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Abstract

The present investigation focused to revealed gene flow and genetic
differentiation among riverine (Narmada river, n=04), reservoir (Tighra
reservoir, n=04 and hatchery raised (Fish Federation Pond, n=07; Khatik Fish
Farm, n=05) populations of Catla Catla (Hamilton, 1822) of Madhya Pradesh.
Results clearly reflected as Riverine>Reservoir>Fish Federation Pond>Khatik
Fish Farm gene flow and even all parameter analyzed for genetic divergence
among the populations. Nei's gene diversity (h) was observed as 0.1382 in Fish
Federation Pond, 0.1342 and 0.1739 in Khatik Fish Farm and Narmada River,
0.1490 populations reflecting much higher gene diversity in feral population.
The Genetic Differentiation (GST) among the populations was found as
GST=0.2380, estimates of gene flow between population (Nm=1.6010), intra-
population heterozygosity as HS 0.2457 and total heterozygosity as HT=0.3225
clearly reflecting less genetic differentiation as overall when compared to other
fish populations. Analyses genetic polymorphism (P) as 38.59% in hatchery
raised population was obtained which as well much slighter as compared to
wild populations since 60.30 in Narmada River and 51.63 in Tighra reservoir
have been obtained. Overall research indicates that, as compared to wild stock,
the genetic changes including reduced genetic diversity have taken place in
hatched stocks. This baseline information on genetic variation would be useful
for planning intended for effective strategies for conservation and remediation of
Catla Catla freshwater fish species.
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The decrease of biodiversity and limited resources for surveying
it, have forced researchers to devise short- cuts for biodiversity
surveys and conservation planning [4-6]. Small, geographically
isolated populations are vulnerable to random demographic and
environmental effects and typically have reduced levels of genetic
diversity at the species [7-9]. Small populations are also more
vulnerable to inbreeding depression and genetic drift, leading to

Introduction

Freshwater animals have been much greater losses than animals
found in terrestrial ecosystems, and freshwater fishes are among
the world’s most endangered vertebrates [1]. Most of the fish used
for human consumption is obtained through exploitation of wild
populations. Allelic diversity (richness) is one of the most important
and commonly used estimators of genetic diversity in populations.
It strongly depends on the effective population size and past
evolutionary history [2]. However, the number of observed alleles
and their frequency distribution also depend on the sample size and
the genetic marker system used. Thus, a practical method for reliable

reductions in genetic variability and decreased fitness. Furthermore,
low levels of genetic variation in populations of rare species can
potentially inhibit their ability to adapt to changing environmental
conditions that can exacerbate risks of extinction [10-12].

estimation of genetic diversity parameters in large populations is
needed for population genetic studies and to develop scientifically
sound strategies for genetic resource conservation. RAPD technique
evaluates the genetic disparity within or between the taxa of concern
by assessing the occurrence or lack of each product, which is directed
by alteration in the DNA sequence at each locus [3].

Conservation biologists have to work in the face of continuously
increasing anthropogenic pressures and inadequate resources for
cataloguing biodiversity in the remaining near- pristine ecosystems.

The Catla Catla Fish is widely distributed in major rivers of India
especially in gangetic river systems and their tributaries including
major reservoirs [13,14]. It is good for food for economically weak
communities due to low price in the market. It has enormous potential
for high productivity and is known for its nutritive and therapeutic
qualities. The present study endeavored to build upon previous
studies on genetic structure and potential genetic effects of four
stocking populations of C. Catla i.e., lotic habitat (Narmada river),
lentic habitat (Tighra reservoir) and two man-made habitats (Fish
Federation Pond and Khatik Fish Farm, Bhopal) for identification
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Figure 1: Map Samples collection sites i.e. Narmada River (CCNRH), Tighra
Reservoir (CCTRG), Fish Federation Pond (CCFFB), Khatik Fish Farm
(CCKFB).

Figure 2: Photographic representation of Catla Catla (Hamilton, 1822)
collected from Narmada River, Tighra Reservoir Fish Federation Pond &
Khatik Fish Farm.

of gene flow and hereditary traits depletion using nuclear DNA
phenotypes variations. The Catla population is likely to be influenced
by the degree of catchment connectivity, habitat obstruction and
major geographic and ecological barriers. Therefore, once, we have
the genetic structure and inferences regarding whether stocking
genotypes has influenced the current genetic structure, then policy
maker, ecologist may take necessary further action for conservation
this population in their natural habitats.

