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Abstract

Mystus vittatus is a small indigenous fish species having higher nutritional value in terms of protein, micronutrients,
vitamins and minerals. But the catfish aquaculture including Mystus sp has not been developed extensively for its
aquaculture potential even though the demand of catfishes in the Indian domestic markets are very high. Therefore
for good aquacultural practices and to maintain a healthy gene pool, detailed knowledge on the population structure
of Mystus sp. is needed.

In the present study molecular and morphological analysis of a population of Mystus vittatus caught from four
different freshwater bodies of Assam about 100-400 km away from each other was done using RAPD markers. Total
412 RAPD fragments were generated using nine decamer primers of arbitrary nucleotide sequences. In the experiment
322 polymorphic bands and 90 monomorphic bands were produced which shows 78.15% of polymorphism and
21.84% of monomorphism. UPGMA dendrogram constructed on the basis of genetic distance formed three distinct
clusters indicating comparatively higher level of genetic variations in the studied M. vittatus populations in Assam.
Once the population structure is known, scientific management for optimal harvest and conservation of the catfish
fishery resource can be undertaken. Therefore, the present study may serve as a reference for future examinations
of genetic variations within the populations of fishes which are commercially important and the possible use of DNA

markers in future may create new avenues for cat fish molecular biological research in this part of world.
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Introduction

The striped dwarf catfish Mystus vittatus is an economically
important and favourite food fish in the South East Asian countries.
This important species for aquaculture is naturally distributed in India,
Bangladesh, Pakistan, Sri Lanka, Nepal, Myanmar and Thailand [1].
Even though the catfishes are in great demand in the Indian domestic
markets, the catfish aquaculture including Mystus sp has not yet been
developed for its aquaculture potential [2]. The entire demand for this
fish in the domestic market is met through capture from river bodies
and hence the effective management of wild stocks is critical. For
the development of effective management strategies information on
population structure is essential to conserve the biodiversity associated
with different species, sub-species, stocks and races [3]. Therefore
for good aquacultural practices and to maintain a healthy gene pool,
detailed knowledge on the population structure of Mystus sp. is needed.

All organisms are subject to mutations because of normal cellular
operations or interactions with the environment, leading to genetic
variation (polymorphism). Genetic variation in a species enhances
the capability of organism to adapt to changing environment and is
necessary for survival of the species [4]. Genetic variation arises between
individuals leading to differentiation at the level of population, species
and higher order taxonomic groups apart from other evolutionary
forces like selection and genetic drift. Molecular markers along with the
development of new statistical tools has revolutionized the analytical
power necessary to explore the genetic diversity, both in native
populations and in captive lots [5]. Nowadays, a wide range of new
molecular techniques have been explored and reported for fishes [6,7].
Williams et al. first introduced the Random amplified polymorphic
DNA (RAPD) technique [8]. RAPD technique is the one of the most
frequently used molecular methods for taxonomic and systematic
analyses of various organisms and has provided important applications
in catfish [9]. RAPD has also been used to estimate genetic diversity

and variations needed to study fish management and conservation
practices, even with endangered species [10,11]

It is based on the PCR amplification of discrete regions of genome
with short oligonucleotide primers of arbitrary sequence [12]. The
characters assessed through RAPD are useful for genetic studies
because they provide various types of data-taxonomic population,
inheritance pattern of various organisms including fishes [13].

The information on morphometric measurements of fishes
and the study of statistical relationship among them are essential
for taxonomic work [14]. Moreover, to know the origin of stock,
separation of stocks or identification of commercially important
species of fishes, morphometric characters are frequently used [15,16].
These type of study are important for understanding the interactive
effect of environment, selection and heredity on the body shapes
and sizes within a species [17]. Several studies on the comparative
morphometrics of different fish populations have been conducted
[18]. The study of genetic diversity of catfishes of Assam is very much
limited, so in the present study, this technique was applied to analyze
the genetic relationship among Mpystus vittatus populations. The
objectives of this study are focused on morphometric identification and
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detection of RAPD pattern for determination of the genetic variation of
a population of Mystus vittatus from Assam, India.

