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ABSTRACT

Indonesia has high genetic resources of local swamp buffalo with good adaptation across
regions. However, these animals decline in both population and genetic quality. This research was
conducted to study the genetic diversity of Indonesian swamp buffalo. A total of 199 DNA samples
(swamp buffalo) from seven provincial populations were used in this study. Genetics identification
used three microsatellite markers (CSSM66, ILSTS61, and ILSTS17). Microsatellites were visualized
by Polyacrylamide Gel Electrophoresis (PAGE) 10% with silver staining method. Microsatellite data
were analyzed using GenAlEx 6.41, Cervus 3.0, and POPTREE2 software. The results showed that a
total of 9 alleles were found from the three loci. ILSTS61 had a high PIC (Polymorphism Information
Content) compared to the other loci. The high observed heterozygosity of ILSTS61 was found in
swamp buffalo from Riau Province, while the Ho value of ILSTS17 ranged from 0.000 to 0.170. This
study identified two clusters for Indonesian swamp buffalo, i.e., cluster I (Aceh, North Sumatra, and
Riau) and cluster II (Banten, Central Java, West Nusa Tenggara, and South Sulawesi). The two major

divergent directions are considered in Indonesia swamp buffaloes across the observed provinces.
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INTRODUCTION

Animal genetic resources are important parts of
genetic materials in supporting food security for human
life. Animal genetic resources are also essential raw ma-
terials in their sustainable uses for livestock production
(Kantanen et al., 2015). Moreover, conservation and sus-
tainable use of animal genetic data are also part of the
Food and Agriculture Organization (FAO) program to
strengthen the contribution of livestock in maintaining
food security and development, and to prevent the loss
of animal genetic resources at regional, national, and
global levels. Hence, the molecular genetic characteriza-
tion of livestock is needed, especially for local swamp
buffaloes, because genetic information on them is very
useful to achieve a complete molecular genetic variabil-
ity information.

These molecular genetic variabilities become
important information for selective breeding programs
and conservation programs of local swamp buffaloes in
Indonesia. However, selective breeding has limitations
on molecular data on the existing local swamp buffalo
genetic variation across countries. Previously wide stud-
ies on buffalo domestication have been conducted and it
was concluded that the origin of buffalo domestication
occurred in China (Yue et al., 2013). Microsatellites have
been widely used for the study of genetic diversity on
various types of livestock in Indonesia such as in cattle

(Abdullah ef al., 2012; Agung et al., 2016; Agung et al.,
2019), goats (Zein et al., 2012), and sheep (Jakaria et al.,
2012). Microsatellite studies in local swamp buffaloes
have been reported in Indonesia, but are still limited.
Based on previously microsatellite studies, buffaloes
from Bogor and Sulawesi have a close relationship with
buffalo from Australia (Barker et al.,, 1997). A study on
genetic diversity based on microsatellite has not been
conducted especially in Indonesia. This study aims to
determine genetic diversity based on microsatellite
markers on several swamp buffaloes’ populations in
Indonesia so that breeding programs can be determined
for the future.

MATERIALS AND METHODS
DNA Samples

The buffalo DNA samples are a collection of
Laboratory of Animal Molecular Genetics, Faculty of
Animal Science, IPB University. A total of 199 swamp
buffalo DNA samples consisting of populations from
Aceh (30), North Sumatra (30), Banten (30), Central
Java (30), West Nusa Tenggara (30), South Sulawesi
(30), Riau (19), and 12 river buffalo DNA samples from
North Sumatra. DNA specimens were collected from
2009-2012.
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PCR Amplification

A total of 3 microsatellite primers, i.e,, CSSM66,
ILSTS61, and ILSTS17, were used by Kathiravan et al.
(2009). The PCR reagent composition was as follows:
DNA samples (25 ng to 50 ng) primer; 10 mM dNTPs
(Thermo Scientific, USA), 25 mM MgCI2 (Thermo
Scientific, US); 10x Buffer (Thermo Scientificc USA), 5
U/uL Dream-Taq Polymerase (Thermo Scientific, USA),
and Nuclease Free Water (Thermo Scientific, USA). The
Polymerase Chain Reaction (PCR) program was per-
formed under the following condition: initial denaturing
at 94°C for 5 min followed by 30 cycles of 15 s at 94°C,
15 s at 55°C, 15 s at 72°C, and a final elongation of 1 min
at 72°C. The amplicon was visualized by Polyacrylamide
Gel Electrophoresis (PAGE) 10% with silver staining
method (Byun et al., 2009).

