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Abstract. The ACSL5 (acyl-CoA synthetase 5) gene plays a crucial role in the biosynthesis of triglycerides,
phospholipids, and cholesterol as well as the metabolism of fatty acids, and goats derive approximately 80 % of
their energy from volatile fatty acids. However, there is a limited number of studies on the impact of InDel (inser-
tion/deletion) mutations in the ACSL5 gene on goat traits. Therefore, This study investigated the spatiotemporal
expression pattern of ACSL5 in goats and the association between its polymorphism and growth traits, aiming
to identify useful DNA markers and provide a basis for the application of marker-assisted selection (MAS) in
goat breeding. The qPCR technique was employed in the expression profiles of the ACSL5 gene in Fuqing (FQ)
goats. The PCR technique was employed for type detection of the InDel locus of the ACSL5 gene in 528 goats.
We analyzed the genotype frequency, allele frequency, polymorphism information content (PIC), and Hardy–
Weinberg equilibrium (HWE) of the InDel locus of the ACSL5 gene in goats. A general linear model was used
to analyze the relationship between the genotypes and body size traits of goats. qPCR analysis indicated that the
ACSL5 gene was expressed ubiquitously in the nine tested tissues of FQ goats. The expression level of ACSL5
in fat tissue at birth was higher than in adult (P < 0.01) and weaning (P < 0.05) goats. An InDel polymorphism
termed del41712 was detected within the fifth intron of the ACSL5 gene. Genetic screening revealed only two
genotypes, ID and II, present in the three studied goat breeds. Association analyses conducted on 528 goats
linked this InDel polymorphism to body measurement traits, showing significant associations with chest depth
(ChD) in FQ goats (P < 0.05) and with body height (BH), body length index (BLI), and chest circumference
index (ChCI) in Nubian (NB) goats (P < 0.05). These findings suggest that InDel mutations in the goat ACSL5
gene may serve as a valuable molecular genetic marker for breeding programs aimed at improving production
traits.

1 Introduction

The performance and quality of goats can be influenced
by numerous factors, such as breed, genetics, post-slaughter
processing, sex, age, and nutritional levels. Additionally, in-
teractions between these variables can further modify these
attributes. Of the most impactful of these, breed plays a sub-
stantial role in body measurement traits and meat quality

traits given the influence of polymorphisms, gene expres-
sion and regulation, and epigenetic modifications that gov-
ern growth and development (Kim et al., 2019). Through the
natural environment and artificial selection, many excellent
varieties have been selected and bred, and for some local va-
rieties there is still a lot of room for improvement despite
the fact that they already have better growth characteristics.
This plays an important role in the conservation of biodi-
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versity and the development of local economies (Zhao et
al., 2024). However, traditional breeding improvement meth-
ods are long, slow, and subject to genetic evolutionary in-
stability. In contrast, marker-assisted breeding is highly ac-
curate and efficient. Through deeper research and analysis
of genes in ruminants, genes related to specific traits can
be identified, thereby promoting genetic improvement of tar-
get traits and greatly improving breeding efficiency. Single
nucleotide polymorphism (SNP) variation, insertion/deletion
(InDel), and copy number variation (CNV) can rapidly iden-
tify mutations associated with growth traits and have been
widely used in goat and other livestock breeding (Wang et
al., 2022). It was found that the InDel mutation sites of the
CFAP43 and RORA genes in Shanbei white cashmere goats
were significantly correlated with body measurement traits
such as body height and body length (Mi et al., 2022; Zhou
et al., 2023). These traits are very important for the breeding
and production performance of goats.

The Fuqing (FQ) goat breed, a prominent local breed
from China’s eastern coast, exhibits resilience to coarse feed,
shows robust adaptability to environmental changes, and pro-
duces succulent meat (intramuscular fat – IMF – more than
3.0 %) (Liu et al., 2019), which is a major meat quality trait
that influences aroma, tenderness, and juiciness (Huang et
al., 2023). Our previous study revealed that the intramus-
cular fat content in FQ goats is considerably higher than
in Nubian (NB) goats (Liu et al., 2024). The NB goat, in-
troduced to China from the Nubia region of Africa, has a
fast growth rate and is used for genetic improvement of lo-
cal goat breeds in southern China (Tao et al., 2020). Previ-
ous work by the research group confirmed significant differ-
ences in growth phenotypes and meat quality between the
two breeds, with NB goats having greater body weights and
a lower IMF content than FQ goats. The significant differ-
ences in growth and meat quality traits between FQ goats
and NB goats provide an ideal model for investigating goat
production. In this study, we sequenced the transcriptome of
skeletal muscle from both goat breeds and identified impor-
tant candidate genes, including ACSL5 (acyl-CoA synthetase
5), FGF7 (fibroblast growth factor 7), and ITGAD (integrin
subunit alpha D), which may influence body measurement
traits in goats (Liu et al., 2024).

The ACSL family encompasses five genes: ACSL1,
ACSL3, ACSL4, ACSL5, and ACSL6 (Kornberg and Pricer,
1953). The protein encoded by the ACSL5 gene is instrumen-
tal in catalyzing the transformation of fatty acids into acyl-
CoA esters (Luo et al., 2023) and exhibits widespread ex-
pression across mammalian organs, including the liver, small
intestine, fat tissue, spleen, uterus, lungs, and skeletal muscle
(Pérez-Núñez et al., 2019). The human ACSL5 gene was first
charted in 1998 (Lopes-Marques et al., 2013) in the chro-
mosome 10’s q25.1–q25.2 region (Oikawa et al., 1998). It
has been posited that the ACSL5 gene is instrumental in ac-
tivating dietary long-chain fatty acids and modulating fatty
acids in the human jejunum (Meller et al., 2013). In humans,

ACSL5 exists in three isoforms: a long isoform (739 amino
acids), a shorter isoform (683 amino acids), and a rare iso-
form (659 amino acids), the last of which, marked by a dele-
tion of 72 base pairs corresponding to exon 20 (Yamashita
et al., 2000), might be involved in the pathogenesis of aber-
rant cell growth and migration (Gassler et al., 2007; Mate-
sanz et al., 2016). ACSL5 is critical for the biosynthesis of
triglycerides, phospholipids, and cholesterol as well as for
fatty acid metabolism (Paul et al., 2014). Overexpression of
ACSL5 can enhance fatty acid oxidation and the generation
of free radicals while dampening insulin signaling in human
muscle tubules (Kwak et al., 2019), whereas ACSL5 gene dis-
ruption can impair neutral lipid secretion by the liver (Bu and
Mashek, 2010). Research has shown that ablation of ACSL5
mice increases hepatic and serum FGF21 levels, reduces adi-
posity, improves insulin sensitivity, increases energy expen-
diture, and delays triglyceride absorption (Bowman et al.,
2016). Furthermore, the activity of ACSL5 can also influ-
ence gut microbiome composition, thereby impacting lipid
metabolism (Sheng et al., 2018).

