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Abstract: Objective: The purpose of this study was to analyze the allele heterozygosity of five strains of Carp (Cyprinus carpio L.) based on 

microsatellite DNA markers and determine the relationship between them based on allele heterozygosity using the markers. Methods: The 

method of this research is DNA isolation according to the TIANGEN kit protocol using muscle tissue samples from five strains of 

Indonesian local carp strains: Sinyonya, Punten, Majalaya, Koi, and Najawa strains. Amplification was carried out using ten microsatellite 

primers. The band observed in the qualitative test results on 1% agarose gel was converted into fragment length (bp) based on the 100-3000 

bp DNA Ladder. Allele heterozygosity was analyzed using GenAlex 6.503. The fragment length of each locus was tested using variance 

analysis test. Relationship of the strain was analyzed using POPGENE 1.32 to construct UPGMA dendrograms modified from the 

NEIGHBOR Procedure of PHYLIP 3.5 and visualized using MEGA7. Results: Allele heterozygosity of the five strains of carp in Indonesia 

is known to be significant and represent a quite good allele variations. Punten strains are known to have the most polymorphic locus 

character (90%). The relationships based on the analysis of heterozygosity of microsatellite DNA alleles sh owed that there were two groups 

of strains separated by significant genetic distances. The first group consisted of three strains namely Koi, Majalaya, and Punten, while the 

second group consisted of Sinyonya and Najawa strains. Conclusion: The carp strain grouping is influenced by the intensive and long-term 

local cultivation processes since the first culture in Indonesia untill now. 
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1. Introduction 

Carps (Cyprinus carpio L.) is one of the mostly cultured 

freshwater fish in Indonesia and throughout the world. The 

fish belonging to the Cyprinidae family, are the largest 

family after the Gobiidae [1,2]. Carps had been cultivated 

since the past, beginning with it’s release into artificial 

freshwater ecosystems. Carps cultivation in Indonesia has 

been carried out since the end of 1999. Carps cultivation in 

Indonesia has also been one of the fast-growing commodity 

sources of protein [3]. Based on report of the Ministry of 

Maritime Affairs and Fisheries in 2013, carps production in 

Indonesia reaches around three hundred tons in a year. The 

largest production in West Java was 167 tons, West Sumatra 

61,658 tons, North Sulawesi 41,789 tons, Riau 26,411 tons, 

and North Sumatra at 21,897 tons [4]. This proves that Carps 

in Indonesia is the main biological protein source. Carps is 

an important aquaculture species in Indonesia because it is 

easy to breed simple artificial ecosystems such as ponds, 

floating net cages and minapadi so the price is affordable for 

the community. Carps is one of the freshwater species that is 

very easy to adapt to its environment, and fertilization in 

hatchery is quite easy to do [5]. These fish usually 

experience mating around the beginning of spring to the 

beginning of summer for subtropical countries, while in 

tropical countries Carps can mate throughout the year [2]. 

Cross-breeding of several carps varieties has produced many 

new strains in Indonesia. Carps strains are in accordance 

with localities in various regions in Indonesia. Strains that 

are found in Indonesia are Sinyonya, Punten, Majalaya, Red 

Carp, Glass Carp, Taiwan Carp, Domas, Kacra Domas, 

Wildan, and Sutisna [6,7]. Carps fertilization in the wild 

ecosystem often cause carp to experience quality changes 

both quantitatively and genetically due to changes in the 

innate alleles owned by the mother [8]. Consumer demand 

for carps is promising in Indonesia. This encourages fish 

farmers to continue farming the fish well with the natural 

preservation methods and interbreed with the hope of getting 

carps with the desired quality and characters. Carps are 

chosen by fish farmers through a series of character 

selection. This is one of the causes for the decline in the 

genetic variability of fish that is thought to have occurred 

prolonged [9] and the variability of strains produced by 

culture has not been widely known. Carps crossing 

fertilization in both its natural habitat and aquaculture ponds 

has produced many significant morphological differences in 

its offspring, but the relationship between varieties or strains 

are still unclear and require further population genetic 

studies. Study of population genetics is an important study 

related to the diversity of a species. This study can be done 

in several ways, one of which is using molecular markers. 

Analysis of molecular markers has become a popular trend in 

various studies and research fields in Indonesia, one of which 

is in the field of fish farming. The study of biological 

populations on carps populations can be done simply by 

utilizing molecular markers that are specific to a 

polymorphism. One of the molecular markers that can be 

used is variable number of tandem repeat (VNTR). VNTR 

sequences are thought to be quite sensitive to changes that 

occur in a population related to the size, structure, and rate of 

distribution [10].  One part of VNTR that can be used to 

study carps populations is microsatellite. Microsatellites are 

developed as molecular markers that can play a role in the 

reconstruction and genetic mapping of a population of 

organisms. Genetic mapping of a population can be arranged 

based on an analysis of polymorphism at a single locus with 

codominantly expressed heterozygous alleles [11]. Genetic 

variability in carps has long been an interesting research 

topic. Some molecular markers are used to determine the 

polymorphism of the genetic material possessed by these 

organisms, for example in the carp breeding business, a 

selection is based on the Major Histocompatibility Complex 

(MHC) protein-coding gene. The research and analysis of 
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using molecular markers were developed based on 

