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ABSTRACT

The present study was carried out to assess the relative expression of Y- specific

genes [Sex determining region on Y-chromosome (SRY), Testis-specific protein

Keywords Y-encoded (TSPY) and Ubiquitin specific peptidase 9-Y-linked (USP9Y)] and
_ their association with semen production characters in crossbred Jersey bulls. The
E)e(:)""rg‘s’seion blood samples were collected from breeding bulls present in three frozen semen

stations in Tamil Nadu. The expressions of Y-specific genes were quantified by
guantitative real-time PCR (gPCR) using SYBR green chemistry. The relative
standard curve method was used to study the expression of Y-specific genes
relative to a reference gene DEAD box polypeptide 3-Y-chromosome (DDX3Y)

Y-specific genes,
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as control. The increase in expression values of SRY gene was positively and
e significantly (P<0.01) correlated with semen volume (0.688) and initial sperm
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10 June 2017 with increase in semen volume, sperm concentration, initial sperm motility and

post-thaw motility over the years, which was significant (P<0.01) and negatively
correlated. The decrease in expression of USP9Y gene was associated with
increase in initial sperm motility and post-thaw motility over the years.

Introduction

Crossing Bos indicus with Bos taurus is a  eutherian  Y-chromosome has  unique

breeding method employed to augment milk
production in India through Artificial
Insemination programmes. Semen from two
exotic breeds namely, Jersey and Holstein
Friesian are extensively used for this purpose.
But, the karyotypes of Bos indicus and Bos
taurus have a high similarity except for the
morphology of the Y-chromosome. The genes
present in the Y-chromosome plays an
essential role in male sex development,
spermatogenesis and male fertility. The
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characteristic feature that most part of this
chromosome escapes meiotic recombination
process with X-chromosome except two
regions at the tips of the X- and Y-
chromosomes. This unique recombination
pattern of Y-chromosome with its X-
counterpart makes it prone to structural
variation (Chang et al., 2013). This kind of
structural variations may or may not associate
with altered expression of genes present in the
Y-chromosome. In India to date, there are
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only few studies on the expression variation
of Y-specific genes and their association with
semen quality traits in CBJY bulls. Therefore,
the present study was focused to investigate
variations in expressions of major Y-
chromosomal genes such as Sex determining
region on Y-chromosome (SRY), Testis-
specific protein Y-encoded (TSPY) and
Ubiquitin  specific peptidase 9-Y-linked
(USP9Y) genes using DEAD box polypeptide
3-Y-chromosome (DDX3Y) as a reference
gene to find out the relationship with semen
production traits of crossbred Jersey (CBJY)
bulls.

Materials and Methods

Blood samples (5ml) were collected from
CBJY (61 samples) bulls of three frozen
semen stations in Tamil Nadu, India and
stored at 4° C till further processing.
Genomic DNA was extracted using standard
Phenol-Chloroform  extraction  procedure
(Sambrook et al., 1989). The concentration of
DNA was adjusted to 100 ng prior to qPCR.
A standard curve was drawn using pooled
DNA randomly obtained from CBJY bulls.

Selection of Y-specific and reference genes

Four Y-specific genes (with an accession
number, Gene 1D, number of base pairs and
number of exons) such as (i) Sex determining
region on Y- chromosome (NM_001014385,
280931, 690 bp and 1); (ii) Testis specific
protein, Y- encoded (NM_001244608,
281554, 3206 bp and 7); (iii) Ubiquitin
specific peptidase 9-Y linked
(NM_0011455091, 100271721, 13485 bp and
7) and (iv) DEAD box polypeptide 3-Y
chromosome (NM_0011725951, 783057,
10219 bp and 17) were chosen for the present
investigation. Different genes like, B-actin,
tubulin and GAPDH genes have been
reported to be useful in analysing the relative
quantification of gene expression (Imai et al.,
2014). However, in the present study DDX3Y
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gene has been used as a reference gene. This
gene has been reported to be a single copy
gene in the genome of mammals (Paria et al.,
2011). Its utility has also been established in
relative quantification in bulls and its
expression level has been reported to remain
unchanged irrespective of seasons and age
(Yue et al., 2014). Hence, selection of

DDX3Y gene in the present study is
appropriate one to quantify the gene
expression.

The pooled DNA was diluted five folds after
measuring the initial concentration in a
nanodrop. The concentrations in ng variations
of four Y-specific gens were quantified by
quantitative real-time PCR (gPCR) (Light
Cycler® 96 by Roche Real-Time PCR
System) using SYBR green chemistry. The
primers used for these genes along with
annealing temperature and approximate
product size are provided in table 1. The
annealing temperatures were arrived by
carrying out gradient PCR with Tm values for
each primer.

gPCR mixture and reaction conditions

Each 10 pl reaction volume consists of SYBR
Green PCR master mix (5.0 pl), Primers
forward and reverse primers (10 pmoles-1.0
ul each), template DNA (100ng-1.0 pl) and
PCR graded water (2.0 ul). Following were
the gPCR protocols adopted for amplifying
exonic regions of the Y- specific genes both
for standard and test bull samples.

