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Abstract. The AT motif-binding factor (ATBF1), also known as zinc finger homeobox 3 (ZFXH3), is necessary
for activating the POU1F1 gene; thus, the ATBF1 gene greatly affects the grow traits in animals. The objective
of this work was to explore novel indel (insertion/deletion) variations and their associations with growth traits in
three native Chinese goat breeds. Two indels within the ATBF1 gene were found in the Shaanbei white cashmere
goat (SWCG; n= 581), the Guanzhong dairy goat (GZDG; n= 334) and the Hainan black goat (HNBG; n=
270) for the first time using 12 pairs of primers. Association analysis revealed that the P1-12-bp indel was
consistently correlated with the body height of the three breeds, and individuals with ID (insertion/deletion)
and DD (deletion/deletion) genotypes had a higher body weight than the II (insertion/insertion) genotype (P =
0.036); the P11-6-bp indel was consistently correlated with chest circumference and hip width of the three breeds.
Moreover, these two loci were associated with other several growth-related traits in different breeds. Hence,
these findings indicated that the goat ATBF1 gene had marked effects on growth traits and the growth-trait-
related loci, which would contribute to improving the growth-related traits of local breeds in the goat industry
by implementing marker-assisted selection (MAS).

1 Introduction

The demand for goat meat has increased quickly in many
countries, especially China. Increasing profitability in goat
rearing requires that certain growth-related traits of local goat
breeds should be significantly improved (Zhao et al., 2014).
Genetic variation in growth potentials is large among popula-
tions and commonly adequate to support reasonable rates of
genetic improvement within populations. An effective DNA
marker-assisted selection (MAS) would speed up the devel-
opment and improvement goat products. Consequently, it is
meaningful to screen some important genes and explore their
polymorphism with growth-related traits.

The AT motif-binding factor (ATBF1), also known as zinc
finger homeobox 3 (ZFHX3), is a crucial cancer suppres-
sor gene. It is worth mentioning that ATBF1 could promote
the expression levels of the growth hormone prolactin and
TSH-β by binding to the enhancers of POU1F1 (also known
as Pit1) and PROP1 (Darling et al., 1998; Qi et al., 2008;
Araujo et al., 2013; Yan et al., 2018). These studies showed
that the ATBF1 gene was hypothesized to produce important
effects on cell differentiation and early development, sug-
gesting that the ATBF1 gene would affect the growth traits
in animals. In our team, Zhang et al. (2015) first explored
the single nucleotide polymorphisms (SNPs) and haplotype
structure of the goat ATBF1 gene and analyzed its associa-
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Table 1. PCR primer sequences of the goat ZFXH3 gene for amplification.