Considering that goats derive approximately 80 % of their
energy from volatile fatty acids (Li et al., 2021), the ACSL5
gene plays a crucial role in fatty acid metabolism. How-
ever, few studies have investigated the relationship between
the ACSL5 gene and body measurement traits in goats. This
study explains the identification of a novel InDel locus within
the ACSL5 gene and its association with body measurement
traits in goats. The InDel locus is significantly correlated with
the body measurement traits of Fuqing and Nubian goats and
can serve as an important molecular marker for improving
goat body measurement traits.

2 Materials and methods

The protocol (protocol no. 202207FJ002) of the Faculty
of Animal Policy and Welfare Committee of the Fujian
Academy of Agricultural Sciences (FAAS) for the use and
care of animals in research was followed throughout all of
the experimental procedures.

2.1 Samples and data collection

A total of 528 blood samples of healthy adult female goats
was collected, including 123 FQ goats, 286 NB goats, and
119 Jianzhou Daer (JZ) goats. To detect variations in the
ACSL5 gene, the selected goats were approximately 2 years
old and had been fed the same diet under the same envi-
ronmental conditions. All the animals had their growth data
collected, including their body weight (BW), body height
(BH), body length (BL), chest circumference (ChC), chest
width (ChW), chest depth (ChD), hucklebone width (HhW),
and cannon circumference (CaC), thus providing a method
for measuring these qualities (Gilbert et al., 1993). Based
on the recommendations of our previous research, the fol-
lowing metrics were also computed: trunk index (TI), body
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length index (BLI), chest circumference index (ChCI), can-
non circumference index (CaCI), chest width index (CWI),
and hucklebone width index (HuWI) (Wu et al., 2014).

In addition, nine Fuqing goats (three each at birth, at wean-
ing, and in adulthood) were fed and slaughtered on an FAAS
goat farm. Nine tissue types, i.e., the heart, liver, spleen,
lungs, kidneys, leg muscle, longissimus dorsi muscle, fat, and
brain, were collected for qPCR. All the samples were frozen
in liquid nitrogen and stored at −80 °C.

2.2 Extraction of genomic DNA and RNA

The blood DNA from all the individual goats was extracted
using the conventional phenol-trichloromethane method and
diluted to 50 ng µL−1 after determining the concentration and
purity of all DNA samples using a nucleic acid concentra-
tion tester (Nanodrop, USA). The samples were then stored
at −80 °C in a refrigerator for spare parts. To establish ge-
nomic DNA pools, a total of 50 DNA samples was randomly
selected from each breed. These DNA pools were employed
to screen InDel variations in the ACSL5 gene using the PCR
and sequencing techniques.

The total RNA was extracted from all individual tis-
sues using the TRIzol method, and the RNA concentra-
tion was quantified using a NanoDrop 1000 spectrophotome-
ter (Thermo Fisher Scientific Inc., Wilmington, DE, USA).
Reverse-transcription PCR (RT-PCR) was then employed to
reverse-transcribe the extracted RNA into cDNA using the
TransScript®Uni All-in-One First-Strand cDNA Synthesis
SuperMix for qPCR (One-Step gDNA Removal) kit (Trans-
gene Biotechnology Co., Ltd.). The reaction system con-
sisted of 50 ng RNA, a 4 µL 5×TransScript® Uni All-in-
One SuperMix for qPCR, 1 µL gDNA Remover, and 14 µL
of RNase-free water. The reaction was initiated by mixing
the components and was incubated at 50 °C for 5 min. Fol-
lowing this, the reaction was incubated at 85 °C for 2 s. Then
the samples were stored at −80 °C.

2.3 Primer synthesis

Based on the sequence data and variation details of the
ACSL5 gene (NC_030833.1) obtained from the NCBI
(https://www.ncbi.nlm.nih.gov/, last access: 12 May 2024)
and Ensembl (http://asia.ensembl.org/index.html, last access:
12 May 2024) databases, the primer pair for predicted
mutation locus detection and analysis of the ACSL5 gene
expression quantity was designed using the NCBI online
primer design software (https://www.ncbi.nlm.nih.gov/tools/
primer-blast/index.cgi?LINK_LOC=BlastHomePrimer, last
access: 13 May 2024) and primer premier 5.0 (Table 1).
The primers were synthesized by Biosune Biotechnology Co.
(Fuzhou, China). The PCR product was sequenced by Shang-
hai Sangong Biotechnology Co. (Shanghai, China) using the
Sanger sequencing method.

2.4 Bioinformatics analysis of the goat ACSL5 gene

The sequences of DNA and amino acid were aligned us-
ing MEGA 5.1 (http://www.megasoftware.net/, last access:
20 May 2024) and BioXM 2.6 (Nanjing Agricultural Uni-
versity, Nanjing, China). The evolutionary tree was gen-
erated by MEGA 5.1 and the NCBI pairing comparison
algorithm (http://www.ncbi.nlm.nih.gov/blast, last access:
20 May 2024).

2.5 Typing detection of the InDel locus of the goat
ACSL5 gene

The PCR amplification system for typing the InDel locus
of the goat ACSL5 gene was 12 µL. This consisted of 6 µL
of 2×EasyTaq® PCR Super Mix (Transgene Biotechnol-
ogy Co, Ltd.), 0.2 µL primer (forward and reverse), 50 ng
of DNAv sample, and RNase-free water, which were sup-
plemented to 12 µL. The PCR amplification procedure was
as follows: pre-denaturation at 95 °C for 5 min, denaturation
at 94 °C for 30 s, annealing for 30 s, extension at 72 °C for
45 cycles, and extension at 72 °C for 10 min. Agarose gel
electrophoresis was conducted as follows: a 3.5 % agarose
gel was prepared with the addition of a nucleic acid dye,
and then 3 µL of the PCR product was sampled and elec-
trophoresed for 50 min at 120 V.

2.6 The expression pattern of the goat ACSL5 gene

The primer P21 for mRNA expression analysis was de-
signed based on the sequence of the goat ACSL5 gene
(NCBI: NC_030833.1) (Table 1). qPCR was conducted us-
ing a Roche LightCycler 96 Real-Time PCR system (Roche,
Mannheim, Germany). The qPCR protocol was based on
the methodology described in our previous study (Wu et al.,
2023a).

2.7 Statistical analyses

The genotype and allele frequencies of the InDel locus in
the goat ACSL5 gene were calculated using Microsoft Ex-
cel. Genotype statistical analysis, polymorphism information
content (PIC), and the Hardy–Weinberg equilibrium (HWE)
test for the InDel locus were calculated using the MSR online
software (http://www.msrcall.com/Gdicall.aspx, last access:
22 July 2024) (Klinkenberg et al., 2010). The relationship
between goat genotypes and body measurement traits was
analyzed using a general linear model. The observed data for
each trait can be expressed as Yi = u+Gi+e, where Yi is the
trait-measured data for each animal, u is the mean for each
trait, Gi is the effect of the genotype, and e is the random
error.

