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Abstract

Although the number of genes known to be associated with bovine spermatogenesis has increased in the past few years, regulation
of this biological process remains poorly understood. Therefore, discovery of new male fertility genetic markers is of great value for
assisted selection in commercially important cattle breeds, e.g., Nelore, that have delayed reproductive maturation and low fertility rates.
The objective of the present study was to identify sequences associated with spermatogenesis that could be used as fertility markers. With
RT-PCR, the following five transcripts preferentially expressed in adult testis were detected: TET656 detected only in adult testis; TET868

and TET515 expressed preferentially in adult testis but also detected in fetal gonads of both sexes; and TET456 and TET262, expressed
rimarily in the testis, but also present in very low amounts in somatic tissues. Based on their homologies and expression profiles, we
nferred that they had putative roles in spermatogenesis. Detection of sequences differentially expressed in testis, ovary, or both, was a
seful approach for identifying new genes related to bovine spermatogenesis. The data reported here contributed to discovery of gene
athways involved in bovine spermatogenesis, with potential for prediction of fertility.

2011 Elsevier Inc. All rights reserved.
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1. Introduction

With the completion of the Bovine Genome Project, at
least 22,000 protein-coding genes and more than 14,000
orthologous groups with correspondence in humans and
other species were identified. Although many sequences
were associated with placental function, fetal growth reg-
ulation, maternal adaptations to pregnancy and coordina-
tion of parturition, few genes were associated with male
fertility [1]. There were apparently no associations be-
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tween mutations in bovine testis-specific sequences so far
identified and bull subfertility or infertility [2,3].

Spermatogenesis involves many strictly regulated
testis-specific gene products. More than 50% of the
mouse and rat genome are expressed during testicular
development. However, among transcripts present in
germ cells, 40–60% remain uncharacterized [4]. More-
over, genes are differentially expressed at various
stages of murine and rat spermatogenesis, some of then
in an alternative splicing form [5–7]. Despite the in-
creasing number of genes associated with spermatogen-
esis, its regulation is still poorly understood. Therefore,

a better knowledge of this process, and of testicular

mailto:carlos.moreira@icr.usp.br


w
s
d
g
t
R
(
(
t
t
t

2

2

s

t
r
S
w
U

2

T
s
R
g
1
p
i
S
u
w
a
u
a

2

b
(
(
A
v
S
p
s

G

992 B.C.A. Alves et al. / Theriogenology 76 (2011) 991–998
physiology, is crucial to identify mechanisms resulting
in infertility and subfertility, and to understand pro-
cesses regulating sperm production.

Male fertility markers would be of great value for
assisted selection in commercially important cattle
breeds like Nelore, which have delayed reproductive
maturation [8] and low fertility [9]. In Brazil, Zebu
cattle have a high rate (40%) of infertile or subfertile
bulls in natural service [10] and bull culling represents
a major economic loss. As a consequence, the search
for bovine genes associated with male fertility—mainly
with reproductive maturation and spermatogenesis—is
of great relevance. Therefore, the current study focused
on the search for bovine testis-associated transcripts
through the detection of sequences differentially ex-
pressed between gonads and somatic tissues.

In our previous work, we identified (using RAPD
analysis) two Y chromosome-specific genomic mark-
ers, OPA.06.3216 [11,12] and OPF101168 [13], which

ere usable for embryo sexing. Based on these two
equences, we designed several pairs of primers to
etermine whether they corresponded to functional
enes (autosomal or sex-linked) by testing their ability
o detect expressed sequences in testicular cDNA, using
everse Transcriptase Polymerase Chain Reaction

RT-PCR) and quantitative Polymerase Chain Reaction
qPCR). Consequently, in the present study, compara-
ive developmental expression patterns of five bovine
estis-derived sequences were identified and their puta-
ive role in spermatogenesis was discussed.

. Materials and methods

.1. Animals and tissue sampling

Testis, ovary, lung, heart, and liver were obtained after
laughter from 10 Nelore animals [three adult females,

Table 1
Primer sequences used in the current study.

