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Abstract

Background and Aim: Madura cattle is local cattle in Indonesia. This cattle hasphenotypic variations in growth traits.
This study aimed to identify leptin (LEP) gene polymorphism exon 2 associated with body measurements in Madura
cattle.

Materials and Methods: We recorded body weight (BW) and body measurements of 51 Madura cattle aged 1-4 years in
Waru District, Madura. The LEP gene genotyping was conducted using the polymerase chain reaction-restricted fragment
length polymorphism method with Acil restriction enzyme.

Results: A 267 bp DNA fragment of the LEP gene was successfully amplified using a pair of primers. This study revealed
three genotypes (TT, TC, and CC) and two alleles (T and C). The frequencies of TT, TC, and CC genotypes were 0.275,
0.45, and 0.275, respectively, whereas the frequencies of T and C alleles were 0.500 and 0.500, respectively. The ¢.73T>C
mutation was significantly associated with BW, body length (BL), and chest girth (CG) (p<0.05). Among all genotypes, the
TC had the highest BW, BL, and CG.

Conclusion: Conclusively, LEP gene polymorphism (c.73T>C) exon 2 was polymorphic and associated with body

measurements, especially BW, BL, and CG.
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Introduction

Livestock, an agricultural subsector, plays a
crucial role in providing food as a protein source for
people. The livestock product demand is increasing
because of the rapid human population growth. This
demand can be met by increasing livestock population
and meat production, particularly beef[1]. Madura cat-
tle are local cattle breeds that originated from Madura
Island, Indonesia. Madura cattle are a crossbreed
of Bali cattle (Bos javanicus) and Zebu cattle (Bos
indicus) [2]. Farmers commonly raise Madura cattle
for various purposes, such as beef cattle, bull racing
(Karapan), and cow contest (Sonok) [3]. Madura cat-
tle have several advantages, including high carcass
percentage, good meat quality, and good adaptability
in rural environments [1,2,4]. Furthermore, Madura
cattle can adapt to low feed quality and are resistant
to some diseases and tick infestation [5]. In general,
Madura cattle exhibit phenotypic variation, especially
in growth traits [6].
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reproduction in any medium, provided you give appropriate credit
to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.
The Creative Commons Public Domain Dedication waiver (http://
creativecommons.org/publicdomain/zero/1.0/) applies to the data
made available in this article, unless otherwise stated.

Several factors, including genetics, nutrition,
and the environment, affect growth traits [6,7].
Many genes have been identified to regulate the
growth traits in cattle reported in the previous stud-
ies, such as growth hormone (GH), growth hor-
mone receptor (GHR), insulin-like growth factor
1 (IGF1), IGF1 receptor, leptin (LEP), and leptin
receptor [8-11]. LEP is a hormone predominantly
produced by white adipose tissue and secreted into
the bloodstream [12,13]. This hormone plays a crit-
ical role in controlling body weight (BW), feed
intake, energy metabolism, fat deposition, immune
function, and reproduction [14,15]. LEP hormone is
encoded by the LEP gene [16]. The previous stud-
ies [16,17] described association analyses between
single nucleotide polymorphisms (SNPs) of the LEP
gene. The SNP ¢.73T>C in LEP gene exon 2 is asso-
ciated with growth rate and fatness [17]. The SNP
has the potential to develop as a genetic marker for
growth traits [17].

Regarding the statement mentioned above,
genetic improvement can be achieved using appro-
priate techniques, such as a well-designed selection
program [16,18,19]. The genetic marker in the LEP
gene (SNP ¢.73T>C) can be used to support the suc-
cess of the selection program. Unfortunately, data on
SNP ¢.73T>C in Madura cattle are limited. Therefore,
this study was designed to identify the LEP gene
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polymorphism exon 2 associated with BW and body
measurements in Madura cattle.

Materials and Methods

Ethical approval

The Animal Care and Use Committee of
Universitas Brawijaya (No. 019-KEP-UB-2021)
approved all procedures in this study.

Study period and location

This study was conducted from April 2020 to
October 2020 at Village Breeding Center (VBC)
in Waru, Pamekasan, Madura and Laboratory of
Animal Biotechnology, Faculty of Animal Science,
Universitas Brawijaya, Malang, Indonesia.

