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ABSTRACT 
 

This study aims to identify specific genomic regions and potential genes that play a role in the growth traits of Saburai 
goats. Phenotypic trait including birth, weaning, and yearling weight of 100 male and female Saburai goat were used 
and analyzed in a mixed model using the animal model method using WOMBAT software to obtain the estimated 
breeding value for goat body weight. Residual data from mixed model analysis for each individual were used for 
association studies. Individual goats used in this study were genotyped using the Illumina Goat SNP52 BeadChip 
(Illumina Inc., San Diego, CA, USA). Regression of body weight residuals on SNP was carried out individually using 
a linear model. The result showed that there were 7, 5, and 24 significant SNPs associated with birth weight, weaning 
weight, and yearling weight, respectively. The single-nucleotide polymorphism (SNP) of snp14750-scaffold1594-
1124587 located on chromosome 19 was the most significant SNP associated with all three traits. Furthermore, the study 
identified 24 candidate genes, including HDAC5, PCDH15, C15H11orf8, ARID1B, BEND4, CEP85L, and DDX43, 
which may contribute to body weight variation of Saburai goats. The study's findings provide valuable information for 
improving growth performance and can be applied to genomic selection in Saburai goats. 
 

Key words: Body weight, Gene candidates, Genome-wide association study, Single-nucleotide polymorphism, 
Saburai goat. 

 
INTRODUCTION 

 
The Saburai goat, a local breed from Lampung, 

Indonesia, was officially recognized by the Indonesian 
Minister of Agriculture in 2015. It originated from a cross 
between Ettawa Grade (EG) does and Boer bucks, resulting 
in a genetic composition of approximately 25% EG and 75% 
Boer (Dakhlan et al. 2021a; Dakhlan et al. 2021b). Developed 
primarily for meat production, the Saburai goat has adapted 
well to Indonesia’s tropical environment (Adhianto et al. 
2022; Dakhlan et al. 2025). However, considerable variation 
in growth performance remains among individuals, 
indicating potential for further genetic improvement. 
Enhancing genetic quality through the selection of superior 
animals is therefore a promising strategy to increase 
productivity (Bisrat et al. 2025; Van Eenennaam 2025). 

Body weight (BW) is a key selection criterion in meat-
producing goats because it is directly associated with 
carcass yield, an economically important trait (Zhang et al. 
2021; Tesema et al. 2023; Stanišić et al. 2025). Genetic 
variation among individuals leads to differences in body 
weight, which can be explored through genome-wide 

analyses. The increasing availability of genomic data, 
facilitated by commercial genotyping platforms such as 
Illumina, enables the implementation of genome-wide 
association studies (GWAS) to identify genomic regions 
and genes influencing complex traits like body weight 
(Abdalla et al. 2022; Wang et al. 2024; Wen et al. 2025). 
GWAS has become a powerful tool for dissecting the 
genetic architecture of quantitative traits, thereby 
supporting more accurate and rapid genetic improvement 
through genomic selection. 

Advancements in single-nucleotide polymorphism 
(SNP) genotyping technologies have further strengthened 
the utility of GWAS in identifying genetic variants and 
candidate genes associated with economically important 
traits across animal species (Martin et al. 2016). Numerous 
studies have successfully applied GWAS in livestock, 
identifying quantitative trait loci (QTL) related to growth 
and performance traits in cattle (Igoshin et al. 2019; Yin 
and König 2019), horses (Nazari-Ghadikolaei et al. 2025; 
Šimon et al. 2025), pigs (Tang et al. 2019; Wang et al. 
2022a; Zhao et al. 2022) and sheep (Dakhlan et al. 2017; 
Kominakis et al. 2017). 
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 Despite the broad application of GWAS in livestock, 
studies focusing on body weight in goats remain limited. In 
sheep, the first GWAS on body weight was conducted by 
Jonas et al. (2009), who identified a gene on ovine 
chromosome 21 (OAR21) in an Awassi-Merino backcross 
population. Similarly, Al-Mamun et al. (2015) found 39 
SNPs linked to body weight in Merino sheep and identified 
a significant QTL region on chromosome 6 (OAR6). 

