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Abstract
The growth hormone (GH) gene plays a vital role in regulating animal metabolism and body size, making it a 
potential candidate for influencing livestock performance. This study aimed to investigate the polymorphisms 
within the GH gene and their associations with 10 biometric traits in the Sumbawa cattle population of Indonesia. 
Biometric trait data and blood samples were collected from 112 Sumbawa cattle individuals, and their GH gene 
sequences were analyzed using two sets of primers for amplification. Seven single nucleotide polymorphisms 
(SNPs) were identified in the GH gene: g.442C>T, g.446G>C, g.558C>T, g.649C>A, g.1492C>A, g.1510C>A, and 
g.1578G>A. All SNPs were located in the intronic region except for SNP g.558C>T, which was found in the coding 
sequence (CDS) region. The SNP g.558C>T is classified as a synonymous variant. Haplotype analysis revealed a 
strong linkage disequilibrium between SNPs g.558C>T and g.649C>A. Distributions of genotypes and alleles of all 
SNPs were in agreement with the Hardy-Weinberg equilibrium (p > 0.05, χ2 < 15.56), except for SNPs g.446G>C 
and g.1492C>A. The association study showed that the SNP g.442C>T significantly (p < 0.05) affected HL, BL, SH, 
and PH traits in Sumbawa cattle. Additionally, the g.446G>C and g.558C>T were also found to be associated with 
PH and CC traits, respectively. The polymorphisms detected in the GH gene could have implications for selection 
programs to enhance desired biometric traits in Sumbawa cattle. Improving livestock productivity can be done 
by understanding genetic diversity and its relationship with phenotypic characteristics.
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Resumo
O gene do hormônio de crescimento (GH) desempenha um papel vital na regulação do metabolismo animal e do 
tamanho corporal, tornando-se um potencial candidato para influenciar o desempenho do gado. Este estudo teve 
como objetivo investigar os polimorfismos dentro do gene GH e suas associações com 10 características biométricas 
na população de gado Sumbawa da Indonésia. Dados de características biométricas e amostras de sangue foram 
coletados de 112 indivíduos de gado Sumbawa, e suas sequências genéticas do gene GH foram analisadas usando 
dois conjuntos de primers para amplificação. Sete polimorfismos de nucleotídeo único (SNPs) foram identificados 
no gene GH: g.442C>T, g.446G>C, g.558C>T, g.649C>A, g.1492C>A, g.1510C>A e g.1578G>A. Todos os SNPs estavam 
localizados na região intrônica, exceto o SNP g.558C>T, que foi encontrado na região da sequência de codificação 
(CDS). O SNP g.558C>T é classificado como uma variante sinônima. A análise de haplótipos revelou um forte 
desequilíbrio de ligação entre os SNPs g.558C>T e g.649C>A. As distribuições de genótipos e alelos de todos os 
SNPs estavam de acordo com o equilíbrio de Hardy-Weinberg (p > 0,05, χ2 < 15,56), exceto para os SNPs g.446G>C e 
g.1492C>A. O estudo de associação mostrou que o SNP g.442C>T afetou significativamente (p < 0,05) as características 
HL, BL, SH e PH no gado Sumbawa. Além disso, o g.446G>C e o g.558C>T também foram encontrados associados 
às características PH e CC, respectivamente. Os polimorfismos detectados no gene GH podem ter implicações para 
programas de seleção visando melhorar as características biométricas desejadas no gado Sumbawa. A melhoria 
da produtividade pecuária pode ser feita através da compreensão da diversidade genética e sua relação com as 
características fenotípicas.

Palavras-chave: medição corporal, diversidade genética, hormônio de crescimento, polimorfismo, gado Sumbawa.
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to practicing traditional Sumbawa cattle farming culture 
may struggle to adapt to more modern farming practices 
or switch to alternative sources of livelihood. Therefore, 
improving the productivity and maintaining genetic purity 
of local breeds, specifically Sumbawa cattle, is crucial to 
overcome these issues. Genetic diversity plays a pivotal 
role in breeding programs, allowing for better livestock 
improvement in quantity and quality and preserving 
genetic resources (Eusebi et al., 2019; Hartatik et al., 2018).

One of the approaches to achieving high livestock 
productivity is Marker-Assisted Selection (MAS) using the 
molecular approach (Maharani et al., 2019). Genotyping 
at the DNA level helps identify gene loci responsible for 
character variations (Quantitative Trait Loci / QTL) with 
economic value (Meuwissen et al., 2016; Sutarno et al., 
2018). In the context of growth, two primary factors 
influence it: the hormonal system and energy availabiliy 
(D’Occhio  et  al., 2019). Candidate genes, like growth 
hormone (GH), insulin-like growth factor 1 (IGF1), 
myoblast determination protein 1 (MyoD), myostatin 
(MSTN), myogenic factor 5 (Myf5), and calpastatin (CAST) 
(Abousoliman et al., 2020; Dybus, 2002; Eghbalsaied et al., 
2016; Fadholly et  al., 2024; Gebreselassie et  al., 2019), 
are selected based on known relationships between 
physiological or biochemical processes and the trait 
(Sweett et al., 2020).

The growth hormone, also known as somatotrophic 
hormone (STH), plays a crucial role in stimulating growth 
in the body, with bones and muscles being the main target 
organs (Bayraktar and Özdemir, 2022). It significantly 
influences postnatal development, metabolism, lactation, 
protein, lipid, carbohydrate metabolism, tissue growth, 
and fertility in animals and cows (Bordonaro et al., 2020; 
Pal and Chakravarty, 2020). The insulin-like growth factor 
I (IGF-I) mediates GH’s growth-promoting and metabolic 
effects (Ramesha et al., 2016). The bovine growth hormone 
gene is located on chromosome 19 at the q26-qtr position 
(Bayraktar and Özdemir, 2022) and spans 2061 bp, divided 
into five exons separated by four introns (Introns A, B, 
C, and D) (Ishag et al., 2011; Musa et al., 2013). Previous 
research has suggested associations between the GH 
gene, body weight, and biometric traits. For instance, 
Kayumov et al. (2019) found that allele variants of the GH 
gene in crossbred Red Angus x Kalmyk heifers resulted 

