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Abstract
Background and Aim: Java Island is one of the islands in Indonesia which has local sheep breeds with specific characteristics 
and native development geography in certain regions. This study aimed to determine the genetic profiles and maternal origin 
of six local sheep breeds on Java Island.

Materials and Methods: This study was conducted by identifying the profiles of complete mitochondrial DNA (mtDNA) 
displacement loop (D-loop) region sequences on a total of 22 individual in six local sheep breeds on Java Island, including 
Javanese thin-tailed (JTT), Javanese Fat-Tailed (JFT), Batur (BTR), Wonosobo (WSB), Garut (GRT), and Priangan (PRG) 
sheep. The D-loop region was amplified using specific primers, and the polymerase chain reaction (PCR) was performed. 
The PCR products were purified and sequenced.

Results: The mtDNA D-loop analysis identified 21 haplotypes in the analyzed 22 animals with 123 polymorphic sites (V) 
consisting of 60 singleton variable sites (S) and 63 parsimony informative sites (P). Within all breeds tested, the haplotype 
diversity, the average number of pairwise differences (K), and nucleotide diversity (Pi) were 0.99567, 25.36364, and 0.02153, 
respectively. The genetic distance (D) within groups and between groups was 0.001-0.006 and 0.004-0.036, respectively. 
The phylogeny resulted in the presence of two haplogroups (Hap), which are 5 Hap A and 16 Hap B. All JTT, JFT, BTR, and 
WSB breeds were in the same cluster in Hap B, whereas GRT and PRG breeds were in clusters in both Hap A and Hap B.

Conclusion: The high genetic diversity in six local sheep breeds on Java Island suggests that they originated from different 
genetic sources. JTT sheep have closer genetic relationships to JFT, BTR, and WSB sheep, and they are close to European 
sheep, whereas GRT sheep have closer genetic relationships to PRG sheep. Both are closer to Asian sheep than to European 
sheep.
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Introduction

Indonesia is an archipelago country that has 
specific characteristics in each Island and a variety 
of natural and human resources. Java Island is one of 
the islands in Indonesia, which consists of four prov-
inces (Banten, West Java, Central Java, and East Java) 
and two special regions (Jakarta and Yogyakarta). In 
general, these regions have similar characteristics, 
but in certain regions, they have unique characteris-
tics regarding geographic features, natural resources, 
social, and cultural background. The character of the 
region and different natural resources dictate the type 
a socio-cultural community that will be established, at 

least with respect to farming activities. Farming activ-
ities adjust to the conditions of the area, including the 
selection of livestock that is suitable for rising. Sheep 
are one of the many livestock raised by farmers on 
Java Island that have a notable value in society [1,2]. 
Sheep play key roles in providing food, clothing, the 
raw material for traditional housing [3], agriculture, 
economy [4,5], religious festivities, and cultural/tradi-
tional festivals [6-8]. The local sheep are sheep breeds 
raised by local people in particular area and proven 
to be adaptable in that area [9]. At present, eight local 
Indonesian sheep breeds have been established by the 
Ministry of Agriculture of the Republic of Indonesia, 
four of which were developed in the original area 
on Java Island, namely, Garut (GRT), Batur (BTR), 
Wonosobo (WSB), and Priangan (PRG) sheep. Each 
breed has phenotypic characteristics that are easily 
recognized, but genetically many things have not been 
studied. Local Indonesian sheep that are developing at 
this time might be the result of a cross between thin-
tailed sheep or fat-tailed sheep [10,11]. These sheep 
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types have already been developed by the community 
with other various breeds that were imported from 
abroad to form new sheep breeds in the development 
area. However, the genetic origin of local sheep is still 
not known with certainty.