Data collection and animal management

In this study, 51 female Madura cattle aged
1.5-4 years were used. The age of cows was determined
by the eruption of permanent incisor (PI) teeth start-
ing from PIO to PI8. Blood sample (3 mL) from each
animal was collected from the Vena jugularis using
vacutainer needles and ethylenediaminetetraacetic acid
tubes. Blood samples were immediately stored in a ice-
box (4°C) and transferred to a freezer at —20°C [16].
The BW and body measurements of the cows were
obtained from a VBC in Waru District, Madura [7].
The cattle were from one sire. This sire was specifi-
cally needed in the VBC as superior male cattle known
as Adikara. Madura cattle used in this study were lim-
ited from selected cows for the cultural contest, namely
Sonok. Body measurements included withers height
(WH), body length (BL), chest girth (CG), hip height
(HH), head length (HL), and head width (HW) from
cattle [7]. The cows were raised traditionally, with a
similar feeding system and management. The cows
had free access to water and were housed in groups.
DNA isolation and polymorphism genotyping by poly-
merase chain reaction-restriction fragment length
polymorphism (PCR-RFLP)

Genomic DNA was isolated using Genomic
DNA Mini Kit for blood and cultured cell (Geneaid
Biotech Ltd., China). The DNA isolation proce-
dure was conducted following the manufactur-
er’s instructions. The quality of DNA was checked
using 1.5% agarose gel electrophoresis, whereas the
quantity was measured using NanoDrop ND-1000
Spectrophotometer (Thermo Fisher Scientific™,
Massachusetts, USA) [17].

A 267 bp DNA fragment of LEP gene exon 2 was
amplified using the PCR method with a pair of primers.
The forward primer is 5'-CAT CTG AAG ACG TGG
ATG CG-'3, and the reverse primer is 5'-CCT ACC GTG
TGT GAG ATG TC-'3. The primers were designed on
the basis of the bovine genomic sequence in GenBank
(accession number U50365.1). PCR was conducted in
a 30 uL volume containing DNA template (50-100 ng/
uL), primers (10 pmol/uL), 1x Go Taq Green Master
Mix (Promega, USA), and Nucleus Free Water (NFW).
The PCR machine conditions of Bio-Rad T100™

Thermal Cycler (Bio-Rad, USA) were set for a prede-
naturation temperature at 94°C for 5 min, 35 cycles of
94°C for 10 s (denaturation), 60°C for 20 s (annealing),
72°C for 30 s (extension), and a final extension at 72°C
for 5 min. Furthermore, the PCR products were checked
using electrophoresis for 35 min at 100 V on 1.5% aga-
rose gel. The agarose gel was stained using Diamond™
Nucleic Acid Dye (Promega) and visualized under the
blue light of Glite 965 GW imaging system (Pacific
Image Electronics Co., Ltd., Taiwan) [17].

The PCR product was digested by a restriction
enzyme in a 7 uL volume containing 5 uL of PCR
product, 0.7 uL of 10x reaction buffer, four units of
Acil (ER1791, Thermo Fisher Scientific), and 0.9 uL.
of NFW. The digested products were separated by
electrophoresis in 2% agarose gel, visualized under
the blue light of Glite 965 GW imaging system, and
analyzed to determine the genotypes on the basis of
the DNA band patterns. The genotypes were con-
firmed by targeted DNA sequencing at 1 BASE DNA
Sequencing Services in Selangor, Malaysia [17].

Statistical analysis

Gene polymorphism was analyzed by calculat-
ing the frequency of genotype and allele and Hardy—
Weinberg equilibrium. This study adopted a random-
ized complete block design. The fixed factor was the
genotypes, whereas the age (i.e., blocks) was ran-
domly selected from the cattle population. The depen-
dent variables include BW, withers height (WH), BL,
CG, HH, HL, and HW. The association study between
LEP gene polymorphism and BW and body measure-
ments was analyzed using the General Linear Model
procedure in SPSS ver. 26.0. The mathematical model
used in this research was

Yijk:M+Gi+Aj+8ijk

where Y is the BW and body measurements of
j" cows, i genotype, and k™ age; W is overall mean; G,
is the effect of i genotype; A, is the effect of k™ age;
and € is the random error [7].

The null hypothesis: There was no association
between LEP gene polymorphism and BW and body
measurements in Madura cattle.

