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Abstract

Background and Aim: Coat color variations in cattle are known to be influenced by the melanocortin 1 receptor (MCIR)
and receptor tyrosine kinase (KI/7) genes. The presence of coat color abnormalities, such as white spots and albinism, in Bali
cattle was the focus of this study. This study aimed to identify single nucleotide polymorphisms (SNPs) in the coding region
of MCIR and exons 2 and 3 of KIT associated with coat color abnormalities in Bali cattle.

Materials and Methods: The study included the analysis of 48 Bali cattle, including 20 individuals with standard coat
color, 15 with white spots, and 13 with albinism. Total DNA was extracted using a DNA Extraction Kit, and MCIR (coding
region) and KIT (exons 2 and 3) gene amplifications were analyzed using forward and reverse primers with polymerase
chain reaction product lengths of 1071, 234, and 448 bp, respectively. The determination of MC/R and KIT gene diversity
was analyzed through direct sequencing. Melanocortin 1 receptor and K/T gene sequence data were analyzed using BioEdit
and MEGAG to identify SNPs associated with standard and abnormal coat color phenotypes (white-spotted and albino) in
Bali cattle.

Results: No SNPs associated with coat color abnormalities were found in the coding region of MCIR and exons 2 and 3
of KIT genes in Bali cattle. However, the intron two regions of KIT contained the SNP g.70208534A>G, which showed a
high degree of diversity. The AA genotype frequency was highest in albino Bali cattle, whereas the G allele frequency was
highest and the A allele frequency was lowest in white-spotted Bali cattle.

Conclusion: The results indicated that standard, white-spotted, and albino coat colors in Bali cattle could not be distinguished
by analyzing the MCIR and KIT genes.

Keywords: Bali cattle, coat color, KIT gene, melanocortin 1 receptor gene, single-nucleotide polymorphism.

Introduction terminated receptor is responsible for producing red
coat color in homozygous e/e animals [2, 3].

Various genes, including ASIP (agouti), TYR
(albinism), TYRPI (brown), KIT (dominant white),
KITLG (roan), PMEL (dilution), melanocortin 1 recep-
tor (MCIR) (extension), and MITF (white-spotted),
have been identified as important pigmentation genes
underlying coat color variation [2, 4—7]. The MCIR and
KIT (KIT proto-oncogene, receptor tyrosine kinase)
genes, which encode receptor tyrosine kinases [8],
have been widely studied in cattle breeds, such as
Japanese Brown [9], Italian beef and dairy [5], Sahiwal
and Karan [2], and Zhoushan [10] cattle. The red and
black coat color phenotypes of Angus cattle can now be

Coat color is a distinguishing feature of domestic
cattle breeds and is controlled by genetic factors [1].
Pigmentation plays a crucial role in production and
adaptability to environmental conditions, making coat
color a critical factor in animal breeding [2]. The mela-
nocyte-stimulating hormone (MSH) receptor is known
to play a significant role in regulating coat color by
facilitating the production of black (eumelanin) and red
(phaeomelanin) pigments in melanocytes [3]. The MSH
receptor genes carry three alleles, EP, E*, and e, with
the EP allele responsible for black coat color, whereas
a frameshift mutation resulting in a prematurely
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easily determined [11]. In Bali cattle (Bos javanicus),
the standard color is black for males and brown for
females, with white stockings on their front and back
legs and white markings on their hip [12]. However,
inbreeding pressure in Bali cattle has led to the occur-
rence of coat color abnormalities, such as white-spotted
and albino coats, which do not comply with the color
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standards of the breed. The incidence of white-spotted
cases in Bali cattle has been reported to be 1.69% in
Kupang, Province of Nusa Tenggara Timur, and 2.53%
in the Bali Breeding Center, Province of Bali, whereas
albino cases have been reported to be as high as 7.63%
in Kupang [12, 13]. Albino Bali cattle, known as “Sapi
Putih Taro,” are primarily found in the Taro District of
Gianyar Regency, Bali Province, Indonesia [14]. The
MCIR gene [15] and cytochrome oxidase subunit |
gene within mitochondria [14] have been used to iden-
tify abnormalities in coat color, including white-spot-
ting and albinism, in Bali cattle. Genetic markers based
on the MCIR and KIT genes are crucial for identifying
coat color in Bali cattle, as abnormal coat coloration
results in noncompliance with the Indonesian National
Standard [16].

This study aimed to identify single-nucleotide
polymorphisms (SNPs) in the coding region of MCIR
and exons 2 and 3 of KIT associated with coat color
abnormalities (white-spotting and albinism) in Bali
cattle using direct sequencing.

ol e 2

Figure-1: (a) Coat color variations in Bali cattle, including
standard, (b) white-spotted, and (c) albino males and
females.
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Materials and Methods

Ethical approval

This study was approved by the Animal Ethics
Committee at Udayana University in Denpasar,
Indonesia (Code ID: B/184/un14.2.9/pt.01.04/2021).

Study period and location

This study was conducted from April 2022 to
October 2022 at the Department of Animal Production
and Technology, Faculty of Animal Science, IPB
University, Bogor, Indonesia.

