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ABOUT THE TRANSACTIONS

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

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

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

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

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

FOCUS OF THIS TRANSACTIONS

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

TPGM Number 11 is a compilation of selected papers contributed to the 14th Malaysia International Genetics Congress 
2021 (MIGC14) with the theme “Translating Genes for A Better Future” held on 15-16 March 2021 and selected papers 
from Track on Human Genetics contributed to the 13th Malaysia International Genetics Congress 2019 (MIGC13) held on 
19-21 November 2019 in Bangi, Selangor, Malaysia.

TPGM Number 11 is now available for download from the Society’s website
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PREFACE

The First National Congress on Genetics was held over 27 years ago in 1994. The 14th Malaysia International Genetics 
Congress (MiGC14) is the 14th edition of such Congress on Genetics. Underpinned by both successes and challenges 
of past Congresses, PGM vehemently strives to further internationalise this flagship scientific activity. The main aims of 
the International Congress are to create a platform from which researchers can reflect on advances made in the scientific 
fields of genetics, consider the best of contemporary research progress, and anticipate future developments. Realising 
the significance and powerful impacts that the field of genetics could benefit humankind, PGM is therefore very proud to 
organise MiGC14 on 15-16 March 2021.
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Molecular typing of methicillin-resistant Staphylococcus aureus (MRSA) 
isolates from a student population

Abstract

Methicillin-resistant Staphylococcus aureus (MRSA) is a major cause of community- and healthcare-associated multidrug-resistant 
infections worldwide. Although MRSA is rarely found in healthy people, they are not excluded from being exposed to the subsequent 
infections caused by this bacterium. This study was carried out to assess the antibiotic susceptibility pattern and the occurrence of mecA 
gene among MRSA carriers from a student population. Nasal carriage samples were obtained from 166 students aged between 18-25 
years old. Antimicrobial susceptibility profile showed S. aureus isolates were resistant to penicillin (82%), cefoxitin (26%) and oxacillin 
(20%), while more than 80% of the isolates was susceptible to amikacin, erythromycin, ceftaroline, ciprofloxacin, gentamicin, rifampin, 
tetracycline and trimethoprim-sulfamethoxazole. Six out of 50 S. aureus isolates (3.6%) were detected positive for the mecA gene 
by polymerase chain reaction (PCR). The MRSA isolates produced two distinct but related RAPD clusters based on the dendrogram 
analysis, which were well distinguished. These findings showed that a moderate rate of S. aureus carriage and low frequencies of 
MRSA isolates were detected in this study. 

Keywords: Community-acquired, Methicillin-resistant, Staphylococcus aureus, mecA gene
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1. INTRODUCTION

Staphylococcus aureus is an opportunistic pathogen found 
in different body sites such as the anterior nares, skin, 
rectum, umbilical and ears. In human, nasal colonization 
by S. aureus may begin within the first days of life 
(Maayan-Metzger et al., 2017). Epidemiological studies 
reported that the rates of nasal colonization of S. aureus 
among general populations were between 20 to 30% (Mat 
Azis et al., 2017; Shibabaw, Abebe, & Mihret, 2014). In 
Brazil, the prevalence rate of S. aureus nasal colonization 
was reported to be 48% among healthy children attending 
daycare centres (Braga et al., 2014). 

The emerging trend of MRSA in healthcare- and 
community-associated infections has been reported in 
many studies due to increase exposure (Harrison et 
al., 2016; Lamanna et al., 2017; Zinn, Westh, Rosdahl, 
& Sarisa Study, 2004). In the healthcare setting, hands 
are the main vectors of S. aureus transmission from 
contaminated surfaces causing health care setting 
outbreaks (Harrison et al., 2016; Lamanna et al., 2017).

Studies have shown that the driving force for the 
emergence of ß-lactams resistance in staphylococci was 
the continuous exposure to ß-lactams in various settings, 
including agricultural (Graham, Knapp, Christensen, 
McCluskey, & Dolfing, 2016), hospitals and community 
environments (Zinn et al., 2004). Methicillin resistance is 

mediated by a novel penicillinbinding protein 2a (PBP2a) 
encoded by the mecA gene. The PBP2a protein has 
a lower affinity towards β-lactam antibiotics such as 
penicillins, cephalosporins and carbapenem (Scharn, 
Tenover, & Goering, 2013). The resistance provided by 
PBP2a protein prevents enzyme acylation by β-lactams 
due to the presence of distorted active site (Fuda, Suvorov, 
Vakulenko, & Mobashery, 2004). 

To date, phenotypic and molecular techniques are 
commonly used to differentiate MRSA isolates. This is 
because isolates with different genetic profiles may have 
the same antibiogram patterns (Mat Azis et al., 2017; 
Shibabaw et al., 2014). Thus, continuous surveillance of 
S. aureus using phenotypic and molecular techniques are 
imperative to monitor the emerging trend of MRSA in the 
community (Mat Azis et al., 2017; Mobasherizadeh et al., 
2016). 

Random amplified polymorphic DNA (RAPD) is another 
PCR-based technique widely used for epidemiological 
typing of MRSA isolates (Mobasherizadeh et al., 2016; 
Valle, Paclibare, Cabrera, & Rivera, 2016). The method 
is based on DNA amplification using a single short 
oligonucleotide primer of random sequence. As a result, 
PCR products are varied due to random hybridization of 
primers with DNA sequences which vary between isolates. 
Hence, the present study aimed to determine the genetic 
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relatedness and antibiotic susceptibility pattern of MRSA 
isolates in a student population.

2. MATERIALS AND METHODS 

2.1 Isolates

A total of 166 health sciences undergraduate students at 
the Faculty of Medicine and Health Sciences, Universiti 
Putra Malaysia, participated in a nasal swab collection 
from October 2018 to November 2018. Informed consent 
was obtained from each respondent for collection of nasal 
swab. Methicillin resistance was preliminarily screened 
using the cefoxitin-disc diffusion method and polymerase 
chain reaction (PCR) to present the 147-bp mecA gene. 
Isolates were preserved at -80°C in Luria Bertani broth 
supplemented with 20% glycerol. The bacterial stocks 
were revived on 5% blood agar and further classified 
based on the Gram staining, grown on Mannitol Salt 
Agar (MSA) followed by catalase and coagulase reactions. 
Staphylococcus aureus American Type Culture Collection 
(ATCC) 700699 was used as the reference strain in all 
analyses. 

2.2 Antibiotic Susceptibility of S. aureus

The susceptibility of S. aureus towards various antibiotics 
was determined based on the Clinical and Laboratory 
Standards Institute (CLSI) 2018 guidelines standards 
(CLSI, 2018). In the present study, the disc diffusion 
method was examined for amikacin (30 μg), ceftaroline (30 
μg), cefoxitin (30 μg), ciprofloxacin (5 μg), erythromycin 
(15 μg), gentamicin (10 μg), oxacillin (1 μg) penicillin 
(10 units), rifampin (5 μg), tetracycline (30 μg) and 
trimethoprim-sulfamethoxazole (25μg) (all from OXOID, 
England).

2.3 Detection of Methicillin Resistance Gene 

Prior to the PCR analysis, all S. aureus isolates 
were subjected to genomic DNA extraction (GeneAll 
Biotech, Korea). The detection of the mecA gene 
was performed using the following primers: mecA-F 
(5’-AAAATCGATGGTAA AGGTTGGC-3’) and mecA-R 
(5’-AGTTCTGGAGTACCGGATTTGC-3’) as described by 
Pournajaf et al., (2014). Isolates with amplicons of the 
expected size (533-bp) were classified as MRSA strains. 
A volume of 2 μl of prepared DNA was added to a final 
volume of 25 μl PCR mixture containing 10 μl of 2x 
GoTaq© Green Master Mix (Promega, USA), 0.7 μl of 10 
μmol/L each primer and 11.6 μl of sterile distilled water. 
The thermal cycling protocol for PCR was comprised of 
95 °C for 3 min, followed by 33 cycles of 94 °C for 1 
min, 53 °C for 30 s and 72 °C for 1 min, with a final 
extension at 72 °C for 6 min. The amplified products were 
visualized by gel electrophoresis in 1.5% agarose gel. A 
few representatives of the PCR products were sequenced 
for gene identity confirmation. 

2.4 Random Amplified Polymorphic PCR

 The RAPD-PCR assay was carried out to observe the 
genetic relatedness among the MRSA strains using the 
1254 primers (5'-CCG CAG CCA A-3') as described by 
Mobasherizadeh et al. (2016). This molecular typing 
was performed on all MRSA isolates that were initially 
confirmed by conventional PCR. In brief, PCR amplification 
was performed in a 25 μl total volume containing 2 μl 
template DNA, 10 μl MyTaq DNA polymerase, 2 μl of 10 
μmol/L of 1254 primers and 11.0 μl of sterile distilled water. 
The PCR cycling parameters were as follows: an initial 
hot start at 95 °C for 3 min followed by four cycles each 
consisted of 94 °C, 30 °C for 1 min and 72 °C for 2 min. 
This is followed by 36 cycles of 94 °C for 1 min, 36°C for 
1 min, 72 °C for 2 min and a final extension step of 72 °C 
for 5 min. The amplified products were visualized by gel 
electrophoresis in 1.5% agarose gel. A dendrogram was 
generated based on the unweighted pair group method 
with arithmetic mean (UPGMA) analysis to evaluate the 
clonal relationship between the MRSA strains isolated 
from different individuals. The PyElph software was used 
to estimate the relationships between the isolates based 
on the distance matrices (Pavel & Vasile, 2012). The 
dendrogram was set based on RAPD data transferred 
from cluster analysis of the binary matrix distance. 

3. RESULTS AND DISCUSSION

3.1 Distribution of S. aureus Carrier in Healthy Young 
Adults

Based on the identification tests carried out in this study, 
50 out of 166 (30%) of the students aged between 18 
to 25 years old carried S. aureus in their anterior nares. 
This is in accordance with the previous study reported in 
the same locality, whereby 31% and 33% of S. aureus 
carrier were identified among the students from the first 
and second nasal sampling, respectively (Mat Azis et al., 
2017). The nasal carriage of S. aureus reported among 
935 healthy volunteers residing on a medical campus in 
South-East China was 15.4% (Du et al., 2011). This agrees 
with the colonizationrate of S. aureus nasal carriage (22%) 
reported among 1000 healthy university students in Ireland 
(Mollaghan, Lucey, Coffey, & Cotter, 2010). 

 
3.2 Antimicrobial Susceptibility Pattern 

In the present study, a high frequency of resistance 
(82%) was observed for penicillin, followed by cefoxitin 
(26%) and oxacillin (20%) (Table 1). These findings were 
consistent with the antimicrobial susceptibility pattern of 
S. aureus isolated from a different cohort reported at 
the same location (Mat Azis et al., 2017). Similarly, a 
high number of S. aureus isolates resistant to penicillin 
(96.5%) were also reported among healthy volunteers 
residing on a medical campus in South-East China (Du 
et al., 2011). 
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Figure 1: mecA gene detection of S. aureus isolates. Lane 1 
and 11: 100 bp DNA ladder; Lane 2-7: Representative of six 
MRSA isolates (B024, B074, B113, B127, B154 and B163)  
that showed amplicon at 533-bp; Lane 9: Positive control  

(S. aureus ATCC700699)

In the present study, 26% and 20% of the S. aureus 
isolates were resistant to cefoxitin and oxacillin, respectively. 
Intriguingly, the occurrence of cefoxitin resistance (26%) 
and erythromycin intermediate (20%) were shown to be 
higher in this study as compared to the previous study by 
Mat Azis et al., (2017). A high susceptible rate to amikacin, 
erythromycin, ceftaroline, ciprofloxacin, gentamicin, rifampin, 
tetracycline and trimethoprim-sulfamethoxazole observed 
in this study were also reported in other studies (Mat Azis 
et al., 2017; Pournajaf et al., 2014). This may indicate that 
certain classes of antibiotics are effective over time to 
treat S. aureus infections (Adhikari et al., 2017; Maayan-
Metzger et al., 2017).

3.3 Identification of mecA Gene

The presence of the mecA gene is the primary indicator 
for the identification of MRSA. The detection of the 
mecA amplicon at 533-bp by PCR is considered the gold 
standard for MRSA confirmation (Adhikari et al., 2017; 
Pournajaf et al., 2014). Based on the PCR analysis, six 
(12%) isolates were identified as MRSA (Figure 1). The 
prevalence of MRSA in the present study was higher than 
the MRSA rates reported in the previous study carried 
out at the same locality (8.33%) using a different set of 
primer pairs (Mat Azis et al., 2017). All six MRSA isolates 
positive for the mecA gene showed resistant to oxacillin. 
Meanwhile, five out of six MRSA isolates were resistant 
to cefoxitin (p<0.001).

3.4 RAPD Analysis

The RAPD profile of six MRSA isolates resulting in 
DNA fragments ranged between 200 to 2000-bp (Figure 
2). The total numbers of amplified fragments in each 
isolate were ranged between 9 to 12 bands. Based on 
the dendrogram analysis shown in Figure 3, five MRSA 

isolates were grouped into two distinct, but related RAPD 
clusters and one isolate (B074) was distantly related from 
other isolates. Cluster 1, which consists of two isolates 
(B024 and B113) had identical band profiles with the 
highest similarities in binary matrix distance. The second 
cluster was formed by matching the matrixes distance of 
three isolates (B163, B154 and B127). Both B163 and 
B154 isolates have high similarities, and those strains are 
related to isolate B127, which was potentially originated 
from a similar clone but have small genetical differences. 
On the other hand, isolate B074 was considered as a 
single unique strain because it was distantly related to 
other isolates and have a different band profiles pattern 
compared to other isolates. 

Based on the dendrogram shown in Figure 3, the 
MRSA isolates that disseminate in this population are 

Table 1: Antimicrobial susceptibility pattern of S. aureus isolates

Antibiotics Number and percentage of S. aureus (n, %)

Sensitive (S) Intermediate (I) Resistant (R)

Penicillin CT0043B 9 (9%) 0 (0%) 41 (82%)

Cefoxitin CT0119B 37 (74%) 0 (0%) 13 (26%)

Oxacillin CT0159B 40 (80%) 0 (0%) 10 (20%)

Tetracycline CT0054B 44 (88%) 3 (6%) 3 (6%)

Erythromycin CT0020B 33 (66%) 10 (20%) 7 (14%)

Ciprofloxacin CT0425B 47 (94%) 0 (0%) 3 (6%)

Amikacin CT0107B 49 (98%) 0 (0%) 1 (2%)

Trimethoprim-
sulfamethoxazole CT0052B 48 (96%) 1 (2%) 1 (2%)

Gentamicin CT0024B 45 (90%) 2 (4%) 3 (6%)

Ceftaroline CT1941B 43 (86%) 3 (6%) 4 (8%)

Rifampin CT0207B 46 (93%) 1(2%) 3 (6%)
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found to be from the related clonal group. The healthcare-
associated environments factors may influence the 
acquisitions of MRSA in this population. Studies have 
shown that individual living in the same households tend 
to carry genetically similar MRSA strains in their nares 
(Du et al., 2011; Mat Azis et al., 2017; Muthukrishnan 
et al., 2013). Considering the population in the present 
study were health science students living in the hospital 
vicinity, this might contribute to the horizontal transmission 
of MRSA in the community.

4. CONCLUSION

In conclusion, the occurrence of MRSA strains observed 
in the study was low. However, the identified strains in 
different individuals showed a potential clonal group with a 
similar DNA fingerprint. This finding may indicate that the 
individuals in this study obtained the closely related MRSA 
strains from the population due to the intra-spread of the 
MRSA strains in the studied community. However, an 
extended study involving a larger number of participants is 
needed to establish correlation between MRSA occurence 
and socio-demographic factors including health status, 
exposure to hospital environment and hygiene practice in 
the community setting. 
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Quality analysis of DNA extracted from different blood compositions from 
infertile Malay women with polycystic ovarian syndrome (PCOS)

Abstract

Introduction: High quality and quantity of deoxyribonucleic acid (DNA) from patients are important requisites before screening for single 
nucleotide polymorphism (SNP) of the genes involved in disease development such as polycystic ovarian syndrome (PCOS). DNA 
quality have been shown to be different in blood compositions such as plasma and buffy coat as compared to in the whole blood from 
different patients with different health condition. This study aimed to evaluate and compare the quality and quantity of DNA extracted 
from different compositions of blood namely buffy coat, plasma, and the whole blood from infertile patients with (n=64) and without 
(n=72) PCOS as compared to normal subjects (n=8), recruited from three government hospitals in Klang Valey [NMRR-18-317544106]. 
Materials and Methods: DNA extraction was done using QIAamp DNA Blood Mini Kit (51306, Qiagen). The concentration and purity of 
the extracted DNA were checked using nanodrop spectrophotometer (BioRad). The purity was measured based on ratios of A260/A280 
and A260/A230, for detection of protein and RNA, and salts contamination, respectively. Results: There was no significant difference 
between the concentration and purity of DNA extracted from the whole blood (85.02 ± 5.08 ng/ µl) and buffy coat (88.46 ± 30.82 ng/
µl). Thus, the whole blood was found to be the preferable DNA source in PCOS infertile patients since it permits for time-effective 
procedure as compared to buffy coat. On the contrary, buffy coat was found to be the best DNA source in non-PCOS infertile patients 
since its DNA concentration was significantly higher (153.31 ± 56.03 ng/µl; p < 0.05, two-way-ANOVA with Bonferroni correction) as 
compared to that of the whole blood (77.01 ± 4.88 ng/µl) and plasma (10.48 ± 4.39 ng/µl). Conclusion: These findings clearly provide 
useful insights in deciding the appropriate blood composition as the best DNA source in obtaining good quality DNA from infertile 
patients with and without PCOS for molecular applications, namely SNP screening.
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1. INTRODUCTION

Deoxyribonucleic acid (DNA) is a heritability materials that 
carry genetic information. It can be derived from different 
types of biological samples such as saliva, semen and 
blood (1). Among these, blood is commonly used as a 
clinical sample for molecular analysis since it is the primary 
source of DNA (2,3). The whole blood is composed of 
erythrocytes, plasma and buffy coat. These three different 
compositions can be seen as three different layers when 
the whole blood is separated by centrifugal force. Each of 
the whole blood compositions contain different materials; 
plasma contains cell-free fragmented DNA, buffy coat 
contains nucleated white blood cells, and erythrocytes 
composed of red blood cells. The difference in the whole 
blood compositions enabled the usage of each different 
compositions for different applications, for example, cell-
free DNA in plasma can act as a sensitive biomarker for 
cancer diagnosis (4), a buffy coat can be used as a source 
for malaria diagnosis in malaria patient (5) and the whole 
blood is usually used for molecular diagnosis (6,7). 

A previous study showed that the DNA quality 
(concentration and purity) is different in the buffy coat 
as compared to whole blood and plasma (8). DNA 
quality in whole blood and its compositions can be 
determined by measuring the concentration and purity of 
the extracted DNA. By measuring sample’s absorbance 
spectrum between 200 nm and 320 nm using a nanodrop 
spectrophotometer (BioRad), the purity can be evaluated 
based on the A260/A280 and A260/A230 ratio (9). It has 
been shown that the accepted range for A260/A280 and 
A260/A230 ratios to be 1.7-2.0 (10) and 1.8-2.2 (11) 
respectively. However, some studies have accepted the 
range for A260/A280 ratio of 1.8-2.0 (9,11). For A260/A280, 
ratio values higher or lower than this range indicate RNA 
and protein contamination (9,11) meanwhile the values 
lower than 1.8-2.2 for A260/A230 ratio show salt, phenol, 
proteins or polysaccharides contamination (9,12). Several 
factors such as readings from much diluted samples may 
have very little differences in the absorbance between 
260 nm and 280 nm and the types of protein present in 
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the sample may affect A260/A280 reading. High quality 
and sufficient quantity of DNA are important requisites for 
several molecular applications such as the screening for 
single nucleotide polymorphism (SNP) by high resolution 
melting analysis (HRM) for infertile patients with and 
without polycystic ovarian syndrome (PCOS). 

PCOS is a common endocrine disorder that affects 
reproductive age women (13). Several studies show that 
the prevalence of PCOS varies in various countries. 
Based on a small population, the prevalence rates have 
been reported to range from 5% to 10% in most of the 
studies (14,15). The diagnosis of PCOS can be made by 
following Rotterdam criteria with two of the three features 
presents; i) oligo-/anovulation (OA), ii) clinical and/or 
biochemical hyperandrogenism, iii) polycystic ovaries 
under ultrasound (16,17). In addition, PCOS is also 
defined as less than nine menstrual cycles per year with 
the presence of acne or hirsuitsm (17) and is described 
as a major cause of anovulatory infertility in women (18). 
The etiology of PCOS remains unknown however several 
studies have shown genetic involvement in PCOS (17) 
thus one way to justify this is by doing SNP screening 
by HRM analysis (13) where, DNA melting curve will be 
generated to show nucleic acid variation. In order to get 
the best HRM melting curve, it is important to get the most 
desirable concentration and purity of the extracted DNA 
(8). Several studies have used buffy coat (19,20) while 
some use whole blood (6,21) as the DNA source for SNP 
screening and genotyping in PCOS infertile patients in 
other population such as in Caucasian population (19,20). 
Hence, it is important to determine the appropriate blood 
composition in getting the desirable concentration and 
purity of extracted DNA in infertile Malay patients with 
and without PCOS.

Therefore, this study aimed to evaluate and compare 
the quality of DNA extracted from different compositions of 
blood namely buffy coat and plasma as well as the whole 
blood from infertile Malay patients with and without PCOS 
compared to normal subjects, recruited from Putrajaya, 
Serdang and Kajang Hospital.

2. MATERIALS AND METHOD

2.1 Ethical approval

A written ethical approval and permission was obtained 
from the Medical Research Register and Ethics Committee 
(MREC), Universiti Putra Malaysia Ethical Research 
Committee Involving Human Subject (JKEUPM) and 
Clinical Research Centre (CRC) of Serdang Hospital, 
Putrajaya Hospital and Kajang Hospital (NMRR-18-3175-
44106). 

2.2 Samples Collection

All subjects from Klang Valley hospitals were grouped 
into three group; PCOS Infertile (PI) (n=50), Non PCOS 

Infertile (NPI) (n=54) and Normal Fertile (N) (n=6) and 
were confirmed by obstetrics and gynaecology specialist 
diagnosed. The details of the study were explained to all 
subjects and a written informed consent was provided for 
all subjects that participated in this study. Approximately 5 
ml of blood were drawn into a 6 ml anticoagulant Sterile 
K2 EDTA tubes. Samples were transported on ice from 
hospitals to Medical Genetic Laboratory, Universiti Putra 
Malaysia using a 2 litre ice box.

2.3 Samples Preparation

All samples were processed within 24 hour after the fresh 
blood was drawn. Three 1.5 ml microcentrifuge tubes were 
labeled as whole blood (WB), Plasma (P) and buffy coat 
(BC). For whole blood, 200 ul of whole blood from EDTA 
tube were pipetted into microcentrifuge tube labeled with 
WB and left on ice for a while. The remaining blood was 
centrifuged in 4oC for 10 minutes at 3,000 rpm. Three 
layers of different blood composition were formed after 
centrifuged. The upper layer is plasma, the middle layer is 
the platelet and buffy coat and the lowest layer is packed 
red cells. Two hundreds microlitre of plasma was pipetted 
into microcentrifuge tube labeled P and 200 ul of buffy 
coat was pipetted into tube labeled BC.