The 2−11Ct method was applied to calculate the expres-
sion levels of the ACSL5 gene with GAPDH as the reference
gene (Bi et al., 2021). Non-template control (NTC) was in-
cluded, which contained ddH2O instead of the cDNA tem-
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Table 1. Information on the primers.

Primer Sequence of the primer (5′–3′) Temperature (°C) Product size (bp) Identified site

P1 F:TCTTGCTGTGCCCTCACTTGA 62 339 ins40924
R:AGGAGACCCTGGTTCAATTCCTG

P2 F:TTGCTGTGCCCTCACTTGACT 61 373 ins40924
R:CCACTCCAGTATTCTTAGGCTTCC

P3 F:ATTCATCTTCCCTTAACCCAGCC 60 269 ins40672
R:AAAGTCAAGTGAGGGCACAGC

P4 F:TCTGTGCTGTGCTGTGCGTA 62 338 ins40924
R:AGGAGACCCTGGTTCAATTCCTG

P5 F:TCCAGGTAGCCTTACTCCAC 58 356 ins41658
R:CAACAAATGCTTATTTGGTGGCT

P6 F:TCCCAAAGTAGTTCCAGGTAGC 60 369 ins41658
R:TCAACAAATGCTTATTTGGTGGCTC

P7 F:ACACAGAGCCACCAAATAAGCATT 61 589 ins42222
R:TTGGTGCATGCTGGCGAAC

P8 F:CCACCAAATAAGCATTTGTTGACTA 58 575 ins42222
R:CATGCTGGCGAACTATACTCAT

P9 F:CTGGGTTGGAATTTGGGTTGTA 59 632 ins44213
R:AGTGAAGCCATTCCAGTGATTG

P10 F:GGGTCACTTGGGGTCTTCTTTT 60 215 ins44733
R:TCTCTGGCATTGAAATGAGAAGC

P11 F:CAGTGTGACCTCAATAGTCGGTAT 60 366 ins33514
R:CTCTGCTAATGTCCCTGCCAT

P12 F:ACTAAAAGAGACATCAGTGTGACC 59 464 ins33514
R:TGCAGTCACACAGCTAGCAATA

P13 F:TCAGCCTCCTTGAACTCTATGG 59 290 ins28794
R:TCTTGCCTCAAAACTTTCAGACTT

P14 F:ATTCAGCCTCCTTGAACTCTATGG 59 284 ins28794
R:CAAAACTTTCAGACTTGATTAGGGC

P15 F:GGGGAAACTGAGTCTTGTTCTG 59 327 ins6583
R:ATCAACCCTGGGTATTCTTTGG

P16 F:GCCCTGTTTATAAAGTGATGGCT 60 280 ins44733
R:ATGAGAAGCCACACTCATTTGGT

P17 F:TGCCCTGTTTATAAAGTGATGGCT 60 272 ins44733
R:CACACTCATTTGGTTCTGTTCCA

P18 F:CCTTTGTTTTATAGTTGTCTCGGTA 60 216 del41712
R:TTTAGTAGTGGCATGTGAAGTCTAG

P19 F:CCCTAATGCTTTCTGTAACTTTTAT 57 263 del41712
R:TTTAGTAGTGGCATGTGAAGTCTAG

P20 F:ACAGGAGACATTGGTCGCTG 60 144 qPCR of ACSL5
R:CTGCGACACCAGACTACTCC

P21 F:TGTTTGTGATGGGCGTGAACCA 60 142 qPCR of GPADH
R:ATGGCGTGGACAGTGGTCATAA
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plate. Analysis of variance (ANOVA) was employed to ana-
lyze the expression levels of the ACSL5 gene between sam-
ples using SPSS 17.0.

3 Results

3.1 Genetic parameters associated with the 25 bp
deletion of the InDel site in the ACSL5 goat gene

Through the sequencing of amplified DNA pooling prod-
ucts, we identified prospective mutation sites in the ACSL5
gene. Notably, a 25 bp insertion mutation site detected in
the fifth intron of the gene, now designated as del41712
(NC_030833.1:g41712_41736 del CCTGATGGTCCTGTG-
GTTAAAACTC/A, del41712), was uncovered in the ACSL5
gene. Two genotypes were identified in the test populations
using direct 3.5 % agarose gel electrophoresis. There was one
band (216 bp) for genotype II, and there were two bands (192
and 216 bp) for genotype ID (Fig. 1). The genotypes and al-
lele frequencies, together with the genetic purity (Ho), het-
erozygosis (He), number of effective alleles (Ne), and PIC
at this locus, were also analyzed (Table 2). As displayed in
Table 2, the genotypic frequencies in the three breeds ranged
from 0.081 to 0.328 for genotype II and from 0.672 to 0.919
for genotype ID. The locus was moderately polymorphic
(0.25 < PIC < 0.5) and was not in HWE in the test popula-
tions.

3.2 Construction of the phylogenetic tree

The goat ACSL5 transcript encodes 683 amino acids. The
results showed (Table 3) that the amino acid sequence
of the goat ACSL5 gene was similar to those of Ovis
aries (XP 042094882.1), Bos indicus×Bos taurus (XP
027384554.1), Bos taurus (NP 001069118.1), Sus scrofa
(NP 001182250.1), Pongo abelii (PNJ 65603.1), Homo sapi-
ens (NP 976314.1), Rattus norvegicus (NP 446059.2), Mus
musculus (NP 082252.1), and Hippoglossus stenolepis (XP
035001797.2), with similarities of 97 %, 92 %, 93 %, 80 %,
80 %, 80 %, 82 %, 81 %, and 64 %, respectively. The results
of the phylogenetic tree showed that the amino acid sequence
of the goat ACSL5 gene was related closest to Ovis aries and
was furthest from Hippoglossus stenolepis (Fig. 2).

3.3 Expression profiles of the goat ACSL5 gene

The qPCR analysis indicated that the ACSL5 gene was ex-
pressed ubiquitously in the nine tested tissues of FQ goats
(Fig. 3). The results of mRNA expression in the leg muscles
were used as a control. The expression level of the ACSL5
gene is higher in liver, spleen, lung, kidney, and fat tissue,
while its expression in the longissimus dorsi muscle was part
of a lower trend. Although the means might decline, there is
no statistical significance for the brain. Notably, when goats
reach maturity, the expression levels of the ACSL5 gene ex-

hibit a progressive decline in the fat tissue. Variable expres-
sion patterns of the ACSL5 gene were observed in all the col-
lected tissues. In the heart tissue specifically, the expression
of the ACSL5 gene was significantly greater in the weaning
period than in the birth and adult periods (P < 0.001). Addi-
tionally, in the fat tissue, ACSL5 mRNA levels at birth were
far higher than those observed in adulthood (P < 0.01) and
were also greater than in the weaning period (P < 0.05). The
expression levels in the kidney tissue differed substantially
across the birth and weaning periods (P < 0.05).

