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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 Plant Breeding and Genetics. 

Advanced techniques and tools have considerably assisted plant breeders in their practice of selection and strategies for 
plant improvement. The convergence of conventional plant breeding and rapidly advancing fields of genetics, genetic 
engineering, genomics, biotechnology and molecular biology is imperative, and can bring in considerable synergy required 
in research and development.

TPGM Number 4 is a compilation of selected papers contributed to the Third International Plant Breeding Conference 
(IPBC2016) with the theme “Strengthening Plant Breeding and Future Perspectives” held on 15-16 November 2016 in 
Bangi, Selangor, Malaysia. 

TPGM Number 4 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
March 2017

v



ACKNOWELDGEMENTS

Many people contributed to the first edition of the Transactions, and for this we would like to thank each and every one for 
their contributions. 

Special thanks are due to Dr. Norwati Muhammad, Prof. Dr. Abd. Rahman Milan, Dr. Siti Salwana Hashim, and their 
teams organising the 3rd International Plant Breeding Conference Plant Breeding Seminar in 2016.  Also to Dr. Shamsiah 
Abdullah, Hj. Nor Hazani Mat Daud, Zesdyar Rokman and the subcommittee members for their time, efforts and 
contributions as the Scientific Subcommittee for the Conference.

Special thanks are also due to the Society’s Executive Council members for their kind support and assistance, 
namely Prof. Dr. Mohamad bin Osman, Prof. Dr. Zilfalil Alwi, Dr. Norshariza Nordin, Dr. Shamsiah Abdullah, Ms. Sharifah 
Azween Syed Omar, Prof. Dr. Jothi Malar Panandam, Prof. Dr. Thong Meow Keong, Prof. Dr. Abd Rahman Milan, 
Associate Prof. Dr. Halimi Mohd. Saud, Prof. Dr. Rozita Rosli, Dr. Chan Soon Choy, Dr. Norwati Muhammad and Dr. 
Mohamad Bahagia Ab. Ghaffar.

We also would like to extend our deep gratitude to all individuals who have contributed and assisted in one way and 
another. 

As always, we would like to acknowledge our heartiest appreciation to many institutions for their warm support right 
from preparation to completion of the Transactions, in particular the Faculty of Agriculture, Universiti Putra Malaysia 
(UPM), the Faculty of Plantation and Agrotechnology, Universiti Teknologi MARA (UiTM), Forest Research Institute 
Malaysia (FRIM), and WMIT Group Sdn. Bhd.

We are indeed very thankful for the sincere cooperation and efforts by all the reviewers. In addition to their 
constructive criticisms, they had many positive comments that lifted our spirits to keep working on the Transactions until 
completion.

vi



TRANSACTIONS OF 
THE GENETICS SOCIETY OF MALAYSIA

CONTENTS

Number 4 March 2017

About the Transactions ……………………..........................................................................................…........................….   iii

Preface ………………………………………….…………………………………………………………………………………….    v

Acknowledgements .........................................................................................................….........................................…..    vi

Contents .............................................................................................................................….....................................…..    vii

Reviewers ………….……………………………………………………………………………………………………………….….  ix

Genetic Diversity Of Elaeis oleifera Germplasm: Inferences From 21 E. oleifera Genomic-SSR Markers
Wan Nurhayati, Wan Hanafi, Farida Zuraina, Mohd Yusof, Rajinder Singh, and Maizura, Ithnin ………………..………..…   1

SiDREB2, a DREB2-like Transcription Factor, From Six Foxtail Millet (Setaria italica L. Beauv) Genotypes 
   Muhammad Habib Widyawan, Ria Putri, Nurul Khumaida, and Sintho Wahyuning Ardie …………………..……………   7

Application Of Flow Cytometry For The Estimation Of Nuclear DNA Content In Garcinia mangostana
   Razik, M.M., Shukor, M.N., Madon, M., Nazre, M.S., Goh, H-H., and Normah, M.N. …..……………..……………..…   13

Genetic Stability Of Irradiated Cassava (Manihot esculenta Crantz) Mutants At M1V3 Generation
   Nurul Khumaida, Sintho Wahyuning Ardie, Rahmi Henda Yani, and Muhamad Syukur ….……………….…..………..…  19

Genetic Diversity And Yield Evaluation Of 20 Red Pepper (Capsicum frutescens L) Genotypes Of IPB Collection 
   Abdul Hakim, Estriana Riti, Muhamad Syukur, and Yudiwanti Wahyu ……………..……………….…..……..………..…   25

Analysis Of Traits Association In Sweet Corn Inbred Lines As Grown Under Organic Environment
   Mohammad Chozin, Sigit Sudjatmiko, Nanik Setyowati, Zainal Muktamar, and Fahrurrozi ……..….………..…………   31

Role Of OsWRKY71 In Abiotic Stresses
   S. M. Saqlan Naqvi, Farah Deeba, and Tasawar Sultana ……………………..……..…………………..……..………..…   35

Meta-Analysis Of Multiple Transcriptome Datasets Reveals Mesocarp-Specific Genes In Oil Palm
   Siti Suriawati Badai, Pek-Lan Chan, Kuang-Lim Chan, Ahmad Parveez Ghulam Kadir and Omar Abd Rasid …….…   41

Hybrids Performances And Heterosis Estimation In F1 Generation Of Oryza sativa L. 
     Nur Suraya Abdullah, Mohamad Osman, Mohd Yusoff Abdullah, Mohamad Bahagia Ab Ghaffar, Noorshilawati Abdul 
     Aziz, and Shamsiah Abdullah ……………………………..………………………………..………………………..…..…..…  45

Population Structure And Association Mapping Analysis Of Nigerian Oil Palm Germplasm Collection
   Norhalida Mohamed Serdari, Maizura Ithnin, and Rajinder Singh  …….….…………….…….………..……..…….…..…   51

Role Of Wheat Germplasm, Anther Pre-Treatments And Medium On Production Of Doubled Haploid Plants 
   Abbas, L. A., Siti, N. A. A., Mohd, R. Y., and Mohd, R. I.  .…..……..……….…………….……..……..…….…..…….……  55

Effects Of Lignosulfonate On Shoot Multiplication And Regeneration Of Vanilla planifolia Andrews
      Siti Bahijah Mumaiyizah, Chai Qian Yee, Wan Muhamad Asrul Nizam Wan Abdullah, Yang Shun Kai, Low Lee Yoon, 

  and Lai Kok Song  ……………….…….………..…………………………………………………………………..………..…   65

Genetic  Diversity of Six Accessions and Two Hybrids of Stevia rebaudiana Bertoni Based on ISSR Markers
   Mohd. Farit,  A. H., Shamsiah, A., and Mohamad, O. …………………………………….………………………..…….…   69

Author Index ……………………………………………………………………………………….…..…………………..……..….  73

Subject Index ………………………………………………………………………………………..……………….……..….…….  75

vii



viii



REVIEWERS

Dr. Shamsiah Abdullah
Faculty of Plantation and Agrotechnology
Universiti Teknologi MARA (UiTM)
40450 Shah Alam, Selangor, Malaysia
Email: shamsiah3938@gmail.com

Dr. Zarina Zainuddin
Kulliyyah of Science
International Islamic University Malaysia
Jalan Sultan Ahmad Shah, Bandar Indera Mahkota
25200 Kuantan, Pahang, Malaysia
Email: zzarina@iium.edu.my

Dr. Mohd. Din bin Amiruddin
Malaysian Palm Oil Board  
6 Persiaran Institusi, Bandar Baru Bangi, Selangor
40300 Kajang, Malaysia
Email: mohddin@mpob.gov.my

Dr. Mohamad Bahagia bin Ab. Ghaffar 
MARDI Rice Research Centre
MARDI Seberang Perai
13200 Kepala Batas, Pulau Pinang, Malaysia
Email: bahagia@mardi.gov.my

Dr. Sharifah Shahrul Rabiah Syed Alwee
Felda Global Ventures R & D Sdn. Bhd.
Bandar Baru Enstek
71760 Nilai, Negeri Sembilan, Malaysia
Email: shahrul.a@feldaglobal.com

Dr. Mohd. Zaki Hj. Abdullah
Tree Breeding Program
Forest Research Institute Malaysia (FRIM)
52109 Kepong, Selangor, Malaysia
Email: zaky@frim.gov.my

ix



xi



- 1 -

Corresponding author: 

Transactions of Persatuan Genetik Malaysia, No. 4, 2017                           
Published by Genetics Society of Malaysia    http://www.persatuangenetikmalaysia.com                            

1

Gene$c	diversity	of	Elaeis	oleifera	germplasm:	
Inferences	from	21	E.	oleifera	Genomic-SSR	markers

Abstract

Special	a)en+on	has	been	given	to	the	second	species	of	oil	palm,	Elaeis	oleifera	as	 it	possess	several	 interes+ng	agronomic	traits	
such	as	slow	growth,	higher	oil	unsatura+on	and	poten+al	disease	resistance.	Analysis	of	gene+c	variability	of	E.	oleifera	germplasm	
is	 very	 important	 as	 it	 serves	 as	 a	 tool	 to	 select	 source	 of	 gene+c	 diversity	 for	 the	 oil	 palm	 interspecific	 hybrid	 improvement	
programme.	 In	 this	 study,	 214	 E.	 oleifera	 genomic	 DNA	 belonging	 to	 eight	 popula+ons	 from	 four	 countries	 in	 Central	 and	 South	
America	were	assessed	using	21	E.	oleifera	 genomic-SSR	markers.	Overall,	 the	average	observed	heterozygosity	 across	popula+on	
(Ho=0.249)	was	less	than	the	expected	heterozygosity	(He=0.363).	Gene	diversity	across	popula+on	(HT)	varied	from	0.051	to	0.870.	All	
markers	except	sMo00081	had	posi+ve	values	for	FIS	and	FIT.	The	overall	inbreeding	coefficients	observed	in	the	present	study	were	
FIS=	 0.377	 and	 FIT=	 0.507,	 indicate	 a	 deficiency	 of	 heterozygotes.	 The	 popula+ons	 analysed	 showed	 great	 gene+c	 differen+a+on	
(FST=0.223).	Average	Nm	value	greater	than	one	(Nm=1.687)	indicates	constant	gene	flow	among	popula+ons.	AMOVA	revealed	that	
31%	of	the	varia+on	resulted	from	the	difference	between	popula+on	and	69%	within	popula+on.	The	Nei	gene+c	distance	showed	
the	highest	average	gene+c	distance	was	between	popula+on1	from	Columbia	and	popula+on	2	from	Costa	Rica	(0.555)	while	the	
lowest	was	between	popula+on	2	and	popula+on	3	from	Honduras	(0.019).	Based	on	dissimilarity	matrix,	the	eigenvalues	obtained	
from	the	PCoA	showed	that	the	first	two	components	explained	38.70%	of	the	total	varia+on,	which	roughly	separated	the	E.	oleifera	
accessions	 into	 three	major	 clusters.	 The	present	 study	provides	 addi+onal	 informa+on	on	 the	 gene+c	diversity	 of	 the	E.	 oleifera	
collec+on	for	germplasm	conserva+on	and	for	u+liza+on	in	breeding	programs.

Maizura Ithnin, Advance Biotechnology and Breeding Centre (ABBC), Malaysian Palm Oil Board (MPOB), Malaysian Palm Oil Board (MPOB), 
P.O.Box 10620, 50720 Kuala Lumpur, Malaysia.

Wan Nurhayati, Wan Hanafi1, Farida Zuraina, Mohd Yusof1,2, Rajinder Singh3, and Maizura, Ithnin3

1 Faculty of Applied Sciences, Universiti Teknologi MARA (UiTM), Shah Alam, Selangor, Malaysia
2 Integrative Pharmacogenomics Institute (iPROMISE), UiTM Puncak Alam Campus, Bandar Puncak Alam, Selangor, Malaysia
3 Advance Biotechnology and Breeding Centre (ABBC), Malaysian Palm Oil Board (MPOB), Bangi, Selangor, Malaysia.
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INTRODUCTION

Elaeis	(from	Greek,	meaning	"oil")	is	a	genus	of	palms	containing	
two	species	known	as	Elaeis	guineensis	and	Elaeis	oleifera.	Both	
species	 are	 diploid	 with	 chromosome	 number	 2n=32	 (Madon,	
Clyde,	 and	 Cheah	 1998).	 	 E.	 guineensis,	 which	 is	 commonly	
known	 as	 African	 oil	 palm	 originated	 from	 Central	 and	 West	
Africa.	This	species	can	be	categorized	based	on	their	fruit	form	
(i)	 dura,	 (ii)	 pisifera	 and	 (iii)	 tenera.	 Tenera	 is	 a	 hybrid	 of	 dura	
and	pisifera,	mainly	grown	in	commercial	planta+ons	due	to	 its	
higher	oil	yield	(Soh	et	al.	2009).	E.	guineensis	became	the	most	
produc+ve	 oil	 crop	 in	 the	 world,	 with	 an	 average	 of	 4-6t	 of	
vegetable	 oil	 yield	 per	 hectare	 per	 year	 (Murphy	 2014).	 	 The	
second	 species,	 E.oleifera	or	 the	 American	 oil	 palm	originated	
from	South	and	Central	America.	The	species	exhibits	thick	shell	
fruit	 thus,	 produce	 lower	 oil	 yield	 than	 the	 commercial	
E.guineensis	 (Montoya	 et	 al.	 2014).	 However,	 E.oleifera	 has	
several	 special	 characteris+c	 that	 can	 be	 used	 as	 a	 source	 of	
gene+c	 materials	 for	 the	 improvement	 of	 oil	 palm	 breeding:	
slow	 ver+cal	 growth,	 richer	 in	 unsaturated	 fa)y	 acids	 and	
tolerance	to	Fusarium	wilt	and	lethal	yellowing	as	compared	to	
E.	guineensis	(Cochard,	Amblard,	and	Durand-gasselin	2005).	

The	 informa+on	on	 gene+c	diversity	 of	wild	 type	oil	
palm	 is	 very	 useful	 to	 broaden	 the	 gene+c	 base	 of	 breeding	
material	 (Barcelos	 et	 al.	 2015).	 Beside	 the	 morphological	
characteriza+on,	 the	 assessment	 of	 gene+c	 diversity	may	 also	
involve	 DNA	 analysis	 based	 laboratory	 techniques	 (Mondini,	
Noorani,	and	Pagno)a	2009).	According	 to	 (Mallikarjuna	et	al.	
2012)	 the	 DNA	 based	 analysis	 can	 be	 grouped	 into	 three	
categories	which	are	(1)	DNA	hybridiza+on	based	markers,	also	
known	 as	 ‘first	 genera+on	 markers’	 such	 as	 Restric+on	
Fragment	 Length	 Polymorphism	 (RFLP);	 (2)	 Polymerase	 Chain	
Reac+on	 (PCR)	 based	 markers,	 also	 known	 as	 ‘second	
genera+on	markers’	 such	 as	 Randomly	Amplified	 Polymorphic	
DNA	 (RAPD),	 DNA	 Amplifica+on	 Fingerprin+ng	 (DAF)	 and	
Simple	 Sequence	 Repeats	 (SSRs);	 and	 (3)	 ‘third	 genera+on	
markers’	such	as	Single	Nucleo+de	Polymorphisms	(SNPs).	

The	 use	 of	 molecular	 marker	 technologies	 may	
reduce	 the	 genera+on	 interval	 of	 the	 species	 and	 the	 cost	 of	
oil-palm	breeding	(Wong	and	Bernardo,	2008).	Malaysian	Palm	
Oil	Board	(MPOB)	has	the	largest	collec+on	of	E.guineensis	and	
E.oleifera	germplasm	in	the	world.	To	date,	informa+on	on		the	

  1    2     3    1				3				
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gene+c	 diversity	 of	 E.	 oleifera	 germplasm	 is	 s+ll	 very	 limited	
(Barcelos	et	al.	2002;	Teh	et	al.,	2010)	compared	to	E.	guineensis	
germplasm	 which	 was	 well	 characterized	 using	 variety	 of	
molecular	markers	such	as	 isozymes	(Haya+	et	al.	2004);	 	RFLP	
(Maizura	 et	 al.	 2006),	 Expressed	 Sequence	 Tags-SSR	 (Zulkifli,	
Maizura,	and	Rajinder	2012),	E.	guineensis-based	SSR	(Bakoume	
et	al.	2015)	and	SNP	(Ong	et	al.	2015).	The	present	study	aims	to	
unravel	 the	 gene+c	 diversity	 of	 MPOB	 E.	 oleifera	 germplasm	
collec+ons	 using	 the	 E.	 oleifera	 genomic-SSR	 developed	 by	
MPOB	(Zaki	et	al.	2012).

MATERIALS	AND	METHODS	

DNA	materials

Plant	 material	 used	 in	 this	 study	 is	 part	 of	 ex-situ	 E.	 oleifera	
collec+on	 maintained	 in	 MPOB	 experimental	 research	 plot:	
Popula+on	 01	 from	 Columbia	 (n=29),	 Popula+on	 08	 from	
Columbia	(n=27),	Popula+on	03	from	Panama	(n=30),	Popula+on	
05	 from	Panama	(n=26),	Popula+on	02	 from	Costa	Rica	 (n=25),	
popula+on	 21	 from	 costa	 Rica	 (n=25),	 Popula+on	 02	 from	
Honduras	 (n=30)	 and	 Popula+on	 03	 from	 Honduras.	 	 Elaeis	
oleifera	 genomic	 DNA	 were	 quan+fied	 for	 DNA	 concentra+on	
and	DNA	purity	using	Thermo	Scien+fic	µDrop	Plate	compa+ble	
with	 Thermo	 Scien+fic	 Mul+task	 Go	 and	 ScanIt	 Somware,	
following	 the	manufacturer’s	protocol.	 The	quality	of	DNA	was	
further	confirmed	by	diges+on	with	restric+on	enzyme.	

E.	oleifera-based	SSR	(sMo)	genotyping

The	 amplifica+on	 was	 carried	 out	 in	 10µl	 of	 reac+on	 mixture	
containing	50	ng	genomic	DNA,	10x	standard	Taq	reac+on	buffer	
(New	England	Biolabs,	UK),	10mM	dNTPs	(New	England	Biolabs),	
5U	 Taq	 DNA	 polymerase	 (New	 England	 Biolabs),	 0.25uM	 of	
forward	 primer	 with	 M13	 tail,	 0.25uM	 reverse	 primer	 and	
0.38uM	 of	 selected	 fluorescent	 dye	 (FAM-/VIC-/	 PET-/NED-

M13).	 The	 op+mized	 amplifica+on	 protocol	 was	 applied:	 an	
ini+al	denatura+on	at	94⁰C	for	10	min,	followed	by	35	cycles	of	
denatura+on	 at	 94⁰C	 for	 30	 sec,	 annealing	 at	 52°C	 for	 1	min,	
primer	 extension	 at	 72⁰C	 for	 1	 min,	 followed	 by	 a	 final	
extension	 at	 72⁰C	 for	 10	 min.	 PCR	 was	 performed	 using	
GeneAmp	System	9700	(Applied	Biosystems).	The	amplified	PCR	
products	 were	 confirmed	 by	 electrophoresed	 in	 4%	 SFR	 gel	
prepared	 in	 TAE	 buffer	 together	 with	 a	 100	 bp	 DNA	 marker	
(ThermoScien+fic,	USA).	Visualiza+on	was	carried	out	using	gel	
documenta+on	 system	 (AlphaInnotech)	 amer	 staining	 the	 gel	
with	 ethidium	 bromide	 (0.5µg/ml).	 Table	 1	 provides	 the	
informa+on	on	primers	used	in	present	study.

Mul$plexing	and	data	scoring

A	maximum	 of	 four	 PCR	 products,	 each	 labelled	 with	 6-FAM,	
VIC,	PET	and	NED	were	mul+plexed	at	a	ra+o	of	1:1:1:1.	Two-ul	
of	 the	 mul+plexed	 mix	 was	 denatured	 in	 7.84	 ul	 Hi-DiTM	
Formamide	 (Applied	 Biosystems,UK)	 and	 0.16	 ul	 GeneScanTM	
400HD	 ROXH	 Size	 Standard	 (Applied	 Biosystems,	 UK).	 The	
denatured	sample	was	then	fragmented	and	size-called	on	the	
ABI3100	 gene+c	 analyzer	 (Ting	 et	 al.,	 2013).	 All	 the	 raw	 data	
were	 imported	 from	 the	 database	 of	 ABI	 PRISM®	 3100	 data	
collec+on	 somware	 to	 GeneMapper	 v4.1	 somware	 and	 finally	
generated	in	size	(bp)	for	scoring	purposes.	

Data	analysis

The	 genotypic	 data	 of	 E.	 oleifera	 were	 analysed	 using	 a	
freeware	 GenAlEx	 v6.502	 (Peakall	 and	 Smouse,	 2012).	 The	
analysis	 was	 divided	 into	 three	 parts	 (1)	 intra-level	 diversity	
parameter:	 Heterozygosity	 and	 Shannon	 Index	 (2)	 Inter-level	
diversity	 parameter:	 F-sta+s+cs	 and	 AMOVA	 and	 (3)	 Gene+c	
relatedness:	 Popula+on	 Gene+c	 Distance	 and	 Principle	
Coordinate	 Analysis	 (PCoA).	 The	 polymorphic	 informa+on	
content	(PIC)	was	generated	using	CERVUS.

Table	1.		Informa+on	on	21	E.oleifera	genomic-SSR	primers
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RESULTS	AND	DISCUSSIONS

Intra-level	diversity	parameter

The	 average	 number	 per	 locus	 per	 popula+on	 was	 3.815	 ±	
0.165.	 The	 summary	 on	 gene+c	 parameter	 generated	 by	 21	
polymorphic	E.	 oleifera	 genomic-SSR	markers	 amongst	 eight	E.	
oleifera	 popula+ons	 is	 shown	 in	 Table	 2.	 The	 mean	 observed	
heterozygosity	 (Ho	 )	 was	 0.249	 (±0.020)	 with	 a	 range	 of	 0.139	
(±0.048)	 in	 popula+on	 2	 from	 Honduras	 to	 0.423	 (±0.056)	 in	
popula+on	8	from	Columbia.	The	mean	expected	heterozygosity	
(He)	 was	 0.363	 (±0.018)	 with	 a	 range	 of	 0.309	 (±0.047)	 in	
popula+on	2	 from	Costa	Rica	to	0.462	(±0.055)	 in	popula+on	8	
from	 Columbia.	 	 The	 Shannon’s	 index	 ranged	 from	 0.563	
(±0.094)	 in	 popula+on	 1	 from	 Columbia	 to	 0.870	 (±0.12)	 in	
popula+on	 8	 from	 Columbia	 (mean=	 0.701	 ±	 0.037).		
Polymorphism	in	all	popula+on	ranged	from	85.71	to	100%.		

Interes+ngly,	 popula+ons	 01	 and	 08	 from	 Columbia	
analysed	 in	this	study	generate	contradict	diversity	 informa+on	
in	 terms	 of	 observed	 heterozygosity,	 expected	 heterozygosity	
and	Shannon	index	even	though	they	were	originated	from	the	
same	country.	 	The	observed	heterozygosity	value	in	popula+on	
01	from	Columbia	was	quite	similar	with	popula+on	03	and	05	
from	 Panama	 and	 popula+on	 02	 and	 21	 from	 Costa	 Rica.	
Popula+on	02	and	popula+on	03	from	Honduras	exhibit	 lowest	
observed	heterozygosity	if	compared	to	others.	Even	though	the	
lowest	 expected	 heterozygosity	 was	 detected	 in	 popula+on02	
from	 Costa	 Rica,	 its	 Shannon	 Index	 value	 was	 higher	 than	 in	
popula+on	01	 from	Columbia.	 Both	parameter	 associated	with	
number	 of	 allele	 their	 frequencies,	 however	 expected	
heterozygosity	 was	 affected	 by	 the	 frequencies	 of	 allele	 but	
Shannon	index	was	not.	The	He		revealed	in	the	present	study	(He		
=	 0.363)	was	 higher	 than	 those	 generated	by	 Zaki	 et	 al	 (2012)	
(He	 	=0.262)	using	similar	marker	type	across	E.	oleifera	samples	
collected	 from	 larger	 geographical	 scale.	 Similarly,	 the	 current	
finding	 is	 higher	 than	 that	 reported	 by	 Teh	 (2010)	 (He=0.217)	
and	Barcelos	et	al	(2002)	(He		=0.298).	

Inter-level	diversity	parameter

The	 values	 of	 fixa+on	 indexes	 (FiS,	 Fit	 and	 FSt)	 for	 each	 locus	
across	 all	 popula+ons	 are	 given	 in	 Table	 3.	 Heterozygosity	 and	
PIC	 es+mates	 are	 correlated	 thus,	 sMo00131and	 sMo00208	
respec+vely	 showed	 highest	 and	 lowest	 values	 for	 both	
parameters.	 Most	 of	 the	 markers	 had	 posi+ve	 values	 for	 FiS	

except	 sMo00081,	 showing	 a	 deficiency	 of	 heterozygote.	
Mul+locus	Fst	values	showed	great	gene+c	differen+a+on	in	E.	
oleifera.	 About	 22.3%	 of	 the	 total	 gene+c	 varia+on	 was	
explained	 by	 popula+on	 differences	 and	 77.7%	 correspond	 to	
differences	 among	 individuals.	 The	 mean	 of	 Nm	 was	 1.687	

indicates	 constant	 gene	 flow	 among	 popula+ons.	 Overall,	 the	
gene+c	 differen+a+on	 of	 E.	 oleifera	 popula+ons	 generated	 in	
the	 present	 study	 (0.223)	 is	 higher	 than	 that	 revealed	 in	 E.	
guineensis	(Barcelos	et	al.	2002;	Teh,	2010)	with	values	of	0.047	
and	0.178	 respec+vely,	but	 lower	 than	 that	 reported	by	 (Arias	
et	al.	2015)	 (0.512).	AMOVA	analysis	at	 two	hierarchical	 levels	
further	 supported	 that	 most	 the	 gene+c	 variance	 was	 found	
within	 popula+ons	 (69%)	 and	 less	 between	 popula+ons	 (31%)	
(Table	4).	

Gene$c	relatedness	

Table	 5	 shows	 pairwise	 popula+on	 matrix	 of	 Nei	 gene+c	
distance.	 Large	 gene+c	 distance	 (0.555)	 were	 observed	
between	popula+on	01	from	Columbia	and	popula+on	02	from	
Costa	Rica	while	the	lowest	(0.019)	was	between	popula+on	02	
from	Honduras	 and	 popula+on	 03	 from	Honduras.	 Popula+on	
01	 from	 Columbia	 exhibit	 high	 degree	 of	 similarity	 with	
popula+on	 08	 from	 Columbia	 (0.206)	 and	 popula+on	 21	 from	
Costa	 Rica	 (0.277).	 	 The	 eigenvalues	 obtained	 from	 the	
ordina+on	method	of	E.	 oleifera	 individuals	 in	 PCoA	based	on	
dissimilarity	 of	 gene+c	 distance,	 showed	 that	 the	 first	 two	
components	 explained	 38.70%	 of	 the	 total	 varia+on	
(PC1:24.33%;	PC2:	14.37%).	Individuals	that	ordinated	closer	to	
one	 another	 are	 more	 similar	 than	 those	 ordinated	 further	
away.	 	 The	 PCoA	 separated	 E.	 oleifera	 individuals	 into	 three	
groups	along	 the	first	axis	although	 there	were	 some	overlaps	
between	 the	 popula+ons.	 The	 three	 groups	 are	 (I)	 Popula+on	
01	 from	 Columbia:	 	 less	 diverse	 as	 compared	 to	 others,	 (II)	
popula+on	 02	 from	 Honduras	 and	 popula+on	 03	 from	
Honduras;	closest	gene+c	distance	amongst	popula+on	and	(III)	
popula+on	 08	 from	 Columbia,	 popula+on	 21	 from	 Costa	 Rica,	
popula+on	 03	 from	Panama,	 popula+on	 05	 from	Panama	 and	
popula+on	02	from	Costa	Rica.

Table	2.	Gene+c	parameter	generated	by	21	polymorphic	E.oleifera	genomic-
SSR	markers	amongst	eight	E.oleifera	popula+ons

  1    2     3    1				3				
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Table	3.	F-sta+s+cs	generated	by	21	polymorphic	gSSR	markers	across	eight	E.oleifera	popula+ons.	

Table	4		AMOVA	of	214	E.oleifera	individuals	in	eight	popula+on

Table	5	Pairwise	Popula+on	Matrix	of	Nei	Gene+c	Distance
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CONCLUSION

In	 this	 study,	 great	 gene+c	 varia+on	 between	 the	 popula+ons	
was	 observed.	 This	 indicates	 that	 the	 E.	 oleifera	 germplasm	
provide	 gene+c	 diversity	 that	 could	 be	 exploited	 in	 breeding	
program			for	selec+on	gain	in	the	future.	
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Abstract

DREB	(Drought	Responsive	Element	Binding)	is	an	important	transcrip+on	factors	(TFs)	that	acts	as	upstream	gene	and	regulate	
many	 stress-responsive	 genes	 in	plant.	Here,	we	 reported	 the	 isola+on	and	 the	 characteriza+on	of	DREB	 homolog,	SiDREB2,	
from	six	foxtail	millet	(Setaria	italica	L.	Beauv)	genotypes	i.e.	ICERI-4,	ICERI-5,	ICERI-6,	ICERI-7,	ICERI-9	and	ICERI-10.	Fragments	
(+	1000	bp)	were	successfully	amplified	from	the	genomic	DNA	of	the	six	genotypes	using	gene	specific	primer.	The	fragments	
were	 sequenced	 amer	 being	 sub-cloned	 into	 pMD20	 plasmid.	 BLAST	 analysis	 confirmed	 that	 those	 fragments	were	 SiDREB2	
gene	homolog.	 The	ORF	of	SiDREB2	 isolated	 from	 the	 six	 foxtail	millet	 genotypes	 is	 705	bp,	 encoding	 234	 amino	 acids.	 The	
conserved	domain	 of	DREB	 is	 located	 between	 amino	 acid	 62-93.	 A	 synonymous	 single	 nucleo+de	polymorphism	 (SNP)	was	
detected	at	 the	558��	base	pair	 (an	A/G	transi+on).	The	 iden+fied	SNP	can	be	poten+ally	used	as	 func+onal	markers	 to	assist	
breeding	program	of	foxtail	millet.

Key	words:	Abio+c	stress,	DREB2	transcrip+on	factor,	gene	cloning,	SNP	

INTRODUCTION

Drought	 and	 salinity	 are	 two	major	 abio+c	 stresses	 that	 cause	
dehydra+on	 stress	 to	 the	 plant	 (Scheel	 &	 Wasternack	 2000).	
Both	of	this	stress	will	affect	plant	growth	and	produc+vity	and	
result	 in	 the	 loss	of	 yield	 (Das	&	Strasser	2013).	 Several	plants	
are	 known	 to	 have	 a	 be)er	 tolerance	 to	 dehydra+on	 stress.	
Foxtail	millet	(Setaria	italica	L.)	is	one	of	cereal	plants	that	has	a	
be)er	 tolerance	 to	dehydra+on	 stress	 than	other	 cereal	plants	
(Panaud	 2009).	 Several	 genes	 had	 been	 studied	 extensively	 to	
understand	the	gene+c	background	underlying	plant	adapta+on	
mechanisms	 to	 dehydra+on	 stress.	 Transcrip+on	 factors	 are	
known	as	the	regulator	to	the	expression	of	several	downstream	
genes.	 Most	 of	 the	 transcrip+on	 factor	 genes	 were	 stress	
inducible,	sugges+ng	that	these	genes	might	be	responsible	for	
plant	adapta+on	mechanisms	under	stress	condi+on	 (Shinozaki	
&	Yamaguchi-Shinozaki	2007).

Dehydra+on	 Responsive	 Element	 Binding	 (DREB)	 is	
known	 as	 an	 important	 transcrip+on	 factor	 that	 induce	 the	
expression	of	several	genes	related	to	abio+c	stress	tolerance	in	
plants.	 The	DREB	 transcrip+on	 factors	 can	 be	 divided	 into	 two	
groups,	DREB1	and	DREB2	 (Agarwal	et	al.	2006).	Nakashima	et	
al.	 (2005)	 reported	 that	 the	 expression	 of	DREB2A	 genes	 was	
induced	 by	 dehydra+on	 and	 salinity	 stress.	 The	 homolog	 of	
DREB2	genes	has	been	isolated	on	foxtail	millet	as	SiDREB2.	The	
expression	of	SiDREB2	was	up-regulated	under	dehydra+on	and	
salinity	 stress.	 The	 rela+ve	 SiDREB2	 mRNA	 expression	 was	
higher	 in	dehydra+on	 stress	 tolerant	 foxtail	millet	 cul+var	 than	
in	 suscep+ble	 cul+var	 (Lata	 et	 al.	 2011).	 In	 this	 paper,	 we	

reported	 the	 isola+on	of	SiDREB2	genes	 from	 six	 foxtail	millet	
genotypes	 differing	 in	 dehydra+on	 stress	 tolerance	 and	 the	
analysis	 of	 Single	 Nucleo+de	 Polymorphism	 (SNP).	 The	 foxtail	
millet	 genotypes	 used	 in	 this	 study	 were	 ICERI-5,	 ICERI-6	
(tolerant),	 ICERI-4,	 ICERI-7,	 ICERI-9,	 and	 ICERI-10	 (sensi+ve)	
(Ardie	et	al.	2015).	SNP	on	SiDREB2	genes	might	be	developed	
into	Single	Nucleo+de	Amplified	Polymorphisms	(SNAP)	marker	
to	assist	 foxtail	millet	breeding	program	for	dehydra+on	stress	
tolerance	in	the	future.		

							
MATERIALS	AND	METHODS

Isola$on	of	SiDREB2	Genes	from	Foxtail	Millet	Genotypes

Plant	 genomic	 DNA	was	 obtained	 from	 leaf	 part	 of	 six	 foxtail	
millet	 genotypes	 seedling	 aged	 14-21	 days	 amer	 plan+ng.	 The	
isola+on	 of	 plant	 genomic	DNA	was	 done	 using	 CTAB	method	
(Murray	 and	 Thompson	 1998).	 Genomic	 DNA	 quality	 for	 PCR	
was	 examined	 using	 PCR	 amplifica+on	 with	 two	 random	
primers	H2	 (5’-TCGGA	CGTGA-3’)	 and	H5	 (5’-AGTCG	TCCCG-3’)	
and	 electrophoresed	 on	 1.5%	 (w/v)	 agarose	 gel.	 The	 SiDREB2	
fragments	were	amplified	using	gene	specific	primers	(forward:	
5’-CAACT	CAGGA	AGAA	GAGGA	T-3’,	 reverse:	 5’-ATCTG	GACAA	
AAGGT	 AAGA-3’)	 developed	 by	 Lata	 et	 al.	 (2011).	 The	 PCR	
amplifica+on	 was	 performed	 in	 a	 30	 µL	 volume	 of	 reagent	
consists	of	5	µL	genomic	DNA	(12	ng/	µL),	15	µL	Go	Taq®	DNA	
polymerase	 (Promega),	 5	 µL	MilliQ,	 10	 µL	 of	 primer	 (5	 µL	 for	
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each	forward	and	reverse).	The	PCR	amplifica+ons	were	carried	
out	using	PTC-200	Thermal	Cycler	(MJ	research,	 Inc)	as	follows:	
pre-denatura+on	at	94°C	 for	2	minutes	 followed	by	35	cycle	of	
denatura+on	 at	 94°C	 for	 30	 seconds,	 annealing	 at	 50°C	 for	 1	
minutes,	 extension	 at	 70°C	 for	 30	 seconds,	 finished	 by	 final	
extension	 at	 72°C	 for	 7	minutes.	 The	 amplified	 products	 were	
electrophoresed	on	1.5%	 (w/v)	agarose	gel	 for	30	minutes	and	
stained	using	 ethidium	bromide	 and	 visualized	using	UV	 trans-
illuminator.	 The	PCR	amplifica+on	products	 then	purified	using	
FastGene™	 Gel/PCR	 Extrac+on	 Kit	 (Nippon	 Gene+cs	 Europe	
GmbH).		

Molecular	Cloning	and	Sequencing	of	SiDREB2	Fragments

The	 purifica+on	 products	 of	 SiDREB2	 were	 sub-cloned	 on	 T-
vector	 pMD20	 (Takara	 Bio,	 Inc)	 using	 standard	 protocol	 from	
company	 and	 then	 transferred	 into	 E.	 coli	 strain DH5α 
competent cells. The positives colonies were	 amplified	 by	
PCR	 using	 M13	 primers	 (forward:	 5’-CGACG	 TTGTA	 AAACG	
ACGGC	 CAGT-3’,	 reverse:	 5’-GGAAA	 CAGCT	 ATGAC	 CATGA	
TTA-3’).	 The	 final	 volume	 of	 PCR	 reagent,	 PCR	 profile,	 and	
electropora+on	procedures	had	been	described	previously.	The	
obtained	fragments	then	purified	using	FastGene™	Plasmid	Mini	
Kit	 (Nippon	Gene+cs	 Europe	GmbH).	 The	 purifica+on	 products	
were	sent	to	Eurofin	Genomics	(Japan)	for	sequencing.	

