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Abstract

Background The study was conducted to find out the candidate microRNA (miRNA) and genes that associated
with sperm motility of Yili goose through small RNA sequencing of testicular tissue of Yili goose, and provide a theo-
retical basis for the study of the regulation mechanism of sperm motility of Yili goose gander.

Results In this study, five male geese with high sperm motility and five male geese with low sperm motility were
slaughtered to obtain their testis tissues for small RNA sequencing, and biological information methods were used

for data analysis. The results showed that a total of 1575 known miRNAs and 68 novel miRNAs were identified

in the testis tissue of Yili goose, and 71 differentially expressed miRNAs and 660 differentially expressed genes were
screened. GO functional analysis showed that miRNAs target genes were mainly involved in the binding, kinase activ-
ity, structural constituent of cytoskeleton and intermediate filament cytoskeleton. KEGG functional analysis showed
that miRNAs target genes were significantly enriched in arginine and proline metabolism, glycolysis / gluconeogene-
sis, fructose and mannose metabolism and beta-Alanine metabolism and other pathways. miRNAs-mRNAs interaction
network suggests miR-140/miR-140-3p/miR-140-3p-NKAIN3, let-7d-BTGT and miR-145-5p/miR -145a-5p-CLEC2E may

ity at the molecular level.
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play an important role in testis development and spermatogenesis.

Conclusions The results of this study suggest that the sperm motility of Yili goose may be regulated by differ-

ent miRNAs, and the target genes are significantly enriched in pathways related to sperm metabolism, indicating

that miRNAs affect the sperm motility of Yili goose by regulating the metabolic process of sperm and the expression
of related genes. This study can provide a reference for revealing the regulation mechanism of Yili goose sperm motil-

Background

Yili goose is a precious poultry resource in Xinjiang,
China. Compared with other domestic goose breeds in
China, Yili goose has poor reproductive performance,
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low egg fertilization rate, and low egg production [1].
Sperm quality is an important economic characteristic
of male production, and improving sperm quality is an
important goal of male breeding.

The study found that the sperm motility of roost-
ers with low reproductive performance is also low, and
sperm motility can be used as a representative feature of
roosters with low reproductive performance, which seri-
ously restricts the production and development of local
chicken breeds [2]. In previous studies, we found that the
sperm motility of Yili geese were significant individual
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differences, and the sperm motility of the high sperm
motility group was significantly higher than that of the
low sperm motility group by 37.51% (P<0.01) which seri-
ously hindered the breeding and genetic improvement of
of Yili geese [3].

Sperm motility refers to the percentage of sperm with
progressive movement in semen, which is one of the
most reliable indicators to evaluate the quality of semen.
At the same time, the higher sperm activity also repre-
sents the higher fertilization ability of animals [4]. The
normal production and motility of sperm are regulated
by various factors in animals, such as hormones, growth
factors and enzymes, which are the result of the joint
action of complex gene regulatory networks. Over the
past few years, with the development of high-through-
put technology, an increasing number of studies have
shown that miRNAs play a regulatory role in testicular
development and spermatogenesis. Zhao et al. screened
6 differentially expressed miRNAs in the testicular tis-
sue of white feather king pigeon. Functional enrichment
analysis showed that these miRNAs were involved in ser-
ine/threonine kinase activity, ATP binding, Wnt signal
pathway and MAPK signal pathway, and miR-183 was
screened from the interaction network to act on FOXOI
and play a role in sperm motility [5]. Liu et al. found 23
differentially expressed miRNAs in the testicular tissues
of Beijing Fatty Chicken with high and low sperm motil-
ity, and revealed through the interaction network that
gga-miR-155, gga-miR-6631-5p and gga-miR-74805p
may affect the sperm viability of chicken by regulating
target genes [6]. Xu et al. found that miRNA plays a cru-
cial regulatory role in the process of spermatogenesis, in
which miR-202-5p may participate in the mitotic pro-
cess of spermatogenesis by targeting LIMK2, while miR-
301a-5p regulates cell proliferation by targeting TGEp to
regulate TGEP signaling pathway [7]. At present, there
are few basic studies on goose sperm motility, especially
the mechanism of miRNAs regulating sperm motility.
This experiment focuses on Yili geese with extreme dif-
ferences in sperm motility. Through small RNA sequenc-
ing, miRNA expression patterns were analyzed in the
testis tissues of high and low sperm motility of Yili geese,
and the miRNAs related to male goose sperm motility
were screened and identified. This will help to better elu-
cidate the molecular mechanism of miRNA regulation of
sperm motility in Yili goose.

Materials and methods

Experimental animals and sample collection

In order to collect individuals with different sperm motil-
ity for sequencing, 100 ganders were trained to col-
lect semen 2 weeks before the formal test. The semen
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collection method was the dorsal and abdominal massage
method, and the semen collection interval was 3 days.

A total of 6 semen samples were collected in the formal
experiment, with a 3-day interval between semen collec-
tion. Semen was collected using 1.5 mL preheated eppen-
dorf tube and semen volume measured with pipette. pH
value of semen Measured using a precision pH test paper
with a range of 6.4 to 8.0. A small amount of semen was
taken with a pipette and compared to the colorimet-
ric strip of the test strip to determine the pH. Sperm
motility, which refers to the percentage of sperm with
progressive movement, was determined as follows: 10
pL of diluted semen (1:20 in 0.9% preheated Nacl) were
examined under the light microscope (Olympius, Tokyo,
Japan), 400X magnification; in total 200 spermatozoa
were analyzed, the percentage of sperm moving forward
in a straight line was calculated. sperm concentration
was calculated with hemocytometer. Count the number
of sperm in five squares under a 400 X magnification light
microscopy field of view. Sperm deformity rate (calcu-
lated as the percentage of abnormal spermatozoa of the
200 spermatozoa analyzed) was determined by in vivo
staining with the crystal violet.

Only individuals producing ejaculates regularly should
be left. The ratio of male to female geese is 1:4 for the
experiment. Collect breeding eggs every day, eliminate
unqualified eggs, and hatch a batch every 7 days. On the
7th day of hatching, use egg candler to illuminate the
eggs and calculate the fertilization rate.

Based on the semen quality and fertilization rate of 6
times, the 5 ganders with the highest sperm motility were
selected as the high sperm motility group (HFR), and the
5 ganders with the lowest sperm motility were selected
as the low sperm motility group (LFR). The sperm motil-
ity of the HFR group (65.63% +8.25%) was significantly
higher than that of the LFR group (35.84% +3.53%) [8]
(Fig. 1). The left testicular tissue was slaughtered for
sequencing and stored in a refrigerator at—80 “C. The
experimental animals were provided by Hengxin Indus-
trial Co., Ltd., Emin County, Xinjiang.