The alternative hypothesis: There was an associ-
ation between LEP gene polymorphism and BW and
body measurements in Madura cattle.

Results

Madura cattle phenotype

In this study, BW and body measurements of
Madura cattle were obtained at P10, P12, P14, P16, and
PI8 of age. Age did not significantly affect the BW,
WH, BL, CG, HH, HL, and HW (Table-1). Table-2
shows the general description of BW and body mea-
surements. Madura cows had a mean BW of 283.53,
a mean WH of 121.76 cm, a mean BL of 126.65 cm,
amean CG of 156.24 cm, a mean HH of 122.18 cm, a
mean HL of 39.76 cm, and a mean HW of 17.10 cm.
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Table-1: Body weight and body measurements grouped by age.

Variables PIO (n=18) PI2 (n=6) PI4 (n=16) PI6 (n=3) PI8 (n=9) Significance
BW (kg) 272.61+£74.72 305.83+£42.06 298.00+62.27 274.67+24.58 269.38+49.02 NS
WH (cm) 120.06+8.73 127.50+4.28 121.93+£6.25 124.33+8.74 120.22+5.09 NS
BL (cm) 123.06+£11.49 132.67+£3.93 127.33+£7.23 128.33+7.51 128.11+£7.99 NS
CG (cm) 153.72+£15.43 160.00+9.06 160.87+10.84 154.67+2.08 151.56+10.99 NS
HH (cm) 120.11+8.87 125.67+5.65 122.47+6.45 121.67+3.79 123.67+6.34 NS
HL (cm) 39.50+3.59 41.83+2.64 39.47+£2.33 39.67+3.21 39.44+£5.96 NS
HW (cm) 16.56+1.62 16.83+1.72 18.00+2.51 17.00+2.65 16.89+2.15 NS

PI0O=Permanent incisor 0, PI2=Permanent incisor 2, PI4=Permanent incisor 4, PI6=Permanent incisor 6, PI8=Permanent
incisor 8; n=Number of samples, BW=Body weight, WH=Withers height, BL=Body length, CG=Chest girth, HH=Hip
height, HL=Head length, HW=Head width, NS=Not significant (p>0.05)

Table-2: Sample size, mean, SD, and range of traits in
Madura cattle.

Variables n Mean SD Minimum Maximum
BW (kg) 51 283.53 61.59 113.00 464.00
WH (cm) 51 121.76 7.19 95.00 134.00
BL (cm) 51 126.65 9.12 100.00 144.00
CG (cm) 51 156.24 12.49 115.00 189.00
HH (cm) 51 122.18 7.21 90.00 136.00
HL (cm) 51 39.76 3.64 25.00 45.00
HW (cm) 51 17.10 2.08 12.00 21.00

n=Number of samples, BW=Body weight, WH=Withers
height, BL=Body length, CG=Chest girth, HH=Hip
height, HL=Head length, HW=Head width, SD=Standard
deviation

LEP gene polymorphism

In this study, the SNP ¢.73T>C of the LEP gene
was investigated. DNA fragments of the LEP gene on
51 Madura cows were successfully amplified using
PCR at 60°C annealing temperature. The 267 bp of
PCR product was detected and visualized on 1.5%
electrophoresed agarose gel (Figure-1). The PCR
product was digested by the Acil restriction enzyme.
Three genotypes of the LEP gene were determined
by the patterns of digested PCR products on 2% elec-
trophoresed agarose gel (Figure-2) and confirmed by
targeted DNA sequencing (Figure-3). The TT geno-
type had a DNA fragment length similar to the PCR
product, which was 267 bp. The CC genotype had two
fragments (190 and 77 bp), whereas the TC genotype
had three fragments (267, 190, and 77 bp).

In this study, the frequencies of TT, TC, and CC
genotypes were 0.275, 0.450, and 0.275, respectively
(Table-3). Two alleles were detected, namely, T and C.
The frequency of the T allele was 0.500, which was
equal to the frequency of the C allele. According to
the allele frequency, the SNP ¢.73T>C of the LEP
gene exon on Madura cattle was polymorphic. The
population of Madura cattle in the VBC Waru was in
Hardy—Weinberg equilibrium because of a lower y?
value than x2(0.05;1) at 3.84.