Sequence	Analysis	of	SiDREB2

The	 SiDREB2	nucleo+de	 sequences	 obtained	were	 aligned	 and	
translated	 into	 amino	 acid	 sequence	 using	 Geneious	 somware	
version	 8.1.6	 (Bioma)ers	 Ltd).	 Amino	 acid	 sequences	 were	
aligned	 using	 web-based	 program	 ClustalW2	 (www.ebi.ac.uk/
Tools/msa/clustalw2).	 Phylogene+c	 tree	 of	 SiDREB2	 genes	 was	
built	 with	 MEGA7	 somware	 using	 Neighbor-Joining	 method	 at	
1000	replica+on	bootstrap.	Analysis	of	SNP	site	on	SiDREB2	was	
conducted	using	web-based	somware	SniPlay	vesion	2	(Dereeper	
et	al.	2011).	

RESULTS	AND	DISCUSSIONS

SiDREB2	Sequence	Analysis	and	Phylogene$c	Tree	Construc$on	

Amplifica+on	of	SiDREB2	using	gene	specific	primer	 resulted	 in	
1119-bp	fragment	(Figure	1).	SiDREB2	genes	from	six	genotypes	
were	 an	 intron-less	 genes	 with	 a	 705-bp	 coding	 sequence.	
Sequence	analysis	showed	SiDREB2	genes	from	six	foxtail	millet	

genotypes	 have	 a	 high	 level	 of	 similarity	 (99%)	 with	 SiDREB2	
genes	obtained	from	GeneBank	reference	sequence	(accession	
no:	 HQ132744.1)	 and	 shared	 88%	 homologous	 with	 DREB2	
genes	 from	 Saccharum	 officinarum	 and	 Sorghum	 bicolor.	 To	
analyze	the	evolu+onary	of	SiDREB2	genes	within	DREB2	genes	
among	 plants,	 a	 phylogene+c	 tree	 was	 developed	 from	
nucleo+de	sequences	(Figure	2A).	DREB2	genes	from	monocots	
species	 was	 clustered	 into	 two	 major	 groups.	 SiDREB2	 genes	
belong	 to	 the	 first	 group,	 indica+ng	 it	 has	 a	 rela+vely	 close	
evolu+onary	 rela+onship	 with	 Sorghum	 bicolor,	 Saccharum	
officinarum,	 Zea	 mays,	 and	 Hemarthria	 compresa.	 It	 is	
interes+ng	 to	 be	 noted	 that	 the	 SiDREB2	 genes	 from	 tolerant	
genotypes	 (ICERI-5	 and	 ICERI-6)	 were	 clustered	 into	 one	
subgroup,	 separated	 from	 the	 sensi+ve	genotypes	 (Figure	2B).	
Overall,	 the	 phylogene+c	 tree	 indicated	 that	 SiDREB2	 genes	
shares	common	feature	with	DREB2	genes	from	another	plants.	

Fig1

Fig2A	&	B

Figure	1.	The	amplified	product	of	SIDREB2	genes	from		six	foxtail	
millet	 genotypes	 using	 gene	 specific	 primer.	 Lane	 M=	 1000	 bp	
DNA	ladder,	1=ICERI-4,	2=ICERI-5,	3=ICERI-6,	4=ICERI-7,	5=ICERI-9,	
&	6=ICERI-10.	

Figure	 2.	 Phylogene+c	 trees	 of	 DREB2	 genes.	 A:	 Phylogene+c	
rela+onships	 of	 SiDREB2	 genes	 from	 six	 foxtail	 millet	 genotypes	 with	
DREB2	genes	from	another	plant	species.	DREB2	genes	from	monocots	
species	 clustered	 into	 two	major	 groups.	SiDREB2	belongs	 to	 the	first	
group	with	DREB2	genes	from	Sorghum	bicolor,	Saccharum	officinarum,	
Zea	mays,	and	Hemarthria	compressa.	B:	Phylogene+c	rela+onships	of	
SiDREB2	genes	among	six	foxtail	millet	genotypes.	SiDREB2	genes	from	
six	 foxtail	 millet	 genotypes	 clustered	 into	 two	 groups.	 The	 tolerant	
genotypes	(ICERI-5	and	ICERI-6)	clustered	in	one	sub-groups,	separated	
from	the	sensi+ve	genotypes.	
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The	first	domain	found	was	alkaline	N-terminal	amino	
acid	 region	 (RRK)	 that	might	 act	 as	 nuclear	 localiza+on	 signals	
(NLS)	sequences.	NLS	are	short	pep+de	mo+fs	that	mediate	the	
import	 of	 proteins	 into	 nuclear	 by	 binding	 to	 their	 receptors	
(Kosugi	et	al.	2009).	The	presence	of	NLS	domains	in	N-terminal	
regions	 suggest	 that	 SiDREB2	 proteins	 directed	 into	 nucleus	
(Sakuma	et	al.	2006).	Lata	et	al.	(2011)	confirmed	that	SiDREB2	
proteins	 were	 localized	 exclusively	 into	 nucleus	 using	 in-frame	
fusion	 technique	 between	 coding	 region	 of	 SiDREB2	 and	 GFP	
gene.	AP2/ERF	domain	act	as	DNA	binding	domain	that	bind	to	a	
specific	 Dehydra+on	 Responsive	 Element	 (DRE,	 core	 sequence	
A/GCCGAC)	sequence	present	in	the	promoter	of	stress-induced	
genes	 involved	 in	 abio+c	 stress	 adapta+on	 mechanisms	
(Srivasatv	et	al.	2010).	 SiDREB2	protein	has	a	highly	 conserved	
AP2/ERF	 domain	 with	 58	 amino	 acids	 with	 two	 conserved	
func+onal	amino	acids	valine	and	glutamic	acid	on	14th	and	19th	
residue	 (Lata	 et	 al.	 2011).	 Serine/threonine	 rich	 domains	 are	
found	 in	 many	 ac+vators	 or	 co-ac+vators	 involved	 in	 gene	
expression.	 The	 acidic	 region	 on	 serine/threonine	 rich	 domain	
has	 been	 found	 on	many	 transcrip+on	 factors,	 sugges+ng	 that	
the	domain	could	func+oned	in	trans-ac+va+on	ac+vity	(Chin	et	
al.	1997).			

Analysis	of	Single	Nucleo$de	Polymorphisms	(SNP)

Molecular	markers	are	precious	tools	for	plant	breeder	because	
of	 their	abili+es	 to	 increasing	selec+on	precision	and	efficiency	
of	 breeding	 program.	 Various	 molecular	 marker	 systems	 have	

Figure	3.	Alignment	of	SiDREB2	amino	acids	 residue	 from	six	 foxtail	millet	genotypes	and	GeneBank	 reference	
(accession	 no.	HQ132744.1).	 The	 amino	 acids	 sequence	 inside	 the	 black	 boxes	were	 the	 domains	 obtained	 in	
SiDREB2	 proteins:	 (1)	 Nuclear	 Localiza+on	 Signal	 (RRK)	 in	 the	 N	 terminus,	 (2)	 AP2/ERF	 domain:	 the	 bold	 and	
underlined	amino	acids	residue,	valine	(V)	and	glutamic	acid	(E)	indicates	two	conserved	func+onal	amino	acids	
residue	in	the	AP2/ERF	domain,	(3)	serine/threonine	rich	regions.

been	 developed	 to	 assist	 plant	 breeding	 programs	 such	 as	
Restric+on	 Fragment	 Length	 Polymorphisms	 (RFLP),	 Amplified	
Fragment	 Length	 Polymorphisms	 (AFLP),	 Random	 Amplified	
Polymorphic	 DNA	 (RAPD),	 Simple	 Sequence	 Repeat	 (SSR),	 and	
Single	 Nucleo+de	 Polymorphisms	 (SNP)	 (Colard	 et	 al.	 2005).	
Among	 the	 available	 molecular	 marker	 systems,	 SNP	 based	
molecular	markers	become	preferable	 than	other	markers	due	
to	their	high	abundance	throughout	the	genome	(Pierce	2012).	
SNP	provide	the	perfect	form	of	molecular	markers	because	the	
sequence	differences	occurred	at	single	nucleo+de	levels,	which	
is	the	simplest	unit	of	inheritance	(Xu	2010).	

SNP	 sites	 can	 be	 developed	 into	 allele-specific	 PCR	
based	markers	using	specific	mismatch	at	the	3’	end	of	primer.	
Specific	mismatch	allow	preferen+al	amplifica+on	of	one	allele	
rela+ve	 to	 another.	 This	 technique	 is	 called	 Single	 Nucleo+de	
Amplified	Polymorphisms	(SNAP)	marker	(Drenkard	et	al.	2000).	
SNAP	marker	 had	 been	 developed	 and	 applied	 in	 the	 various	
plant	breeding	program	such	as	breeding	for	aroma+c	traits	 in	
soybean	 (Juwa)anasomran	 et	 al.	 2012),	 non-saturated	 fa)y	
acid	on	palm	oil	(Rismayan+	et	al.	2014),	and	drought	resistance	
in	foxtail	millet	(Lata	et	al.	2011).	

The	important	thing	on	SNAP	marker	development	is	
to	 obtain	 SNP	 site	 associated	 with	 specific	 traits	 (Kim	 et	 al.	
2004).	SNP	site	analysis	was	conducted	on	SiDREB2	genes	from	
six	 foxtail	 millet	 genotypes	 differing	 in	 dehydra+on	 stress	
tolerance.	The	analysis	of	SNP	site	is	aimed	to	search	a	specific	
SNP	allele	that	associated	with	dehydra+on	tolerance.	Two	SNPs	
were	 found	 on	 SiDREB2	 exon	 (Table	 1).	 SNPs	 obtained	 on	
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Figure	4.	The	SNPs	on	SiDREB2	genes	from	six	foxtail	millet	genotypes.	The	site	of	
SNP	 marked	 with	 black	 triangle,	 the	 number	 above	 SNP	 site	 showed	 the	 SNP	
posi+on	on	the	gene.	The	underlined	nucleo+de	on	each	SNP	sites	indicates	the	
major	allele	of	the	SNPs.

Table	1.		Analysis	of	SNP	site	on	SiDREB2	genes

SiDREB2	 genes	 located	 in	 338h	 	 base	 and	 558h	 	 base	 with	
different	 frequencies.	The	first	SNP	has	16.70	%	 frequency	and	
the	second	has	33.33	%	frequency.	The	second	SNP	on	558h	base	
of	SiDREB2	genes	found	to	be	associated	with	dehydra+on	stress	
tolerance.	 SNP	 at	 558h	 	 base	 can	 separate	 the	 dehydra+on	
tolerant	 from	 sensi+ve	 genotypes.	 The	 dehydra+on	 tolerant	
genotypes	have	an	A	allele	and	the	sensi+ve	genotypes	have	G	
allele	 (Figure	 4).	 SNP	 at	 the	 558h	 	 base	 of	 SiDREB2	 gene	 also	
reported	by	Lata	et	al.	(2011)	to	be	associated	with	dehydra+on	
tolerance	 in	 another	 study	 involving	 different	 foxtail	 millet	
genotypes.	This	SNP	might	be	developed	 into	SNAP	marker	 for	
dehydra+on	stress	tolerance	in	foxtail	millet	in	the	future.

	
CONCLUSION

SiDREB2	 genes	 from	 six	 foxtail	 millet	 genotypes	 showed	 very	
high	 similarity	 with	 SiDREB2	 genes	 reported	 before.	 SiDREB2	
also	 shared	 a	 homology	 with	 DREB2	 genes	 from	 other	 plant	
species.	 SiDREB2	 genes	 encoded	 234	 amino	 acids	 residue	 and	
have	three	conserved	domains:	nuclear	localiza+on	signals,	AP2/
ERF	 domain,	 and	 serine/threonine	 rich	 regions	 which	 each	
domain	has	a	specific	func+on.	SNP	analysis	revealed	that	SNP	in	
558h	 	base	of	SiDREB2	genes	associated	with	dehydra+on	stress	
tolerance	 and	might	 be	 developed	 into	 SNAP	marker	 to	 assist	
foxtail	millet	breeding	program	for	dehydra+on	stress.	
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Abstract

Mangosteen	(Garcinia	mangostana	L.)	is	one	of	the	most	desirable	tropical	fruit	of	Southeast	Asia.	To	date,	cytogene+c	informa+on	
on	the	nuclear	DNA	of	mangosteen	is	not	available	yet.	In	this	study,	flow	cytometry	approach	was	applied	to	es+mate	the	nuclear	
DNA	content	of	mangosteen.	It	has	become	the	method	of	choice	for	determina+on	of	DNA	content	in	various	angiosperms	since	it	is	
convenient,	fast	and	reliable.	We	op+mised	the	prepara+on	of	nuclei	suspensions	for	flow	cytometry	analysis.	Measurement	of	the	
nuclear	DNA	content	of	mangosteen	was	made	using	Glycine	max	cv.	Polanka	(2C=2.5	pg)	as	a	reference	standard.	The	fluorescence	
intensity	of	mangosteen	sample	was	compared	with	fluorescence	 intensity	of	 soybean	 to	obtain	 the	 ra+o,	 then,	mul+plied	by	 the	
genome	size	of	soybean,	2C=2.5	pg.	In	this	study,	intact	nuclei	were	isolated	from	young	leaves	through	manual	chopping	and	BD™	
medimachine	 blender.	 Three	 nuclear	 isola+on	 buffers	 supplemented	 with	 RNaseA,	 propidium	 iodide	 and	 reducing	 agents	 were	
u+lised	 including	 LBO1,	 Tris-MgCl₂	 and	O)o	buffers.	 The	 result	 showed	 the	most	 suitable	nuclear	 isola+on	buffer	 for	mangosteen	

sample	was	O)o	buffer.	The	histogram	of	rela+ve	DNA	analysis	produced	a	symmetrical	and	sharp	DNA	peak	located	around	channel	
400-450.	The	addi+on	of	reducing	agents	such	as	mercaptoethanol	and	polyvinylpyrrolidone	(PVP-40)	in	O)o	buffer	counteracted	the	
interference	 of	 phenolic	 compounds	 with	 DNA	 staining,	 hence	 resulted	 in	 sharper	 DNA	 peak	 with	 less	 than	 3%	 coefficient	 of	
varia+on.	Manual	chopping	method	was	found	to	be	be)er	for	isola+ng	intact	nuclei	of	mangosteen	with	smaller	amount	of	debris.	

Line
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Key	words:	Flow	cytometry,	lysis	buffer,	mangosteen,	nuclei	isola+on	technique

INTRODUCTION

Garcinia	 mangostana	 L.	 (mangosteen	 or	 locally	 known	 as	
‘manggis’)	 is	 considered	 one	 of	 the	 tasty	 tropical	 fruits	 with	
a)rac+ve	fruit	colour	and	shape	from	Southeast	Asia.	It	belongs	
to	the	family	Clusiaceae	which	contains	about	35	genera	and	up	
to	 800	 species.	 Mangosteen	 has	 considerable	 economic	
poten+al	both	for	the	local	and	export	market.	There	are	studies	
proving	 that	 the	 extract	 of	 mangosteen	 have	 medicinal	
proper+es	 such	 as	 an+oxidant,	 an+tumor,	 an+-inflammatory,	
an+-bacterial	and	an+-viral	(Pedraza-Chaverri	et	al.,	2008).	It	has	
been	selected	as	a	na+onal	pride	(flagship	fruit)	for	export	in	the	
Third	Na+onal	Agricultural	policy	(1998-2010).	Mangosteen	is	an	
apomic+c	species,	 thus	all	 trees	are	believed	to	be	clones	with	
no	gene+c	varia+on	(Abdullah	et	al.,	2012).	Gene+cally,	 it	 is	an	
allotetraploid	species	and	hypothesized	to	have	originated	from	
natural	 hybridisa+on	 between	 G.	 malaccensis	 and	 G.	
hombroniana	(Richards,	1990).	This	was	concluded	based	on	the	
chromosome	 number,	where	G.	malaccensis	 was	 2n=42-43,	 as	
reported	 by	 Ha	 (1978),	 and	 the	 chromosome	 count	 of	 G.	

hombroniana	 reported	 by	 Richards	 (1990)	 was	 2n=48.	
Informa+on	 on	 DNA	 content	 is	 important	 in	 a	 breeding	
programme.	 Recently,	 the	 study	 on	 nuclear	 DNA	 content	 has	
also	become	important	for	genome	sequencing	projects	as	the	
scale	 and	 cost	 depends	 on	 nuclear	 DNA	 content	 (Doležel	 &	
Greilhuber,	 2010).	 To	 date,	 there	 is	 li)le	 informa+on	 available	
on	the	nuclear	DNA	content	of	mangosteen.	

Flow	cytometry	(FCM)	is	one	of	the	techniques	in	the	
nuclear	 DNA	 content	 analysis.	 The	 suspensions	 of	 nuclei	 are	
isolated	 and	 stained	 with	 a	 DNA-specific	 fluorochrome	 to	
determine	nuclear	DNA	content.	The	results	of	FCM	analysis	 is	
presented	 in	 the	 form	 of	 a	 histogram	 of	 rela+ve	 fluorescence	
intensity,	 represen+ng	 rela+ve	DNA	content	 (Doležel	&	Bartos,	
2005).	For	sample	prepara+on,	the	suspensions	of	nuclei	were	
extracted	 into	 a	 nuclei	 isola+on	 buffer	 by	 homogeniza+on	 of	
fresh	+ssues	 (Galbraith	et	al.,	1983).	To	date,	various	methods	
have	 been	 developed	 for	 prepara+on	 of	 nuclei	 suspension	
including	 enzyma+c	 treatment	 of	 plant	 +ssues	 (Heller,	 1973),	
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homogeniza+on	 of	 fresh	 +ssues	 using	 a	 razor	 blade	 manually	
(Galbraith	et	al.,	1983)	or	BD™	medimachine	blender	(Madon	et	
al.,	 2008)	 and	 bead-bea+ng	 method	 (Silva	 et	 al.,	 2000).	 The	
crucial	 step	 in	 the	prepara+on	of	 suspension	of	 intact	nuclei	 is	
the	selec+on	of	suitable	 isola+on	buffer.	There	are	many	nuclei	
isola+on	buffers	 have	been	 reported	 such	 as	Galbraith’s	 buffer	
(Galbraith	 et	 al.,	 1983),	 LBO1	 (Dolezel	 et	 al.,	 1989),	 Marie’s	
buffer	 (Marie	 &	 Brown,	 1993),	 O)o’s	 buffer	 (O)o,	 1992)	 and	
Tris-MgCl₂	(Pfosser	et	al,	1995).	Chemical	composi+on	of	nuclear	

isola+on	 buffers	 is	 important	 to	 facilitate	 the	 release	 of	 nuclei	
free	 of	 cytoplasm,	 maintain	 the	 integrity	 of	 extracted	 nuclei,	
protect	DNA	against	nucleases	and	facilitate	stoichiometric	DNA	
staining	(Doležel	&	Bartos,	2005).	

Propidium	 iodide	 (PI)	 (Dolezel	 et	 al.,	 1992)	 and	 4’,6-
diamidino-2-phenylindole	 (DAPI)	 are	 the	 common	 DNA	
intercalators	 used	 in	 FCM	 analysis	 to	 stain	 nuclear	 DNA.	
However,	 DAPI	 is	 not	 suitable	 for	 DNA	 absolute	measurement	
since	 it	 is	 base	 selec+ve.	 The	 accessibility	 of	DNA	 intercalators	
can	 be	 affected	 by	 the	 presence	 of	 secondary	 metabolites	 in	
cytosol.	 Cytosolic	 compounds	 can	 cause	 “tannic	 acid	 effect”	
where	the	light	sca)ering	proper+es	of	nuclei	are	changed.	The	
use	 of	 reducing	 agent	 compounds	 such	 as	β-mercaptoethanol	
and	polyvinylpyrolidone	(PVP)	(Price,	2000;	Yokoya	et	al.,	2000;	
Noirot	 et	 al,	 2003)	 are	 considered	 as	 a	 good	 prac+ce	 to	
eliminate	effects	of	cytosolic	compound.	This	study	was	carried	
out	 to	 op+mise	 the	 prepara+on	 of	 mangosteen	 nuclei	
suspensions	for	FCM	analysis	as	well	as	es+mate	its	nuclear	DNA	
content	 by	 using	 Glycine	 max	 cv.	 Polanka	 (2C=2.5	 pg)	 as	 an	
external	reference	standard.

MATERIALS	AND	METHODS

Plant	material

Young	 red-coloured	 leaf	+ssues	of	1-2	months	old	mangosteen	
plants	 (Figure	 1)	 were	 obtained	 from	 the	 nursery	 at	 the	
Greenhouse	 Complex,	 Universi+	 Kebangsaan	 Malaysia	 (UKM)	
and	u+lised	for	analysis.	

Sample	prepara$on	and	measurement

Soybean	was	u+lised	as	an	external	reference	standard	(2C=2.50	
pg;	Dolezel	et	al.,	 1994).	 Leaf	 samples	of	mangosteen	 seedling	
were	cut	into	small	pieces	and	finely	chopped	and	blended	with	
razor	blade	 in	a	petri	dish	containing	 isola+on	buffers	and	BD™	
medimachine	 blender	 respec+vely	 (Figure	 2).	 Three	 nuclear	

Figure	1.	Young	red-coloured	leaf	of	1-2	months	old	
mangosteen	seedling

isola+on	 buffers	 including	 LBO1	 (Dolezel	 et	 al.,	 1989),	 O)o	
buffers	 (O)o,	 1990;	 Dolezel	 &	 Gohde,	 1995)	 and	 Tris-MgCl₂	

(Pfosser	 et	 al.,	 1995)	 supplemented	 with	 RNaseA	 (Sigma-
aldrich,	 USA),	 propidium	 iodide	 (Sigma-aldrich,	 USA)	 and	
reducing	 agents	 such	 as	 mercaptoethanol	 (Merck,	 Germany)	
and	 polyvinylpyrolidone	 (PVP)	 (Sigma-aldrich,	 USA)	 were	
u+lised.	 The	 chemical	 composi+on	 of	 these	 three	 nuclear	
isola+on	buffers	is	given	in	Table	1.	The	suspensions	of	released	
nuclei	were	passed	through	a	50	µm	nylon	mesh	 into	a	10	mL	
falcon	tube	(Becton	Dickinson,	USA)	and	incubated	at	4ºC	for	10	
to	 15	 min	 to	 allow	 op+mum	 PI	 intercala+on	 with	 the	 DNA	
strand.	PI	fluorochrome	was	selected	for	this	analysis	because	it	
produced	 precise	 fluorescent	 intensity	 histogram	 peak	 with	
lower	 coefficient	 of	 varia+on	 (CV)	 (Doležel	&	 Bartos,	 2005)	 as	
well	as	intercalates	the	en+re	DNA	region	(Doležel	et	al.,	2007).

A	 FACSCalibur	 flow	 cytometer	 (BD	 Biosciences,	 San	
Jose,	CA)	equipped	with	15	mW	argon	ion	laser	at	488	nm	was	
used.	Histograms	were	collected	over	1,024	channels	and	5,000	
events.	At	least	5,000	nuclei	were	analysed	in	each	sample.	

RESULTS	AND	DISCUSSION

Op9mum	condi9ons

The	op+mum	condi+ons	were	obtained	when	manual	chopping	
technique	 and	 O)o	 lysis	 buffer	 were	 u+lised	 during	 sample	
prepara+on	 followed	 by	 15	 minutes	 of	 DNA	 staining	 prior	 to	
FCM	analysis.

Materials	for	Nuclear	Isola9on

In	 order	 to	 reduce	 cytosolic	 effect,	 young	 leaf	 materials	 and	
fresh	 plant	 +ssue	 of	 mangosteen	 were	 u+lised	 since	 they	
contain	 less	 secondary	 metabolite	 compounds.	 These	
compounds	 will	 be	 released	 during	 nuclei	 suspension	
prepara+on	 and	 reduce	 the	 quality	 of	 nuclei	 suspension,	 thus	
inhibit	 DNA	 staining	 as	 well	 as	 reduce	 fluorescence	 level	
(Mallón	et	al.,	2009).	This	phenomenon	is	known	as	“tannic	acid	
effect”	 that	 will	 also	 increase	 the	 CV’s	 (Loureiro	 et	 al.,	 2007)	
hence	leading	to	erroneous	measurements.	

Nuclear	isola9on	buffers

This	 study	 revealed	 that	 the	 most	 suitable	 nuclear	 isola+on	
buffer	 for	mangosteen	sample	was	O)o	buffer	 (Figure	3).	O)o	
buffer	produced	sharp	histogram	peak	with	CV	lower	than	3%	at	
channel	 400-450	 while	 Tris-MgCl₂	 produced	 broad	 peak	 with	

high	 CV	 (>3%)	 at	 channel	 480-560.	 LBO1	 buffer	 produced	 no	
peak	indicated	that	it	was	not	a	suitable	buffer	for	mangosteen	
sample.	 Therefore,	 this	 study	 showed	 that	 O)o	 buffer	
supplemented	with	PVP-40	and	mercaptoethanol	produced	the	
best	 quality	 nuclear	 suspension	 as	 well	 as	 sharp	 and	
symmetrical	 DNA	 peak,	 hence	 was	 used	 for	 genome	 size	
es+ma+on.	 The	 CV	 value	 of	 DNA	 histogram	 peak	 is	 crucial	 in	
order	 to	 quan+fy	 a	 precise	 analysis	 as	 well	 as	 an	 important	
parameter	 in	 FCM	 technique	 (Prado	 et	 al.,	 2010).	 CVs	 lower	
than	3%	are	considered	acceptable	(Marie	&	Brown,	1993)	and	
for	 several	 cases,	precision	may	not	be	achievable	 in	 ‘difficult’	
species,	whereby	CVs	below	5%	are	acceptable.
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O)o	(1990)	procedure	involves	two	steps.	By	using	O)o	(1990)	
procedure,	the	nuclei	were	isolated	into	O)o	I	buffer	as	well	as	
fixed	 then	 in	 citric	 acid.	 Based	 on	 the	 previous	 studies,	O)o’s	
buffer	 produced	 good	 results	 in	many	 plant	 species	 especially	
those	with	lower	DNA	content	(Loureiro	et	al.,	2006).	This	could	
be	 explained	 by	 the	 citric	 acid	 step	 that	 improves	 chroma+n	
accessibility	 and	 ‘homogenizes’	 chroma+n	 structure,	 thus	
greatly	 elimina+ng	 differences	 in	 staining	 intensity	 amongst	
popula+ons	of	nuclei	with	the	same	DNA	content	but	different	
chroma+n	states	(Doležel	&	Bartos	2005;	Loureiro	et	al.,	2006).	
The	 presence	 of	 non-ionic	 detergent	 Tween	 20	 in	 the	 O)o	
buffer	 facilitates	 nuclear	 release	 from	 the	 cytoplasm,	 removes	
cytoplasmic	 remnants	 from	 the	 surface	 of	 isolated	 nuclei,	
disperses	chloroplasts	and	decreases	the	tendency	of	nuclei	and	
cytoplasmic	debris	to	aggregate	(Doležel	&	Bartos	2005).	

Sample	prepara9on	techniques

This	 study	 indicated	 that	 manual	 chopping	 technique	 was	
preferred	over	the	BD™	medimachine	blender	since	it	produced	
less	 background	 debris	 (Figure	 4).	 Manual	 chopping	 yielded	
DNA	 histogram	 with	 minimum	 background	 since	 the	 nuclei	
were	 released	 gently.	 BD™	 medimachine	 blender	 produced	
higher	 background	 debris	 probably	 caused	 by	 vigorous	
blending.	 As	 a	 result,	 nuclei	 breakage	 occurred	 during	 sample	
prepara+on,	 represented	 as	 debris	 peak	 on	 DNA	 histogram	
data.	 On	 the	 other	 hand,	 BD™	 medimachine	 blender	 also	
produced	broader	DNA	peak	 (CV>5%)	 as	 compared	 to	manual	
chopping	since	the	sample	was	over	blended.

Figure	2.	Nuclei	suspensions	of	mangosteen	prepared	using	A)	
Razor	blade	B)	BD™	medimachine	blender

Table	 1.	 The	 buffers	 used	 for	 prepara+on	 of	 Garcinia	 mangostana	
nuclei	suspensions

F i g u r e	 3 .	 H i s t o g r a m	 o f	
fluorescence	 in tens i+es	 in	
mangosteen	 nuclei	 isolated	 from	
leaves	using	three	different	nuclei	
isola+on	buffers:	(A)	LBO1	(B)	Tris-
MgCl2	(C)	O)o

Figure	 4.	 Histogram	 of	 fluorescence	 intensity	 peak	 in	
mangosteen,	 (A)	 Manual	 chopping	 technique	 &	 (B)	 BD™	
medimachine	blender	(arrow	indicated	debris	peak)
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fixed	 then	 in	 citric	 acid.	 Based	 on	 the	 previous	 studies,	 O)o’s	
buffer	 produced	 good	 results	 in	 many	 plant	 species	 especially	
those	with	lower	DNA	content	(Loureiro	et	al.,	2006).	This	could	
be	 explained	 by	 the	 citric	 acid	 step	 that	 improves	 chroma+n	
accessibility	 and	 ‘homogenizes’	 chroma+n	 structure,	 thus	
greatly	 elimina+ng	 differences	 in	 staining	 intensity	 amongst	
popula+ons	of	nuclei	with	 the	same	DNA	content	but	different	
chroma+n	states	(Doležel	&	Bartos	2005;	Loureiro	et	al.,	2006).	
The	presence	of	non-ionic	detergent	Tween	20	in	the	O)o	buffer	
facilitates	 nuclear	 release	 from	 the	 cytoplasm,	 removes	
cytoplasmic	 remnants	 from	 the	 surface	 of	 isolated	 nuclei,	
disperses	chloroplasts	and	decreases	the	tendency	of	nuclei	and	
cytoplasmic	debris	to	aggregate	(Doležel	&	Bartos	2005).	

Sample	prepara9on	techniques

This	 study	 indicated	 that	 manual	 chopping	 technique	 was	
preferred	over	the	BD™	medimachine	blender	since	it	produced	
less	background	debris	(Figure	4).	Manual	chopping	yielded	DNA	
histogram	 with	 minimum	 background	 since	 the	 nuclei	 were	
released	 gently.	 BD™	 medimachine	 blender	 produced	 higher	
background	debris	 probably	 caused	by	 vigorous	blending.	As	 a	
result,	 nuclei	 breakage	 occured	 during	 sample	 prepara+on,	
represented	 as	 debris	 peak	 on	 DNA	 histogram	 data.	 On	 the	
other	hand,	BD™	medimachine	blender	also	produced	broader	
DNA	peak	 (CV>5%)	as	compared	to	manual	chopping	since	 the	
sample	was	over	blended.

Secondary	metabolites

In	this	study,	we	found	that	most	of	the	samples	turned	brown	
(Figure	 5).	 It	 may	 be	 caused	 by	 the	 nega+ve	 effect	 of	 cytosol	
(Dolezel	et	al.,	2007).	Due	to	this	problem,	reducing	agents	such	
as	β-mercaptoethanol	and	PVP-40	were	supplemented	into	O)o	
buffer	 (O)o	 II)	 to	 reduce	 unfavourable	 effects	 of	 cytosolic	
compounds.	In	addi+on,	all	samples	were	prepared	in	a	walk-in	
cold	 room	 which	 can	 reduce	 cytosolic	 effect	 (Doležel	 et	 al.,	
2007).	The	reducing	agents	in	nuclear	lysis	buffer	bind	phenolic	
compound	during	nuclei	isola+on	(Yokoya	et	al.,	2000;	Thiem	&	
Sliwinska,	2003).	

Nuclear	staining

PI	 was	 u+lised	 in	 this	 study	 because	 it	 has	 no	 apparent	 base	
specificity	while	DAPI	 is	base	selec+ve	which	 is	not	suitable	 for	
absolute	 DNA	 measurement	 (Doležel	 et	 al.,	 1992).	 PI	

fluorochrome	 has	 been	 proven	 capable	 in	 obtaining	 precise	
DNA	 peak	 (Madon	 et	 al.,	 2008).	 Dura+on	 of	 sample	 staining	
should	 be	 op+mised	 to	 reduce	 the	 presence	 of	 debris	 peak	
(Dolezel	et	al.,	2007).	In	this	study,	the	samples	were	incubated	
at	4ºC	for	10	to	15	min	to	allow	op+mum	PI	 intercala+on	with	
the	DNA	strand.

CONCLUSION

In	 conclusion,	 op+mum	 condi+ons	 of	 mangosteen	 samples	
prepara+on	for	FCM	analysis	and	genome	size	es+ma+on	were	
obtained	 in	 this	 study.	This	 study	also	 indicated	 that	O)o	 lysis	
buffer	 supplemented	 with	 mercaptoethanol	 and	 PVP	 was	
suitable	compared	to	LBO1	and	Tris-MgCl₂	buffers.	 It	produced	

sharper	DNA	peak	located	around	channel	400-450	with	CV	less	
than	3%.	For	sample	prepara+on,	manual	chopping	was	 found	
to	 be	 suitable	 for	 mangosteen	 samples	 due	 to	 lower	 debris	
obtained.	
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Abstract

Cassava	 (Manihot	 esculenta	 Crantz.)	 is	 an	 important	 carbohydrate	 source	 for	 food,	 feed	 and	 industries.	 It	 is	 the	 third	 of	 local	
carbohydrate	 source	 in	 Indonesia	amer	 rice	and	maize.	 Indonesia	 is	on	of	 the	biggest	 cassava	producer	 in	 the	world,	 even	 its	 s+ll	
import	from	other	country.	Cassava	breeding	program	is	mainly	targeted	to	improve	the	tuber	yield,	starch,	cyanide	acid	content,	and	
tolerant	to	abio+c	stress.	 Induced	muta+on	breeding	using	gamma	irradia+on	is	one	of	strategies	to	produce	high	yielding	cassava	
varie+es.	The	aim	of	this	research	was	to	evaluate	the	quan+ta+ve	and	qualita+ve	characters	of	gamma	irradiated	cassava	mutants	at	
the	M1V3	genera+on.	 	There	were	32	cassava	poten+al	mutant	lines	and	five	cassava	background	genotypes	(i.e.	Jame-jame,	Ra+m,	
UJ-5,	Malang	 4,	 and	Adira	 4)	 used	 in	 this	 study.	 Several	 characteris+cs/traits	 of	 cassava	were	 observed	 both	 on	 quan+ta+ve	 and	
qualita+ve	characters.	The	results	showed	that	gamma	ray	 irradia+on	increase	variability	from	five	cassava	background	genotypes.	
Based	on	selec+on	criteria,	there	were	fimeen	mutants	have	stable	criteria	including	two	mutants	generated	from	Jame-Jame,	four	
mutants	from	Ra+m,	seven	mutants	from	Malang-4,	and	one	mutant	from	UJ-5	and	Adira-4	respec+vely.	More	research	 is	needed	
under	other	field	condi+ons	to	understand	the	growth	and	yield	component	prior	to	release	new	variety	of	high	yielding	cassava.	

INTRODUCTION

Cassava	 (Manihot	 esculenta	 Crantz)	 is	 a	 perennial	 shrub	
originated	 in	 the	neotropics.	 Its	most	 important	product	 is	 the	
starchy	 roots	 used	 as	 a	 source	 of	 caloric	 energy	 by	millions	 of	
people,	 par+cularly	 in	 Sub-Saharan	 Africa.	 It	 is	 also	 a	
compe++ve	 source	 of	 starch;	 cassava	 is	 the	 second	 most	
important	 source	 of	 starch	 worldwide,	 amer	 maize	 (Stapleton	
2012;	 Norton	 2014),	 and	 is	 the	 starch	 most	 traded	
interna+onally.	 Dried	 cassava	 root	 chips	 are	 also	 used	 at	
industrial	 levels	 for	 animal	 feeding	 and	 ethanol	 produc+on.	
Cassava	is	typically	propagated	through	the	use	of	stem	cu�ngs.	
Since	nearly	all	known	landraces	and	bred	varie+es	are	directly	
derived	 from	 a	 cross	 between	 two	 heterozygous	 parents,	 the	
plants	that	farmers	grow	are	clonally	propagated	hybrids.

However,	 along	 with	 higher	 demand	 of	 cassava	 for	
food	and	 industry,	 there	are	a	gap	between	poten+al	yield	and	
actual	 produc+on	 condi+on	 on	 farmer	 level,	 indica+ng	 that	
cassava	 produc+on	 poten+al	 is	 yet	 to	 be	 achieved	 for	 local	 or	
na+onal	 varie+es,	 which	 are	 commonly	 planted	 on	 marginal	
area	and	with	low	farming	input.	Furthermore,	cassava	breeding	
program	through	conven+onal	measure	s+ll	meet	many	obstacle	
resul+ng	in	low	number	of	new	and	superior	varie+es.	Because	
of	 that,	 developments	 of	 muta+on	 breeding	 and	 molecular	
markers	 on	 breeding	 program	 are	 needed	 to	 accelerate	 the	
forma+on	 of	 new	 varie+es,	 especially	 for	 high	 yielding	 of	
cassava.