2.4 DNA Extraction

DNA extraction was done using QIAamp DNA Blood Mini 
Kit (51306, Qiagen) by following protocol as instructed by 
the manufacturer. Two hundreds microlitre of AL buffer and 
20 ul of protease was added into each microcentrifuge 
tubes containing samples. Samples were vortexed for 15 
seconds and incubated at 56oC for 10 minutes. Samples 
were then centrifuged briefly and 200 ul of 70% ethanol 
was added into the microcentrifuge tube, vortexed for 15 
seconds and transferred into spin column with collection 
tube attached to it. All samples were centrifuged at 
13,400 rpm for 60 seconds. Flow through then were 
discarded and 500 ul of AW1 buffer were pipetted into 
the spin column with new collection tube attached to it. 
The samples were spin at 8,000 rpm for 60 seconds and 
flow through were discarded before 500 ul of AW2 buffer 
were pipette into the spin column with new collection tube 
attached to it. The samples were spin at 13,400 rpm for 
3 minutes and the flow through along with the collection 
tube were discarded. The spin column was attached into 
new 1.5 ml microcentrifuge tube and 50 µl of AE buffer 
were added into spin column. The samples were left at 
room temperature for 3 minutes and centrifuged at 8,000 
rpm for 60 seconds.

2.5 Quality check

The concentration (ng/µl) and purity for each sample was 
checked using nanodrop spectrophotometer (Biorad). 
One microliter (µl) of elution buffer (AE) was used as 
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3.2 Comparison of concentration and purity of DNA 
between different blood compositions

By conducting Bonferroni correction after two way ANOVA, 
the average concentration of DNA (F (2,141) = 56.61, 
p-value<0.01) when extracted from BC (117.44 ± 30.68 
ng/µl) and WB (82.07 ± 3.40 ng/µl) (Table II) show no 
significance difference (p=0.029), meanwhile the average 
concentration of DNA extracted from BC and WB are 
statistically higher than DNA concentration when extracted 

Table 1: The effect of group of samples on the concentration and purity of DNA

N (SEM)
(n= 8)

PI (SEM)
(n=64)

NPI (SEM)
(n=72) p-value

Concentration (ng/µl) 86.46 ± 14.32 70.14 ± 5.63 66.29 ± 5.70 0.496

Purity A260/A280 1.80 ± 0.03 1.83 ± 0.01 1.87 ± 0.16 0.967

Purity A260/A230 1.72 ± 0.20 2.31 ± 0.14 2.11 ± 0.24 0.289

Data were presented as mean ± standard error mean

blank. One µl of each DNA sample was pipetted into the 
spectrophotometer after blank. The purity was measured 
based on absorbance spectrum at 260nm, 280 nm and 
230 nm (A260/A280 and A260/A230), for detection of 
protein and RNA contamination, respectively. The reading 
shown was recorded. All of the samples were kept in -80oC 
for further use.

2.6 Statistical Analysis

The data for method of extractions (blood composition) 
and group of patients were analysed separately using 
IBM SPSS Statistics Version 27 (2019) by running 
two-way ANOVA with α ≤ 0.05 followed by Bonferroni 
correction with α ≤ 0.017 to determine the significant 
difference for each group and the effect of different types 
of samples and group of subjects on DNA concentration 
and purity. 

3. RESULTS

Table 1 and Fig. 1 shows the comparison of concentration 
and purity of DNA between groups of subjects. Meanwhile 
Table 2 and Fig. 2 shows the comparison of concentration 
and purity of DNA between different blood compositions. 
Table 3 and Fig. 3 shows the association of concentration 
and purity of DNA between group of subjects and different 
blood compositions.

3.1 Comparison of concentration and purity of DNA 
between groups of subjects

There were no statistically significant differences (F 
(2,141) = 0.70, p=0.496) between the average DNA 
concentration from samples N (86.46 ±14.32 ng/µl), PI 
(70.14 ±5.63 ng/µl) and NPI (66.29 ±5.70 ng/µl) (Table 1 
and Fig. 1 ). The A260/A280 reading ranged consistently 
from 1.8-2.0 with average reading 1.80 ±0.03 ng/µl, 1.87 
± 0.16 ng/µl and 1.83 ±0.01 ng/µl for N, NPI and PI, 
respectively, with no significant difference (p=0.967). Fig. 
1 also shows that the absorbance A260/A230 reading 
is not statistically significant different (p=0.289) between 
NPI, PI and N. However, only NPI (2.11 ± 0.24 ng/µl) is 
within the 1.8-2.2 range. N (1.72 ± 0.20 ng/µl) is lower 
and PI (2.31 ±0.14 ng/µl) is slightly higher than the 1.8-
2.2 range.

Figure 1: Comparison of concentration and purity of DNA 
between groups of subjects; a) average concentration in each 

subject group, b) purity at A260/A280 and c) purity at A260/230. 
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Figure 2: Comparison of concentration and purity of DNA 
between different blood compositions; a) average concentration 

in each subject group, b) purity at A260/A280 and c) purity  
at A260/230.

Table 2: The effect of types of samples on the concentration and purity of DNA

BC (SEM)  
(n=6)

WB (SEM) 
 (n=28)

P (SEM)  
(n=110)

p-value

Concentration (ng/µl) 117.44 ± 30.68a 82.07 ± 3.40b 7.89 ± 2.44a,b < 0.001

Purity A260/A280 1.80 ± 0.01 2.07 ± 0.42 1.79 ± 0.01 0.415

Purity A260/A230 2.04 ± 0.08 2.30 ± 0.70 2.31 ± 0.14 0.951

Data were presented as mean ± standard error mean
The same subscript (a,b) shows significant difference

Figure 3: The association of concentration and purity of DNA 
between groups of subjects and different blood compositions 

showing a) average concentration in each subject group,  
b) purity at A260/A280 and c) purity at A260/230. 

from P (7.89 ± 2.44 ng/µl) (p <0.017). The average purity 
A260/A280 for all different methods are in the range of 
1.79-2.2 with no significant difference (p = 0.415). However, 
the average purity for A260/A230 for DNA extracted from 

WB (2.30 ±0.70) and P (2.31 ±0.14) are a slightly higher 
than the range of 1.8-2.2 with no significant difference (p 
= 0.951) (Table 2 and Fig. 2).
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Table 3: The relationship between group of subjects and types of samples on DNA concentration and purity

PI NPI

BC 
(n=2)

WB
(n=50)

P
(n=12)

p-value BC
(n=3)

WB
(n=54)

P
(n=15)

p-value

Concentration (ng/µl) 88.46 ± 30.82a 85.02 ± 5.08b 5.10 ± 1.34a,b <0.05 152.31 ± 56.03c 77.01 ± 4.88c 10.48 ± 4.39c <0.05

Purity A260/A280 1.77 ± 0.008 1.81 ± 0.01 1.92 ± 0.19 0.215 1.81 ± 0.01 1.77 ± 0.02 2.23 ± 0.79 0.112

Purity A260/A230 1.86 ± 0.08 2.53 ± 0.26 2.96 ± 1.13 0.322 2.20 ± 0.05 2.17 ± 0.15 1.88 ± 0.95 0.332

Data were presented as mean ± standard error mean
The same subscript (a,b,c) shows significant difference

3.3 Association of concentration and purity of DNA 
between group of subjects and different blood 
compositions 

The highest concentration (Fig. 3) of DNA was obtained 
in PI when it was extracted from BC (88.46 ± 30.82 ng/
µl) followed by WB (85.02 ±5.08 ng/µl) and the lowest is 
from P (5.10 ± 1.34 ng/µl). However, there is no significant 
difference between BC and WB (p= 0.890) unlike the DNA 
concentration between WB and P (p<0.001) as well as 
between BC and P (p=0.0018). For purity of A260/A280 
(Fig. 3), DNA extracted from BC (1.77 ± 0.02), P (1.92 ± 
0.19) and WB (1.81 ± 0.01) were not statistically significant 
difference (p=0.215) and all values are within the range 
of 1.7-2.0. A260/A230 reading for DNA from BC (1.86 
± 0.08) is lower than P (2.96 ± 1.13) and WB (2.53 ± 
0.26) (p=0.322). However, the reading for P and WB is 
considered high suggesting the presence of contamination 
in DNA samples (Table 3).

For NPI, the DNA extracted from BC (153.31 ±56.03 
ng/µl) is significantly higher than of WB (77.01 ±4.88 ng/
µl) (p=0.0003) and of P (10.48 ± 4.39 ng/µl) (p<0.001). 
A260/A280 reading for BC (1.81 ± 0.01, P (2.28 ± 0.79) 
and WB (1.78 ± 0.02) shows no significant difference 
(p=0.112). BC and WB absorbance reading is within 
the accepted range while P is higher than the range of 
1.7-2.0. Meanwhile, there was no significant difference 
(p=0.332) for A260/A230 reading for BC (2.20 ± 0.05), 
P (1.88 ± 0.95) and WB (2.17 ± 0.15). All values are 
within the range of 1.8-2.2 which show good purity and 
free from salts contamination. Due to limited sample size 
in N group, the concentration and purity for this group 
could not be analysed.

4. DISCUSSION

Good quantity and high quality of DNA are important 
for molecular analysis. In order to have the desirable 
DNA, it is important to know and decide which types of 
samples and method of DNA extraction should be used. 
Among the different source of DNA, blood is commonly 
used as the source of DNA for molecular analysis since 
it is easy to collect and contains high DNA yield (20-60 
µg/ml) (22).

In this study, the concentration and quality of DNA 
extracted from different groups (NPI, PI and N) did not 
show any significant difference. This finding suggests 
that disease status does not affect the amount of DNA 
in each sample (patients) has, at least in patients with 
infertility with and without PCOS. Large gap between 
samples size (n) might cause the results and it is 
suggested to increase the sample size in order to find 
the differences between each group. The average A260/
A280 reading also ranges from 1.80-1.87 which shows 
that the samples is highly pure and free from RNA and 
protein contaminations. The A260/A230 reading ranges 
from 1.72-2.31. DNA from N gives reading lower than 1.8 
which indicates contamination of salts and solvents or 
may be results for residual phenol or guanidine. Wilfinger 
et al., (1997) state that abnormal A260/A230 values may 
be caused by a problem with the samples or method of 
extraction (23). 

This study also shows that the concentration of DNA 
extracted from BC is higher than when extracted from WB 
and P. BC has been discussed as the main recommended 
source of DNA when using blood as clinical samples 
(8,24). Even though the volume of buffy coat is less than 
1% from the volume of the whole blood, it contains most 
of the nucleated white blood cells and platelets thus this 
explains the high number of genomic DNA (gDNA). In 
addition to the use of buffy coat as the source of DNA, 
a study by Mohanty et al.,(2015) shows different uses 
of buffy coat which is to diagnose malaria in malaria 
patients by using modified centrifuged buffy coat smear 
technique (5). P remains as the lowest source of DNA 
since it contains most of the cell free DNA that come 
from cell death either necrosis or apoptosis and released 
by viable cells (25–27). In contrast to current finding, Lo 
et al., (2000) found that DNA in plasma is significantly 
higher (Kruskal–Wallis test, P <0.001) in post blunt minor 
and major traumatic injury patient, 13,818 kilogenome-
equivalents/L, and 181,303 kilogenome-equivalents/L 
when compared to normal healthy subjects 3,154 
kilogenome-equivalents/L. One genome-equivalent was 
described as the total of certain target sequence contained 
in a single diploid human cell (28). Tsai et al., (1994) also 
showed increase of the concentration of plasma DNA in 
certain pathological conditions such as systemic lupus 
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erythematosus (SLE)(59.3% in SLE vs. 7.4% in controls)
(29). Similarly, a study by Sober et al., (2016) found that 
an average yield of 56.49 copies/µL of cell free DNA 
were found when extracted using QIAamp circulating 
nucleic acid kit (QIA; Qiagen, Antwerp, Belgium) from 
patients with benign pancreatic cysts, pancreatic ductal 
adenocarcinoma (PDAC) patients undergone surgery 
and four PDAC patients with metastasized diseased (4). 
DNA yield from these studies was found to be higher 
than the DNA extracted from plasma in this presence 
study. This shows that cell free DNA in plasma can act 
as a biomarker for cancer diagnosis. Previous study had 
shown that DNA in plasma might be increased under 
special circumstances as mentioned above.

In terms of DNA purity, the average purity A260/A280 
for all different method are in the range 1.8-2.0 which shows 
that all methods give the best purity and low contamination 
of protein. A260/A230 ratio is used as secondary measure 
for nucleic acid purity. Extraction from BC gives A260/
A230 reading within range which shows the DNA is 
highly pure and free from salts contamination. However 
extraction from P and WB gives slightly higher readings 
than the accepted range. This is in contrast to a study by 
Fabre et al., (2017) whom found that the A260 nm/ A230 
nm ratios averaged 2.12 ± 0.24 for WB and 1.58 ± 0.33 for 
BC (8). Plasma contains 91%-92% of water with 8%-9% 
solids which comprises of fibrinogen, proteins(globulin and 
albumin), electrolytes and immunoglobins (30) however 
there is no evidence that the plasma compositions cause 
the impurities of the DNA samples thus further study is 
needed to be conducted on this issue.

Since there are no significant differences for DNA 
quality between each subject’s groups, we proceed to 
analyse which method of extraction is the best in terms 
of concentration and purity for each subject group. In 
PI, the concentration of DNA extracted from BC and 
WB did not give any significant difference. However, 
there are statistically significant different between DNA 
concentration extracted from BC and P also between WB 
and P. In terms of A260/A280 purity, all BC, WB and P 
is free from proteins contamination, however, A260/A230 
reading for DNA extracted from P and WB is higher than 
of BC indicating the presence of salts contamination. The 
low or high A260/A230 reading may indicate the presence 
of contaminants which is due to initial presence of red 
blood cells or lack of extraction optimization for samples’ 
source or both (8). Boesenberg-Smith et al.,(31) also 
stated that buffer salts such as EDTA absorbs strongly at 
230nm and bleed into 260 nm absorbance range which 
can falsely elevated A260/A230 ratio (31).This shows that 
both BC and WB are the best source of DNA. However, 
between the two, extraction of DNA from WB would be 
more effective than from BC. The total time needed to 
extract DNA from WB is lower than BC since BC requires 
longer centrifugation time in order for it to pass through 
the spin column.

 Good quality DNA is very critical for SNP screening 
procedure particularly via high resolution melting (HRM) 
analysis technique. Therefore, the source of DNA for 
getting good DNA yield is important. In previous study, 
Prodoehl et al., (19) and Gonzalez et al., (2002) used 
buffy coat as their DNA source for HRM analysis which 
the DNA concentration later were adjusted to 12.5 ng 
and 5 ng respectively (19,20). In contrast, Prabhu et 
al. (6) and Alkhuriji et al. (7) used WB as DNA source 
for SNP screening by HRM analysis in PCOS infertile 
patients. 

However in NPI group of this study, the DNA 
concentration extracted from BC is statistically higher than 
when extracted from WB (p=0.0003) and P (p <0.001). In 
contrast, a study by Haouzi et al., (2018) found that the 
concentration of plasma cell free DNA in endometriosis 
group (NPI) was significantly higher than in the control 
(N) (311±60 vs 144±13 fg/μL, p=0.002) (32). The P A260/
A280 reading continues to show higher than 2.0 reading 
although Ghaheri et al., (33) state that high A260/A280 
reading is not an indicative issue. BC remains to give the 
best A260/A280 and A260/A230 ratio. It confirmed that 
BC is the best source of DNA in terms of concentration 
and purity as the concentration of DNA given by BC for 
NPI is twice higher than in WB. The choice to use BC as 
DNA source was supported by Matalliotakis et al. (34) and 
Tsai et al. (35) whom used peripheral blood leukocytes 
as the DNA source for SNP screening in endometriosis 
patients. Due to limited sample size, the association of 
concentration and purity of healthy control group (N) and 
different blood compositions could not be discussed.

5. CONCLUSION

The presence study shows that whole blood is preferable 
as the DNA source in PCOS infertile patients since the 
concentration and purity are not significantly different with 
that of buffy coat. In addition, the extraction from whole 
blood is more time effective. However, in non-PCOS 
infertile, buffy coat is suggested as the best DNA source 
since the concentration is significantly higher than that 
of the whole blood and plasma. These findings clearly 
provide useful insights in deciding the appropriate blood 
composition as the best DNA source in obtaining good 
quality DNA from these patients for molecular applications, 
namely SNP screening via HRM analysis.
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Potential of gene editing in avoiding broken family lineage in a patient with 
Peutz-Jeghers syndrome

Abstract

Peutz-Jeghers Syndrome (PJS) is an inherited autosomal dominant disorder characterized by intestinal hamartomatous polyps that 
is due to mutations in serine/threonine kinase 1, STK11, gene. PJS patients have 50% chance of passing it on to their children. Due 
to its nature of inheritance and complexity of the disease, individuals with PJS often time decide to remain single or avoid of having 
children, a decision that is devastating to human desires. Here we present a case report that highlights the complexity of the disease 
and the impact it has on the patients and the family members. A police report was lodged on the death of a patient. A post-mortem 
analysis was conducted to determine the cause of death. The patient was found to have an underlying PJS. Further investigation 
revealed that the sister of the deceased patient also had PJS. The sister who had been married decided against having any offspring 
due to the heritable risk of PJS. The inability to conceive was devastating to the family as it breaks their family lineage. As PJS is due 
to mutations in the STK11 gene that encode a member of the serine/threonine kinase family which regulates cell polarity and functions 
as a tumour suppressor, we proposed the potential applications of CRISPR-Cas9 that might repair the genetic mistakes that lead to this 
illness. We hope this article would encourage interest among scientists and clinicians to work together in rectifying the defect through 
the advancement of gene editing, particularly via the CRISPR-Cas9 technology, for treatment of PJS.
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1. INTRODUCTION

Peutz-Jeghers syndrome (PJS) is characterized by the 
development of hamartomatous polyps which are non-
cancerous growth in the gastrointestinal tract (particularly 
in the stomach and intestines) (1,2). However, it has been 
associated with greater risks for several types of cancer 
such as the gastrointestinal tract, pancreas, cervix, ovary 
and breast (3). The genetic mutations in the STK11 gene 
(serine/threonine kinase 11) have been acknowledged to 
cause PJS in 90% of the cases (2, 4). STK11 functions as 
a tumour suppressor which keeps cells from growing and 
dividing too fast or in an uncontrolled manner. This aberrant 
cell growth can lead to the formation of hamartomatous 
polyps and cancerous tumours. More than 340 STK11 
gene mutations have been identified in people with PJS 
(5). These gene mutations represented by the production 
of abnormally short, non-functional serine/threonine kinase 
11 enzymes due to changes of single protein building 
blocks that are used to build the enzyme. However, some 
studies had reported that in some patients the STK11 was 
not involved in PJS (6-8) and therefore other genes might 
be involved. Some other pathogenic variants such as the 
DNA repair enzyme MUTYH, KDR and MLL3 had been 
reported in PJS patients (9,10). Having a comprehensive 

database on the causative alleles is crucial in helping 
families to avoid high risks of having children with PJS by 
preimplantation genetic testing. This could help clinicians to 
better understand and provide greater clinical surveillance 
and therapies for PJS patients (10).

Here we describe a case study that highlights the need 
of treatment for this disease where we propose the potential 
use of gene editing as the means to cure the disease.

2. CASE REPORT

A 39-year-old male was admitted to the hospital with 
symptoms of lethargic, loss of appetite and generalized body 
swelling for one week. He also complained of intermittent 
difficulty in breathing, cough, loose stool and had lost 
8 kilograms of weight for over 2 months. He recalled a 
history of PJS with polyposis coli since 9 years old of age. 
Multiple intraoperation procedures had been conducted 
on the patient since childhood such as laparotomy, small 
bowel resection, end to end anastomoses, adhesion 
lysis, gastrojejunostomy and ileocolic anastomoses. The 
patient is not married and unemployed. He is financially 
supported by his siblings due to his health condition. The 
patient’s father had PJS and passed away at the age of 42 
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years old. During the last hospital admission, the patient 
had multiple diagnoses of clinical pulmonary embolism, 
hypotension secondary to the multifactorial cause of 
hypoalbuminemia and pulmonary embolism. The patient 
also manifested Type 1 Respiratory Failure secondary 
to fluid overload and electrolyte imbalance secondary to 
possible short bowel syndrome. When hospitalized, the 
patient was differentially diagnosed to have pulmonary 
embolism. The symptoms presented were in accordance 
with the evidence of hypotension, tachycardia, and raised 
D Dimer reading. However, no treatment was initiated 
as the patient platelet count was low. The patient was 
pronounced dead after a few days admitted. The clinician 
had requested for a post-mortem to be conducted by the 
Forensic Department and a police report was lodged. 
The family members of the deceased did not agree to a 
post-mortem as the patient had gone through a significant 
amount of misery due to PJS. However, the family 
members were convinced after a long discussion with 
the forensic team that the procedure would only involve 
an incision of the chest for a quick review to confirm the 
cause of death was pulmonary embolism. The findings of 
the post-mortem showed no blood clot in the pulmonary 
artery nor the aorta, but a clear colour of pericardial fluid 
(200 mL) in the pericardium was observed. Blood clot 
was detected over the right atrium. The valves were 
normal, heart coronaries were patented, and myocardium 
was normal. The cause of death was therefore Cardiac 
Tamponade due to Peutz-Jeghers Syndrome.

3. DISCUSSION

According to Malaysia law, it is compulsory for the forensic 
team to investigate the cause of death if summon was 
given by the Police Officer. The order given was called 
‘Permintaan Pemeriksaan Mayat (Polis 61-Pindaan 
4/86)’. Therefore, it was the responsibility of the Forensic 
Department to carry out the procedure. However, only a 
chest incision was done with family members’ consent. The 
reason for the post-mortem was just to rule out pulmonary 
embolism according to the clinicians. The family was 
satisfied with the reasons for the post-mortem to allow the 
procedure to be done. During the discussion and meeting 
with the family members of the deceased, we found out 
that the younger sister of the deceased also had PJS. 
She was married and she had decided against having any 
offspring due to the heritable risk of PJS. The inability to 
conceive was devastating to the family as it breaks their 
family lineage. In view of this genetic problem and the 
social ill that it had caused, we did a literature review for 
the management of such patient. We believe that there is a 
way to help couple that who had to give up having offspring 
due to inheritable diseases such as PJS. For an example, 
the pre-implantation genetic testing could be performed. 
In addition, with the advancement of technology, genome 
editing has been made possible to cure heritable diseases 
which may help this couples to have healthy offspring. 

Here, we proposed for further research to be conducted 
on genome editing so couples with rare diseases can have 
healthy off-spring and to have a normal life. 