Primer Sequence (5-3)

MD1 GGCTGTCAGGGGTTGCTCCCTCAGGC
MD2 GGGATCCGGACGTACCGAACGA
MD3 CTTCCCATGGCCGTCTTTC
MD4 GTTTGAAGGCCGGAGAAGG
MD5 TACCTGGTAGAGCTGTC
MD6 GAGGGTTCAGGATGGG
MD7 CAGCCAGTTGTCTTGAG
MD8 GTTTATCCTAGTTGCCCTT
MD8/6a TGGAATGAGCATATGGAGCA
�-actin For ACCGTGAGAAGATGACCCAG
APDH For GAAGACTGTGGATGGCCCCTCC
hree adult males, two fetal female (7 and 8 wk old,
espectively) and two fetal males (7 and 9 wk old)].
hortly after they were recovered, these tissue samples
ere placed in TRIzol solution (Invitrogen, Carlsbad, CA,
SA).

.2. Total RNA isolation and cDNA synthesis

Total RNA was isolated from tissues samples using
RIzol Reagent, according to the manufacturer=s in-
truction. Concentration and quality assessment of total
NA was determined by spectrophotometry. To prevent
enomic DNA contamination, total RNA was treated for
h at 37 °C with 10 U of deoxyribonuclease I (Invitrogen)
er ug of RNA. Then, 3 ug of total RNA was converted
nto cDNA using SuperScript® III First-Strand Synthesis
ystem for RT-PCR (Invitrogen), according to the man-
facturer=s instructions. To assure that amplifications
asn=t derived from any genomic DNA molecule, a neg-

tive control was synthesized for each cDNA sample
nder study (included all RNA-cDNA conversion re-
gents except reverse transcriptase).

.3. Quantitative real-time PCR (qPCR)

Comparative expression analyses were performed
y quantitative real-time polymerase chain reaction
qPCR). The qPCR primers and sequences are shown
Table 1). All samples were amplified in triplicate.
mplification reactions were performed in a 25 uL final
olume containing 1X SYBR Green mix (Quantitec
YBR Green PCR kit, QIAGEN, Hilden, Germany), 10
mol of each primer, and 2 �L cDNA (1/10 dilution,
ynthesized from 1 �g of total RNA). Real time PCR

amplifications were performed in Applied Biosystems
7300 Real Time PCR System with SDS v1.4 Software
(Applied Biosystems, Foster City, CA, USA) with the
following parameters: an initial hot start of 95 °C for 15

Primer Sequence (5-3)

MD1/2a ATATCCTAGGCTGGGCTGGT
MD1/2b CGTACCGAACGAGAAGGAAG
MD3/4a TCTGAGCCCTCAAAGAAGGA
MD3/4b ATTTGGCAAAGAAGGCACTG
MD5/6a CCAGGTCCCACATTCATTCT
MD5/6b GCATGTGCAAGTGACTGCTT
MD7/6a TGAGGGTGTGGAGGGTTG
MD7/6b TTCTGATGTGTTTCCGCTCTT
MD8/6b TGGTGGATTCATGTTGGTGT
B-actin Rev AGGAAGGAAGGCTGGAAGAG
A

GAPDH Rev GTTGAGGGCAATGCCAGCCCC
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min, followed by 55 cycles of 95 °C for 15 s, 57 °C for
25 s, and 72 °C for 30 s.

To normalize qPCR reactions, two reference genes
were included (GAPDH and B-Actin). Although both
reference genes gave similar results in normalization, the
variance of the estimation of their quantification cycle
(Cq) values was reduced by using the mean of both genes
[14]. Relative expression was normalized using the me-
dian of two endogenous reference genes, glyceraldehyde
3-phosphate dehydrogenase (GAPDH) and �-actin (prim-
rs described in Table 1), determined by the relative stan-
ard curve method and expressed as fold change com-
ared to its expression in adult testis (calibrator).

