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Abstract

Buffalo is a livestock that is used for meat, milk, draught animals, and religious ceremonies in
Indonesia. Buffalo genetic information has not been obtained optimally for the development of buffalo
breeding programs. Allele frequency is essential information to determine the genetic diversity of a
population. This study investigates the use of one of the multivariate analyzes, hierarchical clustering on
principal component (HCPC). The data used were microsatellite allele frequency data of 199 swamp
buffaloes and 12 river buffaloes in 8 population (7 populations swamp buffalo and 1 population of river
buffalo). Furthermore, the data is processed using factoextra and FactoMineR package in R 4.0.0. The
results found that the ILSTS61 and ILSTS17 loci could be used as genetic markers to determine the
genetic relationship of Indonesian buffalo. From the study, it is concluded that the HCPC method with
allele frequency data can be used to analyze genetic relationships in Indonesian buffalo. The PC
(Principle Component) value can describe which loci determines the genetic relationship.
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Introduction

Genetic diversity in indigenous breeds is a major concern considering the necessity of preserving
what may be a precious and irreplaceable richness, regarding new productive demands [1]. Conservation
should be based on a deep knowledge of the genetic resources of the specific breed [2,3]. Therefore, it is
important to try to characterize genetically indigenous breeds. Genes affecting polygenic traits and
characterizing milk or meat productions are difficult to identify. The maintenance of genetic diversity in
livestock species requires the adequate implementation of conservation priorities and sustainable
management programs, which should be based on comprehensive information regarding the structure of
the populations, including sources of genetic variability among and within breeds [6]. Genetic diversity is
an essential component for population survival, evolution, genetic improvement and adaptation to
changing environmental conditions [7,8]. Molecular methods based on molecular markers, such as
RAPD, RFLP and microsatellites, are useful tools to study the genetic variations [9]. Short tandem
repeats known as microsatellites are widely used as molecular markers of choice for genetic studies.
Advantages of microsatellites are high degree of polymorphism due to existence of several alleles at each
locus, their large number, distribution throughout the genome, high level of polymorphism, neutrality
with respect to selection, codominant inheritance and easy automation of analytical procedures [9,10].

Buffaloes are livestock that is used to produce meat, milk, and draught animals. In Southeast Asia,
buffalo are used in rice cultivation activities, especially in Indonesia. The genetic diversity of buffalo
observed phenotypically is very diverse [11]. Genetic diversity analysis usually uses genetic markers such
as mtDNA, Y chromosome, microsatellites, or functional genes. In Indonesia, there are 13 breeds of
swamp buffalo (Gayo, Jawa, Kalang Kalsel, Kalang Kaltim, Kuntu, Moa, Pampangan, Simeulue,
Sumatra-Barat, Sumatra-Utara, Sumbawa and Toraja) and 1 breed of river buffalo (Murrah) [12].

The diversity of buffalo in Indonesia has been carried out based on the cytochrome oxidase subunit
I[13], Cytochrome B [14,15] and microsatellite [5,16]. DNA sequences and body size of livestock can be
used to determine the genetic relationships of different populations. Indonesian buffalo based on
morphometrics has been carried out by Anggraeni et al. [17]. Based on the microsatellite approach and
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morphometrics, it produces a large number of clusters in Indonesian buffalo. Multivariate analyes such as
principle component analysis (PCA) and principle coordinate analysis (PCoA) were the statistical
methods implemented for genetic markers [18]. The multivariate method that can be used for genetic
markers is Hierarchical Clustering on Principal Components (HCPC). HCPC is one of multivariate
analysis that involved the application of objective clustering techniques to the principal components
analysis results [19]. HCPC had similar result with PCA and Neighbor-Joining [20]. HCPC is also used to
identify different patterns of the SARS-CoV-2 epidemic across Italian regions [21].

Genetic relationships of different populations and closely related species can be inferred using allele
frequency data [22]. Genetic distance is usually calculated based on allele frequency data. Furthermore,
the phylogenic tree is described based on genetic distance data. In addition to methods for reconstructing
phylogenetic trees, the multivariate analysis itself has been widely used in analyzing genetic diversity in
livestock. This study aims to analyse the use of allele frequency data using Hierarchical Clustering on
Principal Components (HCPC).

