Indian J. Fish., 64(1): 18-22, 2017
DOI: 10.21077/ij£.2017.64.1.62396-03

ICAR

Genetic diversity of the cyprinid fish Capoeta trutta (Heckel, 1843)
populations from Euphrates and Tigris rivers in Turkey based on

mtDNA COI sequences

ARIF PARMAKSIZ AND ESRA EKSI

Harran University, Faculty of Science and Art, Department of Biology, Sanlurfa - 631 00, Turkey

e-mail: aprmksz@gmail.com

ABSTRACT

In this study, genetic diversity of Capoeta trutta (Heckel, 1843) populations from Euphrates and Tigris rivers in Turkey
was evaluated based on gene sequence analysis of mitochondrial DNA cytochrome ¢ oxidase subunit I (mtDNA COI)
locus. Six polymorphic sites and seven haplotypes were detected in 47 samples collected from four populations viz.,
Adiyaman, Birecik, Bismil and Batman. The mean haplotype diversity (h) and nucleotide diversity (m) were calculated
as h=0,6420 and = = 0,00138 respectively. Pairwise F statistics of different populations were found to be negative, low
and were insignificant, indicating gene flow. AMOVA analysis showed Fst=0.09865 and p = 0.00489, indicating that the
populations were isolated. The results of Neutrality tests showed an increase in Adiyaman, Birecik and Bismil populations
and a decline in Batman population, all values being statistically insignificant (p>0.05). Three haplotypes determined for
mtDNA COI locus in the present study form important data set for genetic diversity of this species.
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Introduction

Capoeta trutta (Heckel, 1843) (Family : Cyprinidae)
is a fish species having economic importance with wide
distribution in Turkey, Iran, Iraq and Syria (Gunduz ef al.,
2014) which is dominantly thriving in both the Euphrates
and Tigris river systems (Geldiay and Balik 2007). The
species is locally called as karabalik, karaca and sirazin
in Turkey.

Ozdemir and Kabukcu (1982) studied the
length-weight relationship, condition factor and the
reproductive biology of populations in Keban Dam
Lake. Comparative age determination from operculum,
otoliths and scales of populations in Keban Dam Lake
were conducted by Ozdemir and Sen (1983). Unlu (1991)
investigated on the growth rates, reproductive age,
reproductive cycle and egg production of populations
in the Tigris River while Bozkurt (1998) studied age,
height-weight relationships, condition factor and
reproductive characteristics in Ataturk Dam Lake. Other
studies include, investigations on the effect of water
quality on ovary of C. trutta in Keban Dam Lake (Ural,
2004); characteristics of growth and reproduction in
Karakaya Dam Lake (Kalkan, 2008); reproductive biology
and histological changes in the gonads in Ataturk Dam
Lake (Oymak ef al., 2008); determination of fish freshness
in Ataturk Dam Lake (Sarac, 2011); comparison of the
reproductive period in populations of Keban, Karakaya

and Ataturk Dam Lakes (Dusukcan and Calta, 2012) and
studies on the reproductive biology in the Tigris River
(Bilici et al., 2016).

For the management and conservation of fish
species with economic importance, it is important to have
in depth understanding about the genetic diversity and
population structure (Ward 2000; Ortega-Villaizan Romo
et al., 2006). However, there is no information available
on the genetic diversity of C. trutta living in the Tigris and
Euphrates river systems. The goal of the present study was
to investigate the genetic diversity of C. trutta populations
in the Euphrates and Tigris rivers in Turkey by gene
sequence analysis of mitochondrial DNA cytochrome ¢
oxidase subunit I (mtDNA COI) locus. Because mtDNA
is maternally inherited and has high mutation ratio, it has
been considered as an ideal marker for population genetics
studies (Avise ef al., 1987). Besides distinguishing similar
species, mtDNA COI locus is one of the most used
molecular markers for determination of the differences
between populations of the same species. (Croos and
Palsson 2010; Keskin and Atar, 2012).