Materials and Methods

Fish sampling sites and morphometric measurements of
fishes

Geographically, populations of Mystus vittatus were caught from
freshwater bodies of Assam about 100-400 km away from each other,
that is, Kolong river at Morigaon (Morigaon District); Deepor beel at
Guwahati (Kamrup District); Kani beel (Dibrugarh District); Dhemaji
local fish market (Dhemaji District) in the month of June, 2013. A total
of 60 fish specimens were collected from all the locations with the help
of local fishermen and 20 fish specimens were randomly selected for
morphometric measurements and estimating genetic variations. All the
fish specimens were kept in the iceboxes and brought to the laboratory
for further study. For the morphometric measurements, total 24
parameters were considered. Fish specimens were morphologically
identified with taxonomic keys [19,20]. The muscle tissues were isolated
from freshly caught fishes and preserved at -20°C for further use.

Isolation of genomic DNA from fish tissue

For the isolation of total genomic DNA, a modified protocol
was followed using Sambrook and Russel Molecular Cloning-A Lab.
Manual [21]. UV-VIS spectrophotometer was used to check quality
as well as quantity of isolated DNA.Optical densities of the DNA
samples were measured at 260 nm and 280nm and the concentration
of extracted DNA was adjusted to 50 ng/ul for PCR amplification.

PCR primers

In the present study, 30 commercially available RAPD primers (10
to 20 base long) made by Xcelris Genomics, India were used to initiate
PCR amplifications. Primers were randomly selected on the basis of
GC content and annealing temperature for RAPD-PCR amplifications.

PCR amplification

The reaction mixture (10 pl) for PCR was composed of 1 ul of 10 X
Taq polymerase buffer, 1 pl of 2.5 mM dNTPs, 1 pl of RAPD primer,
0.15 ul Taq DNA polymerase (2 U/ul ), 5.55 ul PCR grade water, 0.3 pl
of 50 mM MgCl, and 1 ul template DNA. A negative control, without
template DNA was also included in each round of reactions. After
preheating for 5 mins at 94°C, PCR was run for 35 cycles. It consisted
of a 94°C denaturation step (1min), 37°C annealing step (1 min) and
72°C elongation step (2 min) in a thermal cycler (Biorad). At the end of
the run, a final extension period was appended (72°C, 10 min) and then
stored at 4°C until the PCR products were analyzed.

Agarose gel electrophoresis

The amplified DNA fragments were separated on 1.8% agarose
gel and stained with Ethidium bromide. A low range DNA marker of
100 bp from Bangalore Genei, Bangalore, India was run with each gel.
The amplified pattern was visualized on an UV transilluminator and
photographed by gel documentation system (BIORAD, USA).

Statistical analysis

The RAPD fragments were scored for the presence and absence
of fragments on the gel photographs and RAPD fragments were
compared among the M. vittatus populations. RAPD banding patterns
were recorded on spreadsheets, which were used to determine gene
diversity, gene flow, number of polymorphic loci and genetic distance

through a construct by an un-weighted pair group method of arithmetic
mean or UPGMA [22] using GGT 2.0 software (http://www.dpw.wau.
nl/pv/pub/ggt/)

The similarity index (SI) values between the RAPD profiles of any
2 individuals on the same gel were calculated using following formula:

Similarity Index (SI)=2 N, ,/(N,+N,)
Where,

N, =total number of RAPD bands shared in common between

individuals A and B
N, =total number of bands scored for individual A
N_=total number of bands scored for individual B [23],

Cluster analysis was carried out using GGT 2.0 version software.
Dendograms were constructed by employing UPGMA (Unweighted
Pair Group Method with Arithmetic Mean) based on Sneath and
Sokal to study the genetic variability within the species.Similarly the
same method was followed to construct the dendogram to study the
phylogenetic relationship among the genotypes of Mystus vittatus [24].

Results and Discussion

The morphometric variation among the different individuals of
Mystus vittatus was found to be very low (Table 1).