knowledge of aquaculture defense systems against an attack 

of a disease. Gene polymorphism and MHC molecules cause 

a very high diversity of alleles in fish populations. The high 

MHC gene polymorphism in the fish group is estimated as 

evolutionary evidence of selection due to parasite attacks 

[12-14]. The genetic studies of the Mas population are 

mostly carried out using traditional molecular markers such 

as allozymes and mitochondrial DNA [15,16]. Some of the 

other studies have attempted to analyze the relationship 

between strains of carps that have been successfully 

cultivated in each region by using several types of molecular 

markers, namely AFLP, and PCR-RLFP to amplify genes 

originating from mitochondria. Study of the population using 

specific molecular markers was further developed, one of 

which used microsatellite by Kohlman [17]. DNA 

Microsatellite is molecular markers were developed for 

research on various organisms with diverse objectives. 

Microsatellites are derived from parent to offspring then 

follow Mendel's law and are codominant. Research 

conducted by Croojimans from 1997 to 2003, is known to 

have succeeded in developing 32 microsatellites in carps [2]. 

Microsatellites in the study of the Mas population were 

known to be used to study mapping and monitoring of 

genetic diversity among carps varieties [2, 18-20]. The 

purpose of this study was to analyze allele heterozygosity of 

five strains of Carp (Cyprinus carpio L.) cultured based on 

microsatellite DNA markers, and to determine the kinship 

relationship between the five strains of carps based on allele 

heterozygosity using these markers. Molecular data obtained 

from this study can be used as a reference for future breeding 

or research. The molecular data is a form of enrichment from 

genetic conservation efforts of local carps in Indonesia 

carried out with molecular markers of microsatellite as well 

as efforts to invent the diversity of strains of cultivated carps 

in Indonesia. 

 

2. Materials and Methods 

The research was conducted in November 2017 to March 

2018. A sampling of five strains of carp was carried out in 

the Unit Pengelola Budidaya Ikan Air Tawar, Punten, Batu 

City in October 2017. Extraction, microsatellite 

amplification, and data analysis were carried out at the 

Animal Diversity Laboratory, Biology Department, Faculty 

of Mathematics and Natural Sciences, Universitas Brawijaya. 

Tissue sample preservation of carps (Cyprinus carpio L.)  

Carps are taken from the Unit Pengelola Budidaya Ikan Air 

Tawar, Punten, Batu, Indonesia on October 2017. The results 

of the sampling taken from muscle tissue are then put on a 

1.5 ml microtube containing absolute ethanol to maintain cell 

integrity until DNA extraction is carried out. The muscle 

tissue samples were stored at -20
o 

C at the Animal Diversity 

Laboratory, Biology Department, Universitas Brawijaya. 

 

Extraction of microsatellite DNA 

The extraction process is carried out using the TIANGEN 

extraction kit in accordance with the standard protocol kit. 

Muscle tissue samples were taken as much as 10 mg using 

scissors and tweezers that had been cleaned of residue using 

absolute ethanol.  TIANGEN kits are known to have 

absorbance values for purification of DNA at wavelengths of 

260nm / 280nm with a purity ratio of 1.7-1.9. Qualitative 

tests were carried out through whole genome electrophoresis 

method with 1% agarose gel. The marker used is DNA 

ladder 100 bp which is placed in the first well. Electrodes are 

installed with 90V power for 30 minutes. Electrophoresis gel 

was taken from the electrophoresis chamber for 

documentation of whole genome electrophoresis. The gel 

results were observed and documented in the Gel Doc UV-

Transluminator.  

 

Amplification of DNA microsatellite samples 

DNA isolates that were previously extracted were then 

amplified using PCR. The forward and reverse primers used 

are adapted from several literatures that can be seen in table 

1. Amplification is done using thermocycling. The PCR mix 

used is 2x Go Taq Green. The composition of the PCR 

sample is ddH2O 3.6 µl; Go Taq Green 2x 5µl; forward 

primer 0.2 µl, reverse primer 0.2 µl, and DNA sample 1 µl. 

Microsatellites were amplified for 35 cycles. The PCR 

program used was predominantly 95oC for 5 minutes, 

denatured 95
o
C for 30 seconds, annealing according to each 

table, for 45 seconds, extension 72
o
C for 90 seconds, and 

post extensions 72
o
C for 10 minutes. The cycle is repeated 

35 times. The effectiveness of this method is aided by the 

gradient PCR method. Annealing temperatures in one run 

(35 times in one cycle). The eight Annealing temperatures 

used included 61
o 

C, 60.4
o 
C, 59.3

o 
C, 57.3

o 
C, 54.9

o 
C, 53

o 
C, 

51.7
o 

C, and 51
o 

C. The results of microsatellite DNA 

amplification from the samples used can be observed with 

qualitative tests carried out through the electrophoresis 

method on 1% agarose gel.  

 

Tabel 1. Microsatellite primer for analysis of genetic diversity in carps (Cyprinus carpio L.) 