Materials and Methods

Sample collection and genomic DNA extraction

Sampling sites were chosen to give a good representation of the
distribution of this fish (Figure 1) in four different ecological niches
i.e, riverine (Narmada river, n=04), reservoir (Tighra reservoir, n=04
and hatchery raised (Fish Federation Pond, n=07; Khatik Fish Farm,

Table 1: Details of the locations of Catla Catla genotypes sampled for DNA
fingerprinting along with their coordinates.

Sample . . Geographical Samples Size
Code Sampling Site Coordinates (n)
CCNRH Narmada River, 22.75'N 77.72° 4
Hoshangabad
Tighra Reservaoir, 26°13'17.11"N
CCTRG Gwalior 78100%6.52'E 4
ccrrg | FishFederation Pond, |4 550\ 77 3790'E 7
Bhopal
CCKFB Khatik Fish Farm, | 5 5 437° N, 77.4731° E 5
Bhopal

n=05) populations of Catla Catla of Madhya Pradesh (Figure 2).
All Individuals were chosen at randomly and sampled directly from
the water bodies using cast net and with the help of local fishermen
(Table 1). The specimens were kept in the iceboxes and brought to the
laboratory, muscle and liver tissues were obtained and finally stored
at -80°C. Total genomic DNA was isolated from these tissues using
standard phenol-chloroform-isoamyl alcohol (25:24:1) method with
some modifications and subsequently dissolved in 50 ul of E buffer
[15].

PCR amplification and data collection

PCR amplification were carried out in 25 pl volumes, which
contained 12.00 pl of Red Dye, 1.0 pl RAPD primer, 11.0 pl sterile
water and 1.0 ul template DNA. Eight random primers RAn-01,
RAn-02, RAn-03, RAn-04, RAn-06, RAn-07, RAn-09 and RAn-
10 with accession numbers AM-765825, AM-773324, AM-765834,
AM-750059, AM-765829, AM-773781, AM-750057 and AM-
773782 respectively were used for final amplification of the DNA for
fingerprinting. After preheating for 5 minutes at 94°C, PCR was run
for 45 cycles. It consisted of a 94°C denaturation step (0.45 minutes),
37°C annealing step (1 minute) and 72°C elongation step (1.5
minutes) in a Thermal Cycler (Eppendorf, Germany). At the end of
the run, a final extension period was appended at 72°C for 7 minutes
and then PCR products were stored at 4°C until gel electrophoresis
performed [15].

The amplified DNA fragments were separated on 1.2% agarose
gel and stained with Ethidium Bromide. A low range DNA marker
was run with each gel (100, 200, 300, 600, 1000, 1500, 2000, 2500 and
3000 bp, make Bangalore Genei, India). The amplified pattern was
visualized on an UV trans-illuminator and photographed by a gel
documentation system (Alpha-Innotech, USA) and after that scoring
of the fingerprints and molecular weight was also performed by gel
documentation system.

Bioinformatic Analyses for Population Genetic Estimation

The DNA fingerprints were scored as presence (1) or absence
(0) of fragments on the gel photographs and RAPD fragments were
compared among the N. notopterus populations. Observed Number
of Alleles (na), effective number of alleles (ne), gene diversity (h),
Shannon’s Information Index (I), total number of loci and their
percentage were estimated using a ‘POPGENE’ software ver 1.31
[16]. Gene flow (Nm), Intra-Population Heterozygosity (HS), Total
Heterozygosity (HT), Relative Differentiation (GST), And Estimate
Gene Flow (Nm) were also calculated to characterize the gene
diversity and the distribution of the variation using ‘POPGENE’
program. Standard genetic distance, neighbour joining [17] tree was
constructed using program ‘MEGA’ ver 5.0 [18] to determine the
genetic relationship between hatchery raised and wild populations.

Results and Discussion

Genetic structure is mainly influenced by the combined effects of
random genetic drift, restricted gene flow and differential selection
pressure. The effects lead to low within and comparatively high
among population genetic variation in species consisting of small
and isolated populations [19]. Generally, when populations are close
together, having possibility of enough gene exchange, there should
be few differences in gene frequency, but if they are far apart, there

Submit your Manuscript | www.austinpublishinggroup.com

Austin J Proteomics Bioinform & Genomics 4(1): id1019 (2017) - Page - 02



Garg RK

Austin Publishing Group

Table 2: Obtained quantity extracted DNA and further dilutions used for PCR amplification to obtained good and reproducible amplicons.

