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Abstract 
The bovine Y chromosome (BTAY) map has been 
developed considerably in recent years. There are 
approximately 260 DNA markers, including ~50 MS, 
10 genes/ESTs, and ~200 BES, on BTAY. These 
markers together with their associated RH map and 
BAC fingerprinted contigs provide the basic 
materials for the future sequencing of BTAY. 
Several bovine homologs of human Y chromosome 
genes have been isolated. These genes are found 
to be expressed mainly or only in the testis, which 
opened the door for molecular approaches to the 
study of spermatogenesis and subfertility/infertility in 
bulls. The outcomes of such studies will probably 
lead to the design of new marker-assistant selection 
(MAS) strategies for male fertility to select sires at 
an early age in breeding programs. 
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1. Introduction  
Sex determination in mammalian species is 
accomplished by the XY sex chromosome (Chr) 
mechanism. The Y Chr, carried by males only, plays 
an essential role not only in male sex development, 
but also in spermatogenesis and male fertility [1]. A 
small region located in the distal part of the short 
arm (p) of the Y Chr is known as the 
pseudoautosomal region (PAR) and the rest of the 
short and long arm (q) contain Y Chr male-specific 
sequences (MSY). These two regions have 
contrasting genetic properties. The X and Y Chrs. 
pair and recombine at the PAR during the 
pachytene stage of the first male meiotic division; 
the Y-specific and X-specific regions do not. The 
MSY region, comprising 95% of the DNA content of 
the Y Chr, can be further divided into two regions, 
euchromatic and heterochromatic. According to the 
human Y Chr sequence, the euchromatic region 
contains at least four different types of sequences 
[X-transposed (99% of similarity to the Xq21), X-
degenerate (60-96% to the X), ampliconic, and 
centromere repetitive sequences] [2], and harbors 
all genes of the MSY, whereas the heterochromatic 

region contains Y-specific repetitive sequences. The 
absence of recombination with the X Chr in the MSY 
region at meiosis, the abundance of Y-specific 
repetitive sequences, the tendency of its genes to 
degenerate during evolution, and the functional 
coherence of its gene content in male growth, 
spermatogenesis and fertility [1] are some of the 
characteristics that make the Y Chr unique among 
all other nuclear Chrs. The absence of 
recombination makes genetic mapping of the MSY 
virtually impossible, and the depth, breadth and 
complexity of the repetitive sequences make 
sequencing extremely difficult. Therefore, mapping 
and sequencing strategies applied successfully 
elsewhere in the genome have faltered in the MSY 
[3], making the mammalian Y Chr a difficult target 
for linkage mapping and ultimately, sequencing. 
These difficulties led animal genome sequencing 
projects, including the Bovine Genome Sequencing 
Project (BGSP), to choose to sequence DNA from 
female animals [4-6]. To date, only the human, 
chimpanzee and mouse Y Chrs have been 
sequenced [1, 2, 7]. Our objectives for the past few 
years have been to characterize the organization of 
the bovine Y Chr, develop a bacterial chromosome 
tiling path to facilitate its sequencing and 
characterize bovine male-specific genes.  Here we 
describe the progress achieved towards each 
objective. 

2. The development of a BTAY-specific DNA 
library 
Structurally, BTAY is the smallest Chr of the 
genome, comprising ~1.7% of the haploid genome. 
The estimated size of the entire Y Chr is ~51 Mb 
(3000 x 1.7%), and the euchromatic region is about 
half of the Y Chr. When the BTAY mapping project 
started ten years ago, there was little information 
available about the bovine Y Chr. In order to rapidly 
develop molecular genetic markers for BTAY, we 
have adapted a strategy of chromosomal 
microdissection and microcloning proposed by 
Saunders et al. [8] to dissect the whole Y Chr from 
bovine metaphase spreads [9]. The dissected Y Chr 
DNA fragments were purified, ligated with an 
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adaptor, and then amplified by PCR with a primer 
that was complementary to the sequence in the 
adaptor [9]. A fraction of the amplified Y Chr inserts 
was used to generate the BTAY-specific DNA 
library, and another fraction was used for 
chromosome painting probes. The application of the 
Y Chr paints on bovine metaphase spreads by 
fluorescent in situ hybridization (FISH) allowed us to 
identify and localize the PAR on both BTAX and 
BTAY. The latter is localized in the telomeric region 
of the Yp, and of the Xq [10], rectifying the previous 
incorrect mapping of the PAR to BTAXp [11].  