In goats, however, GWAS studies have primarily 
targeted traits other than growth. For instance, Nazari-
Ghadikolaei et al. (2018) explored genes linked to coat 
color in Markhoz goats, while Mucha et al. (2018) 
investigated genes associated with milk production in a 
composite population of Saanen, Toggenburg and Alpine 
goats. Additionally, Simo et al. (2024) investigated 
prolificacy in Cameroon native goats (CNG), while 
Rahmatalla et al. (2018) and Luigi-Sierra et al. (2020) 
reported genes influencing body size and teat morphology 
in Sudanese and Murciano-Granadina goats, respectively. 
Recently, Moaeen-ud-Din et al. (2025) identified several 
potential SNP markers, such as those associated with 
BTAF1, NTM, GRID1, CEP78, ROBO1, ZFP36L2, 
SPTLC3, CTR9 and ZFHX3, for use in genomic selection 
targeting higher body weight in Pakistani Beetal goats. 

Although research on goat body weight remains 
scarce, this trait continues to be of major interest due to 
its economic significance. Dakhlan et al. (2025) identified 
2 SNPs associated with shoulder height, 7 with body 
length, and 14 with chest girth in Saburai goats, 
highlighting 14 genes potentially linked to body 
conformation traits. Similarly, Zhang et al. (2021) 
reported 21 SNPs related to body weight in Inner 
Mongolia Cashmere goats, while Selionova et al. (2022a) 
identified one SNP related to live body weight at birth and 
33 SNPs at four months of age in Karachai goats. Notably, 
genes such as MSTN, HEG1, FGF10, FGF14, GHRH and 
SLAIN were found to have significant associations with 
early growth performance. 

Given the limited genomic studies on body weight in 
goats, particularly local breeds such as the Saburai goat, 
further research is essential. Therefore, the present study 
aimed to identify genes associated with the body weight of 
Saburai goats at different growth stages, namely birth, 3 
months, and 12 months of age, using GWAS. The findings 
are expected to contribute to the genetic improvement and 
breeding strategies of Saburai goats and support the 
application of genomic selection to enhance their 
productivity. 
 

MATERIALS AND METHODS 
 
Ethical approval 

The study received ethical approval from the Faculty 
of Agriculture, University of Lampung and all 
experimental procedures were carried out in compliance 
with applicable animal welfare guidelines. 
 
Phenotypes for association studies 

The data for body weight was collected from 100 
Saburai goats, comprising of 50 male goats and 50 female 
goats aged 1-1.5 years, which were the progeny of nine 
bucks and eleven dams. Birth weight, weaning weight (3 
months of age), and yearling weight were obtained from 

their recorded data. The Saburai goats used in this study 
were obtained from the Saburai goat breeding center 
located in the Tanggamus district, Lampung province, 
Indonesia. The pedigree of each goat was traced back at 
least two generations. 

Weaning weight was adjusted to 90 days of age 
(WW90) and calculated as follows. 
 

WW90 = ൬
Actual weight − Birth weight

Weaning age in days
൰ ∗ 90 + Birth weight 

 
 Yearling weight was adjusted to 365 days of age 
(YW365) and calculated as follows. 
 

YW365 = ൬
Yearling weight − Weaning weight

Yearling age − Weaning age in days
൰ ∗ 275 + WW90 

 
We employed a mixed model, specifically the animal 

model method, using WOMBAT software (Meyer 2007; 
Meyer 2018) to obtain accurate body weight predictions 
(birth weight, weaning weight, and yearling weight) and 
residual data for each individual goat. The fixed effects in 
the animal model included year of birth (categorized into 
rainy and dry seasons), sex (male and female), birth type 
(single, twin, and triplet), and rearing location (Gisting and 
Sumberejo Districts), with dam age as a covariate variable. 
The random effects were the individual goat and the dam. 
Residual data from the mixed model analysis were then 
used for association studies. The mixed model is 
formulated as follows: 

 
y = Xb + Z1a + Z2m + e 

 
Where the vector of observations is represented by y, 

with b denoting the vector of fixed effects, a representing 
the vector of additive genetic effects, m the vector of 
maternal genetic effects, and e the vector of residual 
effects. X is the incidence matrix associated with the fixed 
effects, while Z1 and Z2 are incidence matrices linking the 
observations to the random effects of the animal (additive 
genetic) and the dam (maternal genetic), respectively. 
 
