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Background: Transmembrane protein 95 (TMEM95) plays a role in male fertility. Previous studies showed
that genes with a significant impact on reproductive traits can also affect the growth traits of livestock.
Thus, we speculated that the genetic variation of TMEM95 gene may have effects on growth traits of
cattle.
Results: Two SNPs were genotyped. The rs136174626 and rs41904693 were in the intron 4 and
30-untranslated region, respectively. The linkage disequilibrium analysis illustrated that these two loci
were not linked. The rs136174626 was associated with six growth traits of Nanyang cattle, four traits
of Luxi cattle, and three traits of Ji’an cattle. For rs41904693 locus, the GG individuals had greater body
height and abdominal girth in Ji’ an cattle than TT and TG individuals. In Jinnan cattle, GG and TT indi-
viduals had greater body height, height at hip cross, body length, and heart girth than TG individuals.
The potential splice site prediction results suggest that the rs136174626 may influence the splicing effi-
ciency of TMEM95, and the miRNA binding site prediction results showed that the rs41904693 may influ-
ence the expression of TMEM95 by affecting the binding efficiency of Bta-miR-1584 and TMEM95 30-UTR.
Conclusions: The findings of the study suggested that the two SNPs in TMEM95 could be a reliable basis
for molecular breeding in cattle.
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open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Beef is rich in protein and amino acids, which can improve peo-
ple’s physical quality and disease resistance, thus, it is favored by
different individuals. Beef is the third most consumed meat world-
wide, accounting for about 25% of the meat market, lagging behind
pork and poultry, and the proportion of beef in the meat market is
increasing year-by-year. In order to improve the production level
of beef cattle, all countries are selecting great breeds. Large beef
cattle breed grow fast, thus, it can be slaughtered at a young age
when the meat is tender. Therefore, the body size of beef cattle
has caused widespread interest among breeders.

China has abundant resources of cattle breeds, which can be
used as beef cattle breeding [1]. At present, molecular breeding
methods are gradually applied to animal breeding, such as marker
assisted selection (MAS), gene editing breeding, and genomic selec-
tion breeding [2,3,4]. Molecular breeding is based on important
traits associated functional genes and genetic variations [5]. There-
fore, it is highly essential to identify the crucial genetic variations
and functional genes associating with cattle growth traits.

Transmembrane protein 95 (TMEM95) gene is one of the mem-
bers of the TMEM family, which is located on Bos taurus chromo-
some 19 [6]. In 2014, a nonsense mutation in Fleckvieh cattle
TMEM95 gene (c.483C > A, p.Cys161X, rs378652941) was found
to be associated with idiopathic male subfertility, while this muta-
tion was not detected in 13 Chinese indigenous cattle breeds [7,8].
Further studies unveiled that TMEM95 is located on the acrosomal
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membrane of the sperm head, and the c.483C > A mutation reduces
fertility by influencing the interaction of sperm the oocyte vest-
ments [9,10,11,12,13].

Previous studies have demonstrated that genes having a signif-
icant impact on reproductive traits can also affect the growth traits
of livestock, such as, sperm-associated antigen 17 (SPAG17) and
growth differentiation factor 9 (GDF9) [14,15]. For instance, Pausch
et al. used genome-wide association studies (GWAS) that found
that the coding variant in acyl-CoA dehydrogenase very long chain
(ACADVL) gene (p.Pro236Thr) was such a candidate functional
mutation, causing male subfertility (it was identified together with
TMEM95 gene), while other studies pointed out that this mutation
(p.Pro236Thr) was associated with growth traits of beef cattle
[7,16]. Therefore, a mutation in TMEM95 gene may have an influ-
ence on growth traits of beef cattle. In the present study, we
detected genetic variations in Chinese cattle TMEM95 gene and
analyzed their associations with growth traits of beef cattle, in
order to lay the foundation for cattle breeding.
2. Materials and methods

2.1. Ethics statement

The present research was approved by the Faculty Animal Pol-
icy andWelfare Committee of Northwest A&F University (Yangling,
China). The experimental process was consistent with protocols of
international guides for the ethical use of animals in research.
2.2. Samples collection

