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Abstract. Amrullah MF, Utomo B, Utama S, Lestari TD, Suprayogi TW, Restiadi Tl, Belgania RH, Pakpahan S, Khairullah AR, Kurniawan
SC, Silaen OSM, Hasib A. 2023. Comparison of genetic diversity of LEP gene between Indonesian domestic goats: Etawa Cross and
Senduro Goats. Biodiversitas 24: 6567-6573. The leptin (LEP) gene is a gene that functions to produce the hormone leptin secreted by
fat tissue that can increase livestock productivity. This study aimed to identify the profile of the LEP gene between Etawah Cross goats
and Senduro goats. Gene profiling includes single nucleotide polymorphisms (SNPs) and phylogeny tree reconstruction. Furthermore,
10 whole blood samples from 5 Etawah Cross goats and 5 Senduro goats were collected from goat farms in Lumajang District,
Lumajang Regency, Indonesia. The Research procedure involved collecting blood samples, extracting DNA, amplification using the
polymerase chain reaction (PCR) method using specific primers, and nucleotide sequencing method. The edited DNA sequences were
aligned with some DNA sequences (n=32) of the Capra hircus group published in Genbank. The results of this study obtained the
alignment of the LEP gene sequences of Etawah Cross goats and Senduro goats, including T723A, G729A, G758A, A763T, G774C,
T1100C, and G1454A. Based on the LEP gene phylogeny tree, Etawah Cross goats and Senduro goats belong to the same clade and
have a close kinship with the Bligon goats. The profile of the LEP gene between Etawah Cross goats and Senduro goats varies so that

further studies can be carried out to look for the relationship between SNPs and the productivity traits of the LEP gene.
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INTRODUCTION

Indonesia is rich in livestock genetic resources (Widyas
et al. 2022). The diversity of genetic resources for livestock
represents the heritable variation within and between
livestock populations, including different goat breeds.
Breeders in Indonesia farm various breeds of goats; each
breed has unique and distinct characteristics based on the
location or area where they are farmed (llham et al. 2023).
The most commonly farmed type of goat by breeders is the
Kacang goat (Rahmawati et al. 2022), which is exceptionally
well-suited to tropical weather and regions. Additionally, a
native breed of goat known as the Etawa cross (PE) goat is
typically dual-purpose (meaning it can provide both milk
and meat) (Hariyono and Endrawati 2022). Other native
goats found in Indonesia that have flourished are the
Bligon (a hybrid between PE and Kacang), Gembrong,
Boer, Boerja (a cross between Boer and Bligon), and
Kejobong (Kusminanto et al. 2020).

A goat known as an Etawa cross is produced by
crossing native Indonesian goats, Kacang goats, with the
Indian Etawa goats (Susilorini et al. 2022). The Etawa
cross is frequently utilized in projects to enhance the
quality of goat breeds since it has a higher body percentage
than other local goats (Guntoro et al. 2023). For a century,
people have thought that a combination of Etawa, Kacang,
and Jawarandu goats produced the Senduro goat breed
(Susilorini et al. 2022). It has long been preserved in the
Lumajang Regency, East Java's Senduro District. Since
breeders have chosen Senduro goats from the Etawa cross
for many years, their physical characteristics are generally
similar to those of the Etawa cross (Fatmawati et al. 2022).
Additionally, according to the Decree of the Minister of
Agriculture of the Republic of Indonesia, Senduro goats are
recognized as a local Indonesian breed (Almaida et al. 2020).

Cross-breeding causes the development of new strains,
so genetic quality improvement is needed to continue
producing superior livestock (Widyas et al. 2022).
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Improving the genetic quality of livestock is an activity of
livestock breeding to obtain good livestock productivity
(Kurnianto 2022). At the molecular level, selection can be
done by evaluating the nucleotide sequence profile of the
genes in the DNA that affect livestock productivity, one of
which is the LEP gene (Kuswati et al. 2022). LEP or Leptin
comes from the Greek word Leptos, which means thin and
is described as a hormone that reduces body weight
(Obradovic et al. 2021). Leptin promotes general weight
loss by suppressing food intake, preventing low metabolism,
and is expressed proportionately to body fat (Miinzberg and
Heymsfield 2019). The obesity epidemic has explained a
pathway of leptin resistance, with too much Leptin in both
sexes leading to infertility (Childs et al. 2021).