One method to determine genetic diversity, rela-
tionships and origins of local Indonesian sheep are 
to examine the mitochondrial DNA (mtDNA) pro-
file. The mtDNA is an important genetic study tool 
in population and systematic molecular genetics 
because it has many copies with a rapid evolutionary 
rate and is inherited [12]. One part of mtDNA that 
can be observed is the displacement loop (D-loop) 
region or control region. The D-loop is a segment of 
mtDNA that acts as the initial intermediary for rep-
lication and is more variable than are other mtDNA 
regions [3]. Since the D-loop exhibits extraordinary 
levels of variation within species, it can be used to 
track geographical patterns of diversity and evolution 
(phylogeographic), distribution, gene flow, maternal 
origin, demographic expansion, genetic drift, popula-
tion structures, and hybridization [13-15]. The use of 
the mtDNA D-loop sequence to determine the origin 
of sheep has been conducted in several wild sheep 
and domesticated sheep from Asia, Europe, and New 
Zealand [16,17]. However, no in-depth study of the 
genetic profile and origin of all local sheep breeds on 
Java Island according to breed have ever been deter-
mined based on the complete D-loop sequence.

This study aimed to determine the complete 
mtDNA D-loop sequences of six local sheep breeds on 
Java Island, Indonesia. The results of this study can be 
used to determine genetic diversity, genetic distance, 
and relationships between local sheep breeds and 
other species of sheep on Java Island. Furthermore, 
the results can be added to databases and used to com-
plement previous studies on genetic diversity and 
relationships of local Indonesian sheep, especially on 
Java Island.
Materials and Methods
Ethical approval

This study was approved by the Animal Care and 
Use Committee of the Faculty of Veterinary Medicine, 
Universitas Gadjah Mada, with the ethical clearance 
number 002/EC-FKH/Int/2019, and the National 
Political and Unity of Yogyakarta Special District with 
the approval number 074/1850/Kesbangpol/2019.
Sample collection

This study was conducted using blood sam-
ples from 22 individual sheep in six populations of 
local sheep breeds on Java Island and is presented in 
Figure-1. Sheep were sampled by a purposive sam-
pling method, namely, by determining the local dis-
trict sheep population center in the regency, and then 
the specified districts and villages. This study was 
conducted from April 2019 to February 2020. Blood 
was drawn using a 3 mL syringe through the jugular 
vein that had been previously cleaned with alcohol. 

The blood was then collected in vacutainer tubes with 
anticoagulant (ethylenediaminetetraacetic acid), and 
then was stored in a cooler box containing an ice pack 
and transported to the laboratory for further analysis.
Molecular techniques

The DNA was extracted based on the manufac-
turer’s standard protocol using PureLink™ Genomic 
DNA Mini Kits (Invitrogen, USA). The mtDNA 
D-loop was amplified directly from the genomic 
DNA by polymerase chain reaction (PCR). The 
primer was designed using the Primer3 online ver-
sion 4.1.0 program (http://primer3.UT.ee//) [18] based 
on the data from the mitochondria genome of Ovis 
aries (GenBank accession number: AF010406.1). 
The mtDNA D-loop region primer sequences were 
Alek-DLF: 5’-GAAGAAGCTATAGCCCCACT-3’ 
and Alek-DLR: 5’-GATTCGAAGGGCGTTACT-3’ 
that generated 1397 bp of the PCR product. The PCR 
reaction consisted of 4 µL of DNA template, 25 µL 
of KAPA2G Fast Ready Mix+Dye (Kapa Biosystems 
Ltd.), 2 µL of forward primer, 2 µL of reverse primer, 
and 17 of ddH2O. The PCR amplification was con-
ducted using Cleaver GTC96S (Cleaver Scientific 
Ltd.) according to the program: 6-min of pre-denatur-
ation at 94°C, followed by 35 cycles, each consisting 
denaturation at 94°C for 30-s, primers annealing at 
47°C for 40-s, extension at 72°C for 90-s, then ending 
with a final extension at 72°C for 5-min, and storage 
at 4°C. The PCR product was visualized using 1.5% 
agarose gel, and electrophoresis was run at 100 mV 
for 30-min. The result of amplification could be seen 
on the UV illuminator. The purified PCR products 
were sequenced by 1st BASE-Asia, Malaysia.
Statistical analysis