Genotyping and association studies 

Blood samples of 5mL from individual goat were 
collected and stored in ice box, and in the laboratory these 
samples were stored at -80oC. DNA extraction was 
performed using the standard phenol-chloroform protocol 
(Sambrook and Russell 2006). Individual goats used in this 
study were genotyped using the Illumina Goat SNP52 
BeadChip consisted of 53,347 SNPs (Illumina Inc., San 
Diego, CA, USA) and quality control was carried out 
before conducting an association study. SNPs were filtered 
out if they had call rates below 95%, minor allele 
frequencies (MAF) under 0.05, or P-values less than 0.001 
for Hardy-Weinberg Equilibrium (HWE). After these 
quality control measures, 98 goats with 49,874 SNPs were 
retained for the association analysis. Body weight residual 
regression against SNP was carried out individually using 
a linear model in R (R Core Team 2023). SNP annotation 
used the genome reference of Capra hircus (assembly 
ARS1.2) provided by The National Center for 
Biotechnology Information (NCBI) 
(https://www.ncbi.nlm.nih.gov/datasets/genome/GCF_001
704415.2/). A 400-kb genomic region surrounding each 
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peak SNP was considered the candidate interval. Genes 
located within this interval were treated as candidate genes 
and subsequently identified and annotated. 
 
Statistical analysis 

The threshold value (P<0.05/52K) was determined for 
the GWAS significance by applying the Bonferroni 
correction (Kaler and Purcell 2019; Chen et al. 2021). The 
Manhattan -log10 plot and P-value distribution of the 
resulting GWAS analysis used the R-package qqman 
(Turner 2018). 
 

RESULTS AND DISCUSSION 
 
Birth weight 

The Manhattan plot in Fig. 1 illustrates the P-values 
for all SNP markers associated with the birth weight of 
Saburai goats, providing a visual representation of the 
genome-wide association study (GWAS). This plot 
highlights the significant regions where SNPs are 
associated with birth weight across the genome. 

Complementing this, Fig. 2 presents the quantile-quantile 
(QQ) plot, which is a standard method to compare the 
distribution of observed P-values with those expected 
under the null hypothesis (Yang et al. 2011). The QQ plot 
helps to assess whether there is inflation in the test 
statistics or deviations from the expected distribution, 
which could indicate potential genetic associations 
(Purcell et al. 2007). 

Table 1 lists the genome-wide significant SNPs 
identified for three key traits: birth weight, weaning 
weight, and yearling weight. Focusing on birth weight, 
seven SNPs reached high significance levels. These SNPs 
are located on chromosomes 6, 9, 14, 15, 19 and 26, with 
genomic positions ranging from 14.65 to 80.09Mb. 
Notably, the SNP labeled snp14750-scaffold1594-
1124587, situated at 43.56Mb on chromosome 6, 
exhibited the strongest association with birth weight, with 
a P-value of 2.97×10⁻¹². This SNP stands out as a key 
genetic marker due to its highly significant association with 
birth weight, suggesting that it may play an important role 
in influencing this trait. 

 

 

 

 
   
Fig. 1: Manhattan plot of genome-wide association analysis for 
birth weight of Saburai goat. 

 Fig. 2: Quantile-quantile plot of genome-wide association 
analysis for birth weight of Saburai goat. 