RNA extraction, library construction and sequencing

RNA was extracted from 10 samples by Trizol method
(Invitrogen, Carlsbad, CA, USA), and analyzed by aga-
rose gel electrophoresis, Nanodrop (IMPLEN, CA, USA),
and Agilent 2100 (Agilent Technologies, CA, USA).
method to check its quality. Samples with RNA integrity
values > 8.5 were used for further analysis. After the sam-
ples passed quality control, cDNA libraries of 10 samples
were constructed according to the instructions of the
[lumina kit (Illuminia, San Diego, CA, USA). The llu-
mina HiSeq2500 high-throughput sequencing platform
was used for sequencing, and the sequencing read length
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Fig. 1 Distribution of sperm motility and semen quality. A Distribution of sperm motility in 100 ganders. B Comparison of semen quality (N=10)
of Yili geese between HFR group and LFR group (* indicates P < 0.05, ** indicates P< 0.01,***indicates P <0.001)

was 150 bp for paired-end sequencing. A miRNA library
of 10 samples was constructed according to the Small
RNA Sample Pre Kit. Illumina SE50 sequencing was per-
formed. The sequencing work was provided by Beijing
Novogene Technology Co., Ltd.

mRNA expression analysis

Filter raw data (raw reads), and use fastQC software [9]
to evaluate the quality of sequencing data. Use the high-
efficiency sequence comparison software HISAT2.0.4
[10] to compare the sequencing data of each sample
with the goose reference genome [11] (https://www.ncbi.
nlm.nih.gov/bioproject/589208.) for sequence align-
ment to obtain the position of clean reads on the refer-
ence genome and the unique sequence information of
the sequenced sample. If there is no gene name, the gene
ID in the reference genome is used to represent the gene
name. HTSeq software [12] was used to analyze the
gene expression level of each sample, and the edgeR [13]
software was used to analyze the significance of expres-
sion differences. The genes with P<0.05 and |log2Fold-
change|>2 were regarded as differentially expressed
genes (DEGs).

Differential expression and functional analysis of genes

In this study, GO enrichment analysis was performed
on differentially expressed genes using GOseq software
(Release2.12), and Pathway enrichment analysis was per-
formed using KOBAS (v2.0) [14, 15]. GO enrichment and
KEGG pathway enrichment were significantly enriched
at P<0.05.

miRNA expression analysis

Filter raw data (Raw Reads), use bowtie [16] to map the
screened sSRNA to the reference sequence, and analyze
the distribution of small RNA on the reference sequence.
The miRNA prediction software miREVo [17] and mird-
eep2 [18] were integrated to analyze new miRNAs, count
the expression amount of known and new miRNAs in
each sample, and normalize the expression amount with
TPM [19]. Due to the relatively small number of miRNAs
themselves and their lower expression levels compared
to mRNA, differential analysis is typically performed
using more lenient threshold value than mRNA. The dif-
ferential expression analysis was performed with edgeR
[13] based on the negative binomial distribution, and the
differential expression miRNAs (DEMs) were screened
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according to P<0.05 and |log,FoldChange|>0. The nam-
ing of newly identified miRNAs is based on the order of
the identified miRNAs.

miRNA target gene prediction and functional annotation
Use miRanda [20] and RNAhybrid software [21] to
predict target genes and target sites of differentially
expressed miRNAs. In this study, the target genes of
DEMs were analyzed using GOseq (Release2.12) soft-
ware for GO enrichment analysis and KOBAS (v2.0)
for Pathway enrichment analysis [14, 15]. GO enrich-
ment and KEGG pathway enrichment were significantly
enriched at P<0.05. miRNA-mRNA interaction network
analysis according to the regulatory relationship between
differentially expressed miRNAs and their targets, the
miRNA-mRNA interaction network was constructed and
visualized using Cytoscape software [22].

Real-time quantitative PCR verification of sequencing
results

In order to verify the accuracy and reliability of the
RNA-Seq results, 4 DEMs and 10 DEGs were randomly
selected from the sequencing results using the RNA used
for sequencing as a template. Oligo 7.0 software was used
to design primers (Supplementary Table S1 and S2), and
SYBR GEN reagent (TaKaRa) was used to complete the
detection of the relative expression of target genes and
internal reference genes in ROCHE 480 quantitative PCR
instrument. Then it was detected by real-time fluorescent
quantitative PCR instrument. We checked that levels of
U6 and GAPDH are constant in the groups HFR and LFR
of testicular samples (Supplementary Fig. 1). For that pur-
pose an additional experiment was performed in which
the CT values of U6 (P=0.744) and GAPDH (P=0.748)
did not differ between HFR group and LFR group. The
reverse transcription reaction system (20 pL) included
the 12.5 pL RNA-primer mix (1000ng RNA, 1uL Ran-
domé6 Primer(20um), RNase free H2O Add to 12.5uL),
4 pL 5% RT Reaction Buffer, 2uL ANTP (10 mM), 0.5 puL
RNasin RNAenzyme inhibitor, 1 pL RevertAid Reverse
Transcriptase.The PCR reaction system (20pL) included
10pL AceQ Universal SYBR qPCR Master Mix,0.4 uLup-
stream primer,0.4 ul. downstream primer,2.5 uL. cDNA
and 6.7 pL ddH,O.The reaction condition was as fol-
lows: 95 °C for 5 min, followed by 40 cycles of 95 °C for
10 s, 60 °C for 30 s, Melting curve 60 C to 95 C, with a
temperature rise of 0.3 “C every 15 s. At least three inde-
pendent biological replicates were used for each of the
miRNAs and mRNA.Using U6 and GAPDH as internal
reference genes, the relative expression of miRNA was
calculated by 27 AACt method [23], and its log2 (fold
change) value was calculated, and compared with the
expression trend of transcriptome results.
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Results

Analysis of the semen quality of Yili goose

In this study, the semen quality of 100 3-year-old Yili
geese was measured in this study. According to the
result of 6 times semen quality tests, the median sperm
motility was 45.11%, and the top and lower quartile
were 52.82% and 41.50%, respectively. Therefore, sperm
motility higher than 52.82% and lower than 41.50%
were considered as high and low sperm motility gan-
ders (Fig. 1A). And 10 ganders were selected from
them, 5 of which belonged to the HFR group, and the
other 5 belonged to the LFR group. The sperm motility
(P<0.001), fertilization rate (P<0.001), sperm viability
(P=0.003) and sperm concentration (P=0.008) in the
HEFR group were higher than those in the LER group,
while the semen volume (P=0.052) and semen pH
(P=0.417) do not differ (Fig. 1B).

