length of the 
gel was measured in mm from the bottom of the tube to the 
gel front.

Alkali Spread Value (GT) Analysis

Alkali spread value analysis as recommended by Cruz and 
Khush (2000) was done to determine rice gelatinization 
temperature. Each variety had five duplicate sets of six 
whole milled kernels without cracks that were selected and 
placed in plastic petri dish for each and every duplicate. 
Ten (10) mL of 1.9% (0.3035 N) potassium hydroxide 
(KOH) solution for other rice samples except control 

Table 2. Numerical scale for scoring gelatinization temperature

sample, 10 mL of 1.7% (0.3035 N) potassium hydroxide 
(KOH) solution for Purak Bukit, was added into the petri 
dishes. The samples were arranged to provide enough 
space between kernels in order to allow spreading. Then, 
the petri dishes were incubated at approximately 30oC for 
23 hours in the laboratory (no air-conditioner). After that, 
the starchy endosperm was rated visually based on a 7-
point numerical spreading scale. Standard check varieties 
of high, intermediate and low gelatinization types of rice 
were included in every test.

Data Analysis

For this study, Statistical Package for the Social Sciences 
(SPSS) version 21 software was used. Data collected for 
AC, GT, and GC were analysed using One-Way Analysis 
of Variance with post hoc Tukey’s HSD to check for 
significant difference within the group. Then, data from AC, 
GT and GC were analysed using bivariate Pearson 
product-moment correlation test to determine presence of 
correlation between amylose content, gelatinization 
temperature and gel consistency. 

RESULTS AND DISCUSSION

The test results from rice amylose content analysis, alkali 
spread value analysis and rice gel consistency analysis 
were analysed through Analysis of Variance (ANOVA). It 
showed that there are differences in value of the mean 
and standard deviation of the rice samples used. For the 
rice amylose content results, it was also compared to 
potato amylose content.

Rice Amylose Content Analysis

The result for normality was not satisfactory for some type 
of the rice which were Purak Bukit and Sulug. The 
Levene’s test for homogeneity of variance was significant 
(p<0.05). This indicated that the homogeneity of variance 
was violated. Despite that, the lack of normality was not 
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severe and the sample used for this study was not large 
enough to prove otherwise, therefore, regular ANOVA 
analysis was executed. The amylose content was different 
among the 12 rice samples. 

Tukey’s HSD post hoc analysis has proven that 
there was a significant difference among the rice amylose 
content. On the other hand, Telipuk (0.199 A±0.006), Purak 
Bukit (0.205 A±0.024) and Sulug (0.207 A±0.020) were not 
significantly different from each other as they belonged in 
the same subset. On major view, the results obtained for 
this analysis suggested that amylose content of Telipuk, 
Purak Bukit and Sulug were significantly higher than of 
Kambaring although the other rice variety possessed 
amylose content that was almost similar to one another.

Based on data tabulated in Table 4, all rice 
varieties used in this study were belonged to high amylose 
content category. Amylose content of these rice varieties 
was compared to potato amylose content that lined as a 
standard curve.

The twelve (12) selected Sabah traditional rice 
samples used in this study were belonged to high amylose 
content category. The highest amylose content was 
belonged to Kambaring (94.45%) and the lowest amylose 
content was belonged to Sulug (62.09%).

Cuevas and Fitzgerald (2007) reported that as 
amylose content increases, the rice grains will become 
less sticky and firmer. This suggests that rice variety with 
high AC will tends to be harder than rice varieties with low 
AC. Therefore, Sulug is sticky when cooked as it 
possesses the waxy amylose content. 

On the other hand, rice with high AC tends to 
have a lower glycemic index (Oko et al., 2012). The low 
glycemic index rice is healthier to be consumed by diabetic 
patients as low glycemic have the characteristic of the slow 
rate of sugar breakdown. The slower rate will able to help 
to prevent the increase of blood sugar level after the 
ingestion of rice. 

Rice with high AC also associated with high 
degrees of flakiness (Jain et al., 2012). High degree of 
flakiness rice will cause the rice to become less tender and 
very hard upon cooling process. Since all rice samples 
used were belonged to a high AC category, so, they 
possessed low glycemic index.

Alkali Spread Value (ASV) Analysis

For alkali spread value, the test for normality were not 
satisfactory and the homogeneity of variance were not 

Table 3. ANOVA output for rice amylose content

Figure 1. Amylose content (mean A ±standard deviation) 
of 12 selected Traditional rice from Tongod, Sabah

Table 4. Amylose content in 12 selected 
traditional rice varieties

satisfactory. However, as similar to the amylose content 
analysis, the severity of the matter was low and the size of 
the rice samples was insufficient to prove otherwise. 
Therefore, regular ANOVA was executed together with 
Tukey’s HSD post hoc analysis in order to prevent the 
Type 1 error type. This error was caused by the violated 
assumptions. The null hypothesis was rejected and 
al ternat ive hypothesis was accepted; the r ice 
gelatinization temperature was significantly different 
among the 12 traditional rice varieties.

Tukey’s HSD post hoc analysis indicated that 
there was no significant difference in gelatinization 
temperature between Berinda, Emas, Kambaring, Pulut 
Tadong, Purak Bukit and Telipuk as they belonged in the 
same subset. All of these six (6) varieties scored 2a in 
ASV test which showed that they possessed low alkali 
d igest ion and h igh gelat in izat ion temperature 
characteristic. However, they are significantly different 
from six other varieties. As shown in Figure 3, Mansud 
Merah, Beruang, Pulut Putih, Siam, Sulug and Wangi 
Keladi belonged in the same subset. For Mansud Merah 
variety, it was slightly different from the other five varieties 
as it scored 2.8b in ASV test. This situation indicated that 
Mansud Merah showing low or intermediate in alkali 
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Figure 2. Comparison of selected rice variety to 
potato amylose content standard curve

Table 5: ANOVA output for rice gelatinization temperature

Table 6. Tukey’s HSD output for rice gelatinization temperature

digestion and high to intermediate gelatinization 
temperature. Beruang, Pulut Putih, Siam, Sulug and Wangi 
Keladi all scored 3b in ASV test. The score showing that 
these four varieties have low or intermediate in alkali 
digestion high to intermediate gelatinization temperature.

Based on the laboratory analysis, 12 selected 
traditional rice varieties used in the study are significantly 
different from their gelatinization temperature. Six out of 12 
selected traditional rice varieties in Tongod, Sabah that 
used in this study has high GT. These 6 varieties are 
Berinda, Emas, Kambaring, Pulut Tadong, Purak Bukit, and 
Telipuk. Meanwhile,  the other half varieties used in this 
study, Mansud Merah, Beruang, Pulut Putih, Siam, Sulug 
and Wangi Keladi has high to intermediate GT. 

GT is a useful test of cooking quality which 
associated with the cooking temperature at which water is 
absorbed and the starch granules in rice grains are 
swelling irreversibly with a simultaneous loss of crystallinity 
(Jennings et al., 1979). On the other hand, Mutters and 
Thompson (2009) stated that GT of rice is important in the 
determination of time required for cooking milled rice. 
When rice have high GT, it will take long time to cook and 
vice versa. Thus, all of 12 rice varieties used in this study 
will require longer time for the cooking process as they 
have high GT.

Generally, in most cases, longer cooking time is 
an undesirable trait as it requires more water uptake to 
cook the rice which is directly related to energy 
consumption. High energy consumption to cook rice is not 
desired by low income consumers. This proven that 
consumers in all major markets discriminate against high 
GT rice. Under the standard cooking process, rice with 
high GT will remain undercooked and they also require 
high amount of water to cook (Jennings et al., 1979). For 
this study, it showed that rice varieties with high GT has 
low AC which makes them cook sticky. 

Rice Gel Consistency Analysis

For rice gel consistency, the test for normality for this 
parameter was not satisfied for Beruang, Pulut Tadong, 
Purak Bukit and Sulug. Homogeneity of variance was not 
satisfactory as p<0.05 for Levene’s test. The case of lack 
in normality that not severe and the sample size was not 
large enough to prove otherwise as per previous case, 
regular ANOVA AND Tukey’s HSD post hoc analysis were 
executed. The null hypotheis was rejected and the 
alternative hypothesis was accepted; stating that the rice 
gel consistency was different among the 12 rice varieties.

From Tukey’s HSD analysis of log 10 of gel 
length, Pulut Putih (2.034 mm±0. 081) had a significantly 
shorter gel length as compared to other rice varieties as 
shown in Figure 3. However, Mansud Merah (2.104 mm
±0.047), Telipuk (2.106 mm±0.050), Siam (2.111 mm
±0.029), Kambaring (2.112 mm±0.045), Purak Bukit (2.119 

Table 7. ANOVA output for rice gel consistency (log 10)
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Figure 3. Log 10 of gel length in millimeter (mm) 
of 12 selected traditional rice

mm±0.074), Emas (2.121 mm±0.027), Beruang (2.125 mm
±0.023), Sulug (2.126 mm±0.053) and Wangi Keladi (2.133 
mm±0.021) were slightly different in gel length as they 
belonged in the same subset. On the other hand, both 
Pulut Tadong and Berinda were produced significantly 
longer gel length compared to other rice varieties.

Based on the analysis conducted, all the rice 
varieties used were categorized as soft rices with soft gel 
consistency as they possessed more than 61 mm of gel 
length. Based on the results, the rice gel consistency of 12 
traditional rice in Tongod, Sabah is 
significantly different. All rice varieties used in this study 
possess soft gel consistency. Juliano (1979) stated that 
soft gel consistency is usually preferred compared to hard 
gel consistency. The hard gel consistency rice tends to be 
less sticky. Generally, harder gel consistency is associated 
with harder cooked rice. 

On the other hand, the differences in rice gel 
consistency are commonly associated with the size of 
amylopection in molecular level (Juliano, 1979). For soft 
gel rice varieties, their amylopection had small molecular 
size than that of hard gel rice (Juliano and Perdon, 1975). 
In this study, all rice varieties used were found to have a 
more desirable gel consistency property. Softer rice gel 
consistency is preferred within the same amylose group 
(high AC) because it will have a higher degree of 
tenderness which will be more desirable for the consumer 
instead of hard rice.

Correlation between Rice Amylose Content, Rice 
Gelatinization Temperature and Rice Gel Consistency

There was no correlation between rice amylose content, 
rice gelatinization temperature and rice gel consistency. 
Test results for Pearson product-moment correlation 
analysis accepts the null hypothesis stating there was no 
correlation between the attributes. Rice gelatinization 
temperature did not correlate with rice amylose content 
and rice gel consistency, rice amylose content also did not 
correlate with rice gelatinization temperature and rice gel 
consistency and lastly, rice gel consistency did not relate to 
rice gelatinization temperature and rice amylose content, 

p>0.05 (Appendix A). The same results were obtained by 
Bhattacharya et al. (1978) where the protein content, GT 
and the alkali score did not possess any relationship to the 
AC content. 

CONCLUSION

Twelve (12) selected Sabah traditional rice used in this 
study were significantly different in their rice amylose 
content, rice gelatinization temperature and rice gel 
consistency. In terms of cooking and eating quality, the 
superior variety that had lowest amylose content was 
Sulug which gives a soft texture when cooked. On the 
other hand, all of rice varieties are good for diabetic 
patients as they possessed low glycemic index. For rice 
gelatinization temperature, the superior variety was Wangi 
Keladi which had significantly low gelatinization 
temperature among the rice varieties which implied that it 
only require a short amount of time to cook. In rice gel 
consistency, the superior variety was Berinda which has 
the soft gel among the traditional rice varieties analysed. 
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Abstract

Plant Improvement Program of FRIM has started an improvement program for Shorea roxburghii as the species has added values for timber 
production and some claims that it also has medicinal properties. Thus, S. roxburghii is suitable native species to be promoted as a forest 
plantation species for the industrial scale. The first crucial step in tree breeding strategy, is the selection of the mother tree to be tested in the 
progeny trial. In this study, 51 candidate trees has been selected initially and after the grading has been carried out, 30 potential plus tree has 
been selected and germinated at FRIM’s research station, Mata Ayer (Perlis) for further progeny trial. Preparation of the selected planting 
materials are currently being carried out for the establishment of progeny trial plots at few different locations. This paper will be discussing on 
the important criteria that has been taken into the assessment while grading for the selection of plus tree of S. roxburghii.

Key	words:	 Progeny trial, breeding strategy, genotype, environment

INTRODUCTION

Shorea roxburghii belongs to the family of Diptero-
carpaceae and it is also a native species to Malaysia and 
can be found from Eastern India to Southeast Asia. It is 
also commercially known as “white meranti” and used as 
furniture and some even claims that the plant has 
medicinal properties. The species is also classified as 
'Endangered' in the IUCN Red List of Threatened Species 
(Ashton, 1998). However in Malaysia the species is 
classified as Near Threatened in Malaysia Plant Red List 
(Chua et al., 2010). In an effort to promote indigenous 
species as an industrial scale forest plantation species, 
FRIM has taken an initiative to conduct a tree improvement 
programme for S. roxburghii.

Selection of superior or plus tree is usually the 
first step in tree improvement programme. This step is 
essential in order to obtain significant amounts of genetic 
gain economically while maintaining a broad selection of 
genetic base. The seeds or seedling obtained from the 
selected plus tree will then be subjected to genetic tests 
such as progeny and clonal trial, and also establishment of 
seedling seed orchard or clonal seed orchard (Hettasch, 
2002). 

In tree breeding study, candidate plus tree (CPT) 
is defined as a tree that has been selected for grading 
because of its desirable phenotypic qualities but has not 
been graded yet. Then, a plus tree or superior tree is 
defined as a tree that has been recommended after the 
grading process for production of further breeding tests. 
The selected tree will be tested for its genetic superiority 
and the possibility of gaining good genotype is 

considerably high due to reasonable heritability (Hettasch, 
2002).

METHODOLOGY

Guidelines and selection process of the superior/plus 
tree: Shorea roxburghii

1) Selection of the sampling areas:
Sampling areas can be either natural forest 
areas, seeds production areas or forest 
plantation areas. The selection should be made 
from the areas that is native to the species or, if 
the selection is made from the plantation areas, 
they should consist of good breed. Additionally, 
selection areas should avoid forest areas that 
have been logged. This is because, the 
genetically superior trees might have been cut 
down and the logging activities might affect the 
crown of the trees. Then, the selected mother 
trees for the trial should also be similar in term of 
their growth performances and age.

2) Important information on the selected areas 
should be recorded. For examples; GPS 
coordinate of the location, topography and type of 
soil.

3) Trees selection, grading and interpretation of 
the data:
To select a plus tree, a general grading system 
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has been used. Among the criteria that were 
taken into the assessment are as follow; height, 
d iameter at breast height , crown s ize, 
straightness and form of the stem, dominant 
crown or not, angle of the third branch, diameter 
at the third branch, the ability of the tree to self-
pruning, non-forking and wood properties. The 
data were recorded on standard form and 
assessment will be determined based on the 
scoring (Clark and Wilson, 2005). However, it has 
to be understood that some criteria such as 
straightness and form of the stem are subjective. 
Therefore, experts should also present during the 
field assessment.

Grading activities during the plus trees selection are 
illustrated in Figures1 through 8:

Figure 1. The tree height was 
measured using Haglof height 
meter and the GPS coordinate 
was recorded.

Figure 2. Diameter at breast 
height (~1.3 m from below) was 
measured using diameter tape.

Figure 3. The crown size was 
measured using Haglof height 
meter by taking the distance of 
X and Y. Narrow to intermediate 
in width of crown is the desirable 
trait. (Note: Arrows in the figure 
is for the purpose of illustration 
only, might not show the exact 
location.)

Figure 4. Straightness and form 
of the stem were measured in 
term of scale 1 to 6, where 1 is 
the lowest score and 6 is the 
highest score. (Note: The 
scoring might be different based 
on individual.)

Figure 5. The dominant crown of 
a tree was defined by comparing 
t h e t r e e c r o w n t o t h e 
surrounding trees.

Figure 6. Angle and diameter of 
the third branch (from below) of 
the t ree were es t imated. 
Spreading and light branches 
are the desirable traits.

Figure 7. Example of a good 
form and straight stem.

Figure 8. One of the selected 
mother tree for the progeny trial 
of Shorea roxburghii.

RESULTS AND DISCUSSION

A total of 30 mother trees were selected from 51 
Candidate Plus Tree (CPT) that have been tagged initially, 
during the selection process. However, unfortunately, 
during the seeds collection, we only managed to collect 
seeds from 27 selected mother trees. This was due to 
seeds of the other three selected mother trees, had 
already fallen earlier than the date we expected. The 
seeds were collected and germinated at the end of April to 
early May, 2017.

The total score of the 27 selected plus trees were 
ranged from 68% to 84.2% (Table 1). All of the selected 
trees however, have the height of more than 15m (data not 
shown), non-forking and similar ages estimated from the 
tree build-up.
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Table 1. Score of the 27 selected plus trees based on the grading criteria

CONCLUSION 

Presently, the seedlings of 27 selected mother trees for 
scheduled progeny trial are growing at FRIM’s research 
station at Mata Ayer, Perlis. The progeny trial plots are 
expected to be established at three locations. We hope the 
tree improvement programme that are currently being 
carried out for Shorea roxburghii could contribute to the 
effort of promoting indigenous species as forest plantation 
in commercial scale for the future. 
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Black pepper is susceptible to various pathogens which cause significant yield loss. This study described the transcriptomic analysis of 
black pepper by sequencing on Illumina HiSeq 2000 platform. A total of 641,741,570 raw reads were assembled and produced 81,096 
contigs with an average length of 1,012 nucleotides. Sequence similarities with GenBank NR proteins have been analysed for these 
contigs and the hits obtained after the Blast search is 77.2%. A total of 38,103 of the blasted contigs have been significantly mapped to 
Gene Ontology with 1,847 biological processes, 394 cellular components and 1,184 molecular functions. In addition, a total of 605 
pepper defences related transcripts have been identified in the current study. These transcripts range from 492bp to 4,353bp and encode 
proteins with 164 amino acids to 1,451 amino acids. These predicted peptides show 41.76% to 99.14% similarity with the published 
resistance proteins from the GenBank. These results could provide useful data for future marker assisted selection breeding in black 
pepper.	
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INTRODUCTION

Black pepper, often referred as the “King of Spice” is the 
fruit of a tropical climbing woody plant, Piper nigrum L. 
which is native from the South-western India. P. nigrum L. 
is a member of the family Piperaceae (Nisha et al., 2007). 
It has been cultivated as an important cash crop in tropical 
countries. Vietnam, India, Indonesia, Brazil and Malaysia 
are the five main producers of black pepper in the world.

Black pepper is a booming business in Malaysia. 
It has provided stable income for 67,000 peoples in the 
rural areas of Sarawak and some in Johor and Sabah. 
Malaysia has exported 12,000 metric tonnes of pepper on 
average for the past five years. These exports generated 

RM1.7 billion of revenue to the country in 10th Malaysian 

Plan. In 11th Malaysian Plan, pepper industry is expected 
to contribute 0.1% of the total GDP share and generate 
RM2.7 billion worth of exports by 2020.

Black pepper is widely cultivated as an important 
commodity crop due to its global trade, widespread dietary, 
medicinal and preservative uses. However, it is susceptible 
to various soil-borne diseases contributed by the 
pathogens from the genera Fusarium, Colletotrichum, 
Phytophthora and Rigidopourus. As the most significant 
disease in black pepper, foot rot, caused by soil-borne 
pathogens, which infects roots, stems, leaves and fruit 
throughout the entire process of plant growth, has caused 
significant economic loss every year.  

Global genomic studies on black pepper are still 
in developmental stage. Lack of genetic information has 
become one of the main constraints in development of an 

Abstract

efficient controlling method for the soil-borne diseases. 
Grafting P. nigrum L. shoots onto Piper colubrinum 
rootstocks, a wild relative of P. nigrum L. which is 
important because of its resistance to soil-borne diseases 
had been carried out in Malaysia, India and Brazil (Vanaja 
et al., 2007). The grafted plants indicated high initial 
success but poor survival later due to the problem of 
delayed graft incompatibility.

Attempts to improve black pepper resistance to 
soil-borne pathogens via conventional breeding have been 
unsuccessful in Malaysia due mainly to the different ploidy 
levels of P. nigrum L. with its wild relative and that the two 
species are cross incompatible (Sim et al., 2011). With the 
new development in sequencing biotechnologies, there is 
a high potential for scientists to understand the molecular 
mechanisms of foot rot and to enhance the resistance 
level of black pepper in against pathogen attacks.

METHODOLOGY 

Chemical Reagents and Solutions

RNA isolation buffer contained 2% cetyl-trimethyl-
ammonium bromide, 1% polyvinyl pyrrolidone, 0.1M Tris-
hydrochloric acid, 25mM ethylene-diaminetetraacetic acid, 
1.4M sodium chloride and 1% beta mercaptoethanol. All 
chemical solutions prepared for RNA extraction comprised 
0.1% diethyl-pyrocarbonate treated water, 3M sodium 
acetate, phenol, chloroform, isopropanol, and absolute 
ethanol.
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Total RNA Preparation

Total RNAs were extracted using modified ion detergent 
CTAB-based method. DNA contamination was eliminated 
using Promega RQ1 RNase-free DNase. The total 10μl 
reaction volume contained 1X RQ1 reaction buffer and 1 
unit RQ1 DNase per 1μg total RNAs. The reactions were 
carried out at 37ºC for 30 minutes, followed by heat 
inactivation of DNase at 65ºC for 10 minutes. The purified 
product was treated with phenol: chloroform and recovered 
via isopropanol precipitation prior stored at -80ºC. 

Library Preparation

Integrities of the RNA samples were evaluated using 
Agilent 2100 Bioanalyzer. RNA samples were then 
q u a n t i f i e d u s i n g G E G e n e - Q u a n t 1 3 0 0 U V 
Spectrophotometer at wavelengths of 230nm, 260nm and 
280nm. The cDNA libraries were constructed using 

Invitrogen CloneMinerTM II cDNA Library Construction Kit. 
The ligations of attB1 adapter to the 5’ end of newly 
synthesized double-stranded cDNA were carried out at 
16°C for 24 hours. The attB1 ligated cDNA templates were 
size fractionated through column chromatograph. 

Transcriptome Sequencing by NGS

The 100 base-pair paired-end sequencing reads were 
obtained in FASTQ format text file from the Illumina HiSeq 
2500 sequencer. PhiX, Illumina co-sequencing positive 
control sequences were removed from the raw reads. The 
clean reads were subjected to base quality, ambiguous 
base call and sequencing adapter trimming to ensure that 
only good quality bases derived from mRNAs were used 
for the de novo assembly. 

De novo Assembly

The sequencing reads were mapped back to the contigs 
generated from the De Bruijn graph for validation. Only 
contigs with at least 200 base pairs and five (5) 
sequencing reads mapping are retained. RNA-Seq 
analysis which involves mapping sequencing reads from 
each sample to the validated contigs and later calculating 
the expression value from the number of reads mapped to 
each gene by normalising against contig length and 
sequencing depth. The same reads mapping were 
analysed for variants. Concurrently, the validated contigs 
were compared to NCBI non-redundant protein database 
to identify sequence similarities, which were used to map 
the contigs to Gene Ontology terms and subsequently the 
KEGG biological pathways. 

RESULTS AND DISCUSSION 

The Illumina sequencer has produced more than 50 million 
reads for all samples. Each set of sequencing reads 
contains about 0.3% of contaminating reads from the PhiX 
genome. There are between 7-11% low quality reads that 

were discarded per library during adapter, base quality 
and ambiguous base call trimming. 

All good quality reads were assembled into 
81,096 scaffolds of contigs with an average length of 
1,012 nucleotides. During scaffolding, separate contigs 
with reads from the same pairs are joined, to give a better 
representation of long genes with separately assembled 
regions. Assembly and scaffolding of RNA sequencing 
data will produce full and partial gene sequences. About 
77.2% of these genes sequences (62,577) share 
similarities with one or more protein sequences from the 
GenBank NR database (Figure 1).

In annotating these genes with Gene Ontology terms of 
protein properties, a total of 38,103 genes were 
significantly mapped to one or more GO terms with 2,490 
biological processes, 515 cellular components and 1,949 
molecular functions (Figure 2). 

Functional annotation of GO mapped transcripts 
resulted in the identification of 605 transcripts related to 
the basal resistance of pepper plants in against virulent 
pathogen. BLAST similarity analysis showed these 
transcripts shared sequence homology with the published 
disease resistance proteins from GenBank (Table 1).

Subsequently, these annotated pepper resistance 
transcripts have been mapped to few biological pathways 
documented in the Kyoto Encyclopedia of Genes and 
Genomes, a pathway-based categorization of orthologous 
genes that provide information to predict the functional 
profiles of genes (Hu et al., 2015). Figure 3 shows the 
partial of the annotated pepper transcripts were linked to 
Plant-Microbe Interaction Pathway documented in KEGG 
(KO04626). 

Different with animal’s adaptive immunity 
mechanisms, plants have evolved specific systems with 
multiple layers in against invading pathogens. The primary 
response includes the perception of pathogens by cell-
surface pattern-recognition receptors and is referred to as 
PAMP-triggered immunity (Gul and Reddy, 2008; Taylor et 
al., 2012). The secondary response is called effector-
triggered immunity (Kinya et al., 2011; Cui et al., 2014). 
Some plants possess specific intracellular proteins or R 
proteins to monitor the presence of pathogen virulence 

Figure 1. Analysis progress of de novo assembled sequencing 
reads by Blast2Go with 81,096 total sequences, 80,989 with 
interproscan, 62,577 with blast hits, 53,817 with mapping and 

38,103 with annotation.
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Figure 2. Bar chart of GO classifications of assembled transcripts of black pepper. 
These results are summarized in three (3) main categories: biological process, 

cellular component and molecular function 

Table 1. Annotated pepper resistance transcripts shared sequence homology with the 
published disease resistance proteins from GenBank
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Figure 3. Diagram of plant-microbe interaction documented in KEGG (KO04626). Several annotated 
pepper transcripts have been associated to RPS5 as highlighted in red in the pathway.  

proteins (Meyers et al., 2003; Zhou et al., 2004; Miller et 
al., 2008). Association of annotated pepper resistance 
transcripts in the KO04626 pathway suggested the innate 
immunity in pepper can be triggered by pathogen-
associated molecular patterns. 

CONCLUSION 

The present study is a valuable resource for black pepper 
resistance gene discovery and it could provide useful data 
for future marker assisted selection breeding in black 
pepper. 
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UGT76G1 Gene Expression On Stevia rebaudiana (Bert.) Shoot Culture 
Induce With Far-Red LED Light In TIS RITA® Bioreactor System
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Abstract 

Stevia leaves contain steviol glycosides which are estimated to be 300 times sweeter than sucrose hence it is potential as natural 
sweetener in industry.  Production of stevioside is also limited by the formation of flowers. Manipulation using far-red light LED S. 
rebaudiana in vitro culture system had been proven to increase the system productivity, with a higher steviol glycosides content, by 
inhibiting flowering. Until now, the effect of far-red-light LED induction to enhance the steviol glycosides, particularly rebaudioside-A 
accumulation in molecular level in stevia plants was not known. Therefore, this study was conducted to evaluate the effect of far-red light 
LED induction on rebaudioside-A contents and expression level of UGT76G1 gene in TIS RITA® bioreactor system. The productivity of S. 

rebaudiana in the far-red LED RITA® system was 0.246 g.Lmedium
-1.day-1, whereas in Control RITA® only 0.150 g.Lmedium

-1.day-1. The gene 
expression profiles which were analyzed by using real-time PCR showed that plantlet exposed to far-red light LED had an increase 
expression levels in UGT76G1 (1.14 times). Analysis of rebaudioside-A content in far-red LED RITA® was higher 22.99% when compared 
to planlet cultured in RITA® Controls.
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The prevalence of diabetes in Indonesia is partly caused 
by the high rate of foods and drinks consumption that 
contains high sugar (Indonesia Health Ministry, 2004). 
Therefore exploration of natural sweetener that contain low 
calorie is needed. Stevia (S. rebaudiana) is a herbaceous 
perennial shrub, that contains several sweet-tasting 
compounds in its leaves. The main components that 
provide a sweet taste is rebaudioside-A (Gupta et. al, 
2013). Rebaudioside A is 350 - 450 times sweeter than 
sucrose without aftertaste (Goyal et. al, 2010). 

In vitro culture has the potential to produce large 
quantity of stevia plantlets in short time. Multiplication with 
large quantity of stevia biomass in relatively short period 
can be conducted by using TIS RITA® (Recipient for 
Automated Temporary Immersion System). According to 
Melviana and Esyanti (2016), S. rebaudiana shoots 
cultivated in RITA® bioreactor with 30 minutes every 6 
hours immersion could enhance the biomass up to 71.11% 
and reached productivity until 0.066 Lmedium

-1.day-1. By using 

RITA® bioreactor, the system could be more efficient to 
obtain a higher biomass and secondary metabolites 
production. 

The problems in the cultivation of stevia was the 
limited time of harvesting due to the flowering phase. The 
steviol glycoside concentration will decrease significantly if 

stevia plant has flowered (Ceunen et al., 2012). This 
phenomenon occurred because the metabolite pathway 
for the production of steviol glycosides and gibberellins for 
the flowering process has the same precursor, ent-
kaurene acid (Ceuneun and Geuns, 2014). In order to 
obtain a higher biomass and metabolites content, a far-red 
LED induction to S. rebaudiana was proven to increase a 
higher stevioside and rebaudioside-A concentration, in 
comparison to plant without any light induction. While, 
induction of far-red LED at the end of the light cycle for 5 
minutes could increase the rebaudioside-A concentration 
until 8.12 times higher when compared without any light 
induction in 16: 8 hours photopheriod. The highest 
concentration of stevioside and rebaudioside-A were 
obtained during a 15 minute induction of far-red LED at 
the end of the plant's light cycle, which 8.62 times higher 
compared than controls (Yoneda et. al, 2017).

Therefore, The aim of this research was to 
evaluate the effect of far-red LED light induction towards 
productivity and metabolites accumulation in TIS RITA® 
bioreactor system, as an endeavour to increase the 
expression level of gene which related to the synthesis of 
rebaudioside-A, specifically UGT76G1. This gene 
expression profile also evaluated towards rebaudioside-A 
production.
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MATERIALS AND METHODS

Shoot culture initiation of Stevia

Young, actively growing shoot tips and nodal segments of 
S. rebaudiana were cut and washed three times with tap 
water to remove the dust particles and other contaminants. 
In a laminar air flow chamber (LAF), the washed explants 
were subjected to surface sterilization with ethanol 70% (v/
v). Shoot tips were dipped in NaClO 5% and Tween-20 for 
5 minutes but nodes were dipped in NaClO 10% and 
Tween-20 for 10 minutes. Both explants were rinsed three 
times with sterile distilled water, placed in petri dishes lined 
with filter paper, and transferred into a solid medium. The 
cultures were incubated at 23± 1°C with 16 h photoperiod. 
Subcultures were done after 30 days interval. Nodal 
segments from the proliferated shoots were subcultures for 
further multiplication of shoots. The regenerated multiple 
shoots were cut and individual shoots were placed in semi-
solid MS medium supplemented with 1 mg.L-1 Kinetin.

Shoot culture in RITA® bioreactor

Bioreactors were assembled and the airflow was adjusted 
by an automatic timer with 30 minutes immersion time, 
scheduled every 6-h (Melviana and Esyanti, 2016). Control 
bioreactor (RITA® 1) was simply treated with 2000-2500 lux 
ordinary white fluorescent lamp for 16/8 hours daily 
photoperiod. While far-red light bioreactor (RITA® 2) was 
treated with 4800-6000lux far-red LED light exposure (λ 
=730 nm) for 1 hour on night period.

RNA Isolation and cDNA Synthesis

After 21 days cultivation, plantlets were harvested, 
weighed, and then dried to obtain data of the dry weight 
data. Every apical shoots from bioreactor RITA® were 
collected, cut and processed for RNA isolation. RNA were 
isolated using SV Total RNA Isolation System (Promega) 
kit, according to the manufacturer’s instructions. At every 
steps of RNA isolation, all equipment was autoclaved to 
avoid nuclease contamination. Only RNA samples of great 
purity (A260/A280 > 1.70) were used in cDNA synthesis. 

cDNA synthesis was processed by using iScriptTM cDNA 
Synthesis kit and protocol (Biorad Laboratories, 2010). 

Polymerase Chain Reaction (PCR)

Every 1 µL cDNA was amplified by using ABI Veriti thermal 
cycler to obtain the gene fragment, UGT66G1 and β-actin 
(Reference gene). The process of amplification was 
achieved using GoTaq® Green Master Mix reagents from 
Promega (Catalog No. M7122). The PCR reaction was 
prepared by mixing 1 µL cDNA, 1 µL of forward primer and 
1 µL reverse primer (500 nM), 5 µL GoTaq® Green Master 
Mix, and NFW until the final volume reached 10 µL. The 
process of amplification used specific primer which pre-

designed by using NCBI and Primer 3+ (Table 1).

Quantitative-Polymerase Chain Reaction (qPCR)

The quantification of the level of UGT76G1 gene was 
done using SsoFastTM Evagreen® (No. catalog # 172-5200) 
dyes. A qPCR assay was done in Bio-Rad CFX iCycler® 
96TM Thermal Cycler (USA) and integrated with iQTM5 Real-
Time PCR detection system (USA). The qPCR reaction 
mix consisted of 10 µL of: 1X SsoFastTM Evagreen® master 
mix, 0.1 µL (500 nM) of each primer, 2 µL of Nuclease-free 
water and 25ng/µL of cDNA sample. Data from the Real 
Time PCR (qPCR) was analyzed by using relative method 
(Livak et al., 2001). Basicly, qPCR quantification results 
obtained in the form of Ct values where ΔΔCt value every 
genes was normalized to β-actin and subsequently 
normalised to the value obtained for control using the 
2−ΔΔCT method.

Metabolite Analysis

Rebaudioside-A content was performed with method refer 
to Samah et al. (2012) using HPLC (High Performance 
Liquid Chromatography). 100 mg of dried stevia leaves of 
were chopped, then extracted with 10 mL of 70% ethanol 
and incubated at 70°C waterbath for 30 min (Kolb et al., 
2001). The extract was filtered and dissolved in 1.5 mL of 
methanol before being analyzed with HPLC. A total of 20 
μL of the extract was injected into a C18 HPLC column 
using methanol: water 8: 2 (v/v) eluent, 210 nm UV 
detector, and a 0.5 mL/min flow rate. with methanol: water 
(8: 2) eluent and flow rate of 0.5 mL.minute-1.

RESULTS AND DISCUSSION

Shoots Initiation and Subculture 

The process of initiation and subcultures were performed 
on MS medium with the addition of 1 mg.L-1 Kinetin. 1 
mg.L-1 Kinetin was the most optimum PGR to increase the 
propagation of S. rebaudiana shoots culture (Melviana and 
Esyanti, 2016). Medium can be classified as optimum 
medium for the growth of stevia shoot culture when it 
yields high shoots propagation and leaves with healthy 
morphological conditions. The morphology of a good 
stevia planlet was indicated by a large and high stems, 

Table 1. The primary design of oligonucleotides used to 
amplify genes related to synthesis of rebaudioside-A
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numerous thick green leaves and had a normal 
morphologically. 

In this study, new healthy shoots were (Fig.1 A and 
B). The total shoots produced at initiation stage was 126 ± 
2.302 shoots and the total leaves counted were 371 ± 
4,579 leaves. The subculture produced the total shoots of 
358 ± 4.112 shoots with 95.238% percentage of success. 
Multiplication in initiation stage reached 352.86%, or in 
other words, one explant could proliferated into 3 new 
shoots. Subculture phase showed that 126 shoots could 
proliferate into 358 shoots with success rate of 98.487%. 
Multiplication percentage of subculture was 284.25%, or in 
other words, an average of 1 shoot could proliferated into 2 
new shoots. 

Shoot Multiplication in RITA® Bioreactor

Stevia rebaudiana shoots were then cultivated in RITA® 
bioreactor for 3 weeks. According to table 2, RITA® LED 
(exposed with far-red light LED every 1 hour on dark cycle) 
gave the highest multiplication of stevia shoots compared 
with RITA® LED, with an average initial mass increase of 
shoots for RITA® LED was 89.71 ± 5.83%, while RITA® 
Control only 76.90 ± 4.85%. The productivity of S. 
rebaudiana cultivated in RITA® LED was greater than 
RITA® Control (Fig. 2).

The observation of culture in the RITA® bioreactor 
showed that 3-weeks growth of culture in RITA® LED 
system was better than RITA® Control system.

Total RNA Isolation

Apical and lateral shoots from RITA® bioreactors were 
then harvested and processed for RNA isolation. RNA 
isolation needs to be done to determine the effect of the 
far-red LED light exposure on UGT76G1 gene expression. 
The results confirmed with the purity number of RNA, 
measured by using NanoDrop (λ= 260 and 280nm). 
According to Fleigge and Pfaffl (2006), the best purity 
number of RNA was 1.75 to 2.2 when quantified by 
measuring OD (optical density) at λ260/280 nm. Result 

showed from 4 samples (both controls and treatments), all 
RNA nearly had a good quality because the ratio λ260/280 

were in theoretically range (Figure 4).
Based on the results of RNA isolation, the four 

samples yielded 2 bands of RNA and the quality test 
results show that the RNA also can be used for cDNA 
synthesis process (Figure 5). The results of RNA isolation 
will show the presence of two bands, which were 28S 
rRNA and 18Sr RNA (Thermofisher Scientific, 2012).

PCR Analysis

Amplification of UGT76G1 gene from cDNA of S. 
rebaudiana shoots was performed to confirm the presence 
of bands of the target gene before the qPCR process. 
Amplification of gene using PCR method produced gene 

Figure 1. Initiation of S. rebaudiana shoots at (A) t=0 days, 
(B) t=30 days

Table 2. Biomass production in RITA® Control and LED

Figure 2. Shoots before and after cultivation in RITA® 
bioreactor: (A) Day 0; (B) Days 21 for RITA® Control (No 

Exposed with Far-Red LED Light); And (C) Days 21 for RITA® 
LED (Exposed with Far- Red Light LED for 1 hour during 

night cycle).

Figure 4. RNA isolation quality test results 
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Figure 5. Electrophoresis gel of RNA samples 
from S. rebaudiana shoots that have been 
cultivated in RITA® bioreactors for 21 days.

fragments corresponding to its respective size, which was 
167 bp for UG7661 gene (Figure 6). Amplification also 
performed on house-keeping gene, β-actin, with amplicon’s 
size about 158 bp. The selection of the reference gene was 
based on the most stable expression value (Ct) of β-actin 
in S. rebaudiana samples when it compared to the 
expression of the ubiquitin, GAPDH and 18S rRNA genes 
(Modi et al., 2014).

Amplification process was carried out at various 
temperature ranges (54.4; 55.4; 56.3; 57.7; 58.8; 59.5 and 
60°C) to determine the optimum annealing temperature. In 
the first experiment, we used eight lower temperature than 
the minimum melting temperature (47; 47.5; 48.3; 49.7; 
51.4; 52.6; 53.5 and 54°C). The result was not optimum, 
where no DNA band was produced at these temperatures, 
so that the optimization process by raising the annealing 
temperature to 8 degrees higher than the minimum melting 
temperature. At these higher temperatures, the product 
band of the amplification of UGT76G1 and β-actin was 
obtained, and then the electrophoresis process was 
performed for the genes at the same annealing 
temperature. It was found that at 58.8°C, UGT76G1 and β-
actin genes were well amplified and the quality of DNA 
bands was better, so 58.8°C was chosen to be the 
annealing temperature in qPCR (Figure 7).

Gene Expression Analysis with qPCR

The results of analysis using qPCR method indicated that 
there was a difference in the relative expression level of 
UGT76G1 gene between RITA® Control group and RITA® 
LED group. In the RITA® LED treatment, accumulation of 
UGT76G1 gene was increase (up-regulated) (Fig. 8).

Stevia plants are grown as short-lived perennials 
(Geums, 2008) and to delay the flowering process, plants 
need to be given a longer light cycle (Ceuneun, 2012). In 
this experiment, stevia plants were treated with long-term 
plant conditions (much longer lighting compared to dark 
cycles, i.e 16 light hours and 8 hours of darkness). 
Basically, the far red-LED induction resembled a dark 
state. However, by giving far-red light induction in the dark 
cycle of the plant will have a more significant effect in 
inactivating phytochrome B than by letting the system to 
stay in dark conditions (Mancinelli, 1994). 

In an inactive state, phytochrome B can not enter 
the nucleus and will not bind to phytochrome 3 interaction 

Figure 6 Electrophoresis gel of amplification β-
actin (A) and UGT76G1 gene (B) at different 

annealing temperatures (54.4; 55.4; 56.3; 57.7; 
58.8; 59.5 and 60°C).

Figure 7. Electrophoresis gel of amplification 
UGT76G1 and β-actin genes at 58.8°C 

Figure 8. Relative transcription level of UGT76G1 on 
S. rebaudiana shoot cultivated in RITA® Control and 

RITA® LED bioreactors
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factor (PIF3). Inactivation of PIF3 will inhibit CO 
transcription factor (constant factor) transcription and result 
inactivation of flowering locus T (FT) genes and LFY 
(Leafy) genes (Taiz and Zeiger, 2002). When plants do not 
produce flowering genes, then the ent-kaurene acid 
precursors will lead to higher production of steviol 
glycosides. Ceneun (2012), stated that red light LED did 
not play a role directly to increased expression of gene 
related to synthesis of steviol glycosides, but this 
mechanism was a positive effect of deceleration of 
vegetative phase to the generative phase (flowering 
phase).

Basically, the gene expression profile of β-actin 
was stable, both for control and far-red LED treatment. The 
results showed that increased expression levels occurred 
in UGT76G1 (1.14 times) on S. rebaudiana shoots which 

cultivated in RITA® LED bioreactors. Increased expression 
profiles occured in UGT76G1 gene expression that 
converts stevioside into rebaudioside-A, so it can be 
conclude that by applying far-red LED light in the middle of 
the night cycle of plant provides an easy and inexpensive 
way to increase rebaudioside-A production. 

Metabolites Analysis

Based on quantification by calibration adjustment using 
pure standard rebaudioside-A solution (Sigma Aldrich, 
USA), this compound was detected at 9.6 to 9.9 minutes 
(Figure 9). The rebaudioside-A content of RITA® Control 
amounted only 4.624 ± 0.340 mg/g, while the far-red RITA® 
LED bioreactor reached 6.004 ± 0.013 mg/g. In other 
words, rebaudioside-A content increased up to 22.98% in 
far-red RITA® LED bioreactor when compared to RITA® 
Control. Until now, analysis of the effect of interruptions by 
far-red LED on rebaudioside-A metabolite profile has never 
been done. Plants exposed with far-red LED light in dark 
cycle was proven to increase the content of stevioside, 
then the amount of precursor which can be converted into 
rebaudioside-A were higher. UGT76G1 gene expression 
profile which converted stevioside to rebaudioside-A also 
increased when it compared to the control. Although the 
gene expression profile was not linearly correlated with the 

amount of metabolite produced due to post-translational 
modification, but if the environmental conditions support 
the metabolite production, such as perfect protein folding, 
then the high amount of gene expression will support the 
high metabolite production as well. The increase in 
metabolites produced in far-red RITA® LED bioreactor was 
also the effect of increase in biomass content. As the 
biomass increased, then the available precursors in the 
cell would increase as well. So the content of 
rebaudioside-A would be much more easily synthesized in 
shoot culture of S. rebaudiana which cultivated in far-red 
RITA® LED bioreactor. 
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INTRODUCTION

Stevia rebaudiana Bertoni, known as sweet leaf, is one of 
the 950 genera of the family compositae (Asteraceae) and 
constitutes about 154 species of herbs and shrubs 
(Soejarto et al., 1982, 1983). The species originated from 
Paraguay in Southern America (Mark, 2009) and it is one 
of the two known for production of sweet steviol glycosides 
(Madan et al., 2010). 

Seed production in this crop is very low making 
propagation of plant expensive and difficult. Furthermore, 
there has been no suitable seed production techniques 
established under local environment, leading to high 
production cost.

In most plants, role of insects for seed and fruit sets 
is quite enormous. Globally, total value of crop pollination 
effects on yearly basis has been estimated at $200 
billion.A study carried out by Slaa et al. (2006) revealed 
that 30% of foods from crops were pollinated by bees. 

Stingless bees are found in tropical and subtropical 
regions of the world and are considered to be of significant 
value in pollination services of locally existing flora in these 
regions (Heard, 1999). Stingless bees vary in size ranging 
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Abstract 

A prototype Trigona spp. pollinating agent to facilitate and increase seed production in self-incompatible Stevia rebaudiana (Bertoni) 
Bertoni was established. Randomized complete design was engaged in all the three experimental setups, it enabled effective comparison 
between treatments. Evaluated parameters include of the total number of seeds, the number of black and tan seeds and their 
corresponding weights in the three treatments involving: i) Trigona spp., ii) without Trigona spp. and iii) natural/open pollination. Two 

greenhouses (32.4m3 each) were constructed. First greenhouse had two hives containing Trigona spp. It served as test experiment, 
while the second greenhouse was without Trigona spp., and open pollination served as controls. Fifty plants each, about to flower, were 
raised and arranged in 5 rows for test and controls. The insects interacted with the flowers after they blossom. Matured seeds were 
harvested separately per each treatment, 3 times at 2 weeks interval. Evaluated parameters were: number & weight of total, black and 
tan seeds. Data was subjected to one-way ANOVA using SPSS version 16. ANOVA showed significant differences on total number of 
seeds, the number of black seeds, weight of black seeds and weight of 1000 black and tan seeds (p< 0.05). The black seeds are 
produced as a result of cross fertilization, where external pollens are transferred to effect pollinations, while the tan “clear” seeds are 
infertile, due to pollination involving pollens of same florets. The total number of seeds collected over three repeated harvests across the 
treatments: Trigona assisted, non-assisted and open field pollinations were 5785 ± 17, 2865±83 and 3129 ± 23 respectively, while the 
corresponding weights were 1.074, 0.588 and 0.970g respectively. Black seeds constituted higher % (59.01) of the total seeds due to 
Trigona spp. impact. Trigona spp. enhanced higher pollination rate and facilitated larger number of seed harvest. Stevia rebaudiana 
requires an insect pollinator for effective seed formation.
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from small to medium size and among insect pollinating 
agents (Namu, 2008). They are social insect like the 
honeybees and possess colonies with thousands of 
workers (Wille, 1983). Appanah (1982) reported that 
stingless bees are pollinators of several flowering plants 
for example mango, watermelon, and star fruits. Grogan 
and Hunt (1979); Wahurst and Goebel (1995); Buchmann 
and Nabhan (1996) and O’Toole and Raw (1999) reported 
that pollens as the main source of food components and 
minerals for stingless bees. While larvae of most bees are 
fed with these pollens, the adults consume both the 
pollens and the nectars. The activities of these bees 
during pollen collection bore mutual relationship between 
them and the host flowering plants as they render high 
pollination services in return (Buchmann and Nabhan 
1996).

There are two essential genera of stingless bees, 
Melipona and Trigona. According to Crane (1992), there 
are 14 species of Melipona and 21 of Trigona that have 
been used under varying local conditions for pollination in 
crops. The Melipona species are mainly found in Central 
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and South America while the Trigona species are present 
in the sub-tropical and tropical regions of the world (Crane, 
1992). Oliveira et al. (2004) reported that among several 
pollination treatments which he  investigated on sweet 
pepper in a green house, the treatment involving insect 
pollination by stingless bee (Melipona subnitida Ducke)  
showed good yield producing fruits with heavy weight, high 
number of seed and other better qualities than other 
treatments with hand,  self, and restricted pollination 
(control) .This result showed that cross pollination due to 
stingless bee enhanced better yield in greenhouse sweet 
pepper than self-pollination.

The aim of this study is to develop a prototype 
Trigona pollinating agent in the net house in order to 
increase seed formation in Stevia rebaudiana.

MATERIALS AND METHODS  

Effects of Trigona on seed formation

Two standard net houses of about 1400 cm3 each (in 
volume/space) were constructed. Inside one of these net 
houses two hives containing Trigona were placed under a 
small sizeable hut to shed the Trigona. Three (half-filled) 
petri dishes with honey were placed near the hives to 
serve as an alternative source of food for the insects. This 
net house served for the test experiment while the other 
without Trigona, and the field /open pollination served as 
controls.

Stem cutting replication

For this study, stevia accession MS012 was replicated 
through stem cutting propagation in order to raise sufficient 
number of plants. Fifty plants were raised for each test and 
control experiments. When the young plants were four to 
five weeks old and about to commence flowering they were 
transferred into polythene bags and arranged in rows in 
different net houses and on the field. There were 50 plants 
arranged in 5 rows where each row has 10 individual 
plants. 

Pollination and seed harvest

The experiments were allowed to run for another 4 weeks 
while the pollinating insects interact with the flowers/
corymbs of the plants after they blossom, in search for 
nectars.  Later, matured and ripe seeds were harvested 
separately from the two net houses and from the field. 
Harvesting was carried out repeatedly for three times at 
two weeks interval. This was to ensure high number of 
seed harvested since seed production is continuous as 
long as pollination still occurred. Seeds were considered 
ripe if they fall off by gently shaking of the plants. There 
were three repeated measures throughout the period of the 
experiment.

Evaluated parameters

The evaluated parameters were: (i) total number and 
weight of collected seeds, (ii) number and weight of black 

seeds, (iii) number and weight of tan seeds, (iv) weight of 
1000 black seeds, (v) weight of 1000 tan seeds. All data 
obtained were subjected to one-way ANOVA using SPSS 
version 16. 

RESULTS 

Two types of Trigona used for pollination study are the 
large and small size varieties (Figure 1 (a) and (b)). These 
insects fed on honey prior to flower maturity (Figure 1 (c)). 
Figure 2 shows various experimental set ups. Interaction 
of Trigona with flowers for pollens and nectars and 
consequently the adherence of pollens on the insects’ 
limbs was confirmed and this is shown in Figure 3. 
Collected seeds from various experiments after maturity 
are shown in Figure 4.

From this study, ANOVA revealed that there are 
significant differences between treatments on total number 
of collected seeds, number of black seeds, , weight of 
black seeds and weight of 1000 black and tan seeds (p < 
0.05), while total weight of collected seeds, number of tan 
seeds and weight of tan seeds showed no significant 
difference (p > 0.05).

Total number of seeds from treatments

Results of the evaluated parameters showed that the 
utilization of Trigona as assisted pollinator was highly 
effective in increasing seed production. The total number 

Figure 1. Two varieties of Trigona utilized for flower pollination
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of seeds collected over three repeated harvests across the 
treatments were 5785.94, 2865.25 and 3129.27 for Trigona 
assisted, non-assisted and open field pollinations 
respectively (Figure 5). The number of seeds affected the 
total seed weight for Trigona assisted, non assisted and 
open field experiment in direct proportionate order as the 
weights were 1.074, 0.588 and 0.970 g respectively.

Number of black seeds from treatments

For black seeds the number was 3414.51 owing to Trigona 
influence while it was 951.05 and 1522.13 due to non-
insect assisted and natural condition respectively (Figure 
6). The black seed numbers are also directly proportional 

Figure 2. Trigona assisted, non-assisted and open field 
pollinations

Figure 3. Photomicrograph on Trigona insect showing adhering 
pollens (100x)

Figure 4. Harvested seeds from Trigona assisted non-assisted 
and field pollinations

to their weights, which were 0.659,  0.253, and 0.580 g for 
Trigona assisted, non assisted and open field pollinations 
respectively.
                        
Number of tan seeds from treatments

However, with tan seeds, the total number of seeds with 
various treatments did not show direct proportionality to 
the  their respective weights. For example the number of 
tan seeds were 2371.43, 1914.19 and 1607.139 , while 
the weights were 0.415, 0.335 and 0.390 g for the Trigona 
assisted, non assisted and open field experiment 
respectively.

Weight of black seeds

The results on 1000 black seed weight showed that  
Trigona assisted treatment gave 0.19 g as compared to 
0.27 g and 0.38 g obtained from non-assisted and open 
pollination treatments respectively. 

Weight of tan seeds

For the results on 1000 tan seed weight the Trigona 
assisted and non-assisted treatments had same value, 
which was 0.18 g while the open pollination had 0.24 g.  
The result showed the plants placed under the net house 
produced seeds with low weight as compared to seeds 
from open pollinated plants. This may likely be due to 
effects of the shade provided by  the nets. The quantity of 
sunlight reaching the plants in net house is reduced due to 
the covering net and consequently photosynthetic 
assimilates utilized for plant morphological and 
reproductive developments is reduced as compared to 
what obtains in open pollination, subsequently this 
affected the seed weight. 
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DISCUSSION

Results from this study show that the utilization of Trigona 
as assisted pollinator was highly effective in increasing 
seed production, especially the black seed which is the 
viable type. 

Uniqueness of the Trigona pollinator

Stingless bees are plant species specific they are common 
visitors to certain plant species, while others are 
occasional or partial visitors to similar species (Heard, 
1999).   Generally, stingless bees pose most of the 
characteristics of the honeybees (Heard, 1999). Like other 
st ingless bees, Trigona has a body, which is 
characteristically divided into head, thorax, and abdomen. 
The head bears a pair of eye, a sucking mouthpart, and a 
pair of short antenna; while the thorax bear three pair of 
legs consisted of hairy like structures, which it brushes on 
the anthers to carry pollens, and a pair of vestigial 
transparent wing for flight. The abdomen constitutes the 
last part of the body form.  

The unique features of Trigona make it conducive 
as a pollinator. These include;  harmless to human 
(Kakutani et. al., 1993), able to scavenge greenhouse and 
isolated areas (Kakutani et. al., 1993), capable of 
proliferating colonies (Inoue et. al., 1984 ), has a stable 
colony owing to flightless queen (Inoue et. al., 1984) and  
able to resist diseases and parasites that affect honey 
bees (Delfinado-Baker et. al. (1989).

Higher number of black seeds

The higher number of black seed produced via Trigona 
assisted pollination in this research is in consonance with 
earlier findings. In an experiment conducted in India using 
Trigona bees to pollinate sunflowers, a higher yield was 
obtained (Bichee et. al., 1988).  The low number of black 

Figure 5. effect of Trigona on total number of seed formation. 
Different alphabets denote significant difference p < 0.05

Figure 6. Effect of Trigona on number of black seeds formation. 
Different alphabets denote significant difference at p < 0.05

Figure 7. Effect of Trigona on number of tan seed formation. 
Different alphabets denote significant difference at p < 0.05

seed production in the open field pollination as compared 
to Trigona pollination may be due to the problem of self-
incompatibility in stevia (Oddone, 1997).

Implication of mutual relationships between Trigona 
and stevia 

Trigona’s visitation to the stevia plants signifies the 
occurrence of mutual relationship. The Trigona consumes 
nectar and pollens from the plants while the latter benefits 
from the cross-pollination services that were being 
rendered in return. This phenomenon of mutual 
relationships between Trigona and stevia florets facilitated 
higher level of pollen transfer across florets, thus 
enhancing high seed sets and production. The use of 
Trigona therefore constituted a breakthrough on the 
problem of poor seed production in stevia which has been 
attributed to self-incompatibility problem (Oddone, 1997). 

As far as we know, no report is available to date on 
the utilization of Trigona species as a pollinating agent for 
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stevia breeding. However, stingless bees including Trigona 
have been used to pollinate other plant species (Appanah, 
1982). Based on this study, it is strongly recommended 
that future work on stevia which involve commercial seed 
production for propagation or for hybridization programme, 
Trigona should be employed in order to obtain optimum 
results. 