3.4 Association analysis of different genotypes of the
InDel locus of the ACSL5 goat gene with body
measurement traits

The analysis of the association between the InDel locus and
the growth characteristics revealed a significant correlation
with several body measurement traits in goats (P < 0.05)
(Table 4). For the del41172 locus, individuals with II geno-
types were larger than those with ID and ChD (P = 0.017)
in the FQ breed and with BLI (P = 0.030) and ChCI (P =
0.007) in the NB breed. Individuals with ID genotypes were
larger than those with II and BH (P = 0.012) in the NB
breed.

4 Discussion

Transcriptome sequencing identified the candidate gene
ACSL5, revealing a novel 25 bp deletion mutation in the fifth
intron of the gene (NC_030833.1: g41712_41736 del CCT-
GATGGTCCTGTGGTTAAAACTC/A, del41712). In this
study, the comparison of the similarities and the results of
phylogenetic tree analysis indicate that the ACSL5 goat gene
has been preserved well throughout ruminant evolution. We
performed genotyping on a cohort of 528 individual goats
from three different breeds. The FQ goat is a local breed
in Fujian Province, China, while the NB goat is a breed
cultivated in Egypt. The JZ goat is a crossbreed developed
from the Jianzhou native goat and the NB goat. The PIC re-
sults showed that the del41712 variant of the ACSL5 gene
had moderate polymorphism in all three goat breeds. Intrigu-
ingly, the DD genotype was absent in all three breeds. This
absence leads us to speculate that the DD genotype may be
less favorable compared to the other genotypes, which might
explain its elimination through natural selection during goat
evolution or purposeful breeding. Such evidence underscores
the potential significance of the ACSL5 gene for the growth
and development of goats. These findings suggest that the ge-
netic locus may be subject to substantial selection pressure
and gene mutation within these breeds. Moreover, a signifi-
cant departure from HWE was noted in these breeds, likely
due to nonrandom mating resulting from population strati-
fication, selection, or genetic drift (Janecka et al., 2021) as
well as inbreeding, population substructures, or copy num-
ber variation (Chen et al., 2017).
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Figure 1. Electrophoretic profile (a) and sequencing peak map (b) of the goat ACSL5 gene. Note: the electrophoretic profile uses marker I,
genotype II= 216 bp, and ID= 216 and 192 bp. The red box of the sequencing peak map shows 25 bp insertion sequences.

Table 2. Genetic polymorphism of InDel within the ACSL5 gene.

Locus Breed Genotypic frequency Allelic Ne He PIC HWE
(size) (individual quantity) frequency

ID II D I

del41712 FQ (n= 123) 0.919 (113) 0.081 (10) 0.459 0.541 1.9869 0.497 0.373 P < 0.05
NB (n= 286) 0.825 (236) 0.175 (50) 0.413 0.587 1.9407 0.485 0.367 P < 0.05
JY (n= 119) 0.672 (80) 0.328 (39) 0.336 0.664 1.8060 0.446 0.347 P < 0.05

The ACSL family comprises lipid metabolism enzymes
that convert free fatty acids into bioavailable lipoyl coen-
zyme A. Within this family, the ACSL5 gene plays a cru-
cial role in the synthesis of triglycerides, phospholipids, and
cholesterol as well as in the metabolism of fatty acids (Paul
et al., 2014). This study is the first to reveal the expression
patterns of the ACSL5 gene in the nine tissues of FQ goats
at three key developmental stages (birth, weaning, and adult-
hood) and explores the changes in gene expression in three
important periods. Weaning is also a particularly important
period in the growth and development of goats, because it
can cause stress in goats that may have multiple effects on
their physiological functions (Liao et al., 2021). In detail,

the birth of kid goats is also a period that has a signifi-
cant impact on their growth and development, as they move
from body-circulation intake of nutrients to ingestion of nu-
trients. The ACSL5 gene is expressed in all three stages in a
goat’s brain. The brain, a complex organ composed of sev-
eral highly specialized and interacting structures, regulates
various metabolic processes in the body, including food in-
take, energy expenditure, insulin secretion, liver glucose pro-
duction, and glucose and fatty acid metabolism in fat tissue
and skeletal muscle (Roh et al., 2016). Mutual regulation be-
tween the brain and other organs is essential for maintaining
energy and glucose homeostasis. The ACSL5 gene plays a
crucial role in energy metabolism and fatty acid metabolism
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Table 3. Accession numbers and descriptions of the amino acid sequences used in tree building.

Accession number Description Size (aa)

XP 017897057.1 ACSL5 Capra hircus 683
XP 042094882.1 ACSL5 isoform X1 Ovis aries 683
XP 027384554.1 ACSL5 isoform X1 Bos indicus×Bos taurus 683
NP 001069118.1 ACSL5 Bos taurus 683
NP 001182250.1 ACSL5 Sus scrofa 683
PNJ65603.1 ACSL5 isoform 1 Pongo abelii 683
NP 976314.1 ACSL5 isoform b Homo sapiens 683
NP 446059.2 ACSL5 Rattus norvegicus 683
NP 082252.1 ACSL5 Mus musculus 683
XP 035001797.2 ACSL5 Hippoglossus stenolepis 683

Figure 2. Phylogenetic analysis of the ACSL5 gene in 10 species. Note: the phylogenetic tree was constructed from amino acid sequences
using the MEGA 5.1 neighbor-joining method.

(Paul et al., 2014), and it is expressed in all three periods
in the Fuqing goat brain, suggesting that the ACSL5 gene
may play an important role in brain regulation of fatty acid
metabolism. Additionally, significant differences in fat ex-
pression were observed across the three periods (P < 0.05).
Previous studies found that FQ goats have a high intermuscu-
lar fat content and that the ACSL5 gene is actively involved in
fatty acid metabolism, suggesting that the ACSL5 gene may
play an important role in fat deposition in FQ goats. In all
three periods, the expression levels of the ACSL5 gene in the
liver tissues of FQ goats showed an increasing trend. The
liver is the largest digestive gland and metabolic organ of
mammals and plays an important role in the metabolism of
amino acids, sugars, fats, and other substances as well as in
protein and digestive fluid synthesis (Si-Tayeb et al., 2010).
The liver also has a detoxification function (Kieffer et al.,
2016). However, it is not fully developed at birth and grad-
ually matures as it grows and develops (Reinke and Asher,
2016). The ACSL5 gene is actively involved in lipid and car-
bohydrate metabolism, and we found that the ACSL5 gene

had higher expression levels in the three periods in Fuqing
goat livers. This suggests that the ACSL5 gene plays an im-
portant role in liver development and function. Notably, heart
expression was significantly different at weaning compared
to birth and adulthood (P < 0.001). However, the mecha-
nism by which cardiac expression suddenly increases during
weaning is not clear. These results suggest that the ACSL5
gene plays a critical role in the energy metabolism, fatty acid
deposition, and growth and development of goats.