Final volume used for PCR in ng/pl

A. Narmada River, Hoshangabad

1.03

7:01

Final concentration of extraction genomic DNA was maintained

1:03 as 40 ng/pl

1:.05

B. Tighra Reservoir, Gwalior

S. No. Samples ID (2%372”36) Concentration in ng/pl | Dilution Factor DNA:Water
1 CCNRH-01 1.63 45.7
2 CCNRH-02 2.04 166.8
3 CCNRH-03 2.05 162.4
4 CCNRH-04 1.61 250.3
1 CCTRG-01 2.04 277.6
2 CCTRG-02 1.86 218.2
3 CCTRG-03 1.17 54.2
4 CCTRG-04 2.08 178.9
1 CCFFB-01 2.08 240.2
2 CCFFB-02 1.99 548.3
3 CCFFB-03 2.08 499.4
4 CCFFB-04 2.09 223.3
5 CCFFB-05 2.13 208.4
6 CCFFB-06 2.06 2990
7 CCFFB-07 1.99 2031.8
1 CCKFB-01 2.08 123.41
2 CCKFB-02 2.17 98.6
3 CCKFB-03 2.19 81.7
4 CCKFB-04 2.15 175.1
5 CCKFB-05 1.99 348.9

1:06

1:04 Final concentration of extraction genomic DNA was maintained
3:01 as 40 ng/pl

1:04

Fish Federation Pond, Bhopal

1:05
1:12

1:11
Final concentration of extraction genomic DNA was maintained

01:05.5 as 40 ng/y

01:05.5
1:49
1:49

Khatik Fish Farm, Bhopal

1:02
01:01.5
. Final concentration of extraction genomic DNA was maintained
1:.01
as 40 ng/pl
1:03
1:07

3000
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Figure 3: CCNRH and their DNA fingerprints obtained by RAn-03 (1-4), RAn-
04 (5-8), RAn-06.

Figure 4: CCRG and their DNA fingerprints obtained by RAn-03 (1-4), RAn-
04 (5-8), RAn-06.

should be strong differences [20].

The present study revealed moderate level of genetic variations
between the 20 individuals collected from the four different
ecological/habitat localities for 20 individuals. Hence, the genetic
variability estimate might be due to restricted gene flow between each
four populations except lotic ecological system. The amplification of
DNA from Catla Catla genotypes using RAPD-PCR revealed a high
number of bands and high polymorphism, both within and between
four populations. Eight primers produced different classes of bands
as high frequency polymorphic and polymorphic within only one or

a few variant individuals. Some fragments, whilst polymorphic, were
observed in the majority of samples.

The concentration of solution of nucleic acid can be determined
by measuring the absorbance at 260 nm using a spectrophotometer.
An A260 of 1.0 is equivalent to a concentration of 50 pg/ul for
double standard DNA and 40 ug/ul for single standard DNA. If the
A280 is also determined, the A—260/A280 ratio indicates, if there
are contaminants presents, such as residual phenol or protein. The
A260/A280 ratio should be 1.8 for pure DNA and 2.0 for pure RNA
preparations [21-23]. The quality and quantity of extracted genomic
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Figure 5: CCFB and their DNA fingerprints obtained by RAn-03 (1-7), RAn-
04 (8-14).

M1 2 3 4 5 6 7 8 910 11 42 13 14

Figure 6: CCFB and their DNA fingerprints obtained by RAn-06 (1-7), RAn-
07 (8-14).

DNA were checked by Nano drop UV-Vis Spectrophotometer (ND-
1000, USA) and obtained 260/280 ratios range from 1.17 to 2.09 with
concentration of ranges from 45.70 ng/ul to 2990.00 ng/ul (Table 2)
as with similar with [24] were dilution as desired as 40.00 ng/ul for
better PCR amplification.

The gene and genotypic frequencies data estimates that the
supposition analyzed populations are in Hardy-Weinberg equilibrium
and that the alleles from different loci do not co-migrate to a same
gel position, where a visible fragment represents the dominant
homozygous genotype and its absence represents the recessive
homozygote [25-28]. Good random primer reproducibility were
obtained the g-DNA of Catla Catla (Figure 3-6), DNA fingerprints
analysis based random primers has been used to elucidate genetic
diversity and polymorphism among and within four populations of
Catla catla of Madhya Pradesh. Genetic Differentiation (GST) among
the populations was found as 0.0454-0.85720+0.2380, estimates
of gene flow between population as Nm= 0.0000-28.6205+1.6010,
intra-population heterozygosity as HS= 0.0000-0.4002+0.12457 and
total heterozygosity as HT= 0.0000-0.500+0.3225 clearly reflecting

Table 3: Nei's Original Measures of Genetic Identity and Genetic distance.

