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INTRODUCTION 
 
The Simmental Cross cattle in West Sumatra mostly 

originate from the crossing program between the Ongole 
Grade (in Indonesia known as Peranakan Ongole [PO]) and 
the Simmental Purebred sires. The superior properties of the 
Simmental Cross cattle are its good level of adaptability to 
tropical climates and strong ability to grow. As a result, the 
farmers in West Sumatra prefer using the Simmental 
Purebred semen (Siregar et al., 1999) for their cows when 
applying artificial insemination (AI) technology from 
Lembang Artificial Insemination Center (BIB Lembang) or 
Tuah Sakato Artificial Insemination Center (BIBD Tuah 
Sakato). In West Sumatra, artificial insemination has 

intensively used the Simmental Purebred semen for years 
resulting in an increased Simmental Cross cattle population 
in West Sumatra and has generated cattle populations with 
improved morphological profiles compared to the local 
cattle (Agung et al., 2014). This phenomenon inspired the 
farmers and the local Government to design a breeding 
program for the Simmental Cross cattle in West Sumatra. 

The success of the breeding program can be affected by 
several factors, including determining the number of the 
initial (base) population in order to produce offspring 
consistent with the objectives of the breeding program. 
Recently, local farmers and the local Government of West 
Sumatra have been facing difficulties in determining the 
initial (base) population for the breeding program of the 
Simmental Cross cattle. This problem can be caused by 
several factors including insufficiency of genetic 
information about the present status of the Simmental Cross 
cattle, the lack of studies about genetic diversity in 
Simmental Cross cattle, and also the distribution of the 
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Simmental Cross cattle in a large area of West Sumatra, 
Indonesia. 

Microsatellites are almost ideal genetic markers because 
they are abundant, codominant, highly polymorphic, and are 
spread out across the entire euchromatic part of the genome 
(Bennett, 2000). Microsatellites can be used for estimating 
the genetic distance (Rehman and Khan, 2009), the 
relationship among livestock breeds (Maretto et al., 2012), 
and also the genetic diversity (Mao et al., 2008). This study 
was conducted to study the genetic diversity in the 
Simmental Cross cattle in West Sumatra using 
microsatellite markers as scientific evidence for the latest 
status of the Simmental Cross cattle in West Sumatra and 
also grouping the Simmental Cross cattle population in 
West Sumatra that can be used as the initial (base) 
population for breeding programs. 

 
MATERIALS AND METHODS 

 
Blood sampling and DNA collection 

Blood samples were collected from herds owned 
privately and by artificial insemination centers. Genomic 
DNA was extracted using DNeasy Blood & Tissue Kit 
(Qiagen, Hilden, Germany). A total of 176 DNA samples 
were collected and classified into three categories, i.e. 
Simmental Purebred, Simmental Cross, and Ongole Grade 
(PO) cattle (Table 2). Blood samples of Simmental Cross 
cattle were obtained from West Sumatera provinces and 
Karya Anugerah Rumpin (KAR) Farm in West Java, 
Indonesia. Blood samples of Simmental Purebred cattle 
were obtained from two locations, i.e. Lembang Artificial 
Insemination Center (BIB Lembang) in West Java and Tuah 
Sakato Artificial Insemination Center (BIBD Tuah Sakato) 
in West Sumatra, whereas the blood samples from Ongole 
Grade (PO) cattle were obtained from the Research Center 
for Biotechnology (RC Biotech.) Farm in West Java. 

The sampling of the Simmental Cross cattle blood in 
West Sumatra in this study was divided into three areas 
based on the size of the Simmental cattle population i.e. 
high population (Limapuluh Kota), medium population 
(Agam, Padang, Payakumbuh, Solok, Sawahlunto, and 
Tanah Datar), and low population (Pariaman). The samples 
from Pariaman (an area with very low population of 
Simmental cattle) was included in the analysis as a 
comparison study and also to see the status of Simmental 
Cross cattle particularly in areas with very low population 
of Simmental cattle. Information about the Simmental cattle 
population in West Sumatra province was obtained from the 
Indonesian cattle population survey (Statistics Indonesia, 
2011). Geographical distribution of the cattle sampled in 
West Sumatra is shown in Figure 1. 