.4. Cloning and sequencing

The RT-PCR products amplified from adult testis
DNA were separated in 1.0% low melting point aga-
ose gel. The band was excised and DNA was extracted
sing the Wizard® SV Gel and PCR Clean-Up System
Promega, Fitchburg, WI, USA; cat. no. A1330) ac-
ording to the manufacturer’s instructions. The PCR
roduct was cloned using the kit TOPO TA Cloning®
it for Sequencing, Version F (Invitrogen, cat. no.
4575-01) and sequenced using an ALFexpress DNA
equencer (Pharmacia Biotech). Both strands of five
elected clones from each fragment were sequenced
sing commercially available kits (ALFexpress Auto-
ead Sequencing Kit, Pharmacia Biotech 27-2690-02
nd Thermo Sequenase Fluorescent Labelled Primer
ycle Sequencing kit with 7-deaza-dGTP, Amershan
ife Science, Buckinghamshire, England, RPN 2438)
ith vector’s universal and reverse primers.

.5. Primer design

Specific primers were designed using Primer3 Input
.4.0 software (available at http://frodo.wi.mit.edu/
rimer3/).

.6. Statistical analysis

A Student=s t-test was used for comparing qPCR
ata from embryonic, female and male non-gonadal

Table 2
External (RT-PCR) and internal (nested-RT-PCR and qPCR) primer

Transcript External primer pair Product len

TET585 MD1 and MD2 585
ET868 MD3 and MD4 868
ET656 MD5 and MD6 656
ET456 MD7 and MD6 456
ET262 MD8 and MD6 262
D, male-derived.
issues against adult testicular tissue, used as calibrator
ample. Comparisons were made between one experi-
ental group (i.e., embryonic testis) and the calibrator

roup, using GraphPad Prism, Version 5.03.

. Results

Using RT-PCR, five transcripts preferentially ex-
ressed in adult testis were detected. These partial tran-
cripts were herein identified by the acronym TET
standing for Testis-Enriched Transcript) and a sub-
cript number designating their particular nucleotide
xtension as follows (GenBank accession numbers
re shown within parentheses): TET868 (HQ011401),

TET585 (HQ011404), TET656 (HQ011405), TET456

(HQ011403), and TET262 (HQ011402). Subsequently,
nested-RT-PCR assays were performed using internal
primers designed according to each TET transcript nu-
cleotide sequence. Afterwards, expression of each TET
was quantified using specific internal primers and a
panel of cDNA derived from fetal and adult male and
female gonadal and somatic tissues (testis, ovary, heart,
liver and lung) with quantitative real-time PCR. Primer
sequences (Table 1) and external and internal primer
pairs and their respective product lengths (Table 2) are
shown.

Expression of TET656 was restricted to adult testis,
TET868 and TET515 expressions were restricted to go-
ads and TET456 and TET262 were ubiquitously ex-

pressed in very low amounts in somatic tissues. The
TETs’ tissue and developmental expression profiles
obtained by qPCR are presented and discussed below.
Since total RNA was isolated from whole gonadal tis-
sue, it was not possible to discriminate between somatic
and germ cells expression profiles. As described below,
none of the TET sequences could be assigned to chro-
mosome Y (or be considered as paralogs) on the basis
of homology analysis. This analysis also revealed that
each TET was almost certainly derived from a different
gene.

) Internal primer pair Product length (bp)

MD1/2a and MD1/2b 522
MD3/4a and MD3/4b 272
MD5/6a and MD5/6b 245
MD7/6a and MD7/6b 351
MD8/6a and MD8/6b 167
pairs.

gth (bp

http://frodo.wi.mit.edu/primer3/
http://frodo.wi.mit.edu/primer3/
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3.1. Testis-specific transcript TET656

Nested RT-PCR revealed that TET656 expression
as restricted to the adult testis (Fig. 1). A BLAST

earch against NCBI database [15] indicated that
ET656 had along 84% of its extension 75% similarity

with the hypothetical mRNAs LOC786421 (accession
no. XM_001254101), LOC100337398 (accession no.
XM_002693914.1) and LOC783947 (accession no.
XM_001250809.2), all mapped to bovine chromo-
some 16.