1. Introduction

Sumbawa cattle, a local Indonesian breed commonly 
found on Sumbawa Island, West Nusa Tenggara Province, 
Indonesia, trace their origins back to Hissar cattle imported 
from India in 1908. Over generations, they have been bred 
locally (Decree of the Minister of Agriculture No. 2909/
Kpts/OT.140/6/2011), resulting in excellent environmental 
adaptation and commendable reproductive performance 
for both males and females (Figure  1) (Sutarno  et  al., 
2018). The Sumbawa cattle also support local populations’ 
livelihoods and cultural activities on Sumbawa Island. 
Besides their excellence, the Sumbawa cattle are currently 
facing threads on their genetic purity due to crossbreeding 
and hybridization due to shifting consumer preferences and 
changing market demands. It has been reported that due to 
long-term adverse selection, several problems arise, such 
as decreased body weight, shorter legs and shoulders, and 
smaller body sizes. The decrease in genetic integrity within 
the Sumbawa cattle population could lead to significant 
adverse effects on both their productivity and sustainability. 
When the genetic makeup of Sumbawa cattle becomes 
contaminated or deteriorates, it may result in a reduction in 
the quality of meat or other derived products. Consequently, 
this decline could negatively impact the economic worth 
of these cattle and their associated products. Furthermore, 
diminished genetic purity might hamper the productivity of 
Sumbawa cattle. Cattle with impure genetics could exhibit 
lower reproductive rates, slower growth, and increased 
susceptibility to health issues, thereby reducing meat yield 
and impeding the overall growth of the Sumbawa cattle 
population. As genetic purity declines, Sumbawa cattle may 
become more susceptible to diseases and environmental 
stressors. Reduced genetic integrity could compromise 
the resilience of these cattle against certain illnesses, 
thereby affecting their well-being and long-term survival. 
In addition to its biological significance, the economic and 
social impacts of the decline in genetic purity of Sumbawa 
cattle can have economic ramifications through reduced 
productivity affecting the livelihoods of local farmers, 
as well as social implications due to the shift away from 
traditional farming culture resulting from the decline in 
the Sumbawa cattle population. Reduced productivity 
of Sumbawa cattle can lead to reduced income for local 
farmers who rely on these cattle. Farmers accustomed 

Figure 1. The phenotype of Sumbawa cattle.
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in differential expression in 8-month body weight and 
18-month linear growth. However, other studies, such as 
the one by Akcay et al. (Akçay et al., 2015) in Zavot cattle, 
did not show a significant association between GH gene 
polymorphism and live weight. Similarly, the GH-MspI 
locus in Sumba Ongole cattle also did not significantly 
affect some growth parameters (Agung et al., 2017).

Body weight, body size measurements, and weight 
gains are essential growth traits used as selection criteria 
in beef cattle breeding programs (Hartati et al., 2021a). 
However, traditional production systems, like those 
used for Sumbawa cattle, face challenges in directly 
measuring body weight with a scale. As a practical and 
convenient alternative, estimating body weight from body 
measurements has been adopted (Shoimah et al., 2021). 
Studies on Nguni cattle, Bali cattle, Holstein-Friesian bulls, 
West African Shorthorn Somba cattle, and Girolando 
cattle have reported positive correlations between body 
measurements (such as hip height, body length, and 
chest girth) and body weight (Agung et al., 2018; Hlokoe 
and Tyasi, 2022; Tutkun, 2019; Vanvanhossou  et  al., 
2018; Weber et al., 2020; Widyas et al., 2021). Hence, 
investigating the genetic factors influencing body 
conformation becomes crucial.

In light of numerous existing reports focusing on gene 
polymorphisms related to GH, it becomes evident that 
there remains a noticeable research gap concerning this 
gene’s specific characteristics within the Sumbawa cattle 
population. Also, the biometric traits were expressions of 
growth, which could be more accessible to measure and be 
used as a selection criterion to increase productivity and 
maintain the genetic purity of Sumbawa cattle. Therefore, 
this study aims to identify GH gene polymorphisms 
and their relationship with biometric traits (body 
measurements) in Sumbawa cattle.

2. Materials and methods

2.1. Ethical approval

This study was approved by the Institutional Animal Care 
and Use Committee (IACUC) of the Indonesian Agency for 
Agricultural Research and Development, with the approval 
number Balitbangtan/Lolitsapi/Rm/16/2021.

2.2. Study areas and sampling methodology

This study was conducted utilizing purposive random 
sampling, selecting areas with a high concentration of 
Sumbawa cattle farmers that were easily accessible and 
had the same rearing system. Sampling was conducted 
in the Seketeng Village-Sumbawa District and Penyaring 
Village-Moyo Utara District, Sumbawa Regency, West Nusa 
Tenggara Province, Indonesia (Figure  2). The Sumbawa 
cattle selected for data and sample collection were mature 
(≥ 2 years old), healthy, and non-pregnant.

2.3. Sample collection and DNA extraction

A total of 112 blood samples (23 male and 89 female) of 
Sumbawa cattle were obtained from the jugular vein using 
a 20G needle and an EDTA vacutainer tube. The samples 
were transported to the laboratory and stored in a freezer 
at -20ºC until DNA extraction. DNA was extracted from 
200 µL of whole-blood samples using the gSYNC DNA 
Extraction Kit (Geneaid Biotech Ltd., Taiwan), following 
the manufacturer’s protocols.

2.4. Phenotype data collection

For the association study, several biometric indicators 
were collected, including head length (HL), head width 
(HW), body length (BL), chest circumference (CC), shoulder 

Figure 2. The location of the Sumbawa Regency indicates the sampling sites of Sumbawa cattle.
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height (SH), chest depth (CD), chest width (CW), pelvic 
height (PH), pelvic width (PW), and hip width (HIW). 
All indicators were measured using a measuring stick, 
except for CC, which used a measuring tape. The illustration 
of how to measure each indicator is depicted in Figure 3.

2.5. Amplification of DNA

The isolated DNA was used for a Polymerase Chain Reaction 
(PCR) procedure. The amplification was carried out in a 25 µL 
total mixed reaction consisting of 2 µL DNA template, 0.5 µL 
of each primer, 9.5 µL double-distilled water (DDW), and 
12.5 µL of MyTaqTM HS PCR Mix (Bioline, United Kingdom) in 
0.6 Eppendorf tubes. Two primers were designed to amplify 
the partial sequence of the cattle’s growth hormone gene using 
a sequence template from Bos indicus (GenBank accession 
No. EF592534). The details of the primers are provided in 
Table 1. The PCR condition started with pre-denaturation 
at 94 °C for 5 minutes, followed by a 35-cycle amplification 
consisting of denaturation at 94 °C for 45 seconds, annealing 
at a specific temperature for each primer for 45 seconds, 
and extension at 72 °C for 1 minute. The amplification was 
concluded with a final extension at 72 °C for 5 minutes. 
The PCR products were visualized using 2% electrophoresis 
gel in a UV transilluminator under ultraviolet light.