A total of 830 female cattle samples from 5 Chinese indigenous
cattle breeds were collected, including Qinchuan cattle (n = 321,
Shaanxi Province), Nanyang cattle (n = 221, Henan Province), Jin-
nan cattle (n = 195, Shanxi Province), Ji’ an cattle (n = 63, Jiangxi
Province), and Luxi cattle (n = 30, Shandong Province) [8]. All indi-
viduals were randomly selected, unrelated (through at least three
generations), and healthy. The growth traits of the cattle were
measured, including body weight, body height, body length, heart
girth, hip width, daily gain, circumference of cannon bone, abdom-
inal girth, height at hip cross, chest width, and chest depth. A total
of 590 cattle have the data of growth traits (Table 1). The genomic
DNA was isolated from ear tissues using phenol–chloroform DNA
extraction method [17]. The quality of DNA was measured by the
Nanodrop 2000 Spectrophotometer (Thermo Fisher Scientific, Wal-
tham, MA, USA).
2.3. Primer design, genetic variation screening, and genotyping

Based on the sequence of bovine TMEM95 gene in National Cen-
ter for Biotechnology Information database (NCBI Reference
Sequence: NC_037346.1), a total of 5 pairs of primers were
designed to screen novel genetic variations in cattle TMEM95 gene,
which covers all regions of cattle TMEM95 gene (Screen primers 1–
5 in Table 2, Fig. 1). After PCR amplification using DNA pool as tem-
plate (contain 30 DNA samples), Sanger sequencing of PCR product
(Sangon Biotech Co., Ltd., Shanghai, China) and BLAST were used to
screen the novel variations. Then, Tetra-primer amplification
refractory mutation system-PCR (T-ARMS-PCR), PCR-restriction
fragment length polymorphism (PCR-RFLP), and forced PCR-RFLP
methods were used to genotype individuals [16]. The primers of
T-ARMS-PCR were designed using Primer1 website (http://
primer1.soton.ac.uk/primer1.html) (Table 2) [18,19]. The other pri-
mers used in the present study were designed via Primer Premier
software (version 5.0) (Table 2).
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The rs136174626 was genotyped using forced PCR-RFLP due to
the lack of naturally recognizable restriction enzyme cutting site.
The rs41904693 was genotyped using PCR-RFLP method. The pri-
mer pairs of rs136174626-F/R and rs41904693-F/R were used to
amplify the fragments containing rs136174626 and rs41904693
mutation loci (Table 2). After PCR amplification, the PCR products
were digested by restriction enzymes TaqI (TthHB8I) and VpaK11BI
(AvaII), respectively. Afterwards, the genotypes of the individuals
were distinguished according to the agarose gel electrophoresis
of enzyme-digested products. The product size and the corre-
sponding genotypes are listed in Table 2. The PCR reactions and
PCR programs were as same as our previous research [8].

2.4. Statistical analysis

Genotypic frequencies and allelic frequencies were calculated
directly. Population genetic parameters (gene homozygosity, Ho;
effective allele numbers, Ne; polymorphism information content,
PIC) and Hardy-Weinberg equilibrium (HWE) were computed using
MSR website (http://www.msrcall.com/Gdicall.aspx). The linkage
disequilibrium and haplotypes were calculated using SHEsis
(http://analysis.bio-x.cn/myAnalysis.php) [20]. The relationship
between genotypes and growth traits of cattle were analyzed using
the basic general linear model: Yij = m + Gij + e, where Yij represents
the measured data of growth traits, m is the mean for each trait, Gij

denotes the effect of genotype, and e is the random error
[8,21,22,23]. The association between genotypes and growth traits
was assessed using SPSS 19.0 software (IBM, Armonk, NY, USA) via
One-Way ANOVA followed by Post Hoc Multiple Comparisons
(three genotypes) or Independent-Samples T Test (two genotypes)
[21].

2.5. Functional prediction of genetic variation

Ensemble database (http://www.ensembl.org/index.html) was
used to analyze the conservation of the genetic variations locus
among species. ESE Finder was applied to predict the potential
splice site [24]. RegRNA 2.0 web server was utilized for identifying
regulatory RNA motifs and functional sites (such as miRNA binding
sites) [25,26].
3. Results