3.2. Gonad-specific transcripts TET585 and TET868

Based on nested RT-PCR, TET585 and TET868 ex-
pression were restricted to gonadal tissue. The qPCR
reactions detected TET585 and TET868 expression in
oth testis and ovary. Significant expression fold
hanges of TET585 and TET868 in adult testis relative to

fetal testis and the fetal and adult ovary are shown
(Table 3 and Fig. 2).

A BLAST search revealed that 86% of TET585 se-
quence was 96% similar to Bos taurus Ewing sarcoma
breakpoint region 1 (EWSR1) mRNA (accession no.
NM_001109800.1), located in chromosome 17. Like-
wise, TET585 had homology with two Gallus gallus
cloned sequences CD218853 and BM439438, which
are highly similar to human EWS. Those avian clones
were generated from a cDNA library synthesized from
a total RNA pool derived from testis, ovary, and ovi-
duct.

Regarding TET868, BLAST search revealed that
8% of its sequence was highly similar (99%) to bovine
FF1, a member of AF4/FMR2 family mapped in chro-
osome 6 (also known as Af4, Rob or Mllt2h).

.3. Preferentially expressed in testis transcripts
ET262 and TET456

Nested RT-PCR and qPCR revealed that TET262 and
TET456 expression was ubiquitous, but preferentially
ccurred in testis (Table 3 and Fig. 3). A BLAST search

revealed high similarity (94%) of TET262 with a Bos

Fig. 1. Representative RT-PCR amplification of TET656. The L stands
for 100 bp Ladder (Invitrogen Life Technologies Brazil). Amplifica-
tion of TET656 was present in the adult testis (1), but absent in fetal
testis (2), adult ovary (3), fetal ovary (4), adult lung (5), adult liver (6)
and adult heart (7). The amplification negative control was in lane 8.
taurus chromosome 27 genomic contig (accession no.
NW_001494406.2). This contig has no known function
annotation. Based on a BLAST search with TET456

using the Cow Sequence database, 98% of this tran-
script sequence had extensive similarity with E2F tran-
scription factor 5, p130-binding E2F5 (98%) mapped
on chromosome 14.

4. Discussion

Detection of sequences differentially expressed in
testis and/or ovary is a useful approach for identifying
new factors related to bovine spermatogenesis. Studies
to characterize germline gene expression in C. elegans
and Drosophila using DNA microarray and computa-
ional analyses demonstrated that oogenesis and sper-
atogenesis had several differences. In that regard,

onsidering all genes expressed in the C. elegans germ
ineage, 46% are testis-specific, 18% are ovary-specific,
nd 36% are expressed in both gonadal tissues [16].
urthermore, in D. melanogaster, more than 80% of the

Table 3
TET sequences significant expression fold changes.

Sequence Tissue Fold differencea,b

TET585 Adult testis 1.00 � 0.10
Fetal testis �6.70 � 1.08
Adult ovary �1.61 � 0.12
Fetal ovary �35.80 � 2.53

TET868 Adult testis 1.00 � 0.33
Fetal testis �4.95 � 0.91
Adult ovary �5.08 � 0.64
Fetal ovary �37.60 � 2.65

TET262 Adult testis 1.00 � 0.10
Fetal testis �3.69 � 1.21
Adult ovary �30.56 � 2.30
Fetal ovary �39.16 � 3.52
Adult liver �26.38 � 1.50
Adult lung �32.13 � 1.39
Adult heart �41.08 � 1.36
Fetal liver �32.55 � 2.76
Fetal lung �34.81 � 1.42
Fetal heart �39.78 � 1.31

