
 

1 
 

Research Article 

 Identification and Expression Profiling of MSY (male-specific region of Y chromosome) Genes of Yak for 

Bull Fertility 

 

Partha Pratim Dasa, G Krishnanb, Juwar Doleya, Tapas Kumar Biswasc, Vijay Paula, Prithiviraj Chakravartya, 

Sitangshu Mohan Debd and Pranab Jyoti Das*, a, e 

 

a Indian Council of Agricultural Research-National Research Centre on Yak, Dirang, West Kameng District, 

Arunachal Pradesh-790101, India 

b Indian Council of Agricultural Research -National Institute of Animal Nutrition & Physiology, Bangalore, India 

 c Indian Council of Agricultural Research - Indian Veterinary Research Institute Eastern Regional Station, 37, 

Belgachia Rd, LIG Housing, MIG Housing, Tala, Kolkata, West Bengal 700037, India 

d Indian Council of Agricultural Research -National Dairy Research Institute, Karnal, Haryana, PIN-132001, India 

e Indian Council of Agricultural Research-National Research Centre on Pig, Rani, Guwahati, Assam, Pin-790101, 

India 

 

* Corresponding author at Indian Council of Agricultural Research-National Research Centre on Pig, Rani, 

Guwahati, Assam, Pin-790101, India. Tel. No. +91-361-2847195, Fax No: +91-361-2847194,  

Email address: drpranabjyotidas@gmail.com (P.J.Das) 

 

 

 

 

Short Running Title: Characterization of Yak MSY genes 

 

 

 

 



 

2 
 

ABSTRACT 

Yak (Bos grunniens) is a unique bovine species and considered as lifeline of Highlanders. The male sub-

fertility in yak is a matter of concern that causes huge economic loses. The spermatogenesis and male reproduction 

machinery are critically governed by Y-linked genes which tend to acquire necessary information in the course of 

evolution. The Y-linked fertility genes are present in multiple copies with testis-limited expression. To understand 

this novel complexity, twelve MSY (male-specific region of Y chromosome) genes have been studied in the yak. 

Targeted genes are amplified in male and female genomic DNA and confirm the male-derived specificity. 

Moreover, testis and sperm-specific expression of MSY genes are distinct among the different tissues. The qPCR 

results validate the expression pattern of these genes in various tissues with predominant expression in testis and 

sperm. Sequencing of resultant yak MSY genes give significant result and shows similarity with cattle (Bos indicus), 

but few nucleotide mismatches define the proposition of infertile male in the F1 hybrid of cattle and yak. The 

identified MSY genes can be used to establish male-specific characteristics and to differentiate male and female yak 

genotypically. Further, these genes may act as valuable resources to comprehend the capacity of spermatogenesis, 

embryogenesis, cellular growth, azoospermia and male subfertility in the yak. 

Keywords: Yak, Y-chromosome, MSY gene, Male-fertility, Testis, Spermatozoa 
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INTRODUCTION 

Yak (Bos grunniens) is a multipurpose bovidae of high altitude which can thrive in the extreme cold up to -

40°C and yak husbandry is considered to be the lifeline of Highlanders. Yak provides milk, meat, wool, fuel and 

serves as a pack animal to the people living in high altitude area, mainly of the central Himalayan region (Krishnan 

et al., 2009). It possesses the same number of chromosomes (2n=60) like cattle, however, attain sexual maturity late 

and low fertility rate as compared to cattle (Lan et al., 2014). Indeed, their ability to survive in the extreme 

environmental conditions makes yak socially and economically an important animal. Infertility in yak causes huge 

economic loses to the Highlanders where other livestock husbandry/agriculture is unfeasible. Since yaks are 

maintained under a migratory system of rearing, at lower altitude yak is crossed with hill cattle, which is a common 

practice in yak husbandry to enhance the productivity. As a result, the F1 hybrid females are highly productive but 

the males are infertile (Medugorac et al., 2017). Therefore, the enhancement of reproductive efficiency and fertility 

of the yak which is primarily governed by MSY genes is the foremost important for the genetic improvement. 

Further, there is a dearth of information on the facts of genes governing the yak fertility and its functioning of 

molecular mechanisms.  

The defects on Y chromosome are responsible for 10-25% of male infertility in mammals (Fincham & Simmer, 

2007). The Y chromosome is the smallest acrocentric, heterochromatic sex chromosome in mammals which 

contains master-switch genes responsible for gender differentiation (Bachtrog, 2013; Tobler et al., 2017; Waters et 

al., 2007). It encompasses male-specific region (MSY) or non-recombining region of Y chromosome (NRY) as well 

as pseudo-autosomal region (Das et al., 2009; Paria et al., 2011). An approximately 95% of Y chromosome is male-

specific, which does not recombine during meiosis and only 5% pseudo-autosomal region facilitates the 

recombination with X chromosome (Das et al., 2013a; Das et al., 2010).  