Effect of LEP genotypes on
measurements

The association study was conducted for SNP
¢.73T>C with BW and body measurements in Madura
cattle (Table-4). In this study, SNP ¢.73T>C was sig-
nificantly associated with BW, BL, and CG (p<0.05).

BW and body

The TT genotype of SNP ¢, 73T>C had a lower mean
BW and CG than the TC genotype (p<0.05). The BL
of the TT genotype was the lowest among all geno-
types (p<0.05). Even though the SNP c.73T>C did
not significantly affect (p>0.05) WH, HH, HL, and
HW, the TT genotype showed the lowest WH, HH,
HL, and HW, descriptively.

Discussion

Regarding the phenotypic aspect, the varying
ages of Madura cattle did not significantly affect BW
and body measurements in this study. In ruminant
animals, BW and body size increase with age until
mature age in young animals [7,20]. The difference
between age groups in this study may be due to using
a small number of animals or the fact that the research
was conducted on adult animals that completed their
growth. This study revealed that Madura cattle had
a BW of 283.53 kg, a WL of 121.76 cm, a BL of
126.65 cm, and a CG of 156.24 cm. A previous study
reported that adult female Madura cattle had a BW of
282.76 kg, a WH of 123.42 cm, a BL of 127.02 cm,
and a CG of 155.79 cm. Another study reported
that young Madura cattle had a BW of 182.86 kg, a
WH of 108.69 cm, a BL of 110.81 ¢m, and a CG of
133.41 cm [21]. Regarding the larger BW and body
measurements in this study, it might be caused by the
location in the VBC of Madura cattle. In this area,
most Madura cattle were raised for the cattle contest.

LEP is a polypeptide hormone produced by adi-
pose tissue and expressed by skeletal muscle, mam-
mary gland, and other tissues [16,22]. This hormone
plays a crucial role in controlling feed intake by
inhibiting hunger and acting on the specific receptor
(LEP receptor) in the hypothalamus, dorsomedial,
and arcuate nuclei [22]. LEP also plays a role in pro-
viding information about body fat deposition to the
brain [23]. The increase in adipose tissues triggers
the release of more LEP to the bloodstream because
of the increase in BW, and this will be detected by
brain receptors [24]. Puberty affects the maturity of
the reproductive system, and it will occur when the
body’s energy store is in adequate condition [25].

LEP hormone is encoded by the LEP gene. The
bovine LEP gene is located in BTA 4q32 and consists
of three exons and two introns [26]. The previous
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studies have associated SNP (c.73T>C) of LEP gene
exon 2 with BW, fatness, and carcass quality [27,28].
This SNP is defined as a nonsynonymous mutation that
changes amino acids from cysteine to arginine. Other
SNPs of the LEP gene (g.1025T>C and g.1048G>A)
were also reported in a previous study [29].

In this study, the SNP ¢.73T>C polymorphism
was successfully identified using PCR-RFLP with
Acil restriction enzyme (5-C|CGC-3). PCR-RFLP was
widely used to identify the gene polymorphism asso-
ciated with economic traits of animals, such as body
compositions, lactation, reproduction, immune sys-
tem, fatty acids composition, carcass, and meat qual-
ity [30-33]. This study revealed three genotypes of
TT, TC, and CC. The frequencies of TT, TC, and CC
allele on Madura cattle were 0.275, 0.450, and 0.275,
respectively. The present findings indicated that most
Madura cattle had TC genotype and the frequencies
of T and C allele were equal (0.500 for each allele).
By contrast, most previous studies have reported that
the frequency of the C allele was higher than that of
the T allele in Kebumen Ongole Grade, Brahman, and
Turkey cattle [10,16,26,]. In addition, the frequen-
cies of the C allele and CC genotype were highest in
Nellore cattle [34]. The differences in LEP gene poly-
morphism might be due to differences in gene expres-
sion among the cattle breeds [26]. Based on this vari-
ation of the LEP gene, a molecular selection program
could be performed to determine the Madura cattle
with good growth and body measurements.

400 bp
300 bp

200 bp
100 bp

267 bp

Figure-1: Visualization of polymerase chain reaction
product on 1.5% electrophoresed agarose gel, M: 100 bp
marker, 1-7: samples.