3.1. Identification of genetic variations in cattle TMEM95 gene

Five PCR products were obtained after the PCR amplification
using screen primer pairs (Fig. 1). Then, the PCR products were sent
to a company for sequencing. According to the results of BLAST and
sequence analysis, seven variations were revealed in cattle
TMEM95 gene, including intron variants NC_037346:g.27056355
G-A, g.27056359 G-A, g.27056493 C-A (rs136174626), and down-
stream gene variants g.27057161 T-G (rs41904693), g.27057175
G-T, g.27057314 G-T, and g.27057316 A-T. Among these variations,
rs136174626 and rs41904693 can be searched in the Ensemble
database. Considering the conservatism and applicability of the
variations, this study genotyped the genotypes of the
rs136174626 and rs41904693 in the studied populations. The
rs136174626 and rs41904693 were in the intron 4 and 30-
untranslated region, respectively (Fig. 1). In the Ensemble data-
base, these two SNPs have been identified in the Iranian Bos taurus
from the NextGen Project. In the Ensemble database, rs136174626
was identified in seven Iranian Bos taurus. The frequencies (count)
of AA, AC, and CC were 0.286 (2), 0.143 (1), and 0.571 (4), respec-
tively. The minor allele frequency (MAF) of rs136174626 in the Ira-
nian Bos taurus was 0.357. The rs41904693 was identified in eight

http://primer1.soton.ac.uk/primer1.html
http://primer1.soton.ac.uk/primer1.html
http://www.msrcall.com/Gdicall.aspx
http://analysis.bio-x.cn/myAnalysis.php
http://www.ensembl.org/index.html


Table 1
The breeds, sample size, and descriptive summaries for the measurements of growth traits of the cattle used in this study.

Traits/Breeds (number) Body measurement (Mean ± SD)

Nanyang cattle (N = 105)

Age 6-month old 12-month old 18-month old 24-month old

Body weight (kg) 160.27 ± 18.91 223.24 ± 22.96 298.35 ± 30.89 368.04 ± 39.72
Body height (cm) 106.15 ± 5.09 114.12 ± 3.84 121.38 ± 6.48 126.42 ± 4.30
Body length (cm) 105.69 ± 5.75 117.11 ± 7.38 129.45 ± 7.12 138.08 ± 7.49
Heart girth (cm) 128.97 ± 7.27 141.39 ± 7.72 156.08 ± 8.38 168.94 ± 9.77
Hip width (cm) 18.33 ± 1.34 20.71 ± 1.61 23.15 ± 1.82 25.30 ± 2.28
Daily gain (kg) 0.72 ± 0.10 0.35 ± 0.12 0.42 ± 0.17 0.39 ± 0.11

Luxi (N = 25) Ji’ an (N = 79) Jinnan (N = 181) Qinchuan (N = 200)

Body weight (kg) 434.64 ± 82.18 256.50 ± 53.37 /
Body height (cm) 133.28 ± 5.94 107.22 ± 6.25 128.61 ± 6.33 129.71 ± 6.83
Body length (cm) 150.4 ± 12.70 119.08 ± 8.78 151.91 ± 11.45 137.45 ± 12.48
Heart girth (cm) 187.28 ± 12.22 151.61 ± 11.61 184.94 ± 14.85 179.44 ± 16.95
Circumference of cannon bone (cm) 18.44 ± 0.51 14.01 ± 0.74 / /
Abdominal girth (cm) 213.24 ± 18.29 185.75 ± 15.62 / /
Height at hip cross (cm) / 107.70 ± 13.16 131.25 ± 7.32 /
Chest width (cm) / / / 38.53 ± 5.36
Chest depth (cm) / / / 64.50 ± 6.61

Table 2
PCR primer sequences of cattle TMEM95 gene.

Primers Primer sequences (50–30) Note (Product size)

Screen-F1 CGAAGTGGAGTACCGCAGAC Promoter region (760 bp)
Screen-R1 CCTCAGTGGTGGCTTAGGG
Screen-F2 CTCAACTTAGCAGGACTATGGAA Promoter, Exon1 and partial Exon 2

(1398 bp)Screen-R2 GGCAAAGGCCGAGAATGT
Screen-F3 CCTGGACATTCTCGGCCTTT Exon2 to Exon5 (900 bp)
Screen-R3 GGCCAACAGTACACCTCGAA
Screen-F4 TGGAGGTGAACCATCCCTG Intron3 to Exon6 (1396 bp)
Screen-R4 GGCCATTTGACAGCACGTTT
Screen-F5 TCACCACCACTCCCACATC Exon6 and gene downstream (861 bp)
Screen-R5 AACCCACTCCAGTATTCTTGC
rs136174626-F GTGAGTAAGAAAGGGAAGGGGTCG Forced-PCR-RFLP (171 bp) Taq I (TthHB8I)