2.6. Sequencing and genotyping

The unpurified PCR products were sent to the Integrated 
Research and Testing Laboratory (LPPT) of Universitas Gadjah 

Mada for PCR clean-up, purification, and sequencing using an 
automated DNA Sequencer (3500 Genetic Analyzer, Applied 
Biosystems). The sequencing output was read using the BioEdit 
version 7.0 program to identify each sample’s polymorphic loci 
and genotype. The sample genotype was determined based 
on the single or double peaks of the chromatogram in the 
SNP position (Sari et al., 2021). The NNSPLICE 0.9 Version was 
used to detect whether the variants may influence splicing 
(Reese et al., 1997; Riepe et al., 2021).

2.7. Data analysis

The genotype data were analyzed using the POPGENE 
version 3.2 software to compute the allele frequency, 
genotype frequency, and Chi-square test for Hardy-Weinberg 
equilibrium (Yeh and Boyle, 1997). The expected genotypic 
frequencies under the principles of Hardy-Weinberg 
equilibrium were calculated based on allele frequencies, 
employing Levene’s adjustment for cases involving a 
limited sample size (Levene, 1949). The haplotype block 
analysis was conducted using the Haploview program to 
analyze the linkage of alleles among the SNPs (Taliun et al., 
2014). Biometric trait data were corrected to mature cows 
(>3 years old). The genotype association with biometric 
trait was performed using a general linear model analysis 
in IBM SPSS Statistics (Version 23). The mathematical 
model used was as follows (Equation 1):

       Yij µ Ai Bj ijkε= + + + 	 (1)

where µ is the mean of the population. Ai is the effect of 
the K-individual genotype, Bj is the effect of K-individual 
sex, and ɛij is random error.

The cut-off for statistical significance was P < 0.05. 
After quality control, the SNPs g.649C>A and g.1492C>A 
were excluded from the association analysis due to 
several chromatogram errors in their positions and the 
low observed frequency of some genotypes, making the 
genotyping of the samples unreliable. The AA genotypes 
of SNPs g.1510C>A and g.1578G>A were also excluded from 
the analysis due to the low sample size.

3. Results

3.1. Polymorphic loci within the GH gene and linkage 
disequilibrium among the SNPs

In this study, seven SNPs of the GH gene were identified 
in Sumbawa cattle through sequence alignment and 

Figure 3. Illustration of body measurement in cattle. Note: HL 
(head length), HW (head width), BL (body length), SH (shoulder 
height), CC (chest circumference), CW (chest width), CD (chest 
depth), PH (pelvic height), PW (pelvic width), and HIW (hip width).

Table 1. Details of primers used in this analysis.

Primer’s ID Covering Region* Nucleotide Base (5’ - … - 3’) PCR Product (bp) Annealing Temp (°C)

GH1-F
407-852

GCAGGAGATCAGGCGTCTAG
446 59.5

GH1-R GGAAGAACACACCCACCCA

GH3-F
1461-1916

CCCTGCTCTCTCCCTCTTTC
456 59

GH3-R AGGAAAGGACAGTGGGAGTG

*Based on the GenBank acc no. EF592534.
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direct chromatogram examination. These SNPs were 
designated as g.442C>T, g.446G>C, g.558C>T, g.649C>A, 
g.1492C>A, g.1510C>A, and g.1578G>A, with their nucleotide 
positions corresponding to GenBank accession number 
EF592534. Among these SNPs, six were located in the 
intronic region, specifically g.442C>T and g.446G>C in 
intron 1, g.649C>A in intron 2, and g.1492C>A, g.1510C>A, 
and g.1578G>A in intron 4. Only the SNP g.558C>T is 
located in the coding sequence (CDS) region, but this 
variant did not alter amino acid (Ser > Ser), as shown in 
Figure 4. The remaining SNP, g.558C>T, was located in the 
coding sequence (CDS) region, but it was categorized as 
a synonymous variant as it did not alter the amino acid 
(Figure 4). The C and T alleles coded for the same amino 
acid, Serine (S). SNP g.442C>T, g.446G>C, g.1492C>A, and 
g.1510C>A exhibited three genotypes (Figure  5), while 
SNP g.558C>T, g.649C>A, and g.1578G>A had only two 
genotypes (Figure 6). Figure 7 illustrates the haplotype 
blocks based on two color schemes: the alternated D’/
LOD color scheme (Figure 7a) and the confidence-bound 
color scheme (Figure 7b). Figure 7 showed that the SNP 
g.558C>T and g.649C>A had the highest LD.

3.2. Genotype distribution of the GH gene

Table  2 displays the genotype distribution of the 
GH gene in Sumbawa cattle. Among all SNPs, the CC 

genotype had the highest frequency (ranging from 0.68 to 
0.98), except for SNP g.446G>C, where the GG genotype 
frequency (0.82) was higher than the CC genotype (0.13). 
The C alleles were more dominant (0.82 – 0.99) in each 
SNP, except for SNP g.446G>C, where the G allele showed 
the highest frequency (0.85). The chi-square test revealed 
that Sumbawa cattle deviated from Hardy-Weinberg 
equilibrium (χ2 > 15.56, p-value < 0.05) for SNP g.446G>C 
and g.1492C>A. Homozygous genotypes (CC and GG) were 
more prevalent than heterozygous genotypes (CT, GC, and 
CA) in most loci.

3.3. Association of GH gene variants to biometric traits

Table 3 represents the association study of GH gene 
polymorphisms with body measurements. The SNP 

Figure 4. Amino acid translation for SNP g.558C>T.

Table 2. The allele frequency, genotype frequency, and chi-square test value for HWE of GH gene SNPs in Sumbawa Cattle.

Locus Genotype
Genotype 
frequency

Allele
Allele 

frequency
χ2 p-value

g.442C>T CC 0.68 C 0.82 0.13 0.72

CT 0.29 T 0.18

TT 0.04

g.446G>C CC 0.13 C 0.15 74.97 0.00

GC 0.05 G 0,85

GG 0.82

g.558C>T CC 0.93 C 0.96 0.14 0.71

CT 0.07 T 0.04

TT 0.00

g.649C>A AA 0.00 A 0.04 0.12 0.72

CA 0.08 C 0.96

CC 0.92

g.1492C>A AA 0.01 A 0.02 66.99 0.00

CA 0.01 C 0.98

CC 0.98

g.1510C>A AA 0.01 A 0.09 0.11 0.74

CA 0.15 C 0.91

CC 0.84

g.1578G>A AA 0.00 A 0.01 0.004 0.94

CA 0.02 C 0.99

CC 0.98
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Figure 5. Chromatogram of genotypes for SNPs g.442C>T (a), g.446G>C (b), g.1492C>A (c), and g.1510C>A (d).