 
Table 1: SNPs that have significant association with birth, weaning, and yearling weight  
Chromosome SNP Name Position (BP) P-value Annotated Gene Traits 
6 CSN1S1-E-allele-1-2 85,995,008 9.86E-14 CSN1S1 YW 
2 snp10686-scaffold138-297255 29,806,853 2.62E-08 TNS1 YW 
14 snp11085-scaffold14-482393 21,520,797 6.51E-19 RIMS2 YW 
19 snp14750-scaffold1594-1124587 43,563,475 8.79E-37 HDAC5 BW, WW, YW 
7 snp20103-scaffold2-3959682 18,192,007 4.74E-10 LOC102179 YW 
26 snp26621-scaffold278-501036 46,053,499 9.81E-16 PCDH15 BW, WW, YW 
7 snp29825-scaffold323-3014209 41,699,831 2.27E-10 ITK YW 
15 snp34645-scaffold41-1766666 62,562,006 3.57E-09 C15H11orf8 BW, YW 
9 snp36898-scaffold448-22063 80,093,901 2.92E-14 ARID1B BW, YW 
2 snp38148-scaffold477-592558 124,720,482 2.04E-14 ZNF804A YW 
25 snp38329-scaffold485-257787 17,001,938 4.66E-16 C25H16orf62 YW 
28 snp39778-scaffold509-1759116 12,402,097 2.00E-08 KCNMA1 YW 
6 snp40083-scaffold511-2344051 62,949,329 4.89E-09 KCTD8 YW 
6 snp40114-scaffold511-3740135 61,559,529 9.33E-12 BEND4 BW, YW 
1 snp414-scaffold1010-28033 137,123,894 2.65E-09 ACPP YW 
3 snp42099-scaffold55-2633854 59,028,955 4.51E-09 ADGRL2 YW 
15 snp45777-scaffold628-1195006 39,029,468 1.23E-08 DENND5A YW 
9 snp462-scaffold1011-1266531 19,529,989 2.49E-20 CEP85L BW, WW, YW 
13 snp48676-scaffold691-1659135 60,244,108 2.98E-11 DEFB116 YW 
25 snp52310-scaffold7764-82924 42,671,997 1.19E-07 PDGFA YW 
11 snp52855-scaffold793-6368 48,387,776 2.27E-09 POLR1A YW 
14 snp53157-scaffold8-343582 1,836,428 2.17E-19 SNX16 WW, YW 
14 snp5331-scaffold1184-194029 14,654,159 8.83E-19 DDX43 BW, WW, YW 
4 snp53936-scaffold820-966370 51,588,107 1.01E-07 HIBADH YW 
Note: BW = birth weight, WW = weaning weight, YW = yearling weight. 
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The distribution of these highly significant SNPs 
across multiple chromosomes indicates that birth weight in 
Saburai goats is likely influenced by a variety of genetic 
regions (Ncube et al. 2025; Rong et al. 2025). Identifying 
the exact genes or regulatory elements near these SNPs 
could lead to a better understanding of the genetic 
architecture of growth traits in Saburai goats. These 
findings have important implications for selective breeding 
programs, as they provide valuable genetic markers that 
can be used to improve birth weight and related growth 
traits in this goat population (Shangguan et al. 2024). 

There were 7 significant SNPs within 7 genes that span 
the region between 14.65 and 80.09Mb on different 
chromosome according to ARS1.2. These genes were 
HDAC5 (histone deacetylase 5 isoform X6), PCDH15 
(protocadherin-15 isoform X1), C15H11orf8 
(uncharacterized protein C11orf87 homolog isoform X1), 
ARID1B (AT-rich interactive domain-containing protein 
1B isoform X1), BEND4 (BEN domain-containing protein 
4), CEP85L (centrosomal protein of 85 kDa-like), and 
DDX43 (probable ATP-dependent RNA helicase DDX43) 
which are associated with birth weight in Saburai goat. 

In the analysis of SNP associations with birth weight 
in Saburai goats, seven significant SNPs were identified 
within seven distinct genes spanning the region between 
14.65 and 80.09Mb across different chromosomes based on 
the ARS1.2 reference genome. These genes, which are 
associated with birth weight, include HDAC5 (histone 
deacetylase 5 isoform X6), PCDH15 (protocadherin-15 
isoform X1), C15H11orf8 (uncharacterized protein 
C11orf87 homolog isoform X1), ARID1B (AT-rich 
interactive domain-containing protein 1B isoform X1), 
BEND4 (BEN domain-containing protein 4), CEP85L 
(centrosomal protein of 85 kDa-like), and DDX43 
(probable ATP-dependent RNA helicase DDX43). 

Each of these genes plays a potential role in biological 
processes that may influence birth weight. For example, 
HDAC5 (histone deacetylase 5) gene which is involved in 
chromatin remodeling and transcriptional regulation by 
modifying the acetylation status of histones, which can 
impact gene expression and muscle development (Tian et 
al. 2020; Klymenko et al. 2020). The association of 
HDAC5 with birth weight suggests that epigenetic 
regulation may influence growth traits, potentially through 
the modulation of genes involved in development and 
metabolic processes (Li and Chen 2025). 