Data Analysis

The observed variables were the number of alleles
(na), effective alleles (ne), observed heterozygosity
values (Ho), expected heterozygosity values (He), were
analyzed using GenAlEx 6.41 software (Peakall &
Smouse, 2012). The polymorphism information content
(PIC) and Hardy-Weinberg (HW) were obtained from
Cervus 3.0 (Kalinowski et al., 2007). Nei genetic distance
and dendrogram were obtained from allele frequencies
using POPTREE2 software (Takezaki et al., 2010). The
dendrogram was generated using the Neighbor-Joining
method with bootstrapping 1000 times.

RESULTS
Microsatellite Variability

Study on the three microsatellite loci from 7 popu-
lations of swamp buffalo in Indonesia identified 9 alleles
that consisted of 8 alleles detected in Aceh, 8 alleles in
the North Sumatra, 7 alleles in Riau, 8 alleles in Banten,
7 alleles in Central Java, 8 alleles in West Nusa Tenggara,
and 8 alleles in South Sulawesi (Table 1). The CSSM66
allele A was found only in Banten, while the ILSTS61
allele A was found in Aceh, North Sumatra, Riau, West
Nusa Tenggara, and South Sulawesi.

Table 1. Allele frequencies of Indonesian swamp buffaloes

Microsatellite analysis results showed that the
ILSTS61 locus had high heterozygosity values across
swamp buffalo populations. The exception was for river
buffalo populations in North Sumatra (Table 2). The
Hardy-Weinberg results showed the ILSTS61 locus in
the populations of Riau, Banten, Central Java, and West
Nusa Tenggara was in Hardy-Weinberg equilibrium.

Heterozygosity of Microsatellite

The observed heterozygosity of three loci values
ranged from 0.000 (CSSM66) to 0.620 (ILSTS61) and
the expected heterozygosity values ranged from 0.060
(CSMM66) to 0.770 (ILSTS61). The ILSTS61 locus had
high Ho, He, and PIC values from the three loci (Table
3). A high PIC value illustrated the level of identifying
information or locus used, which was very informa-
tive as a marker (marker). The CSSM66 and ILSTS17
loci had two alleles, compared to the ILSTS61 locus,
whereas the CSSM66 and ILSTS17 loci had more repeti-
tive motives than the ILSTS61 locus (Kathiravan et al.,
2009).

Genetic Distance

The result of genetic distance analysis showed that
the genetic distance value of Indonesian swamp buffalo
ranged from 0.021 to 0.168 (Table 4). Buffalo population
from North Sumatra and Riau population had the clos-
est genetic distance compared to the others. In contrast,
the North Sumatra and the Banten population had the
highest genetic distance value (Figure 1). Furthermore,
all of the swamp buffalo populations from seven prov-
inces had a closer genetic distance.

DISCUSSION

This study on three loci in seven provincial, lo-
cal swamp buffalo populations found two alleles
in CSMM66 and ILSTS61. These two CSMM66 and
ILSTS61 loci possessed a small allelic number compared
to those swamp buffaloes from India (Mishra et al.,
2015). A lower number of alleles identified from lo-
cal swamp buffaloes in this study could be caused by
inbreeding. This may be some possible condition, such

