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Abstract 
 
It is substantially important to know genetic structure of fish populations for long term 

fishery and with regards to conservation strategies. The present study was aimed to 

reveal the fundamental population genetic data for continuity and conservation of the 

Yellow barbell (Carasobarbus luteus) stocks, being considered as an economically 

important endemic fish species in Southeastern Anatolia Region. Therefore, a total 

number of 108 fish specimens were sampled from 9 localities of Kueik, Euphrates and 

Tigris river systems and subsequently, genetically analyzed based on mtDNA D-loop 

region sequencing. In total, 15 polymorphic nucloetide sites and 7 haplotypes were 

established during the analysis carried out. The mean haplotype (Hd) and nucleotide 

variation (π) were calculated as 0.373 and 0.00536. The highest values of haplotype 

and nucleotide variation was observed in Birecik (Hd=0,65152) and Adıyaman 

population (π =0,01094); respectively. In turns, none haplotype and nucleotide 

variation was observed in Kilis and Diyarbakır populations. Obtained FST values for 

examined populations ranged between -0.12389 and 0.15630. All FST values were 

found to be statistically insignificant for the populations within the same river and 

significant between some populations originated from different rivers. According to 

analysis of neutrality tests, Tajima’s D values were statistically significant in 4 

populations (Samsat, Bozova, Hilvan and Bismil). Obtained, under the present study 

information on genetic variation and population structure of C. luteus will be useful to 

plan an effective strategies for conservation and fishery supplementation of the 

species in the region. 

Introduction 
 
Freshwater fish have become an alternative source 

of protein in response to terrestrial products that are 
insufficient to meet protein needs of increasing human 
population of Southeastern Anatolia Region in the 
recent years. Fish are considered to be the cheapest 
source of animal protein and minerals for billions of 
poor families around the world (Wu & Yang, 2012). Both 
aquaculture and fishery activities have been enhanced 
in the region to meet the increasing demand for 

freshwater fish. Southeastern Anatolia Region ranks last 
in terms of amount of domestic aquaculture production 
in Turkey (Ural & Canpolat, 2009), where a great 
majority of consumed freshwater fish is obtained from 
river systems by fishery. Yellow barbell (Carasobarbus 
luteus) is amongst the most common and dominant fish 
within totally 46 fish species inhabiting Kueik, Euphrates 
and Tigris river systems, which are important natural 
resources for fish diversity and potential for fishery 
(Bilici, 2013). C. luteus is a common Cyprinidae species 
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endemic to Kueik, Euphrates and Tigris drainage, 
including natural and artificial lakes of Mesopotamia 
(Kuru, 1979; Ünlü, 1991; Gökçek & Akyurt, 2008; Coad, 
2010). This fish species has particular economic 
importance since there is a high demand for it as food in 
Southeastern Anatolia Region (Borkenhagen, Esmaeili, 
Mohsenzadeh, Shahryari, & Gholamifard, 2011; Bilici, 
Ünlü, Çiçek, & Satici, 2016). Due to lack of reliable 
management plan in the region, natural populations of 
this species are exposed to overfishing by fishermen. 
Besides, environmental factors, such as: hydrotechnical 
development, rapidly increasing populations of invasive 
fish species, and destruction of habitats considerably 
influence on C. luteus populations and possess major 
risk for its future existence. Decreasing number of 
natural populations may lead to eradication of unique 
genotypes that are not found anywhere else. It is almost 
impossible to bring it back when a genetic data is lost. 
Hence, necessary precautions need to be taken to stop 
genetic loss and to conserve future of this species. 
Creditable data are required firstly for an effective 
conservation program. Analysis of population genetics is 
an influential tool in reasonable species’ conservation 
strategy, enabling to obtain basal information for its 
management (Ryman, 1991; Ward, 2000). Molecular 
markers are effective methods to identify genetic 
diversity and population structure (Englbrecht, Freyhof, 
Nolte, Rassmann, Schliewen, & Tautz, 2000;  Whitehead, 
Anderson, Kuivila, Roach, & May, 2003). Mitochondrial 
DNA markers are used in genetic studies for various 
species (Xia, Guo, Ye, Li, & Wu, 2016). Compared to 
nuclear DNA markers, mitochondrial DNA markers are 
preferred because of their specific characteristics, such 
as: maternal inheritance, slow evolutionary rate, and 
absence of recombinations (Barrette, Crease,  Hebert, & 
Via, 1994). 