Gene PCDH15 (protocadherin-15) is important for 
cell adhesion and signaling, particularly in neural and 
sensory systems (Alagramam et al. 2001). While this gene 
is primarily studied in the context of sensory functions, its 
involvement in birth weight suggests that cell 
communication and tissue development may also play 
roles in determining early growth. C15H11orf8 
(uncharacterized protein C11orf87 homolog isoform X1) 
is an uncharacterized protein; the function of this gene 
remains largely unknown. However, the identification of 
SNPs in this region highlights the potential importance of 
previously unexplored genes in the regulation of birth 
weight and growth traits (Moaeen-ud-Din et al. 2022; 
Rong et al. 2025). 

ARID1B, a component of the SWI/SNF chromatin-
remodeling complex, has been linked to developmental 
regulation and body size traits (Moffat et al. 2019; Liu et 

al. 2022; Li et al. 2025). The specific function of ARID1B 
in ruminant growth is not detailed, but as an ARID (AT-
rich interactive domain) family protein, it is known to be 
involved in chromatin remodeling and gene transcription, 
which are essential for development and growth. 

The BEND4 (BEN domain-containing protein 4) gene 
is involved in gene regulation, particularly in DNA binding 
and chromatin organization (Abhiman et al. 2008). This 
gene's association with birth weight may reflect its role in 
regulating growth-related genes during development. 
CEP85L, essential for cell division and microtubule 
organization (Kodani et al. 2020; Huang et al. 2022), may 
influence fetal growth through effects on cell proliferation 
and mitotic processes. Finally, DDX43 encodes an RNA 
helicase implicated in RNA metabolism and germline cell 
regulation (Tutak et al. 2020). Its association with birth 
weight suggests that post-transcriptional regulation 
contributes to early growth processes. 

The identification of these genes and their 
associations with birth weight in Saburai goats enhances 
understanding of the genetic factors influencing growth 
traits. Similar associations between HDAC5, ARID1B, 
and growth traits have been reported in other ruminants, 
supporting their conserved functional roles. These 
findings can inform genomic selection programs aimed at 
improving growth performance, emphasizing that both 
epigenetic mechanisms and fundamental cellular 
processes contribute to phenotypic variation in birth 
weight (Shangguan et al. 2024). 
 
Weaning weight 

Table 1 shows that there were 5 highly significant 
SNPs for weaning weight, and they were distributed on 
region on chromosomes 9, 14, 19, and 26 between 1.84 and 
46.05 Mb. Among these SNPs, the most significant was 
snp14750-scaffold1594-1124587 (P=4.19×10−15), which 
was located at 43.56Mb. Manhattan plot of P-values for all 
SNP markers of weaning weight is shown in Fig. 3 and 
their quantile-quantile plots (QQ plot) for the GWAS result 
are shown in Fig. 4. 

In the genomic study of weaning weight in Saburai 
goats, five significant SNPs were identified within five 
genes located between 1.84 and 46.05 Mb across different 
chromosomes, according to the ARS1.2 reference genome. 
These genes include HDAC5 (histone deacetylase 5 
isoform X6), PCDH15 (protocadherin-15 isoform X1), 
CEP85L (centrosomal protein of 85 kDa-like), and DDX43 
(probable ATP-dependent RNA helicase DDX43). Each of 
these genes is linked to biological processes that may 
influence weaning weight, a critical trait for growth 
performance in livestock. 

The HDAC5 (histone deacetylase 5) gene is involved in 
chromatin remodeling through the deacetylation of histones, 
impacting gene expression and potentially affecting growth 
regulation. Given its role in epigenetic control, this gene may 
influence developmental pathways that determine the 
growth rate of goats prior to weaning, making it a candidate 
for genetic selection aimed at improving weaning weight 
(Kabra et al. 2016; Xu et al. 2023). 

Though PCDH15 (protocadherin-15) are typically 
associated with cell adhesion and signaling in neural 
tissues, their involvement in growth traits like weaning 
weight  suggests  a  broader  role  in  tissue  development 



Int J Vet Sci, 2026, 15(3): 815-823. 
 