Figure 6. Chromatogram of genotypes for SNPs g.558C>T (a), g.649C>A (b), and g.1578G>A (c).
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g.442C>T showed a statistically significant (p < 0.05) 
effect on HL, BL, SH, and PH. Except for shoulder height 
(SH) (118.91 ± 18.17 cm), the TT genotype showed higher 
values for HL (45.96 ± 6.87 cm), BL (132.81 ± 22.58 cm), 
and PH (45.96 ± 6.87 cm) when compared to the CC and 
CT genotypes. Similarly, the SNP g.446G>C correlated 
with pelvic height (PH), with the GG genotype (130.01 ± 
6.26 cm) showing the highest PH, followed by CC (130.01 ± 
6.26 cm) and GC genotypes (116.28 ± 15.74 cm). For the 
SNP g.558C>T, animals with homozygous CC had a higher 
chest circumference (CC) than those with the heterozygous 
genotype.

4. Discussion

In association research,  single nucleotide 
polymorphisms (SNPs) are the most prevalent genetic 
variants (Meuwissen  et  al., 2022). In this study, seven 
SNPs of the GH gene were identified in Sumbawa cattle 
(Figures 5 and 6). The study of GH gene polymorphisms has 
been widely reported in various livestock species, including 
cattle, pigs, goats, sheep, and chickens. For cattle, several 
polymorphic sites have been reported at different locations, 
similar to the SNPs identified in this study. The GH-AluI 
site, a variant located in exon five, has been reported as 
polymorphic in Kazakh white-headed cattle, Russian 
Hereford cattle, Limousin x Madura cattle, Zavot, East 
Anatolian Red, Simmental, and Brown Swiss cattle in Turkey, 
and Kerman Holstein cattle (Dzhulamanov et al., 2019; 
Hartatik et al., 2013; Korkmaz Aǧaoǧlu and Akyüz, 2013; 
Mohammadabadi et al., 2010; Selionova and Plakhtyukova, 
2020). There were six SNPs, namely g.1304C>T, g.2346C>T, 
g.2537G>T, g.1059C>T, g.1547C>T, and g.2141C>G (based on 
their positions in GenBank acc number M57764) reported 
in Butana and Kenana cattle of Sudan (Musa et al., 2013). 
However, only the SNP g.1059C>T was similarly found 
in Sumbawa cattle (named SNP g.558C>T in this study).

The SNPs’ frequencies of each genotype and allele were 
in equilibrium except for SNP g.446G>C and g.1492C>A. 
Pearson’s χ2 compatibility test assesses whether a sample 
randomly selected from a population satisfies Hardy-
Weinberg equilibrium. However, if the sample size is 
insufficient, the test may not yield reliable results (Shriner, 

2011). Different genotype frequencies have been reported 
for various SNPs of the GH gene in other cattle populations, 
influenced by genetic backgrounds and breeding practices. 
In the Fedota et al. (46) study, examining the Aberdeen-
Angus cattle population unveiled intriguing insights 
into specific SNPs’ equilibrium and disequilibrium states 
(single nucleotide polymorphisms). Notably, the research 
shed light on the equilibrium status of SNPs g.2141C>G 
and g.257A>G within this cattle population, suggesting a 
balanced occurrence of these genetic variations. Conversely, 
SNP g.914T>A exhibited a disequilibrium, indicating a non-
random distribution of this particular SNP. A thorough 
analysis of the researchers revealed the absence of any 
linkage disequilibrium between the SNPs g.914T>A and 
g.257A>G, suggesting an independent occurrence of 
these two genetic markers. Agung et al. (2017) unveiled 
an allele frequency of 0.87 for the A allele and 0.13 for the 
B allele at the GH-MspI site. Moreover, the investigation 
delved into genotype frequencies within the SO cattle 
population, revealing that the most prevalent genotype is 
AA, accounting for 0.76 of the population. In contrast, the 
least common genotype is BB, representing a mere 0.02. In a 
different population (Pesisir cattle), the allele frequencies 
of MspI- and MspI+ (GH-MspI site) were 53.3% and 46.7%, 
respectively (Hartatik et al., 2018). A different result was 
found in Grati-Bali cattle, which have a monomorphic 
GH-MspI site genotype (Hartati et al., 2021b).

A solid dark black shade in both representations highlights 
a distinct genetic block involving SNP g.558C>T and g.649C>A, 
indicative of a robust linkage disequilibrium between 
these two specific SNPs (Figure 7). This strong LD is further 
supported by high r2 (1.00) and LOD (10.78) values, in line 
with Yan et al.’s (2017) findings that a positive LOD score 
indicates the presence of linkages, with a score greater than 3, 
suggesting evidence of association. This pronounced genetic 
association potentially signifies shared evolutionary origins 
or functional interconnections between these markers. 
Meanwhile, the white color (Figure 7b) represents strong 
evidence of recombination (Barrett, 2009). Combinations 
like g.446G>C and g.649C>A, g.649C>A and g.1510C>A, 
and g.649C>A and g.1578G>A were observed to form 
blocks displaying strong evidence of recombination. These 
intriguing findings suggest dynamic genetic interactions 
within these segments, hinting at complex genetic exchange 

Figure 7. Visualization of LD block based on (a) LOD / D’ and (b) confidence bounds.
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processes during evolution and contributing to the diversity 
of the genetic pool. Al-Thuwaini et al. (2021) state that linkage 
disequilibrium (LD) refers to the non-random assortment 
of alleles at different loci.

These findings of genotype-phenotype correlations 
with body measurements in Sumbawa cattle are consistent 
with previous reports in other cattle breeds (Table  3). 
The homozygous dominant genotypes tend to have higher 
measurement values than the heterozygous and recessive 
ones. In Nangyang cattle, the BB genotype of the GH-
P5 site (located in the promoter region) was associated 
with higher body length and height from 6 to 18 months 
(Gao et al., 2006). Differently, in an association study of GH 
polymorphisms with body measurements in crossbred Red 
Angus × Kalmyk heifers, Kayumov et al. (2019) reported 
that the GHLV genotype showed higher wither height, hip 
height, body length, chest width, and chest circumference 
than the GHVV genotype. The GH-AluI site also correlated 
with chest girth in Holstein young bulls (Çinar et al., 2018). 
In Chinese Debian cattle, a noteworthy investigation 
uncovered correlations between six SNPs (single nucleotide 
polymorphisms) of the GHRHR gene and distinctive 
body conformation traits. Notably, the Hap3/5 variant 
(-GCCCCCGGAAGG-) displayed a pronounced association 
with heightened wither height, hip height, heart girth, 
and hip width, underlining genetic factors’ significance 
in shaping these anatomical features (Zhao et al., 2022). 
Intronic mutations within the SH2B2 gene, which regulates 
body weight by enhancing GH signaling, were associated 
with body length and chest circumference in Qinchuan 
cattle (Raza et al., 2020). Another study by Putra et al. 
found that the GG genotype of the bovine GHR gene SNP 
g.3338A>G had the lowest body measurements compared 
to other genotypes. This study’s findings confirm Curi et al.’s 
(2006) statement that the GH gene’s effect regulates 
post-natal growth and stimulates the anabolic process 
of skeletal growth. The animal having a genotype of SNPs 
with high biometric measurement values could be selected 
for further mating systems of Sumbawa cattle to pass its 
superior characteristic to the next generation.