 

Locus Sequences (5’-3’) Motive 
Product 

Fragment (bp) 

Annealing 

Temperature 

(oC) 

MFW1* 
F: GTCCAGACTGTCATCAGGAG 

R:GAGGTGTACACTGAGTCACGC 
(CA)n

a 212 55 

MFW2* 
F: CACACCGGGCTACTGCAGAG 

R: GTGCAGTGCAGGCAGTTTGC 
(CA)n

a 200 55 

MFW9* 
F: GATCTGCAAGCATATCTGTCG 

R: ATCTGAACCTGCAGCTCCTC 
(CA)n

a 117 55 

MFW15* 
F: ATGATGAGAACATTGTTTACAG 

R: TGAGAGAACAATGTGGATGAC 
(CA)n

a 184 50 

MFW16* 
F: GTCCATTGTGTCAAGATAGAG 
R: TCTTCATTTCAGGCTGCAAAG 

(CA)n
a 171 55 
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CCA30** 
F: CTGCCTTCTTCTACTCTACAC 

R : TTGCCTCTAAGCTTGATTTT 

(GT)18 

(GA)20 
260–318 50 

Cca02*** 
F:ATGCAGGGCTCATGTTGCTCATA 

R: GCAGACAGACACGTTGCTCTCG 
(TA)20 173–194 50 

Cca04*** 
F: ATCCCTTACCGCCCTGTGT 

R: AGCTGAAAAACGCTGTCACG 
(TA)24 224–258 50 

Cca24*** 
F: AAATTTTCAAGACTGGGTGGTT 
R: ACAGCAAGATGACAAAATGAGTG 

(TA)34 210–252 50 

Cca72*** 
F: CAGGCCAGATCTATCATCATCAA 
R: CTGCTGTTGGATATGCACTACATC 

(GATA)9 244–299 55 

Description: 

*: Primer designed by Crooijmans, et al. (1997) 

**: Primer designed by David et al. (2001) and Aliah, et al. (1999) 

***: Primer designed by Yue et al. (2003) 

 

Scoring the alleles  

The genotyping process begins by determining the length of 

the band fragment observed in 1% agarose. The ribbon 

represents the allele from the amplification of the 

microsatellite locus. The gel well is considered to be the zero 

point of the length of the first fragment that appears in the 

marker band. The DNA Ladder marker used has a length of 

100-3000 bp, consisting of 12 fragments or bands with 

specific fragment lengths. The band observed in 1% agarose 

gel was recorded and measured the distance from the gel 

well, and converted into fragment length (bp) using the 

standard curve of the DNA Ladder marker. 

 

Analysis of amount, frequency and heterozygosity 

The heterozygosity of alleles was analyzed based on 

parameters: observed alleles (Na) from amplified loci, along 

with the number of effective alleles (Ne), and the number of 

expected heterozygosity (He) values calculated using 

GenAlex 6.503 software (Peakall et al., 2012) . The fragment 

length of each locus was tested using variance analysis test. 

This test was conducted to compare the average fragment 

length of microsatellite DNA held by each strain of carps 

used in this study. Analysis of molecular variation from 

microsatellite DNA was analyzed using GenAlex 6.503 

software (Peakall et al., 2012) which used the Fst parameter 

(between populations), Phys (between strains between 

populations) and Fit (between strains). 

 

Analysis of the strain’s relationships 

Relationship based on genetic distance and genetic 

differentiation in the five strains of carps was analyzed using 

POPGENE 1.32 software (Yeh et al., 1999) by simulating 

1000 sample data. The value obtained is used to construct a 

dendrogram using the UPGMA method. Dendogram 

reconstruction using UPGMA based Nei's (1978) Genetic 

distance modified from software NEIGHBOR Procedure of 

PHYLIP 3.5 was visualized with the help of MEGA7 

software. 

 

3. Results and Discussions 

Allele Heterozygosity of Five Carp Strains (Cyprinus carpio 

L.) Cultivation in Indonesia Ten pairs of microsatellite 

primers used in this study are known to be able to represent 

either locus diversity or allele heterozygosity in the five 

strains of carps in Indonesia used in this study. The guiding 

locus used to obtain information about heterozygosity are 

specific loci and are highly recommended as microsatellite 

markers to analyze genetic diversity of the Mas fish 

population [21]. All microsatellite loci amplified in Carps 

DNA samples varied for each strain. These alleles can be 

observed in each DNA fragment that has a different 

molecular weight for each amplified locus.The genetic 

heterozygosity shown by the number of amplified alleles is 

one of the parameters for the analysis of genetic diversity 

and is the main target in this study. Briefly, heterozygosity 

can be explained based on the large number of genetic 

variations that occur in a population. Measurements of 

heterozygosity are carried out based on variations in alleles 

or fragments of microsatellite DNA amplified according to 

the ten loci used. Allele heterozygosity in this study can be 

observed for each strain. Allele heterozygosity in this study 

was seen based on several characters, namely the number of 

variations in alleles (Na), the number of effective alleles or 

unique among strains / populations (Ne), observation 

heterozygosity (Ho), and expected heterozygosity (He). 