Loci Primer sequences (from 5′ to 3′) Sizes (bp) Region Tm*

P1 F: CTCTGTCACCTCCTTCTGC
R: AGCTTTGAACCTCCCATAA

313 Intron 2 58 ◦C

P2 F: TTTGCCTCTTGCTGACTTCG
R:CTCATGTGTTGTGGCTGGCA

318 Intron 3 TD

P3 F: AGGCTCTAGGTTCATCCA
R: CTCACTTAGGGAGCAACA

263 Intron 3 TD

P4 F: GGGAGCCTGGCAGTGTT
R: TGCGGATGTAAGTCAGAAGC

241 Intron 3 TD

P5 F: ACTGTAGCCCTCCTCTGTC
R: TTAGTGGGAACTTGCCTTA

251 Intron 3 TD

P6 F: TAAAGGGGGCATGAAGCTGG
R: TCGATTCTCAAGGTGTGCCC

211 Intron 3 TD

P7 F :AAAGATGTTGCTCCCTA
R: GTTTGCTTCATTCTGTAAG

150 Intron 3 TD

P8 F: ACACCTGAGCAGCACAGCC
R: GACCAGTGACTTCCCTCCAT

147 Intron 3 TD

P9 F: ATTTCTGCTTCCTTTGC
R: GGAATCCTTGCCTCATG

168 Intron 3 TD

P10 F: TTGGCATACATAATTTTAGC
R: CATCTTCCTATGGCAGTG

182 Intron 3 TD

P11 F: CCCCTTAATTCCAGTGAGGTTT
R: GCATCCATCGTGAGCGTGTA

172 Intron 3 54 ◦C

P12 F: AGCTGTGGGAAGTCCTG
R: AGCTGTGGGAAGTCCTG

144 Intron 3 TD

P13 F: AGCCTTGGGTTTGCTTCC
R: ATGCCACCTCTACTCGATTCTC

120 Intron 3 TD

Note: F: forward; R: reverse; Tm*: temperature at half of the maximum value of UV absorption during the
thermal denaturation of the DNA double-helix structure. TD: touchdown PCR protocol; anneal temperature
is during 68 to 50 ◦C.

tions with growth-related traits in two Chinese goat breeds.
Xu et al. (2017) identified crucial SNP variations within the
ATBF1 gene in native Chinese cattle breeds. These functional
experiments suggested that the ATBF1 gene would affect the
growth traits of livestock.

As another type of DNA marker, indel (insertion/deletion)
can be effectively used in MAS. Few studies about the indel
of the goat ATBF1 gene and its effects on growth traits have
been reported. Hence, in this study we explored the novel
indel loci and analyzed its associations with growth-related
traits to uncover the relationship between the indel loci of the
ATBF1 gene and growth-related traits in three Chinese goat
breeds. These findings might provide molecular markers for
MAS programs to improve the growth-related traits of local
breeds in the goat industry.

2 Material and methods

2.1 Animals and data collection

Experimental animal samples used in this study were ap-
proved under contract by the Review Committee for the Use
of Animal Subjects of Northwest A&F University. The care

and use of experimental animals was performed in agreement
with the ethics commission’s guidelines.

A total of 1185 ear samples were collected from healthy
adult goats belonging to three characteristic Chinese native
goat breeds: the Shaanbei white cashmere goat (SWCG;
n= 581), the Guanzhong dairy goat (GZDG; n= 334) and
the Hainan black goat (HNBG; n= 270). All SWCG in-
dividuals’ genomic DNA were extracted from the ear tis-
sue of animals reared at the SWCG goat breeding farm in
Yulin, Shaanxi Province, and for which there were records
of growth traits data (Cui et al., 2018; Wang et al., 2017). In
particular, 209 of 581 SWCGs with body weight and growth
trait data were collected at the SWCG goat breeding farm
in Yulin, Shaanxi Province, on 3–5 April 2018 and used to
explore the relationships between these indel loci and body
weight. GZDG individuals were collected from the breed-
ing farm in Fuping, Shaanxi Province. The Hainan black
goats were fed in Hainan Province. The growth traits data
of GZDG and HNBG were collected by the staff at these
farms and included body height (BH), body length (BL),
chest width (CW), chest depth (CD), chest circumference
(CC), height across the hip (HAH), rump length (RL), hip
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Figure 1. Agarose gel electrophoresis patterns and sequencing maps for the ATBF1 gene P1-12-bp indel and P11-6-bp indel. (a) For the
P1-12-bp, PCR products showed three genotypes at this locus where the insertion type (II genotype) consisted of 313 bp, deletion type (DD)
consisted of 301 bp, and the heterozygote type (ID) showed 313 and 301 bp, which accounted for 3.5 % in agarose gel electrophoresis.
Sequencing maps showed the homozygotic insertion type (II) and homozygotic deletion type (DD) of P1-12-bp. (b) For the P11-6-bp indel,
PCR products showed three genotypes at this locus: the insertion type (II genotype, 178 bp), the deletion type (DD, 172 bp), and the
heterozygote type (ID, 178/172 bp), which accounted for 3.5 % in agarose gel electrophoresis. Sequencing maps showed the homozygotic
insertion type (II) and the homozygotic deletion type (DD) of the P11-6-bp indel.

width (HW) and circumference of the cannon bone (CCB)
(Zhang et al., 2015; Yan et al., 2018).