Materials and methods
Sample collection and DNA extraction

A total of 47 samples from 4 populations comprising
29 individuals from 2 populations in the Euphrates
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River (Adiyaman:19, Birecik:10), 18 individuals from
2 populations in the Tigris River (Bismil:11, Batman:7),
were collected and transferred in ice to the laboratory.
Basal muscle tissues of pectoral or dorsal fin were
dissected from each sample, immediately placed in
micro-centrifuge tubes with 95% ethanol and stored at
4°C until DNA isolation. Tissue samples were digested for
3h at 55°C in 200 pl DNA extraction buffer containing
20 ul proteinase K. Genomic DNA was extracted
following the protocol of GeneJET Genomic DNA
Purification Kit (Thermo Scientific) with minor
modifications.

PCR amplification and sequencing

Primers used for amplification of mtDNA COI
locus in study by Darabi (2014) viz., COI-625F:5’-TC
AACCAACCACAAAGACATTGGCAC-3’ and COI-625

R:5’-GACTTCTGGGTGGCCAAA-GAATCA-3> were
used in the present study.
The PCR amplification was carried out using

BIO-RAD T100™ Thermal Cycler device under the
following conditions: initial denaturation for 3 min at
95°C, followed by 35 cycles of denaturation at 95°C for
30 sec; annealing at 62°C for 30 sec and extension at
72°C for 45 sec followed by a final extension at 72°C
for 10 min. All PCR reactions were performed at a total
volume of 25 pl containing 0.5 mM of each primer,
0.2 mM of each dNTP, 1x PCR buffer, 2.5mM MgCl,,
1 unit taq polymerase and 90 ng of template DNA.
A total 3 pl of each PCR product was checked by agarose
(1.5%) gel electrophoresis using a 100 bp DNA ladder
(Gene ruler Plus DNA ladder). After recovery and
purification steps, the PCR products were sequenced on
an 3500 XL Genetic Analyser (Thermo Fisher Scientific).

Sequence analysis

Data of mtDNA sequences were analysed using
Chromas Pro software (http://www.technelysium.com.
au/ChromasPro.html) and converted into the FASTA
format. FASTA file of sequences was edited and aligned
using ClustalW Multiple Alignment Tool and trimmed.
Data file was prepared for further statistical analysis
using BioEdit software version 7.2.5 (Hall, 1997-2013).
mtDNA COI 625 sequence was evaluated in terms of
number of polymorphic sites and haplotypes, haplotype
diversity (Hd) and nucleotide diversity (mw) for each
population using DnaSP 5.10.01 (Rozas et al., 2003).
The phylogenetic relationships between haplotypes were
identified by Network version 4.6 software (http://www.
fluxus-engineering.com; Rohl, 1999). Tajima D and Fu’s
statistics were calculated using the software ARLEQUIN
3.5 (with 1000 permutations) in order to analyse if
populations were subjected to any selection in the past

(Tajima 1989; Fu 1997).
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Results and discussion
Genetic variation

An average of 600 bp fragments of mtDNA COI 625
locus from 47 C. trutta specimens was sequenced; totally
6 variable sites and 7 haplotypes were detected. Nucleotide
variations of this region are shown in Table 1. Haplotype
diversity (h), nucleotide diversity (n) and the neutrality
tests for each population are given in Table 2.

Table 1. Haplotypes and nucleotide variations of mtDNA COI 625
Haplotypes 151 293 445 451 464 526

HI G C C T C
H2 T
H3
H4
H5
Hé
H7

e
H

A

Table 2. Genetic diversity and neutrality tests of C. trutta
populations (n = number of individuals, Nh: number
of haplotypes, h: haplotype diversity, m: nucleotide

diversity)
Locality n Nh h T Tajima’s D Fu’s Fs
Adiyaman 19 6 0,708  0,00150 -1.17758  -2.720
Birecik 10 3 0,378  0,00070  -1.40085  -1.164
Bismil 15 0,782 0,00178  -0.83418  -1.929
Batman 7 2 0,476  0,00080  0.55902 0.589
Total 47 7 0,6420 0,00138  -1.08945  -2.946

Mean haplotype diversity (h) was calculated as
0.6420 and mean nucleotide diversity (m) as 0.00138.
Bismil population was found to have the highest haplotype
(h = 0.782) and nucleotide diversity (= = 0.00178) while
the lowest haplotype (h = 0.378) and nucleotide diversity
(n=0.00070) were observed in Birecik population (Table 2).