CONCLUSION

Utilization of Trigona as insect assisted pollinator promoted 
pollination and facilitated a high number of seed harvest. 
The black seed (which is the fertile) production value was 
higher owing to Trigona influence as compared to non-
insect assisted and open/natural condition respectively. 
Stevia is self-incompatible and thus requires foreign 
pollens for effective pollination, fertilization, and fertile seed 
formation.
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Abstract 

Rice kernel elongation upon cooking is one of the most important quality traits evaluated among the rice germplasm conserved in MARDI 
Rice Genebank. Two types of rice kernel elongation after cooking are generally recognised, (1) normal kernel elongation (ratio < 1.6) and 
(2) high kernel elongation (ratio >1.6). Genetic assessment for high kernel elongation is essential to enhance rice grain quality, particularly 
of high quality rices. A total of 20 different rice samples were obtained from markets in Malaysia, Myanmar and Cambodia. The results of 
the study showed that all Malaysian local rice samples had normal kernel elongation (ratios 1.3 to 1.5). Rice samples from Thailand and 
Cambodia, including rice samples classified as quality rices, did not show high kernel elongation, with ratios of 1.3 to 1.5. As expected, all 
Basmati rices had high kernel elongation characteristic (ratios >1.94). Rice samples from Myanmar had kernel elongation ratios of 1.8 to 
2.7, while a Basmati-type rice sample sold in local market showed an extraordinarily high ratio of 3.05. In the study, Mahsuri and its 
mutant line variety Mahsuri Mutan are used. Mahsuri Mutan uniquely possesses the high kernel elongation attribute akin to Basmati rices. 
RNA-sequencing of Mahsuri and Mahsuri Mutan rice varieties were performed to obtain more detailed expression profiles of genes 
involved in the rice kernel elongation. RNA-sequencing generated total clean reads of 44,896,938 and 44,680,796 in Mahsuri and Mahsuri 
Mutan, respectively; and 19,413 total novel transcripts and 852 novel genes, which provided huge data for analysing rice kernel 
elongation. A total of 81,371 and 77,507 single nucleotide polymorphisms (SNPs) and 165,322 SSR markers are found in Mahsuri and 
Mahsuri Mutan, respectively. In addition, we investigated transcriptomic profiling of hull spikelet in two rice varieties and a number of 
differentially expressed genes are identified, including 1858 up-regulated and 1331 down-regulated genes. Thus, the transcriptomes of 
Mahsuri Mutan has been considerably changed in comparison to Mahsuri, as phenotypically reflected in different life cycles of the 
varieties, such as architecture of aerial parts of plants, flowering, fertility date, and grain elongation. On the other hand, it may concern 
that the different regulatory pathways such as ubiquitination-mediated proteasomal degradation, phytohormones, transcriptional 
regulatory factors, G-protein signaling pathways and transcription factors could also play key roles in regulation of high kernel elongation 
in spikelet hull of Mahsuri Mutan variety. These results will expand the understanding of complicated molecular regulatory mechanisms 
involved in high kernel elongation of rice, and consequentially lead to the discovery and identification of high kernel elongation gene(s) in 
Mahsuri Mutan variety.
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INTRODUCTION

Food security has become main issue for the Global 
Development Policy (Godfray et al., 2010). Rice is one of 
the most important staple foods throughout the world. Rice 
grain appearance is the main characteristic that affects its 
market suitability and comprising of grain chalkiness, 
shape, size and translucency (Chen et al., 2016). Grain 
size is the key factor determining rice yield (Liu et al., 
2015). There are several varieties of rice under cultivation 
worldwide. The varieties of rice are categorized to short, 
medium and long grain based on their length/width ratio 
when cooked (Verma, Mohan, Prabhakar, & Srivastav, 

2015). These are selected based primarily on the quality of 
their seed and grain by consumers as well as producers 
(Horna, Smale, & von Oppen, 2007). To increase local 
production, rice varieties with good quality seed must be 
developed and sown. To meet such increasing market and 
consumer demand, MARDI initiated in 1990s a special 
breeding programme to breed for high quality rices. 
MARDI increased its emphasis on breeding for high rice 
quality beginning in early year 2000 (Phang et al., 2004; 
MARDI, 2007). As a result, two new high quality varieties 
have been released, namely MRQ 50 (aka Puteri) and 
MRQ 74 (aka Mas Wangi), where the acronymn MRQ 
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represents MARDI Rice Quality. Before the use of MRQ, 
MARDI released new varieties with the acronymn MR or 
MARDI Rice. Ever since, in MARDI’s rice breeding 
programmes, the main objective has predominantly been 
the high yield with acceptable quality. Thus, high kernel 
elongation in varieties MRQ 50 and MRQ 74 is derived 
from Mahsuri Mutan (induced from Ethane Methyl 
Sulphonate (EMS) treatment). In fact, the progress of 
mutant line variety of Mahsuri has been achieved using γ 
radiation and EMS treatment, while developed mutant 
varieties were resistant to blast disease. However, Mahsuri 
mutan introduced by EMS was aimed to backcrossing to 
attain its shorter height version that later was named Q34 
rice variety. Accordingly, MRQ 50 and MRQ 74 were 
developed using Q34 through hybridization and selection 
methods (Figure 1). Aroma and high kernel elongation are 
two most important quality traits which differentiate the 
specialty rices from the normal white rices. Lengthwise 
elongation of kernel upon cooking is one of the major 
characteristics of specialty rice (Sood et al., 1983, 
Bhattacharya, 2011). Some varieties expand more in size 
than others upon cooking. Earlier Khush et al. (1979) also 
indicated that lengthwise expansion without increase in 
girth is considered a high desirable trait in high quality rice. 
Rices that exhibit longitudinal expansion ratio of >1.60 
upon cooking are categorised as possessing high kernel 
elongation ratios (Verma et al., 2015), which is different 
from usual kernel elongation. Mahsuri mutan is highly 
prized because of its cooking quality attribute which is akin 
to that Basmati. It is the only source of high kernel 
elongation attribute available amongst Malaysian rice 
genetic resources, and it is therefore extremely invaluable. 
It is important that our rice breeders fully harness it to 

breed more quality rice varieties. Basmati had been used 
as a donor of the high kernel elongation trait in our rice 
breeding program, but was largely unsuccessful due to 
unpredictable genotype x environment interaction.

To date only a limited number of rice varieties 
have this attribute transferred from Mahsuri mutan using 
usually laborious and time consuming conventional 
backcrossing approach. The latter could be overcome by 
employing an effective new biotechnological technique 
called next-generation sequencing. In rice, grain size is 
mainly controlled by genetic factors, while grain filling is 
determined by genetic and environmental factors 
(Sakamoto & Matsuoka, 2008). In addition, the 
complicated mechanism of grain size is affected by the 
maternal effects and endosperm development (Haig, 
2013). A comprehensive understanding of complex 
regulatory mechanism of grain size is still far from being 
completed in rice. This research with three subprojects 
(Figure 2), including, (A) Structural and processes; (B) 
Genetic study control and (C) Next Generation 
Sequencing (NGS) would enable us to obtain full length 
sequence of high kernel elongation of Mahsuri mutan via 
cDNAs, and consequently discover and validate specific 
markers suitable for molecular marker aided selection 
(MAS). Through MAS, the genetic advance of breeding 
Malaysian quality rice varieties will be greatly facilitated. 

MATERIALS AND METHODS 

A.  Genetic control study

F1 and BCP1 and BCP2 of cross Mahsuri mutan × MR219 
and crosses Basmati 370 × MR219 and recurrent parents 

Figure 1. History of UKM-MARDI project on rice mutation breeding (1970s). * Basmati 370 was 
also used to transfer the high kernel elongation trait, but was largely unsuccessful due to the 
G×E interactions (the expression of high kernel elongation and aroma was not stable under 

our local environment)
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Basmati 370, Mahsuri mutan and MR219 have been done 
and achieved.  Then, seed multiplication of two Parent 1 
(Mahsuri mutan and Basmati 370), Parent 2 (MR219), F1, 
F2, BCP1 and BCP2 of both crosses has been carried out. 
Generation populations of both crosses were obtained. 
These generation populations were planted for 
assessment of high kernel elongation ratio. To identify high 
kernel elongated parents, they are assessed by estimation 
of kernel elongation ratio. In the final step of Genetic 
control study, ten different type of rice samples were obtain 
from market. Kernel elongation of each type of samples 
were tested. The 10 milled rice and cooked rice were 
measured using vernier callipers. The measured rice were  
soaked in 20 mL tab water for 5 minutes, then cooked 
them on heater under 90 ºC for 30 minutes. The cooked 
rice were measured. The kernel elongation ratio was 
determined by using followed formula:

Kernel elongation ratio = Average cooked rice/ average milled rice

High kernel elongation was determine d when the ratio 
>1.6.

B.   Structural and processes

Mahsuri and Mahsuri mutan varieties has been used to 
investigate following purposes by using Light microscope, 
Structural electron microscope (SEM) and Intron for 
firmness test: 

• Morphological changes of cooked rice during 
cooking process. 

• Changes in kernel volume, kernel wet weight and 
leached material from kernel-water mixture during 
cooking process.

• Micromorphology of the cross and longitudinal 
sections and different regions of whole kernel 
during cooking process.

• Histological structural changes in rice grain after 
cooking.

• Firmness of cooked rice.

Figure 3. Cultured Mahsuri and Mahsuri Mutan

C.   Next Generation Sequencing

Mahsuri and Mahsuri mutan seeds were provided by the 
Malaysian Agricultural Research and Development 
Institute (MARDI). Experiment was conducted in the 
glasshouse (2°59’33.2”N 101°43’18.3”E) in the Universiti 
Putra Malaysia. Rice seeds were soaked in water for three 
days and germinated on moist Whatman filter paper in 
Petri dishes. Subsequently, the seeds were planted in pots 
using autoclaved potting soil, transferred to a glasshouse 
and kept at 25–30°C (Figure 3). The potential size of the 
rice grain is restricted by the size of the spikelet hull, which 
is determined during 5–7 days before flowering (Li et al., 
2012). Thus, the spikelet hull from Mahsuri and Mahsuri 
mutan plants were collected to use for total RNA extraction 
as initial material for Transcriptome analysis. Three 
spikelet hulls of Mahsuri and Mahsuri mutan were 
harvested as mutated and control samples.

Total RNA extraction and mRNA isolation

The harvested spikelet from Mahsuri and Mahsuri mutan 
were frozen immediately in liquid nitrogen and kept at 
-80°C for downstream processing. Total RNA was 
extracted from the both mutated and control plant spikelet 
using the Trizol reagent (FavorPrep™ Tri-RNA Reagent, 
Taiwan) following manufacturer instructions and treated 
with DNase I (New England Biolabs, Hitchin, UK). The 
mRNA from both control and treated samples were 
purified using PolyATtract® mRNA Isolation Systems III 
(Promega, USA) according to the manufacturer 
instructions. The quality and integrity of total RNA as well 
as mRNA were evaluated using a spectrophotometer 
(Nanodrop Technologies, USA) and 2100 Bioanalyzer 
(Agilent Technologies, Santa Clara, CA, USA). The mRNA 
samples of nine biological replicates from each mutated 
and control were pooled for RNA sequencing and following 
qRT-PCR.

Figure 2. A schematic illustration of project scheme
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Table 1. The number of offspring in each generation populationsRNA sequencing through cDNA library construction 

RNA sequencing was accompanied on RNA samples from 
mutated and control rice spikelets, with the Illumina 
technology (Illumina, San Diego, CA, USA). After extract 
total RNA and treated with DNase I, Oligo (dT) are used to 
isolate mRNA. Mixed with the fragmentation buffer, the 
mRNA are fragmented. Then cDNA is synthesized using 
the mRNA fragments as templates. Short fragments are 
purified and resolved with EB buffer for end reparation and 
single nucleotide A (adenine) addition. After that, the short 
fragments are connected with adapters. The suitable 
fragments are selected for the PCR amplification. During 
the QC steps, Agilent 2100 Bioanaylzer and ABI Step One 
Plus Real-Time PCR System are used in quantification and 
qualification of the sample library. Then the library is 
sequenced using Illumina HiSeq 4000. After sequencing, 
we get raw reads. Firstly, we filter low-quality, adaptor-
polluted and high content of unknown base (N) reads to 
get clean reads. And then mapping clean reads to 
reference genome, after that, novel transcript prediction 
SNP & INDEL detection differentially splicing gene (DSG) 
detection are performed. After we get novel transcripts, we 
merge conding transcripts of them with reference transcript 
to get a complete reference, and then we perform gene 
expression analysis with this reference. After that, we can 
detect Differentially Expression Gene (DEG) and perform 
further functional enrichment analysis between samples.

RESULTS

A.   Genetic control study

Generating rice populations 

The F1, F2 and backcrosses for high kernel elongation rice 
trait have been successfully generated (Figure 4 and Table 
1). 

Identification of high kernel elongation parents 

The ratio of high kernel elongation of Mahsuri mutan is > 
1.6, which shows the kernel elongation characteristics 
marginally. However, the high kernel elongation ratio of 
Basmati 370 is >2.0, which demonstrates the usual kernel 
elongation characteristic. In addition, the Ratio of kernel 
elongation of MR219 is 1.3-1.5, which does not show 
kernel elongation characteristics.

Identification high kernel elongation of rice varieties 
available in the market 

Assessment of market rice varieties showed the kernel 
elongation ratio between 1.1 to 3.05 (Table 2). The highest 
and lowest ratios were observed in Super ELB and Beras 
pulut, respectively (Figure 5). However, there is also no 
kernel elongation observed among several varieties such 
as local rice and Cambodia rice sample (1.3-1.5 and 1.4- 
1.5, respectively).

The kernel elongation ratio was described in the bar chart 
figure 6 and 7 showed that Basmati rice has high kernel 
elongation ratio ranged between 1.8 to 3.05. The variation 
of elongation ratio was based on the quality and the brand 
of the rice samples. Same with Myammar rice samples as 
they showed high kernel elongation ratio at range 1.8 to 
2.7. However, for local and Thailand rice samples, they 
showed normal elongation ratio, range between 1.2 to 1.5 
only.  As compared to the kernel elongation of Mahsuri 
mutan, 1.6 as the border line to determine the high kernel 
elongation ratio of the samples. Based on Golam (2010) 
study, kernel elongation ratio of Mahsuri mutan was >1.6, 
which is above the medium reported kernel elongation 
ratio. Therefore, all the rice samples that showed kernel 
elongation ratio more than 1.6 were considered as high 
kernel elongation ratio. MR219 variety was used to 
compare for normal elongation ratio rice and Basmati 370 
for validating of the Basmati rice kernel elongation.

B.   Structure and processes

The primary structure analysis of Mahsuri and Mahsuri 
mutan kernels showed microcrashs in the rice Mahsuri 
mutan in comparison with Mahsuri. Further analysis is still 
on the process.

C.  Identification Of High Kernel Elongation Gene(s) In 
Mahsuri Mutan

RNA extraction

Protein and phenol/carbohydrate contaminations were 
considered based on the A260/280 and A260/230 records, 
respectively, using a Nanodrop ND-1000 spectrophoto-
meter (ImplenNanoPhotometer, Munich, Bavaria, 
Germany) (Table 3). The quality of all RNAs were 
controlled and got grade A from QC in BGI. The C1 and 
M2 were subjected for sequencing.

Data Quality Control

The distribution of base percentage and qualities along 
reads in data filtering are shown as following (Figure 8 and 
9).
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Figure 6. Kernel elongation ratio of MR219, 
Mahsuri Mutan and Basmati 370

Table 2. Measured characteristics of market rice

Figure 4. Different steps of F1, F2 and 
backcrosses development. (A) Hybridization 

plots; (B) Planting of Mahsuri, Mahsuri 
Mutan, MR219, Basmati 370, MRQ50, 

MRQ74, MRQ 34, F1 & F2 (Mahsuri Mutan × 
MR219) & (Basmati 370 × MR219); (C) 
Hybridization work for F1 and BCP1 and 
BCP2 seed collection for both crosses 

(Mahsuri Mutan × MR219 & Basmati 370 × 
MR219); (D) Successful crossing resulted in 

crossed seeds.

Figure 5. Measuring the ratio of kernel 
elongation. Rice cooking on hot plate for 
30 minutes at 80ºC. Kernel elongation of 
Myanmar rice (2.7), local rice (1.4) and 

Basmati rice (1.7) 
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Figure 7. High kernel elongation ratio of rice samples from market

Table 3. The quality and quantity of extracted RNAs from 
Mahsuri and Mahsuri Mutan samples.

Figure 8. Quality control of sample C1. (A) Base percentage 
distribution along reads after filtering sample C1. (B) Distribution 

of qualities along reads after filtering sample C1

Figure 9. Quality control of sample M2. (A) Base percentage 
distribution along reads after filtering  sample M2. (B) Distribution 

of qualities along reads after filtering sample M2
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CONCLUSION

In this study finding of additive-dominance model 
controlling kernel elongation was an important objective. In 
addition 19,413 novel transcriptoms have been identified in 
Mahsuri mutan in comparison to Mahsuri. Furthermore, we 
hope to identify SNPs and SSR to be used as specific 
markers suitable for molecular marker aided selection 
(MAS). Finally, our primary results using microscope 
analysis confirmed the present of microcrashs on the 
kernels and importance of them on kernel elongation in 
Mahsuri mutan.
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Abstract 

Pfr enhanced environmental influence on the photoperiod status and morpho-reproductive development in low morphogenesis of Stevia 
rebaudiana Bertoni. Stevia produces flowers at early stage under Malaysia photoperiod condition, thus leading to poor leaf development 
where the leaves are the most needed for sweetener extraction. Randomized complete block design was engaged in the experimental 
setups including the control. Evaluated parameters include (i) plant height, (ii) number of branches, (iii) number of leaves, (iv) leaf size, (v) 
number of corymbs/flowers, (vi) period of delay in flowering and (vii) stem girth. A total of 120 seedlings were raised for the studies. There 
were four partitions, in each, 30 potted seedlings were arranged in three replicates. Three different types of light were utilized; they 
include (i) white (ii) yellow and (iii) red lights. Each portion was illuminated with a specific light connected to timer switch (7.00pm and 
9.00pm) and the fourth was without light. The experiment lasted for eight months and three repeated measures were taken. Data were 
analyzed using one-way analysis of variance at p<.05. Daylight delayed flowering period and promoted vegetative yield in S. rebaudiana 
in comparison to control. Red light (600nm), had the highest influence (p<0.05). Stevia can be successfully grown to reap high vegetative 
yield with 2h dark-breaking light supply, preferably red light. Additionally, during the summer period when day light is usually long, the crop 
can be cultivated for optimal yield. The current findings contributes to good field practice in stevia cultivation under local environmental 
condition.
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Intro INTRODUCTION

Stevia rebaudiana Bertoni also known as sweet leaf or 
sugar leaf is one of the 950 genera of the family 
compositae (Asteraceae) and constitutes about 154 
species of herbs and shrubs (Soejarto et al. 1982, 1983). 
The species is native to Paraguay in Southern America 
(Mark, 2009), and one of only two that produce sweet 
steviol glycosides (Soejarto et al. 1982, 1983).

It is considered  a good substitute for sugar. 
Diabetic patients can take herbal powder of stevia 
available in market places as it lowers down the sugar 
level, giving the sweet taste better than sugar. It is a non-
caloric sweetener, the sweet compounds pass through the 
digestive process of the body without chemically breaking 
down, thus making stevia a safe substance for 
consumption for people who are diabetic and thus needed 
to reduce the sugar content of their blood (Strauss, 1995).

Phytochromes Trigger Biological Responses

Phytochrome is proteinaeous in nature, and its absorbance 
value varies in respect of different wavelength of the light 
spectrum. Runkle and Heins (2001), stated the peak 
absorbance are in the red region with wavelength ranging 
from 600 to 700 nm, and far-red   region with wavelength 

ranging from 700 to 800 nm, while the least absorbance is 
in the blue region with wavelength ranging from 400 to 500 
nm. Pr (Phytochrome red) and Pfr (phytochrome far red) 
are the two existing inter convertible forms of phytocrhome 
they have different absorption spectra. The Pr absorbs red 
light, while the Pfr absorbs far-red light (Kendrick and 
Kronenberg, 1994; Hughes, 1999). Quail, (1997), reported 
the Pr forms specifically absorbs maximally at 660 nm, 
while the Pfr forms  absorb maximally at 730 nm, and that 
the latter are considered as the active forms of 
phytochrome that trigger biological responses. When red 
light is absorbed it converts Pr to Pfr, and the absorption of 
far-red light converts the Pfr to Pr (Quail, 2002). Pfr has 
been reported to activate physiological responses while Pr 
was not active as Pfr but may be the active form of 
phytochrome A (Shinomura et al., 2000).

Photoperiod Effects on Flowering 

Thomas and Vince-Prue, (1997), earlier reported that 
photoperiodic control of flowering in plants is due to three 
factors namely, (i) interactions between genes involved in 
floral initiation, (ii) the regulation of the circadian clock, and 
(iii) the signal transduction of photoreceptors. 

http://www.plantphysiol.org/content/123/1/39.full%22%20%5Cl%20%22ref-35
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Light has primarily two functions during plant growth and 
development. First, light influences plant growth (stem 
thickness, rooting, branching, etc.) through the process of 
photosynthesis. Secondly, light influences several 
developmental processes, such as seed germination and 
flowering. During crop production, growers can manipulate 
the length of the day to influence flowering of crops 
sensitive to photoperiod, and add supplemental lighting to 
a crop to increase the amount of photosynthesis and thus 
plant growth. 

Stevia is an obligate short day plant with a critical 
day length of about 13 h. Extensive variability within 
populations for day length sensitivity has been reported. 
Stevia requires short days for flowering (Brandle et al, 
2000). Some short-day plants perceive light at 1 foot-
candle or even lower. Researchers have been able to 
establish that plants that flower earlier when grown under 
short days will have delayed flowering if exposed to long 
days (Runkle, 2007).  Plants can initiate flowering after 
producing a minimum of four true leaves.

MATERIALS AND METHODS

Agronomic Field Conduction Technique

Photoperiod response of stevia to different visible 
lights

A total of one hundred and twenty (120) seedlings of Stevia 
were raised from variety MS012 for photoperiod 
experiment. Randomized complete block design was 
employed in the arrangement of seedlings into four blocks, 
such that there were 30 seedlings per block. 

Three different types of light were used as 
sources of varying visible wavelengths to illuminate the 
seedlings; they included white, yellow and red lights. 
Each experimental block was illuminated with a specific 
light, and the fourth block was without light, thus serving as 
a control. There were five electric bulbs evenly interspaced 
and lined up horizontally above the illuminated seedlings. 

The lights were connected to a time regulated 
switch and there was a regular extension of day light by 2h 

on the daily basis between 7.00pm and 9.00pm (Runkle, 
2007), until the end of the experiment that lasted for 
almost eight months. 

Parameters evaluated during this study included: 
plant height, number of branches, number of leaves, leaf 
size, number of corymbs/flowers, period of delay in 
flowering and stem girth. Readings were taken before and 
after treatments.

The plants under the various treatments were 
allowed to grow for six weeks before reading was taken. 
After six weeks, plants were pruned and allowed to grow 
for another six weeks. This procedure was repeated three 
times in such a way that there were three repeated 
measures throughout the experiment.

Data were collected and analyzed using one-way 
analysis of variance at p<.05 using the SPSS statistics 
package. 

RESULTS

Field Conduction Techniques

Photoperiod response of stevia to different visible 
lights 

The collected data on varying morphological parameters 
studied in this experiment is placed in Tables 1 and 2. 
Photos showing the experimental set up were placed in 
Figures 1 to 6.  

Analysis of variance showed all parameters 
differed significantly between blocks at p<0.00 in almost all 
the cases, while  the parameter, inter node interval, 
showed significant difference at p<.006. 
Most light treatments showed high impact on number of 
branches in Stevia at p<.00. Although the effect of yellow 
light on the number of braches did not differ significantly 
when compared with the control (p<.09), but the mean 
difference, -62, reveal the yellow light still impacted more 
branches than the control. Comparison between effects of 
red and other lights (white and yellow), reveal red light has 
higher impact on number of branches in the plant over 
yellow (p<.003) and white lights (mean difference, -26)  

Table 1. Morphological Evaluated Data on Photoperiod Experiments
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Table 2.  ANOVA on Morphological Data Collected Photoperiod Experiments

Post hoc results on a number of leaves parameter 
with varying visible-light  photoperiod extension treatments 
showed red-light impact  differed significantly over  the 
white and yellow lights and the  control at p<.00 in each of 
the cases.

Furthermore, post-hoc analysis conducted on 
stem girth values showed photoperiod extension due to 
varying lights had significant differences in all cases when 
compared to the control at p<.00 (for  red and white lights) 
and at p<.01 (for yellow light). White and red lights effects 
showed significant differences over the control experiment 
on the internode interval at p<.01 and p<.02 respectively. 

Impact on number of corymbs due to effects of 
the three lights (figures 1, 2, 3 & 4) differed significantly 
when compared to effect due to the  control (figure 5)., 
While the white light effect was significant on the said 
parameter, number of corymbs, over the effect due to the 
control  at p<.05, the yellow light effect was significant over 
the control at p<.03, and lastly, the effect due to red light 
was most significant over the control at p<.0. 

Consequently, the red light had best potential to 
reduce corymbs production (22 corymbs) above the white 
(30 corymbs) and yellow (34 corymbs).

Moreover, Comparison between the varying lights 
showed there was significant difference between red and 
white lights, and between the former and yellow lights at 
p<.00 in each case. 

The results further indicated extended light 
treatments have positive effect on inhibition of flowering, 
over the natural photoperiod, in this crop. The red light 
proves most effective in inhibition of flower production.

DISCUSSION

Field Conduction Techniques 

Photoperiod treatments and classifications in plant 
species

Scientists have defined photoperiod as the response in 
specific plant species to the day length hours for their 
flowering processes; while photo-morphogenesis is the 
influence of light on plant morphological responses and 
developments. Depending on responses in varying plant 
species to photoperiod,plants could be categorized into (i) 
long day plants (LDP), (ii) short day plants (SDP) and (iii) 
Day neutral plants (DNP). Plants are classified as the long 
day if they are controlled primarily by light processes, and 
as the short day if they are primarily controlled by dark 
processes (Thomas and Vince-Prue, 1997). The day 
neutral plants are in most case is indifference to light or 
dark processes for their growth and developments.

From the obtained results, the control (without 
light extension treatment) set up had low performances 
than the photo treated plants. For example, day light 
extension had influence on the height parameters over the 
control, as significant differences exist between the three 
light extension treatments and the control at p<.000  
(Tables 1  & 2).

Similarly, number of branches was also higher 
and showed significant difference with the effects of day 
light extension treatments over the control experiment at 
p<.000; the yellow light, though, showed no significant 
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difference at p<.093, however, the mean difference of -.62 
between the control set up, and yellow light treatment, 
revealed the latter had better effects over the former.

Again, comparison between photo treated and the 
control set up on the number of leaves in this experiment 
showed the former induced more leaves than the latter. 
Impact due to red light differed significantly over the control 
at p<.00; while comparison between the impacts of other 
two lights, white and yellow, and the impact due to the 
control, revealed mean differences -8.28 and -4.92 for 
white and yellow respectively, thus indicating still, the light 
treatments influenced more leaf production than the 
control.  

Furthermore, a post-hoc analysis of variance on 
the stem girth parameter showed photoperiod extension 
due to varying lights had significant impact  when 
compared to the control at p<.00, p<.00, and at p<.010 for  
red, white, and yellow lights respectively. 

Moreover, the results on the internode interval 
revealed there were significant differences when impacts 
due to white and red lights were compared to impact due 
to the control experiment at p<.010 and p<.017 
respectively (table 1).Possession of the short internode 
interval is a good trait in this crop, since this translates 
more branches and crowded leaf areas.. However, the high 
values 2.02, 2.00 and 1.8cm obtained on internode 
intervals owing to white, yellow and red light treatments 
respectively, over the control (1. 4cm), might be due to 
more heights attained in these photo plants, above the 
control.

In addition, analysis of variance on the number of 
corymbs showed all the three lights  have significant 

impacts  over the impact due to the control, while the white 
light impact differed at p<.005, the yellow light impact 
differed at p<.029 and the red light impact differed at p<.
00. Reduction in a number of corymbs due to extension in 
photoperiod could translate to more vegetative (leaf) 
development, since  the plant utilizes most of its energy for 
vegetative development rather than for the reproductive 
(Valio and Rocha 1977). The lesser number of corymbs 
(22-34 corymbs) produced in the  photo treated plants as 
compared to the control setup  (51 corymbs), is an 
indication of the potentials in the day light extension 
treatment, over the control, to delay and reduce the  flower 
production, while enhancing high vegetative development 
and yield. 

Additionally, on size of  leaf parameter, impacts 
due to all the three lights had significant differences when 
compared to impact due to the control experiment at p<.
00, in each case. Size of leaf is an important trait in Stevia 
since the sweet glycosides reside in the leaves in this 
crop. Large size of leaves thus connotes high contents of 
the sweetener. 

Lastly, on the delay in the period of flowering 
parameter, the three light treatments showed better 
performance over the control; they differed significantly at 
p<.00 in each case. This further indicated extended light 
treatments  have  positive effect on inhibition of flowering 
in this crop over the control. Runkle, (2007), stated when 
short day plants are exposed to extended light, they could 
seize to produce flower. Again, previous findings revealed 
that long day photoperiod exposure in short day plants 
delayed floral initiation and also slowed down the rate at 
which flower primordial is developed (Thomas and Raper, 
1977; Caffaro and Nakayama, 1988; Thomas and 
Kanchanapoom, 1991; Fleming et al., 1997); similarly, 
Upadhyay et al., (1994) and Zhang et al., (2001) reported 
delay in flowering due to long day photoperiod effects on 
short day plants. 

The high performances obtained with the photo 
treated plants over the control  in all the studied traits in 
this experiment indicated stevia is photoperiod sensitive 
(Tables 1 and 2). The obtained results are in consonance 

Figure 5.  Impact on number of corymbs due to effects 
of lights and the control (without light)
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with previous findings, Anchalee, (2011) reported that light 
has a lot of influence on plant growth and developments, 
while Brandle et al, (2000), reported photoperiod sensitivity 
in some lines of stevia. 

Stevia being a short day plant (SDP) is liable to 
produce a high number of corymbs/flowers and at an early 
period than the photo treated plants. Where this is the 
situation, researchers (Valio and Rocha 1977) have 
reported that when plants commenced to flower, the 
vegetative production is reduced, hence most of the 
assimilates produced owing to photosynthesis are diverted 
as the source of energy towards the development of the 
reproductive structures. Perhaps this may account for the 
poor performances observed in morphological traits 
developments in stevia plants set as the control 
experiment. 

During the day, red light is absorbed by the Pr 
form of the phytochrome, then the red-light coverts Pr to 
Pfr form. Thus indicating that most phytochrome will be in 
the Pfr form in the daytime. Pfr also absorbs light in the far-
red  region of the wavelength and the converts it to Pr. 
During the dark, the Pfr slowly and spontaneously converts 
to Pr (Quail, 1997; Fankhauser, 2001) 

In short day plant like Stevia (Brandle et al, 2000), 
flowering is inhibited by the Pfr form of the phytochrome 
(Vince-Prue, 1975); therefore, for the plant to flower, a long 
enough night is needed for the Pfr accumulated during the 
daytime to get reverted to Pr, but the reverse process is 
slow and spontaneous, or get broken down altogether 
(Quail, 1997). The presence of higher Pr and small or zero 
Pfr thus favour flowering in short day plants. However, if  
the nights are interrupted by artificially supplying light for a 
brief period, the Pr will be reconverted back to Pfr, and the 
plants will seize to flower (Vince-Prue, 1975).  Or if the day 
light condition is extended by artificial light, as it was the 
case in this experiment on stevia, the Pfr accumulation 
continues and becomes more than usual, the shorter night 
available thus could not suffice for enough conversion to 
the Pr, indicating the low ratio of the red to the far-red light 
(R: FR) or low Pr ratio Pfr. This condition thus inhibited 
flowering in stevia plants subjected to varying day light 
extension treatments. Smith, (1994), earlier stated that 
estimates, and R: FR ratios are essential in determining 
the photo-morphogenesis responses with light quality. 
 This may also account for why there was a delay 
in flowering, reduced number of flowers, and better 
performances in studied morphological traits of stevia in 
light treated plants over the control setup, where there was 
no light. Previous research work showed more vegetative 
growth and development in plants when flowering is 
delayed (Vince-Prue, 1975; Valio and Rocha 1977). Most 
energy derived from plant assimilates are converged for 
vegetative growth and development instead of sharing part 
for development of the reproductive structure. Eliasson, 
(1978) reported use of assimilates for growth and 
development in both shoot and root of plants.

Stevia being a short day crop produces flower at 
early age, sometimes even after four leaves emerged; this 
trait is disadvantageous in a crop where the vegetative 

(leaf) structure is mostly needed, since this is where the 
sweet glycosides reside. 

The major problem with stevia under Malaysian 
environmental condition is photoperiod incompatibility, 
were it that Malaysia naturally has a long day photoperiod 
then the problem would have been solved to a large 
extent. When flowers emerge in stevia, growth and 
development in the vegetative structure reduce to a large 
extent and small number of leaves is thus produced. The 
experiment proved beyond any reasonable doubt that high 
yield in leaf production is attainable in stevia if the day light 
is extended. All set ups where there was light performed 
better than the control -which represented the natural 
Malaysian photoperiod condition- in delay of flowering and 
reduction in the number of flowers produced,  high leaf 
yield (table 1 and 2) and in  virtually all the studied 
parameters in this experiment.  Pictures showing the 
experimental setup with varying light treatments are 
placed in figure 1.

Photoperiod response of stevia to different visible 
lights

Having established the potential influence of light on 
photoperiod of the short day stevia plants, it became 
essential to identify the efficacies of varying wavelengths 
of the utilized visible lights in this experiment. Three lights, 
white, yellow and red, were used in this study. The 
efficacies of these lights were evaluated on morphological 
traits studied in this experiment (table1 & 2). 

The one-way analysis conducted showed there 
was no significant difference in the effects of the three 
visible light  on plant heights, at p<1.00 and p<.675 when 
the impact due to white light was compared to impact due 
to yellow and red lights respectively.
 Nonetheless, white and yellow lights showed less 
and lesser heights impacts when compared to red, by 
mean differences, -1.91 and -2.97, respectively. The -1.06 
mean difference between yellow and white lights further 
showed the latter impacted  more height than the former. 
The order in heirrachy therefore, on the level of light 
influence in plant height showed red>white>yeloow. Again, 
the analysis on the number of branches as a parameter 
revealed there was a significant difference between the 
red and the yellow lights at p<.003. Although, when white 
and red lights effects were compared there was no 
significant difference at p<1.000, but the -26 mean 
differences between the two, indicated white light had 
lesser influence on the number of branches as compared 
to red light. While yellow and white lights also showed no 
significant difference at p<.082, the mean difference of -.
63 between the two revealed the latter had better 
influence than the former  on the number of branches in 
stevia. The order of superiority in efficacy of light influence 
in this parameter, therefore, indicated red>white>yellow.

Similarly, on the number of leaves, red light 
differed significantly with the white and yellow lights and 
the  control at p<.00 in each of the cases. When yellow 
and white-light  effects were compared there was no 
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significant difference at p<1.00, although the effect due to 
yellow was lesser to white with mean difference value 
-3.36. White and yellow lights had no significant differences 
when their effects were compared with the control at p<.74 
and p<1.00 respectively, nonetheless, they showed better 
values in the number of leaves over the control by mean 
differences -8.28 and -4.92 respectively. The order of 
supremacy in light influence in this parameter revealed 
red>white>yellow. Furthermore, analysis of variance 
conducted on size of stem girth  showed there was a 
significant difference when effect due to red light was 
compared to yellow at p<.001. Although there was no 
significant difference between impacts due to red and white 
lights at p<.636, but the mean difference value -.09 
between the two, showed the latter had lesser effects 
compared with the former on size of stem girth. No 
significant difference was observed between the white and 
yellow lights effects at p<.18, yet the mean difference, -.12, 
showed yellow had lesser effects compared to white. In 
this analysis therefore, red was superior to white and white 
superior to yellow (red>white>yellow lights) in level of 
influence.

Moreover, on inter node interval parameter, the 
mean differences obtained due to impacts between yellow 
and white lights showed the former had lesser value, -.027, 
compared to the latter. Similarly, the red light also had 
lesser value, -.16, when compared to yellow, (tables 1 and 
2). Possession of the short internode interval is a good trait 
in this crop, since this connotes more branches with the 
leaves are crowded together. Leaf being the plant organ 
that bears the sweet glycosides in stevia, is highly 
important, thus the short inter node interval effects due to 
red light over others is highly acceptable. Therefore, 
red>white>yellow in order of efficiency in level of influence 
in this trait. In addition, there was no significant difference 
between the three lights on their effects on the number of 
corymbs; comparisons between white and yellow lights; 
white and red lights, and red  and yellow lights showed no 
significant differences  at p<1.00; p<1.00, and p<.36 
respectively.

However, the mean difference value, -3.30000, 
between impacts due to white and yellow lights showed the 
latter had lesser ability to reduce the number of corymbs 
production in stevia than the former. Additionally,  the 
comparison between red and white lights revealed mean 
difference value of -8.40, indicating the latter, in this case, 
had lesser potential to the former in reducing the number 
of corymbs produced in same crop. Consequently, the red 
light has best potential to reduce corymbs production (22 
corymbs)  over the white (30 corymbs) and yellow (34 
corymbs). Besides, the analysis on size of leaves showed 
there was significant difference between impacts due to 
red and white lights and also between the former and 
yellow lights at p<.00 in each case.

Although there was no significant difference 
between the impacts due to white and yellow lights at 
p<1.00, but the mean difference value, -.79, between them, 
indicated yellow light had lesser influence on leaf size as 

compared to white. Lastly, considering the parameter- 
period of delay in flowering, result revealed there were 
significant differences at p<.00 in each case when impact 
due to yellow light was compared to impacts due to both 
white and red lights. Although there was no significant 
difference between impacts due to white and red light 
effects, but the mean difference value -.17 between the 
two indicated the former was less effective compared to 
the latter in ability to inhibit flowering. Thus red was 
superior to white, and white to yellow (red>white>yellow).
 The peak performance in impacts due to the red 
light region of the visible spectrum over other lights (white 
and yellow), as observed in the morphological parameters 
studied in this experiment, is in consonance with previous 
findings (Correll and Kiss, 2005).
 Furthermore, because the phytochrome responds 
better to the red light wavelength than to other lights 
(Correll and Kiss, 2005), this may be a factor responsible 
for high performance in morphological traits of the stevia 
plants under this red light over the white and yellow lights. 

Auxin, a growth hormone, was  reported to be 
likely involved in the effect of photo inductive activity of the 
red light, be in short or long day plants. Findings showed 
that photo inductive effects of light could be affected 
positively or negatively in the presence of auxin or anti 
auxin compounds (Tyburski and Tretyn, 2004). 

CONCLUSION

Stevia can be successfully grown to reap high vegetative 
yield with 2h dark-breaking light supply, preferably red 
light. Additionally, during the summer period when day light 
is usually long, the crop can be cultivated for optimal yield. 
The current findings contribute to good field practice in 
stevia cultivation under local environmental condition.
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Abstract 

Stevia rebaudiana Bertoni is a herbaceous perennial plant (2n=22) of the Asteraceae family, native to South America. Originated from 
Paraguay, stevia is considered a temperate self-incompatible and insect pollinated species. Interest in this plant has arisen in 
Malaysia as a result of the sugar shortage in the recent years. The stevia accessions available in Malaysia today are limited in 
number and poor in performance, emphasizing the necessity of varietal improvement programs. Assessment of genetic variability, 
diversity and intra-relationships is an essential step for such breeding programs. This study aims to reveal genetic diversity among 21 
stevia accessions, namely SRBA-1 to SRBA-21, collected from different origins utilizing 52 novel microsatellite DNA markers and to 
identify the potential markers for further marker-trait association mapping investigations. Results showed that 43 microsatellite 
primers (82.6%) produced polymorphic and reproducible bands. Average number of polymorphic bands ranged from 2 to 11, with an 
average of 5.1 alleles per microsatellite locus. The total genetic diversity detected among the accessions through amplification of the 
43 polymorphic microsatellites ranged from 0.14 to 0.81 with mean value of 0.58. Expected heterozygosity (He) and observed 
heterozygosity (Ho) (with mean values of 0.52 and 0.86, respectively) showed that almost all markers had deviation (Ho>He) from 
Hardy–Weinberg equilibrium (HWE). This result confirms highly outcross nature of this plant. The accessions evaluated revealed 
wide range of variation in leaf weight, dry leaf weight, plant height, number of branches, stevioside; rebaudioside A (Reb A), 
rebaudioside C (Reb C) and total steviol glycosides (TSG). Eleven microsatellite markers with significant associations with 
phenotypic traits were identified. Biosynthesis of steviol glycosides were found to be associated with SUGMS-23, SUGMS-26, 
SUGMS-28 and SUGMS-35 markers. These findings can be utilized in future genetic diversity and genetic mapping studies in stevia 
toward production of superior varieties for tropical environments.
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Intro
INTRODUCTION

Stevia rebaudiana Bertoni (2n = 22), also known as sweet 
leaf or sugar leaf is a perennial herb of the Asteraceae 
family and is native of certain regions of South America 
particularly in Paraguay. Stevia was discovered by Italian-
Swiss botanist Moisés S. Bertoni in 1901 (Gupta et al., 
2013; Madan et al., 2010; Tan et al., 2008). For centuries 
stevia has been used by native Guarani Indians to 
counteract the bitter taste of various plant-based medicines 
and beverages (Ramesh et al., 2006). Today, it is used in 
variety of foods and products, such as pickled vegetables, 
dried seafood, soy sauce, beverages, candies, chewing 
gum, yogurt and ice cream, as well as in toothpaste and 
mouth wash. Stevia extract are officially approved as food 
additives in Brazil, Korea, Japan and the United States 
(Choi et al., 2002; Mizutani and Tanaka, 2002). Japan was 
the first country in Asia to market stevia extract as a 
sweetener in food and drug industries. Since then, 
cultivation of this plant has expanded to several countries 
in Asia, including India, China, Malaysia, Singapore, South 
Korea, Taiwan, and Thailand. 

Leaves of stevia contain around 10 sweetening 
glycosides, of which Stevioside, Rebaudioside-A (Reb-A) 
and Rebaudioside-C (Reb-C) are the major steviol 
glycoside. These glycosides are 300 times sweeter than 
sucrose and hence there is greater interest in this plant as 
a natural alternative to artificial sweeteners like saccharin, 
aspartame, asulfam-K etc. Due to non-caloric property, it 
might contribute to the welfare of human life in 
hypoglycemia and diabetes because it nourishes pancreas 
and thereby helps to restore it normal functions (Hossain 
et al., 2008). It is a natural alternative source to traditional 
sugar (sucrose) obtained from sugarcane, sugar beet etc., 
with zero calorie value. In recent period, Stevia has 
received a greater attention due to its high range of sweet 
content (75-500 times more than cane sugar) and its 
therapeutic values for inhibiting fat accumulation and 
lowering blood pressure in human being (Chalapathi and 
Thimmegowda, 1997; Soejarto et al., 1982). Stevia prefers 
moist, sandy and loamy soil with high organic matter and 
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adequate drainage. It tolerates a wide range of soil pH and 
it also prefers partial shade for good agronomic 
performance. Stevia is a short-term plant and needs three 
month to complete one cycle of vegetative growth and 
flowering. However, in environments with long-day length, 
the vegetative stage in stevia is elongated, resulting in 
more biomass and yield. Stevia flowers are white in colour 
with a pale purple throat. They are small in size and 
arranged in the form of small corymbs (Singh and Rao, 
2005). 

Stevia is easy to harvest since it does not need 
selective picking of the leaves. Once dried, the leaves are 
easy to transport. Stevia is very suitable as a quick cash 
crop and can help the rural area community to improve life. 
The stevia leaves are extracted with hot water or alcohols. 
In some cases, the leaves are pre-treated with non-polar 
solvents such as chloroform or hexane to remove the 
essential oils, lipids, chlorophyll and other non-polar 
substances. The extract is clarified by precipitation with salt 
or alkaline solutions (Midmore and Rank, 2002). Interest in 
this plant has arisen in Malaysia as a result of the sugar 
shortage in the recent years (Kashiani et al., 2015). Except 
in the extreme northern part of the Peninsula, the generally 
wet climate of Malaysia does not favour sugarcane 
cultivation, and the country has been largely dependent on 
sugar imports to satisfy local demand (Tan et al., 2008). In 
stevia, sweetness (Stevioside content) is greatest just 
before flowering, which is triggered by short day lengths 
(Gupta et al., 2013; Mishra et al., 2010). With days less 
than 13 hours in Malaysia which makes stevia to flower 
early, stevia plant has short vegetative period, resulting in 
low yield. In addition, the early bud emergence under the 
short-day length condition causes the sugar content in 
stevia leaves to reduce drastically, making them no longer 
valuable for commercial use. The low yield and sugar 
content of stevia varieties in Malaysia has forced local 
industries to import high amount of dried leaves from other 
countries, especially China. PureCircle and SteviaSuger 
are examples of those industries with high demand for 
stevia leaves in Malaysia. 

Stevioside, one of the Stevia glycosides can be 
particularly beneficial to those suffering from obesity, 
diabetes mellitus, heart disease and dental caries (Ghanta 
et al., 2007). Many plant glycosides have shown anti-
cancer, as well as anti-diabetic, anti-obesity, antibacterial 
and antineoplastic effect (Bernal et al., 2011). Studies have 
shown that the stevioside and rebaudioside content of 
leaves can vary substantially (5-20 %) between individual 
plants. Such inherent natural variability could be partially 
explained by self-incompatible nature of the flower. 
Moreover, it is difficult to increase the commercial scale 
production by conventional means of sexual seed 
production due to poor seed germination (Abou-Arab et al., 
2010). 

Nearly three decades of breeding and selection 
have increased glycoside concentration in stevia leaves up 
to levels as high as 20% (Huang et al., 1995). The long-
time period to achieve this was that all improvement was 
based on phenotypic selection for total glycoside 

concentration in stevia leaves, which is heavily influenced 
by environmental conditions, such as year, soil, and 
weather. More importantly, it requires selection relatively 
late in the growing season, and measurements are based 
on expensive and tedious high performance liquid 
chromatography procedures (Brandle and Rosa, 1992). As 
a result, the selection for plants producing high amounts of 
glycoside is expensive, time consuming, and relatively 
inefficient. The development of molecular marker 
technology and consequent identification of marker loci 
linked to important agronomic traits have created exciting 
new opportunities for plant breeders. Microsatellites, also 
known as SSRs, short tandem repeats (STRs) or 
sequence-tagged microsatellite sites (STMS), are 
tandemly repeated units of short nucleotide motifs that are 
1–6 bp long. Di-, tri- and tetra-nucleotide repeats such as 
(CA)n, (AAT)n and (GATA)n are widely distributed 
throughout the genomes of plants and animals (Tautz and 
Renz, 1984). One of the most important attributes of 
microsatellite loci is their high level of allelic variation, 
making them valuable as genetic markers (Kashiani et al., 
2012). The unique sequences bordering the SSR motifs 
provide templates for specific primers to amplify the SSR 
alleles via PCR (Primmer et al., 1996). SSR markers are 
characterized by their hyper-variability, reproducibility, co-
dominant nature, locus specificity and random dispersion 
throughout most genomes. In addition, SSRs are reported 
to be more variable than RFLPs or RAPDs (Xu, 2010). 
The advantages of SSRs are that they can be readily 
analyzed by PCR and are easi ly detected on 
polyacrylamide and metaphore agarose gels. In the past 
decade, molecular markers have been the foundation to 
new plant breeding. One of the priorities of plant genome 
mapping is the identification of genes associated with 
economically important traits and the use of this 
information to further improve crops. The value of 
molecular markers for the development of linkage maps 
and their use in the analysis of economically important 
traits has been amply demonstrated in field crops 
(Kashiani et al., 2015; Kashiani et al., 2012; Mackill et al., 
1993; Yu et al., 1991). Marker-trait association provides 
the potential for improving selection efficiency by allowing 
for earlier selection and reduced plant population size 
(Staub et al., 1996). Molecular linkage maps have been 
constructed for most major crop plants (Staub et al., 
1996); these maps provide a more direct method for the 
selection of desirable qualitative and quantitative traits 
through their linkage to easily detectable genetic markers 
(Bhandawat et al., 2014; Kashiani et al., 2015; Mackill et 
al., 1993; Paran and Michelmore, 1993).  Bhandawat et al. 
(2014) predicted a total of 2977 unigenes (2225 singletons 
and 752 contigs) representing 2.58 Mb of sequence in 
Stevia rebaudiana from 5548 publicly available ESTs of 
Stevia rebaudiana by clustering of 2–15 random EST 
sequences. Ninety-nine unigenes containing 107 SSRs 
(excluding monorepeats) were identified. Ninety-five non-
redundant SUGMS primer pairs flanking different repeat 
motifs were identified from SSR containing unigenes. 
Eighty-five SUGMS markers were highly efficient with 
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amplification success rate of 89.5%, showing that unigene-
derived microsatellites are robust source of SSR marker 
development in stevia. Fifty-two primer pairs were found to 
be polymorphic in their study. As part of laying the 
foundation for molecular breeding, SSR markers are the 
suitable DNA markers to construct a genetic linkage map 
of the stevia genome. This information will be useful to 
those interested in developing marker-assisted selection 
procedures or will be able to provide a starting point for 
those interested in genome organization in stevia. This 
study aims to reveal genetic diversity among 21 stevia 
accessions, namely SRBA-1 to SRBA-21, collected from 
different origins utilizing 52 novel microsatellite DNA 
markers and to identify the potential markers for further 
marker-trait association mapping investigations.

MATERIALS AND METHODS

A germplasm consisting of 21 different accessions of 
Stevia rebaudianaoriginated from different countries were 
established in Malaysia (Table 1). The accessions were 
planted and propagated through cuttings. Cuttings were 
carried out in the early morning by using cutter or pruning 
tool. Two or three nodes from shoot tip was cut from 
mother plants plunged into the rooting medium with at least 
one node was buried and one node remains above the 
surface. Rooting Medium was made of 1 part of top soil, 2 
parts of sand and 1 part of peat in order to maintain moist. 
After three to four weeks, the rooted cuttings were 
transplanted into field. Data was collected from important 
traits in stevia including leaf weight, dry leaf weight, plant 
height, number of branches, stevioside; rebaudioside A 

(Reb A), rebaudioside C (Reb C) and total steviol 
g l y c o s i d e s ( T S G ) . H i g h - P e r f o r m a n c e L i q u i d 
Chromatography (HPLC) analysis was carried out to 
estimate the stevioside and rebaudioside in dried leaves. 
To obtain standard curves for stevioside and rebaudioside, 
standard samples with various concentrations of 1000 mg/
L, 500mg/L, 100mg/L and 50mg/L were prepared and 
clarified using sample clarification kit prior to injection to 
HPLC machine. The run time was fixed at 20 minutes to 
obtain standard calibration curves for quantification. 

To obtain the level of genetic diversity among 
accessions, young leaves from each individual plant were 
harvested, labeled and wrapped with aluminum foil 
separately and stored in the freezer at -70 ºC before DNA 
extraction. Total DNA from leaves of each individual plant 
was extracted and purified using the DNeasy plant mini kit 
(QIAGEN, Germany) following the manufacturer’s 
instruction as described in Kashiani et al. (2012). Fifty-two 
novel microsatellite DNA markers were selected based on 
the recommendations by Bhandawat et al.(2014). PCR 
amplifications were performed using volumes of 20 μl 
PCR reaction containing 5 μl (25–30 ng) of genomic DNA, 
1.5 μl PCR 10x buffer, 1.5 μl of 25 mM MgCl2, 0.3 μl 
dNTP Mix (10 mM each of dATP, dGTP, dCTP, dTTP), 0.2 
unit of Taq polymerase, 1.8 μl (4 pmol/μl) of each primer 
(F and R primers), and 9.7 μl distilled water. Amplification 
products were analyzed using 4% (w/v) metaphore 
agarose 36-cm well-to-read gels with 1x TBE buffer. The 
fragment sizes were estimated by comparing to DNA 
ladders using software GeneMapper V3.5. Positive and 
negative controls were included in each set of PCR 
amplif ication reactions to account for possible 

Table 1. Mean values obtained from evaluation of 21 Stevia rebaudiana 
accessions originated from different countries in Malaysia
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contamination. The molecular data obtained were used for 
constructing the similarity matrix for further assessment of 
genetic diversity among the stevia accessions. Dice 
similarity coefficient was calculated using the formula D = 
2a/(2a + b + c), where a = the number of fragments 
present in both varieties, b and c are the numbers of 
fragments that are present in either variety, respectively 
(Sneath and Sokal, 1973). In addition, molecular data 
together with morphological characteristics were used for 
single marker-trait associations in stevia. 

RESULTS AND DISCUSSION 

Twenty-one different Stevia rebaudianaaccessions 
originated from different countries were evaluated in 
Malaysia. The accessions revealed wide range of variation 
in yield (leaf weight), stevioside, rebaudioside A (Reb A), 
rebaudioside C (Reb C) and total steviol glycosides (TSG). 
The mean values are presented in Table 1. The highest leaf 
weight was obtained from SRBA13 with mean value of 
129.01 gram per plant per harvest, followed by SRBA6, 

SRBA1 and SRBA2 with mean values 116.33, 114.11 and 
112.89gram per plant per harvest, respectively. SRBA19 
possessed the highest percentage of stevioside among the 
accessions evaluated (6.67), followed by SRBA21, SRBA1 
and SRBA20 (5.58, 5.50 and 5.18, respectively). Similar 
results were obtained by Tan et al. (2008) in which the lines 
originated from Russia had higher stevioside percentage. 
The highest rebaudioside A was obtained from SRBA15 
(originated from Paraguay) with mean value of 12.01%.

However, the highest percentage of rebaudioside 
C was obtained from SRBA16 (1.38%), followed by SRBA1 
and SRBA5 with mean values of 1.33% and 1.22%, 
respectively. Total steviol glycosides was ranged from 
8.70% (SRBA6) to 15.98% (SRBA18). Wide range of 
differences in performance of the stevia accessions 
indicates that the accessions varied substantially among 
themselves for the traits measured in many aspects, and 
these differences could be exploited for specific purposes 
in breeding programs. Since phenotypic values obtained 
from the accessions were influenced by environmental 
factors, analysis of molecular variation was performed as 

Table 2. Genetic information revealed by 42 SSR DNA 
markers amplified on 21 Stevia rebaudiana accessions
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an additional tool to estimate the level of genetic diversity 
among the stevia accessions. This information will be 
helpful in further process for selection of superior 
accessions for development of improved populations with 
high yield and high glycosides. 

Among the 52 novel microsatellite DNA markers 
amplified, 42 (82.6%) produced reproducible and visible 
bands. A total of 1492 bands were amplified using the 42 
microsatellites, out of which 215 were found to be unique 
bands among the 21 stevia accessions. Average number of 
polymorphic bands ranged from 2 to 11, with an average of 
5.1 alleles per microsatellite locus (Table 2). SRBA26 and 
SRBA35 were found to possessed the highest number of 
polymorphic bands (na =11, both) and highest number of 

effective bands (ne =10.09 and 10.36, respectively).  The 

total genetic diversity (HT) detected among the accessions 

through amplification of the 42 polymorphic microsatellites 
ranged from 0.143 to 0.812 with mean value of 0.580. The 
microsatellites SUGMS35 and SUGMS26 were found to 
have the highest HT (0.812 and 0.810, respectively) while 

SUGMS2 had the lowest HT (0.142). Efficiency of the 

microsatellites in detecting genetic variation among the 
stevia accessions evaluated was revealed through high 
levels of genetic differentiation. Expected heterozygosity 
(He) and observed heterozygosity (Ho) (with mean values 
of 0.52 and 0.86, respectively) showed that almost all 

Figure 1. A Fitch-Margoliash unrooted tree indicating 
relationships among 21 Stevia rebaudiana accessions, 
namely SRBA1 to SRBA21, based on molecular genetic 
distance coefficients obtained from amplification of 42 
microsatellite DNA markers

markers had deviation (Ho>He) from Hardy–Weinberg 
equilibrium (HWE). This result confirms highly outcross 
nature of this plant. Results showed that 11 microsatellite 
markers possessed significant associations with 
phenotypic traits. Biosynthesis of steviol glycosides were 
found to be associated with SUGMS-23, SUGMS-26, 
SUGMS-28 and SUGMS-35 markers. These findings can 
be utilized in future genetic diversity and genetic mapping 
studies in stevia toward production of superior varieties for 
tropical environments.

Cluster analysis was performed to assign the 21 
Stevia rebaudiana accessions to heterotic groups based 
on 215 unique alleles derived from amplification of 42 
polymorphic primers. Three distinct clusters were identified 
among the accessions (Figure 1). Group Iconsists of the 
accessions originated from Canada (SRBA1, SRBA2, 
SRBA3, SRBA4 and SRBA5), China (SRBA7 and SRBA8) 
and Japan (SRBA9, SRBA10 and SRBA11), while Group II 
consists of accessions originated from Paraguay 
(SRBA14and SRBA15), USA (SRBA12, SRBA16 and 
SRBA17), Russia (SRBA18, SRBA19, SRBA20 and 
SRBA21) and China (SRBA6). Group III only consists of 
the Accession SRBA13 from Malaysia. This accession was 
more similar to those of Group I based on their genetic 
similarities at DNA level. It is suggested that the 
accessions with superior performance from different 
groups are crossed to SRBA13 for production of breeding 
materials for further population improvement programs. 

In conclusion, microsatellites were found to be 
informative markers to reveal genetic variation among the 
stevia accessions studied. They indicate that total genetic 
variations that existed among the accessions were 
adequate to differentiate accessions into heterotic groups. 
Therefore, it is expected that improvement in yield and 
yield components could be obtained from crosses among 
the accessions from different heterotic groups. 
SUGMS-23, SUGMS-26, SUGMS-28 and SUGMS-35 
markers with high genetic differentiation values and 
significant associations with biosynthesis of steviol 
glycosides are best for marker-phenotype associations 
and QTL mapping for yield and yield related traits in Stevia 
rebaudiana.
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Abstract 

Acacia hybrid was initially produced using controlled pollination hybridization technique of Acacia mangium and Acacia auriculiformis. 
Both species A. mangium and A. auriculiformis has different special characteristics which are the straightness of the stem and higher 
wood density, respectively. Thus, clonal trial of A. hybrid was established to test the growth traits performances (height and diameter at 
breast height) at the trial plots and mechanical properties [fiber length and wood density). This paper will discuss the variation of growth 
traits of different clones of A. hybrid at four years old in trial plot established at FRIM’s research station Segamat, Johor. 
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Intro

INTRODUCTION

Acacia species is native to Papua New Guinea, Northern 
Australia and Indonesia. Currently, Acacia mangium is still 
widely planted in Malaysia and Indonesia, whereby 
Vietnam has started to plant Acacia hybrid in wide 
especially in the southern provinces (Sein and Mitlohner, 
2011). Timber from Acacia species is generally used for 
paper and furniture. 