CC = 22 + 149 bp: AA = 171 bp;
AC = 171 + 22 + 149 bp.

rs136174626-R CCTGGCAGGTTGAACAGTTG

rs41904693-F TCTTTGTGTGCGGAACTGC PCR-RFLP (401 bp) VpaK11BI (AvaII)
TT = 271 + 130 bp; GT = 271 + 198 + 72 + 130 bp; GG = 198 + 72 + 130 bp.rs41904693-R ACCATCTGACACTGGGACTA

rs136174626-inner F AGGGCGGGGGACAGCCAGACCCTTGGT Product size for T allele: 188 bp
Product size for G allele: 249 bp
Product size of two outer primers: 380 bp

rs136174626-inner R TCTGGACGATTGAACCACTTGGGGCTGAAC
rs136174626-outer F ATCCTTCCTCCTGCCCTCGTGGCCCTTC
rs136174626-outer R TATTTTCCTGGCACGGGGACTGCCCCTG
rs41904693-inner F TGCCGTGAGTAAGAAAGGGAAGGGGTGGC Product size for C allele: 202 bp

Product size for A allele: 156 bp
Product size of two outer primers: 303 bp

rs41904693-inner R CAAGTGCCCCAAGCCCCCGGCTTCCT
rs41904693-outer F GGACCAAGGGGTGCCTAGGTCCTTGGGC
rs41904693-outer R TCGGGGCCAACAGTACACCTCGAAGCCC

Note: NCBI Reference Sequence: NC_037346.1.
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Iranian Bos taurus. The frequencies (count) of TT, GG and GT were
0.375 (3), 0.500 (4), and 0.125 (1), respectively. The MAF of
rs41904693 in the Iranian Bos taurus was 0.438. For rs136174626
locus, 808 individuals were genotyped, while for rs41904693 locus,
307 individuals were genotyped. Because the efficiency of PCR
amplification and restriction enzymes were different, the numbers
of the genotyped individuals for rs136174626 and rs41904693
were different. We attempted to identify the genotypes of individ-
uals using T-ARMS-PCR and PCR-RFLP methods, whereas both
rs136174626 and rs41904693 loci failed to be genotyped using
T-ARMS-PCR. Thus, rs136174626 and rs41904693 were genotyped
using forced PCR-RFLP and PCR-RFLP methods, respectively.

3.2. Population genetic parameters analysis

In the present study, both rs136174626 and rs41904693 had
three genotypes (rs136174626: AA/AC/CC; rs41904693: TT/TG/
GG). However, the genotype GG of rs41904693 locus was not
detected in Qinchuan, Nanyang, and Luxi cattle (Table 3). After
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genotyping, the genetic parameters were calculated (Table 3). For
rs136174626 locus, the MAF was 0.276 in the detected popula-
tions. The frequencies of AA (0.359 ~ 0.530) and AC (0.367 ~ 0.48
2) genotypes were close to each other, and those frequencies were
higher than the frequency of CC genotype (0.068 ~ 0.159) in Qinch-
uan, Nanyang, and Jinnan cattle. The three genotypes were dis-
tributed uniformity in Luxi cattle, and their frequencies were
0.316, 0.368, and 0.316. In Ji’ an cattle, the frequency of AC was
up to 0.711, while the frequency of CC was only 0.058. The uneven
distribution caused this locus to be seriously deviated from the
Hardy-Weinberg equilibrium in Ji’ an cattle population. For
rs41904693, the MAF was 0.133 in the detected populations.
The TT was the main genotype and T was the main allele in the
detected population. For the rs136174626 and rs41904693, the
Howas greater than 0.5 in the detected populations, indicating that
the percentage of individuals with homozygous genotypes was
higher than that of the heterozygous genotype. The Ne of the pop-
ulations for rs136174626 were close to 2, which demonstrated that
the alleles of rs136174626 were evenly distributed in the detected



Fig. 1. Bovine TMEM95 gene structure diagram, variations screening electrophoretogram and sequencing maps of genetic variations. P1–P5 represented the five screening
primer pairs. The electrophoretic bands of different lengths were amplified by primers P1–P5 and the same bands represented two repetitions. The sequencing maps showed
the two genetic variations genotyped in this study, rs136174626 and rs41904693 in TMEM95 gene.