Marker-assisted selection (MAS) is an indirect selection
process that utilizes genetic markers within quantitative trait
loci (QTL) to identify and select favorable traits, predict
genotypes, and improve individual breeding performances.
MAS has been widely adopted in animal breeding, particu-
larly for traits that are challenging or expensive to measure
and for recessive traits. MAS is the most suitable screen-
ing technique in these contexts (Wijayanti et al., 2022a).
InDel is one of the many mutations that have been iden-
tified and is highly dense, accurate, and easy to genotype.
Through association analysis between InDel sites and pro-
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Table 4. Relationship between the InDel locus of the ACSL5 gene and body measurement traits in goats.

Breed Body measurement trait Mean±SE P value

II ID

FQ ChD 30.39± 0.31a 27.7± 1.51b 0.017

NB BH 68.81± 0.37b 71.03± 0.72a 0.012
BLI 95.20± 0.50a 92.64± 0.95b 0.030
ChCI 126.41± 0.63A 122.44± 1.18B 0.007

Note: values with different superscripts within the same column differ significantly at P < 0.05 (a, b) and
P < 0.01 (A, B). ChD: chest depth, BH: body height, BLI: body length index, and ChCI: chest circumference
index.

Figure 3. The mRNA expression patterns of the ACSL5 gene. Note
that the significance results refer to the three test methods: ∗ repre-
sentative (P < 0.05), ∗∗ representative (P < 0.01), and ∗∗∗ repre-
sentative (P < 0.001).

duction traits, molecular markers with significant production
traits are screened (Mills et al., 2006). Our previous stud-
ies reported that the InDel sites of key transcriptome candi-
date genes, e.g., the CPT1a gene (Li et al., 2021) and the
FGF7 gene in goats (Wu et al., 2023a), had significant ef-
fects on the body measurement traits of goats. In this study,
the association analysis results between the del41712 locus
of the ACSL5 gene and body measurement traits showed a
significant correlation with ChD in FQ goats as well as BH,
BLI, and ChCI in NB goats. The findings indicate that BH
and ChD directly influence the BW of goats, with both traits
showing a positive association with BW (Qin et al., 2022).
InDel in introns plays an important role in gene regulation
and can produce genetic effects. Three InDel sites were iden-
tified in the intron of the IGF2BP1 gene in goats (Liu et al.,
2023), while two InDel sites were found in the intron of the
SNX29 gene in goats (Bi et al., 2022). These genetic vari-
ations have been shown to significantly impact their body

measurement traits. Intron InDel can induce changes in tran-
scription factor binding sites and may contain regulatory se-
quences for gene expression, transcriptional regulation and
translation, and mRNA processing (Wijayanti et al., 2022b).
The InDel site located in the third intron of the AKAP12 gene
in Shaanbei white cashmere goats has a significant impact on
gene expression and is strongly associated with body weight,
body length, chest depth, chest width, hip width, and chest
circumference (Bai et al., 2021). An InDel site located in the
first intron of the BMPR1B gene in Taihu pigs has been found
to have regulatory effects on the expression of this gene in
the endometrial tissue (Liu et al., 2022). Therefore, we spec-
ulated that the −25 bp InDel locus in the fifth intron affected
the expression of the ACSL5 gene and the body measurement
traits of goats. This study found that the del41712 locus of the
ACSL5 gene has a significant impact on multiple body mea-
surement traits of goats. The previous studies demonstrated
that the ACSL5 gene plays a crucial role in the synthesis of
triglycerides, phospholipids, and cholesterol as well as in the
metabolism of fatty acids. Therefore, the del41712 site can
be utilized as a genetic marker site that influences the body
measurement traits of goats.

5 Conclusions

The ACSL5 gene is highly expressed in the heart, liver,
spleen, lungs, kidneys, and fat of FQ goats. As goats age, the
expression levels of the ACSL5 gene gradually decrease in
the brain and fat tissues. The del41172 locus of the ACSL5
gene in three breeds of goat was analyzed. The results of
the association show that, of the three goat breeds examined,
only two genotypes (II and ID) were identified in this InDel
polymorphism. This genetic locus demonstrated a significant
association with body measurement traits in both the FQ and
NB goat breeds. The del41712 locus can be employed as
a molecular marker locus affecting the body measurement
traits of goats. This provides a research basis for breed im-
provement, with the objective of enhancing the body mea-
surement traits of goats.
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Appendix A: Abbreviations

ACSL5 Acyl-CoA synthetase 5
FGF7 Fibroblast growth factor 7
ITGAD Integrin subunit alpha D
ACSLs Long-chain fatty acyl-CoA synthetases
MAS Marker-assisted selection
RNA-Seq Transcriptome sequencing technology
InDel Insertion/deletion
II Insertion/insertion
ID Insertion/deletion
DD Deletion/deletion
SPSS Statistical Product and Service Solutions
bp Base pair
INS Intron
EX Exon
PCR Polymerase chain reaction
qPCR Reverse-transcription quantitative

real-time polymerase chain reaction
Cq Quantification cycle
LSM±SE Least-square mean± standard error
FQ Fuqing goat
NB Nubian goat
JZ Jianzhou Daer goat
BW Body weight
BH Body height
BL Body length
ChC Chest circumference
ChD Chest depth
ChW Chest width
HuW Hucklebone width
CaC Cannon circumference
TI Trunk index
BLI Body length index
ChCI Chest circumference index
CaCI Cannon circumference index
CWI Chest width index
HuWI Hucklebone width index

Data availability. The data presented in this study are available on
request from the corresponding author.

Author contributions. AW performed the experiments, analyzed
the data, generated the figures, prepared the manuscript draft, and
responded to the reviewers. XW acquired the grants and designed
the experiments. YL and WL provided the platform for the experi-
ment. All the authors read and approved the final paper.

Competing interests. The contact author has declared that none
of the authors has any competing interests.

Ethical statement. The experimental animals and the proce-
dures performed in this study were approved, with protocol no.
202207FJ002, by the International Animal Care and Use Commit-
tee of the Fujian Academy of Agricultural Sciences (FAAS), Fujian
Province, China. The care and use of the experimental animals fully
complied with local animal welfare laws, guidelines, and policies.

Disclaimer. Publisher’s note: Copernicus Publications remains
neutral with regard to jurisdictional claims made in the text, pub-
lished maps, institutional affiliations, or any other geographical rep-
resentation in this paper. While Copernicus Publications makes ev-
ery effort to include appropriate place names, the final responsibility
lies with the authors.