Sample collection and DNA extraction

Blood samples (6 mL each) were collected from
48 Bali cattle (both male and female), including 13
albino cattle, 15 white-spotted cattle, and 20 cattle
with the standard coat color. The Bali cattle with stan-
dard and white-spotted coat color were located at the
Bali Cattle Breeding Center in Jembrana, Province of
Bali, and the Breeding Center Unit in Serading, West
Nusa Tenggara, Indonesia. Albino cattle were sam-
pled at Taro Village, Regency of Gianyar, Province
of Bali. Blood samples were collected through the
jugular vein using a venoject containing ethylene-
diaminetetraacetic acid following the standard pro-
cedure. DNA extraction was performed using the
Geneaid™ protocol (Geneaid Biotech Ltd., New
Taipei city, Taiwan).

Amplification and sequencing

The primers were designed to amplify exon 1,
which was the target for the MCIR gene, and exons
2 and 3, which were the targets for the KI/T gene
(Table-1) [5, 13]. Polymerase chain reaction (PCR)
amplification was conducted using GoTaq® Green
Master Mix (PROMEGA Corporation, USA) with a
total volume of 25 pL containing 25 pm/mL forward
and reverse primer, 10—100 ng/uL DNA template,
and nuclease-free water. The PCR reaction was per-
formed on an Applied Biosystems GeneAmp PCR
System 9700 (Thermo Fisher Scientific Inc. USA)
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Figure-2: Electrophoresis results from the polymerase chain reaction (PCR) products of the melanocortin 1 receptor
(MC1R) and KIT genes. (a) PCR products from MC1R, (b) KIT at exon 2, and (c) KIT at exon 3. M = 100 bp marker; lines

1-5/7 represent Bali cattle samples.

Table-1: Primer sequence for MCIR gene and KIT genes.

Gene name Position Sequence (Forward and Reverse) (5'>3') Annealing (°C) Size (bp)

MC1R* Exon 1 TGA GAG CAAGCACCCCTT C 59 1071
TCA GGG ATG GTC TAG CCG A

KIT** Exon 2 TGT CGA GTA CAC AGA AGA TGG AA 59 234
AAG TCC ACT TGA CAA ATC CTG GAC C

Exon 3 CTG CAG TGG AAG CAT TTG AC 62 448

ACA CCC AGC AGA AAG CAA A

*Matsumoto et al. [9]; **Fontanesi et al. [5], MC1R=Melanocortin 1 receptor
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with initial denaturation at 95°C for 5 min (1 cycle),
denaturation at 95°C for 10 s (35 cycles), annealing
for each target fragment (exon 1 for MCIR; exons
2 and 3 for KIT), and elongation at 72°C for 5 min
(1 cycle). Polymerase chain reaction products from
each fragment were visualized using electrophoresis
in 1.5% agarose gel, stained with Floro Safe DNA
(Axil Scientific Pte Ltd., Singapore), and documented
using an ultraviolet transilluminator (Alphalmaginer,
Alpha Inotech, Santa Clara, USA). The PCR products
of MCIR and KIT were sent to 1** BASE, Selangor,
Malaysia, for sequencing.

Statistical analysis

The target sequences of MCIR and KIT were
analyzed using FinchTV (https://www.softpedia.
com/get/Science-CAD/FinchTV.shtml) and BioEdit
7.2 (https://bioedit.software.informer.com/) [17].
Single-nucleotide polymorphisms showing muta-
tions at the sequence fragments of genes were iden-
tified through sequence alignment using Clustal W
in MEGA version 10 (https://www.megasoftware.
net/) [18]. The determination of genotype frequency,
allele frequency, observed heterozygosity, expected
heterozygosity, and Hardy—Weinberg equilibrium
(HWE) was performed using POPGEN version 1.32
(https://sites.ualberta.ca/~fyeh/popgene download.
html) [19].

Results and Discussion

The PCR products of the MCIR and KIT genes,
corresponding to the target fragment (Figure-1) in
male and female Bali cattle, were successfully ampli-
fied, including standard, white-spotted, and albino
colors (Figure-2). No SNP or mutation was found
in the coding region of MCIR, which was 954 bp in
length from the initial codon (ATG) to the end codon
(TGA), as shown in Figure-3. Exon 2 and 3 of the
KIT gene fragment did not exhibit SNPs, but the SNP
2.70208534A>G was found at the intron 2 position
in the exon 3 fragment (Figure-4). This SNP showed
three genotypes: GG, AG, and AA (Figure-5).

The g.70208534A>G SNP showed high diver-
sity in all studied cattle (standard, white-spotted,
and albino), but genotype AA was not detected in
white-spotted Bali cattle (Table-2). Although standard
Bali cattle did not show HWE status, white-spotted
and albino Bali cattle did show HWE. However, the
2.70208534A>G SNP could not distinguish coat color
abnormalities, making it unsuitable as a molecular
marker for coat color variation in Bali cattle.