Genetic diversity in Sinyo strains of fish based on the ten 

loci used, shows that in these strains there are several typical 

allele variations (table 2). The variation is the highest 

number of allele variations at the MFW1 locus, while the 

lowest value is at the CCA30 and Cca72 loci. The locus 

showed that in the Sinyo strain, the allele variation was not 

high enough. Based on the heterozygosity value of the 

MFW16 locus observation, it shows a value of 0.8 which is 

the highest value of the ten loci used in this research. This 

value is not directly proportional to the highest 

heterozygosity value indicated at the MFW1 locus. This is 

known to be different for the second strain, namely strain 

Punten. Carp strain Punten has the highest Na, Ne, Ho, and 

He values at the MFW1 locus. Effective allele variation in 

the Punten strain was considered to be quite high at 3.85 and 

was the highest among the five strains. The allele variations 

found in the third strain, Majalaya, showed a lower value. 

This strain has the highest Na value at the MFW1 and 

MFW15 locus with a value of 4.00. The highest effective 

allele variation at the MFW1 locus with a value of 2.94. This 

value indicates that the Majalaya strain has the lowest allele 

variation among the five strains. This can also be proven by 

the lower value of the heterozygosity of the observation in 

the highest expectation heterozygosity value, namely at the 

MFW15 locus. The fourth strain, Koi, showed good allele 

variation, with a straight comparison for the highest value in 

the number of allele variations, effective alleles, observation 

heterozygosity, and expectations. The highest allele variation 

was found at the MFW9 locus. This strain shows that the 
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value of observational heterozygosity and expectations is at a 

value of only 0.2. This value represents a fairly good allele 

variation at the locus and strain used in the study. MFW9 

locus is also the locus with the highest allele variation value 

in the fifth strain, Najawa. The strain showed that the 

effective allele variation was 3.85 with a maximum value of 

heterozygosity of 1.00 at different loci, namely MFW16. 

However, the value of the expected heterozygosity of 0.74 is 

indicated by the MFW9 locus. Heterozygosity is an 

important character in analyzing the genetic diversity of an 

individual in the population. Heterozygosity defines that an 

individual tends to have varied genotypes and can be said to 

be heterozygous. The observed heterozygosity of the five 

strains of carps in this study has a value that can be used to 

predict the condition or structure of carps populations which 

have been cultivated for years in Indonesia. In theory, given 

an example that at a low heterozygosity value for the cheetah 

population based on the alloenzim locus, indicates that the 

fauna population is too small so it is very risky to experience 

a reduction in genetic variation that can result in extinction if 

it lasts for a long time [22].  However, this statement cannot 

be fully correlated with genetic variation in fauna groups in 

general, because the stability of the genetic material 

component in the mammal group is much better than that of 

the lower taxa. This study showed that some values of 

observed heterozygosity were found to be of higher value 

compared to expectations of heterozygosity. The value of 

observational heterozygosity in the Punten, Majalaya, and 

Koi strains has a higher value compared to the expected 

heterozygosity. This is different from the other two strains, 

namely Sinyonya and Najawa, which are strains of typical 

Carp fish in the Central Java region. The two strains have a 

lower value of observation heterozygosity compared to the 

expected heterozygosity. This is estimated to be influenced 

by the population of the strain that is not too much in its 

population, compared to the strains of Punten, Majalaya, and 

Koi. Both of these strains are sustainably cultivated in the 

Central Java region as a commodity of consumption, but are 

known to be less attractive in cultivation because they are 

quite difficult in seeding. This is also influenced by the 

incompatibility of carp strains of Sinyonya and Najawa to be 

cultivated in other regions. Najawa, as a new strain and until 

now is still a research in breeding efforts.According to 

Tambasco, if a population has an observation heterozygosity 

value that is higher than the expected heterozygosity, it 

should be noted that the population can be indicated to have 

experienced inbreeding [23].  

 

Tabel 2.  Alleles heterozygosity in five strains of carp in Indonesia 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sinyonya (n=5) Punten (n=5) Majalaya (n=5) 

Locus Na Ne Ho He Na Ne Ho He Na Ne Ho He 

MFW1 5.00 3.13 0.60 0.68 5.00 3.85 1.00 0.74 4.00 2.94 0.60 0.66 

MFW2 3.00 2.78 0.00 0.64 3.00 2.27 0.00 0.56 3.00 2.27 0.00 0.56 

MFW9 2.00 1.92 0.00 0.48 3.00 2.27 0.40 0.56 2.00 1.92 0.80 0.48 

MFW15 3.00 2.27 0.00 0.56 3.00 2.78 0.00 0.64 4.00 3.57 0.00 0.72 

MFW16 4.00 2.78 0.80 0.64 4.00 3.33 0.60 0.70 2.00 2.00 1.00 0.50 

CCA30 1.00 1.00 0.00 0.00 2.00 1.47 0.00 0.32 2.00 1.47 0.00 0.32 

Cca02 2.00 1.47 0.00 0.32 2.00 2.00 1.00 0.50 2.00 1.22 0.20 0.18 

Cca04 2.00 1.92 0.80 0.48 2.00 1.72 0.60 0.42 2.00 1.22 0.20 0.18 

Cca24 3.00 2.27 0.00 0.56 2.00 1.92 0.00 0.48 1.00 1.00 0.00 0.00 

Cca72 1.00 1.00 0.00 0.00 1.00 1.00 0.00 0.00 1.00 1.00 0.00 0.00 

Koi (n=5) Najawa (n=5)     