The product length of the D-loop region 
sequences amplification for each individual is 
1800 bp and was analyzed using the molecular evo-
lutionary genetics analysis (MEGA) version 7.0 soft-
ware (Pennsylvania State University, USA) [19]. The 
D-loop region sequences of local sheep were aligned 
using the Clustal W program [20]. The analysis of 
genetic profiles was determined by the difference in 
the nucleotide sequence of the D-loop region. Genetic 
distance was analyzed using the Kimura 2-param-
eter method [21]. Genetic diversity and haplotype 
diversity (HD) were analyzed using DNA Sequence 
Polymorphism version 6 software (Universitat de 
Barcelona, Spain) [22].

Reference mtDNA D-loop region sequences of 
wild and domestic sheep of known haplogroup (Hap) 
types [23] were downloaded from GenBank and used 
as comparators of local sheep breeds on Java Island 
to look up phylogenetic trees and assume their ori-
gin (Table-1). The phylogenetic tree was constructed 
based on the D-loop region sequences using the neigh-
bor-joining method [24] with bootstrap test 1000× 
replication [25] and Kimura 2-parameter method [21] 
in the MEGA program [19].
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Results

Genetic diversity and HD
All local sheep breeds on Java Island have 

D-loop sequences of 1180 bp except for one sample 
(GRT2) that has a length of 1181 bp. The length of this 
sequence, as the long sequence of the D-loop on Ovis 
aries (AF010406.1), was equal to 1180 bp. However, 
differences were found in the sequence at 908 where 
C nucleotide insertion and deletion in the sequence at 
1037 except in the GRT2 sample, which still has a T 
nucleotide at the site.

The alignment of mtDNA D-loop nucleotide 
sequences of local sheep breeds on Java Island enabled 
polymorphic site data to be obtained and is presented 
in Figure-2. The average percentage of  T, A, C, and 
G nucleotides were 29.5%, 31.1%, 22.9%, and 14.4%, 
respectively. The percentage of A+T and C+G nucle-
otide pairs was 62.6% and 37.4%, respectively. Based 
on the aligned D-loop mtDNA nucleotide sequence 
(Figure-2), specific nucleotide substitutions were 
obtained that might represent the genetic markers in 
each breed. The Javanese thin-tailed (JTT) has four 
unique polymorphic sites, namely, at sites 272, 422, 
606, and 660. The unique polymorphic has not been 

found in the other breed that can distinguish it from 
other breeds.

The parameters of genetic diversity and HD 
of the mtDNA D-loop region in six subpopulations 
of local sheep breeds on Java Island are as shown 
in Table-2. The sequencing of the six local sheep 
breeds on Java Island generated sequences of the 
D-loop region throughout 1180 bp and 1 indel (inser-
tion or deletion) (1180+1:1181). It showed that there 
were 123 polymorphic sites (V) (Figure-2), which 
consisted of 63 parsimony informative sites (P) and 
60 singleton variable sites (S), and 130 of the total 
number of mutations. From 22 samples, there were 
21 haplotypes (Hap) with 20 unique haplotypes and 
1 shared haplotype (Hap6: JFT3 and BTR4). The 
average HD, the average number of pairwise differ-
ences (K), and nucleotide diversity (Pi) of the com-
plete mtDNA D-loop in six local sheep breeds of 
Java Island were 0.99567, 25.36364, and 0.02153, 
respectively.
Genetic distance

The value of genetic distance within and between 
groups is presented in Table-3. The genetic distance 
value in local sheep groups on Java Island is 0.001-
0.040, with the lowest in JTT sheep and the highest 
in GRT sheep. The genetic distance values between 
groups of local sheep breeds range between 0.004 
and 0.036. The lowest genetic distance is between 
Javanese fat-tailed (JFT) and BTR or WSB, whereas 
the highest is between JTT and PRG. The JFT, BTR, 
and WSB populations have a high genetic distance 
value with GRT and PRG.
Phylogenetic relationship

The phylogenetic tree of 21 haplotypes in six sub-
populations of local sheep breeds on Java Island and 
mtDNA D-loop sequences of wild sheep and domes-
tic sheep categorized by Hap from GenBank are pre-
sented in Figure-3. The phylogenetic analysis showed 
that local sheep breeds on Java Island are divided into 

Table-1: References of domestic and wild sheep.