Bali cattle, native to Indonesia due to the domesti-
cation of B. javanicus [20], are known for their unique
white coloration on their front and back legs and hips,
with mature males being black and females brown [12].
We found that the MCIR and KIT genes in Bali cattle,
including those with standard, white-spotted, and albino
coat color, showed no difference in their nucleotide
sequences. However, a novel SNP, g.70208534A>G,
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Bali (Standard) ATGCCTGCACTTGGCTCCCAGAGGCGGCTGCTGGGTTCCCTITAACTGCAC
Bali (White spotted) ATGCCIGCACITGGCTCCCAGAGGCGGCTGCIGGGITCCCTTARCIGCAC
Bali (Abino) ATGCCTGCACTTGGCTCCCAGAGGCGGCTGCTGGGTTCCCTTARCTGCAC
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Bali (Standard) GCCCCCAGCCACCCTCCCCTTCACCCTGGCCCCCARCCGGACGGGGCCCC
Bali (White spotted) GCCCCCAGCCACCCTICCCCTTCACCCTGGCCCCCAACCGGACGGGGCCCC
Bali (Abino) GCCCCCAGCCACCCTCCCCTTCACCCTGGCCCCCARCCGGACGGGGCCCC
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Bali (Standard) AGTGCCTGGAGGTGTCCATCCCTGACGGGCTCTTTCTCAGCCTGGGGCTG
Bali (White spotted) AGIGCCTGGAGGTGTCCATCCCTGACGGGCTICTITICICAGCCTIGGGGCTIG
Bali (Abino) AGTGCCTGGAGGTGTCCATCCCTGACGGGCTCTTICTCAGCCTGGGGCTG
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Bali (Standard) GIGAGICTCGTGGAGAACGTGCTGGTAGTGGCTGCCATTIGCCAA
Bali (White spotted) GIGAGICICGIGGAGAACGIGCTIGGTAGTGGCTGCCATIGCCAAGAACCG
Bali (Abino) GTGAGICTCGTGGAGAACGTGCTGGTAGTGGCTGCCATTGCCAAGARCCG
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Bali (Standard) TARCCTGCACTCCCCCATGTACTACTTTATCTIGCTIGCCTGGCIGIGICIG
Bali (White spotted) TAACCTGCACTICCCCCATGTACTACTITATCIGCIGCCIGGCIGIGICTG
Bali (Abino) TARCCTGCACTCCCCCATGTACTACTTTATCTGCTIGCCTGGCTIGIGICTG
300
leens
Bali (Standard) ACTTGCTIGGTGAGCGTCAGCAACGTGCTGGAGACGGCA TGCIGCTG
Bali (White spotted) ACTTIGCIGGIGAGCGTCAGCARCGIGCTGGAGACGGCAGICATGCTIGCTIG
Bali (Abino) ACTTGCTGGTGAGCGTCAGCAACGTGCTGGAGACGGCAGTCATGCTIGCTG
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Bali (Standard) CIGGAGGCCGGTIGTCCTGGCCACCCAGGCGGCCGTGGTGCAGCAGCTGGA
Bali (White spotted) CIGGAGGCCGGTIGTCCTGGCCACCCAGGCGGCCGIGGTGCAGCAGCTGGA
Bali (Abino) CIGGAGGCCGGTGTCCTGGCCACCCAGGCGGCCGTIGGTGCAGCAGCTGGA
360 370 380 3% 400
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Bali (Standard) CAATGICATCGACGTGCTCATATGCGGATCCATGGTIGICCAGCCICTGCT
Bali (White spotted) CAATGICATCGACGIGCTCATATGCGGATCCATGGIGICCAGCCICIGCT
Bali (Abino) CAATGICATCGACGTGCTCATATGCGGATCCATGGTGICCAGCCICTIGET
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Bali (Standard) TCCTGGGTGCCATTGCTGTGGACCGCTACATCTCCAT
Bali (White spotted) TCCIGGGTGCCATIGCTIGTGGACCGCTACATCICCAT I