RAPD polymorphisms

Among the 30 primers initially tested, only nine R-4, R-5,R-6,
R-11, R-12, R-13, R-20, R-21 and R-22 were selected that yielded
relatively large number of good quality bands. All the primers produced
different RAPD patterns, and the number of fragments amplified per
primer varied. The nine primers yielded a total of 412 reproducible
and consistently scorable RAPD bands of which 322 were found to be
polymorphic and 90 were monomorphic. The number of bands per
primer ranged from 5 to 13. Among the primers, R-4 and R-21 gave
DNA profile with highest number of bands while R-13 gave the least
(Table 2). The RAPD profile of the bands obtained in the population of
M.vittatus with primer R-4,R-5,R-6 and R-11 is shown in the Figure 1
as representative photographs. The UPGMA dendrogam was prepared
based on genetic distance by the GGT 2.0 software. The unweighted
dendrogam divided all the genotypes in three clusters.

Littlem orphological differences were revealed among the M.vittatus
populations by morphometric and meristic studies that were sampled
from different rivers and localities in Assam. Most of the morphometric

Characters Minimum Maximum Mean * SD
Forked Furcal length:TL 6.2 7.9 7.16 £ 0.644
Eye Diameter:TL 0.2 0.5 0.35+0.102
Caudal peduncle:TL 0.7 1.0 0.93+0.11

Dorsal fin Height:TL 1.0 1.2 1.04 £ 0.066
Dorsal fin Length: TL 0.8 1.1 0.91 £ 0.094
Pectoral fin length: TL 0.8 1.8 1.24 £0.335
Ventral fin height:TL 0.1 0.3 0.8+0.19

Ventral fin length: TL 0.1 0.3 0.21 £ 0.083
Anal fin height:TL 0.7 1.2 0.92+0.178
Caudal fin length:TL 1.2 2.0 1.6 +0.293
2nd Dorsal fin length:TL 0.8 1.2 0.96 +0.128
Body width:TL 0.6 1.5 1.08 £ 0.346

Table 1: Morphometric measurements of Mystus vittatus (in proportion to Total
length).
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Characters Minimum Maximum Mean * SD
Body Weight,gm 2.35 5.15 3.59 + 1.087
Total length,cm 7.1 9.5 8.17 £ 0.88
Standard length,cm 5.3 7.5 6.74£0.9

Head length:SL 26.09 31.08 1.89 +0.281
Pre Dorsal length:SL 35.71 40.74 2.6 £0.335
Post Dorsal length:SL 55.71 64.81 3.96+04

Pre Orbital length:SL 6.67 9.26 0.55 + 0.081
Post Orbital length:SL 12 16.36 0.95 + 0.067
Head Width:SL 7.55 13.51 0.77 £ 0.205
Body Depth:SL 6.67 20.29 0.91 +0.394
Head length excluding snout:SL 13.33 20.27 1.15+0.216
Snout length:SL 3.77 6.76 0.36 +0.88
Anal Fin length:SL 7.55 11.59 0.64 +0.128

Table 2: Morphometric measurements of Mystus vittatus (in proportion to standard
length).

R4 RS

R6 R11

Figure 1: RAPD profile of Mystus vittatus with primers R4, R5, R6 and R11.

Sl no Polymorphism Mystus vittatus
R-4 R-5 R-6 R-11 R-12 R-13/ R20 R21 R22

1 Total no of bands 58 | 36 38 48 37 | 35| 53 | 58 | 49

2 Total no of 48 26 28 38 27 25 43 48 39
polymorphic bands
3 Total no of 10 10 10 10 | 10 | 10 | 10 10 | 10

monomorphic bands
5 Polymorphism (%) 8275 78.8 73.6 79.16 72.9/71.4|81.1|82.7|79.5
6 Monomorphism (%) 1818 27.7 26.3 27.7 27.1 28.5 18.8 17.2 20.5
Table 3: Pattern of polymorphism (primer wise) in 10 individuals of Mystus
vittatus.

characteristics of the fishes in the present study were similar and there is
overlap in the range of each of traditional morphometric measurements
taken (Tables 2 and 3). The morphometric data may not be enough to
support the established genetic structure of the population that often
leads to taxonomic uncertainity in many occasions because of the
considerable geographical and ecological variability in form [25,26]. In
Hilsa sp., significant differences in allele frequencies and morphological
variations were observed from nine different sites within Bangladesh
by which may be due to the local environmental conditions [27].

