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Garut sheep (Ovis aries) is one of Indonesian native sheep breeds from West Java
which is bred for meat production purposes. Despite this, Garut rams with good horn
characteristic are also used for the fighting contest festival which is the famous cultural
tradition in West Java. This study was aimed to detect the mutation site in the two
functional genes controlling horn development ze. HOXD7 and RXFP2. In this study,
a rare polycerated (4 horns) Garut sheep was found at Cipacing Village, Sumedang
Regency of West Java and used for investigation and compared with nine wildtype (2
horns) Garut sheep. Therefore, the partial sequences of HOXDT7 (788 bp) and RXFP2
(505 bp) genes were amplified for the forward sequencing analysis. Results showed a
presence of two novel mutations in the tested Garut sheep, namely g.742_743indel.
TAAG in the HOXD7 gene and g.2218A>T in the RXFP2 gene. Specifically, a
polycerated Garut sheep had the deletion 4 bp allele in HOXDT7 gene and T allele of
RXFP2 gene. In conclusion, horn characteristics of Garut sheep were controlled by
novel mutation site in HOXD7 and RXFP2 genes.
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INTRODUCTION

Garut sheep (Owvis aries) is one of the genetic resources of native Indonesian livestock
which has high economic and cultural value. The Garut sheep have been registered
as one of the Indonesian native sheep breeds since 2011 through the decision of
Indonesian Ministry of Agriculture No: 2914/Kpts/OT.140/6/2011 [1]. Apart
from being used as meat-producing breed, Garut sheep has also an important role
in the tradition of West Javanese society, especially in fighting contests. In Garut, the
naming and breeding of sheep are deeply rooted in cultural practices, with historical
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significance tied to agility competitions. These cultural aspects influence the perception
and selection of sheep traits, including horn characteristics [2], as for fighting sheep,
the horn characteristics are important to be selected by the farmers. Generally, the
horns of fighting Garut sheep are massive, curling and diverging [3].

Policeraty, the presence of more than two horns, is a very rare phenotype variation
found in the Garut sheep population. Although this trait has been observed in several
sheep breeds in the world [4-0], the genetic basis that controls polyceraty in Garut
sheep is still unknown. Polyceraty in Garut sheep, has never been reported before
in the scientific literature. The inheritance of horn traits in sheep is complex and
varies across breeds. Recent genomic studies have identified significant SNPs on
chromosome 10 associated with horn phenotypes, with the RXFP2 gene region being
particularly important [7]. In Icelandic sheep, the RXFP2 insertion on chromosome
10 shows some association with polledness, but not petrfect segregation, especially for
scurs and oval horns [8]. Similarly, in breeds with variable horn status, this insertion
does not consistently segregate with horn status [9]. Horn inheritance in Jacob sheep
appears to have sex-limiting factors, with 4-horned dams more likely to produce
4-horned offspring than 4-horned sires [10]. Otherwise, the early research indicated
that large horns are dominant in males but recessive in females [11].

Besides of the RXFP2 gene, the HOXDT gene is also associated with polyceraty, with
a 4 bp deletion present in all multi-horned sheep and some polled animals from multi-
horned families (17). The ovine HOXD7 gene (GenBank: NC_030809.1) located
on chromosome 2 along 2,239 bp with two exons. While, the ovine RXFP2 gene
(NC_056063.1) located on chromosome 10 along 61,966 bp with 18 exons. Previously,
an indel mutation along 4-bp (AGTA) in the intron 1 of the HOXD7 gene that
associated with polyceraty trait in Manx Loaghtan sheep (2). Subsequently, an indel
mutation along 1,781 bp was occurred in the 3’UTR of the RXFP2 gene and affecting
the polledness in Bundner Obetlander sheep [12].