 

Primers and DNA amplification 
A total of 12 microsatellite labelled primers, which was 

recommended by FAO, were used in the polymerase chain 
reaction (PCR) process (primers sequence, annealing 
temperature, range of PCR product size, and label used are 
shown in Table 1). The PCR reagent composition is as 
follows: KAPA2G Robust HotStart ReadyMix PCR Kit 
(Kapa Biosystems, Cape Town, South Africa) (18 μL), 
forward and reverse labelled primers (200 ng/μL), nuclease 
free water, and DNA samples (5-30 ng/μL). The program in 
the PCR machine (Eppendorf, Hamburg, Germany) was set 
as follows: 94°C; 5 min (1 cycle), 35 cycles consisting of 
three stages: i) 94°C; 30 s, ii) 51°C to 59°C; 30 s (depends 
on primers), and iii) 72°C; 30 s, followed by 1 cycle at 
72°C; 5 min. The PCR products were then visualized by 
electrophoresis using 2% agarose gel and followed by 
ethidium bromide staining. Multiplex DNA fragment 
analysis was afterwards used for allele identification. The 
multiplex DNA fragment analysis was conducted in 1st 
BASE Laboratory, Malaysia. 

 
Data analysis 

Result of the multiplex DNA fragment analysis was 
processed using CONVERT ver. 1.3.1 (Glaubitz, 2004), 
CERVUS ver. 3.0.7 (Kalinowski et al., 2007), MEGA ver. 
6.0 (Tamura et al., 2013), and POPGENE ver. 1:32 (Yeh 
and Boyle, 1997) programs. The CONVERT program was 
used for conversion of the length of alleles which were 
observed for each individual sample to assure suitability for 
further analysis by POPGENE and CERVUS program. Data 
of the heterozygosity, the genetic distance, and the 
polymorphism information content (PIC) value were 

Figure 1. Geographical distribution of the Simmental Cross cattle
in West Sumatra. 
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obtained from POPGENE ver. 1:32 and CERVUS ver. 3.0.7 
analysis result. The genetic distance value was used to make 
a dendrogram that illustrates the relationship among cattle 
populations using MEGA ver. 6.0. 

Bayesian clustering assignments were analysed by 
STRUCTURE ver. 2.2 (Pritchard et al., 2000). Ten 
independent runs were performed for each K between 2 and 
10, with a burn-in period of 10,000 iterations followed by 
100,000 iterations of the Markov Chain Monte Carlo 
algorithm. The STRUCTURE HARVESTER (Earl and 
vonHoldt, 2012), which implements the Evanno method 
(Evanno et al., 2005) was used to identify the optimal 
groups (K). The principal component analysis (PCA) and 
the discriminant analysis of principal components (DAPC) 
were carried out on the microsatellite genotypes to 
determine breed relationships. PCA and DAPC were 
performed using adegenet package (Jombart, 2008) of R ver. 
3.2.0 (2015.4.16) (R Development Core Team, 2015). 

 
RESULTS AND DISCUSSION 

 
Microsatellite polymorphism 

Twelve microsatellite loci from the entire population 
were analysed and 317 alleles consisting of 83 alleles were 

detected in the Simmental Purebred, 143 alleles in the 
Simmental Cross, and 91 alleles in the Ongole Grade (PO). 
The 12 microsatellite loci revealed high polymorphism to 
evaluate the genetic diversity especially in the Simmental 
Cross population. The observed heterozygosity value 
ranged from 0.556±0.071 (KAR Farm) to 0.782±0.029 
(Tanah Datar) and the expected heterozygosity value ranged 
from 0.605±0.061 (Pariaman) to 0.760±0.020 (LIPI Farm). 
The expected heterozygosity was higher than the observed 
heterozygosity in Limapuluh Kota, Agam, KAR Farm, 
Artificial Insemination Center, and LIPI Farm 
subpopulations (Table 2). This condition can be explained 
by several factors, including null alleles, assortative mating, 
the Wahlund effect, selection against heterozygotes, 
inbreeding, or a combination of all these factors (Cervini et 
al., 2006). In addition, the low value of heterozygosity 
indicates that certain breeds are relatively well-conserved 
(Czerneková et al., 2006). 