3. The development of BTAY microsatellite 
markers and the construction of a first-
generation BTAY radiation hybrid map 
Screening the BTAY-specific library with isotope-
labeled (CA)12 oligos resulted in a total of 284 
positive clones. After eliminating clones containing 
non-microsatellite Y Chr repetitive sequences, 118 

clones were selected for sequencing, which 
identified 45 microsatellites (MSs) for BTAY [12]. 
Characterization of these MSs by PCR amplification 
of male and female bovine genomic DNA indicated 
that six mapped to the PAR, and 28 to the MSY 
region. The remaining 11 MSs amplified nonspecific 
bands and were difficult to map and thus, excluded 
[12]. Therefore, a total of 34 new MS markers were 
developed from the BTAY-specific library [12] (Table 
1). 

Besides our efforts to develop MS markers from 
the BTAY-specific library, several research groups 
worldwide [13-19] have also generated genetic 
markers for the Y Chr. To date, an additional 40 loci 
on BTAY are listed in the INRA BOVMAP Database 
(http://dga.jouy.inra.fr/cgi-bin/lgbc/loci_part.operl?
MAPYN=Mapping&BASE=cattle&PARTIE=BTAY). 
Among these markers, 33 are DNA fragments [MS 
or sequence tagged site (STS)], and the remaining 7 
markers are structural genes (Table 1).   

 
Table 1. List of mapped loci on the bovine Y chromosome. 

 
Locus name Map position Gene name or type of marker Reference 
AF275611 Y  bovine STS AF275611 Laurent  et al. 2000 
AF275612 Y  bovine STS AF275612 Laurent  et al. 2000 
AF275618 Y  bovine STS AF275618 Laurent  et al. 2000 
AMELY Yp amelogenin (Y chromosome) Ennis & Gallagher 1994 
ANT3 Yp, Xq ADP/ATP translocase 3 Liu et al. 2004 
ASMT Y acetylserotonin O-methyltransferase Donohue et al. 1992 
BL22 Y DNA segment (BL22) Barendse et al. 1997 
BL22A Yp microsatellite Barendse et al. 1997;  

Liu et al. 2002 
BL22B Yp microsatellite Barendse et al. 1997;  

Liu et al. 2002 
BYM-1 Y microsatellite BYM-1 Ward et al. 2001 
CSF2RA Yp, Xq colony-stimulating factor 2 receptor alpha Liu et al. 2004 
DBY Y DEAD-box RNA helicase, Y chromosome Liu et al. Unpublished 
DYS001 Y DNA segment (OPA.06.3100) Antoniou & Skidmore 1995 
DYS1 Y DNA segment (bov35m) Miller & Koopman 1990 
DYS2 Y DNA segment (bov97m) Miller & Koopman 1990 
DYS23 Y microsatellite (IOBT1489) Barendse et al. 1997 
DYS3 Y microsatellite (INRA008) Vaiman et al. 1994 
DYS4 Y microsatellite (INRA057) Vaiman et al. 1994 
DYS5 Y microsatellite (INRA062) Vaiman et al. 1994 
DYS6 Y microsatellite (INRA124) Vaiman et al. 1994 
DYS7 Y microsatellite (INRA126) Vaiman et al. 1994 
DYS8 Y microsatellite (BM861) Kappes et al. 1997 
DYZ1 Yp12 DNA segment (DYZ-1) Perret et al. 1990 
DYZ10 Yq microsatellite (IDVGA50) Mezzelani et al. 1995 
DYZ3 Y DNA segment (ES5(2)) Bondioli et al. 1989 
DYZ4 Y DNA segment (ES8) Bondioli et al. 1989; 