First naturally hybridized Acacia was found 
between Acacia mangium as the female parent and Acacia 
auriculiformis as the male parent. Acacia hybrid has the 
physical resemblance to A. mangium and the wood density 
characteristic is found higher than A. mangium which 
resembled A. auriculiformis. The physical and mechanical 
properties of A. hybrid are a mixture of the properties 
displayed by the parents (e.g: shrinkage, moisture 
absorption, slide and split resistance, static bending and 
rupture strength). It has better mechanical strength as 
compare to the parent which is a good quality for pulping 
(Sein and Mitlohner, 2011). There was also a report 
indicated that A. hybrid can grow faster than A. mangium 
and A. auriculiformis (Dinh and Huy 2016).

Presently, the supply of raw materials for wood 
industries in Malaysia is still largely dependent on national 
forest areas. Acknowledging the importance of preserving 
the forest areas, Malaysia government has launched policy 
directions in order to manage the raw materials in a 
sustainable manner and to enhance the Forest Plantation 
Programme. The efforts of having forest plantations in 
Malaysia are significant particularly to the sustainable 
management of the forest areas while supplementing the 
supply of raw materials for wood products. According to 
Appanah (1999), Peninsular Malaysia is covered by 44% 

of natural forest in which Malaysia actually assured to 
retain at least 50% of the forest areas to ensure 
sustainable forest management and this figure was 
recorded almost two decades ago. There might have been 
significant decrease to the figure.

In addition, it has to be understood that most of 
the remaining natural forest areas in Malaysia is located at 
hilly and steep land areas. Therefore, the disturbance of 
the areas could affect not only the habitat of many flora 
and fauna but also could cause severe soil erosion and 
siltation of waterways. In 2014 for example, a terrific flood 
occurred at Kelantan, Terengganu and Pahang which most 
likely due to the uncontrolled logging and deforestation 
activities (Hashim et al., 2015). Therefore, the 
establishment of forest plantations is expected to reduce 
the logging activities.

A case study on the tropical forest plantation in 
Malaysia, conducted by FAO (2002) revealed that 95% of 
45 reforestation projects in the tropic utilized exotic 
species (e.g; Hevea sp, Teak, Eucalyptus sp. including 
Acacia sp.). Among the main reason of forest plantations 
in Malaysia inclined to to plant exotic species are; (i) there 
are fast growing species with commercial applications as 
compared to indigenous species (FAO, 2002; Bueren, 
2004), (ii) limited knowledge on plantation and silviculture 
management of indigenous species, (iii) abundant supply 
of seeds and usually easier to handle, and (iv) tree 
breeding study on indigenous species is taking long time 
and challenging to be carried out (FAO, 2002).  

In 2005, under the policy to initiate a forest 
plantation development programme in Malaysia, the 
government has promoted for the development of large 
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scale commercial forest plantations. The two major species 
that has been promoted to be planted were Hevea sp. and 
Acacia sp. (A. mangium and A. hybrid) (Hashim et al., 
2015). According to Dinh and Huy (2016), initially natural 
A. hybrid was observed in Malaysia, Papua New Guinea 
and Thailand. However, in Malaysia the commercial forest 
plantation of A. hybrid is not a preference due to the issue 
of untested clones. Contrary to the forest plantation 
scenario in Vietnam, A. hybrid has been planted 
commercially and even breeding new varieties of A. hybrid 
has advanced forward. Clonal trial in Vietnam showed 
promising results of A. hybrid which the plantation 
productivity and commercial wood yield observed were 
superior as compared to the parent tree.  

Therefore, FRIM has a lso star ted t ree 
improvement programme for A. hybrid since the 
establishment of clonal trial plot at FRIM’s research station 
(SPF) Segamat (Johor) in 2009, following by the 
establishment of clonal trial plot at Bintulu (Sarawak) in 
2012 with the collaboration of BTSS Sdn. Bhd. The study 
was initiated with the objective to provide information on 
the clones of A. hybrid for possible future used in the 
commercial forest plantation programme. The breeding 
strategies programme had started with the production of A. 
hybrid clones by controlled pollination hybridization 
technique from selected parents. This paper discussed the 
clonal variation of growth traits of A. hybrid at four years 
old from the trial plot at SPF Segamat, Johor.

METHODOLOGY

Seed Source

Seeds of full-sib progeny Acacia hybrid were obtained from 
the controlled pollination hybridization technique of Acacia 

Table 1. The selected genotype for hybridization 
by control pollination

mangium and Acacia auriculiformis. The controlled 
pollination work was conducted by two methods; i.e. 
emasculation and without emasculation (direct) for both 
species. The selection of the parent was based on the 
characteristics (data not shown) of fiber length and wood 
density (Table 1). The seeds produced were then cultured 
and mass propagated in the lab. Seedlings produced were 
acclimatized and hardened in the nursery of FRIM for two 
to three months before plantation at the trial plot. There 
were 210 clones produced by the hybridization technique.  

Clonal Trial Plot Establishment

Clonal trial plot for A. hybrid is located at FRIM’s research 
station (SPF) Segamat, Johor. The trial plot was 
established using Randomized Completely Block Design 
(RCBD) with four blocks and four trees per clone. Thus, 
making a total of 3360 seedlings (210 clones X 4 blocks X 
4 trees) were planted with the distance of 3m X 3m, with 
approximately 3 ha plot areas.

Statistical Analysis

Data collection of height (m) and diameter at breast height 
(cm) were analysed at 4 years old (data were taken 
annually). The data were analysed using Univariate 
Analysis of Variance (ANOVA) by Tukey post-hoc test 
using Statistical Package for the Social Sciences (IBM 
SPSS Statistics 22). 

RESULTS AND DISCUSSION

Based on the Analysis of Variance (ANOVA), there are 
high significant difference (Table 2) for the growth traits of 
height and diameter at breast height among the tested 210 
clones of Acacia hybrid (p < 0.000). In tree breeding study, 
height and diameter are important inventory for estimating 
tree volume (Sein and Mitlohner, 2011).

The table of Univariate tests (Table 3) confirmed 
that the results between Pairwise comparisons by Tukey 
post-hoc tests showed significant difference (p < 0.000).

Data on the growth traits (height and diameter at 
breast height) at four years old after planting were 
presented in Table 4. There were 25 clones with the mean 
height of more than 18 m with the highest height recorded 
was 19.95 m by clone 205/2 and there were 66 clones 
with the mean diameter at breast height of more than 15 
cm with the highest diameter recorded was 17.77 cm by 
clone 382/2 (Table 4). 

According to Sein and Mitlohner (2011), A. hybrid 
has the capacity to reach a height of 8 to 10 m and a 
diameter at breast height of 7.5 to 9.0 cm within two years. 
In the same study, based on the growth performances of 
89 plots of A. hybrid in the province of Binh Dinh at 
Vietnam, the annual increment average of diameter at 
breast height of A. hybrid is 2.6 cm per year (minimum = 
1.2 cm/year, maximum = 4.5 cm/year). Whereby the 
annual increment average of height of A. hybrid is 3.6 m 
per year (minimum = 1.7 m/year, maximum = 5.5 m/year).

Table 2. Tests of Between-Subjects Effects



- 93 -Transactions of Persatuan Genetik Malaysia, No. 7, 2017                           

Nor Fadilah et al. (2017):  Clonal variation in growth traits of Acacia hybrids

93

Table 3: Univariate Tests

Table 4. Growth performances of Acacia hybrid clones at four years old after planting (SPF Segamat, Johor)
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Table 4. Cont.

CONCLUSION

Preliminary assessment of the growth traits (height and 
diameter at breast height) showed significant variations 
among the 210 clones tested.
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Abstract 

Genetic studies and QTL mapping on maize (Zea mays L.) for forage yield traits are lacking, especially those conducted in 
the tropical region. The purpose of this study was to identify molecular markers that are associated with biomass yield 
traits in two mapping populations of forage maize. Two crosses between four inbred lines (CML 152CML383 and 
CML491CML331) with contrasting values for biomass yield were made to produce two F2 populations. Out of 180 SSR 

markers screened, 61 were polymorphic in Cross CML 152CML383 (Population 1) and 62 were polymorphic in Cross 
CML491CML331 (Population 2), which were then used to construct linkage maps. Ten linkage maps were detected in both 
populations, with the size of 822.2 cM for Population 1 and 740.5 cM in Population 2. Phenotypic and genotypic data were 
analysed by Single Marker Regression to detect markers with significant QTLs for biomass yield. Eight QTLs were 
detected in Population 1, explaining 30.41% of the phenotypic variation, while in Population 2, 10 QTLs were detected 
contributing to 85.89% of the phenotypic variation. Two QTLs for biomass yield traits in Population 1, BNLG1863 and 
BNLG1823 on Chromosome 5, were found to show significant contribution to dominance effects and associated with 
inbred line CML 152. In Population 2, however, the QTLs for biomass yield (UMC1306, BNLG1073 and UMC 2064 located 
on Chromosome 1) were mostly having additive effects and associated with inbred line CML331. QTLs in Chromosomes 1 
and 8 in Population 1 and QTLs on Chromosomes 1 and 9 in Population 2 were associated with multiple biomass yield 
traits and yield components, suggesting the presence of pleiotropism. These identified QTLs could be utilized in marker 
assisted breeding programs for future forage maize improvement in the tropical region. 
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Intro
INTRODUCTION

Maize is considered as one of the potential forage crops 
due to its favourable nutrient content, palatability and 
positive effects on ruminants for meat (Keady et al., 2007) 
as well as dairy production (Ballard et al., 2001; Dewhurst, 
2013). In Malaysia, there are abundance of feed resources 
that can be turned into good silage for animal feed. 
Tropical grasses are general ly low in soluble 
carbohydrates which is an important component of good 
quality forage crop. However, maize offers a better option 
when ensiled as compared to most other tropical grasses.

Biomass yield and its components are important 
traits to be improved in maize particularly for forage 
utilization. Agronomic traits that contribute to good forage 
yield and quality in maize include biomass yield and its 
components such as plant height, number of leaves, 
earliness, resistance to various biotic and abiotic stresses, 
as well as root lodging and stalk standability (Barriére and 
Argillier, 1997). Genetic improvement on traits related to 
biomass yield in maize for forage utilization are crucial and 
must be made through breeding efforts and effective 

selection strategies because biomass yield traits are 
usually controlled by multiple genes, with complex genetic 
control and architecture. 

Molecular markers, specifically SSRs, have been 
used in studies of complex quantitative traits in various 
crop species (Bernado, 2008). Markers associated with 
specific traits and/or genes can be used to facilitate the 
selection process of desired genotypes through marker 
assisted selection (MAS). The construction of linkage 
maps using DNA markers is a prerequisite for marker-trait 
analysis and detection of quantitative trait loci. The 
molecular linkage maps combined with QTL analysis could 
estimate the major and minor QTL effects and the 
magnitude of phenotypic variation explained at each locus 
(Kearsey, 1998). The most frequently used methods for 
QTL mapping are based on the maximum-likelihood 
approach. Detection of QTLs can be performed by Single 
Marker Analysis (SMA) using a simple t-test (Luo and 
Kearsey, 1989; Haley and Knott, 1992). Single Marker 
Analysis tests the association between marker genotypes 
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and trait values using t-tests, ANOVA models or regression. 
In other words, it tests trait value differences among 
markers groups. If a significant difference is found between 
two genotypic classes, it is determined that the marker is 
linked to a gene affecting the trait of interest.

The identification and mapping of favourable 
alleles responsible for yield improvement via QTL analysis 
was reported in maize (Veldboom et al., 1994; Lima et al., 
2006) but these studies were more focused on grain yield 
of maize. Mechin et al. (2001) and Riboulet et al. (2008) 
reported on QTLs in maize specifically for forage utilization 
and identified regions associated with dry matter yield on 
Chromosomes 6, 8 and 10 and 1, 2, 3 and 4, respectively. 
The use of molecular markers can offer higher precision 
and feasibility in selection procedure in a breeding 
program. In this study, the objective was to conduct single 
marker regression analysis to map QTLs associated with 
biomass yield and yield components and to determine the 
genetic control of these traits in two mapping populations. 

MATERIALS AND METHODS

The segregating F2 populations involved in this study were 
derived from two crosses, CML 491 × CML 331 and CML 
152 × CML 383. All parental lines, F1 and F2 populations 
were grown in Ladang 2, Universiti Putra Malaysia (UPM) 
Serdang, Malaysia. The two inbred lines used to produce 
Population 1 were CML 152 (with high biomass yield) and 
CML 383 (with low biomass yield), while the two parents 
used in Population 2 were CML 491 (with high biomass 
yield) and CML 331 (with low biomass yield). The F2 

populations were planted and evaluated with their 
respective parental lines and F1 crosses in a randomized 
complete block design with three replications. All 
experimental plots were subjected to uniform and good 
agronomic practices to ensure cultivation of good crop 
growth. Pre- and post-harvest data on biomass yield and 
yield components collected include plant fresh yield (g), 
fresh leaf yield (g), fresh stem yield (g), fresh ear yield (g), 
plant dry matter yield (g), leaf dry matter yield (g), stem dry 
matter yield (g), ear dry matter yield (g), plant height (cm), 
and number of leaves per plant. The population sizes for 
both mapping populations were 156 individuals for 
Population 1 and 144 for Population 2. 

DNA was extracted from every plant of each of 
the two F2 populations, each of the four parents and the F1 
plants using the CTAB method (Doyle and Doyle, 1990). 
DNA samples were diluted with TE buffer to a working 
concentration of 50ng/μl and kept at -20ºC for PCR 
analysis. Touchdown PCR program was employed to 
amplify all polymorphic SSR markers in order to generate 
the genotypic data of the F2 plants of both populations 

derived from the two crosses. The total reaction volume 
was 15μl containing 50-70 ng template DNA, 0.2 μM of 
forward and reverse primers, 100 μM of each dNTP  added 
into 1x ready-to-use MyTaq ™ mix (Bioline Ltd., London, 
UK) containing Taq polymerase, MgCl2, reaction buffer and 
inert red loading dye.  Reactions were performed on a Bio-

Rad T100™ Thermal Cycler (Bio-Rad Laboratories, 
Singapore). The following PCR program was used: 
initiation step at 94ºC for 5 min, 20 cycles of denaturation 
at 94C for 30 s, annealing step beginning from 65C and 
decreasing 0.5C each cycle for 45 s, and extension at 
72ºC for 2 min. Another 10 cycles of normal PCR follows; 
with denaturation at 94C for 30 s, annealing at 55C for 45 
s and extension at 72ºC for 1 min. Final elongation step 
was set at 72ºC for 10 min. Amplified products were run on 
3% Metaphor® agarose gel (Cambrex Bio Science 
Rockland, Inc., USA) stained with Midori Green nucleic 
acid staining (NIPPON Genetics Ltd. Co.) using 1x TBE 
running buffer and sized with 50bp DNA ladder as DNA 
size standards (GeneDirex ®). Gels were visualized under 
UV light and documented with the GelDoc™ XR system 
(Bio-Rad, Australia).

The SSR linkage map was constructed using 
MapDisto software version 1.7.7.0 (Lorieux, 2012). Since 
this program was built in MS Windows Excel program, it 
allows genotypic data of the mapping population to be 
arranged in Excel spreadsheet in the “Data” window in the 
program. The population type was set to “F2” and the 
information on Population Size, Total Number of Loci and 
Total Number of Traits were filled in accordingly. Data 
encoding follows Mapmaker/EXP standard, where “A” 
denotes for homozygote Parent 1 allele, “B” for 
homozygote Parent 2 allele, “H” for heterozygote and “-“for 
missing data. All informative markers were tested against 
segregation ratio using chi-square (χ2) goodness of fit test 
for codominant marker (1:2:1). 

Linkage evaluation was carried out using the 
“Find Group” option in the program. The Kosambi mapping 
function was used to convert recombination frequencies 
into map distances. The default minimum LOD score for 
linkage was set to 3 and the default r max value was set to 
0.3. The seriation algorithm were employed to compare 
the correct order of the markers by selecting the Sum of 
Adjacent Recombination Frequencies (SARF) as the 
criteria for ordering and ripple. The markers order was also 
compared to the IBM2 2008 Neighbours Frame map 
(www.maizegdb.org/data_center/map), the latest version 
of high resolution genetic map. 

Identification of putative loci affecting biomass 
yield on genetic maps of both F2 populations was done by 
employing Single Marker Analysis using MapDisto 
software (version 1.7.7.0). The instruction “QTL/ANOVA1” 
was selected to compute Likelihood Ratio Statistic (LRS) 
by single-marker regression for the each trait and all loci, 
giving probability values associated to the F-test and the 
locations of the detected QTL using simple interval 
mapping. The LRS values indicated the significance of 
putative QTL. The percentage of phenotypic variance 
explained by a QTL and its additive effects were also 
calculated. Parameters such as additive effects, 
dominance effects and all possible interactions of epistatic 
effects were estimated. The QTLs were classified as 
additive if the ratio of dominance to additive (|D/A|) is less 
than 0.2, partially dominant if 0.2<|D/A|<0.8, dominant if 
0.8<|D/A|<1.2 or overdominant if |D/A|<1.2 (Stuber et al., 



- 97 -Transactions of Persatuan Genetik Malaysia, No. 7, 2017                           

Nazatul Shima et al. (2017):  Detection of QTLs for biomass yield in forage maize by single marker analysis

97

1987)). The genetic maps and QTL positions were drawn 
using the MapChart program (Voorips, 2002). Designation 
of QTLs was determined according to the standard 
described in MaizeGDB database (Sachs et al., 1996).

RESULTS AND DISCUSSION

Results of single marker analysis (SMA) by marker 
regression for biomass yield traits in Population 1 are 
presented in Table 1.  Figure 1 summarizes the QTLs 
detected via marker regression analysis, presenting only 
the chromosomes with QTLs. In Population 1, a total of 
eight QTLs were identified for biomass yield traits and yield 
components, mainly detected on Chromosomes 2, 3, 4, 5 
and 8. Likelihood Ratio Statistics (LRS) for the association 
of traits with respective locus ranged from 4.03 to 7.51 (p ≤ 
0.05).

As shown in Table 1, individual QTL detected in 
Population 1 explained 5.00 to 8.55% of the phenotypic 
variance for biomass yield traits. The combined QTL 
models accounted for total observed phenotypic variation 
for each biomass yield components of 10.40% for fresh 

plant yield, 16.24% for fresh stem yield, 13.46% for plant 
ear yield, 25.68% for dry plant yield, 17.61% for dry leaf 
yield, 21.41% for dry stem yield, 30.41% for dry ear yield, 
20.62% for plant height and 5.12% for number of leaves 
per plant. All QTLs for biomass yield detected in 
Population 1 were considered suggestive QTLs, with LRS 
< 15. QTL qds8.2 (SSR BNLG1823) for dry stem yield had 
the highest effect on biomass yield component and 
explained 8.55% of total phenotypic variance for that trait. 
All suggestive QTLs detected for biomass yield 
components were found to have dominance effects except 
QTL qfs3.1 that was detected to possess additive effects. 
All QTLs for increased biomass yield were associated with 
CML 152 allele. QTLs for plant height (with prefix qph) 
were detected on markers SSR BNLG1823 and SSR 
dupssr14, similar to those associated with other biomass 
yield components. The other QTL for plant height was 
detected on Chromosome 4, the same locus (SSR 
BNLG1444) detected for number of leaves per plant 
(qnol4.1). These QTLs were found to have dominance 
effects, with tall plants and high number of leaves per plant 
contributed to allele from CML 152. 

Table 1. List of QTLs detected from Population 1 (derived from CML 152 × CML 383) for biomass yield 
traits and yield components in maize based on single marker regression analysis
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Table 2. List of QTLs detected from Population 2 (derived from CML 491 × CML 331) for 
biomass yield traits and yield components in maize based on single marker regression 

analysis
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Results of QTLs for biomass yield traits and its 
components in Population 2 detected by single marker 
regression analysis are presented in Table 2. Figure 2 
depicts all QTLs in their respective linkage groups, 
presenting only the groups detected with QTLs. A total of 
10 SSR markers with QTLs associated with biomass yield 
traits were detected, with LRS ranging from 5.83 to 18.52 
(p ≤ 0.05). The combined QTL models accounted for total 
observed phenotypic variation for each biomass yield 
components of 76.75% for fresh plant yield, 63.67% for 
fresh leaf yield, 72.59% for fresh stem yield, 64.42% for 
plant ear yield, 66.80% for dry plant yield, 71.54% for dry 
leaf yield, 62.54% for dry stem yield, 61.15% for dry ear 
yield, 85.89% for plant height and 71.86% for number of 
leaves per plant.  Of the 10 SSR markers with QTLs 
detected in Population 2, one marker (SSR UMC 1306) 
was considered putative QTL (LRS > 15) that was 
associated with fresh plant yield. This QTL was found to 
have additive effects, with allele contributing to high fresh 
plant yield associated with CML 331. The other nine SSR 
markers with QTLs detected were considered suggestive 
QTLs. QTLs for biomass yield and its components were 
mainly detected on Chromosomes 1, 3, 5, 6 and 9. 
Chromosome 1 contained large interval of markers 
strongly associated with biomass yield traits and yield 
components. Almost all QTLs on this chromosome were 
found to have additive effects, with alleles contributing to 
high biomass yield associated with CML 331. One QTL 
detected on Chromosome 5 (SSR UMC 1587) associated 
with all biomass yield components except fresh leaf yield, 
dry stem yield, plant height and number of leaves per plant 
has dominance effects, with allele contributing to high 
biomass yield associated with CML 331. All QTLs 
associated to high biomass yield were found to be 
attributed to CML 331 allele, except for the QTL associated 
with SSR BNLG 1035 (Chromosome 3), with allele 
contributing to high biomass yield associated with CML 
491. This QTL was associated to fresh plant yield, fresh 
leaf yield, dry leaf yield, dry stem yield, plant height and 
number of leaves per plant.

As for QTLs detected for plant height and number 
of leaves per plant (noted with prefixes qph and qnol, 
respectively), their QTLs were the same as all other 
biomass yield components, except for QTLs associated 
with marker UMC2083 on Chromosome 4 and marker 
UMC 1033 on Chromosome 9 which contributed only to 
plant height and number of leaves per plant. Clustering of 
QTLs was observed in both populations in the same or 
adjacent marker invervals on some chromosomes. This is 
likely due to the tight linkage between genes with 
pleiotropic interaction.

Several QTLs for biomass yield and yield 
components have been identified in this study, most of 
which individually explained on average 10% of observed 
variation among F2 individuals in both populations. These 
results are expected, considering that genetic construction 
of yield and its components requires the synergistic action 
of over thousands of genes (Carpita and McCann, 2008), 
all of which are subjected to intra-allelic, epistatic and 

environmental interactions (Wallace et al., 2013). In 
segregating populations, this level of genetic complexities 
only considers the prevalence of “major” QTL and hinders 
the possibility of identifying genes with small effects 
(Melchinger et al., 1998; Wallace et al., 2013). Moreover, it 
has been demonstrated that estimated QTL effects 
detected in single cross mapping population (such as F2 
population) are usually biased by factors such as 
population size, parental genetic background and 
sampling independence (Lübberstedt et al., 1997; 
Melchinger et al., 1998). Given the circumstances, it is 
likely that the majority of QTLs underlying useful variations 
for biomass yield have considerably “minor” effects and 
are hard to detect, even under favorable experimental 
setups, such as large population size and multiple 
replications. However, it is noteworthy that the combined 
genetic action of all identified QTLs for biomass yield 
components in this study could account for large 
proportion (~50-70%) of heritable phenotypic variation. 
This finding allows the possibility of breeding efforts and 
selection procedures focusing on detecting, validating and 
adding to the amount of favorable QTL alleles with minor 
to moderate effects in maize germplasm. Needless to say, 
since the QTL mapping in this study was performed using 
data from one location and one season, utility of identified 
QTLs have to be validated in multilocation and 
multiseasonal trials. 

There are several markers or chromosomal 
regions with QTL associated with multiple different 
biomass yield traits and its components, and these were 
found in both populations. Overlapping of multiple traits in 
a same QTL region were consistent with the traits 
correlation pattern in the correlation analyses. Traits with 
high correlation coefficient were expected to result from 
control of closely linked genes or pleiotropic gene action. 
Courtial et al. (2013) proposed that the positional co-
localization of QTLs controlling different biomass yield 
traits would be due to the clustering of tighly linked genes 
and/or transcriptional factors contributing to yield 
increment. Nevertheless, the presence of pleiotropic gene 
action should not be ruled out. For instance, co-
localization of QTL for biomass yield on Chromosome 8 in 
Population 1 and Chromosome 1 in Population 2 could be 
indicative of transcription factors acting as regulators of 
genes controlling biomass yield components. 

CONCLUSION

Individual QTLs detected in this study were considered 
minor QTLs, but collectively contribute up to 50-70% of 
phenotypic variance in some traits. Single marker 
regression analysis (SMA) calculates the significance of 
marker-trait association in every locus. Most of the QTLs 
detected for biomass yield components were clustered on 
Chromosome 8 for Population 1 and Chromosome 1 for 
Population 2. The findings indicated that the populations 
derived from the selected parents harbor considerably 
reliable degree of heritable variations for biomass yield 
components. The identification of markers with phenotypic 



- 100 -Transactions of Persatuan Genetik Malaysia, No. 7, 2017                           

Nazatul Shima et al. (2017):  Detection of QTLs for biomass yield in forage maize by single marker analysis

100

Figure 1. QTL positions detected for maize biomass yield and yield components 
in Population 1 (CML 152 × CML 383) based on single marker regression 

analysis. The numbers on the left side of each linkage group indicate the map 
distance in centiMorgan. SSR markers and identified loci are indicated on the 

right side of each linkage group.

Figure 2 QTL positions detected for maize biomass yield and yield components in 
Population 2 (CML 491 × CML 331) based on single marker regression analysis. 
The numbers on the left side of each linkage group indicate the map distance in 
centiMorgan. SSR markers and identified loci are indicated on the right side of 

each linkage group.
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attributes which can be measured with higher precision at 
lower cost, and more importantly, display simpler 
inheritance patterns, can provide information regarding 
genetic mechanism of polygenic traits such as biomass 
yield. 
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Preliminary Evaluation And Selection Of Chrysanthemum morifolium 
Ramat Under Lowland Sabah Conditions
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Abstract 

Chrysanthemum is the most popular flower industry planted mostly in highland area of Kundasang Sabah. Due to the shortage of suitable 
land to this flower industry, the only option is to plant the flower in the lowland. This experiments was initiated to characterize and select 
chrysanthemum varieties that can be planted in lowland of Sandakan. This study was conducted to characterised morphology variation of 
chrysanthemum cultivars, growth performance in the lowland and shelf life of its flower after harvest. This study was conducted under a 
rain shelter at FPL UMS Sandakan in Completely Randomized Design with twelve varieties and planted in three replicates. Results 
showed that there are many varieties of chrysanthemum can be planted in the lowland, the top three chosen are variety Semi-double 
orange that flowering after 14 days with uniform plant height and canopy width, while the second best is variety Decorative purple to be 
use as cut flower with long shelf life. Overall result showed that chrysanthemum variety Decorative white is the best in terms of their 
qualitative characteristic, quantitative characteristic and shelf life.
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INTRODUCTION

Chrysanthemums come originally from China, but after 
1000 years of cultivation, it was introduced in Japan in the 
late 8th century where the wild species already exist. 
However, at that time, the diversity of this plants has been 
achieved by Japan. The species has been reached from 
the East to Holland in 1688 and France in 1789. In 1790, 
Pierre Louis Blanchard introduced three varieties of flowers 
from China. National Chrysanthemum Society held its first 
performance in the 1846, and all the plants on display were 
from China. Old varieties from China almost all curved and 
its colour range is limited to white, yellow and pale mauve. 
In 1861, seven varieties of chrysanthemums from Japan 
were first introduced. He has good size and fit, form a new 
interest and a wide range of colours. Due to this diversity, 
the introduction of the Japanese plant (chrysanthemum) is 
considered to be the most important event in the history of 
chrysanthemums. The importance of chrysanthemums in 
Japan can be seen when there is a city of China given the 
name "chrysanthemum city" that is Chu-Hsien city. This 
interest has also been recognized by the Emperor of Japan 
as his seal until it is celebrated with a "Celebration of 
Happiness" especially in Japan (National Chrysanthemum 
Society, 2015).

The flower has its own use due to its advantages 
that are different from other flowers. Either, each of 
chrysanthemum varieties have their own advantages. It is 
often used in foods to give a good health to the human 
body as well as it has a flavour that is not too sweet and 

perfect added on a cool drink or tea. Beauty 
chrysanthemum also help in the culinary industry as a 
garnish on desserts and cake before serving (Nolan, 
2014).

The beauty of chrysanthemums used in the food 
industry for the benefit of human health. This is because 
chrysanthemum contains vitamin A, vitamin B and amino 
acids that help to calm the nerves and relieve symptoms 
of colds and flu. In traditional Chinese medicine, it is used 
for the prevention of sore throat and fever. Water drink 
chrysanthemum flowers made in the form of tea is 
believed to treat atherosclerosis and gout knot. Flowers 
that have been squeezed of excess moisture, can be used 
as an ointment to reduce itching and dryness of the eyes. 
Traditional Chinese medicine also uses ointments to treat 
other eye diseases such as blurred vision, dizziness and 
reduced visibility. It is also often used to help reduce 
swelling and redness of acne. In China, the leaves stir-
fried with garlic and dried chili as vegetables daily food, 
vegetable chrysanthemum been cooking this will change 
color to a dark, dense texture and a sweet aroma and 
complex (John and Harold, 2004).

Ornamental flowers are also used in industrial 
potted plants. In the overseas markets, potted plants 
represents the majority of the production of flowers, 
especially in the United States (20.3% of production), 
including production from California, Florida, Texas, 
Pennsylvania, North Carolina and New York. However, 
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production of potted plant is a problem to manufacturers to 
produce high-quality potted plants (Nell, 2016). 

Flowers are part of the tree that becomes the 
observation of plants in the floriculture industry. It serves as 
a tool in the reproductive system for plant pollination and 
seed yield breeding (Ida, 2011). The flowers are cut from 
the main plant without thorns and used in fresh flower 
arrangement is defined as cut flowers. Cut flowers or 
flower stem cuttings referring to the flower that blooms 
along with parts of the plant such as stems, twigs, and 
branches of plants (Farhana, 2015).

Chrysanthemum’s flower has a wide range of 
distinctive and unique products which are used as 
ornamental flowers no matter inside or outside the 
residence. The beauty of chrysanthemum’s flower was 
among the more prominent modern flower compared to 
other flowers as chrysanthemum is a hybrid combination of 
bright colours, varied and beautiful.  Chrysanthemum’s 
beauty is also located in a variety of shapes and colours. 
Around the stigma, flowers produced small yellow 
appeared and described more exotic and appropriate 
ch rysan themum grown as o rnamenta l p lan ts . 
Chrysanthemum beauty then has become customary to a 
country such as Europe and Japan to adopt the use of 
chrysanthemum flowers as a symbol of death to the funeral 
or burial ceremonies. This is due to the physical leaves of 
chrysanthemum flowers that look like weeds 'mugwart' and 
florets features beautiful flowers (National Gardening 
Association, 2004).

In Malaysia, floriculture industry mostly consist of 
lowland and highland cultivation. Lowland flower 
production mostly planted in Johor (1,514 ha) and 
Selangor (326 ha) and highland cultivation mostly planted 
in Pahang (412 ha) and Perak (150 ha) (Table 1). Cut 
flowers industry in Malaysia, especially in Sabah is quite 
advanced as compared to other horticultural industry. It’s 
started as a hobby and then build a commercial company 
and started development in the market in mid-eighties 
(National Chrysanthemum Society, 2015). Therefore, to 
further improve the country's economy as a result of cut 
flowers industry, the introduction of varieties of flowers that 
can be used as cuttings is important for dealers by the 
industry.

Cut flowers industry in Malaysia are relatively 
better establish compared with other horticultural 
companies. This is due to high export demand for the 
floriculture industry include cut flower industry with an 
increase of 23.5% per year from 2000 to 2010 and by 6.7% 
per year from 2010 to 2020. Based on Agro-food Statistics, 
the value of trade (exports) in agriculture for industrial 
floriculture industry including stem cuttings is reducing from 
371 million in 2013 to 174 million in 2014 - from January to 
June 2014 (Table 2).

Generally, cut flower cultivation in Malaysia is 
determined by climate and topography of the land. For 
highlands floriculture, Cameron Highland is the main 
growing area of temperate plants while, others may adapt 
better to the conditions in hot humid lowlands (Jong et al., 
1998). However, the main land use for planting temperate 

flowers in Malaysia is not too many of them even the 
production of cuttings or flowering temperate plants was 
influenced by acreage. The main production areas are 
Cameron Highlands, Pahang with an area of 638 
hectares, Gua Musang, Kelantan with an area of 10.3 
hectares, and Kundasang, Sabah with an area of 85.1 
hectares

Due to the origin of chrysanthemum from 
temperate region, the growth of chrysanthemum are 
influenced by environmental factors such as the climate 
and temperature. But not all varieties require a temperate 
climate for growth, there is also a chrysanthemum plant 
that can adapt to high temperature conditions. According 
to Ros Anita (2001), some chrysanthemum plants have 
the potential to grow in tropical lowlands, but the quality is 
not as good as the chrysanthemum flower’s quality in the 
highlands. According to her research, several varieties of 
chrysanthemum studied can be found living in the area of 
lowlands and several varieties of chrysanthemums cannot 
live in the lowlands. However, the chrysanthemum 
varieties that live in lowland produces less quality than the 
quality of the highlands. Chrysanthemum flowers that live 
in the lowlands do not form flower buds that only form a lot 
of "crown bud" and even if the buds is bloom, the size of 
the flower is smaller.

This study was initiated to characterize and 
select the chrysanthemum variety that grow well and 
produce high quality flower in the lowland of Sandakan 
Sabah. Initially, the selected variety will be used as parent 
for future breeding programme to produce variety that 
suitable in the lowland cultivation.

MATERIALS AND METHOD

Twelve chrysanthemum varieties planted mostly from 
Kundasang and Tambunan Sabah were selected. 
Characterisation were done according to the National 
Chrysanthemum Society (2015) classification for 
identification.  Those selected are 1). Single and semi-
double white lilac, 2). Purple anemones, 3). Decorative 
red, 4). Semi-double orange, 5). Decorative purple, 6). 
Decorative dark purple, 7). Single and semi-double dark 
red, 8). Decorative yellow, 9). Single and semi-double 
yellow purple, 10). Decorative white, 11). Single and semi-
double yellow and 12). Decorative orange. Those varieties 
were established through shoots propagations. Seven cm 
of the shoot length has been cut and planted in a polybag 
with planting medium mixture of 3:2:1 (topsoil: rice husk: 
sand). The trial was established as single tree plot using 
Completely Randomized Design (CRD) with 3 replicates. 

Flower assessment was based on Guideline for 
the Conduct of Test for distinctness, uniformity and stability 
from Department of Agriculture Malaysia (2009) for the 
characterization of chrysanthemum’s flower (qualitative 
characters). The growth parameters of chrysanthemum’s 
tree recorded were plant height, canopy width, the number 
of branches and day of flowering (quantitative features). 
While, for the vase life of cut flower chrysanthemum was 
measured from the day flower harvested until the flower 
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turn to a brownish color and the stalks began to bend. 
Analysis of variance and Least Significant Different test 
was used to distinguish the plants means using SAS ver. 
9.4.

RESULTS AND DISCUSSION

Analysis of variance showed that the twelve varieties of 
chrysanthemum were highly significantly different (p<0.01) 
for all the parameters measured except the canopy width 
that is significantly different at p<0.05. This indicates that 
the varieties were highly significant different from each 
other in terms of plant height, number of branches, days of 
flowering, days taken for flower turn to a brownish color 
and the stalks began to bend (Table 3).

Means of quantitative features and cut flower 
vase life of chrysanthemum varieties was shown in Table 4. 
Coefficient of variation (CV) analysis showed that 
quantitative features and cut flower vase life had high 
reliability with the CV values ranging from 4.17% for the 
stalks began to bend to 28.03% for the plant height per 
tree. The CV value for quantitative features ranged from 
18.40% to 28.03% while the vase life of cut flower ranged 
from 4.17% to 5.19%. Thus, these statistics indicated that 
quantitative features was highly reliability as compared to 
vase life of cut flowers.

Table 1. Planted area and production of flowers according to State, 2014

Table 2. Trade in agricultural sector, 2013-2014

Quantitative characters

Plant height: The mean of plant height was 8.28 cm and 
the range of plant height for individual plants was 4-29 cm 
(Table 4). The highest height is 22.73 cm namely 
Decorative dark purple followed by Single and semi-
double white lilac (11.83 cm) and Purple anemones (11.67 
cm), the lowest height is Single and semi-double yellow (5 
cm) (Table 5). These data shown that it is suitable for 
potted plants at which potted plants growing about 20 cm 
from the soil surface. However, these traits still need to be 
improve if going to use it as a cut flower. Need to cross 
breed this traits with a long stem traits flower. 

Canopy width: The mean number of canopy width per 
plant was 7.55 cm, and the range was from 4-14.30 cm 
(Table 5). Chrysanthemum plant canopy was the most 
width varieties of Decorative yellow 11.70 cm followed by 
Decorative dark purple (11.00 cm) and the lowest height of 
the plant was Decorative orange (4.80 cm) (Table 5). 

Numbers of branches: The mean number of numbers of 
branches per plant was 9.17 cm, and the range was from 
4-21 cm (Table 4). Number of chrysanthemums branches 
is variety Decorative red (21.33 cm) followed by 
Decorative orange (18.67 cm) and the lowest numbers of 
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Table 3. Mean squares from ANOVA for quantitative characteristics and shelf life 
of 12 varieties of Chrysanthemum

Table 4. Mean, standard deviation, coefficient of variation (CV) and range of 
quantitative characteristics and shelf life of 12 varieties Chrysanthemum

branches is Single and semi-double yellow (2.33 cm) 
(Table 5).

Days of flowering: The mean of days to flowering was 
5.86 days and the range for individual plants were 0-39 
days. (Table 4). The number of days to flowering showed a 
highly significant difference with the longest is 37.33 days, 
namely Decorative white followed with a Single and semi-
double yellow (19 days), Semi-double orange (14 days) 
and other non-flowering varieties (2.33 days) (Table 5). The 
flower needs short daylight hours, by natural, the 
photoperiod in Malaysia is 12 hours a day which is good 
for chrysanthemum to flower. However, if a higher 
temperature (27-34°C) than the optimum temperature, it 
will give a different effect on the flowering of such delays 
flowering within a reasonable time and also looks poor 
quality flowers and change colour (Savonen, 2013 ).

Vase life of cut flower

Day taken for flower turn to brownish: The mean days 
taken for flower to turn brownish was 9.08 days and the 
range for individual plants was 5-12 days (Table 4).
Decorative purple took the longest time to begin to turn the 
flower into brownish (11.67 days) and have a very 
significant difference to other varieties in this study. 
Decorative yellow took the shortest time to begin turn the 
flower into brownish (8.00 days) (Table 6).

Day taken for stalks to bend: The mean days taken for 
stalks begin to bend was 11.31 days and the range for 
individual plants was 8-14 days (Table 4). Decorative white 
vase life takes the longest for stem cuttings start to bend 
(13.33 days) and have a very significant difference to other 
varieties. Decorative yellow, it takes a minimum for stem 
cutting start to bend (8 days) (Table 6). 

CONCLUSION

This study found that 12 different chrysanthemum varieties 
have different qualitative characteristics of flowers 
according to the flower clusters, flower buds, ray florets, 
disc florets and disc flower. Despite different features for 
every varieties of chrysanthemums, many similarities of 
different characters still exist for some varieties. It also 
shows different qualitative characteristics of flowers quality 
that are marketed and there are several varieties of 
chrysanthemums can potentially cultivated in the lowlands. 

The results showed a Semi-double orange, 
Decorative white as well as Single and semi-double yellow 
can be planted and grow in the lowlands with good quality 
plants and the average flowering time after 14 days, 37 
days and 19 days respectively (Table 6). Other varieties 
also produce good growth, but not yet flowering until the 
expiration of the time the study was conducted.

Cut flower of chrysanthemums observed had 
changed the color of flowers before the stalk begins to 
bend. The longest varieties is Decorative orange and 
Single and semi-double yellow that took average 11.33 
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days for flower color began to change before the stalks 
start bend on the 13 days. For decorative yellow varieties it 
take 5 days to turn a brownish color before the flower 
stalks start bend on day eight. Study also shows that most 
of the decorative flowers have a lifespan of cut flower, 
which is approximately equal to a single flower.

Overall, Decorative white chrysanthemum varieties 
are the best to use as a potted plant with good quality 
growth and flowering after average 37.33 days and have 
an average shelf life of cutting flowers longer than other 
varieties (11 days).

Table 5. Mean of quantitative characters of 12 varieties Chrysanthemum from LSD

Table 6. Mean of shelf life of 12 varieties Chrysanthemum from LSD

Varieties selected as potted chrysanthemums in this 
study cannot be used as a cut flowers right now because 
of their characteristics that are not long-stalk that meet the 
requirements as a commercial cut flowers. But it can be 
grown and cultivated in the lowland. It can be selected to 
be used as a parent in hybridization with a varieties of 
chrysanthemums that has a long stalk flower that has the 
cut flower quality to obtain varieties of chrysanthemum 
which has a long stalk and can live in the lowlands with a 
good quality of flower.
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Figure 1: Varieties use in the experiment 

Figure 2: Selected variety for lowland Sabah
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Abstract 

Physalis minima L. is a member of Solanaceae family. This plant is commonly found in disturbed area and known as weed in Malaysia. P. 
minima contains high amount of phenolic, alkaloids and physalin compounds, indicating its potential as medicinal plant. Studies were 
conducted to analyze diversity and relationship within and among populations based on morphological characteristics. Nineteen populations 
were collected from 11 states of Peninsular Malaysia. The genetic diversity of germplasm collected was estimated using 16 qualitative and 
quantitative morphological characteristics. Results showed that the 19 populations of P. minima possessed identical qualitative 
characteristics. However, significant variations were detected for all quantitative traits measured among the 19 P. minima populations using 
ANOVA. Based on the variation among quantitative traits, the 19 populations were grouped into five clusters using UPGMA clustering 
method. This indicates the existence of different heterotic group among these populations. Crosses among populations from different 
heterotic group can cause high heterosis for important traits in P. minima. This information can be utilized in future breeding program to 
improve local P. minima varieties in Malaysia. 
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Intro
INTRODUCTION

Physalis minima or locally known in Malaysia as pokok 
letup-letup is a diploid (2n=24) plant and is one of the very 
important species in Solanaceae family (Olmstead et al., 
2007). It is native to warm temperate and subtropical 
region throughout the world. Physalis is a genus of 80 to 
100 species of mostly neotropical herbs. The plant is an 
annual or short- lived perennial with less hairy as 
compared to a few other species. Physalis minima can 
grow well in most soil types particularly sandy soil. This 
plant commonly found as weeds in Malaysia (Azlan et al. 
2002). It has broad leaves and grows rapidly on disturbed 
area which makes it difficult to control. Whole part of the 
plant can be used as a treatment for ulcer and the 
decoction of the whole plant have the potential to decrease 
cancer cell activity (Zakaria and Mohamad, 1994). Extracts 
of the stem, leaf and unripe fruit contain phytochemical 
substances such as flavonoids, terpenoids, vitamins, 
alkaloids and antibacterial substance which make it 
valuable as a medicinal plant (Nathiya and Dorcus, 2012). 
The most interesting feature of this plant is the fruits. The 
yellowish edible berry is encapsulated by the calyx and it is 
a popular seasonal fruit in Europe. The fruit has been used 
as decoration in culinary, ingredient for delicious salads, 
desserts and also as flavouring in jams and jellies. 
Recently, the demand for this fruit has increased due to its 
potential as antioxidant and anticancer (Pietro et al., 2000; 
Azlan et al., 2002; Shariff et al., 2006). The fruit has also 

reported to contain high amount of vitamin A and C and 
has the potential to be an alternative source for ascorbic 
acid for world consumption (El-Sheikha et al., 2009).

Morphological descriptions have traditionally 
been the means by which scientists investigate population 
structure and their genetic diversity. Mendel used 
morphological characteristics to develop his understanding 
of genetics and inheritance, while Darwin observed 
various morphological characteristics in domesticated 
plants and animals to develop his theory of natural 
selection and evolution. With recent revolutionary 
advances in molecular methods to characterize genetic 
diversity, phenotypic and molecular evaluations are now 
complementary practices (Sattler and Rutishauser, 1997). 
Before the advent of molecular markers, morphological 
characterizations were the obligatory method for 
assessing genetic variability and systematize populations. 
Although morphological characterization provides only an 
indirect method to measure genetic variability, there are 
many documented studies that have used it successfully 
as a tool for classification of plants. Even today, 
morphology remains useful because germplasm curators 
and plant breeders usually routinely record morphological 
data during germplasm regeneration or evaluation 
(Hokanson et al., 1998). Comparing phenotypic 
characteristics across populations is a relatively simple 
method for estimating variation and providing basic 
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assessments of inter- and intra- population differences 
(Parsons and Hermanutz, 2006). 

In Malaysia, Physalis minima is classified as a 
weeds and the numbers of Physalis species or varieties 
are relatively unknown. Weeds growing in cultivated areas 
are usually characterized as having high phenotype 
plasticity and genetic adaptability. They are frequently well 
adapted to disturbance and seed prolifically (Adahtl, 2006). 
In addition, the colonization species, including exotic 
weeds such as Physalis minima will have low genetic 
variability since they have been through a genetic 
bottleneck effect after their introduction. However, the 
genetic variation of Physalis minima in Malaysia has not 
been reported. In this experiment, Physalis minima 
populations were collected from all states in Peninsular 
Malaysia. Qualitative characteristics of the plants were 
evaluated for their performance. The results were used to 
reveal phenotypic and genetic correlations of the traits 
measured, and to investigate the relationships among the 
populations based on their agronomic performance.

MATERIALS AND METHODS

Germplasm Collection

Hundred and thirty individual plants samples of Physalis 
minima were collected from 11 states of peninsular 
Malaysia from April 2011 to December 2012 (Table 1, 

Table 1. Geographical distribution of 19 populations of Physalis minima collected 
from Peninsular Malaysia

Figure 1). The sites of collections included farm, plantation 
area (especially of oil palm (Elaeis guineensis)) and the 
roadsite bush. The exact sampling sites with the local site 
names and code are as indicated in Table 1. Germplasm 
collection and sampling were done according to method of 
Hawkes (1980), where sampling was made every 30 km 
following state roads in different directions. From each site 
five to ten plants at the stage of flowering and fruiting were 
taken.  At least 10 samples were collected from every 
state. 

Morphological Study 

One hundred and thirty fresh samples from 19 populations 
were analyzed for morphological characteristics at the 
Plant Microstructure Laboratory, Department of Crop 
Science, Faculty of Agriculture, Universiti Putra Malaysia. 
The plant’s reproductive organs were viewed using a Hirox 
light microscope.

Data Collection 

Morphological traits were measured according to protocol 
for distinctness, uniformity and stability test of Solanum 
melongena L. (Solanaceae) (Community Plant Variety 
Office, 2008). Data collected were including plant height 
(m), leaf blade length (cm), leaf blade width (cm), petiole 
length (cm), number of flower, flower diameter (mm), 
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Figure 1. Map showing the P. minima collection sites in Peninsular 
Malaysia (Numbers on the map refer to the 19 populations 
collected in Peninsular Malaysia as described in Table 1)

pedicel length (mm), style length (mm), number of fruit, 
fruit diameter (cm), fruit weight (g), calyx length (cm), 
calyx width (cm) and number of seed.

Statistical Analyses

Analysis of variance (ANOVA) was conducted using the 
General Linear Model (PROC GLM) of the Statistical 
Analysis System computer software (SAS) version 9.2 
(SAS Institute Inc. 2005) to determine the significance of 
variation among populations. Subsequently, the Least 
Significant Difference (LSD) was applied for mean 
comparison of all morphological characteristics. Simple 
phenotypic correlations among the traits were determined 
based on the formula suggested by Gomez and Gomez 
(1984) and calculated using PROC CORR procedure of 
SAS. 
Dissimilarity matrix among the 19 populations was 
obtained by using Average Euclidean dissimilarity 
coefficient. Clustering analysis was performed using 
Unweighted Pair Group Method with Arithmetic Mean 
(UPGMA) in NTSYS-PC version 2.1 software (Rohlf, 
2002).  Principal Component Analysis (PCA) was 
performed on the inter-characteristic correlation matrix 
der ived f rom the s tandard ized morpho log ica l 
characteristics using. The goodness of fit between 

dissimilarity matrix and dendrogram was estimated using 
cophenetic correlation coefficient (r) (Sokal and Rohlf, 
1962). 

RESULTS AND DISCUSSION

The result of analysis of variance (ANOVA) revealed 
significant differences between the 11 states for all 
quantitative characteristics measured. Table 2 shows 
results of mean comparisons among 19 P. minima 
populations collected in Malaysia regardless of their 
states. Similarly to ANOVA findings, mean comparison 
showed no significant variation among population within 
states for all morphological characteristics (Table 2). The 
range for plant height was from 1.4 to 1.6 cm, with a mean 
of 1.5 cm. Leaf blade length ranged from 8.5 to 9.7 cm, 
with a mean of 9.2 cm, while leaf blade width ranged from 
6.9 to 8.7 cm, with a mean of 8.0 cm. The range for petiole 
length was 3.7 to 4.5 cm, with a mean of 4.0 cm. Number 
of flower ranged from 50 to 63, with a mean of 57.9, while 
the flower diameter ranged from 1.3 to 1.4 cm, with a 
mean of 1.3 cm. The range for stamen length was 5.6 to 
6.0 mm, with a mean of 6.0, while style length ranged from 
8.7 to 9.0 mm, with a mean of 9.0 mm. The number of fruit 
ranged from 48 to 66, with a mean of 57.5. The fruit 
diameter was ranged from 1.3 to 1.5 cm, with a mean of 
1.4 cm, while the fruit weight ranged from 1.1 to 1.3 g, with 
a mean of 1.2 g. The calyx length ranged from 3.2 to 3.6 
cm, with a mean of 3.5 cm, while the calyx width ranged 
from 1.5 to 1.9 cm, with a mean of 1.8 cm. The number of 
seed ranged from 99 to 112, with a mean of 104.5.

Results showed low coefficient of variation for 
plant height, leaf blade length, leaf blade width, petiole 
length, number of flower, flower diameter, stamen length, 
style length, number of fruit, fruit diameter, fruit weight, 
calyx length, calyx width and number of seed with values 
of 4.2, 2.5, 3.2, 3.5, 4.8, 1.6, 1.3, 0.7, 5.5, 4.2, 4.0, 4.3, 7.1 
and 4.8% respectively. This indicates that the samples had 
values closer to the population mean for each 
characteristic. There were no C.V. values (NA) for two 
characteristics which were pedicel length and stalk length. 
This is due to the homogeneity of the samples. The 
individuals were similar and no variations detected for that 
particular traits. The small range of variations observed for 
the 16 morphological characteristics, indicates that the 
populations studied had low level of diversity. However, 
the level of diversity needs to be evaluated at the DNA 
level since morphological characteristics of populations 
can be highly influenced by environmental factors (Hoey et 
al., 1996).

Results on phenotypic correlations among 
characters measured on the populations are presented in 
Table 3. Based on phenotypic correlation estimates, fruit 
weight was found to be highly positively correlated (at p ≤ 
0.01) with stamen length, number of fruit, fruit diameter, 
petiole length, flower diameter, plant height, leaf blade 
length, leaf blade width, flower diameter and style length 
with correlation coefficients of 0.87, 0.86, 0.84, 0.78, 0.72, 
0.714, 0.69 and 0.43 respectively. Therefore, for selection 
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purposes to improve populations yield, it is suggested that 
emphasis should be given on these traits.

Relationship Among Populations

Cluster analysis based on quantitative characteristics using 
Average Elucidean Dissimilarity correlation coefficient 
revealed five distinct clusters, designated as A to E (Figure 
2). Cluster A consists of Populations 1 and 2 collected from 
Kelantan and 12 and 13 from Kedah. Cluster B consists of 
populations 9 populations collected from Johor, Melaka, 
Negeri Sembilan, Pahang, Perak and Perlis. Meanwhile, 
cluster C consist of population collected from Penang. The 
mean values of the populations grouped in cluster A, B and 
C were found to be moderate for most of the quantitative 
characteristics measured including plant height, leaf blade 
length, petiole length, number of flower, number of fruit and 
number of seed. Cluster D consist of population collected 
from Terengganu. This cluster had the lowest mean values 
for all morphological characteristics measured except 
flower diameter and pedicel length. Populations 14, 15 and 
16 (cluster E) collected from Selangor state were found to 
have the highest mean values for most of the 
characteristics (Table 4). The plants height was up to 1.6 
m, with high number of flowers and fruits. Result showed 
that populations collected were found to be grouped in 
three major groups with high (cluster E), medium (cluster 
A, B and C) and low (D) morphological characteristics. This 
indicates that, according to the morphological 
characteristics, three different morphological ranged of P. 
minima can be found in the 19 populations studied.  

Table 2. Mean values and standard deviation for 16 quantitative characteristics measured 
on 19 Physalis minima populations

The cophenetic correlation test was carried out to 
identify the goodness of fit of cluster analysis to the matrix. 
The correlation coefficient (r) between the two matrices 
was 0.93 which was significant based on Mantel test (t 
value = 5.51, P = 1.00). The result indicated that the 
dendrogram (Figure 2) represent the original data very 
well. All populations of Physalis minima were grouped into 
five different groups according to the morphological 
characteristics (Figure 3).

Diversity Based On Principal Component Analysis 
(PCA)

Principal component analysis (PCA) was performed on the 
morphological data. The eigenvalues obtained for the first 
three principal component scores indicate that they could 
provide a good description of the data, cumulatively 
accounting for 94% of the standardized variance (Table 5). 

The analysis of eigenvectors provides information 
on the nature of the characteristics responsible for the 
significant cumulative variation over the first three principal 
components. The PC1 data set accounted for 81% of the 
total variation, where all morphological characteristics 
were associated positively with PC1. Thus, this principal 
component was responsible for the separation of the 
populations 14, 15 and 16 from the other populations of P. 
minima (Figure 3).

PC2 accounted for 9% of the total morphological 
variability and was positively attributable to differences in 
the plant height (X1), leaf blade length (X2), leaf blade 
width (X3), style length (X9), calyx width (X15) and 
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Table 3. Simple phenotypic correlation coefficients among characters measured 
on 19 Physalis minima populations

Figure 3. Shepard plot showing the correlation between dissimilarity and cophenetic 
coefficient based on morphological data for the 19 populations of P. minima 

Figure 2. Dendrogram indicating similarity relationships among 19 populations of 
P. minima based on cluster analysis of quantitative and qualitative morphological 

characteristics (UPGMA, NTSYS-PC).
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Table 4. Means of populations within clusters for morphological characteristics

Table 5. Principle component analysis of 16 characteristics associated with 
19 P. minima populations 

Figure 4. Three-dimensional graph showing relationships between the principle components 
based on morphological data for the 19 populations of P. minima 
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PC2 accounted for 9% of the total morphological 
variability and was positively attributable to differences in 
the plant height (X1), leaf blade length (X2), leaf blade 
width (X3), style length (X9), calyx width (X15) and number 
of seed (X16). The floral and fruit characteristics of number 
of flower (X5), flower diameter (X6), stamen length, 
number of fruit (X10), Fruit diameter (X11), fruit weight 
(X12) and calyx length (X14) were found negatively 
associated with PC2 (Table 5). Thus, this principal 
component was able to distinguish between populations A, 
B and C. (Figure 3).

PC3 accounted for 4% of the total variation and 
was positively correlated with the five morphological 
characteristics, leaf blade width (X3), fruit weight (X12), 
calyx length (X14), calyx width (X15) and number of seed 
(X16) but negatively correlated with other 9 characteristics. 
Thus, PC3 was able to distinguish cluster D from other 
clusters. (Figure 3).