MFW1 4.00 2.38 0.20 0.58 2.00 1.47 0.00 0.32     

MFW2 3.00 2.78 0.00 0.64 4.00 3.57 0.00 0.72     

MFW9 5.00 4.55 0.80 0.78 5.00 3.85 0.60 0.74     

MFW15 2.00 1.47 0.00 0.32 4.00 3.57 0.00 0.72     

MFW16 3.00 1.85 0.60 0.46 2.00 2.00 1.00 0.50     

CCA30 2.00 1.92 0.00 0.48 1.00 1.00 0.00 0.00     

Cca02 1.00 1.00 0.00 0.00 1.00 1.00 0.00 0.00     

Cca04 1.00 1.00 0.00 0.00 1.00 1.00 0.00 0.00     

Cca24 1.00 1.00 0.00 0.00 1.00 1.00 0.00 0.00     

Cca72 1.00 1.00 0.00 0.00 2.00 1.47 0.00 0.32     

Description:  
Na :Allelic variations 

Ne :Unique alleles 

Ho  :Heterozigosity observed  
He  :Heterozigosity expected 
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Analysis of genetic populations indicates the occurrence of 

inbreeding because of heterozygote deficiencies and 

deviations from Hardy-Weinberg High Equilibrium, offset 

by Phys values (Phys = (He average - Ho mean) / He 

average) are positive, are sufficiently clear parameters to 

describe the consequences of events bottleneck and reduce 

reproductive compatibility in the population [24]. Tambasco 

also added that in a population with a value of observation 

heterozygosity lower than expected heterozygosity, with a 

significant difference in value, it could indicate a potential 

imbalance in both the structure and number of the population 

[23]. The genetic heterozygosity of five strains of carps 

based on microsatellite markers in this study showed less 

polymorphic results. This is because some loci which are 

thought to be polymorphic loci, which produce several 

alleles, are observed to show only a small number of alleles, 

while other loci only produce one allele after amplification 

(monomorphic).  Each locus amplified for each strain 

produces allele lengths ranging from 200-400 bp. The allele 

variations that can be observed in this study were highest at 

the MFW1 and MFW15 loci, which were as many as 10 

alleles, while the lowest variations at the Cca02 and Ccca72 

loci were 3 alleles. MFW1 and MFW2 locus are loci with 

alleles ranging from 100bp to 433bp. The locus is the main 

locus of microsatellite with a repetition motif consisting of 

cytosine and adenine bases in a pattern of decreases that vary 

for each individual. However, this pattern is very common so 

that until now it has been used to analyze microsatellite loci 

in freshwater fish belonging to the Cyprinidae. Locus Cca02 

and Cca72 are specific loci with alkaline repetitions of 

tyrosine-adenine and guanine-adenine-tyrosine. This locus is 

the new microsatellite locus used by Yue et al. based on 

flanking sequences to enrich microsatellite markers which so 

far only range between cytosine and adenine bases [21].  

Based on previous studies and this study, it is known that the 

locus is quite well used as one of the specific microsatellite 

markers, so this marker does not produce high allele 

variations. Frequency of Alleles and Inbreeding (Phys) 

Coefficients in Five Carp Strains in Indonesia based on 

Microsatellite DNA Markings Allele heterozygosity can be 

determined by analyzing the number of alleles found for 

each locus amplified using a specific primer, or called the 

allele frequency. Locus that produces the most alleles, 

MFW1, MFW2, MFW9, and MFW16. The frequency of 

alleles in the five strains of carps used in this study produced 

values ranging from 100-333 bp (Figure 1). The first locus, 

MFW1, produces nine alleles with the highest frequency of 

167 bp, with a value of 0.8 in the Najawa strain. The second 

locus, MFW2, produces seven alleles ranging from 100 bp to 

267 bp. Alleles at this locus have the largest allele frequency 

of 0.6 in the fragment length of 133 bp and 200 bp. These 

alleles are known to appear in the Punten and Majalaya 

strains. MFW9 and MFW15 locus have almost similar 

fragment lengths, with the largest frequency 0.6 for 

Sinyonya, Punten, and Majalaya strains. The locus produces 

the least allele, namely Cca02 with only two alleles with a 

fragment length of 167 bp and 200 bp. The highest allele 

frequencies at the locus were worth 1.00 in the Koi and 

Najawa strains (table 3). Nei (1987) revealed that an allele 

can be said to be polymorphic if it has a frequency value of 

990.99. The microsatellite allele variations observed in this 

study indicate that the diversity of alleles possessed by the 

five strains of carps in Indonesia is quite high, especially for 

strain Punten. Analysis of heterozygosity between strains 

was carried out using the F-stat parameter (table 4). These 

parameters are one of the analyzes that can be used to 

determine genetic differentiation from subpopulations [25]. 