DNA fingerprinting method has tremendous potential in
aquaculture and in fisheries as a tool for identification of individuals

[28] and population genetics studies [29-31]. RAPD-PCR is a useful
tool for estimating the genetic variability and degree of similarity among
fish species as has been reported by other workers [32]. Using a RAPD
analysis, the intrapopulation variation was detected with different
primers in tilapia [33]. Chong et.al could identify and characterize
Mystus nemurus populations by RAPD analysis in Malaysia [34].
RAPD technique has also been used to determine genetic variation
within and among three populations of Mystus vittatus by Tamanna
et.al in Bangladesh in the year 2012 [5].

In the present study among the 30 single decamer random
primers, nine primers generated a total of 412 bands in the population
which were found to be both polymorphic and monomorphic. In
the experiment 322 polymorphic bands and 90 monomorphic bands
were produced which shows 78.15% of polymorphism and 21.84%
of monomorphism (Figure 1). Polymorphism for genetic similarity
among the different individuals of M. vittatus which was analyzed
using GGT software is expressed in Figure 2. The cluster analysis and
dendogram showing genetic relationship between 10 genotypes of
M.vittatus showed formation of 3 clusters (Figure 3). Cluster I include
genotype 4, 7, 9 and 8; Cluster II include genotype 10,3 and 1; Cluster
III include genotype 6, 5 and 2.

|Legend IA I B

A= B=

Figure 2: Genetic polymorphisms in 10 genotypes of Mystusvittatus.

Figure 3: Genetic similarity in 10 genotypes of Mystusvittatus.

J Aquac Res Development
ISSN: 2155-9546 JARD, an open access journal

Volume 6 - Issue 4 + 1000326



Citation: Hasan |, Goswami MM (2015) Genetic Variation among Cat Fish (Mystus vittatus) Population Assessed by Randomly Amplified Polymorphic
(RAPD) Markers from Assam, India. J Aquac Res Development 6: 326. doi:10.4172/2155-9546.1000326

Page 4 of 4

The present study indicates that comparatively higher level of
genetic variation exists in the studied M. vittatus populations in Assam.
Garg et al. could discriminate between the different populations of
M.vittatus in reservoirs of Madhya Pradesh by RAPD analysis [35].
According to them the intraspecific genetic similarity between the
individuals of the population was due to geological variations or
changes in aquatic environment. Our statistical analysis showed
considerable genetic variation among the genotypes of M.vittatus
collected from different locations of Assam. This population genetic
differentiation may be due to ecological, geographical and evolutionary
factors. The genetic diversity data has varied applications in research
on evolution, conservation and management of natural resources and
genetic improvement programmes, etc. RAPD analysis for genetic
diversity study provides a basis to obtain genetic variation within and
among populations. Once the population structure is known, scientific
management for optimal harvest and conservation of the catfish fishery
resource can be undertaken. Therefore, the present study may serve as
a reference point for future examinations of genetic variations within
the populations of fishes which are commercially important and the
possible use of DNA markers in future may create new avenues for fish
molecular biological research.

Acknowledgement

Authors are thankful to the Institutional Biotech Hub, Handique Girls’ College
and UGC-SAP (DRF) phase Il Aquaculture Project, Zoology Department, Gauhati
University for providing laboratory facilities with all molecular biological tools for
executing this research work.

References
1. Talwar PK, Jhingran AG (1991) Inland fisheries of India and adjacent countries.

2. Tripathi SD (1996) Present status of breeding and culture of catfishes in South
Asia. Aquatic Living Resources 9: 219-228.

3. Turan C, Yalcin S, Turan F, Okur E, Akyurt | (2005) Morphometric comparisons
of African catfish, Clarias gariepinus, populations in Turkey. Folia Zoologica
54: 165-172.

4. Fisher RA (1930) The Genetical Theory of Natural Selection. Oxford University
Press, UK.

5. Tamanna FM, Rashid J, Alam MS (2012) High levels of genetic variation
revealed in wild and hatchery populations of the stripped dwarf catfish Mystus
vittatus (Bloch) (Bagridae: Siluriformes) in Bangladesh by Random Amplified
Polymorphic DNA techniques. Int J Adv Biol Res 2: 322-327.