2.2 DNA isolation and genomic DNA pools construction

Genomic DNA samples were extracted using a high salt-
extraction method (Aljanabi and Salah, 1997); all genomic
DNA samples were diluted to the working concentration of
20 ng µL−1 for the DNA pool construction and polymerase
chain reaction (PCR) amplification and stored at −20 ◦C.
DNA pools comprised 30 randomly selected individual ge-
nomic DNA samples from the three breeds (Wang et al.,
2018). The three DNA pools were used as templates for PCR
amplification, and the product of amplification was used to
sequence and explore indels in the ATBF1 gene.

2.3 Primers design and DNA sequencing

Information about ZFHX3 indels was obtained from
NCBI-dbSNP (https://www.ncbi.nlm.nih.gov/snp; last ac-

cess: 18 January 2009). To expose indels in the goat ATBF1
gene, 13 pairs of primer were designed using the Primer
Premier 5 software based on the goat ATBF1 gene se-
quence (GenBank Accession No. NC_030825.1) (Table 1).
PCR reactions were performed in 25 µL volumes, and the
same touchdown PCR protocol was followed as in Wang
et al. (2018). The products were sequenced only when they
had a single objective band of each pair of primers. Direct
sequencing of PCR products was performed using an Ap-
plied Bio-systems 3730XL DNA sequencer (Tsingke Bei-
jing, China). Indel variations were identified by the sequence
alignment of the sequenced reads against the reference se-
quence by using the BioXM 2.6 software (NJAU, Nanjing,
China).

2.3.1 Genotyping using PCR-based amplification of
fragment length polymorphism

In a previous step, two novel indels were taken out
by direct sequencing within the ATBF1 gene, namely
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Table 2. Genotypic and allelic frequencies and population indexes for the ATBF1 gene P1-12-bp indel in three Chinese goat breeds.

Breeds
Size Genotypic frequencies Allelic frequencies HWEa Population parameters

N II ID DD I D P values Hob Hec Ned PICe

SWCG 579 0.337 0.299 0.364 0.486 0.514 P < 0.05 0.500 0.500 1.998 0.375
HNBG 270 0.441 0.341 0.219 0.611 0.389 P < 0.05 0.525 0.475 1.906 0.362
GZDG 334 0.249 0.548 0.204 0.522 0.478 P < 0.05 0.501 0.499 1.996 0.374

Note: SWCG – Shaanbei white cashmere goat; HNBG – Hainan black goat; GZDG – Guanzhong dairy goat; a HWE – Hardy–Weinberg equilibrium.
b Ho: observed homozygosity. c He: heterozygosity. d Ne: effective allele numbers. e PIC: polymorphism information content.

Table 3. Genotypic and allelic frequencies and population indexes for the ATBF1 gene P11-6-bp indel in three Chinese goat breeds.

Breeds
Size Genotypic frequencies Allelic frequencies HWEa Population parameters

N II ID DD I D P values Hob Hec Ned PICe

SWCG 466 0.025 0.290 0.685 0.171 0.829 P < 0.05 0.717 0.283 1.395 0.243
HNBG 238 0.030 0.089 0.881 0.074 0.926 P < 0.05 0.863 0.137 1.159 0.128
GZDG 334 0.000 0.102 0.898 0.051 0.949 P < 0.05 0.903 0.097 1.107 0.092

Note: SWCG – Shaanbei white cashmere goat; HNBG – Hainan black goat; GZDG – Guanzhong dairy goat; a HWE – Hardy–Weinberg equilibrium.
b Ho: observed homozygosity. c He: heterozygosity. d Ne: effective allele numbers. e PIC: polymorphism information content.

