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SEX-LINKED AMELOGENIN AND Y-LINKED DBY GENE SEQUENCE 

VARIATIONS IN BOS GAURUS 

BY 

  MOK PEI CHYI 

 

ABSTRACT 

 

The gaur, Bos gaurus, is classified as a vulnerable species as the population size is 

declining globally due to habitat loss, poaching and diseases from domestic cattle. 

Genetic studies on gaurs in Malaysia are limited; there is none on differentiating the 

two sexes using molecular markers. Molecular sexing is useful in identifying the gender 

of an animal, especially from the carcass parts, the meat, tissue and body fluid. This 

study was conducted to differentiate the male and female B. gaurus by the sequence 

variations of the sex-linked amelogenin gene and the Y-chromosome DEAD Box RNA 

Helicase 3 (DBY) gene. DNA from fecal samples of three male and three female gaurs 

were amplified using polymerase chain reaction (PCR) for these genes. A region of 

the amelogenin and DBY genes and amplicon sizes were estimated using 

electrophoresis as well as sequenced. Sequences were compared among themselves 

and with those of the B. indicus Kedah Kelantan (KK) which was used as a reference 

species. The fragment sizes and sequences for DBY did not show any variation 

between the males and females of both gaur and Kedah Kelantan; a sample DNA 

fragment of 180 bp was exhibited. DBY cannot be used to differentiate the two sexes 

for both gaur and B. indicus cattle.    The amelogenin gene showed a single band 

pattern for the female KK (280 bp) and three bands (217, 280, and 340 bp) for the male 

KK but did give consistent results for the gaur samples.  
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VARIASI SEKUENS AMELOGENIN TERANGKAI-JANTINA DAN GEN DBY 

TERANGKAI-Y IN BOS GAURUS 

OLEH 

MOK PEI CHYI 

 

ABSTRAK 

Seladang, Bos gaurus diklasifikasikan sebagai spesies terancam disebabkan populasi 

seladang semakin berkurang pada tahap antarabangsa disebabkan oleh kehilangan 

tempat habitat, pemburuan haram dan penyakit daripada lembu tempatan. Kajian 

genetik terhadap seladang di Malaysia adalah terhad; masih tiada kerja yang 

dijalankan untuk membezakan jantina seladang dengan menggunakan penanda 

molekul.  Penanda molekul berguna dalam mengenalpastikan jantina haiwan 

terutamanya daripada bahagian bangkai, daging, tisu dan fluid badan mereka. Kajian 

ini dijalankan untuk membezakan jantan dan betina Bos gaurus dengan variasi jujukan 

DNA dalam gen amelogenin dan gen DEAD Box RNA Helicase 3 (DBY). DNA daripada 

sampel najis tiga ekor seladang jantan dan tiga ekor seladang betina diamplifikasi 

dengan menggunakan Polymerase Chain Reaction (PCR). Sebahagian gen 

amelogenin dan DBY dan saiz amplikon dianggar dengan menggunakan elektroforesis 

serta disusun. Sekuens tersebut dibandingkan antara mereka dengan lembu Kedah 

Kelantan (KK) sebagai spesis rujukan. Analisis sekuens bagi DBY tidak 

mempamerkan variasi bagi kedua-dua jantina seladang ataupun lembu Kedah 

Kelantan; satu jalur DNA dengan 180 bp dipamerkan. DBY tidak boleh digunakan 

untuk membezakan jantina bagi seladang ataupun lembu spesis B. indicus. Gen 

amelogenin mempamerkan satu jalur bagi betina KK (280bp) dan tiga jalur (217, 280, 

340 bp) bagi jantan KK tetapi tidak memberi keputusan yang konsisten pada sampel 

seladang. 
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CHAPTER 1 

INTRODUCTION 

 

The Gaur, Bos gaurus, is a wild member of Bovini tribe. The IUCN Red List of 

Threatened Species has classified the gaur as a vulnerable species. Traditionally, 

three subspecies of Gaur were generally recognized, namely, the B. gaurus gaurus 

(the Indian Gaur), B. gaurus laosiensis (found in the Indochinese region) and B. gaurus 

hubbacki (Malayan Gaur, also known as Seladang) (Duckworth et al., 2008), but 

currently only two subspecies, the Indian Gaur and Malayan Gaur, are recognized. 