Muta+on	 breeding	 is	 one	 of	 the	 non-conven+onal	
ways	 to	achieve	gene+c	varia+on.	Muta+on	 is	a	 change	 in	 the	
genes	 or	 chromosomes,	 causing	 changes	 and	 varia+on	 in	
morphology	or	 characteris+c	of	 a	plant	 (Syukur	2012).	 From	a	
number	of	generated	mutants,	it	is	likely	to	get	genotypes	that	
are	 be)er	 than	 the	 background	 genotype.	 Ways	 to	 increase	
gene+c	 varia+on	 in	 the	 frame	 of	 crop	 improvement	 are	
germplasm	 u+liza+on,	 crossing,	 muta+on,	 protoplast	 fusion,	
somaclonal	varia+on,	and	gene+c	engineering.

Muta+on	 induc+on	 in	 cassava	 breeding	 	 trough	
gamma	ray	irradia+on	has	proven	to	be	an	effec+ve	tool	for	the	
development	of	germplasm,	not	only	for	basic	research	but	also	
able	 to	 offer	 benefits	 for	 daily	 lives	 (Sanchez	 et	 al.	 2009).	
According	Oyeyemi	and	Lawas	(2010)	on	gamma	ray	irradia+on	
research	 for	 reducing	 HCN	 content	 in	 cassava,	 effec+ve	
irradia+on	 dose	 for	 reducing	 HCN	 content	 was	 100	 Gy.	
Furthermore,	 the	 effec+ve	 dose	 was	 affected	 by	 cassava	
varie+es	 that	 were	 used.	 Gamma	 ray	 irradia+on	 dose	 could	
affect	 the	 number	 of	 surviving	 plants,	 as	 shown	 in	 Coleus	 sp	
plant	 (Marthin	 2014).	 According	 to	 Horn	 and	 Shimelis	 (2013)	
different	doses	of	 gamma	 ray	 significantly	 affect	plant	 growth.	
Usually	 chosen	 gamma	 ray	 irradia+on	 dose	 could	 give	
informa+on	 as	 general	 dose	 for	 big	 scale	 mutagenesis	
induc+on.	Moreover,	the	clonal	reproduc+on	of	cassava	allows	
mul+plica+on	 of	 individual	 genotypes	 in	 such	 a	 way	 that	
environmental	 and	 gene+c	 factors	 affec+ng	 their	 performance	
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can	 be	 separated.	 	 This	 is	 important	 because	 within-family	
gene+c	effects	can	be	properly	es+mated	in	cassava	(Ceballos	et	
al,	2015).	

In	plant	breeding	process,	 analysis	 for	 stability	 test	 is	
mandatory	before	a	par+cular	plant	genotype	(elite	lines,	stable	
mutants)	 	 is	 released	 as	 new	 variety.	 	 As	 an	 example,	 when	
diversity	derived	 from	a	muta+on	 treatment,	 it	 is	 necessary	 to	
test	the	stability	of	the	vegeta+ve	offspring.	Cassava	mutants	on	
M1V3	genera+on	from	five	background	genotypes	were	analyzed	
for	stability	based	on	their	phenotypes	values.	The	stability	test	
was	 conducted	 on	 quan+ta+ve	 characters	 that	 influence	 the	
yield,	i.e.	number	of	tuber	per	plant,	number	of	economic	tuber	
per	 plant,	 and	 tuber	 weight.	 “Stable”	 criteria	 for	 vegetaively	
propagated	 plants	 is	 when	 mutant	 variability is less than or 
equal to background genotype variability (σ2 mutant plants 
≤ σ2 

	background	plants).
Mutant	stability	test	was	conducted	to	ensure	that	new	

variety	produced	had	 changed	gene+cally	 and	 stable,	 so	 it	 can	
be	used	as	a	parent	 line	 in	breeding	ac+vity.	 	 Soedjono	 (2003)	
stated	that	stability	of	plants	produced	from	muta+on	induc+on	
could	 not	 be	 observed	 directly	 in	 first	 genera+on,	 but	 would	
start	to	be	observable	on	M2	genera+on.

The	 M1V3	 popula+on	 was	 developed	 from	 five	
background	 genotypes	 with	 gamma	 ray	 irradia+on	 treatment	
ranged	from	15	to	60	Gy.	The	objec+ve	of	 this	research	was	to	
conduct	stability	analysis	as	an	effort	to	obtain	cassava	mutants	
that	had	gene+c	stability	on	M1V3	genera+on.

MATERIAL	AND	METHODS

Plant	Materials

Plant	materials	used	in	this	research	were	32	poten+al	
mutants	 of	 M1V3	 genera+on,	 which	 resulted	 from	 muta+on	
induc+on	using	gamma	ray	irradia+on	(0,	15,	30,	45,	and	60	Gy)	
on	five	background	genotypes.	Five	background	genotypes	were	
consisted	 of	 local	 genotypes	 from	 Halmahera	 (Jame-jame	 and	
Ra+m),	 introduced	 variety	 from	 Thailand	 (UJ-5),	 and	 na+onal	
varie+es	(Malang	4	and	Adira	4).

Prepara$on	and	Plan$ng	of	M1V3	Popula$on

Land	 prepara+on	 was	 conducted	 using	 tractor	 to	
improve	soil	aera+on.	The	beds	were	made	following	1	m	x	1	m	
plan+ng	space	(popula+on	of	10000	plants	ha-1).	Plant	materials	
in	form	of	stem	cu�ngs	with	5	nodes	were	prepared	by	sawing	
the	 cassava	 stems.	 Fer+lizer	 was	 applied	 5	 cm	 from	 the	 stem	
circularly.	The	fer+lizer	doses	of	urea,	SP-36,	and	KCl	respec+vely	
were	 200	 kg	 ha-1,	 100	 kg	 ha-1,	 and	 100	 kg	 ha-1.	 Standard	
maintenance	conducted	including	weeding,	fer+lizer	applica+on	
and	pest	and	disease	control.	Pruning	was	done	by	choosing	two	
most	 vigorous	 branches	 on	 each	 plant	 at	 3	 months	 amer	
plan+ng.

Experimental	Design

The	 environmental	 design	 used	 was	 Completely	
Randomized	Block	Design	with	one	factor,	which	was	37	cassava	

genotypes	 (32	mutants	 of	M1V3	 genera+on	 and	 5	 background	
genotypes)	 resulted	 from	 gamma	 ray	 irradia+on	 with	 three	
replica+ons	 which	 were	middle,	 upper,	 and	 lower	 part	 of	 the	
stems.	 Each	 genotype	 was	 planted	 at	 3	 different	 blocks	 and	
consisted	 of	 3	 plants	 at	 each	 block.	 Total	 observed	 plants	 on	
pre-harvest	and	harvest	ac+vity	were	333	plants.

Observa+on	 on	 plant	 growth	 was	 conducted	 un+l	
harvest.	 Observed	 characters	 were	 qualita+ve	 characters	 (i.e.	
tuber	type,	tuber	shape,	parenchyma	colour,	outer	tuber	colour,	
and	 tuber	 taste)	 and	 quan+ta+ve	 yield	 character	 at	 harvest	
were	 number	 of	 tuber	 per	 plant,	 number	 of	 economic	 tuber	
(tuber	 length	 >	 20	 cm),	 and	 tuber	 weight	 per	 plant.	
Characteriza+on	 of	 tuber	 was	 following	 IITA	 (Interna8onal	
Ins8tute	of	Tropical	Agriculture)	 (Fukuda	et	al.	2010).	 	Stability	
analysis	was	conducted	to	discover	observed	character	stability	
by	 comparing	 variance	 of	 background	 genotype	with	 variance	
of	mutant	genotypes.	Stability	analysis	was	conducted	on	yield	
characters	 including	 number	 of	 tuber	 per	 plant,	 number	 of	
economic	tuber	and	tuber	weight	per	plant.

RESULTS	AND	DISCUSSION

In	this	paper,	gene+c	stability	test	presented	was	placed	on	the	
yield	 characters,	 i.e.	 number	 of	 tuber,	 number	 of	 economic	
tuber,	 and	 tuber	 weight	 per	 plant.	 The	 one	 character	
considered	 as	 stable	 when	 the	 variance	 of	 mutant	 plants	 are	
less	 than	 variance	 of	 background	plants.	 Individual	 stability	 of	
cassava	 mutant	 M1V3	 genera+on	 from	 five	 background	
genotype	was	presented	separately	in	Table	1	through	Table	5.	
Table	1	showed	11	cassava	mutants	from	Jame-jame	genotype.	
There	were	 four	 stable	mutants	 in	 number	 of	 tuber	 per	 plant	
character,	 which	 were	 G1D1-3-3-1,	 G1D1-3-3-3,	 G1D1-5-3-1,	
and	G1D1-5-3-2.	While	for	number	of	economic	tuber	per	plant	
character,	 three	 stable	 mutants	 was	 found	 (G1D1-1-1-1,	
G1D1-2-3-3	and	G1D1-5-3-2).	Based	on	Tuber	weight	per	plant,	
there	were	two	stable	mutants	 found,	which	were	G1D1-3-3-1	
and	 G1D1-5-3-2.	 One	 interes+ng	 finding	 was	 there	 were	 five	
unstable	mutants	based	on	 three	yield	characters,	which	were	
G1D1-1-1-3,	 G1D1-3-2-3,	 G1D1-5-3-3,	 G1D2-1-2-3,	 and	
G1D2-1-2-2.

Individual	 stability	 of	 cassava	mutants	 resulted	 from	
gamma	ray	irradia+on	with	Ra+m	as	background	genotype	was	
presented	 at	 Table	 2.	Number	of	 stable	 cassava	mutants	 from	
Ra+m	 genotype	 based	 on	 three	 yield	 characters	 was	 four	
mutants,	which	were	G2D1-3-2-2,	G2D1-4-2-2,	G2D1-5-2-2	and	
G2D1-5-2-3.	However,	one	mutant,	G2D1-4-2-3,	found	out	to	be	
unstable	on	the	three	yield	characters.

Number	of	mutants	resulted	from	UJ-5	as	background	
genotype	 were	 only	 three	 (Table	 3).	 Based	 on	 Table	 3,	 it	
appeared	that	all	three	mutants	was	not	yet	stable	on	number	
of	 tuber	 per	 plant	 character	 tested,	 while	 mutant	 that	
considered	 as	 stable	 on	 number	 of	 economic	 tuber	 was	
G3D4-1-1-1.	Stable	yield	characters	on	mutants	from	UJ-5	were	
number	of	economic	tuber	and	Tuber	weight	per	plant,	both	on	
G3D4-1-1-1.

Table	 4	 shown	 stability	 analysis	 result	 on	 eight	
individual	 mutants	 resulted	 from	 Malang-4	 as	 background	
genotype.	 It	 appeared	 that	 resulted	 mutants	 had	 stable	 yield	
characters	 on	 M1V3	 genera+ons,	 compared	 to	 other	 mutants	
from	different	background	genotypes.	All	three	yield	characters	
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(number	of	tuber,	number	of	economic	tuber	and	Tuber	weight)	
were	 stable	 on	 six	 resulted	 mutants	 and	 were	 unstable	 for	
G4D1-1-3-3	 and	 G4D1-2-2-3.	 Six	 stabel	 mutants	 on	 all	 three	
yield	 characters	 were	 G4D1-1-3-2,	 G4D1-2-2-2,	 G4D1-4-3-3,	
G4D2-1-2-2,	 G4D2-1-2-3,	 and	 G4D2-2-3-1.	 As	 for	 G4D1-1-3-3	
was	 unstable	 on	 number	 of	 tuber	 per	 plant	 character,	 while	
G4D1-2-2-3	was	unstable	on	Tuber	weight	per	plant	character.	If	
reviewed	from	number	of	tuber	per	plant	character,	there	were	
eight	 gene+cally	 stable	 mutants	 which	 were	 G4D1-1-3-3,	
G4D1-1-3-2,	 G4D1-2-2-2,	 G4D1-2-2-3,	 G4D1-4-3-3,	 G4D2-1-2-2,	
G4D2-1-2-3,	and	G4D2-2-3-1.

Table	1.	 	Individual	stability	of	cassava	poten+al	mutants	resulted	from	
gamma	ray	 irradia+on	M1V3	genera+on	with	 Jame-jame	as	background	
genotype		

Table	2.	 Individual	stability	of	cassava	poten+al	mutants	resulted	from	
gamma	 ray	 irradia+on	 M1V3	 genera+on	 with	 Ra+m	 as	 background	
genotype

Table	3.	 Individual	stability	of	cassava	poten+al	mutants	resulted	from	
gamma	 ray	 irradia+on	 M1V3	 genera+on	 with	 UJ-5	 as	 background	
genotype

Furthermore,	Table	5	presented	individual	stability	of	
cassava	mutant	resulted	from	gamma	ray	irradia+on	on	Adira-4	
genotype.	 There	 was	 only	 one	 mutant,	 G5D1-2-1-1,	 that	 was	
gene+cally	 stable	 on	 three	 yield	 characters.	 Number	 of	 tuber	
character	 that	 found	 out	 to	 be	 stable	 was	 on	 G5D1-2-1-1	
mutant,	while	number	of	economic	tuber	found	out	to	be	stable	
on	 G5D1-2-1-1	 and	 G5D1-2-1-2	 mutants.	 Tuber	 weight	
character,	which	 considered	 important	 character	 to	determine	
yield,	was	found	out	only	stable	on	G5D1-2-1-1	mutant.

Based	on	result	from	Table	1	un+l	Table	5,	it	appeared	
that	 several	 genotypes	 or	 mutants	 had	 not	 shown	 stable	
criteria,	 especially	 on	 yield	 characters	 on	 M1V3	 genera+on	 of	
cassava	 resulted	 from	 gamma	 ray	 irradia+on.	 This	 was	
presumably	 due	 to	 diploin8c	 selec8on	 phenomenon,	 where	
mutant	cells	were	unable	to	compete	with	surrounding	normal	
cells	so	that	in	the	subsequent	development,	plant	+ssue	grew	
back	 to	 normal	 as	 background	 characters.	 Micke	 and	 Donini	
(1993)	stated	that	plants	resulted	from	muta+on	induc+on	and	
vegeta+vely	 propagated	 would	 reach	 their	 stability	 on	 M1V4	
genera+on.

In	this	research,	there	were	cassava	mutants	from	five	
background	 genotypes	 that	 had	 not	 reach	 stability	 on	 M1V3	
genera+on.	 This	 was	 presumably	 also	 associated	 with	 gene+c	
cons+tu+on	 that	 was	 different	 on	 every	 plant	 and	 small	
popula+on	 number.	 These	 unstable	mutants	 would	 con+nued	
to	 be	 selected,	 in	 addi+on	 to	 tested	 yield	 characters,	 other	
characters	 that	 influenced	 yield	 characters	 would	 also	 be	
reviewed.	

Poten$al	and	Stable	Cassava	Mutants	on	M1V3	Genera$on

The	 expected	 mutants	 from	 this	 research	 were	 mutants	 that	
had	been	stable	on	yield	character,	especially	on	Tuber	weight	
per	 plant.	 There	were	 15	 stable	mutants	 on	 Tuber	weight	 per	
plant	character	from	total	of	32	planted	mutants.	Two	of	these	
15	 stable	 mutants	 were	 from	 Jame-jame	 genotype,	 four	
mutants	from	Ra+m	genotype,	one	mutant	from	UJ-5	genotype,	
seven	 mutants	 from	 Malang-4	 and	 one	 mutant	 from	 Adira-4	
genotype.

The	stability	tested	mutants	were	mutants	considered	
to	 be	 candidates	 for	 cassava	 new	 variety	 that	 would	 undergo	
mul+-loca+on	test.	Before	that,	preliminary	yield	trials	where	all	
the	 stable	 mutant	 candidates	 would	 be	 planted	 in	 several	
loca+on	to	determine	whether	the	selected	mutants	could	grow	
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well	 and	 could	 interact	 with	 environment	 being	 tested.	
Adapta+on	trials	for	cassava	would	be	carried	out	in	accordance	
with	 the	 objec+ve	 of	 the	 to-be-released	 variety.	 The	 trials	 for	
cassava	commodity	should	be	conducted	on	 four	 loca+ons	and	
two	plan+ng	seasons	in	dry	lands	(Syukur	et	al.	2012).

From	 32	 tested	 cassava	 mutants	 M1V3	 genera+on,	
several	poten+al	and	stable	mutants	on	Tuber	weight	character	
were	selected	and	then	grouped	into	three	and	presented	with	
Venn	diagram	(Figure	1).

The	 first	 group	 was	 consisted	 of	 nine	 poten+al	
mutants,	 which	 had	 Tuber	 weight	 more	 than	 8	 kg	 per	 plant.	
Second	group	was	consisted	of	15	out	of	32	stable	mutants	on	
Tuber	 weight	 character.	 This	 showed	 that	 yield	 character	
stability	on	cassava	mutants	had	not	been	completely	achieved	
on	 M1V3	 genera+on.	 Thus	 the	 resulted	 mutants	 should	 be	
further	propagated	vegeta+vely	to	M1V4	genera+on.	From	these	
two	groups,	there	were	three	mutants	that	had	stable	criteria	on	
Tuber	weight	and	had	Tuber	weight	higher	than	8	kg	per	plant,	
which	 were	 G3D4-1-1-1,	 G4D1-1-1-3,	 and	 G4D2-2-3-1.	 	 The	
characteriza+on	of	several	 important	characters	on	those	three	
poten+al	and	stable	mutants	was	presented	in	Table	6.

Table	4.	 	 	Individual	stability	of	cassava	poten+al	mutants	resulted	from	
gamma	 ray	 irradia+on	M1V3	 genera+on	 with	 Malang-4	 as	 background	
genotype

Table	5.	 	Individual	stability	of	cassava	poten+al	mutants	resulted	from	
gamma	 ray	 irradia+on	 M1V3	 genera+on	 with	 Adira-4	 as	 background	
genotype

Figure	1.	Venn	diagram	grouping	of	cassava	mutants	based	on	
poten+al	criteria	which	had	tuber	weight	higher	than	8	kg	and	
stable	criteria	on	tuber	weight	character

G3D4-1-1-1	mutant	was	 stable	mutant	 that	had	8	kg	
Tuber	weight	per	plant	on	M1V3	genera+on.	This	mutant	had	7.3	
of	 number	 of	 economic	 tuber	 per	 plant,	 mixed tuber	 type,	
white	parenchyma	color	 indicated	β-carotene	content	 in	tuber,	
and	had	bi)er	 tuber	 taste.	Bi)er	 tuber	 taste	was	 indica+on	of	
high	 HCN	 content,	 making	 the	 tuber	 dangerous	 if	 directly	
consumed.	G3D4-1-1-1	mutant	could	be	u+lized	as	raw	material	
for	 industry	and	bio-ethanol.	According	 to	Oyeyemi	and	 Lawal	
(2010),	effec+ve	irradia+on	dose	to	produce	lower	HCN	content	
was	 affected	 by	 the	 cassava	 genotype	 that	 was	 used.	 The	
gene+c	changes	caused	by	physical	muta+on	on	cassava	could	
alter	 agronomic	 character	 and	 chemical	 content	 of	 cassava	
randomly,	so	the	results	obtained	from	irradia+on	was	varied.

Stable	mutant	G3D4-1-1-1	had	Tuber	weight	of	11.66	
kg	with	nine	number	of	economic	tuber	(tuber	length	>	20	cm).	
This	 mutant	 had	 sessile	 tuber	 type	 where	 the	 tuber	 shape	 is	
consistent	 from	 base	 to	 +p,	 which	 was	 more	 preferable	 by	
related	 producer.	 This	 mutant	 had	 tuber	 taste	 that	 changed	
from	 bi)er	 to	 intermediate,	 making	 this	 mutant	 suitable	 for	
food	industry	i.e.	tapioca.

Stable	mutant	G4D2-2-3-1	had	Tuber	weight	of	8.5	kg	
with	6.6	number	of	economic	tuber	per	plant.	This	mutant	had	
pedunculate	 tuber	 type	 and	 intermediate	 tuber	 taste	 which	
changed	 from	 bi)er.	 The	 tuber	 shape	 became	 less	 important	
because	 the	 suitable	 u+liza+on	was	 for	 household	 usage.	 This	
mutant	on	M₁V₁	genera+on	had	Tuber	weight	of	12.5	kg	with	6	

number	 of	 economic	 tuber	 per	 plant	 and	 had	 intermediate	
tuber	 taste	 (Maharani	 2015).	 On	M1V2	 genera+on,	 G4D2-2-3-1	

Table	6.	Poten+al	mutants	characteris+c	on	M1V3	genera+on



- 23 -Transactions of Persatuan Genetik Malaysia, No. 4, 2017                           

Nurul Khumaida et al. (2017): Genetic Stability Of Irradiated Cassava Mutants

23

has	 Tuber	weight	 of	 6.62	 kg	with	 11	 economic	 tuber	 and	 had	
bi)er	tuber	taste	(Khumaida	et	al.	2015a	and	2015b).	Compared	
to	 previous	 genera+on,	 G4D2-2-3-1	 mutant	 had	 reduced	 yield	
on	 second	 genera+on	 and	 then	 increased	 back	 up	 on	 third	
genera+on.	 For	 tuber	 taste	 character,	 it	 was	 changed	 from	
intermediate	 to	 bi)er	 on	 second	 genera+on	 and	 back	 to	
intermediate	on	third	genera+on.

It	could	be	observed	form	three	genera+on,	M1V1,	M1V2,	
and	 M1V3,	 that	 tested	 mutants	 s+ll	 had	 not	 reach	 character	
stability,	 whether	 on	 quan+ta+ve	 or	 qualita+ve	 characters.	
However,	when	the	three	genera+on	compared,	it	could	be	seen	
that	 on	 third	 genera+on	 cassava	 mutants	 started	 to	 be	
gene+cally	stable	on	yield	characters.	

CONCLUSION

This	 research	on	cassava	mutants	M1V3	genera+on	had	 resulted	
in	 15	 stable	 mutants	 on	 Tuber	 weight	 	 character	 which	 were	
G1D1-3-3-1,	 G1D1-5-3-2	 from	 Jame-jame	 as	 background	
genotype,	 G2D1-3-2-3,	 G2D1-4-2-2,	 G2D1-5-2-2,	 G2D1-5-2-3	
from	Ra+m	as	 background	 genotype,	G3D4-1-1-1	 from	UJ-5	 as	
background	 genotype,	 G4D1-1-3-3,	 G4D1-1-3-2,	 G4D1-2-2-2,	
G4D1-4-3-3,	 G4D2-1-2-2,	 G4D2-1-2-3,	 G4D2-2-3-1	 from	
Malang-4	 as	 background	 genotype,	 and	 G5D1-2-1-1	 from		
Adira-4	as	background	genotype.		Based	on	stable	and	poten+al	
criteria,	three	mutants	were	obtained,	that	had	Tuber	weight	>	8	
kg	per	plant	and	stable	on	Tuber	weight	character,	which	were	
G3D4-1-1-1,	G4D1-1-3-3	and	G4D2-2-3-1.
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Abstract

Red	pepper	 (Capsicum	frutescens	 L.)	 is	one	of	 the	 important	commodity	hor+culture	 in	 Indonesia	and	one	vegetable	 that	has	 the	
poten+al	to	be	developed.	The	ini+al	ac+vity	of	plant	breeding	is	collec+ng	germplasm	to	obtain	gene+c	diversity	informa+on.	This	
experiment	 aimed	 to	 obtain	 informa+on	 about	 the	 diversity	 of	 morphology	 and	 the	 dissimilarity	 between	 genotypes	 of	 the	
characters	as	well	as	the	qualita+ve	and	quan+ta+ve	and	to	evalua+on	of	the	yield	of	genotypes	red	pepper.	This	experiment	was	
conducted	in	July	un+l	December	2015	at	Leuwikopo	Experimental	Sta+on,	Darmaga	IPB.	The	gene+c	materials	used	in	this	research	
were	20	genotypes	red	pepper	collec+on	of	Laboratory	Gene+cs	and	Plant	Breeding	Department	of	Agronomy	and	Hor+culture	IPB.	
The	 red	 pepper	 genotypes	 were	 IPBC190,	 IPBC285,	 IPBC289,	 IPBC290,	 IPBC295,	 IPBC321,	 IPBC332,	 IPBC334,	 IPBC335,	 IPBC331,	
IPBC337,	IPBC339,	IPBC341,	IPBC343,	IPBC344,	IPBC345,	IPBC342,	IPBC348,	IPBC349,	and	IPBC350.	The	experiment	was	arranged	in	
Randomized	Complete	Block	Design	(RCBD)	single	factor	with	three	replica+ons.	The	results	of	the	analysis	cluster	of	the	qualita+ve	
character	red	pepper	genotypes	classified	into	three	groups.	The	results	of	the	analysis	cluster	of	quan+ta+ve	characters	red	pepper	
genotypes	classified	into	three	groups.	Result	showed	that	genotype	had	a	very	significant	influence	in	character	plant	height,	crown	
width,	 width	 stem,	 leaf	 length,	 weight	 per	 fruit,	 fruit	 length,	 fruit	 diameter,	 length	 of	 fruit	 stalk,	 thick	meat	 and	 flowering	 day.	
Characters	of	harves+ng	day,	number	of	fruits	per	plant	and	fruit	weight	per	plant	had	significant	effect.	Leaf	width	characters	are	
had	not	significant	effect.	All	the	characters	have	a	wide	gene+c	diversity	values	except	for	the	character	width	of	leaf,	stem	length	
and	thick	fruit	pulp	has	a	narrow	gene+c	diversity	values.	Leaf	width	characters	that	have	a	low	heritability.	There	is	also	a	character	
who	has	a	moderate	heritability	values	that	plant	height,	stem	diameter,	leaf	length,	pe+ole	length,	harves+ng,	plan+ng	fruit	number	
and	weight	of	fruit.	The	other	characters	except	that	have	a	high	heritability.

Key	words:	Red	pepper,	morphology,	dissimilarity,	analysis	cluster,	genotype
Line
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Key

Intro
INTRODUCTION

Red	 pepper	 (Capsicum	 frutescens	 L.)	 is	 one	 of	 the	 leading	
commodity	hor+culture	 in	 Indonesia	and	 is	one	vegetable	 that	
has	 the	 poten+al	 to	 be	 developed.	 In	 Indonesia	 there	 are	 two	
kinds	of	chili	that	chili	 is	 included	in	the	Capsicum	annuum	and	
Capsicum	 frutescens	 L.	 According	 to	 Undang	 et	 al.	 (2015)	 red	
pepper	 species	 of	 C.	 annuum	 L	 has	 the	 color	 of	 the	 crown	
(corolla)	 white	 and	 purple,	 blue	 and	 purple	 anther	 color,	 the	
color	 of	 young	 fruit	 green,	 purple,	 white,	 green,	 and	 yellow-
green,	the	fruit	stalk	follows	the	shape	of	the	fruit	base	and	no	
narrowing	,	lanceolate	leaf	shape	and	ovate.

Red	pepper	species	C.	frutescens	L	only	has	the	color	of	
the	crown	(corolla)	whi+sh	green,	anther	color	blue,	the	color	of	
young	 fruit	 green,	 white,	 and	 greenish	 white,	 the	 fruit	 stalk	
narrowed	 or	 tapered	 at	 the	 base	 of	 the	 fruit,	 shape	 leaves	
deltoid.

In	 Indonesia	 the	 produc+vity	 of	 red	 pepper	 in	 2014	
approximately	 5.93	 tonnes	 ha-1 	 (BPS	 and	 DG	 Hor+	 2014),	
whereas	 the	 poten+al	 of	 red	 pepper	 pepper	 can	 reach	 12-20	
tonnes	 ha-1	 (Sujinto	 and	 Dianawa+	 2015).	 Produc+vity	 red	
pepper	pepper	in	Indonesia	remains	low	this	is	caused	by	many	

factors,	one	of	which	 is	 the	 farmers	are	not	much	use	of	high	
yield	varie+es.	Red	pepper	produc+vity	can	be	increased	either	
by	 plant	 breeding	 ac+vi+es	 through	 the	 assembly	 process	
varie+es.

The	 ini+al	 stage	 of	 the	 ac+vity	 of	 plant	 breeding	 is	 to	
conduct	germplasm	collec+ons	as	a	source	of	gene+c	for	make	
diversity	 .	 The	 gene+c	 informa+on	 of	 germplasm	 can	 be	
obtained	 from	 the	 qualita+ve	 and	 quan+ta+ve	 characters.	
Assembling	 a	 variety	 with	 a	 specific	 purpose	 requires	 gene+c	
informa+on	 about	 the	 desired	 proper+es.	 Efforts	 to	 improve	
these	 characters	 require	 mul+ple	 stages	 including	 the	
expansion	of	gene+c	diversity.	High	gene+c	diversity	determine	
the	success	of	breeding	efforts	to	create	high-yielding	varie+es.	
One	 way	 to	 obtain	 gene+c	 informa+on	 through	 es+ma+on	 of	
variance	components	and	heritability.	Heritability	describes	the	
large	variety	of	genotypes	that	they	can	con+nue	to	be	passed	
on	 to	 the	next	down.	A	popula+on	 that	has	a	high	heritability	
values	 will	 more	 easily	 be	 improved	 through	 selec+on	 of	
characters	than	a	popula+on	with	low	heritability.
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The	 process	 for	 forming	 the	 diversity	 that	 is	 by	 crossbreeding.	
Crosses	aims	to	form	a	combina+on	of	various	plasma	numah	so	
collected	traits.	Improvements	in	pepper	include	qualita+ve	and	
quan+ta+ve	 characters.	 The	 purpose	 of	 this	 study	 was	 to	
determine	the	differences	between	genotypes	red	pepper	based	
on	 qualita+ve	 and	 quan+ta+ve	 characters	 and	 selec+ng	
genotypes	 chili	 for	 suspect	 ac+vity	 crosses	 and	 variance	
components	and	heritability	in	a	popula+on	of	red	pepper.

MATERIALS	AND	METHODS

This	 experiment	 was	 conducted	 in	 July	 un+l	 December	 2015	
held	at	 Experimental	Garden	 Leuwikopo	 IPB.	 The	genotypes	of	
plants	 used	 were	 20	 chili	 collec+on	 Laboratory	 Sec+on	 of	
Gene+cs	 and	 Plant	 Breeding	 Department	 of	 Agronomy	 and	
Hor+culture	IPB	there	are	IPBC190,	IPBC285,	IPBC289,	IPBC290,	
IPBC295,	 IPBC321,	 IPBC332,	 IPBC334,	 IPBC335,IPBC331,	
IPBC337,	 IPBC339,	 IPBC341,	 IPBC343,	 IPBC344	 ,	 IPBC345,	
IPBC342,	IPBC348,	IPBC349,	and	IPBC350.

Experiments	 in	 the	 field	 arranged	 in	 a	 randomized	
complete	 design	 group	 (RKLT)	 single	 factor	 with	 three	
replica+ons,	 each	 genotype	 per	 replica+ons	 were	 planted	 20	
plants.	Seedlings	planted	if	it	has	been	aged	±5-6	weeks,with	the	
characteris+cs	of	strong	growth	of	seedlings,	leaves	4-5	strands,	
green	 leaf	 color	 and	 is	 not	 affected	 by	 pests	 and	 diseases.	
Maintenance	is	carried	out	is	watering,	fer+lizing	with	a	solu+on	
of	NPK	(16:16:16)	at	a	dose	of	10	g	L-1	and	fer+lizers	leaves	5	g	L-1	
was	 conducted	once	 a	week,	 each	plant	 by	 approximately	 250	
ml	 of	 solu+on	 of	 fer+lizer.	 Pest	 and	 disease	 control	 using	
insec+cides,	 fungicides,	 and	 acaricides	 applied	 if	 necessary.	
Pewiwilan	 shoots	 implemented	 so	 that	 plants	 can	 grow	
op+mally	and	weed	control	carried	out	manually.

The	 characters	 were	 observed	 consis+ng	 of	 qualita+ve	
and	 quan+ta+ve	 character	 of	 Free	 Tes+ng	 Individual	
summarized	newness,	uniqueness,	Uniformity	and	Stability	Chili	
(PPVT	 2007)	 and	 Descriptor	 for	 Capsicum	 (IPGRI	 1995).	
Qualita+ve	 and	 quan+ta+ve	 characters	 for	 cluster	 analysis	 and	
analysis	 of	 variance	 or	 analysis	 of	 variance	 (ANOVA)	 using	
somware	Sta++cal	Tool	for	Agricultural	Research	(STAR)	IRRI,	SAS	
9.1	and	R	Program.

The	 es+ma+on	 of	 the	 value	 of	 broad	 sense	 heritability	
(h2bs)	 done	 by	 calcula+ng	 the	 variance	 components	 (Table	 2).

Based	 on	 the	 analysis	 of	 variance,	 variance	 value	
calcula+on	genotype	(𝞼2g),	the	variety	of	phenotypes	(𝞼2p),	and	
the	 coefficient	 of	 gene+c	 diversity	 (KKG)	 allegedly	 using	 the	
following	equa+on:

Descrip+on	:	 𝞼2g	=	gene+c	diversity
𝞼2p	=	phenotypic	variance
KTG	=	squared	mean	genotype
KTE	=	squared	mean	error
KKG	=	coefficient	of	gene+c	diversity
x	=	the	mean	popula+on

Broad	 or	 narrow	 gene+c	 diversity	 of	 a	 character	 value	 is	
determined	 based	 on	 the	 standard	 devia+on	 of	 the	 gene+c	
diversity	 and	 gene+c	 diversity	 according	 to	 the	 following	
formula	(Pinaria	et	al.	1995):

Descrip+on:				σσ2G	=	standard	devia+on	of	the	gene+c	diversity
								r	=	number	of	replica+ons,
								db	G	=	degrees	of	freedom	genotype

																									db	E	=	degrees	of	freedom	error
								KTG	=	mean	squared	genotype
								KTE	=	mean	squared	error

If σ2G > 2 σσ2G demonstrate	the	value	of	broad	gene+c	diversity,	
whereas σ2G < 2 σσ2G showed	a	narrow	gene+c	diversity	values.	
Broad	 sense	 heritability	 values	 es+mated	 by	 equa+on	 (Singh	
and	Chaudary	1979):

_

Classifica+on	 heritability	 values	 are	 set	 as	 follows:	 low	 (h2bs	 ≤	
20%),	 moderate	 (20%	 <h2bs	 ≤	 50%)	 and	 high	 (h2bs	 >	 50%)	
(Syukur	et	al	,.	2015).

Analysis	of	qualita$ve	and	quan$ta$ve	character	cluster

Analysis	cluster	aims	 to	group	data	 (observa+ons)	 into	several	
classes	(cluster)	with	grouping	criteria	based	on	the	size	of	the	
dissimilarity	(Yunian+	et	al.,	2007).	This	grouping	according	the	
similarity	measure	using	an	index	with	a	par+cular	meaning	just	
as	 the	 Euclidean	 distance	 (root	 traits)	 or	 any	 other	 distance.	
The	distance	between	objects	characteris+c	root	treatment	will
determine	the	similarity	of	each	object	treatment	(Ma)jik	and	
Sumertajaya	2013).

Characteris+cs	 of	 observa+ons	 in	 a	 cluster	 has	 a	 low	
degree	 of	 dissimilarity,	 while	 the	 dissimilarity	 between	 the	
cluster	 has	 a	 high	 level	 (Ma)jik	 and	 Sumertajaya,	 2013).	 The	
results	of	the	analysis	cluster	performed	on	20	genotypes	of	red	
pepper	 pepper	 by	 using	 30	 qualita+ve	 characters	 are	 coloring	
the	anthocyanin	in	seedling	hypocotyl,	color	of	hypocotyl,	stem	
color,	shape	rods,	hair	on	the	books,	leaf	shape,	leaf	pubescens,	
wave	edge	of	the	leaf,	sec+onal	intersec+on	leaves,	the	number	
of	 flowers	 per	 axil,	 corolla	 color,	 spot	 color	 crown,	 a	 crown,	
coloring	 anthocyanins	 in	 anther,	 color	 anther,	 color	 filament,	
pigmenta+on	 calix,	 edge	 calix,	 calyx	 annular	 constric+on,	 the	
calyx,	 the	 color	 of	 the	 fruit	 before	 cooking,	 dots	 or	 lines	 of	
anthocyanins	 in	 the	 fruit,	 notch	 fruit,	 fruit	 shape	 in	 cross-
sec+on	 longitudinal,	 fruit	 sinua+on	 of	 pericarp	 at	 basal	 part,	
fruit	 sinua+on	 of	 pericarp	 excluding	 basal	 part,	 the	 surface	
texture	of	the	fruit,	voids	(grooves)	stalk,	number	fruit	produce	
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dendogram	with	three	(3)	groups	at	a	distance	dissimilari+es	33.
The	 results	 of	 the	 analysis	 of	 the	 qualita+ve	 character	

cluster	 chilli	 genotypes	 classified	 into	 three	 groups.	 Group	 1	
contained	a	single	genotype	chilli	is	IPBC321,	Group	2	consisted	
of	three	genotypes	chili	namely	IPBC289,	IPBC290	and	IPBC348	
and	 group	 III	 consists	 of	 sixteen	 genotypes	 chili	 is	 IPBC190,	
IPBC285,	 IPBC295,	 IPBC332,	 IPBC334,	 IPBC335,	 IPBC331,	
IPBC337,	 IPBC339,	 IPBC341,	 IPBC343,	 IPBC344,	 IPBC345,	
IPBC342,	 IPBC349,	 and	 IPBC350.	 IPBC321	 chili	 was	 the	 only	
genotype	 chili	 that	 has	 a	 purple	 color	 on	 hypocotyl	 the	 seed	
phase	 while	 others	 genotypes	 green.	 The	 color	 purple	 on	
hypocoty	can	serve	as	a	marker	for	morphology	on	the	outcome	
of	a	cross.	This	is	according	to	research	Ritonga	(2013)	that	the	
character	hypocotyl	color	controlled	by	one	gene	and	genes	that	
control	the	purple	color	is	dominant	to	green	in	chili	hypocotyl.