Leptin is encoded by the LEP gene, of about 20 kb. It
consists of three exons separated by two introns, and the
exonic portion of the LEP gene covers about 15 kb of the
bovine genome (Isik et al. 2022). The first exon is truncated
in the mature blood circulating hormone. Meanwhile, the
other two exons produce fully mature 167 residues by
excising the first 24 signal-aminoacid residues to produce
16 kDa of blood-circulating Leptin (Obradovic et al. 2021).
Leptin contains a distinctive three-dimensional (3D) four-
a-helix bundle structure of an A-B-C-D pattern (Al-Shuhaib
2019). This structure is arranged in four sequentially similar,
antiparallel, left-hand twisted a-helical bundles connected
by two crossover links alongside one short loop (Greco et
al. 2021).

However, under conditions of balanced nutrition, leptin
secretion is timed and regulated within a narrow range of
levels that optimize its trophic effect (Childs et al. 2021).
Each species can inherit the LEP gene (Yupanqui-Lozno et
al. 2019). LEP gene variants are highly identified to boost
goat productivity, impact intramuscular deposition and
body weight, and can be employed as a marker-assisted
selection (MAS) approach (Sycheva et al. 2023). Etawa
Cross and Senduro goats come from the same maternal,
namely Jamnapari. Due to the mating with local goats and
the isolation in their area by the breeders, this goat breed
was formed (Pakpahan et al. 2022). Both breeds require a
parallel genetic analysis, especially the LEP gene, to
determine the gene profile. This is the background of this
research regarding comparing LEP gene profiles between
Etawa cross and Senduro goats. The results of this study
are expected to be used as a guide in preserving the genetic
resources of Indonesia's local goats.

MATERIALS AND METHODS

Ethical approval

The Animal Care and Use Committee of Veterinary of
Medicine Faculty approved the study, Universitas Airlangga
(No:1.KEH.085.07.2022).

Sample collection and DNA extraction

This research was conducted from January to April
2023. Etawa cross and Senduro goat blood samples were
brought from Burno Village, Senduro District, Lumajang
Regency, East Java, Indonesia. The total blood samples
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used were 10 blood samples from 5 Etawah Cross goats
and 5 Senduro goats. Blood sampling was done by collecting
about 3 mL of blood through the jugular vein, one-third of
the head. Blood samples were collected using a 3 mL
syringe with a vaccumtainer tube containing EDTA and
then stored in coolbox. Extraction of DNA was performed
using an isolation DNA Extraction Kit from Thermo
Purelink Genomic DNA Mini kit (Invitrogen K-182001,
USA).

Primary design and amplification of the LEP gene

Primary design and LEP gene amplification using the
Polymerase chain reaction (PCR) procedure were carried
out based on the method of Hartatik (Hartatik et al. 2020).
The target LEP gene sequence was retrieved from
GenBank Capra hircus/AM114397.2 as a reference. The
pair primers used in this study were forward (5'-
AGCGGTTATGGGATATGCC-3) and reverse (5-
AATGCCCCAAGAGACA CTGA-3"). The PCR product
that will be obtained has a total length of 967 bp.

PCR amplification with a total reaction volume of 30
ML master mix (containing 1.5 pL genomic DNA (approx.
100 ng), 1.5 pL (10 pMm) forward primer, 1.5 pL (10 pM)
reverse primer, 15 pL PCR kit, and 10.5 pL aquabidest).
PCR conditions were started with 5-minute denaturation at
94°C, carried out for 30 cycles, annealing at 54°C for 1
minute, and extension at 72°C for 5 minutes.

