
 

 

 

 

 



 

 

 

 



 

 

 

 



 

 

Lampiran: 



Revealing the genetic diversity of Sumbawa endemic horse using 1 

microsatellite-based DNA fingerprint 2 

AKHMAD SUKRI 3 

Manuscript received: DD MM 2016 (Date of abstract/manuscript submission). Revision accepted:  4 

Abstract. The purpose of this study was to reveal the genetic diversity of the Sumbawa endemic horse using a microsatellite-based DNA 5 
fingerprint. Blood samples were taken from 24 individual horses from two different populations, Lalar and Liang, West Sumbawa 6 
Regency, Indonesia. A total of 4 microsatellite primers were used in this study, INRA032, HEL09, CA425, and AHT4. This study 7 
revealed that the genetic diversity of horses in the Lalar population was higher than Liang. A greater number of alleles reinforces this; 8 
higher number and frequency of bands; and the presence of private bands that indicate unique alleles. This research shows that the 9 
Sumbawa horse is unique from other horse breeds in the world. This is evidenced by the lower number of alleles per locus (Na) with a 10 
maximum number of two alleles per locus. Sumbawa horses have higher observed heterozygosity (Ho) than expected heterozygosity 11 
(He), with a Ho value less than 0.5. Analysis of Molecular Variance result has shown that variation within the population was higher 12 
than among the population. This is presumably due to the high gene flow in both horse populations caused by inbreeding. Similarity 13 
analysis strengthens the hypothesis, which is indicated by mixing buffalo individuals from the two populations in one cluster. In general, 14 
AHT4 primers had the best ability to reveal the genetic diversity of Sumbawa horses with the highest Shannon's information index 15 
compared to other markers. 16 

Keywords: Genetic diversity, Sumbawa horse, DNA fingerprint, microsatellite 17 

Running title: Sumbawa horse microsatellite DNA fingerprint  18 

INTRODUCTION  19 

DNA fingerprinting is an individual identification technique using individual DNA profiles (Singla et al., 2017). This 20 

identification process is carried out by comparing DNA sequences that are unique to each individual (Choi et al., 2008). 21 

DNA fingerprinting is widely used in forensics and paternity identification (Krishnamurthy et al., 2011). In addition, DNA 22 

fingerprints are also widely used to identify genetic diversity and relationships in plants (Selvakumari et al., 2017; Jamil et 23 

al., 2021), poultry genetic diversity (Farrag et al., 2010), livestock (Fadhil et al., 2013), even widely used for the 24 

identification of fish species (Al-Faisal et al., 2019). DNA fingerprinting includes techniques such as Restriction Fragment 25 

Length Polymorphism (Nishikaku et al., 2019), randomly amplified polymorphic DNA (El-Mouhamady et al., 2019), and 26 

Amplified Fragment Length Polymorphism (Vigneshwaran et al., 2017; Malik et al., 2022). Variable Number Tandem 27 

Repeat (VNTR) or Short Tandem Repeat (STR) based PCR is most often used in DNA fingerprinting because it has high 28 

sensitivity and the procedure takes less time (Choi et al., 2008). One of the molecular markers, a Short Tandem Repeat 29 

often used for genetic analysis of livestock, is a microsatellite (Teneva et al., 2018). 30 

Microsatellites are single locus DNA sequences with very high polymorphisms that are spread throughout the genome 31 

(Heryani et al., 2019). Microsatellites have repeating copies, usually 1 to 6 nucleotides long (Garkovenko et al., 2018). The 32 

repetition of this DNA unit can be in the form of mononucleotides, dinucleotides, trinucleotides, tetranucleotides, and so 33 

on (Mason, 2015; Donnik et al., 2017). Microsatellite DNA markers have been widely used to study genetic diversity 34 

because they are randomly distributed throughout the genome, codominant, and have high polymorphism (Putman & 35 

Carbone, 2014). Microsatellite markers have been widely used for genetic diversity analysis in plants (Saptadi et al., 2020; 36 

Parmar et al., 2022), poultry (Luis-Chincoya et al., 2021), cattle (Agung et al., 2019), buffalo (Vohra et al., 2021), and 37 

horses (Kim et al., 2021). In Indonesia, research on livestock genetic diversity still needs to be done because some of the 38 

genetic resources of native Indonesian livestock are threatened with extinction due to a small population and limited 39 

distribution (Sutarno et al., 2015). One of the leading local livestock owned by Indonesia is the Sumbawa horse (Wibisono 40 

et al., 2017; Mujahid et al., 2019). 41 

Sumbawa horse is one of Indonesia's local horse families, which is a native Indonesian genetic resource that needs to 42 

be protected and conserved with a geographical distribution on Sumbawa Island, West Nusa Tenggara (Keputusan Menteri 43 

Pertanian, 2011). The Sumbawa horse has an essential meaning for the Sumbawa people, both from an economic and 44 

socio-cultural perspective. From the economic aspect, Sumbawa horse milk is used for consumption needs in the form of 45 

wild horse milk which is beneficial for health (Prastyowati, 2021), while from the socio-cultural aspect, Sumbawa horses 46 
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are used as a horse racing vehicle called "Main Jaran". This horse racing culture has a high philosophy for one's social 47 

status. In addition, horse racing culture can strengthen brotherhood, preserve culture and serve as people's entertainment 48 

(Asidah, 2020). Seeing the importance of the existence of the Sumbawa horse, it is necessary to preserve the genetic 49 

resources of the Sumbawa horse. Information on the genetic status of the Sumbawa Horse as one of Indonesia's native 50 

livestock is very important as a step in developing a conservation strategy in the long term (Sutarno et al., 2015). 51 

Research that reveals the genetic diversity of Sumbawa horses has never been done. So far, research related to 52 

Sumbawa horses has focused on milk quality (Saragih et al., 2013). The latest research on the genetic diversity of horses 53 

was reported by Lapian (2021). The study is only a review of the results of research that has been carried out by people in 54 

several countries and has not revealed the genetic diversity of the Sumbawa Horse. Another study by Wibisono et al., 55 

(2017) only revealed the morphological diversity of horses and had not used genetic markers. Therefore, this research is 56 

critical because it is one of the pioneers in revealing the genetic diversity of the Sumbawa Horse based on DNA 57 

fingerprints. The purpose of this study was to reveal the genetic diversity of Sumbawa horses based on DNA fingerprints 58 

using microsatellite DNA markers.  59 

MATERIALS AND METHODS  60 

Sampling and DNA purification 61 

Blood samples were taken from 24 individual horses from two different populations, namely Lalar and Liang, West 62 

Sumbawa Regency, West Nusa Tenggara, Indonesia (Figure 1). Blood was taken from the jugular vein (Sikka & Sethi, 63 

2008), put into a tube containing EDTA solution, and brought to the laboratory for DNA extraction. DNA was extracted 64 

from whole blood samples (Griffiths & Chacon-Cortes, 2014) using the NucleoSpin Blood QuickPure kit (Macherey-65 

Nagel, Germany) following a predetermined procedure. The extracted DNA was then separated using Agarose Gel 66 

Electrophoresis (Lee et al., 2012) with a concentration of 0.5%.  67 

 68 
Figure 1. Sumbawa horse sampling location, station 1 = Liang (8°49'23.8"S 116°49'52.4"E), station 2 = Lalar (8°49'24.8"S 69 
116°49'56.8"E)  70 

PCR amplification 71 

A total of 4 microsatellite primers were used in this study. Two microsatellite primers were adopted from buffalo 72 

microsatellite primers, namely INRA032 (Navani et al., 2002) and HEL09 (Uffo et al., 2017). Meanwhile, two primers 73 

were adopted from horse microsatellite primers recommended by the International Society for Animal Genetics, namely 74 

CA425 and AHT4 (ISAG, 2016). The primer sequences are shown in Table 1. PCR was carried out with a total volume of 75 