The whole genome sequence is characterized in cattle and recently in yak (Elsik et al., 2009; Medugorac et al., 

2017). However, the information on Y chromosome of yak is very limited and inadequate, might be due to highly 

repetitive sequences, palindromic region and a higher rate of mutation that usually hamper fruitful sequencing. The 

present study is designed to characterize important male-specific genes and to evaluate their expression pattern in 

the different tissues of yak. In this study, we have undertaken to characterize and analyze twelve very important 

MSY genes i.e. SRY, TSPY, TSPY4, TSPY6P, FAM197Y1, USP9Y, UTY, DDX3Y, AMELY, TXLNG2P, HSFY1, 
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HSF2Y in the yak with the available sequence information and location of Y chromosome in the mammalian 

genome (Table 1). 

 

Table 1 

Different genes undertook for the present study their location and characteristics 

Sl. 

No 

Locus 

Symbol 

Gene Name 

Location 

(Human) 

Characteristics 

1 SRY Sex Determining Region Y Yp11.3 Protein coding gene 

2 TSPY Testis-Specific Protein Y Linked 1 Yp11.2 Protein coding gene 

3 TSPY4 Testis-Specific Protein Y Linked 4 Yp11.2 Protein coding gene 

4 TSPY6P Testis-Specific Protein Y Linked 6 Yp11.2 Pseudogene 

5 DDX3Y DEAD(Asp-Glu-Ala-Asp) Box Helicase 3, Y Linked Yq11.21 Protein coding gene 

6 UTY Ubiquitously Transcribed Tetratricopeptide Repeat 

Containing, Y Linked 

Yq11.221 Protein coding gene 

7 HSFY1 Heat Shocked Transcription Factor, Y Linked 1 Yq11.222 Protein coding gene 

8 HSFY2 Heat Shocked Transcription Factor, Y Linked 2 Yq11.222 Protein coding gene 

9 AMELY Amelogenin, Y linked Yp11.2 Protein coding gene 

10 USP9Y Ubiquitin Specific Peptidase 9, Y Linked Yq11.21 Protein coding gene 

11 TXLNG2P Taxilin Gamma 2 Yq11.222 Pseudogene 

12 FAM197Y1 Family with Sequence Similarity 197, Y Linked, 

Member1 

Yp11.2 Protein coding gene 

 

MATERIALS AND METHODS 

Ethics statement 

Procurement of blood and tissue samples were done in accordance to the approval of Institute Animal Ethics 

Committee of Indian Council of Agricultural Research-National Research Centre on Yak, Dirang, West Kameng 
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District, Arunachal Pradesh-790101, India. The approved animal use protocol number is 4(17)/NRCY/IAEC-02 

dated 01.08.13. 

Sample collection 

Blood was collected from yak in yak breeding tract of Arunachal Pradesh of India in 0.5 M sterile EDTA. The 

tissue samples were collected from different organs of yak (both male and female) immediately after slaughter. 

Utmost care was taken to avoid RNase contamination and tissues were sliced into small pieces which were dipped 

into RNAlater (Invitrogen, Carlsbad, CA, USA) in the ratio of 1: 3 volumes and stored at -80°C until use. Semen 

samples were also collected from healthy yak bulls by artificial vagina method using the Missouri model (Das et al., 

2013b). Further, the semen samples were processed and purified and stored at -80°C till further use. 

DNA and RNA Isolation 

The genomic DNA was isolated from all the blood samples of both male and female yaks by the conventional 

phenol-chloroform method with slight modification. The RNA was isolated from eight major tissues of yaks viz. 

liver, kidney, heart, spleen, lung, muscle, ovary and testis using Trizol reagent (Das et al., 2010). The quality of 

DNA and RNA were checked using a spectrophotometer and agarose gel electrophoresis. The RNA from sperm was 

isolated using a published protocol with the help of 27 gauge needle and Trizol (Das et al., 2010). Finally, cDNA 

was synthesized from different tissues of RNA in 20µl reaction volume using 100µM random primers and 200U 

RevertAid reverse transcriptase (Invitrogen, Carlsbad, CA, USA). 

Amplification of yak MSY gene by PCR 

Primers of all the genes in the present study were designed using Primer3 software (Details of primer list is 

given in Table 2).  

Amplification of the genes was done by PCR in a 25µl of reaction volume containing 1X Dream Taq buffer, 

2.5U DNA polymerase (Invitrogen, Carlsbad, CA, USA), 0.2 mM dNTPs (Invitrogen, Carlsbad, CA, USA), 25 

pmole primers and 100ng DNA. The reactions were carried out as follows: First denatured the DNA at 94°C for 5 

min, repeat a cycle of 94°C for 30 sec, 58°C/60°C for 30 sec, 72°C for 1min for 32 cycles and final extension of 5 

min at 72°C in thermal cycler. 
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Table 2 

List of gene names and primer sequences with annealing temperature and product size 

Sl. 