Visualization  of  amplification  products  using
electrophoresis method based on the method of Utomo et al.
(2021). Next, 3 uL PCR Product sample in 1 yL Loading
dye (SYBR dye). In the first well, 1000 bp of Leader DNA
was used. The PCR products were then analyzed by
electrophoresis on 1% agarose gel at constant voltage (100
volts) for 2 hours with ethidium bromide and SYBR dye
(Invitrogen S7563, USA) added for staining, and the
agarose was photographed using ultra-violet light. Then,
the results were recorded using the documentation system
Geldoc UV Transilluminator (Bio-Rad, USA).

Nucleotide sequencing

Subsequently, 10 samples (5 from Etawah cross goats
and 5 Senduro goats) were collected for sequencing. Clean-
up PCR product samples were packaged using a microtube.
For the success of the DNA Sequencing reaction, the
sample needs to be quantified to estimate the purity of the
DNA template using agarose gel electrophoresis. Nucleotide
sequencing used the services of a sequencing company (1st
BASE through PT. Genetika Science Indonesia). The
primer used for nucleotide sequencing in the LEP gene is
the same as that used for the amplification step.

Data analysis

Data obtained from nucleotide base sequences were
then edited with the Bio Edit Version 7.0.0 program. The
edited DNA sequences were aligned with some DNA
sequences of the Capra hircus group published in Genbank
(http:/Incbi.nlm.nih.gov). The data used for comparison is
Capra hircus with accession number AM114397.2. The
synchronization process with ClustalW2 is included in Bio
Edit Version 7.0.0. After matching the data, analysis was
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performed to determine the position of single nucleotide
polymorphisms (SNPs).

The neighbor-joining (NJ) approach was utilized to
reconstruct the phylogenetic tree of the LEP gene by
utilizing the nucleotide sequence. Molecular Evolutionary
Genetic Analysis (MEGA ver.11.0.13) employs nucleotide-
based phylogeny with bootstrap value of 1000x repetitions,
utilizing Kimura's 2-parameter model (Prasetya et al. 2011).
Genbank LEP data Accession No. JQ739233.1 (Capra hircus
breed Beetal), JQ739232.1 (Capra hircus breed Barbari),
GU944974.2 (Capra hircus breed Sirohi) and MN635656.1
(Capra hircus Bligon goats).

RESULTS AND DISCUSSION

Results

PCR products were obtained from 10 leptin gene (5
samples from Etawah cross goats and 5 samples from
Senduro goats) using a PCR protocol, the results of
ClustalW multiple alignments of LEP gene Etawa cross
and Senduro goat, originally 860 bp. After performing
Clustalw multiple alignment analysis, SNPs were obtained.
Based on multiple alignment results, several SNPs were
found in the LEP gene sequences from Etawa cross goats
and Senduro goats. SNPs are based on changes in nitrogenous
bases (adenine, guanine, cytosine, thymine) between the
corresponding sequences. The position of the SNP in each
sample is shown in Table 1.

Multiple alignment results of the LEP gene in Etawa
cross goats and Senduro goats show changes at several
positions. Changes in this nucleotide sequence have the
effect of a mutation; mutations in nitrogen bases can be
transition and transversion mutations. Transition mutations
are mutations in which one type of base is replaced (for
example, a purine base is replaced by a purine base). In
transversion mutations, conversely, nitrogenous bases are
replaced by identical nitrogenous bases (for example,
pyrimidine bases are replaced by purine bases).

A phylogenetic tree is a two-dimensional diagram that
shows the relationships between organisms, or more
specifically, the gene sequences of organisms. The
relationship between the linkage distance of the LEP genes
from samples from Etawa cross goats and Senduro goats
with the Genbank LEP gene target was described using the
MEGA program version 11.0.13. Leptin gene sequence
data used by Genbank from Capra hircus (Acc No.
AM1143972), Beetal breed (JQ739233.1), Barbari breed
(JQ739232.1), Sirohi breed (GU944974.2) and Bligon
breed (MN635656.1) are included (Figure 1).