From seven haplotypes detected in total; six
haplotypes (H1, H2, H3, H4, H5 and H7) were observed
in samples from Adiyaman, three (H1, H2 and H3) in
samples from Birecik, five (H2, H3, H4, H6 and H7) in
samples from Bismil and two (H3 and H4) in samples from
Batman. H3 was found to be the common haplotype with
27 individuals in all localities. H6 haplotype was
represented with only one individual in Bismil. HS
haplotype was detected in only two individuals from
Adiyaman while H1 haplotype was found in three
individuals from Adiyaman and Birecik localities.

Population genetic structure

Genetic structure of C. frutta populations was
analysed using pairwise F_ values and molecular variance
analysis (AMOVA). Pairwise F values belonging to 4
populations ranged from -0.08700 to 0.10547 (Table 4).
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Table 3. Relative haplotype frequencies between four populations

of C. trutta
Haplotype  Adiyaman Birecik Bismil Batman
(n=19) (n=10) (@=11) (n=7)
H1 0,105263 0,1 0 0
H2 0,157895 0,1 0,090909 0
H3 0,526316 0,8 0,363636 0,714286
H4 0,052632 0 0,363636 0,285714
H5 0,105263 0 0 0
H6 0 0 0,090909 0
H7 0,052632 0 0,090909 0
Table 4. Fixation index (F,) between localities
Locality Adiyaman  Birecik Batman Bismil
Adiyaman 0.00000
Birecik -0.05126 0.00000
Batman 0.03369 0.10287 0.00000
Bismil 0.06422 0.10547 -0.08700 0.00000

AMOVA analysis conducted based upon the
haplotype frequencies indicated 90.14% genetic variation
within localities and 9.86% genetic variation among
localities. The mean fixation index was calculated as
0.09865 (p<0.05).

Seven haplotypes were identified in Median-Joining
Network of haplotypes created for the 47 samples of
C. trutta analysed in the present study. Resulting network
showed existence of a central haplotypes (H3) which
indicates an evolutionary link. This was found to be
the most prevalent haplotype in all localities. It is also
possible to speculate that H3 might be linked to all other
haplotypes (Fig. 1).

Tajima’s D (1996) and Fu’s FS (Fu, 1997) belonging
to neutrality tests were evaluated which revealed presence
of selection for an allele in the population (Tajima 1989;
Fu, 1997). Tajima’s D value had positive value (0.55902)
in Batman population and negative in other populations

Fig. 1. Haplotype network of C. trutta Neutrality tests
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while the sum total was negative (-1.08945) and found
to be statistically insignificant (p>0.05). In Fu’s Fs tests,
Batman populations had positive values (0.589), the
values were, negative for other populations with the sum
total being negative (-2.946) and therefore found to be
statistically insignificant (p>0.05).

In this study, genetic diversity of populations was
investigated by sequence analysis of mtDNA COI 625
locus from 47 samples of C. trutta in total, including 29
individuals (Adiyaman: 19, Birecik:10) from 2 populations
in the FEuphrates River, 18 individuals (Bismil:11,
Batman:7) from 2 populations in the Tigris River. We
determined six polymorphic sites and seven haplotypes on
that locus. Six haplotypes (H1, H2, H3, H4, H5 and H7)
were observed in samples from Adiyaman, three (H1, H2
and H3) from Birecik, five (H2, H3, H4, H6 and H7) from
Bismil and two (H3 and H4) from Batman. H3 was found
to be the common haplotype with 27 individuals in all
localities and therefore we can assume that this haplotype
could be an ancestral one as it is the most abundant
one. In addition, H1 haplotype was found in only three
individuals from Adiyaman (2) and Birecik (1) localities
and two individuals with H5 haplotype was seen only in
Adiyaman which indicates that Hl and H5 haplotypes
are indigenous to the Euphrates River. H6 haplotype was
represented with only 1 individual from Bismil.