The	 results	 of	 the	 analysis	 cluster	 performed	 on	 20	
genotypes	 red	 pepper	 using	 six	 characters	 (6)	 quan+ta+ve	
character	 fruit	 diameter,	 length	 of	 fruit	 stalk,	 thick	 flesh,	
flowering	 ,	 harves+ng	 day,	 number	 of	 fruits	 per	 plant	 and	 the	
weight	 of	 the	 fruit	 crop	 yield	 dendogram	 with	 3	 groups	
dissimilarity	distance	of	50	as	in	Figure	2.

Group	 1	 there	 are	 five	 genotypes	 chili	 is	 IPBC190	
IPBC285	 IPBC295	 IPBC321	 IPBC349.	 Group	 2	 there	 are	 three	
genotypes	 namely	 IPBC289	 IPBC290	 IPBC348	 chili.	 Group	 3	
there	 are	 twelve	 genotypes	 chili	 is	 IPBC331	 IPBC332	 IPBC334	
IPBC335	 IPBC337	 IPBC339	 IPBC341	 IPBC342	 IPBC343	 IPBC344	
IPBC345	 IPBC350.	Grouping	 genotypes	 using	 cluster	 analysis	 is	
expected	to	help	the	selec+on	of	elders	in	ac+vi+es	that	will	be	
done	next	is	to	assemble	varie+es	of	chili	seed.

Quan$ta$ve	characters

Quan+ta+ve	 Characters	 on	 chilli	 crops	 were	 observed	 among	
vegeta+ve	 characters	 consis+ng	 of	 plant	 height,	 crown	 width,	
stem	 diameter,	 leaf	 length	 and	 width	 of	 leaves.	 Genera+ve	
characters	 include	weight	per	 fruit,	 fruit	 length,	 fruit	diameter,	
length	 of	 fruit	 stalk,	 thick	 flesh	 of	 the	 fruit,	 flowering	 day,	
harves+ng	day,	the	number	of	total	fruits	and	total	fruit	weight.

In	 Table	3	 above	 is	 a	 recapitula+on	 squared	 coefficient	
values	diversity	and	vegeta+ve	and	genera+ve	central	character.	
Genotype	 very	 significant	 effect	 on	 the	 characters	 in	 all	 the	
characters	except	the	characters	leaf	width	and	+me	of	harvest.	
Characters	harves+ng	significantly	while	the	width	of	the	leaves	
had	no	significant	effect.

Mean	for	plant	height,	crown	width,	stem	diameter	and	
length	of	leaves	is	presented	in	Table	4.	Genotype	IPBC339	is	a	
genotype	which	 has	 the	 highest	 plant	 height	 but	 not	 different	
genotypes	 IPBC331,	 IPBC341,	 IPBC342,	 IPBC348	 and	 IPBC350.	
Red	 pepper	 pepper	 plant	 height	 ranged	 between	 129.10	
(IPBC339)	while	 the	 shortest	plants	with	high	92.85	 (IPBC285).	
Plants	 that	 have	 a	 crown	 width	 is	 greatest	 IPBC339	 genotype	
which	 is	 about	 106.71	 cm	 whereas	 the	 smallest	 crop	 canopy	
namely	 genotype	 IPBC285	 with	 a	 width	 of	 65.25	 cm	 canopy.	
Characters	 diameter,	 IPBC190	 genotype	 is	 genotype	 greatest	
stem	 diameter	 is	 about	 13:31	 mm	 genotypes	 that	 have	 the	
smallest	diameter	is	genotype	IPBC285	with	8:10	mm	diameter.

Genotype	 which	 has	 the	 longest	 leaf	 length	 character	
that	genotype	is	9.68	cm	IPBC350	,	shortest	genotype	IPBC321	is	
3.86	 cm.	 Leaf	 width	 characters	 based	 on	 the	 results	 of	 anova	
was	 not	 significantly	 different	 to	 the	 character	 of	 this	 show	

could	be	summed	leaf	width	leaf	width	is	no	different.
Vegeta+ve	 characters	 above	 character	 is	 the	 character	

that	 influence	 plant	 growth	 red	 pepper	 pepper.	 Red	 pepper	
pepper	 plants	 whose	 growth	 is	 good	 then	 its	 will	 affect	 the	
produc+on	of	chili	produced.

Genera+ve	 character	 that	 observed	 there	 are	 weight	
per	fruit,	fruit	length,	fruit	diameter,	stem	length	and	thick	fruit	
flesh	is	presented	in	Table	5.	Genotype	IPBC341	weight	per	fruit	
3:24	 g.	 genotype	 IPBC332	 is	 genotype	 with	 the	 smallest	 fruit	
weight	is	about	0.62	g.	Long	fruit	characters	ranging	from	2:39	
to	 5:49	 cm.	 Genotype	 longest	 size	 of	 the	 fruit	 is	 IPBC350.	
Genotype	which	has	the	shortest	size	is	genotype	IPBC332.	Red	
pepper	 fruit	 diameter	 are	 greatest	 IPBC289	 genotype	 (16.70	
mm),	 while	 the	 smallest	 size	 diameter	 genotype	 is	 genotype	
IPBC332	 (7:26	mm).	Mean	of	 fruit	 stalk	 length	2.78	 -	4:56	cm.	
Genotype	IPBC343	is	with	of	the	longest	stalk	and	the	genotype	
that	 have	 the	 short	 stalk	 is	 genotype	 IPBC285.	 Thick	 of	 flesh	
fruit	 ranges	 from	 0.92	 -	 1.63	 mm.	 Genotype	 IPBC341	 is	
genotype	with	the	highest	thin	flesh	that	 is	equal	to	1.63	mm,	
Genotype	IPBC332	is	genotype	with	the	thickest	of	flesh	fruit	at	
0.92	mm	.

Flowering	 day,	 harves+ng	 day,	 total	 fruit	 number	 and	
total	weight	amount	are	presented	in	Table	6.	Flowering	day	in	
plants	red	pepper	ranged	from	47.67	-63.67	days	amer	plan+ng	
(DAP).	 Character	 of	 flowering	 day	 is	 different	 from	 the	 other	
character	where	the	highest	average	value	is	the	most	good	but
in	 this	 character	 actually	 taken	 genotype	 with	 the	 smallest	
average	 value.	 The	 flowering	 day	 of	 genotype	 IPBC337	 is	 the	
shortest	 flowering	 day	 ie	 47.67	 dap	 genotypes	 of	 the	 longest	
flowering	 genotype	 IPBC342	 for	 63.67	 HST.	 Red	 pepper	
harves+ng	is	between	88-137.67	HST.	The	same	condi+on	with
harves+ng	day,	harves+ng	day	is	selected	that	genotype	have	a	
shortest	or	early	maturing	crops.	Genotype	plants	 that	have	a	
short	 harvest	 +me	 is	 usually	 preferred	 by	 farmers	 because	 of	
rapidly	genera+ng	and	growing	shorter	so	that	in	a	year	farmer	
can	be	several	+mes	of	plan+ng.	Genotype	IPBC337	a	genotype	
with	rapid	harves+ng	day	about	88	days	amer	plan+ng	but	not	
different	 with	 genotypes	 IPBC321	 91.67	 HST.	 Genotypes	 with	
harves+ng	day	longest	is	genotype	IPBC285	with	harves+ng	day	
137.67	DAP.

Character	 number	 of	 total	 fruit	 in	 red	 pepper	 ranged	
from	28.88-250.96	fruit	per	plant.	The	most	amount	of	 fruit	 is	
on	genotype	IPBC337	and	genotype	IPBC190	least	of	amount	of	
fruit	The	total	fruit	weight	is	poten+al	of	the	weight	of	the	fruit	
produced	 from	 red	pepper	plant,	 the	higher	 total	 fruit	weight	
per	 plant	 is	 the	 result	 that	 would	 be	 obtained	 in	 a	 scale	 of	
cul+va+on	 area	 per	 hectare	 is	 the	 higher.	 Most	 farmers	 will	
usually	 choose	 plants	 that	 have	 a	 high	 poten+al	 crop	 yields	
because	 it	 will	 increase	 the	 earn.	 The	 range	 of	 poten+al	 fruit	
weight	 in	 total	 at	 20	 red	 peppe	 tested	 ranged	 between	
27.44-209.7	g.	Genotype	IPBC341	that	has	the	poten+al	for	the	
highest	 total	 fruit	 weight	 is	 equal	 to	 209.7	 g	 while	 genotype	
genotypes	poten+al	IPBC285	is	the	result	of	27.44	g	weight.

Es$ma$on	of	the	gene$c	variance

Predic+ve	 value	 of	 gene+c	 variance	 was	 used	 to	 evaluate	 a	
number	of	 collec+ons	popula+on	grown	diversity	 in	 the	wider	
or	 narrower.	 The	 level	 of	 diversity	 aimed	 at	 choosing	 for	 in	
crossing.	 In	 Table	 7	 all	 the	 characters	 have	 a	 wide	 gene+c	
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diversity	 values	 except	 for	 the	 character	 width	 of	 leaf,	 stem	
length	and	thick	fruit	pulp	has	a	narrow	gene+c	diversity	values.	
According	 to	 Allard	 (1960),	 a	 broad	 gene+c	 diversity	 is	 a	
condi+on	 of	 effec+ve	 course	 of	 the	 selec+on	 because	 it	 will	
provide	flexibility	in	the	process	of	selec+ng	a	genotype.

Heritability

Heritability	 in	 a	popula+on	of	 red	pepper	 ranging	3.34-81.02%	
(Table	 8).	 Leaf	 width	 characters	 that	 have	 a	 low	 heritability.	
There	is	also	a	character	who	has	a	moderate	heritability	values	
that	 plant	 height,	 stem	 diameter,	 leaf	 length,	 pe+ole	 length,	
harves+ng,	plan+ng	fruit	number	and	weight	of	fruit.

The	other	characters	except	that	have	a	high	heritability.	
Heritability	is	an	important	parameter	in	the	breeding	program.	
Inheritance	 of	 quan+ta+ve	 traits	 differ	 in	 heritability.	 The	
characters	are	strongly	influenced	by	the	environment	will	have	
a	 low	 heritability.	 While	 the	 characters	 are	 not	 influenced	 or	
li)le	influenced	by	the	environment	will	have	a	high	heritability.	
Heritability	of	a	characters	 is	need	to	know	to	predict	whether	
these	 characters	 are	 influenced	 by	 environmental	 factors	 or	
gene+c	factors.	Heritability	values	closer	to	1	stated	the	higher	
heritability,	 on	 the	 contrary	 closer	 to	 0,	 the	 lower	 heritability	
(Poespodarsono,	1988)

CONCLUSION

The	 results	 of	 the	 analysis	 cluster	 of	 the	 qualita+ve	 character	
red	pepper	genotypes	classified	into	three	groups.	The	results	of	
the	 analysis	 cluster	 of	 quan+ta+ve	 characters	 red	 pepper	
genotypes	 classified	 into	 three	 groups.	 Result	 showed	 that	
genotype	 had	 a	 very	 significant	 influence	 in	 character	 plant	
height,	 crown	width,	width	 stem,	 leaf	 length,	weight	 per	 fruit,	
fruit	 length,	fruit	diameter,	 length	of	fruit	stalk,	thick	meat	and	
flowering	day.

Characters	of	harves+ng	day,	number	of	fruits	per	plant	
and	 fruit	 weight	 per	 plant	 had	 significant	 effect.	 Leaf	 width	
characters	are	had	not	significant	effect.	All	the	characters	have	
a	wide	gene+c	diversity	values	except	for	the	character	width	of	
leaf,	 stem	 length	 and	 thick	 fruit	 pulp	 has	 a	 narrow	 gene+c	
diversity	 values.	 Leaf	 width	 characters	 that	 have	 a	 low	
heritability.	 There	 is	 also	 a	 character	 who	 has	 a	 moderate	
heritability	values	that	plant	height,	stem	diameter,	leaf	length,	
pe+ole	 length,	harves+ng,	plan+ng	 fruit	number	and	weight	of	
fruit.	The	other	characters	except	that	have	a	high	heritability
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Figure	1.	Grouping	of	20	genotypes	based	on	qualita+ve	
characters	of	red	peppers

Figure	2.	Grouping	of	20	genotypes	based	quan+ta+ve	
characters	of	red	peppers

Table	1.	Genotype	red	peppers

Table	2.	The	source	of	diversity	and	the	value	of	expecta+on

Table	3.	Summary	of	the	coefficient	of	diversity	and	mean	
squares	in	the	character	of	vegeta+ve	and	genera+ve	20	

genotypes	of	red	peppers

Table	4.	The	values	of	the	average	performance	of	the	plant	
height,	width	canopy,	stem	diameter	and	leaf	length	in	20	

genotypes	of	res	peppers

Table	5.	Values	the	average	weight	per	fruit,	fruit	length,	fruit	
diameter,	stalk	length	and	thick	fruit	at	20	genotypes	of	red	

peppers
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Table	6.	Mean	flowering	day,	harves+ng	day,	number	of	fruits	
and	fruit	weight	on	20	genotypes	red	pepper

Table	7.	Values	expected	variance	component	quan+ta+ve	
character	in	red	peppers

Table	8.	Values	heritability	of	quan+ta+ve	characters	in	red	
pepper
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Analysis	Of	Traits	Associa$on	In	Sweet	Corn	Inbred	Lines	As	Grown	
Under	Organic	Environment

Mohammad	Chozin,	Sigit	Sudjatmiko,	Nanik	Setyowa+,	Zainal	Muktamar,	and	Fahrurrozi
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Jl.	W.R.	Supratman,	Kandang	Limun,	Bengkulu	38371A,	Indonesia	

Abstract

To	be	efficient,	a	sweet	corn	breeding	program	aimed	at	developing	superior	varie+es	for	organic	produc+on	should	be	devised	by	
reliable	selec+on	criteria.	The	objec+ve	of	present	study	was	 to	elucidate	 the	nature	of	associa+on	among	sweet	corn	 traits	as	 to	
determina+on	of	selec+on	criteria	 for	development	of	superior	varie+es	uniquely	adapted	to	organic	cropping	management.	Eight	
sweet	 corn	 inbred	 lines	were	 evaluated	 in	 a	 randomized	 block	 design	with	 7	 replica+ons.	 Analysis	 of	 variance,	 Pearson’s	 product	
moment	correla+on	analysis,	factor	analysis,	and	path	analysis	were	performed	in	data	analysis	for	plant	height,	leaf	number,	stem	
diameter,	ear	length,	ear	diameter,	kernel	row	number,	kernel	number	per	row,	and	ear	yield	(fresh	ear	weight	per	plant).	Significant	
varia+ons	(P	<	0.05)	were	detected	among	the	line	for	all	traits.		Most	of	the	traits,	excep+ng	kernel	row	number,	exhibited	significant	
and	posi+ve	correla+ons	to	ear	weight.	Factor	analysis	extracted	the	8	observed	traits	into	two	important	factor	axes,	which	totally	
accounted	for	64.78%	of	the	total	varia+on.	First	factor	(51.12%)	was	strongly	associated	with	all	traits	but	kernel	row	number,	while	
second	factor	(13.66%)	was	mainly	unique	to	kernel	row	number.	Path	analysis	revealed	that	ear	diameter,	ear	length,	kernel	number	
per	row	had	strong	direct	effects	on	ear	yield,	whereas	the	rest	of	traits	affected	the	yield	by	indirect	effects	through	ear	diameter	
and	 ear	 length.	 	 	 Accordingly,	 this	 study	 suggested	 that	 ear	 diameter,	 ear	 length,	 kernel	 number	 per	 row	 could	 be	 employed	 as	
selec+on	criteria	for	yield	improvement	in	an	organic	sweet	corn	breeding	program.		
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INTRODUCTION

The	 development	 of	 sweet	 corn	 varie+es	 specifically	 intended	
for	organic	produc+on	 is	 lagged	 far	behind	 that	of	varie+es	 for	
conven+onal	 produc+on.	 Accordingly,	 organic	 sweet	 corn	
growers	 have	 limited	 op+ons	 in	 making	 decision	 on	 what	
varie+es	to	choose	for	crop	produc+on.	In	most	cases,	they	have	
to	 rely	 primarily	 on	 varie+es	 bred	 for	 conven+onal	 produc+on	
system.	A	number	of	studies	have	shown	that	the	performances	
of	 such	 varie+es	 were	 declined	 under	 organic	 environment	
(Yusuff	et	al.,	2007;	Murmu	et	al.,	2013;	Prasetyo	et	al.,	2013),	
although	 some	 studies	 were	 also	 indicated	 that	 applica+on	 of	
organic	 soil	 amendment	 could	 produce	 a	 comparable	 crop	
performances	(Emhimiadou	 	et	al.,	2010;	Amanolahi-Baharvand	
et	al.,	2014;	Simon	&	Balabbo,	2015).	

Ear	 yield	 is	 considered	 the	 most	 important	 trait	 in	
determining	 the	 produc+vity	 of	 a	 sweet	 corn	 variety.	 Under	
conven+onal	 produc+on	 system,	 improvement	 of	 the	 trait	 can	
be	 a)ained	 by	 the	 applica+on	 of	 high	 fer+lizer	 and	 crop	
protec+on	 inputs	 of	 agro-chemical	 products.	 Under	 organic	
produc+on	system,	on	the	other	hand,	the	improvement	would	
involve	 a	 crop	 variety	 that	 efficient	 in	 using	 limited	 nutrients	
availability	 in	 the	 soil	 (De	Neve	et	 al.,	 2006;	Akter	 ,	 2013)	 and	
resilient	in	dealing	with	pests,	diseases,	and	weed	suppressions	

(Letourneau	&	van	Bruggen,	2006).	With	this	view,	breeding	of	
sweet	 corn	 varie+es	 aimed	 for	 organic	 produc+on	 should	 be	
carried	out	under	organic	environment	 to	warrant	 consistency	
of	the	crop	yield	performances	(van	Bueren,	2011).	

Ear	 yield	 in	 sweet	 corn	 is	 a	quan+ta+ve	 trait	 and	does	
not	act	 independently	but	 reliant	other	 related	 traits	 (Saleh	et	
al.,	2002;	Kashiani	et	al.,	2010).	Effec+veness	and	efficiency	of	
sweet	 corn	 breeding	 for	 ear	 yield	 improvement,	 therefore,	
relies	on	the	magnitude	of	gene+c	varia+on	of	ear	yield	and	the	
related	 traits	 in	 the	breeding	popula+on	and	on	 the	breeder’s	
understanding	on	the	nature	of	associa+on	among	these	traits.	
Correla+on	 analysis	 is	 a	 common	method	 of	 determining	 the	
degree	and	direc+on	of	associa+on,	it	is	not	sufficient	to	reveal	
the	pa)ern	of	the	associa+on	or	causal	rela+onship	among	the	
traits	when	 the	breeder	 need	 to	 establish	 selec+on	 criteria	 to	
be	 implemented	 in	 the	 breeding	 program.	 Factor	 analysis	 is	 a	
mul+variate	 technique	 designed	 to	 reduce	 the	 dimensionality	
of	correlated	variables	into	a	smaller	number	of	latent	variables	
(Stevens,	 2009).	 In	 a	 breeding	 program,	 factor	 analysis	 is	
employed	 to	 elucidate	 the	 structure	of	 traits	 interrela+on	and	
to	classify	the	traits	into	dis+nc+ve	groups	(Haruna	et	al.,	2012;	
Janmohammadi	et	al.,	2014).	The	involvement	of	path	analysis	
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in	 studying	 traits	 associa+on	 is	 to	 help	 the	 breeder	 in	
determining	 causal	 type	 of	 rela+onship	 among	 traits	 by	
par++oning	correla+on	coefficient	into	its	components	of	direct	
and	indirect	effects	(Ali	et	al.,	2009;	Bello	et	al.,	2010).	This	will	
allow	the	breeder	to	measure	the	rela+ve	contribu+on	of	causal	
traits	 to	 the	 crop	 yield	 and,	 eventually,	 to	 set	 up	 selec+on	
criteria	that	efficiently	help	maximize	the	crop	yield.	 	This	study	
was	 undertaken	 to	 reveal	 the	 nature	 of	 associa+on	 among	
sweet	 corn	 traits	 as	 to	 determina+on	 of	 selec+on	 criteria	 for	
development	 of	 superior	 varie+es	 uniquely	 adapted	 to	 organic	
cropping	management.

MATERIALS	AND	METHOD

The	research	work	was	carried	out	at	Curup	field	laboratory	for	
Closed	 Agriculture	 Produc+on	 System,	 Faculty	 of	 Agriculture,	
University	of	Bengkulu,	Indonesia	(600	m	above	sea	level)	.	The	
evalua+on	was	made	on	8	sweet	corn	inbred	lines,	 	vis.,	Caps	2,	
Caps	3,	Caps	5,	Caps	15,	Caps	17A,	Caps	17B,	Caps	22,	and	Caps	
23,	 that	 were	 previously	 developed	 from	 a	 series	 of	 selec+on	
trials	 for	 their	 performances	 under	 organic	 cropping	
management.	 A	 randomized	 complete	 block	 design	 with	 7	
replica+ons	 was	 employed	 to	 assign	 the	 lines	 on	 the	
experimental	plots.	Seeds	from	each	line	were	sown	in	a	single	
row	plot	of	4	m	 long	with	20	cm	plant-to-plant	spacing	and	70	
cm	row-to-row	spacing.	Cow	manure	at	10	ton	ha-1	was	applied	
on	 each	 row	 as	 basal	 fer+lizer.	 Organic	 foliar	 fer+lizer	 was	
sprayed	to	the	plants	4	+mes	during	the	growth	period	with	two	
weeks	 interval.	Hand	weeding	was	prac+ced	as	 required.	 	 Five	
days	following	pollina+on,	ears	were	thinned	to	keep	single	ear	
for	 each	 plant.	 Sample	 of	 five	 plants	 were	 randomly	 selected	
from	the	middle	part	of	each	the	row	and	harvested	at	25	days	
following	pollina+on.	Observa+ons	were	made	on	plant	height,	

leaf	 number,	 stem	 diameter,	 ear	 length,	 ear	 diameter,	 kernel	
row	 number,	 kernel	 number	 per	 row,	 and	 ear	 yield	 (fresh	 ear	
weight	per	plant).

The	 collected	 data	 were	 subjected	 to	 preliminary	
sta+s+cal	 analysis	 of	 variance	 using	 CoStat	 6.4.	 Coefficient	 of	
correla+on	 that	 measure	 degree	 and	 direc+on	 of	 associa+on	
between	 pair	 of	 traits	 was	 es+mated	 using	 Pearson’	 product	
moment	 (simple	 correla+on)	 analysis.	 Factor	 analysis	 with	
principal	 component	 as	 the	 method	 of	 factor	 extrac+on	 was	
performed	on	the	correla+on	matrix	to	elucidate	the	pa)ern	of	
traits	associa+on.	Both	correla+on	and	factor	analyses	were	run	
on	 XLSTAT	 5.03	 for	 Microsom	 Excel	 2007.	 Path	 analysis	 was	
carried	 out	 using	Microsom	 Excel	 2007	 by	matrix	 opera+on	 as	
described	by	Singh	and	Choudhary	(1976),	where	ear	yield	was	
ascribed	as	the	resultant	variable	and	rest	of	traits	as	the	causal	
variables.

RESULTS	AND	DISCUSSION

The	mean	 square	 from	analysis	of	 variance	 showed	 significant	
varia+ons	 among	 the	 inbred	 for	 all	 traits	 studied	 (Table	 1).	
These	results	indicated	that	the	breeding	popula+on	involved	in	
this	study	contained	sufficient	gene+c	varia+on	to	be	exploited	
by	 selec+on	 prac+ces	 for	 crop	 improvement.	 Degrees	 and	
direc+ons	of	traits	associa+on	as	measured	using	coefficient	of	
correla+on	(r)	are	given	in	Table	2.	Most	of	the	traits,	excep+ng	
kernel	 row	 number,	 exhibited	 posi+ve	 and	 significant	
correla+on	 to	 yield.	 The	 correla+ons	 between	 ear	 yield	 and	
vegeta+ve	traits	were	ranged	from	moderate	to	high	(0.44	<	r	<	
0.64).	These	results	were	in	line	with	earlier	finding	reported	by	
Saleh	et	al.	(2002)	and		Kashiani	et	al.	(2010),	but	in	contrary	to	
those	 reported	 by	 Oktem	 (2008).	 Ear	 yield	 was	 also	 highly	
correlated	with	ear	length,	ear	diameter,	and	kernel	number	per	

Table	2.		Coefficient	of	correla+on	among	8	traits	of	sweet	corn	inbred	lines	as	grown	under	organic	environment

Table	1.	Means	squares	for	8	traits	of	sweet	corn	inbred	lines	as	grown	under	organic	environment	
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row,	 with	 the	 maximum	 value	 (r=0.83)	 was	 depicted	 by	
associa+on	between	ear	yield	and	ear	diameter.	These	were	also	
in	accordance	with	the	works	of	Saleh	et	al.	(2002).	

The	 factor	 analysis	 performed	 on	 the	 correla+on	
matrix	had	resulted	8	independent	factors	(latent	variables)	and	
their	rela+ve	important	are	illustrated	in	scree	plot	presented	in	
Figure	1.	Based	on	rule	of	Eigen	value	greater	than	unity	(Kaiser,		
1960),	only	the	first	two	factors,	which	explained	64.78%	of	total		
variance,	 were	 retained	 and	 considered	 as	 important	 factors	
(Table	 3).	 The	 loading	 of	 each	 factor	 represent	 coefficient	 of	
correla+on	 between	 the	 ini+al	 traits	 and	 the	 corresponding	
factors	 and	 communality	 indicates	 the	 propor+on	 of	 trait	
variance	 explained	 by	 the	 both	 retained	 factors.	 Loading	 of	 a	
traits	on	 the	 factor	 is	 considered	 to	be	 significant	 if	 its	 value	>	
0.3	 and	 taken	 as	meaningful	when	 interpre+ng	 a	 factor	 (Kline,	
2014).	 Factor	 1,	 accounted	 for	 51.12%	 of	 total	 variance,	 was	
highly	 related	 	 (loading	>	 0.50)	 and	had	 the	 same	direc+on	 to	
plant	 height,	 leaf	 number,	 stem	 diameter,	 ear	 length,	 ear	
diameter,	 kernel	 number	 per	 row,	 and	 ear	 yield.	 Factor	 2	 that	
encompassed	 13.66%	 of	 total	 variance	 seemed	 uniquely	

Figure	2.		Structure	of	traits	associa+on		in	organically	grown	sweet	
corn	inbred	lines	as	plo)ed	on	two	factor		axes

Figure	1.	Scree	plot	showing	eigenvalues	and	cumula+ve	contribu+on	to	
total	variance	of	8	factors	es+mated	from	coefficients	of	correla+on	
among	8	traits	of	sweet	corn	inbred	lines	as	grown	under	organic	

environment

Table	3.		Loading	of	the	two	important	factors	of		8	traits	of	9	of	sweet	
corn	inbred	lines	as	grown	under	organic	environment

highly	 related	 	 (loading	>	0.50)	and	had	 the	same	direc+on	 to	
plant	 height,	 leaf	 number,	 stem	 diameter,	 ear	 length,	 ear	
diameter,	 kernel	 number	per	 row,	 and	ear	 yield.	 Factor	 2	 that	
encompassed	 13.66%	 of	 total	 variance	 seemed	 uniquely	
characterized	 in	 the	 same	 direc+on	 by	 kernel	 row	 number.		
Figure	2	displays	the	structure	of	traits	associa+on	as	plo)ed	on	
the	two	factor	axes.	This	finding	confirmed	with	the	correla+on	
analysis	 that	 kernel	 row	 number	 was	 virtually	 had	 no	
associa+on	 with	 the	 rest	 of	 traits	 studied.	 Thus,	 it	 can	 be	
inferred	that	higher	ear	yield	would	be	characterized	by	higher	
leaf	number,	 larger	stem	and	ear	diameters	 longer	ear,	and,	to	
some	 extent,	 higher	 plant	 stature	 and	 more	 fully	 developed	
kernel	in	each	row.

Elucida+on	 of	 casual	 rela+onship	 using	 path	 analysis	
by	 means	 of	 par++oning	 correla+on	 coefficient	 between	 all	
contribu+ng	traits	and	ear	yield	into	direct	and	indirect	effect	is	
presented	 in	 Table	 4.	 Maximum	 posi+ve	 direct	 effect	 was	
exhibited	 by	 ear	 diameter	 (0.44),	 followed	 by	 kernel	 number	
per	 row	 (0.39),	 and	 ear	 length	 (0.31).	 These	 results	 were	 in	
harmony	with	those	reported	by	Yue	et	al.	(2007).	 	In	all	cases,	
ear	diameter	served	as	an	intermediary	trait	for	indirect	effects	
of	 other	 traits	 that	 strongly	 related	 to	 ear	 yield,	 although	 all	
vegeta+ve	 traits	 also	 involved	 ear	 length	 as	 an	 intermediary	
trait	for	their	indirect	effect	on	ear	yield.	The	residual	effect	was	
es+mated	 0.15,	 indicated	 that	 there	 were	 other	 traits	
contributed	 to	 ear	 yield	 and	 were	 not	 yet	 considered	 in	 this	
experiment.

CONCLUSION

All	 analyses	 performed	 in	 this	 study	 provide	 complementary	
informa+on	on	the	determining	poten+al	progress	can	be	made	
for	 development	 of	 sweet	 corn	 varie+es	 suited	 for	 organic	
produc+on.	 Analysis	 of	 variance	 bears	 out	 that	 sufficient	
gene+c	 varia+on	 for	 important	 traits	 present	 in	 the	 breeding	
materials	 as	 to	 efficient	 selec+on	 program.	 Combined	
informa+on	 derived	 from	 correla+on	 analysis,	 factor	 analysis,	
and	 path	 analysis	 leads	 to	 the	 conclusion	 that	 concurrent	
a)en+on	must	be	given	to	ear	length,	ear	diameter,	and	kernel	
number	 per	 row	 in	 the	 selec+on	 prac+ce	 for	 improving	 ear	
yield.	

REFERENCES

Akter,	M.,	Chowdhury,	A.K.,	&	Chowdhury,	M.A.H.	(2013).	Soil	organic	
ma)er,	 mineral	 nutrients	 and	 heavy	 metals	 status	 of	 some	 selected	
regions	 of	 Bangladesh.	 Journal	 of	 Environmental	 Science	 and	 Natural	
Resources,	5(2),	01-09.



- 34 -Transactions of Persatuan Genetik Malaysia, No. 4, 2017                           

Mohammad Chozin et al. (2017): Analysis Of Traits Association In Sweet Corn

34

Table	4.		Direct	(diagonal	and	bolded)	and	indirect	effects	(upper	and	low	of	the	diagonal	line)	various	
traits	on	ear		yield	in		organically	grown	sweet	corn	inbred	lines		path	coefficient	analysis	

Ali,	M.	A.,	Nawab,	N.N.,	Abbas,	A.,	 Zulkiffal,	M.,	&	Sajjad,	M.	 (2009).	
Evalua+on	 of	 selec+on	 criteria	 in	 Cicer	 arie8num	 L.	 using	 correla+on	
coefficients	 and	path	 analysis.	Australian	 Journal	 of	 Crop	 Science,	 3(2),	
65-70.

Amanolahi-Baharvand,	 Z.,	 Zahedi,	 H.,	 Sharghi,	 Y.,	 &	 Seifolahi-Nik,	 S.	
(2014).	 Compara+ve	 assessment	 of	 conven+onal	 and	 organic	 nutrient	
management	 on	 yield	 and	 yield	 components	 of	 three	 corn	 cul+vars.	
Interna8onal	Journal	of	Biosciences,	4(12),	281-287.

Bello,	 O.B.,	 Abdulmaliq,	 S.Y.,	 Afolabi,	 M.S.,	 &	 Ige,	 S.A.	 (2010).	
Correla+on	 and	 path	 coefficient	 analysis	 of	 yield	 and	 agronomic	
characters	among	open	pollinated	maize	varie+es	and	their	F	1	hybrids	
in	a	diallel	cross.	African	Journal	of	Biotechnology,	9(18),	2633-2639.

De	Neve,	S.,	Van	Den	Bossche,	A.,	Sleutel,	S.,	&	Hofman,	G.	(2006).	Soil	
nutrient	 status	 of	 organic	 farms	 in	 Flanders:	 an	 overview	 and	 a	
comparison	 with	 the	 conven+onal	 situa+on.	 Biological	 agriculture	 &	
hor8culture,	24(3),	217-235.

Enhimiadou,	 A.,	 Bilalis,	 D.,	 Karkanis,	 A.,	&	 Froud-Williams,	 B.	 (2010).	
Combined	 organic/	 inorganic	 fer+liza+on	 enhance	 soil	 quality	 and	
increased	yield,	photosynthesis	and	 sustainability	of	 sweet	maize	 crop.	
Australian	Journal	of	Crop	Science,	4(9),	722-729.

Haruna,	 I.M.,	 Aliyu,	 L.,	 Olufajo,	 O.O.,	 &	 Odion,	 E.C.	 (2012).	
Contribu+ons	 of	 some	 growth	 characters	 to	 seed	 yield	 of	 sesame	
(Sesamum	indicum	L.).	 ISABB	Journal	of	Food	and	Agricultural	Sciences,	
2(1),	9-14.

Janmohammadi,	 M.,	 Movahedi,	 Z.,	 &	 Sabaghnia,	 N.	 (2014).	
Mul+variate	 sta+s+cal	 analysis	 of	 some	 traits	 of	 bread	 wheat	 for	
breeding	 under	 rainfed	 condi+ons.	 Journal	 of	 Agricultural	 Sciences,	
59(1),	1-14.

Kaiser,	 H.F.	 (1960)	 The	 applica+on	 of	 electronic	 computers	 to	 factor	
analysis.	Educa+onal	and	Psychological	Measurement	20:	141-151.

Kashiani,	 P.,	 Saleh,	 G.,	 Abdullah,	 N.A.P.,	 &	 Abdullah,	 S.N.	 (2010).	
Varia+on	and	gene+c	studies	on	selected	sweet	corn	inbred	lines.	Asian	
J.	Crop	Sci,	2(2),	78-84.

Kline,	 P.	 (2014).	 An	 easy	 guide	 to	 factor	 analysis.	 Taylor	 and	 Francis,	
Hoboken,	NJ.

Lazcano,	C.,	Revilla,	P.,	Malvar,	R.	A.,	&	Domínguez,	J.	(2011).	Yield	and	
fruit	 quality	of	 four	 sweet	 corn	hybrids	 (Zea	mays)	under	 conven+onal	
and	integrated	fer+liza+on	with	vermicompost.	Journal	of	the	Science	of	
Food	and	Agriculture,	91(7),	1244-1253.

Letourneau,	D.,	&	 van	Bruggen,	A.	 (2006).	 Crop	protec+on	 in	 organic	
agriculture.	Organic	agriculture:	a	global	perspec+ve.	CSIRO	Publishing,	
Collingwood,	93-121.

Murmu,	K.,	Swain,	D.K.,	&	Ghosh,	B.C.	(2013).	Compara+ve	assessment	
of	conven+onal	and	organic	nutrient	management	on	crop	growth	and	
yield	 and	 soil	 fer+lity	 in	 tomato-sweet	 corn	 produc+on	 system.	
Australian	Journal	of	Crop	Science,	7(11),	1617-1626.

Oktem,	A.	 (2008).	Determina+on	of	selec+on	criterions	for	sweet	corn	
using	path	coefficient	analyses.	Cereal	Research	Communica8ons,	36(4),	
561-570.

Prasetyo,	W.,	Santoso,	M.,	&	Wardiya$,	T.	 (2013).	Pengaruh	beberapa	
macam	kombinasi	pupuk	organik	dan	anorganik	terhadap	pertumbuhan	
dan	 hasil	 tanaman	 jagung	 manis	 (Zea	Mays	 Saccharata	 Sturt).	 Jurnal	
Produksi	Tanaman,	1(3):	79-86

Saleh,	 G.	 B.,	 Alawi,	 S.	 A.	 S.,	 &	 Panjaitan,	 K.	 (2002).	 Performance,	
correla+on	 and	 heritability	 studies	 on	 selected	 sweet	 corn	 synthe+c	
popula+ons.	Pakistan	J	Biol	Sci,	5(3),	251-254.