Summary of sequencing data of testis tissue of Yili goose
Through high-throughput sequencing, 10 samples
obtained an average of 97,805,121 raw reads, and the
clean reads obtained through quality control accounted
for more than 99.03% of the original reads, Q20 was
more than 97.49%, Q30 was more than 93.06%, and
the GC content was 45.40%-47.40%, and the compari-
son efficiency with the reference genome is between
91.29%%-92.37%% (Supplementary Table S3).

Through Small RNA sequencing, 66,665,007 reads
and 62,685,264 reads were obtained for Yili geese with
HFR and LFR group, respectively. The clean reads
obtained after quality control accounted for more than
98.53% of the original reads, and the length of the fil-
tered SRNA fragments ranged from 21 to 27 between
(Fig. 2). Each sample obtained more than 0.54G of
bases, Q20 was more than 98.70%, Q30 was more than
95.51%, and the GC content was between 50.71% and
51.29%. Since there is no goose mi RBase information,
bowtie [16] was used to compare the length-screened
sRNA to the full miRNA library. The results show that
the comparison efficiency of Reads of 10 samples and
the reference genome is 89.93%. Between -92.76%%
(Supplementary Table S4).

Known miRNA and novel miRNA identification

In this study, a total of 1575 known miRNAs were iden-
tified in 10 samples (Supplementary Table S5), 877
miRNAs were co-expressed in 10 samples, 136 were spe-
cifically expressed in HFR group and 122 were specifi-
cally expressed in LFR group. A total of 68 novel miRNAs
were identified in 10 samples (Supplementary Table S6).
48 miRNAs were co-expressed in 10 samples, 2 were
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Fig. 2 Length distribution of SRNA fragments in testis of Yili goose

specifically expressed in HFR group and 1 was specifi-
cally expressed in LFR group.

Differentially expressed mRNA and miRNA

In order to explore the differences in the expression of
miRNA-mRNA in the testis of ganders between the
HER group and the LFR group, P<0.05 and |log,Fold-
Change|>2 were used as screening criteria during the
screening of DEGs in testis tissue, and a total of 660
DEGs were screened. mRNA, of which 343 were up-
regulated and 317 were down-regulated (Fig. 3A). Dur-
ing the screening of DEMs in testis tissue, P<0.05 and

miRNA HFRvsLFR

pvalue<0.05
llog2FoldChangel>0
UP 40
DOWN 31
NO 1572

0.5

-4 -2 0 2 4

log2FoldChange

Length(nt)

|log,FoldChange|> 0 was used as the screening standard.
A total of 71 DEMs were screened, of which 40 were up-
regulated and 31 were down-regulated (Fig. 3B).

Functional analysis of differentially expressed mRNA

and miRNA target genes

In order to further explore the potential regulatory mech-
anism of sperm motility in Yili goose, we conducted GO
function enrichment analysis on the differential expres-
sion genes to further determine the important ways asso-
ciated with sperm motility. The results showed that 192 of
the 2386 GO terms were significantly enriched (P<0.05)

mRNA HFRvsLFR

pvalue<0.05
llog2FoldChangel>2
UP 343
DOWN 317
NO 22391

™ 4

o

-10 0 10

log2FoldChange

Fig. 3 Analysis of differentially expressed mRNA and miRNA. A Volcano plot of differentially expressed genes; significantly upregulated genes are
represented as red dots and significantly downregulated genes are represented as green dots. B Volcano plot of differentially expressed miRNAs
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(Fig. 4A) (Supplementary Table S7). Differential mRNAs
involved in biological processes (59.3%) were significantly
enriched in pathogenesis, regulation of actin nucleationn,
regulation of cell development, etc. The mRNAs involved
in cell composition (14.2%) were significantly enriched in
the extracellular region, nucleus and so on. The mRNAs
involved in molecular function (26.3%) were significantly
enriched in cysteine-type peptidase activity, GTP cyclo-
hydrolase activity, phosphatidylinositol phosphate phos-
phatase activity, etc. The differential expression genes
involved include spermatogenesis-associated protein
SPATA22 ~ STRBP ~ SPTBNS, testis-specific expressed
protein TEXS55 » SPOCK3, microtubule-associated pro-
tein MAPIA ~ MASTI, cilia- and flagella-associated
protein CFAP69, tight junction protein TJBI, etc. (Sup-
plementary Table S7).

The target genes predicted by miRNA were enriched to
2758 GO terms, 93 of which were significantly enriched
(P<0.05) (Fig. 4B) (Supplementary Table S8). Target
genes involved in biological processes (37.6%) were sig-
nificantly enriched in arginine catabolic process, cGMP
biosynthetic process, oxidoreduction coenzyme meta-
bolic process and multicellular organismal development,
etc.; target genes involved in cell composition (5.3%) were
significantly enriched in intermediate filament cytoskel-
eton, extracellular matrix and elongator holoenzyme
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complex, etc.; target genes involved in molecular func-
tions (56.9%) were significantly enriched in the struc-
tural constituent of cytoskeleton, intermediate filament,
binding, and G-protein coupled receptor binding and
kinase activity, etc. The target genes involved include
spermatogenesis-associated protein SPATAS, growth fac-
tor receptor IGFIR and NTRK?2, reproductive hormone
receptor PAQR9 and GNRHR2, myosin MYH6 ~ MYH7
» MYO5C » MYO3B ~» MYO3A, fibroblast growth factor
FGF20 ~ FGFI16 ~ FGF4, etc. (Supplementary Table S8).

In order to screen important pathways associated with
sperm motility, we performed KEGG pathway analysis
on the target genes of differentially expressed mRNAs
and miRNAs between the HFR and LFR groups. A total
of 100 KEGG pathways were enriched in mRNA (Fig. 5A)
(Supplementary Table S9), of which 5 pathways were
significantly enriched (P<0.05), including adrenergic
signaling in cardiomyocytes, adherens junction, adipo-
cytokine signaling pathway, apelin signaling pathway, and
cell adhesion molecules (CAMs). Among them, Mitogen
activated protein kinase 10 (MAPKIO) participated in
21 pathways, RAC beta serine/threonine protein kinase
(AKT?2) participated in 19 pathways, Nuclear factor NF
kappa B p105 subunit (NFKBI) participated in 13 path-
ways, and Adenylate cycle type 2 (ADCY2) participated
in 11 pathways (Supplementary Table S9).
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Fig. 4 GO analysis of differentially expressed genes and target mRNAs of differentially expressed miRNAs between low and high sperm motility
groups. A GO analysis of differentially expressed genes; BP: biological process; CC: cellular component; MF: molecular function. B GO analysis

of target mRNAs of differentially expressed miRNAs
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Fig. 5 KEGG analysis of differentially expressed genes and target mRNAs of differentially expressed miRNAs between low and high sperm motility
groups. A KEGG enrichment analysis of differential genes. The vertical axis represents the pathway name, the horizontal axis represents rich factor,
the size of the point represents the number of differentially expressed genes in this pathway, and the color of the point corresponds to different
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A total of 157 KEGG pathways (Fig. 5B) (Supplemen-
tary Table S10) were enriched in the target genes of
miRNAs, among which 7 pathways were significantly
enriched (P<0.05) (Table 1). The results showed that
genes associated with arginine and proline metabolism,

fructose and mannose metabolism,glycolysis / gluco-
neogenesis, steroid hormone biosynthesis and proges-
terone-mediated oocyte maturation could be involved
in the regulation of sperm motility (Fig. 5). The ALDH
family (ALDH3B, ALDH3B2, and ALDH9A 1) participate