CASE PRESENTATION

In the present study, a 4 horned (polyceraty) Garut ram was investigated from Cipacing
Village, Sumedang Regency, West Java of Indonesia. In addition, nine wildtype (2
horned) Garut rams were used as control animals. The DNA extraction was done
from all the collected blood samples using Genomic DNA Extraction Kit (Geneaid,
Taiwan) following the manufacturer’s protocols. The amplification of HOXD7 and
RXFP2 genes was performed in a total volume of 30 pL consisting of 9 uL. of DNA
template; 0.6 pL. of each primer; 15 plL of PCR mastermix (MyTaqTM HS Red
Mix, Bioline) and 4.8 pL of nuclease-free water. A primer pair was designed using
Primer3Plus package (https://www.primer3plus.com) to amplify ovine HOXDT gene
along 788 bp (Figure 1).
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(A) (8)
Forward >>>
582 gcgtgtctc aaagagccaa
601 ccgacggcca ctctggggec ttccagaccg cgtcccccge tcccggegte taccccaagt
661 gtgcgtccce agectccgge ctccctgecg ccttcagcac attcgagtgg atgaaagtga
721 agaggaacgc gccgaagaaa agtaagtact tgagccttgg acggacggac gcgactgggy
781 ttggggatcg agcctgccca gcggaactga gccgagggcg cgctgcagcg gtccctgtgg
841 acggcggttt gggtcttatg cggaacacac ggccccagge attattaaac caggcgaatt
901 gcattgagcg tgccccgaat gccaggggtt gagaaaattg cgggaaggag cgctccgtga
961 agcttttctc ttggcacagc tgtgttcgga aacccagaag ggccgctcag taactctgat
788 bp 1021 tctagtgtgg ccccaaagct ctcccaggtc gcgtctccgt gtcatctcgc cacgctgacg
1081 acgccctgtc tttacgttgc aggcaaattc gcggagtatg gagccgccac cccctccage
1141 gctatccgca cgaatttcag caccaagcaa ctgacagaac tggagaagga gtttcatttc
1201 agtaagtact taactcgggc ccgacgcatc gagatagcca actcattgca actgaatgac
1261 acccaagtca aaatctggtt ccagaaccgc aggatgaaac agaagaaaag ggaacgggaa
1321 gggcttctgc cctcggecac ccccgtcget tcecttccage ttcccctet
<<< Reverse

1000 bp
750 bp

500 bp

250 bp

| —

Figure 1. The target sequence of ovine HOXDT gene. A: the amplification of HOXD7 gene
(GenBank: NC_030809.1) along 788 bp. B: primer position in the target sequence of HOXD7
gene. C: location of observed sequence from exon 1 to exon 2 (red box) of HOXD7 gene

While, for amplification of the ovine RXFP2 gene along 505 bp, a previously primer
pair [9] was used as shown in Figure 2.

(A)
(B)
3000 bp Forward >>>
1 gaggecttga ggtggaagte cttttgctac cacttcctca gaagtecttt tgetatcact
61 tcagcaggat gctgatggat tcatttgaca ttggaaaagc aaggaaagcg atttaggetc
1500.bp 121 catgtgatta tggccacgct agaattagat gtcatgartg tttttattta atgacagtg*a
1000 bp 181 actcaattta agagcagact gtgcagggcc aaggggtggg catccactgg taggetggee
o 241 gtgctgcaga gatagagatc cactgcccat cagectgetg tttatggatc cattagtgea
(}oogg 301 tcacaggcat gttggggtga ggagaccttc aggtacagtc ctcagttaaa caccacggcet
500 bp

361 gcetteggaa cgtcatgect gacaccctee tactatgete ccagtgcagt caagttttge
421 tctcagtaaa gatgaaaagt gttgcaggcg tcatcttcca aacgetgtge tttttcaggt

481 agtccatttg aagcccagtg ctcca
<<< Reverse

3} 2 B8 BB B8 BB E0M 343t e €5 €6 3y 34

Figure 2. The target sequence of ovine RXFP2 gene. A: the amplification of RXFP2 gene
(GenBank: KX084523.1) along 505 bp. B: primer position in the target sequence of HOXDT
gene. C: location of observed sequence at 3’'UTR (red box) of RXFP2 gene. An indel mutation
of 1,781 bp (*¥) was detected at the position between 179th and 180th nucleotide.

The PCR program for amplification of the HOXDT7 gene consisted of 1 cycle of pre-
denaturation at 95 °C for 4 min, followed by 37 cycles of denaturation at 95 °C for 30
s; annealing at 48.8 °C for 30 s; initial extension at 72 °C for 30 s and final extension at
72 °C for 30 s. While, the RXFP2 gene was amplified with 1 cycle of pre-denaturation
at 94 °C for 4 min, followed by 37 cycles of denaturation at 94 °C for 30 s; annealing
at 58.5 °C for 30 s; initial extension at 72 °C for 31 s and final extension at 72 °C for
4 min. The electrophoresis analysis of DNA samples was performed at 100 V for 30
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min with 1% agarose gel and visualized using Gel Documentation System (UVITEC,
UK). The forward sequencing analysis was performed by Apical Scientific laboratory
service (Malaysia).

