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Abstract: F-box andWD-40 domain protein 11 (FBXW11) is an important component of the E3 ubiquitin-ligase enzyme

that plays a key role in the ubiquitin-dependent regulation of spermatogenesis. In our previous research, the mRNA

expression of FBXW11 in bull sperm with high motility is significantly higher than that with low motility. In the

present study, the protein expression levels of FBXW11 in bull testicular tissues with low-performance sperm quality

groups were significantly higher than those in normal performance groups. The immunohistochemistry result

demonstrated that FBXW11 protein was located in the periphery of Leydig cells and seminiferous tubules. Three

splice variants of the FBXW11 gene, namely, FBXW11-tv1, FBXW11-tv2, and FBXW11-tv3, were identified in

testicular tissues. The splicing patterns of the three variants are exon skipping. The transcript FBXW11-tv2

expressions were the highest in each sample. The low-performance groups displayed higher FBXW11-tv1 and

FBXW11-tv2 transcript expressions than the normal performance groups. Two CpG islands were located within the 5’

UTR and exon 1-2 region of the FBXW11 gene. Bisulfite sequencing PCR results demonstrated that the methylation

levels of 11 methylation sites in the CpG island 2 from −99 to −43 in the normal performance groups were

significantly lower than those in the low-performance groups. Pearson correlation analysis suggested that the CpG

island 2 methylation level was negatively correlated with sperm motility and the transcript FBXW11-tv2 expression

level. Our data revealed that alternative splicing and DNA methylation jointly regulated FBXW11 gene expression and

were correlated with sperm quality traits during spermatogenesis in Holsteins.

Introduction

Spermatogenesis is an extremely complex and precisely
regulated process. Each stage of the spermatogenesis process
is accompanied by complex regulatory mechanisms,
including hormone regulation and protein ubiquitination
(Baarends et al., 2000; Sofikitis et al., 2008). The
ubiquitination of proteins occurs in numerous processes
needed for the progression of spermatozoa (Manku et al.,
2012). Many proteins are degraded by ubiquitination during
spermatogenesis (Liu et al., 2005). The systemic tissue
reports in rats revealed that the testis had the highest rate of

ubiquitination, that is, almost fourfold higher than the
others (Rajapurohitam et al., 2002).

The ubiquitin-proteasome system is essential in
spermatogenesis and mainly consists of E1 ubiquitin-
activating enzyme, E2 ubiquitin-conjugating enzyme, and E3
ubiquitin-ligase enzyme. The selectivity and specificity of E3
ubiquitin ligase enzyme for substrate proteins are important
in maintaining the stability of spermatogenesis (Sutovsky,
2003). E3 ubiquitin ligase enzyme is mainly composed of
five proteins, namely, Skp1, Ring-finger, Cullin, Rbxl, E3
ubiquitin ligase enzyme is mainly composed of five proteins,
namely, Skp1, Ring-finger, Cullin, Rbxl, and F-box proteins
(Zheng et al., 2002). F-box and WD-40 domain protein 11
(FBXW11) (also called β-TrCP2) is a member of the F-box
protein family and a key component of the E3 ubiquitin
ligase enzyme. FBXW11 can recognize and ubiquitinate
specific phosphorylated substrates and regulate the NF-κB
signaling pathway, the Wnt signaling pathway, and cell cycle
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and invasion, thereby affecting cell growth, differentiation,
apoptosis, and tumor occurrence (Nakayama et al., 2003).
FBXW11 is essential for spermatogenesis in mice, and FBXW11
gene conditional knockdown disrupts testicular organization
(Kanarek et al., 2010; Morohoshi et al., 2019). In our previous
research, we identified differentially expressed genes in semen
from bulls with high and low sperm motility by using RNA-seq;
FBXW11 is one of the differentially expressed genes (Wang et
al., 2019). The expression level of the FBXW11 gene in sperm
with high sperm motility is significantly higher than that with
low sperm motility, thereby indicating the FBXW11 gene has a
potential effect on bull sperm motility.

