
The ability to identify the sex of a DNA sample is

an important tool in molecular ecology and con-

servation genetics. Control of the sex ratio is po-

tentially of great commercial value to livestock

industry, especially in the dairy and meat sector.

Amplification of the SRY gene has been com-

monly used for sexing mammals (Lu et al. 2007).

Various methods, such as cytogenetic analysis,

male-specific antigen, X-linked enzyme activity,

amplification based on polymerase chain reaction

(PCR) of sex-specific DNA sequences (SRY gene)

and X- and Y-homologous genes with indels

(AMEL, UTY, or a zinc-finger gene) have been

used to determine mammalian sex (Pfeiffer and

Brenig 2005; Villesen and Fredsted 2006; Pomp et

al. 1995). PCR-based methods are relatively sim-

ple, rapid, inexpensive and accurate (Pomp et al.

1995). Other sexing methods have the disadvantage

of being time-consuming, thus delaying embryo

transfer procedure. An additional disadvantage of

cytogenetic techniques is a shortage of

good-quality metaphase spreads. The widely used

amelogenin system has recently been found to

produce ambiguous results in humans. Sinclair

et al. (1990) and Gubbay et al. (1990) described

the SRY gene in humans and mice. The SRY gene is

located on the nonrecombining region of the Y

chromosome and consists of a single exon encod-

ing 204 amino acids. Structurally the SRY gene

contains a centrally located region termed the high

mobility group (HMG) box, which shows high se-

quence conservation between species. These char-

acteristics of the SRY-HMG box region make it an

ideal target for development of DNA-based sex

determination tests. GAPDH is a housekeeping

gene found to be conserved in all mammals.

The lack of amplification of the Y fragment

(SRY gene) may lead to false interpretation of the

result. To avoid this, duplex PCR sex determina-

tion protocols are available, but each test is con-
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Abstract. Sex determination in domestic animals is of potential value to livestock breeding programs. The aim of

this study was to develop a simple and accurate PCR-based sex determination protocol, which can be applicable

to 6 major domesticated species of the family Bovidae, viz. Bos frontalis, B. grunniens, B. indicus, Bubalus

bubalis, Capra hircus, and Ovis aries. In silico analysis was done to identify conserved DNA sequence in the

HMG box region of the sex-determining region of the Y-chromosome (SRY gene) across the bovids. Duplex PCR

assay, including the SRY gene and the GAPDH housekeeping gene, was optimized by using genomic DNA ex-

tracted from blood samples of known sex. It was possible to identify the sex of animals by amplifying both gen-

der-specific (SRY) and autosomal (GAPDH) genes simultaneously in the duplex reaction, with the male yielding

two bands and the female one band. The protocol was subjected to a blind test that showed a 100 percent specific-

ity and accuracy, thus it can be used in sex determination in livestock breeding programs.
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fined to a limited number of species (Fu et al.

2007; Shi et al 2007). To date no single set of du-

plex PCR primer is available to identify sex in 6

different species of domesticated animals. The

aim of the present study was to identify sex in 6

livestock species by using a single set of duplex

PCR primers, simultaneously amplifying short

fragments of SRY and GAPDH.

A total of 331 blood samples of male and fe-

male animals belonging to the 6 bovid species

were randomly collected in India (cattle: 30 males

and 45 females; buffalo: 40 males and 28 females;

sheep: 23 males and 20 females; goat: 42 males

and 57 females; yak: 8 males and 16 females;

mithun: 10 males and 12 females). DNA was ex-

tracted from blood according to a standard protocol

(Sambrook et al. 1989) with minor modifications.

The SRY gene sequences of all the 6 species were

downloaded from the GenBank and aligned using

ClustalW software (http://align.genome.jp/) to lo-

cate the conserved HMG box region. PCR primers

SRY-1F (5’-CGA AGA CGA AAG KTG GCT

CT-3’ and SRY-1R (5’-TGT GCC TCC TCA

AAG AAT GG-3’), amplified a 122-bp fragment,

while GAPDH-1F (5’-CCA ACG TGT CTG TTG

TGG ATC TGA-3’) and GAPDH1R (5’-GAG

CTT GAC AAA GTG GTC GTT GAG-3’) gave a

218-bp product. The primers were designed using

Beacon Designer 7.1 software. BLAST analysis

was performed to check the specificity of the con-

served primer. PCR was performed in 25 ìL of re-

action volume, containing 50–100 ng of genomic

DNA, 1X buffer, 1.5 mM MgCl2, 200 ìM of each

dNTP, 40 ng of SRY1F and SRY1R each, and 30 ng

of GAPDH1F and GAPDH1R each, 1.5 U of Taq

DNA polymerase. Amplification was performed

on a PTC-200 DNA EngineTM thermal cycler (MJ

Research, MA, USA). PCR program consisted of

5 min of initial denaturation at 94°C followed by

25 cycles of denaturation (94°C, 30 s), annealing

(60°C, 20 s), extension (72°C, 20 s), and a final ex-

tension at 72°C for 10 min. The PCR product was

verified by electrophoresis on 2% (w/v) agarose

gel with a 100-bp ladder as a molecular weight

marker.

We tested the validity of the designed primers

in the 6 mammalian species. Both target genes

were co-amplified in the duplex PCR reaction.

Goat and sheep male DNA samples showed 2

bands (122 bp and 218 bp) and female DNA sam-

ples produced only one band of 218 bp, corre-

sponding to the GAPDH locus. Buffalo, cow,

mithun and yak DNA samples produced addition-

ally one nonspecific band of 400 bp, which was

common to male and female DNA samples (Fig-

ure 1). A total of 331 genomic DNA samples from

the 6 species of known sex were subjected to a

blind test for evaluating the efficiency and accu-

racy of this protocol. The sex of all analyzed sam-

ples was in accordance with the actual sex of the

animals. The result clearly indicates that this PCR

assay is reliable and reproducible for sex identifi-

cation in all 6 bovid species. This is the first report

on sex determination protocol in yak and mithun.

Although the SRY-HMG box region has been

recently used to determine the sex of animals (Lu

et al. 2007), multiplexing of SRY and GAPDH

primers was done here to serve as a PCR positive

control. The GAPDH primer also did not interfere

with amplification of the Y-specific target se-

quence. The target sequence for the SRY gene PCR

primer is located within the HMG box region,

which is highly conserved across the Bovidae. No

SRY-related gene (Sox3 or Sox9) was amplified in

the female sample, proving the specificity of the SRY

primer. The advantage of this SRY-GAPDH-based

assay is that the same primer pair can be used for all

major species of bovids. The 2 target fragments are
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Figure 1. Duplex PCR assay. The GAPDH product (218 bp) is amplified from the X-specific sequence, whereas SRY

product (122 bp) is amplified from the Y-specific sequence.



short and are thus expected to amplify even from

degraded DNA samples, and they differ in size by

around 100 bp, so they can be easily separated us-

ing modest laboratory equipment. Our findings

show that this duplex PCR assay based on SRY and

GAPDH is accurate and reproducible for sex iden-

tification in the Bovidae. This test was performed

by using genomic DNA isolated from blood sam-

ples, but can be of potential use to embryo sexing

of buffalo, cow, goat, mithun, sheep, and yak.
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