TET456 Adult testis 1.00 � 0.13
Fetal testis �11.10 � 1.90
Adult ovary �4.50 � 0.26
Fetal ovary �5.00 � 0.50
Adult liver �5.40 � 0.21
Adult lung �3.50 � 0.51
Adult heart �7.70 � 0.19
Fetal liver �3.60 � 0.20
Fetal lung �3.90 � 0.13
Fetal heart �3.50 � 0.27

a P � 0.0001 for all samples, each one compared to adult testis
(calibrator sample).
b SD.



f
s
m
A
o
t
s
A
l
M
p
t

n all ca

995B.C.A. Alves et al. / Theriogenology 76 (2011) 991–998
genes expressed in the testis had doubled expression
levels relative to their expression in ovaries [17]. In
mice, genes involved in spermatogenesis had testis-
specific, gonadal or ubiquitous expression patterns, de-
pending on various regulatory factors and on particular
periods during sexual maturation [18,19]. In the present
study, sequences specific or preferentially expressed in
testis with a putative role in spermatogenesis were
identified.

4.1. Testis-specific sequence

Although TET656 had similarity with some hypo-
thetical proteins whose functions were not yet de-
scribed, it was noteworthy that this transcript was ex-
pressed only in adult testis. Based on this restricted
expression profile, we inferred that it had a role in
spermatogenesis, since it was not found in fetal testis.

Fig. 2. Relative expression of TET585 and TET868. I
Fig. 3. Relative expression of TET262 and TET456. In all ca
4.2. Gonad-specific sequences

4.2.1. TET868

This transcript had high similarity with the bovine
gene AFF1, a member of the AF4/FMR2. This gene
amily codes for nuclear proteins known as tissue-
pecific transcript activators [20]. According to the Hu-
an Genome Nomenclature Committee (HGNC) [21],
FF1 is also known as AF4 [22]. In mice, the devel-
pmental expression pattern of AF4 suggests a role in
he development of hematopoietic, cardiovascular,
keletal and central nervous systems. Indeed, murine
F4 expression was already found in kidney, brain,

ung, liver, spleen, skeletal muscle, and testis [23].
ore specific studies in gonadal tissues revealed the

resence of this transcript in ovary, epididymis and
estis. Testicular expression can be found more specif-

ses, expression fold changes differed (P � 0.0001).
ses, expression fold changes differed (P � 0.0001).
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ically in type A spermatogonia, thus in the beginning of
spermatogenesis [5,24–26].

Based on a phylogenetic analysis of AF4 family
members from various species, AFF1 and AFF4 are
sister clades, with bootstrap value of 100% [22]. It is
noteworthy that AFF4, also known as AF5q31 is an-
ther member of AF4/FMR2 gene family that has a
pecific role during spermatogenesis, since knockout
ice for this gene are azoospermic [27]. Mutant
F5q31�/� mice have embryonic and neonatal lethal-

ty phenotype. Surviving AF5q31�/� male mice are
nfertile; their seminal fluid was devoid of mature
perm, indicating an arrest of spermatogenesis, but fe-
ale AF5q31�/� mice are fertile. These mutant mice

ave small testes and are azoospermic. So far, AF5q31
s the only member of its family known to be expressed
n testis [27]. Based on these findings, we inferred that
F5q31 was much more relevant to spermatogenesis

han to oogenesis, since it was expressed in a higher
ate in testes than in ovary, and mutant males for this
ene are infertile.

Although AF4 family members had already been
dentified in cows [22], their expression pattern have
ot been described. Despite the presence of AFF1 pres-
nce in several murine somatic tissues, in cattle,
ET868 expression was detected only in gonadal tis-

sues, with an adult testicular expression five-fold higher
than in adult ovary, more than four-fold higher than in
fetal testis, and more than 30-fold higher than in the
fetal ovary. Based on detection of TET868 in fetal testis,
ts expression occurred in interstitial cells, since fetal
estis germ cells are not yet functional. Moreover, based
n the expression fold change between fetal and adult
estis, plus the homologies described, we inferred that
his transcript was also expressed in type A spermato-
onia and acted as a transcription factor in the begin-
ing of spermatogenesis.