Pobulation Narmada Tighra Fish Federation | Khatik Fish
P River Reservoir Pond Farm
Narmada River il 0.8433 0.8939 0.8842
Tighra Reservoir | 0.1633 i 0.9107 0.8819
Fish Federation | 1,5, 0.0936 ek 0.9204
Pond
Khatik Fish Farm 0.1231 0.1257 0.083 Fkkk

Note: Nei's genetic identity (above diagonal) and genetic distance (below
diagonal).
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Figure 7: Diversity curve based on nuclear DNA phenotypes (m: Diversity, m:
Origination, m: Extinction).

Figure 8: Jaccard’s genetic distance based neighbor joining phylogenetic
tree depicted for genetic relatedness among wild and cultured of Catla catla
using RAPD-PCR DNA fingerprints.

Table 4: Genetic differentiation and gene flow among Catla Catla populations.

Parameters Range of variations Mean+SD

Intra-population (HS) 0.00-0.4002 0.2457+0.0069

Total Heterozygosity (HT) 0.00-0.500 0.3225+0.0133
Relative differentiation (GST) 0.0454-0.8572 0.238
Estimated gene flow (Nm) 0.00-28.6205 1.601

restricted genetic polymorphism among and between the populations
(Table 3). High level of heterozygosity in detected in S. seenghala of
Sutluj population (0.3935 as compared to Beas population (0.3556)
may be the close proximity of the Sutlej collection site to the confluence
where the two rivers meet which in turn leads to higher gene flow
[29]. The expansion of the population niche and adaptations to new
resources has theoretically been shown to be one of the causes of
resource has theoretically been shown to ferent populations [30,31].
The Overall proportion of estimated gene flow (Nm) and Nei’s gene
diversity (Hpop) were 1.9369 and 0.266+0.147 obtained across the
primers in the studied M. cavasius population [24]. Genetic variation
in wild and hatchery raised population of C. Catla and he obtained
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Table 5: Pattern of Gene diversity, allele information and genetic polymorphism in Catla Catla from 04 different ecological habitats.

Fish Federation Pond (n=07) Khatik Fish Farm (n=05) Narmada River (n=04) Tighra Reservoir (n=04)
Parameters | Range of " Standard | Rangeof Standard | Rangeof | Standard | Rangeof Standard
Variation ean Deviation | Variation ean Deviation | Variation ean Deviation | Variation ean Deviation
Sample Size ) 7 ) ) 5 } ) 4 ) ) 4 )
(n)
Observed
number of 1.00-2.00 1.3859 0.4881 1.00-2.000 1.3859 0.4881 1.0-2.00 1.6033 0.4906 1.00-2.00 1.516 0.501
alleles (na)
Effective
number of 1.00-2.00 1.2329 0.3318 1.00-2.000 1.2231 0.3286 | 1.00-1.990  1.2762 0.3172 1.00-1.978 | 1.235 0.303
alleles (ne)
Nei's (1973)
gene diversity = 0.00-0.500 0.1382 0.1863 |0.00-0.500 0.1342 0.1829 0.0-0.497  0.1739 0.1748 0.0-0.494 | 0.149 0.169
(h)
Shannon
Information | 0.0-0.6931 0.2077 0.2727 0.0-0.6931 0.2029 0.268 0.0-0.690 0.2725 0.2538 0.0-0.687 | 0.235 0.25
Index (1)
Total number 184 184 184 184
of loci
Number of
Polymorphic 71 71 111 95
loci
% of
polymorphic 38.59% 38.59% 60.33% 51.63%
loci (P)

lowest percentage of Polymorphic loci (P) and gene diversity (Hpop)
in hatchery raised population which may be to restricted gene flow
due to cultured population (Table 5), whereas, wild stocks of C. Catla
represent a diversified genetic resource and it maintains conserve and
diverse gene pool [32]. The diversity curve based on nuclear DNA
fingerprints was determined which showed rich diversity among the
Catla Catla populations shown in (Figure 7).