Fst value analysis can also be used to obtain information 

about the diversity of carps in a subpopulation or strain used 

in this study. The high Fst value resulted from the similarity 

of alleles found at microsatellite loci which were 

successfully amplified. All strains show significant genetic 

differences, namely Fstat values greater than 0.01 Inbreeding 

coefficient (Fis) is the coefficient used to represent the 

possibility of the presence of two genes at a locus for each 

individual of an offspring. For the overall analysis, without 

differentiating between strains, the obtained average physical 

values were positive. This shows that most of the strains 

have an inbreeding tendency. 

 

 
 

Figure 1.  Variations in length of allele fragments in five carp strains in Indonesia based on one-way ANOVA test using ten 

marks of locus microsatellite DNA 

 



 

 

 

 

                    International Journal of Advanced Research and Publications 
                                                      ISSN: 2456-9992  

      

                                             Volume 3 Issue 6, June 2019 
                                                      www.ijarp.org 

113 

The hypothesis of the phenomenon of closed marriage 

(inbreeding) arises based on the character selection activities 

of Carps farmers who only want a superior strain derived 

from the marriage of the same strain. The activity was 

carried out for many years with the aim of fulfilling the most 

popular carps commodity by domestic and foreign 

consumers. Closed marriage can be interpreted as a process 

of marriage involving closely related individuals in one 

population. Closed marriage in fish is a phenomenon that can 

be both beneficial and harmful. During the cultivation 

process, closed marriage is intended to get offspring who 

have the desired character. Closed marriage systems carried 

out on fish populations can be aimed at obtaining uniform 

phenotypic characters in one population. This if not 

controlled will continuously reduce the heterozygosity of a 

gene or genetic diversity, increase the likelihood of alleles 

with unfavorable characters appearing and expressing 

dominantly in homozygous conditions [26-28]. The 

heterozygosity of five strains of carps in Indonesia using 

parameters of variation and frequency of alleles, in this 

study, showed that among the five strains, the Punten strain 

had the most polymorphic locus percentage (figure 2). The 

percentage of polymorphic loci based on microsatellite DNA 

markers from Punten strains reached 90%, followed by 

Sinyonya and Majalaya strains with a percentage of 80%. 

Relationship Relationship Between Five Carp Strains 

(Cyprinus carpio L.) based on Microsatellite DNA 

Heterozigosity The frequency of alleles as one of the genetic 

heterozygosity parameters of the five strains of carps used in 

this study can be further analyzed to determine genetic 

distance (GD) or genetic distance between strains. The 

method used in this study is Pairwise Population Matrix of 

Nei Genetic Distance, which is the difference seen in the 

matrix that compares each strain with other strains in pairs. 

The value of genetic distance in one species of carps can be 

used to determine the genetic relationship between these 

strains [2]. The genetic distance values obtained from the 

five strains of carps ranged from 0.46-1.36.  

 

Tabel 3. Frequency of Alleles in Five Carp Strains (Cyprinus carpio L.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The lowest  genetic distance value is between Sinyanya 

strains to Majalaya, while the highest value is 1.36 obtained 

between strains Punten and Koi. The second highest genetic 

distance is between signals with Najawa, which is equal to 

1.03. Both strains have the most genetic distance among 

other strains. Microsatellite DNA markers are one of the 

markers that are still recognized and accepted as valid 

genotyping markers (compared to the AFLP method) and can 

be used both for ornamental carp and consumption, although 

the phenotype is different, but the microsatellite genome is 

conserved. This is quite unique because the carps population 

in the world has expanded because of random marriages in 

nature, then mass experienced character selection to obtain 

abundant superior strains. Microsatellite DNA markers are 

known to be sufficiently used to determine genetic 

differences specifically because the level of conservation in 

the genome is quite high. The study showed that the genetic 

distance obtained from microsatellite markers was quite 

good at 49% in carp, 100% in whales and 40% in cattle and 

goats. This proves that the microsatellite locus is very awake 

and specific to be used as markers of species of genotyping. 

Genetic difference between the five strains of carps, was 

analyzed based on Fst values for each population. Fst values 

have been widely used in the process of genotyping based on 

microsatellite markers [29]. The largest Fst value is obtained 

between the strains of Majalaya and Koi. This indicates that 

the two strain populations experienced considerable 

divergence among the other three strains.  

Locus 
Ni  

(bp) 

S P M K N 
Locus 

Ni  

(bp) 