Table 1 KEGG pathway significantly enriched by target genes of differentially expressed miRNAs between HFR and LFR groups

KEGGE pathway P-Value Gene_names miRNA names KEGG ID

Arginine and proline metabolism 0.019508348 ALDH9A1,DAO.evm.model. gga-miR-140-3p,dre-miR-145- acyg00330
chr21.170,SRM,P4HAT,Arg2-a AGMAT,evm. ~ 5p,novel_133
model.chr33.437,SMS,GATM,PYCR3,evm.
model.chr8.559

Fructose and mannose metabolism  0.020220868 TPI1,FBP1,GCKALDOB,HK1,evm.model.chr?2 novel_133,mmu-miR-138-5p acyg00051
2.704,MPIALDOC,FUK,GMPPB,evm.model.
ctg2812.3

Phenylalanine metabolism 0.03860189  ALDH3BI1,ALDH3B2,evm.model. novel_133,dre-miR-145-5p acyg00360
chr21.170,A0C3 MIF,evm.model.
chr33.437,evm.model.chr8.559

Glycolysis / Gluconeogenesis 0.040381873 ENO1,TPIT1,ALDH9AT,ACSS2,FBP1,GCKLDH  gga-miR-140-3p,novel_133,mmu-miR- acyg00010
BALDH3B2,G6PC2 ALDOCALDH3B1,ALDO  138-5p
BADPGK,HK1

beta-Alanine metabolism 0.048261444  ALDH9A1,ALDH3B1,ALDH3B2 ACADS,SRM,  gga-miR-140-3p,novel_133 acyg00410
AOC3,ACOX1,SMS,ECHST,GAD?2

Propanoate metabolism 0.048261444  ACACBACSS2,LDHBACADS MCEEACOX1,A  novel_133,hsa-miR-221-3p,chi-let-7d-3p  acyg00640
CACBMUTACACECHST

Drug metabolism—cytochrome P450 0.048261444 MGST1,evm.model.chr1.1295F mml-miR-153-1-5p,aca-miR-129a- acyg00982

MO4,GSTO1,ALDH3B1,ALDH3B2,
evm.model.chr21.170,evm.model.
chr33.437,GSTM3,evm.model.chr8.559

3p,novel_133,dre-miR-145-5p
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in at least three or more significantly enriched pathways
(Table 1).

Target gene prediction and network analysis

The prediction of miRNA target genes in this study is the
intersection of two softwares, miRanda and RNAhybrid.
This experiment uses Cytoscape software to analyze the
interaction network, and the results are shown in Fig. 6.
After comprehensive analysis of interaction network,
a total of 71 differentially expressed miRNAs and 837
target genes were involved (Fig. 6A), of which 4 differ-
ential genes (NKAIN3, BTG1, CLEC2E, UBIADI) could
be regulated by miRNAs (Fig. 6B), a total of 7 pairs of

cfa-let-7d
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miRNA-mRNA were differentially expressed between
HEFR and LFR, of which 6 pairs were negatively regulated
(Fig. 6B).

Real-time quantitative PCR verification results

In order to test whether the expression levels of differen-
tially expressed mRNAs and miRNAs screened by tran-
scriptome sequencing technology are accurate, 10 DEGs
and 4 DEMs were randomly selected from transcrip-
tome sequencing results for RT-qPCR verification. The
results showed that the expression trends of the selected
mRNAs and miRNAs were consistent with the transcrip-
tome sequencing results (Fig. 7). Therefore, the results of
this experiment are reliable.

dre—mm45—5p
cfa-*1 40

NKAIN3 ¢ ola-mm40-3p CLEC2E

| l nm‘ 33

145a-5p

3

mmu-mj

Fig. 6 The interaction network between differentially expressed miRNAs and their target genes. A The interaction network between miRNAs
differentially expressed in HFR and LFR groups and their target genes. B Four miRNA-mRNA pairs in which both partners demonstrate differential
expression in HFR and LFR groups. Triangular nodes represent miRNA, and circular nodes represent target genes. Red means up, green means
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Discussion

The testicles of male birds are located in the abdominal
cavity, and the main function is to produce high-quality
semen [4]. The quality of male goose semen has a direct
impact on reproductive performance. Sperm motility is
highly positively correlated with fertility, and this trait is
the most intuitive indicator in semen quality inspection
[24]. Our prophase study found that the seminiferous
tubules of the testes in the HFR group were larger, and
the spermatogenic cells at all levels were arranged neatly
and tightly, and a large number of mature sperm could be
seen; while the testicular seminiferous tubules of the plow
goose group with low sperm motility were relatively high.
The ganders in the sperm motility group were smaller
and the number of mature sperm was less [3]. It can be
seen that the difference in the testis structure will also
lead to the difference in the reproductive ability of birds.
This experiment found that the sperm motility(P<0.001),
fertilization rate (P<0.001), sperm viability (P=0.003)
and sperm concentration (2=0.008) in the HFR group
were higher than that of LFR group (P<0.01) (Fig. 1).
This indicated that the difference in testis structure of
Yili geese may further lead to the difference in sperm
motility traits.In previous studies, the sperm motility of
Yili geese was positively correlated with sperm viability
and sperm concentration, and negatively correlated with
sperm deformity rate. Ganders with high sperm motility
also had better semen quality indicators [3]. Therefore,
this study selected 10 individuals for sequencing based
on sperm motility and fertilization rate.

The reproductive capacity of poultry has a great impact
on the production efficiency of offspring, which is not
only controlled by reproductive organs and reproductive
cells, but also the result of the joint regulation of many
genes. At present, there are a fat lot studies on the molec-
ular mechanism of sperm motility and fertilization ability
of local poultry, and most of them are concentrated on
chicken, especially for ganders. More reports show that
miRNA plays a vital regulatory role in normal spermato-
genesis and male breeding [25-27].