Alternative splicing is a vital mechanism in regulating gene
expression in eukaryotes (Kornblihtt et al., 2013). Approximately
74% of multiexon genes are alternatively spliced (Johnson et al.,
2003). Alternative splicing is predominant in the testis and plays
an important role in spermatogenesis (Elliott and Grellscheid,
2006). Few studies have examined alternative splicing in
bovine testes and sperm and reported that such splicing of
reproduction-related genes is one of the influencing factors of
sperm motility during bull spermatogenesis (Guo et al., 2014;
Zhang et al., 2014). DNA methylation is also an important
mechanism for controlling gene expression. DNA methylation
is involved in spermatogenesis (Kropp et al., 2017). Abnormal
DNA methylation in genes is associated with human defective
sperm quality (Trasler, 2009).

The bovine FBXW11 gene is a multiexon gene that consists
of 14 exons and 13 introns.We assumed that the expression of the
bovine FBXW11 genemay be regulated by alternative splicing and
DNA methylation. Therefore, we analyzed the expression and
localization of the FBXW11 protein in bull testicular tissues by
Western blotting (WB) analysis and immunohistochemistry
(IHC). We also identified the splice variants and determined the
core promoter region and CpG islands methylation pattern of
the FBXW11 gene in testicular tissues of Holstein bulls with
normal and low-performance sperm quality.

Materials and Methods

Ethics statement
This study was carried out according to the Regulations for
the Administration of Affairs Concerning Experimental

Animals published by the Ministry of Science and
Technology, China in 2004 and approved by the Animal
Care and Use Committee from the Dairy Cattle Research
Center, Shandong Academy of Agricultural Sciences,
Shandong, China.

Animal and tissue samples
Testicular tissue samples were collected from eight healthy
adult Chinese Holstein bulls (3–4 years old) at a commercial
slaughterhouse in Jinan, Shandong Province, China. Based
on the sperm motility traits of these bulls, the samples were
classified into normal sperm motility (H1, H2, H3, and H4)
and low sperm motility group (L1, L2, L3, and L4) (Tab. 1).
The fresh sperm motility assays were performed by the
Computer-Assisted Semen Analysis (CASA) system. Various
sperm motility parameters were analyzed, including average
path velocity (VAP), straight-line velocity (VSL), and
curvilinear velocity (VCL). Assessment of sperm motility
was performed using criteria: rapid progressive along a
linear track. Small pieces of testicular tissues were taken and
soaked with a 4% paraformaldehyde fixing solution for IHC
analysis. The remaining testicular tissues were immediately
frozen in liquid nitrogen.

Hematoxylin–eosin staining, Western blotting analysis, and
immunohistochemistry
The hematoxylin–eosin staining (HE-staining) of testicular
tissues was performed to observe the intact structures and
physiological states of the tissues. Western blotting and
immunohistochemistry techniques were applied to examine
the expression and localization of the FBXW11 protein in
testicular tissues. The total protein of the testicular tissues
was extracted using the RIPA lysis buffer. The testicular
tissues and samples were embedded in paraffin and
sectioned for HE-staining and IHC. FBXW11 antibodies
were purchased from Proteintech Group. The immunogen
of the antibody sequence and the bovine FBXW11 reference
amino acid sequence was aligned to analyze the applicability
of the antibody. WB and IHC procedures were performed
according to a previously described protocol (Guo et al.,
2014). Alpha Ease FC 4.0 software was used to quantify the
band density in WB analysis. Relative protein levels were

TABLE 1

Sperm quality traits of eight healthy adult Chinese Holstein bull samples (normal performance [H1, H2, H3, and H4] and low-performance
[L1, L2, L3, and L4] groups)

Sample Number Ejaculate volume (mL) Sperm density (1 × 108/mL) Sperm motility (%)

