
 

 

 

INTRODUCTION 

 

The consumption of beef meat per capita is increasing in 

China due to rapid economic growth (Zhang et al., 2015). 

Beef production depends on the genetic potential of bulls 

reared for artificial insemination and the quality of bull’s 

sperm to disseminate their genetic material. Therefore, it is 

need of time to find molecular markers that can be use for 

early prediction of quality and fertility of semen in native 

breeds and set a comparison with exotic breeds. 

Sperm contains rich RNA population with important 

functions in spermetogenesis, fertilization, embryonic 

development and tranzgenerational epigenetic transmissions 

(Gòdia et al., 2018). A lot of work has been done on mature 

sperm RNAs of numerous mammalian species (Das et al., 

2013; Johnson et al., 2015; Selvaraju et al., 2017; Sendler et 

al., 2013). However, the bull’s sperm transcriptome has not 

been interrogated comprehensively. The previous work on 

different species, used qPCR analysis of target genes. Though 

qPCR is a valuable technique that give very important 

information, but qPCR analysis studies normally presume 

transcript integrity and target one or two exons of only 

candidate genes. Recent studies of RNA-seq proved that 

RNA-seq overcome the qPCR analysis limitations of 

transcript integrity and target of exons on candidate genes. An 

in-depth analysis of the bull’s sperm transcriptome is still 

missing. Therefore, RNA-seq could provide in depth analysis 

of the Xiangxi yellow cattle and Simmental cattle sperm’s 

transcriptome. 

Xiangxi yellow cattle breed is native of South China which is 

mainly distributed in the Tujia and Miao Autonomous 

Prefecture of Xiangxi, Zhangjiajie and Huaihua. They are 

characterized by coarse feeding tolerance, strong resistance to 

adversity, excellent meat quality and strong reproduction 
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Novelty statement: Beef is the most important sources of red meat and the demand for red meat is increasing in China due to 

rapid economic development. Improving the productivity of beef bulls in China is of vital significance for the red meat industry. 

Beef production depends on the genetic potential of bulls reared for artificial insemination and the quality of bull’s sperm to 

disseminate their genetic material. This study will provide information of molecular markers that can be used to predict quality 

and fertility of semen in indigenous bulls. 

Abstract: The aim of current experiment was to sequence the high-throughput transcriptome of the Xiangxi and Simmental 

cattle’s sperms by using RNA SEQ technology and to screen the expression genes related to the development and reproduction 

of the sperms. For this purpose, sperms from three Xiangxi yellow cattle and Simmental cattles were collected, separated and 

purified and cDNA library was constructed. After sequencing, we searched the database, screened the differential expression, 

analyzed the go and KEGG pathway by David software, and screened the genes related to sperm development through the 

function inquiry of gene cards. The results of the current study showed that a total of 4890 new genes were discovered, and 

out of 4890 new gens 2451 were annotated. One hundred fifty-five differentially expressed genes were selected, including 88 

up-regulated genes and 67 down-regulated genes. According to the GO analysis, the differentially expressed genes involved 

in biological processes accounted for 40.9%, cell components accounted for 42.5%, and molecular functions accounted for 

16.7%. KEGG pathway analysis showed that the differentially expressed genes were more distributed in the three pathways of 

signal transduction, cancer-related and neurological diseases. In the up-regulated genes, ten genes that may be directly involved 

in signal pathway regulation, cell cycle regulation and cell proliferation and differentiation were RICTOR, VDAC2, ETNK1, 

TRIM36, SET, SRSF5, JMJD1C, ZNF280D, RIOK3 and HDAC1. However, further research is required to explore these 

findings. 
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ability. At present, with the popularization of artificial 

insemination and frozen semen in livestock, the interest of 

breeding bulls is also increasing especially for breeding of 

Xiangxi yellow cattle in China. Therefore, this study was 

carried out on the comparison of Xiangxi cattle and 

Simmental bull semen quality analysis, and sperm mRNA 

level transcriptome analysis, high-throughput systemic 

sequence analysis of RNA through screening of genes 

expressed in sperm and screening of genes associated with 

bovine sperm development.  