In this study, ganders with great differences in sperm
motility and fertilization rate were selected as the
research object, and the miRNAs and mRNA gene pairs
in the testes of Yili goose were identified by compre-
hensive analysis of miRNA and mRNA transcripts. The
results of the study help to better understand the under-
lying mechanisms regulating sperm motility traits in Yili
geese and reveal candidate molecular markers for the
reproductive performance of Yili geese. In this study,
the testis tissues of high and low sperm motility Yili
geese were sequenced by small RNA sequencing, and
more than 98.53% of the clean reads were obtained, and
89.93%-92.76% of the clean reads could be compared to
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the goose reference genome (Supplementary Table S1),
indicating that the sequencing data in this study were of
high quality. The length distribution of sSRNA fragments
in the testis tissue of Yili goose showed that the length
of the filtered sRNA fragments was between 21 and 27
nt, and the proportion of 22 nt and 26 nt was the highest
(Fig. 2), slightly higher than the normal size of miRNAs
[28].

In this study, 660 differential mRNAs (P<0.05, |log-
,Foldchange|>2), 1575 known miRNAs and 68 novel
miRNAs were identified, and 71 differentially expressed
miRNAs were screened (P<0.05) (Fig. 3). Among them,
miR-7-1-3p, miR-184, and miR-184b-5p had the largest
up-regulation multiples of miRNAs, and the differential
multiples were 3.46, 2.36, and 2.35 times, respectively.
The miRNAs included miR-153-1-5p, miR-375-3p and
miR-206-3p, and the differences were 4.09-fold, 2.48-fold
and 2.30-fold, respectively. These miRNAs with large fold
difference may have potential regulatory roles in sperm
motility traits. For example, miR-7—-1-3p can be used as
a diagnostic biomarker for non-obstructive azoospermia
[29]. miR-184 is located in the germ cells of mouse testis,
and its expression level increases with age, and miR-184
may be involved in the post-transcriptional regulation
of Ncor2 and other genes during mouse spermatogen-
esis [30]. Guo et al. found that miR-375 inhibited the
proliferation of pig testicular Sertoli cells, and miR-375
down-regulated its target genes RLF and HIGDIA at
the mRNA and protein expression levels, indicating that
miR-375 can target RLF and HIGDIA affect the develop-
ment of testicular tissue [31]. Therefore, the differentially
expressed miRNAs found in this study may play a key
role in the sperm motility of Yili geese.

In order to explore the relationship between these dif-
ferentially expressed miRNAs and the sperm motility of
Yili goose, GO enrichment analysis was performed on the
target genes of these miRNAs (Supplementary Table S8).
It was found that they were mainly involved in molecular
functions (56.9%), and were significantly enriched in the
structural constituent of cytoskeleton, intermediate fila-
ment and binding process. The eukaryotic cytoskeleton
is defined as composed of actin filaments, microtubules,
intermediate filaments, and septicin proteins [32], and
is an integral part of the process of spermatogenesis, in
motility, intracellular transport, differentiation and play
a key role in cell division. The cytoskeleton can directly
promote the mitosis and meiosis of spermatogenesis. The
unique cytoskeleton structure is an integral part of sperm
cell remodeling and sperm function, and is crucial to the
reproductive performance of male animals [33].

The top 5 pathways significantly enriched by KEGG are
Arginine and proline metabolism, Fructose and mannose
metabolism, Phenylalanine metabolism, and glycolysis /
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glycolysis / gluconeogenesis and beta-Alanine metabo-
lism (Supplementary Table S10). These pathways are
involved in sperm metabolism. Arginine is one of the
basic amino acids that make up sperm nucleoprotein [34],
and is also the only substrate for the production of NO in
the body. NO regulates sperm motility by participating in
the regulation of testicular circulation. Arginine has been
proved to be able to maintain and improve sperm motility
[35]. Sperm motility, capacitation and acrosome reaction
are cell events with high energy consumption. In order
to perform these (and other) physiological functions,
sperm needs more adenosine triphosphate (ATP) than
other cells [36, 37]. It is very important to maintain the
energy state of cells for sperm motility [38]. Studies have
shown that most mammals can produce ATP through
glycolysis, the tricarboxylic acid cycle, and the oxidation
of fatty acids and ketone bodies [39]. The movement of
sperm mainly depends on the swing of the main flagel-
lum segment, which is rich in glycolysis enzymes [40].
[B-alanine generates energy by participating in the tricar-
boxylic acid cycle [38]. Sperm can also metabolize fruc-
tose through the glycolytic pathway. Fructose is abundant
in poultry seminal plasma and plays a crucial role in
maintaining sperm motility and seminal plasma osmotic
pressure [41, 42]. The above studies suggest that amino
acids participate in the cell metabolism of motile sperm,
are energy supplement sources, and can enhance sperm
motility. The results of this study showed that signifi-
cantly enriched genes related to amino acid metabolism,
glycolysis, gluconeogenesis, and fructose and mannose
metabolism, miRNA and KEGG pathways played crucial
roles in the regulation of sperm metabolism and energy
production. In summary, these findings suggest that mol-
ecules controlling sperm metabolism may affect sperm
motility in ganders.

Predicting the mRNA targets of miRNAs will help
characterize the miRNAs involved in biological pro-
cesses and the molecular mechanisms by which mRNAs
function. In this study, it was found that 4 differential
genes (NKAIN3, BITG1, CLEC2E, UBIADI) could be
regulated by miRNA (Fig. 6B), and a total of 6 pairs of
miRNA-mRNA were differentially expressed between
HEFR and LFR, and were negatively regulated (Fig. 6B).
Among them, NKAIN3 (Sodium/Potassium Transport-
ing ATPase Interacting 3) was negatively correlated
with 3 differential miRNAs. NKAIN3 is one of the mem-
bers of the NKAIN (Na,K-Atpase INteract-ing) protein
family and was found to interact with the B1 subunit
of Na,K-ATPase (NKA) [43]. Na, K ATPase (NKA) is a
kind of transmembrane carrier protein widely present
in the cell membrane of eukaryotic organisms. It is an
important system to maintain the transport of Natand
K*ions and energy metabolism in cells, and directly
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or indirectly participates in the ion regulation inside
and outside cells, physiological activities of the body
and thermoregulation process [44]. Similar to somatic
cells, sperm also maintain a transmembrane gradient
of NaTand K* [45]. It has been shown that multiple
NKA subunits were found in chicken and mouse sperm
membranes through proteomic studies [46, 47], prove
that NKA plays a role in sperm fertilization. B-cell
translocation gene 1 (BTGI), a member of the TOB/
BTG protein family, is an antiproliferative gene. BTGI
protein products are involved in various cellular pro-
cesses such as cell division, DNA repair, transcriptional
regulation, and messenger RNA stability [48]. Raburn
[49] etc. determined the level of BTG in rat testis tis-
sue. The results of Northern blot showed that BTGI
was expressed in both meiotic and early meiotic germ
cells of adult rat testes. In situ hybridization showed
that the expression of BTG was stage-dependent, with
BTGI1 transcripts being the highest in round sperm
cells, followed by pachytene spermatocytes, and almost
undetectable in spermatids, suggesting that BTG1 tran-
scripts in spermatids play a role in the occurrence. In
this study, BTGI was up-regulated in LFR, suggesting
that it may be involved in regulating the cell division of
germ cells and function as an anti-proliferation factor.
The results of our experiments indicated that BTGI was
up-regulated in the ovaries of HEP geese.