Regarding the nonsynonymous mutation of
c.73T>C, the population of Madura cattle in VBC
Waru was in Hardy—Weinberg equilibrium. A simi-
lar result was reported by Fernandes et al. [35] in the
Nellore cattle population. This equilibrium occurred
when the Chi-square value was smaller than the Chi-
square table [36]. When the population is in Hardy—
Weinberg equilibrium, the allele and genotype fre-
quencies will remain the same across generations,
indicating that random mating probably occurred and
there is no genetic change caused by any factors in
the population. The change in allele frequencies was
caused by some factors, such as mutation, inbreeding,
gene recombination, genetic drift, and gene flow from
other populations [37].

This study discovered the association between
LEP gene polymorphism and BW and body measure-
ment. The SNP ¢.73T>C polymorphism significantly
affected BW, BL, and CG (p<0.05). The TC geno-
type had a higher BW and BL than the TT genotype.
The TT genotype had the lowest BW, whereas the TC
genotype had the highest CG. In Nellore cattle, the
animal with TC genotype had higher BW and aver-
age daily gain [38]. A previous study reported that TC
genotype was superior in weaning chest circumfer-
ence on Kebumen Ongole Grade cattle [26]. Another
study reported that the TC genotype had higher repro-
ductive efficiency and age at first calving in Nellore
heifers [35]. By contrast, the TC genotype had the
lowest ovary length for reproductive traits on com-
mercial beef heifers [39]. Regarding the substitution
of amino acids from cysteine to arginine, it may alter
the biological function of LEP, especially the protein
molecular function. The presence of cysteine in an
LEP molecule might interfere with LEP binding to its
receptor, which could disrupt the stability of disulfide
bonding [29]. LEP binds to its receptor on neuropep-
tide Y-neurons, resulting in increased energy output
and hypophagia [40]. Furthermore, the extra cyste-
ine to proteins results in the loss of protein biological
function because of the presence of the T allele of
SNP ¢.73T>C [41]. It could probably explain that the
TT genotype had the lowest BW and body measure-
ments in Madura cattle.

M TC TC cc TC TC

400 bp
300 bp
200 bp
100 bp

TC

cc TC TC T TC

267 bp
190 bp
77 bp

Figure-2: Visualization of digested polymerase chain reaction product by Acil enzyme on 2% electrophoresed agarose gel,

M: 100 bp marker.
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Table-3: Frequencies of genotypes and alleles of the LEP gene (c. 73T>C) in Madura cattle.

Breed n Genotype frequencies Allele frequencies %% value
TT TC cc T C

Madura cattle 51 0.275 0.450 0.275 0.500 0.500 0.49ns

n=Number of samples; ns=Not significant, x> (0.05;1)=3.84, LEP=Leptin

Table-4: Association of LEP genotypes with body weight and body measurements.

Variables TT (n=14) TC (n=23) CC (n=14) p-value

BW (kg) 256.86+15.65¢2 307.5+12.48° 271.69+16.242® 0.036

WH (cm) 118.50+1.85 124.13+1.44 121.14+1.85 0.062

BL (cm) 120.07+2.222 129.83+1.73" 128.00+2.22° 0.004

CG (cm) 150.86+3.13° 161.57+2.44° 152.86+3.132 0.017

HH (cm) 118.86+1.88 123.74+1.47 122.93+1.88 0.122

HL (cm) 39.00+0.97 40.57+0.76 39.21+£0.97 0.366

HW (cm) 16.14+0.54 17.78+0.42 16.93+0.54 0.060

n=Number of samples, BW=body weight, WH=withers height, BL=body length, CG=Chest girth, HH=hip height,
HL=head length, HW=head width. Means within the same row with different superscripts are significantly different

(p<0.05), LEP=Leptin

-1

ATCTGCAA

c
160

AW

Genotype TT

-

CATC

’ [ ]
AP

Genotype TC

GCAA

AW\

Genotype CC

Figure-3: The chromatograph of Leptin genotypes
(c.73T>C).

Conclusion

An association study of LEP gene exon 2 poly-
morphism and BW and body measurements was suc-
cessfully conducted in Madura cattle. A novel finding
revealed that the TC genotype has a high BW, BL, and
CG in Madura cattle. This study supports the candi-
dacy of the LEP gene for further research as a poten-
tial genetic marker in the selection program of Madura
cattle.

