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Random amplified polymorphic DNA-polymerase chain reaction (RAPD-PCR) was applied to analyze the 
genetic variation among Channa striatus collected from four geographically distant locations in India. 
After initial PCR screening, nine random oligodecamers viz. OPA10, OPA11, OPA15, OPAC01, OPAC03, 
OPAC05, OPAC07, OPAC09 and OPAC19 which generated the RAPD profile for the four C. striatus 
populations were selected. Amplification using these nine primers resulted in fragments ranging in 
length between 309-3029 bp assigned to 87 loci. Estimates of Nei’s (1978) unbiased genetic distance (D) 
values ranged from 0.3242-0.6320. Unweighted pair group method with arithmetic mean (UPGMA) 
dendrogram constructed on the basis of genetic distance revealed very close genetic relationship 
among C. striatus populations of river Tamirabarani (Tamil Nadu) and river Periyar (Kerala). Both 
populations from river Tamirabarani and Periyar were found to be genetically closer to fish populations 
from Kolleru Lake (Andhra Pradesh) whereas C. striatus population from Brahmani River (Orissa) was 
found to be genetically distant from the rest of the populations. 
 
Key words: Indian snakehead, Channa striatus, genetic diversity, random amplified polymorphic DNA (RAPD). 

 
 
INTRODUCTION 
 
Murrels commonly called snakeheads belonging to genus 
Channa comprise one of the most important groups of 
freshwater food fish in tropical Asia (Benziger et al., 2011) 
having a wide natural distribution extending across the 
continent from Iran in the West, to China in the East, and 
parts of Siberia in the Far East (Berra, 2007). They are 
one of the most common staple food fish in Thailand, 

Cambodia, Vietnam and other South East Asian 
countries where they are extensively cultured (Sinh and 
Pomeroy, 2010). Murrels are characterized by elongated 
body, round caudal fin, elongated dorsal and anal fins 
which are supported only by rays, large scales on their 
heads and dorso lateral position of eyes on the anterior 
part of the head (Figures 1 and 2). Scales are cycloid or 
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Figure 1. Elongated body of Channa striatus. 

 
 
 

 
 
Figure 2. Presence of large scales on head and dorso 
lateral position of eyes of snakehead. 

 
 
 
ctenoid (Musikasinthorn, 1998, 2003). The mouth is 
terminal and large with a protruding lower jaw, which is 
toothed, often containing canine-like teeth. Murrels can 
also be distinguished based on coloration, meristic, 
morphometric characteristics, distribution of scales on the 
underside of the lower jaw, the shape of the head and the 
morphology of the supra branchial organs.  

Channa striatus is commonly called Chevron 
snakehead, striped murrel or striated murrel and is one of 
the most economically important Channid species 
inhabiting freshwater as well as brackishwater (Bloch, 
1793). C. striatus displays dramatic colour changes 
(Haniffa et al., 2013) between early, late juvenile and 
adult stage as the hatchlings are black followed by a 
critical red color stage from post hatchling to fry, again 
turn black during fingerling stage and finally the adults 
show white striations all over the body (Figure 3). 

 
 
Figure 3. Color variations shown by C. striatus during life stages. 

 
 
 

This Channid species is regarded as highly prized food 
fish in Asia (Hossain et al., 2008; Haniffa, 2010) and is 
ubiquitous and abundant throughout India. C. striatus 
possesses peculiar characteristics like air breathing 
ability, hardiness and high tolerance to adverse environ-
mental conditions and the medicinal properties make it 
suitable for post surgical, convalescence and arthritis 
patients (Ali, 1999; Mat Jais et al., 2009). Morpho-
logically, the body is cylindrical, elongated dorsal and 
anal fins supported by rays only, plate like scales on 
head and a round caudal fin (Xia, 2006; Bhat et al., 
2012). Upper body pigmentation is greenish brown to 
almost black; oblique bars/stripes give the impression of 
forward facing V shaped pattern consisting of dark 
streaks and blotches.  

