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Abstract 

Monitoring fish biodiversity and its changes over time and their ecological 

research is one of the important sources of information in their protection. 

They can be used to find fish biodiversity at different times, such as the cap-

ture and maintenance of whole fish, genetic samples, or the use of scales. In 

this regard, to check the prepared sample, 10-15 scales were prepared from 

the area of the lid, dorsal fin, and tail stem. Then, they were treated in 5% 

potassium solution and settled on a slide using a loop microscope equipped 

with a camera. Among the examined species, Luciobarbus braczcephalus, 

Luciobarbus capito and Capoeta saadi species could be distinguished from 

other species with the highest accuracy. In the genetic studies conducted 

using the cytochrome oxidase subunit 1 gene, the patterns observed in the 

neighbor joining genealogical tree were consistent with the differences in 

the genera and species studied. The results of this investigation show that 

the origin of species can be determined with more than 50% accuracy using 

genetic data. 

Introduction 

Fresh water fishes of Iran are very diverse and interesting even without tak-

ing into account the fishes of the brackish waters of the Caspian Sea. There 

are more than 200 species of freshwater fish in Iran, of which carp are the 

most diverse and are scattered in 19 watersheds (Esmailie et al., 2014). Most 

of Iran's freshwater fishes belong to three families of carp (Cyprinidae) and 

two families of dogfish (Cobitidae and Balitoridae). Many of them have the 

value of economic fishing, sport fishing, aesthetics, biological control and 

protection (Coad, 2005). 

With the emergence of molecular methods during the past few decades, the 

ability of biologists to recognize and evaluate biodiversity has increased 
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unprecedentedly [1]. Today, by using methods such as gene arrays, it is easy to obtain very accurate 

and fast information about the classification and diversity of organisms, especially fish, without de-

stroying living samples [2]. But the use of these methods requires technical facilities and significant 

costs, which are not easily accessible and cannot be considered as easily accessible and field methods. 

In addition to these cases, due to the novelty of molecular methods, there are usually no sample banks 

related to the past, and this makes the use of molecular methods for studies on the biodiversity of fish 

in the past decades and centuries. In addition, it faces problems and limitations. Therefore, in order to 

analyze changes in biodiversity over time and adapt these changes to changes in human activity and 

climatic conditions, we need more preserved sources than other examples in the past. Storing and ar-

chiving samples on a scale does not require much facilities, has no significant costs, and can be col-

lected by human labor with minimal training [3]. 

Various genetic methods are used to classify fish, such as examining the shape and number of chromo-

somes, examining proteins and enzymes, sequencing, and examining DNA polymorphisms. Among 

the above-mentioned methods, today, the array method, that is, the preparation of genetic barcodes for 

mitochondrial genes, has become a universal method for identifying species using a short part of the 

DNA sequence of a gene or a number of genes. In this approach, the DNA sequence for a part of a 

gene is prepared and compared for all existing species. This approach is an emerging standard for spe-

cies identification and the study of biodiversity worldwide using gene sequences. Typically, given that 

the sequence is specific for each species, the desired sequence acts as a barcode or sequence of the 

relevant species. In this regard, the mitochondrial gene of cytochrome C oxidase subunit one (COI) is 

the most suitable candidate gene for array and is used as a universal biological identification system 

for animals, including fish. In more than 90% of animals to which this method has been applied, spe-

cies have been successfully identified and separated [4]. 

Among the freshwater fish of Iran and Mesopotamia, different species of the genus Barbus, the genus 

Luciobarbus and the genus Capoeta are widely distributed in different watersheds, and their morpho-

logical and genetic diversity leads to the description of the four species of Barbus [5] , nine species of 

Luciobarbus [6] and nineteen species of Capoeta [6] ( Esmaeili et al., 2018) from the Caspian sea, Ur-

mia, Namak and Ker, Zayandeh-Rud, Nain, Kavir, Persian Gulf and Tigris basins. Among the species 

of Luciobarbus in the Tigris basin, there is a high morphological diversity, which has led to the de-

scription of different species, but the morphological diversity is not associated with high genetic dif-

ferences, and the aforementioned genetic similarities indicate possible interbreeding among the mem-

bers of this species. The genus has been attributed [7]. In this study, we examined using genetic data 

(COI gene sequences) compared to Barbus and Capoeta species, considering the advantages of using 

scales to identify species of the genus Luciobarbus in Iran. 