5. Conclusion

The GH gene was found to be correlated with biometric 
traits in Sumbawa cattle, particularly with larger-framed 
exterior characteristics associated with the presence of 
the C allele at specific GH gene loci. These findings suggest 
that the polymorphisms detected within the GH gene 
of Sumbawa cattle could hold significance for selection 
programs aimed at enhancing desirable biometric traits 
within the population. Enhancing livestock productivity 
can be achieved through a comprehensive understanding 
of genetic diversity and its interplay with phenotypic traits.

Acknowledgements

The authors would like to thank The Ministry of 
Agriculture of Indonesia for providing financial support 
for this research through the Agency of Agricultural 

Research and Development (Grant number: SP DIPA- 
018.09.2.412013/2021). Special thanks are extended to 
the Farmers and the Agricultural and Livestock Bureau of 
Sumbawa for their valuable assistance in data collection.

References

ABOUSOLIMAN, I., REYER, H., OSTER, M., MURÁNI, E., MOURAD, 
M., RASHED, M.A.S., MOHAMED, I. and WIMMERS, K., 2020. 
Analysis of candidate genes for growth and milk performance 
traits in the Egyptian Barki sheep. Animals, vol. 10, no. 2, pp. 
197. http://doi.org/10.3390/ani10020197. PMid:31979402.

AGUNG, P.P., ANWAR, S., PUTRA, W.P.B., ZEIN, M., WULANDARI, A.S., 
SAID, S. and SUDIRO, A., 2017. Association of growth hormone 
(GH) gene polymorphism with growth and carcass in Sumba 
Ongole (SO) cattle. Journal of The Indonesian Tropical Animal 
Agriculture, vol. 42, no. 3, pp. 153-159. http://doi.org/10.14710/
jitaa.42.3.153-159.

AGUNG, P.P., PUTRA, W.P.B., ANWAR, S. and WULANDARI, A.S., 
2018. Body weight estimation of bali cattle in banyumulek 
techno park, west nusa tenggara using several morphometric 
parameters. Buletin Peternakan, vol. 42, no. 1, pp. 20-25. http://
doi.org/10.21059/buletinpeternak.v42i1.29840.

AKÇAY, A., AKYÜZ, B. and BAYRAM, D., 2015. Determination of the 
AluI polymorphism effect of bovine growth hormone gene 
on carcass traits in Zavot cattle with analysis of covariance. 
Turkish Journal of Veterinary and Animal Sciences, vol. 39, no. 
1, pp. 16-22. http://doi.org/10.3906/vet-1404-29.

AL-THUWAINI, T.M., AL-SHUHAIB, M.B.S., LEPRETRE, F. and DAWUD, 
H.H., 2021. Two co-inherited novel SNPs in the MC4R gene 
related to live body weight and hormonal assays in Awassi and 
Arabi sheep breeds of Iraq. Veterinary Medicine and Science, 
vol. 7, no. 3, pp. 897-907. http://doi.org/10.1002/vms3.421. 
PMid:33369226.

BARRETT, J.C., 2009. Haploview: visualization and analysis of SNP 
genotype data. Cold Spring Harbor Protocols, vol. 4, no. 10, pp. 
pdb.ip71. http://doi.org/10.1101/pdb.ip71.

BAYRAKTAR, M. and ÖZDEMIR, M., 2022. A meta-analysis of the 
association between Growth Hormone (GH) gene polymorphism 
(AluI) and growth traits in cattle breeds. Journal of the Hellenic 
Veterinary Medical Society, vol. 73, no. 3, pp. 4657-4666. http://
doi.org/10.12681/jhvms.29407.

BORDONARO, S., TUMINO, S., MARLETTA, D., DE ANGELIS, A., DI 
PAOLA, F., AVONDO, M. and VALENTI, B., 2020. Effect of GH 
p.L127V polymorphism and feeding systems on milk production 
traits and fatty acid composition in Modicana cows. Animals, 
vol. 10, no. 9, pp. 1651. http://doi.org/10.3390/ani10091651. 
PMid:32937968.

ÇINAR, M.U., AKYÜZ, B., METIN KIYICI, J., ARSLAN, K., KALIBER, 
M. and AKSEL, E.G., 2018. Effects of GH-AluI and MYF5-TaqI 
polymorphisms on weaning weight and body measurements 
in Holstein young bulls. Kafkas Üniversitesi Veteriner Fakültesi 
Dergisi, vol. 24, no. 6, pp. 873-880. http://doi.org/10.9775/
kvfd.2018.20193.

CURI, R.A., PALMIERI, D.A., SUGUISAWA, L., OLIVEIRA, H.N., SILVEIRA, 
A.C. and LOPES, C.R., 2006. Growth and carcass traits associated 
with GH1/Alu I and POU1F1/Hinf I gene polymorphisms 
in Zebu and crossbred beef cattle. Genetics and Molecular 
Biology, vol. 29, no. 1, pp. 56-61. http://doi.org/10.1590/S1415-
47572006000100012.

