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Abstract

Copy number variation (CNV) is a very common type of gene variation with high frequency.
In recent years, CNV has been paid more attention in various fields, especially in livestock and
poultry breeding, which has promoted the progress of breeding. WW domain binding protein
1-like (WBP1L) is a protein coding gene, which plays an important role in cattle populations,
and its function has been extensively studied, but it is not clear whether the copy number of
the gene can affect the growth and development of cattle populations. In this study, CNV of
WBP1L gene was detected in 732 cattle of seven breeds (Qinchuan cattle, QC; Pinan cattle,
PN; Yuengling cattle, YL; Xianan cattle, XN; Jiaxian cattle, JX; natural Guyuan cattle, NGY;
Jian cattle, JA). In addition, the relationship between CNV and growth phenotype of cattle
was studied. The experimental data indicate that the copy number of WBP1L was obviously
correlated with heart girth of PN cattle (**P < 0.01), rump length (RL) and body weight (BW)
of PN cattle (*P < 0.05), withers height (WH), RL, body length, chest depth and BW of JX
cattle (*P < 0.05), WH of NGY cattle (*P < 0.05) and WH of JA cattle (*P < 0.05). It was
proved that CNV of WBP1L gene could be used as molecular marker locus for genetic breed-
ing of the above four cattle breeds.

Introduction

The WW domain is composed of 38–40 semi-conserved amino acid residues that mediate pro-
tein–protein interactions and are functionally similar to the SH3 domain (Chen et al., 1997;
Meiyappan et al., 2007), a model of protein–protein interactions. WW domain binding protein
1-like (WBP1L), a transmembrane adaptor protein (Guan et al., 2020), can act as a regulator to
identify a prognostic factor known as acute leukaemia 1 (OPAL 1) (Mosquera-Caro et al., 2003;
Neveu et al., 2016), binding to a variety of receptors in the body to regulate the expression level
of related materials. Sequence analysis showed that WBP1L is a transmembrane aptamer pro-
tein. It has short extracellular and luminal region, and can form a small compact domain with
a single transmembrane domain and a large cytoplasmic tail (Pei and Grishin, 2012). It has
been found that mice deficient in WBP1L regulate B cell development and improve the effi-
ciency of bone marrow cell transplantation (Borna et al., 2020). In addition, smoking causes
WBP1L methylation in a pregnant woman’s placenta, which regulates birth weight of a baby
(Cardenas et al., 2019). Therefore, we hypothesized that this gene might affect cattle growth
traits. Most of the research onWBP1L gene is focused on humans. However, the detailed func-
tion of WBP1L gene in livestock and poultry has not been reported.

China has a vast territory, complex climate and terrain, a wide variety of organisms, and
extremely rich genetic resources. However, the shortcomings of local varieties are particularly
obvious, which are highlighted in slow growth rate, low feed utilization rate, low lean meat rate
and high fat content. Therefore, in order to meet people’s higher consumption demand and
improve the economic benefits of breeding industry, we must breed superior individuals
using some technical method and improve their growth performance.

As a kind of gene mutation, copy number variations (CNVs) have been widely used in the
genetic improvement of livestock and poultry (Cheng et al., 2020). CNVs are chromosomal
structural variations that are greater than 50 bp in length in the genome (Iafrate et al.,
2004), including duplicates, deletions, transformations, inversions and large-scale insertions,
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of which the most common type is duplicates (Feuk et al., 2006;
MacDonald et al., 2014). CNVs are characterized by high reso-
lution, large genome coverage and stable genetic performance.
In recent years, a large number of gene CNVs have been found
to be related to the growth characteristics of livestock and poultry,
which has great significance for livestock breeding and genetic
breeding. However, the relationship between CNVs of WBP1L
gene and beef cattle growth traits has not been studied so far.

The WBP1L gene is located on chromosome 26 of cattle and
has a total length of 69 985 bp. The known CNV was detected
by quantitative polymerase chain reaction (qPCR) and its copy
number was determined by the 2× 2−DDCt method. In the current
study, CNV of the WBP1L gene was correlated with growth traits
in 732 cattle from seven breeds (Qinchuan cattle, QC; Pinan cat-
tle, PN; Yuengling cattle, YL; Xianan cattle, XN; Jiaxian cattle, JX;
natural Guyuan cattle, NGY; Jian cattle, JA). However, the main
subjects in this study were PN, JX, NGY and JA cattle, while
the other three breeds were used as control experiments for
data comparison. The results showed that CNV of WBP1L gene
could be used as an important marker for PN, JX, NGY and JA
molecular breeding.