H1 4.43 ± 0.84 17.77 ± 2.83 65.27 ± 6.37

H2 5.44 ± 1.11 8.92 ± 3.30 63.95 ± 8.22

H3 4.69 ± 0.90 14.54 ± 4.65 63.41 ± 6.17

H4 5.59 ± 1.08 13.33 ± 2.97 62.71 ± 7.93

L1 3.38 ± 0.53 8.93 ± 1.99 56.02 ± 8.77

L2 4.37 ± 1.21 8.88 ± 2.17 55.87 ± 10.17

L3 3.37 ± 1.41 6.36 ± 1.50 46.52 ± 8.08

L4 5.67 ± 1.44 6.53 ± 1.29 44.04 ± 8.10
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quantified using Alpha Ease FC 4.0 software after
normalization with β-actin.

Identification of splice variants
Total RNA was extracted from eight testicular tissues using the
RNAsimple Total RNA Kit (Tiangen). RNA quality was
monitored using visualization bands in 1.5% agarose gels after
electrophoresis. The RNA samples were reverse transcribed
into cDNA. The RT-PCR reaction conditions are as follows:
5 min at 94°C, followed by 35 cycles of 94°C for 30 s, 58°C for
30 s, and 72°C for 1 min, with a final extension at 72°C for 5 min.

To determine the potential splice variant of bovine
FBXW11, we designed two primer pairs (i.e., AS1 and AS2,
Tab. S1) to amplify the exon 1–6 region sequence and three
primer pairs (i.e., T2, T3, and T4, Tab. S1) to amplify exon
7 to the 3’ UTR region according to the bovine FBXW11
full-length reference mRNA sequence. The PCR products
were purified, cloned into the pMD-19T vector by using T4
DNA ligase and transformed into Trans5α. Individual
positive clones were picked and sequenced. The sequence
alignments were performed using DNAMAN v5.2.2 software
to identify splice variants. The three transcripts, that is,
FBXW-tv1, FBXW-tv2, and FBXW-tv3 were identified in
testicular tissues. The protein sequence of the transcripts
FBXW-tv1, FBXW-tv2, and FBXW-tv3 were predicted using
ExPASy software (https://web.expasy.org/translate/). The
presence and location of the signal peptide cleavage sites in
amino acid sequences from three FBXW transcripts were
predicted using SignalP 4.0 (Petersen et al., 2011).

Relative mRNA expression analysis
RT-PCR experiments using the primer pairs QS1, QS2, and
QS3 (Tab. S1) were performed to determine the expression
of the three transcripts in testicular samples from four
normal performance and four low-performance bulls. qPCR
experiments were conducted to detect the relative expression
of the transcripts FBXW-tv1, FBXW-tv2, and FBXW-tv3
among different samples. The qPCR procedure was based
on the method from our previous report (Ju et al., 2015).
The housekeeping gene β-actin was used as a reference to
normalize data. 2−ΔΔCt was used to calculate the data.

FBXW11 promoter plasmid construction, cell transfection, and
luciferase reporter assay
To analyze whether DNA methylation is involved in the
regulation of FBXW11 gene expression, we used the
MethPrimer 2.0 software (http://www.urogene.org/
methprimer/) (the software settings: Pick primers for
bisulfite sequencing PCR and use CpG island prediction for
primer selection) to predict and analyze the CpG island
located within 5’ UTR and the exon of FBXW11, for which
two CpG islands were found. To determine the position of
the FBXW11 gene core promoter and ascertain whether the
CpG island is located in the core promoter region, we
designed three pair primers (i.e., P1, P2, and P3, Tab. S1) to
amplify the 2000 bp sequence upstream of the FBXW11
gene transcription initiation site (TSS) segmentally. The
amplified PCR products of the three fragments were
purified, recovered, and cloned into the pGL3 vector. Then,
the resulting plasmids were extracted.