Genome editing is modification of DNA in a living cell 
to treat genetic diseases which are caused by changes 
in the genes. When a gene is mutated, the protein it 
encodes usually do not functions correctly. Genome 
editing technology could restore the function of the protein, 
and potentially cure the disease. This is an exciting 
endeavour as most genetic diseases do not have a cure. 
Technically, the doctors are able to transform genes by 
adding, replacing and/or removing sections of DNA to 
correct the mutation responsible for causing the disease. 
One of the gene editing systems is CRISPR/Cas9. It is 
technically easy to use. There are seven diseases that 
scientists are already tackling with the help of CRISPR-
Cas9. The diseases include cancer, blood disorder, 
blindness, AIDS, cystic fibrosis, muscular dystrophy and 
Huntington’s disease (11). And we propose for PJS to be 
studied so the genome editing techniques could be used 
to cure this disease. 

4. CONCLUSION

Peutz-Jeghers syndrome (PJS) is a heritable disease due 
to a genetic defect of a single gene, STK11. The patients 
usually die at a young age and would have affected 
their family trees. With the advancement of technology, 
genome editing will have the potential to cure the disease. 
However, more research is needed in order to successfully 
apply genome editing in curing diseases, particularly PJS. 
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Lysosomal acid lipase activity in leucocytes using 4-methylumbelliferyl 
palmitate diagnosis of wolman disease and cholesteryl ester storage disease

Abstract

Lysosomal acid lipase (LAL) deficiency is caused by mutation in Lipase A Lysosomal Acid (LIPA) gene resulting in two autosomal-
recessive disorders: Wolman disease (WD) and cholesteryl ester storage disease (CESD). The clinical symptoms of WD, an early onset 
of LAL deficiency include hepatosplenomegaly, adrenal calcification and failure to thrive. As for CESD which is of late onset, patients 
usually present with hepatomegaly, micro-vesicular steatosis and cirrhosis. The aim of this study is to validate, establish, and evaluate 
the performance of modified LAL enzyme assay in leucocytes sample for laboratory diagnosis of WD and CESD. Our chosen method 
measured the LAL enzyme which catalyzed the cleavage process of an artificial fluorogenic substrate 4-methylumbellifryl-palmitate 
(4MuFP). We detected the 4-methylumbelliferone (4-MuF) fluorescent product by using a fluorometer. A volume of 5 µL of leucocytes 
lysate was added into 30 µL of 4MuFP (0.4 M) substrate together with 0.4 M acetate buffer (pH 4.0), in a 96-well black microplate. The 
plate was incubated at 37oC for 30 min. The reaction was terminated with 0.5 M of carbonate buffer (pH 10.7). Relative fluorescence 
was read using fluorometer at wavelength 366nm (excitation) and 446nm (emission). Method validation was performed in compliance 
to IMR laboratory quality procedure (LQP) guideline. Our evaluation study showed calibrator 4MuF was linear up to 40,000 nmol. 
Impression (coefficient of variation, CV%) for repeatability and reproducibility were 8.05% and 7.3%, respectively. Limit of detection and 
limit of quantitation were 33 nmol/hr/mg and 173 nmol/hr/mg protein, respectively. Inter-laboratory comparison for both tests showed 
satisfactory performance by achieving z-score of <2.0. In conclusion, LAL assay has fulfilled all method validation requirements. We 
have successfully evaluated this assay as a new laboratory test for the diagnosis of WD and CESD in Malaysia. However, more study 
needs to be carried out on LAL activity level in leucocyte sample of normal population.
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1. INTRODUCTION

Wolman disease (WD) and cholesteryl ester storage 
disease (CESD) are rare inborn error disorders which 
are caused by deficiency of lysosomal acid lipase (LAL) 
(EC 3.1.1.13) (Goldstein et al., 1975). LAL is located in 
the lysosome and synthesized in almost all cells except 
in erythrocytes (Grabowski et al., 2012). As a serine 
hydrolase, LAL will hydrolyze the natural substrate of 
cholesteryl esters (CE) and triglycerides (TG) into free 
cholesterol and fatty acids (Brown et al., 1981; Sando & 
Rosenbaum, 1985).

Large spectrums of clinical manifestation are found 
in WD and CESD. Patients with WD are considered to 
be severe with early onset; they are reported to have 
major deficiency (<1%) or absence of LAL which results 
in accumulation of massive natural substrate in the 
liver (Aslanidis et al., 1996; Pagani et al., 1998). WD is 
characterized by enlarged spleen and liver, which leads 

to liver failure and complications including jaundice, 
portal hypertension and multi-organ failure. In addition, 
calcifications of adrenal glands were found in most patients 
which can be detected by radiological or pathological 
examination. Early detection followed by treatment is 
crucial as death can occur in less than one year of life 
(Browne et al., 2003; Grabowski et al., 2012).  

CESD is considered mild and is a late onset form 
of LAL deficiency. Patients with CESD may have residual 
LAL activity around 1% to ~5% which may slow the 
progress of the disorder (Balwani et al., 2013; Scott et 
al., 2013; Bernstein et al., 2013). CESD is characterized 
by fatty liver and increased level of aminotransferase 
enzymes; the growth of fibrosis and cirrhosis; abnormal 
finding of high-density lipoprotein (HDL) cholesterol; low-
density lipoprotein (LDL) cholesterol and triglycerides in 
blood which can cause premature atherosclerotic vascular 
disease (Bernstein et al., 2013; Grabowski et al., 2012). 
Disease manifestation ranges from early childhood to late 
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adulthood. Fatality associated with CESD patients by the 
age of 40 years is commonly due to liver disease while 
adolescent patients were reported to have hepatocellular 
carcinoma and liver failure (Canbay et al., 2018). 

Defective of enzyme activity in LAL is due to mutation 
in LIPA gene (OMIM ID: 613497) located at chromosome 
10q23.2-q23.3 (Anderson et al., 1993; Aslanidis et al., 
1994). LAL deficiency only develops when two copies 
of abnormal genes are present which is autosomal-
recessive; LAL activity is still preserved if one intact copy 
of DNA is available. (Koch et al., 1981). In the past few 
years, studies of more than hundred mutations have been 
reported (Carter et al., 2019). A splice-junction mutation 
(E8SJM) in exon 8 in LIPA gene was the most common 
mutation type found in half of the patients with LAL 
deficiency (Muntoni et al., 2007; Burke & Schubert, 1972).

Prevalence of LAL deficiency varies among countries. 
In Germany, prevalence was estimated to be 1 in 40,000 
with either WD or CESD (Muntoni et al., 2007) while in 
the US, the prevalence was estimated to be 1:130,000 
within Hispanic and Caucasian populations (Scott et 
al., 2013). However, E8SJM mutation among the Asian 
and African-American populations were uncommon. This 
demands more studies to be carried out to evaluate the 
epidemiology of the disease (Scott et al., 2013).

Currently, treatment for LAL deficiency is bone 
marrow transplantation (Krivit et al., 2000) and enzyme 
replacement therapy (Jones et al., 2017). Although LAL 
deficiency is a rare genetic condition, raising awareness 
about this disorder among physicians is crucial. This is 
because available treatment may help to improve the life 
span in patients with LAL deficiency. Thus, establishing 
the diagnosis of LAL deficiency through laboratory testing 
is much needed for all suspected patients. 

The gold standard method for detection of LAL 
deficiency is by assaying the enzyme activity of LAL, 
preferably in fibroblast cells (Guy & Butterworth, 1978). 
However, due to difficult sample handling; invasive skin 
biopsies and time-consuming cell culture method, other 
potential sample types such as blood samples should be 
considered for measurement of LAL activity.

In the present study, we used standardized method by 
improvising and testing it on leucocytes (white blood cells) 
samples and proceeded with method validation according 
to the respective guidelines and local procedures. Based 
on these fundamental parameters, we have modified 
the Guy & Butterworth (1978) method and successfully 
established an enzyme assay method for measuring LAL 
activity in leukocytes.

2. MATERIALS AND METHODS

2.1 Chemicals

Substrate 4-methylumbellifryl-palmitate (4MuFP) was 
purchased from Toronto Research Chemicals (Toronto, 

Canada). Chemical cardiolipin was purchased from Sigma 
Aldrich (St Louis, USA). 

2.2 Samples

A volume of 5 ml of whole blood was collected in EDTA tube 
from a normal individual (n=1) for validation study. Plasma 
was separated from whole blood by rapid centrifugation 
(4000 rpm, 5 min). Leucocytes were isolated by centrifugation 
after lysis of erythrocytes (Boyum, 1974). The remaining 
blood in the conical tube was diluted into 50 mL of cold lysis 
buffer containing ammonium chloride, 155 mM with sodium 
bicarbonate, 10 mM and ethylenediaminetetraacetic acid 
(EDTA), 0.1 mM. The mixture was mixed by inverting 
the tube several times until all erythrocytes were lysed 
before incubating in ice for 20 min. The mixture was next 
centrifuged at 2000 rpm for 6 min and the supernatant 
aspirated. The pellet was washed twice in 5 ml of cold 
lysis buffer by similar centrifugation procedure as above. 
The washed pellet was resuspended in deionised water 
containing 0.1% of Triton-X100 and sonicated in ice for 
two 5-s bursts at 10 % power. The leucocytes lysate was 
centrifuged at 2000 rpm for 10 min, and the supernatants 
were kept frozen until analysis.

2.3 Protein Quantitation

The modified Lowry protein assay kit (Thermo Fisher 
Scientific, Watham, MA, USA) was used to quantitate the 
protein estimation in leucocytes lysate. Bovine Serum 
Albumin (BSA) (1−1500 mg/L) was used as the standard 
for calibration curve preparation. A volume of 200 µL of the 
modified Lowry reagent was added to 40 µL of standard 
and sample in the 96 well clear plate before the plate 
was incubated for 10 min at room temperature. Next, 20 
µL of Folin-Ciocalteu Phenol reagent was added to each 
well and incubated at room temperature for 30 min. The 
absorbance of all samples were measured at wavelength 
of 750 nm using Spark 20M multimode microplate reader 
(Tecan, Mannedorf, Switzerland).

2.4 Substrate Preparation

A stock solution of substrate, 4MuFP was prepared by 
dissolving 4.15 mg in 10 mL deionised water. The working 
substrate mixture was prepared fresh as follows: 74 μL of 
cardiolipin solution (0.25 mg/mL) was added into a glass 
tube and left evaporated to dryness in a stream of nitrogen. 
Once completely dried, two parts of substrate stock solution 
was added to one part of 0.4 M acetate buffer pH 4.0 
containing 0.1% Triton-X100 in the glass tube which carried 
the cardiolipin residue. The glass tube was heated at 50oC 
in water bath until formation of flocculent white precipitate.

2.5 LAL Assay

The LAL assay was adopted from Guy & Butterworth 
(1978) and modified in our laboratory. Except where 
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indicated otherwise, LAL enzyme activity was assayed 
under the following conditions: 5 µl of leucocytes lysate 
was added into 30 µl of working substrate in 96 well 
black microplate. The plate was incubated for 30 min 
at 37oC. The reaction was terminated by addition of 
200 μL of 0.5 M of carbonate buffer (pH 10.7). The 
fluorescence of the product, 4-methylumbelliferone 
(4MuF) was measured on a Spark 20M multimode 
microplate reader (Tecan, Mannedorf, Switzerland) with 
specific excitation wavelength of 355 nm and emission 
wavelength of 460 nm. The relative fluorescence count 
was calculated by subtracting the reading with blanks. 
The amount of product was obtained by comparing the 
relative fluorescence count with fluorescence count 
from a series of 4MuF calibrator, ranging of 0-2.5 nmol. 
Enzymatic activity of LAL was expressed as the amount 
of 4MuF (nmol) released from 4MuFP in one hour per 
mg protein. All assays were performed in triplicate and 
their results were averaged. 

2.6 Validation Study

The analytical characteristics of the LAL assay in 
leucocytes were validated to ensure the suitability of the 
analytical requirements and the reliability of the results. 
This method was validated through linearity, sensitivity, 
precision, and inter lab comparison. Thus, validation of 
LAL assay was performed according to IMR Laboratory 
Quality Procedure guideline (2020).

We prepared different concentrations of 4-MuF (up 
to 1000 pM) to demonstrate the linearity of the test. 
Each concentration level (0, 10, 20, 30 and 40 pmol) 
was analyzed in duplicates. For sensitivity study, the 
limit of detection (LOD) and limit of quantitation (LOQ) 
were calculated from 12 replicates of blank sample which 
contained denatured enzyme and substrate.

Precision was assessed in the form of repeatability 
and reproducibility studies. For repeatability, a single 
leukocytes lysate was assayed in 8 replicates while for 
reproducibility; a single leukocyte was assayed in triplicate 
using 5 different working substrate mixtures for five 
consecutive days. All measurements were conducted by 
the same operator to ensure consistency.

We tested unknown samples from European 
Research Network for evaluation and improvement of 
screening, diagnosis and treatment of inherited disorders 
of Metabolism (ERNDIM) using LAL assay to determine 
the interlaboratory comparison. The unknown samples 
(n=2) were lyophilised samples from human fibroblast. 
Each sample was assessed individually by the correct 
interpretation of result and z-score. 

2.7 Activator study

An experiment was carried out using various concentrations 
of 0.25 mg/ml, 0.5 mg/ml, 1.0 mg/ml, 2.5 mg/ml and 5.0 mg/

ml of cardiolipin in working substrate mixture to investigate 
the effect of cardiolipin as an activator towards LAL activity. 
Activity of LAL was determined by assaying leucocytes 
lysate in triplicates for each concentration of cardiolipin.

 
2.8 Incubation period study

The incubation period experiments were carried out 
using working substrate mixture containing 0.25 mg/ml 
cardiolipin at 37oC. Analyses (n=3) were performed at 5 
min, 10 min, 20 min, 30 min, 40 min, 50 min and 60 min 
of incubation period to acquire the optimum incubation 
period for LAL activity.

2.9 Statistical Analysis

Average repeatability and reproducibility variability values 
in precision study were expressed as coefficients of 
variation (CVs) and evaluated by calculating the overall 
mean and SD on multiple measurements of LAL activity 
in leucocytes. The LOD was calculated using the formula; 
LOD = 3 SD of the blank test (enzyme + substrate)/a 
where SD is the standard deviation of the response and 
a is the calibration curve slope. The LOQ was calculated 
using the formula; LOQ = 10 SD of the blank test (enzyme 
+ substrate)/a. The z-scores, zi, were calculated from the 
laboratory results, the assigned value and a standard 
deviation in accordance to: zi = (xi − X)/σ where xi 
=laboratory result, X = assigned value and σ = standard 
deviation. Statistical differences between group of 
incubation period and various concentration of cardiolipin 
were assessed by non-parametric Mann-Whitney U test 
using the IBM SPSS software computer program, version 
22 (IBM Corporation). Differences of value p<0.05 were 
considered statistically significant. All experiments were 
performed at least in triplicates and data were expressed 
as mean ± SD.

3. RESULTS AND DISCUSSION

3.1 Method Validation 

Overall, the LAL enzyme assay method was validated 
according to the standardized protocol for the evaluation 
and validation of the techniques (IMR Laboratory Quality 
Procedure, 2020). 

A 5-point standard curve was prepared for linearity 
experiment. The linear regression equation curve was y = 
125.68x + 190238 with coefficient of determination of 0.993 
(Figure 1). The method was found to be linear up to 40,000 
nmol (not tested beyond). Linearity study is an important 
element for any method involved in calibration experiment 
especially when working with spectrophotometer or 
fluorometer (Araujo, 2009). In theory, it is assumed that 
there is a straight-line relationship between the input, 
x and output, y variables. However, this mathematical 
equation is not exactly true when at certain point; the 
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input, x is not proportionate with the expected response, y, 
due to the limitation of the Beer-Lambert Law (Mayerhöfer 
et al., 2019). In this study, linearity study was performed 
using 4MuF as the standard with the lowest point of 
10,000 nmol. A straight line from point 0 to 10,000 nmol 
was observed, which demonstrated sufficient linearity to 
cover our working concentration ranges from 0 to 2.5 
nmol. Hence, this approach has met the requirement for 
evaluation of our linearity range in particular involving 
the minimum analytical concentration; various medical 
decision limits; and maximum analytical concentration 
(NCCLS, 2003). 

Sensitivity was evaluated by calculating the LOD, 
which is defined as the method capacity to measure the 
smallest concentration that is statistically distinguishable 
from a blank (Gonzales & Herrador, 2007). The LOQ 
is defined as the lowest concentration at which the 
analyte can not only be reliably detected but at which 
some predefined goals for bias and imprecision are 
met (Gonzales & Herrador, 2007). The LOQ may be 
equivalent to the LOD or it could be at a much higher 
concentration. The LOD and LOQ values of this study 
were estimated at 33 nmol/hr/mg protein and 173 nmol/
hr/mg protein, respectively. Thus, our results of LOD and 
LOQ were compromised with the respective (Gonzales 
& Herrador, 2007; Araujo, 2009; European Medicines 
Agency, 2011).

Precision for repeatability was 8.05% while for 
reproducibility, the CV was 7.3%. Precision is expressed 
numerically by measures of imprecision of relative 
standard deviation (RSD also known as CV). In our study, 
both criteria of repeatability and reproducibility of precision 
were within acceptable range which was less than 
10%. According to European Medicines Agency (2011) 
guideline, the imprecision should not exceed 20% of CV. 
Therefore, our imprecision results are in concordance with 
the guideline.

Inter laboratory comparison was performed by testing 
two unknown samples; possibly from patient(s) with WD. 
Majority of participating laboratories in the scheme were 
using fluorometric substrate and the submitted results 
were within acceptable range (ERNDIM, 2020). The 
result for sample 1 was 525 nmol/hr/mg protein confirming 
normal diagnosis. Our result for sample 2 was 68 nmol/
hr/mg protein with suspicion for Wolman disease. The 
finding reports from organizer revealed that mean value 
of LAL activity for samples 1 and 2 from all laboratory 
participating were 838 ± 916 nmol/hr/mg protein (n = 35) 
and 27.7 ± 44.9 nmol/hr/mg protein (n = 36) respectively. 
Both of our diagnoses were correct and the performance 
was within acceptable limit; 0 to 0.5 SD from mean target 
and z-score of -0.3417 for sample 1, and 0.5 to 1.0 SD 
from mean target with z-score of 0.8976 for sample 2. 

Inter laboratory comparison is one way to assess 
the performance of the laboratory, specifically in the 
method to be validated. Z-score was introduced for each 
reported laboratory result to facilitate the performance 
evaluation by the participating laboratories (ISO/FDIS-
13528). The performance of laboratories is considered 
satisfactory when the Z-score < 2 while Z-score > 3 
suggests unsatisfactory performance (ISO/FDIS-13528). 
Performance of the laboratory may be debatable if the 
Z-score is between 2 and 3. Here, we have demonstrated 
that performance of LAL assay was satisfactory and able 
to distinguish between normal individual and patient with 
Wolman disease. 

3.2 Effect of Cardiolipin towards LAL activity

In this study, leucocyte lysate was assayed using working 
substrate mixture with increasing concentrations of 
cardiolipin to determine its effect towards the activity of 
LAL. Figure 2 depicts the relationship between various 
concentrations of cardiolipin and the activity of LAL. 
Cardiolipin acts as activator for the activity of LAL. Maximum 

Figure 1: Linearity for standard 4MuF
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activation LAL activity was obtained at the concentration 
0.25 mg/mL. The half maximum activation observed was 
calculated at 1.3285 mg/mL based on equation y = 5.96x2 
– 51.43x + 107.8. At concentration of 5 mg/mL, cardiolipin 
failed to activate any LAL activity. These findings were 
consistent with other studies done on fibroblast cells (Guy 
& Butterworth, 1978) and lymphocytes (Miszczuk-Jamska 
et al., 1993).

The active site in LAL consists of additional three 
Cys residues in the mature protein and another one in 
the signal peptide (Pagani et al., 1997). It postulated that 
cardiolipin may bind to the Cys residues at the active 
site of LAL enzyme during the E state, a condition when 
only enzyme available in the lock and key model system 
(Yamada et al., 1998). This will change the configuration 
of the active site and would allow more substrate to bind 
with the enzyme before changing to the product that would 
increase the LAL activity. However, with high dose of 
cardiolipin, the active site would be saturated, thus making 
the substrate inaccessible to the hydrolytic reaction within 
the active site. As a result, we observed a significant low 
level of LAL activity when the concentration of cardiolipin 
is 5 mg/ml (p<0.05). 

Figure 2: Effect of cardiolipin toward LAL activity

3.3 Effect of incubation period

The final stage of optimization process was to find the 
best incubation period for the analysis. In order to optimize 
the incubation period, the concentration of cardiolipin in 
working substrate mixture was adjusted to 0.25 mg/mL 
to identify the optimum incubation period that gives the 
maximum LAL activity. It was observed that prolonged 
incubation period affects the activity of LAL (Figure 3). 
After 5 min of incubation period, LAL activity increased 
tremendously. It reached 249 nmol/hr/mg protein after 20 
min, which was 12 times higher than the activity after 
5 min incubation period. The highest LAL activity was 
observed at 30 min incubation period (321 nmol/hr/mg 
protein). Further incubation period to 40-60 min did not 

indicate any changes in LAL activity (p value, 0.276). 
Therefore, 30 min incubation period was the optimum 
time to ensure more economical and efficient process for 
analysis in leukocytes.

Guy & Butterworth (1978) reported their incubation 
period for LAL assay was 20 min. In comparison, our 
substrate concentration was 0.4 M, twice higher than the 
substrate concentration used by Guy & Butterworth (1978). 
This is relatively acceptable since we used different type 
of sample matrix. Our study also confirmed the Michaelis 
constant whereby Km depends on substrate concentration 
(Moss, 1970). The higher concentration of the substrate, 
the lesser velocity of reaction of the enzyme thus prolongs 
the incubation period to demonstrate maximum activity 
of LAL. 

Figure 2: LAL activity and time plot at 37oC

4. CONCLUSION

To the best of our knowledge, this is the first study which 
provides the information on the LAL activity in leucocytes 
sample. LAL assay carried out fulfills all the requirements 
for method validation. We have successfully established 
and evaluated this assay as a new laboratory test for 
diagnosis of WD and CESD in Malaysia. However, more 
studies need to be carried out regarding LAL activity level 
in leucocytes samples in normal population. 
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Redevelopment of Mafriwal Cattle Breed for Milk Production in Malaysia

Abstract

The dairy industry requires a large population of cattle for raw milk production but Malaysia is experiencing shortages of dairy cattle with 
good genetic material. Therefore, Malaysia embarked aggressively on the development of local dairy cattle in 1980’s with the breeding 
of local Sahiwal-Friesian breed called Mafriwal. It was developed by considering local environmental factors that have optimal milk 
production traits. However, the requirement of Malaysian farmers has been changed and the farmers need the dairy cattle which can 
produce more milk to cater the need of dairy industry. Due to the current shortage of suitable dairy breed in this country, Department 
of Veterinary Services (DVS) has taken an action to redevelop the new Mafriwal cattle with the improved production traits such as milk 
production without sacrificing the adaptation of the breed to the tropical environment. The preliminary result of growth performance for 
new Mafriwal 2.0 is very encouraging, however more time is needed to collect enough data to evaluate the reproductive performance.
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1. INTRODUCTION

The demand for fresh milk and good quality dairy products 
has been on an increasing trend anually in Malaysia. 
However, local milk production is still considered low for 
the past four decades. In addition to the critical issue of 
nutrition, quality of dairy cattle breeds played a key role 
in improving the production of raw milk in this country. 
The industry requires a large population of dairy cattle for 
raw milk production targeted but Malaysia is experiencing 
shortages of dairy cattle with good genetic material.