Parmaksiz and Eskici (2018) utilized mtDNA COI 
sequences to evaluate genetic variation of C. luteus, the 
results provided some precious information to reveal 
genetic background of the species. Since genetic 
information obtained from a single mtDNA marker is 
limited, it shows that resolution power of genetic 
studies may be increased by the use of multiple genetic 
marker systems (Gruenthal, Acheson, & Burton, 2007). 
It is considered that D-loop is the most polymorphic site 
of mtDNA and, therefore; it represents the maximum 

level of the variation (Li et al., 2015). Thus, haplotype 
analysis of D-loop is frequently used as an effective tool 
to investigate genetic diversity of cyprinid fish 
populations (Wu et al., 2013). 

The main goal of the present study is to identify 
genetic diversity of C. luteus populations, indigenously 
inhabit of Kueik, Euphrates, and Tigris rivers based on 
mtDNA D-loop sequence analysis. It was aimed that the 
results could contribute for conservation and 
sustainable management of the species C. luteus in the 
future 

 

Material and Methods 
 
Sample Collection 
 

The fish samples used in the present study (n=108) 
were obtained from 9 localities of 3 diverse river 
systems, i.e. Kueik, Euphrates, and Tigris rivers during 
the period of January 2013 and December 2017. 
Geographical information of these localities was given in 
Table 1 and the map on Figure 1.  

As soon as fish specimens were obtained, all 
samples were kept in ice container and transferred to 
Zoology Laboratory of Biology Department at the 
Faculty of Science & Arts of Harran University. Following 
the identification of species, approximately 1 g of 
muscle tissue was dissected from each sample and 
placed in the microcentrifuge tubes containing 95% 
ethanol and kept at -20 °C until DNA extraction. 

 
DNA Extraction, D-loop mtDNA Region Amplification 
and Sequencing 
 

In the present study, total genomic DNA was 
isolated from muscle tissue using GeneJET Genomic 
DNA Purification Kit (Thermo Scientific), according to 
the protocol provided by manufacturer.  

Primer sequences used for amplification of mtDNA 
D-loop site were as follows;   L15923: 5’-
TTAAAGCATCGGTCTTGTAA-3’ (Iguchi, Tanimura, & 
Nishida, 1997) and H16500: 5’-
GCCCTGAAATAGGAACCAGA-3’ (Inoue, Miya, 
Tsukamoto, & Nishida, 2000). All PCR reactions were 
performed in a total volume of 25 µl, containing: 2.5 µl 
(1x) PCR buffer, 2.0 µl (2.5 mM) MgCl2, 0.5 µl (0.5 mM) 

