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ABSTRACT 
 

Cirrhinus mrigala (Family Cyprinidae) have vast presence in different studied rivers of Pakistan. 
Present study was designed to formulate the genetic diversity of desired sites in Cirrhinus mrigala 
populations using nine Random amplified polymorphic DNA markers. Total hundred individuals 
were used to conduct this study and were collected from three distinct rivers (River Indus, Chenab 
and Ravi) with four specified sites with wild of Pakistan were used to study. A random Amplified 
Polymorphic DNA primer analyzes various bands of polymorphic loci. Mean genetic diversity within 
and between populations found 81.53% and 2.27% respectively by using analysis of molecular 
variance. Fixation index was found variably and Pairwise Fst analysis showed significant difference 
between different sites of studied populations. Genetic divergence information would mark 
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essential in order to improve genetic programming its management and conservation of natural 
inhabitation. In order to quantify the study of population divergence by using these molecular 
markers is an efficient way to pin point the genetic diversity within and among population. 
 

 

Keywords: Genetic diversity; freshwater; fishes; rivers; molecular markers. 
 

1. INTRODUCTION 
 

Freshwater fishes marked as very diverse group 
relatively but have a significant freshwater habitat 
globally, also named for globally most 
endangered group [1]. Cultivable freshwater fish 
Cirrhinus mrigala belongs from family Cyprinidae. 
Cirrhinus mrigala have presence in major river 
systems of subcontinent. In India, it is locally 
cultivated along with other species of carps in 
polyculture system. Comparatively rapid 
expansion was found up to 1996, and till 2003 
total global mrigal production remain constant  
[2]. However, declining trend was found 
comparatively from 1958 to 1994 [3]. Wild 
populations of major carps mark at risk; because 
of loss in genetic variability and diversity, due to 
decline in genetically diverse wild stock also it 
mixing [4]. Natural stock variability provided basis 
for breeding selection. So, to understand the 
genetic variability would be helpful for setting up 
of genetic improvement. DNA markers have 
significant importance use in different cultured 
fish species assess the level and pattern of 
genetic diversity [5]. Genetic diversity acts a tool 
for the assessment of genotypic variety present 
in species, group of specie and population [6]. 
Information about genetic structure and 
polymorphism in species and subspecies of 
fishes extensively used in management of 
aquatic genetical resources [7]. Activities are 
credentials for genetic resources and variety of 
ecosystems; characterization determine the 
genetic structure, evaluation that estimate 
economic potential [8]. Molecular approach by 
Microsatellite markers used to provide valuable 
information for genetic conservation and 
management of several freshwater species [9]. 
Microsatellite marker is one of useful technique 
for molecular biologists to analyze the population 
structure and allelic diversity and extensive array 
of applications in study of population genetics 
and variation in the species with little 
expenditure, time and effort [10]. 
 

2. MATERIALS AND METHODS 
 

A total of 100 samples (equal in each case) of 
Cirrhinus mrigala populations were intended to 
study. Samples were collected from four wild 
population sites, Head Taunsa (site 1), Toba Tek 
Singh (site 2) and Fateh-Pur Jhung (site 3), and 

from Muzaffargarh, Pakistan (site 4). Sampled 
populations detail is presented in Table 1 and 
sites are also indicated in Fig. 1. DNA extracted 
from various tissues (caudal fin, pectoral fin, 
pelvic fin, muscle and gills) using modified 
phenol-chloroform method. 
 

Samples of various organs (Caudal fin, Pectoral 
fin, Pelvic fin, Muscle and Gills) were taken for 
the extraction of DNA, Samples of muscle tissue 
were excised from the lateral muscle (skin 
removed) on the right side of the fish specimens 
and were minced with sterile razor blades prior to 
DNA extraction. 
 

DNA was isolated from samples of various 
organs (Caudal fin, Pectoral fin, Pelvic fin, 
Muscle and Gills) were taken for the extraction of 
DNA. Tissue size was of 50–100 mg with 600-
800 µl extraction buffers for grinding.  12 µl 
Proteinase K been was added, vortex it and 
incubated at 37°C and 55°C for 1hr respectively 
each. Solution was centrifuged, then supernatant 
was collected and equal volume of phenol: 
chloroform: isoamyl alcohol, mixed gently and 
again centrifuged. Supernatant was collected, 
added 0.1 volume of 3M sodium acetate and 
equal volume of pure ethanol. Placed at -20°C 
for 1-2 hr and then centrifuged it again, wash it 
and stored at -20°C until further analyses. 
 

Impurities in the diluted DNA were quantified by 
measuring absorbance at 260/280nm with the 
help of nanophotometer (IMPLEN). The integrity 
of DNA was checked by loading 5µl of isolated 
DNA, 2µl DNA loading dye on 0.8% agarose gel 
stained. Isolated DNA was also quantified by 
direct comparison with 1 Kb standard marker 
(GeneON).  
 

