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Abstract. Paired box 7 (Pax7) gene, a member of the paired box gene family, plays a critical role in animal
growth and muscle development, especially in cell proliferation and self-renewal. The aim of this study was
to detect the 10 base pair (bp) duplication insertion/deletion (indel) in the promoter region within the bovine
Pax7 gene as well as its association with growth traits. Herein, a total of 718 individuals from five Chinese
cattle breeds were sampled and detected. The 10 bp duplication indel was found in these cattle breeds and there
were three genotypes: II (insertion/insertion), ID (insertion/deletion), and DD (deletion/deletion). Moreover, this
indel was significantly associated with the body weight in Xianan cattle (P = 0.006), the body height in Jinjiang
cattle (P = 0.046), and the hip width in Pi’nan cattle (P = 0.020). Consistently, the individuals with II genotype
showed better phenotypic traits than those with the other genotypes in these five breeds. These findings suggest
that the 10 bp duplication indel within the bovine Pax7 gene could be considered as an effective DNA molecular
marker that provides valuable theoretical basis for marker-assisted selection (MAS) in beef cattle in the future.

1 Introduction

Pax genes, also known as the paired box genes in mammals,
are a family comprising of nine genes (Lang et al., 2007;
Xu, 2014). All family members possess a paired domain that
recognizes specific DNA sequences, some of which have an
additional, partial or whole homeodomain that also interacts
with DNA (Lang et al., 2007). Based on the different struc-
tures and functions, these genes are divided into four groups
(Lang et al., 2007). Among these, the paired box 7 (Pax7; see
Appendix A for all abbreviations) gene belongs to the third
group and has the most abundant structure in this family, in-
cluding one paired domain, one homeodomain, one octapep-
tide motif and one transactivation (Xu, 2014).

Owing to the abundant structure, the Pax7 gene plays a
critical role in organogenesis during embryonic development

as well as growth and muscle development in animals, es-
pecially in cell proliferation and self-renewal (Lang et al.,
2007). In the development of skeletal muscle that has strong
regenerative capacity, the Pax7 gene can promote cell prolif-
eration and inhibit cell differentiation by combining with the
specific genes related to cell growth and adhesion (Maltzahn
et al., 2013), such as inducing the expression pattern of the
MyoD and Myf5 genes and co-regulating with the Pax3 gene
(Bhagavati et al., 2007; Galli et al., 2008). Therefore, the
Pax7 is a marker gene for muscle satellite cells (Buckingham
and Rigby, 2014), which also is recognized as the target gene
for the treatment of muscular diseases, including muscle de-
velopment disorders, muscular dystrophy, and so on (Seale
and Rudnicki, 2000). Additionally, during myoblast differ-
entiation, Pax7 can be regulated by targeting with microR-
NAs related with growth and development (Xu et al., 2012),
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such as miR-1 (Chen et al., 2010), miR-206, miR-486 (Dey
etal., 2011), and miR-682 (Chen et al., 2011). Moreover, the
Pax7 gene has a vital role in the damage repair of muscle in
humans (Hyatt et al., 2008), mice (Jostes et al., 1990), and
fish (Minchin and Hughes, 2008; Seger et al., 2011). There-
fore, it can be concluded that the Pax7 gene plays an indis-
pensable role in animal growth.

Previous literature shows that the polymorphisms of the
Pax7 gene also could affect the phenotypic traits in mam-
mals. For example, in humans, 75 single nucleotide polymor-
phisms (SNPs) within the intragenic region of the Pax7 gene
were associated with alveolar rhabdomyosarcoma which se-
riously inhibited the normal development of skeletal muscle
(Davicioni et al., 2009); in cattle, a previous study from our
group found that the SNPs within the bovine Pax7 gene, ex-
cept in the promoter region, had significant effects on growth
traits of Nanyang cattle breed (Xu et al., 2011, 2012), but
the insertion/deletion (indel) variations in the Pax7 gene pro-
moter region were unknown. Moreover, a 31 bp indel within
the chicken Pax7 gene was significantly associated with body
weight, which indicated that Pax7 should be considered as a
candidate gene for growth traits (Zhang et al., 2014). Based
on the genetic variants from high-throughput sequencing
data and previous bioinformatics analysis in our group, we
first found the 10 bp duplication indel in the Pax7 gene pro-
moter region (Xu, 2014), however, there were few reports
about the 10 bp duplication indel in the Pax7 gene promoter
region and its association with growth traits in cattle.