The murine Leydig tumor cell line (MLTC-1) was
cultured in RPMI-1640 medium with 10% fetal bovine
serum containing 10 mg/L of penicillin and streptomycin.
The sub-cultured cells were digested, centrifuged, and added
to the RPMI-1640 medium without penicillin and
streptomycin. The cell suspension was dispensed into a
24-well plate, and cell density was observed under a
microscope. The preferred cell density per well was 5 × 104/mL.
When the cells were adherent, 80–85%, transfection was
performed with pGL3-FBXW11 constructs and an empty
vector. After transfection for 48 h, the original culture medium
was discarded, and the cells were washed with PBS. Dual-
luciferase activity assays were conducted using the Dual-
Luciferase� Reporter Assay System kit according to our
previous report (Pan et al., 2013).

DNA methylation analysis
Bisulfate sequencing PCR (BSP) was used to analyze the
methylation levels of the CpG island in eight testicular
samples. Four pairs of specific primers (MY1-1, MY1-2,
MY2-1, and MY2-2; Tab. S1) were designed to amplify CpG
island fragments by nested PCR and touchdown PCR. BSP
sequencing results were analyzed according to a previously
described protocol (Guo et al., 2014).

Statistical analysis
The SPASS statistics V17.0 software was used to perform the
statistical test on the relative protein expression level of
FBXW11 between the low-performance sample group and
the normal-performance sample group.

Results

FBXW11 protein expression and localization in testicular
tissues
The HE staining technique was used to detect the physiological
states and pathological conditions of the bull testicular samples.
The results showed that samples had a normal physiological
state with no lesions and could be used in the experiment
(Fig. 1A). Then, the FBXW11 protein expression and
localization in testicular samples were analyzed by WB and
IHC. WB analysis results showed that the expression levels of
the FBXW11 protein in low-performance sample groups
(0.4550 ± 0.058) were significantly higher than those in the
normal performance sample groups (0.2675 ± 0.046) by
SPASS statistics V17.0 software (p = 0.045, Fig. 1B). IHC
results demonstrated that the FBXW11 proteins were located
in the periphery of the Leydig cells and seminiferous tubules
in testicular samples (Fig. 1C).

FBXW11 gene alternative splicing identification
To identify potential splice variants of bovine FBXW11, we
designed five primer pairs to amplify the full-length coding
region. Three PCR product bands were observed in agarose
gel electrophoresis. Through clone sequencing and
alignment analysis, three transcripts were identified, as
follows: FBXW11-tv1 (XM_003587500.5, lacked exons 3–4),
FBXW11-tv2 (XM_003587498.5, lacked exons 2–4), and
FBXW11-tv3 (XM_003587499.5, lacked exons 2–5, Fig. 2A).
The patterns of the three splice variants were exon skipping.
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The FBXW11 gene contains three protein domains, as
follows: F-box-like domain, D domain of β-TrCP, and WD40
domain. Comparison of the amino acid sequences encoded by
the three splice variants revealed that the three protein domains

remained intact in three transcripts after exon skipping, but the
N-terminal sequences were different. The transcript FBXW11-
tv2 was 19 aa less than transcript FBXW11-tv1, and transcript
FBXW11-tv3 was 21 aa less than transcript FBXW11-tv1 (Fig. S1).

FIGURE 1. FBXW11 protein expression and localization in testicular tissues.
(A) HE-staining results of testicular tissues. (B) Western blot results of FBXW11 in testicular tissues. (C) Immunohistochemical results of FBXW11
in testicular tissues. Brown indicates the expressed protein. H: normal performance group; L: low-performance group; NC: Negative control.