Expression data analysis

The relative standard curve method was used
to study the expression of Y-specific genes
relative to reference gene (control). The
following stepwise calculations were applied
to find out the copy number variation of Y-
specific genes. With the Ct values, using MS -
Excel programme, slope, intercept and r2
values were estimated.
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The Ct values were transformed into “Sample
ng” by applying the following formula

Sample (ng) = 10 (Ct sample-intercept/slope)

The sample ng values were normalized with
reference gene control by applying the
formula

sample (ng)
Sample

reference gene(ng)

The expression percentage is obtained by the
following formula
sample (ng) — control (ng)

Ratio expression

control (ng)

The age group classification of CBJY bulls
was arrived by taking into consideration of
minimum and maximum age present in the
data such as 1.5 to 3.0, 3.1 to 4.5, 4.6 to 6.0,
6.1 to 7.5 and more than > 7.5 years.

Association between gene expression and
semen production traits

The basic statistics like mean and standard
error were computed for semen volume (ml),
sperm concentration (millions per ml), mass
activity (0 to 5 scales), initial sperm motility
(in per cent), post-thaw motility (in per cent)
and number of doses per ejaculates for
different age groups of CBJY bulls.
Correlation between the fold increase in DNA
concentration (in ng) and the semen
production parameters were done as per
Snedecor and Cochran (1987) to find out the
association. The significance for correlation
results was confirmed by using correlation
table (r).

Results and Discussion

The amplification,
curves drawn with ct value and

melting and standard
log10
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concentration of DNA (ng per reaction) with
slope, intercept and r2 values for SRY, TSPY
and USP9Y genes are presented in figure 1.

The means for the semen production traits
such as semen volume, sperm concentration,
initial sperm motility and post-thaw motility;
expression values (concentration in ng) of
SRY, TSPY and USP9Y genes for different
age groups of CBJY bull and phenotypic
correlations between expression values of
SRY TSPY and USP9Y genes and semen
production traits are given in table 2.

Sex determining region on Y-chromosome

At 1.5 to 3.0 years of age, the expression
values as concentration of SRY gene was
343.91 ng, after which it decreased (280.30
ng) at 4.6 to 6.0 years and increased to the
maximum (455.09 ng) during 6.1 to 7.5 years
of age. The increase in expression values of
SRY gene was positively and significantly
(P<0.01) correlated with semen volume
(0.688) and initial sperm motility (0.739).

Testis specific protein on Y-encoded

The expression values as concentration of
TSPY gene was 25.19 ng for 1.5 to 3.0 years
of age and it decreased (16.49 ng) up to 6.1 to
7.5 years of age in CBJY bulls.

The decrease in expression value of TSPY
gene was associated with increase in semen
volume, sperm concentration, initial sperm
motility and post-thaw motility over the years,
which  was significant (P<0.01) and
negatively correlated.

Ubiquitin specific peptidase 9-Y-linked

The expression values as concentration of
USP9Y gene was 52.09 ng for 1.5 to 3.0 years
of age and it decreased (28.12 ng) up to 6.1 to
7.5 years of age.
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The decrease in expression of USP9Y gene
was associated with increase in initial sperm
motility and post-thaw motility over the years.

Sex determining region on Y-chromosome

The SRY gene has been reported to play a
role in the male pathway of gonad
development (Polanco and Koopman, 2007).
On perusal of literature, to the best our
knowledge, we could not identify literature
dealing with correlation of expression of SRY
gene with semen production parameters.
Expression analysis of SRY gene was carried
out for embryo sexing and sex determination
pathways. However, significant copy number
variations of SRY gene in crossbred bulls
have been reported by Mukherjee et al., 2013;
while no such variation was found by Verkarr

et al., (2003). Hence, it could be hypothesized
from the available literatures that an increased
expression of SRY gene could result in a

sertoli cell synthesis during embryonic stages,
which is essential for giving energy to sperms
as reflected upon the initial sperm motility.