CONCLUSION

High significant variations among P. minima populations 
from different states for all morphological characteristics 
could be due to different environmental factors. Cluster 
analysis and PCA showed five distinct groups among the 
19 populations of P. minima among which Populations 14, 
15 and 16 (from Selangor) possessed the highest fresh  
weight, number of fruits, number of flower and plant height. 
The populations from same state possessed similar 
morphological characteristics, indicating the role of 
environmental factors in morphological variations in P. 
minima. Level of diversity was high among populations 
from different states but it was low among populations 
within each state. This indicates that hybridization of 
populations from different states can lead to achieve high 
heterosis for important morphological traits in P. minima. In 
addition, significant differences in performance indicate 
that the populations varied substantially among themselves 
for the traits measured in many aspects, and these 
differences could be exploited for specific purposes in 
breeding programs. Since phenotypic values obtained from 
the populations were influenced by environmental factors, 
analysis of molecular variation can be performed on the 
populations as an additional tool to help in the selection 
process for development of improved populations of P. 
minima in Malaysia.
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Abstract 

Theobroma cacao 2S albumin storage protein, designated as Tc-2S, hereafter, was previously known to undergo self maturation to yield a 
9kDa mature protein. N-terminal region of this mature protein was reported to have 32.2% sequence identity to a heat stable sweet 
protein mabinlin II from Capparis masaikai. Accordingly, this protein might serve as an alternative source of mabinlin for sugar substitute. 
Yet, experimental studies remain needed to confirm if this N-terminal region exhibits similar properties as mabinlin II. To address, 
heterologous expression system using Escherichia coli is a promising mean to obtain sufficient amount of proteins for further study, or as 
an economical way for mass-production in the future. However, the system is hampered by compatibility of genes with the expression 
machinery in host cells. In this study, the sequence of gene encoding N-terminal region of mature 2S albumin, designated as Nt-2SM, was 

retrieved from GenBank and modified the sequence using OptimumGeneTM to ensure its compatibility with the system of E. coli. The 
modification was performed on codon composition without changes in its amino acid sequence. Upon modification, Codon Adaptation 
Index (CAI) of the gene was significantly improved to 0.95 (from 0.41) out of 1 scale. Moreover, Frequency of Optimal Codons (FOC) was 
also improved to 85% (from 58%) out of 100%. GC content of the gene changed slightly to 59.61% (from 58.37) but comparable to 
unmodified sequence and still in the ideal GC content range (30-70%). Subsequently, the optimized Nt-2SM gene was chemically 
synthesized, ligated into pET32a(+) vector within BamH1 and Xho1 sites, and transformed into E. coli BL21(DE3). Expression result 
showed that Nt-2SM was fully expressed as a soluble protein. We further discussed key issues in development of heterologous 
expression system for Tc-2S in general.
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Intro
INTRODUCTION

In every 150 calories of excess sugar intake it leads to 11-
fold diabetes possibility (Basu et al., 2013). Although low 
calorie artificial sweeteners are available, these were 
known to harm human health (Swithers., 2013; Brown et 
al., 2010). In attempts to find better and safe sugar 
substitute, proteins exhibiting sweetness (sweet protein) 
have been explored and studied. Mabinlin is a sweet 
protein which was firstly isolated from Capparis masaikai 
with uniqueness in its thermal stability (Masuda and 
Kitabatake, 2016). Mabinlin was found to be 375 times 
sweeter than sucrose and its sweetness is not lost after 48 
h of incubation at 80°C (Gibbs et al., 1996).  However, the 
scarcity of C. masakai with impractical and expensive 
extraction-purification method limits the availability of 
mabinlin (Gu et al., 2015). 

Recently, proteomic study revealed that a 
mabinlin-like protein, which were further identified as 2S 
albumin storage protein (Tc-2S) expressed in Theobroma 
cacao seed suggesting that T. cacao might serve as 
alternative source for mabinlin (Niemenak et al., 2015; 
Kochhar et al., 2000). 2S albumin is seed storage protein 

help plants to reserve nitrogen for germinating seedling 
(Higgins., 1984). Interest ingly, Tc-2S (geneID: 
EOY12555.1) reported to undergo self-maturation yielding 
a 9kDa mature region (Tc-9M), which is smaller than the 
size deducted from full sequence of Tc-2S (Kochhar et al., 
2001). The most extensively studied seed storage protein, 
1.7S napin that synthesized by Brassica napus 
(Rapeseed) also undergo maturation yielding two mature 
9kDa and 4kDa polypeptides that held together by 
disulfide bond (Ericson et al., 1986). Maturation of storage 
proteins was reported to be essential for protein packaging 
that stabilized the folding and subunit interaction (Higgins., 
1984). 

Interestingly, N-terminal region of the mature 
protein (designated as Nt-2SM, hereafter) has been 
reported to have 32.2% sequence identity to mabinlin II 
from C. masakai (Niemenak et al., 2015) leading to an 
assumption that this region may exhibit similar properties 
as mabinlin II. The gene sequence of Nt-2SM encodes a 
3.7kDa peptide which is even smaller than Tc-2S but 
comparable to the size of one chain of mabinlin II. Indeed, 
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mabinlin II has molecular mass of 14kDa that consists of 
two polypeptide chains with 4.6kDa and 5.2kDa (Liu et al., 
1993). 

Attempts to heterologously express Tc-2S in 
prokaryote system, particularly Escherichia coli, is 
hampered by compatibility of the gene and capability of 
prokaryote system to maturate Tc-2S. Indeed, to our 
knowledge, no report so far for heterologous expression of 
Tc-2S in E. coli system. In addition, for further study on the 
similarity between Tc-2S and mabinlin II, we believed that 
Nt-2SM is promising to be selected as a model of Tc-2S. In 
this study, the gene encoding Nt-2SM was modified for 
expression in E. coli system, chemically synthesized, and 
expressed in E. coli BL21(DE3). We firstly then reported 
that the gene was successfully expressed in soluble form 
and further discuss some issues on expression of Tc-2S. 

METHODOLOGY 

Nt-2SM gene synthesis 

The Nt-2SM gene sequence was retrieved from GenBank 
with accession code (gene ID) of EOY12555.1. The Tc-9M 
sequence was identified according to previous report 
(Kochhar et al., 2001). The sequence was further 

optimized using OptimumGeneTM and chemically 
synthesized under GenScript (NJ, USA).  The synthetic 
gene was provided in pUC18 vector.

Construction of expression system

The synthetic gene was ligated in the pET32a(+) vector by 
manual cloning method. Firstly, the gene was amplified 
from pUC18 vector using specific primers of 5’-GAT ATC 
GGA TCC CGT CCG GTG AGC AAG C-3’ (forward) and 5’-
TGG TGC TCG AGT TTA CTG TTG CTG AAC CGC TTG 
-3’ (reverse) with underline sequence corresponds to 
BamHI and XhoI sites. The amplification was performed 
using KOD polymerase (Toyobo, Japan) according to 
manufacture protocol. The amplicon product was then 
digested using 1U of BamHI and XhoI (Thermo Fisher 
Scientific, United States), according to manufacture 
protocol. The digested product was then ligated into 
pET32a(+) vector using Ligation high Ver.2 (Toyobo, 
Japan) at 16°C for 2 hours. The recombinant Tc-9M then 

transform into E. coli BL21 (DE3) competent cells by 42°C 
heat shock and grow on ampicillin selective LB (Luria-
Bertani) agar plate. The growing colonies that carry 
ampicillin resistant properties were selected and culture in 
10mL LB medium with ampicilin for plasmid extraction and 
over-expression. The present of Nt-2SM gene in 
pET32a(+) vector was confirmed by PCR insert check 
using universal T7 primer and BamHI and XhoI digestion. 
The ORF orientation was also confirmed by DNA 
sequencing.  Altogether, pET32a(+) that been confirmed to 
have Tc-9M was designated as pET32a-Tc9M.

Expression of recombinant Nt-2SM

pET32a-Tc9M was transformed into E. coli BL21 (DE3) 
and the expression was induced by 1mM isopropyl β-D-1-
thiogalactopyranoside (IPTG) when the OD of 600 nm 
reached 0.6 and the incubation was prolonged for 5 hours 
at 37°C with constant shacking. The over-expression 
culture was harvested by centrifugation at 8,000 rpm for 
10 minutes for 4°C. The pallet was resuspend in 50 mM 
phosphate buffer pH 8.0 and sonicated. Soluble fraction 
was the collected through centrifugation at 35,000 rpm for 
30 minutes at 4 ºC. The expression of recombinant protein 
was evaluated by SDS-PAGE at 15% acrylamide 
concentration followed by Coomassie Brilliant Blue 
staining (Laemmli, 1970). 

RESULTS AND DISCUSSION

Gene optimization

The sequence of synthesized gene was optimized to a 
higher configuration compared to the original sequence to 
match the codon bias of the E. coli strain to increase the 
expression efficiency. Figure 1 shows the changed in 
Nt-2SM nucleotide sequence due to the codon bias where 
Nt-2SM gene from T. cacao contains large number of 
codons that rarely used in E. coli. Codon optimization 
allows the synthetic gene to mimic the characteristic of 
natural genes, without changing the amino acid sequence, 
in order to increase protein expression in heterologous 
expression system (Sørensen and Mortensen, 2005). 

OptimumGeneTm was widely used in gene optimization 
and allowing heterologous expression of some genes in E. 

Figure 1. Alignment of Nt-2SM original and optimized sequence by Clustal Omega software
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coli in soluble forms. The platform works according to the 
Particle Swarm Optimization (PSO) algorithm based on 
various critical factors in multiple levels protein expression 
and gives ideal sequences for maximum expression in 
host. (Burgess-Brown et al., 2008). 

Table 1 shows the comparison of Codon 
Adaptation Index (CAI), Frequently Optimal Codon (FOC), 
and GC content values adjustment before and after 
optimization of Nt-2S gene sequence. The CAI value may 
predict the level of gene expression especially in 
heterologous expression system (Sharp et al., 1987). 
Where, CAI value of 1.0 is considered to be perfect in the 
desired expression organism, and a CAI of > 0.8 is 
regarded as good, in terms of high gene expression level. 
Meanwhile, the distribution of codon usage frequency of 
the Nt-2SM gene sequence was increased from 0.41 to 
0.95 after optimized. The CAI value of optimized gene is 
higher compared to the reference CAI value that proved 
that the optimized sequence have higher chances to be 
expressed compared to original sequence. 

In E. coli there are some codons that are rarely 
used or having low frequently to be used and hence cause 
some issues on expression (Chen and Texada., 2006). 
Thus, it’s important for changing the rare codon to optimum 
codon without changing the amino acids sequence. The 
optimized Nt-2SM sequence showed 85% of Frequency of 
optimal codon (FOP), which is higher than its original 
sequence (58%). In addition, the GC content was 
optimized to prolong the half-life of the mRNA and to 
remove negative cis-acting sites (Galtier et al., 2001). 

Table 1. Comparison of original and optimized Tc-9M sequence after adjustment of various features

Before optimization, the Nt-2SM has 58.37% GC content 
in average however increase to 58.37% after optimized. 
Where, the ideal percentage range of GC content is 
between 30-70% (find reference to support).

Construction of expression system

pET32a(+) was selected in this experiment under 
consideration of Lehmann et al., (2003). Upon the 
construction of expression system, gene of optimized 
Nt-2SM acts as an insert for pET32a(+) with the size of 
about 102bp. Digestion product of insert and vector is 
shown in Figure 2. The digestion was done using BamHI 
and XhoI that result sticky end of the fragments prior to 
ligation. Sticky end is preferable for cloning due to high 
stability upon ligation and less risk of incorrect orientation 
of Open Reading Frame (ORF) (Brown., 2016). These 
enzymes were also selected based on reason that 
optimum condition for these enzymes to works are similar 
hence double digestion is feasible to be done at once. 

The digestion products were then ligated using 
T4 DNA ligase. T4 DNA ligase essentially catalyses 
formation of phosphodiester bond at the 5- and 3- sticky 
end of insert gene and vector (Wu and Wallace., 1989). 
While independent-ligase cloning was also developed 
since a decade ago T4 ligase remains preferable in 
cloning work due to cost issue (Lehnman., 1974). 
Moreover, development of some ligation kit allows us to 
proceed ligation reaction in even less than an hour. The 
ligated Tc-9M gene and pET32a (+) vector, then transform 
into E. coli BL21 as shown on Figure 3. The 
transformation was performed using a simple method of 

heat shock at 42oC. This method is widely used for 
transformation in E. coli where, exposure of cells to 
suddenly increase of temperature (42°C) induced 
formation pores that allows recombinant plasmids to enter 
the cells. Prior to transformation, E. coli cells were treated 
with CaCl2 to increase the permeability of the cell wall in 
order to allow uptaking the DNA. However, there is still 
possibility that the cells failed to takeup the DNA (Das and 
Dash., 2014)

Plating the cells upon transformation on LB-plate 
containing selective markers are aimed to selectively 
obtained only the cells that successfully uptake the DNA. 
Ampicillin was used as a selective antibiotic marker in this 
study based on the reason that pET32a(+) contain a single 
gene for ampicillin resistance. The colonies shown in 
Figure 3 are assumed to be the colonies having 
pET32a(+) since they are capable of survive on the 
medium in the presence of ampicillin.

Figure 2. 1.0% agarose gel analysis of (a) pET32a(+) 
plasmid before (lane B) and after (lane A) digestion and 

(b) Nt-2SM gene
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Nevertheless, there were two possible form of 
DNA that enter cells during heat shock transformation. 
Firstly, cells uptake empty plasmid that undergoes self-
ligation and without carrying the insert (Nt-2SM). Secondly, 
cells uptake plasmid with inserted gene at its multiple 
cloning site (MCS). While former possibility is undesired 
result, the second possibility is considered as an expected 
result during transformation that indicates the success of 
ligation. For this purpose, colonies grew on the plate were 
checked and the presence of inserted gene were 
confirmed.

PCR insert check is a convenient high-throughput 
method to determine the presence of inserted target gene 
in recombinant plasmid. The present of Nt-2SM genes in 
pET32a(+) plasmids were confirmed by PCR using insert 
specific primer. The agarose gel analysis ON Figure 4 
showed that 13 colonies gives band at approximately at 
800bp indicating the present of Nt-2SN gene in the 
plasmid. This size is comparable to calculated size of the 
fragment from T7 promotor to T7 terminator of pET32a(+) 
with addition of 102bp of Nt-2SM.

Expression of Tc-9M

The pET vector system is a powerful and widely used 
system for expressing recombinant proteins in E. coli 
(Studier et al., 1990). Where in this study, Nt-2SM gene 
was cloned into pET32a(+) vector and expression was 
carried under control of the T7 transcription and translation 
regulator system. Normally, lac repressor binds to the 
operator sequence, blocks the binding of T7 RNA 
polymerase, and prevent expression of inserted gene 
(Deutscher et al.,2006). Thus, the expression Nt-2SM was 
induced by addition of 1mM IPTG to the bacterial culture. 
IPTG is a molecular biology reagent that able to mimic 
function of allolactose as natural inducer in E.coli system. 
IPTG binds to the lac repressor and releases the 
tetrameric repressor from the lac operator in an allosteric 
manner, thereby allowing the transcription of genes in the 
lac operon (Lewis., 2015; Müller., 1976; Wilson et al., 
2007)

The chemical structure of IPTG preventing E.coli 
system from metabolizing or degrading it and allows 

Figure 3. Selective ampicillin LB agar plate of transformed (a) 
ligated Tc-2S and pET32a+. (b) empty pET32a+ as control

Figure 4. 1.0% agarose gel analysis of PCR insert check 
of selected colony using T7 primers

inhibition in expression of inserted (Ko et al., 2003). Thus, 
fully induced BL21 system will devoted almost all cell 
resources for expression of Nt-2SM gene. The SDS-PAGE 
analysis showed that the fusion protein was full expressed 
as soluble form, with a molecular weight around 23kDa, as 
shown in Figure 5. The translated protein was including 
12kDa Thioredoxin tag, 1kDa Polyhistidine tag, and 4kDa 
Nt-2SM gene.  

A pET32a+ vector series was designed for 
protein expression of peptide sequences fused with the 
109 aa Trx•Tag™ thioredoxin protein. The Thioredoxin tag 
allow formation of disulphide bonds in E. coli cytoplasm. 
Where this system able to provide expression yield at 
maximum levels of soluble, active, and properly folded 
Nt-2SM in E. coli expression system (Lavallie et al., 1993; 
Sahdev et al., 2008). 

Altogether, this study demonstrated that fragment 
of Nt-2SM similar to mabinlin II was successfully 
expressed in soluble form. This expressed protein is 
promising to be used for further study and to confirm if 

Figure 5. 15% SDS-PAGE analysis of Nt-2SM expression in 
bacteria with Coomassie Brilliant Blue staining. Low molecular 
weight (MW), un-induced (lane 0), after 1-5 hours of induction 

(lane 1-5), insoluble pallet after sonication (lane P), an expressed 
soluble supernatant after sonication (lane S) 
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Tc-2S indeed behaves as mabinlin II. The success of this 
expression is might be due to compatibility of Nt-2SM 
sequence for expression machinery of E. coli. Noteworthy, 
the gene was modified in its codon prior to expression. 
Interestingly, when attempts to express modified DNA 
sequence of full-length Tc-2S in E. coli were so far 
unsuccessful (data is not shown). This suggests that codon 
optimization is not the only requirement for success 
expression of 2S albumin in E. coli system. Another issue 
for heterologous expression is post-translational 
modifications (PTM) that not feasible to occur under E. coli 
system. Full-length 2S albumin may require more 
complicated PTM hence is difficult to be expressed in E. 
coli system. Meanwhile, Nt-2SM might not require PTM 
therefore for this fragment codon optimization is sufficient 
for success expression in E. coli. Accordingly, further study 
of 2S albumin under E. coli system might be focused on 
the fragments that correspond to respected functions to be 
studied. 

CONCLUSION

In conclusion, Nt-2SM gene was successfully cloned into 
pET32a(+) plasmid and express as fully soluble protein 
under E.coli expression system. This suggests that codon 
optimization and used of vector that contains Thioredoxin 
tag protein helps to improve expression of soluble Nt-2SM. 
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Abstract 

Gac is a fruit (Momordica cochinchinensi) which is found throughout the Southeast Asian region. It is commonly known as gac from the 
Vietnamese term gac (i.e. a spherical object). Gac plant grows as dioecious vines, in other words, male and female flowers are borne on 
separate plants, and produce flowers typically 5-10 cm  in length, seasonally, solitary or in bundle. The vine can grow up to 20m long. 
Rooted vine cuttings are more reliable than seedling production from seeds, since germination by seed can be very difficult due to many 
environmental factors such as dormancy or plant age. An alternative method is to graft female scion material onto the main shoot of a 
male plant, thus making it productive. Flowering occurs about 2 to 3 months after planting a vine. The fruit is typically round or oblong, 
about 13 cm in length and 10 cm in diameter, and gradually becomes dark red colour upon ripening. Pollination may be assisted by 
insects, but hand pollination results in a higher fruit yield. A plant can produce 30 to 60 fruits in one season. Fruit colour progressively 
change from green to yellow, orange and finally red. The fruit is hard at harvest but rapidly turns soft, therefore poses problems with 
regard to transportation and shelf-life. Its exocarp (skin) is covered with small spines while its flesh (mesocarp) is dense and light-orange 
in colour. The seeds are usually brown or black in colour, surrounded by dark red membraneous sacs (aril). Gac fruit has a mild taste, or 
more accurately a rather flat taste to many people. Traditionally, Gac fruit has been grown for its medicinal and nutritional properties. In 
Vietnam, gac fruit is served at ceremonial or festive occasions and weddings. The aril and seeds of the fruit are usually cooked in 
glutinous rice to impart both their colour and flavour. Due to its high content of beta-carotene (provitamin A) and lycopene, the fruit has 
begun to be commercially marketed in the form of dietary supplements such as Gac extracts in soft capsules or included in a juice blend.
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INTRODUCTION

Gac fruit (Momordica cochinchinensis), a Cucurbitaceae, is 
indigenous throughout Asia. Gac plant grows as dioecious 
vines, where male and female flower on separate plants 
(Parks et al., 2013). The vine can grow up to 20 m long. 
Rooted vine cuttings are more reliable than seedling 
production from seeds since germination by seed can be 
difficult due to environmental factors such as dormancy or 
plant age. Flowering occurs in 2 or 3 months after planting 
and pollination usually carried out by insect or hand 
pollination. A plant can produce 30 to 60 fruits in one 
season. The fruit is typically round or oblong, about 13 cm 
in length and 10 cm in diameter, becomes a dark reddish 
color upon ripening. Fruit color progressively changes from 
green to yellow, orange and finally red. The fruit is hard at 
harvest but rapidly turns soft, therefore may lead to 
problems for transportation and shelf-life. Its skin is 
covered with small spines while its flesh is dense and light-
orange in color. The seeds are usually brown or black in 
color, surrounded by dark red membraneous sacs. Gac 
fruit has a mild taste, or rather a flat taste to many people. 
In Vietnam, Gac is prized by natives for promoting 

longevity and vitality, and commonly used as a colorant in 
traditional dishes and medicinal purposes. Recent studies 
showed that this fruit has a high carotenoid content, 
especially lycopene and beta-carotene (Vuong et al., 
2006). These two carotenoids are used in food, feed, 
pharmaceutical and cosmetic industries (Choudhari and 
Ananthanarayan, 2007). These carotenoids are presently 
in high demand as they are natural antioxidants to prevent 
and treat health problems. Ripe Gac fruit is rich in 
pigments of carotenoids, the colors of which are yellow, 
orange and orange-red, and fruits continue to ripen after 
they are harvested, and an ethylene peak in the least 
mature fruit may reflect a climacteric behavior; 
furthermore, these pigments are found mainly in the red 
Gac aril and very little is in the Gac pulp (Tran et al., 
2016). Gac fruits grown in Vietnam are typically round or 
ovoid in shape but one cultivar grown in India is recorded 
as having an oblong shape (Gopalakrishnan, 2007). The 
exterior skin of Gac is covered with short spines, which 
can be sparse or dense covering the skin. Its green color 
becomes red or dark orange when ripe. Gac fruit (Kha, 
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2010) comprises orange or yellow skin containing spines, 
yellow pulp, and aril (red flesh surrounding the seeds). The 
highest anatomical component of a Gac fruit is yellow pulp 
(49%, by weight), whereas the aril, which contains the 
highest level of carotenoids, accounts for only 18% (Kha, 
2010). The aril weight has also been reported as 10% and 
24.6% (Nhung et al., 2010; Ishida et al., 2004). Storage 
time and growth stage during which loss of water may 
occur can contribute to this variation (Ishida et al., 2004).

In addition to the Gac aril having a very high 
nutritional content, the total carotenoid content (TCC) in 
the yellow pulp of the Gac fruit (mesocarp) is relatively high 
as compared with many plant foods (Aoki et al., 2002; 
Ishida et al., 2004). Furthermore, the yellow pulp 
represents approximately half of the weight of an entire 
fresh fruit and is the highest anatomical component (Ishida 
et al., 2004). However, whereas the aril is traditionally used 
for food preparation due to its attractive color and high 
nutrients, the pulp is often discarded. Similarly, Gac skin, 
which represents about 17% of the total weight of the fruit, 
is usually not used. The seeds containing high levels of 
fatty acids and other products are also not usually used. 
Therefore, identifying means of utilizing these components 
is necessary to reduce the problem of waste, and to 
enhance the economic value of the fruit. Drying is the 
common method for producing powder forms of fruits. The 
main benefits of powder forms, as compared with fresh 
fruits, are the potential for long storage at ambient 
temperature, and a significant reduction in the costs for 
transportation and storage. This is particularly important for 
Gac fruits, since they are seasonal fresh fruits. Powder 
forms are very convenient food ingredients for use as 
flavours and colourings in food products, including juices 
and dairy products (Fellows, 2000; Tang and Yang, 2004).

Gac fruit is plant genetic resource with high 
potential, which has rekindled a recent interest  in  the 
country (Figures 1-4). The objectives of the research are: 
(1) to study the propagation and production requirements 
and practices of Gac fruit under our growing environments, 

and (2) to explore the beneficial uses of Gac fruit.

MATERIALS AND METHODS

Nineteen gac fruits were harvested from the experimental 
plot at Field 10, Faculty of Agriculture, Universiti Putra 
Malaysia (UPM) and were used in a study. Female flowers 
need to be pollinated by hand to facilitate fruit setting 
(Figure 2). All fruits were harvested at their mature stage 
(red color) and sampled (Figure 3) for their fresh fruit 
weight (FFW), fresh weight of the skin (FSW), pulp (FPW) 
and aril (FAW), fruit length (FL) and fruit diameter (FD). All 
fresh samples were oven dried at 50°C for at least 72 
hours and their dry weight were determined. The  data 
collected were analyzed using SAS computer package 
version 9.4 (SAS Institute Inc., 2011). 
 
RESULTS AND DISCUSSION

Gac fruit is known as a highly variable plant species 
(Wilde and Duyfyes, 2002) which is able to provide 
opportunities to develop cultivars with good quality 
performance, including the concentration of bioactive 
compounds. This study is a preliminary experiment to 
explore the plant potential from its fruit. Fruits harvested in 
this experiment were collected from 26 plants planted at 
Field 10, Faculty of Agriculture. Female plants producing 
female flowers (although there could be sex reversal) were 
planted together with the male plants, which produce male 
flowers. Most female flowers were manually pollinated to 
increase the chances of fruit formation (Figure 2). The 
fruits were found to mature in 45-50 days before they 
ready to be harvested, when the fruit color would turn to 
orange to red (Figure 3). 

The fresh fruit weight ranged from 390.8g to 
1057.8g with a mean of 678.0g (Table 1 & Figure 6).  In a 
study conducted by Parks et al. (2013), the fresh fruit 
weight ranged between 517g to 2,162g with a mean of 

Figure 1. Gac plants planted on a trellis system

%5Cl%20%22_ENREF_6%22%20%5Co%20%22SAS%20Institute%20Inc.,%202011%20#37%22
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1,212 g. The measurements of different parts of the fruit 
were also taken. The skin, pulp and aril were measured for 
their fresh and dry weight.    

CONCLUSION

The beginning of Gac fruit cultivation in Malaysia will 
introduce to growers and consumers with a new potential 
benefits, which also include marketability as super food. 
Besides, a Gac fruit cultivation will offer the supply of high 
quality zeaxanthin and carotenoids for the market. A further 
scientific research would contribute towards understanding 
and managing the plants in a proper manner. At the 
moment, we are beginning to obtain more information on 

Figure 3. Fruit development after pollination. (a) Day 1, (b) Day 7, (c) Day 14 
(green colour), (d) Day 21, (e), Day 30, (f), Day 37 (yellow colour), 

and (g) Day 44 (orange to red colour)

Figure 2. Female flowers need to be pollinated by hand to facilitate fruit setting.  
(a) Male flower, (b) female flower, (c) the pollination, and (d) female flower after 

successful pollination

fruit production under local conditions, but more 
information pertaining to its processing, uses and benefits 
will help to harness its high potential.
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Abstract

In this study, the antimicrobial activities of methanol, ethanol and chloroform extracts of species Holothuria parva were assessed against 
pathogenic bacteria Lactococcus garvea, Streptococcus iniae identified and isolated from infected fish farms with clinical signs. The 
primary aim of this study was to identify natural compounds, possessing anti-microbial properties  of H. parva have been studied to 
reduce damages in the farms that have profound impact with minimum damage to the environment and human health. In order to 
examine antimicrobial activities of these extracts against bacteria, two methods were used, Disk Method and Well Method. To determine 
the Minimum Inhibitory Concentration (MIC) of H. parva extract on S. iniae, L. garviae, Macrodilution Method was used. The results 
revealed inability of H. parva to inhibit the growth of bacteria. According to MIC and MBC index, positive case was not reported, which 
means no difference was observed between the pipes compared to the negative control.
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INTRODUCTION

Many compounds have been isolated with biological 
activities from different groups of animals, such as corals, 
Bryozoans, Echinodermata, crabs, Tunicates, fish and 
sponges (Jha, Xu,2004; Yasoda et al, 2006). Sea 
cucumber (Figure 1) is also one of the invertebrates, which 
has been used in traditional medicine and nutrition 
(James, 2001). This aquatic creature has a high nutritional 
value in the market of Asian countries. Within last century, 
sea cucumber has been one of the main bases of exports 
of food and medicine. Body wall of sea cucumbers is 
proven to be effective in treating kidney disease, 
constipation, tuberculosis, anemia, diabetesand its viscera 
is used for treatment of epilepsy. 

Recent research has been conducted on the 
extracts and compounds obtained from sea cucumber and 
has been proven to possess cytotoxicity properties (Hawa 
et al., 1999; Sugawara et al., 2006), anti-oxidant (Ding et 
al., 2003), anti-bacterial, anti-inflammatory, anti-viral, anti-
tumor (Farouk et al., 2007; Chen, 2003), and cancer 
prevention (Kariya et al., 2004; Kelman et al., 2006(. In this 
regard, compounds derived from the sexual glands, 
muscles, digestive system, reproductive system, and other 
body parts of the sea cucumber, Cucumaria frondosa, 
proved to be antioxidant and antibacterial in addition to 
above-mentioned properties (Hawa et al., 1999; Sugawara 
et al., 2006). The main aim of this study was to investigate 
the antibacterial activities of three types of sea cucumber 
extracts. These extracts were tested on two bacteria 
Streptococcus iniae and Lactococcus garviae. These 
bbacteria exist in the environment and are able to cause 

pathogenicity. Since the elimination of bacteria in the 
natural environment is difficult and in many cases highly 
unlikely, so the most important measure is to prevent the 
growth of bacteria using compounds with antibacterial 
properties. The use of disinfectants with antibacterial 
properties are often the cause of diseases in humans and 
other organisms. 

Lactococcus and Streptococcus are the main 
causes of common bacterial diseases in saltwater, 
freshwater and brackish water fish farms and in coldwater 
fish, warmwater fish, as well as many crustaceans and 
mollusks species cause diseases. In warm-blooded 
animals and humans are considered the cause of 
zoonosis disease and cause of epidemics of the 
reproduce and aquaculture sources are often these 
bacteria which are generally converted to a global 
disease. Almost 95 percent of the country's fish farms are 
infected, but infection rates differ. Individual losses have 
been observed and in some cases up to 70 percent of 
casualties have been reported (Soltani, 1380). Mentioned 
losses are due to severe losses of cultured fish, lower 
growth and lack of quality. These microorganisms are very 
aggressive and has a very short incubation period. The 
most important problem in fish farming, is their low 
survival at this stage so spread the disease, lead to high 
mortality and lower survival, which can be compounded by 
other environmental factors and inadequate nutrition. 

According to Shakouri et al. (2009) the effect of 
methanol, ethanol, chloroform and n-hexane extract of 
H.leucospilota collected from the coasts of Chabahar on 
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Figure 1.  Sea cucumber collected from Persian Gulf Figure 2. Sample beaches in Bushehr Province 
(Google map)

Table 1.  Standing, sequence, and fusing temperature primers used to identify 
strains Streptococcus iniae and Lactococcus garvea

some bacteria was studied,which were reported to have a 
positive effect on  Escherichia coli, Staphylococcus 
aureus, Salmonella typhimurium ,and Pseudomonas 
aeroginosa . Haug et. al, 2002 r evaluated the antibacterial 
effect of three types of echinoderms from Norway shores 
(sea urchins, starfish and sea cucumber Cucumaria 
frondosa). Some studies have shown that aqueous 
extracts of sea cucumbers have also antinociceptive 
effects, in addition to cytotoxicity and anti-bacterial 
properties (Mariko et al., 2005). Anti-bacterial and 
antioxidant properties of digestive system, gonads, muscle 
and reproductive glands extracts of sea cucumbers have 
been observed (Sugawara et al., 2006). In the Santa 
Catalina Island, California, methanol and acetone extracts 
of sea cucumber P. parvimensis was effective by disk 
diffusion method on the bacteria, Escherichia coli and 
Bacillus subtillis. Ampicillin and tetracycline were used as 
positive control. Antibacterial effect of the extract was 
confirmed (Yasod et al.,2006). In another study, 
cytotoxicity, antioxidant, antibacterial, anti-inflammatory, 
anti-viral, anti-tumor and anti-cancer effects of the 
constituents of the body extract and eggs of sea 
cucumbers were proved (Farouk et al., 2007).

MATERIALS AND METHODS

Study area

Sampling was carried out in the coast of Bushehr province 
in the fall of 2014 and were collected a total of 49 sea 

cucumber, H. parva. in Figure 2 is shown sample 
collection area by red tape.

Sampling and identification of bacteria Lactococcus 
garviea and Streptococcus iniae

In order to confirm the presence of the bacteria 
Lactococcus garviea and Streptococcus iniae in the 
infected farms under study, the first fishes with clinical 
signs, including blindness, exophthalmus, nigrescence 
and skin ulcers, abdominal swelling and slow swimming 
were necropsied in the sterile conditions and from anterior 
kidney on the medium blood agar were prepared. 
Bacterial cultures and were incubated culture plates at 
25°C for 72 hours. Next, the grown colonies initially were 
prepared Gram stain and after assuring the purity of 
colonies and determine the morphology and type of 
staining (Gram-negative and Gram-positive) was 
performed secondary culture (Venderell et al., 2006; 
Austin and Austin., 2007). To study these microorganisms 
was used from blood agar medium. In order to confirm the 
diagnosis of each type of bacterial strains isolated from 
gram-positive cocci and catalase-negative were studied 
by PCR. Extracted DNA from bacterial isolates was grown 
using the kit instructions Biospin Bacteria Genomic DNA 
Extraction (Bioflux Japan).

To identify strains of Lactococcus garviea and 
Streptococcus iniae, the methods recommended by the 
Zelotkin et al., 1998 and Soltani et al. 2005 were used. To 
achieve this, two pairs of primers were used as shown in 



- 131 -Transactions of Persatuan Genetik Malaysia, No. 7, 2017                           

Hoda (2017):  Antibacterial activities assay of sea cucumber species (Holothuria parva) in Persian Gulf coast

131

Figure 3.  2% agarose gel electrophoresis of PCR from L. 
garvieae obtained from salmon farms

M= Marker 1 kb, 1 = isolates tested, 2 = positive control 
(Lactococcus garvea GQ8503761), 3 = negative control 

(Streptococcus iniae GQ8503771)

Figure 4.  Colonies of bacteria grown L. garvieae 
on blood agar medium

Table 1. which identify 16S rRNA gene locations in 
bacteria Lactococcus garviea and Streptococcus iniae.

Methanol, ethanol and chloroform extracts from sea 
cucumber

After collecting H. parva from the Persian Gulf coast and 
transferring them to the laboratory in boxes filled with ice 
cubes, the body walls were cleaned and visceral organs 
and fluids were removed (Ridzwan et al., 2012). 75 grams 
of the obtained samples was freeze dried, then they were 
weighed with scales and transferred to glass containers. 
Ethanol, methanol and chloroform solvents were added to 
containers to cover the samples. The glass containers 
were stored at room temperature for 24 hours. The 
extracts obtained by Whatman paper, were filtered using a 
rotary evaporator apparatus at reduced pressure and low 
temperature condensed and then dried.

Measure the antibacterial activity of sea cucumber 
extract (H. parva ) Persian Gulf

In order to study the antimicrobial activity of extracts of H. 
parva, against bacteria, the disc method and well method 
were recruited (Abutbul et al., 2004).

First, each of the vials containing methanol and 
the ethanol extract was added 5.0 ml of distilled water. The 
vials contain chloroform extract was added 5.0 ml of 
DMSO and then the contents of the vials were mixed with 
a vortex to be formed in their homogenous suspension.

Measure the antibacterial activity of sea cucumber 
extract ( H. parva ) with well method 

For standard inoculation concentration, in order to assess 
the antibiotic susceptibility, the equivalent McFarland 
BaSo4 standard was used. In order to measure the 

antibacterial effect of sea cucumber H. parva by well 
method, beginning on 8 agar plates containing blood 
culture, bacterial strains were done in 20 ml of suspension 
equivalent to a McFarland (108 × 3) by Full disk and using 
Pasteur pipette. Then the plates were inoculated with each 
of the bacteria separately, a number of well with a diameter 
of 6 mm was created. The wells were filled with 10 ml of 
extract and 5 ml DMSO %4.
In each of eight plates of four standard antibiotic disc 
erythromycin, amoxici l l in, Chloramphenicol and 
Enrofloxacin were used for positive control.  

The plates 7 and 8 as negative control 5 micro 
liters DMSO %4 rather than of extract were used wells to 
measure the antibacterial power of sea cucumber. All  
stages of the experiment done under the hood and under 
sterile conditions for three replicates. In the next step, the 
plates were gently transferred to 30 ° C oven for 24 hours., 
to prevent contamination of the culture of the contents 
wells.

Determination of minimum inhibitory concentration of 
sea cucumber extract of H. parva on L. garvea and S. 
iniae

To determine the MIC of sea cucumber extracts prepared 
from the strains of Lactococcus garvea and Streptococcus 
iniae were used of Microdilution method (CLSI, 
2000).First, suspension culture of bacteria having been 
incubated for 48 hours, was prepared equivalent to 
McFarland 1(suspension A).The dilution of each of the 
extracts of ethanol , methanol and chloroform 
contains0035/0-1 /µl/ml was made from extracts diluted 
Were dumped in 30 test tube containing 5 ml TSB medium 
30 grams per liter autoclave and 1.5% of DMSO %4. Then 
10 microliters of a suspension of A were inoculated in each 
of the 30 tubes concentrate diluted. Culture media were 
incubated for 24 h at 30° C and the test was repeated 
three times. The control group in the experiment consisted 
of a positive control, culture media with bacteria and 
DMSO, and lack of sea cucumber extract, and negative 
control, culture media with the extract but no bacterial 
dilution. After 24 hours, bacterial growth was studied by 
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Figure 5.  2% agarose gel electrophoresis of PCR from 
the PCR Streptococcus iniae.

M= Marker 50bp, 1 = isolates tested , 2 = positive 
control (Streptococcus iniae GQ850377), 3 = negative 

control (Streptococcus iniae of GQ8503761)

Figure 6. S. iniae bacterial colonies grown on blood agar medium

500bp

Figure 7-1. The absence of an aura around the wells inoculated ethanol extract of the isolates of S. iniae by well method 
Figure 7-2. The absence of an aura around the wells inoculated Chloroform extract of the isolates of S. iniae by well method 
Figure 7-3. The absence of an aura around the wells inoculated methanol extract of the isolates of S. iniae by well method 

Figure 7-4. The absence of an aura around the wells inoculated methanol extract of the isolates of L. garvieae by well method
Figure 7-5. The absence of an aura around the wells inoculated ethanol extract of the isolates of L. garvieae by well method 

Figure 7-6. The absence of an aura around the wells inoculated Chloroform extract of the isolates of L. garvieae by well method 

7-1 7-2 7-3

7-4 7-5 7-6

the visual method through comparing turbidity of tubes 
containing extracts inoculated with negative controls.

RESULTS

Lactococcus garviea and Streptococcus iniae identity

Molecular studies (PCR) obtained on isolates gram-
positive cocci and negative Katlaz led to the identification 
of Lactococcus garvea and Streptococcu iniae, main 
factors of Streptococcosis and Lactococcosis. So that the 
coloring gel obtained from the PCR product showed bands 
with a molecular weight bp1100 in Figure 3 and Figure 4 

and produced bands with molecular weight bp513 can be 
seen in Figures 5 and 6.

The results of the evaluation of the antibacterial 
activity of sea cucumber H. parva by well method

As shown in Figures (7-1), (7-2), (7-3), (7-4), (7-5) and 
(7-6), absence of halos around well inoculated from 
extracts of ethanol, methanol and chloroform indicates a 
lack of ability to inhibit the growth of extracts were studied 
isolates.
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Figure 8-1. The absence of an aura around the wells inoculated ethanol extract of the isolates of S. iniae by disk method 
Figure 8-2. The absence of an aura around the wells inoculated methanol extract of the isolates of S. iniae by disk method 

Figure 8-3. The absence of an aura around the wells inoculated Chloroform extract of the isolates of S. iniae by disk method 
Figure 8-4. The absence of an aura around the wells inoculated ethanol extract of the isolates of L. garvieae by disk method 

Figure 8-5. The absence of an aura around the wells inoculated methanol extract of the isolates of L. garvieae by disk method 
Figure 8-6. The absence of an aura around the wells inoculated Chloroform extract of the isolates of L. garvieae by disk method

8-1 8-2 8-3

8-4 8-5 8-6

The results of the evaluation of the antibacterial 
activity of sea cucumber H. parva by disk method

Observations forms in Figures (8-1), (8-2), (8-3), (8-4), 
(8-5) and (8-6) showed that sea cucumber extracts in 
paper disc diffusion method the aim also did not show 
bactericidal activity against strains. Standard antibiotic 
discs which had been used as a positive control in this 
study, had the ability to inhibit the growth of bacteria. It 
should be noted that the standard disk enrofloxacin 
showed the highest inhibitory effect. Learn result was 
observed in all occurrences. 

Measuring the minimum inhibitory concentration and 
minimum bactericidal concentration of sea cucumber 
extracts

Turbidity tubes containing inoculated extracts, compared 
with tubes containing extracts are free of bacteria, showed 
that the extracts do not have the ability to inhibit the growth 
of bacteria inoculated. In other words, there was no 
difference between pipes compared to the negative control. 
In contrast, the tube lacking extracts and bacterial 
inoculation, Positive control, was performed in the 
incubation period, showed appropriate growth. Figure (9) 
inability to extract shown to inhibit the growth of bacteria.

DISCUSSION

Bacterial infections cause high mortality among humans 
and aquatic organisms. Various aquatic organisms are 
susceptible to the Streptococcosis and Lactococcosis . In 
general, these diseases have been found in rainbow trout, 

Japanese yellow tail, tilapia, Japanese eel, shoe Io fish, 
gray mullet, catfish, black rock fish, herring and shrimp lay 
fresh water. Among them, rainbow trout is more sensitive 
than others to the disease, thus higher mortality is found 
among them. Some fish species such as common carp 
are resistant to Streptococcus. Streptococcus bacteria has 
various hosts, which are not limited to aquatic animals, 
leading to huge losses annually.  

Today, due to severe bacterial infections and 
widespread use of antibiotics, pathogenic bacteria have 
become resistant species (Lavanya and Veerappan, 
2011). Therefore, treatment of resistant pathogens has 
become one of the biggest problems of the present 
century (Sieradzki et al., 1999). Reduction in the efficiency 
of antibiotics and increased pathogen resistance against 
antibiotics has forced human beings to replace old 
antibiotics with modern synthetic antibiotics (Smith et al., 
1994).

More researches are required to acquire new 
sources of drugs employing naturally produced 
antimicrobial agents (Okeke et al., 2005; Gonzalez et al., 
2001). In addition, the high cost of drugs and their adverse 
effects, including increasing allergy and reducing the 
beneficial intestinal microbes, increase the demand for 
novel drugs (Idose et al., 1968). Therefore, the use of 
natural products with fewer side effects than synthetic 
products is logically preferred. Various compounds of sea 
cucumbers have been identified, most of which are 
bioactive. Some of the species found in Malaysia are used 
commercially in medicine, in healing the wounds, skin 
ulcers, arthritis and hypertension (Farouk et al., 2007). 
Several properties of sea cucumber have been proven, 
such as anti-angiogenic, anti-cancer, anti-coagulation, 
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Figure 9. inability to inhibit the growth of bacteria 
inoculated by extracts of sea cucumber

anti-hypertension, anti-inflammatory, antimicrobial, 
antioxidant, anti-atherosclerosis, anti-tumor and wound 
healing. The presence of bioactive compounds such as 
saponins, chondroitin sulfate, glycosoaminoglycans amino 
glycans, sulfated polysaccharides, glycoprotein, the 
glycoprotein sphingolipid and essential fatty acids can be 
major contributing factors of sea cucumber's properties 
(Bordbar et al., 2011). Despite the worldwide studies on the 
effectiveness of some sea cucumber species as sources of 
antimicrobial, antifungal and cytotoxic qualities, scarce 
information is available regarding the biological activity of 
cucumbers in Persian Gulf. Cytotoxic activity, anti-bacterial 
and anti-fungal properties were examined in one of the 
northern coast of Persian Gulf sea cucumbers (Bohadschia 
marmorata) and concluded that its extract has antifungal 
effect and lack antibacterial properties (Mokhlesi et al., 
2011). Persian Gulf sea cucumber Holoturia’s extract 
antibacterial effect was investigated on three strains of the 
Escherichia coli. The results revealed that the methanol 
and chloroform extracts at a concentration of 144 mg per 
ml, respectively, resulted in the death of bacterial strains 
K12 and TG1 (Jamali et al. 2011). In the present study, the 
antibacterial properties of ethanol, methanol and 
chloroform sea cucumber H. Parva in the Persian Gulf on 
two bacterial species (S.iniae and L. garvieae) were 
measured, which cause most microbial contamination in 
fish farms. In order to measure the antibacterial activity of 
the above-mentioned extracts two methods, wells and 
paper disc, were used. The results showed no ability to 
inhibit the growth of bacteria inoculated by extracts of sea 
cucumber. The results of measuring the minimum inhibitory 
concentration and minimum bactericidal concentrations no 
positive result was reported from extracts of sea cucumber. 
In other words, no difference was observed between the 
pipes compared to the negative control. Due to the positive 
results achieved by (Shakouri et. al, 2009).  (Jamali et al. 
2011) and (Mokhlesi et al., 2011) reporting the 
effectiveness of sea cucumber extract on several species 
of bacteria, it can be concluded that the bacteria in this 
study were resistant to sea cucumber extracts. The 
species examined in this study were different from other 
experiments in which the extracts were found to be 

effective, so it can be said structural features, metabolism 
and other biological bacterial biotype, or likely absence of 
anti-bacteria species to H. parva is a factor playing role in 
having different results. In various studies, the impact of 
sea cucumber extract has been proven as an antimicrobial 
and antifungal agent.  For example, alcoholic extracts of 
the species Actinopyga echinites, Actinopyga miliaris, 
Holothuria atra and Holothuria scabra have been 
investigated by Jawahar et al. 2002. Apart from Bacillus 
spp., other bacteria isolated from fish, Escherichia coli, 
Aeromonas hydrophila, Enterococcus sp., Pseudomonas 
aeruginosa, Klebsiella pneumoniae, Staphylococcus 
aureus, Salmonella typhi, Vibrio harveyi and Aspergillus 
species, were found sensitive to extracts of sea 
cucumbers.
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Abstract

Punica granatum (PG) have been used in treating broad diseases including neurological disorders. Previous studies have reported 
that its antioxidant properties might have increased the survival and differentiation of neurons in the brain. However, direct 
assessment on the ability of PG extract to enhance neural differentiation has not been observed. Thus, this study aimed to assess the 
effect of PG peel extracts on the enhancement of neural differentiation of a transgenic mouse embryonic stem cell line (46C). Neural 
differentiation process of 46C was carried out using monolayer adherent protocol. The ability of PG extract to enhance neural formation 
was monitored based on the expression of neural protein markers upon treating 46C with two concentrations of PG (0.1 µg/ml and 1.0 µg/
ml) compared to untreated 46C as negative control and 46C treated with 0.2 µg/ml of curcumin as positive control. Treatment with 1.0 
μg/ml of PG was observed to have the highest effect in promoting neural differentiation of 46C. The effect of PG on expression of each 
neural protein marker was different where PG maintained the formation of post mitotic neurons, increased the formation of glial cells as 
neuron-supporting cells and promoted the formation of matured neuron in monolayer neural differentiation process. These findings 
highlight the ability of PG extract in enhancing neural formation from stem cells in vitro.
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Key	words:		Mouse embryonic stem cell, neuro-enhancement, Punica granatum, peel extract

INTRODUCTION 

Stem cells have remarkable potential to differentiate into 
various cell types of the body during early life and growth. 
Due to this potential, they are being explored in treatments 
for diseases in which there may be dysfunctional cells and/
or loss of healthy cells due to disease (Diana Yu and 
Gabriel A. Silva, 2008). Stem cells have two defining 
properties that make them different from other types of 
cells in body either human or animals where they can self-
renew that allows them capable to dividing and renewing 
themselves for long periods of time. Thus, its makes them 
to be known as unspecialized cell which mean stem cell 
does not have any tissue-specific structure in order to 
allow stem cells to perform specialized cell types (Hassan 
et al., 2009). 

Stem cell can be derived from various sources 
such as pre-implantation embryos, children, adults, 
aborted foetuses, embryos, umbilical cord, menstrual 
blood, amniotic fluid and placenta (Hassan et al., 2009). 
According to National Institute of Health, they are 
categorised mainly into two types of stem cell which are 
embryonic stem cells (ES) and somatic or adult stem cells 
derived either from animal or human (Diana Yu and Gabriel 
A. Silva, 2008). Embryonic stem (ES) cells are derived and 
only exist at the earliest stage of development while adult 
stem cells remain in our bodies once it developed during 
fetal development (Zare et al., 2014). 

Embryonic stem cell is pluripotent cell that has 
potential to differentiate into derivatives of the three 
primary germ layers; endoderm, mesoderm or ectoderm 
(Mitalipov and Wolf, 2009). Thus, ES cells can be directed 
to differentiate into neural lineages. There are three 
general approaches that have been used to initiate ES cell 
differentiation and to achieve in vitro neural differentiation 
from ES cells. Neural differentiation is anticipated at 
generating specif ied neural progenitor and/ or 
differentiated neuronal and glial subtypes (Abranches et 
al., 2009). 
Neural differentiation of ES cells can be done by 
promoting the cells to form three dimensional multicellular 
aggregates colonies called embryonic bodies (EBs) 
(Doetschman et al. 1985 and Keller 1995), or direct co-
culture on stromal cells with conditioned medium where 
differentiation takes place in contact with these cells 
(Nakano et al. 1994) or using an easy and convenient way 
using monolayer differentiation of ES cells on extracellular 
matrix proteins (Ying et al., 2003). 

PG has been proven to have high antioxidant 
properties and has been widely used for medical purposes 
to cure a b road range o f d iseases such as 
neurodegenerative disorders (Kumar et al., 2008), 
antifungal (Abdollahzadeh et al., 2011), antibacterial (Pai 
et al., 2011), and wound healing (Pirbalouti et al., 2010) a 
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cross different cultures and civilization. These biological 
effects are due to the reported presence of antioxidants in 
its juice, peel, pulp and seed. 

In this study, we aimed to determine the neuro-
enhancement properties of Punica granatum (PG) by 
assessing its ability to enhance neural formation upon 
neural differentiation of a transgenic mouse embryonic 
stem cell line (46C). 46C carries a green fluorescent 
protein (GFP) gene being knocked-in in the open reading 
frame of the Sox1, a marker for neural precursor cells 
(Aubert et al., 2003). GFP expression thus marks the 
success of neural differentiation process. Upon 
differentiation, neural cells were identified based on the 
expression of neural or neuronal specific protein markers 
(Tanapat, 2013). The presence of immature neurons was 
assessed by the expression of class III β-tubulin (TUJ1), 
mature neurons by the expression of microtubule 
associated protein 2 (MAP2), and expression of glial 
fibrillary acidic protein (GFAP) to mark the glial cell 
population. Expression of these markers was analysed 
qualitatively and quantitatively using immunocytochemistry 
(ICC) and flow cytometry, respectively. Our results possibly 
suggest the enhancement of neural differentiation of 46C 
upon treatment with PG peel extracts. 

MATERIALS AND METHODS 

Embryonic stem cell culture 

The 46C was a gift from Dr. John Mason of University of 
Edinburgh, United Kingdom. 46C were maintained in 
Glasgow minimum essential medium (GMEM) (Gibco, 
USA), with addition supplements of 7.5% sodium 
bicarbonate (Gibco, USA), 200 mM L-glutamine (Gibco, 
USA), 100mM sodium pyruvate (Gibco, USA), 100x mEm 
non-essential amino acid (Gibco, USA), and 55mM 
mercaptoethanol (Gibco, USA). Other than that, human 
recombinant leukemia inhibitory factor (LIF) (Millipore, 
Germany) and 10 % fetal bovine serum (FBS) (Gibco, 
USA), were added. 46C were cultured and maintained with 
cell seeding density at 4-5 x 104 cells/cm2 on gelatine-
coated flask. The flasks were coated with 0.1% gelatine for 
20 minutes. After two days, the cells were subcultured 
when they were 70-80% for maintenance purpose 
(Shahidee et al., 2014). 

Cell cytotoxicity assay 

Colorimetric MTT (tetrazolium) assay was conducted for 
PG extracts. This assay was conducted to determine which 
concentrations of extracts were cytotoxic to the 
undifferentiated 46C cell lines by determine the cell viability 
of 46C. 

Upon 48 hours of treatment, MTT (3-(4, 5-
dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium bromide) 
were dissolved in PBS at 5 mg/ml. Then, it was filtered to 
sterilize and to remove an insoluble residues present in 
MTT. MTT solution was added to all wells of an assay in 24 
well plate with volume of 50 μl per 500 μl medium. Then, 

the plates were placed in an incubator at 37°C and were 
incubated for four hours. After four hours of incubation, all 
medium in each well were discarded and 200 μl of DMSO 
were added and mixed completely to dissolve the dark 
blue crystals. After the mixture completely dissolved, the 
mixture were transferred into 96 well plate with 100 μl for 
each well. The assay were read using Microplate reader 
(AsysHighTech UVM340, Biochrom, UK) at a test 
wavelength of 570 nm and reference of 650 nm 
wavelength. 

Monolayer neural differentiation 

The undifferentiated 46C were treated and cultured for 48 
hours. The flasks were labelled with 0.1 μg/ml and 1.0 μg/
ml of PG for experimental groups, untreated 46C as 
negative control and 0.2 μM of Curcumin as positive 
control. 
After 48 hours post treatment, the treated 46C were 
trypsinized when they reach confluence, counted and 
seeded inappropriate density. The 46C were cultured on 
0.1% gelatine-coated at density 1.0-1.2 x 10⁴ in 6 and 
24 well plate in N2B27 media. N2B27 media were 
mixture with ratio 1:1 of Dulbecco’s Modified Eagle 
Medium (DMEM): Ham’s F12 medium (Gibco, USA) with 
N2 supplement (Gibco, USA), and Neurobasal (N2) 
(Gibco, USA), with B27 supplement (Gibco, USA). Half of 
N2B27 medium were replaced every two days (Ying et al., 
2003).

Immunocytochemistry (ICC)

ICC were carried in 24-well plates at Day 5 and Day 14 
of neural differentiation. The N2B27 media were 
discarded and washed with cold PBS (Gibco, USA) thrice. 
Then, at room temperature, the neural cells were fixed in 
4% paraformaldehyde (PFA) (Sigma- Aldrich, USA) for 30 
minutes. Then, cells were permeabilized in 1% Triton-
X100 (ThermoFisher Scientific, USA) for 15 minutes at 
room temperature (RT). The cells were blocked at RT 
using blocking solution (0.3% bovine serum albumin, 10% 
goat serum, 10% Tween-20 in PBS) for 30 minutes 
before incubating the cells in 1/200 dilution of primary 
antibody; TUJ1, MAP2, GFAP at 4⁰C, overnight. Then, 
secondary antibody (Alexa Flour® 488 goat anti- rabbit 
IgG, Abcam, USA) were added and incubated for 2 
hours in the dark wrapped with aluminum. Nucleus 
counterstained were performed using DAPI (Sigma, USA) 
with dilution 1/1000 for 10 minutes in dark. The expression 
of neural protein markers were analysed using Inverted 
fluorescent microscope (Olympus IX51, USA)

Flow cytometry

The 46C were cultured in 6 well plate. On Day 5 of 
neural differentiation, the neural cells were trypsinized 
by mild trypsinization. Then, the cells were counted and 
were p la ted in FACS tube. For f ixat ion and 
permeabilization, the cell were fixed and permeabilized 
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with iced cold methanol for 30 min at 4ºC. Then, the 
cells were centrifuged in 1000 rpm for five minutes and 
were incubated with primary antibodies in blocking 
solution for an hour. The cells were washed with 1 X PBS 
thrice and incubated with a secondary antibody (Alexa 
Flour® 488 goat anti-rabbit IgG). The flow cytometry 
procedure were performed using flow cytometry (BD 
Biosciences, California) (Mun-Fun et al., 2015). 

RESULTS 

Cell morphology of 46C 

Undifferentiated 46C was successfully grown and 
maintained with very good morphology (Figure 3.1a). Cell 
morphology has been observed to have multiple nucleoli 
with high nucleus cytoplasmic ratio, flatten cells and 
forming colonies as observed at higher magnification, 20x 
(Figure 3.1b). 

In this study, the undifferentiated 46C were then 
differentiated to neural and neuronal progenitors using 
monolayer neural differentiation.

Cell morphology of 46C was observed during 
neural differentiation every day from Day 1 (Figure 3.1 c, 
d) of neural differentiation until Day 14 for each treatment. 
Cell morphology of 46C was found to propagate and start 
to differentiate into neural precursor cells forming as 
rosette structure on Day 3 on each treatment (Figure 3.1e, 
f).