D’OCCHIO, M.J., BARUSELLI, P.S. and CAMPANILE, G., 2019. 
Influence of nutrition, body condition, and metabolic 
status on reproduction in female beef cattle: a review. 

https://doi.org/10.3390/ani10020197
https://pubmed.ncbi.nlm.nih.gov/31979402
https://doi.org/10.14710/jitaa.42.3.153-159
https://doi.org/10.14710/jitaa.42.3.153-159
https://doi.org/10.21059/buletinpeternak.v42i1.29840
https://doi.org/10.21059/buletinpeternak.v42i1.29840
https://doi.org/10.3906/vet-1404-29
https://doi.org/10.1002/vms3.421
https://pubmed.ncbi.nlm.nih.gov/33369226
https://pubmed.ncbi.nlm.nih.gov/33369226
https://doi.org/10.1101/pdb.ip71
https://doi.org/10.12681/jhvms.29407
https://doi.org/10.12681/jhvms.29407
https://doi.org/10.3390/ani10091651
https://pubmed.ncbi.nlm.nih.gov/32937968
https://pubmed.ncbi.nlm.nih.gov/32937968
https://doi.org/10.9775/kvfd.2018.20193
https://doi.org/10.9775/kvfd.2018.20193
https://doi.org/10.1590/S1415-47572006000100012
https://doi.org/10.1590/S1415-47572006000100012


Brazilian Journal of Biology, 2024, vol. 84, e28282310/11

Prihandini, P.W. et al.

Theriogenology, vol. 125, pp. 277-284. http://doi.org/10.1016/j.
theriogenology.2018.11.010. PMid:30497026.

DYBUS, A., 2002. Associations between Leu/Val polymorphism of 
growth hormone gene and milk production traits in Black-and-
White cattle. Archiv fur Tierzucht, vol. 45, no. 5, pp. 421-428. 
http://doi.org/10.5194/aab-45-421-2002.

DZHULAMANOV, K., GERASIMOV, N., DUBOVSKOVA, M. and 
BAKTYGALIEVA, A., 2019. Polymorphisms of CAPN1, CAST, GDF5, 
TG5 and GH genes in Russian Hereford cattle. Bulgarian Journal 
of Agricultural Science, vol. 25, no. 2, pp. 375-379.

EGHBALSAIED, S., AKASHEH, L., HONARVAR, M., FOROOZANDEH, A.D., 
GHAZIKHANI-SHAD, A., BANKIZADEH, F. and ABDULLAHPOUR, 
R., 2016. Fine-tuning of season definition for genetic analysis of 
fertility, productivity, and longevity traits in Iranian Holstein 
dairy cows. Kuwait Journal of Science, vol. 43, no. 1, pp. 193-207.

EUSEBI, P.G., MARTINEZ, A. and CORTES, O., 2019. Genomic tools 
for effective conservation of livestock breed diversity. Diversity, 
vol. 12, no. 1, pp. 8. http://doi.org/10.3390/d12010008.

FADHOLLY, A., MARGAWATI, E.T., IBRAHIM, A. and PUTRA, W.P.B., 
2024. Profile of melanocortin-4 receptor and myogenic factor 
5 gene in Pasundan beef cattle. Pakistan Journal of Zoology. In 
press. http://doi.org/10.17582/journal.pjz/20230310070334.

GAO, X., XU, X.R., REN, H.Y., ZHANG, Y.H. and XU, S.Z., 2006. The 
effects of the GH, IGF-I and IGF-IBP3 gene on growth and 
development traits of Nanyang cattle in different growth 
period. Hereditas, vol. 28, no. 8, pp. 927-932.

GEBRESELASSIE, G., BERIHULAY, H., JIANG, L. and MA, Y., 2019. 
Review on genomic regions and candidate genes associated 
with economically important production and reproduction 
traits in sheep (Ovies aries). Animals, vol. 10, no. 1, pp. 33. http://
doi.org/10.3390/ani10010033. PMid:31877963.

HARTATI, H., HAPSARI, A.A.R., SOEWANDI, B.D.P., ANWAR, S., 
RAHMADANI, S.P., ARYOGI, A. and PAMUNGKAS, D., 2021a. 
Association of GHR|AluI gene polymorphism with body 
weight parameters in Grati-PO cattle. Journal of The Indonesian 
Tropical Animal Agriculture, vol. 46, no. 4, pp. 272-281. http://
doi.org/10.14710/jitaa.46.4.272-281.

HARTATI, LUTHFI, M., RATNAWATI, D. and SOEWANDI, B.D.P., 2021b. 
Detection of growth hormone (GH|MspI,GHR|AluI, Pit1|HinfI) 
genes polymorphism and its association with body weight of 
Grati-Bali Cattle (Bos sondaicus). IOP Conference Series: Earth 
and Environmental Science, vol. 788, no. 1, pp. 012010. http://
doi.org/10.1088/1755-1315/788/1/012010.

HARTATIK, T., PUTRA, D.E., VOLKANDARI, S.D., KANAZAWA, T. and 
SUMADI, S., 2018. Genotype analysis of partial growth hormone 
gene (GH891MspI) in Pesisir cattle and Simmental-Pesisir 
crossbred cattle. Journal of The Indonesian Tropical Animal 
Agriculture, vol. 43, no. 1, pp. 1-8. http://doi.org/10.14710/
jitaa.43.1.1-8.

HARTATIK, T., VOLKANDARI, S.D., RACHMAN, M.P. and SUMADI., 
2013. Polymorphism leu/val of growth hormone gene 
identified from limousin cross local cattle in Indonesia. 
Procedia Environmental Sciences, vol. 17, pp. 105-108. http://
doi.org/10.1016/j.proenv.2013.02.017.

HLOKOE, V.R. and TYASI, T.L., 2022. Nguni cattle body weight 
estimation using regression analysis. Journal of Animal Health and 
Production, vol. 10, no. 3, pp. 375-380. http://doi.org/10.17582/
journal.jahp/2022/10.3.375.380.

ISHAG, I.A., REISSMANN, M., PETERS, K.J., MUSA, L.M.A. and AHMED, 
M.K.A., 2011. Phenotypic and molecular characterization of 
six Sudanese camel breeds. South African Journal of Animal 
Science, vol. 40, no. 4, pp. 319-326. http://doi.org/10.4314/
sajas.v40i4.65244.

KAYUMOV, F., KOSILOV, V., GERASIMOV, N. and BYKOVA, O., 2019. 
The effect of SNP polymorphisms in growth hormone gene on 
weight and linear growth in crossbred Red Angus × Kalmyk 
heifers. Advances in Intelligent Systems Research, vol. 167, no. 1, 
pp. 325-328. http://doi.org/10.2991/ispc-19.2019.73.

KORKMAZ AǦAOǦLU, Ö. and AKYÜZ, B., 2013. Growth hormone 
gene polymorphism in four cattle breeds in Turkey. Kafkas 
Üniversitesi Veteriner Fakültesi Dergisi, vol. 19, no. 3, pp. 419-
422. http://doi.org/10.9775/kvfd.2012.7961.

LEVENE, H., 1949. On a matching problem arising in genetics. Annals 
of Mathematical Statistics, vol. 20, no. 1, pp. 91-94. http://doi.
org/10.1214/aoms/1177730093.