FIGURE 2. Identification and expression analysis of FBXW11 gene splicing variants.
(A) Three splicing variants were identified and named FBXW11-tv1, FBXW11-tv2, and FBXW11-tv3. (B) RT-PCR experiments were
performed to determine the expression of the three splicing variants in testicular tissues from two groups. β-Actin was used as a positive
control. (C) qPCR experiments were performed to determine the relative mRNA expression levels of FBXW-tv1, FBXW-tv2, and FBXW-
tv3 in testicular tissue samples.
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FBXW11 gene mRNA expression analysis
The expression levels of the three transcripts from the
testicular samples were analyzed by RT-PCR and qPCR. The
RT-PCR results showed that transcript FBXW11-tv2
expression levels were highest for all samples, followed by
transcripts FBXW11-tv1 and FBXW11-tv3 (Fig. 2B). The
transcript FBXW11-tv2 was the primary transcript of the
FBXW11 gene. The low-performance group testicular tissues
displayed higher FBXW11-tv1 and FBXW11-tv2 transcript
expression than the normal performance group testicular
tissues (p < 0.05). The qPCR results were consistent with
those of RT-PCR (Fig. 2C). We also analyzed the ratio
change between FBXW11-tv1 and FBXW11-tv2 (Fig. S2).
The result suggested that the ratio of FBXW11-tv1/
FBXW11-tv2 in the normal performance group is higher
than that in the low-performance group.

Cloning and luciferase activity analysis of FBXW11 gene
promoter
To investigate whether DNA methylation regulates FBXW11
gene expression, we predicted that the CpG island was
located within 5’ UTR and the exon 1–2 region of the
FBXW11 gene and found two CpG islands. CpG island 1
was located at upstream −761 bp to −430 bp of the gene
TSS. CpG island 2 included the entire exon 1 and the
140 bp at the junction of exon 1 and intron 1 (Fig. 3A).

To determine whether the two CpG islands are located in
the core promoter region of the FBXW11 gene, we generated
the truncated constructs (P1, P2, and P3) by the gradual
deletion of nucleotides from the 5’ terminals and cloned
into the pGL3 vector. These constructs were transiently
transfected into MLTC-1 cells. The luciferase activity was
measured to determine the minimum sequence required for
FBXW11 transcription. Dual-luciferase reporter gene assays

revealed that the construct P2 from g. −912 to g. +36
promoter activity was significantly higher than that of
construct P1 from g. −1918 to g. +36, P3 from g. −415 to g.
+36, and the control pGL3 vector (p < 0.05) (Fig. 3B). These
results indicated that the region between −912 to −415 was
the core promoter region of the bovine FBXW11 gene, and
CpG island 1 was located in the core promoter region.

FBXW11 gene CpG island methylation level analysis
BSP sequencing was used to analyze the methylation levels of
the FBXW11 gene in eight testicular samples. The results of
the CpG island 1 indicated no difference in the methylation
levels between the low-performance and normal
performance groups. Thus, we continued to analyze the
methylation level of CpG island 2. The methylation levels of
11 methylation sites in CpG island 2, from −99 to −43, were
significantly different in the two group samples (p < 0.05),
that is, the methylation levels of the normal performance
groups were lower than those of the low-performance
groups. The 11 methylation sites were located at the
FBXW11 gene −99, −92, −86, −77, −71, −68, −65, −56, −52,
−47, and −43, respectively. The methylation rates of the
normal performance groups were H1, 35.0%; H2, 38.9%;
H3, 53.2%; and H4, 46.7%. The methylation rates of the
low-performance groups were L1, 74.0%; L2, 70.1%; L3,
68.8%; and L4, 70.1% (Fig. 3C). The methylation rates of the
samples for the normal performance group were 43.45% on
average, and those of samples for the low-performance
group were 70.75% on average.

Pearson correlation analysis was performed on the
methylation level of the two CpG islands and the bull sperm
motility. No correlation was found between the CpG island
1 methylation level and sperm motility (Pearson coefficient
r = 0.01), while the CpG island 2 methylation level was

FIGURE 3. Luciferase activity analysis of FBXW11 gene promoter and CpG island methylation level analysis.
(A) CpG island prediction results within 5’ UTR and the exon 1–2 region of the FBXW11 gene. (B) Cloning and luciferase activity analysis of
the FBXW11 gene promoter. (C) Methylation levels of 11 methylation sites in the CpG island 2 of the normal- and low-performance group
testicular tissues. (D) Pearson correlation analysis of CpG island 2 methylation level and bull sperm motility.
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negatively correlated with sperm motility (r = −0.80, Fig. 3D).
The correlation between the methylation level of CpG island 2
and the expression level of FBXW11-tv2 (the primary
transcript of the FBXW11 gene) was also examined. The
CpG island 2 methylation level was not significant
correlated with transcript FBXW11-tv2 expression level (r =
−0.28, p = 0.495).