Schwerin et al. 1992 
DYZ5 Yp12 DNA segment (ES6.0) Schwerin et al. 1992 
DYZ6 Yp12 DNA segment (BC1.2) Schwerin et al. 1992 
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DYZ7 Y DNA segment (BRY.1) Schwerin et al. 1992 
DYZ8 Y DNA segment (BRY.2) Matthews & Reed 1992 
DYZ9 Y DNA segment (BRY.3) Matthews & Reed 1992 
DZY10 Yq microsatellite (IDVGA50) Mezzelani et al. 1995 
FBNY Y DNA fragment FBNY Weikard et al. 2001 
HEL26 (DXS29) Yp microsatellite Vilkki et al. 1995 
HSFY Y heat shock transcription factor, Y 

chromosome 
Liu et al. Unpublished 

INRA189 Yq microsatellite(INRA189) Kappes et al. 1997 
INRA30 Yp13 microsatellite (INRA030) Kappes et al. 1997 
MAF45 Yp microsatellite (MAF45,ovine) Kappes et al. 1997 
MCM74 Y microsatellite (MCM74) Sonstegard et al. 2001 
PBRF1R1A Y DNA segment Liu et al. 2002 
PBRF1R1B Y DNA segment Liu et al. 2002 
PBRF1R2 Y DNA segment Liu et al. 2002 
R1-0907RA Y DNA segment Liu et al. 2002 
R1-0907RB Y DNA segment Liu et al. 2002 
RBMY1A1 Y RNA binding motif protein, Y chromosome Graves et al. 1995 
SMCY Yp jumonji, AT rich interactive domain 1D Graves et al. 1995 
SRY Yq sex determining region Y Liu et al. 2004 
SRY-HMG Y sex determining region Y Kato et al. 1995;  

Liu et al. 2002 
TGLA325 Yp microsatellite (TGLA325) Kappes et al. 1997 
TSPY Y testis specific protein, Y-linked, gene family Jakubiczka et al. 1993 
UMN0103 Y microsatellite Liu et al. 2002 
UMN0108 Yp microsatellite Liu et al. 2002 
UMN0301 Y microsatellite Liu et al. 2002 
UMN0304 Y microsatellite Liu et al. 2002 
UMN0307 Y microsatellite Liu et al. 2002 
UMN0311 Y microsatellite Liu et al. 2002 
UMN0406 Y microsatellite Liu et al. 2002 
UMN0504 Y microsatellite Liu et al. 2002 
UMN0705 Y TSPY-microsatellite Liu et al. 2002 
UMN0803 Yp microsatellite Liu et al. 2002 
UMN0905 Yp microsatellite Liu et al. 2002 
UMN0907A   Y microsatellite Liu et al. 2002 
UMN0907B Y microsatellite Liu et al. 2002 
UMN0910 Y microsatellite Liu et al. 2002 
UMN0920 Y microsatellite Liu et al. 2002 
UMN0929 Yp microsatellite Liu et al. 2002 
UMN1113 Y microsatellite Liu et al. 2002 
UMN1201 Y microsatellite Liu et al. 2002 
UMN1203 Y microsatellite Liu et al. 2002 
UMN1307 Y microsatellite Liu et al. 2002 
UMN1514 Y microsatellite Liu et al. 2002 
UMN1605 Y microsatellite Liu et al. 2002 
UMN2008 Yp microsatellite Liu et al. 2002 
UMN2102 
(BTIGA50) 

Y microsatellite Liu et al. 2002 

UMN2303 Y microsatellite Liu et al. 2002 
UMN2404 Y microsatellite Liu et al. 2002 
UMN2405 
(BTMS2437) 

Y microsatellite Liu et al. 2002 
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UMN2611 Y microsatellite Liu et al. 2002 
UMN2706 Y microsatellite Liu et al. 2002 
UMN2713 Y microsatellite Liu et al. 2002 
UMN2905F Y microsatellite Liu et al. 2002 
UMN2905M Y microsatellite Liu et al. 2002 
UMN2908 Yp microsatellite Liu et al. 2002 
UMN3008 Y microsatellite Liu et al. 2001 
XBM31 Yp microsatellite (XBM31) Ponce de León et al. 1996 
XBM451 Yp microsatellite (XBM451) Kappes et al. 1997 
ZFY Yp12 zinc finger protein Y-linked Xiao et al. 1998 
 