The earlier studies presented various meristic and 
morphometric  characters like dorsal fin  rays 42-45, anal  



 
 
 
 
fin rays 26-29, lateral line scales 55-65, large mouth with 
lower jaw having 4-7 canines behind a single row of 
villiform teeth, dorsal and anal fins slightly darker in color 
than the maxilla and premaxillary process extending to 
vertical level beyond posterior margin of orbit, presence 
of a sharp pointed ridge at the mid-ventral part of 
isthamus and anterior to it many longitudinal striae are 
present; total vertebrae count 54 and branchial tooth 
plate count 13 (Vishwanath and Getakumari 2009). 
According to Nelson (1994), this group of teleostean 
fishes known as snakeheads is classified as:  
 
Class: Actinopterygii 
Subclass: Neopterygii 
Order: Perciformis 
Suborder: Channoidei 
Family: Channidae 
 
Genetic relationship between populations has been 
studied in different fish species having enormous 
evolutionary significance with regard to local adaptation, 
micro-evolutionary changes and maintenance of genetic 
variation (Slatkin, 1987). In finite populations, drift may 
lead to a loss of genetic variability in neutral markers 
which is usually applied in population studies, as well as 
allele compositional functional loci. Heterozygosity yields 
fitness advantage (Mitton, 1994) whereas loss of genetic 
variation will lead to reduced heterozygosity and ulti-
mately lower fitness. 

Random amplified polymorphic DNA (RAPD) is a 
simple and quick PCR-based technique, which uses 
arbitrary primers for amplification of discrete regions of 
genome (Williams et al., 1990) and most importantly, no 
prior knowledge of the genetic make-up of the organism 
is required (Hadrys et al., 1992).  

RAPD markers have been used to evaluate the genetic 
diversity and conser-vation of numerous fish populations 
(Almeida et al., 2001, 2003; Dergam et al., 2002). The 
present investigations deals with genetic variation among 
four geographically distant populations of C. striatus 
collected from different Indian water bodies by RAPD-
PCR. 
 
 
MATERIALS AND METHODS 
 
Sample collection 
 
The C. striatus samples were collected from Kolleru lake, Andhra 
Pradesh (16° 30´N and 81° 15´E), River Periyar, Kerala (10° 10´N 
and 76° 13´E), Brahmani River, Orissa (22° 48´N and 84° 14´E) and 
River Tamirabarani, Tamil Nadu (80° 44´N and 77° 44´E) (Figure 
4). 
 
 
DNA isolation 
 
Approximately 100 mg of fin tissue from 18 individuals of each 
population was preserved in 95% ethanol. DNA was isolated from 
preserved  samples  following  Ruzzante  et  al.  (1996)   with  minor  
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Figure 4. Map showing the collection sites of samples for 
the analysis of stock structure of C. striatus. 

 
 
 
modifications.  
 
 
Screening of primers and PCR amplification 
 
A total of 30 arbitrary primers (OPAC and OPA series Operon 
Technologies Ltd. USA) with random sequence were screened 
(Nagarajan et al., 2006). Nine primers OPA10, OPA11, OPA15, 
OPAC01, OPAC03, OPAC05, OPAC07, OPAC09 and OPAC19 
which gave reproducible results were selected. The PCR 
amplifications were carried out using Veriti 96 well Thermal Cycler 
Applied Biosystems in a reaction volume of 25 µl containing 50 ng 
genomic DNA, 10X PCR buffer (10 mM Tris-HCLpH 9.0, 50 mM 
KCl and 0.01% gelatin), 2.5 mM of each dNTP, 5 pmol of primer 
and 0.7 units of Taq DNA polymerase. The amplification conditions 
were 94°C for 5 min followed by 29 cycles at 94°C for 1 min. 40°C 
for 1 min and 72°C for 2 min with a final extension at 72°C for 10 
min.  
 
 
Agarose gel electrophoresis and visualization of bands 
 
After amplification 8 µl of PCR products were electrophoresed in 
1.5% agarose gel containing ethidium bromide and 1X TBE buffer 
to visualize the band patterns generated by each primer. The 
molecular weight of each band was estimated using a standard 
molecular marker (Lambda DNA/Eco RI Hind III Double Digest) with 
Image master 1D Elite Ver.3.01 (GE Amersham Biosciences USA) 
(Saini et al., 2010). 
 