In this study, the locus TGLA53 allele 168 is a private 
allele for the Simmental Purebred. This allele is a specific 
allele candidate for the Simmental Purebred cattle 
population and needs to be validated by further studies. 
Information about the private allele for the Simmental cattle 
was limited. Putnova et al. (2011) reported that some alleles 

Table 1. Sequence of 12 microsatellite primers used in the study based on FAO (2011) 

Locus Sequence (5’-3’) Label Annealing temp. (°C) 
Size of PCR product 

(base pair) 

TGLA227 F: CGAATTCCAAATCTGTTAATTTGCT Fam 55 75-105 

R: ACAGACAGAAACTCAATGAAAAGCA 

SPS113 F: CCTCCACACAGGCTTCTCTGACTT Hex 55 132-170* 

R: CCTAACTTGCTTGAGTTATTGCCC 

BM1824 F: GAGCAAGGTGTTTTTCCAATC  Tamra 57 176-197 

R: CATTCTCCAACTGCTTCCTTG 

ETH225 F: ATCACCTTGCCAATATTTCC Hex 55 131-159 

R: ACATGACAGCCAGCTGCTACT 

INRA023 F: GAGTAGAGCTACAAGATAAACTTC Tamra 55 195-225 

R: TAACTACAGGGTGTTAGATGAACTCA 

TGLA122 F: CCCTCCTCCAGGTAAATCAGC Fam 57 136-184 

R: AATCACATGGCAAATAAGTACATAC 

CSSM66 F: ACACAAATCCTTTCTGCCAGCTGA Hex 59 171-209 

R: AATTTAATGCACTGAGGAGCTTGG 

ILSTS006 F: TGTCTGTATTTCTGCTGTGG Tamra 59 277-309 

R: ACACGGAAGCGATCTAAACG 

BM1818 F: AGCTGGGAATATAACCAAAGG  Tamra 59 248-278 

R: AGTGCTTTCAAGGTCCATGC 

SPS115 F: AAAGTGACACAACAGCTTCTCCAG Fam 57 234-258 

R: AACGAGTGTCCTAGTTTGGCTGTG 

TGLA126 
 

F: CTAATTTAGAATGAGAGAGGCTTCT Fam 
 

58 
 

115-131 
 R:TTGGTCTCTATTCTCTGAATATTCC 

TGLA53 F: CAGCAGACAGCTGCAAGAGTTAGC Hex 
 

51 
 

143-191 
 R: CTTTCAGAAATAGTTTGCATTCATGCAG 

PCR, polymerase chain reaction; * Based on Movahedin et al. (2010). 



Agung et al. (2016) Asian Australas. J. Anim. Sci. 29:176-183 

 

179

only appear in Simmental cattle i.e. locus ETH225 allele 
158, SPS115 allele 250, TGLA122 alleles 181, and SPS113 
allele 289. While for the Simmental population in our study, 
only locus SPS115 allele 250 and TGLA122 alleles 181 
were observed. It is worth noting that these two alleles were 
observed only in the Simmental Cross cattle population. 

Compared to the FAO (2011) recommendation and the 
results from other studies that also used microsatellites 
which were mostly identical with our study, some 

differences can be observed. The differences may be in the 
minimum and maximum size of allele, the number of 
observed alleles and also the PIC value. The comparison is 
presented in Table 3. Differences in the size range of allele 
and the number of observed alleles in this study were 
reasonable, due to the characteristics of the microsatellites 
that are naturally highly polymorphic. The results from 
Janík et al. (2001) and Czerneková et al. (2006) also 
confirm that a number of microsatellite markers in the 

Table 3. Comparison of size range of microsatellite alleles in Simmental cattle 

Locus Parameter Choroszy et al. (2006) Jevrosima et al. (2009) Riojas-Valdes et al. (2009) This study 