Total numbers of multiple loci/DNA fingerprints were 184 in
all four populations (Table 4) of which number of polymorphic loci
were in 71 in Fish Federation and Khatik Fish Farm each, 111 in
Narmada River, whereas, 95 loci were in Tighara Reservoir. However,
population wise, the genetic analyses in Fish Federation and Khatik
Fish Farm indicated lower genetic Polymorphism (P) as 38.59% and
38.59% as compared to rest of two populations i.e., in Narmada River
60.33% and Tighara Reservoir 51.63%. Nei’s gene diversity (h) was
observed as 0.00-0.50+0.1382 in Fish Federation, 0.00-0.50+0.1342 in
Khatik Fish Farm, 0.00-0.4976+0.1739 in Narmada River and 0.00-
0.4944+0.1498 in Tighara Reservoir. Similar observations on the
other freshwater fishes were done by many scientists of India few of
them are M. cavassius of two populations of which he obtained high
polymorphism in Bansagar reservoir population has 98.86% [24] and
48.38% in Labeo rohita of Bangladesh [25].

Jaccard’s and Euclidean dendrogram clearly distributed all the
specimens in four clusters (Figure 3). The fishes of Narmada River
are in one cluster, Tighra Reservoir in second cluster, Fish Federation
Culture Pond in third cluster (CCFFB-01 to 03 only) and the
fishes from Khatik Fish Farm in fourth cluster. Whereas, rest of 04
genotypes of Fish Federation genotypes made another cluster which
not agreed with another 03 genotypes of nuclear DNA fingerprinting
reproducibility’s. Jaccard’s and Euclidean dendrogram revealed that
all 20 individuals of four locations are divided in clusters (Figure 8).

Genetic variability is an important characteristic population
for the short term fitness of individuals as well as for long term
survival of the population, permitting adaptation to the changing
environmental conditions. The gene variation within population is

extremely useful to gather the information on individual identity,
breeding patterns, degree of relatedness and genetic variation among
them is characterized for a population [26-35]. An overall research
study indicates that, as compared to wild stock, the genetic changes
including reduced genetic diversity have taken place in hatched
stocks. This baseline information on genetic variation would be useful
for planning intended for effective strategies for conservation and
remediation of C. Catla species.

Acknowledgement

The authors wish to thank Director General, MPCST for their help
and encouragement during the work. The authors also wish to thank
to laboratory mates for his help during this work and Department
of Fisheries, Government of M.P. for providing fish specimens for
research study.

References

1. Anderson P, Javier A, Maldonado-Ocampo. A Regional Perspective on the
Diversity and Conservation of Tropical Andean Fishes. Conserv Biol. 2010;
25: 30-39.

2. Petit RJ, Mousadik AEI, Pons O. Identifying populations for conservation on
the basis of genetic markers. Conserv Biol. 1998; 12: 844-855.

3. Hakim Mudasir Magsood, Syed Mudasir Ahmad. Advances in Molecular
Markers and Their Applications in Aquaculture and Fisheries. Genet Aqua
Organ. 2017; 1: 1-15.

4. Gaston KJ. Biodiversity—congruence. Prog Phys Geogr. 1996; 20: 105-112.

5. Faith DP, Walker PA. Environmental diversity: on the best- possible use of
surrogate data for assessing the relative biodiversity of sets of areas. Biodiv
Conserv. 1996; 5: 399-415.

6. Fleishman E, Thomson JR, MacNally R, Murphy DD, Fay JP. Using indicator
species to predict species richness of multiple taxonomic groups. Conserv
Biol. 2005; 19: 1125-1137.

7. Hamrick JL, Godt MJW. 1990 Allozyme diversity in plant species. In: Brown
ADH, Clegg MT, Kahler AL, Weir BS (Eds), Plant population genetics,
breeding, and genetic resources. Sinauer, Sunderland: MA. 43-61.

8. Hamrick JL,Godt MJW.1996 Effects of life history traits on genetic diversity in
plant species. Philos T R Soc., B 351: 1291-1298.