The neural differentiation was prolonged until Day 
14 and the cell morphology was observed for each 
treatment. Cell morphology of the 46C was observed after 
prolonged differentiation day until day 14 and ICC was 

Figure 3.1. Morphology of undifferentiated 
46C, (a) 10x magnification, (b) 20x magni-
fication, Neural differentiation at Day 1, (c) 
untreated 46C, (d) treated 46C with 1.0 µg/
ml PG, Day 3, (e) untreated 46C, (f) 
treated 46C with 0.1 µg/ml PG (rosette like 
structure), Day 5, (g) treated 46C with 
0.1 µg/ml PG, (h) treated 46C with 1.0 µg/ml 
PG (neural progenitor cells), Day 14, (i) 
untreated 46C, and (j) treated 46C with 1.0 
µg/ml PG (mature neuron)

performed to identify the neural cells. The formation of 
dendrites of neuron was found in all treatments. The 
number of dendrites increased and was observed to be 
thicker when 46C were treated with 0.1 µg/ml PG, 1.0 µg/
ml PG and Curcumin compared with untreated 46C. 
Images were taken under 10x magnification (Figure 3.1i, 
j).

Cytotoxicity assay upon treatment

The cytotoxicity effect upon treatment with Curcumin and 
PG at various concentrations was evaluated by 
assessing the cell morphology and cell viability by 
colorimetric MTT (tetrazolium) assay. The cytotoxicity 
effect of PG was first assessed by observing the 
morphology of cells upon treatment with different 
concentrations of PG together with untreated cells as 
negative control and treatment with curcumin as the 
positive control. Then, the cytotoxicity was evaluated by 
using MTT assay.

Cell morphology was observed upon treatment 
with PG at different concentrations; 0.1, 1, 10, 100 and 
1000 µg/ml for 24 and 48 hours. After 48 hours, the cells 
were observed to propagate well in all treatment groups 
except when the cells were treated with 1000 µg/ml of 
PG where the cell started to detach and dying as 
compared to the untreated group.

The cell viability of 46C was observed to 
increase to 101.6%, 102.4% and 103% when the cells 
were treated with 0.1, 1.0 and 10.0 µg/ml of PG, 
respectively. However, the percentage of cell viability 
dropped to 99.7% when 46C were treated with 100.0 
µg/ml. The cells were found to be toxic upon treatment 
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Figure 3.2.  Cell viability of 46C after being treated for 48 hours with Punica granatum shown the 
percentage of cell viability of 46C after being treated for 48 hours with 0.1, 1.0, 10.0, 100.0 

and 1000.0 µg/ml PG as compared to the untreated 46ºC and 0.2 µg/ml curcumin. PG at 
concentration of 1000.0 µg/ml was observed to be toxic to 46C. Error bar represents mean ± 

SEM (n=3), where *p<0.05 (One way ANOVA: Turkey’s test multiple comparisons).

with 1000.0 µg/ml when percentage of 46C cell viability 
declined to 31.1%. The differences in the percentage of 
cell viability when 46C was treated with 1000.0 µg/ml 
compared with untreated 46C was significant (*p<0.05, 
one-way ANOVA). Based on the cell morphology and MTT 
assay, 0.1 µg/ml and 1.0 µg/ml of PG were chosen to be 
used for treatment for neural differentiation assay. This 
is because at these two concentrations the cell viability 
was slightly increased as compared to that of the 
untreated 46C.

Expression of specific neural protein marker on Day 5

The effect of PG and curcumin on the neural 
differentiation process of 46C was assessed qualitatively 
using immunocytochemistry (ICC) and quantitatively using 
flow cytometry analysis. ICC and flow cytometry were 
applied to evaluate the expression of selected specific 
neural protein markers on Day 5 which were TUJ1, MAP2 
and GFAP. The expression of each specific marker marked 
the presence of post mitotic neurons (TUJ1), mature 
neurons (MAP2) and glial subtypes (GFAP). The cells 
were incubated and stained with these specific markers 
to stain for neural proteins and DAPI (4', 6-diamidino-2-
phenylindole) (blue colour) was used to counterstain the 
nucleus.

Expression of TUJ1

Higher expression of TUJ1 was observed in treatment 
with 1.0 µg/ml PG (Figure 3.3c) and 0.2 µg/ml curcumin 
when analysed by ICC compared with no expression of 
TUJ1 in the untreated and 0.1µg/ml PG treated cells 
(Figure 3.3a). ICC results were then validated by flow 
cytometry analysis demonstrating high expression of TUJ1 
in 1.0 µg/ml PG and 0.2 µg/ml curcumin treated 46C (Figure 
3.3e).

Flow cytometry for TUJ1 shows the percentage of 
expression for untreated 46C was 27.2%. It was significant 
when compared with 0.1 µg/ml PG. When 46C were 
treated with 0.1 µg/ml PG, the percentage of expression 
decrease to 19.4%. However, the percentage of 
expression increased for 46C treated with 1.0 µg/ml PG 
and 0.2 µg/ml curcumin which is 27% and 30.3% 
respectively (Figure 3.3e).

Expression of MAP2

Higher expression of MAP2 was observed in treatments 
with 1.0 µg/ml PG (Figure 3.3h) and 0.2 µg/ml curcumin 
when analysed by ICC compared with no expression of 
MAP2 observed in the untreated 46C (Figure 3.3f) and 
0.1 µg/ml PG treated cells. ICC results were then 
validated by flow cytometry analysis demonstrating high 
expression of MAP2 in 1.0 µg/ml PG and 0.2 µg/ml 
curcumin treated 46C. (Figure 3.3j)

Flow cytometry for MAP2 shows the 
percentage of expression for untreated 46C was 30.6%. 
When 46C were treated with 0.1 µg/ml PG, the 
percentage of expression decreased to 11.2%. MAP2 
expression was significantly increased when 46C were 
treated with 1.0 µg/ml PG when compared to 46C treated 
with 0.1 µg/ml PG. The highest percentage of MAP2 
expression with 48.6% was observed when 46C was 
treated with 1.0 µg/ml. But, when 46C treated with 0.2
µg/ml curcumin, the percentage declined to 19.8%.

Expression of GFAP

Expression of GFAP was observed on Day 5 of neural 
differentiation in all untreated and treated cells when 
analysed by ICC (Figure 3.3k, l). ICC results were then 
validated by flow cytometry analysis demonstrating 
increasing percentage expression of GFAP (Figure 3.3o).
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Flow cytometry results revealed the percentage 
of GFAP expression for untreated 46C was 50.5%. The 
percentage of expression increased when 46C were 
treated with 0.1 µg/ml PG and 1.0 µg/ml PG with 
percentage of 51.3% and 56.7%, respectively. The highest 
percentage of expression was observed when 46C 
were treated with 0.2 µg/ml Curcumin (70.3%), 
significantly compared with untreated 46C and treated 
46C with 0.1 µg/ml PG and 1.0 µg/ml PG groups.

Expression of specific neural protein marker on Day 
14

The neural differentiation was prolonged until Day 14. 
The effect of PG and Curcumin on the neural 
differentiation assay of 46C was assessed qualitatively 
using ICC only. The cells were incubated and stained 
with the same specific markers as used on Day 5. 
Expression of all marker proteins was detected in 
untreated 46C and all treated 46C with 0.1 µg/ml PG, 1.0 
µg/ml PG and0.2 µg/ml curcumin where the presence of 
neural cells after prolongation of neural differentiation 
compared with that of Day 5 (Figure 3.4) was observed.

DISCUSSION

Neural differentiation assay 

Stem cell-based therapy has gained extreme amount of 
attention and widely accepted in clinical medicines as 
alternative medicine due to its promising potential in the 
treatment of numerous medical conditions (Kim and Vellis, 

Figure 3.3. Expression of TUJ1 by ICC on Day 5. (a) no expression shown for untreated 46C, (c) 
expression shown when 46C treated with 1.0 µg/ml PG, (b, d, g, i, m, n): DAPI (blue colour) counterstain 

the nucleus, Expression of MAP2 by ICC on Day 5. (f): no expression shown for untreated 46C, (h): 
expression shown when 46C treated with 1.0 µg/ml PG, Expression of GFAP by ICC on Day 5. There 
were expression of GFAP in all treatments. Red colour (k, l) show expression of GFAP. Flow cytometry 

shown percentage of neural protein markers (e) TUJ1, (j) MAP2, (o) GFAP

2009). Neural differentiation is aimed in generating 
neurons and glial cells in vitro as to meet demands for 
cell-replacement therapy. In this present study, monolayer 
neural differentiation in vitro was conducted due to its 
simpler way to generate neural commitment and achieve 
efficient specified neural progenitors and differentiated 
neuronal and glial cells (Abranches et al., 2009). 
Monolayer neural differentiation of embryonic stem cells is 
a method that developed by Ying and co-workers where 
studies reported that neural precursors generated by 
monolayer differentiation was adaptable and can be 
assisted into particular neuronal fates along with 
production of both astrocytes and oligodendrocytes (Ying 
et al., 2003). 

Effect of Punica granatum on enhancement of neural 
differentiation

The effect of PG in enhancing the neural differentiation 
in 46C has not been reported. However, there were 
studies reported on the involvement of oxidative stress 
in the pathogenesis of neurodegenerative diseases where 
neural cells were attacked by free radicals resulting in 
neuronal loss (Tam et al., 2014). The administration of 
antioxidant may be useful in the prevention of 
neuronal loss and as treatment in neurodegenerative 
diseases (Singh, 2015). Curcumin was used as positive 
control in this study. Curcumin is a compound that rich 
with antioxidant properties. A report has suggested its 
potential use in neurogenesis and cognition- enhancement 
based on study done on aged rats (Dong et al., 2012). 
Other than that, there were also studies showed the effect 



- 142 -Transactions of Persatuan Genetik Malaysia, No. 7, 2017                           

Rozila et al. (2017):  The effect of Punica granatum on enhancement of neural differentiation of transgenic mouse

142

of PG in potential memory enhancing in rats and 
demonstrated a precise increasing pattern towards 
cognitive improvement due to antioxidant properties of PG 
peel extract (Adiga et al., 2010).

In this study, 46C were cultured and differentiated 
to neurons and glial cells in five days and 14 days. The 
presence of post mitotic neurons was observed at early 
stage of neural differentiation with exhibition of correct 
neuron morphology; round cell body with propagation of 
processes two time longer than diameter of the cell body 
(Yanes et al., 2010). In this study, it was observed by 
ICC that expression of TUJ1 increased when 46C was 
treated with 1.0 µg/ml compared with no expression in 
untreated 46C. Flow cytometry however revealed no 
increase in expression of TUJ1 when 46C was treated 
with 1.0 µg/ml PG, but decrease in treatment at 0.1 µg/
ml as compared to the untreated 46C. Thus, it can be 
concluded that PG maintains the formation of post mitotic 
neurons in monolayer neural differentiation in a dose- 
dependent manner. This result was supported by studies 
that reported neuronal morphology and marker expression 
appeared from day five of neural differentiation (Abranches 
et al., 2009).

On the other hand, matured neurons were 
observed on Day 5 of neural differentiation on 46C upon 
treatment with PG. The matured neuron was the 
maturation of post mitotic neuron after undergoing 
maturation process at later stage of neural differentiation 
process. The matured neuron was stained with MAP2 
and the expression was analysed by ICC and flow 
cytometry. In this study, MAP2 positive cells were 
detected when 46C was treated with 1.0 µg/ml PG by 
ICC. Flow cytometry revealed significant increase in 
expression of MAP2 when 46C were treated with 1.0 µg/ml 
PG. It was concluded that PG have potential effect in 
promoting the formation of matured neuron. This finding 

was supported by studies that reported expression of 
MAP2 can be detectable after Day 8 of neural 
differentiation (Cameron Sadegh and Jeffrey D.Macklis, 
2015).

One study has suggested that astroglia which is 
the most abundant glial cells in the brain are closely 
involved with neuronal synapse (Luo et al., 2017) 
formation. The study reported that astroglia cells induce 
neurogenesis from adult neural stem cells. These studies 
successfully demonstrated oligodendrocytes differentiation 
and astrocytes was actively promoting the regulation of 
neurogenesis from adult neural stem cells. Glial cells have 
shown to have important role in the brain including as 
support to the neuron cells, role in many central 
homeostatic processes and also during development 
(Song et al., 2002). Enhanced in GFAP level was also 
reported to might be helpful as defence mechanism of 
the neuron by improving the survival and differentiation 
of neuron (Hol et al., 2003).

In this present study, the expression of GFAP 
was observed to increase in all treatments suggesting 
the effect of PG on the formation of neuron-supporting 
cells, the glial cells. It can be concluded that PG has an 
effect in increase the formation of glial cells in neural 
differentiation process as supporting cells to neuron. This 
finding highly suggest the ability of PG to enhance
GFAP expression.

CONCLUSION

This study was able to successfully determine the effect 
of Punica granatum (PG) on enhancement of neural 
differentiation of transgenic mouse embryonic stem cell 
l ine (46C). 46C were treated with PG at two 
concentrations before being subjected to undergo 
monolayer neural differentiation with the aim to 

Figure 3.4. Expression of specific neural protein marker on Day 14
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generate neuronal and glial cells. The expression of 
each specific neural protein marker has been monitored 
using qualitative analysis by immunocytochemistry and 
quantitative analysis using flow cytometry. Previous studies 
proved that the potential memory enhancing effect of PG 
peel extracts on rats (Adiga et al, 2010) and reported the 
improvement of cognitive in that studies may be 
associated to the presence of antioxidants properties of 
the peel extract. Thus, it can be deduced that the use of 
PG that rich with antioxidant properties together with its 
neuro-enhancement property could be beneficial in 
generating stem cell-derived neural cells that could be 
suitable for cell-replacement therapy.

Our findings suggest PG extract at con-
centration of 1.0 µg/ml to be the best concentration to 
enhance the neuron formation. Based on the results, we 
conclude that PG may have the potential to maintain the 
formation of post mitotic neuron at early stage in neural 
differentiation process, promotes the formation of matured 
neurons and increases the formation of glial cells in neural 
differentiation process. However, future studies need to be 
done in order to establish more accurate result for 
expression of each specific neural protein marker.
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INTRODUCTION

The Hawksbill turtle (Eretmochelys imbricata) belonging to 
the family Cheloniidae, is listed as Critically Endangered in 
the IUCN Red List Categories, and Appendix I of CITES 
(Aggarwal et al., 2004; CITES, 2010; Groombridge; IUCN, 
2012 and Luxmore, 1989). Since Hawksbill turtle life 
history involves adult migrations from foraging grounds to 
distant breeding sites, a complete knowledge of the 
population of this species is important. Mabul Island in 
Sabah is one of the few foraging ground for Hawksbill 
turtles in Malaysia (Chan and Liew, 1996). This island was 
chosen as our study site since it denotes one of the few 
sites where comprehensive studies of Hawksbill population 
can be made by using molecular markers (Joseph and 
Shaw, 2011). 

Although in recent years, several microsatellite 
markers have been developed for many species of marine 
turtles, there is a need to increase the number of markers 
for the Hawksbill turtle. This is due to the limited 
microsatellite markers available for the Hawksbill turtle 
hence, only a few studies on population and conservation 
has been done of this species (Aggarwal et al., 2004; 
Aggarwal et al., 2007; Lin et al., 2008). The most common 
problem faced in microsatellite studies is the limitation in 
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Abstract

The Hawksbill turtles (Eretmochelys imbricata) undergo migrations for several years as post hatchlings until they select foraging grounds, 
and only adult female sea turtles return to their nesting beaches when they are ready to nest. An assessment of its genetic diversity is 
difficult due to the unavailability of polymorphic genetic markers such as microsatellites. Therefore, the aim of this study is to develop 
novel microsatellite markers from high quality circular consensus sequences (CCS) reads using Pacific Biosciences Real Time 
Sequencer. DNA was isolated from a sample that were collected from Mabul Island, Sabah and subjected to PacBio sequencing. A total 
of 3,411 microsatellites were identified from 9,850 CCS reads using Msatcommander software. Nine new microsatellite markers were 
developed and screened for polymorphisms by assessing 11 Hawksbill individuals sampled from the foraging ground at Mabul Island, 
Sabah. Seven microsatellites were polymorphic with an average of 10 alleles per locus (range of 4 - 14). These markers revealed an 
expected heterozygosity (He) and observed heterozygosity (Ho) of 0.84 and 0.77 respectively. The result indicated that there was no 
significant deviation from the Hardy Weinberg equilibrium (HWE). All nine microsatellites marker which were developed from the 
Hawksbill turtle were successfully cross-amplified in the Green turtles. Thus, this study demonstrates the development of nine new 
microsatellite markers and describes their potential as possible cross-species genetic markers in studies associated with population 
structure, parentage analysis, species relationships and phylogeography of both Hawksbill and Green turtle species. 

Key	words:		Eretmochelys imbricata, foraging ground, genetic diversity, Mabul Island, microsatellites
Line

Last
Key

Intro

identifying microsatellites from the genome. Due to this, 
the emergence of next generation sequencing (NGS) had 
made it possible to detect greater numbers of 
microsatellites. Next-generation sequencing (NGS) 
technologies have revamped how microsatellites are 
identified and isolated.

Single-molecule real-time DNA sequencing 
(Pacific Biosciences or PacBio) is pioneering to be a 
dependable third generation sequencing platform for rapid, 
small scale microsatellite developments. The use of other 
high-throughput sequencing such as pyrosequencing, 
ultra-short read sequencing and other cloning free method 
have low genome coverage, which results in short 
sequence read (Grohme et al., 2013). PacBio circular 
consensus sequencing (CCS) gives high accuracy and 
extraordinarily long reads of up to 20 kb, making it suitable 
for microsatellite marker development (Wei et al., 2014). In 
this study, we developed nine novel microsatellites from 
Hawksbill turtle using PacBio’s CCS reads and applied 
them to study genetic diversity of Hawksbill to gather more 
data on conservation. In addition, we tested cross-species 
amplification of the newly developed microsatellites in 
Green turtle (Chelonia mydas) species as well (Lin et al., 
2008). 
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MATERIAL AND METHODS

Field Sampling

The sampling was carried out at Mabul Island (4°14′45″N 
118°37′52″E) on May and November 2015 - 2016 located 
at the eastern coast of Malaysia. The study site is a 
feeding ground for the Hawksbill (Eretmochelys imbricata) 
and Green (Chelonia Mydas) turtle. Turtles were captured 
by hand and brought up to the vessel by divers (Limpus, 
1978). Once captured, each turtle was analysed on-board 
the vessel. Two titanium tags (Sabah parks, Malaysia) 
were applied to the axial scale of each front flipper 
(Limpus, 1992a, 1992b). All turtles were measured using 
standard procedures and all curved measurements were 
taken using a flexible fibreglass tape to the nearest mm. 
Tissue samples (n=11) were obtained from the fore flipper 
using a 6 mm skin biopsy punch following the method 
described by (Dutton, 1996) and stored in lysis buffer. The 
turtles were then released back into the sea (Bolten, 1999; 
Limpus & Reed, 1985).

Microsatellite Analysis

DNA was extracted using a modified cetyltrimethyl-
ammonium bromide (CTAB) protocol (Bruford et al., 1992). 
Genomic DNA from a single individual was sheared to 
approximately 3kb fragments for SMRTbell template library 
generation. Sequencing was performed on a PacBio RS 
using C6 chemistry (Wei et al., 2014). The CCS reads 
were screened for microsatellites and subjected to primer 
design using msatcommander (v1.08) with a threshold of 
at least five repetitions for di-, tri- and tetra-nucleotides 
repeats. Amplification of microsatellite regions were carried 
out using the GoTaq Flexi Kit (Promega) set up in 10 µl 
volumes containing 30 ng of genomic DNA, 0.2 U Taq 
DNA polymerase, 1x buffer, 2.0 mM MgCl2, 10 pM of each 
primer, 0.4 mM of dNTPs in a PT1000 Thermocycler (Bio-
Rad Laboratories) with the following temperature profiles 
of, an initial denaturation at 94°C for 3 min, followed by 35 
cycles of denaturation at 94°C for 30s, an optimal 
annealing temperature for 30s, extension at 72°C for 30s, 
followed by a final elongation step at 72°C for 7 min. 

The amplicons were separated using the QIAxcel 
Advanced System (Qiagen) with DNA High Resolution Gel 
Cartridge, an automated gel electrophoresis system (Dean 
et al., 2013). The molecular weight-size marker used was 
QX DNA Size Marker 50–800 bp v2.0 as sizes of the loci 
were reported to be distributed within this range. 
Electrophoretic fragments were automatically aligned using 
15 bp–1,000 bp alignment markers (Butler, 2007). Scoring 
of bands was done manually by analysing the 
e lect ropherograms for the presence of peaks 
corresponding to an amplicon/s. The peak-calling protocol 
by Manrique et al., (2015) for microsatellite genotyping with 
QIAxcel, were adopted where, peaks with relative 
fluorescence units (RFU) below 0.5 X 1E0 were discounted 
while additional peaks that were at least a third of the 

predominant peak was scored as another allele. The size 
data were recorded and alleles in each locus were 
designated in alphabetical order with “Allele A” 
corresponding to the smallest allele throughout. 

For genetic diversity analysis, seven markers 
(HBDi03 HBDi05 HBDi09 HBTri03 HBTri06 HBTri08 
HBTri10) were selected due to their ease of amplification 
and polymorphism and tested on 11 Hawksbill turtles and 
three Green turtles. To test the Hardy Weinberg 
equilibrium (HWE), and estimate allele frequency (NA), 
observed heterozygosity (HO) and expected hetero-
zygosity, (HE) the software Popgene v1.3.1 was used (Yeh 
et al., 1999).

RESULTS AND DISCUSSION

The PacBio sequencer produced a total of 25,567,659 bp 
of sequences, forming 9850 CCS reads, from which a total 
of 3411 microsatellites were identified. The distribution of 
putative target loci consisted of 1621 di-, 763 tri-, 270 
tetra-, and 48 penta- and 79 hexa-nucleotide motifs. If the 
CCS reads is comprised of more than one motif and yields 
a few primer pairs, the most promising target is chosen for 
PCR amplification which is based on the characteristic of 
the motifs. Higher numbers (3411) of microsatellites were 
generated due to the long CCS reads. This provides a 
better chance in identifying novel microsatellites while 
having sufficient flanking region for primer design.

The random error model of PacBio sequencing 
grants the CCS reads a high accuracy at three or more 
circular sequencing passes, hence giving a higher 
accuracy data (Wei et al., 2014). Nine microsatellites were 
successfully amplified and genotype profiles were 
obtained for nine microsatellite loci (GenBank accession 
number: MF443281, MF443282, MF443283, MF443284, 
MF443285, MF443286, MF443287, MF443288, 
MF443289). Table 1 summarizes the characteristic of the 
novel microsatellite developed in this study. Seven 
microsatellites were polymorphic with an average of 10 
alleles per locus (range of 4 - 14). These markers revealed 
a mean expected heterozygosity (HE) and observed 
heterozygosity (HO) of 0.84 and 0.77 respectively. 

The results indicated that there was no significant 
deviation from the Hardy Weinberg equilibrium (HWE). 
The Mean observed heterozygosity (HO) value is lower 
than the Mean expected heterozygosity (HE) value 
indicating the genetic variability is high. Even though, the 
sample size is small, the vast differences and high value 
of HE and HWE indicates high level of genetic variation 
within the population. No significant heterozygote 
deficiency was found. All nine microsatellites marker which 
were developed from the Hawksbill turtle were 
successfully cross-amplified in the Green turtles (Table 2). 
The cross amplification revealed a mean expected 
heterozygosity (HE) and observed heterozygosity (HO) of 
0.73 and 1.00 respectively. 
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Table 1. Characterization of Nine microsatellites loci and flanking primers developed 
for the Hawksbill turtle (E. imbricata)

Table 2. Characterization of Cross amplification of Hawksbill turtle microsatellites in 
Green turtle (C. mydas)
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CONCLUSION 

In conclusion, the PacBio sequencer CCS reads made 
identifying a large number of microsatellites possible. 
Hence, PacBio sequencer should be considered an 
alternative means for small scale microsatell ite 
developments. On the other hand, seven newly developed 
polymorphic microsatellite markers were identified for the 
Hawksbill sea turtle, which would facilitate in population 
study, species relationship and genetic diversity of the 
Hawksbill and other marine turtle species. Cross-species 
amplification of the Hawksbill markers in Green turtle 
species increases the genetic resources available for 
research studies. This can revolutionize the perception of 
marine turtle genetics and conservation. Further studies 
with larger number of samples are required to test the 
population and genetic diversity of Hawksbill turtle in Mabul 
Island.
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Abstract 

The aim of this review was to summarize and discuss the patterns and trends of the combination of cartilage tissue engineering and gene 
transfer approaches in in vivo preclinical (or, animal) studies. Electronic literature search of articles published in the Web of Science 
(WOS) and SCOPUS databases was done based on the following keywords: “tissue engineering”, “articular cartilage”, “animal OR vivo” 
and “gene”. Two levels of screening were used i.e. based on selected themes and full-text availability of the articles. Inclusion criteria were 
original full-text papers of preclinical studies using tissue engineering application and gene transfer strategy for articular cartilage 
regeneration. While, exclusion criteria were conference and review papers, and drug delivery based studies. The search yielded a total of 
632 articles (WOS=211; SCOPUS=421). Out of 632, only 612 articles were selected after the removal of 20 overlapping articles from 
both WOS and SCOPUS databases. After further screening had completed, only 35 articles were included based on their relevancy to 
this study. Eight (8) articles were then excluded because full-text version of publications was not available. With that, only 27 articles left 
and included in this present review. The trend in animal studies shows the use of TGF-β (33.33%) and SOX9 (14.81%) transfections 
enhance chondrogenic differentiation, whilst TGF-β and ChM-1 (3.70%) maintain the chondrocytic phenotype. The co-transfection of TGF-
β and BMP (40.74%) promote the integration between tissue engineered implant and the adjacent host cartilage in animal models. Other 
genes such as IGF-1 (7.41%), CTGF (3.70%) and Bcl-Xl (3.70%) have been reported to enhance cartilage regeneration. In conclusion, the 
use of genes transfer approach for cartilage tissue engineering in various animal models promotes articular cartilage regeneration which 
may be useful for future clinical setting.
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Intro
INTRODUCTION

Articular cartilage is an avascular connective tissue. This 
hyaline cartilage works with its surrounding structures to 
reduce friction between the two bones at the synovial joint. 
Cartilage has only one cell type known as chondrocyte. 
The cells are present as one percent or less of the total 
tissue volume. With scarce cells number and low mitotic 
activity, chondrocyte has poor survival rate if it injured. 
The avascular nature of the cartilage makes it difficult to 
heal by itself. If left untreated, the injury can deteriorate 
the cartilage. The affected area will degenerate and 
progress into osteoarthritis (OA); a degenerative joint 
disease with the highest prevalence among the 
musculoskeletal diseases in orthopedics (Cooper, Javaid 
& Arden, 2014).

OA is a major public health problem due to its 
high occurrence, costs and levels of pain and disability. In 
the United States, OA is the second leading cause of 
disability after cardiovascular diseases. Each year more 

hospitalizations are due to OA than the rheumatoid 
arthritis (Murphy & Helmick, 2012). In Asia, it has been 
estimated that the percentage of people age 65 and older 
will increase from 6.8% to 16.2% between 2008 and 2040 
(He, Goodkind, & Kowal, 2016). OA is characterized by 
the breakdown of joint cartilage and its underlying bone. 
This condition is more prevalent among older adults than 
among younger adults. However, OA is not restricted to 
wear and tear process. It also involved the abnormal 
remodeling of joint tissues driven by a host of 
inflammatory mediators (Wei & Bai, 2016; Loeser, Collins & 
Diekman, 2012). Without the proper articulating surface, 
the bones will glide over each other. Progressive loss of 
articular cartilage can lead to chronic pain as well as 
functional and motion restriction in the affected joints 
(Lorenz & Richter, 2006). Severe joint pain and limited 
mobility can have a serious impact on individuals’ ability to 
perform their regular daily tasks, let alone work. Overall, 
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management of this health burden leads to huge economic 
impact (Hunter, Schofield & Callander, 2014; Neogi & 
Zhang, 2013).

At the present human knowledge, there is no 
known cure for OA. The available treatments only resolve 
the pain temporarily instead of treating the underlying 
problem in cartilage injuries. Tissue engineering and 
regenerative medicine (TERM) has been suggested as an 
alternative modality to overcome cartilage disorder. One of 
the challenges faced in the cartilage tissue engineering is to 
reestablish tissue interface with low-friction load bearing 
area that can distribute the mechanical stresses equally. 
An engineered cartilage should meet the structural and 
biological needs when implanted in vivo to achieve stable 
microenvironment. The tissue engineered implant should 
be able to stimulate and replace the old tissue as well as 
the native lethargic cells to fulfill both recovery and 
reestablishing capacities towards an effective healing.

Current research trends in TERM show a growing 
interest in introducing biologically active agents such as 
growth factors or its genes through gene transfer 
approach to address different aspects of cartilage repair 
and new tissue formation (Wang et al., 2014; Cha et al., 
2013; Lu et al., 2013). Also known as transfection or 
o v e r e x p r e s s i o n , f o r e i g n m o l e c u l e s s u c h a s 
deoxyribonucleic acid (DNA) and ribonucleic acid (RNA) 
are delivered into eukaryotic cells. This approach can be 
achieved through direct vector transfer to cells located at or 
surrounding the defects, or by genetically modified 
chondrogenic cells transplanted into the defect. The genes 
are cloned and transfected into cells for analyses including 
biochemical characterization, mutational analyses, gene 
expression effects on cell growth, gene regulatory and 
production specific protein for purification.

There are two types of transfection namely 
transient (non-viral) and stable (viral) transfection. Unlike 
stable transfection, the nucleic acids introduced into the cells 
are neither permanently incorporated into nor integrated 
with the cellular genome in transient transfection. Despite 
having higher transfection efficiency than the transient 
transfection, the stable transfection has few key issues 
relating to immunogenicity, adverse event, and safety. As 
alternative, more researchers are rallying towards 
improving the efficiency of transient transfection over the 
stable transfection to overcome those pragmatic issues. It 
is noted that the expression of the nucleic acids in the 
transiently transfecting cells will last within a short time. 
This effect is in contrast with the stably transfecting cells 
though transient transfection often results in high level of 
gene expression in few days post-transfection (Grandjean 
et al., 2011). The supercoiled plasmid is used for DNA 
vector because of its high efficiency in transient 
transfection (Kobelt et al., 2013). The transfection can be 
used with genetic reporter systems for analysis of 
promoter and other regulatory elements. However, it is not 
suitable for studies using DNA vectors with inducible 
promoters (Baltimore & Porteus,
2016).

For articular cartilage repair purposes, the 
candidate genes can be delivered to the synovium, or 
directly to the cartilage defect (Betz et al., 2017). 
Expression of anti- inflammatory mediators suggested that 
gene delivery to the cells of the synovial lining is more 
suitable for chondroprotective approaches (Szychlinska 
et al., 2016; Evans, Ghivizzani & Robbins, 2013). Since 
there is still no known cure for OA, can chondroprotective 
approaches delay or prevent the progression of OA? Or, 
can TERM and gene transfer technology facilitate for OA 
or other diseases prevention? Disease prevention, as 
opposed to disease treatment is a concept in preventive 
healthcare/medicine. This concept recommends 
individuals to keep a good relationship with their 
healthcare provider even if they feel healthy. However, 
measures taken to prevent disease are not affordable 
for everyone. One goal of health policy research 
including TERM research is to improve cost effectiveness 
without compromising quality of healthcare.

Although most TERM approaches are still 
experimental and progressing, it can be appreciated that 
there are many discoveries, new questions, and 
innovative ideas from bench to bedside have been 
realized after three decades of its establishment. However, 
there is little to suggest the availability of proper analysis 
for overall patterns and trends in certain area of the field. 
Hence, the aim of this review is to summarize and discuss 
the patterns and trends of the combination of cartilage 
tissue engineering and gene transfer approaches in 
preclinical (or animal) studies. Animal study is considered 
as proof of concept and serves as one of the important 
stages needed for clinical trial or before certain modality 
can be applied into human. This paper discussed whether 
TERM and gene transfer have the potential to promote 
articular cartilage regeneration in animal models.

METHOD

Electronic literature search of articles published in the 
Web of Science (WOS) and SCOPUS databases was 
done based on the following keywords: “ tissue 
engineering”, “articular cartilage”, “animal OR vivo” and 
“gene”. Inclusion criteria were original full- text papers of 
preclinical studies using tissue engineering application and 
gene transfer strategy for articular cartilage regeneration. 
The searches were limited by English language full-text 
papers only. In addition, only articles from year 2000 until 
2017 have been included in order to observe the current 
trend of this approach. While, exclusion criteria were 
conference and review papers, and drug delivery based 
studies.

Two levels of screening were used for the articles 
based on themes and full-text availability. The search 
yielded 632 articles (211 in WOS; 421 in SCOPUS). Out of 
632, only 612 articles were selected inclusive of 20 
overlapping articles from both databases. Only 35 articles 
were included following their relevancy to the present 
study. Eight (8) articles were then excluded because the 
full-texts were inaccessible. After the screening, only 27 
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articles are included in this present review. The overall flow 
or process to identify the article is summarized in Figure 1. 
The findings and issues of concerns in those original 
research articles are discussed in the following sections.

RESULTS AND DISCUSSION

It can be appreciated that the gene-enhanced articular 
cartilage regeneration in animal model has been widely 
studied in the TERM field. Started with in vitro study, 
this technique was then tested in in vivo to see the 
biocompatibility and the overall behavior of the implants in 
selected hosts. There are two types of implantation 
namely ectopic and orthotopic implantation. The ectopic 
implantation is performed not on the actual site or area of 
interest. For example, the subcutaneous implantation of 
tissue engineered articular cartilage in an athymic nude 
mice model. Meanwhile, the orthotopic implantation is 
performed on the actual site of the defect in selected 
vertebrates, for examples the implantation of tissue 
engineered articular cartilage in the knee joints of rabbit, 
sheep, bovine, dog or pig.

Figure 1. The summary of research design in this study

Based on the results, many genes or growth 
factors have been used to facilitate the development of 
chondrocytes and cartilage. On the other hand, the genes 
regulate and inhibit the development of bone by 
maintaining the chondrocyte’s phenotype. The articles 
included in this review were used to compare the findings 
based on the gene used for the regeneration of articular 
cartilage. The summary is given in Table 1.

Growth Factors In Articular Cartilage Tissue 
Engineering

Growth factors is group of proteins that acts as signaling 
molecules between cells. These factors play a significant 
role in promoting cellular differentiation and cell division. 
However, it stimulates growth of specific tissues 
depending on the classes of growth factors such as 
connective tissue growth factor (CTGF), insulin-like growth 
factors (IGFs), transforming growth factor beta (TGF-β).

CTGF is a matricellular protein belonging to the 
CCN family of extracellular matrix-associated heparin-
binding proteins (Takigawa et al., 2003). CTGF involves in 
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many biological processes such as cell adhesion, migration, 
proliferation, angiogenesis, skeletal development and 
tissue wound repair. This factor is highly expressed in 
growth cartilage which indicate the differentiation and 
growth of cells, and synthesis of matrix (Fujisawa et al., 
2008; Nishida et al., 2002). CTGF also locally used to 
accelerate regeneration of articular cartilage in rat knee 
joint (Nishida et al., 2004). Study by Zhu et al. (2014), 
suggested that CTGF stimulated specific chondrogenic 
differentiation of bone marrow mesenchymal stem cells 
(BMMSCs). The chondrogenic differentiation is indicated 
through the upregulation of total glycosaminoglycan (GAG) 
content and collagen content expression during the 
orthotopic implantation.

IGFs are proteins that have insulin-like actions in 
some tissues. These factors consist of two ligands namely 
insulin-like growth factor 1 (IGF-1) and insulin-like growth 
factor 2 (IGF-2). IGF-1 involved in increasing the size and 
number of cells in most tissues. It is a crucial growth 
factor in cartilage development and homeostasis (Itoh, 
Suzuki & Kuroda, 2003) as IGF-1 enhances cartilage 
metabolism and maintaining differentiated phenotype 
(Dupont & Holzenberger, 2003). The implant transfected 
with this growth factor showed excellent repair of cartilage 
defect (Zhao et al., 2014). Abundance presence of nascent 
cartilage located in defect area can be observed through 

Table 1. Summary of the genes used for cartilage tissue regeneration

histological analyses. It is suggested that the functioning 
chondrocytes contribute to the expression of proteoglycan 
and collagen type II. However, the presence of high level 
extracellular matrix is still not sufficient to withstand the 
biomechanical strength even after 16-weeks of 
implantation (Zhang et al., 2009).

The TGF-β superfamily has four different 
isoforms namely TGF-β1, TGF-β2, TGF-β3 and TGF-β4. 
TGF-β1 is the most competence isoform in inducing 
chondrogenesis and cartilaginous matrix secretion (Song 
et al., 2007; Tuli et al., 2003). This isoform plays a vital role 
during early stage of chondrogenesis (van de Kraan et al., 
2009) by promoting cell proliferation, extracellular matrix 
synthesis and repress chondrocyte terminal differentiation. 
The TGF-β1 facilitate in inhibiting cellular responses 
towards the inflammatory stimuli (Guo et al., 2006). The 
inhibition result in better repair outcome at the defect area 
(Guo et al., 2006; Li et al., 2004). The neocartilage formed 
resembled the normal cartilage macroscopically (Guo et 
al., 2007; Guo et al., 2006). It is suggested that TGF-β1 
has the potential to initiate and accelerate cartilage repair. 
This isoform also inhibits the catabolism of cartilage 
through the downregulation of matrix metalloproteinase-1 
(MMP-1) and MMP-3 (Guo et al., 2007; Caterson et al., 
2002; Worster et al., 2001).
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Like TGF-β1, TGF-β2 involves in chondrogenesis 
both in vitro and in vivo (Miura & Shiota, 2000). Study by 
Jin et al. (2007) suggested that TGF-β2 enhanced the 
cartilage tissue formation. The neocartilage formation was 
shown through the promotion of the cartilaginous matrix 
production. Immunohistochemistry analysis against  
collagen  type  I  yielded  negative  result  which  imply  
no  formation  of fibrocartilage. This finding is crucial for 
the development of articular cartilage; a hyaline cartilage. 
In addition, the microscopic finding indicated the presence 
of cartilage-isolated cells embedded in lacunae showing 
the development of functional cartilage cells i.e. the 
chondrocytes.

Although having similar roles as TGF-β1 and 
TGF-β2, the TGF-β3 induces a favorable healing response 
without scarring when compared to the other isoforms 
(Mowbrey, Ferland-Caron & Tredget, 2016; Chang et al., 
2014). Macroscopic observation indicated presence of 
integration between the implant and the native tissue 
showing the healing process and the neocartilage 
formation (Wang et al., 2014). The level of chondrogenic 
markers expression specifically Collagen 2A1 and 
aggrecan (ACAN) were significantly different when 
compared to the non-transfected group. Other 
chondrogenic markers such as collagen type II, SOX9 and 
ACAN are also highly expressed at the implantation site. 
The co-transfection of TGF-β3 with BMP-6 resulted in 
much better formation of neocartilage after implantation 
(Lu et al., 2013). It is suggested that the synergistic effect 
of these two genes enhances the cartilage development. 
After 24 weeks of implantation, no sign of degeneration 
can be seen indicating the stability of the implant tissue (Lu 
et al., 2013).

Bone Morphogenetic Protein (BMP)

The BMPs are multi-functional growth factors that belong 
to the TGF- β superfamily. BMPs involved in inducing 
cartilage and bone formation. BMP-2 involves in the 
promotion of cartilaginous matrix secretion (Sung et al., 
2007). This protein regulates and promote proliferation, 
differentiation, and apoptosis of various cells lineages in 
both bone and cartilage development and homeostasis 
(Oshin & Stewart, 2007; Yoon
& Lyons, 2004; Grunder et al., 2004; Issack & DiCesare, 
2003).  BMP-2 acts as upstream mediator of 
chondrogenesis in promotion of chondrocyte differentiation 
(Kakoi et al., 2014; Caron et al., 2013). BMP-2 transfected 
implant showed stronger GAG matrix and collagen type II 
expression which indicated the stimulation of more efficient 
redifferentiation (Cha et al., 2013). In addition, this signaling 
factor allows for an establishment of microenvironment 
observed in native tissue such as low oxygen tension 
(Wang et al., 2014) and three-dimensional cellular 
interaction (Cha et al., 2013; Chen et al., 2009). The 
BMP-2 group showed positive Safranin O staining 
indicating the cartilaginous matrix formation (Jeong et al., 
2011) supported by the presence of round-oval shaped 
lacunae with chondrocytes.

Studies by Semba et al., (2000) and Kramer et 
a l . (2000) , iden t i f ied BMP-4 as p romoter o f 
chondrogenesis. The finding is further supported by 
Kuroda et al. (2006) who reported that the cells in the 
transfected implants expressed chondrocyte-like 
phenotype with no ossification after 24 weeks of 
implantation. Histological analysis using Safranin O 
staining indicated sign of reparation in articular cartilage 
defect based on the integration marked between implant 
and native tissue (Matsumoto et al., 2008).

Even though BMP-7 involves in bone formation 
via endochondral ossification (Alden et al., 2000), this 
protein also plays a role as cartilage anabolic factors. 
BMP-7 has the potential to induce matrix synthesis and 
enhance cartilage repair (Chubinskaya, Hurtig & Rueger, 
2007). The matrix formation involves the synthesis of 
proteoglycans, aggrecan and collagen (Odabas et al., 
2012; Kaps et al., 2002). Compared to other BMPs, 
BMP-7 has the ability to counteract catabolic changes 
(Koepp et al., 1999) caused by IL-1, fibronectin and 
collagen fragments in human and bovine cartilage. The 
implant showed surface regularity and integration at the 
edges or borders of cartilage (Che et al., 2010). In another 
study, the cartilage implant exhibited anti-invasive effects 
on non-specific inflammatory reactions (Kaps et al., 
2002). This may suggest the suppressive on pannus 
invasion in arthritic joints.

B-Cell Lymphoma-Extra Large (BCL-XL)

The B-cell lymphoma-extra Large (Bcl-xL) is an anti-
apoptotic member of Bcl-2 family. Bcl-xL involves in 
blocking multiple apoptotic pathways stimulated by 
hypoxia, hyponutrition, inflammatory response and other 
proapoptotic factors: (1) interacts with Bax, proapoptotic 
member (Eskes et al., 2000), (2) acting downstream of Bax 
activation via inhibition of Apaf-1 and Caspase 9 
association (Cory & Adams, 2002), and (3) block 
apoptosis induced by Fas-Fas L pathway (Takehara et al., 
2004). According to Hu et al. (2010), morphological 
analysis showed improvement in healing of cartilage at the 
defect site. Other than that, number of apoptotic cells in 
repair tissue are lesser than non-transfected implant. 
Thus, it is concluded the Bcl-xL enhanced survival of 
engraft or implant at the site of cartilage defect in in vivo 
environment.

Interleukin-1 Receptor Antagonist (IL-1RA)

In humans, the interleukin-1 receptor antagonist (IL-1RA) 
is a protein encoded by the IL1RN gene. IL-1RA is a 
member of the interleukin 1 cytokine family. This 
antagonist inhibits the cartilage catabolism and 
degeneration which facilitate the repair of the defect. 
Supported by clinical studies, patients who suffered from 
articular cartilage injury expressed low level of IL-1RA 
(Bigoni et al., 2013; Marks & Donaldson, 2005). Thus, the 
progression of articular cartilage degeneration kept on 
continuing for these patients. This is due to IL-1RA acts by 
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binding to IL-1 receptor to inhibit the degradation of 
extracellular matrix of articular cartilage (Watson et al., 
2013; Xiang et al., 2012; Zhang et al., 2011). In the animal 
study, IL-1RA has been indicated to promote repair of 
cartilage defects in rabbits. It was evidenced through the 
expression of low level of GAG and nitric oxide (NO) in 
synovial fluid (Zhang et al., 2011). Study by Zhao et al. 
(2014) also showed that combination of transfection 
between IL-1RA and IGF-1 improved the performance of 
chondrocytes proliferation and extracellular matrix 
synthesis (Nixon et al., 2005; Haupt et al., 2005).

Chondromodulin-I (CHM-I)

The chondromodulin-I (ChM-I) encodes a glycosylated 
transmembrane protein that is cleaved to form a mature, 
secreted protein. This mature protein promotes 
chondrocytes proliferation (Xing et al., 2014) and inhibits 
angiogenesis (Wei et al., 2010; Yoshioka et al., 2006). 
ChM-I contributes to the colony formation of cultured 
chondrocytes in the implant. Besides, macroscopically the 
implant showed an appearance resembling a cartilage-like 
tissue supported by the synthesis of DNA and matrix of 
chondrocytes (Xing et al., 2014).

Fas Ligand (FASL)

Fas is a transmembrane protein belong to tumor necrosis 
factor (TNF) receptor family. Fas is expressed on many 
cells and tissues including liver, heart, lung, kidney and 
ovary (Green & Ferguson, 2001). Fas L is also known as 
anti-Fas expressed on activated or cytotoxic T 
lymphocytes, natural killer (NK) cells and neutrophils. It is 
highly abundant at the immune-privileged sites such as 
eyes, tastes, uterus, and ovaries. The binding of Fas to 
Fas L lead to apoptosis of Fas-positive cells. The 
apoptosis of these cells helps prolong allograft survival in 
rodent liver (Adachi et al., 2006; Askenasy et al., 2003; 

Zuraff-Perryman et al., 2002). It is suggested that Fas L+ 

chondrocytes induce apoptosis of inflammatory cells 
around the implant. The chondrocytes in the implant was 
able to maintain its regular shape (Xie et al., 2008) and 
express collagen type II similar to that of normal cartilage. It 
is expected that the inhibition of graft rejection results in 
viability or survivability of the cartilage implant.

SRY (Sex Determining Region Y)-BOX9 (SOX9)

SOX9 belongs to SOX proteins family. SOX9 is the master 
regulator of the chondrocyte phenotype (Seidl, Martinez-
Sanchez & Murphy, 2016). This gene involves in the 
regulation of cartilage-specific markers (Zuk et al., 2002) 
such as collagen type II, IX, and XI, and aggrecan 
(Kobayashi & Kronenberg, 2005; Gelse & Schneider, 
2006). SOX9 gene is expressed in all chondroprogenitor 
cells (Ikeda et al., 2005). The present of this gene has 
shown to prevent chondrocyte hypertrophy and has 
redifferentiation effect on osteoarthritic chondrocytes which 
have undergone dedifferentiation (Tew et al., 2005; 
Cucchiarini et al., 2007).

The ectopic implantation of SOX9-transfected 
tissue engineered cartilage in the athymic nude mice 
suggested that the gene stimulate the formation of mature 
cartilage tissue supported by the presence of cartilage-
isolated cells in the lacunae (Byung-Hyun et al., 2013). 
The generation of immature cartilage tissues (Byung-Hyun 
et al., 2013), presence of GAG matrix and expression of 
collagen type II indicated the redifferentiation effect of 
chondrocytes (Babister et al., 2008). Other than that, 
SOX9- tranfected implants prevented the degradation of 
chondrocytes during the subcutaneous implantation in rats 
(Yao et al., 2014).

In another study, the orthotopic implantation 
showed the integration between the SOX9-transfected 
tissue engineered implant and the native tissue (Cao et al., 
2011). The integration is important to maintain the 
biomechanical environment for long term period. Based on 
the observation of histological analyses, the implant tissue 
showed cartilage-like morphological appearance. The 
SOX9-transfected implant was able to maintain 
phenotype of normal cartilage and suppressed marker 
genes for hypertrophy and osteogenesis namely collagen 
type X, and collagen type I and osteocalcin respectively.

CONCLUSION

The patterns and trends of the combination of tissue 
engineering and gene transfer approaches in preclinical 
(or animal) studies have been presented in this paper. 
Each of the genes (Table 1) plays a significant role in 
chondrogenesis. It is interesting to also note that some of 
the genes has specific function in facilitating the 
integration of the tissue engineered cartilage implant and 
the native tissues. This is an indication that a proper 
selection of genes are crucial based on the objective of the 
study. Taken together, the present findings show gene-
enhanced tissue engineering promotes articular cartilage 
regeneration in animal model. The use of genes transfer 
approach for cartilage tissue engineering may be useful for 
future clinical setting.
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Abstract 

The objective of this study was to assess mating behaviour among buffalo bulls, Bubalus bubalis. This study was conducted at the Buffalo 
Research and Breeding Centre, Department of Veterinary Services and Animal Industry, Telupid, Sabah. Four buffalo bulls and sixteen 
non-pregnant buffalo cows were selected for this study. The bulls and cows were divided into four groups with the ratio of one bull to four 
cows. Oestrus was synchronized among the female before they were mixed with the bulls in the paddock. Reproductive behaviour was 
observed for one hour in the morning, afternoon and evening for nine days. The mating behaviour parameters such as libido, reaction 
time and sexual interest were observed and scored. A total of 10 matings were observed involving all four bulls throughout the 
observation period. The results showed that the highest score of libido was 7 out of 10 and the lowest was 3 out of 10. The reaction time 
was only observed once, which was 3.8 minutes. The Flehmen’s reaction, sniffing and licking of genitals were the highest observed 
behaviour at 100% (10 out of 10). Tending behaviour was 90% (9 out of 10) and chin-resting behaviour was observed once (10%). Out of 
the 10 matings, the highest was observed in the afternoon with 5 times out of 10 (50%) followed by 4 times in the evening (40%) and 
once in the morning (10%). This study suggests that different buffalo bulls exhibited different mating behaviour and mate at different time 
with Flehmen’s reaction and sniffing and licking of genitals were the commonest reproductive behaviours.
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Intro
INTRODUCTION

Buffaloes are important as a source of protein from the 
meat and milk besides as draught animals in many 
developing countries. According to Mudgal & Sethi (1989), 
buffaloes are classified into river and swamp types based 
on habitat and genetic constitution. In 2004, the total 
population of buffaloes in Malaysia was 138, 098 heads 
and 95% of them are of swamp type (Abas Mazni et al., 
2006). It was also stated that the total population of buffalo 
in Malaysia has a steady decrease from year 1970 to 2004 
(Abas Mazni et al. 2006). Thus, reproduction is one of the 
important factors in ensuring the increase of buffalo 
production in Malaysia. The reproductive behaviour is the 
behaviour of animals and plays a paramount role in 
reproduction, affecting both the success of mating and 
survival of the young (Hafez, 1992). According to Fayed 
(2001), male sexual behaviour in buffaloes is similar to 
cattle bull but less intense. The sexual behaviours of male 
buffaloes include libido, reaction time and sexual interest, 
which can be classified as Flehmen’s reaction, tending 
behaviour, chin-resting behaviour, and sniffing or licking 
genitals. The term “libido” is commonly used to describe 
the willingness and eagerness of a male to mount and 
attempt service of a female, while “mating behaviour” 
describes the performance of the male in the period 
immediately before, during and after service (Blockey, 
1979; Chenoweth, 1981). Both libido and sexual behaviour 

are less obvious (intense) in buffaloes than in cattle sires, 
yet they are describable. The early response to the 
oestrous scent is the flehmen response, which is 
widespread and prominent in ungulates, including buffalo 
(Houpt et al., 1991). This study aims to determine the 
mating behaviours among buffalo bulls, Bubalus bubalis.

MATERIALS AND METHODS

Study Population

The sexual behaviour study was carried out in the Buffalo 
Research and Breeding Center, Telupid, Department of 
Veterinary Services and Animal Industry Sabah, Malaysia. 
Four bulls aged 4 to 13 years old and sixteen cows and 
heifers (Bubalus bubalis) aged 2 to 10 years old were 
used in this study. The bulls were swamp (UPM1) and 
murrah cross (830, 839 and 3898) buffaloes. The animals 
were fed with standard diet and water was allowed ad 
libitum. The farm practiced extensive farming system. 
Rectal examination of each cow and heifer was performed 
few weeks before the study was carried out and all of 
them were confirmed non-pregnant and was not mixed 
with any bull since then. The cows and heifers were 
divided into four groups with one bull each group. Oestrus 
synchronization was done by using Bioestrovate® 
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(cloprostenol), 500µg intramuscularly, once on all four 
groups on four different dates. The groups of cows and 
heifers were then mixed with the bulls respectively with a 
ratio of one male to four females. The sexual behaviour 
observations were done for nine days per group.

Study Protocol

The sexual behavior of the bulls was categorized into three 
parameters; libido, reaction time and sexual interest. Libido 
was scored from a score of 1 (lowest) to a score of 10 
(highest). The reaction time was recorded based on the 
time taken from introduction to female or approaching the 
female until first ejaculation or first service. Sexual interest 
was divided into four criteria, which are Flehmen’s reaction, 
chin-resting behaviour, tending behaviour and sniffing or 
licking genitals. All of these criteria were coded as 1.0 if 
present and 2.0 if absent. The observations were done in 
three sessions; the morning (0700 – 0900), afternoon 
(1100 – 1300) and evening (1600 - 1800). Each group was 
observed for duration of one hour per session.

 
RESULTS

Libido Score

There is a variation of libido score distribution of all four 
bulls throughout the whole nine days observation as shown 
in Figure 1. The highest libido score observed was on Day 
3 showed by bull 830 with the score of 7 out of 10 followed 
by score 6 by bull UPM1 on Day 8. Bull UPM1 also 
showed a libido score of 5 out of 10 on Day 6. A score of 3 
out of 10 can be seen on Day 3, 4, 5 and 7 exhibited by 
bull 3898, UPM1, and 839. Another score of 5 out 10 was 
exhibited by bull UPM1 on Day 6 of the observation. The 
lowest score was by bull 830 on Day 3 but on different cow 
compared to the score of 7 out of 10 on the same day.

Sexual Interest

Table 1 shows the sexual interests exhibited by the bulls, 
which were Flehmen’s reaction, chin-resting behaviour, 
tending behaviour and sniffing or licking the genitals of the 
females. A total of 10 sexual interests were observed from 

Figure 1. Distribution of libido scores according to days observed

all bulls throughout the whole observation period. In 
Flehmen’s reaction and sniffing or licking genitals, it was 
observed in all matings (100%). Tending behaviour was 
observed 9 times out of 10 (90%) while chin-resting 
behaviour was only observed 1 time out of 10 (10%).

DISCUSSION

In this study, the libido scores vary from all four bulls. 
Since the bulls were placed and assessed in pastures, it is 
consistent with Parkinson’s (2004) who concluded that the 
subjective observation of the mating behaviour of bulls at 
pasture is not a very good indicator for the bulls’ mating 
ability. According to Blockey (1978) and Chenoweth et al. 
(1979), much better indicators are the objective 
assessments provided by libido and service capacity tests. 
Therefore, in order to determine the bulls’ mating ability, 
assessment of libido alone is not sufficient unless it is 
done together with the service capacity tests. However, 
the libido scores also depend on the receptive status of 
the buffalo cows. 

The low scores (2 and 3 out of 10) of the libido 
were mostly sexual interests and active pursuit exhibited 
by the bulls to buffalo cows which probably approaching 
oestrous and was not really in a state of oestrous. It is 
consistent with the scores of 5 and 6 out of 10 where there 
were just mounting attempts attempted by the bulls whilst 
the cows were not stood still and ran away. There was no 
repetition of service observed by the bulls as the highest 
libido score was 7 out of 10 with only one service followed 
by no further sexual interest. Nordin et al. (1988) has 
stated that it is quite difficult to detect male buffaloes 
mating behaviour unless a thorough observation is done. 
Since it is difficult to detect the mating behaviour and in 
order to get higher libido score from buffalo bulls, an 
intense and thorough observation must be done.

Reaction time is less in river buffalo bulls during 
peak breeding season (autumn, early winter) than in the 
low breeding season, or summer (Younis et al., 2003). In 
this study, there was only one reaction time recorded 
which was from bull 839 with the time of 3 minutes and 50 
seconds. This study was done in a tropical country with 
hot and humid weather throughout the whole year 
compared to Younis et al.’s statement which was referring 
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to temperate countries with four different seasons. In 
addition, there was no data or record stating how less (in 
time) is the reaction time of the river buffalo bulls during 
autumn or early winter compared to summer. Therefore, 
from this study, there is not much that can be discussed 
about the reaction time of the buffalo bulls since only one 
reaction time that was successfully recorded and also not 
comparing to different climate conditions in Malaysia. 