Group membership GenBank accession number

Ovis aries
Haplogroup A HM236174, HM236175
Haplogroup B HM236176, HM236177
Haplogroup C HM236178, HM236179
Haplogroup D HM236180, HM236181
Haplogroup E HM236182, HM236183

Ovis musimon HM236184
Ovis vignei HM236187
Ovis ammon HM236188
Ovis orientalis KF312238
Ovis canadensis MH094035
Ovis nivicola MH779626
Ovis dalli MH779627

Figure-1: Sampling sites local sheep on Java Island, Indonesia.
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two Hap, namely, Hap A and B. All JTT, JFT, BTR, 
and WSB sheep are categorized into Hap B.

Discussion
Genetic diversity and genetic distance of local sheep 
breeds on Java Island, Indonesia

The sequence length, in this study, is the same 
as the length of the D-loop sequence in O. aries 
(AF010406.1), which is 1800 bp, but there is a differ-
ence at the 908 site where the C nucleotide is inserted. 
A deletion occurs at the 1037 site except for GTR2 
samples (Figure-1), which has 1 indel (Table-2), but 
still has a T nucleotide on the site. The sequence 
length and characteristics of the T nucleotide at the 
1037 site on GRT2 are similar to those of the Ovis 
orientalis (KF312238). The nucleotide composition 
of six local sheep on Java in this study was almost 
similar to Tibetan sheep [26,27], Small-Tailed Hulun 
Buir sheep, Shandong Large-Tailed sheep, Altay 

Figure-2: Polymorphic sites of mitochondrial DNA D-loop in the local sheep breeds on Java Island. 

Table-2: Genetic diversity and haplotype diversity of local sheep breeds on Java Island based on complete mtDNA 
D-Loop sequence.

Breeds n V S P Indel nHap HapA HapB HD K Pi

All 22 123 60 63 1 21 5 16 0.99567 25.36364 0.02153
JTT 3 11 11 0 0 3 0 3 1.00000 7.33333 0.00623
JFT 3 2 2 0 0 3 0 3 1.00000 1.33333 0.00113
BTR 4 15 15 0 0 4 0 4 1.00000 7.50000 0.00637
WSB 4 12 8 4 0 4 0 4 1.00000 7.33333 0.00623
GRT 4 80 43 37 1 4 2 2 1.00000 45.16667 0.03834
PRG 4 62 57 5 0 4 3 1 1.00000 31.66667 0.02688

JTT=Javanese thin-tailed sheep, JFT=Javanese fat-tailed sheep, BTR=Batur sheep, WSB=Wonosobo sheep, GRT=Garut 
sheep, PRG=Priangan sheep. n=Number of samples, V=Polymorphic sites, S=Singleton variable sites, P=Parsimony 
informative sites, Indel=Insertion and deletion. nHap=Number of haplotypes, HapA=Haplogroup A, HapB=Haplogroup B, 
HD=Haplotype diversity, K=Average number of pairwise different, Pi=Nucleotide diversity

Table-3: Genetic distance values within and between 
groups of local sheep breeds on Java Island based on 
complete mtDNA D-Loop sequence.

Population JTT JFT BTR WSB GRT PRG

JTT 0.006
JFT 0.013 0.001
BTR 0.014 0.004 0.006
WSB 0.015 0.004 0.007 0.006
GRT 0.034 0.026 0.028 0.029 0.040
PRG 0.036 0.031 0.032 0.032 0.030 0.028

JTT=Javanese thin-tailed sheep, JFT=Javanese Fat-
Tailed sheep, BTR=Batur sheep, WSB=Wonosobo sheep, 
GRT=Garut sheep, PRG=Priangan sheep. Genetic distance 
values between groups are shown in normal and within 
groups are shown in bold
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sheep [28], and Alpine Merino sheep [29], with the 
A+T pairs were substantially more common than the 
G+C pairs.