This study successfully identified two novel mutations associated with polyceraty in
Garut sheep, namely ¢.742_743indel. TAAG in the HOXD7 gene and g2218A>T
in the RXFP2 gene. The HOXDT mutation was identified as a 4-bp deletion, while
the RXFP2 mutation involved a single nucleotide substitution, resulting in genotypic
differences between the polycerated and wildtype individuals. These findings are
consistent with previous studies highlighting the crucial role of HOXD7 and RXFP2
in horn development in sheep [6,12]. However, this is the first scientific report of
these specific mutations in Garut sheep, suggesting that the mentioned genotypes may
be unique to this population or exhibit a different inheritance mechanism compared
to other sheep breeds.

742 7?17

G .-\.-\..-\_-\- TACTTG

2218
ATGAAAAGTGTTG

Wildtype

742 743 p—_—
I

GAAAAGTAC T-TG! ATGAATAGTGTTG

Polyceraty

HOXD1 RXFP2

Figure 3. Detection of novel mutation site in HOXDT7 (g.742_747indel. TAAG) and RXTP2
(2:2218A>T) genes of polycerated Garut ram

The RXFP2 gene has been widely recognized as a key candidate in the inheritance of
horn characteristics in sheep [7,13]. In several breeds, mutations in the RXFP2 have
been linked to horned or polled phenotypes. In this study, the g.2218A>T mutation
found in polycerated Garut sheep suggests that the T allele may contribute to the
expression of more than two horns. Interestingly, the absence of heterozygous AT
individuals in the wildtype population indicates that this mutation may be closely
associated with the expression of polyceraty or may have a recessive effect that
only manifests in TT homozygous individuals. Notably, the 1.78 kb indel previously
reported in the RXFP2 and associated with polledness in Soay and Merino sheep
[12] was not detected in the Garut sheep population examined in this study. This
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suggests that the g2218A>T wvariant in the RXFP2 gene may be more specifically
linked to polyceraty in Garut sheep rather than the polledness mechanism found
in other breeds. Furthermore, mutations ¢.1957C>T (Val653Met) and ¢.1999C>T
(Glu667Lys) previously identified in Tibetan sheep [14] were also absent in the tested
Garut sheep population, reinforcing the genetic uniqueness of this breed.

Beyond the RXFP2, the HOXDT7 gene plays a critical role in morphogenesis and
skeletal structure development in animals [6]. The discovery of the g.742_743indel.
TAAG mutation in this study further supports the hypothesis that the HOXDT is
involved in regulation of horn numbers in Garut sheep. A previous study on Manx
Loaghtan sheep identified a 4-bp indel in the HOXD7 gene associated with polyceraty
[6], but the mutation found in this study differs in both location and nucleotide
composition. The genetic divergence between Garut and Manx Loaghtan sheep may
have contributed to the variation in the HOXDT7 indel type observed. Additionally,
mitochondrial D-loop sequence analysis classified Garut sheep as genetically closer
to Merino and Romney sheep [15], suggesting that the genetic basis of polyceraty in
Garut sheep may share similarities with these breeds rather than with Manx Loaghtan
sheep.

These findings align with previous Genome—wide Association Studies (GWAS),
which identified the HOXD gene family as a major candidate for the regulation of
polyceraty in various sheep breeds, including Damara, Jacob, Navajo-Churro, Altay,
Mongolian, and Sishui Fur sheep [16-18]. In addition to the HOXDT7, other genes
such as the MTX2, E1VX2, KLAA1715, and the ADAMTS72 have been implicated
in polyceraty expression in sheep [19,20]. Although the HOXD7 and the RXFP2
mutations identified in this study show a strong association with polyceraty in Garut
sheep, further investigations using GWAS with a larger population are necessary to
determine whether additional genetic factors contribute to polyceraty expression in
this breed.

This study highlights the importance of future research to explore the inheritance
mechanism of the identified mutations. Since the polycerated Garut sheep analyzed
in this study lacked a documented pedigree, a detailed genetic segregation analysis
within structured populations is necessary to elucidate the inheritance patterns of the
HOXDT and the RXFP2 mutations. Additionally, gene expression analysis using RNA-
seq could provide further insights into how these mutations affect molecular pathways
governing horn development. Overall, this study provides compelling evidence that
polyceraty in Garut sheep is controlled by novel mutations in the HOXDT and the
RXFP2 genes, highlighting the unique genetic variation in this breed. These findings
have potential applications in marker-assisted breeding programs aimed at maintaining
and enhancing the frequency of polyceraty in Garut sheep populations. However,
further studies are required to fully understand how these mutations interact in horn
development and their broader implications for the genetic diversity of Garut sheep.

433



Acta Veterinaria-Beograd 2025, 75 (3), 429-436

Acknowledgements

Authors thank to Mr. Cucu Suryaman as the owner of polycerated Garut ram who
allowed to collect the bloods sample for DNA analysis.