Related to this locus, there are five different
haplotypes (H1, H2, H3, H5, H8) in NCBI. Three new
haplotypes (H4, H6, H7) have been identified in the
present study. In all the haplotypes, H3 is most common
haplotype which implied that it is the ancestral haplotype
in C. trutta (Table 5).

Mean haplotype diversity and nucleotide diversity
were calculated as: h=0.6420 and == 0.00138 respectively.
Bismil population was found to be the highest in
both haplotype diversity (h=0.782) and nucleotide
diversity (m=0.00178) amongst the populations studied.
On the other hand, Birecik population had the lowest
haplotype diversity (h=0.378) and nucleotide diversity

Table 5. Total haplotypes of C. trutta in the present study and

GenBank
Haplotype GenBank data
H1 Present study and KU892584.1
H2 Present study and KM590422.1
H3 Present study, KM590421.1, KU312383.1, KU312382.1,

KU312351.1, KU899129.1, KU899128.1, KU899125.1,
KU899118.1 and KU948086.1

H4 Present study

H5 Present study and KU899116.1
H6 Present study

H7 Present study

HS8 KU312386.1
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(m = 0.00070). In the study by Darabi (2014), the same
primers (mtDNA COI 625) were used for Barbus sharpeyi
species and they determined nucleotide diversity of three
different populations as: 0,0286; 0,0785 and 0,0072
respectively. Compared to these, the values in our study
were found to be lower. The diversity of nucleotide
is a precise method used for genetic analysis of the
populations (Nei and Li, 1979). Genetic diversity can
be affected by life period in time, character, population
size and environmental conditions of the populations
(Ne, 1987; Avis, 2000).

In the current study, the haplotype ratios in
populations of the Euphrates and Tigris rivers were
high but the values of nucleotide diversity were low.
This is an indicator that the species had a population
growth following a decline of population size in the past
(Saraswat et. al, 2013). Low population diversity and
genetic diversity are influenced by many factors, such
as habitation, anthropogenic activity, founder effects and
bottleneck effects (Fennando et al., 2000; Ma et al., 2010).
These factors would have caused harmful effects on the
population structure by decreasing genetic diversity and
population levels (Saraswat et. al., 2013).

In Median Joining Network analysis, we saw that
H3 haplotype was in the center of network and dominant
and also all of the haplotypes consisted of H3 (Fig. 1).

Pairwise F_ values between populations of
Adiyaman-Birecik  (-0.05126) and Batman-Bismil
(-0.08700) were negative and were found to be lower
for other locations. Because the ratio of similarity in
populations living in the same river is higher, we can
assume this was predictable. Adiyaman and Birecik
populations live in the Euphrates River; Bismil and
Batman populations dwell in the Tigris River. The value
between Birecik and Bismil populations (0.10547), which
is higher than the others, also resulted from the fact
that they live in different river systems, which indicates
there is an isolation between these two populations.

AMOVA analysis conducted based on the haplotype
frequencies revealed that the ratios among localities and
within localities genetic variation was 9.86 and 90.14%,
respectively and mean fixation index was calculated as
0.09865 (p<0.05). Darabi (2014), determined in their
study among localities and within localities genetic
variation and fixation index for Barbus sharpeyi to be
85.46, 14.54% and 0.14535 respectively. Our results
are comparable with the results of the above study. Low
genetic variation among localities is an indicator of the
fact that there is a high gene flow between populations or
these populations were the last ones which were isolated.
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Tajima D and Fu’s tests results were negative
in populations of Adiyaman, Birecik and Bismil and
positive in Batman population, and not all of the values
were statistically significant (p>0.05). Negative values
in populations of Adiyaman, Birecik and Bismil are
considered to be associated with the growth of population
while positive value in Batman population would have
resulted from the decline in population size.

Factors like construction of dams, excessive fishing,
alien fish grafting and pollution which have played a
major role in the destruction of the freshwater fish habitat,
are thought to cause reduction of genetic diversity.
Haplotypes determined for mtDNA COI 625 locus are
new results for the literature and it would be even more
explanatory in terms of population genetics of this species
to use more populations and different genetic markers in
further studies. Th results of the study are assumed to be
useful for planning effective strategies for the conservation
and management of fisheries in the two river systems.
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