Genetic diversity, besides reflecting differences 
in traits between individuals, also reflects small dif-
ferences in nucleotides [15]. Genetic diversity (Pi) 

Figure-3: Phylogenetic tree of six local sheep breeds on Java Island compared with other species of sheep.
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values ranged from 0.001 to 0.01 and defined three 
categories, that is, a high category that ranged from 
0.008 to 0.01, a medium category that ranged from 
0.005 to 0.007, and a low category that ranged from 
0.001 to 0.004 [30]. The analysis of mtDNA D-loop 
sequences in local sheep breeds on Java Island showed 
a high genetic diversity between breeds (0.02153) 
and within breeds (0.00623-0.03834), except for JFT 
(0.00113), which belonged to the medium category 
(Table-2). The values obtained in this study are simi-
lar to the genetic diversity within breeds of ten Iranian 
indigenous breeds (0.00871-0.04762) [31], lower than 
five Egyptian sheep breeds (0.01433-0.03654) [32], 
Karayaka sheep (0.028-0.044) [33], and higher than 
Dorper sheep (0.0011) [34]. Nucleotide and HD of 
mtDNA are two important indices for assessing pop-
ulation polymorphism and genetic differentiation; the 
higher the HD, the higher the genetic diversity will be, 
and vice versa. Since the HD and nucleotide diversity 
of mtDNA are high, the population polymorphism is 
also high [26,35]. The difference in the results might 
be due to the research methods, including the analy-
sis methods, sample location, and the number of sam-
ples [36,37]. High genetic diversity in these results 
might be influenced by increased mutation rates in the 
mtDNA D-loop, the maternal effect of multiple wild 
ancestors, crossbreeding, and intercrossing in agricul-
tural practices, the mixing of populations from differ-
ent geographical locations, overlapping generations, 
natural selection, and genetic drift [36,38,39].

Genetic distance is the estimate of the closeness 
of genetic relationships or phylogenetics between the 
population, according to the Nei [30]. Genetic dis-
tance is close or equal to 0 (null) and is a very close 
genetic relationship. However, if the values are one 
or more apart, a very distant genetic relationship 
exists. Genetic distance values within groups of local 
sheep breeds on Java Island were between 0.001 
and 0.040, where the value is low. This means that 
within the same breed, they have a close relationship. 
The genetic distance between groups of local sheep 
breeds on Java Island is around 0.004-0.036. The 
lowest genetic distance is between JFT and BTR or 
WSB (0.004), whereas the highest is between JTT and 
PRG (0.036). The JFT, BTR, and WSB populations 
have a low genetic distance value but are quite high 
with GRT and PRG. This means that there is a con-
siderable genetic relationship between JFT, BTR, and 
WSB with GRT and PRG. These results differ from 
the research Prayitno et al. [38], who found by PCR-
RAPD that BTR was closer to GRT than to JTT and 
JFT. However, based on the values of genetic distance 
according to Nei  [30], the values of genetic dis-
tances in this study are still included in the category 
of a close genetic relationship. Need more research 
to find out more detail genetic diversity and genetic 
distances within and between populations. Further 
research can be carried out by comparing samples 
from other regions in Indonesia and from neighboring 

countries [40]. Apart from studying part of mtDNA, 
more detailed studies can also be carried out such 
as microsatellite [41,42], complete mitochondrial 
genome [27,43], whole-genome DNA [44,45], and 
the other studies using the next-generation sequenc-
ing [46] and/or the other methods.
Haplotype analysis