Bali (Abino) TCCTGGGTIGCCATTGCTGTGGACCGCTACATCTCCATCTICTACGCCCTG
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Bali (Standard) CGGTACCACAGIGTTGTGACACTGCCCCGAGCGTGGAGGATCATIGCGGC
Bali (White spotted) CGGTACCACAGTGTIGIGACACTGCCCCGAGCGTGGAGGATCATIGCGGC
Bali (Abino) CGGTACCACAGTGTTGTGACACTGCCCCGAGCGTGGAGGATCATTIGCGGC
510 520 530 540 550
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Bali (Standard) CATCTIGGGTGGCCAGCATCCTCACCAGCCTGCTCTTCATCACCTACTACA
Bali (White spotted) CATCIGGGTGGCCAGCATCCTCACCAGCCIGCTCTTICATCACCTACTACA
Bali (Abino) CATCIGGGTGGCCAGCATCCTCACCAGCCTGCTCTICATCACCTACTACA
s60 570 580
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Bali (Standard) ACCACAAGGTCATCCIGCTGIGCCICGITGG
Bali (White spotted) ACCACAAGGTICATCCTGCTGIGCCICGTTGGCTITCTICATAGCTATGCIG
Bali (Abino) ACCACAAGGTCATCCTGCTGTGCCICGTTGGCTICTICATAGCTATGCTG
610 620 630 640 6s0
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Bali (Standard) GCCCTGATGGCCGTCCTCTACGTCCACATGCTGGCCCGGGCCTGCCAGCA
Bali (White spotted) GCCCTIGATGGCCGICCTCTACGTCCACATGCTGGCCCGGGCCTGCCAGCA
Bali (Abino) GCCCTGATGGCCGTCCTCTACGTCCACATGCTGGCCCGGGCCTGCCAGCA
660 670 680 690 700
sgaslicsns basaaills sus bsamallaunal sonalovsnl zems sz asll
Bali (Standard) TGCCCGGGGCATCGCCCGGCTCCAGARAGAGGCAGCGCCCCATICATCAGE
Bali (White spotted) TGCCCGGGGCATCGCCCGGCTCCAGAAGAGGCAGCGCCCCATICATCAGG
Bali (Abino) TGCCCGGGGCATCGCCCGGCTCCAGARGAGGCAGCGCCCCATICATCAGG
710 720 730 740 750
s NS s Lawnells Gail sanslisasad senalEs.sl vabaliae sl
Bali (Standard) GCTTTGGCCTCAAGGGCGCTGCCACCCTCACCATCCTGCTGGGCGICTIC
Bali (White spotted) GCITTIGGCCICAAGGGCGCTGCCACCCTCACCATCCTIGCTGGGCGICTIC
Bali (Abino) GCTTTIGGCCTCAAGGGCGCTGCCACCCTCACCATCCTGCTGGGCGICTTIC
760 770 780 790 800
s s ses Dsvails saslamasilisvnsl sessilies sad ssmeins sel
Bali (Standard) TTCCTCTGCTGGGGCCCCTTCTTCCTGCACCTCTCGCTCATCGICCICTG
Bali (White spotted) TTCCTICTGCTGGGGCCCCTTCTICCTGCACCTCICGLT GICCICIG
Bali (Abino) TTCCTCTGCTGGGGCCCCTTICTICCTGCACCTCTICGCICATCGICCICI6
810 820 830 840 850
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Bali (Standard) CCCCCAGCACCCCACCTGTGGCTGCATCT TCAAGARCTTCAACCTCTTCC
Bali (White spotted) CCCCCAGCACCCCACCIGTGGCIGCATCTTCAAGAACTTCAACCICITCC
Bali (Abino) CCCCCAGCACCCCACCTGTGGCTGCATCTTCAAGARCTTCAACCTCTICC
860 870 880 890 900
aie sl i Rals sl sipsd saasiliag
Bali (Standard) TGGCCCTCATCATTTGCAACGC!
Bali (White spotted) TGGCCCTCATCATITGCAACGCCAT
Bali (Abino) TGGCCCTCATCATTIGCAACGCCATCGTGGACCCCCTCATCTATGCCTTIC
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Bali (Standard) CGCAGCCAGGAGCTCCGGAAGACGCTCCAAGAGGTGCTGCAGTGCICCTIG
Bali (White spotted) CGCAGCCAGGAGCTCCGGAAGACGCTCCAAGAGGTGCIGCAGIGCTICCIG

