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ABSTRACT 

 

The objective of this study was to discover and identify the effect of SNP of  follicle-stimulating 

hormone receptor (FSHR) gen on prolific traits in Kejobong (KJ) and Etawah grade (EG) doe. A total 

of 15 blood samples were taken from 11 KJ and 4 EG with various parity and type of birth. The FSHR 

gene was amplified from the DNA template by Polymerase Chain Reaction (PCR); the PCR products 

were then sequenced to determine Single Nucleotide Polymorphisms (SNP). Results showed that 3 

SNPs were identified, and those SNPs altered amino acid sequence formed 6 haplotypes and divided 

the doe based on the type of birth. In conclusion, SNPs identified in this study are associated with a 

prolific trait that can be used as a genetic marker and haplotype 3, 4, and 5 showed the highest prolific 

on KJ and EG doe. 
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INTRODUCTION 

 

Recently, molecular genetics led to the dis-

covery of candidate genes with crucial effects on 

economic importance. As one of the economic 

traits, reproductive traits improvement in live-

stock has become of main concern, especially in 

small ruminants like goats, which are known to 

have high litter size. Kejobong goat (KJ) and 

Etawah Grade goat (EG) are two local goat 

breeds in Indonesia that are known to have high-

ly prolific traits with litter sizes of 1.40 and 1.20, 

respectively (Panjono et al., 2012). As stated by 

Febriana et al. (2017), prolific was one of the 

reproductive traits which showed the ability to 

produce more than a kid at  birth. Regulated by 

different fecundity genes, prolific traits related to 

genetic factors improve ovulation rate and litter 

size. 

 hormone (FSH) is secreted by the anterior 

pituitary and plays a key role in normal repro-

ductive function (Hsueh et al., 1989; Gharib et 

al., 1990; Howles, 2000). In the absence of suffi-

cient FSH, follicles fail to develop beyond the 

early antral stage, leading to the failure of ovula-

tion (Simoni et al., 1997; Erman and Oktay, 

2009). Furthermore, normal levels are necessary 

for forming of the placenta, and thus, conception. 

FSH action must be mediated by the FSH recep-

tor (FSHR), a member of the family of G-protein
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-coupled receptors expressed solely in granulose 

cells (Ranniki et al., 1995; Fan et al., 1998; 

Livshyts et al., 2009).  

As complex trans-membrane proteins, 

FSHR is characterized by seven hydrophobic 

helices inserted in the plasmalemma. The intra-

cellular portion of the FSHR is coupled to a Gs 

protein and upon receptor activation by the hor-

monal interaction with the extracellular domain, 

the cascade of events that ultimately leads to the 

specific biological effects of the gonadotropin 

would be initiated (Simoni et al., 1997; George 

et al., 2011). Due to the important roles of FSH 

in follicular growth and ovarian steroidogenesis 

in females, mutations in the FSHR gene could 

affect reproductive ability. Moreover, Amitha et 

al. (2019) reported that heat stress has a negative 

impact on expression patterns of FSHR in 

Malahabari goats. 

So far, a large number of single nucleotide 

polymorphisms (SNP) have been detected in the 

FSHR gene, which is associated with reproduc-

tive traits (Siddiki et al., 2020) such as superovu-

lation response in cows (Yang et al., 2010), as 

well as litter size in sheep (Chu et al., 2012; Sa-

lah et al., 2019) and goat (Guo et al., 2013; Hatif 

et al., 2017; Shinde et al., 2019; Zi et al., 2020). 

So, the objective of this study was to discover 

and identify the effect of SNP of FSHR gene on 

prolific traits in Kejobong and Etawah grade doe. 

 

MATERIALS AND METHODS 

 

Sample collection, DNA isolation, Gene ampli-

fication, and Sequencing 

A total of 16 blood samples were taken 

from 11 Kejobong doe and 5 Etawah Grade does 

with various parity and type of birth (Table 1). 