Acknowledgements. The author sincerely thanks the researchers
from the Key Laboratory of Animal Genetics and Breeding, Fujian
Academy of Agricultural Sciences, for providing the technical sup-
port.

Financial support. This work was supported by the Natural
Science Foundation of Fujian Province (grant no. 2022J01815),
the Public Research Project of Fujian Province (grant nos.
2022R10260015 and 2023R10260005), the 5511 Collaborative
Innovation Project of the Fujian Academy of Agricultural Sci-
ences (grant no. XTCXGC2021008), and the Scientific Research
Project of the Fujian Academy of Agricultural Sciences (grant no.
ZYTS2023018).

Review statement. This paper was edited by Henry Reyer and re-
viewed by Ke Wang, Haile Berihulay Gebreselase, and one anony-
mous referee.

References

Bai, Y., Yuan, R., Luo, Y., Kang, Z., Zhu, H., Qu, L., Lan,
X., and Song, X.: Exploration of Genetic Variants within
the Goat A-Kinase Anchoring Protein 12 (AKAP12) Gene
and Their Effects on Growth Traits, Animals, 11, 2090,
https://doi.org/10.3390/ani11072090, 2021.

Bi, Y., He, L., Feng, B., Lan, X., Song, X., Qu, L., and
Pan, C.: A 5-bp mutation within MSTN/GDF8 gene was
significantly associated with growth traits in Inner Mongo-
lia White Cashmere goats, Anim. Biotechnol., 32, 610–615,
https://doi.org/10.1080/10495398.2020.1736088, 2021.

Bi, Y., Chen, Y., Xin, D., Liu, T., He, L., Kang, Y.,
Pan, C., Shen, W., Lan, X., and Liu, M.: Effect of in-
del variants within the sorting nexin 29 (SNX29) gene
on growth traits of goats, Anim. Biotechnol., 33, 914–919,
https://doi.org/10.1080/10495398.2020.1846547, 2022.

Bowman, T. A., O’Keeffe, K. R., D’Aquila, T., Yan, Q. W., Grif-
fin, J. D., Killion, E. A., Salter, D. M., Mashek, D. G., Buhman,
K. K., and Greenberg, A. S.: Acyl CoA synthetase 5 (ACSL5)
ablation in mice increases energy expenditure and insulin sen-

https://doi.org/10.5194/aab-68-171-2025 Arch. Anim. Breed., 68, 171–181, 2025

https://doi.org/10.3390/ani11072090
https://doi.org/10.1080/10495398.2020.1736088
https://doi.org/10.1080/10495398.2020.1846547


180 A. Wang et al.: Identification of a novel InDel locus within the ACSL5 gene

sitivity and delays fat absorption, Mol. Metab., 5, 210–220,
https://doi.org/10.1016/j.molmet.2016.01.001, 2016.

Bu, S. Y. and Mashek, D. G.: Hepatic long-chain acyl-CoA
synthetase 5 mediates fatty acid channeling between an-
abolic and catabolic pathways, J. Lipid. Res., 51, 3270-3280,
https://doi.org/10.1194/jlr.M009407, 2010.

Chen, B., Cole, J. W., and Grond-Ginsbach, C.: Departure from
Hardy Weinberg Equilibrium and Genotyping Error, Frontiers
in Genetics, 8, 167, https://doi.org/10.3389/fgene.2017.00167,
2017.

Gassler, N., Roth, W., Funke, B., Schneider, A., Herzog, F., Tis-
chendorf, J. J., Grund, K., Penzel, R., Bravo, I. G., Mariadason,
J., Ehemann, V., Sykora, J., Haas, T. L., Walczak, H., Ganten, T.,
Zentgraf, H., Erb, P., Alonso, A., Autschbach, F., Schirmacher,
P., Knüchel, R., and Kopitz, J.: Regulation of enterocyte apop-
tosis by acyl-CoA synthetase 5 splicing, Gastroenterology, 133,
587–598, https://doi.org/10.1053/j.gastro.2007.06.005, 2007.

Gilbert, R. P., Bailey, D. R., and Shannon, N. H.: Linear body mea-
surements of cattle before and after 20 years of selection for post-
weaning gain when fed two different diets, J. Anim. Sci., 71,
1712–1720, https://doi.org/10.2527/1993.7171712x, 1993.

Huang, Y., Liu, L., Zhao, M., Zhang, X., Chen, J., Zhang,
Z., Cheng, X., and Ren, C.: Feeding regimens affecting car-
cass and quality attributes of sheep and goat meat – A
comprehensive review, Animal Bioscience, 36, 1314–1326,
https://doi.org/10.5713/ab.23.0051, 2023.

Janecka, M. J., Rovenolt, F., and Stephenson, J. F.: How does host
social behavior drive parasite non-selective evolution from the
within-host to the landscape-scale?, Behav. Ecol. Sociobiol. 75,
150, https://doi.org/10.1007/s00265-021-03089-y, 2021.

Kieffer, D. A., Martin, R. J., and Adams, S. H.: Impact of Di-
etary Fibers on Nutrient Management and Detoxification Or-
gans: Gut, Liver, and Kidneys, Adv. Nutr., 7, 1111–1121,
https://doi.org/10.3945/an.116.013219, 2016.

Kim, J. Y., Jeong, S., Kim, K. H., Lim, W. J., Lee, H. Y.,
and Kim, N.: Discovery of Genomic Characteristics and Se-
lection Signatures in Korean Indigenous Goats Through Com-
parison of 10 Goat Breeds, Frontiers in Genetics, 10, 699,
https://doi.org/10.3389/fgene.2019.00699, 2019.

Klinkenberg, E., Onwona-Agyeman, K. A., McCall, P. J., Wil-
son, M. D., Bates, I., Verhoeff, F. H., Barnish, G., and
Donnelly, M. J.: Cohort trial reveals community impact
of insecticide-treated nets on malariometric indices in ur-
ban Ghana, Trans R Soc Trop Med Hyg, 104, 496–503,
https://doi.org/10.1016/j.trstmh.2010.03.004, 2010.

Kornberg, A. and Pricer Jr., W. E.: Enzymatic synthesis of the coen-
zyme A derivatives of long chain fatty acids, J. Biol. Chem., 204,
329–343, 1953.

Kwak, H. B., Woodlief, T. L., Green, T. D., Cox, J. H., Hickner, R.
C., Neufer, P. D., and Cortright, R. N.: Overexpression of Long-
Chain Acyl-CoA Synthetase 5 Increases Fatty Acid Oxidation
and Free Radical Formation While Attenuating Insulin Signaling
in Primary Human Skeletal Myotubes, Int. J. Environ. Res. Pub.
He., 16, 1157, https://doi.org/10.3390/ijerph16071157, 2019.