Bali (Abino) CGCAGCCAGGAGCTCCGGAAGACGCTCCARAGAGGTGCTGCAGTGCTICCTIG
Bali (Standard) G‘!GR
Bali (White spotted) GIGA
Bali (Abino) GIGA
Figure-3: Nucleotide sequence alignment of the

melanocortin 1 receptor gene coding region in Bali cattle
samples, including standard, white-spotted, and albino
cattle.

was detected in the intron 2 position of K/7 at exon
3. Therefore, we further analyzed the profile of the
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Bali (Standard) ATGGAAATGCTTTATTTCGCCCAAGAARAAGATCATGTTCAACACGATTTICGTITTITTICT
Bali (White spotted) ATGGAAATGCTTITATTTCGCCCAAGAARRAGATCATGTTCAACACGATITICGITITICT
Bali (Albino) ATGGAAATGCTTTATTICGCCCARAGARARRAGATCATGTTCAACACGATTTITICGTITTITICT
70 80 90 100 110 120
seselessslaseslecnclassalenssloceslonsslonenlasinlassnlacsasl
Bali (Standard) TGGCAGGCTICTTICTCAGCCATCTIGTGAGTCCAGGGGAACTGTCTICTACCATCTATCCACC
Bali (White spotted) TGGCAGGCTICTICTICAGCCATCIGIGAGTCCAGGGGAACTIGICTICTACCATCTATCCACC
Bali (Albino) TGGCAGGCTICTTCTCAGCCATCIGIGAGTCCAGGGGAACTGTCTCTACCATCTATICCACC
130 140 150 160 170 180
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Bali (Standard) CAGCARARTCAGAGTTAATTGTCAGCGTTGGCGACGAGATTAGGCTGTTATGCACTIGGTIC
Bali (White spotted) CAGCAAARATCAGAGTITAATIGICAGCGITGGCGACGAGATTAGGCTIGTTATGCACIGGIC
Bali (Albino) CAGCARARTCAGAGTTAATTGTCAGCGTTIGGCGACGAGATTAGGCTGTTATGCACTGGTIC
190 200
v = u wifis « = ol s} 5 woare] o w
Bali (Standard) CAGGATTTGTCAAGTIGGACTT2R
Bali (White spotted) AGGATTTGTICARAGIGGACTTAR
Bali (Albino) CAGGATTTIGICAAGIGGACTTAR
a 10 20 30 40 s0 60
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Bali (Standard) AGGGAAGTCCTGARAGGCARACGTCTTAGATCTTTATARRATGITTITICATIGTICATTITTIAT
Bali (White spotted) AGGGAAGICCIGARAAGGCAACGICTTIAGATCTTITATAARATGITITCATIGICATIITIAT
Bali (Albino) AGGGAAGTCCIGAAAGGCAACGTICTTAGATCTTTATARAATGITITICATIGTICATITIAT
70 80 90 100 110 120
s sailie s 2 ollm s pmil s eoml S | Smms Do s Novwe s Vows s lms s sl 2snile 25 210
Bali (Standard) ATATGIGCTIGTTTIGAAATACTIGGTTIGTCGGTITATGCCATAGACCCCGAGARAGCTTITTICCT
Bali (White spotted) ATATGIGCTIGITIGAAATACIGGTIGICGGITATGCCATAGACCCCGAGAAGCTITICCT
Bali (Albino) ATATGIGCTIGTITGARATACTGATTIGTCGGITATGCCATAGACCCCGAGAAGCTTITICCT
130 140 150 160 170 180
wuwwilesswle e swls e s s s ses §oes s Jawe s Pems s Puss oo s el s s wl]
Bali (Standard) GATTGACCTTICCCTTGTACGGGAAAGAAGARRACGACACGCTGGTTICGCTIGTICCCCIGAC
Bali (White spotted) GATTGACCTIICCCITIGTACGGGARAARGARGAAARCGACACGCTIGGTITICGCIGICCCCIGAC
Bali (Albino) GATTGACCTTICCCTTGTACGGGARAGARGARARACGACACGCTGGTTICGCTIGTICCCCTIGRC
190 200 210 220 230 240
PR TR [PUPUPIDEE [ORDRPRP IR [RDRPRPNE [NDRPRDY (SRR [PNDRPRP [PIPRPI [PRPNPPNE [N |
Bali (Standard) AGACCCCGAGGTGACCAATTACICICITACGGGGTGTGAGGGGARACCTCICCCCARGGA
Bali (White spotted) AGACCCCGAGGTGACCAATTACICICITACGGGGTIGTIGAGGGGAAACCTCICCCCAAGGA
Bali (Albino) AGACCCCGAGGTGACCAATTACICICTITACGGGGTGTGAGGGGARACCTCICCCCAAGGA
250 260 270 280 290 300
£ 2 S s & s 2 il 3 s | 5 praos | = miern Do s Neris ol silias 2 ks = & =dbls & = 2f
Bali (Standard) TTITGACGTTTGTIGGCCGACCCCAAGGCAGGTATCACARTCAGARATGTGRAGCGCGAGTA
Bali (White spotted) TITGACGITIGIGGCCGACCCCAAGGCAGGTATCACAATCAGAAATGIGARAGCGCGAGTA
Bali (Albino) TTTGACGTTTIGTIGGCCGACCCCAAGGCAGGTATCACAATCAGARATGTGAAGCGCGAGTA
310 320 330 340 350 360
s & w wlfis 5. wilios sisil] 5 mowre] = swse | & miwvs o s Pasow w oo s s s sillbes o wifs s = =i
Bali (Standard) CCATCGGCTCIGICTGCACTGCTCAGCGAATCAGAGGGGCARAGTCCATGCTGTCGARGAR
Bali (White spotted) CCATCGGCICIGICIGCACTIGCICAGCGAATCAGAGGGGCAAGTCCATGCIGICGAAGAR
Bali (Albino) CCATCGGCTCIGICTIGCACTGCTCAGCGAATCAGAGGGGCAAGTCCATGCTGTCGAAGAR
370 380 390 400 410
= s s wilfs o0 wlls v s s | 5w § 5 wres ] s s fues s Peses o fas ool s s il
Bali (Standard) ATTCACTCTIGAAAGTGCGGGCAGGTACTIGGCCCTTIGITTIGCTITCIGCTIGGGIGTA
Bali (White spotted) ATTICACTCTGAAAGTGCGGGCAGGTACTIGGCCCTTIGITIGCTITICIGCTIGGGIGTIA
(Albino) ATTCACTCTIGAAAGTGCGGGCAGGTACTIGGCCCTIGTITTIGCTITITCIGCTGGGIGTA

Figure-4: (a) Nucleotide sequences of exon 2 and (b) exon 3 of the KIT gene in Bali cattle with standard, white-spotted,

and albino coat color.

AA genotype

3> o=
)
3> s

AG genotype GG genotype

Figure-5: Determination of the genotypes of single nucleotide polymorphisms g.70208534A>G in the KIT gene exon 3

fragment.

estimated 317 amino acids in the product of the MCIR
gene of Bali cattle (B. javanicus) (Figure-6) and com-
pared the amino acid composition of this product
with that of the MCIR gene products of Bos indicus
(MG373575.1), Bos taurus (AF445641.1), Bos grun-
niens (FJ624478.1), and Bos frontalis (HM488960.1).
We found discrepancies at positions L99P, Q114K,
L195F, T242N, N281T, and T291A. Although there

were differences in amino acid profile between Bos
cattle groups, no specific amino acid composition was
observed in Bali cattle (B. javanicus).