MAHARANI, D., HARIYONO, D.N.H., PUTRA, D.D.I., LEE, J.H. and 
SIDADOLOG, J.H.P., 2019. Phenotypic characterization of local 
female duck populations in Indonesia. Journal of Asia-Pacific 
Biodiversity, vol. 12, no. 4, pp. 508-514. http://doi.org/10.1016/j.
japb.2019.07.004.

MEUWISSEN, T., HAYES, B. and GODDARD, M., 2016. Genomic 
selection: a paradigm shift in animal breeding. Animal Frontiers, 
vol. 6, no. 1, pp. 6-14. http://doi.org/10.2527/af.2016-0002.

MEUWISSEN, T., HAYES, B., MACLEOD, I. and GODDARD, M., 
2022. Identification of genomic variants causing variation in 
quantitative traits: a review. Agriculture, vol. 12, no. 10, pp. 
1713. http://doi.org/10.3390/agriculture12101713.

MOHAMMADABADI, M.R., TORABI, A., TAHMOURESPOOR, 
M., BAGHIZADEH, A., ESMAILIZADEH KOSHKOIEH, A. and 
MOHAMMADI, A., 2010. Analysis of bovine growth hormone 
gene polymorphism of local and Holstein cattle breeds in Kerman 
province of Iran using polymerase chain reaction restriction 
fragment length polymorphism (PCR-RFLP). African Journal of 
Biotechnology, vol. 9, no. 41, pp. 6848-6852.

MUSA, L.M.A., REISSMANN, M., ISHAG, I.A., RAHAMTALLA, S.A., 
BROCKMANN, G. and PETERS, K.J., 2013. Characterization of the 
growth hormone gene (GH1) in Sudanese Kenana and Butana 
cattle breeds. Journal of Animal Production Advances, vol. 3, no. 
2, pp. 28-34. http://doi.org/10.5455/japa.20130205115834.

PAL, A. and CHAKRAVARTY, A.K., 2020. Mutations in growth 
hormone gene affect stability of protein structure leading to 
reduced growth, reproduction, and milk production in crossbred 
cattle-an insight. Domestic Animal Endocrinology, vol. 71, pp. 
106405. http://doi.org/10.1016/j.domaniend.2019.106405. 
PMid:32032890.

RAMESHA, K.P., RAO, A., BASAVARAJU, M., GEETHA, G.R., 
KATAKTALWARE, M.A. and JEYAKUMAR, S., 2016. Genetic 
variability of bovine GHR, IGF-1 and IGFBP-3 genes in Indian 
cattle and buffalo. South African Journal of Animal Science, vol. 
45, no. 5, pp. 485-493. http://doi.org/10.4314/sajas.v45i5.5.

RAZA, S.H.A., KHAN, R., GUI, L., SCHREURS, N.M., WANG, X., MEI, C., 
YANG, X., GONG, C. and ZAN, L., 2020. Bioinformatics analysis 
and genetic polymorphisms in genomic region of the bovine 
SH2B2 gene and their associations with molecular breeding for 
body size traits in qinchuan beef cattle. Bioscience Reports, vol. 
40, no. 3, pp. BSR20192113. http://doi.org/10.1042/BSR20192113. 
PMid:32110807.

REESE, M.G., EECKMAN, F.H., KULP, D. and HAUSSLER, D., 1997. 
Improved splice site detection in Genie. Journal of Computational 
Biology, vol. 4, no. 3, pp. 311-323. http://doi.org/10.1089/
cmb.1997.4.311. PMid:9278062.

RIEPE, T.V., KHAN, M., ROOSING, S., CREMERS, F.P.M. and ’T HOEN, 
P.A.C., 2021. Benchmarking deep learning splice prediction tools 
using functional splice assays. Human Mutation, vol. 42, no. 7, pp. 
799-810. http://doi.org/10.1002/humu.24212. PMid:33942434.

https://doi.org/10.1016/j.theriogenology.2018.11.010
https://doi.org/10.1016/j.theriogenology.2018.11.010
https://pubmed.ncbi.nlm.nih.gov/30497026
https://doi.org/10.5194/aab-45-421-2002
https://doi.org/10.3390/d12010008
https://doi.org/10.17582/journal.pjz/20230310070334
https://doi.org/10.3390/ani10010033
https://doi.org/10.3390/ani10010033
https://pubmed.ncbi.nlm.nih.gov/31877963
https://doi.org/10.14710/jitaa.46.4.272-281
https://doi.org/10.14710/jitaa.46.4.272-281
https://doi.org/10.1088/1755-1315/788/1/012010
https://doi.org/10.1088/1755-1315/788/1/012010
https://doi.org/10.14710/jitaa.43.1.1-8
https://doi.org/10.14710/jitaa.43.1.1-8
https://doi.org/10.1016/j.proenv.2013.02.017
https://doi.org/10.1016/j.proenv.2013.02.017
https://doi.org/10.17582/journal.jahp/2022/10.3.375.380
https://doi.org/10.17582/journal.jahp/2022/10.3.375.380
https://doi.org/10.4314/sajas.v40i4.65244
https://doi.org/10.4314/sajas.v40i4.65244
https://doi.org/10.2991/ispc-19.2019.73
https://doi.org/10.9775/kvfd.2012.7961
https://doi.org/10.1214/aoms/1177730093
https://doi.org/10.1214/aoms/1177730093
https://doi.org/10.1016/j.japb.2019.07.004
https://doi.org/10.1016/j.japb.2019.07.004
https://doi.org/10.2527/af.2016-0002
https://doi.org/10.3390/agriculture12101713
https://doi.org/10.5455/japa.20130205115834
https://doi.org/10.1016/j.domaniend.2019.106405
https://pubmed.ncbi.nlm.nih.gov/32032890
https://pubmed.ncbi.nlm.nih.gov/32032890
https://doi.org/10.4314/sajas.v45i5.5
https://doi.org/10.1042/BSR20192113
https://pubmed.ncbi.nlm.nih.gov/32110807
https://pubmed.ncbi.nlm.nih.gov/32110807
https://doi.org/10.1089/cmb.1997.4.311
https://doi.org/10.1089/cmb.1997.4.311
https://pubmed.ncbi.nlm.nih.gov/9278062
https://doi.org/10.1002/humu.24212
https://pubmed.ncbi.nlm.nih.gov/33942434


Brazilian Journal of Biology, 2024, vol. 84, e282823 11/11

Growth hormone gene variants and biometric traits in Sumbawa cattle

SARI, A.P.Z.N.L.¸ATHIFA, I.R., PANJONO, HIDAYAT, R., BARLI, A. and 
MAHARANI, D., 2021. SNPs detection in 5′-UTR region of the 
MC4R gene in Garut sheep. IOP Conference Series. Earth and 
Environmental Science, vol. 888, no. 1, pp. 012001. http://doi.
org/10.1088/1755-1315/888/1/012001.