Firstly, Malaysia embarked aggressively on the 
development of local dairy cattle in 1980’s with the breeding 
of imported Sahiwal-Friesian breed called Mafriwal  
(Hawari, et. al., 1986). It was developed by considering local 
environmental factors that have optimal milk production 
traits. Mafriwal was developed from genetic resources 
Friesian best of North American and Zebu breeds were 
obtained from Kenya and Brazil, which were Sahiwal and 
Gir (Figure 1).The results of this are considered as the 
best way to enhance the production performance of local 
dairy cows in tropical climate (Francis, 1976). This breed 
is suitable for farming in this country which to have a 
good level of fertility, easy to manage and resistant to 
hot weather and high humidity and diseases. At that time, 
Mafriwal was considered as a good breed for farmers to be 
used in this country with the average milk production of 8 
to 12 liters per day in the medium input system production. 
Until then, the breeding program of Mafriwal cattle which 

practiced the interse mating type of breeding scheme. No 
new blood of either Friesian or Sahiwal has been injected 
in the Mafriwal population especially in government farm. 
Until recently, the requirement of Malaysian farmers has 
been changed and the farmers need the dairy cattle which 
can produce more milk to cater the need of dairy industry. 
With the current shortage of suitable dairy breed in this 
country, Department of Veterinary Services (DVS) has 
taken an action to redevelop the new Mafriwal cattle with 
the improved production traits such as milk production 
without sacrificing the adaptation of the breed to the 
tropical environment.

The objectives of the new Mafriwal 2.0 breeding 
program are:
a. To develop the improved Mafriwal dairy breed 

(Mafriwal 2.0) which can produced the milk at least 
4500 liters per lactation from 2590 liters per lactation 
currently in Mafriwal 1.0 (DVS, 2015).

b. To ensure 1% genetic progress per year for milk 
production trait in new Mafriwal cattle with the proper 
breeding program

c. To increase the breeders of the Mafriwal cattle in the 
government farm from 150 breeders to 400 to cater 
the need of the dairy industry.

d. To develop a proper breeding scheme for Mafriwal 
cattle genetic improvement with the development 
of private Mafriwal pedigree farms which practiced 
systematic genetic selection and culling system.
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Thus, this paper is a preliminary report for the 
progress of Mafriwal 2.0 redevelopment breeding effort 
taken by DVS since it started in 2018 until January 2020.

 

Figure 1: Breeding Strategy of Mafriwal 1.0 

2. MATERIALS AND METHODS 

In order to achieve the new targeted milk production for 
Mafriwal breed, the new Mafriwal (Mafriwal 2.0) has to be 
upgraded with new and high quality Friesian blood. 1000 
straws of Holstein-Friesian top proven bull semen from 
North America has been procured in 2017. The average 
milk production of the imported Holstein-Friesian semen 
was 11,000 liter per lactation. They have been used 
for artificial insemination in Mafriwal at Pusat Ternakan 
Haiwan (PTH) Air Hitam for the breeding program started 
in January 2018.

Figure 2: Breeding Strategy of Mafriwal 2.0

At the same time, 100 new breed of Sahiwal-Friesian 
cattle with 90% Friesian inheritance has been procured 

from Keningau, Sabah in July 2018 to increase the 
number of breeders for Mafriwal 2.0 breeding program. 
The cattle have been bred with Mafriwal semen to produce 
new Mafriwal breed with the improved production trait.

The breeding strategy for Mafriwal 2.0 involved two 
separated mating system for original Mafriwal breeders 
and Sabah cattle breeders. The detailed strategy was 
outlined in Figure 2 below.

The data of milk production (projected 305 days milk), 
reproductive and growth performance for three different 
categories which were Mafriwal 1.0, Sabah cattle and 
Mafriwal 2.0 was collected until January 2020. The data 
was analyzed using SPSS software and the performance 
was compared between different categories.

3. RESULTS AND DISCUSSION

The milk production and reproductive performance for 
three different categories are illustrated in Table 1 to Table 
4 below. The result of milk production for Mafriwal 2.0 was 
not available since the data is not yet completed. Mafriwal 
1.0 showed higher performance in milk production and 
lactation length traits compared to Sabah. However, Sabah 
cattle has early first calving age compared to Mafriwal 1.0 
and also slightly better performance for calving interval 
trait. The major non-genetic factors affecting the milk 
production of crossbreds in Malaysian environment are 
heat-humidity and nutrition. Breeding animals with too 
high temperate inheritance such as Sabah cattle, invites 
stress related problems, which results in lactational failure. 
Further, these animals would be expensive to maintain, 
requiring a high level of concentrate feeding together with 
increased husbandary inputs and better housing.

Table 1: Milk production (liter/lactation) by different cattle 
categories

Category 
Milk 

Production 
(Liter/

Lactation)
n Min Med Max

MAFRIWAL 
1.0 2103.79±83.69 101 261.00 2083.00 4847.00

SABAH 
CATTLE 1517.70±119.27 40 284.00 1268.00 4296.00

MAFRIWAL 
2.0 G1 Not available Not 

available
Not 

available
Not 

available
Not 

available

Table 2: Lactation length (days) by different cattle categories

Category 
Lactation 

Length 
(Days)

n Min Med Max

MAFRIWAL 1.0 200.63 
±12.97 49 80.00 196.00 417.00

SABAH 
CATTLE 

152.04 
±11.66 25 68.00 150.00 272.00

MAFRIWAL 
2.0 G1 NA NA NA NA NA

*NA: not available
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Table 3: Age first calved (days) by different cattle categories

Category 
Age First 

Calved 
(Days)

n Min Med Max

MAFRIWAL 
1.0 

978.33 
±13.66 106 785.00 939.00 1531.00

SABAH 
CATTLE 

744.16 
±15.93 50 293.00 727.00 1167.00

MAFRIWAL 
2.0 G1 NA NA NA NA NA

*NA: not available

Table 4: Calving Interval (days) by different cattle categories

Category
Calving 
Interval
(Days)

n Min Med Max

MAFRIWAL 
1.0

440.19 
±8.97 167 306.00 409.00 932.00

SABAH 
CATTLE

435.77 
±14.72 22 316.00 442.00 561.00

MAFRIWAL 
2.0 G1 NA NA NA NA NA

*NA: not available

Table 5: Birth Weight (kg) by different cattle categories and sex

Category Sex Birth 
Weight (Kg) n Min Max

MAFRIWAL 1.0 

FEMALE 22.82±0.35 167 11 39

MALE 23.79±0.55 74 11 40

TOTAL 23.12±0.30 241 11 40

SABAH CATTLE 

FEMALE 25.25±1.12 24 12 32

MALE 26.52±1.07 17 20 33

TOTAL 25.78±0.78 41 12 33

MAFRIWAL 2.0 G1 

FEMALE 24.25±0.90 20 17 32

MALE 24.05±1.15 17 17 33

TOTAL 24.16±0.71 37 17 33

Table 6: 200 days weight (kg) by different cattle categories  
and sex

Category Sex 200 Days 
Weight (Kg) n Min Max

MAFRIWAL 1.0 

FEMALE 87.11±1.08 152 50.98 129.00

MALE 96.69±1.87 67 56.56 127.62

TOTAL 90.04±0.99 219 50.98 129.00

SABAH CATTLE 

FEMALE 90.66±2.88 24 64.40 115.53

MALE 103.40±2.74 17 83.34 125.61

TOTAL 95.94±2.24 41 64.40 125.61

MAFRIWAL 2.0 
G1 

FEMALE 104.49±3.05 10 85.08 119.12

MALE 100.16±3.85 11 78.32 122.77

TOTAL 102.22±2.47 21 78.32 122.77

Table 7: Average daily weight gain (ADG) Birth Weight (kg/day) 
by different cattle categories and sex

Category Sex ADG
(Kg/Day) n Min Max

MAFRIWAL 1.0 

FEMALE 0.32±0.005 152 0.10 0.50

MALE 0.36±0.008 67 0.19 0.48

TOTAL 0.33±0.004 219 0.10 0.50

SABAH CATTLE 

FEMALE 0.32±0.012 24 0.21 0.45

MALE 0.38±0.014 17 0.26 0.47

TOTAL 0.35±0.010 41 0.21 0.47

MAFRIWAL 2.0 
G1 

FEMALE 0.40±0.013 10 0.33 0.46

MALE 0.38±0.018 11 0.28 0.46

TOTAL 0.39±0.011 21 0.28 0.46

As for growth performace for the three different 
categories of cattle, the results were showed in Table 5 
to Table 7. For the birth weight, the males showed higher 
birth weight compared to the females on all the three 
categories. The Sabah cattle have highest birth weight 
while the Mafriwal 1.0 birth weight is the lowest. And as 
expected, the birth weight of Mafriwal 2.0 is between the 
other two categories due to the heterosis effect. However, 
the Mafriwal 2.0 has better growth performance compared 
to the two other categories where it has the highest 200 
days weight and average daily weight gain. 

Increasing Holstein-Friesian inheritance alone will 
not sustain the long term development of dairy cattle 
in Malaysia. While injecting new high performance 
Holstein-Friesian inheritance is important to increase 
milk production of the Mafriwal, however by also using 
M63 Mafriwal sires or semen in the breeding program 
will ensure the dissemination of superior zebu genetics 
into the crossbred population as a whole. This needs to 
be coupled with selective breeding over generations. In 
the developed economies, genetic gain in the population 
has paralleled the upgrading of management and nutrition 
in the dairy population as a whole. A similar trend has 
to appears to accompany the genetic improvement of 
dairy cattle in Malaysia. If Malaysia is to be an exporter 
of tropical dairy cattle breeds, it needs to create efficient 
milk producer which is robust enough to perform in a 
wide range of tropical environments. In this respect, the 
strategies adopted by the DVS thus far are conducive to 
the developement of ideal synthetic with fine tuned zebu 
and Holstein inheritance, high heat and tick resistance, 
improved fertility, rapid growth rates and efficient and 
economic milk production.

4. CONCLUSION

Animal breeding programs are costly, demand high 
technical input and require an extended time to secure 
notable advances in genetic gain. Hence, to venture into 
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a breeding program involving any species of livestock, 
especially cattle, would require considerable study and 
planning. In the case of Mafriwal cattle breeding program, 
proper planning has been laid out by DVS since 2018 
and it will be continued for Rancangan Malaysia Ke-12 
(RMK12) and RMK13 period. Sufficient time need to be 
allocated before any desireable result could be achieved. 
However, the preliminary result of growth performance for 
new Mafriwal 2.0 is very encouraging and more time is 
needed to collect enough data to evaluate the reproductive 
performance.
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Hyperforin induces cell death in triple negative breast carcinoma cells and 
upregulates pro-apoptotic genes

Abstract

Anticancer properties of hyperforin, an extract from St John’s wort, on various types of cancer cells have been documented. However, 
regulation of apoptotic genes and its involvement in different cell death pathways in hyperforin treated breast carcinoma cells remains 
unclear. In this study, the growth inhibition of triple negative breast cancer cells (MDA-MB-231) upon hyperforin treatment and regulation 
of the apoptotic pathways used was further investigated. Hyperforin effectively induced in vitro cell death in MDA-MB-231, with lower 
IC50 (7.91 µg/mL) at 24 hours than 48 hours (7.97 µg/mL). Paclitaxel, a chemotherapy drug, similarly demonstrated lower IC50 at 
24 hours (7.18 µg/mL) compared with 48 hours (7.91 µg/mL). At IC50 concentration, hyperforin induced higher secretion of ROS and 
apoptotic effect in MDA-MB-231. DNA fragmentation observed indicated late stage cytotoxic effect. Hyperforin-treated cells were also 
majorly arrested at the S phase indicating inhibition of DNA synthesis. PCR microarray showed upregulation of pro-apoptotic genes 
and possible induction of receptor mediated cell death. Overall, hyperforin has almost similar chemotherapeutic properties as paclitaxel 
in inhibiting breast cancer cells. 
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1. INTRODUCTION 

Breast cancer is the most frequent cancer among women 
worldwide, and causes the highest cancer-related deaths 
(1). Current treatments that include radiation therapy, 
chemotherapy, targeted therapy, hormonal therapy, and 
surgery (2) may have disadvantages such as development 
of adamant cancer cells or increase in toxicity of drugs in 
the patient's body (3). Plant derived natural products are 
cheaper, readily applicable, acceptable, and accessible, 
and thus has long been considered as an alternative for 
cancer therapy (4, 5, 6). Successful plant natural products 
include paclitaxel and doxorubicin. Hence, anticancer 
properties of naturally occurring hyperforin, a compound of 
the plant St John's wort, were investigated against breast 
cancer cells. Although anticancer properties of hyperforin 
have been studied, its effectiveness against breast cancer 
cells, especially the triple negative subtype is still scarce. 
This subtype has distinct molecular profile and metastasis 
patterns, aggressive behavior, and lack targeted therapies 
(7). Investigation of hyperforin as a potential anticancer 
agent against this subtype and understanding the pathways 
regulated may allow identification of potential alternative 
for treatment. Hence, this study aims to examine and 
compare the performance of hyperforin against paclitaxel 
in inducing in vitro cell death in MDA-MB-231 and to 

investigate the possible activation of apoptotic pathways 
and oncogenes using genomic approaches.

2. MATERIALS AND METHODS

2.1 Measurement of cell viability (MTT assay) and 
cellular reactive oxygen species (ROS)

MDA-MB-231 cells were treated with hyperforin and paclitaxel 
at concentrations of 0 to 8 µg/mL and maintained in complete 
Dulbecco’s modified eagle medium (DMEM) for 24 and 48 
hours. Cell viability was measured using the MTT reagent 
(Sigma-Aldrich, Malaysia). The ROS was measured using 
the DCFH-DA based assay using a kit (Abcam, CA, USA). 

2.2 Measurement of cell cycle and detection of apoptotic 
cells

Quantification of cell cycle and apoptosis was performed 
using BrdU labeling and propidium iodide (BD biosciences) 
and Annexin-V/propidium iodide (PI) apoptosis assay (BD 
biosciences).

2.3 DNA fragmentation assay and PCR microarray

DNA and RNA were extracted from the treated cells. 
DNA fragmentation was confirmed using 1.4% agarose 
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Figure 1: Cell viability of hyperforin (left) and paclitaxel (right) treated MDA-MB-231

gel. RNA was subjected to human apoptosis PCR array 
(SABiosciences, USA).

2.4 Statistical analysis

Quantitative data was presented as the mean ± standard 
deviation. ANOVA test was used for the comparison 
between groups. 

3. RESULTS AND DISCUSSION

Hyperforin needed a lower IC50 to inhibit MDA-MB-231 
cells compared to paclitaxel at 24 hours (Fig 1). Significant 
amount of ROS was detected in hyperforin treated cells 
compared to the untreated (Fig 2), indicating occurrence 
of damage to cell membrane and potential activation of 
cell death through mitochondrial pathway.

Figure 2: Release of ROS in hyperforin and paclitaxel treated 
MDA-MB-231 

Figure 3: Analysis of cell cycle arrest of hyperforin and 
paclitaxel on MDA-MB-231

Figure 4: Analysis of apoptosis in hyperforin and paclitaxel 
treated MDA-MB-231

Lane 1: Hyperforin
Lane 2: Untreated 
Lane 3: Untreated 
Lane 4: Paclitaxel

Figure 5: Analysis of DNA fragmentation of MDA-MB-231 

Hyperforin was found to arrest cells at S phase and 
induce formation of apoptotic cells (Fig 3 & 4), suggesting 
inhibitory effect of hyperforin in DNA synthesis of cancer 
cell which lead to formation of apoptotic cells and DNA 
fragmentation.

Induction of small DNA fragmentation (Fig 5) and 
upregulation of several pro-apoptotic genes responsible 
for receptor mediated cell death (Fig 6) were also observed 
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indicating potential activation of receptor mediated cell 
death by hyperforin and paclitaxel. Besides, activation of 
apoptosis were further confirmed by the over-expression 
of pro-apoptotic genes in treated MDA-MB-231 cells. 

4. CONCLUSION

The results demonstrated that hyperforin has almost similar 
chemotherapeutic properties as paclitaxel in inhibiting 
breast cancer cells hence suggesting further experiments 
involving combination therapy or on in vivo studies.
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Applications of genome editing in farm animals

Abstract

The clustered regularly interspaced short palindromic repeats/Cas 9 system (CRISPR/Cas9) has become the golden standard as genome 
editing tool. Genome editors can be used to efficiently modify the genome of farm animals to address urgent animal welfare issues 
associated with modern livestock farming such as dehorning, surgical castration and resistance against severe pathogens. Horned cattle 
pose an increased risk of injury for each other as well as for the farmers. Dehorning without anesthesia is associated with stress and 
pain for the calves and raises concerns regarding animal welfare. Naturally occurring structural variants causing polledness are known 
for most beef cattle but are rare within the dairy cattle population. We isolated the Polled Celtic variant from the genome of an Angus 
cow and integrated it into the genome of cells from a horned Holstein Friesian bull using the CRISPR/Cas12a system. Somatic cell 
nuclear transfer (SCNT) was employed to produce genetically modified embryos which were transferred into synchronized recipients. 
One pregnancy was allowed to go to term and delivered one calf with a polled phenotype. In conclusion, we successfully demonstrated 
the practical application of the CRISPR/Cas12a system in farm animals to address a welfare issue associated with livestock farming. 

Keywords: CRISPR/Cas9, Genome Editing, Polled, Farm Animals

Corresponding author:
Bjoern Petersen, Institute of Farm Animal Genetics, Friedrich-Loeffler-Institut, Mariensee, Germany
Email: bjoern.petersen@fli.de

Bjoern Petersen
Institute of Farm Animal Genetics, Friedrich-Loeffler-Institut, Mariensee, Germany

1. INTRODUCTION

In today’s dairy cattle farming the vast majority of cows 
display a horned phenotype. Previous studies revealed 
the genetic background of polledness1,2. Two main genetic 
variants within the polled locus on chromosome 1 are known 
to cause the polled phenotype. One variant is the Celtic 
mutation (Polled Celtic, Pc) located within an intergenic 
region of chromosome 1 of the bovine genome (horned 
locus). This autosomally inherited structural variant consists 
of a complex 202 bp insert-deletion (indel) mutation on 
bovine Chromosome 1 which has been described before. 
Another causative mutation is the Polled Friesian (Pf) 
variant which is the only polled variant present in dairy 
cattle and consists of an 80 kb duplication accompanied 
by three single nucleotide polymorphisms (SNPs). The 
distribution of the polled trait by classical crossbreeding 
is complicated by poor breeding and production properties 
of polled HF cattle as well as small gene pools of polled 
dairy cattle. CRISPR/Cas12a is a type V class II CRISPR 
system that only requires a single CRISPR RNA (crRNA) 
instead of a tracr:crRNA complex like CRISPR/Cas9. 
Furthermore, a 5’TTTN-3’ PAM sequence upstream of the 
gRNA is required for binding and cleavage of the target 
DNA. Cas12a in contrast to Cas9 possesses only one 
active cleavage domain in the site of the RuvC domain 
which cuts one DNA in cis- and the other in trans-position 
forming two non-homologous overhangs (i.e. sticky ends) 
which facilitate the introduction of new DNA sequences3,4. 

Here, we established the CRISPR/Cas12a system as a 
novel method to integrate the Polled Celtic variant into the 
genome of a horned HF breeding bull to produce offspring 
with a polled phenotype and thereby rendering dehorning 
unnecessary.

2. MATERIALS AND METHODS 

2.1 CRISPR/Cas12a and guide RNA expression

The LbCas12a expressing plasmid SQT1665 (Addgene 
plasmid #78744) was employed in this study. Three 
different complementary pairs of DNA oligonucleotides 
targeting the six base pair deletion of the Celtic mutation 
were annealed and cloned into the BsmBI cloning site 
of the gRNA expressing plasmid (BPK3082, Addgene 
plasmid #78742). For subsequent knock-in experiments 
gRNA “LbCas12a gRNA_4” was used.

2.2 Generation of HDR template

The Pc variant was amplified via PCR with primers 
encompassing the 202 bp indel variant and the homologous 
arms (HP1748-F1: 5’ GGGCAAGTTGCTCAGCTGTTTTTG 
3’ and HP1748-R1 5’ TCCGCATGGTTTAGCAGGATTCA 
3’; product size polled: 1748 bp, product size horned: 1546 
bp). PCR conditions were as following: 95 °C for 2 minutes 
followed by 32 cycles of 95 °C for 25 seconds, 62 °C for 30 
seconds and 72 °C for 120 seconds. Final elongation was 
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achieved at 72 °C for 5 minutes. Resulting DNA fragments 
were purified (Invisorb®Fragment CleanUp-Kit, Startec, 
Germany) and cloned into the pCRTM2.1 transfection 
vector (TA Cloning® Kit with pCR™2.1 vector, Thermo 
Fisher Scientific) as recommended by the supplier.

2.3 Cell culture and transfection

Bovine fibroblasts were isolated from an ear notch of a 
commercially used horned Holstein-Friesian bull (total merit 
index of 141) and cultured in Dulbecco’s modified Eagle’s 
medium (DMEM) with 1-2 % penicillin/streptomycin, 1 % 
non-essential amino acids and sodium pyruvate and 10-30 
% fetal calf serum (FCS) at 37° C and 5 % CO2. Passaged 
cells were transfected using the 100 µl kit of the Neon® 
Transfection System (Invitrogen, Thermo Fisher Scientific) 
at 1800 V, one 20 ms pulse. A total of 10 µg plasmid was 
transfected.

2.4 T7 Endonuclease I cleavage assay and Sanger 
sequencing

In order to assess on-target efficiency, the target sequence 
was amplified via PCR using PC specific primers (btHP-F1: 
5’ GAAGGCGGCACTATCTTGATGGAA 3’; btHP-R2: 
5’ GGCAGAGATGTTGGTCTTGGGTGT 3’) under the 
following conditions: 95 °C for 2 minutes followed by 32 
cycles of 95 °C for 25 seconds, 62 °C for 25 seconds and 
72 °C for 60 seconds. Final elongation was performed at 
72 °C for 5 minutes. 

2.5 Somatic cell nuclear transfer and embryo transfer

Adult fibroblasts with integrated Pc variant were used 
as donor cells. Recipient animals were synchronized via 
repetitive prostaglandin application (alfaCloprost® forte, 
alfavet, Germany; 2ml per animal per injection). One 
expanded or hatched blastocyst was transferred per 
recipient.

2.6 PCR-based genotyping and phenotypic analysis 
of fetus

Pc specific primers (btHP-F1 and btHP-R2, see above) 
were used for detection of the knock-in as well as 
sequencing primers. 

3. RESULTS AND DISCUSSION

3.1 Generation of knock-in cell lines

A gRNA for the CRISPR/Cas12a system was designed 
to target a sequence-specific for the wild-type sequence 
of the horned locus. Wildtype fibroblasts from the HF bull 
were co-transfected with CRISPR/Cas12a, gRNA and 
HDR template for the polled variant. PCR analysis initially 
showed that only a small proportion of cells carried the 
desired knock-in. Using single-cell dilution, a population of 

pure knock-in positive cell clones (Pc K.I.) were generated, 
which then served as donor cells for SCNT.