Ethical Statement

This study was approved by the Ethics Committee for the Maintenance and Use of
Experimental animals, National Research and Innovation Agency (Approval Number:
129/KE.02/SK/06/2023).

Authors’ contributions

JA and WPBP conceived the idea and planned the manuscript. JA contributed to
sample preparation. MR contributed in laboratory analysis. MM contributed to manage
the ethical approval. WPBP, HH and EH have made significant scientific support and
also contributed to the interpretation of the results. All authors provided significant
contributions by giving feedback and helped to shape the manuscript.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with respect to the research,
authorship, and/or publication of this article.

ORCID iDs

Johar Arifin @ https://orcid.org/0009-0002-4530-6903

Widya Pintaka Bayu Putra @ https://orcid.org/0000-0002-1102-6447
Muhammad Ridho @ https://otcid.org/0000-0002-7038-7437
Hartati Hartati @ https://orcid.org/0000-0002-6396-6801

Eko Handiwirawan © https://orcid.org/0009-0003-1212-0747
Mariyono Mariyono @ https://otcid.org/0000-0003-4668-6768

REFERENCES

1. Ernaman I, Ayuningsih B, Dhalika T, Kamil KA, Ramdani D, Afnita NN, Solihati N,
Budinuryanto DC, Santoso FT: The reproductive performance of Garut ewes at first
lambing fed diet different protein and energy balance. Bulg ] Agric Sci 2023, 29(3):501-506.

2. Nurhuda D, Firdaus W: Penamaan domba sebagai media rekonstruksi sejarah dan budaya :
Kajian zoonimi di Kabupaten Garut. Sawerigading 2023, 29(1):97-110.

3. Alhuur KRG, Ardhiwirayuda H, Nurmeidiansyah AA, Heriyadi D: Sebaran rumpun, pola
warna bulu, dan jenis tanduk domba lokal betina di Kabupaten Bandung. Agrivet 2023,
11(2):289-298.

4. Ren X, Yang GL, Peng WF, Zhao YX, Zhang M, Chen ZH, Wu FA, Kantanen J, Shen M,
Li MH: A genome-wide association study identifies a genomic region for the polycerate
phenotype in sheep (Ouis aries). Sci Rep 2016, 6:21111.

434


https://orcid.org/0009-0002-4530-6903
https://orcid.org/0000-0002-1102-6447
https://orcid.org/0000-0002-7038-7437
https://orcid.org/0000-0002-6396-6801
https://orcid.org/0009-0003-1212-0747
https://orcid.org/0000-0003-4668-6768

Arifin e al.: Novel mutation site in HOXD7 and RXFP2 genes detected in a polycerated garut sheep (Ovis aries)

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

He X, Song S, Chen X, Song T, Lobsang T, Guan W, Pu Y, Zhao Q, Jiang I, Ma Y: Genome-
wide association analysis reveals the common genetic locus for both the typical and atypical
polycerate phenotype in Tibetan sheep. Anim Genet 2018, 49(2):142-143.

Allais-Bonnet A, Hintermann A, Deloche MC, Cornette R, Bardou P, Naval-Sanchez M,
Pinton A, Haruda A, Grohs C, Zakany J, Bigi D, Medugorac I, Putelat O, Greyvenstein O,
Hadfeld T, Jemaa SB, Bunevski G, Menzi F, Hirter N, Paris JM, Hedges ], Palhiere I, Rupp
R, Lenstra JA, Gidney L, Lesur J, Schafberg R, Stache M, Wandhammer M-D, Arbogast
R-M, Guintard C, Blin A, Boukadiri A, Riviere ], Esquerre D, Donnadieu C, Danchin-
Burge C, Reich CM, Riley DG, van Merle-Koster E, Cockett N, Hayes BJ, Drogemuller
C, Kijas J, Pailhoux E, Tosser-Klopp G, Duboule D, Capitan A: Analysis of polycerate
mutants reveals the evolutionary co-option of HOXDT for horn patterning in Bovidae.
Mol Biol Evol 2021, 38(6):2260-2272.

Duijvesteijn N, Bolormaa S, Daetwyler HD, van der Werf JHJ: Genomic prediction of the
polled and horned phenotypes in Merino sheep. Genet Sel Evol 2018, 50:28.

Simon R, Elisabetardottir K, Luhken G: Analysis of genetic variants for different horn
phenotypes and their inheritance in Icelandic sheep. Arch Anim Breed 2024, 67(2):237-246.

Luhken G, Krebs S, Rothammer S, Kupper J, Mioc B, Russ I, Medugorac I: The 1.78-kb
insertion in the 3'-untranslated region of RXFP2 does not segregate with horn status in
sheep breeds with variable horn status. Genet Sel Evol 2016, 48:78.