 819 

 

 

 
   
Fig. 3: Manhattan plot of genome-wide association analysis for 
weaning weight of Saburai goat  

 Fig. 4: Quantile-quantile plot of genome-wide association 
analysis for weaning weight of Saburai goat 

 
and intercellular communication during early growth 
stages. The significance of PCDH15 in this context may 
point to the importance of cellular interactions and 
structural development in determining growth rates 
(Pancho et al. 2020; Zhen et al. 2022). 

CEP85L (centrosomal protein of 85 kDa-like) which 
is integral to cell division and proliferation. Its association 
with weaning weight suggests that efficient cell division 
and growth factor signaling are critical during the pre-
weaning period when rapid body growth and development 
are necessary for survival and future productivity (Kodani 
et al. 2020; Duan et al. 2025). 

The role of DDX43 (probable ATP-dependent RNA 
helicase DDX43) gene in RNA metabolism, including 
RNA splicing and translation, is essential for regulating 
gene expression. Variations in this gene may influence key 
growth-regulating pathways, potentially affecting protein 
synthesis and overall growth rates leading up to weaning. 
This highlights the role of post-transcriptional regulation in 
determining growth outcomes (Tan et al. 2023). 

The identification of these significant SNPs provides 
valuable insight into the genetic factors influencing 
weaning weight in Saburai goats. These genes are involved 
in crucial biological functions such as epigenetic 
regulation, cell division, and RNA processing, all of which 
are fundamental to growth and development. 
Understanding the genetic basis of weaning weight not 
only enhances our knowledge of the molecular 
mechanisms driving early growth but also offers practical 
applications in selective breeding programs (Husien et al. 
2024; Visser 2025). By targeting these specific genetic 
markers, breeders could potentially improve weaning 
weight and overall growth performance in Saburai goats, 
leading to increased productivity and better management of 
genetic resources. 

Furthermore, the overlap between some genes 
associated with both birth weight and weaning weight, such 
as HDAC5 and DDX43, suggests that these genes may play 
a consistent role throughout different stages of early 
development. This consistency across developmental 
stages emphasizes the importance of these genes in 
regulating growth processes from birth to weaning, making 
them key targets for further research and potential genetic 
selection strategies. 
 
Yearling weight 

The Manhattan plot of P-values for all SNP markers of 

yearling weight is depicted in Fig. 5. Furthermore, the 
GWAS result's quantile-quantile plots (QQ plot) are shown 
in Fig. 6. The Table 1 reveals that 24 SNPs were significant 
for yearling weight, and they were distributed in the regions 
of chromosomes 1, 2, 4, 6, 7, 9, 11, 13, 14, 15, 19, 25, 26, 
and 28 between 1.84 and 137.12 Mb. Of the 24 significant 
SNPs, the most noteworthy SNP was snp14750-
scaffold1594-1124587 (P = 8.79 × 10−37), situated at 
43.56Mb. 

The study identified 24 significant SNPs 
corresponding to 24 genes located across various 
chromosomes within the 1.84 to 137.12Mb region, based 
on the ARS1.2 reference genome, with HDAC5 (histone 
deacetylase 5 isoform X6) having the most pronounced 
impact on yearling weight in Saburai goats. This result 
aligns with previous studies by Easa et al. (2022) and 
Selionova et al. (2022b), which also found significant SNPs 
associated with body weight and meat productivity in 
Karachai goats, notably SNP40083-scaffold511-2344051 
on chromosome 6. Other SNPs, such as SNP38426-
scaffold486-2412676 and SNP1448-scaffold104-1147808 
on chromosomes 5, 6, and 10, were linked to body weight 
in Karachai goats. 

Comparatively, Moaeen-ud-Din et al. (2022) reported 
different SNPs and genes related to body weight in goats, 
such as SNP24590-scaffold25-1223464 and the gene 
LOC108636659 on chromosome 8, indicating that genetic 
determinants of body weight can vary between goat breeds. 
Similarly, Selionova et al. (2022a) identified SNPs 
associated with live body weight in Karachai goats across 
numerous chromosomes, including 1, 2, 3, 5, 6, and 16, 
highlighting the genomic diversity influencing growth 
traits in goats. These findings underscore the variability in 
the genetic architecture of body weight across different 
goat populations, emphasizing that each breed may possess 
unique sets of SNPs contributing to growth traits. 