Therefore, the objective of this study was aimed at explor-
ing the 10bp duplication indel in the Pax7 gene promoter
region in 718 individuals from five Chinese cattle breeds,
as well as evaluating their effects on growth traits, which
would provide useful information for marker-assisted selec-
tion (MAS) programs in the cattle breeding industry.

2 Materials and methods

The study protocol was approved by the Regulations for
the Administration of Affairs Concerning Experimental An-
imals (Ministry of Science and Technology, China, revised
in 2004) and approved by the Institutional Animal Care and
Use Committee (College of Animal Science and Technology,
Northwest A&F University, China).

2.1 DNA samples and data collection

A total of 718 unrelated female adult cattle from five Chi-
nese breeds: Xianan (XN, n=169), Ji’an (JA, n=43),
Jinjiang (JJ, n =82), Guangfeng (GF, n =70), and Pi’nan
(PN, n =354) were used in this study for initial indel discov-
ery. All of these cattle breeds were reared in the provinces
of Henan, Jiangxi, Jiangxi, Jiangxi, Henan, respectively. All
animals were allowed access to feed and water ad libitum
under normal conditions, as previously described (Yang et
al., 2012; Dang et al., 2014; Zhang et al., 2015). Growth
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traits of the five cattle breeds include body height, hip height,
body slanting length, body weight, chest circumference,
waist circumference, cannon circumference, rump length,
and hip width, which were collected as described in Gilbert
et al. (1993).

2.2 DNA isolation and genomic DNA pool construction

Genomic DNA samples were extracted from ear tissue using
standard salt-chloroform extraction protocol (Sambrook and
Russell, 2001; Lan et al., 2007), and stored at —80 °C. A to-
tal of 30 DNA samples were randomly selected to construct
genomic DNA pools (Zhang et al., 2015; Cai et al., 2016;
Shi et al., 2016). The chosen genomic DNA samples were
diluted to the same concentration (50 ng uL ') and individ-
ual aliquots of DNA samples were transferred into a single
tube to ensure that a constant amount of each DNA sample
was transferred to the pool. The pool was then mixed gently
and uniformly. The genomic DNA pools were used as tem-
plates for PCR amplification and then amplified in different
individuals (Sham et al., 2002; Zhang et al., 2015).

2.3 Primer design and PCR amplification

Based on the reference sequences in the NCBI database
(GenBank accession no. AC_000159.1) and our unpub-
lished data (Xu, 2014), Primer Premier 5.0 software
was used to design the detected primers. One primer
pair was listed as follows: forward primer (Pax7-F:
5’-CGCGTTACAACCAGCACTTC-3’) and reverse primer
(Pax7-R: 5’-GCCTTCTTTCTCCGACCAC-3’). Each PCR
reaction was carried out in a 25pL reaction mixture
that contained 50ng genomic DNA, 0.5umolL~' of
each primer, 1 x buffer (including 1.5 mM MgCl,), 200 uM
dNTPs (dATP, dTTP, dCTP, and dGTP), and 0.625 units of
Taq DNA polymerase (MBI Fermentas, Vilnius, Lithuania)
(Zhang et al., 2015). To reduce non-specific amplification, a
touch-down PCR program was performed as follows: 5 min
at 95 °C, 18 cycles of denaturing at 95 °C for 30 s, annealing
at 68 °C for 30s and a decrease of 1 °C per cycle, extension
at 72°C for 20s, another 24 cycles of denaturing at 95°C
for 30s, annealing at 60 °C for 30s, extension at 72 °C for
20s, and a final extension at 72 °C for 10 min with subse-
quent cooling at 10 °C (Zhang et al., 2015; Yang et al., 2016).
The PCR products were detected by electrophoresis in 3.5 %
agarose gel stained with ethidium bromide at a constant volt-
age (120 V) for 80 min. Then, the genotypes of the individu-
als were observed.

2.4 Active site prediction of the Pax7 gene promoter
region

Firstly, the bovine Pax7 gene promoter sequences were re-
trieved from NCBI database. Secondly, JASPAR (http://
jaspar.genereg.net/cgi-bin/jaspar_db.pl), Genomatix Matln-
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spector Release 8.0.4, and other online software were used
to predict transcription factor binding sites in the promoter
region of the Pax7 gene, as well as to determine the transcrip-
tion factors that interacted with the 10 bp duplication indel.