Authors’ Contributions

KK: Designed the study, performed experimen-
tal work, conducted a literature review, interpreted

the data, drafted and proofread the manuscript, and
served as the project advisor. AF: Designed the study,
performed data analysis, interpreted the data, and
reviewed the manuscript. WAS: Performed experi-
mental work and conducted a literature review. TS:
Designed the study, served as the project advisor,
and reviewed the manuscript. All authors read and
approved the final manuscript.

Acknowledgments

The authors gratefully acknowledge the Red Meat
Research Group team for their assistance with the data
and the members of Genomic and Proteomic Research
Group, Faculty of Animal Science, Universitas
Brawijaya, for analyzing the data. This research was
funded by the Faculty of Animal Science, Universitas
Brawijaya, through a Doctoral Research Grant in 2020
(Grant no. 733/UN10.F05/PN/2020).

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. Agus, A. and Widi, T.S.M. (2018) Current situation and
prospect of beef cattle production in Indonesia. Asian-
Australas J. Anim. Sci., 31(7): 1-8.

2. Sutarno, S and Setyawan, A.D. (2015) Review: Genetic
diversity of local and exotic cattle and their crossbreeding
impact on the quality of Indonesian cattle. Biodiversitas,
16(2): 327-354.

3. Widi, T.S.M, Udo, H.M.J., Oldenbroe, J.K., Budiastra, I.G.S.,
Baliarti, E. and van Zijpp, A.J. (2013) Unique cultural
values of Madura cattle: Is crossbreeding a threat? Anim.
Genet. Resour., 54: 141-152.

4. Nurgiartiningsih, V.M.A, Furqon, A., Rochadi, I,
Rochman, A., Muslim, A. and Waqid. M. (2020) Evaluation

Veterinary World, EISSN: 2231-0916

779



Available at www.veterinaryworld.org/Vol.15/March-2022/31.pdf

of birth weight and body measurements of Madura cat-
tle based on year of birth and breeding system in Madura

measurements and body weight in Malya sheep. Indian J.
Anim. Sci., 85(9): 979-984.

breeding Centre, Indonesia. /OP Conf. Ser. Earth Environ. 21. Maylinda, S., Nugroho, H. and Busono, W. (2017)
Sci., 478(1): 012090. Phenotypic Characteristics of Local Cattle in Madura Island.

5. Hastutiek, P., Yuniarti, W.M., Djaeri, M., Lastuti, N.D.R., Vol. 1844. The 7" International Conference on Global
Suprihati, E. and Suwanti. L.T. (2019) Prevalence and Resource Conservation AIP Conference Proceedings, East
diversity of gastrointestinal protozoa in Madura cattle Java, Indonesia.
at Bangkalan Regency, East Java, Indonesia. Vet. World, 22.  Houseknecht, K.L. and Portocarrero, C.P. (1998) Leptin and
12(2): 198-204. its receptors: Regulators of whole-body energy homeosta-

6. Casas, E., Thallman, R.M. and Cundiff, L.V. (2012) Birth sis. Domest. Anim. Endocrinol., 15(6): 457-475.
and weaning traits in crossbred cattle from Hereford, 23.  Wylie, A.R.G. (2011) Leptin in farm animals: Where are we
Angus, Norwegian Red, Swedish Red and White, Wagyu, and where can we go? Animal, 5(2): 246-267.
and Friesian sires. J. Anim. Sci., 90(9): 2916-2920. 24. Catunda, A.G.V.,, Lima, FR.G, Lima, ILC.S,

7. Cilek, S. and Gotoh, T. (2014) Effects of dam age, lamb Machado, A.A.C., Gadelha, C.R.F., Pereira, E.S.,
gender, and singleton or twin status on body size of Malya Martins, G.A. and Campos, A.C.N. (2014) O papel da
lambs in middle Anatolia, Turkey. Fac. Agric. Kyushu leptina na reprodugdo dos ruminantes. Rev. Bras. Reprod.
Univ., 59(2): 313-320. Anim., 38(1): 3-9.

8. Fedota, O.M., Lysenko, N.G., Ruban, S.Y., Kolisnyk, O.I. 25.  Symonds, M.E., Dellschaft, N., Pope, M., Birtwistle, M.,
and Goraychuk, I.V. (2017) The effects of polymor- Alagal, R., Keisler, D. and Budge, H. (2016) Developmental
phisms in growth hormone and growth hormone receptor programming, adiposity, and reproduction in ruminants.
genes on production and reproduction traits in Aberdeen- Theriogenology, 86(1): 120-129.