The absence of recombination at meiosis in MSY 
makes radiation hybrid (RH) mapping one of the 
best approaches to map this region. There are two 
BTAY RH maps reported so far. One is from our 
group with 33 markers on the map [12] using a 
7000-rad cattle-hamster whole genome (WG) RH 
(SUNbRH7000-rad) panel [20]. The other assigned 
11 markers using a 5000-rad cattle-hamster WG-
RH (Illinois–Texas RH5000-rad) panel [21]. In the 
RH7000-rad map, a total of 62 markers, including 3 
genes, 49 MS and 10 STSs were typed. Retention 
frequency (RF) of individual markers ranged from 
18.5% to 76.5% with an average of 48.4%, in 
comparison to an average of 17.5% (3.3% to 53.3%) 
for non-Y Chr markers across the entire genome in 
the SUNbRH7000-rad panel [22]. It is worthwhile to 
note that over 40% of the typed Y markers have a 
RF of >55%, which were found to exist in multiple 
copies on the Y Chr and could not be mapped by 
the RH mapping method. At LOD score of 6, 13 
markers were placed in the PAR with the AMELY 
gene proximal to the pseudoautosomal boundary 
(PB) and 20 markers, including SRY and TSPY 
genes, on the MSY of the RH7000-rad map [12,23]. 

4. Polymorphic Y Chr markers and Y 
haplotype 
In 1997, Hanotte et al. [24] reported a polymorphic 
MS marker, INRA124, on BTAY.  Later, Edwards et 
al. investigated four Y-specific MS (INRA124, 
INRA126, INRA189, and BM861) in different bovid 
species including domestic cattle, bison, mithan, 
swamp buffalo and yak, and found that these 
markers were highly polymorphic in the species 
studied [25]. We have assessed 38 Y Chr MS for 
polymorphisms in 17 unrelated bulls and one cow 
from six breeds (or crossbreeds) of domestic cattle 
[26]. Fourteen out of 38 MS were found to be 
polymorphic, and the remaining 24 were 
uninformative among the animals tested. Only one 
(INRA189) of the four MS that had shown 
polymorphisms in the study of Edwards et al. [25], 
was found to be polymorphic in our test samples. 
The reason for the relatively low rate of 
polymorphism in our analysis is most likely because 
the animals used in our study were from closely 
related cattle breeds (crosses). If such assessment 

is carried out in a large population or in more 
diversified cattle breeds, or in other bovid species, 
we predict that the 24 uninformative markers may 
prove to be polymorphic. Among the 14 polymorphic 
MS, the five PAR MS, on average, were more 
polymorphic (35.3%) than the nine MS on MSY 
(19.6%). These results are expected because the 
PARs on BTAY and BTAX recombine during 
meiosis, and therefore, the region is prone to 
generate more polymorphisms [12].  As discussed 
above, many of the MSY MS were multi-copies, 
whereas non-MSY MS were usually single copy. 
During genotyping, the multi-copy MS produces 
either ladder-like bands or a smear, preventing the 
identification and count of loci number. This is one 
of the unique features we found when doing Y Chr 
marker polymorphism analysis. The question is, are 
these multi-copy MS useful in identifying individual Y 
Chrs? Our experience with the sample of 17 bulls 
indicated that the ladder-like band (or smear) 
pattern was unique to individuals and/or breeds. 
Hence, the multi-copy MS were useful in Y Chr 
polymorphic analysis [26]. 