Population
Locus Allele
1 2 3 4 5 6 7 8
CSSM66 A 0.000 0.000 0.000 0.200 0.000 0.000 0.000 0.000
B 1.000 1.000 1.000 0.800 1.000 1.000 1.000 1.000
ILSTS61 A 0.220 0.200 0.390 0.000 0.000 0.040 0.030 0.000
B 0.150 0.400 0.450 0.020 0.280 0.250 0.100 1.000
C 0.600 0.370 0.130 0.430 0.340 0.150 0.170 0.000
D 0.015 0.015 0.030 0.100 0.200 0.180 0.480 0.000
E 0.015 0.015 0.000 0.450 0.180 0.380 0.220 0.000
ILSTS17 A 0.820 0.470 0.580 0.600 0.520 0.700 0.320 0.000
B 0.180 0.530 0.420 0.400 0.480 0.300 0.680 1.000

Note: 1= Aceh; 2= North Sumatra; 3= Riau; 4= Banten; 5= Central Java; 6= West Nusa Tenggara; 7= South Sulawesi; 8= River Buffalo (North Sumatra)
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Table 2. Statistical summary based on population

Population Locus N Na Ho He HW
Aceh CSMM66 30 1 0.000 0.000 nd
ILSTS61 30 5 0.600 0.570 63.08***
ILSTS17 30 2 0.100 0.340 14.92%**
North Sumatra CSMM66 30 1 0.000 0.000 nd
ILSTS61 30 5 0.430 0.670 80.86***
ILSTS17 30 1 0.000 0.000 nd
Riau CSMM66 19 1 0.000 0.000 nd
ILSTS61 19 4 0.890 0.000 7.91rs
ILSTS17 19 2 0.110 0.000 11.68***
Banten CSMM66 30 2 0.000 0.000 30%**
ILSTS61 30 4 0.730 0.630 3.814ns
ILSTS17 30 2 0.070 0.490 22.245%**
Central Java CSMM66 30 1 0.000 0.320 nd
ILSTS61 30 4 0.630 0.610 10.99ns
ILSTS17 30 2 0.170 0.480 13.32%**
West Nusa Tenggara CSMM66 30 1 0.000 0.000 nd
ILSTS61 30 5 0.730 0.740 17.70m
ILSTS17 30 2 0.070 0.500 21.232%**
South Sulawesi CSMM66 30 1 0.000 0.000 nd
ILSTS61 30 5 0.670 0.730 23.202*
ILSTS17 30 2 0.100 0.420 17.738***
River Buffalo — North Sumatra CSMM66 12 1 0.000 0.000 nd
ILSTS61 12 1 0.000 0.700 nd
ILSTS17 12 1 0.000 0.430 nd

Note: n=number of samples; Na= observed allele; Ho= observed heterozygosity; He= expected heterozygosity; HW= Hardy-Weinberg; nd= not done;

ns= not significant; *= p<0.05; **= p<0.01; **= p<0.001.

Table 3. Statistical summary based on three loci

Locus Na Ho He PIC HW
CSMM66 2 0.000 0.060 0.050 nd
ILSTS61 5 0.620 0.770 0.740 xHE
ILSTS17 2 0.080 0.480 0.360 xR

Note: Na= observed allele; Ho= observed heterozygosity; He= expected heterozygosity; PIC= polymorphism information content; HW= Hardy-

Weinberg; nd= not done; ***= p<0.001.

as due to the limited use of bulls in mating females or
small effective population sizes of a certain population.
One previous study reported a small effective popula-
tion might cause inbreeding in local swamp buffalo in
some areas in Banten (Praharani & Sianturi, 2018). The
number of individuals in a population was affecting
the level of inbreeding, and a small population affected
inbreeding depression (Pekkala et al., 2014). A study of
genetic distance between swamp buffaloes in Indonesia
was conducted by Anggraeni et al. (2011) with morpho-
logical analysis and found three clusters, i.e., cluster I
(South Kalimantan, Aceh, and Banten), cluster II (South
Sulawesi, Central Java, and North Sumatra), and cluster
III (West Nusa Tenggara).

On the other hand, this study found two clusters,
i.e.,, western cluster (Aceh, North Sumatra, and Riau)
and eastern cluster (Banten, South Sulawesi, Central
Java, and West Nusa Tenggara) (Figure 1). Furthermore,
the variation of COI (Cytochrome Oxidase Subunit I)

in Indonesia swamp buffalo showed three haplotypes
among Indonesian swamp buffalo and two haplotypes
found in buffalo from North Sumatra and Riau (Saputra
et al., 2013). Based on the variation of COI gene proved
two clusters i.e. cluster I (Sumatra Island) dan cluster II
(Java Island, West Nusa Tenggara, and South Sulawesi).