Materials and Methods 

The samples used in this study were collected using back electroshocker (in Sefidroud and Karun riv-

er), throwing net (Shadgan Lagoon) and using Sajuk net (Qanat).  After catching the samples on ice, 

they were transferred to the laboratory and after coding and harvesting the genetic sample (pectoral 

fin) and scales, they were fixed in 10% formalin. Pectoral fin samples were stored in 95% ethanol al-

cohol with the same code as fish samples, and after 24 hours, the alcohol was changed. It is important 

to mention that the identical sample utilized for morphological and genetic research. 

DNA extraction 

http://www.openaccesspub.org/
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DNA extraction was done using the Qiagen Blood & Tissue kit and using a robot (Eppendorf EpMo-

tion® pipetting-robot) at the Natural History Museum in Berlin. After DNA extraction, DNA quality 

was checked by electrophoresis on 1% agarose gel (Figure 1). 

COI gene reproduction 

After checking the quality of the extracted DNA, amplification of subunit number 1 of the cytochrome 

oxidase (COI) gene was performed using general primers (Table 1). 

For the amplification of the mentioned gene, polymerase chain reaction with 18 microliters of H2O, 

0.2 microliters of 10 μM solution of each primer, 1 microliter of magnesium, 0.5 microliters of dNTPs 

or free tonucleotides, 2.5 microliters of buffer and polymerase enzyme 2 0.00 microliters along with 2 

microliters of DNA that was diluted ten times was used (reaction volume: 25 microliter). For amplifi-

cation, one cycle of 94 °C for 4 min and thirty cycles of 94 °C for 30 s, 55 °C for 45 s, 72 °C for 60 s 

and a final extension cycle at 72 °C was used for 8 minutes. After the amplification of cytochrome 

oxidase subunit one gene, the PCR product was checked by electrophoresis on 1.5% agarose gel                         

Primer Sequence Source 

FishF2_t1 5’TGTAAAACGACGGCCAGTCGACTAATCATAAAGATATCGGCAC3’ 

Ivanova 

 .et al

2007 

FishR2_t1 5’CAGGAAA- CAGCTATGACACTTCAGGGTGACCGAAGAATCAGAA3‘ 

VF2_t1 5’TGTAAAACGACGGCCAGTCAAC- CAACCACAAAGACATTGGCAC3‘ 

FR1d_t1 5’CAGGAAACAGCTATGACACCTCAGGGTGTCC- GAARAAYCARAA3‘ 

Table 1. Primers used for COI gene amplification 

Figure 1. Electrophoresis of extracted DNA on 1% agarose gel. 

http://www.openaccesspub.org/
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(Figure 2-3). After the amplification of cytochrome oxidase subunit one gene, the PCR product was 

checked by electrophoresis on 1.5% agarose gel (Figure 2). 

Processing and analysis of sequences 

Figure 2. Electrophoresis of PCR product on 

1.5% agarose gel 

Figure 3. Genealogical tree drawn for COI gene sequences with a length of 

599 pairs of nucleotides by neighbor joining method using K2P genetic 

distances and with 500 bootstrap repetitions to calculate the support coeffi-

cient of genealogical groups. 

http://www.openaccesspub.org/


                           5 

©2025 Seyed Elham Mirahmadi, et al. This is an open access article distributed under the terms of 

the Creative Commons Attribution License, which permits unrestricted use, distribution, and build 

upon your work non-commercially. 

Journal of Zoological Research 

The created sequences were edited according to the shape of the chromatogram quality and compared 

to the published sequences using seqtrace 0.9.0 software. To confirm the species identified by the mor-

phological method, the sequences similar to the sequences obtained by performing a BLAST search in 

the gene bank were identified and the classification of the investigated fishes was confirmed or correct-

ed with the data published in the gene bank. became. For this purpose, the limit of maximum 2% of 

barcode sequence difference between the examined samples and gene bank data was considered as the 

maximum threshold for species definition. In the sense that the lowest similarity value of the sequences 

with the gene bank sequences is considered to be 98% and if the investigated sequence was more than 

98% similar to the sequence or species in the gene bank. The species declared in the gene bank was 

selected as the investigated fish species, and based on this criterion, classification based on morphology 

was confirmed or modified. In addition to the BLAST search in the gene bank to check the genealogi-

cal relationships of the sequences prepared in this research, after matching and aligning the sequences 

with the sequences in the gene bank, the genealogical tree of neighborhood joining (NJ) with Using 

MEGA V 11.0.13 software, 500 bootstrap replicates were drawn for a common sequence of 599 nucle-

otides in length. In this regard, Cyprinus carpio and Schizothorax fedtschenkoi species were used as 

outgroups to draw the genealogical tree. 