Based on this study, the sexual interest was 
further categorized into Flehmen’s reaction, chin-resting 
behaviour, tending behaviour, and sniffing or licking the 
female’s genitalia. The most prominent sexual interest 
shown by all four bulls were Flehmen’s reaction and 
sniffing or licking the female’s genitalia followed by tending 
behaviour and chin-resting behaviour. Houpt et al., (1993) 
has stated that Flehmen is the early response to the 
oestrous scent by the bull. This is consistent with this study 
where Flehmen was exhibited by all four bulls in oestrous 
cows or cows approaching oestrous. Another agreement 
can be explained according to Rajanarayanan and 
Archunan (2004), where the exhibition of flehmen 
behaviour is typical in buffalo reproduction observed from 
the study. Sniffing and licking the female's genitalia are the 
most frequent patterns, suggesting an important function of 
chemical communication through olfaction (Fayed, 2001). 
The bulls in this study exhibited this parameter of sexual 
interest in all mating which to detect the females which are 
in oestrous or approaching oestrous. According to Fraser 
and Broom (1990), the pheromones from the cows were 
released in the urine and can be smelled by the bull. This 
signals the bull to identify which female is in receptivity. 
Dominic (1991); Aron (1979) has explained that the source 
of the chemical signals (pheromones) can be from urine, 
faeces, vaginal secretions and specialized scent glands. 
These sources are located mainly at the genitalia area of 
the females and in order to identify the female’s receptivity, 

Table 1. Results of sexual interest out of 10 mating observed

the bull has to sniff the genitalia and exhibit Flehmen’s 
reaction if the pheromones are present. Therefore, it can 
be suggested that these two parameters of sexual interest 
will be exhibited by buffalo bulls in all mating in irder to 
identify females in oestrous or approaching oestrous. 
Tending behaviour was exhibited 90% from all mating 
observed. According to Estes (1992), the bull has to 
maintain close bodily contact and associates with the cow 
in oestrous while being near her. This will then contribute 
to temporary bond and will facilitate in repeated mating 
and ensuring optimum condition of fertilization (Fayed, 
2001). Tending behaviour observed in this study was by all 
four bulls but not in all mating. However, it was observed 
from 9 out of 10 mating and suggesting that this parameter 
of sexual interest also plays an important role in pre-
copulatory behaviour (courtship) in buffalo bull before the 
mating occurred. On the other hand, chin-resting 
behaviour was only observed once (10%) from all mating. 
According to Hill (1990), chin-resting behaviour will 
become more frequent once the female becomes well 
established and approaching oestrous contrary with this 
study where  it was not observed as frequent as the other 
parameters of sexual interest. In fact, it was only observed 
once out of 10 mating. This suggests that chin-resting 
behaviour will not always exhibited by buffalo bulls during 
mating and the probability of exhibition is lower compared 
to other parameters of sexual interest. 
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Abstract 

This study focuses on the Lower Kinabatangan-Segama Valley in Sabah, which comprises of eleven forest fragments (predominantly 
secondary forest) and surrounded by oil palm plantations. It aims to investigate the impact of forest conversion and fragmentation on the 
genetic population structure of two insectivorous bats i.e. the Whiskered Myotis (Myotis muricola) and the Fawn Roundleaf Bat 
(Hipposideros cervinus). Previous studies demonstrated that forest conversion and habitat fragmentation had influenced gene flow in 
some large primates at Lower Kinabatangan. We hypothesize that a similar effect in gene flow and a loss of genetic diversity among the 
populations will be observed from this study. The results will be used to establish conservation strategies for bat conservation plan at the 
Kinabatangan-Segama Valley.
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Intro INTRODUCTION 

There are 25 biodiversity hotspots across the world and 
these areas contain high concentrations of endemic 
species and is in danger of experiencing immense habitat 
loss. Southeast Asia intersects with four of these hotspots 
(Figure 1) (Myers, Mittermeier, Mittermeier, Fonseca, & 
Kent, 2000; Sodhi, Koh, Brook, & Ng, 2004). Each of them 
has a unique geographical history that contributes to its 
rich and unique biota (Sodhi et al., 2004). During episodic 
sea-level changes, the islands of Sundaland repeatedly 
connected to the Asian mainland, enabling biotic 
migrations from the mainland to the archipelago. When sea 
level rose, the isolation of these islands facilitated 
speciation (Meijaard, 2004). 

Borneo: Deforestation And Habitat Fragmentation

The major drivers threatening biodiversity in Borneo are 
linked to human activities and natural disaster (Langner, 
Miettinen, & Siegert, 2007; Sodhi et al., 2004). Timber 
logging, forest conversion, forest fires (due to El Nino 
effects) and population pressure (shifting cultivation, 
governmental resettlement activities, hunting for bush meat 
and the wildlife trade) are recognized as factors that drive 
the phenomenon (Carlson et al., 2012; Curran et al., 2004; 
Langner et al., 2007; Sodhi et al., 2004; Stibig & 
Malingreau, 2003). The drivers of these biodiversity losses 
might be acting alone or in concert. 

Impacts Of Deforestation And Habitat Fragmentation 
On Biodiversity In Borneo

The impact of deforestation and habitat fragmentation 
varies widely on different faunal assemblages (Fahrig, 
2003; Kinnaird, Sanderson, O'Brien, Wibisono, & 
Woolmer, 2003). Different species exhibit diverse and 
variable responses to disturbance. The responses are also 
varied across groups, yet are commonly correlated with 
population size and fluctuation, disturbance sensitivity, 
matrix use, biogeographic position and rarity (Henle, 
Davies, Kleyer, Margules, & Settele, 2004). Further 
diversity loss could be happening, as a result of 
interactions between climate change, species invasion 
and habitat fragmentation (Sala et al., 2000; Tilman et al., 
2001). Many species are facing extinction because they 
are unable to migrate through fragmented habitats to 
reach regions with suitable climates and soil (Sala et al., 
2000).

Genetic Diversity In Fragmented Landscape Of The 
Lower Kinabatangan

Previous studies had detected a high gene flow in certain 
group of primates such as long-tailed macaques and 
proboscis monkey that residing within forest fragments in 
Lower Kinabatangan due to their mobility and ability to 
overcome physical barrier such as river (M.F Jalil, 2006; 
Salgado-Lynn, 2010). However, in less mobile primates 
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like Orangutan, the effects of forest fragmentation can be 
detrimental (Goossens et al., 2005; M.F Jalil, 2006). 

A lso, i t was demonstrated that , forest 
fragmentation had put limits in large mammals movements 
like in Bornean Pigmy Elephant in Lower Kinabatangan 
floodplain (Estes et al., 2012; Goossens et al., 2016).

Using Genetic Markers As A Tool In Wildlife 
Conservation

Recent advancement in molecular technologies and 
approaches had allowed scientists to have a better 
understanding on wildlife genetics. As an example, the 
non-invasive sample collection approaches has 
countributed greatly in primate conservation (Arora et al., 
2010; Ferreira da Silva, Minhos, Sa, & Bruford, 2012; 
Goossens et al., 2016; M.F. Jalil et al., 2008; Salgado-
Lynn, 2010). Molecular genetic markers such as 
microosatellites, minisatellites, mitochondrial DNA, 
amplified fragment length polymorphism (AFLP) and major 
histocompatibility complex (MHC) are used extensively in 
population structure, relatedness, dispersal and parentage 
analyses in primates (Ferreira da Silva et al., 2012). 
Looking at the potential of non-invasive genetic analysis in 
large mammals and primates, it is possible that the same 
techniques can be extended in studies of small mammals 
such as bats.

In bats, molecular markers have been used 
widely in bat’s taxonomic and systematic such as in 

Figure 1. Four biodiversity hotspots in Southeast Asia (highlighted in red). Bar represents the percentage of 
species endemic to the each hotspot. The island of Borneo consists of Brunei, Malaysia and Indonesia 

(Sodhi et al., 2004)

Kerivoulininae (Bates et al., 2007; Khan et al., 2010),  
Vespertilionidae (Appleton, McKenzie, & Christidis, 2004), 
Hipposideridae (Murray et al., 2012), Rhinolophidae (Ith et 
al., 2015) and Pteropodidae (Almeida, Giannini, DeSalle, 
& Simmons, 2009; Polly Campbell, Akbar, Adnan, & Kunz, 
2006; P. Campbell, Schneider, Adnan, Zubaid, & Kunz, 
2004, 2006), as well as bat diversity and populations 
(Francis et al., 2010; Wilson et al., 2014),  and in dietary  
studies (Sedlock, Kruger, & Clare, 2014; Sedlock & 
Weyandt, 2009). Still, there are still gaps of knowledge in 
bats’ studies, especially with regards to habitat 
fragmentations. 

Conservation Of Caved-Dwelling Insectivorous Bats 
In Sabah

Sabah is a hotspot for bat diversity. A high number of 83 
species from 93 species recorded for Borneo could be 
found in Sabah (Simmons, Wilson, & Reeder, 2005). 
Among these, three fami l ies : Hippos ider idae, 
Rhinolophidae and Vespertilionidae are recognized as 
narrow-space ensemble of insectivorous bats (Kingston et 
al., 2003; Struebig et al., 2008; Struebig et al., 2009). The 
members of Hipposideridae and Rhinolophidae are mostly 
cave dwelling bats, whereas the members Kerivoulinae 
and Murinaninae are forest dependent bats. They are 
highly adapted to forage in the forest, and predicted to be 
sensitive to land use change (Kingston et al., 2003). They 
are considered as common and widely distributed in caves 
of Sabah (Yasuma et al., 2005). 
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Like all other bats, these microchiropterans 
spend approximately half of their lives in the roost (Kunz, 
1982), and most are cave dwelling, using caves to roost. 
Roosts are important sites for mating, hibernation, rearing 
young and a place to socialize with other individuals (Kunz 
& Lumsden, 2005). The roost provides them with 
protection from predators and thermo-stable environment 
(Kunz, 1982). Therefore, cave disturbance is recognised 
as a major threat to bat diversity (Mickleburgh, Hutson, & 
Racey, 2002), and in some regions, is considered a more 
important threat than landscape changes (Goodman, 
Ratrimomanarivo, & Randrianandrianina, 2006).  Human 
activities  at  caves  can  disturb  bats and  if  prolonged,  
can  have severe  consequences for the  long-term  
viability  of  the  bat  population.  Continuous  visits  to  
collect  guano  or  edible birds’ nests  are  major  factors  
of  disturbance and sometimes are compounded by visits 
by tourists (Suyanto & Struebig, 2007). 

To date, there has been scarce information on 
the genetic structure of bats in Sabah, particularly in the 
hotspot areas of Lower Kinabatangan. Currently, there are 
fifteen species of Microchiropteran bats present at 
Gomantong Forest Reserves (Abdullah, Halls, Tissen, 
Tuuga, & Cranbrook, 2007; Ong, 2008; Wan Irfan, 2006).  
Preliminary evidence seems to suggest a decline in bat 
diversity in the touristic Gomantong cave, located at 
Lower Kinabatangan, Sabah (Ong, 2008). The 
Gomantong cave is famous for its edible birds’ nest 
production, as well as a major tourism attraction during 
harvesting seasons. However the outcome from Ong 
(2008) is not strong enough to put an action plan in placed 
to manage this issue.

If the observed trend continues, the Lower 
Kinabatangan could lost substantial bat diversity, which 
may indirect negatively affect agriculture in the region, 
because bats have been shown to play a vital role in food 
production via pollination and consumption of crop pest.

To fit the purposed of this study, we had selected 
two narrow-space ensemble species, which are the 
Whiskered Myotis (Myotis muricola) and the Fawn 
Roundleaf Bat (Hipposideros cervinus).

Myotis muricola (Whiskered Myotis, Figure 2) is a 
Microchiropteran within the family Vespertilionidae 
(Subfamily: Vespertilioninae). It is a very small bat, 
weighing 3.5 to 7.4 grams with a forearm length ranging 
from 33 to 37 mm. It has brown to gray fur with dark 
upper-parts and broad buffy-white to pale gray under-parts 
(Payne et al. 2007; Yasuma et al., 2005). Despite being 
small in size, Myotis muricola has a very wide distribution. 
This species has been recorded in the northern part of 
Pakistan, Nepal, some parts of east India, most parts of 
Southeast Asia and southern parts of China.

Whereas, Hipposideros cervinus (Fawn 
Roundleaf Bat, Figure 3) is in the family Hipposideridae. It 
is relatively small species, weighing from 5.5 to 10.2 
grams with a forearm length ranging from 44 mm to 50.2 
mm. Its color varies from gray-brown or yellowish-brown 
to bright red-brown or orange. The bat also has a grayish 
pink simple noseleaf with two lateral leaflets. The median 

Figure 2. Whiskered Myotis

Figure 3. Fawn Roundleaf Bat

noseleaf of this species is narrower than the posterior 
noseleaf ((Payne et al. 2007; Yasuma et al., 2005). This 
species can be found in some part of the Philippines, most 
of Malaysia, Sumatra, Kalimantan, Sulawesi and some 
other islands of Indonesia to Papua New Guinea and 
northeast of Australia.

CONCLUSION

In this study, non-invasive genetic analysis will be 
deployed in order to generate information on impacts of 
forest conversion and habitat fragmentation on bats 
population from eleven forest fragments in the Lower 
Kinabatangan- Segama Valley, using two common cave-
dwelling species, which are the Hipposideros cervinus and 
Myotis muricola.  We anticipate that the results from this 
work will be used to establish conservation strategies for 
the two species in the Kinabatangan-Segama Valley.
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INTRODUCTION

The practicability of human somatic cells to be 
reprogrammed into embryonic-like cells termed induced 
human pluripotent stem cells (hiPSCs) by two independent 
groups (Takahashi et al., 2007; Yu et al., 2007) marks the 
generation of alternative cells for pluripotent stem cells 
(PSC) that are devoid of ethical concerns. The 
characteristics of iPSCs are found to be similar to the 
golden standard of the PSC, the embryonic stem cells 
(ESCs), but are more potentially suitable for bedside 
applications (Takahashi et al., 2007; Yu et al., 2007). From 
the perspective of cell transplantation, although it is well 
known that ESCs are pluripotent cells that have great 
capability to self-renew and differentiate into almost 
desired differentiated cells (Menendez, Bueno, Wang, and 
Bhatia, 2005) the transplanted ESC-derived cells might be 
rejected by patient’s body immunological reaction due to 
individual’s genetic difference between patient and donor.  
This happens particularly as the result of the presence of 
specific proteins on the surface of many cells that are 
called major histocompatibility proteins, or MHC proteins 
(Taylor, Bolton, and Bradley, 2011). This protein allows the 
immune system to identify the cell as of the patient’s own 
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Abstract

Human induced pluripotent stem cells (hiPSCs) exhibit great potential as a valuable tool in creating good human-based in vitro models 
that will allow us to understand the fundamental processes of normal and disease development.  The cells also could serve as useful 
tools for drug screening and discovery, besides being a reliable source for cell-based therapy.  A number of reprogramming methods have 
been established to induce somatic cells into embryonic-like pluripotent cells.  Among all, reprogramming via genetic modification using 
non- or viral methods has been the method of choice for most research groups.  Unfortunately, these methods have been shown to 
impose some safety concerns when iPSCs generated by genetic modification were shown to generate tumour due to insertional 
mutagenesis caused by the transgenes used for reprogramming.  Fortunately, advancements in reprogramming methods have brought 
about alternative for a safer method for cell reprogramming in preference to genetic modification.  Chemical reprogramming has been 
demonstrated to have the ability to reprogram cells into iPSCs that are more potentially suitable for clinical applications.  However, this 
method seems to be working well only for selected type of cells.  By incorporating our preliminary data and of other groups’ data, we aim 
to explore and discuss the properties and characteristics of the cells that are receptive towards chemical reprogramming.  In this short 
communication, we intend to discuss the advantages of chemical reprogramming over reprogramming via genetic modification and 
highlight on the types of cells that were successfully and are potentially be reprogrammed into iPSCs using chemical reprogramming 
method.  Our result on the expression of pluripotent associated markers highlights the prospect of full term amniotic fluid cells as the 
potential cells that are receptive towards chemical reprogramming method. highlight the ability of PG extract in enhancing neural 
formation from stem cells in vitro.
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cell or as the foreign cell that needs to be precluded. Due 
to differences in MHC proteins among individuals, the 
donor cells might be identified as foreign by the patient’s 
immune system and therefore will be rejected.  As a result, 
the patient may needs immunosuppressive drugs to 
suppress their immune system right after transplantation. 
Although immunosuppressive drugs can lower the risk of 
tissue rejection, their usage is often complicated and 
possesses side effects. Hence, one way to overcome this 
problem is to match a donor and patient perfectly and the 
most ideal donor would be the patient’s identical twins or 
to obtain the cell originated from the patient. Since it is 
impossible to harvest ESCs from the patient to achieve 
this purpose, researchers have found another way to 
produce pluripotent cells which is by reprogramming 
specialised cells such as fibroblast into cells that are 
phenotypically and functionally similar to ESCs. Hence, 
generating human full-term iPSC line could be an 
alternative to ESCs.

Besides its potential usage in therapeutic 
applications, hiPSCs also permit for a more reliable in vitro 
models to be established for basic fundamental studies of 
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normal and disease development, and drug screening and 
discovery as the hiPSCs could be generated from easily 
accessible cell source.  A number of methods have been 
established to make the reprogramming process possible.  
Among all, reprogramming via genetic modifications using 
non- and viral methods have been employed.  
Unfortunately, this type of reprogramming has been shown 
to introduce mutagenesis of the reprogramming genes 
(Nakagawa et al., 2008). Increasing number of alternative 
reprogramming approaches have been established mainly 
with the aim to improve the safety and efficacy of the 
generated hiPSCs to suit broader applications.  

Chemical reprogramming is one of the 
approaches that has been used to convert cells into 
iPSCs aiming for safer reprogrammed cells with similar 
properties of ESCs.  Unfortunately, not all cells could be 
reprogrammed using chemical approach.  This approach 
has been shown to be effective for selected type of cells 
that exhibit certain characteristics (Hawkins et al., 2017).  
Here, we aim to propose human full term amniotic fluid 
cells as the prospective cells that are potentially receptive 
towards chemical reprogramming by looking at their 
molecular characteristics. We intend to deliberately 
discuss on the functions of iPSCs and discuss on the 
disadvantages of reprogramming via genetic modification. 
Reprogramming via chemical approach and the 
characteristics of cells that have been used to undergo 
chemical reprogramming will also be discussed.  Finally, 
we will correlate our preliminary data on the molecular 
characteristics of human full term amniotic fluid cells 
obtained during caesarean section deliveries as the 
prospective cells to undergo chemical reprogramming into 
iPSCs.

Functions Of Human Induced Pluripotent Stem Cells

Besides its potential use in clinical settings, patient- or 
disease-specific hiPSCs also provide great potential as 
tools for a number of applications.  The patient-specific 
hiPSCs could be a valuable tool to address fundamental 
questions about disease biology and creating biological 
tool to perform drug discovery. For example, the iPSC can 
be generated from human full-term amniotic fluid mothers 
with known inherited genetic diseases such as cystic 
fibrosis to study and understand the development of the 
disease and how the disease might affect their offspring. 
The iPSCs can be cultured and expanded in a large 
volume in vitro to study how the disease works, and the 
regulations of gene and proteins that contribute to the 
development of the disease. While more scientists 
working on the animal model, the emergence of cell 
culture models enabled research in apprehending the 
underlying of disease in vitro scenario. In addition, cell 
culture models also have been used as a tool for drug 
testing and toxicity test as alternative to animal model. 

To date, stem and progenitor cells derived from 
the eyes are the most successful type of cell to 
differentiate into retina specific cell (MacLaren and 

Pearson, 2007). However, the availability of such cell is 
limited and difficult to obtain from patients.  Researchers 
have made major finding of a potentially feasible source to 
study about the development of disease via the discovery 
of iPSCs.  In 2012, Dimos et al., reported to generate 
hiPSCs from patients with amyotrophic lateral sclerosis 
(ALS) which is a neurodegenerative disease. Patience 
with ALS will exhibit symptoms such as difficulty in 
swallowing and weakness of the arms and legs. By 
generating hiPSCs from the patients, human motor 
neurons that carry the specific genes responsible for ALS 
could be provided in vitro. Hence, the root cause of motor 
neuron death in ALS could be further validated and 
possibly, future application of gene therapy could be 
adapted to treat the disease. By using a retroviral 
transgene approach for reprogramming, iPSCs from 
patient fibroblast were established and this population of 
cells were capable to form embryoid bodies that 
differentiate into the three embryonic germ layers. More 
interestingly, hiPSCs from these patients were 
successfully differentiated into motor neurons, the cell 
types that are diminished in ALS. In a different study by 
Soldner et al., (2009), hiPSCs, derived from Parkinson’s 
disease (PD) patient using Cre-recombinase excisable 
viruses, were used to study the pathophysiology of the 
disease by providing in vitro model using dopaminergic 
neurons derived from PD patients. The PD-specific 
hiPSCs will then represent the features of Parkinson 
Disease. According to the study,  reprogramming of 
fibroblast from PD patients and non PD patients yield a 
stable hiPSCs that expressed pluripotent markers Tra-160, 
SSEA4, OCT4, SOX2 and NANOG as shown by 
immunocyto-chemistry. Neural induction of PD-specific 
hiPSCs revealed the generation of dopaminergic neurons 
as determined by tyrosine hydroxylase (TH) and neuron-
spesific class III β-tubulin.  All these studies highlight the 
importance of patient-specific hiPSCs that would allow for 
fundamental studies on specific complex diseases that 
arise from genetic and environmental factors to be carried 
out. 

Human induced pluripotent derived stem cells 
would also beneficial for drug screening model. For 
instance, human iPSC-derived cardiomyocytes (hiPSC-
CMs) have been used to study the electrophysiological 
changes of hiPSC-CMs in response to cardiac drugs such 
as verapamil, quinidine and isoproterenol (Tanaka et al., 
2009). In this study, the in vitro model was used to 
determine the influence of the above-named cardiac drugs 
towards sodium, calcium and potassium ion channel 
blockers that is represented using hiPSC-CMs.  Using 
retroviral transfection, hiPSC-CMs were generated and 
tested for embryoid body formation and cardiac 
differentiation. The study revealed the ability of hiPSC-
CMs to exhibit cardiomyocyte phenotype by the 
expression of Nkx2.5, GATA4 and atrial natriuretic peptide 
and application of ion channel inhibitors that caused 
changes in potential waveform similar to native 
cardiomyocytes (Tanaka et al., 2009). 
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Generating PSC lines from the patient itself is the 
next target to avoid immune rejection during tissue 
transplantation due to the similar genetic makeup of 
patients and the respective iPSCs. The cells generated 
from the patients will be prepared in vitro and can be 
infused or transplanted back into the patient. Human iPSC 
lines from specific individual can be generated in vitro and 
can be stored in cell bank for future usage. Induced PSC 
lines might have a broader therapeutic potential as 
opposed to the most current practice which utilises 
umbilical cord to treat blood related disorder since 
umbilical cord has a lineage restricted property.  
Interestingly, other than fibroblast, it is also possible to 
generate human iPSCs from juvenile foreskin.  Data has 
shown that human ectodermal keratinocytes from skin 
biopsies of foreskin can give a higher reprogramming 
efficiency (100-fold higher) as compared to fibroblast. 
Furthermore, the timing for cell reprogramming is two-fold 
higher than fibroblast. Keratinocytes induced pluripotent 
stem cells (KiPSC) established from human foreskin were 
able to differentiate into endoderm, mesoderm and 
endoderm as shown by the positive staining of α-
fetoprotein (endoderm), α-actinin (cardiac myocytes-
mesoderm) and TuJ1- (neuronal cells-ectoderm) (Aasen et 
al., 2008). All these studies justify the importance of 
generating hiPSCs from human sources.

Disadvantages Of Reprogramming Via Genetic 
Modification

The first iPSC lines using genetic modifications were 
generated by Yamanaka et al. (2006) by transducing four 
transcription factor genes, Oct3/4, Sox2, c-Myc, and Klf 
into murine fibroblasts under embryonic cell culture 
condition. The reprogramming was done via retroviral 
transduction, where the transgenes were stably integrated 
into the host genome. Using this approach, the murine 
fibroblast can be converted into embryonic like cells. 
Generation of the first hiPSCs were successfully done in 
2007 by two groups (Takahashi et al., 2007; Yu et al., 
2007), also via genetically modified approach.
 One of the advantages of using retrovirus 
transduction is that the efficiency of transduction is high 
enough although it differs between cell types. In addition, 
transcription of retroviral construct is silenced when the 
somatic cells confer to pluripotent state given that the 
retroviral construct is under the control of a promoter in the 
5’LTR (long terminal repeat; Hotta and Ellis, 2009). 
Although reprogramming method using retroviral efficiently 
yields iPSCs with characteristic that resembles ESCs, 
these iPSCs showed lower expression of key pluripotency 
genes compared to that of ESCs suggesting a possibility 
that this reprogramming process remained incomplete due 
to activation of methyltransferases that result in 
endogenous genes not being activated (Takahashi and 
Yamanaka, 2006). This event can decrease in the 
efficiency of stable iPSC line produced.

Virus-based genomic modification approach 
possesses safety concern as the consequences of random 

integration of foreign DNA into the host genome. In clinical 
setting, hiPSCs generated by genetic modification might 
generate tumour due to insertional mutagenesis caused 
by transgenes used for reprogramming, or by a particular 
viral sequences found in retroviral or lentiviral constructs 
(Takahashi and Yamanaka, 2006; Nakagawa et al., 2008). 
Another possible risk of using genetic modification 
approach in generating iPSC is the reactivation and 
residual expression of integrated reprogramming factors 
(Ramos-Mejia, Muñoz-Lopez, Garcia-Perez, and 
Menendez, 2010). All reprogramming factors exhibit 
tumorigenic properties to some extent with c-Myc as the 
most prominent oncogene being expressed. The 
expression of Oct-4, Sox2, Klf4 and c-Myc genes has 
been associated to multiple tumour formation. It has been 
reported that 40% of chimeras and progenies derived from 
mouse iPSC have increased tumorigenecity as a result of 
c-Myc retrovirus activation (Nakagawa et al., 2008).  
Another study showed that following adult stem cell 
therapies, genetically modified cells habour the risk of 
tumour formation. Four out of 11 children with X-linked 
severe immunodeficiency disease developed leukemia 
upon treatment by haematopoietic stem cell (HSC) gene 
therapy using retrovirus (S. Hacein-Bey-Abina et al., 
2003). 

Moreover, there is a l ikel ihood of cel l 
transformation due to gene disruption caused by viral 
integration. Data has suggested that integrated lentiviral 
vector has disrupted tumour suppressing genes that 
resulted in increased incidence of tumour formation.  In a 
study by Cavazzana-Calvo et al., (2010) formation of 
tumours has been observed in the heart during 
intramyocardial transplantation with rat iPSC line that was 
induced using lentiviral vector. The harvested tumours 
were found to consist of cells that have differentiated into 
osteogenic, cartilaginous and neural lineages as 
confirmed by haematoxylin-eosin stained sections. The 
possible cause of the tumorigenesis includes insertional 
mutagenesis and transgene reactivation of four factors 
that were introduced to the cell by lentiviral vector 
including oncogene c-Myc.  In addition, the iPSCs might 
also undergo incomplete reprogramming into pluripotency 
resulting in epigenetic memory of their initial cell condition. 
Hence, the differentiations are more favourable along 
lineages of its original cell identity (Zhang et al., 2011). 
The development of mice derived from iPSCs and ESCs 
has been elucidated in a study by Tong et al., (2011). 
Results from the study indicated that although both mouse 
iPSCs and ESCs showed healthy appearance, there were 
changes in organs or tissues of mouse iPSCs. The 
changes included the presence of pancreatic tumour and 
bone tumour as identified by cell morphology and specific 
tumour marker expression.  The expression of transgenic 
induction factor, c-Myc, Klf4 and Oct-4 were elevated in 
both normal and tumorous tissue. However, expression of 
c-Myc was significantly higher in tumorous tissue as 
compared to normal tissue. The data indicate that the 
overexpression of c-Myc during cell induction method 
might play a role in tumor formation. Findings of these 
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studies highly mark the need of alternative reprogramming 
approaches that are safer and free from using the virus-
based genomic modification.  

Chemical Reprogramming

Advancements in reprogramming methods have brought 
about alternative for a safer method for cell reprogramming 
in preference to genetic modification approach for 
converting somatic cells to PSCs. As a first step to reduce 
genetic manipulation, Danwei et al., (2008) have 
introduced a reprogramming approach using just two 
transcription factors, Oct4 and Sox2 with the addition of 
valproic acid (VPA) as a small molecule for histone 
deacetylase (HDAC) inhibitor.  Data from this study 
suggested that reprogramming of primary human 
fibroblasts can be achieved by using a small molecule 
chemical to replace some of the transcription factors.  
Intracellular signalling modification could be the key 
modulator for pluripotent reprogramming using small-
molecule compounds. Hou et al., (2013) have successfully 
generated iPSCs from mouse somatic cells using a 
combination of seven small molecules (CHIR,616452, 
Forskolin, DZNep, Valproic acid, Tranylcypromine, TTNPB) 
with the frequency up to 0.2%.  The chemically induced 
pluripotent cells have shown to have similarities with the 
ESCs in many aspects including their expression profile 
and epigenetic status.  The small molecule compounds 
used for reprogramming various signalling pathways that 
have been demonstrated to modulate pluripotent 
reprogramming via intracellular signalling.  One advantage 
of using chemical method is that it is easy and the 
reprogrammed cells are expandable for clinical application 
or for cell banking purposes (Moschidou et al., 2012). 
Small molecules also provide flexibility using synthetic 
chemicals that allow easier functional optimization for 
reprogramming. Moreover, small molecules exert a typical 
rapid, reversible and dose-dependent biological effect of 
small molecules, allowing precise manipulation by 
controlling dose or combination of the small molecules 
(Xie, Fu, and Liu, 2017). Another advantage of using this 
method is the ease of handling of small molecules as 
opposed to genetic modification, thus making it a feasible 
approach for in vitro and in vivo studies (Yu Zhang, Li, 
Laurent, and Ding, 2012). Collectively, the advantages of 
using chemical approach are justifiable and could be 
adopted to reprogramming cells into iPSCs.  
   Among the small molecules, valporic acid (VPA) is 
the most commonly used molecule for chemical 
reprogramming. VPA is an acidic chemical compound that 
has been used clinically as anti-epileptic and mood-
stabilizing drug (Isoherranen, Yagen, and Bialer, 2003). 
VPA is cell permeable and has been shown to act as 
HDAC inhibitor. VPA improves reprogramming efficiency by 
promoting histone acetylation thus allowing the chromatin 
to adopt a loosen chromatin structure. The loose chromatin 
structure is associated with enhance expression of 
pluripotent and embryonic stem cell genes.  Lentiviral 
delivery of iPSC-inducing factors are often associated with 

cell stress, apoptosis and cell senescent. Recently, Zhai et 
al., (2015) have demonstrated that administration of VPA 
caused an increase in cell proliferation and inhibited 
apoptosis in an in vitro pre-mature senescence model 
hence promoting pluripotency induction in mouse 
fibroblast. In this study, cells that were treated with VPA 
after lentiviral infection exhibited reduced cell senescence 
as determined by beta galactosidase staining. VPA 
treatment also plays protective role against premature 
senescence in fibroblasts and brain-derived fibroblasts.  In 
addition, CD34+ cells treated with HDACi cocktail of VPA, 
trichostatin A, suberoylanilide hydroxamix acid and a few 
others have been shown to induce additional CD34+ cells 
that exhibit primitive stem cell phenotype including 
increased expression of cKit (CD117), CD90 and 
increased aldehyde dehydrogenase (ALDH) activity. In 
addition, the treated cells also show upregulation of 
pluripotency-associated genes including SOX2, OCT 4 
and NANOG (Chaurasia et al., 2014).  In 2012, Moshidou 
had made a significant finding by conferring functional 
pluripotency to first trimester human amniotic fluid stem 
cells using VPA.  The human iPSCs generated using this 
approach exhibit 82% transcriptome similar with human 
ESCs, able to form embryoid bodies, form teratoma in vivo 
and showed genetic stability upon long term expansion. 
Together, results from these studies suggest that VPA 
might not only play a role in inducing pluripotency during 
cell reprogramming but also increase cell proliferation 
hence increasing the efficiency of cell reprogramming. 

Despite its potential in directing conversion of 
somatic cells into PSCs, chemical reprogramming also 
has its own disadvantages. The major drawback of using 
chemical approach in reprogramming is on the time 
needed to consume the process. The fact that it takes 
around 40 days to induce iPSCs chemically in mouse cells 
(Hou et. al., 2013), it might take a longer period to derive 
chemically iPSCs from human. The slow kinetics of 
reprogramming might allow more genetic or epigenetic 
abnormalities to occur. For instance, during the long 
reprogramming period, tumour suppressor gene pathways 
might be inhibited and oncogenic pathways may be 
activated leading to tumour formation (Lin et al., 2013). 
The possibility of one specific small molecule may have 
one or more target is another drawback of chemical 
approach making it difficult to elucidate the pathway or 
mechanism that modulate the reprogramming process. 
Unexpected toxicity effect from the use of chemical 
compound might also interfere with the clinical application 
associated with iPSCs derived using this approach.

Properties And Sources Of Cells Receptive Towards 
Chemical Reprogramming

Other than approaches taken for cell reprogramming, the 
efficiency of the process also depends on endogenous 
expression of the reprogramming genes (Oct-4, Sox-2, 
Klf-4, c-Myc) in the specific cell. Previous studies have 
revealed that endogeneous expression of certain 
reprogramming factors has increased the chance of the 
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cells to be induced into PSCs.  Neural stem cells 
expressing high levels of Sox2 and c-Myc could be 
successfully reverted into pluripotent state through ectopic 
viral expression of other two factors Oct-4 and Klf-4. A 
faster kinetic, reduced retroviral integration and increased 
stable cell lines of iPSCs were achieved by neural stem 
cells as compared to mouse embryonic fibroblast (MEF). 
This might due to the fact that MEF showed no significant 
expression of critical genes required for reprogramming 
(Oct4, Sox2, Nanog, Klf4, c-Myc, and Lin82). 

Human iPSCs have been successfully generated 
from various cell sources including bone marrow 
mesenchymal stem cell (BM-MSC). Its self-renew ability 
and differentiation potential have been well documented for 
many years. Due to this reason, human BM-MSCs have 
been shown to be a suitable candidate for cell 
reprogramming into pluripotent state.  In a study by Yulin et 
al., (2012) human BM-MSCs have been efficiently 
reprogrammed into iPSCs using compound induction 
system that consist of p53 siRNA, valproic acid and vitamin 
C with transcription factors, OCT4, SOX2 and KLF4. Using 
this strategy, human BM-MSC-derived iPSC populations 
have been shown to express ESC specific markers OCT-4, 
NANOG, SSEA-4 and can form embryoid bodies in vitro. In 
addition, human BM-MSC-iPSCs are able to form teratoma 
that is composed of tissues representing cells of 
mesoderm, endoderm and ectoderm germ layers. 

Interestingly, recently, Hawkins et al., (2017) has 
proven the importance of Oct4 to be expressed in the cells 
to efficiently undergo chemical reprogramming.  They have 
managed to reprogram human amniocytes using solely 
chemical induction to iPSC. Results from these studies 
indicate that endogenous expression of reprogramming 
genes might facilitate the process of cell reprogramming 
especially for reprogramming via chemical induction (Di 
Stefano, Prigione, and Broccoli, 2009).  Based on this fact, 
we believe tissue-specific stem cells that endogenously 
express certain pluripotency-associated marker genes 
such Oct4 or Nanog could have high chance to be 
reprogrammed into iPSCs using chemical approach.

Full Term Amniotic Fluid Cells As Prospective Cells 
For Chemical Reprogramming

The application of hiPSCs in providing in vitro model to 
study normal biological processes, disease progression 
and drug screening is very difficult to emulate using other 
research tools.  However, there are shortcomings 
associated with the cell source to generate hiPSCs. It is 
not always feasible to obtain samples from patients 
because some of the procedures might involve biopsies or 
are invasive to the patient. Therefore, researchers are 
finding other alternatives cell sources that are easily 
available that can be used to establish hiPSCs.  

Study by Tong  et al., 2012 revealed that amniotic 
fluid cells could be an ideal cell source to generate patient-
specific hiPSCs. Amniotic fluid cells have several 
advantages over other cell types. Among the advantages, 
amniotic fluid cells are routinely harvested during antenatal 

examinations to detect any abnormalities of the foetus. 
More often, amniotic fluid harvested during this procedure 
are more than required for the remaining cells are 
eventually discarded. Cells isolated from second trimester 
amniotic fluid have been reported to have similar 
characteristic as bone marrow mesenchymal stem cell 
shown by the expression of mesenchymal markers (CD 
90, CD105, CD166) (in'tAnker et al., 2004). Under 
appropriate condition, mid-trimester amniotic fluid cells are 
broadly multipotent and able to differentiate into 
mesodermal lineage such as adipogenic and osteogenic 
(Tsai, Lee, Chang, and Hwang, 2004) as well as and 
hepatic (Liu et al., 2011), endothelial ( Zhang et al., 2009) 
and neuronal lineages (Tsai et al., 2004). In addition, 
amniotic fluid stem cells are not tumorigenic (De Coppi et 
al., 2007) and unable to form teratoma upon injection of 
cells into immunodeficient mice. Together, these evidences 
failed to fulfil characteristic of pluripotent stem cells. 
Although, they are not considered as pluripotent stem 
cells, owing to the advantages of amniotic fluid cells in 
term of its wide accessibility suggest that amniotic fluid 
might serve as a good candidate to establish pluripotent 
stem cell lines through cell reprogramming. 

In a study by Fan et al., 2012, amniotic fluid (AF) 
cells obtained from prenatal diagnosis of β-thalassemia 
patients were reprogrammed using a single excisable 
lentiviral stem cell cassette. Results from this study 
demonstrate that β-thalassemia hiPSC showed pluripotent 
characteristic by the expression of OCT-4 and NANOG, 
the ability to form embryoid bodies and teratoma 
formation. Recently, iPSC line has been derived from 
amniotic fluid mesenchymal stem cells (AF-MSCs) from 
second and third trimester. Result from this study showed 
that, AF-MSCs have limited mesenchymal differentiation 
potential and lack of NANOG expression.  In addition, they 
can also be induced into iPSCs and neural progenitor cells 
using Sendai virus implying the possible application of 
iPSCs derived from AF cells to study neurological 
disorders and other clinical applications (Jiang et al., 
2014).  Significant finding revealed that single iPSC colony 
can be isolated 6 days after viral infection in mid-trimester 
human amniotic fluid derived cells as compared to direct 
reprograming of human fibroblast which generally requires 
several weeks. All colonies are reported to express OCT4 
and 90% express NANOG. They also exhibit ESC-like 
morphology and expression of pluripotent markers 
(OCT-4, SOX2, SSEA-4, TRA-1-60), and can form 
teratoma consisting derivatives of the three embryonic 
germ layers. This study demonstrates the efficiency of 
stem cells from AF to undergo reprogramming.

Although there are many studies on mid-trimester 
AF derived stem cell, data on full-term AF derived stem 
cells (AFSCs) are still lacking. Full-term AFSC offers 
advantage over mid-term amniotic fluid derived stem cell 
as procedure of collecting full term amniotic fluid is less 
invasive and possesses less risk to the patient. Collection 
of mid-term AF involves an invasive technique called 
amniocentesis.  With this regard, more samples can be 
anticipated and a more thorough research could be 
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performed to elucidate the potential applications of this 
cell. Reports on the culture of stem cells from full-term AF 
were recently published in 2009, but they are multipotent 
and resembled more of mesenchymal stem cells (MSCs). 
The discovery of highly potent stem cell from full term AF 
isolated fr from an animal model rat had increased the 
possibility to get high regenerative potential of AFSCs from 
human full term pregnancies (Ferdaos, Nathan, and 
Nordin, 2008; Mun-Fun et al., 2015). The established full-
term rat AFSCs demonstrated pluripotent characteristic by 
the expression of Oct-4 (pluripotent markers) and 
telomerase reverse transcriptase (TERT) which encodes 
for the telomerase reverse transcriptase.  Interestingly, 
previous study on AFSCs from full term rat has also 
demonstrated for the first time, the formation of embryoid 
bodies (EBs), which strongly suggest their ability to 
differentiate into cells derivatives of the three primary germ 
layers. Hence suggesting the feasibility of the cells to 
establish human induced pluripotent stem cell lines from 
human amniotic fluid stem cells. Our group has established 
full-term rat AFSCs that exhibit pluripotent characteristic by 
the expression of pluripotency-associated marker genes 
(Oct-4, Nanog, Sox2, SSEA1; Mun-Fun et al., 2015). The 
expression profiles of the pluripotency-associated markers 
in rat full term AF cells highly signify the probability of full 
term AF cells of human pregnancies to be reprogrammed 
into iPSCs, particularly via chemical reprogramming 
method.  

To prove this possibility, we have collected AF 
cells from full term caesarean section deliveries (38-40 
week gestation) upon approval from the National Medical 
Research Register (NMRR) of Malaysia (project number: 
13-173217927) and subjected them to propagate until 
passage 4 (P4; Figure 1). The P4 cells were then 
harvested and analysed for the expression of pluripotency-
associated marker genes at both RNA (RT-PCR; Figure 
2a-b) and protein (flow cytometry; Figure 3) levels.  Our 
preliminary data from two AF samples showed that human 
AF cells from full-term pregnancies expressed endogenous 
important reprogramming factor, Oct-4, Nanog, Klf4 and c-
Myc. Oct4 represent the key regulator in pluripotency as it 
is already expressed in oocyte during normal development. 
Activation of endogenous Oct4 transcription is critical to 
reprogram somatic cells into induce pluripotent stem cell. 

The expression of endogenous Oct-4 in our primary 
culture signifies the basis of pluripotent characteristic as a 
cell source for cell reprogramming.   

Furthermore, our full term AF cells also have 
been shown to expressed CD117 (Figure 2e), a stem cell 
factor receptor that is essential for cell survival, 
proliferation, differentiation and adhesion suggesting the 
presence of stem cell population in the fluid (Lennartsson 
J and Rönnstrand L, 2012. The nature of human full term 
AF cells indicate that this cell is a feasible source for cell 
reprogramming and it is possible to induce human full term 
amniotic fluid stem cell into pluripotent cells by alternative 
non-viral delivery methods such as chemical induction to 
eliminate the risk of viral integration to the host genome. 
Based on this preliminary findings, we believe human full 
term AF cells could be receptive towards chemical 
reprogramming method for efficient conversion into 
hiPSCs.

CONCLUDING REMARKS

Reprogramming of human full term AF cells, which are 
collected from the fluid that is merely discarded, into 
iPSCs would be very desirable.  Based on the 
endogenous expression of the reprogramming factors, the 
full term AF would be a good candidate to undergo 
chemically-induced reprogramming for generation of safer 
and efficient cells for human use.  The success of the 
reprogramming will mark the potential of full term AF 
banking that could be useful for clinical applications, and 
as a tool for fundamental studies and drug screening and 
discovery.
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Figure 1. Morphological analysis of human full term amniotic fluid cells from caesarean-section 
samples. Fibroblast-like cells and epithelial-like cells were observed after 21 days of amniotic 
fluid primary culture (a).  Cell morphology after subsequent passaging at passage 1 (b) and 

passage 4 (c).  Magnification: 4x.
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Figure 2. Gel electrophoresis of specific amplicons for reprogramming factors.  Expression of 
a) Oct4, b) Nanog, c) Klf4, d) c-Myc and the stem cell receptor marker gene, and e) c-Kit by 

RT-PCR.  GAPDH acts as the reference gene. Gel images are representative of 2 caesarean 
section samples.

Figure 3. Flow cytometry analysis of pluripotency-associated markers. Expression of Sox2, Oct4, 
Nanog, SSEA4 and stem cell receptor gene (c-KIT) in cultured human full term amniotic fluid cells 

at P4.

REFERENCES

Aasen, Trond Raya, Angel Barrero, Maria J Garreta, Elena 
Consiglio, Antonella Gonzalez, Federico Vassena, Rita Bilić, 
Josipa Pekarik, Vladimir Tiscornia, G., Edel, Michael Boué, S., 
and Izpisúa Belmonte, J. C. (2008). Efficient and rapid 
generation of induced pluripotent stem cells from human 
keratinocytes. Nature Biotechnology, 26(11), 1276–84. http://
doi.org/10.1038/nbt.1503

Hacein-Bey-Abina S, Von Kalle C, Schmidt M, McCormack MP, 
Wulffraat N, Leboulch P, Lim A, Osborne CS, Pawliuk R, 
Morillon E, Sorensen R, Forster A, Fraser P, Cohen JI, de 
Saint Basile G, Alexander I, Wintergerst U, Frebourg T, Aurias 
A, Stoppa-Lyonnet D, Romana S, Radford-Weiss I, Gross F, 
Valensi F, Delabesse E, Macintyre E, Sigaux F, Soulier J, Leiva 
LE, Wissler M, Prinz C, Rabbitts TH, Le Deist F, Fischer A, 

Cavazzana-Calvo M. (2003). LMO2-associated clonal T cell 
proliferation in two patients after gene therapy for SCID-X1. 
Science, 302 (5644), 415-9. http://doi.org/10.1126/science.
1088547

Cavazzana-Calvo, M., Payen, E., Negre, O., Wang, G., Hehir, 
K., Fusil, F.,  Leboulch, P. (2010). Transfusion independence 
and HMGA2 activation after gene therapy of human β-
thalassaemia. Nature, 467(7313), 318–322. http://doi.org/
10.1038/nature09328

Chaurasia, P., Gajzer, D. C., Schaniel, C., Souza, S. D., 
Hoffman, R., D’Souza, S., and Hoffman, R. (2014). Epigenetic 
reprogramming induces the expansion of cord blood stem cells. 
Journal of Clinical Investigation, 124(6), 2378–2395. http://doi.org/
10.1172/JCI70313.2378

https://www.ncbi.nlm.nih.gov/pubmed/?term=Hacein-Bey-Abina%20S%5BAuthor%5D&cauthor=true&cauthor_uid=14564000
https://www.ncbi.nlm.nih.gov/pubmed/?term=Von%20Kalle%20C%5BAuthor%5D&cauthor=true&cauthor_uid=14564000
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schmidt%20M%5BAuthor%5D&cauthor=true&cauthor_uid=14564000
https://www.ncbi.nlm.nih.gov/pubmed/?term=McCormack%20MP%5BAuthor%5D&cauthor=true&cauthor_uid=14564000
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wulffraat%20N%5BAuthor%5D&cauthor=true&cauthor_uid=14564000
https://www.ncbi.nlm.nih.gov/pubmed/?term=Leboulch%20P%5BAuthor%5D&cauthor=true&cauthor_uid=14564000
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lim%20A%5BAuthor%5D&cauthor=true&cauthor_uid=14564000
https://www.ncbi.nlm.nih.gov/pubmed/?term=Osborne%20CS%5BAuthor%5D&cauthor=true&cauthor_uid=14564000
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pawliuk%20R%5BAuthor%5D&cauthor=true&cauthor_uid=14564000
https://www.ncbi.nlm.nih.gov/pubmed/?term=Morillon%20E%5BAuthor%5D&cauthor=true&cauthor_uid=14564000
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sorensen%20R%5BAuthor%5D&cauthor=true&cauthor_uid=14564000
https://www.ncbi.nlm.nih.gov/pubmed/?term=Forster%20A%5BAuthor%5D&cauthor=true&cauthor_uid=14564000
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fraser%20P%5BAuthor%5D&cauthor=true&cauthor_uid=14564000
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cohen%20JI%5BAuthor%5D&cauthor=true&cauthor_uid=14564000
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Saint%20Basile%20G%5BAuthor%5D&cauthor=true&cauthor_uid=14564000
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Saint%20Basile%20G%5BAuthor%5D&cauthor=true&cauthor_uid=14564000
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alexander%20I%5BAuthor%5D&cauthor=true&cauthor_uid=14564000
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wintergerst%20U%5BAuthor%5D&cauthor=true&cauthor_uid=14564000
https://www.ncbi.nlm.nih.gov/pubmed/?term=Frebourg%20T%5BAuthor%5D&cauthor=true&cauthor_uid=14564000
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aurias%20A%5BAuthor%5D&cauthor=true&cauthor_uid=14564000
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aurias%20A%5BAuthor%5D&cauthor=true&cauthor_uid=14564000
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stoppa-Lyonnet%20D%5BAuthor%5D&cauthor=true&cauthor_uid=14564000
https://www.ncbi.nlm.nih.gov/pubmed/?term=Romana%20S%5BAuthor%5D&cauthor=true&cauthor_uid=14564000
https://www.ncbi.nlm.nih.gov/pubmed/?term=Radford-Weiss%20I%5BAuthor%5D&cauthor=true&cauthor_uid=14564000
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gross%20F%5BAuthor%5D&cauthor=true&cauthor_uid=14564000
https://www.ncbi.nlm.nih.gov/pubmed/?term=Valensi%20F%5BAuthor%5D&cauthor=true&cauthor_uid=14564000
https://www.ncbi.nlm.nih.gov/pubmed/?term=Delabesse%20E%5BAuthor%5D&cauthor=true&cauthor_uid=14564000
https://www.ncbi.nlm.nih.gov/pubmed/?term=Macintyre%20E%5BAuthor%5D&cauthor=true&cauthor_uid=14564000
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sigaux%20F%5BAuthor%5D&cauthor=true&cauthor_uid=14564000
https://www.ncbi.nlm.nih.gov/pubmed/?term=Soulier%20J%5BAuthor%5D&cauthor=true&cauthor_uid=14564000
https://www.ncbi.nlm.nih.gov/pubmed/?term=Leiva%20LE%5BAuthor%5D&cauthor=true&cauthor_uid=14564000
https://www.ncbi.nlm.nih.gov/pubmed/?term=Leiva%20LE%5BAuthor%5D&cauthor=true&cauthor_uid=14564000
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wissler%20M%5BAuthor%5D&cauthor=true&cauthor_uid=14564000
https://www.ncbi.nlm.nih.gov/pubmed/?term=Prinz%20C%5BAuthor%5D&cauthor=true&cauthor_uid=14564000
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rabbitts%20TH%5BAuthor%5D&cauthor=true&cauthor_uid=14564000
https://www.ncbi.nlm.nih.gov/pubmed/?term=Le%20Deist%20F%5BAuthor%5D&cauthor=true&cauthor_uid=14564000
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fischer%20A%5BAuthor%5D&cauthor=true&cauthor_uid=14564000
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cavazzana-Calvo%20M%5BAuthor%5D&cauthor=true&cauthor_uid=14564000


- 178 -Transactions of Persatuan Genetik Malaysia, No. 7, 2017                           

Norshariza et al. (2017):  Human full term amniotic fluid - Prospective receptive cells for chemical reprogramming 

178

Danwei, H., Osafune, K., Maehr, R., Guo, W., Eijkelenboom, A., 
Chen, S.,  Melton, D. A. (2008). Induction of pluripotent stem cells 
from primary human fibroblasts with only Oct4 and Sox2. Nat 
Biotechnol, 26(11), 1269–1275. http://doi.org/10.1038/nbt.1502

De Coppi, P., Bartsch, G., Siddiqui, M. M., Xu, T., Santos, C. C., 
Perin, L.,  Atala, A. (2007). Isolation of amniotic stem cell lines 
with potential for therapy. Nature Biotechnology, 25(1), 100–106. 
http://doi.org/10.1097/01.ogx.0000261640.52511.eb

Di Stefano, B., Prigione, A., and Broccoli, V. (2009). Efficient 
genetic reprogramming of unmodified somatic neural progenitors 
uncovers the essential requirement of Oct4 and Klf4. Stem Cells 
and Development, 18(5), 707–716. http://doi.org/10.1089/scd.
2008.0180

Dimos, J. T., Rodolfa, K. T., Niakan, K. K., Weisenthal, L. M., 
Mitsumoto, H., Chung, W., Eggan, K. (2012). Induced 
Pluripotent Stem Cells Generated from Patients with ALS Can Be 
Differentiated into Motor Neurons. Science, 1218(2008), 1218–21. 
http://doi.org/10.1126/science.1158799

Fan, Y., Luo, Y., Chen, X., Li, Q., Sun, X. (2012). Generation of 
human β-thalassemia induced pluripotent stem cells from amniotic 
fluid cells using a single excisable lentiviral stem cell cassette. 
Journal of Reproduction and Development, 58 (4) , 404-9.

Ferdaos, N., Nathan, S., and Nordin, N. (2008). Prospective full-
term-derived pluripotent amniotic fluid stem (AFS) cells. The 
Medical Journal of Malaysia, 63 Suppl A, 75–6.

Hawkins, K. E., Moschidou, D., Faccenda, D., Wruck, W., 
Martin-Trujillo, A., Hau, K. L., Guillot, P. V. (2017). Human 
Amniocytes Are Receptive to Chemically Induced Reprogramming 
to Pluripotency. Molecular Therapy, 25(2), 427–442. http://doi.org/
10.1016/j.ymthe.2016.11.014

Hotta, A., and Ellis, J. (2009). Cellular Biochemistry. Journal of 
Cellular Biochemistry, 112(1), 940–948. http://doi.org/10.1002/
jcb21912

Hou, P., Li, Y., Zhang, X. X., Liu, C., Guan, J., Li, H.,  Deng, H. 
(2013). Pluripotent Stem Cells Induced from Mouse Somatic Cells 
by Small-Molecule Compounds. Science, 341(6146), 651–654. 
http://doi.org/10.1126/science.1239278 In 't Anker, P.,S, Scherjon, 
S.A., Kleijburg-van der, Keur. C., de Groot-Swings, G.M., Claas, 
F.,H., Fibbe, W.,E., Kanhai, H,H,. (2004). Isolation of 
mesenchymal stem cells of fetal or maternal origin from human 
placenta. Stem Cells, 22(7):1338-45. http://doi.org/10.1634/
stemcells.2005-0058

Isoherranen, N., Yagen, B., and Bialer, M. (2003). New CNS-
active drugs which are second-generation valproic acid: can they 
lead to the development of a magic. Current Opinion in Neurology, 
1 6 ( 2 ) , 2 0 3 – 11 . h t t p : / / d o i . o r g / 1 0 . 1 0 9 7 / 0 1 . w c o .
0000063774.81810.30

Jiang, G., Bernardo, J. Di, Maiden, M. M., Villa-Diaz, L. G., 
Mabrouk, O. S., Krebsbach, P. H.,  Kunisaki, S. M. (2014). 
Human Transgene-Free Amniotic-Fluid-Derived Induced 
Pluripotent Stem Cells for Autologous Cell Therapy, 23(21), 2613–
2625. http://doi.org/10.1089/scd.2014.0110

Lennartsson, J., Rönnstrand, L. (2012). Stem cell factor 
receptor/c-Kit: from basic science to clinical implications. Physiol 
Rev. Oct;92(4):1619-49.  doi: 10.1152/physrev.00046.2011

Lin, T., Ambasudhan, R., Yuan, X., Li, W., Hilcove, S., Lin, X.,  
Hayek, A. (2013). NIH Public Access, 6(11), 805–808. http://
doi.org/10.1038/nmeth.1393.A

Liu, H., Liu, D., Li, B., Guan, L., Yan, Z., Li, Y.,  Lv, Y. (2011). 
Human amniotic fluid-derived stem cells can differentiate into 
hepatocyte-like cells in vitro and in vivo. In Vitro Cellular and 
Developmental Biology - Animal, 47(9), 601–608. http://doi.org/
10.1007/s11626-011-9450-3

MacLaren, R. E., and Pearson, R. A. (2007). Stem cell therapy 
and the retina. Eye (London, England), 21(10), 1352–1359. http://
doi.org/10.1038/sj.eye.6702842

Menendez, P., Bueno, C., Wang, L., and Bhatia, M. (2005). 
Human embryonic stem cells: potential tool for achieving 
immunotolerance? Stem Cell Reviews, 1(2), 151–158. http://
doi.org/10.1385/SCR:1:2:151

Moschidou, D., Mukherjee, S., Blundell, M., Jones, G. N., 
Atala, A., Thrasher, A., Guillot, P. V. (2012). Human mid-
trimester amniotic fluid stem cells cultured under embryonic stem 
cell conditions with Valproic acid acquire pluripotent 
characterist ics. Stem Cells and Development , 22(3), 
121010152750003. http://doi.org/10.1089/scd.2012.0267

Mun-Fun, H., Ferdaos, N., Hamzah, S. N., Ridzuan, 
Noridzzaida Abdullah, S., Ramasamy, R., Cheah, P. S., … 
Yazid, M. N. (2015). Rat Full Term Amniotic Fluid Harbors High 
Potency Stem Cells Article. Research in Veterinary Science.