Based on Figure 1, the LEP gene Etawa cross goats
(LPEL) and Senduro goats (LS1) are in the same clade and
are a branch of the Capra hircus breed Bligon
(MN635656.1), so the two goats have a close kinship with
the Bligon goat close relationship with the goat Bligona.
The root tree were an arrangement of LEP gene relationships
among goats from Capra hircus (AM114397.2), then
Beetal breed (JQ739233.1), then Barbari breed (JQ739232.1),
then Sirohi breed (GU944974.2) and Bligon breed
(MN635656.1), which is a close relative of the LEP gene
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with Etawa cross goats and Senduro goats. The ecological
conditions of a species and the life history of a species
affect the genetic variation of that species.

Discussion

Analysis of 10 sequences obtained from 5 Etawa cross
goats and 5 Senduro goats were compared with the
sequences Capra hircus (AM113497.2), and 7 SNPs were
found. A related study on goat breeds in India reported that
the Indian goat LEP gene sequence was 4842 bp long,
consisting of 913 bp 5'UTR, two exons (exons 2 and 3)
with corresponding introns, and 1587 bp 3'. UTR. Analysis
of 42 sequences from 7 Indian goat breeds revealed 22
variants compared to sequences from Italian Garganica
goats (AM114397.2), and there are seven SNPs distributed
throughout the LEP gene. Each SNPs was located in exon 2
and intron 2, while five were observed in the 3'UTR.
Information about potential mutations in the promoter
region of the LEP gene may be useful for elucidating the
regulatory mechanisms of this gene that affect body fat
mass, fat storage, and obesity (Maitra et al. 2014).

Moreover, seven SNPs were detected in the LEP gene
of Etawa cross goats and Senduro goats. SNPs were found
in exon 2 (9.723 T>A, g.729 G>A, 9.758 G>A, ¢.763 A>T,
g.774 G>C, and g.1100 T>C) and intron 2 (g.1454 G>A).
In the LS1 sample, there are changes at position 729
(G—A), 758 (G—A), and position 1454 (G—A). The LS2
sample has changes at positions 723 (T—A), 729 (G—A),
729 (G—A), 774 (G—C), and 1100 (T—C). The LS3 sample
has changed in positions 723 (T—A), 729 (G—A), 758
(G—A), 774 (G—C), and 1454 (G—A). The LS4 sample
has changes at positions 723 (T—A), 729 (G—A), 758
(G—A), and 763 (A—T). The LSS sample has changed at
positions 723 (T—A), 729 (G—A), and 758 (G—A). The
LPE1, LPE2, LPE3, and LPE4 samples had changed at
positions 758 (G—A) and 1454 (G—A). The LPES sample
has only 1 SNP at position 758 (G—A).

Bioinformatic analysis of LEP gene sequences of
several Indian goats compared to exotic goats identified 22
variants (AM114397.2) of which seven are SNPs. SNPs
were found in exon 2 (g.1029 T>C), introns 2 (g.1621
G>A), and 3'UTR (9.3968 T>C, ¢.3971 C>T, ¢.4026 G>A,
0.4105 G>A, and ¢.4225 T>C). This LEP gene variant can
be used as a reference in a larger goat population for
association studies with meat quality traits and selection
with the help of marker-assisted selection (Tian et al.
2013).

There were transversion mutations at SNPs 723 (T>A),
763 (A>T), and 774 (G>C), and transition mutations at
SNPs 729(G>A), 758 (G>A), 1100 (T> C), and 1454
(G>A). According to Yaari et al. (2013), substitution-based
mutations replace one base with another base, resulting in a
change in the location of the sequence. Substitution
consists of transitions and transitions. The substitution of
one purine base (A<>G) for another purine base or one
pyrimidine base (T«>C) for another pyrimidine base is
known as a transition substitution (Arabnejad et al. 2018).
A purine base becomes a pyrimidine base or vice versa
through transposition substitution (Luo et al. 2016).
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Table 1. The results of detecting leptin gene SNPs in Etawa Cross goats and Senduro goats were compared with the Genbank target of
the Leptin gene in Capra hircus No.Acc AM114397.2 exons 2-3