Tablo 1. Table 1. Details of sampling sites of C. luteus populations 
 

Country River Locality Geographic coordinates Altitude n 

Turkey Kueik Kilis 37°17' 31.18"N,  37°34' 20.18"E 746 8 
Turkey Euphrates Birecik 37°00' 18.58"N,  37°57' 48.41"E 338 12 
Turkey Euphrates Adıyaman 37°40' 04.80"N, 38°20' 24.57"E 576 21 
Turkey Euphrates Samsat 37°33' 48.07"N, 38°30' 44.08"E 534 10 
Turkey Euphrates Bozova 37°25' 56.68"N, 38°31' 53.88"E 550 10 
Turkey Euphrates Hilvan 37°41' 32.33"N, 38°52' 27.29"E 547 7 
Turkey Tigris Diyarbakır 37°59' 55.15"N, 40°14' 44.92"E 590 7 
Turkey Tigris Bismil 37°50' 51.18"N, 40°36' 09.18"E 545 24 
Iraq Tigris Erbil 36°17' 05.45"N, 43°39' 16.12"E 249 9 
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of each primer, 0.5 µl (0.2 mM) dNTP,  0.1 µl of Taq DNA 
polymerase (5U/µl) and approximately 90 ng of 
template DNA. The PCR amplification was carried out in 
a BIO-RAD T100TM Thermal Cycler under the following 
conditions: 3 min initial denaturation at 95 °C, and 35 
cycles of 30 s at 95°C for denaturation, 30 s at 51°C for 
annealing, and 45 s at 72 °C for extension, and a final 
extension at 72 °C for 10 min. Amplified DNA fragments 
were sent to MEDSANTEK (Istanbul, TURKEY) for 
purification and sequencing.  

 
Data Analysis 
 

The raw data of mtDNA D-loop sequences from 108 
individuals were evaluated using Chromas Pro v 2.0.1 
software and converted in to FASTA format. Resulting 
sequences of all individuals in FASTA format were 
aligned utilizing BioEdit software version 7.2.5. The 
number of polymorphic sites, the number of haplotypes, 
haplotype diversity (Hd) and nucleotide diversity (π) 
were established with DnaSP 5.10.01 (Rozas, Sanchez-
DelBarrio, Messeguer,  & Rozas,  2003) software. In 
order to indicate relationships between haplotypes, 
Median Joining Network (Bandelt, Forster, & Rohl, 1999) 
was drawn based on by using NETWORK 4.6.1.0 
program. The neighbour-joining phylogenetic tree was 
constructed using the MEGA program (Tamura, Stecher, 
Peterson, Filipski, & Kumar, 2013) for envision genetic 
relationships among populations. The statistical 
robustness of test was assessed with 1000 bootstrap 
replicates. Genetic distances between populations were 
obtained by calculating pairwise FST values based on 
haplotype frequencies, with Arlequin 3.11 (Excoffier, 
Laval, & Schneider, 2005). Significance of results was 
tested with 1000 permutations.  

 

Results  
 
mt DNA D-loop Region Diveristy  
 

An average of 471 base pairs (bp) length fragments 
of mtDNA D-loop region from 108 C. luteus specimens 
were sequenced; totally, 15 polymorphic sites and 7 
haplotypes were detected. Nucleotide variations of this 
region are shown in Table 2. The average nucleotide 
composition for all the sequences was A: 36.5%, T: 
31.2%, C: 19.1% and G: 13.2%. All the haplotype 
sequences were deposited in GenBank under accession 
numbers: MH727086-92. 

 
Population Genetic Diversity and Haplotype Frequency 
 

The frequencies of all identified haplotypes and the 
values of calculated genetic diveristy indicator are 
shown in Table 3. Haplotypes H1 (1.86%) and H2 (0.93%) 
were represented by small number of individuals only in 
Bismil population. The haplotype H3 (78.7%) was the 
most common within the studied fish group. H4 (6.48%) 
was observed in populations of Adıyaman, Bismil, Hilvan 
and Birecik; H5 (5.55%) in populations of Adıyaman, 
Samsat, and Birecik; H6 (5.55%) in populations of 
Adıyaman, Samsat, Bozova, and Birecik; H7 (0.93 %) only 
in population of Erbil. Accordingly, haplotypes H1, H2 
and H7 seen only in populations of Tigris river, 
haplotypes H5 and H6 only in Euphrates populations. 
Populations of Kilis and Diyarbakır include haplotype H3 
alone. All calculated values of haplotype (Hd) and 
nucleotide diversity (π) were in a range of 0.00000 – 
0.65152 and 0.00000 – 0.01094; respectively. The 
highest values of haplotype and nucleotide variation 
was observed in Birecik (Hd=0,65152) and Adıyaman 
population (π =0,01094); respectively. In turns, none 

 
Figure 1. The locations of studied populations of C. luteus in Kueik, Euphrates and Tigris Rivers. 
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haplotype and nucleotide variation was observed in Kilis 
and Diyarbakır populations (Table 3). 