Table 3
Genotypic and allelic frequencies and genetic parameters of rs136174626 and rs41904693 in cattle.

Loci/Breeds (Numbers) Genotypic frequencies Allelic frequencies Genetic parameters a HWE b

rs136174626 AA AC CC A C Ho Ne PIC P-value

Qinchuan (n = 321) 0.530 0.367 0.103 0.713 0.287 0.591 1.692 0.325 0.070
Nanyang (n = 221) 0.516 0.416 0.068 0.724 0.276 0.600 1.666 0.320 0.536
Luxi (n = 19) 0.316 0.368 0.316 0.500 0.500 0.500 2.000 0.375 0.251
Ji’ an (n = 52) 0.231 0.711 0.058 0.587 0.413 0.515 1.942 0.367 0.00075
Jinnan (n = 195) 0.359 0.482 0.159 0.600 0.400 0.520 1.923 0.365 0.952

rs41904693 TT TG GG T G Ho Ne PIC P-value

Qinchuan (n = 30) 0.733 0.267 / 0.867 0.133 0.769 1.301 0.204 0.399
Nanyang (n = 69) 0.507 0.493 / 0.754 0.246 0.629 1.591 0.302 0.007
Luxi (n = 30) 0.667 0.333 / 0.833 0.167 0.722 1.385 0.239 0.270
Ji’ an (n = 63) 0.413 0.429 0.158 0.627 0.373 0.532 1.879 0.358 0.506
Jinnan (n = 115) 0.739 0.226 0.035 0.852 0.148 0.748 1.337 0.220 0.271

Note: aHo, gene homozygosity; Ne, effective allele numbers; PIC, polymorphism information content. bHWE, Hardy-Weinberg equilibrium.

Table 4
Linkage disequilibrium parameters (D0 and r2) between rs136174626 and rs41904693
in cattle.

Breeds D0 value r2 value

Qinchuan 0.685 0.036
Nanyang 0.225 0.027
Luxi 0.514 0.040
Ji’ an 0.710 0.235
Jinnan 1.000 0.126
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populations. The PIC values showed that the rs136174626 and
rs41904693 belonged to medium (0.25 < PIC < 0.5) or low polymor-
phism (PIC < 0.25) in the detected populations (Table 3).

3.3. Analysis of linkage disequilibrium and haplotypes

The results of linkage disequilibrium analysis are mainly repre-
sented by D0 and r2 values. Compared with D0, r2 is less affected by
sample size and allele frequency, thus, r2 can better reflect the rela-
tionship between the two loci. When r2 = 0, there was no associa-
tion between the two loci. When r2 > 0.33, an association was
noted between the two loci. In the current study, the r2 ranged
from 0.027 to 0.126 (Table 4). Hence, these two loci were not
linked in the analyzed populations.

3.4. Effects of the SNPs on growth traits of cattle

The results of association analysis revealed that the genotypes
of rs136174626 and rs41904693 were significantly associated with
growth traits of cattle in some cattle breeds (Fig. 2, Fig. 3, Table 5,
Table 6, insignificant data were not shown). For rs136174626
locus, the genotypes were associated with the body weight, body
height, body length, heart girth, hip width, and weight daily gain
of Nanyang cattle; body weight, body height, body length, and
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heart girth of Luxi cattle; body height and body length of Ji’ an cat-
tle (P < 0.05 or P < 0.01, Table 5). The individuals with CC and AC
genotypes had significantly greater body weight, body height,
and body length compared with individuals with AA genotype in
Nanyang and Luxi cattle (Table 5, Fig. 2). For rs41904693 locus,
the genotypes were found to be associated with the body height
and abdominal girth of Ji’ an cattle; the body height, body length,
height at hip cross, and heart girth of Jinnan cattle (P < 0.05 or
P < 0.01, Table 6). In Ji’ an cattle, the GG individuals had greater
body height and abdominal girth than TT and TG individuals. In Jin-
nan cattle, GG and TT individuals had greater body height, height at
hip cross, body length, and heart girth than TG individuals (Table 6,
Fig. 3).