Polymerase chain reaction for amplification of 
genomic DNA by using different primers to 
analyze the genetic diversity. To make PCR 
solution 4.5 µl of master mix (dNTP’s, MgCl2, 
Tag Polymerase; BioShop, Canada Inc.), 19.4 µl 
water, 0.1 µl DNA template were mixed in PCR 
tubes. PCR amplification was carried out in 
Labcycler (SENSQUEST, Germany), comprising 
pre-denaturation at 95°C for 5 min followed by 40 
cycles, denaturation, annealing and extension 
were at 95°C, 36°C and 72°C respectively for 1 
min, with final extension at 72°C for 10 min.
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Table 1. Various parameter their sites, location, numbers and types of Cirrhinusmrigala 
 

Population Sites Types of population Location for sampling Coordinate (latitudes 
and longitudes) 

Date of Sampling Number of 
samples 

Cirrhinus mrigala FatehpurJhang Wild Chenab River 31
0
28’ N 72

0 
32’ E 02 Oct. 2018  25 

Cirrhinus mrigala Head Taunsa Wild Indus River 30°42'N 070°50'E 24 Dec. 2018 25 
Cirrhinus mrigala Toba Teksingh Wild Ravi River 30°45'N 72°57'E 10 Oct. 2018 25 
Cirrhinus mrigala Muzaffargarh Wild Chenab River site Pond 30° 4' 27' N 71° 11' 4 E 26 Dec. 2018 25 
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For control region sequencing with set of RAPD, 
primer was used for PCR amplification. After 
amplification, the polymerase chain reaction 
products were run on 1% gel for 1 hr. Diversity 

were noted on gel document and saved it to 
analyze genetic diversity. Primer sequences of 
randomly amplified polymorphic DNA markers 
were used in this study are shown in Table 2. 

 

 
 

Fig. 1. Sampling sites of Cirrhinus mrigala from different rivers of Pakistan 
 

Table 2. Primer sequences of randomly amplified polymorphic DNA markers used in this study 
 
Primer Sequence (5’ → 3’) DD MW Tm Nmol GC content % 
OPA-01 5’ ACTGGGTCGG 3’ 3.7 3.084 34

o
C 34 70 

OPA-04 5’ AATCGGGCTG 3’ 3.8 3.068 32
o
C 34 60 

OPB-03 5’ AGGGTCGGTC 3’ 3.7 3.084 34oC 34 70 
OPN -11 5’ AAAGCTGCGG 3’ 4 3.077 32

o
C 34 60 

OPA-09 5 ‘ GGGTAACGCC 3’ 3.7 3.053 34oC 34 70 
OPA-14 5’ CCGAGCACCG 3’ 3.5 2.998 36

o
C 34 80 

FA-8 5’ AGTCAGCCAC 3’ 3.7 4.997 32oC 34 60 
R-1 5’ CACCCCCTTG 3’ 3.1 2.924 34oC 34 70 
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2.1 Statistical Analysis 
 
Genetic polymorphism can also be noted loci, 
Nei's Gene Diversity Index [11]. Nei's genetic 
distances between populations [12], (POPGENE) 
were used to construct (UPGMA) unweighted 
pair group method arithmetic average 
dendrograms in NTSYSpc 2.11 after [13]. 
Genetic diversity (H) was calculated at two 
levels: the average diversity within populations 
and the total diversity. An analysis of molecular 
variance (AMOVA) was performed using Arlequin 
[14], and analyzed within and among 
populations. The pair wise fixation index (FST) 
was used to evaluate the level of genetic 
differentiation among populations. Sequential 
Bonferroni corrections [15] were used to correct 
for multiple testing. 
 

3. RESULTS 
 
Nine total primers and forty five primers in 
combination with each other were tested in this 
study. Primers (OPA-1, OPA-2, OPB-3, OPN-11, 
OPA-9, OPA-14, FA-8, R-1 and OPB-11) showed 
different polymorphic bands. Each primer 
showed a variable number of banding. A multiple 
banding was formed after analyzing. Almost 3,4 
band was formed in each primer sequence 
individually, multiple banding was formed in case 
of multiple primer, also had differ banding pattern 
variable to site of selection and nature of that fish 
varies in case of wild from various sites. 112 
bands were detected totally, a diverse 
polymorphism were formed. 
 

Cirrhinus mrigala from four different sites of three 
rivers from Pakistan, under wild system were 
used to mark genetic diversity. Variable numbers 

of polymorphic band were found in the studies 
fish species from various sites and maximum 
number of polymorphic band were observed 25 
form river Indus, Head Taunsa site and minimum 
number of band were observed in 14 in Toba Tek 
Singh site, River Ravi. Nei’s gene diversity was 
mentioned in Table 3. Nei’s genetic distances 
between all of the populations 0.3815.45 
(FatehJhang site), 0.4640.48 (Head Taunsa site), 
0.2265.44 (Toba Tek Singh site) and 0.3165.45 
(Muzaffargarh site) mentioned in Table 3. 
 