SELIONOVA, M.I. and PLAKHTYUKOVA, V.R., 2020. Polymorphism 
of the CAPN1 and GH genes and its relationship with the 
productivity of cattle of the Kazakh white-headed breed. IOP 
Conference Series. Earth and Environmental Science, vol. 613, no. 
1, pp. 012131. http://doi.org/10.1088/1755-1315/613/1/012131.

SHOIMAH, U.S., DAKHLAN, A., SULASTRI and HAMDANI, M.D.I., 
2021. Use of body measurements to predict live body weight 
of Simmental bull in Lembang Artificial Insemination Center, 
West Java. IOP Conference Series: Earth and Environmental 
Science, vol. 888, no. 1, pp. 012030. http://doi.org/10.1088/1755-
1315/888/1/012030.

SHRINER, D., 2011. Approximate and exact tests of hardy-weinberg 
equilibrium using uncertain genotypes. Genetic Epidemiology, 
vol. 35, no. 7, pp. 632-637. http://doi.org/10.1002/gepi.20612. 
PMid:21922537.

SUTARNO, S., KURNIANINGRUM, N., HERAWATI, E. and SETYAWAN, 
A.D., 2018. Interspecies and Intraspecies genetic diversity of 
Ongole grade cattle and Madura cattle based on microsatellite 
DNA markers. Biodiversitas, vol. 19, no. 4, pp. 1593-1600. http://
doi.org/10.13057/biodiv/d190453.

SWEETT, H., FONSECA, P.A.S., SUÁREZ-VEGA, A., LIVERNOIS, A., 
MIGLIOR, F. and CÁNOVAS, A., 2020. Genome-wide association 
study to identify genomic regions and positional candidate 
genes associated with male fertility in beef cattle. Scientific 
Reports, vol. 10, no. 1, pp. 20102. http://doi.org/10.1038/s41598-
020-75758-3. PMid:33208801.

TALIUN, D., GAMPER, J. and PATTARO, C., 2014. Efficient haplotype 
block recognition of very long and dense genetic sequences. BMC 
Bioinformatics, vol. 15, no. 1, pp. 10. http://doi.org/10.1186/1471-
2105-15-10. PMid:24423111.

TUTKUN, M., 2019. Estimation of live weight of Holstein-Friesian 
bulls by using body linear measurements. Applied Ecology and 
Environmental Research, vol. 17, no. 2, pp. 2257-2265. http://
doi.org/10.15666/aeer/1702_22572265.

VANVANHOSSOU, S.F.U., DIOGO, R.V.C. and DOSSA, L.H., 2018. 
Estimation of live bodyweight from linear body measurements 
and body condition score in the West African Savannah 
Shorthorn cattle in North-West Benin. Cogent Food & Agriculture, 
vol. 4, no. 1, pp. 1549767. http://doi.org/10.1080/23311932.20
18.1549767.

WEBER, V.A.M., WEBER, F.L., GOMES, R.C., OLIVEIRA JUNIOR, A.S., 
MENEZES, G.V., ABREU, U.G.P., BELETE, N.A.S. and PISTORI, 
H., 2020. Prediction of Girolando cattle weight by means of 
body measurements extracted from images. Revista Brasileira 
de Zootecnia, vol. 49, e20190110. http://doi.org/10.37496/
rbz4920190110.

WIDYAS, N., RAHARJO, A., SETIAJI, R., PRASETIYO, D., HAPSARI, 
R.D., SUPARMAN, Y. and PRASTOWO, S., 2021. Model fit 
and the accuracy of methods predicting body weight from 
body measurements in Indonesian Bali cattle (Bos javaincus 
d’alton, 1823) population. Applied Ecology and Environmental 
Research, vol. 19, no. 5, pp. 3931-3943. http://doi.org/10.15666/
aeer/1905_39313943.

YAN, L.J., FANG, X.T., LIU, Y., ZHANG, C.L. and CHEN, H., 2017. 
Polymorphisms and their haplotype combinations in the 
lysozyme gene associated with the production traits of a Chinese 
native chicken breed. Revista Brasileira de Ciência Avícola, vol. 19, 
no. 1, pp. 53-60. http://doi.org/10.1590/1806-9061-2016-0359.

YEH, F.C. and BOYLE, J., 1997. POPGENE, the user-friendly 
shareware for population genetic analysis. Molecular Biology 
and Biotechnology, vol. 434, pp. 724-731.

ZHAO, S., JIN, H., XU, L. and JIA, Y., 2022. Polymorphisms of the 
growth hormone releasing hormone receptor gene affect body 
conformation traits in chinese dabieshan cattle. Animals, vol. 12, no. 
13, pp. 1601. http://doi.org/10.3390/ani12131601. PMid:35804502.

https://doi.org/10.1088/1755-1315/888/1/012001
https://doi.org/10.1088/1755-1315/888/1/012001
https://doi.org/10.1088/1755-1315/613/1/012131
https://doi.org/10.1088/1755-1315/888/1/012030
https://doi.org/10.1088/1755-1315/888/1/012030
https://doi.org/10.1002/gepi.20612
https://pubmed.ncbi.nlm.nih.gov/21922537
https://pubmed.ncbi.nlm.nih.gov/21922537
https://doi.org/10.13057/biodiv/d190453
https://doi.org/10.13057/biodiv/d190453
https://doi.org/10.1038/s41598-020-75758-3
https://doi.org/10.1038/s41598-020-75758-3
https://pubmed.ncbi.nlm.nih.gov/33208801
https://doi.org/10.1186/1471-2105-15-10
https://doi.org/10.1186/1471-2105-15-10
https://pubmed.ncbi.nlm.nih.gov/24423111
https://doi.org/10.15666/aeer/1702_22572265
https://doi.org/10.15666/aeer/1702_22572265
https://doi.org/10.1080/23311932.2018.1549767
https://doi.org/10.1080/23311932.2018.1549767
https://doi.org/10.37496/rbz4920190110
https://doi.org/10.37496/rbz4920190110
https://doi.org/10.15666/aeer/1905_39313943
https://doi.org/10.15666/aeer/1905_39313943
https://doi.org/10.1590/1806-9061-2016-0359
https://doi.org/10.3390/ani12131601
https://pubmed.ncbi.nlm.nih.gov/35804502