NC_030825.1: g.72771insTGGAGCTTCAGC (P1-12-bp in-
del) and NC_030825.1: g.112482insTGCTGC (P11-6-bp in-
del). PCR-based agarose gel electrophoresis amplification of
fragment length polymorphism was used to genotype these
two indels in every individual (n= 1185). The 12.5 µL reac-
tion mixture included 0.5 µL of 20 ng µL−1 genomic DNA,
0.5 µL of each primer (10 µM) and 6.25 µL 2× Taq Master
mix (BioLinker, Shanghai, China). The amplification proto-
col included an initial denaturation step at 95 ◦C for 5 min,
followed by 32 cycles of 94 ◦C for 30 s, 56 ◦C for 30 s, 72 ◦C
for 20 s and a final extension at 72 ◦C for 10 min. The ampli-
fication product was analyzed using 3.5 % agarose gel elec-
trophoresis in 0.5×TBE (tris–borate–EDTA buffer) mixed
with nucleic acid stain (BBI, Shanghai, China).

2.4 Statistical analysis

Genotypic frequencies and allelic frequencies were cal-
culated according to Botstein’s method (Botstein et al.,
1980; Falush et al., 2003). The Hardy–Weinberg equilib-
rium (HWE) and linkage disequilibrium (LD) structure of
the two loci in SWCG, HNBG and GZDG were analyzed
by the SHEsis program (http://analysis.bio-x.cn, last access:
26 March 2018) (Shi and He, 2005; Li et al., 2009). Popu-
lation parameters, homozygosity (Ho), effective allele num-
ber (Ne) and polymorphism information content (PIC) were
computed following Nei’s methods (Nei, 1973) and per-
formed using PopGene version 1.3.1 (Molecular Biology
and Biotechnology Centre, University of Alberta, Edmonton,
AB, Canada). The associations of the genetic variations and
growth-related traits were calculated by Prism 6th (Graph-
Pad software). Multivariate linear regression between body

weight and growth traits was calculated by SPSS 19.0 (IBM
software).

The statistical linear model was as follows: Yijk = µ+
Ai +Gj + eijk , where Yijk is the observation of the growth-
related traits, µ is the overall mean of each trait, Ai is the
fixed effect of age,Gj is the fixed effect of genotype or com-
bined genotype, and eijk is the random residual error (Wang
et al., 2017; Yang et al., 2017). The mixed statistics of the
linear model analysis did not include the effects of sex, farm,
age of dam and sire, or season of birth, which had no sig-
nificant effects on the variation of traits in the mammal pop-
ulations (Zhao et al., 2013). The fixed effect of genotypes
and age was a major source of variation and the p value for
the difference between the least squares means was less than
0.05 (Zhang et al., 2015).

3 Results

3.1 Indel identification and genotyping of the ATBF1
gene in goat

After DNA sequencing and alignment analysis, one 12-
bp indel (NC_030825.1: g.72771insTGGAGCTTCAGC,
P1-12-bp indel) and one 6-bp indel (NC_030825.1:
g.112482insTGCTGC, P11-6-bp indel) in intron 3 of the
ATBF1 gene was identified in all three breeds (Fig. 1). PCR-
based amplification of fragment length polymorphism re-
vealed that P1-12-bp and P11-6-bp indel loci each generated
three genotypes.
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Figure 2. Linkage disequilibrium analyses of the P1-12-bp indel
and P11-6-bp indel. (a) analysis result in SWCG (D′ = 0.443; r2

=

0.062); (b) analysis result in HNBG (D′ = 0.369; r2
= 0.013);

(c) analysis result in GZDG (D′ = 0.399; r2
= 0.019).

3.2 Genetic parameter analysis of the P1-12-bp indel
and P11-6-bp indel

For the P1-12-bp indel, the frequencies of these genotypes
were close to each other, and allelic frequencies of I and D
were on an approximately equal footing in 1185 individu-
als (Table 2). The genotype distributions in all these three
breeds were not in line with HWE (P < 0.05). The PIC value

showed that it had medium genetic diversity (0.25< PIC<
0.5). These results suggest that the P1-12-bp indel is poly-
morphic in these breeds.