Simon,	S.R.	and	Balabbo,	F.P..	2015.	Yield	Performance	of	Sweet	Corn	
(Zea	 Mays	 Var.	 Saccharata)	 Using	 Vermicompost	 as	 a	 Component	 of	
Balanced	 Fer+liza+on	 Strategy.	 Interna8onal	 Journal	 of	 Chemical,	
Environmental	&	Biological	Sciences,	3	(3):	224-227.

Singh	 R.K,	 Choudhary,	 B.D.	 (1976)	 Biometrical	 techniques	 in	 gene+cs	
and	breeding.	Interna+onal	Bioscience	Publishers,	Hissar,	India.

Stevens,	 J.	 P.	 (2009).	 Applied	 mul+variate	 sta+s+cs	 for	 the	 social	
sciences,		5thedi+on.		Routledge,	New	York.

Yue,	S.J.,	Wang,	X.M.,	Zeng,	M.H.,	&	Cai,	W.H.	(2007).	Correla+on	and	
Path	Analysis	on	Yield	Characters	of	F_1	in	Super	Sweet	Corn	[J].	Journal	
of	Maize	Sciences	1:	41-43,	58.

Yusuff,	M.T.M.,	Ahmed,	O.H.,	Yahaya,	W.A.W.,	&	Majid,	N.M.A.	(2007).	
Effect	 of	 organic	 and	 inorganic	 fer+lizers	 on	 nitrogen	 and	 potassium	
uptake	and	yield	of	sweet	corn	grown	on	an	acid	soil.	Am.	J.	Agric.	Biol.	
Sci,	2,	118-122.

van	Bueren,	E.	L.,	 Jones,	S.	S.,	Tamm,	L.,	Murphy,	K.	M.,	Myers,	 J.	R.,	
Leifert,	C.,	&	Messmer,	M.	M.	(2011).	The	need	to	breed	crop	varie+es	
suitable	 for	 organic	 farming,	 using	 wheat,	 tomato	 and	 broccoli	 as	
examples:	 a	 review.	 NJAS-Wageningen	 Journal	 of	 Life	 Sciences,	 58(3),	
193-205.



- 35 -

Corresponding author: 

Transactions of Persatuan Genetik Malaysia, No. 4, 2017                           
Published by Genetics Society of Malaysia    http://www.persatuangenetikmalaysia.com                            

21

35

INTRODUCTION

Contras+ng	 to	 animals,	 plants	 are	 unable	 to	 move	 away	 from	
dras+c	 environmental	 stresses	 for	 instance	 cold,	 drought,	
salinity	and	heat.	 These	abio+c	 stresses	 create	a	 severe	 risk	 to	
crop	 plants	 growth	 and	 produc+vity	 and	 ul+mately	 effect	 the	
crop	 yield	 in	 nega+ve	 way.	 Plants	 have	 developed	 different	
adap+ve	 strategies	 to	 lessen	 the	 unfavorable	 consequences	 by	
changing	 their	 molecular	 and	 cellular	 func+ons,	 for	 example	
altering	 the	 gene	 expression	 and	 consequent	 ac+on	 of	 their	
gene	 products	 (Golldack	et	 al.	 2011).	 Par+cularly,	 transcrip+on	
factors	 are	 involved	 in	 regula+ng	 the	 plant	 response	 under	
environmental	 stresses	 by	 ac+va+ng	 or	 repressing	 the	 target	
genes	 transcrip+on	 by	 interac+ng	 with	 cis-ac+ng	 elements	 in	
their	 promoters	 (Yang	 et	 al.	 2012).	 One	 class	 of	 transcrip+on	
factors,	 exclusively	 belongs	 to	 plants	 and	 is	 involved	 in	
responding	 to	 stress	 condi+on,	 is	 the	WRKY	 group	 of	 proteins	
that	interact	with	the	conserved	DNA	sequence	mo+f	(TTGACT/
C)	 (Rushton	et	 al.	 2010).	 The	most	 no+ceable	 characteris+c	 of	
WRKY	 transcrip+on	 factors	 is	 the	 presence	 of	 WRKY	 domain,	
composed	 of	 60	 amino	 acids,	 which	 contains	 signature	 mo+f	
WRKYGQK	 at	 the	 N-terminus,	 and	 a	 unique	 C–C–H–H/C	 type	
zinc-finger	domain	at	the	C-terminus.	Depending	upon	the	type	
of	 zinc	 finger	 domain	 and	 number	 of	 WRKY	 domains,	 WRKY	
transcrip+on	 factors	 are	 distributed	 into	 three	 sets	 (Eulgem	 et	
al.	2000).	Numerous	WRKY	encoding	genes	have	been	known	to	
various	 plants	 for	 instance,	 74	 WRKY	 genes	 are	 iden+fied	 in	
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WRKY	 proteins	 cons+tute	 one	 of	 the	major	 groups	 of	 plant	 specific	 transcrip+on	 factors	which	 regulate	 the	 stress-specific	 genes	
expression	during	stresses	in	plants.	OsWRKY71,	a	WRKY	protein	from	rice,	is	previously	characterized	for	its	role	in	bio+c	stresses.	In	
present	study,	OsWRKY71	 is	assessed	 for	 its	 role	 in	abio+c	stresses	 including	salt,	 cold,	heat,	drought	and	wounding.	The	RT-qPCR	
analysis	revealed	the	up-regula+on	of	OsWRKY71	upon	interac+on	to	cold,	salt,	drought	and	wounding	stresses	with	maximum	up-
regula+on	against	salinity	while	no	significant	change	was	observed	in	response	to	heat.	Over-expression	of	OsWRKY71	DNA	binding	
domain	containing	region	in	E.	coli	improved	the	bacterial	growth	in	response	to	NaCl,	mannitol	and	heat	treatments,	demonstra+ng	
that	 it	 encourages	 the	 E.	 coli	 growth	 under	 salt,	 drought,	 and	 heat	 stresses.	 The	 improvement	 in	 bacterial	 growth	 may	 be	 the	
consequence	of	OsWRKY71	interac+on	with	the	promoter	region	of	the	stress	related	genes	in	bacteria	or	with	some	other	proteins	
as	WRKY	proteins	 interact	with	a	broad	range	of	proteins	 responsible	 for	chroma+n	remodeling,	 transcrip+on	and	signaling.	Thus,	
OsWRKY71	may	be	employed	as	a	target	gene	for	improving	stress	resistance	in	plants.

Key	words:	OsWRKY71,	abio+c	stress,	RT-qPCR,	E.	coli

Arabidopsis	(Ulker	and	Somssich,	2004)	and	125	WRKY	genes	in	
rice	(Wu	et	al.	2005).

So	far,	numerous	WRKY	proteins	were	observed	to	be	
concerned	 in	 plant	 with	 emphasis	 on	 providing	 resistance	 to	
pathogen	 infec+on.	 For	 example,	 AtWRKY18,	 AtWRKY40,	 and	
AtWRKY60	 nega+vely	 control	 the	 resistance	 against	
Pseudomonas	syringae	and	the	barley	WRKY	proteins	HvWRKY1	
and	 HvWRKY2	 nega+vely	 regulate	 the	 basal	 reac+on	 against	
Blumeria	graminis	(Xu	et	al.	2006;	Shen	et	al.	2007).	OsWRKY45	
increases	 the	 tolerance	 against	Xanthomonas	 oryzae	 pathovar	
oryzae	(Xoo)	and	M.	oryzae	in	rice	(Jiang	et	al.	2010;	Shimono	et	
al.	2011;	Matsushita	et	al.	2012)	and	OsWRKY28	 improves	the	
rice	vulnerability	 to	M.	oryzae	 (Chujo	et	al.	2013).	Decrease	 in	
the	 expression	 of	 these	 rice	 WRKYs	 improves	 the	 tolerance	
against	Xoo	and	M.	oryzae	(Delteil	et	al.	2012).

Remarkably,	 many	 WRKY	 genes	 are	 responsible	 in	
coordina+ng	various	biological	processes	 such	as	AtWRKY33	 is	
found	 to	 respond	 against	 pathogen	 a)ack,	 salinity	 and	 high	
temperature	 (Birkenbihl	 et	 al.	 2012),	 and	 a	 pepper	 WRKY,	
CaWRKY40,	 is	 involved	 in	 providing	 tolerance	 against	 heat	
stress	 and	 Ralstonia	 solanacearum	 (Dang	 et	 al.	 2012).	 The	
indicated	 results	 proposed	 that	 WRKY	 proteins	 can	 connect	
several	physiological	processes	by	serving	as	knots	although	the	
func+ons	of	numerous	members	is	s+ll	poorly	understood.
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Up-regula+on	 of	 OsWRKY71	 is	 observed	 against	
numerous	 signaling	 molecules	 involve	 in	 defense	 processes	
including	 salicylic	 acid,	 methyl	 jasmonate	 and	 bio+c	 elicitors.	
Consequently,	 over-expression	 of	 OsWRKY71	 increases	
resistance	to	Xoo	and	wounding	in	rice	(Liu	et	al.	2007;	Chujo	et	
al.	 2008).	 Conversely,	 OsWRKY71	 is	 also	 associated	 with	
transcrip+onal	 repression	 of	 genes	 responsive	 to	 gibberellin	
(Zhang	 et	 al.	 2004).	 To	 date,	 the	 role	 of	OsWRKY71	 in	 abio+c	
stresses	 is	 not	 fully	 elaborated.	 Recently,	 over-expression	 of	
OsWRKY71	 in	 rice	 plants	 ensued	 increase	 tolerance	 to	 cold	
stress	(Kim	et	al.	2016).	In	present	study,	the	role	of	OsWRKY71	
was	 analyzed	 against	 abio+c	 stresses	 including	 cold,	 salt,	 heat,	
drought	 and	 wounding	 by	 RT-qPCR	 and	 over-expression	 in	 E.	
coli.	Our	 results	 proposed	 that	OsWRKY71	may	play	 significant	
role	in	cold,	salt	and	wounding	stresses.

MATERIALS	AND	METHODS

Plant	materials	and	abio$c	stress	treatments

Oryza	 sa8va	 cv.	 KS282	 obtained	 from	 Na+onal	 Agricultural	
Research	 Centre	 (NARC)	 Islamabad	was	 used	 in	 present	 study.	
Seeds	were	germinated	on	half	strength	MS	medium	and	kept	at	
25°C	in	growth	room	for	10	days.

To	examine	 the	expression	of	 the	OsWRKY71,	
10	day	old	seedlings	were	exposed	to	different	abio+c	stresses.	
Following	stress	treatments	were	applied	(1)	Drought	stress:	Ten	
day	old	 rice	seedlings	were	placed	on	aluminium	foil	+ll	visible	
leaf	rolling	appeared	in	the	plants.	(2)	Cold	stress:	The	seedlings	
were	 transferred	 to	 4	 °C	 for	 48	 hours.	 Then	 seedlings	 were	
moved	to	the	control	environment	and	samples	were	collected	
amer	 24	 hours.	 (3)	 Salt	 treatment:	 The	 rice	 seedlings	 were	
immersed	 in	 a	 beaker	 containing	 200	mM	NaCl	 solu+on	 for	 3	
hours	at	28	±	1°C.	(4)	Heat	treatment:	Seedlings	were	subjected	
to	45°C	for	6	hours.	(5)	Wounding	stress:	Rice	seedlings	were	cut	
into	 pieces	 lem	 in	 water	 at	 room	 temperature.	 Samples	 were	
collected	separately	and	kept	at	-80ºC	un+l	analysis.	

RT-qPCR

Total	 RNA	 was	 extracted	 from	 rice	 control	 and	 stress	 treated	
seedlings	 using	 the	 RNeasy	 Plant	Mini	 Kit	 (Qiagen).	 Brilliant	 II	
SYBR	Green	RT-qPCR	Master	Mix	Kit	 (Agilent	Technologies)	was	
employed	in	RT-qPCR	reac+ons.	RT-qPCR	reac+on	was	prepared	
using	 extracted	 RNA	 as	 template	 and	 OsWRKY71-
F - 5 ’ T G G AT TA G C A C C C A G C C T T C 3 ’ ,	 O sW R K Y 7 1 -
R-5’AGGCTGCTGGTGAAAGAAGT3’primers	specific	for	OsWRKY71	
and	 Act-F-5’GAAGATCACTGCCTTGCTCC3’	 and	 Act-R-5’	
CGATAACAGCTCCTCTTGGC3’	 primers	 specific	 for	 Ac8n.	 PCR	
condi+ons	used	were:	one	cycle	at	50°C	for	reverse	transcrip+on	
followed	 by	 polymerase	 s+mula+on	 at	 95°C	 for	 3	 min	 and	 40	
cycles	of	PCR	at	95°C	for	30	s,	53°C	for	1	min	and	72°C	for	30	s.	
The	rela+ve	change	 in	 transcript	 level	was	calculated	using	2-CT	
method	 (Schmi)gen	 and	 Livak,	 2008)	 with	 ac+n	 as	 internal	
standard	to	determine	rela+ve	expression	levels.	RT-qPCR	assays	
were	performed	thrice	and	each	sample	has	three	replicates.	

Cloning,	 over-expression	 in	 E.	 coli	 and	 Purifica$on	 of	
OsWRKY71	protein

DNA	binding	domains	containing	regions	of	OsWRKY71	was	PCR	
amplified	 from	 cDNA	 using	 specific	 primers	 (Forward	 5’-
CGCGGATCCATGCGCATCCGCGAGGAG-3’	 (BamHI),	 reverse	 5’-
CCGCTCGAGTCAGGCGCTCTTGCCGGA-3’	 (XhoI)).	 The	 amplified	
PCR	product	was	gel	purified,	subjected	to	restric+on	diges+on	
with	 BamH1	 and	 XhoI	 restric+on	 enzymes	 and	 then	 ligated	 in	
between	BamHI	and	XhoI	sites	of	pGEX4T-1	vector.	The	desired	
recombinant	 plasmids	 were	 iden+fied	 by	 PCR	 amplifica+on,	
restric+on	diges+on	and	sequencing.	The	recombinant	plasmid	
(pGEX4T-OsWRKY71)	 and	 vector	 alone	 (pGEX4T-1)	 were	
subjected	 to	 transforma+on	 in	 the	 BL21	 cells.	 The	 BL21	 cells	
transformed	 with	 pGEX4T-1	 vector	 were	 used	 as	 control.	 The	
expression	 of	 recombinant	 product	was	 induced	with	 1.0	mM	
isopropyl	 b-D-thiogalactoside	 (IPTG)	 for	 6	 h	 at	 37°C	 and	
analyzed	by	SDS-PAGE.	The	expressed	recombinant	protein	was	
purified	 by	 Glutathione	 Sepharose	 4B	 (GE	 Healthcare).	 GST-
OsWRKY71	 was	 not	 completely	 pure,	 so	 ca+onic	 exchange	
chromatography	was	 carried	 out	 to	 purify	 the	 GST-OsWRKY71	
using	 SOURCETM	 15S	 column	 (GE	 Healthcare)	 packed	 with	
Polystyrene/divinyl	 benzene	 was	 used.	 Then	 purifies	 protein	
was	 checked	 by	 running	 on	 SDS	 PAGE.	 GST	 tag	 was	 cleaved	
using	thrombin	and	purified,	cleaved	OsWRKY71	was	examined	
on	Mass	spectrometer.

For	 mass	 spectrometry,	 matrix	 was	 prepared	 by	
mixing	 1	 volume	 of	 100	 acetonitril	 with	 1	 volume	 of	 1%	
Trifluoroace+c	 acid.	 Two	 µL	 of	 cleaved	OsWRKY71	 was	 mixed	
with	 2	 µL	 sinapinic	 acid	 followed	 by	 mixing	 with	 0.1%	
trifluoroace+c	 acid	 on	 a	 parafilm.	 Then	 2	 µL	 of	 matrix	 was	
mixed	with	2	µL	protein	sample	and	loaded	on	the	target	plate	
and	 drops	 were	 air	 dried.	 Bruker	 REFLEX	 III	 MALDI	 mass	
spectrometer	 (Bruker	 Daltonik	 GmbH,	 Bremen,	 Germany)	was	
used	to	analyze	the	cleaved	purified	protein.	The	fragmenta+on	
data	 were	 analyzed	 using	 a	 standard	 pep+de	mixture	 (Sigma-
Aldrich,	 St.	 Louis,	 MO,	 USA)	 containing	 insulin	 (m/z	 5734.6),	
adrenocor+cotropic	hormone	fragment	18−39	(m/z	2466.7)	and	
angiotensin	 II	 (m/z	 1047.2).	 Amer	 calibra+on,	 BioTools	 version	
2.2	 somware	 (Bruker	 Daltonics)	 was	 used	 to	 interpret	 all	
spectra.

Func$onal	study	of	recombinant	bacterial	cells	under	different	
abio$c	stresses

The	growth	of	recombinant	and	control	vector	containing	E.	coli	
cells	was	examined	under	the	treatments	of	NaCl,	mannitol,	low	
and	high	temperature.	E.	coli	 cells	were	allowed	to	grow	 in	LB	
liquid	 medium	 +ll	 OD₆₀₀	 reached	 0.6.	 Amerwards,	 1mM	 IPTG	

was	 added	 into	 medium	 to	 induce	 the	 recombinant	 protein	
expression	and	 cells	were	allowed	 to	grow	 for	4h	more	under	
same	condi+ons.	O.D600	was	adjusted	to	1,	followed	by	50-,	100-	
and	200-fold	dilu+on.	Each	dilu+on	(10µL)	was	then	speckled	on	
LB	basal	plates	and	LB	plates	were	supplemented	with	400	mM,	
500	 mM	 and	 600	 mM	 NaCl,	 500	 mM,	 800	 mM	 and	 1M	
mannitol.	 For	 cold	 and	 heat	 analysis,	 culture	 samples	 were	
transferred	 to	 -80°	 and	 50°C	 respec+vely.	 Then	 samples	 were	
collected	amer	2,	4,	6	and	8	h	in	case	of	cold	stress	and	amer	1,	2	
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and	 3	 h	 in	 heat	 treatment.	 Then	 samples	 were	 diluted	 by	 50,	
100	 and	 200-fold	 and	 10	 µL	 of	 each	 sample	was	 spo)ed	 onto	
IPTG	 LB	 basal	 plates.	 All	 these	 plates	 were	 incubated	 at	 37°C	
overnight	 and	 photographed.	 The	 experiment	 was	 performed	
three	+mes.	

Results	and	Discussion

The	 WRKY	 transcrip+on	 factors	 are	 involved	 in	 regula+ng	 the	
stress	 responsive	 signalling	 pathways	 by	 forming	 a	 complex	
network.	 Remarkably,	 a	 single	 WRKY	 transcrip+on	 factor	 can	
regulate	mul+ple	stresses	via	autoregula+on,	binding	to	the	W-
boxes	of	their	own	promoters	or	promoters	of	other	genes	and	
protein-protein	 interac+on	 by	 ac+ng	 as	 nega+ve	 and	 posi+ve	
regulators	(Rushton	et	al.	2010).

OsWRKY71	gene	expression	in	response	to	abio$c	stresses

Publicly	available	microarray	data	was	analyzed	to	examine	the	
OsWRKY71	 expression	 and	 it	 is	 observed	 that	 its	 expression	 is	
significantly	 increased	 under	 various	 abio+c	 stresses	 (Fig.	 1A).	
This	encouraged	us	to	examine	the	OsWRKY71	expression	in	rice	
in	reac+on	to	cold,	salt,	drought,	heat	and	wounding	stresses	by	
RT-qPCR	 (Fig.	 1B).	 The	 expression	 level	 of	OsWRKY71	 was	 up-
regulated	 by	 cold,	 salt,	 drought	 and	 wounding	 stresses.	
OsWRKY71	expression	was	slightly	induced	(2	fold)	by	wounding	
and	 drought.	 Specifically,	 OsWRKY71	 expression	 was	 greatly	
induced	 (8	 fold)	 by	 salt	 stress	 (500	 mM	 NaCl)	 while	 5	 fold	
increase	 in	 OsWRKY71	 expression	 was	 observed	 when	 cold	
stress	 was	 applied.	 Heat	 stress	 resulted	 in	 no	 induc+on	 in	
OsWRKY71	transcript.	Recently,	high	OsWRKY71	expression	was	
observed	under	cold	stress	by	Kim	et	al.	 (2016).	These	findings	
strongly	proposed	that	OsWRKY71	gene	plays	important	roles	in	
providing	 tolerance	 to	 various	 abio+c	 stresses.	 The	 JcWRKY	
expression	was	up-regulated	by	drought	and	salinity	(Agarwal	et	
al.	 2014).	 Marchive	 et	 al.	 (2007)	 reported	 the	 buildup	 of	
VvWRKY1	 transcript	 in	 reac+on	 to	 hormones,	 wounding	 and	
hydrogen	peroxide.	 The	WRKY38	 showed	accumula+on	against	
dehydra+on	and	cold	 stress	 (Mare	et	al.	 2004).	AtWRKY25	 and	
AtWRKY53	expression	was	enhanced	in	reac+on	to	heat	and	salt	
stresses	(Li	et	al.	2009;	Jiang	et	al.	2010).	TcWRKY53	expression	
level	was	also	increased	by	cold	and	salt	treatments	(Wei	et	al.	
2008).	This	shows	that	WRKY	genes	are	involved	to	be	expressed	
under	different	abio+c	stresses.

Figure	1:	Expression	analysis	of	OsWRKY71	
A:	Microarray	data	of	OsWRKY71	expression	in	abio+c	stresses	from	Geneves+gator.	B:	Rela+ve	

expression	of	OsWRKY71	in	abio+c	stresses	by	Real-+me	PCR.	Bars	represent	standard	errors	of	the	
mean	based	on	three	independent	experiments.

Expression	of	OsWRKY71	encourages	the	growth	of	E.	coli	cells	
under	abio$c	stresses

In	recent	+mes,	the	E.	coli	heterologous	expression	system	has	
been	 employed	 to	 examine	 the	 role	 of	 plants	 genes	 and	
transcrip+on	 factors	 for	 their	 ability	 in	 providing	 tolerance	 to	
stress	 condi+ons.	 For	 instance,	 a	 salt	 responsive	 gene,	 SbSI-1,	
provided	drought	and	salt	resistance	to	E.	coli	cells	(Yadav	et	al.	
2012).	Yamada	et	al.	2012	also	observed	the	salt	tolerance	in	E.	
coli,	 yeast	 and	 tobacco	 cells	 transformed	 with	 the	 mangrove	
allene	 oxide	 cyclase	 (AOC)	 gene.	 Likewise,	 plant	 transcrip+on	
factors	 encoding	 genes,	 for	 instance,	 SbDREB2A,	 MuNAC4	
transcrip+on	 factor,	 and	 JcWRKY	 were	 also	 studied	 for	 their	
ability	 to	 provide	 stress	 tolerance	 by	 engaging	 the	 E.	 coli	
expression	 system	 (Gupta	 et	 al.	 2010;	 Pandurangaiah	 et	 al.	
2013;	Agarwal	et	al.	2014).

To	 assess	 the	 defensive	 role	 of	 OsWRKY71	 under	
different	 abio+c	 stresses,	 DNA	 binding	 domain	 containing	
region	was	cloned,	over-expressed	in	E.	coli	and	purified	(Figure	
2).	OsWRKY71	 has	 one	 cleavage	 site	 for	 thrombin	 and	 it	 was	
predicted	 to	 be	 cleaved	 into	 two	 fragments	 of	 26000	 Da	 and	
11961.82	Da	represen+ng	GST	and	OsWRKY71	respec+vely.	The	
cleaved	 OsWRKY71	 fragment	 was	 purified	 from	 cleaved	 GST	
and	then	subjected	to	MS	analysis.	Mass	spectra	for	OsWRKY71	
contained	 a	 fragment	 of	 11961.83	 Da	 size	 verifying	 the	
presence	of	specific	OsWRKY71	pep+de	(Figure	3).	

Spot	assay	was	carried	out	 to	 inves+gate	 the	growth	
of	bacterial	cells	containing	the	pGEX4T-OsWRKY71	and	vector	
pGEX4T-1	 (Figure	 4).	 Under	 control	 condi+ons,	 similar	 growth	
was	 observed	 for	 cells	 enclosing	 recombinant	 and	 na+ve	
plasmid.	 On	 the	 other	 hand,	 growth	 of	 pGEX4T-OsWRKY71	
containing	 cells	 was	 improved	 under	 stress	 condi+ons	 in	
comparison	 to	BL/pGEX4T-1.	When	plates	were	 supplemented	
with	 different	 concentra+ons	 of	 NaCl,	 the	 survival	 of	 BL/
OsWRKY71	 cells	 was	 considerably	 superior	 to	 BL/pGEX4T-1	
cells.	The	growth	of	BL/OsWRKY71	was	more	compared	to	BL/
pGEX4T-1	 when	 LB	 plates	 were	 supplemented	 with	 1M	
mannitol.	 This	 outcome	 suggested	 that	 the	 expression	 of	 the	
OsWRKY71	 gene	has	provided	 tolerance	 to	E.	 coli	 cells	 against	
salt	 and	 drought	 stress.	 Amer	 employing	 the	 temperature	
stresses	 for	 different	 +me	 intervals,	 the	 number	 of	 cells	were	
compared	 in	diluted	cultures.	Number	of	control	cells	was	 less	
as	 compared	 to	 BL/OsWRKY71	 amer	 2,	 4,	 6	 and	 8	 h	 of	 cold	
treatment.	Even	though	the	cell	number	was	decreased	in	both	
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Figure	2:	Cloning,	expression	and	purifica+on	of	GST-OsWRKY71
A)	Restric+on	diges+on	of	pGEX-OsWRKY71	(Recombinant	plasmid)	Lane	1:	Restricted	plasmid,	Lane	2:	

Uncut	plasmid.	B)	Expression	of	GST-OsWRKY71(167-271)	in	BL21	cells.	Lane	1:	Uninduced	sample,	Lane	2:	
Induced	BL21.	C)		HPLC	purifica+on	by	ca+onic	exchange	chromatography.	Lane	1-13:	purified	frac+ons	

Figure	3:	MALDI-TOF	spectrum	of	the	cleaved	OsWRKY71	
 Signals	that	matched	the	theore+cal	pep+de	masses	of	OsWRKY71	

fragment	are	labeled	with	m/z	values	of	11961.83.

cultures	 amer	 heat	 stress,	 BL/OsWRKY71	 cells	 were	 more	 in	
comparison	 to	 control	 cells.	Most	of	 the	BL/pGEX4T-1	 cells	did	
not	 survive	 amer	 3	 h	 at	 50°C,	 while	 more	 BL/OsWRKY71	 cells	
survived	 in	 similar	 condi+on.	 These	 results	 suggested	 that	
OsWRKY71	 gene	 increased	 the	 survival	 of	 E.	 coli	 cells	
significantly	 under	 salt,	 mannitol,	 low	 and	 high-temperature	
stresses.	Same	results	were	obtained	in	liquid	culture	assay.

The	 improvement	 in	E.	 coli	 growth	can	be	accredited	
to	 its	 interac+on	 with	 the	 promoter	 region	 of	 stress-related	
genes	 in	 bacteria.	 Even	 though	 the	WRKY	 transcrip+on	 factors	
are	assumed	to	be	present	in	only	plants,	but	these	transcrip+on	
factors	have	also	been	exposed	in	nonplant	species,	for	instance,	
unicellular	 green	 algae	 (Rushton	 et	 al.	 2010).	 OsWRKY71	
proteins	 belong	 to	 C₂H₂	 type	 zinc	 finger	 proteins.	 In	 the	

beginning	 considered	 reserved	 to	 the	 eukaryotes,	 the	 first	

prokaryo+c	C₂H₂	 zinc	finger	protein	was	 recognized	 in	 1998	 in	

the	 Ros	 protein	 in	 Agrobacterium	 tumefaciens	 (Chou	 et	 al.	
1998).	 Structural	 and	 evolu+onary	 studies	 suggest	 that	
eukaryo+c	 zinc	 finger	 domains	 have	 evolved	 from	 Ros	
homologues	 (Moreira	 and	 Rodriguez-Valera,	 2000).	 These	
studies	 showed	 that	 there	 might	 be	 some	 similarity	 in	
regulatory	 network	 of	 eukaryotes	 and	 prokaryotes,	 receiving	
addi+onal	 func+onal	 specificity	 based	 on	 the	 requirement	 for	
existence	with	the	fluctua+ng	atmosphere.	These	observa+ons	
suggest	 that	 OsWRKY71	 cooperates	 with	 the	 transcrip+onal	
apparatus	 of	 the	 prokaryo+c	 system	 and	 regulate	 the	 stress	
improvement	process	in	E.	coli	cells.	
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Figure	4:	Spot	assay	for	the	growth	performance	of	BL/pGEX4T-OsWRKY71	and	BL/pGEX4T-1	
recombinants	in	the	LB	medium	(solid)	with	different	supplements.

CONCLUSION

To	sum	up,	this	study	illustrates	the	role	of	OsWRKY71	in	abio+c	
stresses.	 OsWRKY71	 is	 responsive	 to	 salt,	 cold	 and	 wounding	
stresses.	 Addi+onally,	 OsWRKY71	 enhances	 the	 salt,	 drought	
and	 heat	 tolerance	 of	 E.	 coli	 transformants	 in	 comparison	 to	
control	 plasmid.	 OsWRKY71	 plays	 significant	 roles	 in	 plant	
abio+c	stress	resistance	and	could	be	employed	in	crops	gene+c	
engineering	with	the	purpose	of	enhancing	stress	tolerance.

ACKNOWLEDGEMENTS

This	 work	 was	 supported	 by	 grant	 of	 Higher	 Educa+on	
Commission	(HEC)	of	Pakistan	through	an	Indigenous	Fellowship	
(Pin:	 117-3978-BM7-083	 (50018550)	 and	 HEC	 funded	 project	
NRPU-1909.	

REFERENCES

Agarwal,	 P.,	 Dabi,	 M.,	 &	 Agarwal,	 P.K.	 (2014).	 Molecular	 cloning	 and	
characteriza+on	of	 a	 group	 II	WRKY	 transcrip+on	 factor	 from	 Jatropha	
curcas,	an	important	biofuel	crop.	DNA	and	Cell	Biology,	33,	503-513.

Birkenbihl,	 R.	 P.,	 Diezel,	 C.,	 &	 Somssich,	 I.	 E.	 (2012).	 Arabidopsis	
WRKY33	 is	 a	 key	 transcrip+onal	 regulator	 of	 hormonal	 and	 metabolic	
responses	 toward	 Botry+s	 cinerea	 infec+on.	 Plant	 Physiology,	 159,	
266-285.

Chou,	 A.	 Y.,	 Archdeacon,	 J.,	 &	 Kado,	 C.	 I.	 (1998).	 Agrobacterium	
transcrip+onal	 regulator	 Ros	 is	 a	 prokaryo+c	 zinc	 finger	 protein	 that	
regulates	the	plant	oncogene	ipt.	Proceedings	of	the	Na8onal	Academy	
of	Sciences	of	the	United	States	of	America,	95,	5293-5298.

Chujo,	 T.,	 Kato,	 T.,	 Yamada,	 K.,	 Takai,	 R.,	 Akimoto-Tomiyama,	 C.,	
Minami,	 E.,	 Nagamura,	 Y.,	 Yamane,	 H.	 (2008).	 Characteriza+on	 of	 an	
elicitor-induced	rice	WRKY	gene,	OsWRKY71.	Bioscience,	Biotechnology,	
and	Biochemistry,	72,	240-245.

Chujo,	 T.,	 Miyamoto,	 K.,	 Shimogawa,	 T.,	 Shimizu,	 T.,	 Otake,	 Y.,	
Yokotani,	 N.,	 Nishizawa,	 Y.,	 Okada,	 K.	 (2013).	 OsWRKY28,	 a	 PAMP-
responsive	 transrepressor,	 nega+vely	 regulates	 innate	 immune	
responses	in	rice	against	rice	blast	fungus.	Plant	Molecular	Biology,	82,	
23-37.

Dang,	F.	F.,	Wang,	Y.	N.,	Yu,	L.,	Eulgem,	T.,	Lai,	Y.,	Liu,	Z.	Q.,	Wang,	X.,	…		
He,	 S.	 L.	 (2013).	 CaWRKY40,	 a	 WRKY	 protein	 of	 pepper,	 plays	 an	
important	 role	 in	 the	 regula+on	 of	 tolerance	 to	 heat	 stress	 and	
resistance	 to	 Ralstonia	 solanacearum	 infec+on.	 Plant,	 Cell	 &	
Environment,	36,	757-774.

Delteil,	 A.,	 Blein,	 M.,	 Faivre-Rampant,	 O.,	 Guellim,	 A.,	 Estevan,	 J.,	
Hirsch,	 J.,	 Bevitori,	 R.,	 Michel,	 C.,	 &	 Morel,	 J.	 B.	 (2012).	 Building	 a	
mutant	 resource	 for	 the	study	of	disease	resistance	 in	 rice	 reveals	 the	
pivotal	 role	 of	 several	 genes	 involved	 in	 defence.	 Molecular	 Plant	
Pathology,	13,	72-82.

Eulgem,	 T.,	 Rushton,	 P.	 J.,	 Robatzek,	 S.,	&	 Somssich,	 I.	 E.	 (2000).	 The	
WRKY	 superfamily	 of	 plant	 transcrip+on	 factors.	 Trends	 in	 Plant	
Sciences,	5,	199-206.

Golldack,	 D.,	 Lüking,	 I.,	 &Yang,	 O.	 (2011).	 Plant	 tolerance	 to	 drought	
and	salinity:	 stress	 regula+ng	 transcrip+on	 factors	and	 their	 func+onal	
significance	 in	 the	 cellular	 transcrip+onal	 network.	Plant	 Cell	
Reports,	30,	1383-1391.

Gupta,	K.,	Agarwal,	P.	K.,	Reddy,	M.	K.,	&	Jha,	B.	(2010).	SbDREB2A,	an	
A-2	 type	DREB	 transcrip+on	 factor	 from	 extreme	 halophyte	 Salicornia	
brachiata	 confers	abio+c	 stress	 tolerance	 in	Escherichia	coli.	Plant	Cell	
Reports,	29,	1131-1137.

Jiang,	C.	J.,	Shimono,	M.,	Sugano,	S.,	Kojima,	M.,	Yazawa,	K.,	Yoshida,	
R.,	 Inoue,	 H.,	 Hayashi,	 N.,	 Sakakibara,	 H.,	 &	 Takatsuji,	 H.	 (2010).	
Abscisic	 acid	 interacts	 antagonis+cally	 with	 salicylic	 acid	 signaling	
pathway	 in	 rice-Magnaporthe	 grisea	 interac+on.	 Molecular	 Plant-
Microbe	Interac8ons,	23,791-798.



- 40 -Transactions of Persatuan Genetik Malaysia, No. 4, 2017                           

Saqlan Naqvi et al. (2017): Role Of OsWRKY71 In Abiotic Stresses

40

Jiang,	Y.,	Yang,	B.,	Harris,	N.	S.	&	Deyholos,	M.	K.	 (2007).	Compara+ve	
proteomic	 analysis	 of	 NaCl	 stress-responsive	 proteins	 in	 Arabidopsis	
roots.	Journal	of	Experimental	Botany,	58,	3591-3607.
		
Kim,	C.	Y.,	Vo,	K.	T.	X.,	Nguyen,	C.	D.,	Jeong,	D.	H.,	Lee,	S.	K.,	Kumar,	M.,	
&	Jeon,	J.	S.	(2016),	Func+onal	analysis	of	a	cold-responsive	rice	WRKY	
gene,	OsWRKY71.	Plant	Biotechnology	Reports,	10,	13-23.

Li,	 S.,	 Fu,	 Q.,	 Huang,	 W.,	 &	 Yu,	 D.	 (2009).	 Func+onal	 analysis	 of	 an	
Arabidopsis	 transcrip+on	 factor	 WRKY25	 in	 heat	 stress.	 Plant	 Cell	
Reports,	28,	683-693.	

Liu,	X.	Q.,	Bai,	X.	Q.,	Wang,	X.	J.,	&	Chu,	C.	C.	(2007).	OsWRKY71,	a	rice	
transcrip+on	factor,	is	involved	in	rice	defense	response.	Journal	of	Plant	
Physiology,	164,	969-979.

Marchive,	 C.,	Mzid,	 R.,	 Deluc,	 L.,	 Barrieu,	 F.,	 Pirrello,	 J.,	 Gauthier,	 A.,	
Corio-Costet,	M.	F.,	Lauvergeat,	V.	(2007).	Isola+on	and	characteriza+on	
of	 a	Vi8s	 vinifera	transcrip+on	 factor,	 VvWRKY1,	 and	 its	 effect	 on	
responses	 to	 fungal	 pathogens	 in	 transgenic	 tobacco	 plants.	Journal	 of	
Experimental	Botany,	58,	1999-2010.