 
Neutrality Tests 

 

The results of Tajima’s D and Fu’s Fs neutrality tests 
are shown in Table 3. Tajima’s D values were found to 
be statistically significant in four populations (Samsat, 
Bozova, Hilvan and Bismil) (P<0.05). Fu’s Fs values, on 
the other hand, were statistically insignificant in all 
populations  (P>0.05). 

Population Genetic Structure 

 

Pairwise FST results between populations based on 
haplotype frequencies are given in Table 4.  

FST results were ranged between -0.12389 and 
0.15630 for populations of C. luteus. FST values between 
Bismil and Birecik, Bismil and Adiyaman were 0.13731 
(P<0.01) and 0.15630 (P<0.05), statistically significant, 
respectively; FST value between population of Kilis and 
Adıyaman, 0.13547 (P<0.05), was statistically significant.  

Table 2. Variable sites of D-loop gene in C. Luteus 
 

Haplotype  Variable sites Accession 
number 133 149 151 160 168 169 171 251 284 292 298 333 341 351 374 

H1 T A G C C T T C A A T G A T G MH727086 
H2 . . . . . . . . . . C . . . . MH727087 
H3 . . . . . . G . . . . . . . . MH727088 
H4 . G A T T C G A G G . A . C A MH727089 
H5 . . . . . . G . . . . . G . . MH727090 
H6 C G A T T C G A G G . A . C A MH727091 
H7 . . .  . . G T . . . . . . . MH727092 

 
 
 
Table 3. Information about nine localities of C. luteus samples  ( Hd: haplotype diversity, H: haplotype [individual’s frequency], π: 
nucleotide diversity) 
 

Locality n Haplotypes Hd π Tajima’s D Fu’s Fs 

Kilis 8 H3(8) 0,00000 0,00000 0.00000 0.00000 
Birecik 12 H3(7), H4(1), H5(2), H6(2) 0,65152 0,01084 0.78841 3.72918 
Adıyaman 21 H3(12),H4(4), H5(3), H6(2) 0,63810 0,01094 1.52599 5.97313 
Samsat  10 H3(8), H5(1), H6(1) 0,37778 0,00552 -1.97583* 2.67927 
Bozova 10 H3(9), H6(1) 0,20000 0,00510 -1.96119* 4.58191 
Hilvan 7 H3(6), H4(1) 0,28571 0,00667 -1.62257* 4.56086   
Diyarbakır 7 H3(7) 0,00000 0,00000 0.00000 0.00000   
Bismil 24 H1(2), H2(1), H3(20), H4(1) 0,30797 0,00261 -2.24520* 0.68856 
Erbil 9 H3(8), H7(1) 0,22222 0,00047 -1.08823 -0.26348 

Significant difference at *P<0.05  

 
 
 
Table 4. Pairwise FST values and their significances between the populations on the basis of their mtDNA D-loop haplotype 
frequencies 
 

 Population Birecik Adiyaman Hilvan Samsat Bozova Bismil Diyarbakir Erbil Kilis 

Birecik 0.00000                 
Adiyaman -0.06569 0.00000               
Hilvan -0.07746 -0.04283 0.00000             
Samsat -0.02798 0.01344 -0.12002 0.00000           
Bozova -0.02012 0.01885 -0.12389 -0.10619 0.00000         
Bismil 0.13731** 0.15630* -0.01239 -0.02511 -0.03012 0.00000       
Diyarbakir 0.10056 0.12186 0.00000 -0.03960 -0.03960 -0.05802 0.00000     
Erbil 0.12386 0.14029 0.02242 -0.01724 -0.01770 -0.03176 -0.03067 0.00000   
Kilis 0.11814 0.13547* 0.02041 -0.02418 -0.02418 -0.04670 0.00000 -0.01408 0.00000 

Significant difference at *P<0.05 **P<0.01 
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The analysis of molecular variance (AMOVA) of 
population structure revealed that percentage of 
variation between groups was 10.21%, among 
population within groups -2.53% and within population 
92.31%. Fixation index was calculated to be 0.07687 
(Table 5). 