25 µL with a mixture of: 2.5 µL DNA template, 2.5 µL forward primer, 2.5 µL reverse primer, 12.5 µL PCR mix, and 5 76 

µL dH2O (Sukri, 2014). The PCR process was carried out in several stages, namely initial denaturation at 95
0
C for 10 77 

minutes, 30 cycles of 30 seconds at 95
0
C (Denaturation), 30 seconds at 60

0
C (Annealing) , 1 minute at 72

0
C (Extention), 78 

and finally, final elongation at 72
0
C for 10 minutes (Moshkelani et al., 2011). 79 

Microsatellite analysis 80 

Genotyping of microsatellite DNA polymorphisms was carried out through agarose gel electrophoresis (Asif et al., 81 

2008), then DNA fragments were analyzed using GeneScan and Genotyper® software (Cozzi et al., 2022). Genetic 82 

diversity measures include allele frequency, the observed number of alleles, banding patterns and expected heterozygosity, 83 
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molecular variance, and similarity relationship based on the dendrogram. Allele frequencies, observed number of alleles, 84 

and expected heterozygosity were analyzed using POPGENE v.1.32 and GenAlEx 6.5 software (Peakall & Smouse, 2012), 85 

while molecular variance analysis used Arlequin v 3.0 software (Excoffier et al., 2005). Cophenetic correlation analysis 86 

was performed on the similarity matrix based on DNA fingerprinting data from microsatellite primers using Co-Stat for 87 

Windows. Furthermore, the dendrogram was constructed using the clustering method based on the optimum R value 88 

cophenetic correlation results using the Multivariate Statistical Package Ver. 3 (Kasiamdari et al., 2019). 89 

 90 
Table 1. Characteristics of the microsatellite markers used 91 
 92 

No Name Sequence Number of bases 

1 CA425 
F: AGCTGCCTCGTTAATTCA 

R: CTCATGTCCGCTTGTCTC 

18 

18 

2 AHT4 
F: AACCGCCTGAGCAAGGAAGT 

R: CCCAGAGAGTTTACCCT 

20 

17 

3 INRA032 
F: AAACTGTATTCTCTAATAGCTAC 

R: GCAAGACATATCTCCATTCCTTT 

23 

23 

4 HEL09 
F: GGAAGCAATGAAATCTATAGCC 

R: TGTTCTGTGAGTTTGTAAGC 

22 

20 

RESULTS AND DISCUSSION 93 

A total of 49 alleles were detected in 24 individuals of the two tested populations (Lalar and Liang). Each 94 

microsatellite marker produced various alleles on the two tested populations. On average, the Lalar population had more 95 

alleles than the Liang population. This result was an early indication of the genetic variation between these populations 96 

since a different number of the allele was an essential parameter of genetic variation based on microsatellite marker 97 

(Ustyantseva et al., 2019)  98 

 99 
Table 2. Allele frequencies and estimated diversity each primer 100 
 101 
Marker Population Na Ne I Ho He 

HELL09 

Lalar 1.750 1.342 0.366 0.233 0.254 

Liang 2.000 1.491 0.484 0.313 0.341 

Mean 1.875 1.417 0.425 0.273 0.297 

INRA032 

Lalar 2.000 1.900 0.665 0.472 0.515 

Liang 1.000 1.400 0.318 0.222 0.242 

Mean 1.500 1.650 0.492 0.347 0.379 

CA415 

Lalar 2.000 1.552 0.493 0.325 0.355 

Liang 1.600 1.476 0.424 0.283 0.309 

Mean 1.800 1.514 0.459 0.304 0.332 

AHT4 

Lalar 2.000 1.432 0.452 0.286 0.312 

Liang 2.000 1.557 0.540 0.356 0.388 

Mean 2.000 1.495 0.496 0.321 0.350 

Na : Number of alleles per locus 

Ne : Number of effective alleles per locus 

I : Shannon’s information index 

Ho : Observed heterozygosity 

He : Expected heterozygosity 

 102 

Several parameters were computed to measure genetic variability between the Lalar and Liang populations (Table 2). 103 

The number of alleles per locus (Na) in the Lalar population and Liang population was always higher than the number of 104 

effective alleles per locus (Ne) on all markers (except for the INRA032 marker). A genetic population study on horse 105 

breeds based on horse microsatellite markers commonly resulted in higher Na than Ne (Fornal et al., 2020). Higher Ne 106 

than Na on the INRA032 marker may be due to this marker was not a specific microsatellite marker for horse breed. 107 

The number of different alleles per locus (Na) was a common genetic variation in horse breed based on microsatellite 108 

markers. Western Arabian Horse Na varied from 3–5 (Khanshour et al., 2013), Iranian horse has Na from 3–4 (Moshkelani 109 

et al., 2011), Polish Konik Horse has Na varied from 5–6 (Fornal et al., 2020), Akhal–Teke horse has Na varied from 3–4 110 

(Ustyantseva et al., 2019). Sumbawa–Indonesian horse in this study has a lower number of Na than horse breeds from 111 
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other regions of the world since these horse breeds only have a maximum of two numbers of alleles per locus. The lalar 112 

population has an average Na value higher than the Na value of the Liang population. 113 

The number of observed heterozygosity (Ho) in the Sumbawa-Indonesia horse population was lower than the number 114 

of expected heterozygosity (He). The low value of Ho (below 0.5) indicates that this horse population has suffered a loss 115 

of heterozygosity due to increased inbreeding. However, this result also indicates the unique genetic characteristic of the 116 

Sumbawa-Indonesian breed compared to the genetic characteristic of horse breeds from Asia, Africa, and Europe. Most 117 

horse populations from Asia, Europe, and Africa have Ho values higher than 0.5 (Benahamadi et al., 2020; Dorji et al., 118 

2018; Gómez et al., 2017). Sumbawa-Indonesian horse population has heterozygosity characteristics similar to the 119 

American (Brazilian) horse breed with a Ho value less than 0.5 (Reis et al., 2008). Moreover, the Brazilian American horse 120 

mostly has a Ho value lower than the He value, just like Indonesia –Sumbawa horse (Silva et al., 2012).  121 

Molecular variation based on microsatellites (Single Sequence Repeats) has become a typical analysis for population 122 

genetic study (Vieira et al., 2016). Microsatellite marker specified for horse breed has been developed to reveal genetic 123 

variation in different horse breed (Mahrous et al., 2011). AHT4 in this study was a specified microsatellite marker for a 124 

horse that could reveal genetic diversity among the Sumbawa-Indonesia horse population compared to other markers. 125 

AHT4 marker could produce the highest Shannon’s information index among other markers. This marker also produces a 126 

consistent number of alleles per locus on the Lalar and Liang populations. This result implicated that AHT4 was a useful 127 

microsatellite marker for the genetic population study of the Indonesian horse breed.   128 

 129 

 130 

 131 

 132 
 133 

Figure 2. Band pattern analysis using all primers 134 
 135 

 136 

The banding pattern across the population graphic at Figure 2 has shown that the Lalar population has a higher number 137 

of bands and band frequency than that of the Liang population. The lalar population also has several private bands 138 

representing unique allele loci to a single population. Banding patterns and heterozygosity graphics were standard analyses 139 

for horse genetic population diversity studies (Mahrous et al., 2011; Seo et al., 2016). This result indicates that the genetic 140 

diversity of the Lalar population was higher than the genetic diversity of the Liang population. 141 

 142 

 143 
Table 3. Analisis of molecular variance result of lalar population and liang population 144 
 145 

Source df SS MS Est. variance Variance percentage 

Among Population 1 6.125 6.125 0.287 10% 

Within Population 22 58.917 2.678 2.678 90% 

Total 23 65.042  2.965 100% 

 146 

Analysis of Molecular Variance (AMOVA) based on F-statistics calculation is one of the most frequent methods to 147 

determine a population's genetic structure (Meirmans, 2012). AMOVA result has shown that variation within the 148 

population was higher than variation among the population (Table 3). This genetic structure indicated the high level of 149 

gene flow between the Lalar population and Liang population. The same result was found in the AMOVA result of the 150 