 
Statistical analysis and dendrogram 
 
Statistical analysis was carried out for the RAPD band pattern of all 
the four C. striatus populations used for the present study. Using 
eight selected arbitrary primers viz, OPA10, OPA11, OPA15, 
OPAC01, OPAC03, OPAC05, OPAC07, OPAC09 and OPAC19, the 
molecular characterization of C. striatus populations and 
comparative analysis were made. RAPD band pattern was visually 
analyzed and scored from photographs. The well defined, prominent, 
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Figure 5. RAPD bands amplified by primer OPA-10 in four Channa striatus populations collected from various Indian locations (Lane M - 
standard molecular weight marker; lanes 1 to 9 - Kolleru population; lanes 10 to 18- Periyar population; lanes 19 to 27- Brahamani 
population and lanes 28 to 36 - Tamirabarani population. 

 
 
 

 
 
Figure 6. RAPD bands amplified by primer OPA-11 in four Channa striatus populations collected from various Indian locations. (Lane M - 
standard molecular weight marker; lanes 1 to 9 - Kolleru population; lanes 10 to 18- Periyar population; lanes 19 to 27- Brahamani 
population and lanes 28 to 36 - Tamirabarani population.  

 
 
 
distinct and well separated bands were selected for the 
comparative analysis. The genotypes were determined by recording 
the presence (1) or absence (0) of the bands and neglecting the 
weak and unresolved bands. Nei’s (1978) unbiased genetic identity 
(I) and genetic distance (D) values between C. striatus populations 
were calculated using the data generated from RAPD profiles using 
POPGENE 1.31 (Yeh et al., 1999). Genetic distance values were 
utilized to construct a dendrogram through clustering analysis 
(UPGMA) to determine the relationship between C. striatus 
populations.  
 
 
RESULTS AND DISCUSSION 
 

Out of 30 decamer primers screened 9 primers viz, 
OPA10, OPA11, OPA15, OPAC01, OPAC03, OPAC05, 
OPAC07, OPAC09 and OPAC19 showed reproducible 
results with good resolutions in banding patterns whereas 
the other 21 primers produced highly inconsistent ampli-
fication products or did not amplify at all and hence they 
were excluded from further analysis. The RAPD band 

profile for four geographically distant C. striatus popu-
lations for various selected oligodecamers are depicted in 
Figures 5 to 13. The nine oligodecamer primers that 
generated amplification fragments ranging in length 
between 309-3029 bp in length were assigned to 87 loci. 
The number of stable and clear RAPD bands generated 
per primer varied between 5 and 13. The performance of 
Operon random primers on C. striatus populations 
collected from different Indian water systems which 
highlight the primer code, number of bands amplified, 
number of polymorphic bands, number of unique (mono-
morphic) bands and polymorphism percentage is shown 
in Table 1.  

The RAPD amplification observed for the four different 
populations with the oligodecamers highlighted were 
consistent and showed population specific bands. Of the 
87 RAPD bands, 11 were population-specific bands 
(unique bands) among the eleven population-specific 
bands, the Kolleru population had four bands, Periyar
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Figure 7. RAPD bands amplified by primer OPA-15 in four Channa striatus populations collected from various Indian locations. Lane M - 
standard molecular weight marker; lanes 1 to 9 - Kolleru population; lanes 10 to 18 - Periyar population; lanes 19 to 27 - Brahamani 
population and lanes 28 to 36 - Tamirabarani population. 
 
 
 

 
 
Figure 8. RAPD bands amplified by primer OPAC-01 in four Channa striatus populations collected from various Indian locations. Lane M 
- standard molecular weight marker; lanes 1 to 9 - Kolleru Population; lanes 10 to 18 - Periyar Population; lanes 19 to 27 - Brahamani 
Population and lanes 28 to 36 - Tamirabarani Population. 

 
 
 

 
 
Figure 9. RAPD bands amplified by primer OPAC-03 in four Channa striatus populations collected from various Indian locations. Lane M - 
standard molecular weight marker; lanes 1 to 9 - Kolleru population; lanes 10 to 18 - Periyar population; lanes 19 to 27 - Brahamani 
population and lanes 28 to 36 - Tamirabarani population. 
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Figure 10. RAPD bands amplified by primer OPAC-05 in four Channa striatus populations collected from various Indian locations. Lane M - 
standard molecular weight marker; lanes 1 to 9 - Kolleru population; lanes 10 to 18 - Periyar population; lanes 19 to 27 - Brahamani 
population and lanes 28 to 36 - Tamirabarani population. 