Nakagawa, M., Nakagawa, M., Koyanagi, M., Koyanagi, M., 
Tanabe, K., Tanabe, K., and Yamanaka, S. (2008). Generation 
of induced pluripotent stem cells without Myc from mouse and 
human fibroblasts. Nat Biotechnol, 26(1), 101–106. http://doi.org/
nbt1374 [pii]\r10.1038/nbt1374

Ramos-Mejia, V., Muñoz-Lopez, M., Garcia-Perez, J. L., and 
Menendez, P. (2010). iPSC lines that do not silence the 
expression of the ectopic reprogramming factors may display 
enhanced propensity to genomic instability. Nature Publishing 
Group, 20(10), 1092–1095. http://doi.org/10.1038/cr.2010.125

Soldner, F., Hockemeyer, D., Beard, C., Gao, Q., Bell, G. W., 
Cook, E. G., and Jaenisch, R. (2009). Parkinson’s Disease 
Patient-Derived Induced Pluripotent Stem Cells Free of Viral 
Reprogramming Factors. Cell, 136(5), 964–977. http://doi.org/
10.1016/j.cell.2009.02.013

Takahashi, K., Tanabe, K., Ohnuki, M., Narita, M., Ichisaka, T., 
Tomoda, K., and Yamanaka, S. (2007). Induction of Pluripotent 
Stem Cells from Adult Human Fibroblasts by Defined Factors. 
Cell, 131(5), 861–872. http://doi.org/10.1016/j.cell.2007.11.019

Takahashi, K., and Yamanaka, S. (2006). Supplemental Data 
Induction of Pluripotent Stem Cells from Mouse Embryonic and 
Adult Fibroblast Cultures by Defined Factors. Reactions, 126, 
663–676. http://doi.org/10.1016/j.cell.2006.07.024

Tanaka, T., Tohyama, S., Murata, M., Nomura, F., Kaneko, T., 
Chen, H., and Fukuda, K. (2009). In vitro pharmacologic testing 
us ing human induced p lur ipotent s tem cel l -der ived 
cardiomyocytes. Biochemical and Biophysical Research 
Communications, 385(4), 497–502. http://doi.org/10.1016/j.bbrc.
2009.05.073



- 179 -Transactions of Persatuan Genetik Malaysia, No. 7, 2017                           

Norshariza et al. (2017):  Human full term amniotic fluid - Prospective receptive cells for chemical reprogramming 

179

Taylor, C. J., Bolton, E. M., and Bradley, J. A. (2011). 
Immunological considerations for embryonic and induced 
pluripotent stem cell banking. Philosophical Transactions of the 
Royal Society of London. Series B, Biological Sciences, 
366(1575), 2312–22. http://doi.org/10.1098/rstb.2011.0030

Tong, M., Lv, Z., Liu, L., Zhu, H., Zheng, Q.-Y., Zhao, X.-Y.,  and 
Zhou, Q. (2011). Mice generated from tetraploid complementation 
competent iPS cells show similar developmental features as those 
from ES cells but are prone to tumorigenesis. Cell Research, 
21(11), 1634–7. http://doi.org/10.1038/cr.2011.143

Tsai, M.-S., Lee, J.-L., Chang, Y.-J., and Hwang, S. -M. (2004). 
Isolation of human multipotent mesenchymal stem cells from 
second-trimester amniotic fluid using a novel two-stage culture 
protocol. Human Reproduction (Oxford, England), 19(6), 1450–6. 
http://doi.org/10.1093/humrep/deh279

Xie, X., Fu, Y., and Liu, J. (2017). ScienceDirect Chemical 
reprogramming and transdifferentiation, 4(M), 104–113.
Yu, Vodyanik, Smuga-Otto, Antosiewicz-Bourget, Frane, Tian,  
Thomson. (2007). Induced Pluripotent Stem Cell Lines Derived 
from Human Somatic Cells. Science (New York, NY), 318(5858), 
1917–20. http://doi.org/10.1126/science.1151526

Yulin, X., Lizhen, L., Lifei, Z., Shan, F., Ru, L., Kaimin, H., and 
Huang, H. (2012). Efficient generation of induced pluripotent stem 
cells from human bone marrow mesenchymal stem cells. Folia 
Biologica, 58(6), 221–30. Retrieved from http://fb.cuni.cz/file/5660/
FB2012A0033.pdf%5Cnhttp://www.ncbi.nlm.nih.gov/pubmed/
23438847%5Cnhttp://www.ncbi.nlm.nih.gov/pubmed/23438847

Zhai, Y., Chen, X., Yu, D., Li, T., Cui, J., Wang, G., and Li, W. 
(2015). Histone deacetylase inhibitor valproic acid promotes the 
induction of pluripotency in mouse fibroblasts by suppressing 
reprogramming-induced senescence stress. Experimental Cell 
Research, 337(1), 61–67. http://doi.org/10.1016/j.yexcr.
2015.06.003

Zhang, P., Baxter, J., Vinod, K., Tulenko, T. N., and Di Muzio, 
P. J. (2009). Endothelial differentiation of amniotic fluid-derived 
stem cells: synergism of biochemical and shear force stimuli. 
Stem Cells and Development, 18(9), 1299–1308. http://doi.org/
10.1089/scd.2008.0331

Zhang, Y., Li, W., Laurent, T., and Ding, S. (2012). Small 
molecules, big roles - the chemical manipulation of stem cell fate 
and somatic cell reprogramming. Journal of Cell Science, 125(Pt 
23), 5609–20. http://doi.org/10.1242/jcs.096032

Zhang, Y., Wang, D., Chen, M., Yang, B., Zhang, F., and Cao, 
K. (2011). Intramyocardial transplantation of undifferentiated rat 
induced pluripotent stem cells causes tumorigenesis in the heart. 
PLoS ONE, 6(4), 2–7. http://doi.org/10.1371/journal.pone.
0019012



- 180 -Transactions of Persatuan Genetik Malaysia, No. 7, 2017                           

180



- 181 -

Corresponding author: 

Transactions of Persatuan Genetik Malaysia, No. 7, 2017                           
Published by Genetics Society of Malaysia    http://www.persatuangenetikmalaysia.com                            

167

181

Understanding The Genetic History Of The Malay And Orang Asli 
Populations In Peninsular Malaysia Using Killer Cell 
Immunoglobulin-Like Receptor (KIR) Genes

Hanis Z.A. Nur Waliyuddin1, Hisham A. Edinur1, Mohd N. Norazmi1, and Zainuddin Zafarina1,2

1 Human Identification/DNA Unit, School of Health Sciences, Universiti Sains Malaysia, Kelantan, Malaysia
2 Malaysian Institute of Pharmaceuticals and Nutraceuticals, National Institutes of Biotechnology Malaysia, Ministry of Science, Technology and Innovation, Penang, Malaysia

Abstract

Extensive diversity of killer cell immunoglobulin-like receptors (KIR) genes among diverse populations has made these immune genes 
become a potential anthropological marker and is even different between two randomly selected individuals. Here, we genotyped KIR 
gene contents and allelic polymorphisms for the first time for Malay and Orang Asli (OA) populations in Peninsular Malaysia using 
polymerase chain reaction-sequence specific primers (PCR-SSP). A total of 333 individuals representing 10 Malay sub-ethnic groups 
(Aceh, Banjar, Bugis, Jawa, Champa, Kedah, Kelantan, Mandailing, Minangkabau and Patani) and 167 individuals from five OA 
subgroups (Batek, Kensiu, Lanoh, Che Wong, Semai and Orang Kanaq) participated in this study. Forty KIR genotypes were observed 
among Malays and 25 genotypes in OA populations. The AA1 genotype exhibited the highest frequency among Malays and OA followed 
by AB4. The AA1, AB5 and AB7 genotypes are common in all Malay sub-ethnic groups whereas 21 genotypes are found identical for one 
particular sub-ethnic. All Semang subgroups (Lanoh, Batek and Kensiu) shared significant number of common genotypes (AB6, BB71 
and BB73) whereas 14 genotypes are identical for one particular subgroup. Haplotype A is the most frequent among Malay sub-ethnic 
groups and Semai while Haplotype B is the most common among OA subgroups (especially Batek). Acheh, Kedah and Kelantan Malays 
exhibited a balanced distribution of A and B KIR haplotypes. Principal component analysis demonstrates that the Malay sub-ethnic 
groups are located in between Chinese, Indian and Orang Asli populations. Semang subgroups are clustered with the Africans, Indians 
and Papuans shared many common genotypes (AB6, BB71, BB73 and BB159) observed among these populations. Senoi subgroups are 
displaced toward Southeast Asian and African populations. In contrast, Orang Kanaq, the smallest and the most endangered of all OA 
subgroups, has lost some degree of genetic variation, as shown by dominance of AB2 genotype with 0.73 frequencies and a total 
absence of KIR2DL2 and KIR2DS2 genes. Overall, the observed distribution of KIR profiles among Malays and OA are heterogeneous 
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INTRODUCTION

KIR is one of the various receptors expressed on the 
surface of natural killer (NK) cells and a subset of T 
lymphocytes (Lodoen and Lanier, 2006). KIRs provide 
immune defense through recognition with major 
histocompatibility complex (MHC) class I molecules 
expressed on the cell surface of most human cells 
(Parham et al., 2012). The KIR is encoded by a family of 
highly polymorphic and homologous genes clustered 
tandemly arrayed within 150 Kb of leukocyte receptor 
complex (LRC) region on chromosome 19q13.4 (Vivier and 
Daëron, 1997). The nomenclature of KIR genes is 
designed based on the number of extracellular Ig domains 
(D) and the length of cytoplasmic tail; short (S) or long (L). 
The KIR genes with S cytoplasmic tail express 
immunoreceptor tyrosine-based activating motifs to initiate 
NK cells activity by interaction with adaptor molecules. In 
contrast, L cytoplasmic tail conveys immunoreceptor 
tyrosine-based inhibitory motifs to induce inhibitory 
reaction.

There are 15 KIR genes loci including two 
pseudogenes (KIR2DP1 and KIR3DP1) have been 
identified so far with consideration of KIR2DL2/KIR2DL3 
and KIR3DL1/KIR3DS1 as allele of same locus (Uhrberg 
et al., 1997; Norman et al., 2007; Parham et al., 2012). Six 
genes are involved in activating reaction namely 
KIR2DS1, KIR2DS2, KIR2DS3, KIR2DS4, KIR2DS5 and 
KIR3DS1. The other eight genes participate in inhibitory 
reaction namely, KIR2DL1, KIR2DL2, KIR2DL3, KIR2L5A, 
KIR2DL5B, KIR3DL1, KIR3DL2 and KIR3DL3. There is 
also a possibility that a gene (KIR2DL4) can transduce 
both types of signals. 

KIR genotypes are appointed based on the 
combination of KIR genes present in an individual. They 
are organised into A and B haplotypes based on the 
number and type of KIR genes (Uhrberg et al., 1997). Both 
haplotypes consist of four fixed genes called framework 
genes: KIR2DL4, KIR3DL2, KIR3DL3 and KIR3DP1. 
Haplotype B is recognised by the presence of one or more 

Hanis	Z.A.	Nur	Waliyuddin,	Human	IdenIficaIon/DNA	Unit,	School	of	Health	Sciences,	UniversiI	Sains	Malaysia,	Kelantan,	Malaysia



- 182 -Transactions of Persatuan Genetik Malaysia, No. 7, 2017                           

Hanis et al. (2017):  Understanding the genetic history of the Malay and Orang Asli populations in Peninsular Malaysia

182

of the following genes: KIR2DL2, KIR2DL5, KIR2DS1, 
KIR2DS2, KIR2DS3, KIR2DS5 and KIR3DS1. Haplotype A 
is less variable and is classified by the presence of fixed 
inhibitory receptors (KIR2DL1, KIR2DL3 and KIR3DL1) 
along with the activating (KIR2DS4 and KIR2DL4) 
receptors (Uhrberg et al., 1997). To date, 573 unique KIR 
genotypes have been discovered among 155 populations 
in Allele Frequency Net Database (González-Galarza et 
al., 2015).

The characterisation of KIR gene contents among 
OA and Malay populations will provide a wider perspective 
of population genetics in the SEA region. With extensive 
variability of the KIR system across ethnically defined 
populations, it is interesting to determine the distribution of 
KIR genotypes and haplotypes in the OA subgroups and 
Malay sub-ethnic groups in order to help delineate their 
genetic relationship and migration history in this region. 
Additionally, this research may provide some preliminary 
information on different environmental challenges of the 
OA settlements compared with other locations and 
providing baseline information for future health related 
issues.

METHODOLOGY

Studied Populations

A total of 167 OA individuals participated in this study, 
consisting Batek (n=27), Kensiu (n=38), Lanoh (n=26), Che 
Wong (n=28), Semai (n=37) and Orang Kanaq (n=11). All 
the OA subgroups were analysed independently because 
each OA subgroup is a distinct group in term of languages, 
cultures and they were also regard themselves as different 
from one another. In addition, 333 individuals from 10 
Malay subgroups (35 Acheh, 30 Banjar, 36 Bugis, 47 
Champa, 30 Jawa, 35 Kedah, 30 Kelantan, 30 Mandailing, 
30 Minang and 30 Patani Malays) were recruited in present 
study. Participants were interviewed for demographic 
surveys. Only individuals without admixed lineage for at 
least three generations were selected into this study and 
they must be able to speak using their own dialect. Their 
consent was obtained either by thumbprint or signing on 
the participant's information and consent form. Blood 
samples were collected by registered medical officers. 
Ethical approvals were obtained from Universiti Teknologi 
MARA and Universiti Sains Malaysia Human Ethics 
Committee (FWA Reg. No: 00007718; IRB Reg. No: 
00004494 and USMKK/PPP/Ethics Com./2009(115)).

DNA Extraction and Quantification

All the blood samples were extracted using GeneAll® 
ExgeneTM Blood SV mini following manufacturer’s protocol. 
The concentration and purity of the extracted gDNA was 
measured using NanoDropTM 2000 spectrophotometer 
(Thermo Scientific). 

KIR Genotyping 

Each DNA sample underwent 16 independent PCR 
reactions as described by (Vilches et al., 2007). The PCR 
products were electrophoresed for 20 minutes. The 
presence and absence of specific PCR products were 
visualized and recorded using a digital gel documentation 
system (Vilber Lourmat, Deutschland GmbH, Eberhardzell, 
Germany). However, this method does not distinguish 
between KIR2DL5A and KIR2DL5B and we chose to 
report KIR2DL2/KIR2DL3 and KIR3DL1/KIR3DS1 genes 
separately, since they show different frequencies in the 
tested populations.

Statistical Analysis

The observed KIR gene frequencies (F) were calculated 
using the direct counting method. The estimated gene 
frequencies (gF), assuming Hardy-Weinberg (HW) 
proportions, were computed using Bernstein’s formula: 

which were used in later analyses and for populations 
comparisons. The prediction of KIR genotypes following 
(Rajalingam et al., 2008) and KIR2DL2, KIR2DL3, 
KIR3DL1 and KIR3DS1 were considered as a single KIR 
gene locus. The KIR genotype number (ID) was assigned 
by Allele Frequency Net Database (González-Galarza et 
al., 2015). Haplotype A and B frequencies were counted 
using a standard formula: haplotype A = (2nAA + nAB)/2N 
and haplotype B = (2nBB + nAB)/2N, where nAA, nAB and nBB 
are the number of individuals with genotype profile AA, AB 
and BB, respectively, and N is the sample size of each 
Malay/OA sub-ethnic group.

HW analysis was applied to test if the variation in 
each sub-ethnic group is at genetic equilibrium using the 
conventional chi-square (𝞆2) goodness of fit test 
(Rodriguez, Gaunt and Day, 2009).

Principal component analysis (PCA) was plotted 
using XLSTAT software based on 11 KIR genes (i.e. 
KIR2DL1-3, KIR2DL5, KIR3DL1, KIR2DS1-5 and 
KIR3DS1 ) between 47 re ference populat ions. 
Unfortunately, we have to omit several relative populations 
(Australian Aborigines, Cambodia, Taiwan Aborigines and 
Vietnam) due to non-availability of data for KIR2DL5, 
KIR2DS3, KIR2DS4 and KIR2DS5.  

RESULTS

The observed (F) KIR genes frequencies of all OA and 
Malay individuals were presented in Table 1. All of the 16 
KIR genes presently known were observed in OA 
subgroups and Malay sub-ethnic groups, except for 
KIR2DL2 and KIR2DS2 genes which are absent in Orang 
Kanaq. A total of 40 and 25 KIR genotype profiles were 
revealed among 333 Malay individuals 167 OA individuals 
(Table 2).  The most frequent genotypes found in all Malay 
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sub-ethnic groups are AA1 (0.33), AB4 (0.11) and AB5 
(0.09). The most common KIR genotypes among OA 
subgroups are AA1 (0.20), AB5 (0.11) and BB71 (0.10) 
with exception of completely absence of AA1 and AB5 in 
Batek. The BB71 and BB73 genotypes were shared among 
all Semang and Senoi subgroups whereas AB6 genotype 
is only express in Semang subgroups. Besides, 16 shared 
genotypes were expressed in both OA subgroups and 
Malay sub-ethnic groups including three genotypes which 
are commonly found in Semang and Senoi subgroups 
(AB6, BB71 and BB73). 

The observed distribution of KIR haplotypes in OA 
subgroups are heterogeneous (Table 3). Semai 
demonstrated the highest frequency of haplotype A (0.65) 
while Batek have the highest frequency of haplotype B 
(0.85). For the Malays, majority expressed high 
frequencies of haplotype A. The highest was reported in 
Jawa (0.70) followed by Minang (0.67) and Pattani Malays 
(0.65). Meanwhile, Acheh, Kedah, Kelantan and 
Mandailing Malays exhibited a balanced frequency of both 
KIR haplotypes. All OA subgroups and Malay sub-ethnic 
groups were considered to be in HW equilibrium (χ² < 3.84) 
except for Bugis and Kelantan Malays (Table 3).

A PCA was constructed using 48 different ethnics 
and populations including OA subgroups and Malay sub-
ethnic groups based on 11 gF of KIR genes. Six 
ethnogeographical population clusters were formed; 
African, Amerindian, East Asian (EA), Oceania, SEA and 
South Asian (Figure 1). For Semang, Batek is plotted 
nearer to the Melanesia and Papuan while Kensiu 
clustered within South Asian (Indian) populations and 
Lanoh closest to African populations. For the Senoi, Semai 
is located in between African and EA populations whereas 
Che Wong is grouped within SEA populations. In contrast, 
Orang Kanaq (Proto-Malay subgroup) is separated from all 
populations. All 10 Malay sub-ethnic groups are scattered 
within the SEA population cluster. Acheh, Kelantan, 
Mandailing, Kedah, Champa and Banjar Malays are plotted 

near to Indian populations. On the other hand, Jawa, 
Bugis, Minang and Pattani Malays are plotted closer EA 
(Chinese) population.

DISCUSSION

Peninsular Malaysia is one of the remaining land after the 
immersion of the vast low-land of Sundaland which 
connected the Asia Mainland to the Australia continent. 
Strategic geographical location has made Peninsular 
Malaysia as the meeting place of diverse races and 
cultures including the route for ancient modern human 
travelling to the Pacific regions and Australian continent 
(Macaulay et al., 2005). The present study used the most 
polymorphic immunogenetic marker of KIR genes of OA 
and Malay populations to provide supporting information in 
order to help delineate their genetic relationship and 
migration history in SEA region.

Semang subgroups, people of “Negrito” 
phenotypes, are undeniable known as the earliest settlers 
in this region, as early as 60,000 years ago (Soares et al., 
2008; Rozeyta Omar & Paimah Atoma 2009). Genotyping 
of KIR genes revealed that the all three Semang 
subgroups (Batek, Lanoh and Kensiu) shared three KIR 
genotypes; AB6 (14 individuals), BB71 (12 individuals) 
and BB73 (8 individuals) that were previously reported as 
the most common genotypes among African and Indian 
populations (Williams and Middleton, 2004; Middleton et 
al., 2008; Rajalingam et al., 2008). Furthermore, three 
Batek individuals expressed genotype BB159 which is rare 
elsewhere, but is found at high frequency (0.15) in 
Australian Aborigines (Toneva et al., 2001) (see Table 2). 

These three Semang subgroups are plotted at a 
far distance from each other with Batek nearest to Papuan 
and Melanasia, Kensiu with Indian populations and Lanoh 
closest to African populations as illustrated in the PCA 
graph (Figure 1). These are all evidences of their ancient 
genetic affinities, as part of the first wave out of Africa 

Table 1. Observed KIR genes frequencies (F) for OA subgroups and Malay sub-ethnic groups
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Table 2. Distribution of KIR genotype ID among Malay and OA subgroups

movement by modern human travelling along southern 
coast of Arabian Peninsula towards India, SEA (Peninsular 
Malaysia) and finally arriving in Papua New Guinea and 
Australia (Oppenheimer, 2012). Other genetic signatures of 
the ancient l ineage in Semang subgroups are 
demonstrated by expressing high KIR haplotype B 
frequency which is common haplotype among Africans, 
Australian Aborigines, Indians and Papuans (Toneva et al., 
2001; Rajalingam et al., 2002, 2008; Williams and 
Middleton, 2004; Middleton et al., 2008; Velickovic, 
Velickovic and Panigoro, 2009) (Table 3).

Senoi are the second group of OA population in 
Peninsular Malaysia which have a historical link with the 
indigenous mountain tribes of Indo-China region. Both 
speak Aslian language (Khmer languages) and express 
similar features as Mongoloid people  (Diamond and 
Bellwood, 2003; Masron, Masami and Ismail, 2013). These 
indigenous people of Indo-China were estimated to arrive 
in Peninsular Malaysia between 7,000 - 10,000 years ago 
and intermarried with the Semang population (Macaulay et 
al., 2005; Hill et al., 2006). 

These interaction gave rise to the Senoi 
subgroups with hybrid phenotypes between Indo-China 
tribes and ‘Negrito’ from Semang population. However, 
different admixture level with the earlier Semang 
subgroups has resulted in a significant genetic difference 
between Che Wong and Semai. As seen in the PCA graph 
(Figure 1), Che Wong is plotted together with the SEA 
populations which is entirely consistent with their proposed 
origins from the Indo-China region. Meanwhile, Semai is 
displaced towards African populations. This observation 
indicates the gene flow from Semang have significantly 
changed the genetic structure of Semai. Moreover, their 
ancestral gene pool are retained by being isolated in the 
deep rainforest of Banjaran Titiwangsa. 

However, on the negative side, living in the 
untouched remote area could lead to low genetic diversity 
through drift. Semai was detected with low genetic 
variation by having high levels of genotype sharing. Both 
genotypes AA1 (17 individuals) and AB4 (10 individuals) 
dominated >70% of Semai profiles (Table 2). This is also 
contributed by their nature as swidden farmers, frequently 
migrating in small groups searching for new fertile land 
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and they also leave the land if death occur in their families 
(Fix and Lie-Injo, 1975). However, Che Wong seems to 
have high genetic variations since their village in Kuala 
Gandah has been commercialised for tourism and they are 
frequently exposed to the outsiders.

Proto-Malays are the third group of OA 
population. They were predicted as the ancestor of the 
Malayo-Polynesian speakers as they share similar 
phenotypes, language and culture (Kasimin, 1991). It was 
suggested that they originated from the northwest Wallace 
located in between Borneo and Sulawesi based on the 
genetic data complemented with dramatic geographical 
changes in island of SEA (Oppenheimer and Richards, 
2001; Soares et al., 2008). On the contrary, archaeo-
linguistic data suggested the expansion of  Proto-Malays 
arose in Taiwan/South China (4,000 years ago) based on 
the diversity of the Austronesia languages and the 
introduction of rice agriculture by Taiwanese farmers (Blust, 
1995; Bellwood, 2007; Spriggs, 2011). 

In the present study, Orang Kanaq, a studied 
subgroup of  Proto-Malays is significantly different from the 
both related Taiwanese/Chinese and neighbouring Malayo-
Polynesian speaking populations (Figure 1) and show 
evidence of becoming a distinct population. Their small 
population number and living in a distinct area might 
indirectly increase inbreeding and reduce the genetic 
variation. This is proven by the elevated AB2 genotype 
frequency (0.73), entirely absence of KIR2DS2 and 
KIR2DL2 genes as well as having very low F (0.09) of 
KIR2DS3 and very high F (0.82- 0.91) for KIR2DS5, 
KIR2DL5, KIR3DS1 and KIR2DS1 genes (Tables 1 and 2). 
However, this observation should be interpreted with 
caution due the small sample size in this study, with only 
11 individuals of Orang Kanaq analysed. Unfortunately, it is 
difficult to improve on this situation because there is only 
small number (~80 individuals only) of Orang Kanaq still in 
existence.

Subsequently, the emergence of the Malay 
civilisation possibly began before the 1st century by the 
establishment of Funan and Champa kingdoms in Indo-

Table 3. Number (n) and frequencies (f) of KIR genotypes and haplotypes with 
Hardy-Weinberg (HW) analysis for Malay and OA subgroups

China, as well as Kedah Tua kingdom in Peninsular 
Malaysia (Hussin, 2004). Since the 14th century, various 
Malayo-Polynesian speakers from neighbouring regions 
such as Sumatra, Java, Sulawesi, Kalimantan, Cambodia 
and southern Thailand migrated to Peninsular Malaysia 
seeking new land for survival (Din, 2011; Rahman, 2014). 
As of today, the genetic structure of the Malays has been 
further diversified by greater or lesser admixture between 
the Malays and Arabian, Chinese, European, Indian and 
Persian traders during the Malacca Sultanate (1402-1511) 
as well as the influx of Chinese and Indian immigrants 
during the British colonisation (1824-1956) (Hussin, 2008). 
Thus, any genetic study of the heterogenous of Malay 
populations is complicated, as it involves these repeated 
waves of admixture and/or migration of people from 
different genetic backgrounds.

These complex admixture could be explained by 
the most common and shared KIR genotypes; AA1, AB2, 
AB3, AB4, AB5, AB7 and AB8 in the studied Malays, and 
are also presented in high frequencies in the various 
populations (Table 2) . For example, AA1 (0.68) and AB8 
(0.25) are reported highest in Chinese (Shi et al., 2013), 
AB4 (0.22) in Europeans (Karabon et al., 2011), AB5 
(0.22) in African (González-Galarza et al., 2015), AB7 
(0.15) in Australia Aborigines (Toneva et al., 2001), and 
AB2 and AB3 (0.36, respectively) in Amerindian 
(Gendzekhadze et al., 2006; Augusto et al., 2013) 
populations. Instead of having high shared genotypes, 17 
singleton genotypes were observed in Malay sub-ethnic 
groups (Table 2). These unique genotypes are also 
present in high frequencies among Arabian (AB10), 
Chinese (AB57 and BB79), Indian (AB51, AB56 and 
BB184), African (AB21 and BB106) populations 
(Rajalingam et al., 2002, 2008; Middleton et al., 2008; Shi 
et al., 2013; Osman et al., 2014). 

As mentioned above, Malay and Chinese 
populations share a significant number of common KIR 
genotypes. From the PCA graph, Jawa, Bugis and Pattani, 
Minang Malays seem to be influenced more by Chinese 
populations compared to the other Malay sub-ethnic 
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Figure 1. Distribution of global populations using principle component analysis based on 11 gF of KIR genes. 
Black = Orang Asli subgroups; red = Malay sub-ethnic groups

groups (Figure 1). These four Malay sub-ethnic groups 
also expressed high frequency of Haplotype A (0.64 - 
0.70), which is a predominant haplotype among Chinese 
and EA populations (Table 3). These observations could be 
due to gene flow from Chinese into the Malay populations 
as well presented by genome-wide data of SNP study 
(Lipson et al., 2014), whether through the mainland via 
Indo-China or through the sea route as proposed by 
Bellwood (2004). This is also related to the origins of 
Bugis, Jawa and Minang Malays which included the route 
of Taiwan expansion through the Philippines, Borneo, 
Sulawesi (the origin of Bugis people), Java (the origin of 
Jawanese), Sumatra (origins of Minang people) and 
Peninsular Malaysia (Bellwood, 1977). This could be the 
basis of the gene flow from Chinese into the Malay 
populations.  

Historically, the interaction between the Chinese 
and the Malay world had started since the Qin dynasty 
(221 B.C). This good polit ical relationship was 
strengthened with the historical voyage of Zheng He’s giant 
delegation for memorandum of understanding with the 
Malacca Sultanate in 1405 (Yuanzhi, 2000; Mat and 
Sulaiman, 2007). Moreover, the British brought large 
numbers of Chinese from Hokkien and Kwangtung 
provinces into Peninsular Malaysia in between 1824 – 
1956 to serve as miners.  In 1931,  ~1.2 million Chinese 
were reported to live in Peninsular Malaysia (Malaysia Kita, 
2007; Hussin, 2008). Until now, the admixture of Malays/
Chinese can be observed among the Baba and Nyonya 
community in Malacca and Chinese Malays especially in 
Kelantan and Terengganu state.

The other Malay sub-ethnic groups: Acheh, 
Kelantan, Kedah, Mandailing and Champa are plotted 
closer to the Indian populations (Figure 1). The Indian 
civilisation could have a greater impact and take root 
deeply into the Malay world compared to the Chinese 
influence. Most of the Malay language today is adopted 

from the ancient Sanskrit language. SEA region became 
the focal point of Hindu/Buddha propagation by the 
establishment of ancient Angkor temples in Cambodia, 
Siva temples in Lembah Bujang, Kedah and Gangga 
Negara in Perak. The prime agent of indianisation in this 
region includes trader and Brahman groups, preaching 
religion and philosophy. The spreading of Indian culture, 
religion and language extended through the mainland 
route to Vietnam and Cambodia in the east, and 
Peninsular Malaysia in the west, which most probably 
affected the Kelantan state first. Between the 4th – 12th 
century, the mainland trade was gradually replaced by the 
sea trade (Winstedt, 1944; Kumaran, 2008). As a 
consequence, the regions facing the sea trade route of 
Straits of Melaka such as Kedah, Perak, Malacca and 
eastern half of Sumatera were influenced more by the 
Indian cultures and traditions. This could be the 
explanation of several Malay sub-ethnic groups (Acheh, 
Kelantan, Kedah, Mandailing and Champa) which seemed 
to have been influenced more by Indian rather than 
Chinese populations as illustrated in PCA plot (Figure 1). 

Besides the influence by the Chinese and 
Indians, there are evidences of gene flow from OA into the 
Malay populations. The interaction between OA and 
Malays started as early as the establishment of Malacca 
by Parameswara (Palembang prince). This prince married 
the daughters of OA and Orang Laut (Proto-Malays) 
leaders to develop a kinship network in the new homeland 
(Andaya, 2002). Furthermore, trading activities between 
OA and Malays promoted admixture of these two 
populations. OA with their knowledge of the jungle were 
once the supplier of forest products of aromatic woods, 
resins and rattan to the Malay traders on the coastal area. 
However, this relationship became gradually strained in 
the early 17th century due to demand shifting from forest 
products to the raw materials for industrial activities which 
favor rubber, palm oil and timber for trading (Andaya, 
2002). 
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In the present study, the genetic relationships 
between OA and Malay populations, was proven by both 
populations sharing several common KIR genotypes. For 
example, genotype AB6 presented in 14 Semang and 13 
Malay individuals, BB71 found in 12 Semang and 5 Malay 
individuals and BB73 observed in eight Semang and six 
Malay individuals. Additionally, the Malays were traced 
back to the OA population through sharing of the Semang 
mtDNA signature haplotype (M21a) (Hill et al., 2006). 
These patterns could be the evidences of gene flow from 
Semang into the Malays.

CONCLUSION

Overall, comprehensive datasets generated from the 
present survey demonstrated the value of KIR 
polymorphisms in elucidating genetic relationships among 
Malays, OA and with other world populations. The 
observed distr ibut ion of KIR prof i les of OA is 
heterogeneous with various genotypes and wide range 
haplotypes. Haplotype B is the common type among 
Semang subgroups, especially in Batek.  The Semang are 
grouped together with Africans, Indians and Papuans, 
showing closer affinity to these populations. Meanwhile, 
Senoi subgroups exhibit hybrid phenotypes with different 
admixture level between Indo-China tribes and Semang 
population. In the PCA plot, Che Wong is plotted together 
with the SEA populations while Semai is displaced towards 
African populations. In contrast, the Malay sub-ethnic 
groups are plotted in between Chinese, Indian and OA 
populations with majority expressing high frequencies of 
Haplotype A.
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Abstract

Psoriasis is a common chronic, immune-mediated systemic condition that causes severe morbidity and economic burden globally. 
Psoriasis can be associated with psoriatic arthritis that causes inflammatory changes in joints, spine and entheseal disease. Single 
nucleotide polymorphisms (SNPs) of the cytokine interleukin-23 receptor (IL-23R) showed an influence on the pathogenesis of psoriasis 
and psoriatic arthritis. The aim of this study was to review and evaluate available evidence on the effect of IL-23R gene variations on the 
incidence of psoriasis and psoriatic arthritis. A literature search was done in database of Pubmed, Google scholar using keywords of 
psoriasis, psoriatic arthritis, interleukin-23 receptor, and single nucleotide polymorphism (SNP). Only English papers published from year 
2006 to 2016 were considered. The inclusion criteria was formulated based on the following PICOS; patients with psoriasis and psoriatic 
arthritis, no intervention, carrier of different SNPs of IL23R gene and incidence of psoriasis and psoriatic arthritis. A total of 7 case control 
studies which met the inclusion and exclusion criteria, were included in this review. There were 11 SNPs (rs1004819, rs11805303, 
rs7517847, rs7530511, rs10489629, rs2201841, rs11465804, rs1495965, rs1343151, rs10889677, rs11209026) of IL-23R gene had been 
tested by these studies. The results from 6 studies showed that out of 11 SNPs of IL-23R gene only rs11209026 and rs7530511 had 
significant association on the incidence of psoriasis which p value of rs11209026 range from 2.0 x 10-2 to 2.46 x10-6 and for rs7530511 the 

p value range from 1.7 x 10-2 to 9.5 x 10-4 while both lacked any effect on the incidence of psoriatic arthritis. One of the study in Romanian 
population, rs11171806/rs2066808 showed a low risk for psoriatic arthritis (p = 0.03). In conclusion associations were observed between 
the incidences of psoriasis and psoriatic arthritis and 3 SNPs in IL-23R.
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BACKGROUND

Psoriasis (Ps) is a common chronic, immune-mediated 
systemic condition that affects nearly 1-8% of the adult 
population globally (Parisi et al., 2013). Also, it can affect 
approximately 1.5–3% of the western population with about 
125 million new patients worldwide every year (Nestle et 
al., 2009). Moreover, this disease has obviously relation to 
severe morbidity and extra financial burden among various 
countries (Gelfand et al., 2009; Gunnarsson et al., 2012). 

In addition, the majority of psoriatic patients 
present with mild type of this disease affecting <2% of the 
body surface area (BSA). However, the minority of those 
patients have moderate to severe type of Ps (Kurd and 
Gelfand, 2009). Moreover, Ps is associated with a number 
of complications and psoriatic arthritis (PsA) is one of 
these complications. PsA is a heterogeneous condition that 
causes characteristic inflammatory changes in joints, spine 
as well as entheseal disease.

PsA has the prevalence of approximately 
0.02-0.42 % among the population worldwide and nearly 
6-42 % in psoriatic patients (Alamanos et al., 2008; 
Gladman et al., 2005). Clinically, PsA is defined by most 
experienced physicians through its clinical features. In the 

early presentation, this condition typically presents in a 
mild type as an oligoarticular disease. However, as time is 
advancing, it progresses to a severe type as a 
polyarticular disease in around 20% of patients (Gladman 
et al., 2005). 
Moreover, many theories have been discussed 
pathogenesis of Ps. While some theories have focused on 
the hypothesis of abnormal differentiation of keratinocyte, 
the others have regarded psoriasis as a primary immune-
mediated disease (Nograles et al., 2008). According to 
recent studies, the cytokines interleukin-12 (IL-12) and 
interleukin-23 (IL-23) have showed an influence in the 
pathogenesis of Ps, and the latter is increasingly 
expressed among psoriatic skin lesions; therefore it could 
contribute to maintain this chronic inflammatory condition 
(Jadon et al., 2013).

Gene polymorphisms at chromosomes 5q33 and 
1p31, which are coding for the IL-23 receptor (IL-23R) and 
its ligand interleukin-12 subunit beta (IL-12β) have been 
showing an association with Crohn’s disease (CD) (Duerr 
et al., 2006). According to some studies, there is a 
correlation between one gene variant of IL-12β with Ps as 
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Figure 1.  The pathophysiology of psoriasis and psoriatic 
arthritis. (Adapted from Mortezavi and Ritchlin, 2015)

Figure 2.  The structure and function of cytokines formed 
by IL-12B (p40) and the relationship to IL-35

[Kaarvatn et al., 2012]

wel l as a possib le associat ion of other gene 
polymorphisms with Ps and CD (Capon et al., 2007; Cargill 
et al., 2007; Chang et al., 2007; Tsunemi et al., 2002). 
However, some studies have shown lack of association 
between IL-12β gene polymorphisms and PsA (Chang et 
al., 2007). Also, a correlation has been seen between 
IL-23R single nucleotide polymorphisms (SNPs) and 
ankylosing spondylitis (Burton et al., 2007). Therefore, 
these SNPs of IL-23R could have an association with Ps 
and/or PsA and this association could help clinicians 
through early diagnosis of this condition and proper 
management to prevent further adverse effects relating to 
Ps and its complication.

OBJECTIVES:

i. To assess the effect of IL-23R gene variations on 
the incidence of psoriasis.
ii. To assess the effect of IL-23R gene variations on 

the incidence of psoriatic arthritis. 

METHODOLOGY

The searches were performed in the PubMed, Google 
Scholar and Cochrane Database (2006 – 2016) using a 
series of keywords, terms, and subject headings made 
from Pub-Med’s Medical Subject Headings (MeSH). The 
search included keywords of: interleukin-23 receptor, IL-23 
receptor, psoriasis, arthritic psoriasis. Selected articles 
were limited to human studies, publications in English-
language and all kind of studies including clinical trial, case 
series and case report. Inclusion criteria for target 
population comprised subjects that were diagnosed with 
psoriasis. Studies were excluded if they lacked follow up.

The PICO framework was:

In order to strengthen the validity of this study, quality 
assessment was done utilizing subjective scoring as follow:

(i) Did the study clearly focused on the issue? (1 point)
(ii) Did the study clearly mention the treatment plan? 
(1 point)
(iii) Was the study mentioned measurement system for the 
outcomes? (1 point)
(iv) Were the outcomes accurately measured to minimize 
the bias? (1 point)
(v) Were the studies have accurate follow-up measures? 
(1 point)

Studies with score 0-2 were considered to have low quality 
and studies with score 3-5 were considered to have high 
quality.

RESULTS 

Twenty five articles were found using the relevant key 
words. Among these articles, only 7 were chosen to be 
reviewed in this study (Capon et al., 2007; Cargill et al., 
2007; Nair et al., 2008; Huffmeier et al., 2009; Nair et al., 
2010; Oka et al., 2013; Popa et al., 2013).The rest were 
excluded in view of non-English language, letter to editor, 
review articles and one of the studies appeared to be an 
incomplete study protocol for randomized control trial. All 
the seven selected articles were retrospective cohort 
studies and were considered to have good quality. A total 
of 1 patients were included in these seven studies. Tables 
1 and 2 show details of selected articles. 

DISCUSSION

While IL12B encodes the common IL12-p40 subunit of 
both IL-12 and IL-23, IL-23 was discovered a decade 
following IL-12. Moreover, the early studies of IL-12 
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Table 1.  Characteristics of studies
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Table 2. The findings of the selected studies
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function, which used either anti–IL-12p40 antibodies or 
IL-12p40–deficient mice, attributed the functions to IL-12 
that are only now being correctly ascribed to IL-23. 
Therefore, it is obvious that each cytokine possesses a 
unique role in the immune response and IL-23 has more 
significant influence on Ps and PsA than IL-12. 
Although both interleukins are formed by activated 
dendritic cells and macrophages, the regulation of their 
expression is different both spatially and temporally. 
Additionally, they induce the development of distinct 
subsets of T-cells as IL-12 stimulates the classic interferon-
g– producing T-helper (Th) 1 cells, while IL-23 induces the 
expansion and maintenance of the newly defined ThIL-17 
T cells.

SNPs In IL-23R Gene And Incidence Of Psoriasis

Psoriasis is chronic systemic disease that’s causing a 
number of complications and comorbidities. However, 
recent studies have revealed a correlation between this 
disease and genetic variations in some genes. In this 
structured review, there is specific focusing on the genetic 
variations related to IL-23R gene and its effects on both 
psoriasis and psoriatic arthritis. 

There are seven selected cohort studies; 5 of 
these studies focused on the effects of IL-23R SNPs on 
psoriasis, one on psoriatic arthritis and the last one 
concentrated on both diseases.
According to Capon et al. (2007) who tested 6 SNPs 
(rs11209026, rs1343151, rs2201841, rs10489629, 
rs7517847, rs1004819) of IL-23R gene, only SNP 
rs11209026 showed a protective role rather than 
pathological role in relation to the pathogenesis of 
psoriasis (Capon et al., 2007). This result is in agreement 
with a study by Duerr et al. (2006) who reported a similar 
strong influence of this SNP in Crohn’s disease (Duerr et 
al., 2006). Despite, Cargill et al. (2007) found that this SNP 
rs11209026 and another SNP rs7530511 of IL-32R gene 
have significant risk for psoriasis (Cargill et al., 2007).   

In tandem with the latter study, Nair et al. (2008) 
revealed that both SNPs rs11209026 and rs7530511 of 
IL-23R gene possess strong correlation to the disease of 
chronic epithelial inflammation in the cases as well as the 
controls (Nair et al., 2008).   

However, Nair et al. (2010) mentioned in following 
study that only SNP rs7530511 showed marginally 
significant association with psoriasis and SNP rs11209026 
lacked any influence (Nair et al., 2010).                                                                                                                                                                                                                                                                                                                                                                                                 

In opposite to the latter study, Huffmeier et al. 
(2009) found that SNP rs11209026 had an important effect 
on the pathogenesis of psoriasis while the other SNP 
rs7530511 did not (Huffmeier et al., 2009). Interestingly, 
Oka et al. (2013) showed that there was no association 
between SNP rs11209026 and psoriasis (Oka et al., 2013). 

Moreover, the variations in outcomes of these 
cohort studies could be related to the selection of different 
ethnic groups of patients. For instance, Nair et al. (2008) 
chose Caucasians patients in the first study while in the 
other study selected Thai patients (Nair et al., 2010; Nair et 
al., 2008). Also, Capon et al. (2007) and Cargill et al. 

(2007) recruited Brit ish and European patients 
respectively (Capon et al., 2007, Cargill et al., 2007). 
However, Oka et al. (2013) selected Japanese patients in 
the study and all these different ethnicity could lead to 
different outcomes (Oka et al., 2013).   

In conclusion, these studies had focused on a 
number of SNPs of IL-23R gene and their influence on the 
pathogenesis of psoriasis. From these selected cohort 
studies, two SNPs rs11209026 and rs7530511 showed 
controversial results and the variation in the ethnicity of 
the selected patients could be the reason behind these 
results. More studies on these SNPs in these ethnic 
groups could provide definitive answer regarding the 
influence of these genetic variations and the incidence of 
psoriasis.

SNPs In IL-23R Gene And Incidence Of Psoriatic 
Arthritis

Psoriatic arthritis is a chronic immune-mediated disease 
that’s characterized by psoriatic skin lesions plus 
inflammation of the peripheral and/or axial joints (Gottlieb 
et al., 2008). Recently, the advances in the genetics and 
management of PsA have focused on the   implication of 
the genetic variations of IL-23R gene in the pathogenesis 
of this condition. In this structured review, two cohort 
studies were highlighted that implication.

According to Huffmeier et al. (2009) SNPs 
rs11209026 and rs7530511 of IL-23R gene had weaker 
effect on the incidence of psoriatic arthritis (Huffmeier et 
al., 2009). Moreover, this study stressed that these SNPs 
lacked any specific risk for any phenotype of this 
condition. Additionally, Popa et al. (2013) expressed that 
both of these SNPs had no significant differences 
regarding the incidence of PsA in the cases and controls 
(Popa et al., 2013). Interestingly, there was a marginal 
correlation observed for another two SNPs rs1004819 and 
rs11805303 of IL-23R gene with polyarticular arthritis. 

In summary, these selected cohort studies had 
provided variable idea regarding the association of IL-23R 
SNPs and the incidence of Ps and PsA. The reason 
behind that could be the various ethnicity and 
geographical distribution of the chosen population for 
these studies. For instance, the study on the British 
patients did not show any association while the study on 
the European people proved that association. However, 
these results could need extra clarification in another 
populations with larger groups of patients.

CONCLUSION 

The reviewed cohort studies reveal that only two SNPs of 
IL-23R gene rs11209026 and rs7530511 had controversial 
results regarding their influence on the incidence of 
psoriasis while they lacked any effect on the incidence of 
psoriatic arthritis. However, the variation in the ethnicity of 
the selected patients could be the reason behind these 
results. Thus, a larger study with larger population is 
required to validate these findings in order to provide 
further support for therapeutic strategies targeting this 
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gene in the treatment of this chronic epithelial inflammation 
and its sequel.

The data from these cohort studies have shown 
significant correlation between IL23R gene variations and 
psoriasis and psoriatic arthritis. In this context, findings of 
this correlation confirm the pathogenic relevance of the 
IL23 signalling cascade and provide further support for 
targeting this pathway. Moreover, the therapeutic relevance 
of these findings should be highlighted by the clinical trials 
where specific antibodies can be used for the treatment of 
those patients suffering from psoriasis and/or psoriatic 
arthritis.
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INTRODUCTION

Genetic hair loss in human is a group of genetically and 
clinically heterogeneous anomalies categorized by scant to 
complete loss of hair on the head and other body parts. 
Woolly hair disease is described as an anomalous variation 
of tightly curled hair and  it is considered to be a hair 
development deficiency (Chien et al., 2006). The non-
syndromic hair anomalies are reported with different 
associated clinical symptoms, segregate either in 
autosomal recessive or dominant pattern (Basit et al., 
2015; Schmidt-Ullrich and Paus, 2005).  AR type of 
hypotrichosis is further categorized into three different 
categories LAH1, LAH2 and LAH3 respectively. The clinical 
features of AR hypotrichosis include very thin or absent 
scalp hair with additional scarce to absent eye brows and 
eye lashes along with sparse to absent axillary and pubic 
hair. However, in some cases it is reported that the affected 
male individuals have normal hairs of beard (Rafique et al., 

2003; Aslam et al., 2004; Wali et al., 2007). There are 
different genes for different types of autosomal recessive 
hypotrichosis. Gene responsible for LAH1 is DSG4 and 
was mapped on chromosome 18q12 (Rafique et al., 2003; 
Kljuic et al., 2003). However other two types (LAH2 and 
LAH3) are caused due to the mutation in LIPH and LPAR6 
gene, both of these genes have been mapped 
chromosome 3q27.2 and 13q14.11-q21.32 respectively 
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Abstract

In this study, the objective was to find out the deleterious variations in the human LPAR6 gene in Kashmiri families showing autosomal 
recessive hereditary hypotrichosis. Five isolated consanguineous Kashmiri families having multiple affected subjects showing features of 
hypotrichosis or woolly hair disorder were examined.  Genotyping was performed by using the microsatellite markers linked to AR 
hypotrichosis loci LAH1, LAH2 and LAH3 respectively. All families indicated linkage to the LAH3 locus on chromosome 13q14.11–q21.32. 
These linked families were further exposed to the direct sequencing of the LPAR6 as a candidate gene. Though, only family-A showed a 
recurrent mutation (c.188A>T) substituting aspartic acid to valine at position 63 (p. Asp63Val) in LPAR6 gene, whereas families-B to E 
showed no pathogenic variation. Mutation identified in Family-A and linkage of other four families to LPAR6 gene on chromosome 
13q14.11-q21 may strengthen the body of evidence indicating the LPAR6 gene is involved in the pathogenicity of autosomal recessive 
familial woolly hair disorder in Kashmiri families. However, genetic analysis is required to get perceptions into phenotype-genotype 
relationships, which will in turn enhance the investigator’s capability to make a first and correct identification to facilitate the genetic 
counselling in Kashmiri community.   
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There is only one coding exon in LPAR6 gene 
with putative open reading frame that encodes 344 amino 
acids and it contains four potential domains present 
outside the cell, four cytoplasmic domains and seven 
prefigured transmembrane sites (tariq et al., 2009). LPAR6 
gene express in Huxley’s and  Henley’s inner root sheath 
of HF that give support to develop the normal hair shaft, 
arising from the hair determining cells and differentiates 
prior to keratinocytes of central hair  matrix and plays very 
important role to control hair growth and hair texture as 
well (Shimomura et al., 2008). Mutations in LIPH and 
LPAR6 have similar phenotype including woolly hair and 
hypotrichosis (Khan et al., 2011). Mutation in keratin-74 
also causes the wooly hair and its mode of inheritance is 
autosomal dominant (Shimomura et al., 2008).To date 
approximately 25 mutations have been detected in LPAR6 
gene these include insertion, deletions, nonsense, 
missense and duplication (Table 1). The practice of 
consanguineous marriages is very common in Kashmiri 
families so it is essential to investigate the values in term 
of hereditary abnormalities with congenital hair loss in 
order to develop an appropriate strategy for genetic 
counseling and carrier screening in Kashmiri families. For 
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that purpose, we did linkage analysis of five families with 
highly polymorphic microsatellite markers for known AR 
hair loss gene/loci. After genotyping these families were 
further subjected for mutational analysis. The main 
purpose of recent research is to provide important data 
about the epidemiology of congenital alopecia in Kashmiri 
families.

MATERIALS AND METHODS

Human Subjects

All the families were visited at their places of residence. 
Present study was permitted by the Board of Advanced 
Studies and Research (BASR) of University of Azad 
Jammu and Kashmir. Before the construction of the 
pedigrees fully informed written consent was taken from 
the elders of the family to use their peripheral blood 
samples for the research purposes and to publish the 
photographs of the affected individuals. In the present 
investigation, all the affected subjects were exhibited the 
features of ARWH and hypotrichosis.

Genomic DNA extraction  

Peripheral blood samples were obtained from all the 
possible affected and normal subjects of each family. 
Genomic DNA was isolated from each sample by using 
organic method. The extracted DNA quantification was 
done by measuring the optical density at 260 nm and were 
diluted to 40-55ng/ml for the amplification by PCR.

PCR Amplification And Genotyping 

According to clinical characteristic of the affected 
individuals highly polymorphic microsatellite markers of 
already known alopecia loci/gene were amplified by using 
PCR (Simpli Amp Thermocycler). After the polymerase 
chain reaction, for the conformation of allelic pattern the 
amplified product was resolved on non-denaturing eight 
percent polyacrylamide gel and results were analyzed with 
the help of gel documentation system through UV 
transilluminator. 

Table 1. List of mutations in LPAR6 gene
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Figure 1. (a) Pedigree of family-A exhibiting AR hypotrichosis; (b) 
Electropherogram showing the allelic pattern with marker 

D13S127, D13S1288, D13S328 and D13S164; (c-d) Phenotypic 
representation of affected individuals of family-A.

DNA sequencing and mutation screening

All the five families included in the present study showed 
linkage to LPAR6 locus. The amplified PCR mixture was 
directly sequenced (forward and reverse strands) in an ABI 
Prism 310 Genetic Analyzer (Applera, Foster City, CA, 
U.S.A.), by using the ABI Prism Big Dye Terminator Cycle 
Sequencing Ready Reaction Kit (PE Applied Biosystems). 
Sequence variants were analyzed with the help of 
BIOEDIT sequence alignment editor version 6.0.7. 

RESULTS

Family-A

Family-A was collect from District Muzaffarabad which 
consist on seven generation pedigree (Figure 1a). The 
pedigree consists on forty subjects among which five 
females (III-1, VI-4, VII-1, VII-5 and VII-7) and   three 
males (VI-5, VII-2 and VII-6) were affected. The array of 
pedigree shows numerous consanguineous marriages. 
Phenotype of diseased subjects showed wooly and thin 
hair on the head, scarce to absent eye brows and eye 
lashes. DNA analysis of this family showed homozygosity 
(Figure 1b) among the affected individuals (3A, 4A and 6A) 
while normal individuals (1A, 2A and 3A) showed 
heterozygosity with marker D13S127, D13S1288, 
D13S328 and D13S164. Thus this family was linked to 
LPAR6 gene at chromosome 13q14.11-q21.32. 

Mutational investigation of the LPAR6 gene in 
diseased subjects of family-A indicated already reported 

missense mutation (c.188A>T) (Figure 2) substituting 
Aspartic acid to Valine at position 63 (p. Asp63Val). For 
further conformation, a panel of more than hundred 
unrelated and normal subjects of the Kashmiri origin were 
screened out to ensure that the sequence variants in this 
family don’t signify neutral polymorphisms in the 
inhabitants of respected area. However, we did not find 
any mutation in any individual outside the corresponding 
family.

Family-B

Family-B belongs to District Hattain Bala village Sarai. It 
consists on four generation Pedigree having 14 members, 
including two affected individuals (Figure 3a). Parents of 
the affected individuals were normal showing recessive 
inheritance pattern. All the affected individual show woolly 
sparse hair, sparse to absent eye brows and eye lashes 
however the other ectodermal parts of the body such as 
teeth, skin and nails were normal (Figure 3b and c). In 
both affected individuals sweating continues even in winter 
season. This family was also linked to LPAR6 gene on 
chromosome13q14.11-q21.32. All the affected individuals 
(3A and 4A) showed homozygosity while the normal 
individuals showed heterozygosity with marker D13S219, 
D13S218, D13S1253 and D13S894 (Figure 3d).

Family-C

Family-C was collected district Poonch village Arounta. It 
has four generation pedigree and total number of affected 
individuals is two. Parents of the affected individuals were 
phenotypically normal same as genotypic normal which 
represents the autosomal recessive mode of inheritance 
(Figure 4a). Clinical presentation of the diseased subjects 
shows sparse to absent hair on the scalp region, sparse to 
absent eye brows and eye lashes but the body parts and 
growth of the affected individuals were normal (Figure 4b). 

Figure 2. Sequencing chromatogram of single exon of LPAR6 
gene in normal, carrier and affected, indicating 1bp transvers ion 

at nucleotide position 188, resulting in aspartic acid to valine 
amino acid substitution (c.188A > T, p. Asp63Val).  The position of 

substitution in the sequence is indicated by arrows. 
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Figure 3. (a) Pedigree of family-B, square represents the males 
while circle represents the females in the pedigree. Filled symbols 

represents the affected and unfilled represent the normal 
individuals. (b-c) Photographs of the affected individuals of family-

B. (d) Electropherogram showing allelic pattern of family-B with 
marker D13S219, D13S218, D13S1253 and D13S894.

Family-C was also linked to the LPAR6 gene. Affected 
individuals 3A and 4A were homozygous with marker 
D13S219, D12S218and D13S1253 (Figure 4c).

Family-D

Family-D was also sampled from district Muzaffarabad and 
total number of individuals were 32 in the six generation 
pedigree including five males and five females affected 
individuals (Figure 5a).                                                                                                                                                                                                                                                                                                                                                                

Clinical samples were obtained from four affected 
(V-3, V-4, V-5, V-9) and two normal family members (V-1, 
V-8) which were further processed for DNA extraction.

Family E

Family-E was collected from district Neelum Azad Jammu 
and Kashmir. It has eight generation pedigree and the 
pattern of the pedigree shows large number of 
consanguineous marriages. Males and females were 
equally affected and parents of the diseased subjects were 
phenotypically comparable to genotypically normal 
subjects which represents inheritance pattern is autosomal 
recessive (Figure 6a). Phenotype of the diseased subject 
show sparse hair on the head region, sparse to absent eye 
brows and eye lashes. However, the other ectodermal 
parts and growth was normal in all the diseased subjects 
(Figure 6b and c). Family-E was also linked to LPAR6 gene 
on chromosome 13q14.11-q21.32. All the affected 
individuals 2A, 3A and 4A were homozygous with marker 
D13S218 and D13S1312 while the normal individuals 1N, 
5N and 6N were heterozygous with these two markers 
(Figure 6d).

Figure 4. (a) Pedigree of family-C showing autosomal recessive 
mode of inheritance. (b) Phenotype of the affected individual of 

family-C. (c) Electropherogram showing the allelic pattern of 
family-C with marker D13S219, D13S218 and D13S1253.

DISCUSSION

In recent study, we have investigated five consanguineous 
Kashmiri families showing autosomal recessive form of 
hereditary hypotrichosis. Hypotrichosis is a combination of 
different hair growth anomalies with different phenotypes 
like wooly hair, tightly curled hair and sometimes fragile 
hair (Kazantseva et al., 2006; Shimomura et al., 2008). 
Practice of consanguineous marriages is very common in 
Kashmiri population due to traditional and religious 
customs, which is the major cause of high occurrence of 
genetic hair defects and loss in this population. In current 
study, five Kashmiri families with autosomal recessive 
hypotrichosis (A to E) belonging to different regions of 
Azad Kashmir were investigated. Homozygosity mapping, 
a classical linkage analysis approach was used to find the 
linkage to known loci. All the families were linked to LPAR6 
gene on chromosome13q14.11-q21.32. Clinical features of 
all the families show sparse to absent hairs on the head 
scalp, scant to absent eye lash and eye brows along with 
sparse pubic and axillary hair. However other ectodermal 
parts of the body represent the normal growth. LPAR6 
gene which encodes a transmembrane protein and a G-
protein coupled receptor member for oleoyl-L-α-
lysophosphatidic acid. By using immune fluorescence it is 
showed that LPAR6 expresses itself in Huxley's and 
Henley’s layer of the hair follicle’s IRS (Fujimoto et al., 
2012). A mutation in LPAR6 might lead to disorders in 
signals transmission from oleoyl-L-α-lysophosphatidic acid 
through LPAR6 into cyclic AMP concentration inside the 
cell. Although, IRF cells might fail to grow or multiply, 
differentiate and in maintaining the texture of the hair 
shafts. LPAR6 gene has single coding exon covering 
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Figure 5. (a) Pedigree of family-D showing autosomal 
recessive hypotrichosis. (b) Electropherogram showing the 
allelic pattern with marker D13S1253 and D13S1233. (c-d) 

Phenotypic representation of family-D.