Submit your Manuscript | www.austinpublishinggroup.com

Austin J Proteomics Bioinform & Genomics 4(1): id1019 (2017) - Page - 05


https://www.ncbi.nlm.nih.gov/pubmed/20735451
https://www.ncbi.nlm.nih.gov/pubmed/20735451
https://www.ncbi.nlm.nih.gov/pubmed/20735451
http://onlinelibrary.wiley.com/doi/10.1111/j.1523-1739.1998.96489.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1523-1739.1998.96489.x/abstract
http://www.genaqua.org/uploads/pdf_1.pdf
http://www.genaqua.org/uploads/pdf_1.pdf
http://www.genaqua.org/uploads/pdf_1.pdf
http://journals.sagepub.com/doi/abs/10.1177/030913339602000108?journalCode=ppga
https://link.springer.com/article/10.1007/BF00056387
https://link.springer.com/article/10.1007/BF00056387
https://link.springer.com/article/10.1007/BF00056387
http://onlinelibrary.wiley.com/doi/10.1111/j.1523-1739.2005.00168.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1523-1739.2005.00168.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1523-1739.2005.00168.x/full
https://www.jstor.org/stable/56204?seq=1#page_scan_tab_contents
https://www.jstor.org/stable/56204?seq=1#page_scan_tab_contents

Garg RK

Austin Publishing Group

10.

11.

12.

13.

14.

15.

17.

18.

19.

20.

21.

22.

Cole CT. Genetic variation in rare and common plants. Annu Rev Ecol Syst.
2003; 34: 213-237.

Barret SCH, Kohn J. The genetic and evolutionary consequences of small
population size in plants: implications for conservation. In: Falk D.A.,
Holsinger K.E. (Editors) Genetics and conservation of rare plants. Oxford,
New York: 1991; 3-30.

Karron J.D. Patterns of genetic variation and breeding systems in rare plant
species. In: Falk D.A., Holsinger K.E. (Editors), Genetic and conservation of
rare plants. Oxford, New York; 1991; 87-98.

Keller LF, Waller DM. Inbreeding effects in wild populations. Trends Ecol
Evol. 2002; 17: 230-241.

Carvalho GR. Evolutionary aspects of fish distribution: Genetic variability and
adaptation. J Fish Biol. 1993; 43: 53-73.

Das R, Mohindra V, Singh RK, Lal KK, Punia P, Masih RM, et al. Intra-specific
genetic diversity in wild Catla catla (Hamilton, 1822) populations assessed
through mt-DNA cytochrome b sequences. J Appl Ecthyol. 2012; 28: 280-
283.

Janarthanan S, Vincent S. Practical Biotechnology, Methods and Protocols,
University Press, India: 2007; 13: 978-81-7371-582-2.

.Yeh FC, Yang RC, Boyle T. Microsoft Window-based freeware for population

genetics analysis. University of Alberta and Center for International Forestry
Research. Pop Gene version 1. 1999.

Nei M. Analysis of gene diversity in sub-divided populations. Proc Nat Acad
USA. 1973. 70: 3321-3323.

Tamura K, Peterson D, Peterson N, Stecher G, Nei M, Kumar S. MEGA5:
molecular evolutionary genetics analysis using maximum likelihood,
evolutionary distance, and maximum parsimony methods. Mol Biol Evol.
2011; 28: 2731-2739.

Nevo E. Population genetics and ecology: the interface. In: Evolution from
molecules to men (Ed.: Bendall D.S.), Cambridge: Cambridge University
Press. 1983; 287-321.

Mallet J. The genetics of biological diversity from varieties to species
biodiversity: Biology of numbers and difference (Eds: K.J. Gaston). Black
Well Science Oxford, UK; 1996, 13-53.

Nicholl TSD. An Introduction to genetic engineering (Studies in Biology).
Cambridge University Press 1994.

Kumar R, Singh PJ, Nagpure NS, Kushwah B, Shrivastava SK, Lakra WS. A
non-invasive technique for rapid extraction of DNA from fish scales. Ind J Exp
Biol. 2007; 45: 992-997.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Srividya AR, Taakore H, Tyagi D, Majumdar P, Varthan J, Patel VP, et al.
Isolation, quantification and purity estimation of DNA from various sources.
Bull Pharm Res. 2011; 1: 4-9.

Garg RK, Batav N, Singh RK. Identification of genetic polymorphism in
Mystus cavasius (Hamilton-Buchanan, 1822) from Gandhisagar reservoir
and Bansagar reservoir, Madhya Pradesh, India. The J Basic Appl Zool.
2013; 66: 93-100.

Lynch P, Milligan BG. Analysis of population genetic structure within RAPD
marker. Mol Ecol. 1994; 3: 91-99.

Kabit MA, Rahman MS, Begum M, Faruque MF. Genetic Diversity by RAPD
in Four Populations of Rohu Labeo rohita. Crotian J Fish. 2017; 75: 12-17.