6. Lehmann J, Stohr T, Feldon J (2000) Long-term effects of prenatalstress
experiences and postnatal maternal separation on emotionality and attentional
processes. Beh. Brain Res 107: 133-144.

7. Jayasankar P (2004) Random amplified polymorphic DNA (RAPD) fingerprinting
resolves species ambiguity of domesticated clown fish (genus: Amphiprion,
family: Pomacentridae) from India. Aquacult Res 35: 1006-1009.

8. Williams JGK, Kubelik AR, Livak KJ, Rafalski JA, Tingey SV (1990) DNA
polymorphisms amplified by arbitrary primers are useful as genetic markers.
Nucleic Acids Res 18: 6531-6535.

9. Bartish IV, Gorkava LP, Rumpunen K, Nybom H (2000) Phylogenetic
relationship and differentiation among and within populations of Chaenomeles
Lindl. (Rosaceae) estimated with RAPD’s and isozymes. Theor Appl Genet
101: 554-563.

10. Lopera-Barrero (2006) Genetic diversity in piracanjuba populations (Brycon
orbignyanus) with the RAPD (Random Amplified Polymorphic DNA) markers.
Journal Animal Science 84: 170.

11. Shair OHM, Al- Ssum RM, Bahkali AH (2011) Genetic variation investigation
of tilapia grown under Saudi Arabian controlled environment. Am J Biochem
Mol Biol 1: 89-94.

12. Peinado MA, Malkhosyan S, Velazquez A, Perucho M (1992) Isolation and
characterization of allelic losses and gains in colorectal tumors by arbitrarily
primed polymerase chain reaction. Proc Natl Acad Sci USA 89: 10065-10069.

13. David CJ, Pandian TJ (2006) GFP reporter gene confirms paternity in the
androgenote Buenos Aires tetra, Hemigrammus caudovittatus. J Exp Zool A
Comp Exp Biol 305: 83-95.

14. McCONNEL RHL (1978) Identification of fresh water fishes. In: Methods for
assessment of fish production in fresh water. Blackwell Scientific Publications,
London.

15. Royce WF (1963) A morphometric study of yellow fin tuna Thunnus albacore
(Bonnaterre) U.S. Fish & Wildlife Services., Fishery Bull 63: 395-443.

16. Kramholz C, Cavanah F (1968) Comparative morphometry of fresh water drum
from two mid-western localities. Trans Am Fish Soc 97: 429-441.

17. Cadrin SX (2000) Advances in morphometric identification of fishery stocks.
Reviews in Fish Biology and Fisheries 10: 91-112.

18. Ibanez-Aguirre AL, Cabral-Solis E, Gallardo-Cabello M, Espino-Barr E (2006)
Comparative morphometrics of two populations of Mugil curema (Pisces:
Mugilidae) on the Atlantic and Mexican Pacific coasts. Scientia Marina 70: 139-45.

19. Srivastava CBL (2000) A Text book of fishery science and Indian Fisheries
Kitab Mahal.

20. Jayaram KC (2002) The Fresh Water Fishes of the Indian Region. Narendra
Publishing House, Delhi.
21. Sambrook J, Russell DW (1989) Molecular cloning: A laboratory manual.

Harbor Laboratory Press, New York.

22. Nei M (1978) Estimation of average heterozygosity and genetic distances from
small number of individuals. Genetics 89: 583-590.

23. Lynch M (1990) The similarity index and DNA fingerprinting. Mol Biol Evol 7:
478-484.

24. Sneath PHA, Sokal RR (1973) Numerical taxonomy. Freeman, San Francisco.

2

(&

. Ponniah AG, Gopalakrishan A (2000) Cultivable, ornamental, sport and food
fishes endemic to Peninsular India with special references to Western Ghats.

26. Garg RK, Silawat N, Sairkar P, Vijay N, Mehrotra NN (2009b) Genetic diversity
between two populations of Heteropneustes fossilis (Bloch) using RAPD
profile. Int J Zool Res 5: 171-177.