The EP allele in the MCIR gene of B. taurus
was previously found to have a single nucleotide
substitution (SNP 2.296.T>C) leading to a leucine
to proline amino acid substitution at position 99
(L99P) [3]. However, this alteration was not observed
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Table-2: The frequency of genotype and allele in SNP g.70208534A >G in exon 3 of the KIT gene.

Phenotype Genotype frequency Allele frequency Ho He x2 test
GG GA AA G A
Standard (n = 20) 0.35 0.25 0.40 0.47 0.53 0.25 0.51 5.5
White spotted (n = 15) 0.47 0.53 0.00 0.73 0.27 0.53 0.40 1.7
Albino (n = 13) 0.12 0.25 0.63 0.46 0.54 0.58 0.52 0.2
SNP=Single nucleotide polymorphisms
10 20 30 40 S50
o mom o fim wum oo ] e o ol @ mizm om B mowim o  omome mome | SRR | WU | I [
Bos frontalis MPALGSQRRL LGSLNCTPPA TLPFTLAPNR T.P’\CLEVSI PDGLFLSLGL
Bos grunniens MPALGSQRRL LGSLNCTPPA TLPFTLAPNR TGPQCLEVSI PDGLFLSLGL
Bos taurus MPALGSQRRL LGSLNCTPPA TLPFTLAPNR TGPQCLEVSI PDGLFLSLGL
Bos indicus MPALGSQRRL LGSLNCTPPA TLPFTLAPNR TGPQCLEVSI PDGLFLSLGL
Bos javanicus MPALGSQRRL LGSLNCTPPA TLPFTLAPNR TGPQCLEVSI PDGLFLSLGL
60 70 80 S0 100
ssmelwsssl sssplesial sssplspsal nrpeslassal sazzlesasl
Bos frontalis VSLVENVLVV AAIAKNRNLH SPMYYFICCL AVSDLLVSVS NVLETAVMLL
Bos grunniens VSLVENVLVV RAIAKNRNLH SPMYYFICCL AVSDLLVSVS NVLETAVMLL
Bos taurus VSLVENVLVV AAIAKNRNLH SPMYYFICCL AVSDLLVSVS NVLETAVMPL
Bos indicus VSLVENVLVV BAIAKNRNLH SPM ICCL AVSDLLVSVS NVLETAVMLL
Bos javanicus VSLVENVLVV AATAKNRNLE SPMYYFICCL AVSDLLVSVS NVLETAVMLL
110 120 i30 140 150
e wlmsas e el avasl AETIr ] sawlssnsl saglisiam]
Bos frontalis LEAGVLATQA AVVQQLDNVI DVLICGSMVS SLCFLGAIAV DRYISIFYAL
Bos grunniens LEAGVLATQA AVVKQLDNVI DVLICGSMVS SLCFLGAIAV DRYISIFYAL
Bos taurus LEAGVLATQA AVVQQLDNVI DVLICGSMVS SLCFLGAIAV DRYISIFYAL
Bos indicus LEAGVLATQA AVVQQLDNVI DVLICGSMVS SLCFLGAIAV DRYISIFYAL
Bos javanicus LEAGVLATQA AVVQQLDN DVLICGSMVS SLCFLGAIAV DRYISIFYAL
160 170 i80 190 200
SR ERTR P PRSI N IR [P PRSI BT [ |
Bos frontalis RYHSVVILPR AWRIIARAIWV ASILTSLLFI TYYNHKVILL CLVGLFIAML
Bos grunniens RYHSVVILPR AWRIIAARIWV ASILTSLLFI TYYNHKVILL CLVGLFIAML
Bos taurus RYHSVVILPR AWRIIAAIWV ASILTSLLFI TYYNHKVILL CLVGLFIAML
Bos indicus RYHSVVILPR AWRIIRAIWV ASILTSLLFI sFFIAML
Bos javanicus RYHSVVILPR AWRIIAAIWV ASILTSLLFI
210 220 230 250
ceeclocecl coeeleceal ceenleennl ceeeleeenl
Bos frontalis ALMAVLYVHM LARACQHARG IARLQKRQRP GA ATLTILLGVF
Bos grunniens ALMAVLYVHM LARACQHARG IARLQKRQRP A ATLTILLGVF
Bos taurus AILMAVLYVHM LARACQHARG IARLQKRQRP ANLTILLGVF
Bos indicus AIMAVLYVHM LARACQHARG IARLQKRQRP ATLTILLGVF
Bos javanicus ALMAVLYVHM LARACQHARG IARLQKRQRP ATLTILLGVF
260 270 280 300
slasssl] sisglesan]) misslenssl ssnulesssl maasslesas)
Bos frontalis FLCWGPFFLH LSLIVLCPQH PTCGCIFKNF NLFLALIICN TIVDPLIYAF
Bos grunniens FLCWGPFFLH LSLIVLCPQH PTCGCIFKNF NLFLALIICN TIVDPLIYAF
Bos taurus FLCWGPFFLH LSLIVLCPQH PTCGCIFKNF NLFLALIICN AIVDPLIYAF
Bos indicus FLCWGPFFLH LSLIVLCPQH PTICGCIFKNF TLFLALIICN AIVDPLIYAF
Bos javanicus FLCWGPFFLH LSLIVLCPQH PTCGCIFKNF NLFLALIICN AIVDPLIYAF
310
wvminrm: Bim miw cm | meom i vuill] i o
Bos frontalis RSQELRKILQ EVLQCSW
Bos grunniens RSQELRKILQ EVLQCSW
Bos taurus RSQELRKTLQ EVLQCSW
Bos indicus RSQELRKTLQ EVLQCSW
Bos javanicus RSQELRKILQ EVLQCSW