 

MATERIALS AND METHODS 

 

Three healthy adult Xiangxi yellow cattle (XXH90, XXH93, 

XXH94) and three Simental beef cattle (XM55, XM56, 

XM59) were used in the current experiment. All bulls were 

reared on in Breeding Bull Station of Hunan Everbright 

Animal Husbandry Science and Technology Co., Ltd. in the 

same environmental conditions. Animals were managed on 

standard feeding sytems and feed was managed and analysed 

following the standard procedure as described in the recent 

studies (Su et al., 2013; Li et al., 2014; Niu et al., 2017; Xia 

et al., 2018a; Xia et al., 2018b; Xia et al., 2018c; Muhammad 

et al., 2020). The health status of calves was observed visually 

for any kind of disease injuries or pain stress induced by 

management practices as described in recent studies 

(Muhammad et al., 2016; Aziz ur Rahman et al., 2017; Aziz 

ur Rahman et al., 2019; Chen et al., 2019) 

Sample preparation: Expert professionals obtained (3 

ejaculates) fresh ejaculates from Xiangxi yellow cattle bulls 

and Simental bulls by the false vagina method as described in 

recent study (Gòdia et al., 2019). The quantity and color of 

the semen were recorded, and the semen quality was analyzed 

by using MINITUBE sperm quality analysis system 

(Androvisio, Germany).  

Xiangxi yellow cattle bulls and Simental bulls semen was 

placed in a centrifuge tube containing a new Dulbecco's 

Phosphate Buffered Saline for suspension for 10 min, then the 

suspension was transferred to an eppendorf tubes (EP) tube, 

centrifuged at 3,000 rpm/min for 15 minutes, and the 

supernatant was discarded. The precipitated impregnated 

sperm after centrifugation was placed in liquid N for rapid 

cryopreservation. 

Total RNA extraction and cDNA library construction and 

sequencing: Total RNA was extracted from the sperm 

samples of Xiangxi yellow cattle and Simenthal beef cattle, 

respectively with the procedure described in recent studies 

with some modifications (Qiu et al., 2018; Qiu et al., 2019a; 

Qiu et al., 2019b; Qiu et al., 2020). The operation was 

conducted according to TRIZol Reagent's instructions issued 

by Invitrogen Company, USA. Add 500 μl Trizol to extract 

total RNA. Total RNA samples of 3μL Xiangxi yellow cattle 

sperm and Simenthal sperm from each group were taken and 

mixed according to the species, respectively. The first and 

second strands of cDNA were synthesized by adding random 

primers and a series of buffers. After purification, it was 

eluted by Elution Buffer (EB) and finally repaired. The 5' and 

3' tails and joints were recovered by electrophoresis, and a 

complete cDNA library was constructed by PCR 

amplification. After the library was qualified, the cDNA 

library was sequenced using the Illumina HiSeq 2000 

system's high-throughput sequencing platform, Synthetic and 

Synthetic Sequencing , based on the cDNA library, which was 

completed by Biomarker Biotech. 

Transcriptome data analysis: The raw data obtained by 

Illumina HiSeqTM2000 sequencing was called the raw read 

stream. The readings obtained by sequencing each sample 

with the bovine reference genome were compared using 

Bowtie, then RSEM was used to estimate expression levels, 

and RPKM values were used to reflect the expression levels 

of the corresponding genes. The Pearson correlation 

coefficient square (R2) between biological replicates was 

used to analyze the correlation between biological replicates. 

In differential gene screening, false discovery rate (FDR) 0.05 

and multiple changes = two were selected as the criteria. 

DAVID 6.7 (https://david.ncifcrf.gov/) was used for analysis 

in the GO (http://www.geneontology.org/) and KEGG 

pathway (library (http://wego.genomics.org.cn), to select the 

differentially expressed genes, input list box, respectively 

from the established bovine species, and established the 

parameter (P <0.05), in order to get the GO gene functional 

group and KEGG pathway analysis results. GeneCards by 

function query system (http://www.genecards.org/) was used 

to check KEGG pathways and GO analysis of critical 

signaling pathways, enrich key genes, and to observe the gene 

closely related to the cow spermatogenesis. 