2.5 Statistical analysis

Genotypic and allelic frequencies of the bovine Pax7 gene
were directly calculated (Xu et al., 2011). The heterozygos-
ity (He) of the population genetic diversity index was cal-
culated according to Nei’s method (Nei and Roychoudhury,
1974), the effective allele number (Ne) was calculated ac-
cording to Morgante’s formula (Morgante et al., 1994), and
the polymorphism information content (PIC) was calculated
via the website http://www.msrcall.com/Gdicall.aspx (Wu et
al., 2014; Jia et al., 2015). The software program SPSS (ver-
sion 18.0) (SPSS Inc., Chicago, USA) was used to make the
goodness of fit tests for Hardy—Weinberg equilibrium (HWE)
and analyze the relationship between the different types and
the growth traits in the cattle breeds. All individuals were fe-
male adults and each fed the same nutritional diet in their
farm. The basic linear model was used to evaluate the re-
lationships between types and growth-related traits for each
individual as follows: Y = u+ G + E, where Y was the trait
measured for each animal, u was the overall mean for each
trait, G was the effect of fixed factor genotype, and E was
the random error (Dang et al., 2014; Cai et al., 2016; Shi
et al., 2016). The results are expressed as the means =+ SE.
The differences were determined using analysis of variance
(ANOVA), which was followed by the least significant differ-
ence (LSD) test. Differences between the means were con-
sidered significant at P <0.05.

3 Results

3.1 Indel genotyping and genetic diversity

The 10 bp duplication indel was found in the promoter region
of the Pax7 gene in all studied cattle breeds, which was de-
scribed as AC_000159.1: insTCGTCTCCCC. Electrophore-
sis showed that there were three genotypes. Among them, the
II genotype exhibited one band (218 bp), the DD genotype
exhibited one band (208 bp), and the ID genotype exhibited
two bands (218 and 208 bp) (Fig. 1). The frequency distribu-
tions of the three genotypes and the two alleles are summa-
rized in Table 1, as well as the gene homozygosity (Ho), He,
Ne, and PIC. Above all, the frequencies of the ID genotype
were the highest in JA, and then in the following decreasing
order: XN, PN, JJ, and GF cattle breeds. The frequencies of
II genotype were higher than that of DD and ID genotypes in
GF. In addition, this loci was at Hardy—Weinberg equilibrium
(HWE) in all studied breeds (P > 0.05).
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Figure 1. The electrophoresis pattern of 10bp duplication in-
del within the bovine Pax7 gene in cattle. Note: DD =208 bp;
II=218bp; ID =218 bp 4 208 bp; and M =DNA marker I.

3.2 Association analysis of indel genotypes in five cattle
breeds

The association of the 10bp duplication indel in the pro-
moter region within the Pax7 gene and growth traits is shown
in Table 2. The analysis showed that this duplication indel
was significantly associated with growth traits in three cattle
breeds, e.g., the body weight in XN cattle (P = 0.0006), the
body height in JJ cattle (P = 0.046) as well as the hip width
in PN cattle (P = 0.020). Consistently, the individuals with
II genotype showed better phenotypic traits than others in all
analyzed breeds. However, there was no significant relation-
ship between this indel and growth traits in JA and GF cattle
breeds (data not shown).

3.3 Transcription factor binding site prediction of the
Pax7 gene promoter region

Considering that the indel sequence in the promoter region
within the bovine Pax7 gene may cause transcription factor
binding change, the transcription factor binding on the 10 bp
duplication indel sequence was predicted using the bioinfor-
matics analysis software. The prediction results showed that
there were some potential factors, such as zinc finger protein
ZNF354C.

4 Discussion

The reported studies showed that several SNPs in introns
and exons within the Pax7 gene had been reported in cattle
and other species (Davicioni et al., 2009; Xu et al., 2011;
Zhang et al., 2014). However, to date, the 10bp duplica-
tion indel in the promoter and it’s association with economic
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Table 1. Genotypic and allelic frequencies and population indexes for 10 bp duplication indel within the bovine Pax7 gene.

Breed Genotypic frequency Allelic frequency Ne He Ho PIC P(HWE)
DD ID II 1 D

XN®m=169) 0.355 0.527 0.118 0.382 0.618 1.894 0472 0.528 0.361 >0.05

JA (n=43) 0.139 0.605 0.256 0.558 0442 1973 0.493 0.507 0.372 >0.05

JJ (n=82) 0.195 0451 0354 0.579 0.421 1951 0487 0.513 0.369 >0.05

GF (n="70) 0.157 0400 0.443 0.643 0.357 1.849 0459 0.541 0.354 >0.05

PN (n=354) 0.266 0.483 0.251 0.493 0.507 1999 0499 0.501 0.375 >0.05

Note: effective allele numbers (Ne), heterozygosity (He), homozygosity (Ho), polymorphism information content (PIC), Hardy—Weinberg

equilibrium (HWE).