Materials and methods

Cattle and growth trait measurements

Previous sequencing revealed that CNV of WBP1L gene existed in
cattle population. In this study, 732 individuals from seven
Chinese cattle breeds were selected to analyse the correlation
between growth characteristics of cattle breeds and CNVs of
WBP1L gene. They are QC (n = 85), PN (n = 129), YL (n = 101),
XN (n = 121), JX (n = 122), NGY (n = 113) and JA (n = 61). QC
are one of the five big cattle breeds in China, large in size, strong
in service and good in producing meat. It is named for the
eight-hund-li Qin Chuan, which is produced in Guanzhong
area of Shaanxi province. PN is a breed of hybrid cattle between
Piedmont cattle and Nanyang cattle. It has delicious meat and
high nutritional value. YL is the first breed of Chinese cattle
bred by three-way crossbreeding in China, which has wide adapt-
ability and excellent performance. XN is a new breed of Chinese
cattle with Charolai cattle as its male parent and Nanyang cattle as
its female parent. It is also the first Chinese cattle breed with inde-
pendent intellectual property rights in China. JX originated in
Jiaxian county, Henan province, and is a famous local cattle
breed with both service and meat. NGY, a national geographical
indication product of China, is produced in Guyuan city,
Ningxia Hui autonomous region. JA is one of the three local
fine breed cattle in Jiangxi province, which has good endurance
and resistance to adversity.

All animal experiments complied with the ARRIVE guidelines
and were carried out in accordance with the UK Animals
(Scientific Procedures) Act, 1986 and associated guidelines, EU
Directive 2010/63/EU for animal experiments, or the National
Institutes of Health guide for the care and use of Laboratory ani-
mals (NIH Publications No. 8023, revised 1978). In addition, the
Animal Experiment Review Committee of Northwest A&F
University approved all of our experiments. Based on the
International Animal Guidelines, we strictly adhere to animal
testing policies and safeguard animal welfare. During the same
breeding period, our experimental cattle were fed with the same
nutritional conditions and the same management methods of
feeding and drinking water. The correlation between CNV of

WBP1L gene and the growth traits of 732 cattle of seven breeds
was studied in a randomized experimental population. It should
be noted that none of the cattle in the study were related.

Sampling and DNA extraction of cattle tissue

We put the extracted ear sample into the sample tube filled with
alcohol and shipped it immediately back to the laboratory. During
the extraction of genomic DNA, the ear samples collected were
first homogenized and fully lysed with cell lysate, then the pro-
teins were removed by protease, chloroform was extracted once,
preparation solution was precipitated, RNA was removed by
RNase and ethanol was precipitated to obtain the complete
DNA. We diluted the DNA to 25 ng/μl and stored in a refrigerator
at −40°C over a long period of time. Prior to the experiment, gen-
omic DNA integrity was determined by agarose gel electrophor-
esis and its concentration was determined by a Nanodroplet
2000 ultramicrophotometer (Thermoscience, Waltham, MA,
USA).

Primer design and amplification detection

After genome sequencing and analysis of the CNV area ofWBP1L
gene, the cattle WBP1L gene sequence (AC_000183.1) issued in
NCBI was used as the reference sequence in this study, and the
CNVR location between 23 641 732 and 23 643 331 bp was deter-
mined, with a total length of 1600 bp (Huang et al., 2021) (Fig. 1).
Primers were designed in CNVR according to the restriction con-
ditions, and multiple pairs of primers were designed for PCR
experiment. Primer information is shown in Table 1.

Agarose gel electrophoresis was used to detect their specificity;
next the best pair of primers was selected. We selected BTF3 gene
as our experiment internal reference gene. Using the same
method, our primers were designed. The reaction system was
as follows: 5 μl 2× Taq PCR Master Mix, 0.4 μl for each primer,
3 μl ddH2O and 1 μl DNA sample to form a 10 μl premixture sys-
tem. PCR procedures for: 95°C 2min, 95°C 10 s, 62°C 10 s, 72°C
10 s, 72°C for 10 min, 10°C up, extending stage circulation 35
times, and then use 1.5% agarose gel electrophoresis to detect pri-
mers for the specificity of the amplification products.