Testis specific protein on Y-encoded

The TSPY gene was reported to be involved
in early spermatogenesis process in mammals
(Vogel and Schmidke, 1998). The results of
the expression analysis were in agreement
with earlier reports of Hamilton et al., (2012)
in purebred HF bulls. However, significant
differences in copy number variation of TSPY
gene were observed between crossbred and
indicine bulls (Mukherjee et al., 2013). In
human, there was an ambiguity over the
function of the TSPY gene reported by
Giachini et al., (2012), Nickkbolgh et al.,
(2010) and Krause et al., (2010). Hence, the
TSPY gene expression is more during early
spermatogenesis  process and as the
spermatogenesis continued for several years
after sexual maturity; its gene expression is

cascade of molecular reorganization in the reduced in subsequent ages.
nascent testis and that would initiate the
Table.1 Primers used for quantitative real time PCR
Annealing Fragments
Genes Primer sequence (5’ 3°) temperature rag
(°C) size (bp)
Forward : CTA GAG AAT CCC AAA ATG AAA
AACTC
SRY Reverse : ATATTT ATA GCC CGG GTATTT GTC 61 150
TC
TSPY Forward : AGT TGT GAG CCC AGT TGT CA 61 148
Reverse : CACCTC CTC CACGAT GTCTT
Forward : GTA CAC AGT GGT CAA GCA AGT
USP9Y GGT A 61 178
Reverse : CTT CTC CCA TGT ACT CTC CAC CAA
A
Forward : GTT AGA TTT CTG CAA ATACTT GGT
GTT
DDX3Y Reverse : GCA TAG TGT CTT GTT CAATTA TAC 61 101
GAC
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Correlation co-efficient in CBJY bulls

Expression values as

. Sperm Initial
Age group Nur;fber concentration (in ng) of Semen concentration sperm P%S;;itnsw
(inyears) | s Y-specific genes volume (ml) | (millions per motility (in per ce};lt)
SRY | TSPY | UsPgY ml) (in per cent) P
343.91
1.5t03.0 20 + 35412% 529'(21%1 3.36+0.15 | 1254.19+92.93 | 5857 +4.34 | 50.99 + 0.42
11738 | = © '
296.39 | 30.23 | 4598+ be 1151.45 +
3.1to4.5 10 +8025 | +764 | 10.72 3.46™ +£0.25 108.75 56.64 £5.50 | 50.27 +1.74
4610 6.0 14 | 20090 | 2300 IS0 % | 3717015 | 107638+ 54.93 | 64.75£4.49 | 5106+ 0.60
6.1t07.5 12| 0 | 150 |20 F | 438°£031 | 11934546053 | 7327103 | 5245+134
>75 5 f%%%% f%g% 5116331; 5.27°+0.42 | 986.83+86.73 | 65.17+4.20 | 50.00 + 0.44
Phenotypic correlation between expression values (in 0.69%* 0.02NS 0.74%* 20.09"S
ng) of SRY gene and semen production traits ' ' ' '
Phenotypic correlation between expression values (in
ng) of TSPY gene and semen production traits -0.84* -0.35% 0.7 -0.34%
Phenotypic correlation between expression values (in NS NS
ng) of USP9Y gene and semen production traits -0.06 -0.19 -0.45% -0.887

** - Highly significant (P < 0.01) and NS- Non-Significant; Means with at least one common superscript within classes do not differ significantly (P<0.05)

(Table value ‘r’ for 60 degrees of freedom at 5 per cent level: 0.250 and 1 per cent level: 0.325)
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Fig.1 Expression of SRY (a, b and c), TSPY (az, b; and ¢;) and USP9Y (ay, b, and ¢;) genes
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gPCR mixture and reaction conditions
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1min. 10 sec. 15 sec. 5 min. :\—'/
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OAT
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Ubiquitin specific peptidase 9-Y-linked

The decreased expression of USP9Y gene
was in general, negatively correlated with
semen volume, sperm concentration, initial
sperm motility and post-thaw motility, which
was not in agreement with earlier reports of
Paria et al., (2011) and Mukherjee et al.,
(2013), who postulated that USP9Y gene was
a single copy gene in cattle. In human,
Vineeth and Malini (2011) observed that
USPIY gene could not be considered as a
major gene involved in spermatogenesis. But,
Bonfiglio et al., (2012) reported that USP9Y
gene was more likely a regulatory gene that
improves efficiency rather than providing an
essential function during spermatogenesis in
mammals. Therefore, the variation in
expression of USP9Y gene, as related to the
age of the breeding bulls, which influences
the functional characteristics of spermatozoa.

To conclude that the variation in the
expression of Y-specific SRY, TSPY and
USP9Y genes in semen production of CBJY
bulls revealed positive and significant
(P<0.01) correlation of SRY gene with semen
volume and initial sperm motility; and
negative and significant (P<0.01) correlations
of TSPY gene with semen volume, sperm
concentration, initial sperm motility and post-
thaw motility. But, negative correlations of
USP9Y gene with semen volume, sperm
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concentration, initial sperm motility and post-
thaw motility were reported.
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