Journal of Livestock Science and Technologies, 2015, 3 (1): 50-55

Molecular identification of infertile bulls by using newly developed DDX3Y

based on human STS markers
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Abstract To determine the role of DDX3Y gene in spermatogenesis and infertility in bulls, blood
samples were collected from five infertile bulls (azoospermic; no sperm in the semen) at the Animal
Breeding Center in Karaj, Iran. The recommended human primers by EAA/EQMN were investigated
using the BLASTn database for STS marker detection. Alignment of STS marker genes with bovine
genome was performed. Primer Premier 5 and CLC Main Workbench 5.5 softwares were used in
designing common primer for the bovine and human DDX3Y gene. Genomic DNA screening of
peripheral blood was conducted for detection of DDX3Y gene deletion in the Y chromosome by the
PCR method. The bioinformatics analysis of human binding-primers of STS markers indicated that
there was no chance connection and target fragment production for bovine samples. Investigation of
DDXA3Y gene on fertile bovine samples showed that the designed primer could detect the target gene
as well. The results showed that three bulls had partial deletion in DDX3Y gene as a cause of their
infertility. In conclusion, the DDX3Y gene can be a valuable marker to detect infertility in young

male calves.
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Introduction

Genomic selection has been applied for production traits
in livestock breeding programs (VanRaden et al., 2009);
however, molecular studies on male fertility and ge-
nomic selection for semen quality and male infertility
are very limited. The Y chromosome carries several tes-
tis-specific genes that play fundamental roles in sper-
matogenesis and male fertility. Recent studies on human
and bull Y chromosome have identified at least 3 types
of sequence variations including SNP, insertion, dele-
tion, and copy number variation (CNV) which provide
genetic markers for male reproductive functions (Balar-
esque et al., 2008; Ginja et al., 2009; Bonfiglio et al.,
2012; Chang et al., 2013). Of particular interest is the
deletion (CNV) of the Y-linked multi-copy gene fami-
lies that are all expressed predominantly or solely in tes-
tis (Skaletsky et al., 2003; Chang et al., 2013).

Tiepolo and Zuffardi (1976) reported six azoosper-
mic patients with deletion (or microdeletions) on the
long arm of the human Y chromosome and assumed that
genes or gene families were located in the distal region
of Yq11, defined as the AZF region. It has been reported
that AZF region is divided into at least four non-over-
lapping regions (AZFa, AZFb, AZFc and AZFd) associ-

ated with spermatogenesis. Microdeletions of these sub-
regions lead to spermatogenic failure, and are related to
azoospermia and oligozoospermia at different stages of
spermatogenesis (Raicu et al., 2003). Microdeletion of
AZFa region is related to azoospermia and complete
Sertoli cell-only syndrome (SCOS) (Nakashima et al.,
2002). The most frequent genetic cause of severe oligo-
zoospermia and azoospermia occurs in the AZFb and
AZFc regions, while microdeletion of the AZFa region
is relatively rare. Biochemical characterization of some
gene products and functional studies of different animal
orthologues led to the assignment of at least one strong
candidate gene for each microdeletion interval, namely
DDX3Y for AZFa (Brown et al., 1998), RBMY for
AZFb (Maetal., 1993, Elliott et al.,1997), and DAZ for
AZFc (Reijo et al., 1995), all of which may cause azoo-
spermia if deleted.

The European Academy of Andrology (EAA) and
the European Molecular Genetics Quality Network
(EMQN) recommend using six STS (sequence-tagged
sit) markers to screen the AZF microdeletions. The STS
markers are short sequences of genomic DNA that can
be uniquely amplified by the polymerase chain reaction



(PCR) using a pair of primers. Because each STS is
unique, STSs are often used in linkage and radiation hy-
brid mapping techniques. The STSs serve as landmarks
on the physical map of the human genome (Ishii et al.,
2008; Elhawary et al., 2010). The absence of STS
marker sequence is indicative of the site deletion
(Kraucz et al., 2014). Three STS markers including of
sY86, sY127 and sY254 have the highest sensitivity in
detection of microdeletions (lishi et al., 2008). The
AZFaregion is located in the proximal Y long arm, near
the centromere and in the Yq11.21 position. The AZFa
region contains the DDX3Y (former DBY) and USP9Y
genes which are important in spermatogenesis (Vogt,
2004). This region is not found in domestic animals but
the DDX3Y and USP9Y genes are located on the short
arm of the Y chromosome in the bull (Liu et al., 2009).
It has been suggested that DDX3Y plays an important
role in fertility, and lack of this gene leads to remarkable
reduction in the number of germ cells (Vogt, 2004). The
DDXA3Y is a member of the DEAD box protein family
with 2 functional DDX3 genes on the sex chromosome
(DDX3X and DDX3Y), one pseudogene on the X chro-
mosome, and another pseudogene on the autosome in
the human genome (Kim et al., 2001). The Y chromo-
some homolog DDX3Y is located in the AZFa interval
of the male-specific region (MSY). Deletion of the
AZFa region has been revealed to disrupt spermatogen-
esis, causing subfertility and infertility in healthy male
(Foresta et al., 2008). Partial deletion in DDX3Y gene
seguence in mice can lead to failure in spermatogenesis.
The human and bovine DDX3Y have 3.16 and 8.10 Kb
in length, respectively, and both encode one ATP-de-
pendent RNA helicase which plays an important role in
the final stages of spermatogenesis (Sun et al., 2000).
The bovine and human DDX3Y are very similar and
both have 17 exons and 16 introns (Liu et al., 2009).
The human DDX3Y gene has been considered as a
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strong candidate for AZFa, because the DDX3Y protein
was found only in male germ lines (Ditton et al., 2004),
and patients with the deletion of DDX3Y on their Y
chromosomes exhibited either Sertoli cell-only syn-
drome or severe hypospermatogenesis (Foresta et al.,
2000). The bovine DDX3Y gene has two transcript var-
iants named DDX3Y short transcript variant (DDX3Y —
S) and DDX3Y long transcript variant (DDX3Y -L)
which are similar to long and short transcripts in humans
and mice (Liu et al., 2009). These two transcripts are
identical except for a 3-bp (AGT) insertion at the posi-
tion of nt 2025. Both bovine DDX3Y isoforms have
most likely overlapping with its homolog on X chromo-
some. Unlike the mouse counterpart, the DDX3Y and
its homologs may play a different and indirect role in
spermatogenesis and fertility such as a role in regulation
of testosterone secretion (Liu et al., 2009).