Experimental process and method

We repeated individual quantitative experiments three times for
each animal, and then sent to company to obtain measurement
data, viewing the data provided by CFX software; the same
method was used to perform a simple comparison between indi-
vidual’s three sets of data, by removing two other significant dif-
ference of the data, and then calculated the average. The body size
data of individual animals were matched with the analysis results.
We used Excel software combined with 2× 2−DDCt to probe into
the copy number of WBP1L gene in bovine genome. The correl-
ation between CNV of WBP1L gene and growth traits of each ani-
mal was analysed using SPSSV23.0 software (SPSS, Inc., Chicago,
IL, USA) with CNV type as the fixed factor and body size traits as
the dependent variable.

Statistical analysis

This study tests the CNV of WBP1L gene and the correlation
between bovine growth characters, and uses the 2× 2−DDCt

method to calculate WBP1L gene in the bovine genome copy
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number; the final result for ‘0’ or ‘1’ was represented with the let-
ter ‘Deletion’, the results for ‘2’ with the letter ‘Normal’, the
results of larger than 2 were expressed with the letter
‘Duplication’ (for more than 20 sets of data, no follow-up analysis
was performed). In order to analyse the influence of CNV of
WBP1L gene on the phenotypic value of the trait, and to ensure
the minimum effect of various factors on this experiment, we
established the following simplified mathematical model:

Zijk = m+ CNVi + Xj + Yk + eijk (1)

where Zijk is the phenotype value of traits of experimental cattle; μ
is the average value of each experimental cattle trait, CNVi is the
effect of copy number variation type of WBP1L gene, Xi is the
influencing factor of gender, Yi is the influencing factor of age
and eijk is the random residual error. Furthermore, the experimen-
tal results were expressed as mean ± S.E. values.

Results

Expression of WBP1L gene in XN cattle

To detect the expression level of WBP1L gene in Chinese cattle,
XN cattle breed was selected for expression profile analysis
(Fig. 2). The research data show that the expression level of
WBP1L gene was highest in the kidney, followed by the liver,
intestines and lung, which had similar and low expression levels.

Distribution of CNV types in seven Chinese cattle breeds

Previous studies have confirmed that the gene CNV and livestock
growth traits are correlated; in order to study this correlation, the
copy number distribution of seven cattle breeds was examined,
including QC, PN, YL, XN, JX, NGY and JA. According to the

Fig. 1. (Colour online) Region of WBP1L gene CNV in cattle. Blue area stands for the coding area. The CNV area is from 23 641 732 to 23 643 331 in Chr26. Primer
matching begins from 23 371 659 to 23 371 803 and the detected target sequence length of CNV is 145 bp. In addition, the total length of the CNV region is 1600 bp.

Table 1. Primers in correlation experiments

Primer pairs Genes Primer sequence (5′–3′) Amplification length (bp)

WBP1L-CNV WBP1L CCAGAGCTGGACTTCGTGGG 145

TCGTGACATATCTCAGACGCAG

BTF3-CNV BTF3 AACCAGGAGAAACTCGCCAA 166

TTCGGTGAAATGCCCTCTCG

Fig. 2. (Colour online) Expression profiling of WBP1L in XN cattle.
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2× 2−DDCt values, the types of CNV were classified into deletion
type, normal type and duplication type. As shown in Fig. 3(a), the
CNV of WBP1L gene of seven cattle breeds is concentrated in less
than 0. As shown in Fig. 3(b), the CNV of WBP1L gene was more
between 0 and 4 copies and less between 5 and 20 copies. The
results showed that the deletion type individuals of PN (77%),
NGY (81%) and JA (49%) were significantly higher than the
other two types. Surprisingly, YL without deletion and normal
type individuals, duplication type individuals were up to 100%,
NGY without duplication type individuals, deletion type indivi-
duals were up to 81%.

Correlation analysis between CNV and growth traits of
experimental cattle

With the development of molecular breeding technology, CNV
molecular markers have gradually attracted people’s attention.
According to previous studies, CNV is closely related to the
growth traits of livestock and poultry. In this study, SPSSV23.0
software (SPSS, Inc., Chicago, IL, USA) was used to analyse the
correlation between different copy number types and different
cattle growth traits. The results showed that the copy number of
WBP1L was significantly correlated with heart girth (HG) of
PN cattle (**P < 0.01), and the growth traits of deletion type cattle
were significantly better than those of normal type and duplica-
tion type cattle (Table 2). The withers height (WH), body length
(BL), rump length (RL), chest depth (CD) and body weight (BW)
of JX cattle were significantly correlated with the copy number
types (*P < 0.05), and the growth traits of normal type and dupli-
cation type cattle were significantly better than deletion type ones,
but there was no significant difference in the growth traits
between normal type and duplication type cattle (Table 3). WH
of NGY cattle were significantly correlated with copy number
types (*P < 0.05), and the growth traits of deletion type indivi-
duals were the worst (Table 4). WH of JA cattle were significantly
correlated with copy number types (*P < 0.05), and the growth traits
of normal type individuals were the best, while those of duplication
type individuals were the worst (Table 5). Surprisingly, no signifi-
cant correlation was found between the copy number types of QC,
YL and XN and growth traits in this study.