As the Y Chr is paternally inherited, it has been 
increasingly used to study the evolution and 
migration patterns of modern humans by using Y 
Chr haplotypes that have also been widely used in 
human forensic studies and paternity testing [27]. 
Our analysis of the 14 BTAY polymorphic MS 
indicated that each bull possessed a unique Y 
haplotype that could be used to identify itself or 
breed/crossbreed [26]. We believe that along with 
development of more polymorphic Y Chr markers, 
BTAY haplotypes will provide a powerful tool for 
paternity testing, analyzing diversity, distribution and 
lineage of the Y Chr, and studying the origin of 
domestic cattle as well as bovid species. 

5. Genes on the Y Chr 
For many years, it was assumed that the Y Chr was 
a wasteland carrying no genetic information apart 
from the sex-determining gene SRY. Recent work in 
the sequencing of the human Y Chr has revealed 
that there are 34 genes in the human PAR, and 156 
known transcription units in the human MSY [2]. 
Comparative mapping among several species 
including human, mouse, cattle, sheep, dog, lemur 
and Sminthopsis macroura, has demonstrated that 
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the Y Chr PAR genes are not conserved across 
mammalian species [28]. The variation of the PAR 
gene content and the origin and evolution of the 
PAR in mammals were explained by an “addition-
attrition” theory, as proposed by Graves et al. [28-
30]. Among the 156 transcription units on the 
human MSY, 78 are protein-coding genes that 
collectively encode 27 (18 single copy genes and 9 
gene families) distinct proteins. The remaining 78 
transcription units are non-coding transcripts [2]. 
These protein coding genes are classified into four 
groups.  Group I contains one gene (SRY) that is 
involved in sex determination and is conserved 
among all mammals studied so far. Group II 
contains 15 genes (EIF1AY, CYorf15A and 15B, 
DBY, NLGN4Y, PCDH11Y, PRKY, USP9Y, 
RPS4Y1, RPS4Y2, SMCY, TBL1Y, TGIF2LY, 
TMSB4Y, ZFY and UTY) that are single copy, and 
expressed ubiquitously with a high degree of 
homology to genes present on the human X Chr. 
Four (USP9Y, DBY, UTY and TMSB4Y) genes from 
this group are clustered together and play a 
significant role in spermatogenesis and body size 
(stature) development [1]. The rest of the genes in 
this group have “housekeeping” functions. Group III 
contains genes (AMELY and GCY) that have been 
proposed to be related to the control of embryonic 
growth, stature and development of teeth [31,32]. 
Group IV contains nine genes (RBMY, DAZ, TSPY, 
CDY, BPY2, XKRY, PRY, HSFY and VCY). The 
most remarkable finding from the human Y Chr 
sequencing was the group IV gene families. They 
are all multi-copies, localized in the eight 
palindromes of the ampliconic sequences, 
expressed only in human testis, and are functionally 
coherent in spermatogenesis and fertility [1-3].  

To date, a total of 14 orthologs (ANT3, CSF2RA, 
STS, AMELY, ASMT, RBM1A1, SMCY, ZFY, SRY, 
TSPY, DBY, HSFY, DAZ and CDY) of human Y Chr 
related genes have been analyzed to a certain 
degree in cattle (Table 1).   Four (ANT3, CSF2RA, 
STS, AMELY) of these genes are localized in the 
PAR, the remaining genes in the MSY.  These 
genes except for DAZ and CDY are physically 
mapped on the Y either by a comparative approach 
(SMCY, ASMT, RBM1A1, ZFY), or by restriction 
mapping and male-specific PCR (AMELY, TSPY), 
or by FISH and/or RH mapping (ANT3, CSF2RA, 
STS, SRY, DBY, HSFY and UTY) [12,23]. The DAZ 
and CDY gene families are not present on the 
BTAY, while their autosomal copies, DAZL, CDYL 
and CDYL2, do exist in the bovine genome (see 
below) [33]. 