Discussion

The spermatogonial stem cells induce testicular maturation
during spermatogenesis, which relies on the remodeling of
protein complexes and the rapid transformation of proteins
in developing germ cells and spermatogenic epithelial
supporting cells (Sassone-Corsi, 2002). Therefore, protein
ubiquitination is important in spermatogenesis. E3
ubiquitin-ligase enzyme recognizes the target protein and
links ubiquitin tags during protein ubiquitination (Deshaies
and Joazeiro, 2009). The FBXW11 gene is a component of
the E3 ubiquitin-ligase enzyme that plays a major role in the
regulation of the process from spermatogenesis to sperm
maturation and is associated with cell apoptosis during
spermatogenesis (Richburg et al., 2014; Nakagawa et al.,
2017). Our research group also found that the FBXW11
gene is significantly differentially expressed between bull
semen samples of high and low sperm motility groups.
Therefore, we hypothesized that the bovine FBXW11 gene
may have a potential role in spermatogenesis in bulls.

Western blotting analysis of the FBXW11 protein in
testicular tissues showed that the low-performance group
had significantly higher FBXW11 protein expression
than those of the normal-performance group. IHC
experiments also revealed that the FBXW11 proteins were
located in the periphery of the Leydig cells and seminiferous
tubules in testicular samples. The seminiferous tubule is
the site of spermatogenesis and maturation, and the
Leydig cells provide energy and enzymes to assist sperm
production and promote sperm maturation (Holstein et al.,
2003). Therefore, expression and localization analysis
indicated that the FBXW11 gene may have an effect on
testicular development.

Alternative splicing is an important mechanism in
regulating gene expression. In the present study, three
different splicing variants of the FBXW11 gene were found
in the testicular tissues. The signal peptide and secondary
structure of the different transcripts of the FBXW11 gene
were predicted with software. The signal peptide is a short
peptide chain located at the N-terminal guiding protein
trans-membrane transfer. The difference in the signal
peptides caused by N-terminal truncation has an effect on
protein function (Yu et al., 2000). We predicted that the
presence and location of signal peptide cleavage sites of the
FBXW11 gene different transcripts. The result showed that
no signal peptide was found at the N-terminal of the three
transcripts. However, alternative splicing resulted in
differences in the N-terminus of the three transcripts. The
N-terminal of the FBXW11 protein is responsible for the
interaction with the SKP1 protein, and the C-terminal
recognizes the specific substrate protein (Gupta-Rossi et al.,
2001). In humans, FBXW11 has many variants, and the

differences among these variants involve the changes in
their N-terminal sequences. The elimination of the N-
terminal F-box domain renders the FBXW11 unable to
interact with the SKP1 protein, thereby affecting sperm
motility (Ohsaki et al., 2008).

The expression of the three splicing variants was
analyzed. qPCR analysis showed that the FBXW11-tv1 and
FBXW11-tv2 expression levels significantly differed between
the normal- and low-performance groups. Most splicing
transitions did not completely switch mRNA transcripts but
instead changed the expression ratios of different
transcripts. Significant changes in the ratios between DIS3-
tv3 and DIS3-tv1 can indicate hematological cancers
(Robinson et al., 2018). The addition of cisplatin D to CD4+
and CD8+ T cells changed the expression ratio of HTERT
splicing transcripts and consequently inhibited telomerase
activity (Zhdanov et al., 2017). Therefore, we analyzed the
change in expression ratio between FBXW11-tv1 and
FBXW11-tv2. The result suggested that the FBXW11-tv1/
FBXW11-tv2 ratio in the normal performance group was
higher than that in the low-performance group. The change
in FBXW11-tv1and FBXW11-tv2 ratio may affect sperm
quality traits.