An HD value in the range ≥0 <0.5 was included 
in the low category, whereas an HD value in the range 
>0.5 ≤1 was included in the high category [26,35]. 
Based on the analysis results, as presented in Table-
2, the HD value of six local sheep breeds on Java 
Island in this study is included in the high category. 
The HD value and the average number of pair-
wise differences (K) within all tested breeds were 
0.99567 and 25.36364, respectively. The HD value 
in this study is almost the same as fat-rumped sheep 
in Ethiopia (0.99) [47], five Egyptian sheep breeds 
(0.968) [37], four Polish sheep breeds (0.9720) [39], 
Savak Akkaraman sheep (0.995) [48], Iranian indige-
nous sheep (0.996) [31], Karayaka sheep (0.998) [33], 
and Mongolian native sheep (0.93) [3]. The K value 
in this study is similar to 10 Iranian indigenous sheep 
breeds (25.23) [31], but higher than five Egyptian 
sheep breeds (17.14782) [37], Romanian Racka 
sheep (6.70488) [49], and Savak Akkaraman sheep 
(7.068) [48].

The results of analyzing 22 individual samples 
were used as the basis to form 21 unique haplotypes 
and one shared haplotype. A comparison of the number 
of individual samples and the number of haplotypes 
(Table-2) indicated that each breed had its haplotypes 
that could be due to the high diversity in local sheep 
breeds on Java Island and/or sampling strategy (collect-
ing unrelated individuals) [31]. This is in line with the 
previous studies which states that several sheep breeds 
in Indonesia have high genetic diversity within [39] 
and between [50] populations. Unique patterns in the 
distribution of haplotypes could be attributed to the 
total reproductive isolation because of the harsh geo-
graphical structure of and unique husbandry practice 
on Java Island, that allow farmers to select animals 
with unique phenotypic characters associated with the 
adaptability to different ecological conditions [51,52].
Phylogenetic relationship and the maternal origin of 
local sheep breeds on Java Island

Domestic sheep were divided into five Hap, 
namely, A, B, C, D, and E [53]. Based on phylogenetic 
relationship analysis, this study shows that six local 
sheep breeds on Java Island are divided into two Hap, 
namely, Hap A and B (Figure-3 and Table-2). This is 
in line with the statement of Meadows et al. [53] that 
Indonesian sheep have two Hap, namely, Hap A and B. 
Hap A is mainly represented in Asian breeds, whereas 
Hap B is found in high frequencies in European 
breeds [54,55]. This study is similar to observations 
on four Polish sheep breeds [39], eastern Ethiopia 
sheep [47], and Kail sheep [56] that form two Hap, 
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namely, Hap A and B. All JFT, JTT, BTR, and WSB 
sheep are classified as Hap B. Most GRT and PRG 
sheep are classified as Hap A, but there are GRT sheep 
(GRT1 and GRT2) and PRG1 sheep that are classified 
as Hap B. This pattern is similar to that observed for 
the five Egyptian sheep breeds [37], Romanian Racha 
Sheep [49], and Iberian sheep [57] where Hap B is 
predominant over Hap A. However, this in contrast to 
the observations of the four Nepal indigenous sheep 
breeds [51], Tibetan sheep [26], and native Mongolian 
sheep [3], where Hap A is predominant over Hap B.

This study indicates that most local sheep 
breeds on Java Island are descendants of European 
type sheep. This is also supported by the phyloge-
netic analysis that showed a close relationship with 
Ovis musimon (European Mouflon) (Figure-3). In 
contrast, Dudu et al. [49] stated that different breeds 
from Asia (Indonesia, India, and Mongolia) presented 
exclusively type A haplotypes. The JTT sheep in this 
study were all classified as Hap B. However, the study 
of Meadows et al. [53] found that the JTT sheep are 
divided into two Hap, namely, Hap A and B. The exis-
tence of two divisions of the two Hap is found in GRT 
and PRG sheep. The GRT and PRG sheep are mostly 
classified into Hap A, are different from other sheep 
breeds classified into Hap B. It could be because it 
is still an Asian breed (Asian Mouflon), or it can also 
be related to the Merino breed. Another possibility is 
that the GRT and PRG sheep were previously catego-
rized as local subpopulations or strains of JTT [10]. In 
contrast, the two breeds were only designated as local 
Indonesian sheep breeds in 2011 [58] and 2017 [59]. 
The designation of local sheep breeds by the Ministry 
of Agriculture of the Republic of Indonesia and the 
results of this study can be the basis for future research 
related to the specific determination of samples of 
sheep breeds used. There is a need for further studies 
with more samples to determine the type of Hap in 
more detail.