For the P11-6-bp indel, the II genotype showed an extreme
low frequency; the frequency of the DD genotype was higher
than that of ID in the analyzed breeds (Table 3). In particular,
the I allele had a lower frequency than D, suggesting that the
D allele had a dominant hierarchy. The genotype distribution
was not in line with HWE (P < 0.05). The PIC value showed
that it had low genetic diversity (0< PIC< 0.25)

3.3 Linkage disequilibrium analysis of the P1-12-bp
indel and P11-6-bp indel

The LD of two indels was analyzed in a population composed
of three goat breeds. As shown in Fig. 2, theD′ and r2 values
of all three breeds were very low (D′ < 0.5; r2 < 0.2). These
values showed that the P1-12-bp indel and P11-6-bp indel are
incompletely linked. The II genotype of the P11-6-bp indel
had an extreme low frequency in all three breeds; this might
be one of the possible reasons.

3.4 Relationships between the indel loci and
related-growth traits

The associations of the indel loci with growth-related traits
were determined. In Table 4, analysis shows that the P1-12-
bp indel was obviously correlated with the body height of all
three breeds. The DD and ID genotypes had demonstrated
significantly superior growth-related traits than genotype II
in SWCG (body height, height across the hip), GZDG (body
height, height across the hip) and HNBG (body height, body
length, chest width, chest depth, chest circumference, hip
width and circumference of cannon bone). For body weight,
Fig. 3a shows that individuals with ID and DD genotypes in
P1-12-bp had a significantly higher body weight than the II
genotype (P = 0.036).

The P11-6-bp indel was obviously correlated with chest
circumference and hip width of all three breeds, while there
were less than three genotype II individuals in GZDG (Ta-
ble 5). Genotype DD was found to have significantly supe-
rior CC, CCB, BL and HW in SWCG and BH, BL, CC, CD,
CW, HW traits in HNBG when compared with genotype ID,
while genotype ID had significantly superior CCB, RL, HW
traits in GZDG. Figure 3b indicates that there was no signifi-
cant relation between the P11-6-bp indel and body weight in
SWCG.

4 Discussion

In this work, we recovered two indel loci in the goat ATBF1
gene for the first time, systematically explored the indel di-
versity of the ATBF1 gene, and analyzed their correlation
with growth-related traits, resulting in the discovery of one
12-bp indel (P1-12-bp indel) and one 6-bp indel (P11-6-bp
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Table 4. Association of the indel within the ATBF1 gene and growth traits of the P1-12-bp indel of three Chinese goat breeds (mean±SE).

P1-12-bp Growth
traits

Genotypes

Breeds DD ID II P value

SWCG (n= 579) BH (cm) 56.73± 0.27B 57.84± 0.31A 55.94± 0.30C 5.95× 10−5

HAH (cm) 60.43± 0.29b 61.64± 0.34a 59.62± 0.33b 7.45× 10−5

BL (cm) 68.36± 0.30 68.16± 0.34 67.86± 0.37 0.557
CW (cm) 19.36± 0.20 19.80± 0.22 18.98± 0.20 0.023
CD (cm) 28.17± 0.21 28.17± 0.19 27.72± 0.16 0.162
CC (cm) 91.72± 0.50 91.57± 0.52 90.52± 0.53 0.198
CCB (cm) 8.54± 0.05 8.60± 0.05 8.47± 0.05 0.149
HW (cm) 20.57± 0.15 20.43± 0.20 20.64± 0.16 0.677

HNBG (n= 270) BH (cm) 53.76± 0.53A 53.09± 0.46A 51.72± 0.35B 0.003
BL (cm) 57.61± 0.55A 56.03± 0.44B 54.85± 0.42B 5.0× 10−4

CC (cm) 74.92± 0.82A 72.37± 0.65B 70.21± 0.57C 2.0× 10−5

CD (cm) 27.06± 0.34A 26.71± 0.22A 25.88± 0.21B 0.003
CW (cm) 15.44± 0.23a 14.67± 0.18b 14.61± 0.18b 0.014
HW (cm) 14.06± 0.19a 13.68± 0.14ab 13.41± 0.12b 0.011
CCB (cm) 7.99± 0.10A 7.88± 0.07A 7.59± 0.06B 6.0× 10−4