Bosnian mountain horse population which variation within the population was much higher than variation among the 151 

population. It is suggested that the high gene flow in several horse populations is due to a high level of inbreeding between 152 

populations (Rukavina et al., 2021).  153 

 154 

 155 
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Table 4. Comparison different methods for constructing similarity matrices and dendrogram 156 
 157 

Similarity matrices Algorithm Co-phenetic coefficient S.E. of r 

Simple Matching UPGMA 0.827 0.034 

Simple Matching Single Linkage 0.697 0.043 

Simple Matching Complete Linkage 0.827 0.034 

Jaccard UPGMA 0.940 0.021 

Jaccard Single Linkage 0.925 0.023 

Jaccard Complete Linkage 0.900 0.026 

Nei and Li (Dice) UPGMA 0.889 0.028 

Nei and Li (Dice) Single Linkage 0.929 0.022 

Nei and Li (Dice) Complete Linkage 0.893 0.027 

UPGMA = un-weighted pair-group method using arithmetic average 158 

 159 

Various banding patterns of all microsatellite primers were tabulated and sorted based on their molecular weight. These 160 

bands were treated as DNA fingerprinting characters for similarity value calculation. Similarity value was essential for 161 

clustering analysis for dendrogram construction (Wangiyana et al., 2022). This systematic step has been used recently for 162 

genetic diversity studies based on microsatellite DNA fingerprinting (Driskill et al., 2022; Fiore et al., 2022). This research 163 

also applied microsatellite DNA fingerprinting to study horse population genetic diversity. It could update different 164 

approaching methods for genetic diversity study on horse populations based on microsatellite markers that commonly only 165 

focus on allele frequency, heterozygosity, and polymorphism information (Mahrous et al., 2011). 166 

Similarity matrices and dendrograms based on microsatellite DNA fingerprinting were constructed using different 167 

methods (Table 4). Co-phenetic correlation analysis was used to examine the correlation between the similarity value 168 

represented on the dendrograms (sorted similarity matrix) and the actual similarity value calculated for each dendrogram 169 

(unsorted similarity matrix). Co-phenetic correlation coefficient (r) could determine the distortion between the unsorted 170 

similarity matrix and the sorted similarity matrix (Carvalho et al., 2019). UPGMA algorithm and Jaccard’s similarity 171 

coefficients have the highest r-value (0.940) among the other methods. This result is similar to the co-phenetic correlation 172 

analysis based on microsatellite DNA fingerprinting that used different similarity matrices (Jaccard, Dice, and simple 173 

matching) and algorithms (UGPMA, complete linkage, single linkage) on flue-cured tobacco genotypes (Gholizadeh et al., 174 

2012). However, this result could be considered a novel finding on microsatellite DNA fingerprinting on horse samples 175 

since no co-phenetic correlation analysis has been reported in horse population genetic study.  176 

 177 

 178 

 179 
Figure 3. Dendrogram based on UPGMA algorithm and Jaccard coefficient 180 
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Dendrograms were constructed using the UPGMA algorithm and Jaccard Similarity coefficient based on co-phenetic 181 

correlation analysis (Figure 3). Cluster member on this dendrogram could be determined by the cut of value on the Jaccard 182 

coefficient, recommended at 0.7 (Wangiyana et al., 2021). Based on the cut of value, there were 6 clusters on this 183 

dendrogram with various members. The uniqueness of this dendrogram is that most cluster has both Lalar population 184 

individuals and Liang population individual. Cluster 5 is the only cluster with Lalar Population individuals without mixing 185 

with Liang population individuals. This result has emphasized the high gene flow between Lalar Population and Liang 186 

Population that was previously described in the AMOVA result. 187 

Similarity relationship on the horse by dendrogram construction based on microsatellite marker could be tested its 188 

validity compared with other markers. RAPD marker could be chosen as a comparison since this marker was commonly 189 

used in the similarity relationship study of the horse with dendrogram construction (Abdulrazaq et al., 2019). Dendrogram 190 

based on microsatellite marker has lower similarity value than dendrogram based on RAPD marker (Hassan et al., 2019). 191 

This result indicated that the microsatellite marker could differentiate Organism Taxonomical Unit (OTU) on particular 192 

similarity values that could not differentiate by the RAPD marker. 193 
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Abstract. The purpose of this study was to reveal the genetic diversity of the Sumbawa endemic horse (Equus caballus) using a 5 
microsatellite-based DNA fingerprint. Blood samples were taken from 24 individual horses from two different populations, Lalar and 6 
Liang, West Sumbawa Regency, Indonesia. A total of 4 microsatellite primers were used in this study, INRA032, HEL09, CA425, and 7 
AHT4. This study revealed that the genetic diversity of horses in the Lalar population was higher than Liang. A greater number of 8 
alleles reinforces this; higher number and frequency of bands; and the presence of private specific bands that indicate unique alleles. 9 
This research shows that the Sumbawa horse is unique from other horse breeds in the world. This is evidenced by the lower number of 10 
alleles per locus (Na) with a maximum number of two alleles per locus. Sumbawa horses have higher observed heterozygosity (Ho) than 11 
expected heterozygosity (He), with a Ho value less than 0.5. Analysis of Molecular Variance result has shown that variation within the 12 
population was higher than among the population. This is presumably due to the high gene flow in both horse populations caused by 13 
inbreeding. Similarity analysis strengthens the hypothesis, which shows that there is a cluster consisting of individual horses from the 14 
two observed populations. In general, AHT4 primers had the best ability to reveal the genetic diversity of Sumbawa horses with the 15 
highest Shannon's information index compared to other markers. 16 

Keywords: Genetic diversity, Sumbawa horse, DNA fingerprint, microsatellite 17 

Running title: Sumbawa horse microsatellite DNA fingerprint  18 

INTRODUCTION  19 

DNA fingerprinting is an individual identification technique using individual DNA profiles (Singla et al. 2017). This 20 

identification process is carried out by comparing DNA sequences that are unique to each individual (Choi et al. 2008). 21 

DNA fingerprinting is widely used in forensics and paternity identification (Krishnamurthy et al. 2011). In addition, DNA 22 

fingerprints are also widely used to identify genetic diversity and relationships in plants (Selvakumari et al. 2017; Jamil et 23 

al. 2021), poultry genetic diversity (Farrag et al. 2010), livestock (Fadhil et al. 2013), even widely used for the 24 

identification of fish species (Al-Faisal et al. 2019). DNA fingerprinting includes techniques such as Restriction Fragment 25 

Length Polymorphism (Nishikaku et al. 2019), randomly amplified polymorphic DNA (El-Mouhamady et al. 2019), and 26 

Amplified Fragment Length Polymorphism (Vigneshwaran et al. 2017; Malik et al. 2022). Variable Number Tandem 27 

Repeat (VNTR) or Short Tandem Repeat (STR) based PCR (Polymerase chain reaction) is most often used in DNA 28 

fingerprinting because it has high sensitivity and the procedure takes less time compare to other DNA fingerprint method 29 

(Choi et al. 2008). One of the molecular markers, a Short Tandem Repeat often used for genetic analysis of livestock, is a 30 

microsatellite (Teneva et al. 2018). 31 

Microsatellites are single locus DNA sequences with very high polymorphisms that are spread throughout the genome 32 

(Heryani et al. 2019). Microsatellites have repeating copies,sequences  usually 1 to 6 nucleotides long (Garkovenko et al. 33 

2018). The repetition of this DNA unit can be in the form of mononucleotides, dinucleotides, trinucleotides, 34 

tetranucleotides, and so on (Mason 2015; Donnik et al. 2017). Microsatellite DNA markers have been widely used to study 35 

genetic diversity because they are randomly distributed throughout the genome, codominant, and have high polymorphism 36 