CLEC2E (C-type lectin domain family 2 member E)
is a homodimeric cell surface glycoprotein, and in mice,
the expression of CLEC2E is highly restricted to the gas-
trointestinal tract. The expression of CIR-a (CLEC2E) in
intestinal epithelial cells is downregulated under inflam-
matory conditions, which may contribute to the sup-
pression of mucosal immune responses [50]. Woo et al.
[51] compared the genes expressed in intestinal epithe-
lial cells from germ-free (GF) and conventionally reared
(CNV) mice by RNA sequencing, and determined that
the C-type lectin 2 member e (CLEC2E; Clr-a) was one of
the most significantly downregulated genes in intestinal
epithelial cells (IECS) in response to microbial exposure.
Using gut organoid cultures, we determined that the
microbiota directly affects the intrinsic defenses of IECs
and found that down-regulation of the microbiota on
CLEC2E reduced the colonization of pathogens. In this
study, CLEC2E was down-regulated in testicular tissue
and involved in GO terminology related to virus repro-
duction and transmission (Supplementary Table S8),
indicating that CLEC2E is not a gastrointestinal specific
gene in Yili goose, and it can prevent pathogen invasion
during sperm formation. thus playing an important pro-
tective role. In this study, NKAIN3, BTGI and CLEC2E
were predicted as targets of miR-140-3p, let-7d and miR-
145a-5p, respectively.
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Conclusion

In summary, this study established the expression pat-
terns of genes and miRNAs in the testis of Yili geese in
the high sperm motility group and low sperm motil-
ity group by transcriptome sequencing technology. A
total of 660 genes and 71 miRNAs were differentially
expressed between the two groups. GO and KEGG analy-
sis showed that these miRNAs were involved in the struc-
tural constituent of cytoskeleton, intermediate filament,
arginine and proline metabolism, fructose and mannose
metabolism, glycolysis / gluconeogenesis and other sign-
aling pathways.

The miRNA-mRNA interaction network suggests miR-
140-3p-NKAIN3, let-7d-BTG1 and miR-145-5p-CLEC2E
may play an important role in testis development and
spermatogenesis. This study provides more clues for
further research on the role of miRNAs-genes in the
sperm motility of Yili goose. However, the involvement of
miRNA in testicular development and sperm motility in
Yili geese through targeted genes remains to be further
validated.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512864-023-09727-1.

Additinal file 1: Supplementary Table S1. RT-PCR primers of the dif-
ferentially expressed miRNAs.

Additional file 2: Supplementary Table S2. RT-PCR primers of the dif-
ferentially expressed genes.

Additional file 3: Supplementary Figure 1. CT values of different inter-
nal reference genes in the testicular tissue of Yili geese . The horizontal axis
represents different reference genes, while the vertical axis represents the
CT value of the reference genes.ns indicates P>0.05.

Additional file 4: Supplementary Table S3. mRNA sequencing data
quality.

Additional file 5: Supplementary Table S4. miRNA sequencing data
quality.

Additional file 6: Supplementary Table S5. Know miRNA.
Additional file 7: Supplementary Table S6. Novel miRNA.

Additional file 8: Supplementary Table S7. GO analys of differentially
expressed genes between HFR and LFR groups.

Additional file 9: Supplementary Table S8. GO analysis of target MRNAs
of differentially expressed miRNAs between HFR and LFR groups.

Additional file 10: Supplementary Table S9. KEGG analysis of differen-
tially expressed genes between HFR and LFR groups.

Additional file 11: Supplementary Table $10. KEGG analysis of target
mRNAs of differentially expressed miRNAs between HFR and LFR groups.

Acknowledgements
We are grateful to Xinjiang Emin Hengxin Industrial Co,, Ltd. for for providing
the experimental ganders.

Authors’ contributions

YPW and HYL designed the project. YPW, XYZ, LHZ and YWD managed the
experimental ganders. YPW, XYZ, YYY and LW collected the samples. YPW
and XYZ performed bioinformatic analysis. YPW and XYZ participated in

Page 11 of 12

data analysis and experimental validation. HYL supervised this study. The
manuscript was prepared by YPW and substantially revised by HYL. All authors
read and approved the final manuscript for publication.All authors read and
approved the final manuscript for publication.

Funding

This research was funded by the National Natural Science Foundation of China
(32160785), 2023 Xinjiang poultry breeding technology integration demon-
stration and promotion project (2023 xjjg-z-01) and 2022 Xinjiang Agricultural
University Graduate Research Innovation Project (XJAUGRI2022004).

Availability of data and materials

The data presented in the study are deposited in the BioProjectin NCBI reposi-
tory (https://www.ncbi.nlm.nih.gov/bioproject/PRINA856143) and (https://
www.ncbi.nlm.nih.gov/bioproject/PRINA914617), accession number is
PRINA856143 and PRINA914617.

Declarations

Ethics approval and consent to participate

Our study was carried out in compliance with the ARRIVE guidelines (AVMA
Guidelines for the Euthanasia of Animals: 2020 Edition). All experimental
animal procedures complied with the laboratory animal management and
welfare regulations approved by the Ethics Committee of Xinjiang Agricultural
University, Urumgj, Xinjiang, China. This study was approved by the Ethics
Committee of Xinjiang Agricultural University, Urumgji, Xinjiang, China (Permit
No. 2020035, date of approval: 22 March, 2019).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 6 February 2023 Accepted: 10 October 2023
Published online: 24 October 2023

References

1. Zhao XY,Wu YP, Peng X, Wang JH, Duan YQ, Li ZP, Li HY, Lu LZ. Effects
of dietary crude protein level on performance, hatching Perfor-
manceand serum Biochemcial indexes of Yili Geese. Chin J Anim Nutr.
2019;31(04):1630-6.