To the best of our knowledge, the molecular identi-
fication of infertile bulls has not been reported, there-
fore, the aim of this study was to investigate the role of
DDX3Y gene in bull infertility. Because no STS marker
for diagnosis of infertility bulls is available, human
known STS markers were used in the present study.

Materials and methods

Blood sampling

Blood samples were prepared from five infertile bulls (5
year of age) and one fertile bull kept at the Animal
Breeding Center, in Karaj, Iran. Blood samples (about 5
mL) were collected from the jugular vein into tubes con-
taining 12 mg of EDTA, and then stored at -20 ‘C until
DNA extraction. Blood sample, with the consent of a
fertile man with children and no history of assisted re-
productive technology, was used as the control.

Bioinformatics analysis
The recommended primers by EEA/EMQN were analy-

Table 1. The primers sequence information used in this study

Primer name Primer sequence Amp"“’” Source
size (nt)

Forward- DDX 5-CCTTGAGATTTCACGGGTTAGA-3’ 338 Designed in this study
Reverse- DDX 5-ATAGCACCGTAACAAATGACCT-3 338 Designed in this study
sY86- Forward 5-GTGACACACAGACTATGCTTC-3 320 Simoni et al., (2004)
sY86- Reverse 5-ACACACAGAGGGACAACCCT-3 320 Simoni et al., (2004)
sY127- Forward 5-GGCTCACAAACGAAAAGAAA-3 274 Simoni et al., (2004)
sY127- Reverse 5-CTGCAGGCAGTAATAAGGGA-3 274 Simoni et al., (2004)
sY254- Forward 5 -GGGTGTTACCAGAAGGCAAA-3’ 380 Simoni et al., (2004)
sY254- Reverse 5-GAACCGTATCTACCAAAGCAGC-3 380 Simoni et al., (2004)
SRY- Forward 5-GAATATTCCCGCTCTCCGGA-3 470 Simoni et al., (2004)
SRY- Reverse 5-GCTGGTGCTCCATTCTTGAG-3’ 470 Simoni et al., (2004)
AZF- Forward 5 -CTGTACTGACTGTGATTACAC-3’ 495 Simoni et al., (2004)
AZF- Reverse 5-TCTTTGGTATCCGAGAAAGT-3 495 Simoni et al., (2004)
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zed using the NCBI’s BLASTn database for identifica-
tion of STS markers. The sequences of STS markers
were also analyzed using the online Multalin interface
software (http://multalin.toulouse.inra.fr/multalin) and
NCBI’s BLASTn software for the multiple sequence
alignment with the bovine genome. Primer Premier 5
and CLC Main Workbench 5.5 softwares were used in
order to design common primer for bovine and human
DDX3Y gene. Primer sequences and the size of related
PCR products are shown in Table 1.

DNA extraction

The DNA extraction was performed with slight modifi-
cations on KO0721 # GeneJET PCR Purification Kit
(Thermo Scientific, USA). Briefly, 20 pL of Proteinase
K Solution (50 pg/mL) and 200 pL of Lysis Solution
(Tris pH 8.0+ NaCl+ EDTA pH 8.0+ SDS) were added
to 200 puL of whole blood. The solution was mixed by
vortexing until a uniform suspension was obtained. Af-
ter incubation at 56°C for 20 minutes, the samples were
transferred to the spin column and DNA was purified
using Washing Buffer. The DNA was extracted by ad-
dition of Elution Buffer. The quality of extracted DNA
was determined by using a NanoDrop® Spectrophotom-
eter (Thermo ND-2000, USA) and agarose gel electro-
phoresis.