27.8alini JP, Milton DA, Rahman MJ, Hussain MG (2004) Allozyme and
morphological variation throughout the geographical range of the tropical Hilsa
shad Tenualosa ilisha. Fish Res 66: 53-69.

28. Jong-Man Y (2001) Genetic similarity and difference between common carp
and Israeli carp (Cyprinus carpio) based on Random Amplified Polymorphic
DNA analyses. Kor J Biol Sci 5: 333-339.

2

o

. Bielawski JP, Pumo DE (1997) Randomly amplified polymorphic DNA (RAPD)
analysis of Atlantic Coast striped bass. Heredity (Edinb) 78: 32-40.

30. Smith PJ, Benson PG, Mcveagh SM (1997) Comparision of three genetic
methods used for stock discrimination of orange Hoplostethys atlanticus:
Alloenzyme mitochondrial DNA and Random Amplified Polymorphic DNA. Fish
Bull 95: 800-811.

3

=

. Mamuris Z, Apostolitis AP, Theodorou AJ, Triantaphyllidis C (1998) Application
of random amplified polymorphic DNA (RAPD) markers to evaluate intraspecific
genetic variation in red mullet (Mullus barbatus). Mar Biol 132: 171-178

32.Barman HK, Barat A, Yadav BM, Banerjee S, Meher PK, et al. (2003).Genetic
variation between four species of Indian carp as revealed by random amplified
polymorphic DNA assay. Aquaculture 217: 115-123.

3

w

. Bardakci F, Skibinski DOF (1994) Applications of the RAPD technique in tilapia
fish: species and subspecies identification. Heredity 73: 117-133.

34. Chong LK, Tan SG, Yusoff K, Siraj SS (2000) Identification and characterization
of Malaysian river catfish, Mystus nemurus (C&V): RAPD and AFLP analysis.
Biochem Genet 38: 63-76.

35. Garg RK, Silawat N, Sairkar P, Vijay N, Mehrotra NN (2009a) RAPD analysis
for genetic diversity of two populations of Mystus vittatus (Bloch) of Madhya
Pradesh, India. Afric J Biotechnol 8: 4032-4038.