No 

Name 

of the 

gene 

Forward primer Reverse primer Tm 

Product 

Size (bp) 

(Genomic 

DNA) 

Product 

Size 

(bp) 

(RNA) 

1 1AMELY CTATGAACCCGTTGGTG

GAT 

ATTGAGTGTTGGCCAGGA

AC 

60°C 167 167 

2 1DDX3Y GTGAAGGTTTTGGCAGT

CGT 

TGTGCGGAGGACAGTTAT

TG 

58°C 299 225 

3 1FAM19

7Y1 

CCTGCAGAAGACATCAT

GGA 

CTTCAGCTCCTGGGAGGA

C 

58°C 78 78 

4 1HSFY1 CAGACTTTGTCTGAGGA

TCTTGTG 

TCTTTCACCTCATCTGTTT

CAGAG 

58°C 80 80 

5 1HSFY2 CTTTGAGGACCTCTGTG

ATGG 

AACGGAGGTTTCTGAACC

AG 

60°C 190 190 

6 1SRY GTCCAGCTGTGGTACAG

CAA 

AGCTGCTTGCTGATGTCTG

A 

58°C 232 232 

7 1TSPY GCACCTTCCAAGTTGTG

AGC 

CACCTCCTCCACGATGTCT

T 

58°C 254 254 

8 1TSPY4 GGGGGCAGAAAAGTCT

AGGT 

GTGGAATGAGATGCGTGG

TA 

58°C 91 91 

9 1TSPY6

P 

TACCACGCATCTCATTC

CAC 

CACCTCAGCAATCCAGTC

AG 

58°C 147 147 

10 1TXLNG

2P 

TCAACTCCAGAGGAGAA

GCTG 

ATGGGCCTCACTCCCTTAA

T 

58°C 77 77 

11 1USP9Y TTGGGGTGAGCCTGTTA

ATC 

AAGGAACCTCCCAGGACT

TG 

58°C 135 135 
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12 1UTY CAGCAACCACATTCTGC

TGT                

CTTTCTGGCACCTCAAAAC

C 

58°C 120 120 

13 2AR AGCAGCAACAGGAGAC

CAGT 

TGCTTAAGCCTGGGAAAG

TG 

58°C 273 273 

14 3GAPD

H 

CAAGGTCATCCATGACC

ACTTTG 

GTCCACCACCCTGTTGCTG

TAG 

58°C 496 496 

16 3PRM2 GGTCTACGGGAGGACTC

ACA 

CCTCCTCCTCCTCATCCTT

C 

58°C 349 169 

17 3PTPRC CCACGGGTATTCAGCAA

GTT 

TTGATCCTGCATCTCCGTT

T 

58°C 228 136 

18 4TUBB2

B 

TGTCCCTCGTGCTATCTT

GGT 

CACATCCAGGACCGAGTC

AA 

58°C 180 180 

19 4ACTB CGGCATCGAGGACAGG

AT 

CATCGTACTCCTGCTTGCT

GAT 

58°C 169 169 

20 4TBP CAGAGAGCTCCGGGATC

GT 

CACCATCTTCCCAGAACTG

AATAT 

58°C 194 194 

21 4GAPD

H  

CCTGCCCGTTCGACAGA

TA 

GGCGACGATGTCCACTTT

G 

58°C 150 150 

 

The primer used in different experiments- 1PCR, RT-PCR, Sequencing, and qRT-PCR; 2PCR; 3RT-PCR; 4qRT-PCR. 

Sequencing and Phylogenetic Analysis of MSY genes 

Standard double-stranded sequencing reactions were performed using 50ng of purified PCR product, 4picomole 

of primer and BigDye Terminator ready reaction kit (Applied Biosystems Inc, Foster City, CA, USA). Cycle 

sequencing was carried out in a GeneAmp9600 thermal cycler (Perkin Elmer, Waltham, Massachusetts, USA) 

employing 30 cycles at 96°C for 10 sec, 49°C to 50°C for 5 sec, and 60°C for 4 min. Extended products were 

purified by alcohol precipitation followed by dissolved in Hi-Di formamide and analyzed in an ABI3700 automated 

DNA Analyzer (Applied Biosystems Inc, Foster City, CA, USA).   



 

8 
 

The sequences of yak MSY genes were submitted to NCBI databank and accession numbers were assigned 

subsequently. Phylogenetic and molecular evolutionary analyses were performed using MEGA version 6 (Tamura et 

al., 2013). Consensus sequence and gap weight were analyzed by MegAlign of DNAstar (Clustal, 1994). Distance 

metrics between the species were calculated with GeneBee methods and algorithm (Castresana, 2000; Dereeper et 

al., 2008; Edgar, 2004). Mismatch analysis values were estimated using 100% bootstraps value. These values were 

used to reconstruct the NJ tree by comparing different male-specific gene of yak and other species (Chevenet et al., 

2006; Guindon et al., 2010). 