Fig. 2. The association of bovine TMEM95 rs136174626 with growth traits of cattle. AG, Abdominal girth (cm); BH, Body height (cm); BL, Body length (cm); BW, Body weight
(kg); CCB, Circumference of cannon bone (cm); HG, Heart girth (cm); HHC, Height at hip cross (cm). * and ** above the genotypes represented significant differences at P < 0.05
and P < 0.01 levels, respectively.
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3.5. Functional prediction of rs136174626 and rs41904693 in TMEM95
gene

The conservation of the variants in TMEM95 gene was predicted.
For the rs136174626 locus, the A base was only found in the cow
and Hybrid – Bos Taurus, and the locus was not very conservative
among different species (Table 7). However, rs41904693 was con-
servative among different species, except for the G allele that was
found in the Hybrid – Bos Indicus (Table 7). Since the location of
the rs136174626 was close to Exon-4, we assumed that the men-
tioned mutation might influence the splicing of mRNA if this muta-
tion located in a splicing site. The prediction by ESE Finder showed
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that the rs136174626 was located in a mammalian branch site (U2
type). The sequence changed from ‘‘TAGAGAA” to ‘‘TAGCGAA”, and
the predicted score changed from �1.36360 to 0.83290. The pre-
diction of rs41904693 showed that the T to G mutation did not
change the predicted score. Given that the rs41904693 was located
in the 3’ UTR of cattle TMEM95 gene, we wondered whether this
mutant would affect the binding of miRNA to target site. The
miRNA binding sites’ prediction results showed that both TT and
GG genotypes could be recognized by miR-1584-5p, while the
mutation changed the minimum free energy (mfe) (Fig. 4). Besides,
the mutation changed the secondary structure of mRNA, which
will have effect on miRNA binding (Fig. 4). Furthermore, the C



Fig. 3. The association of bovine TMEM95 rs41904693 with growth traits of cattle. AG, Abdominal girth (cm); BH, Body height (cm); BL, Body length (cm); BW, Body weight
(kg); CCB, Circumference of cannon bone (cm); HG, Heart girth (cm); HHC, Height at hip cross (cm). * and ** above the different genotypes represented significant differences
at P < 0.05 and P < 0.01 levels, respectively.

Table 5
Association of bovine TMEM95 rs136174626 with growth traits of cattle.

Breeds Traits Genotypes (Mean ± SD) P-values

AA AC CC

Nanyang cattle (6 months old) Body weight (kg) 151.50b ± 3.79 165.28a ± 2.46 170.33a ± 2.83 0.001
Body height (cm) 102.88b ± 0.91 108.47a ± 0.53 108.33a ± 0.62 7 � 10�6

Body length (cm) 102.44b ± 1.00 107.55a ± 0.63 109.67a ± 2.19 2.1 � 10�5

Heart girth (cm) 126.28b ± 1.51 130.66a ± 0.84 135.67a ± 1.12 1.02 � 10�4

Hip width (cm) 18.05b ± 0.19 18.39b ± 0.21 19.67a ± 0.36 0.011
Daily gain (kg) 0.68b ± 0.02 0.75a ± 0.01 0.77ab ± 0.02 0.006

Nanyang cattle (12 months old) Body height (cm) 112.56b ± 0.64 115.26a ± 0.54 113.83ab ± 0.87 0.006
Body length (cm) 112.97b ± 0.84 119.32a ± 1.154 120.50a ± 2.91 8.8 � 10�5

Heart girth (cm) 137.78c ± 1.47 143.34b ± 1.04 150.50a ± 1.34 1.52 � 10�4

Hip width (cm) 20.40b ± 0.262 20.87b ± 0.24 22.50a ± 0.55 0.013

Nanyang cattle (18 months old) Body length (cm) 126.09b ± 1.21 130.19a ± 1.08 135.00a ± 2.05 0.006
Heart girth (cm) 151.22b ± 1.42 158.15a ± 1.14 162.67a ± 1.63 1.09 � 10�4

Hip width (cm) 22.61c ± 0.27 23.51b ± 0.24 25.00a ± 1.03 0.003

Nanyang cattle (24 months old) Body weight (kg) 352.06b ± 4.72 372.97a ± 6.89 401.00a ± 10.97 0.013
Body length (cm) 134.53b ± 1.33 138.63a ± 1.05 144.16a ± 1.55 0.004
Heart girth (cm) 162.78b ± 1.60 171.75a ± 1.31 178.16a ± 2.30 1 � 10�5

Hip width (cm) 24.54b ± 0. 31 25.84a ± 0. 31 27.25a ± 1.22 0.004
Daily gain (kg) 0.33c ± 0. 01 0. 40b ± 0.01 0. 49a ± 0.04 0.001