This study found no correlation between molecular
and morphological when compared with research con-
ducted by Anggraeni et al. (2011). In contrast, another
research found there was a correlation between the
evolutionary rate of molecular and morphological
(Seligmann, 2010). This is possible because of the small
number of samples and loci. According to Arthofer et
al. (2018), two highly polymorphic loci are visible in the
flies population. However, in this study only found one
high polymorphic locus of three loci across seven pro-
vincial, local buffalo populations.

Colli et al. (2018) explained buffaloes from China
migrate from the Philippines to South Sulawesi, causing
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Table 4. Nei’s genetics distance (Da) of Indonesian swamp buffalo

Population 2 3 4 5 6 7 8
1 0.038 0.061 0.151 0.097 0.098 0.158 0.396
2 0.021 0.168 0.068 0.086 0.114 0.213
3 0.240 0.120 0.111 0.149 0.227
4 0.075 0.080 0.099 0.444
5 0.025 0.035 0.259
6 0.047 0.317
7 0.286

Note: 1= Aceh; 2= North Sumatra; 3= Riau; 4= Banten; 5= Central Java; 6= West Nusa Tenggara; 7= South Sulawesi; 8= River Buffalo (North Sumatra).

River Buffalo - North Sumatra

West Nusa Tenggara

Central Java

South Sulawesi

Banten

Riau

North Sumatra

Aceh

A
0.020

Figure 1. Dendrogram of Indonesian swamp buffalo using Unweighted Pair Group Method
with Arithmetic Mean (UPGMA) method

more similarity between buffaloes in the Philippines and
those in South Sulawesi. Rusdin et al. (2020) found two
clusters of swamp buffaloes from South East Sulawesi
that were different clusters from swamp buffaloes in
Banten, West Nusa Tenggara, and Aceh. Moreover,
it was reported that there was a genetic closeness in
swamp buffaloes from the Philippines, South Sulawesi,
and Southeast Sulawesi. Local swamp buffaloes from
Sumatra, Java, and West Nusa Tenggara might be as the
result of migration from the Thailand swamp buffaloes
(Colli et al., 2018). In contrast, the dendrogram of this
study showed that local buffaloes from Java and West
Nusa Tenggara were different from those from Sumatra.
According to Zhang et al. (2011), Indonesian buffaloes
have similarities with buffaloes in South-western China,
a location for the domestication of Lineage A (Yue et
al., 2013). This proved that buffaloes in Indonesia were
the result of the domestication of buffalo in China (Yue
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et al., 2013; Zhang et al., 2016). Based on the whole mi-
togenomes, the possibility of buffalo domestication in
Southeast Asia occurred in the China-Vietnam border
region (Wang et al., 2017).

The diversities of mtDNA and Y chromosome in
swamp buffaloes were higher than those in river buf-
falo (Zhang et al., 2016). These three loci observed in this
study were also observed by Kathiravan et al. (2009) in
river buffalo in Marathwada, showing the high diversity
of these three loci in river buffaloes from Marathwada.
In contrast, the river buffaloes in North Sumatra had a
low diversity (monomorphic). Inbreeding might be a
possible cause of low diversity in river buffaloes from
North Sumatra. The dendrogram in this study could
distinguish between river buffalo (Bubalus bubalis) and
swamp buffalo (Bubalus bubalis carabanesis) in the level of
subspecies.
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CONCLUSION

The ILSTS61 locus was highly polymorphic for de-
tecting genetic diversity among the Indonesian swamp
buffaloes. This study found two clusters for Indonesian
swamp buffalo. The western cluster consisted of Aceh,
North Sumatra, and Riau, while the eastern cluster con-
sisted of Banten, Central Java, South Sulawesi, and West
Nusa Tenggara. These results will be useful for breeding
and conservation management of Indonesian swamp
buffaloes.
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