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ABSTRACT

DNA barcoding technique involving documentation of animal species based on a partial
sequence of cytochrome C Oxidase 1 gene from mitochondrial DNA attracted many
scientists at the start of 21 century. The flaws in morphometric methods for identification
of larvae of fishes and other animals, their eggs, and damaged specimen with incomplete
morphology upraised the question for an alternate method for identification and grouping
of many animal species. Partial sequence of CO1 gene used as barcode has been attested
as a valuable tool for identification of fish species as well as supportive in computing
evolutionary history and genetic diversity. Current study was conducted to identify the
fishes by using the DNA barcoding technique resulting partial sequences of CO1 gene,
and then use of these sequences in evaluation of the evolutionary history and genetic
diversity of Cirrhinus mrigala inhabiting different areas. Short sequences from 5 end of
CO1 gene (650 base pair) were amplified, sequenced and analyzed using different soft
wares. According to results haplotypes were found which showed genetic variations
among fishes from two different habitats. The phylogenetic analysis established a
neighboring relationship and a shared ancestor of fish from different habitats. Haplotype
diversity of 0.7143 was found in partial sequences of CO1 gene of all experimental fish.
From these results it is obvious that fish species sharing identical genus and family but
with diverse habitats show genetic variations even though involving a common ancestor.

© 2018 The Authors. Published by JFLS. This is an open access article under the CC BY-NC-ND
license (https://creativecommons.org/licenses/by-nc-nd/4.0).

INTRODUCTION

The DNA barcoding caught the attention of taxonomists
in the beginning of 21% century. Scientists have been trying
to find out methods for standardized identification of
species. In the past various methods were used to identify
organisms. These include gel electrophoresis, nucleic acid
fingerprinting etc. All these methods had certain limitations
because these were applicable to certain organisms and also
at particular life stage (Hsieh et al., 2007). Traditional
morphometric methods used for fish identification involve
features like shape of fish body, different color patterns,
scale types and their numbers, position of all fins on the
body, type of fin rays, and measurements of various body
parts. These features are not found in larvae, processed and
damaged fishes. In such conditions genetic identification or
DNA barcoding is proved as useful alternate method.

In DNA barcoding technique only small part of DNA
sequence is used instead of complete genome. The short
mitochondrial DNA sequence is taken from particular gene,

cytochrome C oxidasel (COL1) gene to create DNA barcode.
It is generally considered a reliable, non-expansive and easy
molecular identification tool for metazoan taxa (Hebert
2004 and 2005). In DNA bar-coding approximately 700
nucleotides of COI gene at the 5’ end are used to identify
unknown species (Hebert et al., 2003a, b). He also found
that this short sequence of 650-bp region towards 5 end of
the COI gene has ability to differentiate a large variety of
animal species. This statement was published in a paper
titled “biological identifications through DNA barcodes” by
Paul Hebert and his team in 2013. They were working at
University of Guelph, Canada and their research caught the
attention of scientists around the world. DNA barcoding has
appeared as a new tool in the field of taxonomy. DNA
barcoding system appeared suitable, quick, and accurate
species identification method making ecological systems
more convenient and reachable (Hebert and Gregory, 2005).
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Evolution of organisms on the Earth was supported by
certain Global changes in the environment during the
Quaternary glacial times (Dynesius and Jansson, 2000;
Hewitt, 2000). Many species were successful to survive due
to the warmer environment till the end of Pleistocene
Period. Before this the temperature was extremely cold, due
to this many species were extinct (Hewitt, 2000). The
freshwater fishes are better sample for phylo-geographic
studies because these depend upon the water routes which
are closely related to land (Bernatchez and Wilson, 1988).
Fresh water fishes depend on their environment just like
obligates present in populations and sub populations.

It is very difficult to find native species whether it is due
to interbreeding among them to find out the real rate of gene
flow. As with the location change, species are also
genetically changed. Pakistan and Azad Jammu and
Kashmir contain large amount of geographic diversity of
fishes. There are large number of mountains and valleys in
these areas. The altitude change is responsible for changes
in weather such as temperature and precipitation. The south
areas have high summer temperatures and are converted
into deserts. The northeastern areas have low temperatures
and high precipitations. These physiographic variations
show hydrographical characters of country. Pakistan has
number of rivers, network of canals and man-made lakes.
The variance in fish fauna is due to a transitory zone
established between the Pakistani areas and the Oriental,
Palearctic and Ethiopian zoogeographical regions. These
geographical regions have their impact on distribution of
fishes found in different regions of country (Mirza, 1994).
Cyprinids are distributed world-wide and their genus is
highly diverse that attract the researchers to find the
evolutionary history and morphological and genetic
diversity with respect to their habitat (Howes, 1991). Due to
their high variation and easy adaptation to the environment,
there is no consensus knowledge. Unfortunately, due to lack
of molecular studies, the cyprinids phylogenetic relationship
is unsolved (Cunha ,2002; Gilles, 2001).Management of
fish population is very important because of instabilities in
local as well as the environmental factors at higher
geographical measures (Ostman et al, 2012). The
productivity of coastal fish species and their collections are
not only subjected to availability of employment, hunting
capacities, prey accessibility and predation designs (Ostman
et al., 2012; Sundblad et al., 2014; Vetemaa et al., 2010),
but also by other factors like eutrophication of the water
bodies, over hunting of fishes and stresses built by human
(Florin et al., 2013 and Snickars et al., 2015).