Figure-6: Amino acid sequence alignment of the melanocortin
taurus, Bos grunniens, and Bos frontalis.

in B. javanicus, B. indicus, B. grunniens, and B. fron-
talis (Figure-6). Other SNPs in MCIR have also been
associated with coat color variations in other cattle
breeds. For example, Japanese cattle have been found
to possess the SNPs ¢.310G>- and ¢.871G>A, which
produce brown coat color [9]. In contrast, Zhoushan

1 receptor gene products of Bos javanicus, Bos indicus, Bos

cattle have the SNPs ¢.583T>C and p.F195L, as
well as the non-synonymous SNP c.663, in MCIR,
with the ¢.583T>C SNP leading to phenylalanine to
leucine substitution at position 195 (F195L) [10].
Similarly, both Bali cattle (B. javanicus) and Sahiwal
cattle (B. indicus) were found to have the nucleotide
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thymine (T) at a certain position, which codes for phe-
nylalanine (F), as shown in Figure-6.

Single-nucleotide polymorphism g.72779776C>T
and SNP g.72783182A>G found in exons 2 and 3 of KI7,
respectively, have been associated with white-spotted
coat color in Italian beef and dairy cattle [5], but they
were not detected in Bali cattle in the present study.
A novel SNP, g.70208534A>G, was found in the exon
3 fragment, specifically at intron 2 of the KIT gene,
which was determined from the Ensemble genome
(ENSBTAG00000002699). Interestingly, this SNP
has not been previously reported in Ensemble, making
this study the first to report its presence in B. javan-
icus. However, this new SNP was not able to differ-
entiate between the coat color variations (standard,
white-spotted, and albino) in Bali cattle. A HWE test
revealed that SNP g.70208534A>G in the standard
Bali cattle population was not at equilibrium, whereas
the remaining showed an equilibrium state, which
may be due to various factors, such as selection, muta-
tion, genetic drift, and randomized mating in a large
population [21].

Conclusion

The findings of this study indicate that the cod-
ing region of the MCIR gene and exons 2 and 3 of the
KIT gene are monomorphic in Bali cattle. Although a
new SNP, g.70208534A>G, was identified in intron
2 of KIT, it could not distinguish between standard,
white-spotted, and albino coat colors in Bali cat-
tle. Thus, additional investigations using other gene
fragments and a larger sample size are necessary to
identify genetic markers that can accurately determine
coat color in Bali cattle.

Authors’ Contributions

JJ and RRN: Planned the research. JJ, IML, IS,
and MFU: Collected the cattle blood samples. WLD,
KK, and QR: Performed DNA isolation, PCR, and
sequencing preparation. JJ, RRN, and SD: Conducted
sequence analysis. JJ: Drafted the manuscript. All
authors have read, reviewed, and approved the final
manuscript.

Acknowledgments

The authors would like to thank the Ministry
of Education, Culture, Research, and Technology,
Indonesia, for funding this research through a scheme
of Basic Research competition (Penelitian Dasar
Kompetitif Nasional) with the contract grant number
3748/1T3.L1/PT.01.03/P/B/2022).

Competing Interests

The authors declare that they have no competing
interests.

Publisher’s Note

Veterinary World remains neutral with regard
to jurisdictional claims in published institutional
affiliation.

References

1.

10.

I1.

12.

13.

14.

15.

Gao, Y., Gautier, M., Ding, X., Zhang, H., Wang, Y.,
Wang, X., Faruque, M.D.O., Li, J., Ye, S., Gou, X., Han, J.,
Lenstra, J.A. and Zhang, Y. (2017) Species composition and
environmental adaptation of indigenous Chinese cattle. Sci.
Rep., 7(1): 16196.

Goud, T.S., Upadhyay, R.C., Pichili, V.B.R., Onteru, S.K.
and Chadipiralla, K. (2021) Molecular characterization of
coat color gene in Sahiwal versus Karan Fries bovine. J.
Genet. Eng. Biotechnol., 19(1): 22.

Klungland, H., Vage, D.I., Gomez-Raya, L.,
Adalsteinsson, S. and Lien, S. (1995) The role of melano-
cyte-stimulating hormone (MSH) receptor in bovine coat
color determination. Mamm. Genome, 6(9): 636—639.
Brenig, B., Beck, J., Floren, C., Bornemann-Kolatzki, K.,
Wiedemann, 1., Hennecke, S., Swalve, H. and Schutz, E.
(2013) Molecular genetics of coat colour variations in
white galloway and white park cattle. Anim. Genet., 44(4):
450-453.