3.2 Somatic cell nuclear transfer and embryo transfer

Pc K.I. cell clones were used as donor cells for SCNT. 
A total of 70 clones were produced of which 66 were 
successfully fused. Sixty-four embryos showed cleavage 
on day 5 of in vitro culture of which 18 embryos developed 
to expanded or hatched blastocysts on day seven of in 
vitro cultivation (IVC) (28.1 % blastocyst rate). One or two 
expanded (hatched) blastocysts were transferred into nine 
synchronized recipients after seven days of IVC (in total 
12 cloned embryos, 3 recipients received 2 embryos). Six 
recipients initially established a pregnancy as determined 
by ultrasound diagnostic on day 40 of gestation (66.7%). 
Four animals could not maintain pregnancy past the first 
trimester. One cow was sacrificed on day 90 of gestation 
in order to analyze the fetus. The remaining pregnancy 
was carried to term.

3.3 Genomic and phenotypic analysis of the fetus

In the horned WT control, horn buds were detected 
macroscopically. Histological analysis of the frontal skin 
revealed thickening of the epidermis with 11- 13 layers 
of vacuolated keratinocytes. No fetal hair follicles were 
detected in the dermal layers beneath the horn bud. In the 
fetus carrying the Pc variant, no horn buds were detected 
macroscopically. The histological examination showed 
only slight epidermal thickening with two to three layers of 
vacuolated keratinocytes. No hair follicles were detected 
in the area of a potential horn bud. Taken together, the 
fetus was phenotypically polled.

Fetal liver tissue was used to isolate DNA. PCR 
analysis showed the successful integration of the Celtic 
mutation, the fibroblast donor served as wildtype control. 
Sanger sequencing confirmed the bi-allelic integration of 
the Pc variant.

3.4 Delivery of living offspring

The remaining pregnancy was successfully delivered via 
caesarian section. The calf showed a polled phenotype, 
and the genomic analyses were identical to the previously 
generated fetus as the Pc variant was detected via PCR 
and Sanger sequencing. However, the calf diseased 
on the day of birth. The calf showed an increased birth 
weight of 78kg. Its pathological examination revealed 
malformations of some internal organs including the liver, 
heart, diaphragm, lungs and skull, finally resulting in acute 
cardio-vascular failure.

4. CONCLUSION

In conclusion, we successfully established the CRISPR/
Cas12a system as a novel method to introduce the Pc 
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variant into the genome of a superior Holstein-Friesian bull 
and could thereby address current issues in today’s farm 
animal housing and breeding. Analysis of the generated 
fetus showed a polled phenotype. Finally, we successfully 
delivered a polled calf which also showed the CRISPR/
Cas12a mediated knock-in of the Pc variant.
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A study on rapidly mutating Y-STR among male monozygotic twins

Abstract

The introduction of rapidly mutating chromosome Y short tandem repeats (RM Y-STR) with high mutation rates with more than 1 x 10-2 
per locus/generation has provided high discriminatory power for distinguishing related male individuals. Hence, the aim of this study is 
to challenge the high discrimination power of RM Y-STR markers in differentiating male monozygotic (MZ) twins. Two unrelated pairs 
of male MZ twins were recruited in this study. The DNA collection kit was delivered to the participants’ house for them to perform self-
buccal swabbing using cotton swabs with a clear instruction given. DNA samples were extracted and purified using GeneJETTM Genomic 
DNA Purification Kit, amplified with four selected markers: DYS526a/b, DYS570, DYS576 and DYS612 and sequenced using capillary 
electrophoresis. Allele assignments were done manually. All four loci produced completely matched profiles between MZ twins. More 
twin individuals should be included where more RM-Y-STR loci should be should tested. Hence, RM Y-STRs are good DNA markers 
to individualise related individuals, however, these markers are still difficult to differentiate the most challenging sample of MZ twins.
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1. INTRODUCTION

To detect and differentiate male DNA in forensic studies, 
Y-chromosome short tandem repeats (Y-STR) DNA analysis 
is one way to analyze the polymorphism of Y-chromosome. 
This common Y-STR loci have middle-range mutation 
rates of 1 x 10-3 per base/generation (Roewer, 2009). 
Y-STRs are often used in forensic cases such as sexual 
assaults, paternity disputes of male offspring, kinship 
analysis, familial searching, and male identification cases 
involving human remains (Calacal et al., 2005; Kayser, 
2017; Prinz et al., 1997). Since Y chromosome lacks of 
recombination, it is usually inherited as a group of linked 
haplotype markers to the next generation. Hence, the 
presence of Y-STR haplotypes that are genetically shared 
between men belonging to the same paternal lineage 
can contribute to these advantages of Y-STR analysis in 
forensic studies (Kayser, 2017).

Despite of the advantages of Y-STR analysis, the 
current available loci have limitation to differentiate related 
male individuals such as father and son, male siblings and 
male twins. This has raised an issue and challenged the 
forensic scientist especially when related male individuals 
involved in a crime as Y-STR profiles of males in the same 
family are identical (Roewer, 2009). To overcome the 
Y-STR’s weakness in differentiating related individuals, 13 
rapidly mutating Y-STRs (RM Y-STRs) with high mutation 
rates above 1x10-2 were introduced to increase the power 
of discrimination of Y-STR analysis that could be used in 

complex cases such as between male relatives (Ballantyne 
et al., 2010). Based on several studies conducted using 
the 13 RM Y-STRs, these markers were extremely 
successful in differentiating closely and distantly related 
male individuals (Adnan et al., 2019, 2016; Niederstätter 
et al., 2016).

These 13 RM-YSTRs are composed of DYF387S1, 
DYF399S1, DYF403S1ab, DYF404S1, DYS449, DYS518, 
DYS526a/b, DYS547, DYS570, DYS576, DYS612, 
DYS626, and DYS627. Nine of the 13 loci represent single-
copy loci, while the other four loci represent the multi-copy 
loci, which will amplify 21 male-specific alleles (Alghafri 
et al., 2015). For the multi-copy markers: DYF387S1, 
DYF399S1, DYF403S1ab and DYF404S1 loci, they are 
duplicated in different regions of Y-chromosome with 
two copies, three copies, four copies and two copies 
respectively (Alghafri et al., 2015). DYS526a/b locus 
creates two different fragment sizes due to the forward 
primer having two complementary sites in the same region 
of Y-chromosome (Alghafri et al., 2015).

Every human being has their own unique DNA 
profile to differentiate them from the others. However, 
this situation cannot be applied to the monozygotic (MZ) 
twin individuals or, in a layman term, “identical” twins. 
The probability of MZ twins can be estimated at around 
6 in 1000, births worldwide (Weber-Lehmann et al., 
2014). About two-thirds of 8 twins per 1000 births are 
expected to be in same-sex MZ twin pairs (Smits and 
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Monden, 2011). According to Fraga et al. (2005), MZ 
twins’ origin is where the independent mitotic division of 
two or more daughter cells of a single zygote occurs and 
eventually leads to independent development and births. 
This single fertilization event, which merges all the cellular 
lineage, highlights the view that the MZ twins are indeed 
indistinguishable genetically (Krawczak et al., 2018).

Since it is challenging to distinguish the identical 
twins, this issue can cause problems, especially in 
criminal or paternity cases involving the twins either 
as suspects or alleged fathers (Weber-Lehmann et al., 
2014). Even though DNA profiling through a short tandem 
repeat (STR) marker is the gold standard for identifying 
individuals, there were still unsolved cases involving the 
MZ twins where it was impossible to pinpoint which one of 
the twins involved in the crime (Stewart et al., 2015). To 
the best of our knowledge, there is a lack of study done 
using RM Y-STRs on MZ twins among the Malaysian 
population. Therefore, this study is intended to challenge 
the high discrimination power of RM Y-STR markers for 
differentiating MZ twins. 

2. METHODOLOGY

2.1 Sample Collection

In this study, two healthy pairs of male MZ twins were 
collected randomly among Malaysians. The sampling 
strategy was done by online poster advertisement 
using Facebook. Interested participants were called and 
explained regarding the study objectives and procedures. 
The DNA collection kit was delivered to their house 
containing: (1) two sterile plain swab in polypropylene 
(PP) tube, (2) a pair of gloves, (3) sealed plastic bag, 
(4) link/barcode for the tutorial video of buccal swabbing 
(https://www.youtube.com/watch?v=ISam8WyLpKQ),  
(5) consent forms and COVID-19 Risk Declaration 
Form and, (6) courier return package. Participants 
were performed buccal swabbing by their own in their 
house and kept the swab sticks in the sealed plastic 
bag. Participants need to wash thoroughly their mouth 
before taking the swab. They were asked to return the 
swab sticks and consent forms using the provided courier 
return package. The buccal swabs were then labelled as 
1G1, 1G2, 1H1 and 1H2 before stored in 4ºC in Forensic 
Science Laboratory, Health Campus, Universiti Sains 
Malaysia.

2.2 DNA Extraction and Quantification

Genomic DNA were extracted and purified from 
buccal swabs collected using GeneJETTM Genomic 
DNA Purification Kit (Thermo Scientific) following the 
manufacturer’s protocols. The genomic DNA samples were 
measured by Nanodrop Spectrophotometer to assess the 
quantity and purity of the extracted DNA samples. Agarose 
gel electrophoresis was then conducted to view the DNA 
intactness along with a DNA ladder.

2.3 Y-STR Amplification

Four RM Y-STR loci were selected in this study includes: 
DYS526a/b, DYS570, DYS576 and DYS612 markers 
(Table 1). These four markers were amplified separately 
with GeneAmp PCR System 9700 Thermal Cycler (Applied 
Biosystems) in a total reaction volume of 30 µL for each 
marker consisting of 14.0 µL PCR Master Mix, 6.0 µL of 
1.25 µM RM Y-STRs primer mixes (forward and reverse 
primers), 6.0 µL PCR grade water and 4.0 µL of DNA 
sample. The forward and reverse primers for each RM 
Y-STR loci are listed in Table 2. The PCR cycle condition 
was followed as described by Alghafri et al. (2015). The 
amplified products were monitored using agarose gel 
electrophoresis (2% agarose concentration) to confirm the 
size of the products are within the range of the expected 
size with a 50 bp DNA ladder. 

2.4 PCR Purification

Prior to DNA sequencing, amplified RM Y-STR products 
were purified using isopropanol to remove excess 
PCR primers and unincorporated dNTPs. The purified 
PCR products were monitored with 2% agarose gel 
electrophoresis to confirm the presence of the products 
after purification.

2.5 DNA Sequencing by Capillary Electrophoresis

The purified PCR products were sequenced by capillary 
electrophoresis using BigDye® Terminator v3.1 Cycle 
Sequencing Kit (Applied Biosystems) on the 3130xl Genetic 
Analyzer instrument (Applied Biosystems) following the 
manufacturer’s protocols. Each RM Y-STR locus was 
sequenced using forward primer for confirming the DNA 
sequence (Table 4). The sequence data was extracted 
using GeneMapper® ID-X software. 

2.6 Allele Assignments 

The quality check of the raw DNA sequences was done 
using Chromas TraceViewer software. The low-quality 
regions were trimmed. Nucleotide bases with Phred quality 
value of ≥ 20 were considered for allele assignment. Each 
sample’s alleles profile will be assigned using manual 
counting of the repeat motifs of the four RM Y-STR 
markers by using BioLign software. Each twin pairs’ allele 
profiles were then compared for MZ twin differentiation. 

3. RESULTS

The quantity and quality of the extracted DNA samples 
of 1G1, 1G2, 1H1, and 1H2 were ranged from 7 – 35 
ng/μL (Table 3). The size of amplified products for loci 
DYS526a/b, DYS570, DYS576, and DYS612 for sample 
1G1 and 1G2 were 350bp, 250bp, 250bp and 170bp, 
respectively (Fig 1). For 1H1 and 1H2, the amplified 
product (DYS526a/b, DYS570, DYS576, and DYS612) 
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were positioned at 350bp, 220bp, 200bp and 140bp, 
respectively (Fig. 2). Prior to DNA sequencing, the 
amplified PCR product were purified and visualized using 
2% agarose gel electrophoresis. The product size for 
purified PCR products were seen within 150 bp to 400 bp. 

The quality score for each sequenced product was 
observed using Chromas Trace Viewer software. Based 
on the result obtained, the nucleotide bases with Phred 
quality value of ≥20 were considered for allele assignment. 
Each sample’s alleles profiles were assigned and 
compared with their twin using manual counting of the 
four RM Y-STR markers' repeat motifs, as shown in Table 
1. The comparison of repeat motifs for locus DYS526a, 
DYS570, DYS576 and DYS612 belonging to the 1G1-1G2 
and 1H1-1H2 pairs were presented in Figures 3-4, 5-6, 
7-8, and 9-10, respectively. 

Based on all allelic profiles of each loci obtained, 
a comparison between the related (1G1 and 1G2, 1H1 
and 1H2) and unrelated twins (1G1-1G2 and 1H1-1H2) 
was made and tabulated as shown in Table 4. Both twins 
showed completely similar allele profiles for all four RM 
Y-STRs loci. For unrelated individuals, both twins showed 
different allele profiles for all four RM Y-STRs.

4. DISCUSSION

Over the past decades, MZ twins’ differentiation often 
arises as a challenging issue for forensic analysis to solve 
criminal cases involving the twins. In this study, two MZ twin 
pairs were selected for differentiation using four RM Y-STR 
markers: DYS526a/b, DYS570, DYS576 and DYS612. 

All extracted DNA samples of 1G1, 1G2, 1H1, and 
1H2 were in decent quality (7 – 35 ng/μL) to proceed 
for PCR amplification process (Table 3). The extracted 
DNA samples appeared as smear on the agarose gel. 
This might be due to DNA degradation that could occurred 
during the sample transportation. 

Following the PCR amplification, agarose gel 
electrophoresis was conducted to confirm the PCR products 
were within the ranges of product size suggested by Alghafri 
et al. (2015). Faint bands were observed, particularly the 
bands of loci DYS526a and DYS612 for 1G1 and 1H2 
amplified products (Figs 1 – 2). The appearance of faint 
bands might be due to the low sample or dye concentrations 
used for electrophoresis (Drabik et al., 2016). From Figure 
2, the smeared background can be seen for 1H1 amplified 
product. This could be due to the presence of air bubbles 
and a high concentration of template DNA samples.

Table 1: Repeat motifs, allele ranges, and PCR product sizes of the four RM Y-STR markers (Alghafri et al., 2015).

Locus Repeat Type Repeat Motif  
(Variant in bold)

Allele 
Ranges Product sizes

DYS526a
Tetra, 

complex

(CCTT)10-17 11-18 132-160

DYS570 (TTTC)14-24 14-22 120-152

DYS576 (AAAG)13-22 12-22 170-210

DYS612 Tri, simple (CCT)5(CTT)1(TCT)4(CCT)1(TCT)19–31 31-40 185-213

Table 2: Primer sequences of four RM Y-STR markers (Alghafri et al., 2015). 

Locus
Primer Sequences

Forward Reverse

DYS526a/b TCTGGTGAACTGATCCAAACC GGGTTACTTTCGCCAGAAGGT

DYS570 CTGGCTGTGTCCTCCAAGTT GGCAACCTAAGCTGAAATGC

DYS576 GTTGGGCTGAGGAGTTCAATC GGCAGTCTCATTTCCTGGAG

DYS612 CCCCATGCCAGTAAGAATA GTGAGGGAAGGCAAAAGAAAA

Table 3. DNA concentration and purity of extracted samples using Nanodrop Spectrophotometer.

Sample Id. Concentration (ng/µL) A260 
(Abs)

A280 
(Abs) 260/280 260/230

1G1 30.6 0.613 0.344 1.78 2.63

1G2 19.1 0.381 0.244 1.57 2.93

1H1 35.6 0.711 0.398 1.79 1.49

1H2 7.7 0.154 0.079 1.96 1.46
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Figure 1: Agarose gel electrophoresis of amplified products of 4 RM Y-STR loci of 1G1 (below) and 1G2 (above) samples.  
M lane is a 50 bp ladder. Lane 4, 9,10 and 12 represent locus DYS526a/b, DYS612, DYS576 and DYS570, respectively.

According to Alghafri et al. (2015), locus DYS526a/b 
creates two different fragment sizes due to the forward 
primer having two complementary sites in the same region 
of Y-chromosome. The different between DYS526a and 
DYS526b is the presence of CCCT and CTTT repeat 
motifs in DYS526b. Since these motifs were not found 
on 1G1, it is considered that this sample only possess 
DYS526a, with 12 repeat motifs (Fig. 3). Overlapping 
of DNA sequences of DYS526a and DYS526b were 
observed on 1G2 which producing low peak height for 
DYS526a motif. This was likely caused by the mismatch 
of primer binding site and co-amplification of DYS526b 
which cannot be avoided, and this observation was in 

line with Alghafri et al. (2015). The 12 repeat motifs of 
DYS526a locus of 1G2 still possible to be read from the 
chromatogram, however, the lower peak height makes the 
region unable to be called (Fig. 3). 

Similarly, DYS526a locus also could not differentiate 
between 1H1 and 1H2 (Fig. 4), where both showed similar 
repeat motif. This result is concordant with the previous 
studies, which locus DYS526a was often found unable to 
differentiate related male individuals (Adnan et al., 2016; 
Zgonjanin et al., 2017). 

For locus DYS570, Figure 5 shows both 1G1 and 
1G2 individuals possessed the similar allele profile of 16. 
However, at the beginning of the repeat motifs sequence 
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Figure 2: Agarose gel electrophoresis of amplified products of 4 RM Y-STR loci of 1H1 (above) and 1H2 (below) samples.  
M lane is a 50 bp ladder. Lane 4, 9,10 and 12 represent locus DYS526a/b, DYS612, DYS576 and DYS570, respectively.

for 1G1, there was a gap between T and T (nt’s 10 and 
12) compared to the same position of repeat motifs 
sequence for 1G2. This could be due to the possible errors 
caused by the sequencer instrument, which leads to base 
spacing. Likewise, 1G1 and 1G2 individuals, there was 
also presence of gaps in 1H1 repeat motifs sequence as 
boxed in Figure 6. Both 1H1 and 1H2 twin acquired the 
same allele profile of 18. 

For the locus DYS576, both 1G1-1G2 and 1H1-1H2 
twin pairs were found to have the same allele profiles of 
20 and 16, respectively (Figs. 7 and 8). 

For locus DYS612, an abnormal allele of TTT as 
boxed in Figure 9 wasobserved on the repeat motifs 

sequence. This could be one of the microvariants 
occurred in loci which is different from the suggested 
repeat motifs. Both twins (1G1 and 1G2) possessed this 
similar microvariant but not for another twin (1H1 and 
1H2) (Fig. 10). This could be an interesting finding to 
report this variant. However, this must be confirmed by 
the sequence of the reverse primer reaction. According 
to Adnan et al. (2016), DYS612 is the second most 
powerful RM Y-STR marker followed by DYS399S1 
for male relative differentiation. Despite the powerful 
discrimination of DYS612, this study revealed that both 
of MZ twin pairs could not be differentiated using this 
marker. 
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Figure 3: Chromatogram of repeat motifs of locus DYS526a for 1G1 (above) and 1G2 (below). 12 repeat motifs are still possible  
to read for 1G2, however, the lower peak height caused the region unable to be called. Similar number of repeat motifs  

were observed on both samples.

Figure 4: Chromatogram of repeat motifs of locus DYS526a for 1H1 (above) and 1H2 (below).  
Similar repeat motifs presented on both samples.
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 Figure 5: Chromatogram of repeat motifs of locus DYS570 for 1G1 (above) and 1G2 (below). Similar repeat motifs presented on 
both samples. A base spacing in between T and T (nt’s 10-11) for 1G1 can be observed as boxed.

Figure 6: Chromatogram of repeat motifs of locus DYS570 for 1H1 (above) and 1H2 (below). Similar repeat motifs presented on 
both samples. Two bases spacing in between T and T (nt’s 8-9 and 11-12) for 1H1 can be observed as boxed.
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Figure 7: Chromatogram of repeat motifs of locus DYS576 for 1G1 (above) and 1G2 (below).  
Similar repeat motifs presented on both samples.

Figure 8: Chromatogram of repeat motifs of locus DYS576 for 1H1 (above) and 1H2 (below).  
Similar repeat motifs presented on both samples.
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Figure 9: Chromatogram of repeat motifs of locus DYS612 for 1G1 (above) and 1G2 (below). Similar repeat motifs presented on 
both samples. A microvariant of TTT can be observed in between the repeat motifs sequence as boxed. 

Figure 10: Chromatogram of repeat motifs of locus DYS612 for 1H1 (above) and 1H2 (below).  
Similar repeat motifs presented on both samples.

Table 4: Comparison of allelic numbers for each twin (1G1-1G2 and 1H1-1H2). MV refers to microvariant.

Locus
Haplotype (Allele number)

1G1 1G2 1H1 1H2

DYS526a 12 12 11 11

DYS570 16 16 18 18

DYS576 20 20 16 16

DYS612 35(+1MV) 35(+1MV) 36 36

From these findings, all of the selected RM Y-STR 
locus have showed completely match profiles for both MZ 
twins, hence, no individual differentiation can be made. 
However, these findings should be reconfirmed with the 
reverse primer reaction sequencing in future study to 
evaluate the precision of the findings. Based on a previous 

study, the differentiation of 11 pairs of Serbian MZ and 
dizygotic twins using the 13 RM Y-STRs was revealed to 
have no difference between those MZ twins (Zgonjanin 
et al., 2017). Another previous research regarding the 
differentiation of 14 pairs of Lebanese male MZ twins 
using a Y-filer Plus kit composed of seven RM Y-STR 



Omar et al. (2021): A study on rapidly mutating Y-STR among male monozygotic twins

Transactions of Persatuan Genetik Malaysia, No. 11, 2021

48

markers revealed a completely matched profile between 
the MZ twins (Romanos and Borjac, 2018). However, 
according to the recent study, 90% of the MZ twins can be 
differentiated through their genomic differences (Jonsson 
et al., 2021). Therefore, a larger sample of male MZ twin 
pairs should be considered to evaluate the effectiveness 
of RM Y-STR markers in differentiating the MZ twin pairs. 

The difficulty in distinguishing the male MZ twin pairs 
might be due to the low of mutation frequency observed 
between the twin pair compared to those high mutation rates 
among father-son pairs and brothers. It can be proved with 
the high discrimination RM Y-STR, of nearly 50% of father-
son pairs and 60% of brothers were able to be distinguished 
(Ballantyne et al., 2012). According to the previous research 
findings, the number of mutations increased along with the 
increased number of meiosis (Adnan et al., 2016). If both 
unrelated twin pairs (1G1-1G2 and 1H1-1H2) are compared 
for each selected marker, as shown in Table 4, the high 
discrimination power of RM Y-STR markers to differentiate 
unrelated male twins can be observed.