According to the Ministry of Agriculture [59], the 
origin of the PRG sheep began in 1864 by the Dutch 
government who imported Merino sheep into the PRG 
Residency, West Java. PRG sheep are a cross between 
local sheep, Texel, and Merino [6]. GRT sheep are 
the result of crossing Merino sheep from Australia, 
Kaapstad sheep from Africa, and JFT sheep [60]. The 
phylogenetic analysis (Figure-2) shows the close-
ness of the PRG sheep and GRT sheep with Merino 
sheep from Australia (HM236174). Previous research 
stated that sheep from Indonesia, Mongolia, and Tibet 
had a close Hap A sequence [53,61]. Observations in 
European Mouflon have found Hap B that predom-
inates in European breeds and minorities in Eastern 
Asia breeds [17,55,62,63]. However, notable excep-
tions are the Indonesian breeds, which may have 
resulted from crossbreeding with breeds of European 
origin [53,63].

Indonesia is an archipelago country between 
two continents (Asia and Australia) and two oceans 

(Indian and Pacific). In the past, this area was named 
Nusantara, an area with many tribes and kingdoms 
that were a strategic region for trade with a variety 
of natural resources, especially spices. Many traders 
from Asia, including China and Gujarat (India), and 
from Europe, including Britain, Portugal, and the 
Netherlands/Dutch, traded in this region. Java Island 
is one of the islands in the Nusantara (Indonesia) that 
is a strategic destination of various regions for explor-
ing and trading [64,65]. This vantage point enables 
the introduction of livestock from various countries 
into Indonesia for development before this country 
became independent in 1945. It had been occupied by 
the Dutch government for more than 300 years [65]. 
The Dutch government, at this time, often brought 
various livestock from outside the area to be raised 
in this area, such as cattle, goats, pigs, horses, and 
sheep [60]. No study has stated that native sheep or 
wild sheep originated from the original geographical 
area of Indonesia. It is possible that the sheep devel-
oped in Indonesia currently are from sheep breeds that 
were introduced and developed either by the traders’ 
community or introduced by the Dutch government at 
the time.

This study shows that most local sheep breeds 
on Java Island are included in Hap B, which are 
sheep that have a close relationship with European 
sheep, even though this country is on the Asian con-
tinent. However, there are also local sheep breeds 
on Java Island that are included in Hap A. This indi-
cates that the sheep that developed on Java Island 
were the result of crossing Asian and European 
sheep. However, this study is still limited to a small 
number of samples, but it can be used as a database 
for further research. Observations with data from 
mtDNA are used to determine the maternal inheri-
tance line. It is necessary to have additional obser-
vations of the male’s line so that both maternal and 
paternal lines can be known to find out more about 
the origin of developing breeds. In Indonesia, aside 
from Java Island, there are still other local sheep 
breeds that have been established by the Ministry 
of Agriculture, whereas others have not despite 
their long development in the region. Thus, fur-
ther research on these breeds still needs to be done. 
In-depth studies need to be performed on the genetic 
profiles of local Indonesian sheep breeds with more 
samples, a wider area, more comparative data, and 
various other methods that can describe in more 
detail the origins, characteristics, and productivity 
of Indonesian sheep breeds.
Conclusion

The high genetic diversity of six local sheep 
breeds on Java Island suggests that they originated 
from different genetic resources. The JTT sheep have a 
closer genetic relationship to the JFT, BTR, and WSB 
sheep, and they are close to European sheep. In con-
trast, the GRT sheep have a closer genetic relationship 
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to the PRG sheep. Both are closer to Asian sheep than 
they are to European sheep.
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