2. HuJ,Chen JL,Wen J, Zhao GP, Zheng MQ, Liu RR, Liu WP, Zhao LH, Liu
GF, Wang ZW. Estimation of the genetic parameters of semen quality in
Beijing-You chickens. Poult Sci. 2013;92:2606-12.

3. WuYP,Ding YW, Li HY, Zhao XY, Cao Y, Pan L, Mei ZY, Wu LN, Zhao QZ.
Comparative study on semen quality, reproductive performance and
testicular development of Yili geese with high and low sperm motility.
Chin J Anim Sci. 2022;58(12):189-92+198.

4. tukaszewicz E, Kowalczyk A, Jerysz A. Characteristics of semen collected
from gander included in the genetic resources conservation program.
Poult Sci. 2021;100(9):101314.

5. Zhao ZY, Xu XL, Tan YG, Cao HY, Zhou W, Dong XY, Mao HG. Expression
analysis of microRNAs and their target mRNAs of testes with high and
low sperm motility in domestic pigeons (Columba livia). Genomics.
2020;113(1):257-64.

6. LiuYF, SunYY, Li YL, Bai H, Xu SS, Xu H, Ni A, Yang N, Chen J. Identification
and differential expression of microRNAs in the testis of chicken with
high and low sperm motility. Theriogenology. 2018;122:94-101.

7. Xul,GuoQ Chang G, QiuL, Liu X, BiY, Zhang Y, Wang H, Lu W, Ren L,
Chen, Zhang Y, Xu Q, Chen G. Discovery of microRNAs during early
spermatogenesis in chicken. PLoS One. 2017;12(5):e0177098.

8. WuY,LiH, Zhao X, Baki G, Ma C,YaoYY, Li J, Yao Y, Wang L. Differential
expression of circRNAs of testes with high and low sperm motility in Yili
geese. Front Genet. 2022;13:970097.


https://doi.org/10.1186/s12864-023-09727-1
https://doi.org/10.1186/s12864-023-09727-1
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA856143
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA914617
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA914617

Wu et al. BMC Genomics

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

(2023) 24:640

Andrews S. FastQC: A quality control tool for high throughput sequence
data. 2010. Available online at: http://www.bioinformatics.babraham.ac.
uk/projects/fastqc.

Kim D, Langmead B, Salzberg SL. HISAT: a fast spliced aligner with low
memory requirements. Nat Methods. 2015;12(4):357-60.

. LiY,Gao G, LinY,Hu S, Luo Y, Wang G, Jin L, Wang Q Wang J, Tang Q, Li M.

Pacific Biosciences assembly with Hi-C mapping generates an improved,
chromosome-level goose genome. Gigascience. 2020,9(10).giaa114.
Anders S, Pyl PT, Huber W. HTSeg-a Python framework to work with
highthroughput sequencing data. Bioinformatics. 2015;31(2):166-9.
Robinson MD, McCarthy DJ, Smyth GK. edgeR: a Bioconductor package
for differential expression analysis of digital gene expression data. Bioin-
formatics. 2010;26(1):139-40.

Young MD, Wakefield MJ, Smyth GK, Oshlack A. Gene ontology analysis
for RNA-seq: accounting for selection bias. Genome Biol. 2010;11(2):R14.
Kanehisa M, Araki M, Goto S, Hattori M, Hirakawa M, Itoh M, Katayama

T, Kawashima S, Okuda S, Tokimatsu T, Yamanishi Y. KEGG for linking
genomes to life and the environment. Nucleic Acids Res. 2008;36(Data-
base issue):D480-4.

Langmead B, Trapnell C, Pop M, Salzberg SL. Ultrafast and memory-
efficient alignment of short DNA sequences to the human genome.
Genome Biol. 2009;10(3):R25.

Wen M, ShenY, Shi S, Tang T. miREvo: an integrative microRNA evolution-
ary analysis platform for next-generation sequencing experiments. BMC
Bioinformatics. 2012;13:140.

Friedlander MR, Mackowiak SD, Li N, Chen W, Rajewsky N. miRDeep2
accurately identifies known and hundreds of novel microRNA genes in
seven animal clades. Nucleic Acids Res. 2012;40(1):37-52.

Zhou L, Chen J, Li Z, Li X, Hu X, Huang Y, Zhao X, Liang C, Wang Y, Sun L,
Shi M, Xu X, Shen F, Chen M, Han Z, Peng Z, Zhai Q, Chen J, Zhang Z, Yang
R, Ye J, Guan Z,Yang H, Gui Y, Wang J, Cai Z, Zhang X. Integrated profiling
of microRNAs and mRNAs: microRNAs located on Xq27.3 associate with
clear cell renal cell carcinoma. PLoS One. 2010;5(12):e15224.

Enright AJ, John B, Gaul U, Tuschl T, Sander C, Marks DS. MicroRNA targets
in Drosophila. Genome Biol. 2003;5(1):R1.

Krtger J, Rehmsmeier M. RNAhybrid: microRNA target prediction easy,
fast and flexible. Nucleic Acids Res. 2006;34(Web Server issue):W451-454.
Shannon P, Markiel A, Ozier O, Baliga NS, Wang JT, Ramage D, Amin

N, Schwikowski B, Ideker T. Cytoscape: a software environment for
integrated models of biomolecular interaction networks. Genome Res.
2003;13(11):2498-504.

Bustin SA, BenesV, Garson JA, Hellemans J, Huggett J, Kubista M, Mueller
R, Nolan T, Pfaffl MW, Shipley GL, Vandesompele J, Wittwer CT. The MIQE
guidelines: minimum information for publication of quantitative real-
time PCR experiments. Clin Chem. 2009;55(4):611-22.

SunY, Xue F, LiY, Fu L, Bai H, Ma H, Xu S, Chen J. Differences in semen
quality, testicular histomorphology, fertility, reproductive hormone
levels, and expression of candidate genes according to sperm motility in
Beijing-You chickens. Poult Sci. 2019;98(9):4182-9.

Jia B, Zhang L, Ma F, Wang X, Li J, Diao N, Leng X, Shi K, Zeng F, Zong Y, Liu
F, Gong Q, Cai R, Yang F, Du R, Chang Z. Comparison of miRNA and mRNA
Expression in Sika Deer Testes With Age. Front Vet Sci. 2022;9:854503.
Stowiniska M, Paukszto t, Pawet JJ, Bukowska J, Koztowski K, Jankowski

J, Ciereszko A. Transcriptome analysis of turkey (Meleagris gallopavo)
reproductive tract revealed key pathways regulating spermatogenesis
and post-testicular sperm maturation. Poult Sci. 2020;99(11):6094-118.
Yin Z, Xu X, Tan Y, Cao H, Zhou W, Dong X, Mao H. Expression analysis of
microRNAs and their target mRNAs of testes with high and low sperm
motility in domestic pigeons (Columba livia). Genomics. 2021;113(1 Pt
1):257-64.