S P M K N 

5 5 5 5 5 5 5 5 5 5 

MFW1 

100 0.20 0.20 0.00 0.00 0.00 

MFW9 

100 0.00 0.00 0.00 0.00 0.20 

133 0.10 0.00 0.00 0.00 0.20 133 0.00 0.00 0.00 0.20 0.40 

150 0.00 0.10 0.00 0.00 0.00 167 0.60 0.60 0.60 0.30 0.00 

167 0.50 0.40 0.20 0.60 0.80 183 0.00 0.00 0.00 0.10 0.00 

183 0.00 0.00 0.00 0.10 0.00 200 0.40 0.20 0.00 0.00 0.20 

200 0.10 0.00 0.50 0.20 0.00 267 0.00 0.00 0.00 0.00 0.10 

300 0.10 0.00 0.00 0.10 0.00 300 0.00 0.00 0.00 0.20 0.00 

333 0.00 0.10 0.00 0.00 0.00 333 0.00 0.00 0.00 0.20 0.00 

367 0.00 0.20 0.20 0.00 0.00 

MFW15 

100 0.00 0.00 0.00 0.80 0.00 

MFW2 

100 0.00 0.00 0.00 0.40 0.00 117 0.00 0.00 0.00 0.00 0.20 

133 0.00 0.00 0.60 0.20 0.00 133 0.00 0.00 0.00 0.20 0.20 

167 0.00 0.00 0.20 0.40 0.20 167 0.00 0.00 0.00 0.00 0.40 

200 0.40 0.60 0.00 0.00 0.40 200 0.00 0.00 0.00 0.00 0.20 

233 0.40 0.00 0.20 0.00 0.20 233 0.20 0.40 0.00 0.00 0.00 

250 0.00 0.20 0.00 0.00 0.00 250 0.00 0.00 0.20 0.00 0.00 

267 0.20 0.00 0.00 0.00 0.20 300 0.20 0.00 0.20 0.00 0.00 

MFW16 

100 0.00 0.20 0.00 0.70 0.50 
Cca04 

233 0.60 0.70 0.90 0.00 0.00 

133 0.50 0.10 0.50 0.00 0.00 300 0.00 0.00 0.00 1.00 1.00 

167 0.10 0.40 0.00 0.10 0.50 

Cca24 

367 0.40 0.00 0.00 0.00 0.00 

200 0.00 0.00 0.00 0.20 0.00 233 0.20 0.00 0.00 0.00 0.00 

233 0.00 0.00 0.50 0.00 0.00 267 0.20 0.60 1.00 0.00 1.00 

267 0.10 0.30 0.00 0.00 0.00 300 0.00 0.40 0.00 1.00 0.00 

CCA30 

250 0.00 0.00 0.00 0.60 1.00 

Cca72 

200 0.00 1.00 0.00 0.00 0.00 

267 0.00 0.00 0.00 0.40 0.00 233 1.00 0.00 1.00 1.00 0.20 

283 0.00 0.20 0.80 0.00 0.00 267 0.00 0.00 0.00 0.00 0.80 

Description:  

Ni : Alel Observasi   M :Majalaya 

S  :Sinyonya            K :Koi 
P :Punten                 N :Najawa 
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Figure 2.  Heterozygosity of Polymorphic Locus from Five Carp Strains based on Microsatellite DNA Markings 

 

The general pattern of genetic differentiation is based on ten 

microsatellite loci with the most consistent value being the 

Koi strain with an average Fst value of 0.35. The genetic 

distance matrix in one species of carps grouped by strains 

and markers of microsatellite DNA in this study shows the 

genetic relationship of the five strains. When compared with 

the value of genetic differentiation through the Fst value 

(with a value of P = 0.05), it can be seen that many genetic 

differences between the strains of carp based on 

microsatellite DNA markers are of high value and quite 

significant in providing a genetic identity to the strains of 

carp in Indonesia. The combination of genetic distance with 

Fst can be used in a dendogram reconstruction that 

represents kinship relationships between strains of Carp 

based on microsatellite DNA markers. Reconstruction of the 

dendogram from five strains of carps based on microsatellite 

DNA markers was carried out using the UPGMA 

Dendrogram Based Nei's (1978) Genetic distance Method 

method modified from the NEIGHBOR Procedure of 

PHYLIP 3.5 software. The dendogram produced from this 

method separates the five strains into two groups (clusters). 

The sequence of these groupings shows kinship relationships 

measured by genetic distance and differentiation between 

strains. The first group consisted of three strains namely Koi, 

Majalaya, and Punten. This group is separated from the other 

strains with a distance of 8.50. Koi strains are separated by 

branching the Majalaya and Punten strains with genetic 

distance values of 2.30. This group separates the Koi as a 

strain that has the largest genetic distance from other strains. 

Koi strains are estimated to have a significant difference so 

they are in the first cluster, separate from the Majalaya and 

Punten strains. Koi strains are known to have a diversity of 

alleles that tend to be low compared to other strains, but the 

population variability is quite high due to the selection and 

hybridization process at the cultivation site [30]. The 

relationship formed by the Majalaya and Punten strains 

indicates the presence of several genetic similarities and 

allegations of cross-breeding in wild habitats. 

Morphologically, the two strains have morphological 

similarities which are estimated to be physical characters 

originating from ancestors. The two strains came from two 

different regions, namely Majalaya which originated from 

West Java, while the Punten Carp was cultivated in Punten, 

Batu, East Java. Both strains were taken from adjacent 

cultivation locations. According to Scribner et al., 

populations that live close together, allow for a similarity in 

genetic identity (genetic identity) which is high due to gene 

flow [10]. It is this similarity that the genetic identity based 

on microsatellite DNA markers is estimated to make the two 

strains in a position adjacent to the same genetic distance 

value in the kinship scheme. Research conducted by Mondol 

et al. on the strains of carps cultivated in Bangladesh, more 

or less shows the kinship between Koi strains and other 

strains. Kinship that occurs between several strains shows a 

distance that is not too far away and grouped based on the 

area of origin before being introduced [31]. Strains 

introduced from Japan, namely Koi, are known to cluster 

together with Red carp. It is estimated that the Koi strain 

originates from cross-breeding, one of which involves Red 

carp. Studies of haplotypes from European carp strains show 

a different grouping with Koi and carps from Vietnam. 