Materials and methods

Allele frequency data used are derived from Saputra et al. [16], consisting of 199 swamp buffaloes
and 12 river buffaloes collection of Laboratory of Animal Molecular Genetics, Faculty of Animal
Science, IPB University. Allele frequency data were also analyzed using Hierarchical Clustering on
Principal Components (HCPC). HCPC was carried out using the FactoMineR [23]. The results were
visualized using the factoextra [24] packages in the R 4.0.0 [25].

Results and discussion

Principal Component 1 (PCl) with an eigenvalue of 3,934 or in other words, 39.34 % of the
variation can be explained by PC1 (Table 1). Moreover, 26.23 % of the variation can be explained by
Principal Component 2 (PC2). Therefore, about 65.57 % of the variation can be explained by PC1 and
PC2 simultaneously.

Table 1 Eigenvalue of the principal component from frequency allele data.

Principal component Eigenvalue
PCl1 3.934298e+00
PC2 2.622625e+00
PC3 1.486106e+00
PC4 5.246031e-01
PCs 4.211559¢-01
PC6 1.121251e-02
PC7 1.341476e-31

The variables that correlate the most with the PC1 are ILSTS61-Allele B (20.308), ILSTS17-Allele
A (15.439), ILSTS17-Allele B (15.439), and ILSTS61-Allele C (13.179) (Table 2). The first principal
component is positively correlated with all 4 of these variables. On the other hand, The variables that
correlate the most with the PC2 are ILSTS61-Allele A (27.374), ILSTS61-Allele E (14.619), ILSTS17-
Allele A (12.372), and ILSTS17-Allele B (12.372). A larger PC value can better explain variations in the
data. Therefore, ILSTS61 and ILSTS17 loci can be used to describe the genetic relationships of buffalo in
Indonesia.
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Table 2 Principal components values from frequency allele data.

Variable (Loci) PC1 PC2
CSSM66-Allele A 11.605 9.183
CSSM66-Allele B 11.605 9.183
ILSTS61-Allele A 0.143 27.374
ILSTS61-Allele B 20.308 0.053
ILSTS61-Allele C 13.179 6.173
ILSTS61-Allele D 0.419 8.671
ILSTS61-Allele E 11.863 14.619
ILSTS17-Allele A 15.439 12.372
ILSTS17-Allele B 15.439 12.372

The genetic relationship of Indonesian buffalo using the HCPC method was found in 4 clusters:
Cluster 1 (River buffalo from North Sumatra), cluster 2 (Aceh, North Sumatra, and Riau), cluster 3
(Central Java, West Nusa Tenggara, and South Sulawesi), cluster 4 (Banten) (Figure 1). That results is
different from the results of using the Neighbor-Joining method conducted by Saputra et al. [16], which
found 3 clusters where buffalo from Banten grouped with Central Java, West Nusa Tenggara, and
Sulawesi. The difference is due to different approaches. However, other multivariate methods, such as
PCA and PCoA, have been widely used to analyze genomic data [26,27].

Buffaloes from Aceh, North Sumatra and Riau become 1 cluster because these areas are on the same
island, namely Sumatra island. South Sulawesi, West Nusa Tenggara and Central Java became 1 cluster
possibly due to the domestication routes to Sulawesi Island, Nusa Island, and Java Island. Banten buffalo
are in a different cluster, possibly because Banten is an area on the island of Java which is adjacent to the
island of Sumatra. This finding also supported Colli et al. [28] suggestion about 2 route of post-
domestication migration to Indonesia.
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Figure 1 Hierarchical clustering on principal components of Indonesian buffaloes.
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Conclusions

This study suggests that allele frequency data can be used to determine genetic relationships among

population using HCPC method. The ILSTS61 and ILSTS17 loci can be used as genetic markers to
determine the genetic relationship of Indonesian buffalo based on the PC1 and PC2 values. We also
suggested to observe PC value, where the PC value can determine which the loci is influential in
determining a genetic relationship.
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