Discussion

At present, people’s understanding of WBP1L gene is not deep
enough, and the research field focuses on the study of human dis-
eases. For example, Andreassen et al. found that WBP1L gene is
related to human schizophrenia (Andreassen et al., 2013).
Zhang et al. found a certain association between WBP1L gene
and human hypertension (Zhang et al., 2019). However, no
related studies have been found, and we hope to discover the
potential role of the gene in animal studies.

CNV is caused by genome rearrangement, which refers to the
increase or decrease of the copy number of large segments (Zhang
et al., 2011; Vissers and Stankiewicz, 2012). It is mainly mani-
fested as deletion or duplication at the submicroscopic level.

Fig. 3. (Colour online) Distribution of WBP1L gene copy variation in seven cattle breeds
(a). The percentage of WBP1L gene CNV copy variation in seven cattle breeds (b).

Table 2. Statistical correlation analysis of growth traits in PN cattle with WBP1L-CNV

Growth traits

CNV types (average value ± standard error)

P value

Deletion
Normal Duplication

CN = 0 (n = 67) CN = 1 (n = 32) CN = 2 (n = 15) CN≥ 3 (n = 15)

WH (cm) 125 ± 6.3 123 ± 5.7 123 ± 4.3 121 ± 7.5 0.078

BL (cm) 148 ± 12.7 146 ± 10.5 146 ± 10.1 1400 ± 14.3 0.154

HAHC (cm) 132 ± 6.7 130 ± 5.8 130 ± 4.0 129 ± 7.4 0.192

HG (cm) 175 ± 12.7 171 ± 12.1 166 ± 7.5 165 ± 15.1 0.004

HW (cm) 47 ± 4.3 46 ± 4.1 46 ± 3.3 45 ± 5.0 0.268

RL (cm) 49 ± 3.8 47 ± 3.6 47 ± 2.9 46 ± 4.5 0.028

BW (kg) 428 ± 94.0 399 ± 80.4 375 ± 53.0 360 ± 105.8 0.021

HAHC, height at hip cross; HW, hip width.
Note: The BW is the estimated value, and the estimation method is the square of HG × BL/10 800.
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These mutations are not only individual normal polymorphisms,
but also pathogenic mutations, which are widely distributed in
livestock and poultry genomes (Gheyas et al., 2013; Zhao et al.,
2020). Single-nucleotide polymorphisms (SNPs) and CNVs are
two important potential sources of phenotypic variation in live-
stock and poultry, and the mutation rate of CNV sites is higher
than that of SNPs. It is one of the most common types of vari-
ation. However, it should be pointed out that there are still
many problems in the study of CNV: (1) due to the limitation
of detection technology level, the detection effectiveness of
small CNVs is limited; (2) due to the immaturity of relevant tech-
nologies and the lack of research data, the discovery rate of CNVs
is much lower than SNP at present and (3) the CNV location
reported at present is the location of a region containing CNV,
and there are many possible mutations. There is still no good
way to measure the exact mutation location or gene. All these
will affect the research progress of CNV.

While studying the correlation between CNVs and pheno-
types, some studies indicated that SNP genotypes and CNV mea-
surements were statistically significantly correlated with 83 and