 

RESULTS  

 

Sequencing quality assessment: Complete transcriptome 

analysis of e sperm samples yielded 36.63 GB of clean data. 

The cleaning data of each sample reached 5.82 GB, and the 

basic percentage of Q30 was more than 91.19% (Table 1). The 

clean readings of each sample were compared in turn with the 

specified reference genome. The comparative efficiency 

ranged from 18.62% to 37.11% (Table 2). Based on the 

comparative results, selective splicing prediction analysis, 

gene structure optimization analysis and new gene discovery 

was performed and 4,890 new genes was found. Out of 4,890 

new genes2,451 had functional annotations.  

Screening of differential expression: Deseq2_EBSeq was 

used to analyze the differentially expressed gene sets between 

the two biological conditions for six samples. In the process 

of differentially expressed genes detection, after FDR 

(P<0.05) correction, the absolute value of FC ≥2 parameter 

was set. The comparison results of Xiangxi yellow cattle and 

Simmental cattle were obtained. The results showed 155 

differentially expressed genes between the two cultivars 

http://wego.genomics.org.cn/
http://www.genecards.org/
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(XM55_XM56_XM59_VS_XXH90_XXH93_XXH94), 

among which 88 genes were up-regulated and 67 genes were 

down-regulated. Results are shown in Table 4. 

 Cluster analysis of differentially expressed genes: 

Hierarchical clustering analysis was performed on the 

screened differentially expressed genes, and the genes with 

the similar or same expression patterns were clustered. 

Cluster results of differentially expressed genes are shown in 

Fig. 2. 

Screening of highly differentially expressed genes: The 

selected 4,890 Xiangxi yellow cattle bulls and Simental bulls 

sperm expressed genes were corrected by FDR (P<0.05). The 

Table 1 Sequence comparison results between sample sequencing data and selected reference genome 
BMK-ID Clean 

Reads 
Total Reads 

Mapped 
Reads 

Uniq Mapped 
Reads 

Multiple 
Map Reads 

Reads Map 
to '+' 

Reads Map 
to '-' 

GC 
Content 

%≥Q30 

XM55 47,185,526 9,156,694 
(19.41%) 

8,027,342 
(17.01%) 

1,129,352 
(2.39%) 

4,428,429 
(9.39%) 

4,533,935 
(9.61%) 

50.64% 91.86% 

XM56 45,295,596 16,808,538 
(37.11%) 

14,653,284 
(32.35%) 

2,155,254 
(4.76%) 

8,437,962 
(18.63%) 

8,295,412 
(18.31%) 

48.83% 92.90% 

XM59 45,547,578 13,242,247 
(29.07%) 

11,438,448 
(25.11%) 

1,803,799 
(3.96%) 

6,570,422 
(14.43%) 

6,566,369 
(14.42%) 

47.70% 92.86% 

XXH90 45,404,060 11,576,814 
(25.50%) 

10,088,578 
(22.22%) 

1,488,236 
(3.28%) 

5,608,232 
(12.35%) 

5,670,785 
(12.49%) 

50.77% 91.19% 

XXH93 48,634,524 14,961,464 
(30.76%) 

12,568,533 
(25.84%) 

2,392,931 
(4.92%) 

7,214,702 
(14.83%) 

7,474,491 
(15.37%) 

50.84% 91.82% 

XXH94 47,259,052 8,799,503 
(18.62%) 

7,389,520 
(15.64%) 

1,409,983 
(2.98%) 

4,204,509 
(8.90%) 

4,370,362 
(9.25%) 

54.11% 91.49% 

（1）BMK-DI: Sample analysis number of Biomax 

（2）Total number of reads: clean-read count is single-ended; 

（3）Map reads: Number of reads and percentage of pure reads compared to the reference genome 

（4）Uniq mapped read segments: The number of unique reads in the reference genome as compared to the percentage of clean read 
segments 

（5）Multiple graphs read: Number of reads and percentage of pure reads as compared to multiple locations in the reference genome 

（6）"+" in the reading map: The percentage of readings and pure reads compared to the positive strand of the reference genome 

（7）'-' in the read map: Number of reads and percentage of pure reads as compared to the negative strand of the reference genome. 