5. CONCLUSION

In this study, the high discrimination power of four selected 
RM Y-STR markers (DYS526a, DYS570, DYS576 and 
DYS612) for distinguishing between MZ individuals were 
able to be evaluated. All four loci produced completely 
matched profiles between MZ twins, hence, no differentiation 
could be made. Despite the low of discriminatory power 
of these four markers in differentiating the MZ twin 
samples, they were able to prove their high discrimination 
in differentiating unrelated MZ twin pairs. Other markers 
than the four selected RM Y-STR loci, should be tested 
in future study to evaluate their discriminatory power for 
differentiation of MZ twins. 
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Progress in pulse crop genetics for a sustainable food future

Abstract

The past century has witnessed a pressing demand for more affordable and nutritious food. To create sustainable food systems in the light 
of global climate change and rapid population growth, development of climate-resilient crops and smart agricultural practices has become 
more urgent. Recent agricultural trends have shifted in favor of legumes in enhancing global food security. Legumes are considered a 
great dietary resource, with the added benefit of performing symbiotic nitrogen fixation that enhances soil fertility. The critical role of their 
edible seeds (also known as pulses) – both as feed and food – is best displayed in the United Nations’ designation of 2016 as the Year of 
Pulses. However, there is much left to be explored, especially for some underutilized species with tremendous potential. Conventional pulse 
crop research has historically focused on commercially popular species such as soybean, driving focus away from a range of promising 
underutilized species. New technologies have revealed important avenues and opportunities for future pulse crop genetic research. 
This review provides a detailed overview of the expansive literature, emphasizing the available genetic resources for crop research and 
improvement in pulses. The future opportunities and challenges inherent to the field of pulse crop genetic research are also highlighted.
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1. INTRODUCTION

Radical measures will be required to meet the nutritional 
needs of 9-10 billion people by 2050 amid climate change 
and dwindling natural resources. Modern agricultural 
practices have also severely impacted the environment, 
requiring multifaceted solutions. Food and nutrition security 
is a global challenge, proven by the over 800 million 
undernourished people who face chronic food deprivation 
(FAO et al., 2018). The worldwide protein gap, fed by high 
prices of animal-based proteins and nutritionally inferior 
refined cereals (Henchion et al., 2017), calls for the need 
to introduce affordable alternatives. Pulse crops (legume 
crops harvested primarily for their dry grains) provide 
such alternative (Cheng et al., 2019). The natural ability 
of legumes to perform symbiotic nitrogen fixation (SNF) in 
their root nodules also greatly benefit cropping systems and 
the environment. As such, the genetic improvement of pulse 
crops may play a vital role in mitigating climate change and 
enhancing food systems. We provide a systematic review 
to address key knowledge gaps about pulse genetics, 
strategies and challenges for developing and utilizing such 
crops and our opinion on pulse crops as an ideal solution 
to food and nutrition insecurity. 

2. GENETIC RESOURCES FOR PULSE CROP 
INVOLVEMENT: A SYNTHESIS OF PAST RESEARCH

The Food and Agriculture Organization (FAO) of the 

United Nations implemented the International Year of 
Pulses (IYP) in 2016, recognizing the potential of pulse 
crops. Legumes form a symbiotic relationship with bacteria 
capable of biological nitrogen fixation (BNF), which plays 
a crucial role in soil function and biodiversity, ecosystem 
services and nutrient cycling (Ferguson et al., 2019). This 
symbiotic relationship can be further utilized for agricultural 
sustainability. Roles of different legume signals associated 
with nodule development have been addressed via a range 
of molecular approaches. For instance, the Nuclear Factor 
Y (NF-Y) family and its transcription factors PvNFYA1 
and PvNF-YB7 were studied in the nodule formation of 
the common bean (Ripodas et al., 2019). This unveils 
means for genetically engineering non-legume nitrogen-
fixing crops. Expansion of the genomic toolbox of other 
legumes greatly benefits from the completion of genome 
sequences of model legumes in the early 2010s, such 
as barrel medic (Medicago truncatula) and soybean. 
This is especially crucial for legumes with more complex 
genomes as well as lesser-known species.

Erratic environmental changes, in the light of global 
climate change, has exposed agricultural crops to a range 
of stressors with potentially adverse effects on crop growth, 
development and overall yield (Atieno and Lesueur, 
2018). Advances in genetic and metabolic research over 
recent years provide optimistic developments, laying the 
foundation of soybean research, particularly to enhance 
its climactic stress tolerance (Park et al., 2019) and its 
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nutritional value in a concerted effort in securing global 
supply of biofortified food sources (Kumar et al., 2019). 
An increasing number of online resources associated with 
legume genetics and genomics have been made available, 
with expansive genetic analyses on other legumes 
conducted over recent decades. Such studies offer a 
promising future for underutilized pulse crops, such as 
winged bean (Psophocarpus tetragonolobus) and hyacinth 
bean (Lablab purpureus), especially in understanding the 
underlying elements of the growth and development of 
such species. 

3. FUTURE DIRECTIONS AND KEY CHALLENGES IN 
PULSE CROP GENETIC RESEARCH

3.1 Plausible Strategies for Pulse Crop Improvement

Several draft genome assemblies for pulse crops owes its 
development to the substantial reduction of sequencing 
costs. The increasing abundance of genetic resources 
across the Leguminosae family calls for the development 
of comprehensive resource atlases, particularly crucial for 
generating gene-based markers and defining candidate 
genes conserved across species as well as unique to certain 
ones. Additional measures for pulse crop improvement 
include developing standardized pan-genomes, interspecific 
comparative analysis and understanding domestication 
(both shared and species-specific) events. Underutilized 
pulse crops, in particular, benefit greatly from genetic 
information of its well-characterized leguminous relatives. 
Development of fully-functional modern breeding tools, 
management systems and breeding practices for pulse 
crops, especially its lesser-known species, remains a critical 
gap. In particular, incorporating data into potential screening 
methods is vital for breeders in making important selection 
decisions. In short, the advent of molecular resources is 
imperative to expanding future pulse crop productivity. 

3.2 Key Challenges for Future Research

Current management practices have not meaningfully 
complimented the abundance of sequencing data for pulse 
crops, further exacerbated by the proliferation of biological 
databases, raising further questions on resource quality 
and reliability. An additional challenge is the inherent 
complexity of bioinformatic tools with ever-changing 
technologies and high-maintenance. Additional challenges 
include the exclusivity of meaningful datasets and highly 
heterogenic accessions. Multifaceted challenges require 
multifaceted solutions. 

4. A PERSPECTIVE ON OPPORTUNITIES TO CREATE 
A MORE SUSTAINABLE FUTURE WITH PULSE CROPS

A sustainable food system for the future should consider 
the extensive adoption of plant-based protein sources. 
Recent focus on underutilized pulses, such as winged 
bean and bambara groundnut, as protein alternatives 

is particularly stimulating. These underutilized species 
are not only nutrition-rich (Singh et al., 2017) but like 
other legume, also maintain soil fertility via their natural 
nitrogen-fixing ability (Kumar et al., 2018). Modern food 
insecurity is a complex, multifaceted issue requiring a 
range of collaborative solutions, focusing on food supply, 
nutritional quality, and environmental impact.

5. CONCLUSION

Transforming global diets to consist of sustainable food 
systems is an extraordinary challenge, further exacerbated 
by global warming and modern anthropogenic activities. 
Pulse crops, as a dietary protein source, offer a more 
sustainable and reliable option over animal proteins and 
fresh produce. Recent focus on the genetics of a range of 
pulses is stimulating, though, many challenges lie beyond. 
Addressing both knowledge and investment gaps in pulse 
crop research requires collaborative efforts between the 
scientific community, governments, and private key players.
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Sequence analysis of civet species using Cytochrome b

Abstract

Civet or Viverridae is a medium-size carnivore that has a long and slender body, with a pointed face, small ear and a long tail. Most 
of the species have spotted coat and banded tail. As civet often involved in wildlife road kills, it needs to be identified fast before it 
become rotten as it is a national treasure and cannot be replaced once it extinct. Moreover, there is difficulty in finding expertise in 
morphological identification which showing that morphological identification has its own weakness. Thus, DNA barcoding is an easy 
system that can provide an accurate, fast and automatable species identification using a short and standardized gene region as internal 
species tag. This study is conducted to evaluate the nucleotide composition of the cytochrome b gene sequences of 23 civet species 
and to reconstruct phylogenetic relationship of civet species. A total of 94 cyt b sequence of 23 civets’ species and one sequence of 
each Panthera leo and Herpestes brachyurus were retrieved from GenBank and aligned. The alignment was further analysed for its 
base composition in order to observe the nucleotide bases. Then, approximately 1040 in length of 94 cyt b observed were A-29.48%, 
C-28.53%, G-12.88%, T/U-29.11% when including constant characters and A-30.54%, C-38.68%, G-5.82%, T/U-24.96% when excluding 
constant characters. Next, Maximum Likelihood and Bayesian Inference phylogenetic were reconstructed to compare and observe the 
relationship among 23 civets’ species. Based on the phylogenetic analyses using Maximum Likelihood and Bayesian Inference tools, 
5 group was formed such as Viverra, Arctistic, Paradoxurus, Hemigalus and Genetta. Additionally, Arctogalidia trivirgata and Paguma 
larvata do not belong to any of five existing groups in both trees. In conclusion, the use of mitochondrial DNA like cytochrome b gene 
sequence and the advance of bioinformatics tools give opportunity to discover the phylogenetic relationship among civets’ species.
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Corresponding author:
Muhammad Fadli Mazlan, Universiti Teknologi MARA (UiTM) Kuala Pilah, 72000, Kuala Pilah, Negeri Sembilan
Email: fadlimazlan71@gmail.com

Muhammad Fadli Mazlan and Sarah Shazwani Zakaria
Universiti Teknologi MARA (UiTM) Kuala Pilah, 72000, Kuala Pilah, Negeri Sembilan

1. INTRODUCTION

Viverridae is a medium-size carnivore that lives alone and 
is active during the night (Nowak, 1999). It has a long 
and slender body, with a pointed face, small ear, and a 
long tail. Most of the species have a spotted coat and 
a banded tail. Viverridae’s family consists of digitigrade 
terrestrial species (civet), semi-digitigrade semi-arboreal 
species (genets) and plantigrade arboreal species (palm 
civet) (Ewer, 1973; Wozencraft, 1984; Taylor, 1988; Veron, 
1994, 1999; Nowak, 2005; Jennings and Veron, 2009). 
Viverridae is also difficult to be found and unfamiliar among 
researchers. According to Wozencraft (2005), there are 
four sub families which are Hemagalinae, Paradoxurinae, 
Prionodontinae and Viverrinae. The Viverridae family 
consists of 34 species in 14 genera which majority with 
weight of less than 8 kilograms (Jenning and Veron, 2009) 
and usually hunted for human consumption such as fur, 
meat, scent, civet coffee or as pet animals (Schreiber 
et al, 1989). Systematics of viverridae are based on the 
basicranium, dentition, feet and perineal gland (Gray et al., 
1864). The idea of DNA barcodes for species identification 
and taxonomy are brought by Hebert (2003). Then, he 
stated that there are two primary aims of DNA barcoding 
which are to assign unknown specimens to species and 

enhance the discovery of new species and to facilitate 
identification in cryptic, microscopic and other organisms 
with complex or inaccessible morphology. The efficiency 
of DNA barcoding in detection and description of cryptic 
species has been reported by Baker et al. (2008).

Mitochondrion is a membrane-bound organelle. 
It is found in the cytoplasm of all eukaryotic cells. The 
primary function of mitochondria is generating energy in 
the form of adenosine triphosphate (ATP). The shape of 
mitochondrion is oval and the size ranged within 0.5 to 1.0 
µm. In most mammalian cells, 0.1% to 1.0 % of the total 
DNA are mitochondrial DNA (mtDNA) (Singh, Sharkey, 
and Moorehead, 1992). Mitochondrial DNA (mtDNA) 
analysis has become an established powerful tool for 
evolutionary studies of animals in the past decade. Not 
only that, mtDNA analyses are able to provide insights 
into population structure, gene flow, hybridization, 
biogeography and phylogenetic relationships as stated by 
Avise and Wilson et al. (1987). In mammals, it has been 
recognised that mtDNA is only transmitted through the 
female germ line (Giles et al., 1980). It is supported by 
Hecht et al. (1984) that the copy number of mtDNA is low 
in mammalian sperm cells (50-75), while in mammalian 
oocytes the copy number is extremely high which is ≥105 
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(Michaels et al., 1982). Birky (2001) stated that mtDNA 
also does not undergo recombination unlike fungal and 
plant mtDNA. However, there are some animal species 
indisputably show mitochondrial recombination such as 
mussel Mytilus galloprovincilis (Ladoukakis and Zourus, 
2001). As for other species as our own?, Innan and 
Nordberg (2002) highlighted that the rates of mitochondrial 
recombination is unlikely although the biochemical 
machinery for recombination seems to be present in 
mitochondria (Kajander et al., 2000). Thus, together with 
other special characteristic such as faster evolutionary 
rates than nuclear genes, presumed maternal inheritance, 
and absence of recombination makes mtDNAs one of 
the most popular target for population genetic studies, 
accurate identification and differentiation of cryptic species 
(Kim et al., 2005). Last but not least, Boore et al. (1999) 
stated that animal mtDNA encoding 37 genes consisting 
of 13 protein-coding genes (CO1, CO2, CO3, Cytb, ND1, 
ND2, ND3, ND4, ND5, ND6, ND4L, ATPase6 and ATPase 
8), two ribosomal RNA genes (small and large ribosomal 
genes), 22 transfer RNA genes, and a large noncoding 
region commonly related to the initiation of transcription 
and replication known as the control region (CR).

The cytb gene is one of the 37 genes within the 
circular mitochondrial genome (Boore, 1999). Avise (2004) 
reported that cyt b gene is a specific protein involved 
in electron transport and oxidative phosphorylation. In 
a study conducted by Hsieh (2001), he stated that the 
most common loci used for species identification in 
forensic, phylogenetic and biodiversity are mitochondrial 
cytochrome b. This is due to its maternal inheritance 
and low recombination occurrence (Jiyanto et al., 2014). 
The importance of cytochrome b gene can be seen as it 
is a significant utility tool in legal medicine studies and 
molecular evolution (Prusak et al., 2004). Moderate and 
clear evolutionary patterns make cyt b a good candidate 
for studying phylogenetic evolution at intrageneric level 
(Luo et al., 2011). Through cytochrome b, many mammals, 
birds (Kamila, 2005), reptiles, amphibians, fish (Parson 
et al., 2000) and also some invertebrates have been 
completely or partially sequenced. Cytochrome b can 
give a precise reconstruction of phylogeny at the level 
of superorder, order and family for mammals. According 
to Farias et al. (2001), due to the codons are based on 
position and have more conserve and diverse region, it is 
used as a genetic marker. This particular gene, together 
with a mitochondrial rDNA, has been found valuable for 
addressing even deeper phylogenetic questions, such as 
the origin of tetrapods (Meyer and Wilson, 1990).

Oxford Living Dictionary defined phylogenetic as 
evolutionary relatedness among various group or the 
organism through genetic molecular data. Phylogenetic 
analysis of DNA have become a significant tools for 
studying the evolution of organisms from human to 
bacteria. There are two main groups of phylogenetic 
analysis approach which is distance-based methods 

and character-based methods (Felsenstein, 1988). In 
distance-based method, there are three method that are 
common including Unweighted Pair Group Method with 
Arithmetic Mean (UPGMA) (Sneath and Sokal, 1973), 
Neighbor-Joining (NJ) (Saitou and Nei, 1987) and 
Fitch-Margoliash (Fitch and Margoliash, 1967). As for 
character-based methods, Felsenstein (1988) said that 
it is more complex than distance-based methods and 
these algorithms are based on an optimization criterion 
such as parsimony maximum likelihood or compatibility. 
In molecular phylogenetics, maximum parsimony is 
common as it is a character-state method that depends 
on the optimality criterion. According to Sullivan and 
Swofford (2003), the criterion-based method is excellent 
in preferring a tree compared to algorithmic methods.

2. MATERIALS AND METHOD

The devices used for data retrieval and sequence alignment 
were a laptop Acer Aspire 3 with processor of Intel® Core™ 
i5-10210U. This laptop equipped with 64-bit Windows 10th 
operating system. This laptop was used for installing and 
running softwares for the study which were BioEdit v7.2 
(Hall, 1999) for aligning all the sequences, PAUP*4.0 
or Phylogenetic Analysis using Parsimony version 4.0 
(Swofford, 1998) for datasets analysis, MrBayes v3.2.2 
(Ronquist et al., 2012) for reconstructing phylogenetic 
trees under Bayesian Inference, FigTree v1.4.4 (Rambaut, 
2009) for observing the resulted phylogenetic trees and 
finally, the text editor softwares, Wordpad and Akelpad 
were used to save into fasta, nexus and phylip format 
and also used as medium to evaluate all the sequences 
involved in this study. Other than that, the NCBI Genbank 
database website was used for data retrieval while CIPRES 
Science Gateway website (Miller et al., 2010) was used 
for estimating the best fit molecular model of evolution 
on datasets and reconstructing Maximum Likelihood (ML) 
analysis.

A total of 96 sequences of the cytochrome b 
gene of civet species or called taxa were selected and 
retrieved from the NCBI Genbank database website. 
There were twenty six species of civet involved for this 
sequence analysis. The cytochrome b gene sequence 
was downloaded and stored in FASTA format as it is 
compatible with many bioinformatics tools. Once all 
the sequences of cytochrome b of civet species were 
assembled, BioEdit v7.2 through ClustalW function was 
used to align all the sequences. The aligned sequences 
were then analysed using PAUP*v4 (Swofford, 1998), a 
widely used computational phylogenetic software package 
written by Wilgenbusch and Swofford (2003). The base 
frequencies for each taxon were evaluated using 
command “BaseFreq” and a chi-square test of base 
frequencies homogeneity was performed in order to check 
for taxa deviation of nucleotide composition. The aligned 
sequences of cytochrome b gene of civet species were 
then analysed to reconstruct phylogenetic trees using 
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two probabilistic approaches: Bayesian inference (BI) 
and Maximum Likelihood (ML). A partitioned BI analysis 
(codon position partitions) was performed using MrBayes 
v3.2.2 (Ronquist et al., 2011) with two independent runs of 
2.5 million generations which the general time reversible 
(GTR) of nucleotide substitution model as well as the 
gamma distribution parameter was applied to the first 
and third codon position, while the Jukes-Cantor (JC69) 
nucleotide subtitution model was applied to second 
codon position. As forML analysis, RAxML-HPC2 on 
XSEDE through CIPRES Science Gateway site (Miller 
et al., 2010) was used to perform rapid bootstrapping 
inference procedure with 100 replications. The nucleotide 
substitution model used was the GTR + I (proportion of 
invariable sites) (Stamatakis et al., 2008).The resulted 
phylogenetic trees were observed using FigTree v1.4.4 
(Rambaut, 2009).

3. RESULTS AND DISCUSSION

There are 96 sequences of civet species that come 
from 12 different genus such as Paradoxurus, Paguma, 
Hemigalus, Arctogalidia, Chrotogale, Arctistic, Genetta, 
Viverricula, Viverra, Poaina, Herpestes and Panthera. 
All of the sequences of cytochrome b of civets were 
successfully retrieved from GenBank database website 
together with one lion species, Panthera leo and one 
mongoose species, Herpestes brachyurus that serve as 
the outgroup of civet sequence in this study. There are 
two species in civet group that are missing and absence 
in cytochrome b gene sequence which are Diplogale hosei 
and Cynogale bennettii. The total length of cytochrome b 
sequences that we successfully retrieved is ranging from 
912 to 1140. Then, a total of 96 sequences of cytochrome 
b of civetspecies have been successfully aligned by using 
ClustalW through BioEdit software and the total length of 
the alignment is 1140 characters. 

Subsequently, the base composition analysis are 
conducted. The results show that among all characters 
are of type “unord” (unordered) characters and have 
equal weight of characters. Based on the results, 637 
characters out of 1140 characters or 56% are constant 
characters for 503 variable sites, 81 variable characters 
(16%) are parsimony-uninformative and 422 characters 
are (84%) are parsimony-informative characters. From 
observing the bar graph generated, the pattern of overall 
base composition whether including constant character or 
excluding constant character can be seen where higher 
number of base composition of A, C and T while base 
composition of G is lower. When including constant 
character in conducting base composition analysis 
among these 12 genera, Paradoxurus hermaphroditus 
are the highest with base composition of A with 
0.310032 followed by Paguma larvata and Paradoxurus 
zeylonensis with 0.310 and 0.309 respectively. As for 
base composition of C, Poaina richardsonii recorded 
the highest with 0.300 followed by Genetta victoriae 

and Genetta bourloni with 0.298 and 0.297 respectively. 
The highest base composition of G is Genetta tigrina, 
0.134617 and followed with Genetta poensis, 0.134 and 
0.133056. With 0.312405, Paradoxurus hermaphroditus is 
the highest with base composition of T while Hemigalus 
derbyanus and Paradoxurus zeylonensis come next with 
0.308 and 0.304 respectively. During base composition 
analysis with constant character excluded, Paradoxurus 
zeylonensis recorded the highest base composition of A 
with 0.337875. Paradoxurus hermaphroditus and Paguma 
larvata come after with base composition of 0.33686 and 
0.334 respectively. As for base composition of C, Poaina 
richardsonii indicated the highest with 0.41948 followed 
with Genetta victoriae, 0.41832 and Genetta bourloni, 
0.41427. The highest base composition of G displayed by 
Genetta maculata with 0.070929 while Genetta tigrina and 
Genetta genetta come next with 0.069224 and 0.066026 
respectively. Paradoxurus hermaphroditus is the highest in 
term of base composition of T with 0.29899. This is followed 
by Hemigalus derbyanus and Paradoxurus zeylonensis 
with 0.292575 and 0.28292 respectively. Through this 
analysis, the results show the frequencies of nucleotide 
as A-29.48%, C-28.53%, G-12.88% and T/U-29.11% when 
including constant character. As for excluding constant 
character, the frequencies of nucleotide are A-30.54%, 
C-38.68%, G-5.82% and T/U-24.96%. Additionally, the Chi-
square test was performed by PAUP*4.0 to assess for the 
homogeneity of the base frequencies across taxa. There 
are no significant deviations of base composition among 
taxa (P>1.00) when the test conducted with all characters 
included, which suggested that no misleading grouping 
reconstructed due to a misleading compositional signal in 
the dataset. On contrary, if the constant characters were 
excluded, the P-value show significant base compositional 
bias, P =0.06 x 10-3. This can also be observed on the 
graph which shown distinct low percentage of G base.

From the maximum likelihood analysis, Viverridae or 
civet species were distinguished into five different topologies 
(excluding Panthera leo and Herpestes brachyurus) which 
are Viverricula clade, Arctistic clade, Paradoxurus clade, 
Hemigalus clade and Genetta clade. As for Viverricula 
clade, it consist of 2 species which are Viverricula indica and 
Viverra zibetha with bootstrap value of 80%. TheArctistic 
clade was formed by three or two? type of species which 
are Arctistic binturong and Artistic binturong albifrons. Both 
of these species have a bootstrap value of 100%. The clade 
of Paradoxurus composed of 2 type of species which are 
Paradoxurus hermaphrodits and Paradoxurus zeylonensis. 
Both of these species, Paradoxurus hermaphrodites and 
Paradoxurus zeylonensis have a well-supported bootstrap 
value of 100%. Hemigalus derbyanus and Chrotogale 
owstoni are put in Hemigalus clade as both of this species 
demonstrated 100% bootstrap value. Genetta clade is the 
largest clade as it consist of 14 species including Genetta 
thierryi, Genetta victoriae, Genetta cristata, Genetta tigrina, 
Genetta maculata, Genetta pardina, Genetta poensis, Genetta 
bourloni, Genetta sp. Schoutedeni, Genetta genetta, Genetta 
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johnstoni, Genetta abyssinica and Poaina richardsonii. All 
of 13 species of Genetta have bootstrap value of 96%. 
Poaina richardsonii is the only species which are not from 
genus Genetta and included in this clade with bootstrap 
value of 100%. There are two species that do not belong 
to any of these 5 clades which are Arctogalidia trivirgata 
and Paguma larvata. 