Sample

Base
position

Multiple alignment sequence

Locus location

Mutation

Mutation type

LS2
LS3
LS4
LS5

LS1
LS2
LS3
LS4
LS5
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LS2
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LS4
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729
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> 710 720
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|

RIEEREREREEENE

-|| 750 160
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LS1T |eeeeeeea
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LS3 e
LS4 |eeeeaeeas
LS5 |eeeeeeee
LPElL  |eeeeiaan
LPE2 |eeeaeeaas
LPE3  |eresenaan
LPE4  |eeeeaeeas
LPES  |eresenaan

HEEEEEEE R

‘|||F|F|FF|F|F

-] 760 770
AM114397.2 CCGCACCTCTCTC
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LS2
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IM114397.2 TCTCCRAGGGE
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LS1
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Exon 2

Exon 2
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Exon 2

T>A

G>A

G>A

A>T

G>C

T>C

Transversion

Transition
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Transversion
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Note: LS1-LS5: Leptin Gene Senduro Goats, LPE1-LPES : Leptin Gene Etawa Cross, A: Adenine, G: Guanine, C: Cytosine, T: Thymine
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Senduro goats (151)
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Capra hircus done BG (Breed Bligon) (MN635656.1)

Capra hircus breed Sirohi (GU/944974.2)

Capra hircus breed Barbari (1Q739232.1)

Capra hircus breed Beetal (10739233.1)

Capra hircus (AM114397.2)

Figure 1. Reconstruction of a nucleotide-based leptin gene phylogeny tree using the Neighbor-Joining (NJ) method, the Kimura-2-

Parameter model, and bootstrap 1000x repetitions

The location of transition and transversion mutations
within the protein-coding gene determines their effects
(Guo et al. 2017). The activity of protein enzymes is not
significantly affected by an event if it takes place in a
location that does not significantly alter the structure of the
protein that is used to preserve the structural integrity of the
cell or if it does not alter the structure of the enzyme or its
active site (Seok 2021). However, a protein's enzymatic
activity decreases when transition and transversion mutations
occur in a protein region that dramatically alters the structure
of the protein's active site (Stoltzfus and Norris 2016).
These mutations have detrimental effects.

The phylogenetic tree of the LEP gene shows that
Etawa cross goats and Senduro goats form the same clade;
a bootstrap score of 86% supports the clade. The bootstrap
score is a measure used to determine the validity of a
family tree. The bootstrap analysis tests how well the
bootstrap model and dataset are supported by the testing
software and how reliable the branches can be in
Phylogenetic tree construction using the Kimura 2-parameter
(K2P) model. Sequence alignment and evaluation of genetic
differences are important steps in molecular evolutionary
studies and DNA barcoding studies (Nishimaki and Sato

2019). The K2P model is the most widely used of all
nucleotide substitution models to estimate genetic differences
or distances and phylogenetic relationships (Su et al. 2014).

Based on the LEP gene sequence, Etawa cross goats
and Senduro goats are very close to Capra hircus clone BG
(Breed Bligon, No. Acc MN635656.1). This proves that
Etawa cross goats and Senduro goats are very closely
related to Bligon goats, with a bootstrap value of 72%.
Based on genetic similarity from this study are Senduro
goats and Etawa Cross goats has a close kinship, instead
there is a distant kinship with the comparison of Capra
hircus, but it has a close kinship between individuals
(Ciptadi et al. 2021).

In conclusion, the LEP gene profile of Etawa cross and
Senduro goats can be identified. Alignment/alignment of
the LEP gene sequence between Etawa cross goats and
Senduro goats has a base length of 860 bp, which can be
aligned with the LEP target gene Capra hircus No. Acc
AM114397.2. Several single nucleotide polymorphisms
(SNPs) were obtained in the LEP gene sequence of Etawa
cross goats and Senduro goats. These SNPs include T723A,
G729A, G758A, A763T, G774C, T1100C, and G1454A.
The SNPs formed are the result of transversion and
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transition mutations. Based on the LEP gene phylogeny
tree reconstruction, Etawa crosses goats, and Senduro goats
are in the same clade and have a close kinship with Bligon
goats.
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