 

Table 2. The first ten up-down genes of differentially expressed genes. 

Gene Name FDR log2FC UP/down GO annotation 

SMIM14 0.016022 4.959936 up Transcriptional Regulation of Cancer Cells 

SET 0.016022 4.961477 up Cells replicate, recombine and repair 

SMAD5 0.016022 4.995328 up • TGF-beta signal pathway 

GCC2 0.016022 5.002391 up Intracellular transport, secretion and vesicle transport 

CEP89 0.013846 5.041508 up Chromosome division 

TEX33 0.008429 5.225861 up Testicular specific protein 

SRSF5 0.004023 5.373871 up RNA processing and modification 

SENP5 0.001495 5.741512 up Protein modification, translation 

NIPBL 0.000581 5.890037 up Cell cycle control, cell division, chromosome division, 

replication 

SPC24 0.000413 6.149967 up Cell cycle, chromosome division 

LEF1 5.38E-06 -6.98577 down Wnt/β-catenin signaling pathways of downstream nuclear 

transcription factors 

TMEM151B 0.013846 -5.21052 down transmembrane protein 

AQP3 0.018289 -5.05316 down Channel protein 

MFSD7 0.009172 -4.75855 down Intracellular transport, secretion and vesicle transport 

LAMC3 0.002922 -4.73881 down PI3K-Akt signaling transcription factor 

C23H6orf10 0.045557 -4.61899 down • hypothetical protein 

C3H1orf173 0.032145 -4.35606 down Glutamate is rich in proteinoids 

GTDC2 0.046937 -4.1861 down cell cycle 

GPX3 0.037432 -4.12981 down Intracellular ROS metabolism 

CDK14 0.035486 -3.92855 down cell cycle 
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absolute value of Fc was set to 2 or greater, and 155 

differentially expressed genes were selected, including 88 

upregulated genes and 67 down-regulated genes. The 20 

genes with the highest bidirectional differential folding and 

their functional annotations are shown in Table 2. 

Table 3. Differential gene enrichment Top 10 KEGG 
pathway list. 

KEGG Pathway NO. 

Signal transduction 11 
Cancers: Overview  6 
Neurodegenerative diseases  6 
Transport and catabolism  5 
Endocrine system  4 
Infectious diseases: Viral  4 
Excretory system  3 
Immune system  3 
Lipid metabolism  3 
Translation  3 

 

 
Figure 2. Cluster map of differentially expressed genes 
Note: the abscissa represents the sample name and the clustering 
result of the sample, and the ordinate represents the differential gene 
and the clustering result of the gene. Different columns represent 
different samples, and additional rows represent different genes. 
Color represents the level of gene expression log10 
(FPKM+0.000001). 

GO analysis of differentially expressed genes in the 

transcriptome: GO analysis of selected genes differentially 

expressed involved three main categories of boilogical 

processes (BP), cellular components (CC), and molacular 

functions (MF), with a total of 59 subcategories. In the BP 

category, cellular processes are the most common, followed 

by metabolic processes and single-organism processes. In CC 

classification, cell, cell part and membrane account for the 

largest proportion. In the classification of MF, binding takes 

up the highest proportion, followed by a catalytic activity and 

transporter activity. See Table 3 for details. 

Genetic tests related to sperm development 

 
Figure 3. GO annotation classification statistics of 

differentially expressed genes 
Note: the abscissa is the go classification, the left side of the ordinate 

is the percentage of gene number, and the right side is the gene 

number. This figure shows the gene enrichment of each secondary 

function of go under the background of differential expression gene 

and all genes, reflecting the status of each secondary function under 

the two backgrounds. The secondary function with noticeable 

proportion difference shows that the enrichment trend of differential 

expression gene and all genes is different. It can be mainly analyzed 

whether this function is related to the difference. 