Blood samples were taken using 3 cc Spuit 

through Jugular venous that was cleaned with 

alcohol before blood withdrawal. The blood was 

then collected in vacutainers tubes with anticoag-

ulant (EDTA). The DNA genome then was iso-

lated from the blood sample by using gSYNC 

DNA mini kit (Geneaid Biotech Ltd.) according 

to the manufacturer’s standard protocol.  

FSHR gene was amplified using forward 

primer 5’-gtcttctgctacaccatattt-3’ and reverse 

primer 5’-tgtccctgtgggtcacttt-3’. Gene amplifica-

tion was performed by standard PCR methods, 

with a total volume of 50 μL comprising 25 μL 

KAPA2G Fast Ready Mix + Dye (Kapa Biosys-

tems Ltd.), 1 μL forward primer, 1 μL reverse 

primer, 20 μL ddH2O and 3 μL DNA template. 

PCR was conducted by conditions: pre-

denaturation (at 94°C for 5 min); denaturation (at 

94°C for 30 sec), primer annealing (at 56°C for 

30 sec), elongation (at 72°C for 30 sec), and final 

elongation (at 72°C for 10 min) and performed as 

much as 35 cycles. PCR products were then elec-

trophoresed with 1% Agarose gel at 100 V for 20 

min and visualized under a UV trans-illuminator. 

PCR products were then sequenced through the 

1st Base DNA Sequencing Service, Singapore. 

 

Data Analysis 

FSHR gene sequence results were analyzed 

using Molecular Evolutionary Genetics Analysis 

(MEGA) version 6.0  to find out single nucleo-

tide polymorphism (SNP) and genotype within 

the sample (Tamura et al., 2021). Clustal W was 

used to align the sequence (Thompson et al., 

1994). The FSHR gene sequence was also align-

ment with AY765375.1 from GenBank as a com-

parator. The nucleotide sequence then was trans-

lated into amino acid forms to determine the ef-

fect of nucleotide mutations in the FSHR gene on 

amino acid sequence alteration. The phylogeny 

tree was analyzed using the Kimura 2-parameter 

model method and was built based on the Neigh-

bor-Joining method with 1000 bootstrap replica-

tions (Kimura, 1980; Saitou and Nei, 1987; 

Felsenstein, 1985). 

 

RESULTS 

 

The results of the amplification obtained a 

partial amplicon of the 5'FSH-R regulatory re-

gion along 255 bp (Figure 1), which was indicat-

ed by the position of the DNA band between 200 

bp and 300 bp of the marker. However, the result 

of amplification showed a dimer primer which 

requires extraction gel before it is processed for 

sequencing. Sequencing results showed that 1 of 
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16 samples could not be continued to the align-

ment stage. Alignment results of FSHR gene 

sequence within samples were found 3 SNPs 

(Figure 2) that originated from 255 bp sequence. 

The three SNPs were parsimony form and com-

prised of 1 transition mutation and 2 transversion 

mutations that caused amino acid sequence alter-

ation (Table 2). 

SNP 1 was found at the 4th site that under-

goes a transversion mutation from Guanin - Thy-

mine. The base mutation causes a change in the 

amino acid codon triplet, GTT-TTT, which was 

started by Valine and turned into Phenylalanine. 