The phylogeny also analysed by using MrBayes 
and it showed the same five different clades formed that 
consisting Viverricula clades, Genetta clades, Hemigalus 
clades, Arctistic clades and Paradoxurus clades. Herpestes 
brachyurus and Panthera leo are excluded as both of is the 
species are in the outgroup. The Viverricula clades, consist 
of two species which are Viverricula indica and Viverra 
zibetha, having a posterior value of 100%. Arctistic clade 
composed of two species which are Arctistic binturong and 
Artistic binturong albifrons with the posterior value of 100%. 
In the Paradoxurus clade, it consist of two species which are 
Paradoxurus hermaphrodites and Paradoxurus zeylonensis 
with posterior value of 100%. As for Hemigalus clades, it is 
composed of Hemigalus derbyanus and Chrotogale owstoni 
.Both of these species have a posterior value of 100%. 
Arctogalidia trivirgata and Paguma larvata donot belong to 
any group. The biggest clades are formed by Genetta with 
13 species of Genetta and addition of Poaina richardsonii. 
Poaina richardsonii and all of the Genetta species have a 
posterior value of 100%. 

4. CONCLUSION

From this study, sequences of cytochrome b gene retrieved 
from the GenBank have been successfully aligned and 
analysed using PAUP*4.0. The base composition of all 
94 civets’ sequences showed different percentages of 
bases frequencies with including and excluding constant 
characters. The P-values of Chi-square test also indicated 
no significant base compositional biases. Further, the 
phylogenetic trees of civets’ species were successfully 

reconstructed using Maximum Likelihood and Bayesian 
inference analysis. Through both of these analyses, 
five distinguish clades can be found which consist of 
Viverricula clades, Genetta clades, Hemigalus clades, 
Arctistic clades and Paradoxurus clades. Additionally, 
Arctogalidia trivirgata and Paguma larvata donot belong 
to any of five existing clades in both ML tree and BI tree. 
In conclusion, mtDNA gene is beneficial and reliable tool 
to describe the relationship among the civets’ species. In 
addition, molecular data is the effective way to identify 
civets’ species because any mutation or changes in 
DNA can be detected and the evolutionary pattern of the 
species can be observed. For future research, genomic 
analysis such as GTG banding technique and fluorescent 
in situ hybridization (FISH) are recommended. Besides 
that, the utilization of other phylogenetic approaches and 
tools can also be considered to gain more knowledge 
about phylogenetic history of civets’ species.
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Development of Visual Detection Method For Detection of White Spot Syndrome 
Virus

Abstract

White spot syndrome virus (WSSV) is a rapid replicating and virulent virus that affects the shrimp population which has caused major 
loss in the shrimp industries worldwide. Therefore, the aim of this study is to develop a visual detection method for WSSV based on 
polymerase chain reaction (PCR) procedure and nucleic acid staining. Optimization step for PCR procedure was done by carrying out 
nested PCR to determine the minimum copy number of WSSV-DNA that the primers are able to detect. For nested PCR, two specific 
set of primers were used for the detection of WSSV-DNA which were WSSV 500 Forward and WSSV 500 Common Reverse primers 
for first round and WSSV 500 Forward and Common Reverse primers for second round . Agarose gel electrophoresis result of first 
round nested PCR showed band formation at 500 bp and these primers are able to detect from 2 x 106 copies/µl to 2 x 101 copies/µl 
WSSV-DNA, which are considered as sensitive. However, the agarose gel electrophoresis of second round nested PCR did not show 
any formation of band at 500 bp. Hence, a conventional PCR was constructed by using the same set of primers as the first round 
nested PCR to produce PCR products for visual staining. The visualization method involved the use of Vivantis Viva SybrGreen Nucleic 
Acid Stain by adding it directly to the PCR products and observing color change. In the presence of WSSV, the dye changed color from 
orange to green by observing under the blue-light transilluminator. The intensity of the fluorescence produced by the stain corresponds 
to the amount of DNA present in the samples of PCR products. This study concluded that the presence of WSSV in shrimps can be 
possibly detected visually using dye/stain that is able to detect the double-stranded DNA.

Keywords: White Spot Syndrome Virus, Nested PCR, Conventional PCR, SybrGreen Nucleic Acid Stain
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1. INTRODUCTION

White spot syndrome virus or commonly known as WSSV 
is a rapid replicating and virulent virus that has become one 
of the world lethal disease affecting the shrimp population 
and caused major loss in the shrimp industries worldwide. 
According to the International Committee on Taxonomy 
of Viruses (ICTV) in 2011, WSSV is the only member of 
the genus Whispovirus in the family of Nimaviridae. The 
WSSV virions are enveloped, rod-shaped and are 70 -170 
nm in width and 210 - 420 nm in length (ICTV, 2011). This 
virus was first detected in Taiwan in 1992 and keeps on 
spreading to other countries. Up until today, the shrimp 
productions are facing a crisis where the productions start 
to decline for the past few years due to serious infection 
of WSSV towards shrimp populations in shrimp farmings. 
The severity of WSSV infection lies on the fact that the 
virus is able to infect crustaceans including all species 
of prawns such as Penaeus brasiliensis (Pink Spotted 
Shrimp), Penaeus Subtilus (Southern Brown Shrimp) or 
Penaeus notialis (Southern Pink Shrimp) (Cervigon et 
al., 1993). In Malaysia, WSSV was first reported in 1994 
and begun to spread rapidly in the areas of peninsular 

Malaysia. Since 1996, the white spot disease caused by 
the infection of this virus has caused massive economic 
losses in the shrimp farming industries. The prevalence 
of WSSV is due to the facts that the virus spread rapidly 
and as a highly contagious virus, it is able to manifest 
to other non-affected neighbouring areas (Chuah et al., 
2006). Due to the occurrence of formation of white spots 
on infected shrimps or called as white spot diseases that 
is triggered by WSSV infection, researchers have come 
up with several detection methods that can detect the 
presence of WSSV in the infected shrimps. For instance, 
the darkfield microscopic observation method introduced 
by Momoyama et al. in 1995 is a simple method for 
detecting the white spot disease as it can be performed 
in ordinary laboratory without expensive and specific 
machines. However, this method may produce incorrect 
diagnostic results due to the difficulty in distinguishing 
between the WSSV particles and small dust in the 
observed sample (Oseko, 2005). Other than that, the use 
of detection kit for WSSV may be less sensitive and it can 
only detect the virus at later stage where the infection 
might has spread in the pond. Recently, Polymerase Chain 
Reaction based methods are commonly used as they are 
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highly simple, sensitive and reliable technique. A type of 
Polymerase Chain Reaction method called Nested PCR 
that was developed by Lo et al. in 1996 has been set as 
the best standard as it is being suggested by the OIE 
in the Manual of Diagnostic Tests for Aquatic Animals. 
This method can increase the level of sensitivity over 
single step PCR specifically when clinical signs of WSSV 
infection can be observed in a shrimp though it still has 
its own limitations (Leal et al., 2013; Bir et al., 2017). 
Multiplex PCR is also commonly used for detection of 
pathogens but it is only sensible for analyses that need 
to be repeated several times (Alvarez-Fernandez, 2013). 
Therefore, this study focuses on developing a new visual 
detection method for WSSV which is not time consuming, 
more sensitive and less expensive procedure compared 
to other available methods.

2. MATERIALS AND METHODS 

WSSV-DNA extraction from the shrimp samples was carried 
out and a polymerase chain reaction was done to amplify 
the WSSV-DNA from infected shrimp samples using a set 
of primers called WSSV 500 Common Forward and WSSV 
500 Common Reverse. The 500 bp PCR products were 
quantified to determine the concentration of DNA present 
in the samples. Next, the positive control for WSSV 500 
was constructed by adding the DNA template which came 
from the first polymerase chain reactions. The obtained 
concentrations for WSSV 500 from the nanophotometer 
reading were converted into copy numbers. Then, serial 
dilutions were constructed started from the copy number 
of 2×106 with the dilution factor of 1:10 until copy number 
2x101. All of these copy number subsequently acted as 
the DNA template in the next nested PCR for the detection 
of the presence of WSSV-DNA in the shrimpsamples. For 
the nested PCR, two different sets of primers were used 
which were WSSV500 Forward and WSSV 500 Common 
Reverse for the first round and WSSV 500 Forward and 
Common Reverse for the second round.. The sensitivity of 
nested PCR applied was analysed using 2% agarose gel 
electrophoresis to determine the minimum copy number 
of WSSV-DNA that can be detected for the staining of 
dye. Since the product of first round nested PCR showed 
successful detection at 500 bp, the subsequent PCR 
reaction was carried out using conventional PCR by 
following the PCR mixture of first round nested PCR. The 
staining of PCR products is crucial as to visualize the 
presence of WSSV in a shrimp population. The dye used 
in this project is Viva SybrGreen Nucleic Acid Stain from 
Vivantis. The initial color of this dye is orange and upon 
staining with DNA, it changes color to green indicating the 
presence of DNA.

3. RESULTS AND DISCUSSION

The concentration obtained of WSSV-DNA at 500 bp is 
1.930 ng/µl. Based on the result of the gel electrophoresis 

in Figure 1, the formation of band occurred at around 500 
bp indicating the presence of WSSV-DNA 500. 

Figure 1: Agarose gel electrophoresis of positive control for 
WSSV 500 at Lane 1. Lane M indicates the 100 bp DNA ladder.

In this study, the positive control is important in order 
to know if the PCR has been done perfectly and to validate 
the result of the visual staining that was done using nucleic 
acid stain to indicate the presence of WSSV-DNA. Apart 
from that, the construction of negative control is also 
required since it is only consist of all the PCR mixture and 
the addition of ultrapure water without the DNA template. 
So, there will not be any changes in the color of stain when 
the dye is added indicating the absence of WSSV-DNA in 
the shrimp sample. The results of both round of nested 
PCR gel electrophoresis are shown in Figure 2.

Figure 2(a): Agarose gel electrophoresis of a) first round and b) 
second round nested PCR products. Lane 1, 2, 3, 4, 5, and 6 
represented the PCR products for copy number 2 x 106 copies/
µl, copy number 2 x 105 copies/µl, copy number 2 x 104 copies/
µl, copy number 2 x 103 copies/µl, copy number 2 x 102 copies/

µl and copy number 2 x 101 copies/µl respectively. Lane M 
indicates the 100 bp DNA ladder.
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Table 1: Visual staining of conventional PCR products using Viva SybrGreen Nucleic Acid Stain.

WSSV-DNA Copy Number Visual Staining Observations

2 x 106 copies/µl The color of the dye changed from orange to green 
indicating the presence of WSSV-DNA in the sample. 
The intensity of the fluorescence is the highest since it 
contains the highest copy number.

2 x 105 copies/µl The color of the dye changed from orange to green 
indicating the presence of WSSV-DNA in the sample. 
The intensity of the fluorescence decreased and the 
stain is faint since it contains lower copy number 
compared to 2 x 106 copies/µl sample.

2 x 104 copies/µl The color of the dye changed from orange to green 
indicating the presence of WSSV-DNA in the sample. 
The intensity of the fluorescence decreased and is 
vague since it contains lower copy number compared 
to 2 x 105 copies/µl sample.

2 x 103 copies/µl The color of the dye changed from orange to green 
indicating the presence of WSSV-DNA in the sample. 
The intensity of the fluorescence keeps on decreasing 
as the copy number lessen.

2 x 102 copies/µl The color of the dye changed from orange to green 
indicating the presence of WSSVDNA in the sample. 
The intensity of the fluorescence is reduced greatly as 
the copy number lessen.

2 x 101 copies/µl The color of the dye only changed a little bit from orange 
to green indicating some presence of WSSV-DNA in the 
sample. The intensity of the fluorescence is the lowest 
since it contains the smallest copy number.
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Figure 2(b): Agarose gel electrophoresis of second round PCR 
products. Lane 1, 2, 3, 4, 5, and 6 represented the PCR products 
for copy number 2 x 106 copies/µl, copy number 2 x 105 copies/

µl, copy number 2 x 104 copies/µl, copy number 2 x 103 copies/µl, 
copy number 2 x 102 copies/µl and copy number 2 x 101 copies/µl 

respectively. Lane M indicates the 100 bp DNA ladder.

Based on the result of first round nested PCR gel 
electrophoresis, there are formation of bands at 500 
bp and the intensity of the bands formed is decreasing 
corresponding to the amount of virus present in terms 
of copy numbers. The minimum copy number that can 
be detected using WSSV 500 Forward and WSSV 500 
Common Reverse primers is 2 x 101 copies/µl. On the 
other hand, the result of second round nested PCR gel 
electrophoresis using WSSV 500 Forward and Common 
Reverse primers did not show any formation of bands 
at 500 bp. Only formation of smears was observed. 
The PCR products containing the WSSV-DNA samples 
starting from copy number 2 x 106 copies/µl until 2 x 101 
copies/µl were obtained from the conventional PCR. The 
results obtained under the blue-light transilluminator as 
shown in Table 1 showed that the amount of fluorescence 
produced is corresponding to the amount of WSSV-DNA 
present. Copy number 2 x 106 copies/µl shows the highest 
fluorescence intensity as it contains the highest amount 
of WSSV-DNA that allows more stain to bind to the DNA. 
On the other hand, copy number 2 x 101 copies/µl shows 
the lowest fluorescence intensity as it contains the least 
amount of WSSV-DNA that cause the stain to bound to 
only limited quantity of DNA. However, the mechanism of 
SybrGreen nucleic acid stain still remain unknown as there 
is no explanation available on how this stain bind to the 
double-stranded DNA (Zipper et al., 2004).

4. CONCLUSION

Based on the results obtained, the minimum copy number 
of WSSV-DNA that can be detected by primers used in this 
study is 2 x 101 copies/µl. The presence of WSSV-DNA 

in shrimp samples, changed the color of the Vivantis Viva 
SybrGreen Nucleic Acid stain from orange to green under 
blue-light transilluminator. Therefore, the results show that 
method developed in this study may be applied for future 
diagnostic use to detect the WSSV primarily in shrimp 
farming industry due to its sensitivity, in which it is capable 
of detecting the WSSV-DNA at a low copy number or 
concentration. This property is beneficial to the shrimp 
farming industries as they can eliminate the spreading 
of this virus at early stage of infection thus preventing 
great losses in the future if the spreading of the virus is 
not controlled.
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Study of DNA degradation in time-bound powder specimen

Abstract

Bone specimen has been commonly encountered in Forensic DNA analysis for body identification process in cases such as homicide 
or missing persons. Routinely, bone specimen received could have been exposed to the environment for such a period of time or they 
were recovered at a later stage since the occurrence of incident. DNA is well persevered in -20oC. However, many variables can affect 
the quality and quantity of DNA presence in bone specimen which include environmental conditions such as temperature, humidity, 
bacterial activity and degradation process. Eight bone specimens powder from completed casework for the past 10 years which were 
kept for training purposes in -20oC were re-analyzed to obtain the desired DNA profile. Comparison between the initial DNA profiles with 
the re-analyzed DNA profile were made to distinguish any significance differences or findings. 75% of the powdered bone specimen 
showed no significant difference between the initial and re-analyzed DNA profile. This indicated that the DNA in the powdered bone 
specimen kept at -20oC is well preserved and stable. However, we found that two powdered bone specimens (kept for 5 and 7 years) 
demonstrated loss of alleles in few loci suggesting that DNA degradation could still have taken place over the time or the homogeneity 
of the powdered bone specimen affecting the DNA yield.
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1. INTRODUCTION

DNA profiling has become the main method for forensic 
human identification in the last two decades with extensive 
developments in the analysis of human skeletal remains. 
Human skeletal remains or bones are often encountered 
in forensic DNA analysis for body identification process in 
cases such as homicide or missing persons. Hard structure 
of bones preserves DNA within its physiological space 
comparatively well and for a longer time1. It is known that 
compared to soft tissues that may rapidly decomposed, 
bones can withstand environmental conditions including 
temperature and humidity2 and viable DNA fragments 
can be recovered from bones up to several thousand  
years3,4. 

In Reference Centre of Forensic DNA Analysis 
Southern Region, Department of Chemistry Malaysia 
Johor State, quite a number of unidentified body cases 
involving skeletal remains were analysed involving those 
that could have been exposed to the environment for 
such a period of time or were recovered at a later stage 
after the incident. Prevailing environment factors such as 
temperature, humidity, bacterial activity and degradation 
process could attribute to the differences in quality and 
quantity of DNA available in the skeletal remains obtained5. 
This study was carried out to demonstrate the effect of 
time in degradation of DNA in bone powder specimen that 
had been stored in the laboratory for a different period 

of time to evaluate the robustness of PrepFiler BTATM 
Forensic DNA Extraction Kits.   

2. MATERIALS AND METHODS

Eight known bone powder samples (Table 1) from 
completed casework were subjected to re-analysis 
process after a period of storage time in the -20oC freezer. 
DNA isolation from the bone powder samples were carried 
out using the PrepFiler BTATM Forensic DNA Extraction 
Kits on the Automate ExpressTM Forensic DNA Extraction 
System platform to achieve maximum yield of high 
quality genomic DNA. The PrepFiler BTATM Forensic DNA 
Extraction Kits with Automate ExpressTM Forensic DNA 
Extraction System was selected as the method for DNA 
isolation during this study due to its robustness with simple 
set up and operation6. Furthermore, the initial analysis 
of the samples were done using the same extraction 
method, thus maintaining the similar process is crucial 
to evaluate the reproducibility and repeatability results 
of the analysis. DNA amplification was carried out using 
AmpFISTR® Identifiler® Plus PCR Amplification Kit and 
electrophoresed by Genetic Analyzer 3500xl. 

3. RESULTS AND DISCUSSION

The variables in this study were successfully analysed 
and interpreted. Based on the results obtained (Figure 1), 
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two specimens (BP 2 and BP 3) demonstrated similar 
results between the initial extraction and re-analysis where 
same number of alleles were obtained in each STR locus. 
Average peak heights for each allele are also increased 
even though the specimens were stored up to 859 days. 
While three specimens (BP 1, BP 4 and BP 5) showed 
an increase numbers of allele obtained in the re-analysis 
process despite the difference of storage time for each 
specimens. Incomplete cell lysis in extraction incubation 
time of the initial extraction of these three specimens 
could explain why more alleles were obtained in these 
specimens during the re-analysis process. 

Table 1: Samples used in the study

Sample ID Source Year Acquired Storage Time (Days)

BP 1 Skull 2020 346

BP 2 Femur 2019 698

BP 3 Phalanges 2018 859

BP 4 Femur 2018 983

BP 5 Femur 2017 1320

BP 6 Femur 2016 1454

BP 7 Skull 2014 2404

BP 8 Femur 2014 2363

Based on the peak heights evaluation (Figure 2), two 
specimens (BP 6 and BP 7) showed evidence of DNA 
degradation occurred since the storage time is up to 
2404 days. Significant drop of average peak heights was 
observed in BP 6 from 2453 rfu to 230 and 203 rfu in the re-
analysis specimens. This finding showed that DNA quality 
and quantity may be affected by longer storage time of 
bone specimens. Mixed DNA profile was developed from 
specimen BP 8 which demonstrated different number of 
alleles recovered suggesting possible DNA contamination 
to the powdered bone specimen. Powdery substances are 
prone to electrostatic charge7 that might be the source 

Figure 1: Comparison of number of alleles obtained in each samples. Initial analysis are the first extraction done to the samples in 
each casework analysis while re-analyzed (duplicate 1 & 2) are the extractions done during this study. 

Figure 2: Comparison of allele’s peak height average in each sample. 
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of contamination. Analysis of bone specimen using the 
PrepFiler BTATM Forensic DNA Extraction Kits is superior 
to the time consuming organic extraction process with 
less inhibition due to its use of magnetic beads8 where 
the protocols were optimized for extracting DNA from 
compromised bone specimens. 

4. CONCLUSION

In conclusion, DNA in powdered bone specimens is still 
stable and can be well preserved in -20oC over a period of 
time. However, degradation could still take place within the 
sample. The homogeneity of the powdered bone specimen 
used in the analysis is important to ensure maximum DNA 
recovery for the samples.    
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Preparation of Protein Extraction from Metroxylon sagu Rottb. soft shoot 
base tissue for Two-Dimensional Electrophoresis Analysis

Abstract

Two-dimensional gel electrophoresis (2-DE) is still a powerful approach to analyze protein differences and changes between samples 
visually. Nevertheless, the technique demands a suitable sample preparation to produce reliable results. Sago (Metroxylon sagu Rottb.) 
contains complexes of polysaccharides, phenolic compounds, and other secondary metabolites that could interfere with the 2-DE 
analysis. This study evaluated the applicability of phenol extraction followed by the methanol-ammonium acetate precipitation method 
to produce decent quality 2-DE images from soft shoot base tissue of two sago varieties. Using the method, we obtained well-resolved 
2-DE images consisted of sharp protein spots, minimum smears and streaks, and clear gel background. We suggest that phenol 
extraction followed by the methanol-ammonium acetate precipitation method could be used for sago gel-based proteomic studies.

Keywords: Metroxylon sagu Rottb.; 2-DE; proteomic; phenol extraction; recalcitrant plant
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1. INTRODUCTION

Sago palm (Metroxylon sagu Rottb.) is an indigenous crop 
in Asia and the Pacific Region that produces high starch 
yield. It can grow in wetlands and peat swamps where other 
food crops cannot be grown economically. Sago has been 
a promising commodity for utilization and development in 
the Sarawak government plan. However, there are only a 
few proteomics studies conducted on sago palms. Plant 
proteomics, with other associated –omics branches, has 
become a valuable tool in plant biotechnology that offering 
a leading path toward crop improvement for sustainable 
agriculture (Eldakak et al., 2013). 

Two-dimensional gel electrophoresis (2-DE) offers a 
powerful approach to analyze gene expression differences 
at the protein level. The technique is unique because it 
can visualize protein spots by annotating their quantity and 
chemical nature when coupling with mass spectrometry. 
However, 2-DE requires a suitable protein extraction method 
to obtain high quality images. Preparation of protein from 
plant tissues is challenging because they contain phenolic 
compounds, oxidative enzymes, pigments, organic acids, 
and carbohydrates which could interfere with the 2-DE 
analysis. 

Among sample preparation methods, the phenol 
extraction/ ammonium acetate precipitation method has 
been reported to provide a high clean-up capacity and 
potent dissociating agents known to decrease molecular 
interactions between proteins and other materials, which 

resulted in satisfactory 2-DE gels. The method was 
successfully demonstrated using banana (Carpentier et 
al., 2005) and cacao (Awang et al., 2020) which are known 
to be recalcitrant plants, to name a few. Therefore, this 
study aimed to extract proteins from soft shoot base tissue 
of two different sago varieties: MOL-03 and KAR-01.