TGLA227 Range (bp) [nA] 77-97 [10] 78-114 [11] 76-98 [13] 71-99 [12] 
 Ho 0.89 0.733 0.9301 0.724 
 PIC 0.824 0.82 0.9999 0.842 
BM1824 Range (bp) [nA] 178-188 [4] 176-190 [6] - 177-195 [7] 
 Ho 0.725 0.71 - 0.591 
 PIC 0.607 0.7 - 0.694 
ETH225 Range (bp) [nA] 140-152 [6] 134-150 [7] 142-162 [5] 134-164 [13] 
 Ho 0.769 0.594 0.7058 0.767 
 PIC 0.642 0.68 0.9809 0.801 
INRA23 Range (bp) [nA] 198-218 [8] 198-220 [11] - 192-218 [12] 
 Ho 0.659 0.774 - 0.696 
 PIC 0.665 0.86 - 0.747 
TGLA122 Range (bp) [nA] 143-161 [5] 136-162 [9] - 135-185 [17] 
 Ho 0.703 0.452 - 0.559 
 PIC 0.591 0.7 - 0.678 
SPS115 Range (bp) [nA] 248-262 [8] 242-254 [6] 250-265 [11] 242-264 [8] 
 Ho 0.667 0.719 0.7983 0.578 
 PIC 0.615 0.6 0.9934 0.627 
TGLA126 Range (bp) [nA] 113-123 [5] 114-124 [6] - 104-130 [10] 
 Ho 0.67 0.667 - 0.604 
 PIC 0.596 0.59 - 0.658 
TGLA53 Range (bp) [nA] 146-190 [16] 150-184 [14] - 128-168 [19] 
 Ho 0.747 0.656 - 0.742 
 PIC 0.851 0.88 - 0.877 
nA, number of alleles; Ho, observed heterozygosities; PIC, polymorphism information content. 

Table 2. Summary statistic of the mean number of observed allele (Na), mean number of effective alleles (Ne), observed (Ho) and 
expected (He) heterozygosities observed in 11 cattle populations 

Population Breed n Na Ne Ho He 

West Sumatra       

Limapuluh Kota Simmental Cross 61 9.583±0.857 4.274±0.517 0.637±0.038 0.732±0.027

Agam Simmental Cross 17 7.083±0.753 3.777±0.532 0.581±0.049 0.683±0.038

Payakumbuh Simmental Cross 10 5.917±0.753 4.127±0.740 0.681±0.087 0.650±0.070

Pariaman Simmental Cross 4 3.750±0.351 2.931±0.260 0.681±0.088 0.605±0.061

Padang  Simmental Cross 12 5.750±0.605 3.698±0.390 0.715±0.050 0.685±0.042

Tanah Datar Simmental Cross 7 5.083±0.468 3.579±0.296 0.782±0.029 0.697±0.028

Sawahlunto Simmental Cross 10 5.667±0.582 3.503±0.363 0.667±0.090 0.656±0.062

Solok Simmental Cross 10 5.917±0.668 4.113±0.503 0.712±0.069 0.686±0.062

KAR Farm_West Java Simmental Cross 15 5.917±0.543 3.448±0.420 0.556±0.071 0.655±0.050

Artificial Insemination Center Simmental Purebred 18 6.917±0.701 3.978±0.382 0.613±0.048 0.723±0.026

RC Biotech. Farm_West Java Ongole Grade (PO) 12 7.583±0.570 4.564±0.421 0.699±0.061 0.760±0.020

Overall - 176 6.288±0.623 3.817±0.439 0.666±0.062 0.685±0.044

KAR, karya anugerah rumpin; RC Biotech., research center for biotechnology. 
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Simmental cattle appeared to be highly polymorphic. 
Typical occurrence and observation of the private alleles 
reveal differences that may be an indication for the unique 
characteristic of the sample used in this study. 

The PIC values in this study and some other studies 
have a high value (PIC>0.5), while the number of observed 
alleles in this study for the entire microsatellite locus is 
higher than what is reported by other studies (Table 3). The 
12 microsatellite loci with a high PIC value have been 
reported in other breeds of cattle (Dadi et al., 2008; Kesvulu 
et al., 2009; Movahedin et al., 2010; Suh et al., 2014). 
Studies of the Simmental Cross cattle have also been 
carried out by Czerneková et al. (2006) and revealed a high 
PIC value and observed heterozygosity values. This enabled 
the 11 microsatellite loci polymorphism to separate the 
local breed cattle in the Czech Republic based on genetic 
distance. 