Other mutations were transversion mutations 

such as SNP2 that were found at the 16th site of 

Adenine - Cytosine. It changed the codon triplet 

ACC that was translated as Threonine into CCC 

as Proline. Another SNP found at the 43rd site as 

SNP 3, the nucleotide base Adenine underwent a 

transition mutation to Guanin which causes 

Table 1. Sample Information 

No. Code Breed Parity Type of Birth 

1 D1 KJ 2 TW 

2 D3 KJ 1 S 

3 D5 KJ 1 TW 

4 D10 KJ 5 TW 

5 D11 KJ 2 S 

6 D16 KJ 5 S 

7 D24 KJ 2 TP 

8 D25 KJ 4 TW 

9 D26 KJ 1 TP 

10 D31 KJ 3 TW 

11 D34 KJ 3 TP 

12 B EG 1 TW 

13 H EG 1 TW 

14 J EG 1 S 

15 T EG 1 Q 

16 V EG 1 TP 
KJ: Kejobong; EG: Etawah grade; S: single; TW: twin; TP: triplet; Q: quadruplet  

Table 2. Identified SNP of FSHR Gene within Sample 

No Name Site Point mutation Triplet codon alteration Mutation form 

1 SNP1 4 G4>T 
GTT4>TTT 

Valine>Phenylalanine 

Transversion 

Nonsynonymous 

Parsimony 

2 SNP2 16 A16>C 
ACC9>CCC 

Threonine>Proline 

Transversion 

Nonsynonymous 

Parsimony 

3 SNP3 43 A43>G 
AAA16>GAA 

Lysine>Glutamic acid 

Transition 

Nonsynonymous 

Parsimony 

 

Table 3. Haplotype of KJ and EG Doe based on FSHR Gene. 

Haplotype Sample Mutation Point 

1 D1, D3, D10, D11, D25, D31 4g16a43g 

2 D5, H 4t16a43g 

3 D16, D26, T 4g16c43g 

4 D24 4g16c43a 

5 D34 4g16a43a 

6 B, J 4t16c43a 
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changes in the amino acid codon triplet, AAA-

GAA, converting Lysine to Glutamic acid. All 

mutations occurred in the first sequence of the 

amino acid codon triplet which causes changes 

in non-synonymous amino acids. In addition, the 

mutation form which was entirely in the form of 

parsimony indicated that there was no specific 

differentiation in the FSHR gene sequence with-

in the goat breed. The nucleotide base mutations 

that caused amino acid sequence alteration in 

this study formed 6 types of haplotypes (Table 

3). Samples that had the same type of haplotype 

indicated that these samples had the same FSHR 

gene sequence. 

Alignment results of the FSH-R sequence 

among KJ, EG, and sequences from GenBank 

(AY765375.1) as outgroups were found in as 

many as 11 SNPs (Table 4). Six SNPs originate 

from transition mutations, 2 SNPs originate from 

transversion mutations and 2 other SNPs origi-

 

Figure 1. PCR result of FSHR gene 

 

 

Figure 2. Chromatogram of 3 founded SNPs. 
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nate from insertion-deletion (indel) mutations 

(Figure 3). The discovery of indel mutations at 

sites 403rd and 417th in this study caused the dele-

tion of Serine and the addition of Glycine. As a 

result of indel mutations, there was a shift in the 

translation of amino acids as known as frameshift 

mutation. It could be seen from the final se-

quence of AY765375.1 which consisted of Ly-

sine (K) – Serine (S) – Aspartic acid (D) – Pro-

line (P) – Glutamine (Q) – Threonine (T), where-

as the final sequence in this study consisted of 

Lysine (K) – Valine (V) – Threonine (T) – Histi-

dine (H) – Arginine (R) – Glycine (G). Sequence 

differences between AY765375.1 and the sample 

in this study may be used as genetic markers for 

reproductive traits, especially fecundity. Howev-

er, the limited information regarding reproduc-

tive data leading difficulties to examine the link-

ages (effects) between sequence differences and 

the reproductive ability. Phylogeny tree showed 

that there were 2 main clusters based on the 

FSHR sequence (Figure 4). 

 

DISCUSSION 

 

FSHR, a special receptor of the FSH hor-

mone, was located in the granulose cell mem-

brane in the ovaries, uterus and testes. Acting to 

mediate the action of the hormone FSH for fol-

liculogenesis, FSHR is a trans-membrane recep-

tor belonging to the G protein-coupled (GPCR) 