Ha M, Kim VN. Regulation of microRNA biogenesis. Nat Rev Mol Cell Biol.
2014;15(8):509-24.

WuW,QinY, Li Z, Dong J, Dai J, Lu C, Guo X, ZhaoY, Zhu Y, Zhang W,
Hang B, Sha J, Shen H, Xia Y, Hu Z, Wang X. Genome-wide microRNA
expression profiling in idiopathic non-obstructive azoospermia: signifi-
cant up-regulation of miR-141, miR-429 and miR-7-1-3p. Hum Reprod.
2013,28(7):1827-36.

Wu J, Bao J,Wang L, Hu Y, Xu C. MicroRNA-184 downregulates nuclear
receptor corepressor 2 in mouse spermatogenesis. BMC Dev Biol.
2011;11:64.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Page 12 of 12

Guo J, Liu X, Yang Y, Liang M, Bai C, Zhao Z, Sun B. miR-375 down-regula-
tion of the rearranged L-myc fusion and hypoxia-induced gene domain
protein 1A genes and effects on Sertoli cell proliferation. Asian-Australas J
Anim Sci. 2018;31(8):1103-9.

Mostowy S, Cossart P. Septins: the fourth component of the cytoskeleton.
Nat Rev Mol Cell Biol. 2012;13(3):183-94.

Dunleavy JEM, O'Bryan MK, Stanton PG, O'Donnell L. The cytoskeleton in
spermatogenesis. Reproduction. 2019;157(2):R53-72.

Like L, Tourmente M, Roldan ER. Sexual Selection of Protamine 1 in Mam-
mals. Mol Biol Evol. 2016;33(1):174-84.

LiY, Chen J, Li Z, Li C. Mitochondrial OXPHOS is involved in the protective
effects of L-arginine against heat-induced low sperm motility of boar. J
Therm Biol. 2019;84:236-44.

Garrett LJ, Revell SG, Leese HJ. Adenosine triphosphate production by
bovine spermatozoa and its relationship to semen fertilizing ability. J
Androl. 2008;29(4):449-58.

Miki K. Energy metabolism and sperm function. Soc Reprod Fertil Suppl.
2007;65:309-25.

Menezes EB, Velho ALC, Santos F, Dinh T, Kaya A, Topper E, Moura AA,
Memili E. Uncovering sperm metabolome to discover biomarkers for bull
fertility. BMC Genomics. 2019;20(1):714.

Amaral A. Energy metabolism in mammalian sperm motility. WIREs Mech
Dis. 2022;14(5):e1569.

du Plessis SS, Agarwal A, Mohanty G, van der Linde M. Oxidative phos-
phorylation versus glycolysis: what fuel do spermatozoa use? Asian J
Androl. 2015;17(2):230-5.

Stanishevskaya O, Silyukova Y, Pleshanov N, Kurochkin A. Role of

mono- and disaccharide combination in Cryoprotective medium for
rooster semen to ensure Cryoresistance of spermatozoa. Molecules.
2021,26(19):5920.

Goodson SG, Qiu'Y, Sutton KA, Xie G, Jia W, O'Brien DA. Metabolic
substrates exhibit differential effects on functional parameters of mouse
sperm capacitation. Biol Reprod. 2012,87(3):75.

Gorokhova S, Bibert S, Geering K, Heintz N. A novel family of transmem-
brane proteins interacting with beta subunits of the Na K-ATPase. Hum
Mol Genet. 2007;16(20):2394-410.

Syeda SS, Sénchez G, McDermott JP, Hong KH, Blanco G, Georg Gl. The
Na+ and K+ transport system of sperm (ATP1A4) is essential for male
fertility and an attractive target for male contraceptiont. Biol Reprod.
2020;103(2):343-56.

Quinn PJ, White IG, Wirrick BR. The effect of dilution on the concentration
of sodium, potassium, calcium and magnesium in ram and bull sperma-
tozoa. J Reprod Fertil. 1966;12:131-8.

Asano A, Nelson JL, Zhang S, Travis AJ. Characterization of the proteomes
associating with three distinct membrane raft sub-types in murine
sperm. Proteomics. 2010;10(19):3494-505.

Ushiyama A, Priyadarshana C, Setiawan R, Miyazaki H, Ishikawa N, Tajima
A, Asano A. Membrane raft-mediated regulation of glucose signaling
pathway leading to acrosome reaction in chicken spermt. Biol Reprod.
2019;100(6):1482-91.

LiY, Huo J, He J, Zhang Y, Ma X. BTG1 inhibits malignancy as a novel prog-
nosis signature in endometrial carcinoma. Cancer Cell Int. 2020;20:490.
Raburn DJ, Hamil KG, Tsuruta JK, O'Brien DA, Hall SH. Stage-specific
expression of B cell translocation gene 1 in rat testis. Endocrinology.
1995;136(12):5769-77.

Rutkowski E, Leibelt S, Born C, Friede ME, Bauer S, Weil S, Koch J, Steinle
A. Clr-a: a novel immune-related c-type lectin-like molecule exclusively
expressed by mouse gut epithelium. J Immunol. 2017;198(2):916-26.
Woo V, Eshleman EM, Rice T, Whitt J, Vallance BA, Alenghat T. Microbiota
Inhibit epithelial pathogen adherence by epigenetically regulating
C-type lectin expression. Front Immunol. 2019;10:928.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


http://www.bioinformatics.babraham.ac.uk/projects/fastqc
http://www.bioinformatics.babraham.ac.uk/projects/fastqc

	Association between Yili goose sperm motility and expression profiles of mRNA and miRNA in testis
	Abstract 
	Background 
	Results 
	Conclusions 

	Background
	Materials and methods
	Experimental animals and sample collection
	RNA extraction, library construction and sequencing
	mRNA expression analysis
	Differential expression and functional analysis of genes
	miRNA expression analysis
	miRNA target gene prediction and functional annotation
	Real-time quantitative PCR verification of sequencing results

	Results
	Analysis of the semen quality of Yili goose
	Summary of sequencing data of testis tissue of Yili goose
	Known miRNA and novel miRNA identification
	Differentially expressed mRNA and miRNA
	Functional analysis of differentially expressed mRNA and miRNA target genes
	Target gene prediction and network analysis
	Real-time quantitative PCR verification results

	Discussion
	Conclusion
	Anchor 25
	Acknowledgements
	References