 
 
 

 
 
Figure 11. RAPD bands amplified by primer OPAC-07 in four Channa striatus populations collected from various Indian locations. Lane M - 
standard molecular weight marker; lanes 1 to 9 - Kolleru population; lanes 10 to 18 - Periyar population; lanes 19 to 27 - Brahamani 
population and lanes 28 to 36 - Tamirabarani population. 
 
 
 

 
 
Figure 12. RAPD bands amplified by primer OPAC-09 in four Channa striatus populations collected from various Indian locations. Lane M - 
standard molecular weight marker; lanes 1 to 9 - Kolleru population; lanes 10 to 18 - Periyar population; lanes 19 to 27 - Brahamani 
population and lanes 28 to 36 - Tamirabarani population. 
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Figure 13. RAPD bands amplified by primer OPAC-19 in four Channa striatus populations collected from various Indian locations. Lane M - 
standard molecular weight marker; lanes 1 to 9 - Kolleru population; lanes 10 to 18 - Periyar population; lanes 19 to 27 - Brahamani 
population and lanes 28 to 36 - Tamirabarani population. 
 
 
 
Table 1. Performance of operon random primers on four C. striatus populations. 
 

Primer 
code 

No. of 
band 

Polymorphic 
band 

Unique 
band 

 
Polymorphism 

(%) 

Description of unique/population specific bands (bp) 

Kolleru Periyar Brahmani 
Tamira- b 

arani 

OPA 10 13 11 2  84.62  1(790) 1(3530) - 
OPA 11 10 9 1  90.0 - - (1375) - 
OPA15 8 7 1  87.50  (860) - - 
OPAC 01 5 4 1  80.00 (1950) - - - 
OPAC 03 9 8 1  88.89 (376) - - - 
OPAC 05 8 7 1  87.50 - - - (1820) 
OPAC 07 13 12 1  92.31 - - (2102) - 
OPAC 09 9 8 1  88.89  - (947) - 
OPAC 19 12 11 1  91.67 (1716) -  - 

 
 
 
population had two bands, Brahmani population had four 
bands whereas the Tamirabarani population had only one 
population specific band.  

The polymorphic and unique DNA bands can be used 
as genetic markers to select the breeders from the 
desired population for the purpose of selective breeding 
programmes and to monitor the level of DNA variability in 
the wild or cultured population. Taking into account the 
amplification results of the individual primers used in the 
present study especially the population specific bands 
OPA-10 amplified single unique band for each of the 
population of Periyar and Brahmani waterbodies, 
whereas OPA-11 amplified a single unique band for 
Brahmani population and OPA-15 oligodecamer amplified 
a single unique band for periyar population. The primers 
OPAC -01 and OPAC -03 each amplified one specific 
band for Kolleru population. OPAC-05 oligodecamer 
amplified single unique band for Tamirabarani and 
OPAC-07 amplified single unique band for Brahmani 
population. OPAC-09 oligodecamer amplified single 
unique band for Brahmani population whereas OPAC-19 
oligodecamer amplified a single unique bands for Kolleru  

population. 
The overall estimate of gene diversity, average pair 

wise similarity index, number of polymorphic loci and 
percentage of polymorphism in C. striatus populations is 
given in Table 2. Estimates of Nei (1978) unbiased 
genetic distance (D) demonstrated the genetic distance 
to discriminate the different C. striatus populations (Table 
3) and the values ranged from 0.3242-0.6320. UPGMA 
dendrogram constructed on the basis of genetic distance 
revealed that the genetic relationship was very close 
among C. striatus populations of Tamirabarani (Tamilnadu) 
and Periayr (Kerala). Both these populations were found 
to be genetically closer to Kolleru (Andhra Pradesh) 
population whereas C. striatus population of Brahmani 
(Orissa) was found to be genetically distant from the rest 
of the populations (Figure 14). 

The presence of variability among populations as well 
as individuals within a population is essential for their 
ability to survive and successfully respond to environ-
mental changes (Ryman et al., 1995). Excessive exploi-
tation by capture fishery and loss of aquatic ecosystems 
combined with poor fishery management result in the 
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Table 2. Overall estimate of gene diversity, average pair wise similarity index, 
polymorphic loci and percentage of polymorphism in Channa striatus populations. 
 