Li, W., Liu, Y., Gao, C., Lan, X., and Wu, X.: A novel dupli-
cated insertion/deletion (InDel) of the CPT1a gene and its ef-
fects on growth traits in goat, Anim. Biotechnol., 32, 343–351,
https://doi.org/10.1080/10495398.2019.1698433, 2021.

Liao, R., Xie, X., Lv, Y., Dai, J., Lin, Y., and Zhu, L.: Ages
of weaning influence the gut microbiota diversity and function
in Chongming white goats, Appl. Microbiol. Biot., 105, 3649–
3658, https://doi.org/10.1007/s00253-021-11301-2, 2021.

Liu, G., Zhao, Q., Lu, J., Sun, F., Han, X., Zhao, J., Feng, H., Wang,
K., and Liu, C.: Insights into the genetic diversity of indigenous
goats and their conservation priorities, Asian-Austral. J. Anim.,
32, 1501–1510, https://doi.org/10.5713/ajas.18.0737, 2019.

Liu, H., Xu, H., Lan, X., Cao, X., and Pan, C.: The In-
Del variants of sheep IGF2BP1 gene are associated
with growth traits, Anim. Biotechnol., 34, 134–142,
https://doi.org/10.1080/10495398.2021.1942029, 2023.

Liu, Y., Wu, X., Xu, Q., Lan, X., and Li, W.: Temporal Transcrip-
tome Dynamics of Longissimus dorsi Reveals the Mechanism
of the Differences in Muscle Development and IMF Deposition
between Fuqing Goats and Nubian Goats, Animals, 14, 1770,
https://doi.org/10.3390/ani14121770, 2024.

Liu, Z., Xu, R., Zhang, H., Wang, D., Wang, J., and Wu, K.:
A unique 15-bp InDel in the first intron of BMPR1B regu-
lates its expression in Taihu pigs, BMC Genomics, 23, 799,
https://doi.org/10.1186/s12864-022-08988-6, 2022.

Lopes-Marques, M., Cunha, I., Reis-Henriques, M. A., Santos, M.
M., and Castro, L. F.: Diversity and history of the long-chain
acyl-CoA synthetase (Acsl) gene family in vertebrates, BMC
Evol. Biol., 13, 271, https://doi.org/10.1186/1471-2148-13-271,
2013.

Luo, Q., Das, A., Oldoni, F., Wu, P., Wang, J., Luo, F., and Fang,
Z.: Role of ACSL5 in fatty acid metabolism, Heliyon, 9, e13316,
https://doi.org/10.1016/j.heliyon.2023.e13316, 2023.

Matesanz, F., Fedetz, M., Barrionuevo, C., Karaky, M., Catalá-
Rabasa, A., Potenciano, V., Bello-Morales, R., López-Guerrero,
J. A., and Alcina, A.: A splice variant in the ACSL5 gene relates
migraine with fatty acid activation in mitochondria, Eur. J. Hum.
Genet., 24, 1572–1577, https://doi.org/10.1038/ejhg.2016.54,
2016.

Meller, N., Morgan, M. E., Wong, W. P., Altemus, J. B.,
and Sehayek, E.: Targeting of Acyl-CoA synthetase 5 de-
creases jejunal fatty acid activation with no effect on dietary
long-chain fatty acid absorption, Lipids Health Dis., 12, 88,
https://doi.org/10.1186/1476-511x-12-88, 2013.

Mi, F., Wu, X., Wang, Z., Wang, R., and Lan, X.: Re-
lationships between the Mini-InDel Variants within the
Goat CFAP43 Gene and Body Traits, Animals, 12, 3447,
https://doi.org/10.3390/ani12243447, 2022.

Mills, R. E., Luttig, C. T., Larkins, C. E., Beauchamp, A., Tsui, C.,
Pittard, W. S., and Devine, S. E.: An initial map of insertion and
deletion (INDEL) variation in the human genome, Genome Res.,
16, 1182–1190, https://doi.org/10.1101/gr.4565806, 2006.

Oikawa, E., Iijima, H., Suzuki, T., Sasano, H., Sato, H., Ka-
mataki, A., Nagura, H., Kang, M. J., Fujino, T., Suzuki,
H., and Yamamoto, T. T.: A novel acyl-CoA synthetase,
ACS5, expressed in intestinal epithelial cells and pro-
liferating preadipocytes, J. Biochem., 124, 679–685,
https://doi.org/10.1093/oxfordjournals.jbchem.a022165, 1998.

Paul, D. S., Grevengoed, T. J., Pascual, F., Ellis, J. M., Willis, M. S.,
and Coleman, R. A.: Deficiency of cardiac Acyl-CoA synthetase-
1 induces diastolic dysfunction, but pathologic hypertrophy is re-
versed by rapamycin, Biochim. Biophys. Acta, 1841, 880–887,
https://doi.org/10.1016/j.bbalip.2014.03.001, 2014.

Arch. Anim. Breed., 68, 171–181, 2025 https://doi.org/10.5194/aab-68-171-2025

https://doi.org/10.1016/j.molmet.2016.01.001
https://doi.org/10.1194/jlr.M009407
https://doi.org/10.3389/fgene.2017.00167
https://doi.org/10.1053/j.gastro.2007.06.005
https://doi.org/10.2527/1993.7171712x
https://doi.org/10.5713/ab.23.0051
https://doi.org/10.1007/s00265-021-03089-y
https://doi.org/10.3945/an.116.013219
https://doi.org/10.3389/fgene.2019.00699
https://doi.org/10.1016/j.trstmh.2010.03.004
https://doi.org/10.3390/ijerph16071157
https://doi.org/10.1080/10495398.2019.1698433
https://doi.org/10.1007/s00253-021-11301-2
https://doi.org/10.5713/ajas.18.0737
https://doi.org/10.1080/10495398.2021.1942029
https://doi.org/10.3390/ani14121770
https://doi.org/10.1186/s12864-022-08988-6
https://doi.org/10.1186/1471-2148-13-271
https://doi.org/10.1016/j.heliyon.2023.e13316
https://doi.org/10.1038/ejhg.2016.54
https://doi.org/10.1186/1476-511x-12-88
https://doi.org/10.3390/ani12243447
https://doi.org/10.1101/gr.4565806
https://doi.org/10.1093/oxfordjournals.jbchem.a022165
https://doi.org/10.1016/j.bbalip.2014.03.001


A. Wang et al.: Identification of a novel InDel locus within the ACSL5 gene 181

Pérez-Núñez, I., Karaky, M., Fedetz, M., Barrionuevo, C.,
Izquierdo, G., Matesanz, F., and Alcina, A.: Splice-site variant
in ACSL5: a marker promoting opposing effect on cell viabil-
ity and protein expression, Eur. J. Hum. Genet., 27, 1836–1844,
https://doi.org/10.1038/s41431-019-0414-5, 2019.