2. MATERIALS AND METHODS 

2.1 Plant materials

Soft shoot base tissue of Metroxylon sagu of MOL-03 
and KAR-01 were obtained from the CRAUN Research 
Germplasm plot. Suckers that tillered from the mother’s 
palm were taken as samples. Upon harvest, the suckers 
were brought to the laboratory for cleaning and trimming 
processes. The sample was trimmed layer by layer until 
the inner layer of soft base tissue was obtained for 
analysis. 

2.2 Protein Extraction

Protein extraction was performed using the phenol 
extraction/ ammonium acetate precipitation method 
described by Awang et al. (2010). Briefly, sago soft shoot 
base tissue was lyophilized and subsequently ground 
into a fine powder. The powdered sample was then 
resuspended in extraction buffer (0.1 M Tris-HCl, pH 8.0, 
2% SDS, 30% sucrose, 5% β-mercaptoethanol) inside 
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a pre-chilled mortar and mixed thoroughly with a pestle, 
with a sample and buffer ratio of 1:5. 10 ml ice-cold Tris-
buffered phenol (reagent-grade phenol equilibrated with 
50 mM Tris-HCl, pH 8.0) was added, and the homogenate 
was mixed further for 5 minutes. The homogenate was 
then transferred to a 50 mL Falcon tube, vortex for 15 
min, and centrifuged (10,000 x g, 10 min, 4°C). The upper 
phenolic phase was re-extracted with a 10 mL extraction 
buffer. After centrifugation (10,000 x g, 10 min, 4°C), the 
phenolic phase was collected, and five volumes of 100 mM 
ammonium acetate in methanol were added. The mixture 
was then incubated overnight at -20°C to precipitate 
protein. Protein was pelleted by centrifugation (10,000 x 
g, 20 min, 4°C) and rinsed twice in ice-cold acetone/ 0.2% 
DTT with 60 min incubation at -20°C between the two 
rinsing steps. After the air-drying, the protein pellet was 
resolubilized in 400 µL resolubilization buffer (7 M urea, 
2 M thiourea, 4% CHAPS, 0.5% IPG-buffer, pH 3-10, 20 
mM DTT). The suspension was centrifuged at 10,000 x 
g, 3 min, 20°C. Finally, the supernatant was collected and 
proceed with the 2-DE application. Protein concentration 
was determined using the 2-D Quant Kit (GE Healthcare, 
Hercules, UK).

2.3 Two-dimensioanal gel electrophoresis

Fifty micrograms (50 µg) of protein sample in 450 µL 
rehydration solution (resolubilization buffer with a trace of 
BPB) was applied to a 24 cm pH 4 – 7 linear IPG strip 
(GE Healthcare) and rehydrated 12 h. Isoelectric Focusing 
(IEF) was performed on the Ettan IPGphor II system (GE 
Healthcare) at 20°C with the following settings: current 
limit 50 µA/ strip; 200 V, 15 min; 500 V, 15 min; 1 kV, 30 
min; 8 kV, one h (gradient): 8 kV. Focused strip was then 
equilibrated twice in 10 mL equilibration solution (6 M urea, 
30% glycerol, 2% SDS, 0.002% BPB, 50 mM Tris, pH 8.8) 
for 15 min. The first equilibration solution contained 1% 
DTT, and the second contained 2.5% IAA. SDS-PAGE was 
performed on the Ettan DALT 6 System (GE Healthcare) 
using lab-cast 1 mm SDS polyacrylamide gels (12.5%). 
Proteins were visualized by silver staining. Gels were 
scanned with a PharosFX Mof Molecular Imager System 
(Bio-Rad Laboratories, Inc., Hercules, USA), and image 
analysis was performed using PDQuest 8.0.1 (Bio-Rad 
Laboratories, Inc.).

3. RESULTS AND DISCUSSION

Proteins from soft shoot base tissue obtained from MOL-
03 and KAR-01 sago variety were extracted using phenol 
extraction/ ammonium acetate precipitation method and 
subsequently separated by 2-DE in the linear 4 to 7 pH 
range. The gels for both varieties showed well-resolved 
and sharp proteins, with low background and less 
streaking (Fig. 1). 

More than 100 protein spots were observed in 
the 2-DE gels after Silver staining. The Silver staining 

technique was the best staining at this preliminary 
analysis because it is the most sensitive staining for 
known and unknown proteins that might be appeared in 
the samples (Add reference). Comparison between the 
two varieties found out that 38 proteins spots varied in 
intensity. From the gel visualization image, there were 14 
protein spots appeared in MOL-03 with high expression 
intensity compared to the spots appeared in KAR-01. 
It was also found 3 protein spots with high expression 
intensity in KAR-01 but showed minimal expression 
in MOL-03. These proteins, which vary in expression 
intensity, could be representing genes that expressed in 
those two varieties. 

Figure 1: Comparison of 2-DE representative gels, with protein 
spots visualization obtained from two different varieties of 

Metroxylon sagu.

There was not many protein studies conducted on 
Metroxylon sagu. Recently, the early intention to develop 
a suitable protein extraction method for sago palm tissue 
was conducted by Nisar and Hussain in 2020 using sago 
leaf samples, using five protein extraction methods, i.e., 
TCA acetone method, phenol extraction method, the 
combination of phenol and TCA-acetone method, imidazole 
method and PEG fractionation method. PEG fractionation 
method was found to give the most reproducible gels 
with the highest number of spots and highest protein 
concentration, followed by the phenol extraction method, 
for sago leaf samples.

4. CONCLUSION

Our study showed that phenol extraction/ ammonium 
acetate in methanol precipitation produced good 2-DE 
gel images. The phenol method efficiently eliminates 
interfering substances in Metroxylon sagu. Thus, this 
method can be applied to other shoot base tissues of 
palm varieties of species, with high levels of starch and 
secondary metabolites. 
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Non-directiveness in genetic counselling in prenatal diagnosis and termination 
of pregnancy

Abstract

Genetic counselling (GC) plays a major role in facilitating decision making in prenatal diagnosis (PD) or termination of a pregnancy 
(T.O.P). Religious, legal, social and personal belief, are among concerns raised by individuals who are considering it. We present a 
case series pertaining to PD and T.O.P among couples who had a history of a previous child with a life-limiting or serious genetic 
condition and how non-directive GC assisted them in attaining an informed decision. Four clients received GC and concerns were 
addressed; P1, parents of a child with spinal muscular atrophy opted for T.O.P without PD despite offering them the test as they wished 
to focus on the treatment of their affected child. P2, parents of a child with Gaucher disease, decided to have the test to eliminate the 
uncertainty about the unborn child being unhealthy. P3 proceeded with PD because the past experience of losing a child with non-
ketotic hyperglycinemia (NKH) was devastating. The unborn child was unaffected with NKH and the pregnancy continued normally. P4 
wanted to be tested because the anxiety of having another child with Beckwith-Wiedemann syndrome. However, they changed their 
minds after facing hardship to travel to the hospital during the Movement Control Order. Parents felt overwhelmed and distressed when 
confronted with the possible risk of having another affected offspring. By providing them with GC, they were given various reproductive 
options and had a better understanding of their emotional needs and felt supported in their decision regarding their reproductive choices.
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1. INTRODUCTION

Genetic counselling (GC) is the process through which 
knowledge about the genetic aspects of illnesses is shared 
by genetic counsellors with those who are at an increased 
risk or either having a heritable disorder or passing it on 
to their unborn offspring (Geldard & Geldard, 2012). The 
pre-test counselling should be done as non-directive as 
possible, explaining about potential results, risk, limitation, 
and benefits of testing as well as allowing ample time 
for individuals to make an informed decision (McCarthy, 
LeRoy, & Bartels, 2003). 

Prenatal genetic counselling is part of the GC area 
where the counsellor facilitates the counsellee in decision 
making and address concerns raised particularly related 
to prenatal diagnosis (PD) (Derks-Smeets et al., 2014). 
Individuals who have a previous history of a child with a 
rare life-limiting disease could feel distressed, fears and 
worries to get pregnant, especially when the disorder 
is incurable and terminal (Anderson, Elliott, & Zurynski, 
2013). They would consider pursuing PD to determine 
the genetic status of the unborn child to overcome this 
distress. The most common prenatal testing is chorionic 
villus sampling (CVS), an invasive prenatal test at 11 
weeks of gestation, where a small amount of placenta 

tissue is taken and tested for a specific mutation (Jones 
& Montero, 2021). Amniocentesis is usually be offered 
after 15 weeks of pregnancy that involves the extraction 
of the amniotic fluid and subsequently tested for a specific 
genetic condition (Jindal & Chaudhary, 2021). If the foetus 
is affected by a genetic condition, termination of pregnancy 
(T.O.P) could be performed next. However, concerns 
related to religious, legal, social and personal belief could 
drive a person away from making the best decision in 
pursuing PD and T.O.P. In Malaysia, an exception clause 
has been added to the Medical Act 1971, allowing T.O.P 
if the continuance of the pregnancy would involve risk to 
the life of the pregnant woman, or injury to the mental or 
physical health of the pregnant woman, greater than if the 
pregnancy were terminated (Malaysia, 2012). 

2. CASE REPORT
Case 1

P1 was the parents of two children with spinal muscular 
atrophy (SMA) type 1. SMA is a genetic disorder 
characterized by degeneration of anterior horn cells and 
resultant muscle atrophy and weakness (Burr & Reddivari, 
2021). One of them passed away at the age of 9 months 
old. Their younger daughter was later diagnosed with SMA 
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at the age of 6 months old. In December 2020, P1 informed 
that they were expecting a child soon and expressed 
worriedness about having another child with SMA. This 
pregnancy was unplanned and they wish to focus on the 
treatment of their affected child. In the end, they did not 
proceed with PD despite offering them the test, because 
the result would not affect their decision of having T.O.P. 

Case 2

P2 was the parents of a male child with Gaucher Disease 
(GD). GD is a rare genetic disorder, that caused by a 
deficiency of glucocerebrosidase, which leads to an 
accumulation of glucosylceramide (Stone, Basit, & Master, 
2021). The child was diagnosed with GD at the age of 
16 months. The couple was pregnant unexpectedly in 
December 2019 and received prenatal GC. They decided 
to have a prenatal test to eliminate the uncertainty about 
the unborn child being unhealthy. Unfortunately, the fetus 
also affected with GD and T.O.P was performed. Their 
decision on T.O.P was mainly influenced by the difficulty 
to get continuous access to the effective treatment for GD. 
They were aware that the child would ‘suffer' and have a 
poor prognosis without the treatment.

Case 3

P3 had a daughter with non-ketotic hyperglycinemia 
(NKH) who passed away at early neonatal age. NKH 
is another rare life-threatening inborn error of glycine 
metabolism which associated with a poor prognosis (Van 
Hove, Coughlin, Swanson, & Hennermann, 1993). P3 
was pregnant in September 2020 and due to the past 
devastating experience of losing a child, P3 decided to 
proceed with PD. The unborn child was unaffected with 
NKH and the pregnancy continued normally. 

Case 4

P4 was the parents of a male child who diagnosed with 
Beckwith-Wiedemann syndrome (BWS) at the age of 
2 months old. BWS is a genomic imprinting disorder, 
characterized by overgrowth, macroglossia, neonatal 
hypoglycaemia and risk of cancer (Borjas Mendoza & 
Mendez, 2021). In March 2020, P4 received prenatal GC 
and decided to pursue PD because too anxious about 
having another child with BWS. However, they changed 
their minds after facing hardship to travel to the hospital 
during the Movement Control Order. They believed this 
was God’s plan and they should accept it. 

3. RESULTS AND DISCUSSION

All 4 cases received GC where genetic knowledge, potential 
risks, limitations and benefits of prenatal diagnosis were 
informed, that enabled them making the appropriate and 
best decision in PD and T.O.P (Sussner et al., 2015). 

Anxiousness and worriedness felt by all counselees had 
served as a motivator in pursuing something in the sense 
of wanting to protect family members and prevent bad 
incidence happened again in the family. It was supported by 
a study by Fogel et al that anxiety influenced the decision 
to pursue genetic testing (Fogel et al., 2017). In P2 and P3, 
prenatal testing was done as it eliminated the uncertainty of 
having a child with a genetic condition. Similar motivations 
reported by Scuffham and MacMillan when individuals 
would seek genetic testing in rank order, were family 
planning, planning for the future, a “need to know” (i.e. 
“reduce uncertainty”) and to inform children (Scuffham & 
MacMillan, 2014). During the genetic consultation, issues 
related to TOP such as religious and social stigma was 
discussed in-depth with the counselees. Remarkably, 
almost all of them were not aware that T.O.P was allowed in 
Malaysia. Women faced difficulty to get T.O.P even by the 
health professionals due to their values or religious beliefs. 
As the result, some women have to search for a doctor 
who willingly performs T.O.P. In some cases, they have 
to seek an unqualified doctor or use traditional methods 
from village midwives for T.O.P (Rashidah & Wong, 2010). 
Women also felt uncomfortable to ask information about 
T.O.P because it was considered shameful and sinful and 
they scared people would talk behind their back (Low, Tong, 
Wong, Jegasothy, & Choong, 2015). Another barrier is the 
service was not openly offered and not easily accessible 
because of the Medicines (Advertisement & Sale) Act 1956 
(revised 1983) Act 290. As the result, they would obtain 
information from their friends or colleagues which often 
inadequate in making the best decision (Tong, Low, Wong, 
Choong, & Jegasothy, 2012).

4. CONCLUSION

Parents felt overwhelmed and distressed when confronted 
with the possible risk of having another affected offspring. 
By providing them with pre- genetic test counselling in a 
non-directive manner and ethical ways as possible, they 
were given various reproductive options and had a better 
understanding of their emotional needs and felt supported 
in their decision regarding their reproductive choices. 
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Development of RT-PCR for the detection of Covid-19 from saliva in accordance 
with the iso 17025:2017 standard

Abstract

Currently, the “gold standard” for the direct diagnosis of SARS-CoV-2 infection is using real-time reverse-transcription-polymerase 
chain reaction (RT-qPCR), however, not all laboratories posses the infrastructure to perform RT-qPCR. There is a lot of consideration 
when a laboratory develops its own test methods or incorporates ones that already exist; the task bequeathed to them is great. The 
practice of impartiality is an important factor when developing a method to ensure the results obtained can be trusted with confidence. 
In this study, we used a single-step direct lysate extraction method for the extraction of RNA from saliva. A positive control DNA was 
developed by fusing the 5’ and 3’ of Orf1a primers to a region of the pUC19 plasmid to generate a synthetic DNA with the size as the 
native Covid-19 target gene. This DNA was further used for PCR sensitivity studies. Amplification of human β-actin from RNA of saliva 
suspension by RT-PCR was developed as an endogenous control RNA. The limit of detection for the Orf1a construct is 2 copy numbers 
per microliter. The detection of β-actin from saliva was successful and was still detactable up to 5 days of storage. In conclusion, the 
detection method address the concern of impartiality by applying a single-step RNA extraction to minimize operators error during large 
sample processing, a statement of sensitivity to detect the minimum amount of virus, a positive DNA control to ensure easy comparison 
of the detected RT-PCR product and an endogenous RNA control to provide evidence of successful RNA extraction, sample integrity 
and the preparation of reagents was properly done. The use of the synthetic Orf1a DNA can also ensure a differentiation between 
the native Covid-19 DNA via DNA sequencing thus allowing identification of any external contaminating DNA. Finally, the operator is 
confident that the work was done in accordingly and easily monitored by the supervisor.
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1. INTRODUCTION

A new human coronavirus emerged in December 2019, 
is called severe acute respiratory syndrome-related 
coronavirus 2 (SARS-CoV-2) from the family Coronaviridae 
and genus Betacoronavirus that was discovered in Hubei 
province, mainland China and caused the disease known 
as Covid-19 (Zhu et al., 2020; Huang et al., 2020; ICTV, 
2020). SARS-CoV-2 infections has been recorded in 235 
countries totaling 39,442,444 cases and 1,106,181 deaths 
with a daily increase in numbers (WHO, 2020a). 

Detection of Covid-19 by quantitative reverse 
transcription-polymerase chain reaction (RT-qPCR) 
remains the “gold standard” for direct diagnosis. In-house 
and commercial RT-qPCR detecting single or multiplex 
genes have been proposed for molecular detection of 
SARS-CoV-2 (WHO, 2020b). The Pan American Health 
Organization (PAHO) recommends the use of E gene as 
the main gene target for Covid-19 detection (PAHO, 2020).

In this study, we describe a sensitive and specific 
protocol for the detection of SARS-CoV-2 Orf1a gene 
using end-point single-tube RT-PCR (conventional RT-

PCR) and the use of human β-actin as an endogenous 
control marker to ensure the sample is fit-for-use according 
to ISO17025:2017 (CALA 2018). This method also offers 
as a potential detection alternative for situations where 
RT-qPCR facility is not available.

2. MATERIALS AND METHODS 

2.1 Construction of positive control DNA

A positive control DNA encoding an Orf1a primer binding site 
was synthesized by fusing the Orf1a primer with a pUC19 
DNA region to generate a 346 bp DNA fragment, this will 
be used as a positive control DNA and also for sensitivity 
studies. The set of primers used were Orf1a-pUC19F 
(5’-CTCGAACTGCACCTCATGGCGCGTTTCGGTGATG 
ACGG-3’) and Orf1a-pUC19R (5’-CAGAAGTTGTTATCGA 
CATAGCCTGGCGTAATAGCGAAGAGG-3’). The underline 
sequence refers to Orf1a DNA binding site. DNA amplification 
was carried out in a volume of 25 µl. The PCR product 
(20 µl) were separated and analysed under 2% agarose 
gel and stained with ethidium bromide (refer to Fig.1) 
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and the PCR product was excised and gel purified using 
GeneJet Gel Extraction Kit (Thermo Scientific) according to 
manufacturer’s protocol.

Figure 1: Synthesised Covid-19 positive control DNA, red 
arrow on left side is the PCR product with a size of 346 bp. 

NC: Non-template control, M: 100 bp DNA marker (Promega), 
lane 1: Covid-19 positive control.

2.2 DNA sensitivity study of primer

The primers used for the detection of the Orf1a target DNA 
was from Nao et al. (2020). The forward primer NIID_WH-1_
F509 (5’-CTCGAACTGCACCTCATGG-3’) and reverse  
primer NIID_WH-1_R854 (5’-CAGAAGTTGTTATCGAC 
ATAGC-3) was synthesized commercially. The concen-
tration of the purified target DNA was measured using 
a spectrophotometer. The DNA concentration was then 
converted to copy numbers and a dilution of the positive 
control DNA was prepared from 2 x103 to 2 copy numbers 
per microliter. DNA amplification was carried out in a 20 
µl volume. The PCR product (5 µl) were separated and 
analysed under 2% agarose gel and stained with ethidium 
bromide (refer to Fig.2).

Figure 2: Sensitivity in detection of Covid-19 positive control 
DNA, red arrow on left side is the PCR product with a size 

of 346 bp. NC: Non-template control, M: 100 bp DNA marker 
(Promega), lane 1: 2 x 104 CPN, lane 2: 2 x 103 CPN, lane 3: 

2 x 102 CPN and 4: 2 CPN.

2.3 Detection of β-actin from human saliva and stability 
studies

A gene specific primer was designed to amplify human 
β-actin (X00351) to generate a 184 bp DNA fragment. 
Primers βA-F (5’-GCGACGAGGCCCAGAGCA-3’) and βA-R 
(5’- GCGGTTGGCCTTGGGGTTCAG-3’) was synthesized 
commercially. Swabs were taken using citotest swabs; the 
inner cheek were gently swabbed for 30 seconds each on 
the right and left sides and further added to 0.5 ml 1XPBS 
buffer (pH 7.4, Vivantis Technologies, Malaysia) in a 1.5 ml 
screw cap microcentrifuge. Samples were also stored at 
2-4°C for 1 week for cell stability studies. To determine the 
stability of saliva resuspended in 1X PBS (pH 7.4), RNA 
was extracted at 24, 48, 72, 96 and 120 hours (day 1 to 
5) post-sampling according to protocol mentioned below. 
Tests were done in duplicates.

Figure 3: RT-PCR of human β-actin from saliva, yellow arrow 
on left side is the PCR product with a size of 184 bp. M: 100 

bp DNA marker (Promega), lane 1-3: human β-actin gene.

Figure 4: RT-PCR profile of human β-actin from stored saliva 
(day 1 to 5), yellow arrow on left side is the PCR product with 
a size of 184 bp. M: 100 bp DNA marker (Promega), lane 1,2: 
saliva profile at 24h, lane 3,4: saliva profile at 48h, lane 5,6: 
saliva profile at 72h, lane 7,8: saliva profile at 96h and lane 

9,10: saliva profile at 120h.

Total RNA was extracted using a single-step RNA 
isolation procedure (NoblePrep Kit, Nobelscience Sdn. 
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Bhd., Malaysia). The swab suspension (90 µl) was used 
for total RNA extraction. A single-tube endpoint RT-PCR 
method was developed for the detection of human β-actin 
gene. RT-PCR amplification was carried out in a 20 µl 
volume. The PCR product (5 µl) were separated and 
analysed under 2% agarose gel and stained with ethidium 
bromide (refer to Fig.3). The result of stability test is shown 
in Fig. 4.

3. RESULTS AND DISCUSSION 

In this work, we attempted to design a method to detect 
Covid-19 from human saliva. The use of saliva as a source 
for detection of Covid-19 has been gaining attention due to 
fact that it is much easier than performing nasopharyngeal 
or oropharyngeal swabs and eliminating the potential of 
aerosol release (Medeiros da Silva et al., 2020). Human 
saliva are also rich in epithelial cells (Liu et al., 2010). The 
β-actin serves as a biomarker for the test and undergoes 
RT-PCR process, hence, the positive control (Covid-19) 
used for the test does not have to be the actual Covid-19 
DNA/RNA, for it has changed its function as a DNA marker 
allowing easy comparison with the samples PCR profile. 
Validation of the success in RNA extraction, RT-PCR 
mixture preparation and thermocycling process will rely 
upon the success of β-actin gene amplified from the saliva 
samples.

We have successfully produced a positive control 
DNA using pUC19 as a backbone flanked with the 
primer binding site to produce a 346 bp DNA fragment. 
If contamination of positive control is suspected during 
a test, the target DNA can be sequenced to determine 
if the DNA matches Covid-19 DNA (positive) or pUC19 
DNA (false positive).

This method is proven to work when the β-actin gene 
(184 bp) was successfully amplified and detected from 
the saliva-PBS samples. In our work, we have validated 
that the RNA can still be detected in the saliva-PBS 
suspension for up to 5 days when stored at 2-4°C. This 
is an advantage for testing laboratory because the life-
span of the sample is stable for up to 5 days. This will 
allow for proper management testing rather then trapped 
with an unknown time span on how long the RNA in the 
VTM is stable or still suitable for use.

4. CONCLUSION 

We have developed a method to allow detection of 
Covid-19 from human saliva. A positive control DNA for 
Covid-19 using a pUC19 backbone was produced which 

can be used to amplify a 346 bp PCR product matching 
the target DNA. The saliva-PBS suspension, when stored 
at 2-4°C, is stable for up to 5 days. The guideline in this 
study may also be used by other researchers to further 
develop their own in-house diagnosis method.
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