Angus cattle (Bos taurus L., 1758). Cytol. Genet., 51(5): 26. Fathoni, A., Maharani, D., Aji, R.N., Choiri, R. and
352-360. Sumadi, S. (2019) Polymorphism of the SNP g. 1180 C>T

9. Yurnalis, Arnim, and Putra, D.E. (2017) Polymorphism of in leptin gene and its association with growth traits and lin-
insulin-like growth factor 1 gene (IGF1/Tasl, IGF1/SnaBI, ear body measurement in Kebumen Ongole Grade cattle. J.
IGF1/Rsal) and the association with daily gain of Pesisir Indones. Trop. Anim. Agric., 44(2): 125-134.
cattle local breed from West Sumatera, Indonesia. Pak. J. 27.  Shin, S.C. and Chung, E.R. (2007) Association of SNP
Biol. Sci., 20(4): 210-216. marker in the leptin gene with carcass and meat quality

10. Hernandez, N., Martinez-Gonzalez, J.C., traits in Korean cattle. Asian-Australas. J. Anim. Sci., 20(1):
Parra-Bracamonte, G.M., Sifuentes-Rincon, A.M., Lopez- 1-6.

Villalobos, N., Morris, S.T., Briones-Encinia, F., Ortega- 28. Kawaguchi, F., K. Okura, K. Oyama, H. Mannen, and S.
Rivas, E., Pacheco-Contreras, V.I. and Meza-Garcia, L.A. Sasazaki. (2017) Identification of leptin gene polymor-
(2016) Association of polymorphisms in growth hor- phisms associated with carcass traits and fatty Japanese
mone and leptin candidate genes with live weight traits of Black cattle. Anim. Sci. J. 88(3): 433-438.

Brahman cattle. Genet. Mol. Res., 15(3): 1-9. 29. Hilmia, N., Rahmat, D. and Dudi, D. (2018) Leptin gene

11. da Silva, R.C.G., Ferraz, J].B.S., Meirelles, F.V., Eler, J.P., polymorphism of Ongole Grade cattle based on single
Balieiro, J.C.C., Cucco, D.C., Mattos, E.C., Rezende, F.M. nucleotide polymorphism. J. Indonesian Trop. Anim. Agric.,
and Silva, S.L. (2012) Association of single nucleotide 43(4): 309-314.
polymorphisms in the bovine leptin and leptin receptor 30. Furqon, A., Gunawan, A., Ulupi, N., Suryati, T. and
genes with growth and ultrasound carcass traits in Nellore Sumantri, C. (2017) Association of ApoVLDLII gene
cattle. Genet. Mol. Res., 11(4): 3721-3728. polymorphism with body composition traits in kampung

12.  Anugratama, L.E. and Hartatik, T. (2020) Identification of chicken. /nt. Poult. Sci. J., 16(11): 462-466.

Leptin gene in crossbred beef cattle. Biodiversitas, 21(1): 31.  Anggraeni, A., Sumantri, C., Saputra, F. and Praharani, L.
226-230. (2020) Association between GH (g.1456_1457insT), GHRH

13.  Wasim, M. (2015) Role of leptin in obesity. J. Obes. Weight. (g.4474 C>A), and Pit-1 (g.244G>A) polymorphisms and
Loss. Ther., 5(258): 1-3. lactation traits in Holstein Friesian cattle. Trop. Anim. Sci.

14.  Fruhbeck, G., Jebb, S.A. and Prentice, A.M. (1998) Leptin: J., 3(4): 291-299.

Physiology and pathophysiology. J. Clin. Physiol., 18(5): 32. Gunawan, A., Nurajizah, E.S., Listyarini, K.,
399-419. Furqon, A., Bilyaro, W., Sumantri, C., Jakaria, Akter, S.H.

15. Sainz, N., Barrenetxe, J., Moreno-Aliaga, M.J. and and Uddin, M.J. (2018) Association study and expression
Martinez, J.A. (2015) Leptin resistance and diet-induced analysis of stearoyl Co-A desaturase as a candidate gene for
obesity: Central and peripheral actions of leptin. J. Metab. fatty acid composition in Indonesian crossbred chickens.
Clin. Exp., 64(1): 35-46. Int. Poult. Sci. J., 17(7): 348-355.