Totally 7 haplotypes were identified in Median-
Joining Network which was established for 108 samples 
of C. luteus analyzed. Resulting Median-Joining Network 
showed the presence of a central haplotype (H3), 
indicating an evolutionary connection (Figure 2). 

With respect to neighbour-joining tree (Figure 3), 
the observed genetic relationship of studied C. luteus 
populations, indicates to be a single lineage with no 
connection to geographical locations and exhibited no 
major genetic clustering of the genealogical relationship 
among haplotypes. 

 

Discussion 
 
Riverine ecosystems are very important harbour 

for aquatic organisms and the one habitat to live for 
numerous of them, including fish. Generally, fish species 
populations have diverse genetic structures or may 

display different geographical patterns because they 
were separated by geographical isolations; thus, they 
may have considerably distinguishable genetic 
structures even in neighboring rivers (Zhao, Erica, & Liu, 
2018). The present study included sampling from 3 
neighboring river systems (Kueik, Euphrates, and Tigris). 
Kueik river is 129 km long, emerging from southern parts 
of Gaziantep plateau, located in Southeastern Anatolia 
Region of Turkey and flowing through Halep city in the 
northern Syria (Kaya, Turan, & Bayçelebi, 2017). In turns, 
Tigris-Euphrates river system is a large watershed of 
southwestern Asia. It comprises Tigris and Euphrates 
rivers, which follow roughly parallel courses by way of 
the heart of the Middle East (Britannica, 2018). The 
aforementoned rivers have their sources in 50 miles of 
each other in eastern Turkey and tour southeast through 
northern Iraq and Syria to the head of the Persian Gulf 
(Britannica, 2018). 

All of these river ecosystems are exposed to 
anthropogenic activities, such as: environmental 
pollution, overfishing, building dams and introduction of 
invasive-exotic species. Altogether circumstances are 
serious challenges threatening survival and diversity of 
fish populations in the region. Under such conditions, 

Table 5. Analysis of molecular variance (AMOVA) among different C. luteus groups 
 

Source of variation df 
Sum of 
squares 

Variance 
components 

Percentage of 
variation 

Fixation 
Indices 

p-value 

Among groups 2 10.073 0.14142 Va 10.21 
FSC : -
0.02813 

0.74389+-
0.01446 

Among populations within 
groups 

6 5.275 -0.03498 Vb -2.53 
FST :      
0.07687 

0.13685+-
0.01141 

Within populations 99 126.550     1.27828 Vc 92.31 FCT : 0.10213 
0.06549+-
0.00796 

Total 107 141.898         1.38472    

 
 
 

 
Figure 2. The median-joining network based on 7 haplotypes of C. luteus found by sequencing D-loop gene of 108 individuals 
from 9 populations in Turkey and Iraq. The colors represent the various populations, the size of a circle is proportional to the 
number of haplotypes represented.  
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the extinction of every endemic fish species populations 
is inevitable unless necessary precautions are taken. 
Invasive species in the future might take the place of this 
kind of natural, common, endemic and dominant 
species studied here. Therefore, it is needed to obtain 
the baseline data on genetic diversity and structure of 
studied fish species to conserve its future by application 
of apposite precautions, as genetic diversity is the basis 
and core of biodiversity, which guarantees species 
evolution (Gao et al., 2017). High levels of genetic 
diversity ensure strong adaptation abilities and survival 
skills for populations (Barrett & Schluter, 2008). 