receptor family. The results of this study were 

different from the results of research conducted 

by Guo et al. (2013), who reported that 2 SNPs 

were found, namely T70A and G130C in Jining 

Gray, Inner Mongolia Cashmere and Boer goats 

using the same primers as this study. The two 

SNPs were found to form two different geno-

types, namely DD (ACAGA-CTCTT) and CC 

(ACTGA-CTGTT). The frequency of CC geno-

types was mostly found in Jining Gray goats 

(46%) known as high-fecundity breeds compared 

Table 4. Identified SNP of FSHR Gene in KJ and EG Doe aligned with AY765375.1 

No Code Site Point mutation Triplet Codon alteration Mutation form 

1 SNP1 166 C166>T CCT>TTT 

Proline > Phenylalanine 

Transition 

Nonsynonymous 

Singleton 2 SNP2 167 C167>T 

3 SNP3 169 G169>T 
GTC>TTT 

Valine > Phenylalanine 

Tranversion 

Nonsynonymous 

Parsimony 

4 SNP4 171 C171>T 
GTC>GTT 

Valine 

Transition 

Synonymous 

Parsimony 

5 SNP5 174 C174>T 
TTC>TTT 

Phenylalanine 

Transition 

Synonymous 

Parsimony 

6 SNP6 181 A181>C 
ACC>CCC 

Threonine>Proline 

Tranversion 

Nonsynonymous 

Parsimony 

7 SNP7 208 G208>A 
GAA>AAA 

Glutamic Acid>Lysine 

Transition 

Nonsynonymous 

Parsimony 

8 SNP8 393 A393>G 
AAA>AAG 

Lysine 

Transition 

Nonsynonymous 

Singleton 

9 SNP9 403 A403> -- 
AGT>-GT 

Serine > - 

Deletion 

Singleton 

10 SNP10 417 -- 417>G 
GGA>GGG 

- >Glycine 

Insertion 

Singleton 

11 SNP11 421 G421>A 
GTC>ATC 

Valine>Isoleucine 

Transition 

Nonsynonymous 

Singleton 
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to Inner Mongolia Cashmere (19%) and Boers 

(22%), known as low-fecundity breeds. Interest-

ingly, the 2 SNPs’s position were conserved in 

this study. In that position, the sequences of both 

goat breeds in this study were ACTGA-CTGTT 

which means that all samples in this study had 

the same CC genotype as found in the Jinning 

Gray goat. This showed that all samples of does 

in this study had the genetic potential to give 

birth to twin kids or even more. 

The three discovered SNPs in this study 

caused amino acid sequence alterations in the 

FSHR coding gene. Those alteration were sus-

pected of affecting the expression of mRNA and 

protein levels. Cui et al. (2009) reported that 

mutations found at the 4 sites of the FSHR gene 

not only affected the level of mRNA and protein 

expressed, but also affected the number of folli-

cles, oocytes and serum FSH hormone in Yun-

ling black and Boar goats. Even cases of infertil-

ity can be motivated by the inactivity of the 

function of FSHR caused by mutations in the 

FSHR gene (Desai et al., 2011) 

The phylogeny tree showed that there were 

2 main clusters based on the FSHR sequence 

(Figure 3). The random distribution of KJ and 

EG in the phylogeny tree indicated no specific 

differences between the two breeds. The distri-

bution of doe in phylogeny tree based on birth 

type showed doe that had single (S) (D3, D11, J) 

and twins (TW) (D25, D31, D10, D1, D5, H, and 

B) grouped into Cluster I. Cluster II was occu-

pied randomly by a doe with triplet (TP) and 

quadruplet (Q) (D26, D24, D34, and T), except 

for D16 that had a single type. The random dis-

tribution of samples from the analysis of the 

FSHR sequence indicated that the type of birth is 

a polygenic traits, controlled by many genes. 

Interestingly, although all goats have the poten-

tial for prolificacy trait, due to different environ-

mental influences, the genetic potential is not 

well expressed. So there are variations in the 

type of birth even in the same cluster / haplotype 

group. For example, D16 delivered single off-

 

Figure 4. Phylogeny tree of doe based prolification and FSHR gene sequence 

 



  

  34 J. Indonesian Trop. Anim. Agric. 48(1):28-36, March 2023 

spring at parity 5. However, based on the phylo-

genic tree (Figure 4) it was placed in the same 

group of does with triplet and quadruplet. Simi-

larly to this case, Akpa et al. (2011) which 

worked with Nigerian goat, found that twinning 

does started to increase at parity 2 then decrease 

sharply at parity 5. These are possibly influenced 

by the physiological maturity of the doe. Accord-

ingly, culling the doe after parity 4 is recom-

mended for economic profit in breeding pro-

gram. Therefore, SNPs that were found in FSHR 

gene are possible to be used as genetic marker 

for prolificacy trait that well expressed up to par-

ity 3. 