With respect to human impact, fish like C. mrigala are
least affected by fishing pressure but eutrophication of the
water bodies can affect their population (Ustups et al.,
2013). The Richness of Cyprinids indicates that these
species from the carp family probably take benefit from
eutrophication (Adjers et al., 2006; Snickars et al., 2015).
Differences in morphological characters of fishes are
attributed to difference in environment and habitats. In
addition different populations of fishes also show
differences on molecular basis which distinguish one
population from another. This results in better genetic
analysis of fish species (Omer and Abukashwa, 2012).
Study of phylogeographical analysis provides an
understanding of the history and evolution of different and
same species. Phylogeography also helps in the distributions
of species in relation to various biotic and abiotic factors

(Devitt, 2006; Riddle and Hafner, 2006; Vallinoto, et al.,
2009).

MATERIALS AND METHODS

Fish sampling was done from River Ravi at Head
Balloki region in district Kasur and from one of the fish
farm of Lahore. Fish was captured with the help of fisher
man from fisheries department with casting net. One of the
pectoral fin was removed and transferred immediately to 1.5
ml autoclaved Eppendorf tubes. The fish was then
photographed and preserved as voucher specimen.

TIAN ampg DNA Extraction Kit was used to extract
DNA from fins of fish. Quality of DNA was checked by
running it on the agarose gel. For this purpose, 5ul DNA
sample along with 3ul loading dye (3X bromophenol blue)
was run on 0.8% agarose gel prior to its amplification. Total
four DNA samples were conducted at 80V for 40 minutes to
determine the success of DNA extraction. DNA bands were
seen by passing UV light through the gel in Gel
Documentation System (BioDoc- itTM system). The bands
in the gel documentation indicated the presence of DNA.
All the DNA samples were amplified by using FishF1 and
FishR2 primers.

FishF1
5'TCAACCAACCACAAAGACATTGGCAC3’
FishR2
5’ ACTTCAGGGTGACCGAAGAATCAGAAZ’

Twenty-five pl PCR reaction mixture was conducted for
each of the total seven DNA samples with standard recipe.
The PCR products with gene of interest were sent for
sequencing.

During current study CO1 gene was amplified and
sequenced from mitochondrial DNA of fish species from
both habitats. These sequences were used to calculate the
evolutionary history and genetic diversity of C. mrigala
from river (n= 6) and C. mrigala from farm. For this
purpose C. mrigala (n=1) from farm already barcoded by
Karim, et al. (2015) and submitted to Genbank (KP696784)
was used. This fish was taken from farm of fisheries
research and training institute Manawan, Lahore, Pakistan.
C. mrigala from Ravi river at head ballaoki region were also
barcoded and submitted to Genbank under accession
numbers MF468124, MF468127, MF468128,
MF468129,MF468130 and KY569370.

RESULTS AND DISCUSSION

During present work, fresh water fish species from River
Ravi and Farm n= 7 were used. All these fish belonged to
genus Cirrhinus, species mrigala and family Cyprinidae.
Pectoral fins of fish were considered for the DNA barcodes
creation. The Fish F1 and Fish R2 primers were used for
amplification of partial CO1 gene which resulted into the
barcodes with a normal range of 636 base pairs. There were
209 missing gaps, 291 monomorphic sites, 254 variable
sites (polymorphic site) 249 singleton variable sites, and 5
parsimony informative sites found in the barcodes. It was
found that all partial CO1 sequences were functional CO1
sequences as no insertions/deletions or stop codons were
observed in the analyzed sequences. As these sequences had
no stop codons in them, and their average length was 636
which is more than 600bp which confirmed that the
NUMTwere not sequenced in the present work. NUMT
(nuclear DNA sequences that originate from mitochondrial
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DNA sequences and are typically less than 600 bp in length)
our result is in accordance with the results of Lakra et al.,
2011 and Ward et al., 2005.

Base %age of all 4 bases in partial CO1 sequences of all
C. mrigala from both habitats were calculated (Table 1).
Over all excess of Adenine nucleotide was found in all
sequences as compared to other nucleotide bases, this
pattern is also reported in other cyprinid species as observed
by Meyer et al., (2005).