.2.2. TET585

This transcript was similar to human EWSR1, a gene
that codes for a nuclear transcription regulatory protein
[28]. Kawano et al [29] were the first to demonstrate by
immunohistochemistry and western blotting that EWS
expression was more abundant in rat testis than in
somatic tissues. The EWSR1 gene is very conserved
among chimpanzee, dog, cow, mouse, rat, chicken and
zebrafish; despite the ubiquitous expression pattern of
EWSR1 in human [30], TET585 was detected only in
onadal tissue, with preferential expression in the adult
estis. Based on microarray assays of rat and mouse
issues, the transcript Ewsr1 was present in testis, sem-

niferous tubule, germ cells (spermatogonia, spermato- w
yte and spermatids), in Sertoli cells, and in the epi-
idymis [7], as well as in the mouse ovary [6]. The

expression profile of rat and murine Ewsr1 in gonads is
shown (Mammalian Reproductive Genetics website
[26]). So far, no mutations in this gene were associated
with alterations in spermatogenesis or infertility.

4.3. Sequences highly expressed in adult testis, but
detected in both gonadal and somatic tissues

4.3.1. TET456

This sequence was homologous to E2F5, a member
of E2F family of transcription factors. Transcripts for
E2F are ubiquitously expressed in human tissues and
are required for activation or repression of differentially
expressed gene pathways along the cell cycle [31]
through CpG methylation [32]. Members of the E2F
family are differentially expressed in rodent gonadal
cell types. In that regard, E2F5 was expressed through-
out meiotic cycle [31]. In mice, E2F5 expression was
identified in whole epididymis, in testis and also in
ovary. In the epididymis, where sperm become fertile,
its expression was detected in all segments [5]. In the
human testis, E2F5 was identified in seminiferous tu-
ules, germ cells, types A and B spermatogonia, and in
ound spermatids, where it was higher expressed [19].
n the human ovary, this transcription factor was ex-
ressed in the ovarian cortex, follicle, primordial folli-
le, primary follicle and secondary follicle [24]. In the
at, E2F5 was expressed in testis (seminiferous tubule,
erm cell, spermatogonia, spermatocyte, spermatid and
n Sertoli cell) and in epididymis [6]. The murine and
at gonadal E2F5 expression patterns have been re-
orted (Mammalian Reproductive Genetics database
26]). Since TET456 was highly expressed in the testis

and shared homology with the E2F5, perhaps it had a
role in the temporal expression control of genes related
to bovine spermatogenesis.

4.3.2. TET262

This transcript has high similarity with of a Bos
taurus chromosome 27 genomic contig segment. How-
ever, no function has been annotated.

5. Conclusion

Independent of their expression profiles, the five
transcripts described had clear preferential expression
in adult testis, consistent with a putative role in sper-
matogenesis. That TET456, TET585 and TET868 had
omologies with known genes yielded clues regarding
heir functions, but corroboration will only be achieved

ith characterization of the entire transcript. Con-
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versely, TET262 and TET656 had similarity with hypo-
hetical proteins or with nonannotated sequences, yield-
ng no clues regarding their functions. Perhaps they
epresent novel genes with an unexpected role in sper-
atogenesis. If so, they could provide new avenues for

nvestigating molecular mechanisms underlying de-
ayed maturation and low fertility in Nelore bulls.

In order to use the identified sequences as markers of
ertility, it will be first necessary to characterize the full
ranscripts corresponding to our TET sequences and,
urthermore, their complete genomic sequences. This
tep is utterly important for confirming alternative tran-
cription and/or sequence polymorphisms determining
lterations in spermatogenesis. Considering the high
volutionary conservation herein for TET sequences,
he present study could facilitate discovery of potential
enomic markers useful not only for Nelore fertility
anagement, but also for other domestic breeds.
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