Randomly amplified polymorphic DNA markers 
marked high degree of genetical differentiation 
among selected specified site of various site in 
Cirrhinus mrigala. Significant relation through 
variance found I n?? all the site marked 
significant diversity among each other within a 
group and among the group, highly significant 
effect were found in values 0.34, 0.238,0.014 
and 0.013 in geographical wild populations of 
River Chenab, head taunsa (Indus River), Toba 
Teksingh (River Ravi) and Muzaffargarh site 
(River Chenab) respectively. Frequencies of 
Genotypic differences found significant among all 
of the populations (Table 4). 
 

Genetic diversity indicated 2.27% variation 
explicate among population, whereas 81.53% 
variation found within individual population using 
analysis of molecular variance through significant 
fixation index (Table 5). Neighbourhood joining 
tree constructed based on divergence showed 
populations were grouped into two clusters. 
These cluster based on geographically close 
group of population. FST, AMOVA and 
Neighborhood Joining tree was used to analyze 
degree of genetic differentiation between various 
site populations of different river in Pakistan. 

 
Table 3. Polymorphic bands and Nei’s gene diversity of different population sites 

 

Population 
Parameter Fateh Jhang 

site 
Head Taunsa 
site 

Toba Tek 
Singh site 

Muzaffargarh Site 

Polymorphic bands 22 25 14 16 
Nei’s gene diversity 0.3815.45 0.4640.48 0.2265.44 0.3165.45 

 
Table 4. Analysis of variance among various sites of Cirrhinus mrigala 

 

Analysis of variance ( ANOVA) 
 Cluster Error F Sig. 

Mean Square Df Mean Square Df 
FatehPurJhung site 3.756 1 .543 7 6.918 .034*** 
Indus Site .939 1 .564 7 1.664 .238*** 
Toba teksingh Site 5.339 1 .507 7 10.527 .014*** 
MUzaffargarh Site 2.450 1 .221 7 11.065 .013*** 
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Table 5. Analysis of molecular variance of randomly amplified polymorphic DNA primer in 
Cirrhinus mrigala 

 

Source of variation Df Sum of 
squares 

Variance 
components 

Percentage 
of variation 

Fixation 
Index 

P 
Value 

Among populations 3 2.814 0.01170 2.27 0.024 .038 
Within populations 119 58.947 0.46273 81.53   
Total 124 62.761 0.47443    

 

Table 6. Pairwise F
st 

amongs four riverine populations of Cirrhinus mrigala 
 

Fish Population Site Fatehpur 
Jhung 

Head Taunsa Toba Teksingh Muzaffargarh 

FatehpurJhung 0.014 0.792*** 0.693*** 0.00 
Head Taunsa 0.028 0.020 0.549*** 0.054*** 
Toba Teksingh 0.024 0.009 0.009 0.009 
Muzaffargarh 0.139*** 0.057*** 0.074*** 0.046 

 
Fst values found in studied populations ranges 
from 0.00 to 0.792 (p < .05), from lower to higher 
marked. Highest found pair wise value of Fst 
observed among population of Muzaffargarh and 
Fatehjhung shows lowest value, these variable 
values from various site also named as a 
genetically differentiation in studied site 
population (Table 6). 
 

4. DISCUSSION 
 

Randomly Amplified Polymorphic DNA PCR 
method is a powerful tool for genetic marker 
assessment of molecular markers [16,17] 
confirmed by the results of the present study 
because, for all primers, different banding 
patterns were observed within and between the 
species. 
 

A low level of genetic variation was observed in 
the fish stock collected from four different 
locations. As mentioned varying diversity in fish 
stocks. The loss in genetic variation in the fish 
stocks of O. niloticus in Wadi Haneffah, Riyadh, 
Saudi Arabia due to increased load of domestic 
and industrial waste. The increasing loss in the 
genetic variation in the tilapia may decrease its 
potential to overcome the habitat degradation 
due to anthropogenic activities. Ecosystem has 
complete dependence upon their diversity inside 
[18]. Interaction among number of species of 
habitat in an aquatic ecosystem may direct to 
uphold composition structure of fish fauna [19]. 
Biodiversity were found higher than already 
studied. Biodiversity of fish fauna marked its 
support for genetic diversity as it is increasing 
frequently. 
 