RESULTS 

DNA and RNA isolation 

A good quality DNA was isolated from whole blood following recommended protocol and subsequently, 

quality was checked in a spectrophotometer and 0.8% agarose gel. RNA was also isolated from eight different 

tissues and sperm of yak using published protocol with slight modification and quality was checked (Das et al., 

2010). The purity of RNA was further checked by RT-PCR using intron-spanning PTPRC (CD45) gene for liver, 

kidney, heart, spleen, lung, muscle, ovary and testis (Fig. 1) and intron-spanning PRM2 and PTPRC (CD45) genes 

for sperm and testis (Fig. 2A and 2B). 

Amplification and Sequencing of yak MSY gene 

All the twelve genes were amplified in male genomic DNA but no (TSPY6P, FAM197Y1, HSFY1, and HSF2Y) 

or very faint (SRY, TSPY, TSPY4, USP9Y, UTY, DDX3Y and AMELY) band in female DNA of yak (Fig. 3). This 

result revealed that all these genes are very specific to male genome which can be used to differentiate male and 

female DNA of yak. On the other hand, positive control AR gene, which presents in X chromosome amplified in 

both male and female genomic DNA of yak (Fig. 3). 

All the twelve genes were sequenced successfully by Sanger’s Dideoxy method and able to retrieved expected 

sequences. The sequences were submitted to NCBI databank and accession numbers were assigned subsequently 

(USP9Y- KR051078, SRY- KR263869, DDX3Y- KR422623, UTY- KR611085, TSPY6P- KT354500, HSFY2- 

KT354501, AMELY- KT354502, TSPY- MG254720, TSPY4- MG254721, FAM19Y1- MG270064, TXLNG2P- 

MG270065 and HSFY1- MG270066). 



 

9 
 

Phylogenetic and sequencing data Analysis  

Phylogenetic analysis has been carried out for all yak MSY genes with the available sequence of other eutherian 

mammals and the orthologous of these genes were confirmed in other mammals as well (Table 3).  

Table 3 

Orthologs of different genes present in different species. 

Sl. No. Gene Name Yak Cattle Human Horse Dog Pig 

1 SRY + + + + + + 

2 TSPY + + + + + + 

3 TSPY4 NR + + NR + + 

4 TSPY6P NR + + NR + NR 

5 FAM197Y1 NR NR + NR NR NR 

6 USP9Y NR + + + + + 

7 UTY NR + + + + + 

8 DDX3Y + + + + + + 

9 AMELY NR + + + + + 

10 TXLNG2P NR NR + NR NR NR 

11 HSFY1 NR + + + + + 

12 HSFY2 NR + + + + NR 

*NR= Not reported. 

Phylogenetic analysis has shown 100% sequence similarity of yak SRY, USP9Y, UTY and AMELY genes with 

cattle (S2 B-S5 B Fig and S1-S5 Table). However, few interesting mismatches in yak and cattle were detected in 

DDX3Y and TSPY6P genes with a sequence identity of 99.3% and 98.6%, respectively (S1 and S7 Table). The 

sequenced yak DDX3Y gene showed mismatch with cattle at position C.106A>G and C.182G>A (S1 A, C Fig). 

Further, yak TSPY6P gene showed mismatch with cattle at position A.48C>T and A.57A>T (S7 A, C Fig). 
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Expression profiling of yak MSY genes 

The PRM2 gene is expressed at higher level only during spermatogenesis which can be used as a positive 

marker for spermatozoa, and PTPRC, a cell surface protein-encoding gene served as a positive marker for all the 

body tissues except spermatozoa. The introns spanning primers of PRM2 and PTPRC give different product sizes for 

DNA and RNA, which facilitated to detect genomic DNA contamination of RNA as well as other cell RNA 

contamination in sperm (Fig. 1, 2A and 2B). The expression profiles of all twelve MSY genes were examined in 

cDNA of different tissue panels (Fig. 4) and sperm (Fig. 5). The RT-PCR result confirmed that yak MSY genes 

were expressed predominantly in testis and sperm (Fig. 4 and Fig. 5) and few of them were expressed ubiquitously. 

The SRY gene does not express in any of the tissues except in sperm. Another male-specific gene, AMELY not 

expressed in any of the tissues including sperm which is known to express only in the enamel of teeth (Fincham & 

Simmer, 2007; Salido et al., 1992). The MSY genes TSPY, TSPY4 and TSPY6P were uniquely expressed in testis 

and sperm whereas TXLNG2P and USP9Y were expressed in testis, sperm, as well as in spleen. However, DDX3Y, 

FAM197Y1, and UTY were expressed in all the major tissues except muscle and ovary. The HSFY1 gene does not 

express in any of the tissues but HSF2Y gene expressed predominantly in testis and sperm. Further, DDX3Y has 

shown a different band size in different tissues (Fig. 4). Out of these twelve genes, ten genes were expressed 

predominantly in testis and sperm (Fig. 4 and Fig. 5) with varying intensity.  