Wasko AP, Galetti Jr. PCR primed with minisatellite core sequences yields
species-speciefic patterns and assessment of population variability in fishes
of the genus Brycon J Appl Ichthyol. 2004; 19: 109-113.

Hatanaka LFCT, Pedro M, Galetti Jr. Evidence of lack of population sub-
structuring in the Brazilian freshwater fish Prochilodus costatus. Gen Mol Biol.
2008; 31: 377-380.

Garg RK, Chaturvedi D, Batav N, Sharma R, Singh RK. Genetic divergence
and gene flow in three populations of Notopterus notopterus (Pallas, 1769),
Madhya Pradesh. J Appl Biol Biotech. 2014; 2: 033-037.

Saini A, Dua A, Mohindra V. Genetic variability analysis of Giant river cattish
(Sperata seenghala) populations from Indus river system by RAPD-PCR. Rus
J Genet. 2010; 46: 1102-1107.

Smith TB, Skulason S. Evolutionary significance of resource polymorphism
in fishes, amphibians and birds. Ann Rev Ecol and Syst. 1996; 27: 111-133.

Dieckmann U, Doebeli M. On the origin of species by sympatric speciation.
Nature. 1996; 400: 354-357.

Rahman SMZ, Khan M, Islam SAS. Genetic variation of wild and hatchery
population of the catla India major carp (Catla catla Hamilton, 1822:
Cypriniformes, Cyprinidae) revealed by RAPD markers. Genet Mol Biol 2009;
32, 197-201.

Schiervater B, Streit B, Wagner GP, DeSalle R. Molecular Ecology and
Evolution: Approaches and Applications. Birkhauser Verlag, Basel, Boston
& Berlin 1994.

Neekhra B, Mansoori AA, Verma S, Koiri RK, Jain SK. RAPD-PCR Based
Biomarker Study in Fish Species (Family: Cyprinidae) of Madhya Pradesh,
India. Austin J Mol & Cell Biol. 2014; 1: 1003.

Austin J Proteomics Bioinform & Genomics - Volume 4 Issue 1 - 2017
ISSN : 2471-0423 | www.austinpublishinggroup.com
Garg et al. © All rights are reserved

Citation: Garg RK, Mishra V, Batav N and Singh RK. Low Heterozygosity and Gene Flow Obtained in Hatchery
Raised Populations of Catla Catla (Ham, 1822) as Compared to Feral Population Identified Through DNA
Fingerprinting. Austin J Proteomics Bioinform & Genomics. 2017; 4(1): 1019.