 
Genetic distance and relationship 

Result of genetic distance analysis shows that the 

Simmental Cross-Pariaman and the Simmental Cross-Solok 
subpopulation have the lowest genetic distance value thus it 
can be interpreted that these subpopulations have a very 
close genetic relationship. In contrast, the Ongole Grade 
(PO)-West Java and the Simmental Cross-Pariaman 
subpopulation have the highest genetic distance value 
(Table 4). All identified alleles in this study were able to 
classify the cattle population into groups. There are 
subpopulations that are closely related and form their own 
group.  

According to the genetic relationship, the Simmental 
Cross cattle from West Sumatra are divided into two groups. 
One group is very close to the Simmental Purebred and the 
other clearly distinct from the Simmental Purebred. Several 
Simmental Cross subpopulations, including the Pariaman 
subpopulation (very low population of Simmental cattle) 
clustering together in one group and separated from the 
Simmental Purebred population (Figure 2). Meanwhile, the 
Simmental Cross-West Java subpopulation is distant to the 
Simmental Cross-West Sumatra and the Simmental 

Table 4. Genetic distance value in 11 cattle population (unbiased measures of genetic identity and genetic distance based on Nei et al. 
[1978]) 

 A B C D E F G H I J K 

A - 0.9172 0.8911 0.7855 0.7884 0.8364 0.8158 0.8123 0.8343 0.7578 0.4432
B 0.0865 - 0.9286 0.7445 0.6662 0.7971 0.7009 0.6983 0.7240 0.6290 0.4717
C 0.1153 0.0741 - 0.6819 0.6916 0.7019 0.6657 0.6630 0.6855 0.6477 0.4236
D 0.2415 0.2951 0.3828 - 0.8680 0.9174 0.8358 0.9495 0.9220 0.6897 0.5235
E 0.2377 0.4062 0.3688 0.1416 - 0.9154 0.7535 0.9063 0.9595 0.6833 0.4505
F 0.1786 0.2268 0.3539 0.0862 0.0883 - 0.8603 0.8930 0.9466 0.7085 0.5269
G 0.2036 0.3554 0.4070 0.1793 0.2830 0.1505 - 0.8396 0.8505 0.6707 0.5091
H 0.2079 0.3591 0.4110 0.0519 0.0984 0.1132 0.1748 - 0.9281 0.6762 0.5011 
I 0.1812 0.3230 0.3775 0.0812 0.0413 0.0549 0.1619 0.0746 - 0.7608 0.5229
J 0.2774 0.4636 0.4343 0.3715 0.3809 0.3446 0.3994 0.3912 0.2734 - 0.4506
K 0.8138 0.7515 0.8589 0.6472 0.7974 0.6407 0.6751 0.6910 0.6484 0.7971 - 
Nei's genetic identity (above diagonal) and genetic distance (below diagonal).  
A, Simmental Purebred; B, Simmental Cross-Limapuluh Kota; C, Simmental Cross-Agam; D, Simmental Cross-Payakumbuh; E, Simmental Cross-
Pariaman; F, Simmental Cross-Padang; G, Simmental Cross-Tanah Datar; H, Simmental Cross-Sawahlunto; I, Simmental Cross-Solok; J, Simmental 
Cross-West Java; K, Ongole Grade (PO)-West Java. 

 
Figure 2. Dendrogram of Simmental Cross-West Sumatra subpopulation using Unweighted Pair-Group Method with Arithmetic mean
method based on Nei et al. (1978). 
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Purebred population as well as to the Ongole Grade (PO)-
West Java population. 