Polymerase chain reaction

The identified human primers of STS marker sequence
were tested for human positive sample (fertile male) and
negative control sample (fertile female) using multi-
plex-PCR for 5 pairs of primers (SRY, AZF, sY86,
sY127, and sY254). Then, the PCR reaction was per-
formed for the bovine samples under the same condi-
tions as for the human samples. To amplify the DDX3Y
gene on human and bovine Y-chromosome, a routine
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Figure 1. DNA extraction products on a 1% agarose
gel (S1 to S10).
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PCR was performed using the DDX primer, and the hu-
man and bovine genomic DNA were used as templates
by Thermocycler (Biometra T-personal model) accord-
ing to the following procedures.

In total, 25-uL reaction contained 18 pL of distilled
water, 1 uL of each primer (5 pmol/uL), 1 pLL. MgCl; (50
mM), 2.5 uL PCR Buffer (10 x), 0.5 uL dNTPs (10
mM), 1 unit Taq DNA polymerase, and 1 pL of genomic
DNA (10 ng/uL).

Initial denaturation at 95 °C for 3 min and a subse-
quent series of 35 cycles of 94 °C for 30 sec (denatura-
tion), 58 °C for 20 sec (annealing), and 72°C for 30 sec
(extension) was performed. Final extension was carried
out at 72°C for 10 min. The PCR products were sub-
jected to electrophoresis on a 2 percent agarose gel pre-
pared in 0.5 x TBE, stained with GelRed and visualized
by exposure to ultraviolet light.

Results

The bioinformatic analysis of human binding-primers of
STS markers used in this study (SRY, AZF, sY254,
sY127, and sY86) indicated that there is no chance for
connection and target fragment production for bovine
samples. The DDX primer that was produced for the
current study could amplify the target fragments in the
man and bull. The Electrophoretic and spectrophotome-
try results revealed that the extracted DNA had good
quality for PCR (Figs. 1 and 2). Electrophoresis of
multi-PCR products detected five different bounds for
positive human sample (fertile male) and one bound for
the negative control sample (fertile female), but did not
observe any bound on multi-PCR for bovine samples
(Fig. 3). The investigation of PCR results for DDX3Y
gene on fertile human and bovine samples indicated that
the designed primer could amplify target gene as well
(Figs. 4 and 5). The results of infertile samples also sho-
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Figure 2. Measurement of DNA concentration using
Nanodrop® spectrophotometer.



Figure 3. Multi-PCR products for fertile human samples
(positive). S1: negative control (without DNA), S2: neg-
ative control (DNA of fertile female), S3: DNA of fertile
male, M: size marker 100 bp.

1.600 ¢

Figure 4. Presence or absence of DDX3Y gene se-
guence on DNA (fertile bull). S1: negative control
(without DNA), S2: PCR product of fertile bull, S3:
PCR product of infertile bull, M: size marker 100 bp.
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wed that three bulls had partial deletion in DDX3Y gene
and their infertility was due to genetic deletion of
DDX3Y gene.

Discussion

Despite the high similarity between human and bovine
genome, STS marker sequences that have been designed
for the diagnosis of microdeletion and infertility in hu-
mans, could not be found in the bovine genome. Be-
cause of the short sequence of STS markers and minor
differences between human and bovine genomes, these
sequences were not found in bovine genome (Moore et
al., 2001). According to the European Academy of An-
drology (EAA) and the European Molecular Genetics
Quality Network (EMQN) protocol, diagnosis of micro-
deletions with STS markers does not need DNA se-
guencing. Therefore, only standard PCR and a subse-
guent agarose electrophoresis are enough to detect mi-
crodeletion occurrence. In contrast to previous reports,
the present study indicated that the DDX3Y gene was
directly associated with infertility. In addition, the dele-
tion of sequence associated with DDX3Y primer indic-
ative deletion of this gene causes infertility in human
and bulls. The extensive similarity between human and
bovine genomes confirms the hypothesis of occurrence
of microdeletions, and consequently azoospermia and

eC ( =l
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Figure 5. DDX3Y marker in the genome of fertile male
and without microdeletion. S1: negative control, S2; am-
plified fragment by DDX3Y primer, M: size marker 100 bp.
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oligospermia in bulls (Chang et al., 2013). Study on
AZF regions in terms of structure and gene content, and
compliance of these regions between human and bovine
can be helpful in determining the genetic causes of un-
explained infertility in bulls.

In contrast to previous reports (Ditton et al., 2004;
Liu et al., 2009), the present study indicated that the
DDX3Y gene was directly associated with infertility
and its deletion causes infertility in human and bulls.
The extensive similarity between the genomes of human
and animals confirms the hypothesis of occurrence of
microdeletions, and consequently azoospermia and oli-
gospermia in bovines.

Conclusions

The results of this study indicated that the specific hu-
man primers recommended by EAA/EMQN were not
applicable for molecular identification of infertility in
the bull. However, investigation of genes associated
with human male infertility led to a more accurate iden-
tification of genetic infertility in bulls. The current re-
search for the first time reports the role of DDX3Y gene
in bull infertility by using bioinformatic analysis and the
polymerase chain reaction. This can be a valuable
marker for infertile bull detection at an early age.
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