The Gaur which is considered as the wild cattle differs from the domestic cattle both 

morphologically and genetically. The gaur and cattle have chromosome complements 

of 2n = 56 (Maslinda et al., 2010) and 2n = 60, respectively. The Malayan gaur is 

mainly distributed in the tropical woodlands of Peninsular Malaysia and Southern 

Thailand (Lydekker, 1907). Malayan gaur can be identified by their dark brown coat, 

lower legs being white to tan in color and weights over 1000 kg in males and 700–800 

kg in females.   

In Malaysia, the population of the gaur was stated to be less than 500 

individuals and it is thought to be declining (Read et al., 1994). Several studies indicate 

that the population size of gaur is declining globally, due to habitat loss, poaching and 

diseases from domestic cattle (Conry, 1981, 1989; DWNP, 2005; IUCN, 2008; Nguyen 

et al., 2007). An improvement in the management system for genetic conservation via 

semen collection, and cryopreservation and in situ breeding would help increase the 

number of gaurs in the wild (Hafiz et al., 2010; Iswadi et al., 2010, 2012). In addition, 

increased research activities on breeding management programs, such as 

synchronization of estrus, improvement of semen collection, and cryopreservation, 
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genetic studies and use of assisted reproductive biotechnologies, could be useful in 

increasing gaur production (Fazly Ann et al., 2010, 2011; Hafiz et al., 2011, Iswadi et 

al., 2011, 2012; Rosli et al., 2011). As with other bovidae, chromosome studies indicate 

that the gaur evolved from a wild ancestor, differentiating the domestic taurine and 

zebu cattle (Buckland and Evans, 1978; Da Paixao Scavone et al., 2000; Gallagher 

and Womack, 1992; Iannuzzi et al., 2009; Wurster and Benirschke, 1968). 

Molecular sexing is one of the methods to identify the gender of an animal, 

especially from the carcass with anatomical structure not intact, the meat, tissue and 

body fluid (Khaledi, 2008). In mammals, the amelogenin gene is present on both the X 

and Y chromosomes. They occur as two single copy genes located on the short arms 

of the two chromosomes (Nakahori et al., 1991). The DEAD Box RNA Helicase 3 gene 

(DBY or DDX3Y), located in the non-homologous region of the Y chromosome, may 

serve as a mammalian male sex marker while females are identified by absence of 

amplification (Lahn and Page, 1997). 

Some  methods of sex determination for animals rely on the detection of Y-

chromosome specific DNA sequences, such as sex determining region Y (SRY) (Mara 

et al., 2004;  Yamauchi et al., 2000) and testis-specific protein Y-encoded (TSPY) 

(Lemos et al., 2005) genes. However, the failure of detection does not necessarily 

mean that the sample is of female origin (Pajares et al., 2007). Sometimes, 

experimental errors can also lead to negative results. Thus, the detection of X- and Y-

chromosome specific sequences is very important to confirm the gender of the animal 

and, therefore, advantageous. 
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1.1 Research Problem  

The studies on Gaur only focus on habitat, ecology, threats and conservation 

strategies. The scientific works in Malaysia are limited. The works reported include 

semen collection, analysis and cryopreservation (Iswadi et al., 2012) and mitochondrial 

gene analysis (Rosli et al., 2011). There is no working done on the differentiating the 

two sexes using molecular markers.  Sex identification by using genomic DNA 

extracted from fluid sample or tissue sample is an important analytical tool in forensic 

science and in sexing of embryos.  

 

1.2 Research Hypothesis 

The genetic sequences on the males and females of B. indicus and B. gaurus can be 

differentiate by the sequence variations of amelogenin gene and the Y-chromosome 

DBY gene.  These sequences will be different from those of the males and females of 

B. indicus. 

 

1.3 Objectives 

The general objective of the study was to determine and compare the amelogenin 

gene and the Y chromosomal DBY gene sequence variations of males and females of 

B. gaurus and B. indicus using polymerase chain reaction (PCR) and electrophoresis 

techniques. 

The specific objectives of the study were: 

1. To estimate and differentiate the size of the PCR amplified amelogenin gene in 

the male and female B. gaurus. 
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2. To compare the nucleotide sequences of the amelogenin gene on the X and Y 

chromosomes. 

3. To determine the nucleotide sequences of the Y chromosome DBY gene of the 

B. gaurus. 

4. To compare and differentiate the nucleotide sequences variations of the X and 

Y chromosome amelogenin genes and the Y chromosome DBY gene of B. 

gaurus and B. indicus. 
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