(Putman and Carbone 2014). Microsatellite markers have been widely used for genetic diversity analysis in plants (Saptadi 37 

et al. 2020; Parmar et al. 2022), poultry (Luis-Chincoya et al. 2021), cattle (Agung et al. 2019), buffalo (Vohra et al. 2021), 38 

and horses (Kim et al. 2021). In Indonesia, research on livestock genetic diversity still needs to be done because some of 39 

the genetic resources of native Indonesian livestock are threatened with extinction due to a small population and limited 40 

distribution (Sutarno et al. 2015). One of the leading local livestock owned by Indonesia is the Sumbawa horse (Equus 41 

caballus) (Wibisono et al. 2017; Mujahid et al. 2019). 42 

Sumbawa horse is one of Indonesia's local horse families, which is a native Indonesian genetic resource that needs to 43 

be protected and conserved with a geographical distribution on Sumbawa Island, West Nusa Tenggara (Keputusan Menteri 44 

Pertanian 2011). The Sumbawa horse has an essential meaning for the Sumbawa people, both from an economic and 45 

socio-cultural perspective. From the economic aspect, Sumbawa horse milk is used for consumption needs in the form of 46 
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wild horse milk which is beneficial for health (Prastyowati 2021), while from the socio-cultural aspect, Sumbawa horses 47 

are used as a horse racing vehicle called "Main Jaran". This horse racing culture has a high philosophy value for one's 48 

social status. In addition, horse racing culture can strengthen brotherhood, preserve culture and serve as people's 49 

entertainment (Asidah 2020). Seeing the importance of the existence of the Sumbawa horse, it is necessary to preserve the 50 

genetic resources of the Sumbawa horse. Information on the genetic status of the Sumbawa Horse as one of Indonesia's 51 

native livestock is very important as a step in developing a conservation strategy in the long term (Sutarno et al. 2015). 52 

Research that reveals the genetic diversity of Sumbawa horses has never been done. So far, research related to 53 

Sumbawa horses has focused on milk quality (Saragih et al. 2013). The latest research on the genetic diversity of horses 54 

was reported by Lapian (2021). The study is only a review of the results of research that has been carried out by people in 55 

several countries and has not revealed the genetic diversity of the Sumbawa Horse. Another study by Wibisono et al. 56 

(2017) only revealed the morphological diversity of horses and had not used genetic markers. Therefore, this research is 57 

critical because it is one of the pioneers in revealing the genetic diversity of the Sumbawa Horse based on DNA 58 

fingerprints. The purpose of this study was to reveal the genetic diversity of Sumbawa horses based on DNA fingerprints 59 

using microsatellite DNA markers.  60 

MATERIALS AND METHODS  61 

Sampling and DNA purification 62 

DNA isolation was conducted from horse blood samples. Blood samples were taken from two horse farms with 24 63 

individual horses from two different populations, namely Lalar and Liang, West Sumbawa Regency, Indonesia (Figure 1). 64 

Blood was taken from the jugular vein (Sikka and Sethi 2008) located in the jugular groove on each side of the neck from 65 

the jaw angle just above the brisket and slightly above the side of the horse’s windpipe. Blood samples were collected by a 66 

qualified veterinarian from the Faculty of Veterinary Medicine, Universitas Pendidikan Mandalika, Indonesia following 67 

the protocol of Zalkovic et al. (2001). Blood samples put into a tube containing EDTA (Ethylenediamine Tetraacetic Acid) 68 

solution, and brought to the laboratory for DNA extraction. DNA was extracted from whole blood samples (Griffiths and  69 

Chacon-Cortes 2014) using the NucleoSpin Blood QuickPure kit (Macherey-Nagel, Germany) following a predetermined 70 

procedure. The extracted DNA was then separated using Agarose Gel Electrophoresis (Lee et al. 2012) with a 71 

concentration of 0.5%.  72 

 73 
Figure 1. Sumbawa horse sampling location, station 1 = Liang (8°49'23.8"S 116°49'52.4"E), station 2 = Lalar (8°49'24.8"S 74 
116°49'56.8"E)  75 

PCR amplification 76 

A total of 4 microsatellite primers were used in this study. Two microsatellite primers were adopted from buffalo 77 

microsatellite primers, namely INRA032 (Navani et al. 2002) and HEL09 (Uffo et al. 2017). Meanwhile, two primers were 78 

adopted from horse microsatellite primers recommended by the International Society for Animal Genetics, namely CA425 79 

and AHT4 (ISAG 2016). The primer sequences are shown in Table 1. PCR was carried out with a total volume of 25 µL 80 

with a mixture of: 2.5 µL DNA template, 2.5 µL forward primer, 2.5 µL reverse primer, 12.5 µL PCR mix, and 5 µL 81 

dH2O (Sukri 2014). The PCR process was carried out in several stages, namely initial denaturation at 95
0
C for 10 minutes, 82 

30 cycles of 30 seconds at 95
0
C (Denaturation), 30 seconds at 60

0
C (Annealing), 1 minute at 72

0
C (Extension), and finally, 83 

final elongation at 72
0
C for 10 minutes (Moshkelani et al. 2011). 84 
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Microsatellite analysis 85 

Genotyping of microsatellite DNA polymorphisms was carried out through agarose gel electrophoresis (Asif et al. 86 

2008), then DNA fragments were analyzed using GeneScan and Genotyper® software (Cozzi et al. 2022). Genetic 87 

diversity measures include allele frequency, the observed number of alleles, banding patterns and expected heterozygosity, 88 

molecular variance, and similarity relationship based on the dendrogram. Allele frequencies, observed number of alleles, 89 

and expected heterozygosity were analyzed using POPGENE v.1.32 and GenAlEx 6.5 software (Peakall and Smouse 90 

2012). Heterozygosity analysis was conducted to describe inter-population variability through allele frequency analysis, 91 

while analysis of molecular variance (AMOVA) was conducted to determine variations within and between populations 92 

using Arlequin v 3.0 software (Excoffier et al. 2005). Cophenetic correlation analysis was performed on the similarity 93 

matrix based on DNA fingerprinting data from microsatellite primers using Co-Stat for Windows. Furthermore, the 94 

dendrogram was constructed using the clustering method based on the optimum R value cophenetic correlation results 95 

using the Multivariate Statistical Package Ver. 3. (Kasiamdari et al. 2019). Finally, the effectiveness of microsatellite 96 

primers in revealing the genetic diversity of horses from two populations was measured based on the Shanon Information 97 

Index value using the GenAlEx 6.5 software. 98 

  99 
Table 1. Characteristics of the microsatellite markers used 100 
 101 

No Name Sequence Number of bases 

1 CA425 
F: AGCTGCCTCGTTAATTCA 

R: CTCATGTCCGCTTGTCTC 

18 

18 

2 AHT4 
F: AACCGCCTGAGCAAGGAAGT 

R: CCCAGAGAGTTTACCCT 

20 

17 

3 INRA032 
F: AAACTGTATTCTCTAATAGCTAC 

R: GCAAGACATATCTCCATTCCTTT 

23 

23 

4 HEL09 
F: GGAAGCAATGAAATCTATAGCC 

R: TGTTCTGTGAGTTTGTAAGC 

22 

20 

RESULTS AND DISCUSSION 102 

A total of 49 alleles were detected in 24 individuals of the two tested populations (Lalar and Liang). Each 103 

microsatellite marker produced various alleles in the two tested populations. On average, the Lalar population had more 104 

alleles than the Liang population. This result was an early indication of the genetic variation between these populations 105 

since a different number of the allele was an essential parameter of genetic variation based on microsatellite marker 106 