Fontanesi, L., Scotti, E. and Russo, V. (2010) Analysis of
SNPs in the KIT gene of cattle with different coat colour
patterns and perspectives to use these markers for breed
traceability and authentication of beef and dairy products.
Ital. J. Anim. Sci., 9(2): 217-221.

Han, S.H., Cho, 1.C., Kim, J.H., Ko, M.S., Kim, Y.H.,
Kim, E.Y., Park, S.P. and Lee, S.S. (2011) Coat color pat-
terns and genotypes of extension and agouti in Hanwoo and
Jeju Black Cattle. J. Life Sci., 21(4): 494-501.

Mei, C., Wang, H., Liao, Q., Wang, L., Cheng, G., Wang, H.,
Zhao, C., Zhao, S., Song, J., Guang, X., Liu, G.E., Li, A.,
Wu, A., Wang, C., Fang, X., Zhao, X., Smith, S.B., Yang, W.,
Tian, W., Gui, L., Zhang, Y., Hill, R.A., Jiang, Z., Xin, Y.,
Jia, C., Sun, X., Wang, S., Yang, H., Wang, J., Wenjuan, Z.
and Zan, L. (2018) Genetic architecture and selection of
Chinese cattle revealed by whole genome resequencing.
Mol. Biol. Evol., 35(3): 688—699.

Charon, K.M. and Lipka, K.R. (2015) The effect of a coat
colour-associated genes polymorphism on animal health-a
review. Ann Anim. Sci., 15(1): 3-17.

Matsumoto, H., Kojya, M., Takamuku, H., Kimura, S.,
Kashimura, A., Imai, S., Yamauchi, S. and Ito, S. (2020)
MCIR ¢.310G>-and ¢.871G>A determine the coat color
of Kumamoto sub-breed of Japanese brown cattle. Anim.
Sci. J., 91(1): 2012-2017.

Jiang, L., Kon, T., Chen, C., Ichikawa, R., Zheng, Q.,
Pei, L., Takemura, 1., Nsobi, L.H., Tabata, H., Pan, H.,
Omori, Y. and Ogura, A. (2021) Whole-genome sequenc-
ing of endangered Zhoushan cattle suggests its origin and
the association of MC1R with black coat colour. Sci. Rep.,
11(1): e13367.

He, Y., Huang, Y., Wang, S., Zhang, L., Gao, H., Zhao, Y.
and Guangxin, E. (2022) Hereditary basis of coat color
and excellent feed conversion rate of red angus cattle by
next-generation sequencing data. Animals (Basel), 12(12):
1509.

Azis, R., Nurgiartiningsih, V.M.A., Wahjuningsih, S.,
Sudarwati, H. and Furqon, A. (2022) Evaluation of quali-
tative characteristics of Bali cattle at Bali breeding center.
E3S Web Conf., 335(12): 00050.

Tabun, A.C., Suek, F.S., Ndoen, B., Lapenangga, T.,
Penu, C.L.L., Jermias, J.A. and Leanak, S.P.P. (2016) The
Qualitative and Quantitative Characters Identification
of Bali Cows Having Different Coat Color in Kupang,
East Nusa Tenggara, Indonesia. In: 3" ASEAN Regional
Conference on Animal Production, p136—140.

Susari, N.N.W., Suastika, P. and Agustina, K.K. (2021)
Molecular analysis of taro and Bali cattle using cytochrome
oxidase subunit I (COI) in Indonesia. Biodiversitas, 22(1):
165-172.

Tabun, A.C., Hartatik, T. and Sumadi, S. (2013)
Identification of melanocortin 1 receptor (MC1IR) gene

Veterinary World, EISSN: 2231-0916

1317



Available at www.veterinaryworld.org/Vol.16/June-2023/18.pdf

16.

17.

18.

based on coat color of Bali cows of Kupang by using the 19.  Yeh, F.,, Yang, R.C., Boyle, T.B.J., Ye, Z.A. and Mao, J.
PCR-RFLP method. J. Indones. Trop. Anim. Agric., 38(2): (2000) POPGENE, The User-Frendly Shareware for
86-91. Population genetic Analysis. Molecular Biology and
Badan Standardisasi Nasional. (2020) SNI 76514 : Bibit Biotechnology Centre, University of Alberta, Canada.
Sapi Bali. Badan Standardisasi Nasional, Jakarta. p- 336-337.
Hall, T. (1999) BioEdit: A user-friendly biological sequence 20. Martojo, H. (2012) Indigenous Bali cattle is most suitable
alignment editor and analysis program for Windows for sustainable small farming in Indonesia. Reprod. Domest.
95/98 NT. Nucleic Acids Symp. Ser., 41: 95-98. Anim., 47 (suppl. 1): 10-14.
Tamura, K., Stecher, G., Peterson, D., Filipski, A. and 21.  Chen, B., Cole, J.W. and Grond-Ginsbach, C. (2017)
Kumar, S. (2013) MEGAG6: Molecular evolutionary genet- Departure from Hardy—Weinberg Equilibrium and genotyp-
ics analysis version 6.0. Mol. Biol. Evol., 30(12): 2725-9. ing error. Front. Genet., 8: 167.

skoskeoskoskoskokskok

Veterinary World, EISSN: 2231-0916

1318