Quantification of yak MSY gene by quantitative Reverse Transcriptase PCR 

Quantitative reverse transcriptase PCR (qRT-PCR) was used to validate qualitative RT-PCR results as well as 

to examine MSY genes copy number variation in different tissue using yak MSY genes. The yak MSY genes SRY, 

TSPY, TSPY4, TSPY6P, FAM197Y1, USP9Y, UTY, DDX3Y, TXLNG2P, and HSF2Y were constitutively expressed in 

a range of tissues viz. liver, lung, kidney, heart, spleen, skeletal muscle, testis and sperm (Fig. 6 and 7). However, 

AMLEY and HSFY1 genes were not expressed in any of the tissue (Fig. 6A, 6D and 7). Based on the gene expression 

profiling carried out in the present study, the four MSY genes DDX3Y, FAM197Y1, TSPY, and TSPY4 were 

constitutively expressed in a broad range of tissue types (Fig. 6B, 6C, 6G, 6H and 7), including the testis and sperm. 

Four MSY genes HSF2Y, TXLNG2P, UTY, and USP9Y were predominantly expressed in testis along with sperm 

and spleen (Fig. 6E, 6J, 6K, 6L and 7). On the other hand, TSPY6P and SRY genes were uniquely expressed in testis 
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and sperm respectively (Fig. 6F, 6I and 7). A composite fold change of all these genes along with four housekeeping 

genes in different tissue panel is depicted in Fig.7. 

DISCUSSION 

The Y chromosome is identified as sex-determining chromosome dated back in 1905 during a study of 

Tenebrio molitor which contains genes for normal sperm production in human and other mammals. The Y 

chromosome has accumulated with the genes responsible for male reproduction and fertility which were evolved 

from ancestral autosomal chromosome about 300 million years back (Bachtrog, 2013; Lahn & Page, 1999). Our 

results clearly revealed that this gene could be an excellent sex specific marker in the yak. Although some the MSY 

genes shows faints band on female Genomic DNA also can be well explained by genetic analyses of eutherian sex 

chromosome evolutionary process. Genomic and genetic analyses have revealed that the eutherian sex chromosomes 

are composed of the heterogeneous mix of sequences with different evolutionary trajectories like Pseudoautosomal 

regions (PARs), Heterochromatin, X-transposed region, X-degenerate region, and ampliconic regions. The most of 

the Y specific genes characterized in this study have come under the categories of X-degenerate region and 

ampliconic region of the Y chromosome. The X-degenerative region is a deteriorated version of the ancestral 

autosome that formed the Y chromosome. The X-degenerate region of Y chromosome display between 60% and 

96% sequence identity to their X-linked homologs, and seem to be surviving relics of ancient autosome from which 

the X and Y chromosome co-evolved.  

The studies on yak MSY genes have revealed its necessity in the development of male viability in mouse, 

cattle and human. Its role on sex determination, hormone regulation, testicular development, spermatogenesis and 

male fertility is well established in mice (Ellis & Affara, 2006; Grzmil et al., 2007; Touré et al., 2004). The testis 

specific expression of ten genes in our study indicates its role in male reproduction. In addition, elucidating sperm-

specific expression of Y genes open a new dimension to studying male infertility noninvasively. Moreover, the 

dispersed expressions of the Y linked genes in different tissues of yak simultaneously corroborate their association 

in other functions apart from reproduction and spermatogenesis. The expression of SRY gene in yak sperm is the first 

such report not only yak but also other important domestic animals. Earlier studies only in human have suggested 

that SRY is expressed in human sperm predominantly (Modi et al., 2005). Very recently, Chun-Mei et al., 2018, 

studied whether the SRY gene and its mRNA transcript are present in the X and Y chromosome bearing sperm of 
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bulls or not. They established that SRY gene and its mRNA transcript are present in the Y chromosome bearing 

sperm of bulls. By using RT-PCR they detected a single SRY transcript of 142bp in Y sperm of  bull  and confirm 

this with  FISH analysis that SRY transcripts are present at the edges of the sperm heads of Y chromosome bearing 

sperm but are absent from X chromosome bearing sperm. This is utmost important that for reproduction of male 

offspring the haploid y-bearing sperm must contains SRY genes but it not necessarily required over all reproduction 

and ferilty. 