(Ustyantseva et al. 2019)  107 

 108 
Table 2. Allele frequencies and estimated diversity each primer 109 
 110 
Marker Population Na Ne I Ho He 

HELL09 

Lalar 1.750 1.342 0.366 0.233 0.254 

Liang 2.000 1.491 0.484 0.313 0.341 

Mean 1.875 1.417 0.425 0.273 0.297 

INRA032 

Lalar 2.000 1.900 0.665 0.472 0.515 

Liang 1.000 1.400 0.318 0.222 0.242 

Mean 1.500 1.650 0.492 0.347 0.379 

CA415 

Lalar 2.000 1.552 0.493 0.325 0.355 

Liang 1.600 1.476 0.424 0.283 0.309 

Mean 1.800 1.514 0.459 0.304 0.332 

AHT4 

Lalar 2.000 1.432 0.452 0.286 0.312 

Liang 2.000 1.557 0.540 0.356 0.388 

Mean 2.000 1.495 0.496 0.321 0.350 

Na : Number of alleles per locus 

Ne : Number of effective alleles per locus 

I : Shannon’s information index 

Ho : Observed heterozygosity 

He : Expected heterozygosity 

 111 

Several parameters were computed to measure genetic variability between the Lalar and Liang populations (Table 2). 112 

The number of alleles per locus (Na) in the Lalar population and Liang population was always higher than the number of 113 
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effective alleles per locus (Ne) on all markers (except for the INRA032 marker). A genetic population study on horse 114 

breeds based on horse microsatellite markers commonly resulted in higher Na than Ne (Fornal et al. 2020). Higher Ne than 115 

Na on the INRA032 marker may be due to this marker was not a specific microsatellite marker for horse breed. 116 

The number of different alleles per locus (Na) was a common genetic variation in horse breed based on microsatellite 117 

markers. Western Arabian Horse Na varied from 3–5 (Khanshour et al. 2013), Iranian horse has Na from 3–4 (Moshkelani 118 

et al. 2011), Polish Konik Horse has Na varied from 5–6 (Fornal et al. 2020), Akhal–Teke horse has Na varied from 3–4 119 

(Ustyantseva et al. 2019). Sumbawa–Indonesian horse in this study has a lower number of Na than horse breeds from other 120 

regions of the world since these horse breeds only have a maximum of two numbers of alleles per locus. The lalar 121 

population has an average Na value higher than the Na value of the Liang population. 122 

The number of observed heterozygosity (Ho) in the Sumbawa-Indonesia horse population was lower than the number 123 

of expected heterozygosity (He). The low value of Ho (below 0.5) indicates that this horse population has suffered a loss 124 

of heterozygosity due to increased inbreeding. However, this result also indicates the unique genetic characteristic of the 125 

Sumbawa-Indonesian breed compared to the genetic characteristic of horse breeds from Asia, Africa, and Europe. Most 126 

horse populations from Asia, Europe, and Africa have Ho values higher than 0.5 (Benahamadi et al. 2020; Dorji et al. 127 

2018; Gómez et al. 2017). Sumbawa-Indonesian horse population has heterozygosity characteristics similar to the 128 

American (Brazilian) horse breed with a Ho value less than 0.5 (Reis et al. 2008). Moreover, the Brazilian American horse 129 

mostly has a Ho value lower than the He value, just like Indonesia –Sumbawa horse (Table 3)(Silva et al. 2012).  130 

 131 
Table 3. Comparison of the Sumbawa horses' Ho and He values and other horses in the world 132 
 133 

Population Ho He Reference  

Lalar Sumbawa Horse 0.31 0.36 This research 

Liang Sumbawa Horse 0.29 0.32 This research 

Brazilian-American Horse 0.32 0.57 (Reis et al., 2008) 

Algerian-African Horse 0.67 0.71 (Benahamadi et al., 2020) 

Bhutan-Asian Horse 0.79 0.78 (Dorji et al., 2018) 

Marismeno-Europe Horse 0.77 0.78 (Gómez et al., 2017) 

Akhal Teke Horse 0.72 0.70 (Ustyantseva et al., 2019) 

Iranian-Arab Horse 0.75 0.73 (Moshkelani, Rabiee and Javaheri-Koupaei, 2011) 

 134 

Molecular variation based on microsatellites (Single Sequence Repeats) has become a typical analysis for population 135 

genetic study (Vieira et al. 2016). Microsatellite marker specified for horse breed has been developed to reveal genetic 136 

variation in different horse breed (Mahrous et al. 2011). AHT4 in this study was a specified microsatellite marker for a 137 

horse that could reveal genetic diversity among the Sumbawa-Indonesia horse population compared to other markers. 138 

AHT4 marker could produce the highest Shannon’s information index among other markers. This marker also produces a 139 

consistent number of alleles per locus on the Lalar and Liang populations. This result implicated that AHT4 was a useful 140 

microsatellite marker for the genetic population study of the Indonesian horse breed.   141 

 142 

 143 
 144 
Figure 2. Band pattern analysis using all primers 145 

 146 

The banding pattern across the population graphic at Figure 2 has shown that the Lalar population has a higher number 147 

of bands and band frequency than that of the Liang population. The lalar Lalar population also has several private bands 148 

representing unique allele loci to a single population. Banding patterns and heterozygosity graphics were standard analyses 149 

for horse genetic population diversity studies (Mahrous et al. 2011; Seo et al. 2016). This result indicates that the genetic 150 

diversity of the Lalar population was higher than the genetic diversity of the Liang population. 151 

 152 

 153 

 154 
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Table 4. Analisis of molecular variance result of lalar population and liang population 155 
 156 

Source df SS MS Est. variance Variance percentage 

Among Population 1 6.125 6.125 0.287 10% 

Within Population 22 58.917 2.678 2.678 90% 

Total 23 65.042  2.965 100% 

 157 

Analysis of Molecular Variance (AMOVA) based on F-statistics calculation is one of the most frequent methods to 158 

determine a population's genetic structure (Meirmans 2012). AMOVA result has shown that variation within the 159 

population was higher than variation among the population (Table 4). This genetic structure indicated the high level of 160 

gene flow between the Lalar population and Liang population. The same result was found in the AMOVA result of the 161 

Bosnian mountain horse population which variation within the population was much higher than variation among the 162 

population. It is suggested that the high gene flow in several horse populations is due to a high level of inbreeding between 163 

populations (Rukavina et al. 2021).  164 

 165 

 166 
Table 5. Comparison different methods for constructing similarity matrices and dendrogram 167 
 168 

Similarity matrices Algorithm Co-phenetic coefficient S.E. of r 

Simple Matching UPGMA 0.827 0.034 

Simple Matching Single Linkage 0.697 0.043 

Simple Matching Complete Linkage 0.827 0.034 

Jaccard UPGMA 0.940 0.021 

Jaccard Single Linkage 0.925 0.023 

Jaccard Complete Linkage 0.900 0.026 

Nei and Li (Dice) UPGMA 0.889 0.028 

Nei and Li (Dice) Single Linkage 0.929 0.022 

Nei and Li (Dice) Complete Linkage 0.893 0.027 

UPGMA = un-weighted pair-group method using arithmetic average 169 

 170 

Various banding patterns of all microsatellite primers were tabulated and sorted based on their molecular weight. These 171 

bands were treated as DNA fingerprinting characters for similarity value calculation. Similarity value was essential for 172 

clustering analysis for dendrogram construction (Wangiyana et al. 2022). This systematic step has been used recently for 173 

genetic diversity studies based on microsatellite DNA fingerprinting (Driskill et al. 2022; Fiore et al. 2022). This research 174 

also applied microsatellite DNA fingerprinting to study horse population genetic diversity. It could update different 175 

approaching methods for genetic diversity study on horse populations based on microsatellite markers that commonly only 176 

focus on allele frequency, heterozygosity, and polymorphism information (Mahrous et al. 2011). 177 

Similarity matrices and dendrograms based on microsatellite DNA fingerprinting were constructed using different 178 

methods (Table 5). Co-phenetic correlation analysis was used to examine the correlation between the similarity value 179 

represented on the dendrograms (sorted similarity matrix) and the actual similarity value calculated for each dendrogram 180 