Meanwhile, Koi and Vietnamese strains show a fairly high 

distance or differentiation, while the lowest distance is found 

between strains originating from Vietnam and China [32]. 

This shows that the homogeneity between the strains 

originating from Vietnam and China is quite high. This is 

enough to prove that the Koi and other strains are clustered 

in a dendrogram because the cultivation process is local. The 

second group consisted of Sinyonya and Najawa strains 

separated from the first group with a genetic distance of 

10.71. These two strains are monoculture strains in the 

Central Java region. It is predicted that genetic identities 

formed from genetic distance values and Fst both strains are 

quite high compared to other strains. These two strains are 

strains that have almost the same morphological 

characteristics. Based on these morphological characters, it is 
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estimated that the strain originated from the ancestors of 

Cyprinus carpio haematopterus and Cyprinus carpio carpio 

which later developed into a hybrid population and 

experienced intensive selection and cultivation systems to 

produce strains that were recognized as Indonesian domestic 

strains. The adjacent cultivation areas of these two strains,  

namely Central Java, allow strong predictions of gene flow, 

while the two strains are separated by other strains in the 

kinship tree (figure 3) due to different cultivation sites. 

Geographic isolation, environmental conditions of the farm, 

bottleneck and gene flow events are factors that greatly 

influence the genetic identity of an individual and fish 

population [29]. Allele heterozygosity of the microsatellite 

locus at five starfish cultured fish used in this study 

correlates the long history of carps cultivation in Indonesia 

with the kinship formed from the process. High allele 

variations of several strains have separated the strain from 

other strains. The high allele variation is proportional to the 

heterozygosity of the genes manifested from the offspring to 

the next offspring. Strains that are known to have the most 

polymorphic locus, namely Punten, based on the results of an 

analysis of their kinship are known to have a genetic distance 

close to Koi. It can be estimated that the Punten Carp, has 

undergone a random process of mixing genes, but some 

genes derived from pure strains are still well conserved. This 

results in the expression of characters typical of some breeds, 

with random variations. The Punten strain is known to be 

undergoing a cultivation selection process that began in 1919 

and is expected to end in 1930 [33]. The process then 

resumed at the end of 2016. This long pause is thought to 

have caused the Punten strain to experience random mating 

with other strains in its habitat. However, the genes that 

encode the characters of the fish are small heads, high backs, 

fast growth, and greenish bodies that can still be found in 

strains currently being used in the research process. The 

same genetic distance between Punten and Koi, indicates that 

there is a possibility that the strain experienced divergence 

strains at a rate similar to Koi, at their respective cultivation 

sites. This also applies to some strains which separate the 

second group, namely Najawa and Sinyonya, which are close 

to the location of cultivation. Research in the same field 

shows that the diversity of alleles will decline due to several 

intensive cultivation systems [34]. The low diversity of 

alleles can lead to an increase in the possibility of 

inbreeding, which results in a low variation of certain genes, 

for example a decrease in genes that play an important role 

in the internal resistance of cultured fish to pathogens. 

 

 
Figure 3. Reconstruction of dendogram using UPGMA based Nei's (1978) Genetic distance method modified from software 

NEIGHBOR Procedure of PHYLIP 3.5 for kinship between strains of Carp based on microsatellite DNA markers 

 

CONCLUSION 

Genetic diversity of five strains of carps can be analyzed 

through the character of allele heterozygosity obtained based 

on microsatellite DNA markers. Allele heterozygosity of the 

five strains of carps in Indonesia is significant and represents 

a fairly good allele variation, especially at the MFW1 locus. 

Punten strains are known to have the most polymorphic 

locus character with a percentage of 90%. The high 

percentage of the polymorphic locus in the strain is due to a 

random mating process in its natural habitat. The 

relationships based on the analysis of allele heterozygosity 

using microsatellite DNA markers in the five strains of Mas 

showed that there were two groups of strains separated by 

significant genetic distances. The dendogram produced from 

this method separated the five strains into two groups. The 

first group consisted of three strains namely Koi, Majalaya, 

and Punten, while the second group consisted of Sinyonya 

and Najawa strains. Koi strains are known to be separated 

from the Majalaya and Punten strains. This grouping is 

influenced by the cultivation process that is locally intensive, 

and in the long term. Further research on the genetic 

diversity of domestic Indonesian carp strains analyzed based 

on microsatellite DNA markers has become very important, 
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due to the widespread superior strain selection process. The 

selection of the Punten Carp character needs to be more 

selective periodically to get offspring with pure strains. 

Meanwhile, it is necessary to monitor the cultivation process 

to avoid inbreeding depression. These efforts are expected to 

be able to conserve the diversity of local carps populations in 

Indonesia, thus supporting superior strain selection programs 

without destroying other domestic strains of Carps in 

Indonesia. 
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