The DDX3Y gene functions are linked with alteration of RNA secondary structure such as translation initiation, 

nuclear and mitochondrial splicing and biogenesis of RNA degradation located at Azoospermia Factor (AZF) 

interval of Y chromosome. The deletion of DDX3Y region of Y chromosome may lead to infertility or subfertility in 

human and may cause Sertoli cell-only syndrome (Liu et al., 2009).  Although alteration of DDXY gene may 

hamper in male reproduction but not necessarily be always causal gene for male infertility. Expression analysis of 

DDX3Y revealed that this gene is highly expressed in yak testis and sperm along with diminutive expression in liver, 

spleen, kidney, and heart (Fig. 4, 5, 6B and 7). The expression pattern had shown two different product sizes in 

different tissues (255bp testis and sperm, and approximately 310bp in liver, kidney, and heart) in the same reaction 

condition which reflects the phenomenon of alternative splicing to carry out tissue-specific functions. The 

phylogenetic analysis and alignment report of yak DDX3Y gene showed sequence mismatches with cattle at position 

C.106A>G and C.182G>A. These mismatches overturn the earlier belief of having similar Y gene structure in yak 

and cattle.   

The Amelogenin Y (AMELY) proteins involved in amelogenesis found in Y chromosome which is essential for 

the development of enamel. This gene is very much important from evolutionary point of view of sex chromosome 

but not necessarily related to causal infertility of male. A copy of this gene also presents in X (AMELX). The 

differences between Y and X chromosome versions of the Amelogenin gene may enable to be used in sex 

determination of unknown samples. Unexpressed AMELY in any of the tested yak tissue indicates the common 

evolution of this gene in mammals. Phylogenetic analysis specified that yak and cattle AMELY evolved from the 

same lineage (S3 A, B Fig). Phylogenetic and sequence analysis yak AMELY gene exhibit 100%  nucleotide identity 

with cattle and 80% with human (S3 Table). 

The HSFY2 (heat shock transcription factor, Y-linked 2) gene is encoding member of heat shock factor family 

of transcriptional activator for heat shock protein. Phylogenetic analysis indicates that yak and cattle HSFY2 evolved 
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from the same lineage (S4 A, B Fig). Although the function of this gene is still elusive in mammals except for 

human, the expression of this gene exclusively in testis and sperm indicate the functionality of this gene that may 

play a greater role in spermatogenesis and male reproduction in the animal. The HSFY1 (heat shock transcription 

factor, Y-linked 1) is another protein-coding gene characterized in the present study which has an important paralog 

of HSFX2. The HSFY1 gene is specifically amplified from male yak genomic DNA (Fig. 3) but not expressed in any 

of the tissue in the present study. The gene TXLNG2P (taxilin gamma 2, pseudogene) also characterized in the 

present study and specifically amplified in male genomic DNA (Fig. 3). The TXLNG2P is a pseudogene affiliated to 

the long non-coding RNAs (lncRNAs) class. The constitutive expression of this gene in testis reveals the role of 

lncRNAs in an epigenetic modification in early stages of life. In the present study, expression of TXLNG2P is first 

time documented irrespective of any non-human mammal. 

Overall identification and characterization of gene content and genomic features of the yak MSY is 

essential for better understanding of the ruminant MSY gene dynamics in male reproduction as well as evolution of 

sex chromosome. Reproductive isolation of yak is essentially associated with the increased diversification which 

may be essential for their adoption. We presume that the massive amplification along with vigorous transcription 

makes the yak MSY a unique genomic niche to regulate male reproduction during expansion of ruminant. In the 

present study, three approaches viz. identification male-specific gene by PCR, qualitative expression profiling by 

Reverse Transcriptase PCR, quantitative expression profiling by real-time PCR and sequencing and phylogenetic 

analysis was done to understand yak MSY genes. Perceptibly, this study can be used as a tool for PCR based 

detection of sex in yak which may facilitate in the forensic study, embryo sexing etc. The identification of yak MSY 

genes and their expression profiling provides a foundation for genetic manipulation of the ancestral, single-copy 

genes. Further, the present study will be on optimal for dissecting individual gene functions, Y chromosome 

translocations, deletions, and transgenesis in the yak and related ruminant species. The basic information on yak 

MSY genes certainly helpful to explore the diverse biology of the male-specific chromosome in the mammalian 

genetic model, armed with a comprehensive, high-quality reference sequence. The identification and differential 

expression of all other genes in yak uniquely established their importance in male specificity as well as other tissue 

functions. This study also substantiate that occurrence of infertile F1 male yak-cattle hybrid is due to recombination 

failure in male meiosis resulting in divergence of Y chromosome gene structure in both the species, while the 

structural conservation of X chromosome results in the development of a fertile female hybrid. 
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CONCLUSIONS 

The present study revealed that yak MSY is encompassed of rich transcripts which are transcriptionally 

dynamic, vigorous during spermatogenesis and testicular functions.  It is also directly showed that the Y-

chromosome of yak has structural similarity with cattle and other eutherian mammals with broad transcriptional 

activity. Another important aspect of this study has depicted sequence mismatches between the yak MSY and cattle 