(unsorted similarity matrix). Co-phenetic correlation coefficient (r) could determine the distortion between the unsorted 181 

similarity matrix and the sorted similarity matrix (Carvalho et al. 2019). UPGMA algorithm and Jaccard’s similarity 182 

coefficients have the highest r-value (0.940) among the other methods. This result is similar to the co-phenetic correlation 183 

analysis based on microsatellite DNA fingerprinting that used different similarity matrices (Jaccard, Dice, and simple 184 

matching) and algorithms (UGPMA, complete linkage, single linkage) on flue-cured tobacco genotypes (Gholizadeh et al. 185 

2012). However, this result could be considered a novel finding on microsatellite DNA fingerprinting on horse samples 186 

since no co-phenetic correlation analysis has been reported in horse population genetic study.  187 

 188 
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 189 
 190 

Figure 3. Dendrogram based on UPGMA algorithm and Jaccard coefficient 191 

 192 

Dendrograms were constructed using the UPGMA algorithm and Jaccard Similarity coefficient based on co-phenetic 193 

correlation analysis (Figure 3). Cluster member on this dendrogram could be determined by the cut of value on the Jaccard 194 

coefficient, recommended at 0.7 (Wangiyana et al. 2021). Based on the cut of value, there were 6 clusters on this 195 

dendrogram with various members. The uniqueness of this dendrogram is that most cluster has both Lalar population 196 

individuals and Liang population individual. Cluster 5 is the only cluster with Lalar Population individuals without mixing 197 

with Liang population individuals. This result has emphasized the high gene flow between Lalar Population and Liang 198 

Population that was previously described in the AMOVA result. 199 

Similarity relationship on the horse by dendrogram construction based on microsatellite marker could be tested its 200 

validity compared with other markers. RAPD marker could be chosen as a comparison since this marker was commonly 201 

used in the similarity relationship study of the horse with dendrogram construction (Abdulrazaq et al. 2019). Dendrogram 202 

based on microsatellite marker has lower similarity value than dendrogram based on RAPD marker (Hassan et al. 2019). 203 

This result indicated that the microsatellite marker could differentiate Organism Taxonomical Unit (OTU) on particular 204 

similarity values that could not differentiate by the RAPD marker.  205 

Genetic diversity analysis of Sumbawa horses showed that there was a specific band that became a unique allele in the 206 

Lalar population. In addition, the higher number and frequency of bands in the Lalar population makes it a population with 207 

higher genetic diversity than the Liang population. In general, Sumbawa horses are unique compared to other horses, as 208 

indicated by the low value of Na per locus and a higher Ho value than He with a value of less than 0.5. The molecular 209 

analysis of variance results indicated the presence of gene flow in the two observed populations. This is evidenced by the 210 

value of variation within the population higher than between populations. This result was also strengthened by the 211 

similarity analysis, which showed a cluster consisting of individual horses from the two observed populations. The Shanon 212 

Information Index analysis results revealed that the AHT4 primer had the best ability to reveal the genetic diversity of 213 

Sumbawa horses compared to other primers. 214 

ACKNOWLEDGEMENTS 215 

We want to thank the Lembaga Pengelola Dana Pendidikan (LPDP) and Kemendikbudristek for funding this research 216 

through the Riset Keilmuan Scheme in 2021. 217 

REFERENCES 218 

Abdulrazaq HS, Saeed CH, Qader, NH. 2019. Genetic Diversity Among horse Lines in Erbil Region Using RAPD Markers. J. Pure Appl. Sci  31 (3): 39–219 
44. DOI: 10.21271/zjpas.31.3.6. 220 

Kommentar [JB56]: The numbers 
don’t make sense. Why start at 15? 

Kommentar [LI357R56]: The graphic 
has been replaced according to the 

reviewer's suggestion. 

Kommentar [JB58]: Should be 

Shannon 

Kommentar [JB59]: Provide a 

conclusion here 

Kommentar [LI360R59]: A 
conclusion has been added at the end of the 
discussion  

Kommentar [JB61]: Currently, the 
references are not formatted to the style of 

Biodiversitas. Please review the author 
guidelines and reformat all references. 

Specifically, pay attention to: 

 

 Author punctuation should be formatted 

as per the guidelines 

The year should not be in brackets 

The journal name should not be in italics. 

It should be abbreviated 

The Volume, issue and pages should be 

provided 

The DOI should be provided for all 
journals 

Scientific names should be in italics. 

 

Kommentar [LI362R61]:  The 

reference has been revised according to the 

reviewer's suggestion.  

Kommentar [JB63R61]: Many 
scientific names (e.g. Camelia) have not yet 

been italicised. 

Many DOIS are still missing for journals. 



 

Agung PP, Saputra F, Zein MSA, Wulandari AS, Putra WPB, Said S, Jakaria J. 2019. Genetic diversity of Indonesian cattle breeds based on 221 
microsatellite markers. Asian-Australas. J. Anim. Sci 32 (4): 467–476. DOI: 10.5713/ajas.18.0283. 222 

Al-Faisal AJ, Mohamed ARM, Jaayid TA, Abbas C, Al-Faisal J. 2019. DNA fingerprinting of the carangid fish species from the Iraqi marine waters by 223 
using RAPD technique. Int. J. Fish. Aquat. Stud 7 (4): 422–427.  224 

Asidah E. 2020. Pengembangan Pariwisata Budaya Pacuan Kuda Dalam Meningkatkan Kesejahteraan Masyarakat Desa Brang Kolong Kecamatan 225 
Plampang Kabupaten Sumbawa -NTB. Jurnal. Mandala. Education 1 (2): 105–112. DOI: 10.36312/jime.v6i2.1450 [Indonesian] 226 

Asif M, Mirza JI, Zafar Y.2008. High resolution metaphor agarose gel electrophoresis for genotyping with microsatellite markers. Pakistan J. Agric. Sci 227 
45 (1): 75–79. 228 

Benahamadi MEA, Berber N, Benyarou M, Ameur AA, Haddam HY, Piro M, Gaouar SBS. 2020. Molecular characterization of eight horse breeds in 229 
Algeria using microsatellite markers. Biodiversitas 21 (9): 4107–4115. DOI: 10.13057/biodiv/d210923. 230 

Carvalho PR, Munita CS, Lapolli AL. 2019. Validity studies among hierarchical methods of cluster analysis using cophenetic correlation coefficient. 231 
Brazilian J. Radiat. Sci 7 (2A): 1–14. DOI: 10.15392/bjrs.v7i2a.668. 232 

Choi HJ, Ko M, Ahn JH. 2008. DNA fingerprinting using PCR: A practical forensic science activity. J. Biol. Educ 43 (1): 41–44. DOI: 233 
10.1080/00219266.2008.9656148. 234 

Cozzi MC, Valiati P, Longeri M, Ferreira C, Ferreira SA. 2022. Genetic variability trend of lusitano horse breed reared in Italy. Animals 12 (1): 1–11. 235 
DOI: 10.3390/ani12010098. 236 

Donnik IM, Krivonogova AS, Isaeva AG, Koshchaev AG, Neverova OP, Bykova OA. 2017. Productivity and health markers for large cattle. Int. J. 237 
Green Pharm 11 (3): S620–S625. 238 

Dorji J, Tamang S, Tshewang T, Dorji T, Dorji TY. 2018. Genetic diversity and population structure of three traditional horse breeds of Bhutan based on 239 
29 DNA microsatellite markers. PLoS ONE 13 (6): 1–11. DOI: 10.1371/journal.pone.0199376. 240 

Driskill M, Pardee K, Hummer KE, Zurn JD, Amundsen K, Wiles A, Wiedow C, Patzak J, Henning, JA, Bassil, NV. 2022. Two fingerprinting sets for 241 
Humulus lupulus based on KASP and microsatellite markers. Plos One 17 (4): 1-40. DOI: 10.1371/journal.pone.0257746. 242 

El-Mouhamady AA, Abdel-Rahman HM, Rizkalla AA, El-Metwally, MA. 2019. Assessment of water stress tolerance in wheat genotypes based on half 243 
diallel analysis and DNA fingerprinting. Pakistan J. Biol. Sci 22 (3): 103–116. DOI: 10.3923/pjbs.2019.103.116. 244 