Mare,	 C.,	 Mazzucotelli,	 E.,	 Crosaf,	 C.,	 Francia,	 E.,	 Stanca,	 A.	 M.	 &	
Cafvelli,	 L.	(2004).	Hv-WRKY38:	 a	new	 transcrip+on	 factor	 involved	 in	
cold	 and	 drought-response	 in	 barley.	Plant	 Molecular	 Biology,	
55,	399-416.

Matsushita,	A.,	Inoue,	H.,	Goto,	S.,	Nakayama,	A.,	Sugano,	S.,	Hayashi,	
N.,	 &	 Takatsuji,	 H.	 (2012).	 The	 nuclear	 ubiqui+n	 proteasome	
degrada+on	affects	WRKY45	 func+on	 in	 the	 rice	defense	program.	The	
Plant	Journal,	73,	302-313.
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Abstract

Rapid	 increase	 in	global	oils	and	 fats	market	driven	by	strong	demand	 from	the	 food	sector,	biofuels	and	oleochemicals	creates	a	
huge	challenge	 for	 the	ability	 to	produce	more	palm	oil	on	 the	shrinking	cul+vable	 land	mass.	Gene+c	engineering	 is	a	promising	
technology	 that	 can	 be	 used	 to	 enhance	the	oil	 palm	 yield	and	quality.	 The	 availability	 of	 +ssue	 specific	 promoters	 is	 an	 absolute	
requirement	 to	 ensure	 desired	 spa+al	 expression	 of	 transgenes.	 Thirty	 transcriptome	 data	 across	 different	 oil	 palm	 +ssues	 from	
MPOB	were	systema+cally	analysed	together	with	mesocarp	transcriptome	data	published	by	Tranbarger	et	al.	(2011).	The	 in	silico	
analysis	of	transcripts	indicated	that	XLOC_10	was	highly	expressed	in	the	mesocarp	+ssue	while	XLOC_9	was	expressed	in	both	the	
mesocarp	and	kernel	+ssues.	Reverse	transcrip+on	quan+ta+ve	real-+me	PCR	(RT-qPCR)	was	performed	to	evaluate	the	expression	
pa)erns	of	XLOC_10	and	XLOC_9	in	27	+ssues	of	Elaeis	guineensis.	Our	result	indicated	that	XLOC_10	was	expressed	in	the	mesocarp	
and	female	inflorescence	+ssues.

Key	words:	Tissue	specific	gene,	promoter,	transcriptome,	gene+c	engineering,	oil	palm,	RT-qPCR
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Produc+on	 of	 palm	 oil	 has	 grown	 faster	 than	 other	 major	
vegetable	oils,	and	further	rapid	expansion	is	expected	in	years	
to	come	(Fry	&	Fi)on,	2010).	To	match	the	strong	demand	in	the	
global	 oils	 and	 fats	 market,	 there	 is	 a	 need	 to	 increase	 the	
quality	and	yield	of	palm	oil.	Gene+c	engineering	can	be	used	to	
improve	 quality	 and	 yield	 of	 palm	 oil	 by	 introducing	 and	
expressing	 selected	 genes	 into	 the	 plant	 genome.	 Among	 the	
targets	 are	modifica+on	 of	 oil	 content	 and	 produc+on	 of	 high	
value	added	products	or	oils	 in	the	mesocarp.	Thus,	mesocarp-
specific	promoters	are	absolutely	needed	for	the	above	purpose.	

Recently,	 the	 genome	 sequences	 of	 the	 African	 oil	
palm	were	released	along	with	the	abundance	of	transcriptome	
informa+on	 (Singh	et	al.,	2013).	A	number	of	 studies	based	on	
transcriptome	 data	 derived	 from	 RNA	 sequencing	 (RNA-seq)	
have	also	been	reported	(Beulé	et	al.,	2011;	Bourgis	et	al.,	2011;	
Dussert	 et	 al.,	 2013).	 The	 availability	 of	 a	 large	 number	 of	
sequence	 data	 for	 the	 African	 oil	 palm	 provides	 informa+on	
about	 gene	 expression	 in	 different	 +ssues	 and	 under	 different	
experimental	condi+ons.	This	informa+on	could	be	exploited	to	
study	the	func+ons	of	genes	that	are	specific	to	certain	+ssues.	

In	 this	 study,	 we	 have	 systema+cally	 iden+fied	 oil	
palm	mesocarp-specific	genes	through	meta-analysis	of	mul+ple	
transcriptome	 datasets.	 Iden+fica+on	 of	 suitable	 mesocarp-
specific	 gene	 candidates	 in	 oil	 palm	 based	 on	 the	 available	
transcriptome	 informa+on	 will	 facilitate	 the	 discovery	 of	
mesocarp	 specific	 genes	 and	 their	 func+ons	 and	 subsequently	
the	trait	improvement	through	gene+c	engineering.

MATERIALS	AND	METHODS

Plant	Materials

Various	oil	palm	+ssues	were	obtained	from	commercial	tenera	
plan+ng	 materials	 (dura	 ×	 pisifera).	 Five	 weeks	 amer	 anthesis	
(5WAA)	 to	20WAA	mesocarp	+ssues,	10WAA	kernel,	male	and	
female	 flowers,	 spear	 and	 mature	 leaves,	 primary	 roots,	 root	
hairs,	 whi+sh	 roots	 and	 oil	 palm	 +ssue	 culture	 materials	
(polyembroid	 stage	 1,	 polyembroid	 stage	 2	 and	 polyembroid	
stage	6)	were	used	for	RT-qPCR.

Transcriptome	Data	Analysis

Thirty	transcriptome	data	across	different	oil	palm	+ssues	from	
MPOB	 were	 used	 in	 complementary	 with	 mesocarp	
transcriptome	 data	 from	 Tranbarger	 et	 al.	 (2011).	 A	 total	 of	
29,034	 con+gs	 from	Tranbarger	et	al.	 (2011)	which	 reflect	 the	
biochemical	and	physiological	processes	during	the	matura+on	
and	ripening	phases	of	the	mesocarp	were	analysed	using	Basic	
Local	 Alignment	 Search	 Tool	 (BLASTN)	 against	 MPOB’s	
transcriptome	data	 from	30	+ssue	 types.	The	E	value	cutoff	of	

1e-5	was	used	in	the	BLAST	analyses	and	the	best	20	hits	of	each	
BLAST	 were	 retained	 for	 the	 annota+on.	 Microsom	 Excel	 was	
used	 to	 systema+cally	 iden+fy	 puta+ve	 mesocarp-specific	
transcripts	from	the	huge	datasets.	
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In	Silico	Gene	Expression	Analysis

Puta+ve	 mesocarp-specific	 transcripts	 were	 analyzed	 using	
BLASTN	against	454	mapped	transcripts	from	MPOB	which	have	
the	 expression	 informa+on.	 Heatmap	 was	 used	 to	 show	 the	
expression	 profiling	 of	 these	 puta+ve	 mesocarp-specific	
transcripts.

Sequence	Analysis

Sequence	analysis	of	puta+ve	mesocarp-specific	transcripts	was	
performed	 in	 order	 to	 understand	 its	 features,	 func+on	 or	
structure.	 Transcript	 sequences	 were	 func+onally	 annotated	
through	 BLASTX	 within	 the	 NCBI	 non-redundant	 database.	
Protein	 sequence	 of	 puta+ve	 mesocarp-specific	 genes	 was	
annotated	through	BLASTP	against	The	Arabidopsis	 Informa+on	
Resource	(TAIR)	and	Kyoto	Encyclopedia	of	Genes	and	Genomes	
(KEGG).	Promoter	sequence	of	puta+ve	mesocarp-specific	genes	
was	 obtained	 from	 NCBI	 database.	 Regulatory	 mo+fs	 in	 the	
promoter	sequences	were	iden+fied	using	PlantPAN	2.0.	

Total	RNA	Extrac$on,	Purifica$on	and	Quality	Assessment

Combina+on	of	 the	 CTAB	based	RNA	 extrac+on	method	 and	 a	
silica	column	of	RNeasy	Plant	Mini	Kit	 (Qiagen,	Germany)	were	
used	 to	 isolate	 total	RNA	 from	27	different	+ssues	of	oil	 palm.	
Genomic	 DNA	 contamina+on	 was	 removed	 using	 RNase-free	
DNase	 I	 according	 to	 the	 manufacturer’s	 instruc+ons	 (Qiagen	
USA,	Valencia,	CA).	The	purity	and	quan+ty	of	the	purified	total	
RNA	 were	 determined	 using	 a	 NanoDrop	 ND-1000	 UV-Vis	
Spectrophotometer	(Thermo	Fisher	Scien+fic	Inc.).	RNA	integrity	
was	 assessed	 by	 electrophore+c	 frac+ona+on	 on	 an	 Agilent	
2100	 Bioanalyzer	 and	 a	 RNA	 6000	 Nano	 LabChip	 (Agilent	
Technologies,	CA).

Reverse	Transcrip$on	Quan$ta$ve	Real-$me	PCR	(RT-qPCR)

The	 expression	 of	 puta+ve	 mesocarp-specific	 genes	 across	 27	
different	 +ssues	 of	 E.	 guineensis	 was	 studied	 using	 RT-qPCR	
approach.	 Gene-specific	 primers	 were	 designed	 using	 Primer3	
somware	(Untergasser	et	al.,	2012).	The	RT-qPCR	expression	test	
was	performed	 in	96	well-plate	using	CFX	Connect™	Real-Time	
PCR	Detec+on	System	(Biorad).	Amplifica+on	was	performed	in	
20	 µl	 qPCR	 reac+on	 mixtures	 containing	 16	 ng	 of	 cDNA	
template,	 500	 nM	 of	 each	 primer	 and	 1X	 iTaq	 Universal	 SYBR	
Green	 Supermix	 (Biorad).	 All	 reac+ons	 were	 prepared	 in	
triplicate	(n	=	3)	for	each	cDNA	sample.	

PCR	 amplifica+on	 cycle	 used	 is	 as	 follow:	 95°C,	 30	
sec	 for	 1	 cycle;	 95°C,	 3	 sec	 and	 51°C	 (depending	 on	 the	
annealing	temperature	of	primer	pairs),	30	sec	for	40	cycles	and	
followed	by	a	mel+ng	curve	analysis	at	65°C	 	to	95°C	with	0.5°C	
increase	 in	 temperature	 at	 each	 step.	No	 reverse	 transcriptase	
(NRT)	 and	 non-template	 (NTC)	 reac+ons	 were	 included	 as	
nega+ve	controls.	

PCR	 amplifica+on	 efficiencies	 and	 R2	 values	 of	
primers	 were	 determined	 across	 six	 different	 pools	 of	 cDNA,	
namely	mesocarp	(16	comparable	developing	stages	from	5WAA	
un+l	20WAA),	kernel	 (10WAA),	flower	 (male	flower	and	female	
flower),	 leaf	 (spear	 leaf	 and	 mature	 leaf),	 root	 (whi+sh	 root,	
hairy	 root	 and	 primary	 root)	 and	 oil	 palm	 +ssue	 culture	

materials	 (polyembroid	 stage	 1,	 2	 and	 6).	 The	 quan+fica+on	
cycle	 (Cq)	 was	 automa+cally	 captured	 and	 the	 data	 were	
analysed	 using	 Bio-Rad	 CFX	 Manager Software (ΔΔCq 
analysis mode) based on the method described by Livak &	
Schmi)gen	(2001).	The	expression	data	were	first	normalized	to	
three	 reference	 genes,	 SLU7,	 CYP2	 and	 GRAS.	 The	 rela+ve	
expression	 of	 the	 puta+ve	 mesocarp-specific	 transcripts	 were	
calculated	by	using	5WAA	mesocarp	as	the	calibrator.	

RESULTS	AND	DISCUSSION

The	availability	of	oil	palm	genome	database	(Singh	et	al.,	2013)	
with	abundant	transcriptome	informa+on	enables	the	discovery	
of	genes	for	important	traits	in	various	+ssues	of	interest.	Here	
we	 report	 the	 iden+fica+on	 of	 mesocarp-specific	 genes	 in	 oil	
palm	through	meta-analysis	of	mul+ple	transcriptome	datasets.

A	 total	 of	 27,932	 con+gs	 from	 mesocarp	
transcriptome	data	published	by	Tranbarger	et	al.	 (2011)	were	
shown	 to	 have	 BLAST	 informa+on	 from	 our	 collec+on	 of	
transcriptome	 databases.	 Systema+c	 iden+fica+on	 of	
mesocarp-specific	 transcripts	 from	 the	 BLAST’s	 results	 was	
performed	by	using	Microsom	Excel.	Tissue	 ID	was	assigned	 to	
each	 BLAST	 result	 followed	 by	 grouping	 and	 iden+fica+on	 of	
mesocarp-specific	transcripts.	Only	41	con+gs	were	later	shown	
to	be	specific	to	the	mesocarp	+ssue.

The	 gene	 expression	 informa+on	 of	 these	 puta+ve	
transcripts	was	 compared	with	 the	gene	expression	data	 from	
MPOB.	 Out	 of	 41	 puta+ve	 mesocarp-specific	 transcripts,	 15	
candidates	 have	 expression	 level	 informa+on.	 These	 15	
transcripts	 represent	 14	 genes.	 From	 the	 14	 genes,	 XLOC_10	
was	specifically	expressed	in	the	mesocarp	+ssue	while	XLOC_9	
was	 found	to	be	expressed	 in	 the	mesocarp	+ssue	and	slightly	
expressed	 at	 a	 low	 level	 in	 kernel	 +ssue.	 In	 silico	 gene	
expression	profiling	 for	XLOC_9	and	XLOC_10	are	 illustrated	 in	
Fig.	1.

Nucleo+de	 sequences	 from	 the	 XLOC_9	 and	
XLOC_10	were	annotated	through	different	databases	including	
the	NCBI	non-redundant	database,	The	Arabidopsis	Informa+on	
Resource	(TAIR),	 and	 Kyoto	 Encyclopedia	 of	 Genes	 and	
Genomes	 (KEGG).	 Based	 on	 sequence	 analysis,	 XLOC_9	 was	
annotated	 as	 RNA-binding	 protein	 25-like	 while	 XLOC_10	 was	
predicted	 as	 pentatricopep+de	 repeat-containing	 protein	 as	
shown	in	Table	1.	

RT-qPCR	 was	 performed	 to	 verify	 the	 expression	
pa)erns	of	XLOC_10	across	27	different	+ssues	of	E.	guineensis.	
The	transcript	 level	of	XLOC_10	was	up-regulated	to	around	2-
fold	 in	8WAA	mesocarp,	1.5-fold	 in	 female	flower	and	1.4-fold	
in	 18WAA	 mesocarp	 as	 compared	 to	 the	 calibrator	 (Fig.	 2).	
Expression	 pa)ern	 of	 XLOC_10	 was	 slightly	 inconsistent	 with	
the	 result	 of	 RNA-seq	 analysis.	 This	 could	 be	 due	 to	 the	
different	 sensi+vity	 and	 specificity	 characteris+cs	 inherent	 by	
RNA-seq	 and	 RT-qPCR,	 effect	 of	 normaliza+on	 on	 the	
interpreta+on	 of	 the	 resul+ng	 data,	 influence	 of	 biological	
variability	 and	 stochas+c	 effects	 in	 gene	 expression.	 Gene	
expression	study	of	XLOC_9	is	s+ll	on-going.

A	comprehensive	analysis	of	the	XLOC_10	promoter	
revealed	the	presence	of	several	cis-ac+ng	elements	containing	
AAAG,	CCTCGTAC,	GTAC	and	homeodomain-leucine	zipper	(HD-
ZIP)	mo+fs.	The	AAAG	sequence,	the	core	mo+f	of	DNA	binding	
of	 the	 DOF	 (DNA-binding	 with	 one	 finger)	 domain	 occurs	 six	

http://www.bio-rad.com/en-us/product/cfx-connect-real-time-pcr-detection-system
http://www.bio-rad.com/en-us/product/cfx-connect-real-time-pcr-detection-system
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Fig	1:	Expression	pa)erns	of	14	puta+ve	
mesocarp-specific	genes	in	27	+ssues	of	E.	
guineensis.	The	expression	levels	are	normalized	
based	on	the	FPKM	(Fragments	Per	kb	per	
Million	reads)	method	(on	the	right	side).	D,	
Dura;	P,	Pisifera;	T,	Tenera.

Table	1.		Sequence	analysis	of	XLOC_9	and	XLOC_10	using	NCBI,	
TAIR	and	KEGG

Fig	2:	Expression	of	XLOC_10	across	various	oil	palm	+ssues.	The	expression	level	is	presented	in	
log2	(rela+ve	expression).	Standard	devia+ons	are	shown	by	ver+cal	bars.	All	samples	were	

prepared	in	triplicates.
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variability	 and	 stochas+c	 effects	 in	 gene	 expression.	 Gene	
expression	study	of	XLOC_9	is	s+ll	on-going.

A	comprehensive	analysis	of	the	XLOC_10	promoter	
revealed	the	presence	of	several	cis-ac+ng	elements	containing	
AAAG,	CCTCGTAC,	GTAC	and	homeodomain-leucine	zipper	 (HD-
ZIP)	mo+fs.	The	AAAG	sequence,	the	core	mo+f	of	DNA	binding	
of	 the	 DOF	 (DNA-binding	 with	 one	 finger)	 domain	 occurs	 six	
+mes	in	the	proximal	region	of	the	promoter.	The	importance	of	
this	 mo+f	 in	 controlling	 the	 accumula+on	 of	 lipids	 has	 been	
demonstrated	 (Wang	 et	 al.,	 2007).	 The	 cis-ac+ng	 element	
CCTCGTAC,	which	is	present	in	the	APETALA2	(AP2)	transcrip+on	
factors	TARGET	OF	EAT1	(TOE1)	and	TOE2	(Franco-Zorrilla	et	al.,	
2014)	 serves	 as	 major	 integrators	 of	 developmental	 and	
environmental	signals	to	regulate	flowering	(Zhang	et	al.,	2015).	
SQUAMOSA	 promoter	 binding-like	 (SPL)	 proteins,	 where	 the	
core	GTAC	is	essen+al	for	binding	 involved	in	the	early	stage	of	
flower	development	 (Klein	et	al.,	 1996).	HD-ZIP	proteins	which	
are	characterized	by	a	HD	followed	by	a	ZIP	mo+f	is	one	of	the	
largest	family	of	transcrip+on	factors	unique	to	plants.	Muta+on	
of	Arabidopsis	GLABRA2	 (GL2),	 a	member	of	 the	HD-ZIP	 family	
of	 transcrip+on	 factors,	 has	 led	 to	 the	 increase	 of	 seed	 oil,	
implica+ng	its	role	as	a	nega+ve	regulator	(Shi	et	al.,	2011).

CONCLUSION

Gene	 expression	 pa)ern	 and	 promoter	 analysis	 indicate	 that	
XLOC_10	 was	 expressed	 in	 the	 mesocarp	 and	 female	 flower	
+ssues.	Evalua+on	of	promoter’s	ac+vity	via	transient	expression	
assays	 in	 oil	 palm	 and	 stable	 transforma+on	 system	 in	 tomato	
will	be	carried	out	to	further	verify	+ssue	specificity	of	XLOC_10	
promoter.
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Abstract

Breeding	rice	for	agronomic	and	grain	quality	improvements	are	important	to	increase	rice	produc+on	as	well	as	to	meet	the	demand	
and	preferences	of	producers	and	consumers.	In	rice	breeding,	the	degree	of	heterosis	provides	informa+on	of	desirable	quality	traits	
and	gene	ac+on	which	are	necessary	in	rice	breeding	program.	Hence,	the	assessment	of	agronomic	characters	were	conducted	in	18	
rice	genotypes	consist	of	eleven	types	of	F1	hybrids	from	combina+on	of	seven	parental	lines	at	MARDI	Research	Sta+on	in	Seberang	
Perai,	Penang.	Seven	rice	varie+es	consists	of	MRQ	50,	MRQ	74,	MRQ	76,	Basma+	370,	MR219,	Mahsuri	Mutan	and	Mahsuri	Mutan	
98	were	used	 as	male	 and	 female	 parents	 in	 the	 crossing	programme.	 The	objec+ves	 of	 the	 research	 is	 to	 determine	 agronomic	
characteris+cs	of	F1	popula+on	by	comparison	with	parental	lines	and	to	es+mate	the	heterosis	values	among	agronomic	traits	in	all	
crosses.	 The	 analysis	 of	 variances	 showed	 that	 there	 is	 a	 sta+s+cally	 significant	 differences	 in	 all	 agronomic	 characters	 studied.	
Correla+on	analysis	found	that	the	strong	rela+onship	was	found	between	+ller	number	with	fer+le	panicle	and	flag	leaf	width	with	
one	thousand	grain	weight.	Posi+ve	heterobel+osis	values	were	recorded	in	all	agronomic	traits	studied	of	cross	MRQ50/MM	over	
be)er	parent	while	two	crosses,	B370/MRQ50	and	B370/MR219	showed	posi+ve	heterosis	value	in	all	traits	over	mid-parent.	With	
respect	to	the	standard	heterosis,	all	crosses	except	for	crosses	of	B370/MR219	and	MRQ76/MR219	showed	nega+ve	heterosis	value	
in	 one	 thousand	 grain	 weight.	 The	 degree	 of	 heterosis	 either	 posi+ve	 or	 nega+ve	 gives	 significant	 important	 in	 future	 rice	
improvements	and	varietal	development.	

Key	words:	Heterobel+osis,	mid-parent	heterosis,	standard	heterosis,	quality	rice,	rice	morphology
Line
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Rice	 is	 the	 main	 food	 crop	 consumed	 by	 more	 than	 half	 of	
human	 popula+on	 throughout	 the	 world.	 The	 increased	 in	
human	 popula+ons	 were	 led	 to	 the	 increase	 in	 rice	
consump+on.	 In	Malaysia,	 produc+on	of	 rice	 is	 about	30%	but	
unfortunately	the	number	was	s+ll	insufficient	and	Malaysia	has	
to	import	rice	from	other	country	such	as	Thailand	and	Vietnam	
to	 meet	 the	 demand	 of	 growing	 popula+ons	 (Rosnani,	 2015).	
The	 quality	 trait	 of	 rice	 has	 now	 become	 major	 preferences	
among	rice	growers	and	rice	producer.	The	quality	traits	of	rice	
determine	 consumer	 acceptance,	 market	 price	 and	 end-users.	
The	 changes	 in	 lifestyle	 and	ea+ng	habits	 caused	many	people	
demanded	on	rice	with	special	characteris+cs	such	as	long	grain	
and	 pleasant	 aroma	 (Cheng	 et	 al.,	 2014).	 Rao	 et	 al.	 (2013)	
reported	that	the	appearance	of	milled	rice	 is	 important	to	the	
consumer	 and	 rice	 quality	 usually	 measured	 in	 many	 aspects	
including	storage,	milling,	marke+ng,	quality,	cooking	and	ea+ng	
quality	 and	 nutri+onal	 quality	 of	 grains.	 Nevertheless,	
preferences	 on	 rice	 quality	 for	 ea+ng	 and	 cooking	 is	 different	
within	 a	 region	 and	 cultures	 (Thongbam	 et.al.,	 2012;	 Sa)ari	
et.al.,	 2015).Currently,	 the	 demand	 towards	 aroma+c	 rice	 is	

increasing.	Ratna	et	al.	 (2016)	 stated	 that	 the	demand	on	fine	
rice	 varie+es	 is	 increasing	 due	 to	 its	 good	 nutri+onal	 quality,	
palatability,	 aroma	 and	 taste.	 To	 date,	 Malaysia	 has	 released	
more	 than	 35	 rice	 varie+es	 including	 aroma+c	 rice	 such	 as	
MRQ50,	MRQ	74	 and	MRQ	76.	Most	 of	 the	 released	 varie+es	
have	special	characteris+cs	such	as	high	yield	and	resistance	to	
pest	 and	 disease	 (Jamal	 et.	 al.,	 2014).	 The	 most	 well-known	
aroma+c	 rice	 that	 so	 called	Basma+	 rice	which	grown	 in	 India	
and	Pakistan	and	Jasmine	or	Khaw	Dawk	Mali	rice	which	grown	
in	Thailand	showed	the	highest	value	in	 	the	rice	global	market	
(Napasintuwong,	2012).	Basma+	and	Jasmine	rice	also	 fetched	
the	 highest	 price	 in	 the	 world	 market	 and	 account	 for	 about	
15%	to	18%	of	the	world	rice	trade	(Jamal	et.	al.,	2014).

Breeding	 rice	 for	 agronomic	 and	 grain	 quality	
improvements	 are	 crucial	 to	 meet	 producers	 and	 consumers	
preferences	as	well	as	to	increase	rice	produc+on	(Cheng	et	al.,	
2012).	Besides	 that,	among	 the	main	 important	criteria	 in	 rice	
breeding	 are	 to	 produce	 variety	with	 high	 yield,	 resistance	 to	
pest	and	disease	and	able	to	adapt	in	changes	of	environmental	
condi+on	 (Golam	et.al.,	 2011).	Giraud	 (2013)	 stated	 that	most	
of	 the	 aroma+c	 rice	 was	 reported	 have	 low	 yield	 and	mostly	
produces	 half	 than	 coarse	 rice.	 Some	 of	 the	 aroma+c	 rice	 in	
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Malaysian	 was	 reported	 has	 undesirable	 agronomic	 characters	
such	 as	 low	 yield	 and	 suscep+ble	 to	 pest	 and	 disease	 (Golam	
et.al.,	2011).	Besides	that,	 the	growth	of	the	aroma+c	rice	also	
influenced	 by	 the	 changes	 in	 environmental	 condi+on.	 For	
example,	in	Basma+	rice,	high	temperature	25/21	degree	Celcius	
(day/night)	 give	 significant	 important	 to	 the	 grain	 elonga+on	
during	 ripening	 stage	 while	 low	 temperature	 of	 25/21	 degree	
Celsius	 (day/night)	 during	 the	 grain	 filling	 stage	 can	 promote	
aroma	 forma+on	 which	 then	 stay	 in	 the	 grain	 un+l	 harvested	
(Akhter	et.	al.,	2007).	

Currently,	 the	 study	of	 combining	ability	and	heterosis	 in	
rice	 breeding	 has	 now	 received	 great	 a)en+on	 among	 rice	
breeders.	The	data	on	combining	ability	of	parental	lines	implies	
the	 ability	 to	 produce	 superior	 progenies	 with	 desirable	 traits	
(Won	 and	 Yoshida,	 2000)	 while	 the	 values	 of	 heterosis	
determines	 the	 performances	 of	 hybrids	 over	 both	 parents	
(MPH),	 best	 parent	 (BPH)	 and	 standard	 check	 variety	 (STH)	
(Rahimi	 et	 al.,	 2010;	 Yildrim	 et	 al.,	 2014).	 The	 degree	 of	
heterosis	 either	 posi+ve	 or	 nega+ve	 (Rahimi	 et	 al.,	 2010)	 give	
informa+on	 of	 desirable	 quality	 traits	 and	 gene	 ac+on	 which	
beneficial	 for	 further	 rice	 improvements	 and	 variety	
development	 (Reddy	 et	 al.	 2012).	 Heterosis	 in	 rice	 was	 first	
discovered	 in	 1926	 by	 Jones	 who	 found	 that	 F₁	 popula+on	

produce	large	number	of	culm	and	grain	yield	than	their	parents	
(Perera	et	al.,2013;	Rahimi	et	al.,	2010).	

Therefore,	 the	 hybridiza+on	 program	 on	 selected	 rice	
varie+es	with	 desired	 characteris+cs	 has	 been	 conducted	with	
the	 aim	 to	 determine	 agronomic	 characteris+cs	 of	 F₁	

popula+ons	performances	by	comparison	with	various	parental	
lines.	The	informa+on	gathered	from	this	study	is	beneficial	for	
development	of	rice	characteris+cs	and	varietal	development.	

MATERIALS	AND	METHODS

Prepara$on	of	parent	materials	and	hybridiza$on	programme

Six	 local	 Malaysian	 rice	 varie+es	 that	 were	 used	 in	 this	 study	
consisted	of		MRQ50,	MRQ74,	MRQ76,	MR219,	Mahsuri	Mutan,	
Mahsuri	Mutan	98	and	Indian	commercial	rice	varie+es	(Basma+	
370)]	 obtained	 from	 gene	 bank	 of	 Malaysian	 Agricultural	
Research	 Development	 Ins+tute	 (MARDI),	 Kepala	 Batas,	
Seberang	 Perai,	 Penang.	 Germinated	 seeds	 that	 previously	
heated	in	oven	for	24	hours	were	then	sown	in	glasshouse.	Amer	
25	 days,	 seedlings	 were	 transplan+ng	 in	 paddy	 field	 and	
fer+lizers	 and	 pes+cides	 applied	 based	 on	 standard	
recommended	by	MARDI.

The	 hybridiza+on	 program	 were	 made	 between	 all	
varie+es	 which	 produces	 eleven	 rice	 combina+ons.	 The	
prepara+on	of	female	and	male	plant	were	based	on	technique	
described	 by	 Jennings	 et	 al.	 (1979).	 Female	 plant	with	 50-60%	
flowering	was	selected	and	then	the	 leaf	 sheath	was	 removed.	
Then,	female	plant	was	placed	in	plas+c	pail	containing	soil	and	

then	soaked	 in	hot	water	at	 temperature	43.5⁰C.	About	half	of	
the	 panicle	 was	 emasculated	 and	 anthers	 were	 removed.	
Glassine	bag	was	used	to	cover	the	panicles	un+l	next	process.	
For	 male	 plant,	 panicle	 with	 blooming	 florets	 were	 chosen.	
Then,	 the	 culm	 below	 the	 panicle	 and	 flag	 leaf	 was	 removed.	
Panicles	were	then	placed	in	plas+c	pail	for	anther	extrusion.	

The	 pollina+on	 process	 was	 started	 by	 apply	 blooming	
panicle	and	shake	it	gently	over	the	emasculated	female.	Then,	
cover	with	glassine	bag	and	clip	 the	bag	against	 the	peduncle.	
Plants	were	 kept	 in	 area	with	 good	 exposure	 to	 sunlight.	 The	
successful	 of	 pollina+on	was	 observed	 through	 swelling	 of	 an	
ovary	amer	three	days.	The	naked	seed	which	considered	as	F₁	

seeds	were	harvested	when	flag	leaves	turn	yellowish	color	and	
reach	 maturity	 stage.	 Seeds	 were	 kept	 in	 cool	 condi+on	 for	
further	use.		

Development	of	F₁	popula$ons

Seeds	 were	 prepared	 as	 previous	 method.	 Amer	 25	 days,	
seedlings	were	transplanted	onto	soil	at	spacing	25cm	x	25cm.	
Fer+lizer	 and	 pes+cides	 were	 applied	 according	 to	 standard	
recommended	by	MARDI.	The	harvested	F₂	seeds	were	kept	 in	

cool	 temperature	 at	 4⁰C	 for	 future	 use.	 The	 morphology	 and	
quality	 traits	 consists	 of	 plant	height	 (cm),	 panicle	 length,	 flag	
leaf	 length	 (cm),	 flag	 leaves	 width	 and	 1000-grain	 weight	 (g)	
were	measured.	

Sta$s$cal	analysis

The	 data	 were	 analyzed	 by	 analysis	 of	 variance	 (ANOVA)	
procedure	 using	 SPSS	 somware	 version	 23.	 Mean	 comparison	
were	 made	 using	 Duncan	 New	Mul+ple	 Range	 Test	 (DNMRT)	
and	the	differences	were	declared	sta+s+cally	significant	when	
P<0.05	 at	 5%	 probability	 level.	 Interrela+onships	 among	 traits	
values	were	es+mated	using	the	Pearson	correla+on	coefficient.	
Heterosis	was	calculated	using	method	described	by	Virmani	et	
al.	(1997).

Mid-parent	heterosis	(MPH	%)	=	
[(F₁	-	Mid	parent	)/Mid	parent]	x	100					

Be)er-parent	heterosis	(BPH	%)	=	
[(F₁	-	Be)er	parent)/Be)er	parent]	x	100

Standard	heterosis	(STH	%)	=	
[(F₁	-	Check	variety)	/	Check	variety]	x	100

RESULTS	AND	DISCUSSION

The	analysis	of	variances	test	showed	that	there	is	a	sta+s+cally	
significant	 differences	 between	 all	 traits	 studied.	 Mean	 of	
several	 agronomic	 traits	 of	 parents	 and	 F1	 popula+ons	 are	
presented	 in	 Table	 1.	 The	 results	 indicated	 that	 the	 cross	 of	
B370/MRQ74	 showed	 significant	 difference	 in	 all	 traits	 as	
compared	 to	 both	 parents.	 In	 contrast,	 agronomic	 traits	were	
found	not	significantly	differences	in	two	crosses	B370/MM	and	
MRQ76/MM98	 respec+vely.	 With	 respect	 to	 one	 thousand	
grain	 weight,	 cross	 of	 B370/MR219	 showed	 highest	 value	
(25.64g)	 while	 lowest	 value	 (21.02g)	 was	 found	 in	 cross	 of	
B370/MM.	 The	 highest	 grain	 weight	 also	 was	 reported	 by	
Rahimi	 et	 al.	 (2010)	 which	 claimed	 that	 rice	 varie+es	 with	
higher	grain	weight	and	more	panicles	per	plant	can	be	selected	
for	 the	 purposes	 of	 breeding	 for	 grain	 yield.	 In	 addi+on,	 the	
differences	recorded	in	agronomic	characteris+c	in	both	parent	
provides	beneficial	informa+on	for	future	gene+c	studies.	
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The	results	of	correla+on	coefficients	between	all	pairs	of	
studied	traits	are	shown	in	Table	2.	Correla+on	analysis	showed	
that	 the	posi+ve	 strong	 rela+onship	 and	 significant	 associa+on	
were	 found	 between	 +ller	 with	 fer+le	 panicle	 and	 thousand	
grain	 weight	 with	 flag	 leaf	 width	 with	 value	 0.698	 and	 0.584	
respec+vely.	In	contrast,	fer+le	panicle	with	plant	height	showed	
nega+ve	strong	rela+onship.	The	results	is	similar	with	previous	
study	which	reported	the	posi+ve	correla+on	among	grain	yield	
and	 panicle	 length	 (Kole	 et	 al.,	 2008),	 thousand	 grain	 weight	
(Ullah	et	al.,	2011)	and	+ller	number	(Wa)oo	et	al.,	2010).	The	
determina+on	 of	 correla+on	 among	 agronomic	 characters	 also	
beneficial	 for	 indirect	 selec+on	 which	 could	 help	 the	 plant	
breeder	during	selec+on	and	provide	the	understanding	of	yield	
components	 (Ghoulam,	 2011).	 Rahimi	 et	 al.	 (2010)	 also	 found	
significant	 nega+ve	 correla+on	 among	 plant	 height	 and	 grain	
yield	of	rice.		

Table	 4	 summarized	 the	 heterosis	 value	 which	 was	
calculated	 as	 percent	 increase	or	 percent	 decrease	 in	 F1	 value	
over	mid-parent,	 over	 be)er-parent	 (heterobel+osis)	 and	 over	
standard	 variety.	 The	 crosses	 B370/MRQ50,	 B370/MRQ74,	
B370/MRQ76,	 B370/MR219	 and	 MRQ50/MM	 have	 shown	
posi+ve	heterosis	in	plant	height	over	mid-parent,	be)er-parent	
and	standard	variety.	Besides	 that,	panicle	 length	of	all	 crosses	
showed	 posi+ve	 heterosis	 over	 mid-parent	 and	 be)er-parent	
except	 for	crosses	MRQ76/MR219	and	MRQ76/MM98.	Posi+ve	
heterosis	 value	 also	was	 found	 in	mid-parent	 heterosis	 of	 one	
thousand	 grain	weight	 of	 all	 crosses	 except	 for	 crosses	 among	
Basma+	370	with	MRQ50	and	MRQ74	respec+vely.	 In	contrast,	
number	of	fer+le	panicle	showed	nega+ve	value	among	be)er-
parent	 heterosis	 but	 two	 crosses	 B370/MM	 and	 MRQ50/MM	
showed	 posi+ve	 heterosis	 values.	 Referring	 to	 the	 +ller	
number,cross	of	B370/MR219	recorded	nega+ve	heterosis	value	
over	mid-parent,	be)er-parent	and	standard	variety.			