By using three indices to measure the intensity of 
genetic diversity including polymorphic bands 

numbers, variation within and between 
population and Nei’s gene diversity almost 
showed a similar order in all four populations.  
Study indicated diversity in all organisms 
observed highest genetic diversity level in site 1 
(Head Taunsa) population as suggested by Li et 
al. [20]. Randomly amplified polymorphic DNA 
markers steadily was used in order to analyze 
the population structure, individual within and in 
between population estimation for genetic 
variation in different species groups [21]. 

 
Randomly amplified polymorphic DNA analysis 
effectively seconds his importance in research 
especially in the field of fisheries to point out 
genetic diversity present at subspecies, species 
and population levels as in Poecili areticulata 
[22]; Micropteruss almoides [23]; Salmo salar, 
Salmo trutta and Labeo rohita [24]; Cyprinus 
carpio [25] and Icta lurid catfishes [26] 
respectively. Same technique was also followed 
in the present study which was aimed to study 
the genetic diversity of Cirrhinus mirigala, 
collected from three different rivers of Pakistan. 
Genetic variation detected because of gene flow 
result also seemed to be similar as C. mrigala 
populations from the Gangetic region [27]. 
 
Amplification through a number of Randomly 
amplified polymorphic DNA markers in four 
different  populations of Cirrhinus mrigala and a 
higher degree of polymorphism at loci put 
forwarded Currently exploited condition and 
randomly amplified polymorphic DNA makers 
comprises sufficient potential means to make a 
distinction among different geographically or 
genetically isolated populations and also           
confirm locally  adapted  populations existence. 
Remarkable differences frequencies or pattern of 
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band in C.  mrigala populations of various sites 
from different Rivers indicating good biased 
potentials of studied markers as previously 
reported among the different populations of  the 
freshwater fish species [28]. 
 
Amplification patterns through randomly 
amplified polymorphic DNA markers used for 
comparison within and between populations of 
Cirrhinus mrigala in present study. Size and 
fragments numbers generally depends upon 
nucleotide sequence in primer and as DNA 
template source, therefore resultant of that 
fragment in specified random DNA fingerprinting 
[29]. Present study also showed considerable 
genetic variation among populations.  
 
Similar studies using randomly amplified 
polymorphic DNA marker in Prochilodus 
marggravii and Tachysurus fulvidraco [30] have 
showed a significantly variation in various 
population from different localities and ecological 
isolation. In case of cultured population’s levels 
of genetic diversity found lower wild populations. 
Results are in agreement with Micropterus 
salmoides and Larimichthys crocea [31], followed 
to that have consistent have known impact on 
hatchery based population [32]. 
 
FST comparison is also used a measure by mean 
of differentiation within and between population 
as an important insight in case of evolutionary 
process result in genetic differentiation [33]. FST 
magnitude values are to 0 to 0.05 stands for little 
differentiation, 0.05–0.25 for moderate and 
higher than 0.25 resultant of higher differentiation 
among populations [34]. Present study indicated 
differentiation variably form 0 to 0.792. Highest 
0.792 found in between site 1 and site 3, 
indicating rapid genetically differentiation be 
achieved between wild population. Analysis of 
molecular variance showed 2.27 and 81.53% 
variation between and within populations. 
Variance within and between populations was 
(Fst 0.024). Analysis of molecular variance thus 
suggested considerably higher variances put 
individual variation present within populations 
than between population. Pairwise Fst estimation 
for all of loci was found 0-0.792 among 
population. So the similar form of result for 
genetic variation were noticed in the Kelantan 
population, showed higher degree of 
differentiation amongst populations �st  was 
found ranges from 0.1811to 0.6494 [35]. 
 
Similarly, the results of genetic distances based 
on un-weighted Pair Group Method with 

Arithmetic Mean analysis (UPGMA) exploiting 
nine randomly amplified polymorphic DNA 
markers separated into two clusters. Four 
populations of three river constituted cluster of 
one population formed the second sub-group. 
Population found variable genetic distance. 
Findings were also confirmed by Chatta and 
Ayub [36].   
 

5. CONCLUSION 
 
This study curried to investigate the genetic 
variation in species by using different random 
primers in RAPD analysis. It has been concluded 
that RAPD technique is very useful to collect 
data about the genetic variation in the wild stock 
of fish population. This information may be 
helpful to plan strategies for improvement in the 
breeding program by the fisheries biologist. 
 
Randomly amplified polymorphic DNA marker is 
useful in order to study population divergence. 
Randomly amplified polymorphic DNA markers, 
with a higher number of genetic diversity that 
work   more efficiently in analysis differences 
within or between that population. Sufficient 
genetic diversity marked in studied area of river 
from various sites in the individual population and 
in different populations remarkably isolated from 
each other this will also cause immediate 
problem for future survival of C. mrigala in the 
area. Not only reservoirs, pollution or dams 
caused effective population isolations but also 
river systems probably break such isolations. 
Four populations collected from different rivers 
and sites of Pakistan noticed frequent inter and 
intra-population movements of individuals. 
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