 

CONCLUSION 

 

SNPs identified in FSHR gene in this study 

are associated with prolific trait. Haplotype 3, 4, 

and 5 showed the highest prolific trait and can be 

used as genetic marker in KJ and EG. Further 

study is needed to confirm the effect of those 

SNPs on the offspring.  

 

ACKNOWLEDGEMENT 

 

This study was funded by “Direktorat Riset 

dan Pengabdian Masyarakat, Direktorat Jendral 

Penguatan Riset dan Pengembangan, Kementeri-

an Riset, Teknologi dan Pendidikan Tinggi” with 

contract number 101-101/UN7.P4.3/PP/2019. 

 

CONFLICT OF INTEREST 

  

All authors declare that there has no conflict 

of interest with any parties, individuals, organi-

zations and companies in this study. 

 

REFERENCES 

 

Akpa, G. N., C. Alphonsus, S. Y. Dalha, H. Ya-

kubu and Y. Garba. 2011. Relationship be-

tween litter size and parity of doe in small-

holder goat herds in Kano and its environs, 

Nigeria. African J. Agric. Res. 6 (20): 6212-

6216. DOI: 10.5897/AJAR11.365. 

Amitha, J. P., G. Krishnan, M. Bagath, V. Sejian 

and R. Bhatta. 2019. Heat stress impact on 

the expression patterns of different repro-

duction related genes in Malabari goats. 

Theriogemology. 131: 169-176. DOI: 

10.1016/j.theriogenology.2019.03.036.  

Chu, M. X., X. H. Guo, C. J. Feng, Y. Li, D. W. 

Huang, T. Feng, G. L. Cao, L. Fang, R. Di, 

Q. Q. Tang, Y. H. Ma and K. Li. 2012. Pol-

ymorphism of 5' regulatory region of ovine 

FSHR gene and its association with litter 

size in Small Tail Han sheep. Mol. Biol. 

Reprod. 39: 3721-3725. DOI: 10.1007/

s11033-011-1147-x.  

Cui, H. X., S. M. Zhao, M. Cheng, L. Guo, R. Q. 

Ye, W. Q. Liu and S. Z. Gao. 2009. Cloning 

and expression levels of genes relating to 

the ovulation rate of the Yunling Black 

Goat. Biol. Reprod. 80: 219-226. DOI: 

10.1095/biolreprod.108.069021. 

Desai, S. S., S. K. Achrekar, B. R. Pathak, S. K. 

Desai, V. S. Mangoli, R. V. Mangoli and S. 

D. Mahale. 2011.  Hormone Receptor poly-

morphism (G-29A) is associated with al-

tered level of receptor expression in granu-

lose cells. J. Clinical Endrocrinol Metabol. 

96: 2805-2812. DOI: 10.1210/jc.2011-1064.  

Erman, A. M. and K. Oktay. 2009. Falling FSH 

levels predict poor IVF pregnancy rates in 

patients whom the gonadotropins are with-

held. Arch. Gynecol. Obstet. 280: 761-765. 

DOI: 10.1007/s00404-009-1003-6. 

Fan, J. and X. H. Deng. 1998. Advance on folli-

cle-stimulating hormone. Reprod. Contra-

cept. 18: 122-125. 

Febriana, A., S. Sutopo and E. Kurnianto. 2017. 

Identification of BMP15 exon 2 for fecundi-

ty traits by PCR-RFLP and nucleotide se-

quences in Kejobong goat. J. Indonesian 

Trop. Anim. Agric, 42: 220-226. DOI: 

10.14710/jitaa.42.4.220-226 

Felsenstein, J. 1985. Confidence limits on phy-

logenies: An approach using the bootstrap. 