McEwan NR, Anjola OA: Inheritance patterns of coat colouration and horn number in

Jacob sheep. Open Agric 2018, 3:363-367.

Wood TB: The inheritance of horns and face colour in sheep. ] Agric Sci 1909, 3(2):145-
154.

Wiedemar N, Drogemuller C: A 1.8-kb insertion in the 3>-UTR of RXFP2 is associated
with polledness in sheep. Anim Genet 2015, 46(4):457-461.

Beraldi D, McRae AF, Gratten J, Slate J, Visscher PM, Pemberton JM: Development of
a linkage map and mapping of phenotypic polymorphisms in a free-living population of
Soay sheep. Genetics 2000, 173(3):1521-1537.

Hu XJ, Yang |, Xie XL, Lv FH, Cao YH, Li WR, Liu MJ, Wang YT, Li JQ, Liu YG, Ren YL,
Shen ZQ, Wang I, Hehua EEr, Han JL, Li MH: The genome landscape of Tibetan sheep
reveals adaptive introgression from Argali and the history of early human settlements on
the Qinghai—Tibetan plateau. Mol Biol Evol 2019, 36(2):283-303

Ibrahim A, Budisatria IGS, Widayanti R, Artama WT: The genetic profiles and maternal
origin of local sheep breeds on Java Island (Indonesia) based on complete mitochondrial
DNA D-loop sequence. Vet World 2020, 13(12):2625-2634.

Greyvenstein OFC, Reich CM, van Marle-Koster E, Riley DG, Hayes BJ: Polyceraty (multi-
horns) in Damara sheep maps to ovine chromosome 2. Anim Genet 2016, 47(2):263-260.
Kijas JW, Hadfield T, Sanchez MN, Cockett N: Genome-wide association reveals the locus
responsible for four-horned ruminant. Anim Genet 2016, 47:258-262

He X, Zhou Z, Pu Y, Chen X, Ma Y, Jiang L: Mapping the four-horned locus and testing the
polled locus in three Chinese sheep breeds. Anim Genet 2016, 47(5):623-627.

Ren X, Yang GL, Peng WE, Zhao YX, Zhang M, Chen ZH, Wu FA, Kantanen J, Shen M,
Li MH: A genome-wide association study identifies a genomic region for the polycerate
phenotype in sheep (Ovis aries). Sci Rep 2016, 6:21111

Zhang H, Yang P, Liu C, Ma Y, Han Y, Zeng Y, Huang Y, Zhao Y, Zhao Z, He X, Guangxin
E: Novel heredity basis of the four-horn phenotype in sheep using genome-wide sequence
data. Animals 2023, 13(20):3166.

435



Acta Veterinaria-Beograd 2025, 75 (3), 429-436

NOVO MESTO MUTACIJE U GENIMA HOXDI11 RXFP2
OTKRIVENO KOD POLICERATNE OVCE RASE GARUT
(Ovis aries)

Johar ARIFIN, Widya Pintaka Bayu PUTRA, Muhammad RIDHO,
Hartatt HARTATI, Eko HANDIWIRAWAN, Mariyono MARIYONO

Garut ovca (Ovis aries) je jedna od indonezanskih autohtonih rasa ovaca iz Zapadne
Jave koja se uzgaja za proizvodnju mesa. Uprkos tome, Garut ovnovi sa dobrim karak-
teristikama rogova se takode koriste za festivale borilackih takmicenja, $to je poznata
kulturna tradicija u Zapadnoj Javi. Cilj ove studije je bio da se otkrije mesto mutacije
u dva funkcionalna gena koji kontroli$u razvoj rogova, tj. HOXDT i RXFP2. U ovoj
studiji, retka policeratna (4 roga) Garut ovca je pronadena u selu Cipasing, u oblasti
Sumedang u Zapadnoj Javi, i koris¢ena je za istrazivanje i uporedivanje sa devet divljih
tipova (2 roga) Garut ovaca. Stoga su parcijalne sekvence gena HOXDT7 (788 bp) i
RXFP2 (505 bp) amplifikovane za analizu direktnog sekvenciranja. Rezultati su poka-
zali prisustvo dve nove mutacije kod testiranih ovaca rase Garut, naime g.742_743in-
del TAAG u genu HOXD71g.2218A>T u genu RXFP2. Konkretno, policerirana ovca
rase Garut imala je alel sa delecijom od 4 bp u genu HOXDT i alel T gena RXFP2.
Zaklju¢no, karakteristike rogova ovaca rase Garut bile su kontrolisane novim mestom
mutacije u genima HOXD7 i RXFP2.
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