Submit your Manuseript | www.austinpublishinggroup.com

Austin J Proteomics Bioinform & Genomics 4(1): id1019 (2017) - Page - 06


http://www.annualreviews.org/doi/abs/10.1146/annurev.ecolsys.34.030102.151717
http://www.annualreviews.org/doi/abs/10.1146/annurev.ecolsys.34.030102.151717
https://fishandgame.idaho.gov/content/biblio/genetic-and-evolutionary-consequences-small-population-size-plants-implications-conservation
https://fishandgame.idaho.gov/content/biblio/genetic-and-evolutionary-consequences-small-population-size-plants-implications-conservation
https://fishandgame.idaho.gov/content/biblio/genetic-and-evolutionary-consequences-small-population-size-plants-implications-conservation
https://fishandgame.idaho.gov/content/biblio/genetic-and-evolutionary-consequences-small-population-size-plants-implications-conservation
http://www.sciencedirect.com/science/article/pii/S0169534702024898
http://www.sciencedirect.com/science/article/pii/S0169534702024898
http://onlinelibrary.wiley.com/doi/10.1111/j.1095-8649.1993.tb01179.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1095-8649.1993.tb01179.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1439-0426.2011.01911.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1439-0426.2011.01911.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1439-0426.2011.01911.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1439-0426.2011.01911.x/abstract
http://www.pnas.org/content/70/12/3321.abstract
http://www.pnas.org/content/70/12/3321.abstract
https://www.ncbi.nlm.nih.gov/pubmed/21546353
https://www.ncbi.nlm.nih.gov/pubmed/21546353
https://www.ncbi.nlm.nih.gov/pubmed/21546353
https://www.ncbi.nlm.nih.gov/pubmed/21546353
https://www.ncbi.nlm.nih.gov/pubmed/18072545
https://www.ncbi.nlm.nih.gov/pubmed/18072545
https://www.ncbi.nlm.nih.gov/pubmed/18072545
https://www.appconnect.in/wp-content/uploads/2012/06/ReprintBPR025.pdf
https://www.appconnect.in/wp-content/uploads/2012/06/ReprintBPR025.pdf
https://www.appconnect.in/wp-content/uploads/2012/06/ReprintBPR025.pdf
https://www.researchgate.net/publication/259169681_Identification_of_genetic_polymorphism_in_Mystus_cavasius_Hamilton-Buchanan_1822_from_Gandhisagar_reservoir_and_Bansagar_reservoir_Madhya_Pradesh_India
https://www.researchgate.net/publication/259169681_Identification_of_genetic_polymorphism_in_Mystus_cavasius_Hamilton-Buchanan_1822_from_Gandhisagar_reservoir_and_Bansagar_reservoir_Madhya_Pradesh_India
https://www.researchgate.net/publication/259169681_Identification_of_genetic_polymorphism_in_Mystus_cavasius_Hamilton-Buchanan_1822_from_Gandhisagar_reservoir_and_Bansagar_reservoir_Madhya_Pradesh_India
https://www.researchgate.net/publication/259169681_Identification_of_genetic_polymorphism_in_Mystus_cavasius_Hamilton-Buchanan_1822_from_Gandhisagar_reservoir_and_Bansagar_reservoir_Madhya_Pradesh_India
https://www.ncbi.nlm.nih.gov/pubmed/8019690
https://www.ncbi.nlm.nih.gov/pubmed/8019690
https://www.degruyter.com/view/j/cjf.2017.75.issue-1/cjf-2017-0003/cjf-2017-0003.xml
https://www.degruyter.com/view/j/cjf.2017.75.issue-1/cjf-2017-0003/cjf-2017-0003.xml
http://onlinelibrary.wiley.com/doi/10.1046/j.1439-0426.2003.00443.x/abstract
http://onlinelibrary.wiley.com/doi/10.1046/j.1439-0426.2003.00443.x/abstract
http://onlinelibrary.wiley.com/doi/10.1046/j.1439-0426.2003.00443.x/abstract
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1415-47572008000200036
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1415-47572008000200036
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1415-47572008000200036
http://www.scopemed.org/?mno=168922
http://www.scopemed.org/?mno=168922
http://www.scopemed.org/?mno=168922
https://www.ncbi.nlm.nih.gov/pubmed/20873207
https://www.ncbi.nlm.nih.gov/pubmed/20873207
https://www.ncbi.nlm.nih.gov/pubmed/20873207
https://www.jstor.org/stable/2097231?seq=1#page_scan_tab_contents
https://www.jstor.org/stable/2097231?seq=1#page_scan_tab_contents
http://www.nature.com/nature/journal/v400/n6742/abs/400354a0.html
http://www.nature.com/nature/journal/v400/n6742/abs/400354a0.html
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1415-47572009000100030&lng=en&tlng=en
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1415-47572009000100030&lng=en&tlng=en
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1415-47572009000100030&lng=en&tlng=en
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1415-47572009000100030&lng=en&tlng=en
http://www.springer.com/in/book/9783034875295
http://www.springer.com/in/book/9783034875295
http://www.springer.com/in/book/9783034875295
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwjB2buE5LfUAhUHo48KHR4BBcAQFgglMAA&url=http%3A%2F%2Faustinpublishinggroup.com%2Fmolecular-cellular-biology%2Fdownload.php%3Ffile%3Dfulltext%2Fajmcb-v1-id1003.pdf&usg=AFQjCNElZODgbk
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwjB2buE5LfUAhUHo48KHR4BBcAQFgglMAA&url=http%3A%2F%2Faustinpublishinggroup.com%2Fmolecular-cellular-biology%2Fdownload.php%3Ffile%3Dfulltext%2Fajmcb-v1-id1003.pdf&usg=AFQjCNElZODgbk
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwjB2buE5LfUAhUHo48KHR4BBcAQFgglMAA&url=http%3A%2F%2Faustinpublishinggroup.com%2Fmolecular-cellular-biology%2Fdownload.php%3Ffile%3Dfulltext%2Fajmcb-v1-id1003.pdf&usg=AFQjCNElZODgbk

	Title
	Abstract
	Introduction
	Materials and Methods 
	Sample collection and genomic DNA extraction
	PCR amplification and data collection
	Bioinformatic Analyses for Population Genetic Estimation

	Results and Discussion 
	Acknowledgement
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5