Excoffier L, Laval G, Schneider, S. 2005. Arlequin (version 3.0): An integrated software package for population genetics data analysis. Evol. Bioinforma 245 
1: 47-50. DOI: 10.1177/117693430500100003. 246 

Fadhil IA, Singh RP, Dakheel M H. 2013. Differentiation and identification of biological samples obtained from indian cattle using dna fingerprinting 247 
technology (Minisatellites " VNTR ", AFLP and RAPD analysis). Int. J. Biol. Biomed. Res 3 (1): 3313–3316. 248 

Farrag SA, Tanatarov AB, Soltan ME. 2010. Using of DNA fingerprinting in poultry research. Int. J. Poult. Sci 9 (5): 406–416. DOI: 249 
10.3923/ijps.2010.406.416. 250 

Fiore MC, Marchese A, Mauceri A, Digangi I, Scialabba A. 2022. Diversity Assessment and DNA-Based Fingerprinting of Sicilian Hazelnut (Corylus 251 
avellana L.) Germplasm. Plants 11 (5): 1–18. DOI: 10.3390/plants11050631. 252 

Fornal A, Kowalska K, Zabek T, Piestrzynska‐kajtoch A, Musiał AD, Ropka-Molik, K. 2020. Genetic diversity and population structure of polish konik 253 
horse based on individuals from all the male founder lines and microsatellite markers. Animals 10 (9): 1–11. DOI: 10.3390/ani10091569. 254 

Garkovenko AV, Radchenko VV, Ilnitskaya EV, Koshchaev AG, Shchukina IV, Bakharev AA, Sukhanova SF. 2018. Polymorphism of cattle 255 
microsatellite complexes. J. Pharm. Sci. Res 10 (6): 1545–1551. 256 

Gholizadeh S, Darvishzadeh R, Abdollahi Mandoulakani B, Bernousi I, Alavi SR, Kharabian Masouleh A. 2012. Molecular Characterization and 257 
Similarity Relationships among Flue-Cured Tobacco (Nicotiana tabacum L.) Genotypes Using Simple Sequence Repeat Markers. Not. Bot. Horti 258 
Agrobot. Cluj-Napoca  40 (2): 247–253. DOI: 10.15835/nbha4027169. 259 

Gómez MP, Landi V, Martínez AM, Carpio MG, Baena SN, Bermejo JVD, do Mar Oom M, Luis C, Ouragh L, Vega-Pla JL. 2017. Genetic diversity of 260 
the semi-feral marismeño horse breed assessed with microsatellites. Ital. J. Anim. Sci 16 (1): 14–21. DOI: 10.1080/1828051X.2016.1241132. 261 

Griffiths L, Chacon-Cortes D. 2014. Methods for extracting genomic DNA from whole blood samples: current perspectives. J. Biorepository Sci. Appl. 262 
Med 2014 (2): 1-9. DOI: 10.2147/bsam.s46573. 263 

Hassan F, Khan MS, Saif-Ur-Rehman M, Raihan Dilshad SM, Ali MA. 2019. Genetic diversity among some horse breeds in Pakistan. Pak. J. Zool 51 264 
(4):1203–1209. DOI: 10.17582/journal.pjz/2019.51.4.1203.1209. 265 

Heryani LGSS, Wandia IN, Suarna IW, Puja IK, Susari NNW, Agustina KK. 2019. Short communication: Molecular characteristic of taro white cattle 266 
based on DNA microsatellite markers. Biodiversitas 20 (3): 671–675. DOI:10.13057/biodiv/d200308. 267 

ISAG. 2016. Equine Genetics & Thoroughbred Parentage Testing Standardisation Workshop. ISAG Conf 1–13.  268 
www.isag.us/Docs/EquineGenParentage2016.pdf. 269 

Jamil S, Shahzad R, Iqbal M Z, Yasmeen E, Rahman SU. 2021. DNA Fingerprinting and Genetic Diversity Assessment of GM Cotton Genotypes for 270 
Protection of Plant Breeder Rights. Int. J. Agric. Biol 25 (4): 768–776. DOI: 10.17957/IJAB/15.1728. 271 

Kasiamdari RS, Febiansi D, Prabowo H, Aristya GR, Musthofa A. 2019. Genetic variation and characterization of the sucrose synthase 2 gene (Sus2) in 272 
sugarcane based molecular markers. Biodiversitas 20 (11): 3087–3096. DOI: 10.13057/biodiv/d201101. 273 

Khanshour A, Conant E, Juras R, Cothran EG. 2013. Microsatellite analysis of genetic diversity and population structure of Arabian horse population. J. 274 
Hered 104 (3): 386–398. DOI: 10.1093/jhered/est003. 275 

Kim SM, Yun SW, Cho GJ. 2021. Assessment of genetic diversity using microsatellite markers to compare donkeys (Equus asinus) with horses (Equus 276 
caballus). Anim. Biosci 34 (9): 1460–1465. DOI: 10.5713/AB.20.0860. 277 

Krishnamurthy V, Manoj R, Pagare SS. 2011. Understanding the basics of DNA fingerprinting in forensic science. J. Indian Acad. Oral Med. Radiol 23 278 
(4): 613–616. DOI: 10.5005/jp-journals-10011-1233. 279 

Lapian HFN. 2021. Genetic diversity of horses and chickens – a review. Zootec 41 (2): 569-575. DOI: 10.35792/zot.41.2.2021.37378. 280 
Lee PY, Costumbrado J, Hsu CY, Kim YH. 2012. Agarose gel electrophoresis for the separation of DNA fragments. J. Vis. Exp 2012 (62): 1–5. DOI: 281 

10.3791/3923. 282 
Luis-Chincoya H, Herrera-Haro JG, Santacruz-Varela A, Jerez-Salas MP, Hernández-Garay A. 2021. Genetic diversity of creole chickens in Valles 283 

Centrales, Oaxaca, using microsatellite markers. Rev. Mex. Ciencias Pecu 12 (1): 58–71. DOI: 10.22319/RMCP.V12I1.5109. 284 
Mahrous KF, Hassanane M, Abdel Mordy M, Shafey HI, Hassan N. 2011. Genetic variations in horse using microsatellite markers. J. Genet. Eng. 285 

Biotechnol 9 (2): 103–109. DOI: 10.1016/j.jgeb.2011.11.001. 286 
Malik MH, Moaeen-Ud-din M, Bilal G, Raja GK, Saeed S, Asad MJ, Wattoo FH, Muner RD. 2022. the Use of Aflp-Pcr Markers To Discriminate 287 

Between Red Sindhi and Crossbred Dairy Cattle of Pakistan. J. Anim. Plant Sci 32 (1): 11–18. DOI: 10.36899/JAPS.2022.1.0396. 288 
Mason AS. 2015. Chapter 6. 1245: 77–89. DOI: 10.1007/978-1-4939-1966-6. 289 
Meirmans PG. 2012. AMOVA-based clustering of population genetic data. J. Hered 103 (5): 744–750. DOI: 10.1093/jhered/ess047. 290 
Moshkelani S, Rabiee S, Javaheri-Koupaei M. 2011. DNA Fingerprinting of Iranian Arab Horse Using Fourteen Microsatellites Marker. Res. J. Biol. Sci 291 

6 (8): 402–405. 292 
Mujahid, Mustofa I, Tehupuring BC, Restiadi TI, Eliyani H, Ratnani H. 2019. Relationship Between Morphometry Of Udder Mares And Milk 293 

Production In Bima District West Nusa Tenggara. Ovozoa 8 (2): 1–6. DOI: 10.20473/ovz.v8i2.2019.169-174. 294 
Navani N, Jain PK, Gupta S, Sisodia BS, Kumar S. 2002. A set of cattle microsatellite DNA markers for genome analysis of riverine buffalo (Bubalus 295 

bubalis). Anim. Genet 33 (2): 149–154. DOI: 10.1046/j.1365-2052.2002.00823.x. 296 