16. Kaygisiz, A., Bengi, C. and Cilek, S. (2011) Investigation 33.  Mentari, A.S., Gunawan, A. and Noor, R.R. (2019)
of leptin gene polymorphisms in East Anatolian Red Polymorphism of L-FABP (SNP g. 1593 c>t) gene and
Anatolian and Black cattle and determination of genetic its association with fatty acid composition, carcass, and
distance from Brown Swiss Cattle. J. Anim. Plant. Sci., meat quality in Cihateup duck. Trop. Anim. Sci. J., 3(2):
21(2): 121-125. 103-109.

17.  Kononoff, P.J, Defoor, PJ., Engler, M.J., Gleghorn, J.F., 34. Pinto, L.E.B., Ferraz, J.B.S., Pedrosa, V.B., Eler, J.P.,
Swingle, R.S., James, S.T. and Marquess, F.L.S. (2017) Meirelles, F.V., Bonin, M.N., Rezende, F.M., Carvalho, M.E.,
Impacts of a leptin SNP on growth performance and carcass Cucco, D.C. and Silva, R.C.G. (2011) Single nucleotide
characters in finishing steers studied over time. J. Anim. polymorphisms in CAPN and leptin genes associated with
Sci., 95(1): 194-200. meat color and tenderness in Nellore cattle. Genet. Mol.

18.  Yakubu, A. (2010) Path coefficient and path analysis of Res., 10(3): 2057-2064.
body weight and biometric traits in Yankasa lambs. Slovak 35. Fernandes, J.S., Crispim, B.A., Seno, L.O., Aspilcueta-
J. Anim. Sci., 43(1): 17-25. Borquis, R.R. and Barufatti, A. (2019) Polymorphisms

19. Hartatik, T, Hariyono, D.N.H. and Adinata, Y. (2019) related to bovine leptin gene and association with produc-
Genetic diversity and phylogenetic analysis of two tive and reproductive traits in Nellore heifers. Trop. Anim.
Indonesian local cattle breeds based on cytochrome b gene Sci. J., 3(1): 18-24.
sequences. Biodiversitas, 20(1): 17-22. 36. Wang, J. and Shete, S. (2017) Testing departure from

20. Cilek, S. (2015) Effects of age and sex on some body Hardy-Weinberg proportions. Methods Mol. Biol.,

Veterinary World, EISSN: 2231-0916 780



Available at www.veterinaryworld.org/Vol.15/March-2022/31.pdf

37.

38.

850: 77-102.

Banos, G., Woolliam, J.A., Woodward, B.W.,
Forbes, A.B. and Coffey, M.P. (2008) Impact of sin-
gle nucleotide polymorphism in leptin, leptin receptor,
growth hormone receptor and diacylglycerol acyltrans-

39.

3002-3012.

Bhowmik, N., Ringwall, K.A., Dahlen, C.R., Swanson, K.C.,
Clapper, J.A., Ward, A.K. and Hanna, L.L.H. (2019) The
role of leptin in reproductive characteristics of commercial
beef cows and Heifers. Transl. Anim. Sci., 3(1): 1764-1768.

ferase (DGAT1) gene loci on milk production, feed and 40.  Fruhbeck, G. (2006) Intracellular signalling pathways acti-
body energy traits of UK Dairy cows. J. Dairy Sci., vated by leptin. Biochem. J., 393(1): 7-20.

91(8): 3190-3200. 41. Fortes, M.R.S., Curi, R.A., Chardulo, L.A.L.,
Silva, D.B.S., Crispim, B.A., Silva, L.E., Oliveira, J.A., Silveira, A.C., Assumpgdo, M.E.O., Visintin, J.A. and de
Siqueira, F., Seno, L.O. and Grisolia, A.B. (2014) Genetic Oliveira, H.N. (2009) Bovine gene polymorphisms related
variations in the leptin gene associated with growth and to fat deposition and meat tenderness. Genet. Mol. Biol.,
carcass traits in Nellore cattle. Genet. Mol. Res., 13(2): 32(1): 75-82.

seskoskoskoskoskoskosk

Veterinary World, EISSN: 2231-0916

781