Results 

Table 2 lists the count of individuals examined for each species along with specific collection sites.  

Genealogy 

Based on the genealogical tree drawn by the neighbor joining (NJ) method, the species belonging to the 

genera Luciobarbus and Capoeta were placed in a genealogical group with a support factor of 82% 

(Figure 3). In the mentioned genealogical group, the subgroups related to Luciobarbus, Capoeta trutta, 

Capoeta damascina and Capoeta aculitea can be distinguished. Luciobarbus group includes all the 

species that belong to this genus and their genetic information was prepared in the present study or was 

taken from the gene bank. C. trutta group includes C. barroisi, C. mandica and C. trutta species, which 

No. Species Sample counts Sample site 

1 Capoeta saadii 10 Hassan abad 

2 Capoeta  buhsei 9 Kordan 

3 Capoeta coadi 18 Bashar 

4 Capoeta barroisi 9 Karoon 

5 Capoeta aculeata 13 Dorrodzan 

6 Capoeta damascina 10 Sirvan 

7 Capoeta razii 22 Sefidrood 

8 Barbus cyri 14 Sefidrood 

9 Luciobarbus brachycephalus 10 Sefidrood 

10 Luciobarbus schedj 8 Shadegan 

11 Luciobarbulus barbulus 19 Karoon 

12 Luciobarbus capito 7 Sefidrood 

Table 2. Count of individuals examined for each species along with specific collection 

sites. 

http://www.openaccesspub.org/
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are included in this group with 100% support factor. The genealogical group of C. damascina includes 

the species C. damascina, C. shajariani, C. ferdowsi, C. coadi, C. buhsei and C. saadi, which are in-

cluded in this group with a support factor of 95%. C. aculitea group includes C. aculeata and C. razii 

species with 100% support (Figure 3). The species B. cyri was also placed next to B. barbus with a 

support factor of 100%, which confirms the classification based on geographical and morphological 

information. 

Discussion 

In Luciobarbus species compared to Capoeta species, there are general appearance differences in the 

shape that can be used to identify the scales. This can be considered similar to the genealogical differ-

ences between the genera Capoeta, Luciobarbus and Barbus, which can be seen in the genealogical 

studies conducted in this study and other studies [8]. Other studies conducted on a limited number of 

carp species, including several capoeta species, can speculate on similar results. [9]. In the genetic stud-

ies that have been done so far on the genera and species investigated in this study, the species have also 

had monophyletic and different clusters [ 10, 11, 8]. The pattern observed in the distribution diagrams 

of the scales of the species also evokes evolutionary relationships among them to a large extent. For 

example, the species C. damascina, C. coadi and C. buhsei are placed in an evolutionary group or clus-

ter in genealogical studies, and in this study, a high overlap regarding the shape of the scales of the 

mentioned species is observed. but the species C. barroisi, which has a separate cluster or clade with 

the species C. trutta in genetic studies. Regarding the species C. trutta, considering its relative separa-

tion from other species of Capoeta, it can be said that the observations of this study are largely compa-

rable with its genealogical relationships with other species of Capoeta. The species C. aculeata and C. 

razii are also the third group identified in the genetic studies of the genus Capoeta, and in this study, 

their distribution cluster based on the shape of the scales can be seen to some extent with their genea-

logical position. In the genetic studies that have been done so far on the Luciobarbus species or based 

on the genetic data that was prepared in this study about the fishes, it can be seen that the two men-

tioned species have a very close genetic relationship and The genetic differentiation of their sequences 

cannot be compared with the genetic differentiation that is usually observed in the genetic barcode or 

COI gene sequences among species. [11]. In the case of these species, various hypotheses including 

hybridization or new speciation have been mentioned as possible reasons for the small genetic distance 

[11]. 

Conclusions 

In this study, the main goal was to identify some different species of freshwater fish, among which a 

number of species belonging to the genera Luciobarbus and Capoeta were selected. The results of this 

study show that Luciobarbus, Barbus and Capoeta fish species can be separated with relatively high 

accuracy using COI molecular method. 
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