 

Nishikaku K, Ishikura R, Ohnuki N, Polat M, Aida Y, Murakami S, Kobayashi T. 2019. Broadly applicable PCR restriction fragment length 297 
polymorphism method for genotyping bovine leukemia virus. J. Vet. Med. Sci  81 (8): 1157–1161. DOI: 10.1292/jvms.18-0603. 298 

Parmar R, Seth R, Sharma RK. 2022. Genome-wide identification and characterization of functionally relevant microsatellite markers from transcription 299 
factor genes of Tea (Camellia sinensis (L.) O. Kuntze). Sci. Rep 12 (1): 1–14. DOI: 10.1038/s41598-021-03848-x. 300 

Peakall R, Smouse PE. 2012. GenALEx 6.5: Genetic analysis in Excel. Population genetic software for teaching and research-an update. Bioinformatics 301 
28 (19): 2537–2539. DOI: 10.1093/bioinformatics/bts460. 302 

Keputusan Menteri Pertanian, Pub. L. No. Nomor 2917/Kpts/OT.140/6/2011 Tentang Penetapan Rumpun Kuda Sumbawa, 1 (2011). 303 
http://bibit.ditjenpkh.pertanian.go.id/sites/default/files/Kuda Sumbawa.pdf [Indonesian] 304 

Prastyowati A. 2021. Susu Kuda Liar Sumbawa: Manfaat dan Potensinya sebagai Probiotik. Wartazoa 31 (3): 147–154.[Indonesian] 305 
Putman AI, Carbone I. 2014. Challenges in analysis and interpretation of microsatellite data for population genetic studies. Ecol. Evol 4 (22): 4399–4428. 306 

DOI: 10.1002/ece3.1305. 307 
Reis SP, Gonçalvez EC, Silva A, Schneider MPC. 2008. Genetic variability and efficiency of DNA microsatellite markers for paternity testing in horse 308 

breeds from the Brazilian Marajó archipelago. Genet. Mol. Biol 31 (1): 68–72. DOI: 10.1590/S1415-47572008000100014. 309 
Rukavina D, Storil BK, Durmic-Pasic A, Mackic-Durovic M, Babic S, Ajanovi A, Pojskic N. 2021. Evaluation of the genetic diversity and population 310 

structure of potential Bosnian mountain horse based on microsatellite markers. Veterinaria 70 (2): 219–227. DOI: 311 
10.51607/22331360.2021.70.2.219.  312 

Saptadi D, Heliyanto B, Sudarsono. 2020. Short communication: Cross-species amplification of microsatellite markers developed for jatropha curcas 313 
within five species of jatropha. Biodiversitas 21 (11): 5072–5076. DOI: 10.13057/biodiv/d211111. 314 

Saragih CI, Suada IK, Sampurna IP. 2013. Ketahanan susu kuda sumbawa ditinjau dari waktu reduktase. Indones. Med. Veterinus 2 (5): 553–315 
561.[Indonesian] 316 

Selvakumari E, Jenifer J, Priyadharshini S, Vinodhini R. 2017. Application of DNA Fingerprinting for Plant Identification.  J. Acad. Ind. Res 5 (10): 317 
149–151. 318 

Seo JH, Park KD, Lee HK, Kong HS. 2016. Genetic diversity of Halla horses using microsatellite markers. J. Anim. Sci. Technol 2016 (58): 1–5. DOI: 319 
10.1186/s40781-016-0120-6. 320 

Sikka P, Sethi RK. 2008. Genetic variability in production performance of Murrah buffaloes (Bubalus bubalis) using microsatellite polymorphism. Indian 321 
J. Biotechnol 7 (1): 103–107. 322 

Silva ACM, Paiva SR, Albuquerque MSM, Egito AA, Santos SA, Lima FC, Castro ST, Mariante AS, Correa PS, McManus CM. 2012. Genetic 323 
variability in local Brazilian horse lines using microsatellite markers. Genet. Mol. Res 11 (2): 881–890. DOI: 10.4238/2012.April.10.4. 324 

Singla K, Rani Y, Panchal K, Singh RK. 2017. DNA Fingerprinting. Eur. J. Pharm. Med. Res 4 (8): 244–246. 325 
Sukri, A. (2014). Analisis filogenetik kerbau lokal lombok tengah. Florea 1 (2): 1–4. DOI: 10.25273/florea.v1i2.392 [Indonesian] 326 
Sutarno, Setyawan AD, Lymbery AJ. 2015. Genetic diversity of five indonesian native cattle breeds at microsatellite loci. Asian J. Anim. Sci 9 (2): 57–327 

64). DOI: 10.3923/ajas.2015.57.64. 328 
Teneva A, Todorovska E, Petrovic M, Kusza S, Perriassamy K, Caro-Petrovic V, Ostojic-Andric D, Gadjev D. 2018. Short tandem repeats (STR) in 329 

cattle genomics and breeding. Biotechnol. Anim. Husb 34 (2): 127–147. DOI: 10.2298/bah1802127t. 330 
Uffo O, Martínez N, Acosta A, Sanz A, Martín-Burriel I, Osta R, Rodellar C, Zaragoza P. 2017. Analysis of microsatellite markers in a Cuban water 331 

buffalo breed. J. Dairy Res 84 (3): 289–292. DOI: 10.1017/S0022029917000425. 332 
Ustyantseva AV, Khrabrova LA, Abramova NV, Ryabova TN. 2019. Genetic characterization of Akhal-Teke horse subpopulations using 17 333 

microsatellite loci. IOP Conf. Ser. Earth Environ. Sci 341: 1–6. DOI: 10.1088/1755-1315/341/1/012070. 334 
Vieira MLC, Santini L, Diniz AL, Munhoz CF. 2016. Microsatellite markers: What they mean and why they are so useful. Genet. Mol. Biol 39 (3): 312–335 

328. DOI: 10.1590/1678-4685-GMB-2016-0027. 336 
Vigneshwaran V, Thirusangu P, Vijay Avin BR, Krishna V, Pramod SN, Prabhakar BT. 2017. Immunomodulatory glc/man-directed Dolichos lablab 337 

lectin (DLL) evokes anti-tumour response in vivo by counteracting angiogenic gene expressions. Clin. Exp. Immunol 189 (1): 21-35. DOI: 338 
10.1111/cei.12959.  339 

Vohra V, Singh NP, Chhotaray S, Raina VS, Chopra A, Kataria RS. 2021. Morphometric and microsatellite-based comparative genetic diversity analysis 340 
in Bubalus bubalis from North India. PeerJ 9: 1–23. DOI: 10.7717/peerj.11846. 341 

Wangiyana IGAS, Nugraheni YMMA, Anggadhania L, Soetarto ES. 2021. Morphological and DNA Polymorphism Analyses of Fusarium Solani 342 
Isolated from Gyrinops Versteegii in the West Nusa Tenggara Forest. ASM Sci. J 14 (2): 65–74. 343 

Wangiyana IGAS, Supriadi, Nikmatullah A, Sunarpi, Triandini IGAAH. 2022. Diversity of Gyrinops versteegii from several agarwood plantation on 344 
Lombok Island (Indonesia) as raw material of Gyrinops tea. Biodiversitas 23 (1): 178–186. DOI: 10.13057/biodiv/d230123. 345 

Wibisono HW, Wandia IN, Suatha IK. 2017. Morfometri kuda (Equus caballus) jantan dewasa yang dipelihara di Kabupaten Lombok Timur, Nusa 346 
Tenggara Barat. Indones. Med. Veterinus 6 (1): 55–61. DOI: 10.19087/imv.2017.6.1.55. 347 

Zalkovic P, MacLean MA, Ambrose DJ. 2001. A simple procedure to secure an indwelling jugular vein catheter to the neck of cattle for repeated blood 348 
sampling. Can. Vet. J 42 (12): 940-942. 349 

 350 