Median joining network analysis revealed that 
haplotype H3 was in the center of network and all 
haplotypes were consisted of haplotype H3 (Figure 2). 
The fact that this haplotype is the most dominant and 
common (78.7% frequency) in all populations indicates 
it is the ancestral haplotype (Crandall, & Templeton, 
1993). It is also possible to speculate that all other 
haplotypes are evolutionary related to H3 haplotype.  

Accoding to obtained results Adıyaman and Birecik 
populations were the most similar. Both of them shared 
the same set of haplotypes (H3, H4, H5 and H6) and 
displayed similar levels of genetic diversity (Table 3). 
Because, these localities are fairly close, there is only a 
dam between them, for now transition of fish is possible 
and it is expected for them to have similar genetic 
structure since the dam has 20 years of background. In 
addition, nucleotide diversity of Tigris populations is 
substantially lower than those in Euphrates river. C. 
luteus species was not found in field studies in 
Hasankeyf locality placed in Tigris river. This is an 
indicator for decrease of the population in Tigris River.  

Low nucleotide diversity was also established in 
mtDNA sequence analysis studies carried out in 
different countries for certain freshwater species with 
economic importance and having habitats disturbed by 
human activities, their results were in parallel to our 
study (Saraswat et al., 2014; Khaefi, Esmaeili, Ansari, & 
Ebrahimi, 2018; Behera et al., 2018; Zhao et al., 2018). 
Observed low values of nucleotide diversity (π) may be 
an indicator of occurrence adverse effects affecting on 
populations fitness and survivability, such as: bottleneck 
effect, inbreeding, outbreeding and hybridization, which 
are mainly related with antrophogenetic activities (Ma, 
Cheng, Zhang, Zhuang, & Zhao, 2010; Fennando, 
Pfrender, Encalada, & Lande, 2000). 

Genetic fixation index (FST) is the major criterion to 
estimate genetic differences between various 
geographical populations, at the same time it may also 
reflect the genetic correlation between populations 
(Gao et al., 2017). Despite these values were low and 
insignificant for populations within the same rivers, they 
were statistically significant for certain populations in 
different rivers. The fact that FST results were significant 
between these localities indicates genetic differences 
despite they are neighboring rivers. FST value between 
rivers was also found to be insignificant in AMOVA 
analysis. According to the obtained results, there are 
some signs of genetic clustering between Tigris, 
Euphrates and Kueik rivers; therefore, all the three 
rivers should be considered as separate management 
units. Especially, selected regions/populations should be 
considered with caution during planning or carrying out 
any conservation management plans in the future, i.e. 
Bismil population representing Tigris river unit, 

 
Figure 3. Neighbour-joining tree of C. luteus samples from 9 different localities based on observed haplotypes of D loop 
gene sequences 
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Adiyaman and Birecik populations representing 
Euphrates river unit as well as Kilis population 
representing Kueik river unit. 

Despite Fu’s Fs results were statistically 
insignificant after neutrality tests, Tajima’s D values 
were both negative and statistically significant in 4 
populations (Samsat, Bozova, Hilvan and Bismil). It is 
very likely that several haplotypes of these populations 
were eliminated and exposed to a bottleneck effect. 
Furthermore, this possibility was supported by low 
nucleotide diversity as well. Another study on mtDNA 
COI sequence analysis of C. luteus species in the same 
river system revealed a considerable divergence from 
neutrality (Parmaksız & Eskici, 2018). However, it was 
expected that genetic data resulted in greater details 
because the number of samples and localities were 
higher in this study.  

The results obtained from the present study 
represent current genetic data on C. luteus and will 
contribute effective conservation and reasonable 
fishery. Bottleneck effect may lead to loss of genetic 
diversity and influence on population continuity. 
Presence of bottleneck in certain populations creates a 
risk for its future. Hence, it needs to be spotlight to 
conserve the data of genetic diversity. It is mandatory to 
prevent overfishing, particularly to prohibit fishing 
throughout reproductive season. It is aimed to extend 
and validate the study by using nuclear indicators in the 
future. 
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