Qin, Q., Dai, D., Zhang, C., Zhao, C., Liu, Z., Xu, X., Lan, M.,
Wang, Z., Zhang, Y., Su, R., Wang, R., Wang, Z., Zhao, Y., Li,
J., and Liu, Z.: Identification of body size characteristic points
based on the Mask R-CNN and correlation with body weight
in Ujumqin sheep, Frontiers in Veterinary Science, 9, 995724,
https://doi.org/10.3389/fvets.2022.995724, 2022.

Reinke, H. and Asher, G.: Circadian Clock Control of Liver
Metabolic Functions, Gastroenterology, 150, 574–580,
https://doi.org/10.1053/j.gastro.2015.11.043, 2016.

Roh, E., Song, D. K., and Kim, M. S.: Emerging role of the
brain in the homeostatic regulation of energy and glucose
metabolism, Experimental & molecular medicine, 48, e216,
https://doi.org/10.1038/emm.2016.4, 2016.

Sheng, Y., Ren, H., Limbu, S. M., Sun, Y., Qiao, F., Zhai, W.,
Du, Z. Y., and Zhang, M.: The Presence or Absence of Intesti-
nal Microbiota Affects Lipid Deposition and Related Genes Ex-
pression in Zebrafish (Danio rerio), Front. Microbiol., 9, 1124,
https://doi.org/10.3389/fmicb.2018.01124, 2018.

Si-Tayeb, K., Lemaigre, F. P., and Duncan, S. A.: Organogen-
esis and development of the liver, Dev. Cell, 18, 175–189,
https://doi.org/10.1016/j.devcel.2010.01.011, 2010.

Tao, L., He, X. Y., Jiang, Y. T., Lan, R., Li, M., Li, Z. M., Yang, W.
F., Hong, Q. H., and Chu, M. X.: Combined approaches to reveal
genes associated with litter size in Yunshang black goats, Anim.
Genet., 51, 924–934, https://doi.org/10.1111/age.12999, 2020.

Wang, Z., Wang, R., Pan, C., Chen, H., Qu, L., Wu, L., Guo, Z.,
Zhu, H., and Lan, X.: Genetic Variations and mRNA Expression
of Goat DNAH1 and Their Associations with Litter Size, Cells,
11, 1371, https://doi.org/10.3390/cells11081371, 2022.

Wijayanti, D., Erdenee, S., Akhatayeva, Z., Li, H., Li, J.,
Cai, Y., Jiang, F., Xu, H., and Lan, X.: Genetic poly-
morphisms within the ETAA1 gene associated with growth
traits in Chinese sheep breeds, Anim. Genet., 53, 460–465,
https://doi.org/10.1111/age.13197, 2022a.

Wijayanti, D., Zhang, S., Yang, Y., Bai, Y., Akhatayeva, Z.,
Pan, C., Zhu, H., Qu, L., and Lan, X.: Goat SMAD family
member 1 (SMAD1): mRNA expression, genetic variants, and
their associations with litter size, Theriogenology, 193, 11–19,
https://doi.org/10.1016/j.theriogenology.2022.09.001, 2022b.

Wu, X., Jia, W., Zhang, J., Li, X., Pan, C., Lei, C., Chen, H., Dang,
R., and Lan, X.: Determination of the novel genetic variants of
goat STAT5A gene and their effects on body measurement traits
in two Chinese native breeds, Small Ruminant Res., 121, 232–
243, https://doi.org/10.1016/j.smallrumres.2014.09.002, 2014.

Wu, X., Liu, Y., Wang, Y., Zhang, F., and Li, W.: A novel
22-bp InDel within FGF7 gene is significantly associated
with growth traits in goat, Anim. Biotechnol., 35, 2262537,
https://doi.org/10.1080/10495398.2023.2262537, 2023a.

Yamashita, Y., Kumabe, T., Cho, Y. Y., Watanabe, M., Kawagishi,
J., Yoshimoto, T., Fujino, T., Kang, M. J., and Yamamoto, T. T.:
Fatty acid induced glioma cell growth is mediated by the acyl-
CoA synthetase 5 gene located on chromosome 10q25.1-q25.2,
a region frequently deleted in malignant gliomas, Oncogene, 19,
5919–5925, https://doi.org/10.1038/sj.onc.1203981, 2000.

Zhao, J., Liu, Z., Wang, X., Xin, X., Du, L., Zhao, H., An,
Q., Ding, X., Zhang, Z., Wang, E., Xu, Z., and Huang, Y.:
The Identification of Goat KCNJ15 Gene Copy Number Vari-
ation and Its Association with Growth Traits, Genes, 15, 250,
https://doi.org/10.3390/genes15020250, 2024.

Zhou, Q., Hu, H., Yang, Y., Kang, Y., Lan, X., Wu, X., Guo, Z., and
Pan, C.: Insertion/deletion (Indel) variant of the goat RORA gene
is associated with growth traits, Anim. Biotechnol., 34, 2175–
2182, https://doi.org/10.1080/10495398.2022.2078980, 2023.

https://doi.org/10.5194/aab-68-171-2025 Arch. Anim. Breed., 68, 171–181, 2025

https://doi.org/10.1038/s41431-019-0414-5
https://doi.org/10.3389/fvets.2022.995724
https://doi.org/10.1053/j.gastro.2015.11.043
https://doi.org/10.1038/emm.2016.4
https://doi.org/10.3389/fmicb.2018.01124
https://doi.org/10.1016/j.devcel.2010.01.011
https://doi.org/10.1111/age.12999
https://doi.org/10.3390/cells11081371
https://doi.org/10.1111/age.13197
https://doi.org/10.1016/j.theriogenology.2022.09.001
https://doi.org/10.1016/j.smallrumres.2014.09.002
https://doi.org/10.1080/10495398.2023.2262537
https://doi.org/10.1038/sj.onc.1203981
https://doi.org/10.3390/genes15020250
https://doi.org/10.1080/10495398.2022.2078980

	Abstract
	Introduction
	Materials and methods
	Samples and data collection
	Extraction of genomic DNA and RNA
	Primer synthesis
	Bioinformatics analysis of the goat ACSL5 gene
	Typing detection of the InDel locus of the goat ACSL5 gene
	The expression pattern of the goat ACSL5 gene
	Statistical analyses

	Results
	Genetic parameters associated with the 25bp deletion of the InDel site in the ACSL5 goat gene
	Construction of the phylogenetic tree
	Expression profiles of the goat ACSL5 gene
	Association analysis of different genotypes of the InDel locus of the ACSL5 goat gene with body measurement traits

	Discussion
	Conclusions
	Appendix A: Abbreviations
	Data availability
	Author contributions
	Competing interests
	Ethical statement
	Disclaimer
	Acknowledgements
	Financial support
	Review statement
	References