MSY which supports the attrition theory of recombination failure of male meiosis result in an infertile male F1 

hybrid of yak and cattle. Further, it supports the notion of independent decay of the yak Y chromosome, which has 

resulted in sequence mismatches from cattle lineage. This characterization of MSY genes in yak may facilitate to 

address the male fertility related issue and sex chromosome-linked abnormalities in near future. The results revealed 

that the majority of the yak MSY genes are predominantly expressed in testis and sperm indicating their necessity in 

spermatogenesis to support the physiological functions of male reproduction. In future, sequencing of whole Y-

chromosome and annotation of their gene content will reveal a broader diversity of lineage-specific Y-chromosome 

with its involvement in spermatogenesis and male fertility.  
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Figure Legends 

Fig. 1. RT-PCR validation of RNA, isolated from different tissues of yak using intron-spanning PTPRC (CD45) 

gene run on 2% agarose gel. No genomic band in tissue panel indicates samples are free of DNA contamination. 
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Fig. 2(A). RT-PCR validation of RNA, isolated from yak sperm and testis using intron-spanning PRM2 genes run 

on 2% agarose gel. No genomic band of sperm and testis indicates samples are free of DNA contamination. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2(B). RT-PCR validation of RNA, isolated from yak sperm and testis using intron-spanning PTPRC (CD45) 

genes run on 2% agarose gel. No RNA and DNA band in sperm indicates samples are free of DNA and RNA 

contamination. 
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Fig.  3. Electrophoretic analysis of MSY genes amplified in male genomic DNA and not in female genomic DNA. 

(Lane 1 and 8 100bp ladder, lane   2 Male genomic DNA, lane 3-female genomic DNA, lane 4-positive control (AR) 

with male genomic DNA lane 5-positive  control (AR) with female genomic    DNA, lane 6 & 7- Negative control). 
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Fig. 4. Electrophoretic analysis of RT-PCR amplification of twelve MSY genes in eight major tissues (organ) 

showing different expression pattern with GAPDH as a positive control. 
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Fig. 5. Electrophoretic analysis of RT-PCR amplification of twelve MSY genes in yak sperm.  
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Fig. 6. Quantitative Real-Time PCR expression analysis of MSY genes in different tissues of yak. (A), No 

expression observed for AMELY gene in any the tissue. (B), DDX3Y predominantly expressed in testis, heart and 

liver and moderately expressed in kidney and spleen. (C), FAM197Y1 predominantly expressed in testis and liver 

and moderately expressed in all tissues except muscle and ovary. (D), No expression observed for HSFY1 gene in 

any of the tissues; E) HSFY2 gene expressed only in testis and sperm; F) SRY gene is exclusively expressed in 

sperm; (G) TSPY gene expressed only in testis and sperm. (H), TSPY4 gene expressed in most of the tissues, 

predominantly in testis but not expressed in muscle and ovary. (I), TSPY6P gene exclusively expressed in testis. (J), 

TXLN197Y gene is predominantly expressed in testis and scanty expression in spleen. (K), UTY gene is 

predominantly expressed in testis and little expression in spleen. (L), USP9Y gene is predominantly expressed in 

testis and diminutive expression in spleen. 
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Fig. 7. Quantitative Real-Time PCR expression analysis of twelve MSY and four housekeeping genes in different 

tissues of yak. X-axis represent different gene tested in the present study, Y-axis represents fold change and Z-axis 

represents different tissues tested for expression analysis.  
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Supplementary material Legends 

 

S1 Fig. (A), Alignment report of yak SRY gene with buffalo, cattle, horse, human and pig using 'Untitled'-ClustalV 

method showing sequence mismatch at a different position. (B), Phylogenetic tree constructed using bootstrap value 

comparing sequence similarity of yak SRY gene with buffalo, cattle, horse, human, and pig. The resultant 

phylogenetic tree is showing the branch length 0.1 proportional to the number of substitutions per site. The numbers 

next to each node, in grey, above, represent a measure of support for the node. The 0.916 represents there is strong 

evidence that the SRY sequences to yak and cattle cluster together to the exclusion of any other. 

 

S2 Fig. (A), Alignment report of yak DDX3Y gene with cattle, human and pig using 'Untitled'- ClustalV method 

showing sequence mismatch at a different position. Grey highlighted area showing mismatch of yak DDX3Y at 

position C.106A>G and C.182G>A with cattle. (B), Phylogenetic tree constructed using bootstrap value comparing 

sequence similarity of yak DDX3Y gene with cattle, human, and pig. The resultant phylogenetic tree is showing the 

branch length 0.06 proportional to the number of substitutions per site. The numbers next to each node, in grey, 

above, represent a measure of support for the node. The 0.997 represents there is strong evidence that the DDX3Y 

sequences to yak and cattle cluster together to the exclusion of any other. (C), Chromatogram sequenced yak 

DDX3Y gene with cattle showing mismatch of Yak DDX3Y at position C.106A>G and C.182G>A with cattle. 