Posi+ve	 heterosis	 is	 not	 significantly	 important	 in	 rice	
breeding	 for	 plant	 height.	 Jelodar	 (2010)	 reported	 that	 the	
nega+ve	heterosis	in	plant	height	is	desired	for	breeding	of	short	
stature	hybrids	and	varie+es.	Taller	plant	usually	exposed	to	pest	
and	 diseases	 infesta+on	 which	 eventually	 could	 reduce	 grain	
quality	 and	 quan+ty.	 Thus,	 hybrids	 with	 nega+ve	 heterosis	 in	

Mean	in	a	column	followed	by	the	same	le)er	are	not	significantly	different	at	0.05	level	
according	to	Duncan’s	new	mul+ple	range	test	(DNMRT);	PH:	Plant	height;	PL:	Panicle	length;	FP:	
Fer+le	panicle;	TN:	Tiller	number;	FLL:	Flag	leaf	length;	FLW:Flag	leaf	width	and	TGW:	one	
thousand	grain	weight;	CV:	Coefficient	of	varia+on,	B370:	Basma+	370,	MM:	Mahsuri	Mutan,	
MM98:	Mahsuri	Mutan	98

Table	1.	Mean	of	agronomic	characters	of	parent	and	F₁	popula+ons	

Table	2.	Correla+on	coefficients	of	agronomic	characteris+cs	in	F₁	popula+on
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plant	 height	 can	 be	 used	 to	 produce	 dwarf	 varie+es	 in	 future	
rice	 breeding	 program	 (Rahimi	 et	 al.,	 2010).	 According	 to	
Nuruzzaman	 et	 al.	 (2010),	 posi+ve	 heterosis	 in	 flag	 leaves,	
panicle	length	and	grain	weight	indicated	that	the	crosses	would	
be	 beneficial	 for	 the	 purposes	 of	 developing	 high	 yielding	
hybrids.	Hybrids	with	higher	grain	weight	and	more	panicles	also	
could	be	selected	for	increased	grain	yield	in	rice	(Rahimi	et	al.,	
2010).	 Perera	 et	 al.	 (2013)	 explained	 that	 the	 presence	 of	
heterosis	 is	 important	 tools	 in	 determining	 the	 successful	
produc+on	of	hybrid	varie+es.	Either	posi+ve	or	nega+ve,	both	
values	of	heterosis	is	important	in	crop	improvements.	

CONCLUSION

The	 finding	 of	 the	 study	 give	 some	 informa+on	 on	 gene+c	
varia+on	 of	 various	 agronomic	 characters	 that	 have	 been	
determined	 through	 hybrids	 of	 F1	 popula+on.	 The	 genotypes	
MR219,	MRQ50,	MRQ74	and	MRQ76	showed	good	combina+on	
for	thousand	grain	weight,	flag	leaf	length	and	+ller	number.	The	
crosses	 demonstrated	 high	 thousand	 grain	 weight	 (B370/
MR219;	 MRQ76/MR219),	 maximum	 flag	 leaves	 length	 (B370/
MR219;	 B370/MRQ50)	 and	 high	 +ller	 number	 (B370/MRQ74)	
showed	 promising	 results	 for	 yield	 related	 traits.	 The	
combina+on	 of	 local	 rice	 varie+es	 especially	 with	 Indian	

Table	3.	Heterosis	value	of	morphological	characteris+cs	of	F₁	popula+ons

MPH:	Mid	parent	heterosis;	BPH:	Be)er	parent	heterosis;	STH:	Standard	heterosis

tradi+onal	rice	Basma+	370	also	have	showed	great	poten+al	in	
basma+	yield	improvements	and	the	rice	lines	also	can	be	used	
for	 further	 selec+on	 for	 specifics	 quality	 traits	 such	
characteris+cs	 fragrance,	 intermediate	 to	 high	 amylose	 and	
grain	 elonga+on.	 Consequently,	 proac+ve	 in	 rice	 breeding	 for	
crop	 improvements	 and	 new	 varietal	 development	 is	 really	
needed	 to	meet	 demand	 on	 rice,	 increase	 yield	 as	 well	 as	 to	
ensure	 the	 successful	 of	 Malaysia’s	 to	 achieve	 target	 of	 self-
sufficiency	level	(SSL)	by	2020.	
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INTRODUCTION

The	 oil	 palm	 is	 a	 perennial	 crop	 that	 contributes	 the	 highest	
vegetable	 oil	 produc+on	 in	 the	 world.	 Malaysia	 is	 the	 second	
world	 largest	 producer	 of	 palm	 oil	 amer	 the	 Indonesia.	 The	
gene+c	 improvement	 of	 oil	 palm	 is	 important	 in	 order	 to	
increase	 produc+vity	 of	 the	 current	 hectarage	 of	 land	 planted	
with	oil	palm.	Marker	assisted	selec+on	is	one	of	the	technology	
that	help	increase	the	efficiency	of	gene+c	improvement	in	crop	
plants,	especially	for	perennial	crop	that	has	long	breeding	cycle.	
At	 the	 present	 +me,	 bi-parental	 quan+ta+ve	 trait	 loci	 (QTLs)	
mapping	have	been	widely	exploited	in	the	oil	palm.	However,	in	
QTL	 mapping	 the	 recombina+on	 events	 are	 limited	 which	
reduced	 the	 resolu+on	 of	 QTL	 mapping	 (Neale	 &	 Savolainen,	
2004).	As	an	alterna+ve	approach,	associa+on	mapping	strategy	
exploit	 numerous	 recombina+on	 events	 that	 are	 presence	 in	
wild	 and/or	 unrelated	 gene+c	 materials.	 Associa+on	 mapping	
could	 be	 used	 in	 the	 iden+fica+on	 of	 causal	 polymorphism	
within	 a	 gene	 that	 is	 responsible	 for	 the	 phenotypic	 varia+on	
(Yan	et	al.,	2010).	

The	 Malaysian	 Palm	 Oil	 Board	 has	 collected	 a	 large	
amount	 of	 oil	 palm	 gene+c	 materials	 from	 its	 natural	
distribu+on.	 The	 high	 level	 of	 gene+c	 diversity	 offer	 good	
opportunity	for	the	applica+on	of	associa+on	mapping	study	in	
the	dissec+on	of	QTLs	in	oil	palm	(Rajanaidu	et	al.,	2000).	In	this	
study,	 a	 popula+on	 of	 130	 oil	 palm	 germplasm	 samples	
originated	 from	 Nigeria	 were	 genotyped	 via	 genotyping	 by	
sequencing	 method.	 The	 aim	 of	 this	 study	 is	 to	 determine	
popula+on	 structure	 of	 Nigerian	 germplasm	 samples	 and	
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Abstract

Associa+on	mapping	(AM)	is	an	alterna+ve	method	for	dissec+ng	of	quan+ta+ve	trait	 loci	(QTLs)	 in	plants.	 In	this	study,	130	palms	
from	the	Nigerian	germplasm	were	analyzed	using	genotyping	by	sequencing	(GBS).	A	total	of	27,113	SNPs	were	successfully	called.	
Of	these,	2,462	SNPs	were	informa+ve	and	used	in	popula+on	structure	and	AM	analyses.	STRUCTURE	and	Darwin5.0	were	employed	
to	ascertain	the	popula+on	structure	of	these	samples.	Results	from	STRUCTURE	showed	K	=	2	which	inferred	the	presence	of	two	
subpopula+ons.	 Similar	 results	 were	 a)ained	 from	 the	 phylogene+c	 tree	 constructed	 using	 DARwin5.0	 somware.	 Following	 the	
popula+on	structure	analysis,	associa+on	analysis	was	performed	using	TASSEL	5.0.	Six	models	were	applied,	namely,	general	linear	
model	(GLM),	GLM	+	Q,	GLM	+	PCA,	mixed	linear	model	(MLM),	MLM	+	Q,	MLM	+	PCA.	A	significant	associa+on	was	found	between	a	
marker	and	mean	 fruit	weight	 (MFW).	The	QQ	plot	plo)ed	showed	that	MLM	+	Q	and	MLM	+	PCA	are	 the	best	fi)ed	models	 for	
associa+on	analysis	in	this	study.

Key	words:	Oil	palm,	germplasm,	popula+on	structure,	associa+on	mapping	

iden+fy	molecular	markers	associated	with	the	valuable	traits	of	
oil	palm.	

MATERIALS	AND	METHODS

A	total	of	130	leaf	samples	of	Nigerian	oil	palm	germplasm	was	
collected	 from	the	field.	The	samples	were	kept	on	 -80°C	un+l	
needed.	 DNA	 extrac+on	 was	 done	 according	 to	 Suzana	 et	 al.	
(2015)	 with	 slight	 modifica+on.	 The	 DNA	 samples	 were	
genotyped	using	genotyping	by	sequencing	approach.	The	DNA	
samples	 were	 digested	 using	 Pst1	 restric+on	 enzyme.	 Paired-
end	 sequencing	 of	 96-plex	 library	 was	 performed	 on	 a	
HiSeq2000.	The	filtered	sequence	reads	were	aligned	to	the	oil	
palm	 reference	 genome	 (Singh	 et	 al.,	 2013)	 via	 the	 Burrows-
Wheeler	alignment	(BWA)	tool	(Li	et	al.	2009).	A	total	of	27,113	
SNPs	 were	 successfully	 called	 and	 informa+ve	 SNPs	 were	
filtered	 for	 further	analysis.	 STRUCTURE	2.3.4	 (Pritchard	et	al.,	
2000)	 was	 employed	 for	 popula+on	 structure	 analysis	 using	
2,462	 informa+ve	 SNPs.	 Phylogene+c	 tree	 was	 constructed	
using	 DARwin5.0	 (Perrier	 &	 Jacquemoud-Collet,	 2006)	 to	
conform	 STRUCTURE	 analysis	 result.	 The	 es+mates	 of	
membership	 coefficients	 (Q)	 matrix	 was	 es+mated	 in	
STRUCTURE	 and	 u+lized	 for	 associa+on	 mapping	 analysis.	
Principle	 component	 analysis	 (PCA)	 and	 the	 rela+ve	 kinship	
matrix	 were	 respec+vely	 determined	 using	 TASSEL	 5.0.	
Associa+on	mapping	analysis	was	computed	by	TASSEL	5.0	with	
the	applica+on	of	six	associa+on	models	namely,	general	linear	
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Figure	1.	Popula+on	structure	analysis	of	the	Nigerian	germplasm	collec+ons	(a)	result	from	
STRUCTURE	HARVESTER	and	(b)	result	from	DARwin	revealed	two	subpopula+ons

Figure	2.	The	red	arrows	in	the	Manha)an	plots	show	a	marker	that	significantly	associated	with	mean	
fruit	weight	trait	across	all	the	associa+on	models	tested.

the	applica+on	of	six	associa+on	models	namely,	general	 linear	
model	(GLM),	GLM	+	Q,	GLM+	PCA,	mixed	linear	model	(MLM)	+	
Kinship	matrix	(K),	MLM	+	K	+	Q	and	MLM	+	K	+	PCA.	Significant	
marker	 trait	 associa+on	 was	 iden+fied	 according	 to	 5%	
Bonferroni	 correc+on	method.	The	P-value	 for	all	models	were	
compiled	for	the	construc+on	of	QQ	plot	to	assess	the	suitability	
and	 the	 effec+veness	 of	 the	 models	 in	 the	 reduc+on	 of	 false	
posi+ve	associa+on.

RESULTS	AND	DISCUSSIONS

The	 inference	 of	 popula+on	 structure	 was	 computed	 using	
STRUCTURE	 somware.	 The	 output	 generated	 from	 the	

STRUCTURE	 analysis	 was	 summarized	 and	 visualized	 using	
STRUCTURE	 HARVESTER	 (Earl	 &	 von	 Holdt,	 2012)	 with	 the	
implementa+on	of	Evanno	method	(Evanno	et	al.,	2005).	Based	
on	figure	1a,	the	number	of	subpopula+ons	(K)	was	inferred	at	
the	highest	delta	K	value	that	shows	a	clear	peak	at	K	=	2.	The	
construc+on	 of	 the	 phylogene+c	 tree	 also	 shows	 two	 dis+nct	
clusters	 that	 indicate	 the	 samples	 consisted	 of	 two	
subpopula+ons	(Figure	1b).	

The	 associa+on	 analysis	 revealed	 a	 marker	 trait	
associa+on	 for	mean	 fruit	weight	 (MFW)	 trait.	 The	Manha)an	
plots	 (Figure	 2)	 show	 that	 there	 is	 a	 marker	 located	 on	
chromosome	1	significantly	associated	with	MFW	trait	across	all	
of	 the	models	 tested	at	 significant	 threshold	 value	of	4.3.	 The	
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GLM	 model	 without	 correc+on	 factors	 of	 Q	 matrix	 and	 PCA	
detected	 a	 few	 marker	 trait	 associa+ons.	 However,	 when	 the	
correc+on	 factors	 were	 implemented	 in	 the	 GLM	 and	 MLM	
models,	 there	 is	 only	 one	 SNP	 marker	 significantly	 associated	
with	MFW	trait.	This	shows	the	addi+on	of	correc+on	factors	in	
the	 associa+on	 analysis	 models	 play	 an	 important	 role	 in	 the	
reduc+on	false	posi+ve	associa+on.	

The	 distribu+on	 of	 P-values	 a)ained	 from	 three	
models	(MLM	+	K,	MLM	+	K	+	Q	and	MLM	+	K	+	PCA)	were	the	
closest	to	the	ideal	line.	This	indicated	that	these	models	are	the	
most	suitable	for	carrying	out	AM	in	oil	palm.	

CONCLUSION

The	 popula+on	 structure	 analysis	 indicated	 the	 Nigerian	
germplasm	 collec+ons	 consisted	 of	 two	 subpopula+ons.	 The	
inclusion	of	 correc+on	 factors	 such	as	 structure,	Q-matrix,	PCA	
and	rela+ve	kinship	have	successfully	reduced	the	false	posi+ve	
associa+ons.	 Significant	 marker	 trait	 associa+on	 was	 detected	
between	 a	 SNP	marker	 and	mean	 fruit	 weight	 trait	 for	 all	 the	
associa+on	models	 tested.	 This	 study	 indicate	 that	 associa+on	
mapping	study	is	suitable	for	oil	palm.	
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Abstract

Four	wheat	genotypes	and	their	crosses	were	inves+gated	for	callus	induc+on	from	anther	culture,	and	the	effects	of	pre-treatments	
as	well	as	media	components	to	reduce	regenera+on	of	albino	plants.	Significant	varia+on	(P	<	0.01)	was	observed	among	the	tested	
genotypes,	 pre-treatments,	 media	 components	 and	 the	 interac+on	 among	 them.	 All	 studied	 wheat	 genotypes	 and	 their	 crosses	
produced	high	 percentage	 (>5.5%)	 of	 callus	when	 subjected	 to	 33°C	 pre-treatment	 for	 48	 hours	 followed	with	 culturing	 on	CHB3	
induc+on	medium.	Moreover,	all	parents	and	their	combina+ons	produced	good	percentage	(>	4%)	of	green	plants	and	least	value	(<	
2%)	of	albino	plants	amer	growing	on	R9	regenera+on	media.	However,	 incuba+on	at	4°C	for	7	days	 in	the	dark	condi+on	followed	
with	N6	 induc+on	medium	and	MS	 regenera+on	media	 exhibited	 least	 percentage	of	 callus	 induc+on	 (<	 3.5%)	 and	produc+on	of	
green	plants	(2.5%).	The	lowest	percentage	of	anthers	that	induced	calli	was	0%	for	Forat	under	the	4°C	condi+on.	In	contrast,	Abo-
Graib	×	G8	displayed	the	highest	ability	 for	 induc+on	of	callus	and	green	plants	which	were	41%	and	40%	and	 least	percentage	of	
albino	plants	(1%)	when	subjected	to	the	33°C	condi+on.	
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Key	words:	 	Wheat	varie+es	(Tri8cum	aes8vum	L.),	pretreatments,	callus	and	regenera+on	medium,	green	and	albino	plants,	
doubled	haploid	lines

INTRODUCTION

In	the	emerging	and	under	developed	regions,	around	2.5	billion	
people	 depend	 on	 wheat	 (T.	 aes8vum)	 as	 their	 energy	 source	
(FAOSTAT	2010).	For	them,	wheat	 is	a	staple	commodity	whose	
produc+on	 involves	 around	 200	 million	 farmers	 and	 their	
families.	 Produc+on	 of	 wheat	 and	 its	 yield	 directly	 impact	
human	 existence	 in	 developing	 na+ons	 and	 quality	 of	 life	 in	
industrial	economies.	From	1995	 to	2006,	a	1.1%	yearly	 rise	 in	
produc+vity	 was	 noted	 in	 around	 85%	 of	 20	 wheat	
manufacturing	na+ons	(Dixon	et	al.	2009).	Projec+ons	based	on	
this	 growth	 rate	 indicated	 that	 wheat	 produc+vity	 would	 rise	
17%	 by	 2025,	 which	 is	 quite	 lower	 than	 the	 requisite	 25%	 to	
feed	 the	 projected	 populace	 at	 that	 +me	 (Rosegrant	 &	 Agcoili	
2010).	 More	 improvements	 in	 wheat	 produc+vity	 can	 be	
accomplished	by	u+lising	the	land	resources	that	are	at	present	
unfeasible	 or	 prohibited	 to	 produce	 crops	 such	 as	 wheat	
because	 of	 surplus	 of	 salts	 and	 other	 abio+c	 stresses.	 It	 is	
projected	that	around	60%	rise	in	cereal	produc+on	is	necessary	
to	 meet	 the	 global	 demand	 by	 the	 year	 2050	 (Rosegrant	 and	
Cline	2003).	This	situa+on	highlights	that	food	security	is	s+ll	the	
most	 crucial	 concern	 in	 spite	of	 advancement	and	deployment	
of	 advanced	 technologies.	 Selec+on	 of	 varietal	 using	
conven+onal	 technique	 needs	 many	 genera+on	 of	 selec+on	
which	 may	 take	 more	 than	 10	 years	 to	 produce	 a	 variety	

(Mansouri	 	et	al.,	2005).	However,	through	the	procedure	of	 in	
vitro	culture,	the	+me	required	for	crea+on	of	new	lines	can	be	
significantly	 shorten	 by	 taking	 benefits	 of	 exis+ng	 gene+c	
varia+on	(Maheswary	&	Mak	1993).	In	addi+on	to	conven+onal	
breeding	 techniques	 used	 for	 wheat	 development	 (Su	 et	 al.	
1992),	 the	 anther	 culture	 technique	 could	 be	 applied	 as	 an	
untradi+onal	 supplementary	 technique.	 In	 vitro	anther	 culture	
exhibits	a	fast	technique	for	produc+on	of	true	breeding	lines	in	
the	immediate	genera+on	from	any	segregated	species	(Marassi	
et	al.	1993)	and	promo+ng	homozygosity	(Smith	&	Drew	1990).	
Breeding	 researchers	 show	 that	 the	 development	 of	 doubled	
haploid	(Mohiuddin	et	al.	2006)	to	achieve	homozygosity	allows	
the	 possibility	 for	 crop	 improvement	 in	 producing	 the	wanted	
trait	at	a	faster	+me	through	minimizing	the	breeding	processes	
(Hassawi	et	al.	2005;	M.	A.	El-Hennawy	et	al.	2011).

For	 a	 successful	 breeding	 programme	 using	 the	
microspores	 for	an	 increased	doubled	haploid	produc+on,	 it	 is	
important	 to	 use	 genotypes	 having	 higher	 regenera+on	
capacity.	Several	 studies	have	stated	 that	 the	anther	culture	 is	
heritable	and	 it	 is	 transferred	 to	other	materials	with	 the	help	
of	 a	 crossing	 over	 (Grauda	 et	 al.	 2010).	 But,	 since	 the	
agricultural	 varie+es	 that	 are	 cul+vated	 are	 derived	 from	
several	gene+c	sources,	it	is	possible	to	find	good	genotypes	in	
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unselected	crosses	or	gene+c	 lines.	There	are	very	 few	reports	
that	 have	 studied	 the	 transgressive	 segrega+on	 in	 the	 wheat	
crop	 (Cistue	 et	 al.	 2009).	 Stress	 treatment	 for	 inducing	
embryogenesis	 is	 a	 prerequisite	 for	 success.	 Different	 stresses	
have	been	applied	including	physical,	physiological	and	chemical	
stresses	 of	 excised	 spikes,	 anthers	 or	microspores	 for	 inducing	
androgenesis,	 (Zoriniants	et	al.	2005).	 In	general,	 it	 seems	 that	
stress	performances	by	applying	 the	pretreatment	 leads	 to	 the	
change	from	gametophy+c	pathway	to	saprophy+c	pathway.

Produc+on	of	albino	plants	omen	 limits	 the	capability	
of	 anther	 culture	 from	 cereals.	 Therefore,	 it	 is	 important	 to	
provide	 a	 suitable	 environment	 which	 is	 necessary	 for	
development	and	prolifera+on	of	embryogenic	microspores	and	
produc+on	 of	 embryos.	 Auxiliary	 factors	 during	 this	 stage	may	
include	improved	physical	condi+ons	and	appropriate	elements	
in	 the	media	 (Ekhveh	et	 al.	 2013).	 	 In	 this	 study,	we	 aimed	 to	
inves+gate	 the	 factors	 affec+ng	 anther	 culture	 for	 callus	
induc+on	and	regenera+on	media	for	produc+on	of	green	plants	
of	certain	wheat	genotypes	along	with	the	F1	cross	hybrids.	

MATERIALS	AND	METHODS	/	METHODOLOGY	

Growth	of	Donor	Plants

Four	 wheat	 varie+es	 which	 were	 Abo-Graib,	 Dijla,	 Forat	 (salt	
sensi+ve)	and	G8	(salt	tolerant)	were	sown	in	the	glasshouse	of	
Ins+tute	of	Tropical	Agriculture,	Universi+	Putra	Malaysia	in	April	
2014.	 For	 purpose	 of	 cross,	 emascula+on	 of	 spikes	were	 done	
before	 anthesis	 and	 then	 they	were	 immediately	 covered	with	
the	 bags	 to	 prevent	 uncontrolled	 pollina+on.	 For	 obtaining	 6	
[(4(4–1)/2]	 different	 cross	 combina+ons,	 two	 days	 amer	
emascula+on	 the	 spikes	 of	 the	 parents	were	 subjected	 to	 4×4	
half-diallel	 crosses.	These	 four	parental	wheat	genotypes	along	
with	 the	six	F1	cross	combina+ons	 (Abo-Graib,	Forat,	Dijla,	G8,	
Abo-Graib×Forat,	 Abo-Graib×Dijla,	 Abo-Graib×G8,	 Forat×Dijla,	
Forat×G8	and	Dijla×G8)	were	then	planted	in	the	same	place	in	

September	2014	with	a	plot	grain	drill	having	300	plants	per	m²	

area	(Wajid	et	al.	2004).

Pretreatment	of	Spikes

	The	 	+llers	 	with	their	spikes	were	harvested	 	at	the	boot	stage	
when	the	majority	of	 the	developed	microspores	were	at	 their	
mid-	or	late-uninucleate	developmental	stage,	as	determined	by	
the	 DAPI (4'-6-diamidino-2-phenylindole HCl)	 staining	 of	 the	
chosen	 squashed	 anthers	 and	 cells were photographed under 
UV light (Kasha et al. 2001) in	microscope	laboratory/	Ins+tute	
of	Bioscience/	Universi+	Putra	Malaysia (Figure	1	)	 .	Thereamer,	
the	+llers	and	spikes	were	pre-treated	in	two	stresses	including	
cold	 and	 heat	 followed	with	 chemical	 treatment.	 For	 the	 cold	
pretreatment,	four	+llers	were	kept	in	a	humid	paper	towel	and	
were	saved	by	aluminum	foil	for	maintaining	its	humidity	(Hu	&	
Kasha	 1999).	 200	 ml	 of	 dis+lled	 water	 was	 added	 to	 the	 jar	
containing	the	ends	of	+llers	and	incubated	at	4°C	for	7	days	in	
dark	condi+on.	In	contrast,	heat	+	chemical	pretreatment.	Based	
on	modified	method	Liu	et	al.	(2002)	modified	method,	50	ml	of	

sterile	 inducer	formula+on	(50	mg	L-¹	2-HNA,	10-⁶	M	2,4-D	and	

10-⁶	M	BAP)	was	placed	 in	beaker	 containing	 the	basal	of	 four	
+llers	 amer	 covered	 the	 spikes	 by	 the	 plas+c	 bag	 and	 sealed	

around	 the	beaker	with	parafilm	tape.	The	beaker	was	kept	 in	
an	incubator	at	33°C	for	48	hours.

Culture	of	isolated	anthers

	 The	 pre-treatments	 spikes	 were	 then	 subjected	 to	 surface	
sterilisa+on	using	20%	chlorax	solu+on	 for	7	mins	 then	rinsing	
with	dis+lled	water.	The	anthers	were	dissected	asep+cally	and	
were	 cultured	 in	 jars	 having	 three	 anther	 culture	 medium,	
NPB-99	(Zheng	et	al.	2003),	CHB3	 induc+on	medium	 (Picard	&	
Buyser	 1973)	 and	 N6	 induc+on	 medium	 (Chu	 1978)	
supplemented	with	2	mg/L	of	2,4-D,	2	mg/L)	of	kine+n,	90	g/L	
sucrose,	and	7	g/L	agar.	Ini+ally,	the	jars	were	incubated	under	
dark	 condi+ons	 for	 5-6	 weeks	 at	 28	 °C.	 A	 completely	
randomised	design	was	used	in	the	study	for	the	10	genotypes	
and	the	three	replicates	(spikes)	samples.	Every	replicate	had	30	
anthers	 from	 every	 spike	 that	 were	 then	 placed	 in	 jars.	 The	
callus	 induced	 from	 anthers	 which	 cultured	 at	 NPB-99,	 CHB3	
and	 N6	 callus	 induc+on	 medium	 was	 transferred	 to	 the	 jars	
which	 contained	 the	 modified	 190-2	 (Pauk	 et	 al.	 2003),	 R9	
(Picard	 &	 Buyser	 1973)	 and	MS	 (Murashige	 and	 Skoog,	 1962)	
regenera+on	medium	respec+vely,	supplemented	with	0.5	mg/
L	kine+n,	0.5	mg/L	NAA,	and	30	g/L	 sucrose.	All	 the	 jars	were	
further	 incubated	 at	 28	 °C	 for	 5-7	 weeks	 under	 16	 h	 light	
condi+ons.	

Thereamer,	 the	 green	 and	 the	 albino	 regenerated	
shoot	number	were	determined.	The	small	green	shoots	having	
an	adequate	amount	of	root	forma+on	were	then	transferred	to	
smaller	 pots	 which	 contained	 soil,	 compost	 and	 sand	 (1:3:1),	
and	were	covered	with	a	plas+c	sheet	for	a	period	of	3	weeks.	
The	plants	were	allowed	to	develop	 in	 the	growth	chamber	at	
18	°C	for	6-8	weeks	under	16	h	light	condi+ons.

Produc$on	of	doubled	haploid	plants	

	 The	 regenerated	 green	 plantlets	 were	 transplanted	 to	 the	
greenhouse	 for	 be)er	 growth	 and	 plant	 matura+on.	 The	
chromosomes	 number	 were	 doubled	 by	 colchicine	 treatment	
(Tadesse	et	al.	2012) and	were	determined	for	the	haploid	and	
the	 green	 plantlets	 according	 to	 Jauhar	 et	 al.(	 1999)	 in	
microscope	laboratory/	Ins+tute	of	Bioscience/	Universi+	Putra	
Malaysia	 (Figure	 2)	 	 .	 The	 seeds	 that	were	 obtained	 from	 the	
doubled	 haploids	 were	 then	 harvested.	 87	 of	 the	 doubled	
haploid	 (DH)	 lines	 obtained	 from	 the	 six	 combina+ons	 along	
with	their	parental.

Sta$s$cal	analysis	of	the	data

ANOVA factorial design was used for data analysis using SAS 
program version 9.4. Genotype means was determined using the 
LSD (P=0.01) (Steel	and	Torrie,	1980).

RESULTS	AND	DISCUSSION

Anther	culture	response	of	the	wheat	parental	genotypes	and	
the	F1	hybrids

One	 important	 factor	 that	 helps	 the	 haploid	 plant	 produc+on	
through	the	androgenesis	process	includes	the	anther	culturing	
at	the	mid-	or	the	late-uninucleate	developmental	stage.	If	the	
plant	 is	 cultured	within	 this	 stage,	 a	 noted	 shim	 in	 the	 pollen	
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Table 1. Analysis of variance of three traits studied in four 
varieties of wheat and their F1 crosses

Figure 1. Suitable developmental stages of uninucleate 
microspore for anther culture

A - Spike in mid- uninucleate microspore stage; B- Mid- 
uninucleate microspore stage from freshly spikes (A=B); C- Spike 

in late- uninucleate microspore stage; D- Late-uninucleate 
microspore stage in freshly spikes(C=D) (A, B, C and D are the 
suitable stages for anther culture); E- Nucleus in the stage of 

metaphase; F- Nucleus in the stage of anaphase 

Figure 2. Chromosomes number of haploid and doubled haploid 
wheat plant

A- Haploid wheat plants, n = 3x = 21 (ABD); B- Doubled haploid 
wheat plant, 2n = 6x = 42 (AABBDD)

developmental	 pathway	 is	 observed,	 and	 amer	 many	 mito+c	
microspores	divisions,	the	callus	development	is	noted	(Barakat	
et	al.	2012).	A	successful	anther	culture	applica+on	is	based	on	
the	androgenic	response	of	 the	genotypes	along	with	a	higher	
frequency	 of	 the	 chromosome	 doubling.	 Varie+es,	
pretreatments,	 medium,	 varieties x pretreatment, varieties x 
medium,	pretreatment x medium and varieties x pretreatment x 
medium	 effects	were	 significant	 (P<	 0.01)	 for	 callus	 induc+on,	
green	and	albino	plants	 traits	 (Table	1	 )	 .Figure	3	presents	 the	
response	 of	 the	 anthers	 from	 the	 four	 wheat	 parental	 plants	
along	with	their	cross	combina+ons.	From	the	results,	it	can	be	
seen	that	 there	were	significant	differences	 (P<	0.01)	between	
the	parental	genotypes	and	their	crosses	for	the	anther	culture,	
thus	 displaying	 a	 high	 gene+c	 diversity	 amongst	 the	materials	
used.	 The	 callus	 could	 be	 derived	 from	 all	 of	 the	wheat	 plant	
genotypes.	 The	 percentage	 of	 callus,	 green	 and	 albino	 plants	
developed	 from	 the	 anthers	 of	 the	 parental	 genotypes	 varied	
between	 0.6%,	 0.5%	 and	 0.1%	 (Forat)	 to	 2.5%,1.6%	 and	 0.9%	
(Abo-Graib),	averaging	at	1.3%,	0.9%	and	0.5%,	respec+vely.	For	
the	crosses,	the	produc+on	of	the above-mentioned	traits	varied	
between	 1.6	 %,	 1%	 and	 0.6%	 for	 Abo-Graib	 ×	 Dijla	 to	 13.4%,	
10.4%	 and	 3%	 for	 Abo-Graib×G8,	 respec+vely	 (Fig.	 3).	 All	 the	
corresponding	 crosses	 averaged	 at	 6.9	 %,	 4.9%	 and	 2%	
respec+vely.	 El-Hennawy	 et	 al.	 (2011)	 noted	 similar	 kind	 of	
results	 when	 they	 men+oned	 the	 developed	 calli,	 green	 and	
albino	plants	ranged	from	very	low	value	of	 	0.67%,	0%	and	0%	
for	Gemmeiza-9	parent,	to	very	high	value	of	18.00%,	10%	and	
24%	 for	 the	 cross	 (Gemmeiza-7  x  Sids-4),	 (Giza-	 164	 x	
Gemmeiza-	9)	and		(Gemmeiza-7  x  Sids-4), respectively. 

Anther	culture	response	of	the	effect	of	pretreatments

The	 kind	 of	 used	 pretreatment	 is	 considered	 an	 important	
factor	in	embryogenesis	induc+on	and	the	produc+on	of	green	
plants	 (Touraev	et	al.	1996).	These	stresses	differed	 from	each	
other	 in	nature	and	intensity.	These	proper+es	are	reflected	in	
blocking	microspores	 pathway	 and	 induc+on	 and	 prolifera+on	
of	embryogenesis.	The	goal	of	stress	is	not	only	to	increase	the	
number	 of	 embryogenic	 microspores,	 but	 also	 to	 induce	
appropriate	 embryos	 that	 can	produce	 green	plants	 (Zheng	et	
al.	2003).	The	studied	 traits	differed	based	on	cold	and	heat	+	
chemical	pretreatments	(Fig.4).	The	highest	percentage	of	callus	
induc+on,	 green	 and	 albino	 plants	 (8%,	 6%	 and	 1.7%,	
respec+vely)	 were	 obtained	 from	 pretreatment	 of	 the	 +llers	

using	50	mg	L-¹	2-HNA,	10-⁶	M	2,	4-D	and	10-⁶	M	BAP	at	33	°C	
for	48	hours	while,	 the	 lowest	values	 (2%,	1%	and	1.1%)	were	
obtained	 from	 using	 cold	 treatments	 (4°C	 for	 7	 days),	
respec+vely.	 Pretreatment	 of	 spikes	 at	 cold	 condi+on	 can	
enhance	 the	 total	 content	 of	 free	 amino	 acids	 which	 led	 to	
modifica+on	 of	 microspores	 to	 the	 metabolic	 changes	 and	
inducement	 and	 prolifera+on	 of	 embryogenesis	 (Xie	 et	 al.	
1997),	 but	 in	 this	 study	 the	 varie+es	 that	 displayed	 a	 low	
response	 to	 cold	 pretreatment	 may	 be	 require	 to	 cold	 stress	
with	at	higher	intensity	or	other	pretreatments. Using the heat 
+ chemical pretreatment, we were successful in increasing the 
callus and green plants as well as decreasing albino plants 
because chemical	inducers	consis+ng	of	2-HNA	helps	to	release	
embryogenesis	and	to	maintain	 the	microspores	sustainability.	
In	addi+on,	 the	dead	microspores	help	 to	 stop	 the	produc+on	
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of	 embryos	 by	 enhancing	 phenolics	 and	 changing	 the	
composi+on	 of	 medium.	 For	 this	 reason,	 a	 suitable	
pretreatment	must	limit	the	frequency	of	dead	microscopes		(Liu	
et	al.	2002).	This result is considered useful in providing solution 
to decrease the albino plants.  The results of the current study 
agree with results of  Ekhveh et al. (2013) when they noted the 
percentage of  callus induction, green and albino plants in the 
heat + chemical pretreatment were higher than that of cold 
pretreatment.

Callus	 induc$on	 and	 the	 of	 the	 effect	 of	 the	 medium	 in	 the	
produc$on	of	green	and	albino	plants	

The	 ingredients	of	the	medium	are	 important	for	the	 induc+on	
of	 embryogenic	 and	 non-	 embryogenic	 callus,	 also	 for	 green	
plant	 regenera+on.	 The	 differen+a+on	 between	 the	
embryogenic	 callus	 and	 non-	 embryogenic	 callus	 can	 be	
dis+nguished	by	the	specific	color	and	shape.	The	embryogenic	
callus	 color	 being	 from	 white	 to	 pale	 yellow,	 while	 its	 shape	
being	 compact	 structure,	 nodular	 and	 globular,	 and	 rela+vely	
dry	 in	 appearance.	 On	 the	 other	 hand,	 the	 color	 of	 non-
embryogenic	 callus	 can	 be	 iden+fied	 by	 yellow	 or	 brownish	
color.	 Moreover,	 its	 shape	 is	 loosed	 texture,	 irregular	 	 and	
watery	 in	 appearance	 (Mahmood	 et	 al.	 2012)	 (	 Fig	 10).	 	 The	
concentra+on	 of	 myo-inositol	 in	 media	 may	 be	 important	

because	 it	 helps	 in	 the	 regula+on	 of	 Ca⁺	 in	 the	 internal	 cell	
(Hetherington	&	Brownlee	2004).	 It	has	been	noted	 that	 some	
amino	 acids	 can	 be	 beneficial	 for	 embryo	 maturity	 and	
regenera+on	of	plant	(Tro�er	et	al.	1993). CHB3	anther	culture	
medium	 followed	 by	 R9	 regenera+on	 medium	 produced the 
highest percentage of callus induction, green and albino plants 
which were 5.5%, 4.1% and 1.4%, respectively. On the other 
hand, the lowest value of the above-mentioned traits (3.7%, 2.6% 
and 1%, respectively) were obtained using N6	 anther	 culture	
medium	followed	by	MS	regenera+on	medium	(Fig.	5).	The	main	
differences	 in	 three	 medium	 used	 in	 the	 present	 study	 were	
glutamine	(amino	acid)	and	myo-inositol	which	led	to	this	result.	
The	 CHB3	 callus	 induc+on	 medium	 	 was	 supplemented	 with	
993.5	mg/L	of	glutamine	and	300	mg/L	of	myo-inositol  which	
would	have	led	to	its	superior	performance,	while	the	induc+on	
medium	NPB-99	 	had	500	mg/L	and	50	mg/L	of	 	the	glutamine	
and	 myo-inositol,	 respec+vely.	 In	 contrast,	 the	 N6	 induc+on	
medium	was	 free	 of	 them.	 Ekhveh	 et	 al.	 (2013)	 reported	 that	
CHB2	 anther	 culture	 medium	 followed	 by	 R9	 regenera+on	
medium	produced	higher	percentage	of	total	plant	regenera+on	
(34.3%)	 for	 mean	 of	 tested	 cul+vars	 compared	 with	 NPB-99	
anther	 culture	 medium	 followed	 by	 Modified	 190-2	
regenera+on	medium	which	induced	the	lowest	value	(32%).	