18% of gene-expression traits, respectively, but this underesti-
mated the role of CNVs. Therefore, more complete and accurate
detection techniques need to be proposed. Although CNV
research is still incomplete, it has made many achievements: in
human diseases (Henrichsen et al., 2009), CNV has been used
to study multiple myeloma (Yang et al., 2017a, 2017b); leprosy
(Ali et al., 2013) and autism (Glessner et al., 2009). In animal
breeding, such as IGF1R gene of CNV and Jin Na salience
(Jacqueline Nottingham) cow’s weight and the height of QC
and bone was significantly associated with wide (Ma et al.,
2019), the CADM2 gene CNV of Guizhou black goats was obvi-
ously correlated with its shoulder height and BL, which lack indi-
vidual in WH and BL of replication and normal individuals (Xu
et al., 2020), the CNV of MLLT 10 gene had significant effects on
the HW and RL of cattle (*P < 0.05) (Yang et al., 2020). By insert-
ing a 19 bp repeat sequence into the promoter region of CDKN3
gene, it was found that the growth and carcase traits of chicken
were significantly affected (Li et al., 2019). The insertion mutation
of lncFAM 97 bp was closely related to the growth traits of chick-
ens at different growth stages (Li et al., 2020). In addition, CNV
has been used for breeding in sheep (Jenkins et al., 2016; Yang
et al., 2018) and monkeys (Boyd et al., 1980). Our study found
that CNV ofWBP1L gene was significantly correlated with growth
traits of a variety of Chinese yellow cattle.

In order to detect the relationship between different copy
numbers of WBP1L gene and growth performance of QC, a
total of 732 Chinese cattle breeds were tested. Of all the experi-
mental results, there are four varieties showed significant correl-
ation, and only QC HG a character showed significant
correlation with the gene copy number, four varieties of nine
characters showed significant correlation, but only a HG of
Jiaxian red cattle breed attained up to five traits that showed sig-
nificant correlation, WH was significantly correlated with JX,
NGY and JA, and BL and BW were also significantly correlated
with PN and JX populations. In addition, different from other
populations, BL and CD were correlated in JX population.
Among the seven herds, some had the best CNV of the normal
type, some had the best CNV, while others had the best deletion
type.

Table 3. Statistical correlation analysis of growth traits in JX cattle with WBP1L-CNV

Growth traits

CNV types (average value ± standard error)

P value

Deletion
Normal

Duplication

CN = 0 (n = 9) CN = 1 (n = 37) CN = 2 (n = 46) CN = 3 (n = 15) CN≥ 4 (n = 15)

WH (cm) 121 ± 6.3 121 ± 7.1 124 ± 6.3 127 ± 6.5 123 ± 8.9 0.031

BL (cm) 144 ± 9.9 140 ± 11.4 144 ± 10.1 150 ± 10.1 139 ± 13.5 0.024

HG (cm) 170 ± 13.5 170 ± 16.5 174 ± 11.3 180 ± 9.9 168 ± 15.9 0.082

HW (cm) 45 ± 4.8 44 ± 4.7 45 ± 4.5 47 ± 4.2 43 ± 5.2 0.104

HLW (cm) 25 ± 5.9 23 ± 5.9 23 ± 5.0 26 ± 8.0 22 ± 5.0 0.387

RL (cm) 46 ± 4.6 45 ± 3.9 46 ± 4.5 48 ± 3.1 43 ± 5.2 0.033

HAHC (cm) 123 ± 6.7 122 ± 6.6 125 ± 5.8 127 ± 7.2 124 ± 8.1 0.081

CD (cm) 63 ± 3.6 61 ± 5.2 64 ± 4.9 66 ± 4.3 63 ± 6.8 0.041

CW (cm) 36 ± 3.6 37 ± 4.6 37 ± 3.3 38 ± 2.4 37 ± 6.4 0.871

BW (kg) 390 ± 79.3 382 ± 93.8 405 ± 74.5 454 ± 74.9 368 ± 94.3 0.038

HLW, hucklebone width; CW, chest width.

Table 4. Statistical correlation analysis of growth traits in NGY cattle with
WBP1L-CNV

Growth
traits

CNV types (average value ± standard error)

P value

Deletion
Normal

CN = 0
(n = 33)

CN = 1
(n = 58)

CN = 2
(n = 22)

WH (cm) 115. ± 19.3 122 ± 6.0 121 ± 6.5 0.038

HAHC (cm) 120 ± 19.4 123 ± 15.4 124 ± 6.9 0.641

BL (cm) 142 ± 11.5 147 ± 10.0 145 ± 9.5 0.124

HG (cm) 173 ± 12.1 176 ± 10.6 174 ± 12.1 0.504

BW (kg) 401 ± 77.3 425 ± 72.7 409 ± 77.9 0.313

Note: The BW is the estimated value, and the estimation method is the square of HG × BL/10
800.
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Conclusions

In conclusion, our study found that the CNV of WBP1L gene was
obviously correlated with ten traits of four breeds of cattle, which
in a sense indicated that these traits could be used for cattle seed
selection, promoting breed improvement and promoting genetic
and breeding work.
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