Total GC content comparison in sequences was made
between six samples of River C. mrigala with 1 sample
from Farm. High value of average GC content in C.
mrigala from River was found as compared to GC content
of C. mrigala from Farm. The nucleotide composition of
fishes from farm and river are shown in table 1. The total
GC content of Farm fish was calculated as 46.3% as
compared to 53.45% found in River fishes.

The evolutionary history was concluded by using the
Maximum Likelihood method based on the Kimura 2-
parameter model. The tree with the highest log likelihood (-
1500.7860) is shown in Figure 1. The analysis involved 7
nucleotide sequences. Codon positions included were
1st+2nd+3rd+Noncoding. All positions containing gaps and
missing data were eliminated. Evolutionary analyses were
conducted in MEGAG.

When sequences were analyzed using DnaSP5,
haplotypes were found in experimental fish species,
showing that all of these form a haplo-group and share same
ancestor with a single-nucleotide polymorphism mutation.
Four haplotypes were found in all seven sequences. The
haplotype diversity is 0.7143.

Transfer of mitochondrial DNA along a maternal
lineage dates back thousands of years. Early studies suggest
that presence of haplotype numbering as low as 2-6 are
enough to express the genetic variation along stretches of
DNA (Philip et al., 2013). In our present work 4 haplotypes
were found indicating genetic variations among C. mrigala
from two different habitats. According to another report
Haplotype diversity is considered high when it lies in the
ranges of 0.75 to 0.92. In another research project study
about high Haplotype diversity ranges, 0.98 was also
considered as high (Jean et al., 2013). The haplotype
diversity in our sequences of fish is 0.7143 which shows
that moderate haplotype diversity is present in the
sequences. Haplotype numbers found in sequences of fish
from Farm and River are shown in table 2. This result of
haplotype is also verified by phylogenetic tree (Fig. 1). C.
mrigala with Genbank accession numbers KY569370,
MF468127, MF468128 and MF468129 share same
haplotype no. 2, which are clustered together in
phylogenetic tree. The sequences with different haplotype
number are placed separately.

Saccone et al., (1999) suggested that there is variation in
level of GC content of entire genome, within and among
major groups of organisms. When Total GC content was
studied in mitochondrial DNA, it varied considerably at
various taxonomic levels as well as in the same species
found in different habitats. The lowest concentration is
found in insects and nematodes which range 15-35% while
somewhat higher concentration is found in mollusks as it
ranges 29-40%. The highest values of GC content is found
in birds and mammals (mostly in primates) and teleost fish
with ranges 32-46%. Our study on fishes from two different
habitats resulted in GC content of 46.5%, which is the range

of teleost fishes. The high percentage of GC content shows
DNA stability in them.

Mitochondrial genomes show slight uniformity and
show (taxon-dependent) tilts, although in this case, the
amount of twist in the coding strand is powerfully linked
with overall content of nucleotides G and C content. Fishes
and Xenopus show a constant GC content percentage in
their nuclear genomes. Pattern of base composition vary
inside and between species in the course of transformation
in a way that the rate of change of bases are not continuous
in time or space. It is also found that natural selection also
depends on specific pattern of codon or overall GC content
(Arne and Adwards, 2000).

C.mrigala MF468128

19| 00000 C.mrigala MF468129
0.0000

C.mrigala MF468127
C.mrigala KY569370

— C.mrigala MF466124
o 0.0032 !
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Fig. 1: Molecular Phylogenetic analysis by Maximum
Likelihood method

Table 1: Percentage base composition of all samples of C.
mrigala from River

Gene %age of base composition
Samples bank
Accession T C A G Total
nos. length
lC::a.lrrrr:qugala KP696784 281 284 254 182 698
C. mrigala KY569370 254 182 280 283 625.0
River MF 249 185 285 280 610.0
468124
MF 254 182 279 285 6250
468127
MF 258 182 279 282 6280
468128
MF 256 179 279 285 6480
468129
MF 248 188 289 274 616.0
468130
Average 253 183 281 282 6253

Table 2: Haplotype data of C. mrigala

Species  No. of Haplotype Haplotype distribution
name haplotypes  diversity
Hap_1: KP696784(Farm)
Hap_2:KY569370,MF468127,
C. 4 0.7143 MF468128, MF468129
mrigala Hap_3: MF468124

Hap_4: MF468130

Table 3: Comparison of GC content at the 1st, 2nd and 3rd
codon positions of CO1 genes of C. mrigala from Farm and
River

C. mrigala habitat No.of  1st 2nd 3rd
fishes

River Ravi 6 207.8 210.2 207.3

Farm 1 233.0 2320 233.0
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Table 4: Comparison of average base composition of CO1
genes of C. mrigala from Farm and River

C. No. of Average base composition

mrigala  fishes T C A G Total

length
River 6 253 183 281 282 6253
Farm 1 281 284 254 182 698.0
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