An overview of the genetic relationship on the 
dendrogram (Figure 2) also reveal that the Simmental 
Purebred and the Simmental Cross (Agam and Limapuluh 
Kota subpopulation) are indeed highly related groups. Thus, 
the Simmental Cross in West Sumatra, especially Agam and 
Limapuluh Kota subpopulation is the subpopulation that has 
the closest relationship to the Simmental Purebred cattle. 
Information about the genetic distance in this study 
confirms Agung et al. (2014) who reported that the 
Simmental Cross cattle in Agam and Limapuluh Kota 
district have a close Mahalanobis distance to the Simmental 
Purebred cattle based on morphological parameters. 

Using STRUCTURE HARVESTER, K optimal was 
obtained at K = 2. At K = 2, the Simmental Cross-West 
Sumatra population showed an admixture pattern between 
the Simmental breed and the Ongole Grade (PO) breed. 
Furthermore, the Ongole Grade (PO) cattle breed was 
identified as a separate cluster. The STRUCTURE analysis 
generate similar interpretation with the dendrogram in 
Figure 2. The results confirms the hybrid nature of the 
Simmental Cross-West Sumatra population. In addition, 
distinct genetic difference in the degree of admixture was 
observed between the Simmental Cross-West Java and the 
Ongole Grade (PO) populations. The results from the 
STRUCTURE analysis also revealed that the Simmental 
Purebred cattle in our study may not be considered as pure 
Simmental breed. This may be due to limitation in the 
number of Simmental purebred individuals studied. The 
structure analysis is presented in Figure 3. 

PCA was used to cluster individual microsatellite 
genotypes. PCA clusters individuals only on the basis of 

their genotypes and makes no assumptions regarding the 
Hardy-Weinberg equilibrium or linkage equilibrium 
(Rutledge et al., 2010). PCA analysis also indicated a close 
relationship between the Simmental Cross population and 
the Simmental Purebred population. Based on the results of 
genetic distance that represented by the dendrogram in 
Figure 2 and the PCA analysis results in Figure 4, there was 
scientific evidence that the Simmental Cross cattle in West 
Sumatra are the result of grading-up with the Simmental 
Purebred. In other countries, grading-up the local breed 
cattle has also been done, for example in the Czech 
Republic (e.g. Czech Red) which used Simmental cattle to 
produce the Simmental Cross cattle that genetically had a 
large distance from their local breed cattle (Czerneková et 
al., 2006). 

The DAPC analysis with assumed K = 4 also indicated 
the same result with STRUCTURE result (K = 4). However, 
DAPC assumed a close relationship between the Simmental 
Cross-West Java and the Simmental breed. This could also 
indicate that the Simmental Cross-West Java is the result of 
grading-up with the Simmental Purebred. Moreover, the 
Ongole Grade (PO) and the Simmental Cross-West Sumatra 
were identified as separate clusters (Figures 5 and 6). 

The value of the genetic distance can be influenced by 
many factors, including the number of the population used 
in the study and the objectives of the breeding (Radko et al., 
2005) as well as the massive introgression of the breed 
cattle that was possible because of the geographical 
relationship (Zhou et al., 2005). This geographical 
relationship might be one of the influential factors that 
caused a tight genetic relationship between the Simmental 
Cross (Agam and Limapuluh Kota subpopulations) in West 

Figure 3. Genetic structures of the Simmental Purebred cattle
population (1), the Simmental Cross-West Sumatra (2), the
Simmental Cross-West Java (3), and the Ongole Grade (PO) breed
(4). Black lines separate individual populations whose names are
indicate. 

Figure 4. First and third components of a principle components
analysis of 12-locus microsatellite genotypes from the Simmental
Cross, the Simmental Purebred, and the Ongole population. 
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Sumatra and the Simmental Purebred population. According 
to the evaluation of the results regarding genetic diversity 
and advantages possessed by the Simmental Cross cattle, 
the Simmental Cross population in Agam and Limapuluh 
Kota can be considered as the initial (base) population for 
the Simmental Cross cattle breeding programs in West 

Sumatra, Indonesia. 
 

IMPLICATIONS 
 
Information about comparison between the groups of 

Simmental Cross cattle population in West Sumatra based 
and the Simmental Purebred cattle based on their genetic 
distance values provide some benefits for farmers and the 
local government to design future conservation and 
breeding programs as well as enrich the local cattle genetic 
resources. 
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