Parameter Kolleru Periyar Brahmani Tamirabarani 

Gene diversity 0.0684 0.1005 0.1465 0.0969 
Shannon information index 0.0972 0.1426 0.2063 0.1368 
No. of polymorphic loci 13 19 27 18 
Percentage polymorphism 14.94 21.84 31.03 20.69 

 
 
 
 
 

Table 3. Nei's 1978 genetic distance among four populations of C. striatus. 
 

Population ID  Kolleru Periyar Brahmani Tamirabarani 

Kolleru ****    
Periyar 0.3922 ****   
Brahmani 0.6320 0.4812 ****  
Tamirabarani 0.4668 0.3242 0.4546 **** 

 
 
 

 
 
Figure 14. UPGMA dendrogram of four C. striatus populations based on RAPD profiles.  

 
 
 
depletion of the fishery stocks. Such depletions can result 
in the loss of total gene pool (Smith et al., 1991). 
Conservation of the genetic diversity has emerged as one 
of the central issues in conservation biology (Bickham et 
al., 2000), considering its value for the sustainability of 
populations (Avise, 2004). Simultaneously, advances in 
molecular techniques increased the availability of 
different DNA-based markers, which have become 
efficient tools in conservation genetic studies, gene 
mapping, population genetics, molecular evolutionary 
genetics and plant and animal breeding (Haig, 1998; 
Ertas and Seker, 2005).  

RAPD markers have been found to have a wide range 
of applications in gene mapping, population genetics, 
molecular evolution and genetic breeding programmes 
(Bardakci and Skibinski, 1994; Wasko et al., 2004; Leuzzi 
et al., 2004; Matoso et al., 2004). For instance, genetic 
variation has been well studied between 4 different 
populations of Hilsa Shad from Ganga, Yamuna, Hoogly 

and Narmada rivers of India using RAPD technique 
(Brahmane et al., 2006). Morpometric and ISSR marker 
systems used for categorization of five Channid species 
revealed the closeness of C. striatus and Channa 
marulius (Haniffa et al., 2014). 

In the present study, the polymorphic and unique DNA 
bands detected can be used as genetic markers to select 
the breeders from the desired population for the purpose 
of selective breeding programmes and to monitor the 
level of DNA variability in the wild or cultured population 
of the species. Besides these, population-specific unique 
bands can be used to detect any possible mixing of the 
populations, especially during selective breeding 
programmes (Ferguson et al., 1995). D’Amato and 
Corach (1996) reported that a single RAPD fraction 
present in one of the two populations of Macrobrachium 
borellii was considered as a genetic marker for stock 
identification.  

In the  present  study, based  on  clustering  analysis of 



 
 
 
 
C. striatus populations, Tamirabarani and Periyar 
populations were found to be genetically closer. Among 
Kolleru and Brahmani populations the former was found 
genetically closer to Periyar and Tamirabarani popu-
lations. The population structure of freshwater organisms 
is dependent on the distributions of river systems (Ikeda 
et al., 1993; Hara et al., 1998). Among the four water 
bodies studied, river Tamirabarani (Tamilnadu) and 
Periyar (Kerala) originate from Western Ghats, South 
India and are geographically closer to each other than to 
Lake Kolleru of Andhra Pradesh. The river Brahmani 
(Orissa) is located more than 1500 km (East India) 
geographically away from Tamirabarni, Periyar and 
Kolleru lake. Based on Nei’s genetic distance values, it is 
possible to conclude that Tamirabarni, Periyar and 
Kolleru populations are closer to each other when 
compared to Brahmani population. The genetic 
differentiation is primarily dependent on geographical 
isolation as the present study showed a significant 
correlation between genetic closeness and geographical 
distance. RAPD has been used in population studies in 
fisheries and can be used efficiently for variation analysis 
of populations with differential degrees of geographic 
isolation. The present study will be helpful to understand 
genetic relationship between different C. striatus 
populations inhabiting Indian waters, their effective 
management, conservation and effective scientific 
captive breeding programmes. The study will also be 
useful as the reference investigation for the future 
molecular as well as morphological studies on 
snakeheads.  
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