Table 2. Relationship between the 10 bp duplication indel within the Pax7 gene and growth traits (cm) in cattle breeds.

Breed Growth trait Mean + SE P value
| DD D

1] BH 11437 +£7.162 110.18 £5.48%  110.61 £5.94b 0.046

XN BW 584.204+ 54708  556.59 + 64.084B  543.16 +49.33B 0.006

PN HW 46.84 4 4.042 4537 +3.840 45.43 +4.41 0.020

Note: values with different superscripts within the same column differ significantly at P <0.05 & band P<0.01 A B,

Body height (BH), body weight (BW), hip width (HW).

traits in cattle were rarely reported. Therefore, in this study,
the duplication indel located at the promoter region within
the bovine Pax7 gene was detected in Chinese cattle breeds
(XN, JA, 1J, GF, and PN) and represented superior growth
and meat traits (Yang et al., 2012). Interestingly, the 10 bp
duplication indel was found for the first time with three geno-
types in the abovementioned cattle breeds. Moreover, this lo-
cus showed abundant genetic diversity as shown by the PIC
values (0.25 <PIC<0.5) in all studied breeds, as well as at
HWE, which provided the solid foundation for carrying out
association analysis.

To our knowledge, the promoter sequence is an impor-
tant part of a gene regulatory region, which can regulate the
expression of target genes by interacting with trans-acting
factors (Mottagui-Tabar et al., 2005). Therefore, the poly-
morphisms in the promoter region may influence gene ex-
pression (Chorley et al., 2008; Aslan et al., 2012). Hence,
the association analysis between 10 bp duplication indel and
growth traits in cattle were carried out. The association anal-
ysis implied that this indel had significant effects on different
phenotypic traits (e.g., the body weight, body height and hip
width) in XN cattle, JJ cattle, and PN cattle. This finding
was consistent with many published studies about the pro-
moter region mutations related to phenotypic traits in several
species. In chicken, a SNP (g.—640C>T) and a novel 61 bp
indel (g.—851_—790del) mutations within the promoter of
transforming growth factor-beta 2 (TGFB2) gene were found
to have significant effects on body weight (Tang et al., 2011).
In pigs, two novel polymorphisms in the porcine adiponectin
(ADIPOQ) gene promoter, c.—67G>A and the 16bp indel
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(c.—106_—91delGCCAGGGGTGTGAGCC) were showed
to have outstanding correlations with loin measurement
(Cieslak et al., 2013). In cattle, a SNP (—274C>G) in
the SIRTI gene promoter region affected the gene expres-
sion level significantly and was markedly associated with
Nanyang cattle body size (Li et al., 2013).

Furthermore, based on the association analysis, the indi-
viduals with II genotype consistently showed better growth
traits in all studied breeds, suggesting that the “T” allele was
the positive allele affecting the growth traits. This finding
could be explained by the potential function of this promoter
region binding the potential transcription factors. According
to the bioinformatics analysis, this 10 bp indel region might
bind several critical transcription factors relating to growth
and development, such as ZNF354C (Zfp354C). ZNF354C
is an osteoblast-specific transcription factor that might take
an active part in metabolism, cell proliferation, differenti-
ation and development, and gene expression (Du and Hao,
2014; Wang et al., 2012; Buroker, 2016). ZNF354C specif-
ically interacted with FAM20C and might also affect os-
teoblast differentiation by downregulating this factor (Du and
Hao, 2014). Moreover, ZNF354C bound on the CTCCCC
promoter sequences. In this study, “I”’ and “D” alleles pos-
sessed double and single copies of “CTCCCC”, respectively.
Therefore, ZNF354C could combine with different copies of
“CTCCCC”, which would affect the expression level of this
gene, leading to a corresponding change in growth traits.

Briefly, the 10 bp duplication indel of the promoter region
within the Pax7 gene was identified to be significantly asso-
ciated with cattle growth traits, which would further extend
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the genetic spectrum and provide an effective DNA marker 5 Data availability

for the MAS in beef cattle in the future.
The original data are available upon request to the corre-

sponding authors.
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Appendix A: Abbreviations

Pax7
indel
II

ID
DD

ZNF354C
BH

BW

HW

paired box 7
insertion/deletion
insertion/insertion
insertion/deletion
deletion/deletion

base pair

single nucleotide polymorphism
marker-assisted selection
Hardy—Weinberg equilibrium
homozygosity
heterozygosity

effective allele numbers
polymorphism information content
polymerase chain reaction
Pi’nan cattle

Xianan cattle

Ji’an cattle

Jinjiang cattle

Guangfeng cattle

zinc finger protein 354C
body height

body weight

hip width
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