Figure 6.  (a) Pedigree of family-E showing autosomal recessive 
hypotrichosis. (b-c) Phenotype of affected individuals of family-E. 

(d) Electropherogram showing the allelic pattern with marker 
D13S218 and D13S1312.

putative open reading frame which encodes 344 amino 
acids. LPA serves as a ligand for LPAR6 gene and have a 
vital role not only in the hair development but also 
important in the formation of hair textures (Pasternack et 
al., 2008; Abbas et al., 2014). LPAR6/P2RY5 mainly 
functions in Henley’s and Huxley’s IRF of hair follicle 
involving in the normal hair shaft development (Shimomura 
et al., 2008). All the families (A to E) were tested for the 
linkage analysis to those genes which were already known 
for autosomal recessive hypotrichosis. Linkage was 
confirmed to microsatellite markers such as D3S164, 
D13S127, D13S1288, D13S1253, D13S165, D13S262, 
D13S328, D13S219, D13S1233, D13S894, D13S218 and 
D13S1312. All the five families were linked to LPAR6 gene 
on chromosome 13q14.11-q23.21. 

Only family-A was sequenced, a recurrent 
homozygous transversion mutation resulting in single bp 
substitution (c.188A>T, p. Asp63Val) in T2 extracellular 
domain (Figure 2) was identified through sequence 
analysis of the LPAR6 gene. A panel of more than 100 
unrelated and normal individuals of the Kashmiri origin 
were screened out to ensure that the sequence variants in 
this family does not signify neutral polymorphism in this 
population. However, we did not investigate any mutation 
in any subject outside the corresponding family. 

Mutation identified in the present studied Kashmiri 
family may range the body of evidences relating LPAR6 
gene in pathogenesis of autosomal recessive genetic 
woolly hair loss. However, in other families (B-E) linked to 
LAH3 locus no sequence variant was investigated after 
sequencing, which suggests that the disease causing 
variant might be present in the regulatory sequences of the 
LPAR6 gene or any other gene on the same locus is 
responsible for pathogenesis. It is strongly recommended 
that more families affected with genetic hair loss should be 
investigated to further increase the scope of known gene 
for future research work in the respected area. The genetic 

and clinical spectrum is not fully defined in Kashmir. 
Therefore, genetic analysis is required to get perceptions 
in to phenotype-genotype relationships, which will in turn 
enhance the investigator’s capability to make a first and 
accurate investigations to facilitate genetic counseling in 
the Kashmiri community.   
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Abstract 

Articular cartilage covers the ends of bones and forms a joint with another bone. This hyaline cartilage plays a significant role in weight-
bearing support system for the human body. This unique structure is aneural and avascular. It has limited capacity to regenerate once 
broken. If left untreated, this condition can worsen and later develop into degenerative joint disease known as osteoarthritis (OA). Until 
now, there is still no effective treatments to cure OA. There are many interventions available intended to reduce the progression of the 
disease. However, little is known about the treatments that can overcome the root of the problem. The emerging tissue engineering and 
regenerative medicine (TERM) field may offer an alternative therapeutic solution. The combination of three TERM components namely 
cell sources, biomaterial scaffolds, and signalling factors has been applied to produce biological cartilage substitute that restore, 
maintain, and improve the tissue functions. Reconstructing functional cartilage is a challenge for tissue engineers for decades. At the 
present human knowledge, the information of functional tissue formation is still limited and critically needed. Numerous attempts have 
been made in the TERM field to study factors that support specific cellular differentiation and quality tissue formation which include the 
use of gene transfer method. In cartilage research, SOX9 or (sex determining region Y)-box 9 is one of the essential transcriptional 
factors for cartilage development. SOX9 works with SOX5 and SOX6 in regulating chondrogenic lineage. These three factors, known as 
SOX-trio, play a crucial role in chondrogenesis. In a monolayer cell culture setting, replicative senescence limits chondrocytes in vitro 
expansion and differentiation. Other than using SOX-trio to promote the chondrogenic differentiation, the proliferative capacity of 
chondrocytes can be enhanced by telomerase reverse transcriptase (TERT), allowing for long-term culture. There is little evidence to 
suggest that interaction between SOX-trio and TERT in promoting chondrogenesis has been studied. The need for improved/thorough 
understanding of the cartilage healing process is also noted. Hence, this narrative review aims to identify patterns and trends in the 
literature concerning the crosstalk between the SOX-trio and TERT genes during chondrogenesis. It is hoped that the paper could 
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Articular cartilage lines the end of the two bones that form 
diarthrodial (or, synovial) joints e.g.the knee and hip 
joints.The cartilage acts as a cushion, absorbs shock and 
reduces friction between the internal joint structuresduring 
the physical movement. Microscopically, cartilage is an 
avascular, aneural and alymphatic hyaline connective 
tissue. With only one percent cells to extracellular matrix 
(ECM) ratio and without avascular system, cartilagehas a 
very limited capacity for self-repair once injured. If left 
untreated, the lesion may trigger early degeneration of the 
jointwhich later progress into OA. Being one of the most 
common forms of arthritis, OA is a chronic long-term 
degenerative joint diseaseresulting from a breakdown of 
articular cartilage and the underlying bone at the synovial 
joints (Sharma et al., 2013). 

OA may develop at various locations of the joints 
i.e. knee, spine, foot, ankle as well as hip joints. There are 
two types of OA namely primary and secondary OA. 
Primary OA is predominant in the ageing population. This 

may soon be a major issue of concern when the world 
experiences a significant increase in the size of the 
population aged 60 years or above between 2015 and 
2030 (United Nations, 2015). While secondary OA can 
develop at a younger age following a post-traumatic event 
to the joint. Several risk factors contribute to the 
development of OA include sex/gender, age, genetic 
predisposition, and biomechanical factors. Example of 
physical risk factors for OA are obesity, prior joint injury, 
abnormal joint shape, malalignment and heavy 
occupational physical activity (Blagojevicet al., 2010; 
Fransenet al., 2011).Management of OA incurs 
considerable amount of cost since it increases hospital 
utilization and medical services. The burden of OA is 
unbearable especially in developed countries where the 
socioeconomic liability is large, costing between 1.0% 
and 2.5% of gross domestic product (Hilligsmanet al., 
2013). 
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Although OA is not categorized as a life-
threatening disease, it affects individual’s quality of life as 
well as work and daily activities. OA has been estimated as 
the fourth leading cause of disability worldwide, attributable 
in the involvement of hip and knee joints (Fransenet al., 
2011). Among all types of OA, knee OA is the most 
common ailment and inflammation involving 13% women 
and 10% men aged 60 years and above (Heidari, 2011). 
Joint swelling, joint pain, and stiffness limit individual 
motion and mobility. Gradual loss of function will lead to 
inactivity and reduce individual’s productivity. An inactive 
person may suffer other life threatening and high-risk 
diseases like heart disease, cancers, and diabetes. 

There are many available treatments that are 
intended to manage or minimise the progression of 
OA.The treatments include pharmacotherapy, physical 
rehabil itation, interventional therapy as well as 
complementary medicine or even surgery (Onishiet al., 
2012 and Murphy et al., 2016). Pharmacologic treatments, 
often based on analgesics or non-steroidal anti-
inflammatory drugs (NSAIDs) is palliative. They offer some 
symptomatic relief but they are not disease-improving.In 
fact, they pose risks to older populations due to vascular 
side effects (Guilak, 2011). Another example of effective 
and increasing number of treatment taken place worldwide 
for people with severe OA is total joint(or, knee) 
replacement surgery. Although surgical interventions to 
cartilage repair are clinically useful, they are still unable to 
restore a structurally and functionally normal articular 
cartilage. Moreover, it is unapproachable to most people in 
rural areas especially in middle-income countries of Asia 
(Fransenet al., 2011).

Other than the above treatment strategies,it can 
be appreciated that many attempts have been made in 
seeking the best treatment approach for degenerative joint 
diseases. Thisincludes the application ofthe TERM 
technique to reconstruct cartilage-equivalent living 
substitutes as an alternative modality in delaying or, 
preventingthe progression ofOA. Often described asa 
multidisciplinary biomedical technology,TERM applies the 
principles of life sciences and engineeringwithin its 
embrace.Inspired by the globalendless issues on the 
scarcity of organ donation and transplantation, TERM 
researchersstrive to engineerbiomimetic tissues in such a 
way that they will be able to restore, repair or even reverse 
the aetiology of the damaged tissue or organ in the human, 
autologously (Chen and Liu, 2015). ThisTERM effort 
needsquality cell sources, biomaterial scaffolds and 
signalling factors (biologically active growth factors or its 
gene and bioreactor). Also known as TERM triad, these 
three components can be used either individually or in 
combination to regenerate functional tissue engineered 
medical products (TEMPs) in vitro. 

There are many challenges to generate cartilage 
(neocartilage)in vitro.To date, engineered tissues still 
showed insufficient mechanical properties and do not 
replicate the properties of native tissue, phenotypic 
instability after implantation, and poor integration into 
surrounding native tissue (Kwon et al., 2016). Successful 

cartilage tissue engineering relies not only on the structure 
and function, but also on the clinical applicability of tissue 
engineered cartilage.Inflammation in the degenerative joint 
is another barrier to achieve successful cartilage repair in 
the clinical setting. To resolve these challenges, it is 
increasingly important for clinicians and researchers to 
equip themselves with new knowledge and the latest 
development on cartilage generation.In cartilage TERM, 
recent researches focus more on the developmental of 
acellular and cellular regenerative products and 
techniques that could revolutionize joint care by promoting 
the development of functional articular cartilage (Makris et 
al., 2015).

Gene transfer is one of the promising techniques 
used in TERM. The idea is to introduce candidate genes 
into intended cells through a viral or a non-viral method 
and see if the genes could regulate and differentiate the 
cells in vitro. Sex determining region Y (SRY)-box 9 
(SOX9) has been identified as one of the main 
transcriptional factors in the formation of cartilage(Liu 
&Lefebvre, 2015;Norhamizaet al., 2016; Lefebvre &Dvir-
Ginzberg, 2017). Other members of SOX family, SOX5 
and SOX6have been indicatedto play certain roles with 
theSOX9 genein enhancing cartilage phenotypeas well as 
chondrogenesis (Ikeda et al., 2004; Yamashita et al., 
2012).It has been suggested that the combination of these 
three SOX members, known as SOX-trio helps regulate 
the chondrocytes during cartilage development(Liu and 
Lefebvre, 2015). 

In TERM, other than ensuring phenotypic 
stability, sufficient number of cells is needed for in vitro 
tissue regeneration. With small number of starting 
materials (i.e. the donor tissue), the isolated cells must be 
grown longer in culture to achieve the workable cells 
number. However, it is known thatcells grown in monolayer 
culture tend to undergo replicative senescence and stop 
d i v i d i n g a f t e r s e r i a l p a s s a g e s . H e n c e , c o -
transfectingtelomerase reverse transcriptase (TERT) gene 
and SOX9 (Noorhidayahet al., 2016) or TERT and SOX-
trio into chondrocytes has been proposed to prolong the 
lifespan of the cultured cells. There has been a surge of 
interest in applying chondrocytes-specific transcription 
factors and TERT genes transfer in combination with 
TERM principles to promote chondrogenesis (Munirahet 
al., 2011; Noorhidayahet al., 2016) and restore articular 
cartilage in vivo(Rozlinet al., 2015). Whether the 
c o m b i n a t i o n o f T E R M a n d g e n e t r a n s f e r 
technologycouldpromote articular cartilage repair and 
delay the progression of OA, the question can only be 
answered if thorough researches are done. 

To realise the above intent, this paper aims to 
highlight and discuss the potential effect of SOX-trio and 
TERT genes in enhancing the restoration of articular 
cartilage (Figure 1). It is hoped that this present paper 
could provide insights concerning chondrocytes-induced 
SOX5/6/9 and TERT genes for articular cartilage tissue 
engineering. Is this advancement of cartilage tissue 
engineering, hype or hope?
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Figure 1. The strategy using TE approach for OA

METHODOLOGY

The articles with no specific year range were extracted 
from two main online databases; Scopus and Web of 
Science (WOS). The keywords used to search for the 
intended topic were; “SOX-trio and chondrogenesis”, 
“TERT gene and chondrogenesis”, “hTERT and 
chondrogenesis”, and “telomerase reverse transcriptase 
and chondrogenesis” appearing in title, abstract and 
keywords of the author. For this review, the inclusion 
criteria are limited to paper publications related to human 
and animal cells in articular cartilage tissue engineering. 
Only full papers were analysed. Excluded papers include 
conference papers, articles in press, review papers, papers 
published other than English language and papers with no 
abstract.The findings were discussed in the following 
sections.

RESULTS AND DISCUSSION

After many years, there are many studies conducted with 
the aim to enhance chondrogenesis using various types of 
signalling factors. These include SOX9, combining SOX5/
SOX6/SOX9 (also known as SOX-trio) and many other 
genes or growth factors used to facilitate the development 
of chondrocytes and cartilagein vitro. The regulation of 
signall ing factors are intended to maintain the 
chondrocyte’s phenotype especially when grown in 
monolayer cellculture setting.The genes used to 
regeneratearticular cartilageand to prolong the lifespanof 
cellsin vitrousing TERT gene is given in Table 1.

Knee Joint And Articular Cartilage

Articular Cartilage Structure and Functions

Articular cartilage comprises firm and flexible protective 
layer over the articulating ends of bones. It acts as 
lubricants and allows for a smooth gliding of articulating 
surfaces for joint movement, protecting the ends of long 

bones from shear at points of contact against mechanical 
stress. Articular cartilage is a highly specialised connective 
tissue.It can be divided into few distinct zones; 1) 
superficial tangential zone, 2) middle zone or transitional 
zone, 3) deep or radial zone, and 4) calcified cartilage 
zone (Sophia Fox, Bedi& Rodeo, 2009). Each of the zone 
composed of different chondrocytes arrangement, different 
collagen fibrils position as well as collagen type (Figure 2). 
The superficial tangential zone which responsible to 
protects deeper layer from shear stress composed of high 
number of chondrocytes in flattened position. It is directly 
in contact with the synovial fluid. As for middle zone that 
makes up the thickest layer of articular cartilage, it has 
thicker collagen fibri ls arranged obliquely. The 
chondrocytes are spherical in shape and sparsely 
distributed within this layer. The deep zone provides the 
greatest resistance to compressive force.  It has the 
greatest diameter of collagen fibril that arranged 
perpendicular to the articular surface. The chondrocytes 
assemble in parallel with the collagen fibrils. The calcified 
layer plays an integral role in securing the cartilage to 
bone, by linking the collagen fibrils of the deep zone to 
subchondral bone. The cells population in this zone is 
scarce and chondrocytes are hypertrophic. This 
specialization makes articular cartilage a unique structure 
with lack of blood vessel, lymphatic vessel, and nerves. 

Chondrocytes And The Formation Of Cartilage

Chondrogenesis can be defined as the process of 
cartilageformation. Cartilageis a dense connective tissue. 
The chondrocyte (chondro=cartilage; cyte=cell)is 
encapsulated inside a space or cavity within the cartilage 
matrix known as lacuna (plural: lacunae). Chondrocyte 
differentiationstarts with condensation of mesenchymal 
stem cells originated from bone marrow. The cells 
aggregate to form chondroprogenitor cells under the 
influence of specific signals. The chondroprogenitor cells 
proliferate and differentiate to form chondroblasts 
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Table 1.  Summary of the three genes used for cartilage tissue regeneration in vitro

Figure 2. Articular cartilage of knee joint and components 
(adapted and modified from García-Carvajal et al., 2013)

(immature cartilage cells). Chondroblasts will differentiate 
and mature to becomechondrocytes. Chondrocyte 
normally has round or polygonal shape, but sometimes at 
the boundary of tissue, it has flattened or discord shape, 
especially at the surface of the articular cartilage. The 
proliferation of chondrocyte is regulated by cell-cell 
interaction and cell-matrix interaction (Gao et al., 2014). 
The intricate role of SOX transcriptional factors and TERT 
genes in chondrogenesis is discussed in the following 
sections.

SOX-Family

SOX9

Several lines of evidence point toward the importance of 
SOX transcript ion factors during mesenchymal 
condensation and chondrogenesis in the developmental 
processes as well as for the maintenance of chondrocytic 
phenotypes (Lefebvre, Behringer and de Crombrugghe, 
2001; Kim &Im, 2011). SOX9 has been termed as master 
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regulator of the chondrocyte phenotype. Numerous studies 
indicated SOX9 is an essential transcription factor for 
collagen type II synthesis and chondrogenesis (Lefebvre et 
al., 1997; Lefebvre and de Crombrugghe, 1998; Panda et 
al., 2001; Venkatesan et al., 2012). It is expressed in 
mesenchymal condensations before and during 
chondrogenesis, and is critical to normal skeletal 
development. 

In a parallel development, mutations of the human 
SOX9 gene result in the skeletal deformation; campomelic 
dysplasia (Kanai and Koopman, 1999). SOX9 binds to a 
potent chondrocyte specific enhancer region in intron 1 for 
the pro-α1 collagen type II gene (Lefebvre et al., 1997). 
This interaction increases pro-α1 collagen type II gene 
expression, thus, up-regulates collagen type II synthesis. 
SOX9 also responsible to bind directly at the promoter 
region of collagen II and activates the chondrocyte-specific 
enhancer elements incollagen type II alpha 1 (COL2A1), 
collagen type IX alpha 1 (COL9A1), and collagen type XI 
alpha 2 (COL11A2). It also said to bind at aggrecan, and 
transcriptionally activates the expression of all these genes 
in both differentiating mesenchymal stem cells (MSCs) and 
chondrocytes in vitro (Bell et al., 1997; Zhang, Jimenez 
and Stokes, 2003; Cao et al., 2011). SOX9 is expressed in 
all chondrogenic cells, except hypertrophic chondrocytes 
(Goldring, Tsuchimochi, &Ijiri, 2006). In line with other 
studies, few recent findings also indicated that, rabbit 
chondrocytes transfected with SOX9 up-regulates all 
cartilage-specific markers expression including collagen 
type I I and aggrecan (Norhamizaet a l , 2016; 
Noorhidayahet al., 2016). As a member of the SRY-type 
HMG-box family, SOX9 is the most vital transcriptional 
factor for chondrocytes differentiation. Without SOX9, it is 
felt that effective chondrogenesis cannot be materialised. 

SOX5 and SOX6

The trends of studies involving SOX proteins and 
chondrogenesis focus more on the combination of SOX9 
with another two SOX family members, SOX5 and SOX6 
(or, SOX-trio)(Yamashita et al., 2012; Lee &Im 2012). 
These factors have been co-expressed with SOX9 in all 
c h o n d r o p r o g e n i t o r c e l l s a n d d i f f e r e n t i a t e d 
chondrocytes.They cooperate with SOX9 to activate the 
specific cartilaginous marker i.e. COL2A1 gene (Kim &Im, 
2011). Both SOX5 and SOX6 are closely related DNA-
binding proteins that enhance the SOX9 function 
(Lefebvre, Behringer and de Crombrugghe, 2001; Liu and 
Lefebvre, 2015). It is suggested that the DNA binding and/
or transactivation ability of SOX9 in its homodimer form is 
dependently boosted by L-SOX5 and SOX6. A proximal 
region upstream ofmicroRNA 140(miR-140)has been 
reported to have chondrogenic promoter activity in vivo, 
and its cartilage-specific expression is generated from its 
transcript within the host geneWW domain containing E3 
ubiquitin protein ligase 2 (WWP2).It has been identified 
that the miR-140 promoter activity wasupregulated by the 
critical transcription factors L-SOX5, SOX6, and SOX9 
(Yamashita et al., 2012). Thus, SOX5 and SOX6 are 

needed to complete the chondrogenesis (Im, Kim and Lee, 
2011). 

SOX-trio And Chondrogenesis

In 2011, several studies done by Imet al.have provided 
many evidencesthat SOX5 and SOX6 worked together 
with SOX9 to enhance the differentiation of chondrocytes. 
This first study done at the epigenetic level of SOX-trio 
revealed that as OA progressed,there were epigenetic 
changes occurred namely the increased methylation of 
SOX-trio genes.On the one hand, the expression of SOX-
trio gene decreased in correspond to the severity of OA 
progression.On the other hand, their respective protein 
expression increased,suggesting these factors were 
overproduced in the early period after OA induction and 
drop off with the advancement of OA. This is perhapsdue 
to the lag effects in gene–protein expressions(Kim&Im, 
2011). At the same time, a research done by Lee and Im 
(2011) investigated the change in the expression of SOX-
trio with the advancement of OA in human articular 
cartilage. Human OA samples from eight patients were 
obtained from the distal femoral condyles during total knee 
arthroplasty.The samples were taken from area with 
advanced (or, severe) OA and compared with the 
minimally OA area on lateral condyles. Ithas been reported 
that, the expression of SOX-trio, type II collagen, and 
aggrecan protein significantly decreased in advanced OA 
cartilage compared with minimally OA cartilage(Lee &Im, 
2011).

In another study, human adipocytes stem cells 
(hASCs) were co-transfected with SOX-trio gene and 
tested in vivo. It was reported that the combination of 
SOX-trio genes enhanced the chondrogenesis in hASCs 
and decreased the hypertrophy(Im& Kim, 2011). The 
results for glycosaminoglycan (GAG) production only 
enhanced when SOX-trio genes are co-transfected. This 
result corroborated the histological analysis using Safranin 
O stainingshowing intensemetachromasia stain when cells 
co-transfected withSOX-trio genes. The genes also 
enhance COL2A1 expression, but not collagen type I 
alpha 1(COL1A1) and collagen type X alpha 1 
(COL10A1). AlthoughSOX5 and SOX6 have low intrinsic 
activity in adipocytes stem cells(ASCs),they are required 
for effective and strong chondrogenic differentiation (Im& 
Kim, 2011; Garza-Velozet al., 2013). Incorporation of SOX-
trioplasmid DNA(pDNA)into PLGA scaffolds enhanced the 
chondrogenic differentiation of seeded hASCs after 21 
days of in vitro culturewhile suppressing cells 
hypertrophy(Im, Kim and Lee, 2011). The autologous in 
vivo implantation at the osteochondral defects of rabbits 
corroborated in vitro finding by promoting the healing of 
osteochondral defects after 8 weeks of in vivo implantation 
in the rabbit (Im, Kim and Lee, 2011). Park et al. (2011) 
studied human mesenchymal stem cells (hMSCs) using 
t r a n s d u c t i o n m e t h o d i n c o m b i n a t i o n 
withpoly(ethyleneimine) (PEI)-modified PLGA nanoparticle 
carrier system. Theyreported that, SOX-trio complexed 
with PEI modified PLGA nanoparticles led to an increased 
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in the chondrogenesis of hMSCs in in vitro culture 
systems. 

Another interesting study done by Lee and Im 
(2012) involved retroviral gene transfer of SOX-trio. They 
found that SOX-trio co-transduced ASCs in fibrin gel 
enhances the in vitro chondrogenic differentiation and 
promote the healing of osteochondral defects. It arrests the 
progression of surgically-induced OA when tested on a rat 
model. ASCs isolated from inguinal fat in rats were 
transduced with SOX-trio genes using retrovirus, and 
further cultured in vitro in pellets for 21 days, then analysed 
for gene and protein expression of SOX-trio and 
chondrogenic markers. SOX-trio co-transduced ASCs in 
fibrin gel were implanted on the osteochondral defect 
created in the patellar groove of the distal femur, and 
injected into the knee joints of rats with surgically-induced 
OA. Rats were sacrificed after 8 weeks, and analysed 
grossly and microscopically. After 21 days, ASCs 
transduced with SOX-trio had hundreds-fold greater gene 
expression of each gene compared with the control with 
the SOX protein expression matching gene expression. 
SOX-tr io co-transduction signif icantly increased 
GAGcontents as well as type II collagen gene and protein 
expression. ASCs co-transduced with SOX-trio significantly 
promoted the in vivo cartilage healing in osteochondral 
defect model, and prevented the progression of 
degenerative changes in surgically-induced OA (Lee &Im, 
2012).

The latest study by Lefebvre’s group went on to 
show that SOX5 and SOX6 are closely related DNA-
binding proteins that critically enhance the function of 
SOX9 which is a vital transcriptional activator required for 
chondrogenesis (Liu and Lefebvre, 2015). Based on their 
findings using a limited set of chondrocyte-specific genes, 
it is proposed that SOX5 and SOX6 interconnected with 
SOX9 by enhancing process of transcriptional activity 
during chondrogenesis. SOX-trio genes activate super-
enhancers (SEs) that essential for expression of 
carbohydrate sulfotransferase 11 (Chst11), fibroblast 
growth factor receptor 3 (Fgfr3), runt-related transcription 
factor 2 (Runx2) and runt-related transcription factor 3 
(Runx3). However, based on their results, it was suggested 
that SOX5 and SOX6 geneshave many redundant 

Figure 3. The role of SOX-trio gene during chondrogenesis

functions in DNA-binding and transactivation properties 
duringchondrogenesis (Liu and Lefebvre, 2015). 
Considering the significant role SOX-trio holds during 
chondrogenesis, it has been identified as one of the main 
topics of interestin this review article. 

Telomerase

Telomere Activity in Cell Proliferation

The telomerase allows for replacement of short bits of 
DNA known as telomeres, which are otherwise shortened 
when a cell divides via mitosis. In normal circumstances, 
without the presence of telomerase, if a cell divides 
recursively, at some point all the progeny will reach their 
limit. The primary function of telomeres is to protect 
stability and integrity of chromosomes during replication 
and to prevent chromosome end fusion.  Telomeres are 
replicated by a special reverse transcriptase, called 
telomerase, in a complex mechanism, which is 
coordinated with genome replication (Gilson &Géli, 2007). 

Telomeres, anucleoprotein structure located at 
the end of the chromosome’s leg has been attributed to 
slowdown cell proliferation.Whenever cells dividing, the 
length of telomeres become shorter as the level of 
telomerase in normal human somatic tissues is insufficient 
to prevent telomere shortening. Consequently, the 
geneticinformation begins to be eroded and the cell 
activates specific mechanisms, which result in cell death. 
This kind of senescence is known as ‘replicative 
senescence’. There are two main subunits for human 
telomerase known as the telomerase RNA template 
(abbreviated to hTERC) and the catalytic enzyme 
telomerase reverse transcriptase (abbreviated to TERT or 
hTERT in humans).hTERC is the basis for replication of 
the telomere repeat sequence which contains a 
complementary sequence to the human telomere 
whereas, hTERT is an enzyme that completed the 
extension of telomeres.The combination ofhTERC and 
hTERT, form complex and perform the addition of the six 
nucleotide repeats (TTAGGG) until the ends of the 
chromosomes (Morin, 1989; Greider& Blackburn, 1989; 
Lim et al., 2010; Sato et al., 2012).
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‘Hayflick Limit’ in In vitro Culture

Mitotic cells, in culture, possess a limited lifespan and each 
cell has a limited number of possible divisions, between 50 
and 70 (Szychlinskaet al., 2017). This phenomenon is 
known as the “Hayflick limit”, which was coined for the first 
time by an American anatomist, Leonard Hayflick on 1961. 
“Hayflick limit” is the condition where there are the 
shortage of cells number and the difficulty to proliferate in 
vitro cause the limitation their application in clinical setting 
(Sato et al., 2012). Wang et al. (2013) carried out an 
experiment on human adipose-derived adult stem cells 
(hADSCs). Adipose tissue is multipotentiality and easily 
accessible, hence offer a promising source of stem cells for 
tissue engineering application and other cell-based 
therapies. Using lentiviral vector, hADSCs were transfected 
with hTERT to prolong the lifespan of stem cells and their 
cellular properties and functionalities were analysed. It was 
demonstrated that the transfected stem cells can be 
expanded over 20 passages in vitro and hTERT-ADSCs 
could differentiate into osteogenesis, chondrogenesis, and 
adipogenesis phenotypes in lineage-specific differentiation 
media. These findings confirmed that this transfection 
could prolong the lifespan of hADSCs. 

Teng et al., (2014) studied and transfected 
primary human bone marrow stromal cells (hMSCs) with 
hTERT gene using lipofection method. The hTERT 
transfected cel ls showed a so-cal led immortal 
capacitysince they can be passaged up to 136 
generations. The transfected cells have the potential for 
multi-directional differentiation into chondrocytes, bone and 
myocardial cells (Teng et al., 2014). On the other note, the 
hMSCs co-transfected with fibroblast growth factor-2 
(FGF-2) and TERT gene has been cultured more than one 
year without losing its morphology, functional and 
phenotype characteristicsto differentiate into chondrogenic, 
adipogenic as well as osteogenic lineagesin vitro(Yamaoka 
et al., 2011).Based on these findings, the use of hTERT 
shows the potential to overcome the limited cells age in in 
vitro culture setting. 

TERT Gene for Prolongation of Chondrocytes 
Life Span 

The goal in TERM field is to produce the biological 
substitute that can mimics the functional organ inside 
human body. Prior to the implantation of the engineered 
organ into the defect region during surgery or for any 
clinical use, it is very important to supply sufficient cells. 
Since matured chondrocyte has limited capacity to 
proliferate and fail to retain its chondrocytic phenotype 
particularly in monolayer culture setting, there is a need to 
overcome the problem.Prevention or treatment of cartilage 
damage may also require the inhibition of the actions of 
certain pro-inflammatory cytokines, such as interleukin 
(IL)-1 and tumour necrosis factor (TNF)-α, as these factors 
are important mediators for cartilage matrix degradation 
and apoptosis after trauma and disease. Therefore, anti-
inflammatory or immunomodulatory mediators, such as 

interleukin-1 receptor antagonist (IL-1Ra), soluble 
receptors for TNF (sTNFR) or IL-1 (sIL-1R), IL-4 or IL-10, 
inhibitors of matrix metalloproteinase, and others may be 
administered to effectively reduce loss of repair cells and 
matrix (Robbins, Evans &Chernajovsky, 2003). 

Inhibitors of apoptosis or senescence, such as 
TERT genemay also be employed to maintain cell 
populations at the injury site, which are capable of 
favourable repair responses (Cucchiarini&Madry, 2005). 
The use of TERT gene has been widely reportedto 
produce the long-lasting lifespan for cell lines especially in 
cancer research. However, the study on regenerative 
medicine using TERT has yet to be discovered. There 
were little evidences on the use of TERT gene especially 
for primary cells in in vivo setting to prolong the lifespan of 
the cultured cells. Based on Noorhidayahet al.,(2016),cells 
viability status can be an indication for the ability of cells to 
proliferatein vitro. Cells that were co-transfected with 
SOX9 and TERT genes may have synergistic effect in 
maintaining cell proliferation activity in the PLGA/fibrin 
scaffolds and hence induce chondrogenesis in vitro. 

Since the incidence of OA increases with age, the 
underlying mechanism of this disease may involve a loss 
of the capacity of chondrocytes to regenerate with age. In 
proliferative cells, telomeres from chromosomes gradually 
became shorter because of the DNA replication end 
problem. To prevent cessation of mitosis and premature 
cell death, telomerase is a ribonucleoprotein that is an 
enzyme which adds DNA sequence repeats (TTAGGG) to 
the 3' end of DNA strands in the telomere regions, which 
are found at the ends of chromosomes (Fletcher et al., 
1998;Jayesh et al., 2016).Conforming to that, a study 
done using the combination of hTERT and glucose-
regulated protein 78 (GRP78) was conducted in 
chondrocytes. It was demonstrated that, the cells increase 
the replicative life span for more than 20 population 
doubling level (PDL). Chondrocytes co-transfected with 
hTERT/GRP78 also showed the increased amount of 
nuclear DNA as well as GAG production when seeded in 
3D atelocollagen honeycomb-shaped scaffold. The 
expression level of collagen type II also increased when 
cells were allografted in osteochondral defects in rabbit 
(Sato et al., 2012). The induction of hTERT into 
chondrocyte can be considered as a good combination 
due to its limited proliferative capacity especially in 
application of articular cartilage regeneration.  

TERT Gene and Over proliferation 

It can be appreciated that replicative senescence limits in 
vitro expansion and differentiation of stem cells. Toproduce 
long-term culture, cells proliferative capacity can be 
enhanced by ectopic expression of telomerase. However, 
the main concern regarding the immortalized cells is that it 
canover proliferate and lead to unregulated cells growth; a 
conditionwhich is synonymous with cancer progression 
(Sato et al., 2012). To address this problem, Piper et al., 
(2012) induced MSCs withtetracycline (Tc)-regulated gene 
expression system(Tet-On system)gene expression 
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system in which ectopic telomerase expression can be 
selectively expressed by the addition of doxycycline (i-
hTERT hMSCs). Thei-hTERThMSCs have inducible 
hTERT expression and telomerase activity, and were able 
to proliferate significantly longer than wild type hMSCs 
when hTERT expression was induced. Cells stop 
proliferating when hTERT expression was turned off and 
can be rescued when expression was re-induced. Theused 
of a selective inhibitor for telomere elongation is to show 
that the mechanism driving immortalization of hMSCs by 
hTERT dependent upon maintenance of telomere length. 
The i-hTERT hMSCs with multipotentiality and controlled 
growth, together with extended lifespan is suggested to be 
a useful tool for the development and testing of novel stem 
cell therapies (Piper et al., 2012).  

Adipose stromal cell line (ATSC) also has been 
co-transfected with hTERT through retroviral method. The 
cells are able to increase the mean telomere length and 
there was no evidence of malignant cellular activity 
detected when implanted in immune-deficient mice. Result 
from the chromosomal analysis showed a normal 
karyotype with an absence of abnormalities associated 
with malignancy (Kang et al., 2004). Another study has 
also been conducted on hMSCs combining TERT with 
inducible caspase 9 (i-Casp9) that act as inducible death 
system (IDS)(Ramos et al., 2010). It has been 
demonstrated that, the cells able to proliferate more than 
280 PDL without losing the typical properties of primary 
hMSCs. Based on cell cycle analysis,in vitro and luciferase 
based cell tracking in vivo indicated that there was no 
tumorigenic transformation induced (Bourgineet al., 2013). 
In a similar case, MSC-p53 knockdown was co-transfected 
with hTERT demonstrated upregulate expression of 
COL2A1, COL10A1, SOX9 and aggrecan (AGC1) gene. 
The Alcian blue staining also showed the production of 
proteoglycan after four weeks. The transfected cells were 
identified to have chondrogenic differentiation potential. 
There was also no tumour formation observed when 
implanted subcutaneously into nude mice for three weeks 
(Liu et al., 2013). 

Huang et al., (2008) indicated that without loss of 
contact inhibition, hTERT-hMSCs was successfully 
cultured until 290 population doublings (PDs). The hTERT-
hMSCs at PD 95 and PD 275 were able to differentiate into 
adipocytes, chondrocytes, and osteocytes. Based on in 
vitro assay, karyotype analyses and in vivo assay of 
tumorigenicity in nude mice, there were no significant 
chromosomal abnormalities and transforming activity 
shown (Huang et al., 2008). Thus, it can be treasured that, 
hTERT-transfected cells can be used as a cellular model 
for in vitro tissue engineering experimentation because of 
its ability to prolong cellular life span while keeping the 
normal cellular properties. 

CONCLUSION

The data has been presented in this paper regarding the 
role of SOX-trio and TERT gene for chondrogenesis. As 
can be seen, numerous studies have been conducted on 

SOX-trio and TERT gene concerning the two genes to 
enhance the process of chondrocytes formation. Hence, it 
can be concluded that, the idea on synergizing the effect 
of SOX-trio and TERT gene can be a potential alternative 
for the enhancement of maintaining the chondrogenic 
phenotype. 
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Abstract 

Degenerative disease of osteoarthritis (OA) may be caused by untreated injury or trauma to articular cartilage. The use of gene transfer 
technology in conjunction with tissue engineering has been suggested as having the potential to treat cartilage injuries. The combination 
may even reverse the degenerative changes that lead to OA. Various genes that are responsible for specific protein production that 
stimulate the regeneration and restoration of cartilage have been identified. This paper serves to fill the dearth of literature that examine 
the use of the combination of gene transfer technology and tissue engineering to address OA. This study explores the patterns and trends 
of publications that describe the application of gene transfer technology in articular cartilage tissue engineering (ACTE). Using selected 
terms, a search was conducted on the published articles indexed in Elsevier’s SCOPUS and Thomson Reuter’s Web of Science™ Core 
Collection related to gene transfer technology in ACTE. It can be appreciated that the number of publications related to the association of 
gene transfer technology and ACTE is low. The present findings suggest that ACTE has yet to fully utilize the gene transfer technology 
that introduces functional genes into the targeted cells. Among the most commonly used genes reported in the publications are 
Transforming Growth Factor-Beta 1 (TGF-β1), TGF-β3, Bone Morphogenetic Protein 2 (BMP-2), Interleukin-1 Receptor Antagonist 
(IL-1Ra), Sex Determining Region Y-box9 (SOX9), and Insulin-like Growth Factor I (IGF-I). The introduction of these functional genes was 
achieved by using either viral or non-viral gene delivery systems. It is hoped that further studies will be done to examine the potential 
application of gene transfer technology in ACTE. Their combination can be used for cartilage regeneration to treat osteoarthritic condition.
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Intro
INTRODUCTION

Articular cartilage lacked in the capacity for self-repair 
which may lead to degenerative changes known as 
osteoarthritis (OA) if left untreated. The best solution for 
OA treatment has yet to be found (Che et al., 2010). Tissue 
engineering strategy that consists of three (3) main 
elements; cell sources, biomaterial scaffolds and signalling 
factors, has the potential to treat the OA conditions. Recent 
studies demonstrated that tissue engineering technology 
integrated with gene transfer technology, could offer a 
promising strategy to regenerate and repair defect articular 
cartilage. A combination of tissue engineering and gene 
transfer technology has been suggested as having the 
potential to treat the cartilage injury. The combination of 
both technologies is capable of reversing the degenerative 
changes that lead to OA (Guo et al., 2006; Cha et al., 
2013; Madry, Kaul, Zurakowski, Vunjak-Novakovic, and 
Cucchiarini, 2013).

Gene transfer technology is highly associated 
with gene transfer techniques. Medical Subject Heading 
(MeSH) defines gene transfer techniques as “a variety of 
techniques and naturally occurring processes are used for 
the gene transfer such as cell hybridization, liposomes or 

microcell-mediated gene transfer, electroporation, 
chromosome-mediated gene transfer, transfection, and 
genetic transduction. Gene transfer may result in 
genetically transformed cells and individual organisms”. 
Basically, gene transfer technology is the technique of 
inserting gene(s) of interest into the targeted cells to 
express desired phenotype. The technology has been 
applied in various medical researches such as cancer 
(Burga et al., 2016; Morgan and Boyerinas, 2016; 
Schambach and Morgan, 2016), diabetes (Agarwal, 
Ingham, Harkins, Do, and Nguyen, 2016), ocular diseases 
(Trapani, Puppo, and Auricchio, 2014; Wan, Li, and Li, 
2015), primary immunodeficiencies (Fischer, Hacein-Bey 
Abina, Touzot, and Cavazzana, 2015), heart diseases 
(Won, Bull, and Kim, 2014), coagulation disorders 
(Swystun and Lillicrap, 2016), neurological diseases 
(Higashida, Yokoyama, Tsuji, and Muramatsu, 2017), and 
musculoskeletal disorders (Bulaklak and Xiao, 2017).

Gene transfer technology can be applied as a 
part of signalling factors in ACTE. There have been 
studies to investigate the various genes that are 
responsible for specific protein production to stimulate the 
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regeneration and restoration of articular cartilage. Inserting 
those gene(s) into the cells can be achieved by either viral 
or non-viral gene delivery methods. Although various viral 
and non-viral gene delivery methods have been 
established for more than 30 years, both methods have 
drawbacks which limit their applications into the clinical 
phase. There is yet to exist a universal method that can be 
used to transfer the genetic material into all types of cell or 
tissue to treat different diseases (Nayerossadat, Ali, and 
Maedeh, 2012). The search is ongoing for the optimal gene 
delivery method. 

This paper serves to fill the dearth of literature 
that investigates the application of gene transfer 
technology in ACTE to address the OA. This study 
examines the general trend, themes and frequencies of 
genetic transfer technology application in ACTE in journal 
articles indexed by Elsevier’s Scopus (Scopus) and 
Thomson Reuter’s Web of Science™ Core Collection 
(WoS) databases over time. Scopus and WoS search 
engines are among the best available tools to track and 
analyse citations and compare citations to different 
researchers and institutions (Aryati and Willett, 2011; 
Zyoud, Al-jabi, Sweileh, and Awang, 2014). Scopus 
complements the searches for this study as it includes 100 
percent MEDLINE® coverage (Scopus, 2016). SCOPUS 
and WoS were chosen as the universities administrators 
encourage the academicians to publish their works in 
journals indexed by both bibliographic databases. The 
information of intellectual outputs in online database is 
useful for university management to evaluate annual 
performance of each faculty. The performance evaluation 
is important for university ranking (Zainal and Zainab, 
2011). 

METHODOLOGY

The study was done by searching for and extracting 
publications in two (2) online databases namely Scopus 
and WoS. “Advanced Search” was used to narrow the 
scope of the search by using specific field codes, proximity 
operators, or Boolean operators. The range of years 
included “All Years” publication. The database search was 
conducted on 30th May, 2017.

The search terms used were gene therapy, 
genetic engineering, genetic enhancement, genetic editing, 
DNA therapy, and genetic repair in ACTE. Search terms 
were keyed into MeSH (https://www.ncbi.nlm.nih.gov/
mesh) to generate a larger list. The wildcards of asterisk (*) 
was used to look for plural and inflected forms of the 
keywords that include the words with changed spelling or 
ending. The terms used were not exhaustive but adequate 
for the purpose of the study. Documents with those terms 
in either “title” or “abstract” or “article keywords” were 
identified. The query encompassed the additional function 
of “article keywords” in Scopus which is “Index Keywords” 
and WoS which is “Keywords Plus®”. 

The data were then confined to those articles that 
mentioned the insertion of functional gene(s) into targeted 
cells. The study excluded the research on gene 

transfection efficiency and genetically engineered 
biomaterial scaffold. The excluded documents were 
focusing on the transfection protocol and scaffold 
production instead of genetically engineered cells. The 
results were exported from Scopus in the extension file of 
Comma Separated Value (CSV).  The CSV extension 
permits the resultant data to be appreciated in Microsoft 
Excel for optimal utilisation of data arrangement and 
organization. For WoS, the results were downloaded as 
text file (TXT) extension. Both files (CSV and TXT) were 
then imported and converted into a single Excel file.

For data analysis, replication in data between the 
two databases was treated as a single data. The data in 
the file relevant to this study consists of the titles of 
articles, year of publication, abstract and keywords. As the 
search was done only on the general trend, themes and 
frequencies of genetic transfer technology application in 
ACTE publications, the full text of the documents were not 
assessed. Content analysis of the abstracts were done to 
generate the (1) categorical content of cell type, (2) 
gene(s) of interest and (3) transfer techniques based on 
the publication frequency.

RESULTS

The search identified 293 articles that have one or more 
identified search terms in either title, abstract or keywords. 
Based on the titles, 45 duplicate values were found and 
removed using the “Remove Duplicates” function in Excel. 
Another nine (9) were manually removed as the duplicates 
contain different syntax of writing. For example, the β letter 
of the Greek alphabet in Scopus was written as Beta in 
WoS. One (1) was removed as the document type was 
“article in press”. Next, 118 non-articles were excluded 
from this study. Another 73 articles were excluded as they 
did not fulfill the criteria of tissue engineering research with 
three (3) main elements which are the cells sources, 
biomaterial scaffold and signaling factors. Sixteen (16) 
articles were further excluded for they focused on gene 
transfection efficiency and genetically engineered 
biomaterial scaffold.

The search identified 31 articles that fit the 
inclusion criteria. Nine (9) of the articles were published in 
WoS, 13 were published in Scopus, and another nine (9) 
were shared by both databases. 24 articles were found to 
be written in English and another 7 were written in 
Chinese. However, all abstracts were found to be written 
in English. 

Application Of Gene Transfer Technology In ACTE

It is only from 2005 onwards that documents containing 
terms related to gene transfer technology in ACTE that 
focused on cell genetic modification began to appear as 
yearly publications (Figure 1). The terms were first 
mentioned in three (3) articles in 2011. At the time of data 
collection, there has yet to be any related publication in 
2017.

http://dictionary.cambridge.org/dictionary/english/changed%22%20%5Co%20%22changed
http://dictionary.cambridge.org/dictionary/english/spelling%22%20%5Co%20%22spelling


- 213 -Transactions of Persatuan Genetik Malaysia, No. 7, 2017                           

213

Muhammad Aa’zamuddin et al. (2017):  The application of gene transfer technology in articular cartilage tissue engineering

Figure 1. The trend of articles indexed in Scopus and 
WoS with genetic transfer technology in relation to 

ACTE from 2001 till 2016

Categorical Content Analysis of Gene-Specific 
Publication

The use of gene(s) in each publication can be categorized 
based on the cell sources which are either mesenchymal 
stem cells (MSCs) or chondrocytes. There are 26 studies 
that mentioned MSCs only as the main cell source while 
another seven (7) were using chondrocytes only. There 
was no document report on the use of both MSCs and 
chondrocytes in its publication.

For MSCs category, the most popular gene used 
is Transforming Growth Factor Beta 1 (TGF-β1) with seven 
(7) articles, followed by Transforming Growth Factor Beta 3 
(TGF-β3) with three (3) articles. 12 articles reported other 
functional genes in their publication. Two (2) articles 
reported the combination use of two (2) different genes in 
their research while one (1) publication did not state the 
type of cell source used in its study either in title, abstract 
or keywords.

In the category of chondrocytes, the most popular 
functional gene used is Insulin-like Growth Factor I (IGF-I) 
with three (3) publications while Bone Morphogenetic 
Protein 7 (BMP-7) and Bone Morphogenetic Protein 2 
(BMP-2) were used in one (1) article each, respectively. 
Only one (1) article used the combination of two (2) 
different genes namely BMP-2 and SRY (Sex Determining 
Region Y)-Box 9 (SOX-9) in its research. The categorical 
content analysis of gene-specific publication is depicted in 
Table 1.

DISCUSSION

The methodology in this study that used the Scopus and 
WoS databases is considered valid only to articles indexed 
in the bibliographic databases. This study is limited to 31 
article publications that fulfilled the inclusion criteria.  
Trevelyan, Cook, and Fisher (2007) reiterated that ninety-
nine percent of audience will browse only the title and 
abstract of an article, with the majority reading only the title 
of the publications, before deciding to read the publication 
or otherwise. Some researchers used content analysis of 
accepted abstracts in conferences as a methodology to 

categorize the emergent of a specific field (Berer, 2000; 
Lunny, Shearer, Cruikshank, Thomas, and Smith, 2011). 
The 31 identified articles were related to the introduction of 
functional gene(s) into cells in ACTE research. This 
present analysis gives an overview of the current trend 
and characteristics of the gene transfer technology in 
ACTE articles published in the bibliographic databases.

Journal articles were chosen for this study 
because biomedical researchers preferred to publish their 
research results through journals (Salina and Shaheen, 
2001; Zainal and Zainab, 2011). It is also a common 
practice in many disciplines for conference presentations 
to be extended into journal articles (González-Albo and 
Bordons, 2011; Kho and Brouwers, 2009; Miguel-Dasit, 
Martí-Bonmatí, Sanfeliu, and Aleixandre, 2006). Thus, 
choosing specifically on journal articles was to prevent 
redundant analysis of the same researches. Two (2) 
documents that published in the same online databases 
may report a similar study but different in document type. 

Studies on articular cartilage regeneration using 
gene transfer technology are common (Madry and 
Cucchiarini, 2016). However, not all studies involve the 

Table 1. Identified cell types, gene(s) of interest and gene 
delivery methods based on the number of articles
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concept of tissue engineering. It is suggested that there 
are not many reports of the applications of gene transfer 
technology in ACTE because the technology has yet to be 
considered as an essential part of signalling factors in 
tissue engineering. Ethical and technical challenges facing 
gene transfer technology may have contributed to slow 
pace in its application in ACTE research. However, it is 
anticipated that there will be more publications pertaining 
to the utilization of gene transfer technology in ACTE in the 
years to come. 

MSCs are considered as one of the cell sources 
for articular cartilage regeneration due to stem cells ability 
to differentiate into a wide variety of lineages including 
chondrocytes. The use of MSCs as an alternative to 
chondrocytes has attracted the orthopedic researchers to 
treat OA condition (Somoza, Welter, Correa, and Caplan, 
2014). However, the use of growth factors alone to induce 
the differentiation of MSCs into functional chondrocytes 
may not be adequate (Caldwell and Wang, 2015). Thus, 
other external factors such as gene transfer technology are 
necessary to st imulate MSCs to develop into 
chondrocytes. The findings suggest that gene transfer 
technology had been more frequently used to insert 
gene(s) into MSCs compared to chondrocytes in ACTE.

Meanwhile, Caldwell and Wang (2015) highlighted 
that the technical issues with chondrocytes differentiation 
are due to several factors. They include insufficient 
chondrogenic differentiation, chondrocyte dedifferentiation, 
and chondrocyte hypertrophy. Autologous chondrocytes 
have the tendency to dedifferentiate to fibroblast-like cells 
during the expansion. This may result in the formation of 
fibrous or fibrocartilage-like tissue at the defect site. 
Besides that, new bone formation may occur as the 
chondrocytes may undergo hypertrophic differentiation. 
These conditions may stimulate other tissues to form at the 
defect site instead of hyaline cartilage. Utilizing gene 
transfer technology in ACTE has the potential to overcome 
the challenges of maintaining functional chondrocytes in 
vitro and in vivo environment.

It can be appreciated that various types of genes 
have been introduced into the targeted cells in ACTE 
studies. This shows that ACTE researchers are still looking 
for the best gene(s) to be used in gene transfer technology 
to address OA conditions. The prevalent use of TGF-β1 is 
supported by a review done by Madry and Cucchiarini 
(2016) that demonstrated the current application of the 
gene in clinical trial for cartilage regeneration. It can also 
be noted that, there were researchers that used more than 
one (1) gene in their studies. The gene(s) can be used to 
amplify and maintain the chondrogenic properties and 
prolong the lifecycle of the cells. 

It can be noted that both viral and non-viral gene 
delivery methods have been employed to transfer specific 
gene(s) into the targeted cells. The use of non-viral method 
is preferred compared to viral method. There are 
advantages and disadvantages of both gene delivery 
mechanisms. One of the benefits of using non-viral method 
is the feature of biosafety and less immunotoxicity. 
However, non-viral method has lower efficiency in 

transferring the specific gene(s) into the cells. Meanwhile, 
viral gene delivery method is relatively efficient compared 
to non-viral method. The major drawbacks of using viral 
method is the potential immunogenicity and cytotoxicity 
(Ramamoorth and Narvekar, 2015). The use of suitable 
gene delivery method also depends on the equipment 
availability that can be utilized by the researchers. This 
may influence the use of gene delivery method among the 
ACTE researchers.

From this study, it seems that ACTE researchers 
are still exploring the best gene transfer technology to be 
utilized in treating OA conditions. Nayerossadat et al. 
(2012) suggested the ways to improve the gene transfer 
technology. The suggestions are: 

(1) improving extracellular targeting and delivery 
(2) enhancing intracellular delivery and long-time 
expression 
(3) reducing toxicity and side effects on human body. 

An increasing number of research that focused on the 
search for the reliable and practical gene delivery system 
was noted (Ramamoorth and Narvekar, 2015). ACTE 
researchers need to identify the safe gene delivery 
method before the technology can be applied as a part of 
signaling factors in treating OA.

CONCLUSION

Gene transfer technology has the potential to be applied 
as a part of the ACTE main elements to promote the 
production of cartilage. This paper summarizes the trend 
and characteristics of gene transfer technology in ACTE 
research through analyzing the title, abstract, and 
keywords of related articles. It reveals the development of 
gene transfer technology activities in ACTE based on the 
articles publications. It can be concluded that gene 
transfer technology has been applied in ACTE since 2005. 
Specific cell sources, genes and delivery methods had 
been identified to generate a suitable gene transfer 
method for ACTE applications. This study also found that 
the ACTE researchers have yet to fully optimize the gene 
delivery methods. The ACTE researchers need to identify 
the beneficial gene(s) to be inserted into the suitable cell 
sources for articular cartilage to be produced. It is useful 
for tissue engineering scientists to evaluate the technology 
of gene transfer in ACTE to further enhance the field and 
the capability. It is hoped that further studies on gene 
transfer technology for cartilage regeneration be done to 
enable its application in ACTE to treat osteoarthritic 
conditions.
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CASE REPORT

We report a patient with atypical features of ACY1 
deficiency, diagnosed by urinary excretion of large 
amounts of N-acetyl amino acids and confirmed by genetic 
mutation analysis.  

She was born to parents of a consanguineous 
marriage at 37 weeks of gestation via emergency LSCS for 
fetal distress, with symmetrical intrauterine growth 
restriction - a birth weight of 1.79kg. She required 
ventilation for one day and was nursed in the NICU for 1 
week for respiratory distress. She had hypertelorism, 
bilateral cleft lip and palate, low set ears, central hypotonia 
with normal reflexes and good antigravity movements. She 
had a congenital heart defect - multiple muscular 
ventricular septal defects requiring anti- cardiac failure 
medications and nasogastric tube feeding to achieve 
adequate nutrition.

At age 10 weeks, she presented wi th 
neuroregression and failure to thrive. She had 
progressively worsening hypotonia, a swelling over the 
right neck, and was not moving her right upper limb. 
Computerised tomography (CT) of the neck and thorax 
showed a large lobulated enhancing mass over the right 
supraclavicular region extending into the spinal canal from 
C2 to T4, and into the right upper thorax as well as the 
superior mediastinum. It grew rapidly in size resulting in 
upper airway obstruction and she required ventilator 
support. A magnetic resonance angiography (MRA) 
showed an anteriorly displaced right common carotid artery 
and the mass encasing the V1 and V2 segments of the 
right vertebral artery. A guided biopsy proved this cervical 
mass to be a malignant primitive neuroectodermal (PNET) 
tumour. An MRI of the brain showed diffuse cerebral 
atrophy.

Aminoacylase 1 Deficiency In An Infant With Congenital Anomalies 
And A Spinal Tumour
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Abstract 

Aminoacylase 1 deficiency (OMIM # 609924) is a rare autosomal recessive disorder characterized by non- specific psychomotor delay, 
neuro developmental regression, seizures or normal clinical features. There have been 9 reported cases to date (Engelke et al., 2008). It 
has only recently been described as an inborn error of metabolism and is largely heterogenous in clinical presentation (Sass et al., 2006). 
Aminoacylase 1 (ACY1) is a zinc binding enzyme which hydrolyzes N-acetyl amino acids into free amino acid and acetic acid; the 
deficiency of which, leads to accumulation of N-acetyl amino acids in the urine. This enzyme is encoded by the ACY1 gene found on the 
short arm of chromosome 3. Most mutations of the gene result in complete loss of enzyme activity (Sommer et al., 2011).
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Last
Key

Intro Blood investigations including a complete blood 
count, renal and liver profiles, peripheral blood film 
examination and a leucocyte karyotype were normal. 
Urine organic acid analyses showed increased excretion 
of N-acetyl amino acids suggesting a diagnosis of 
Aminoacylase 1 deficiency. Parental urinary organic acid 
analyses showed her father to be an excretor of N–acetyl 
amino acids. He was otherwise asymptomatic with no 
history of cognitive, neurological or muscular impairment. 
Molecular genetic analysis of the patient showed a 
missense homozygous mutat ion c.827 G > A 
(p.Arg276His) of the ACY1 gene. Parental genetic testing 
is pending. She showed rapidly worsening neurologic and 
respiratory compromise, and her parents decided not to 
escalate care. She died at the age of 14 weeks.

DISCUSSION

ACY1 is expressed in the central nervous system of 
humans; but its role in the function or development of the 
central nervous system has yet to be demonstrated. It is 
still unclear if ACY1 deficiency is a metabolic disorder, 
caused by an enzyme deficiency culminating in a 
heterogenous clinical phenotype, or simply a biochemical 
abnormality. Sass et al reported 4 individuals with ACY 1 
mutations, functional ACY1 deficiency and excretion of N 
acetylated amino acids and argued that ACY1 deficiency 
may be a modifying factor later in life. This case illustrates 
the variable and severe spectrum of clinical features in an 
infant with ACY1 deficiency, in comparison to her father 
who also excretes N-acetyl amino acids in urine but is 
clinically asymptomatic. Parental genetic mutation analysis 
and further studies are required in understanding and 
creating awareness of this rare disorder. Of special note in 
this case is consanguinity, and thus, the possibility of 
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Figure 1. CT neck and thorax showed a large cervical tumour extending into the superior mediastinum, 
obstructing the airway and encapsulating the spinal cord

different pathogenic occurrences in different loci. This may 
result in a blended phenotype in this patient, necessitating 
further genetic studies such as whole exome sequencing in 
order to delineate any other pathogenic mutations.
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