GZDG (n= 334) BH (cm) 75.62± 1.01a 73.40± 0.56b 72.70± 0.67b 0.044
HAH (cm) 75.63± 0.90a 74.07± 0.44ab 73.24± 0.62b 0.019
BL (cm) 77.19± 1.00 75.39± 0.51 74.49± 0.62 0.057
CC (cm) 93.82± 1.58 92.31± 1.52 90.88± 1.82 0.523
CCB (cm) 8.86± 0.30 8.75± 0.28 8.29± 0.21 0.424
RL (cm) 26.18± 0.36 26.75± 0.28 25.88± 0.51 0.226
HW (cm) 17.45± 0.28 17.41± 0.28 16.94± 0.18 0.436

Note: body height, BH; body length, BL; chest width, CW; chest depth, CD; chest circumference, CC; height across the hip, HAH; rump
length, RL; hip width, HW; circumference of cannon bone, CCB (a, b, c – P < 0.05; A, B, C – P < 0.01).

Figure 3. Association of the P1-12-bp and P11-6-bp indel with body weight in SWCG. (a) Individuals with ID and DD genotypes have
significantly higher body weight than the II genotype in the P1-12-bp indel (P = 0.036). (b) There is no significant difference between the
P11-6-bp indel and body weight in SWCG. Data represent means±SE. N.S – not significant. *: P < 0.05.

indel) in intron 3 of the ATBF1 gene associated with growth-
related traits in Chinese goat breeds.

Genetic parameter analysis showed that both loci were
not at Hardy–Weinberg equilibrium. Artificial selection pro-
motes the mutation of these loci, and if these mutations only
happened a few generations ago, this can be a possible expla-
nation for the disequilibrium (Liu et al., 2017). Linkage dis-
equilibrium analysis found that these two loci had no linkage
relationship. The association analysis found that in all three

breeds, the P1-12-bp indel was obviously correlated with
body height and the P11-6-bp indel was obviously correlated
with chest circumference and hip width. Moreover, these
two loci were more or less associated with other growth-
related traits. The D allele and DD genotype can be consid-
ered protogene and predominant genotypes, respectively. In
SWCGs, the P1-12-bp indel also correlated with body weight
(P < 0.05). These results are consistent with the study on
SNPs in the goat ATBF1 gene (Zhang et al., 2015), which
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Table 5. Association of the indel within the ATBF1 gene and growth traits of the P11-6-bp indel of three Chinese goat breeds (mean±SE).

P11-6-bp Growth
traits

Genotypes

Breeds DD ID II P value

SWCG (n= 466) CC (cm) 92.72± 0.65a 90.41± 0.40b 91.99± 1.44ab 0.021
HW (cm) 20.55± 0.12a 19.19± 0.18b 22.45± 2.02a 0.041
CCB (cm) 8.67± 0.04A 8.37± 0.07B 8.61± 0.22A 0.007
BL (cm) 66.15± 0.27b 66.70± 0.43a 65.25± 0.53b 0.037
BH (cm) 58.59± 0.25 58.49± 0.39 59.75± 0.89 0.643
HAH (cm) 61.29± 0.25 60.88± 0.38 62.33± 1.21 0.177
CW (cm) 20.99± 0.17 19.65± 0.23 20.78± 1.16 0.055
CD (cm) 28.31± 0.16 28.30± 0.31 29.17± 0.63 0.836