Table 4. Differential gene function labeling. 

Gene Name FDR log2FC UP Functional annotation 

RICTOR 0.018289 4.923746 Up Sperm development and production 

VDAC2 0.044971 4.507567 Up Inorganic ion transport is related to metabolism and semen quality 

ETNK1 0.047584 4.442912 Up Lipid transport is related to metabolism and semen quality 

TRIM36 0.021151 4.835305 Up Protein modification, conversion, and attachment are related to semen quality 

SET 0.016022 4.961477 Up Copy, rearrange, and modify 

SRSF5 0.004023 5.373871 Up RNA processing was associated with modification and semen quality 

JMJD1C 0.029108 2.289438 Up Transcription, affect BMP15 action 

ZNF280D 0.041829 4.000945 Up Muscle protein development 

RIOK3 0.047584 4.450434 Up Interferon production, signal path of the NF-kappaB and Hedgehog 

HDAC1 0.048829 4.462322 Up Structural modification of chromosomes and regulation of gene expression 

 



Sperm transcriptome of Xiangxi yellow cattle 

 1211 

 
Figure 4. KEGG classification map of differentially 

expressed genes 
Note: the ordinate is the name of the KEGG metabolic pathway, and 

the abscissa is the number of genes annotated to the pathway and the 

proportion of the number of genes annotated to the total number of 

genes annotated. 

 

DISCUSSION  

 

Several studies reported that sperm’s RNA has roles in 

spermatogenesis, sperm maturation, sperm funtions, 

activation of oocyte genome, fertilzation, early 

embryogenessis and placental development (Selvaraju et al., 

2017). In 2013, the initial data on cattle’s sperm transcriptome 

was published (Card et al., 2013). Major work conducted on 

cattle’s sperm transcriptomic profiling for the sake to 

establish global transcriptomes or to study the transcripts 

based on varying fertility status. To understand fertility-

associated alterations in native breeds of China like like 

Xiangxi yellow cattle, it is necessary to establishing a basic 

profile of sperm transcripts. To the best of our knowledge, the 

present study is the first report on global transcriptomic 

profiling of indigenous cattle especially Xiangxi yellow cattle 

bull’s spermatozoa. 

In this study, 155 differentially expressed genes, including 88 

upregulated genes and 67 down-regulated genes, were 

selected for sperm of Xiangxi yellow cattle and Simmental 

cattle by using Illumina sequencing technology. The sperm 

transcripts’s number obtained in the current experiment are 

similar with number from earlier finding on bull’s sperm 

(Card et al., 2013; Selvaraju et al., 2017). In the current 

experiment, the large number of coding RNAs represents that 

library prepration and sequencing was done efficiently. 

Moreover in the current experimetn, the top 10 abundant 

sperm transcripts were comprised of non-coding RNAs 

(miRNA, rRNA, miscRNA). The finding of the current study 

is similar with finding of previous researchers who reported 

that the non-coding RNAs are present in livestock and human 

sperm (Card et al., 2013; Das et al., 2013; Sendler et al., 

2013). It has been reported that the non-coding RNAs have 

roles in spermatogenesis, fertilization and embryogenesis 

(Capra et al., 2017; Zhang et al., 2017). After eliminating 

non-coding RNAs, processed pseudogenes, pseudogenes and 

the top ten transcript (FPKM > 1) codes for protein 

include Rictor, VDAC2, ETNK1, TRIM36, SET, and SRSF5, 

JMJD1C, ZNF280D, RIOK3, and HDAC1 genes. The 

potential roles of these transcripts are subsequently reviewed 

in the current article.  

Mok et al. (2013) reported that Rictor and mTOR of the 

mTORC2 siganaling complx show stage-specific exprssion in 

the seminiferous epithelium during the epithelial cycle of 

spermatogenesis. They further reported that Rictor /mTORC2 

regulates blood-testosterone barrier dynamics, which is 

particularly closely related to spermatogenesis. This study 

represents that If this gene is knockdown, it will eventually 

lead to abnormal spermatogenesis. The study of Hinsch et al. 