J Aquac Res Development
ISSN: 2155-9546 JARD, an open access journal

Volume 6 - Issue 4 + 1000326


http://journals.cambridge.org/download.php?file=%2FALR%2FALR9_S1%2FS0990744096000563a.pdf&code=b00b22b395396a2301f7ea49a2a202a6
http://journals.cambridge.org/download.php?file=%2FALR%2FALR9_S1%2FS0990744096000563a.pdf&code=b00b22b395396a2301f7ea49a2a202a6
http://cat.inist.fr/?aModele=afficheN&cpsidt=17084207
http://cat.inist.fr/?aModele=afficheN&cpsidt=17084207
http://cat.inist.fr/?aModele=afficheN&cpsidt=17084207
http://www.sciencedirect.com/science/article/pii/S0166432899001229
http://www.sciencedirect.com/science/article/pii/S0166432899001229
http://www.sciencedirect.com/science/article/pii/S0166432899001229
http://www.invenzone.com/research_papers/random-amplified-polymorphic-dna-rapd-fingerprinting-resolves-species-ambiguity-of-domesticated-clown-fish-genus-amphiprion-family-pomacentridae-from-india-151278738
http://www.invenzone.com/research_papers/random-amplified-polymorphic-dna-rapd-fingerprinting-resolves-species-ambiguity-of-domesticated-clown-fish-genus-amphiprion-family-pomacentridae-from-india-151278738
http://www.invenzone.com/research_papers/random-amplified-polymorphic-dna-rapd-fingerprinting-resolves-species-ambiguity-of-domesticated-clown-fish-genus-amphiprion-family-pomacentridae-from-india-151278738
http://nar.oxfordjournals.org/content/18/22/6531.short
http://nar.oxfordjournals.org/content/18/22/6531.short
http://nar.oxfordjournals.org/content/18/22/6531.short
http://link.springer.com/article/10.1007%2Fs001220051515
http://link.springer.com/article/10.1007%2Fs001220051515
http://link.springer.com/article/10.1007%2Fs001220051515
http://link.springer.com/article/10.1007%2Fs001220051515
http://scialert.net/abstract/?doi=ajbmb.2011.89.94
http://scialert.net/abstract/?doi=ajbmb.2011.89.94
http://scialert.net/abstract/?doi=ajbmb.2011.89.94
http://www.ncbi.nlm.nih.gov/pubmed/1359533
http://www.ncbi.nlm.nih.gov/pubmed/1359533
http://www.ncbi.nlm.nih.gov/pubmed/1359533
http://www.ncbi.nlm.nih.gov/pubmed/16358274
http://www.ncbi.nlm.nih.gov/pubmed/16358274
http://www.ncbi.nlm.nih.gov/pubmed/16358274
http://www.tandfonline.com/doi/abs/10.1577/1548-8659%281968%2997%5B429%3ACMOFDF%5D2.0.CO%3B2?journalCode=utaf20#.VNsj8tjDt_Q
http://www.tandfonline.com/doi/abs/10.1577/1548-8659%281968%2997%5B429%3ACMOFDF%5D2.0.CO%3B2?journalCode=utaf20#.VNsj8tjDt_Q
http://link.springer.com/article/10.1023%2FA%3A1008939104413
http://link.springer.com/article/10.1023%2FA%3A1008939104413
http://scientiamarina.revistas.csic.es/index.php/scientiamarina/article/viewArticle/191
http://scientiamarina.revistas.csic.es/index.php/scientiamarina/article/viewArticle/191
http://scientiamarina.revistas.csic.es/index.php/scientiamarina/article/viewArticle/191
http://www.genetics.org/content/89/3/583.abstract
http://www.genetics.org/content/89/3/583.abstract
http://www.ncbi.nlm.nih.gov/pubmed/2263197
http://www.ncbi.nlm.nih.gov/pubmed/2263197
http://scialert.net/abstract/?doi=ijzr.2009.171.177
http://scialert.net/abstract/?doi=ijzr.2009.171.177
http://scialert.net/abstract/?doi=ijzr.2009.171.177
http://www.sciencedirect.com/science/article/pii/S0165783603001243
http://www.sciencedirect.com/science/article/pii/S0165783603001243
http://www.sciencedirect.com/science/article/pii/S0165783603001243
http://www.tandfonline.com/doi/abs/10.1080/12265071.2001.9647624#.VNshptjDt_Q
http://www.tandfonline.com/doi/abs/10.1080/12265071.2001.9647624#.VNshptjDt_Q
http://www.tandfonline.com/doi/abs/10.1080/12265071.2001.9647624#.VNshptjDt_Q
http://www.ncbi.nlm.nih.gov/pubmed/9023990
http://www.ncbi.nlm.nih.gov/pubmed/9023990
http://link.springer.com/article/10.1007%2Fs002270050383
http://link.springer.com/article/10.1007%2Fs002270050383
http://link.springer.com/article/10.1007%2Fs002270050383
http://www.sciencedirect.com/science/article/pii/S0044848602003575
http://www.sciencedirect.com/science/article/pii/S0044848602003575
http://www.sciencedirect.com/science/article/pii/S0044848602003575
http://www.nature.com/hdy/journal/v73/n2/abs/hdy1994110a.html
http://www.nature.com/hdy/journal/v73/n2/abs/hdy1994110a.html
http://www.ncbi.nlm.nih.gov/pubmed/11100266
http://www.ncbi.nlm.nih.gov/pubmed/11100266
http://www.ncbi.nlm.nih.gov/pubmed/11100266
http://www.ajol.info/index.php/ajb/article/view/62124
http://www.ajol.info/index.php/ajb/article/view/62124
http://www.ajol.info/index.php/ajb/article/view/62124

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Materials and Methods 
	Fish sampling sites and morphometric measurements of fishes
	Isolation of genomic DNA from fish tissue 
	PCR primers 
	PCR amplification 
	Agarose gel electrophoresis 
	Statistical analysis 

	Results and Discussion 
	RAPD polymorphisms 

	Acknowledgement 
	Figure 1
	Figure 2
	Figure 3
	Table 1
	Table 2
	Table 3
	References