To our knowledge, only three BTAY genes 
(AMELY, SRY, and TSPY) were previously cloned 
and characterized. The bovine AMEL genes reside 
on both the X- and Y Chrs and are expressed only 
in tooth buds. Alternative mRNA splicing generates 
at least seven messages, five from the AMELX 
primary transcript, and two from the AMELY [34,35]. 
The bovine SRY gene encodes a protein of 229 

amino acids (aa), with sequence conservation 
between species, notably in the region of the high-
mobility group (HMG) domain or HMG box. Outside 
of the HMG box, the bovine SRY structure shows 
greater resemblance to the human SRY than to the 
mouse Sry [36]. The bovine TSPY contains seven 
exons, and encodes a protein of 317 aa. Like the 
human TSPY, the bovine TSPY mRNA is a mixture 
derived from several seemingly functional genes 
organized in a tandem repeat array on BTAY, and is 
subject to differential splicing [18,37]. Both SRY and 
TSPY genes are expressed in bovine testis only. 
We are cloning the bovine orthologs of the human 
DBY, HSFY, UTY, BPY, PRY2, PRKY, USP9Y, 
VCY, RBMY, DAZ and CDY genes from a bovine 
testis cDNA library. These genes are all important 
for spermatogenesis and male fertility. Similar to the 
bovine AMEL gene, the bovine DEAD box protein 
gene also has a Y-copy (DBY) and an X-copy (DBX). 
The DBY encodes a protein of 660 aa, with a 
similarity of 88 and 89% to the human and 
orangutan DBY. According to the BGSP (build v2), 
the bovine DBX gene is predicted to transcribe at 
least seven transcription variants by alternative RNA 
splicing.  The DBY protein is 85-89% similar to the 
different isoforms (1-7) of the DBX. The DBY is also 
expressed only in bovine testis. All other bovine Y 
Chr genes mentioned above are currently being 
sequenced and characterized.  

In the human, the DAZ gene family has four 
copies (DAZ1-4) on the Y Chr and one copy (DAZ-
like, or DAZL) on Chr 3 [38]. Deletions and single 
nucleotide polymorphisms (SNPs) identified in DAZ 
and/or DAZL have been linked to subfertility and 
infertility in several species including human [39], 
mouse [40], fly [41], and frog [42]. We have recently 
cloned the bovine DAZL gene, which is mapped to 
BTA1q by FISH [33]. We did not find any DAZ on 
BTAY, supporting a previous discovery that DAZL is 
present in all vertebrates, while DAZ is only in Old 
World monkeys and great apes [43, 44]. The bovine 
DAZL contains 11 exons, encodes a protein of 295 
aa, and is highly (96%) conserved when compared 
to human and mouse DAZL. Two transcript variants 
were found for the bovine DAZL, which are 
expressed in bovine testis only, while the human 
and mouse DAZL are expressed in both male and 
female gonads [39,40].  We have recently identified 
16 SNPs for the bovine DAZL gene. A preliminary 
association study indicated that these SNPs are 
associated with bull fertility. Similarly, there are four 
copies of the CDY gene on the human Y Chr, and 
two copies, CDYL (CDY-like) and CDYL2, on 
human autosomes [2,45].  It is believed that the 
progenitor of the gene family duplicated to generate 
CDYL and CDYL2, and CDY arose by retroposition 
of CDYL to the Y Chr and was retained only in 
simian mammals [45,46]. That explains why our 
work on bovine and another study in mice [46] found 
only the autosomal genes CDYL and CDYL2, but 
not CDY on the bovine or mouse Y Chrs. The 
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bovine CDYL and CDYL2 are highly similar to the 
human orthologs at both mRNA (81 and 82%) and 
protein (89 and 94%) levels. However, the similarity 
between the bovine CDYL and CDYL2 proteins is 
low (41%). The bovine CDYL and CDYL2 genes 
were assigned by RH mapping to bovine Chr 23 
and Chr 18, respectively [47]. Sequence analyses 
indicated that there are at least four transcript 
variants that yield three protein isoforms for the 
bovine CDYL gene. Expression analysis in different 
bovine tissues showed that genes in the CDYL 
family are abundantly expressed in testis [47]. A 
similar expression pattern was also observed for the 
human and mouse CDYL gene family [45, 46]. 