Evol. 39: 783-791. DOI: 10.1111/j.1558-

5646.1985.tb00420.x.  

George, J. W., E. A. Dille and L. L. Heckert. 

2011. Current concepts of  Hormone Recep-

tor gene regulation. Biol Reprod. 84: 7-17. 

https://doi.org/10.5897/AJAR11.365
https://doi.org/10.1007/s11033-011-1147-x
https://doi.org/10.1007/s11033-011-1147-x
https://doi.org/10.1095/biolreprod.108.069021
https://doi.org/10.1210/jc.2011-1064
https://doi.org/10.14710/jitaa.42.4.220-226
https://doi.org/10.1111/j.1558-5646.1985.tb00420.x
https://doi.org/10.1111/j.1558-5646.1985.tb00420.x


 

 

                                                               

The SNPs of FSHR Gene as Genetic marker for Prolific Trait of Goat (E.T. Setiatin et al.) 35 

DOI: 10.1095/biolreprod.110.085043.  

Gharib, S. D., M. E. Wierman, M. A. Shupnik 

and W. W. Chin. 1990. Molecular biology 

of the pituitary gonadotropins. Endocrinol. 

Rev. 11: 177-199. DOI: 10.1210/edrv-11-1-

177 

Guo X, Y. Li, M. Chu, C. Feng, R. Di, Q. Liu, T. 

Feng, G. Cao, D. Huang, L. Fang, Q. Tang, 

Y. Ma and K. Lui. 2013. Polymorphism of 

5’ regulatory region of caprine FSHR gene 

and its association with litter size in Jining 

Grey goat. Turkish J. Vet. Anim. Sci. 37: 

497-503. DOI: 10.3906/vet-1105-39 

Hatif, S., H. Al-Mutar and K. A. Hussain. 2017. 

Clinical study with investigation of poly-

morphism FSHR gene in twining goats in 

Iraq. Adv. Anim. Vet. Sci. 5 (5): 192-195. 

DOI: 10.17582/

journal.aavs/2017/5.5.192.195. 

Howles, C. M. 2000. Role of LH and FSH in 

ovarian function. Mol. Cell Endocrinol. 

161: 25-30, 2000. DOI: 10.1016/s0303-

7207(99)00219-1. 

Hsueh, A. J. W., T. A. Bicsak, X.C. Jia, K. D. 

Dahl, B. C.J. M. Fauser, A. B. Galway, N. 

Czekala, S. N. Pavlou, H. Papkoff, J. Keene 

and I. Boime. 1989. Granulosa cells as hor-

mone targets: the role of biologically active  

hormone in reproduction. Recent Prog. 

Horm. Res, 45: 209-273. DOI: 10.1016/

b978-0-12-571145-6.50009-1 

Kimura, M. 1980. A simple method for estimat-

ing evolutionary rate of base substitutions 

through comparative studies of nucleotide 

sequences. J. Mol. Evol. 16: 111-120. DOI: 

10.1007/BF01731581  

Livshyts, G., S. Podlesnaja, S. Kravchenko, I. 

Sudoma and L. Livshits. 2009. A distribu-

tion of two SNPs in exon 10 of the FSHR 

gene among the women with a diminished 

ovarian reserve in Ukraine. J. Assist. Re-

prod. Genet. 26: 29-34. DOI: 10.1007/

s10815-008-9279-1 

Panjono, P. I. G. S. Budisatria, G. Murtidjo, N. 

Ngadiyono and E. Baliarti. 2012. Reproduc-

tive performance of Kacang, Kejobong and 

Etawa Grade goat does. In: Proceedings of 

the 15th AAAP Animal Science Congress; 

2012 November 26-30; Thammasat Univer-

sity, Thailand. 

Rannikki, A. S., F. P. Zhang and I. T. Huhta-

niemi. 1995. Ontogeny of  hormone recep-

tor gene expression in the rat testis and ova-

ry. Mol. Cell Endocrinol. 107: 199-208. 