Although there is limited research specifically 
focusing on the functions of the genes identified in this 
study, some candidate genes have been reported in earlier 
studies. For instance, CSN1S1 (casein alpha s1) has been 
shown to regulate both milk production and body 
development in mammals (Zhang et al. 2019; Guan et al. 
2020), which suggests its potential role in influencing 
growth traits. TNS1, another gene identified in the study, is 
known to regulate cell adhesion, migration, and proliferation 
in mammals (Bruns and Lo 2020; Wang et al. 2022b), 
processes that are crucial for growth and tissue development. 
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Fig. 5: Manhattan plot of genome-wide association analysis for 
yearling weight of Saburai goat 

 Fig. 6: Quantile-quantile plot of genome-wide association 
analysis for yearling weight of Saburai goat 

 
The gene's involvement in cell migration and proliferation 
also suggests a possible role in the regulation of muscle 
development and growth, which could impact yearling 
weight in goats. 

RIMS2, identified in humans, regulates synaptic 
membrane exocytosis (Mechaussier et al. 2020), while 
HDAC5 in mice muscle cells is involved in glucose 
transporter transcription (Klymenko et al. 2020). Although 
these genes are primarily studied in other species, their 
roles in fundamental cellular processes, such as metabolism 
and cell signaling, suggest that they may play similar roles 
in influencing growth traits like yearling weight in goats. 
Additionally, PCDH15 is crucial for hair cell function in 
the ear (Nie et al. 2016; Kaushik et al. 2025), but its 
association with growth in goats could indicate its 
involvement in cell signaling pathways beyond its known 
sensory functions. 

Other notable genes include ITK, which encodes a 
tyrosine kinase involved in the immune response, and 
ZNF804A, associated with neurodevelopment and gene 
regulation, which may have indirect effects on growth 
through their roles in regulating immune function and brain 
development (Bernstein et al. 2014). The potassium 
channel-related gene KCTD8 and the DENND5A gene 
involved in membrane trafficking in humans (Han et al. 
2016) further illustrate the diversity of biological processes 
potentially contributing to growth traits in goats. These 
findings suggest that growth traits such as yearling weight 
are influenced by a complex network of genes with varied 
functions. 

The identification of significant SNPs and associated 
genes offers valuable insights into the genetic 
underpinnings of growth in Saburai goats, providing 
potential markers for future breeding programs aimed at 
improving growth traits. However, it is important to 
recognize that these findings represent only part of the 
broader genetic framework influencing growth. Growth 
traits are highly polygenic, and the SNPs and genes 
identified in this study are likely just a subset of the larger 
genomic architecture. Future research should continue 
exploring additional loci and gene-gene interactions to 
provide a more comprehensive understanding of the 
genetic factors driving growth in goats. 

Moreover, while some genes, such as HDAC5 and 
TNS1, have well-characterized roles in regulating growth-
related processes, the functions of many other genes, 

particularly in the context of goats, remain less understood. 
As genomic technologies advance and more data become 
available, further functional studies are needed to unravel 
the roles of these genes in goat physiology and 
development. This will be essential for translating genetic 
findings into practical applications in goat breeding and 
management, ultimately enhancing growth performance 
and productivity in goat populations. 
 
Conclusion 

This genome-wide association study identified 
genomic regions and candidate genes influencing growth 
traits in Saburai goats at birth, weaning and yearling 
weight. A total of 7, 5, and 24 significant SNPs were 
associated with birth, weaning, and yearling weight, 
respectively, highlighting the polygenic nature of growth 
traits. The SNP snp14750-scaffold1594-1124587 on 
chromosome 19 (candidate gene of HDAC5) showed 
consistent and strong associations across all traits, 
indicating its key role in growth regulation. Additional 
candidate genes, including PCDH15, ARID1B, CEP85L, 
and DDX43, were also implicated. These findings provide 
valuable molecular markers to support genomic selection 
and genetic improvement programs for Saburai goats. 
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