Luxi cattle Body weight (kg) 371.67b ± 16.09 428.86ab ± 26.13 491.60a ± 44.25 0.043
Body height (cm) 129.50ab ± 2.26 133.50b ± 1.18 139.00a ± 3.42 0.042
Body length (cm) 143.83b ± 6.05 143.33b ± 18.15 160.00a ± 10.51 0.049
Heart girth (cm) 180.50b ± 2.39 183.67b ± 4.27 197.60a ± 6.01 0.036

Ji’ an cattle Body height (cm) 112.78a ± 1.82 105.87b ± 0.91 98.50c ± 1.50 0.001
Height at hip cross (cm) 112.67a ± 1.70 108.35ab ± 0.79 104.50b ± 1.50 0.021
Body length (cm) 126.89a ± 3.13 120.42b ± 1.06 109.00b ± 1.00 0.001

Note: values with different superscripts within the same column differ significantly at P < 0.05 (a, b, c).

Table 6
Association of bovine TMEM95 rs41904693 with growth traits of cattle.

Breeds Traits Genotypes (Mean ± SD) P-values

TT TG GG

Ji’ an Cattle Body height (cm) 104.93b ± 1.31 101.57b ± 1.02 110.30a ± 2.09 0.048
Abdominal girth (cm) 183.55b ± 2.52 194.38b ± 2.64 198.40a ± 4.77 0.004

Jinnan cattle Body height (cm) 130.05a ± 0.75 125.22b ± 1.18 130.25ab ± 1.03 0.005
Height at hip cross (cm) 132.58a ± 0.80 128.48b ± 1.57 130.50ab ± 1.44 0.046
Body length (cm) 152.27ab ± 1.23 148.04b ± 2.56 162.75a ± 4.03 0.043
Heart girth (cm) 187.60a ± 1.58 178.78b ± 2.93 192.25ab ± 4.87 0.018

Note: values with different superscripts within the same column differ significantly at P < 0.05 (a, b, c).
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Table 7
The conservation of the rs136174626 and rs41904693 loci in TMEM95 gene among
different species.

Species Sequence of rs136174626 Sequence of rs41904693

Cow GAAGGGGTAGAGAAAGCCGGG AGACCCTTAGTTCCAGCCCCA
Hybrid - Bos

Indicus
GAAGGGGTAGCGAAAGCCGGG AGACCCTTAGGTCCAGCCCCA

Hybrid - Bos
Taurus

GAAGGGGTAGAGAAAGCCGGG AGACCCTTAGTTCCAGCCCCA

Domestic yak GAAGGGGTAGCGAAAGCCGGG AGACCCTTAGTTCCAGCCCCA
Goat GAAGGGGTAGCGAGAGCCAGG AGACCCTAAGTTCCAGCCCCA
Pig GAAGGGGTAGCTCCGGCAAGG AGCCCCTTAGTTCCAGCCCCA
Cat GAAGGGGTAGGTGAGGACGGG AGCCCCTCACTTCCAATCCCA
Canada lynx GAAGGGGTAGGTGAGGACGGG AGCCCCTCACTTCCAATCCCA
Lion GAAGGGGTAGGTGAGGACGGG AGCCCCTCACTTCCAATCCCA
Leopard GAAGGGGTAGGTGAGGACGGG AGCCCCTCACTTCCAATCCCA
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allele of rs136174626 was predicted to be a potential target for
bta-miR-2467*, but the A allele could not be targeted by bta-
miR-2467*.

4. Discussion

TMEM95 gene was found to be related to bovine reproductive
traits, and it could be used in the breeding of cattle. But in the
actual breeding, when one trait was improved through one candi-
date gene, the influence of the modification of the candidate gene
on other traits should also be taken into account. For example,
when editing and selecting gene related to reproductive traits,
the effects of it on growth, body shape, disease resistance, etc.,
should also be taken into account. Therefore, this study expected
to explore whether TMEM95 had effects on growth and body traits
of cattle besides affecting male fertility. The first level of function
and molecular mechanism research of a gene is the correlation
research, such as GWAS and correlation studies between genetic
variations and phenotypes [7,16]. Thus, this study started from
the basic correlation analysis to explore the relationship between
genetic variations of TMEM95 gene and growth traits of cattle.