DOI: 10.1016/0303-7207(94)03444-x. 

Saitou, N. and M. Nei. 1987. The neighbor-

joining method: A new method for recon-

structing phylogenetic trees. Mol. Biol. 

Evol. 4: 406-425. DOI: 10.1093/

oxfordjournals.molbev.a040454  

Salah, A. R., M. Yehia, A. E. Hagar, H. Hanim 

and E. Ayaat. 2019. FSHR (exon 10) gene 

polymorphisms and its association with fer-

tility trait in Egyptian Ossimi Sheep. Bio-

technol. Anim. Husb. 35 (02): 127-140. 

DOI: 10.2298/BAH1902127A 

Shinde G., M. Ingawale, S. Kuralkar, P. Bankar, 

S. Ali, S. Hajare and R. Ingole. 2019. Folli-

cle-stimulating hormone receptor gene poly-

morphism and its association with fecundity 

in goats. Indian J. Anim. Sci. 89 (7): 798-

800. 

Siddiki, A. M. A. M. Z., G. Miah, M. S. Islam, 

M. Kumkum, M. H. Rumi, A. Baten and M. 

A. Hossain. 2020. Goat genomic resource: 

the search for gene associated with its eco-

nomic traits. Intl. J. Genom. ID: 5940205. 

DOI: 10.1155/2020/5940205. 

Simoni, M., J. Gromoll and E. Nieschlag. 1997. 

The  hormone receptor: biochemistry, mo-

lecular biology, physiology, and pathophys-

iology. Endocr. Rev. 18: 739-773. DOI: 

10.1210/edrv.18.6.0320. 

Tamura, K., G. Stecher and S. Kumar. 2021. 

MEGA11: Molecular evolutionary genetics 

analysis version 11.0. J. Mol. Biol. Evol. 38 

(7): 3022-3027. DOI: 10.1093/molbev/

msab120.  

Thompson, J. D., D. G. Higgins and T. J. Gib-

son. 1994. CLUSTAL W: Improving the 

sensitivity of progressive multiple sequence 

alignment through sequence weighting, Po-

sition specific gap penalties and weight ma-

trixchoice. J. Nucleic Acid Res. 22: 4673-

https://doi.org/10.1095/biolreprod.110.085043
http://dx.doi.org/10.3906/vet-1105-39
https://doi.org/10.1007/bf01731581
https://dx.doi.org/10.1007%2Fs10815-008-9279-1
https://dx.doi.org/10.1007%2Fs10815-008-9279-1
https://doi.org/10.1093/oxfordjournals.molbev.a040454
https://doi.org/10.1093/oxfordjournals.molbev.a040454
https://doi.org/10.2298/BAH1902127A
https://doi.org/10.1093/molbev/mst197
https://doi.org/10.1093/molbev/mst197


  

  36 J. Indonesian Trop. Anim. Agric. 48(1):28-36, March 2023 

4680. DOI: 10.1093/nar/22.22.4673.  

Yang, W. C., S. J. Li, K. Q. Tang, G. H. Hua, C. 

Y. Zhang, J. N. Yu, L. Han and L. G. Yang. 

2010. Polymorphisms in the 5' upstream 

region of the FSH receptor gene, and their 

association with superovulation traits in 

Chinese Holstein cows. Anim. Reprod. Sci. 

119: 172-177. DOI: 10.1016/

j.anireprosci.2010.02.004.  

Zi, X. D., H. Liang, J. Y. Lu, S. Liu and Y. C. 

Zheng. 2020. Comparison of the sequence 

and expression level of genes related to fol-

licular development and atresia between 

prolific and non-prolific goat breeds. Vet. 

Med. Sci. 6: 197-195, 2020. DOI: 10.1002/

vms3.225 

https://doi.org/10.1093/nar/22.22.4673
https://doi.org/10.1016/j.anireprosci.2010.02.004
https://doi.org/10.1016/j.anireprosci.2010.02.004