Effect	of	 interac$on	between	varie$es	and	pre-treatments	on	
percentage	of	callus	induc$on,	green	and	albino	plants

All	parents	and	 their	F1	combina+ons	were	superior	 in	studied	
traits	 when	 their	 +llers	 with	 spikes	 were	 treated	 using	 the	

formula+on	(50	mg	L-¹	2-HNA,	10-⁶	M	2,	4-D	and	10-⁶	M	BAP)	at	
33°C	 for	 48	 hours,	 while	 the	 lowest	 percentage	 of	 callus	
induc+on,	green	and	albino	plants	was	noted	when	incubated	at	
4°C	 for	 7	 days	 in	 dark	 condi+on	 (Fig.	 6).	 The	 percentage	 of	
studied	 traits	 developed	 from	 the	 anthers	 of	 the	 parental	

Figure 3.  Effect of Varieties and their F1 on percentage of callus 
induction, green and albino plants

Figure 4. Effect of pretreatments on percentage of callus 

Figure 5.  Effect of anther culture and regeneration medium on 
percentage of callus induction, green and albino plants
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Figure 6. Effect of interaction between varieties and pretreatments 
on callus induction, green and albino plants

1= Abo-Graib (Parent); 2= Dijla (Parent); 3= Forat (Parent) ; 4= G8 (Parent); 
5= Abo- Graib x Dijla; 6= Abo- Graib x Forat; 7= Abo- Graib x G8; 8= Dijla x 

Forat; 9= Dijla x G; 10= Forat x G8 

embryogenic	 callus	 can	 be	 iden+fied	 by	 yellow	 or	 brownish	
color.	 Moreover,	 its	 shape	 is	 loosed	 texture,	 irregular	 	 and	
watery	 in	 appearance	 (Mahmood	 et	 al.	 2012)	 (	 Fig	 10).	 	 The	
concentra+on	 of	 myo-inositol	 in	 media	 may	 be	 important	

because	 it	 helps	 in	 the	 regula+on	 of	 Ca⁺	 in	 the	 internal	 cell	
(Hetherington	&	Brownlee	2004).	 It	has	been	noted	that	some	
amino	 acids	 can	 be	 beneficial	 for	 embryo	 maturity	 and	
regenera+on	of	plant	(Tro�er	et	al.	1993). CHB3	anther	culture	
medium	 followed	 by	 R9	 regenera+on	 medium	 produced the 
highest percentage of callus induction, green and albino plants 
which were 5.5%, 4.1% and 1.4%, respectively. On the other 
hand, the lowest value of the above-mentioned traits (3.7%, 
2.6% and 1%, respectively) were obtained using N6	 anther	
culture	medium	followed	by	MS	regenera+on	medium	(Fig.	5).	
The	main	differences	in	three	medium	used	in	the	present	study	
were	glutamine	(amino	acid)	and	myo-inositol	which	led	to	this	
result.	The	CHB3	callus	 induc+on	medium	 	was	 supplemented	
with	 993.5	 mg/L	 of	 glutamine	 and	 300	 mg/L	 of	 myo-inositol  
which	 would	 have	 led	 to	 its	 superior	 performance,	 while	 the	
induc+on	medium	NPB-99	 	had	500	mg/L	and	50	mg/L	of	 	the	
glutamine	 and	 myo-inositol,	 respec+vely.	 In	 contrast,	 the	 N6	
induc+on	 medium	 was	 free	 of	 them.	 Ekhveh	 et	 al.	 (2013)	
reported	 that	 CHB2	 anther	 culture	 medium	 followed	 by	 R9	
regenera+on	 medium	 produced	 higher	 percentage	 of	 total	
plant	 regenera+on	 (34.3%)	 for	 mean	 of	 tested	 cul+vars	
compared	 with	 NPB-99	 anther	 culture	 medium	 followed	 by	
Modified	190-2	regenera+on	medium	which	induced	the	lowest	
value	(32%).	

Figure VII Effect of interaction between varieties and medium on 
callus induction, green and albino plants

a = NPB-99 anther culture medium followed by Modified 190-2 regeneration 
medium; b = CHB3 anther culture medium followed by R9 regeneration 

medium; c = N6 anther culture medium followed by MS regeneration 
medium

1= Abo-Graib (Parent); 2= Dijla (Parent); 3= Forat (Parent); 4= G8 (Parent); 
5= Abo- Graib x Dijla; 6= Abo- Graib x Forat; 7= Abo- Graib x G8; 8= Dijla x 

Forat; 9= Dijla x G; 10= Forat x G8 

Figure VIII Effect of interaction between pretreatments and 
medium on callus induction, green and albino plants

a = NPB-99 anther culture medium followed by Modified 190-2 regeneration 
medium; b = CHB3 anther culture medium followed by R9 regeneration 

medium; c = N6 anther culture medium followed by MS regeneration 
medium

1= cold pretreatment (4°C for 7 days); 2= heat + chemical pretreatment (50 
mg L-1 2-HNA, 10-6 M 2, 4-D and 10-6 M BAP) at 33°C for 48 hours

Figure IX Effect of interaction among varieties, pretreatments and 
medium on callus induction, green and albino plants

a = NPB-99 anther culture medium followed by Modified 190-2 
regeneration medium; b = CHB3 anther culture medium followed by R9 

regeneration medium; c = N6 anther culture medium followed by MS 
regeneration medium

A= cold pretreatment (4°C for 7 days); B= heat + chemical pretreatment (50 
mg L-1 2-HNA, 10-6 M 2, 4-D and 10-6 M BAP) at 33°C for 48 hours

1= Abo- Graib x G8; 2= Dijla x G; 3= Forat x G8; 4= Dijla x Forat; 5= Abo- 
Graib x Forat;  6= Abo-Graib (Parent); 7= Abo- Graib x Dijla; 8= G8 

(Parent); 9= Dijla (Parent); 10= Forat (Parent)  
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Effect	of	 interac$on	between	varie$es	and	pre-treatments	on	
percentage	of	callus	induc$on,	green	and	albino	plants

All	parents	and	 their	F1	combina+ons	were	superior	 in	studied	
traits	 when	 their	 +llers	 with	 spikes	 were	 treated	 using	 the	

formula+on	(50	mg	L-¹	2-HNA,	10-⁶	M	2,	4-D	and	10-⁶	M	BAP)	at	
33°C	 for	 48	 hours,	 while	 the	 lowest	 percentage	 of	 callus	
induc+on,	green	and	albino	plants	was	noted	when	incubated	at	
4°C	 for	 7	 days	 in	 dark	 condi+on	 (Fig.	 6).	 The	 percentage	 of	
studied	 traits	 developed	 from	 the	 anthers	 of	 the	 parental	
genotypes	 which	 were	 treated	 with	 heat+	 chemical	 varied	
between	1%,1%	and	0%	(Forat	and	Dijla)	to	4%,3%	and	1%	(Abo-
Graib),	 averaging	 at	 2%,1.5%	 and	 0.5%	 ,	 respec+vely.	 For	 the	
crosses,	the	produc+on	of	the	callus	induc+on,	green	and	albino	
plants	traits	varied	between	3%,	2%	and	1%	for	Abo-Graib	×	Dijla	
to	22%,	19%	and	3%	for	Abo-Graib×G8,	respec+vely	(Fig.	6).	All	
the	 corresponding	 crosses	 averaged	 at	 1.5%,	 9%	 and	 2.8%	
respec+vely.	On	 the	 other	 hand,	 the	 parents	 and	 their	 crosses	
produced	the	 lowest	value	of	 the	above-mentioned traits	when	
subjected	 to	 cold	 pre-treatment	 (4°C	 for	 7	 days	 in	 dark	
condi+on).	The	Forat	and	Dijla	parents	showed	limited	ability	for	
induc+on	and	prolifera+on	of	callus	(0%),	green	plants	(0%)	and	
albino	plants	(0%)		among	the	parents	in	contrast	to	the	highest	
percentage	 (1%,	 0%	 and	 1%,	 respec+vely)	 that	 were	 obtained	
from	G8	and	Abo-	Graib	parents.	The	results	of	crosses	at	cold	
pretreatment	were	be)er	than	their	parents.	The	best	value	of	
traits	 (5%,	2%	and	3%,	respec+vely)	were	obtained	from	Abo	–	
Graib	x	G8	cross	while	 the	 lowest	percentage	 (1%,	0%	and	1%,	
respec+vely)	were	obtained	from	Abo	–Graib	x	Dijla	cross	which	
showed	 not	 significant	 differences	 with	 the	 best	 parents	 (	 G8	
and	Abo-Graib).	 Liu	et	 al.	 (2002)	 	 found	more	 than	half	of	 the	
total	treated	microspores	in	the	whole	spike	were	modified	from	
gametophy+c	 to	 a	 sporophy+c	 pathway	 by	 a	 chemical	 stress	

formula+on	containing	0.1	g	/	L	of	2-hydroxynico+nic	acid,	10	-⁶	

mol	 /	 L	 2,	 4-dichlorophenoxy-	 ace+c	 acid,	 and	10	 -⁶	mol	 /	 L	 6-
benzylaminopurine	at	33 °C.

Effect	 of	 interac$on	 between	 varie$es	 and	 medium	 on	
percentage	of	callus	induc$on,	green	and	albino	plants

The	 anthers	 of	 Abo	 –	 Graib	 parent	 showed	 high	 response	 for	
induc+on	of	callus	(3%),	green	(2%)	and	albino	plants	(1%)	when	
cultured	on	both	CHB3	anther	 culture	medium	 followed	by	R9	
regenera+on	 medium	 and	 NPB-99	 anther	 culture	 medium	
followed	 by	 Modified	 190-2	 regenera+on	 medium	 whereas	
anther	 of	 Dijla	 and	 Forat	 parents	 induced	 lowest	 value	 of	 the	
above-mentioned	 traits	 (0%,	 0%	 and	 0%,	 respec+vely)	 (Table	 8	
and	Figure	9).	For	the	F1	combina+ons,	five	of	them	(Abo-	Graib	
x	G8,	Dijla	 x	 	G8,	 Forat	 x	G8,	 Forat	 x	Dijla	 and	 	Abo	–	Graib	 x	
Forat)	showed	their	superiority	for	induc+on	of	callus,	green	and	
albino	plants	traits	compared	with	the	be)er	parent	when	their	
anthers	 were	 cultured	 on	 the	 CHB3	 anther	 culture	 medium	
followed	by	R9	 regenera+on	medium.	 The	 cross	Abo	–	Graib	 x	
G8	 showed	 the	 best	 response	 on	 all	 medium	 par+cularly	 on	
CHB3	 anther	 culture	 medium	 followed	 by	 R9	 which	 led	 to	
obtains	 16%,	 12%	 and	 3%	 of	 callus	 prolifera+on,	 green	 and	
albino	plants,	 respec+vely.	On	 the	other	hand,	 the	cross	Abo	–	
Graib	x	Dijla	resulted	 in	the	 lowest	percentage	of	studied	traits	
(1%,	 1%	 and	 0%),	 respec+vely	 (Fig.	 7).	 	 The	 same	 result	 was	

presented	by	 Ekhveh	et	 al.	 (2013)	 	who	 found	 the	 Interac+on	
between	 cul+var	 Chamran	 and	 CHB-2	 medium	 produced	 the	
highest	embryo	yield	per	spike	(320.42	embryos	per	spike).

Effect	of	 interac$on	between	pre-treatments	and	medium	on	
percentage	of	callus	induc$on,	green	and	albino	plants

The	 pretreatment	 of	 +llers	 with	 spikes	 using	 heat	 +	 chemical	

stress	(50	mg	L-¹	2-HNA,	10-⁶	M	2,	4-D	and	10-⁶	M	BAP)	at	33°C	
for	 48	 hours	 followed	 by	 culturing	 on	 CHB3	 anther	 culture	
medium	presented	the	highest	percentage	of	 	callus	 induc+on	
(8%).	 In	 addi+on,	 the	 interac+on	 between	 the	 same	
pretreatment	 above	 and	 R9	 regenera+on	 medium	 exhibited	
high	 percentage	 of	 green	 and	 albino	 plants	 (6%	 and	 2%),	
respec+vely.	 In	 contrast,	 the	 lowest	 value	of	 the	 studied	 traits	
was	 1%,	 0%,	 1%,	 respec+vely	 for	 interac+on	 between	 cold	
pretreatment at 4°C	 for	 7	 days	 and	 NPB-99	 anther	 culture	
medium	 followed	 by	 Modified	 190-2	 regenera+on	 medium	
which	did	not	show	significant	differences	with	the	 interac+on	
between	 the	 same	 stress	 and	 N6	 anther	 culture	 medium	
followed	by	MS	regenera+on	medium	(Fig.	8).	These	results	 	of		
Liu	 et	 al.(	 2002)	 recommended	 for	 using	 0.1 g / L of 2-
hydroxynicotinic acid, 10_6 mol L_1 2,4-dichlorophenoxy-
acetic acid, and 10_6 mol L_1 6-benzylaminopurine 
pretreatment with NPB 99 media resulted in the regeneration of 
50 to 5500 green plants per single spike of eight wheat 
genotypes.

Effect	 of	 interac$on	 between	 varie$es,	 pre-treatments	 and	
medium	on	 percentage	 of	 callus	 induc$on,	 green	 and	 albino	
plants

For	parents,	 the	combina+on	among	Abo-	Graib,	pretreatment	

of	the	+llers	with	spikes	using	heat	+	chemical	stress	(50	mg	L-¹	

2-HNA,	 10-⁶	 M	 2,	 4-D	 and	 10-⁶	 M	 BAP)	 at	 33°C	 for	 48	 hours	
followed	by	culturing	on	CHB3	anther	culture	medium	exhibited	
the	highest	percentage	of	callus	induc+on	(13%)	and	(10%,	3%)	
for	 green	 and	 albino	 plants	 when	 the	 induced	 callus	 was	 sub	
cultured	on	R9	regenera+on	medium,	while	the	 least	value	for	
the	above	traits	0%,	0%	and	0%,	respec+vely	was	presented	by	
Forat	variety	using	cold	pretreatment at 4°C	for	7	days	followed	
by	 culturing	 on	 N6	 induc+on	 medium	 and	 MS	 regenera+on	
medium.	 For	 F1	 crosses,	 pretreatment	 of	 the	 +llers	 of	 Abo-

Graib	 x	 G8	with	 (50	mg	 L-¹	 2-HNA,	 10-⁶	M	 2,	 4-D	 and	 10-⁶	M	
BAP)	 at	 33°C	 for	 48	 hours,	 then	 culturing	 	 its	 anther	 in	 CHB3	
anther	 culture	 medium	 gave	 the	 highest	 percentage	 of	 callus	
induc+on	 which	 was	 (41%).	 In	 addi+on,	 this	 produced	 40%	
green	 plants	 and	 the	 least	 value	 of	 albino	 plants	 (1%)	 amer	
regenerated	on	R9	regenera+on	medium.	The	cross	Abo-Graib	x	
Dijla	 which	 did	 not	 show	 good	 response	 in	 callus	 induc+on,	
green	and	albino	plants	displayed	(3%,	1%	and	2%,	respec+vely)	
using	the	combina+on	of	cold	stress at 4°C	for	7	days	followed	
by	 culture	 on	 N6	 induc+on	 medium	 and	 MS	 regenera+on	
medium.

The	produc+on	of	the	DH	 lines	allowed	the	breeders	
in	obtaining	the	homozygous	strains	within	a	single	genera+on,	
thereby	 decreasing	 the	 +me	 needed	 for	 obtaining	 some	 new	
cul+vars	(MY	et	al.	2013).	In	this	study,	we	have	obtained 87	DH	
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Figure 10. Procedures of doubled haploid wheat lines production using anther culture technique
A= Collection of anther; B= Anther on callus induction medium; C= Brownish non-embryogenic callus; D= Dark brownish non-embryogenic callus; E=   white 

embryogenic callus; F= Nodular pale yellow embryogenic callus; G= Globular Pale yellow embryogenic callus; H= Greenish callus on the regeneration media; 
I= Albino plant on regeneration media; J = Green plant on regeneration media; K= Colchicine treatment for duplication of chromosomes; L= Reproduction of 

doubled haploid seeds

lines	 in	wheat	 plant	 breeding	 programs	 in	 order	 to	 obtain	 salt	
tolerant	lines.	

CONCLUSION	

The	effect	of	wheat	genotypes,	pre-treatments,	callus	induc+on	
and	 regenera+on	 media	 on	 induc+on	 of	 callus	 and	 haploid	
(green	 and	 albino)	 plants	 was	 inves+gated	 in	 this	 study.	
Significant	 varia+ons	 among	 varie+es,	 pre-treatments	 and	
medium	were	found	(p<	0.01).	Combina+on	of	Abo	–	Graib	x	G8	
exhibited	 superiority	 by	 producing	 the	 higher	 percentage	 of	
callus	induc+on,	green	plantlets	(41%,	40%respec+vely)	and	the	
least	value	of	albino	plant	 (1%)	amer	 treatment	of	 its	 spikes	by	

50	mg	L-¹	2-HNA,	10-⁶	M	2,	4-D	and	10-⁶	M	BAP	at	33°C	for	48	
hours,	 followed	 by	 culturing	 its	 anther	 in	 CHB3	 anther	 culture	
medium	 and	 R9	 regenera+on	 media.	 On	 the	 other	 hand,	 the	
least	percentage	of	the	above-men+oned	traits	(0%,	0%	and	0%,	
respec+vely)	 was	 displayed	 when	 the	 spikes	 of	 Forat	 parent	
were	 impacted	 by	 cold	 stress	 at 4°C	 for	 7	 days	 followed	 by	
culture	on	N6	induc+on	medium	and	MS	regenera+on	medium.	
Eighty	seven	DH	lines	of	wheat	were	obtained	from	the	parents	
and	 respec+ve	 F1	 crosses	 which	 can	 test	 their	 performance	
against	 salinity	 stress	 and	 in	 order	 to	 select	 the	 best	 lines	 for	
breeding	programs.	
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Effects	Of	Lignosulfonate	On	Shoot	Mul$plica$on	And	Regenera$on	
Of	Vanilla	planifolia	Andrews
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Abstract

Lignosulfonates	were	 reported	 to	enhance	plant	growth	and	development.	The	effects	 lignosulfonates	on	shoot	mul+plica+on	and	
regenera+on	 of	 Vanilla	 planifolia	 Andrews	 have	 been	 studied.	 Stem	 nodal	 segments	 of	 Vanilla	 planifolia	 Andrews	 were	 used	 as	
explants	to	ini+ate	shoots	in	different	types	(calcium	lignosulfonates	of	both	industrial	and	chemical	grade,	sodium	lignosulfonates	of	
both	 industrial	and	chemical	grade)	and	concentra+ons	 (0,	50,100,150,	200	mg/L)	of	 lignosulfonates	 in	Murashige	and	Skoog	(MS)	
basal	medium	containing	1.0	mg/L	6-benzylaminopurine	(BAP).	Supplementa+on	of	150	mg/L	concentra+ons	calcium	lignosulfonates	
industrial	grade	produced	the	highest	number	of	shoots	per	explant	with	a	mean	number	of	5	±	2.48	per	explant	amer	4	weeks	of	
culture.	 Scanning	 electron	 microscope	 (SEM)	 analysis	 was	 also	 conducted	 and	 shoots	 primordial	 and	 shoot	 bud	 forma+on	 was	
observed	on	week	1	and	week	2	of	culture	samples.	Then,	well-developed	V.	planifolia	Andrews	explant	was	put	to	root	 induc+on	
medium	 for	 root	 ini+a+on	 before	 being	 transferred	 into	 pot	 with	 soil	 for	 plant	 acclima+za+on	 for	 full	 plantlet	 regenera+on.	
Biochemical	 assays	were	 also	 carried	 out	 to	 study	 and	 compare	 biochemical	 proper+es	 between	 control	 and	 op+mum	 treatment	
media	of	V.	planifolia	Andrews	explant.	Biochemical	assays	revealed	that	total	an+oxidant	content	of	DPPH	method,	total	hydrolyzed	
sugar	content	total	flavonoid	content,	and	total	chlorophyll	content	were	higher	with	a	significant	difference	in	op+mum	treatment	
media	as	compared	to	control	media.	However,	 there	 is	no	significant	difference	 in	total	phenolic	acid	content.	To	conclude,	these	
result	 revealed	 that	 lignosulfonates	 s+mulated	 and	 triggered	 shoot	 development	 and	 regenera+on	 of	 V.	 planifolia	 Andrews.	 The	
improved	in	vitro	m/cropropaga+on	protocol	may	serve	as	an	alterna+ve	method	for	rapid	and	large-scale	produc+on	of	V.	planifolia	
Andrews	that	is	an	economically	important	orchid	and	currently	high	in	demand.
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MATERIALS	AND	METHODS

1.0			Shoot	Bud	Forma$on

1.1			Scanning	Electron	Microscopy

1.2				Plant	Regenera$on

1.3			Biochemical	Assay

1.3.1	DPPH	Free	Radical	Scavenging	Assay

Fig.	1	Average	number	of	shoot	bud	on	different	types	and	
concentra+ons	of	lignosulfonates	media	on	the	in	vitro	growth	of	V.	
planifolia	Andrews	using	shoot	explants	amer	4	weeks	of	culture.

Fig.	2	SEM	observa+on	on	forma+on	of	shoot	bud	using	op+mum	concentra+on	150	
mg/L	concentra+on	of	CaI	media	on	the	in	vitro	growth	of	V.	planifolia	Andrews	

using	shoot	explants	amer	1	week	and	2	weeks	of	culture	sample.	A	Week	1	culture	
sample	used	for	SEM	viewing.	B	Week	2	culture	sample	used	for	SEM	viewing.	C	

SEM	image	of	week	1	culture	sample.	D-F	SEM	image	of	week	2	culture	sample.	Bars	
represent	1	cm	or	as	shown.	Arrows	represent	forma+on	of	shoot	bud.

Fig.	3	Plant	regenera+on	of	V.	planifolia	Andrews.	A	Shoot	+p	explant	on	MS	
media	with	150	mg/L	calcium	industrial	treatment	(0	days).	B	Culture	explant	
amer	4	weeks.	C	Culture	explants	amer	6	weeks.	D	Well-developed	shoots	with	
root	amer	8	weeks.	E-F	Plant	transplanted	to	a	pot	under	a	shadehouse	at	10	
weeks.	G	Acclimi+zed	plants	grown	in	a	shade	house	amer	14	weeks.	Bars	

represent	1	cm

Fig.	4	Effect	of	control	and	treated	sample	of	CaI	150	mg/L	in	shoot	mul+plica+on	
and	regenera+on	of	V.	planifolia	Andrews	in	DPPH	free	radical	scavenging	assay.	
All	results	were	obtained	amer	4	weeks	of	culture.	Result	indicates	the	mean	SE	(±	

SE)	of	1	independent	experiment	with	3	replicates	for	each	treatment.
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1.3.2	Total	Hydrolyzed	Sugar	Assay

1.3.3	Total	Phenolic	Assay

1.3.4	Total	Flavonoid	Assay

Fig.	8	Effect	of	control	and	treated	sample	of	CaI	150	mg/L	in	shoot	mul+plica+on	
and	regenera+on	of	V.	planifolia	Andrews	in	total	chlorophyll	content	assay.	All	

results	were	obtained	amer	4	weeks	of	culture.	Result	indicates	the	mean	SE	(±	SE)	
of	1	independent	experiment	with	3	replicates	for	each	treatment.

Fig.	5	Effect	of	control	and	treated	sample	of	CaI	150	mg/L	in	shoot	mul+plica+on	
and	regenera+on	of	V.	planifolia	Andrews	in	total	hydrolyzed	sugar	assay.	All	

results	were	obtained	amer	4	weeks	of	culture.	Result	indicates	the	mean	SE	(±	SE)	
of	1	independent	experiment	with	3	replicates	for	each	treatment.

Fig.	6	Effect	of	control	and	treated	sample	of	CaI	150	mg/L	in	shoot	mul+plica+on	
and	regenera+on	of	V.	planifolia	Andrews	in	total	phenolic	acids	assay.	All	results	
were	obtained	amer	4	weeks	of	culture.	Result	indicates	the	mean	SE	(±	SE)	of	1	

independent	experiment	with	3	replicates	for	each	treatment.

Fig.	7	Effect	of	control	and	treated	sample	of	CaI	150	mg/L	in	shoot	mul+plica+on	
and	regenera+on	of	V.	planifolia	Andrews	in	total	flavonoid	assay.	All	results	were	

obtained	amer	4	weeks	of	culture.	Result	indicates	the	mean	SE	(±	SE)	of	1	
independent	experiment	with	3	replicates	for	each	treatment.

1.3.5	Total	Chlorophyll	Assay

CONCLUSION

In	short,	these	findings	indicate	that	lignosulfonates	s+mulated	
shoot	development	and	regenera+on	of	V.	planifolia	Andrews.

ACKNOWLEDGEMENT

The	 authors	 are	 thankful	 to	 University	 Putra	 Malaysia	 for	
providing	the	funding	(GP-IPM/2015/9450800).

REFERENCES

Areskogh,	 D.,	 Li,	 J.,	 Gellerstedt,	 G.,	 &	 Henriksson,	 G.	 (2010).	
Inves+ga+on	 of	 the	molecular	 weight	 increase	 of	 commercial	
lignosulfonates	by	 laccase	catalysis.	Biomacromolecules,	11(4),	
904-910

Atanassova,	M.,	 Georgieva,	 S.,	 &	 Ivancheva,	 K.	 (2011).	 Total	
phenolic	 and	 total	 flavonoid	 	 contents,	 	 an+oxidant	 	 capacity		
and	 	biological	 	contaminants	 	in	medicinal	 	herbs.	 	Journal	 	of		
the	University	of	 	chemical	 	technology	 	and	Metallurgy,	46(1),	
81-88.

Davidonis,	G.,	&	Knorr,	D.	 (1991).	Callus	 forma+on	and	 shoot	
regenera+on	 in	 Vanilla	 planifolia.	 Food	 Biotechnology,	 5(1),	
59-66.

Janarthanam,	 B.,	 &	 Seshadri,	 S.	 (2008).	 Plantlet	 regenera+on	
from	 leaf	 derived	 callus	 of	 Vanilla	 planifolia	 Andr.	 In	 Vitro	
Cellular	&	Developmental	Biology-Plant,	44(2),	84-89.

Niemi,	 K.,	 Kevers,	 C.,	 &	 Häggman,	 H.	 (2005).	 Lignosulfonate	
promotes	 the	 interac+on	 between	 Scots	 pine	 and	 an	
ectomycorrhizal	 fungus	Pisolithus	+nctorius	 in	 vitro.	 Plant	 and	
soil,	271(1-2),	243-24

Tan,	B.	C.,	Chin,	C.	F.,	&	Alderson,	P.	 (2011a).	Op+misa+on	of	
plantlet	 regenera+on	 from	 leaf	 and	 nodal	 derived	 callus	 of	
Vanilla	planifolia	Andrews.	Plant	Cell,	Tissue	and	Organ	Culture	
(PCTOC),	105(3),	457-463.



- 68 -Transactions of Persatuan Genetik Malaysia, No. 4, 2017                           

68



- 69 -

Corresponding author: 

Transactions of Persatuan Genetik Malaysia, No. 4, 2017                           
Published by Genetics Society of Malaysia    http://www.persatuangenetikmalaysia.com                            

55

69

Gene$c	Diversity	of	Six	Accessions	and	Two	F1	Hybrids	of	Stevia	
rebaudiana	Bertoni	Based	on	ISSR	Markers

Mohd.	Farit,	A.	H.,	Shamsiah,	A.,	and	Mohamad,	O.	
Faculty	of	Planta+on	and	Agrotechnology,	Universi+	Teknologi	Mara	(UiTM),	Shah	Alam,	Selangor,	Malaysia	
Faculty	of	Agriculture,	Universi+	Putra	Malaysia	(UPM),	Serdang,	Selangor,	Malaysia

Mohd	Farit	Ab	Hamed,	Faculty	of	Planta+on	and	Agrotechnology,	Universi+	Teknologi	Mara	(UiTM),	40450	Shah	Alam,	Selangor,	Malaysia
Email:	mohdfarithamed@gmail.com

Abstract

Stevia	 (Stevia	 rebaudiana	 Bertoni)	 is	 an	 herbaceous	 plant	which	 been	 used	 as	 alterna+ve	 sweetener.	 Known	 by	many	 names,	 its	
proper+es	are	its	sweet	taste	about	100-400	+mes	sweeter	compared	to	table	sugar.	It	 is	u+lized	in	many	products	as	a	sweetener	
because	it	has	no	calorie.	In	Malaysia,	stevia	had	been	grown	previously	on	a	commercial	scale,	and	many	accessions	been	introduced	
for	 research	 to	 develop	 suitable	 varie+es	 under	 tropical	 environments.	 Iden+fica+on	 of	 accessions	 using	 ISSR	 (Inter-simple	 single	
repeats)	molecular	makers	was	performed	to	determine	the	phylogene+c	rela+onships	between	the	eight	accessions	by	using	four	
primers.	 A	 total	 number	 159	 of	 DNA	 fragments	 were	 amplified	 by	 four	 ISSR	 makers,	 namely	 IS57,	 IS20,	 IS21	 and	 IS85.	 High	
polymorphism	was	detect	for	IS57	and	IS85	as	compared	to	two	other	primers.	The	dendrogram	clearly	showed	two	subgroups,	one	
represen+ng	 the	 two	hybrids,	while	 the	other	 represen+ng	 the	 six	 stevia	accessions.	 Thus,	 ISSR	markers	 could	u+lized	 to	assist	 in	
stevia	characterisa+on	and	hybrid	iden+fica+on.	

Line
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Intro 	
INTRODUCTION	

Stevia	 rebaudiana	 Bertoni	 is	 one	 of	 the	 herbaceous	 plants	
available	 around	 the	 world	 for	 natural	 sugar	 subs+tute.	
Belonging	to	the	Compositae	family,	it	is	the	only	species	out	of	
154	 species	 in	 the	 genus	 that	 has	 sweet	 tas+ng	 proper+es.	
Stevia	 is	 a	 natural	 herb	 sweetener	 also	 commonly	 known	 as	
sweet	 leaf,	 sweet	weed,	honey	 leaf	and	sweet	herb	 (Ahmad	et	
al.,	2007)			Well	known	for	its	sweet	taste,	stevia	been	u+lized	in	
many	products	especially	 in	foods	and	drinks.	For	thousands	of		
years,	 indigenous	 peoples	 in	 Paraguay	 and	 Brazil	 have	 been	
u+lizing	the	leaves	of	Stevia	as	a	sweetener.	The	Guaraní	Indians	
of	Paraguay	call	 it	“ka’a	he’e”	and	have	u+lized	 it	as	sweetener	
for	their	yerba	mate	tea	(Ranjan	et	al,	2011).	In	several	countries	
in	Asia	par+cularly	Korea,	China	and	Japan,	stevia	 is	commonly	
used	in	their	food	prepara+on	and	the	pharmaceu+cal	products	
(Guruchandran	and	Sasikumar,	2013).	

Inter	simple	sequence	repeat	(ISSR)	producers	depend	
on	 microsatellite	 markers,	 and	 are	 acquired	 in	 a	 Mendelian	
manner	 (Zhao	et	al.,	2016).	The	working	standards	of	 ISSR-PCR	
are	 like	 RAPD.	 Aside	 from	 that	 the	 ISSR	 preliminary	
arrangements	 are	 planned	 from	 microsatellite	 areas,	 for	
example,	 (AGTG)4	 or	 (AG)8	 that	 are	 disseminated	 generally	 in	
genomes	while	being	viewed	as	great	focuses	for	the	PCR-based	
fingerprin+ng	method	 (Wongsawad	 and	 Peerapornpisal,	 2014).	
They	offer	 extraordinary	poten+al	 to	decide	 intra-genomic	 and	
between	genomic	differing	quali+es	(Al-Turki	&	Basahi,	2015).

The	main	objec+ve	of	the	study	was	to	determine	the	
genotype-specific	 makers	 and	 phylogene+c	 rela+onship	 of	
accessions	used	for	stevia	breeding.

MATERIAL	AND	METHODS	

Plant	materials

Six	 stevia’s	 accessions	 were	 selected	 from	 the	 collec+on	 of	
accessions	 that	had	been	previously	 collected	 in	 various	 areas	
in	Peninsular	Malaysia.	Two	newly	developed	hybrids	were	also	
included	in	the	study.	(Table	1).			

Genomic	DNA	extrac$on

Leaf	sample	about	0.1g	of	 fresh	young	 leaf	was	collected	from	
each	 accession,	 and	 ground	 into	 fine	 powder	 using	 liquid	
nitrogen.	Genomic	DNA	was	extracted	with	 the	use	of	Qiagen	
plant	extrac+on	kit.	

ISSR-PCR	analysis

Five	 ISSR	 primers	 were	 u+lized	 for	 polymerase	 chain	 reac+on	
(PCR)	(Table	2).	The	PCR	reac+on	mixture	consisted	of	genomic	
DNA,	 5x	 PCR	 Buffer	 (25mM),	 MgCl₂	 (25mM),	 dNTPs	 (10mM),	
ISSR	 primer	 	 (100µM)	 and	 Taq	 polymerase	 (5U/µl)	 in	 25µl	
volume.	 The	 amplifica+on	 protocol	 began	 with	 the	 ini+al	

denatura+on	at	94�C	for	5	min,	followed	by	40	cycles	of	1	min	

at	94�C,	1	min	at	51�C	and	1	min	at	72�C.	The	reac+on	followed	

by	10	min	extension	at	72�C.	The	PCR	product	were	separated	

Key	words:		Stevia	rebaudiana,	gene+c	diversity,	accessions,	F1	hybrids,	ISSR	markers
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by	 electrophoresis	 on	 1.5%	 agarose	 gel	 containing	 Lonza	 gel	
stain	with	1x	buffer	TBE.	Banding	pa)erns	were	visualized	with	
UV	transilluminator.	

Data	Analysis

The	banding	pa)ern	of	five	 ISSR	makers	were	 scored	manually	
as	present	(1)	and	absent	(0)	bands.	Image	analysis	somware	was	
used	 to	 score	 the	 bands.	 Using	 PopGene,	 the	 scores	 were	
analysed	for	similarity	 indices,	and	phylogene+c	tree	generated	
for	six	accessions	and	two	F1	hybrids.		

RESULTS	AND	DISCUSSIONS

The	 results	 of	 the	 total	 amplified	 fragments	 (TAF)	 and	
polymorphic	fragments	(PF)	for	each	stevia	accession	using	ISSR	
markers	are	shown	in	Table	3.	A	total	of	four	ISSR	primers	were	

used	 where	 two	 of	 the	 primers	 showed	 high	 polymorphisms	
compared	 to	 the	 other	 two	 primers,	 and	 a	 total	 of	 159	
fragments	were	amplified,	ranging	for	20	(IS21)	to	50	(IS57).	The	
highest	percentage	of	polymorphism	was	detected	on	IS57	and	
IS85	(100	percent)	and	the	lowest	was	recorded	by	IS20	(25.58	
percent).	 Forty	 out	 of	 159	 fragments	 were	 recorded	 as	
monomorphic	 fragments.	 IS85	 generated	 a	 total	 of	 50	
fragments,	 while	 IS57	 generated	 38	 total	 fragments.	 	 Both		
these	primers	did	not	record	any	monomorphic	fragment.	IS20	
produced	 about	 43	 fragments,	 where	 32	 fragments	 were	
monomorphic	 fragments.	 With	 the	 high	 percentage	 of	
polymorphism,	 IS57	 and	 IS85	 showed	 high	 suitability	 for	
iden+fica+on	and	differen+a+on	of	stevia	accessions.

Figure	 1	 shows	 the	 dendrogram	 for	 the	 stevia	
accessions	 and	 the	 two	 F1	 hybrids.	 The	 dendrogram	 showed	
two	subgroups.	Subgroup	1	included	2	accessions	(hybrid	1	and	

Table	1.	Characteris+cs	of	six	accessions	and	two	F1	hybrids	used	in	the	study
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Table	2.	List	of	ISSR	primers	used	

Table	3.	Data	obtained	from	ISSR	primers	for	six	stevia	accessions	and	two	F1	hyrids	

hybrid	2),	 	while	subgroup	2	included	6	accessions	(MS012,	K1,	
Taman	Pertanian,	Rawang,	MS023	and	Bangi).	Accessions	6	and	
7	 were	 demonstrated	 to	 be	 gene+cally	 similar,	 although	 they	
carry	different	designa+ons,	namely	Taman	Pertanian	and	Bangi.			

CONCLUSION	

Several	ISSR	makers	showed	their	usefulness,	and	could	be	used	
for	 assessing	 gene+c	 diversity,	 and	 establishing	 phylogene+c	
rela+onship	amongst	stevia	accessions.		Clearly,	they	could	assist	
in	characterisa+on,	and	iden+fica+on	of	any	duplica+ons.	Thus,	
ISSR	markers	are	a	powerful	tool	for	molecular	gene+c	analysis	
especially	 in	 dis+nguishing	 stevia’s	 accessions	 due	 to	 the	 high	
degree	of	polymorphism	shown.		
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