DNA methylation is an important mechanism for
controlling gene expression. For example, aberrant sperm
DNA methylation pattern affects male fertility status (Aston
et al., 2015). In the present study, two CpG islands in the 5’
UTR and exon 1–2 region of the FBXW11 gene. The
luciferase activity assays indicated that CpG island 1 was
located in the core promoter region of the FBXW11 gene.
However, the difference in the methylation levels of CpG
island 1 between the low-performance and normal-
performance groups was insignificant. The CpG island 1
methylation level was not correlated with sperm motility.
Thus, we examined the methylation level of CpG island 2.
The CpG island 2 methylation level in the testicular tissues
of the normal performance group was lower than that of the
low-performance group. Pearson correlation analysis
demonstrated that the CpG island 2 methylation levels were
negatively correlated with sperm motility, which suggested
that CpG island 2 DNA methylation may have an influence
on bull sperm motility.

In summary, we determined the splice variants and CpG
islands methylation pattern of the FBXW11 gene in testicular
tissues from normal- and low-performance sperm quality
groups, thereby indicating that alternative splicing and DNA
methylation may modulate FBXW11 gene expression in
Holstein bull testes and affect sperm quality.
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Supplement Materials

FIGURE S1. Software prediction
results for the FBXW11 gene splice
variants.
The amino acid sequence comparison
results of three splice variants revealed
that the N-terminal sequences of
FBXW11-tv2 and FBXW11-tv3 were
19 aa and 21 aa less than that of
FBXW11-tv1, respectively.

FIGURE S2. The transcripts FBXW11-tv1/FBXW11-tv2 expression
ratio.
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TABLE S1

Primer information on bovine FBXW11 gene

Primer Sequence Length of products (bp)

AS1 F: CGACTCGGTGATTGAGGACA
R: GGCCTCTTTCTGGAGACGAT

–

AS2 F: GCAGAAACTGCCCAGATGAT
R: TGCAACATGGGCTTCAGGTA

–

T2 F: CATGTTGCAGCGGGACTTTA
R: AATTGTGTCATCGTGCGAGC

1204

T3 F: ACGTGTGTTTCGGCTACAGT
R: GCCATGGGAAGTAACCACGA

1288

T4 F: TGGTTACTTCCCATGGCATTCA
R: TCCAGAGTACGGCTGGGAAT

1067

QS1 F: TGAAGTACAAAATATTGTCCAGAAC
R: AGTTTCCTTCTGATGGCCTCT

143

QS2 F: ACCATCGAGCTCATGAACACTT
R: GCCTCTTTCTGGAGACGATCA

121

QS3 F: AGACCATCGAGCTCATGATAAGT
R: TGCTGGTAATGACACATTCGTG

181

P1 F: CGACGCGTTCAAGGCTCAGAGAGGCAAA
R: GAAGATCTGGTCTTGTCCTCAATCACCGA

1918

P2 F: CGACGCGTCCAGCAGAGGCTGGAAGTTT
R: GAAGATCTGGTCTTGTCCTCAATCACCGA

916

P3 F: CGACGCGTCTGGGACATGTAGTTGGGGC
R: GAAGATCTGGTCTTGTCCTCAATCACCGA

415

MY1-1 F: TTGTTTGAGATTTTTTYGT
R: CAACTCTTCACTTATCAAAAA

252

MY1-2 F: TTGTTTGAGATTTTTTYGT
R: CAACTCTTCACTTATCAAAAA

262

MY2-1 F: GTTTGTYGGGAGTTGTAGTTT
R: ACTCRATAATCTTATCCTCAATCA

238

MY2-2 F: GTTTGTYGGGAGTTGTAGTTTT
R: TAATCTTATCCTCAATCACCRAAT

232

DNA METHYLATION AND ALTERNATIVE SPLICING MODULATE FBXW11 GENE EXPRESSION 87


	DNA methylation and alternative splicing modulate FBXW11 gene expression in Holstein bull testis and are correlated with sperm quality ...
	Introduction
	Materials and Methods
	Results
	Discussion
	References