HNBG (n= 238) CC (cm) 72.51± 0.40A 69.38± 1.42A 63.87± 2.38B 1.0× 10−4

HW (cm) 13.77± 0.09A 12.81± 0.29B 12.44± 0.59B 1.0× 10−4

BH (cm) 52.93± 0.27A 50.93± 0.80AB 48.80± 1.24B 0.001
CD (cm) 26.57± 0.15A 25.82± 0.41A 23.81± 0.70B 0.002
CW (cm) 14.94± 0.12A 14.14± 0.42AB 13.11± 0.41B 0.005
BL (cm) 56.22± 0.28A 54.85± 0.93A 51.84± 0.94B 0.008
CCB (cm) 7.78± 0.06 7.63± 0.15 7.31± 0.34 0.252

GZDG (n= 334) CC (cm) 89.18± 0.90b 92.67± 0.93a – 0.070
HW (cm) 16.42± 0.15b 17.49± 0.18a – 0.011
RL (cm) 21.72± 2.03b 26.39± 0.25a – 0.037
CCB (cm) 8.20± 0.08B 8.91± 0.19A – 0.001
BH (cm) 73.44± 0.86 73.77± 0.45 0.845
HAH (cm) 74.12± 0.83 74.19± 0.37 0.949
BL (cm) 74.65± 0.91 475.64± 0.41 0.436
HW (cm) 16.42± 0.15 17.49± 0.18 0.110

Note: body height, BH; body length, BL; chest width, CW; chest depth, CD; chest circumference, CC; height across the hip, HAH; rump
length, RL; hip width, HW; circumference of cannon bone, CCB. (a, b, c – P < 0.05; A, B, C – P < 0.01).

found that polymorphisms are associated with economically
important production traits.

The ATBF1 gene has a variety of functions. It plays
an important roles in regulating myogenesis and adi-
pose tissue development (Klein et al., 1996; Berry et al.,
2001; Huang et al., 2015) and has a close relationship
with the lactation-related hypothalamic–pituitary–adrenal
(HPA) axis pathway (PITX2/PITX1–HESX1–LHX3/LHX4–
PROP1–POU1F1) (Goldberg et al., 2011; Ma et al., 2017)
and JAK–STAT pathways in livestock science (Nagpal et
al., 2002; Ruiz-Vela et al., 2009; Ma et al., 2017). ATBF1
not only activates the expression of the Pit1 (the pituitary-
specific transcription factor 1, also known as POU1F1) gene
though interacting with a Pit1 enhancer (Qi et al., 2008;
Araujo et al., 2013; Yan et al., 2018), but also potentially syn-
ergizes with PROP1 that can bind to the enhancer of the Pit1
gene and regulate the expression levels of the growth hor-
mone (Li et al., 2013) prolactin and of TSH-β. STAT3, Pit1
and PROP1 genes play an important role in early embryo de-
velopment and cell differentiation (Hirano et al., 2000; Ying
et al., 2003; Laouar et al., 2003), so the ATBF1 gene was
hypothesized to produce important effects on early develop-

ment and cell differentiation; thus, it would affect the grow
traits in animals.

The intronic mutation might affect the binding of the DNA
sequence and DNA binding factors, such as transcription
factors and splicing factors (Subaran et al., 2016; Mose et
al., 2017). For example, Van-Laere et al. (2003) identified
a quantitative trait locus (QTL) affecting muscle growth in
pigs, which was mapped to the QTL region (IGF2-intron3-
G3072A). These results indicate that regulatory mutations
are important for controlling phenotypic variations. More-
over, intronic mutation might influence the transcriptional ef-
ficiency as well as the stability of mRNA (Guan et al., 2012;
Minor et al., 2013; Cui et al., 2018; Wang et al., 2018).

Furthermore, association analysis of genotypes of poly-
morphisms and growth-related traits is an important way to
evaluate the effects of a gene in animal breeding (Xu et al.,
2017). These findings might provide molecular markers for
MAS programs to improve the growth-related traits of local
breeds in the goat industry.
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5 Conclusions

Two indel loci in the ATBF1 gene were found to be signifi-
cantly associated with growth-related traits in three Chinese
goat breeds (P < 0.05), suggesting that it can be considered
an effective molecular marker for marker-assisted selection
to improve economically important production traits of goat.
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