In 2014, Pausch et al. found that KIF1C, PELP1, ACADVL, and
TMEM95 were candidate genes that influenced male reproduction
[7]. In the follow-up study, TMEM95 gene was identified to be asso-
Fig. 4. The influence of rs41904693 mutation in TMEM95 on m

64
ciated with male subfertility, and the mutation in ACADVL was
identified to be associated with growth traits of cattle [7,16].
Reproduction and growth are the two main traits that breeders
pay attention to, and numerous genes have been found to affect
both these traits, including SPAG17, BMPRIB, and GDF9. SPAG17
gene was found essential for male germ cell development and fer-
tility [27]. Meantime, a variety of studies pointed that the SPAG17
was also required for skeletal bone development, and mutations in
SPAG17 gene were associated with body height of human and goat
[8,28]. BMPRIB and GDF9 belong to transforming growth factor beta
(TGF-b) superfamily, which play crucial roles in tissue develop-
ment [29]. Furthermore, these two genes are the star genes in
reproduction research, due to their mutations play important roles
in animal litter size [12,30,31]. Therefore, we speculated that the
mutations in TMEM95 gene may influence the growth and develop-
ment of cattle.

In the present study, two SNPs in the cattle TMEM95 gene were
detected in 5 Chinese indigenous cattle. The rs136174626 was
located in the intron 4 of cattle TMEM95 gene, which was associ-
ated with several growth traits of cattle. Our prediction results
showed that the rs136174626 might influence the splicing of
intron 4. Although introns would be cut off during mRNA tran-
scription, many introns contain functional elements and partici-
pate in the regulation of gene splicing or expression. For
instance, the intron 3 G3072A nucleotide substitution in pig IGF2
occurs in an evolutionarily conserved CpG island, influencing the
skeletal muscle growth, subcutaneous fat deposition, and heart
size [32]. Subsequently, studies reported the mentioned substitu-
tion abrogated the binding site for the transcriptional repressor
ZBED6, and this substitution not only regulated the expression of
IGF2, but also IGF2 antisense transcript [32,33]. A C-to-T transition
in cattle CD46 gene intron 8 was noted to be associated with mas-
titis in Holsteins by retaining a 48-bp sequence from intron 8,
which changed the protein sequence of cattle CD46 gene [34]. Fur-
thermore, the rs2802292 mutation in human FOXO3 intron 2 was
found had enhancer functions, and the G-allele created a new
HSE binding site for HSF1, which changed the expression of FOXO3
gene [35].

In the current research, the rs41904693 was located in the 30-
UTR of cattle TMEM95 gene, which was associated with the body
iR-1584-5p binding site and mRNA secondary structure.
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height of Ji’ an and Jinnan cattle. Our prediction results showed
that the rs41904693 might influence the binding of bta-miR-
1584-5p and cattle TMEM95 30-UTR. It is noteworthy that the func-
tion of miR-1584-5p has still remained unknown. The 30-UTR is the
primary regulation region of gene, influencing the expression of
gene mainly though binding with miRNAs. Previous studies
demonstrated that the SNPs in the 30-UTR region may affect the
binding of miRNAs and target sites, in addition to further influence
the expression of the target gene [36]. In goat, a litter size associ-
ated SNP, g.173057T>C, in PRLRwas identified to regulate the bind-
ing of miR-302a and PRLR 30-UTR, further influence the expression
of PRLR protein [37]. In pig, the expression of IGF-1was found to be
influenced by the IGF-1 30-UTR SNP (rs34142920) and miR-new14
[38]. In dairy cattle, a SNP (g.4693G>T) in the 30-UTR of HSF1was
noted to be associated with the thermo tolerance in Chinese Hol-
stein cattle, and this SNP can affect the expression of HSF1 by influ-
encing the binding of bta-miR-484 and HSF1 [39].
5. Conclusions

In summary, two generic variations of cattle TMEM95 gene were
identified in 5 Chinese indigenous cattle breeds. The rs136174626
and rs41904693 were associated with the body growth traits of
cattle. For rs136174626, the individuals with CC and AC genotypes
were greater than the individuals with AA genotype in Nanyang
and Luxi cattle. And for rs41904693, the individuals with GG geno-
type were greater than the individuals with TT and TG genotypes.
The rs136174626 may influence the splicing efficiency of TMEM95
and rs41904693 may influence the expression of TMEM95 by
affecting the binding efficiency of miR-1584 and TMEM95 30-UTR.
These findings would provide a reliable basis for molecular breed-
ing in cattle.
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