6. BTAY-specific BAC isolation and BAC 
fingerprinted contig map 
To construct a high-resolution bacterial artificial 
chromosome (BAC) contig map for the BTAY 
euchromatic region, a male bovine BAC library 
(RPCI-42) was screened with probes of the 
microdissected bovine Y Chr DNA fragments as 
well as ~40 Y Chr gene PCR products generated 
either from the known bovine or from the human 
and mouse holandric genes. The microdissected 
bovine Y Chr DNA probe identified ~1300 positive 
clones. Altogether, these screenings resulted in the 
isolation of ~1800 Y Chr specific BAC clones. 
Based on the size of the Y Chr and an estimated 
5.9x coverage of the Y Chr in the RPCI-42 BAC 
library (164 kb average/BAC clone), the number of 
isolated BAC clones mathematically covers the 
entire bovine Y Chr [48]. 

Isolated BAC clones were then fingerprinted by 
an agarose gel method [48]. Gel images and 
fingerprint patterns were analyzed using the IMAGE 
and FPC software (http://www.sanger.ac.uk/ 
Software/). A FPC database for BTAY was 
developed.  A contig map built for the Y-specific 
BAC clones was completed at a tolerance of 7 with 
cutoff values of 1e-10 from which 37 contigs (range 
of clones in contigs from 3 to 925) and 750 
singletons were observed. FISH of representative 
BAC clones from the contigs demonstrated that the 
largest contig containing 925 clones is situated on 
the proximal region of Yq [48]. 

7. BAC-end sequencing, STS mapping and 
the development of a second-generation 
BTAY RH map 
Approximately 1350 BACs of BTAY have been 
sequenced either from one end (1150 clones) or 
both ends (200 clones). About 85% of the BAC-end 
sequences (BESs) are readable with an average of 
500 bp clean sequence per read. Although initial 
BLAST searches against GenBank revealed that 
roughly one third of sequences were unique, a 
significant number were subsequently identified as 
novel BTAY-specific repetitive sequences. 
Approximately 500 STS PCR primers were 

designed from the putative unique BESs, and have 
been RH typed with the SUNbRH7000-rad panel 
[22]. We found that 43.6% STSs have a RF of less 
than 50%, and are therefore, initially considered 
putative unique sequences or lower copy markers 
on the Y Chr. As 33.6% STSs have a RF of more 
than 50%, we consider them as repetitive 
sequences or multiple copy (gene) sequences on 
the Y. The rest, 22.8% STSs, either did not amplify 
a product or showed weak products in the RH 
mapping. Construction of a second-generation BES-
based BTAY RH7000-rad map is underway. Once 
this RH7000-rad map is finished, a minimal tiling 
path of BAC clones that cover the entire 
euchromatic region in MSY will be generated in 
combination with the BTAY FPC database, and 
used as the basic materials for Y Chr sequencing. 

8. Conclusion 
The Y Chr is unique by the absence of 
recombination, along 95% of its length, with X Chr in 
male meiosis, the accumulation of male 
reproduction-related genes, and the tendency of its 
genes to degenerate during evolution. The Y Chr 
has become a genetic junkyard, accumulating 
mutations and losing much of its genetic material 
[49]. Unlike the X Chr, whose gene content is highly 
conserved in mammalian species, Y Chr genes are 
poorly conserved.  

The bovine Y Chr mapping is one of the most 
advanced Y Chr projects among all farm animal 
species, with a development of over 260 markers 
including ~50 MS, 10 genes/ESTs, and ~200 BES. 
At present, bull fertility has not been studied at the 
molecular level because of the lack of molecular 
genetic markers and diagnostic tools. The cloning of 
the bovine Y Chr genes has opened the door for 
molecular study of spermatogenesis and 
subfertility/infertility in bulls. This will significantly 
improve the design of new marker assistant 
selection (MAS) strategies using Y-related gene 
markers as an aid to select sires at an early age in a 
breeding program, and will eliminate potential 
genetic defects associated with reduced fertility. The 
possibility to construct highly informative Y Chr 
haplotypes will also have a significant impact on 
researches in paternity testing, breed formation, 
origin and evolution of domestic cattle and bovid 
species. 
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