 

S3 Fig. (A), Alignment report of yak AMLEY gene with cattle and human using 'Untitled'-ClustalV method 

showing sequence mismatch at a different position. (B), Phylogenetic tree constructed using bootstrap value 

comparing sequence similarity of yak AMLEY gene with cattle and human. The resultant phylogenetic tree is 

showing the branch length 0.08 proportional to the number of substitutions per site. Each node is 100% similar so 

there is strong evidence that the AMLEY sequences to yak and cattle cluster together to the exclusion of any other. 

 

S4 Fig. (A), Alignment report of yak HSF2Y gene with cattle and human using 'Untitled'-ClustalV method showing 

sequence mismatch at a different position. (B), Phylogenetic tree constructed using bootstrap value comparing 

sequence similarity of yak HSF2Y gene with cattle and human. The resultant phylogenetic tree is showing the 
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branch length 0.09 proportional to the number of substitutions per site. Each node is 100% similar, so there is strong 

evidence that the HSF2Y sequences to yak and cattle cluster together to the exclusion of any other. 

 

S5 Fig. (A), Alignment report of yak USP9Y gene with cattle, human and pig using 'Untitled'-ClustalV method 

showing sequence mismatch at a different position. (B), Phylogenetic tree constructed using bootstrap value 

comparing sequence similarity of yak USP9Y gene with cattle, human, and pig. The resultant phylogenetic tree is 

showing the branch length 0.03 proportional to the number of substitutions per site. The numbers next to each node 

in red represent a measure of support for the node. The 0.846 represents there is strong evidence that the USP9Y 

sequences to yak and cattle cluster together to the exclusion of any other. 

 

S6 Fig. (A) Alignment report of yak UTY gene with cattle, human and pig using 'Untitled'-ClustalV method showing 

sequence mismatch at a different position. (B), Phylogenetic tree constructed using bootstrap value comparing 

sequence similarity of yak UTY gene with cattle, human, and pig. The resultant phylogenetic tree is showing the 

branch length 0.1 proportional to the number of substitutions per site. The numbers next to each node, in grey, 

above, represent a measure of support for the node. The 0.992 represents there is strong evidence that the UTY 

sequences to yak and cattle cluster together to the exclusion of any other.  

 

S7 Fig. (A), Alignment report of yak TSPY6P gene with cattle, human and pig using 'Untitled'-ClustalV method 

showing sequence mismatch at a different position. (B), Phylogenetic tree constructed using bootstrap value 

comparing sequence similarity of yak TSPY6P gene with cattle, human, and pig. The resultant phylogenetic tree is 

showing the branch length 0.1 proportional to the number of substitutions per site. The numbers next to each node, 

in grey, above, represent a measure of support for the node. The 0.897 represents there is strong evidence that the 

TSPY6P sequences to yak and cattle cluster together to the exclusion of any other. (C), Chromatogram sequenced 

yak TSPY6P gene with cattle showing mismatch of yak TSPY6P at position A.48C>T and A.57A>T with cattle. 

 

S1 Table. Pair distances matrix of yak SRY gene with buffalo, cattle, horse, human and pig using 'Untitled'-ClustalV 

method showing percent identity and divergence. Grey highlighted boxes showing percent identity and divergence 

yak and cattle of 100.0 and 0.00 respectively. 
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S2 Table. Pair distances matrix of yak DDX3Y gene with cattle, human and pig using 'Untitled'-ClustalV method 

showing percent identity and divergence. Grey highlighted boxes showing percent identity and divergence yak with 

cattle of 99.3 and 0.7 respectively. 

 

S3 Table. Pair distances matrix of yak AMLEY gene with cattle and human using 'Untitled'-ClustalV method 

showing percent identity and divergence. Grey highlighted boxes showing percent identity and divergence yak and 

cattle of 100.0 and 0.00 respectively. 

 

S4 Table. Pair distances matrix of yak HSF2Y gene with cattle and human using 'Untitled'-ClustalV method 

showing percent identity and divergence. Grey highlighted boxes showing percent identity and divergence yak and 

cattle of 100.0 and 0.00 respectively. 

 

S5 Table. Pair distances matrix of yak USP9Y gene with cattle, human and pig using 'Untitled'-ClustalV method 

showing percent identity and divergence. Grey highlighted boxes showing percent identity and divergence yak and 

cattle of 100.0 and 0.00 respectively. 

 

S6 Table. Pair distances matrix of yak UTY gene with cattle, human and pig using 'Untitled'-ClustalV method 

showing percent identity and divergence. Grey highlighted boxes showing percent identity and divergence yak and 

cattle of 100.0 and 0.00 respectively. 

 

S7 Table. Pair distances matrix of yak TSPY6P gene with cattle, human and pig using 'Untitled'-ClustalV method 

showing percent identity and divergence. Grey highlighted boxes showing percent identity and divergence yak and 

cattle of 98.6 and 1.4 respectively. 