(2001) reported that VDAC mRNA expression are indicator 

of sperm motility. Hinsch et al. (2001) also reported that 

VDAC2 participate in sperm volume, acrosomal reaction, and 

VDAC protein phosphorylation in flagella. The expression of 

VDAC2 in the current study explored that VDAC2 in both 

Xiangxi yellow cattle and Simmental. ETNK1 gene are 

correlated with total sperm count and total live sperm count 

in Chinese Holstein bulls as described in the recent study of 

Qin et al. (2017). In the current study ETNK1 was greatly 

expressed. Therefore, based on the current study findings it 

could be hypothesized that the ETNK1 gene can be used as a 

candidate gene for fresh sperm viability in . 

The recent study of Wu et al. (2020) mRNA level of TRIM36 

in testicular tissues of male-sterile cattle decreased 

significantly. In the current study mRNA level of TRIM36 

decreased that suggest TRIM36 may be involved in network 

regulation during testicular spermatogenesis. SET gene also 

known as protein phosphatase 2A inhibitor 2 (also known as 

template transcription factor (TAF-1), histone 

acetyltransferase inhibitor (INHAT), Granzyme A activated 

DNase inhibitor (IGAAD), and presumed HLA-associated 

protein II (PHAPII) I2PP2A). It has been reported that SET 

proteins are expressed in many tissues and organs throughout 

the body. Greenaway et al. (2005) found that SET is a multi-

task protein involved in the regulation of biological processes 

such as DNA replication, nucleosome assembly, DNA 
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transcription and apoptosis during cell replication and is an 

important precursor of human nerves and an important 

transcriptional control factor. 

CYP17A1 gene transcription can be activated in cells and 

mouse testicular stromal cells under basal and hormonal 

stimulation. Liu et al. (2016) found that an SNP site of 

CYP17A1 gene was located in the eleventh intron of the 

Chinese Holstein cow Incenp gene. They further reported that 

due to the introduction of the G allele, binding sites of three 

splice proteins of SrSF5 is increased. Incenp genes including 

CYP17A1 and SrSF5 played an important role in the 

regulation of semen quality (Sujit et al., 2018). Therefore, 

CYP17A1 and SRSF5 in the current study may affect sperm 

quality through Incenp. Xu et al. (2015) reported that 

JMJD1C gene expression affect male sperm quality and 

fertilizing ability. The expression of JMD1C gene in the 

current study represents that JMJD1C gene could be 

candidate gene for both Xiangxi yellow cattle and Simmental 

cattle sperm quality and fertilizing ability. 

The functional studies of RIOK3 and ZNF280D are very 

limited, and the studies mainly focused on tumor formation 

and the development of innate immunity. Feng et al. (2014) 

reported that RIOK3 regulates the TLRS pathway by 

positively regulating the release of type I interferon activated 

by TLR3/TLR4 and inflammatory cytokines and it can affect 

spermatogenesis through the NF-kB signaling pathway. 

Similar with RIOK3 and ZNF280D, the studies on HDAC1 

are limited, however Xiong et al. (2013) reported that 

HDAC1 gene was involved in the meiosis of yak oocytes. 

Therefore, it can be assumend that the role of HDAC1 in 

Xiangxi yellow cattle and Simmental cattle sperm could be to 

promote cell proliferation and prevent abnormal 

differentiation. 

 

Conclusion: The overall finding from transcriptomic 

profiling of Xiangxi yellow cattle and Simmental cattle sperm 

represents that sperm transcripts were engaged in roles such 

as signal pathway regulation, cell cycle regulation and cell 

proliferation and differentiation. Further research, however, is 

required to validate or repudiate translational inactivity in 

sperm. Moreover, current study preliminary results explore 

the knowledge base on sperm transcripts and suggest further 

research by utilizing large sample sizes to comprehend the 

potential effects of transcriptomic variations on semen quality 

and fertility. 
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