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Abstract 
The phylogenetic relationships among Romanian cyprinids were inferred using the complete 

nucleotide sequence of the cytochrome b gene (cit b) and a fragment from subunit 2 of cytochrome 

oxidase gene (cox 2). The phylogenetic utility of mitochondrial genes has been studied at different 

taxonomic levels among fish taxa.  

We sequenced nine cyprinids species from Romania. Bootstrap analysis distingushed two 

principal lineages in cyprinids family both in neighbour-joining tree based on sequenced cox 2 gene 

and in neighbour-joining tree based on sequenced cit b gene: Cyprinine and Leuciscine, with 

Cyprinine at the basal position. For the Leuciscine group Hypophthalmichthys molitrix and 

Arischthys nobilis were found to belong to the same subfamily Hypophthalmichthyinae based on both 

cox 2 sequences. 
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Introduction 

 
 The Cyprinidae family is an excellent group for biological studies consisting of 2010 

species distributed across 210 genera in a large variety of habitats. In southern Europe, 

cyprinids are extremely rich in number of endemic species (about 77 species), especially 

when compared with the relatively uniform cyprinid fauna of central and northern Europe 

[11]. Despite numerous publications concerning the species classification within this family, 

the relationships among the main lineages of cyprinids still remain unclear, and even the 

monophyly of the whole family is sometimes in doubt [8]. Traditionally, cyprinids were 

grouped as different subfamilies according to their morphological characters [3; 2]. 

Depending on the authors, the number of subfamilies was very different.  

 To understand the phylogenetic relationships among representative cyprinid lineages, 

and their biogeographical origins, we have sequenced the complete mitochondrial cytochrome 

b gene (cit b) and the partial mitochondrial subunit 2 of cytochrome oxidase gene (cox 2) for 

nine cyprinid species. The sequence of the mitochondrial cox 2 gene has been widely used to 

estimate phylogenetic relationships at different taxonomic levels across insects and monkeys 

[6; 1]. The phylogenetic utility of the cyt b gene has been studied at several taxonomic levels 

among vertebrate taxa [9; 16; 4; 7; 12; 15; 17] and particularly in fish taxa [18; 19; 14; 22; 13; 

10]. Molecular phylogenetic studies using cyt b in cyprinid fishes included only few selected 

representatives from the lineages of the family Cyprinidae.  

 

1                                                                                      PERIODICO di MINERALOGIA, Vol.  90, No. 4, 2021



CĂTĂLINA LUCA, VALERIA ŢICĂ, ELENA IONICĂ, ANCA DINISCHIOTU,  

C. TESIO, MARIETA COSTACHE 

 

 

Materials and methods 
 

(a) DNA extraction  
Total cellular DNA was extracted from the muscle of the Romanian cyprinid species 

following the protocol Wizard Genomic DNA Purification Kit (Promega). We studied nine cyprinid 
species: Carrasius carrasius, Carassius auratus gibelio, Cyprinus carpio, Leuciscus borysthenicus 
celensis, Leuciscus cephalus, Rutilus rutilus, Hypophthalmichthys molitrix, Arischthys nobilis, Barbus 
meridionalis. 

(b) PCR Amplification and Sequencing 
 The fragments containing mtDNA cox 2 gene (274 base pairs- bp)  and mtDNA cit b 
gene (one fragment of 660bp and other fragment of 521bp) were obtained by a polimerase 
chain reaction (PCR) amplification. According to complete cox 2 genes sequences of the 
common carp (Cyprinus carpio) and goldfish (Carassius auratus), primer set COX2-F (5`-
AGG ACA CCA ATG ATA CTGA AG-3`) /COX2-R (5`-GTT TAA AGT CTC GTA ACA 
GGC-3`) were designed for the amplification of a fragment from cox 2 gene. Other two sets of 
primers was designed for the amplification of two fragments from cytochrome b gene: Glu-F, 
5'-GAA GAA CCA CCG TTG TTA TTC AA-3' / Cytb-R, 5'-TCT TTA TAT GAG AAR 
TAN GGG TG-3'; Cytb-F, 5'-CAC GAR ACR GGR TCN AAY AA-3'/Thr-R, 5'-ACC TCC 
RAT CTY CGG ATT ACA-3' [21]. They were used to amplify two contiguous and 
overlapping fragments (660bp and 521bp) that covered the entire cytochrome b gene.  

PCR amplification was performed at an initial denaturation 95
o
C for 3 min, followed 

by 35 cycles at 95
o
C for 45s, 50-55

o
C for 60s and 72

o
C for 90s. The amplified fragments were 

purified with the Wizard PCR Preps DNA Purification System Kit (Promega). The purified 
fragments were sequenced by ABI PRISM 310 Genetic Analyzer, using the ABI PRISM ® 
BigDye 

TM
 Terminator Cycle Sequencing Ready Reaction Kit and the sequences were 

processed with ABI PRISM DNA Sequencing Analysis Software. 
(c) Sequence alignement and phylogenetic analysis 

 The nucleotide sequences were aligned with the CLUSTAL X multiple alignement 
program and refined manually. The homology between two species was established with 
BLAST program using BLAST 2 SEQUENCES analysis. Phylogenetic analysis was 
performed with NJplot program using the neighbor-joining (NJ) [20] algoritm. Bootstrap 
analysis [5] was used to examine the confidence of nodes. 
 

Results and discussions 
 
 The assigned primers for the cyt b and cox 2  mitochondrial gene have led to the 
amplification of three fragments (660bp, 521bp from cyt b gene, respectivly 274bp from cox 2 
gene), for all cyprinids species studied and have been verified by agarose gel electrophoresis. 
 The sequences were aligned (table 1 and table 2 ) and analyzed every two using the 
Blast 2 Sequences application. In Cyprinine group we identified a 95% sequence homology 
for cox2 gene between Carassius species and between species Arischthys nobilis and 
Hypophthalmichthys molitrix was found 95%, which indicated that both species are included 
in the same Hypophthalmichthyinae subfamily. The high value of bootstrap analysis (97) 
from neighbor-joining (NJ) tree based on sequenced cox 2 (Fig. 1) sustains the same 
hypothesis. For the species from the same genus, as Leuciscus cephalus and Leuciscus 
borysthenicus celensis, a high homology of cit b sequences 99% was found.  
 The neighbour-joining analysis arrived at a similar and congruent tree. The robustness 
of the NJ tree was confirmed by bootstrapping (Fig.1 and Fig. 2). According to our results, the 
family Cyprinidae is divided into two major groups, the Cypriniae and the Leuciscinae. These 
two major groups were also recognized by Chen et al. [3] and Cavender and Coburn [2] based 
on osteological characters, and ranked as subfamilies within the Cyprinidae. 
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 Following Zardoya R, Doadrio I. [21] the Barbus lineage formed a monophyletic 
group with Ciprinine and a paraphyletic group with leuciscine. The cox 2 phylogenetic tree 
(fig.1) was recognized to have the same topology, whereas in cit b phylogenetic tree the 
lineage Barbus appeared to be paraphyletic both with ciprinine and with leuciscine (fig.2). 
These results remains uncertain because no outgroup from another fish family than ciprinids 
were included in this study. 

 

Figure 1. Phylogenetic relationships among Romanian Cyprinidae. Neighbour-joining tree based on sequenced 

cox 2 fragments. In bootstrap consensus trees only values (numbers at nodes representing the percentage of 100 

bootstrap replications) greater than 50 are significant, revealing a true phylogenetic relationship. 

 

 
Figure 2. Phylogenetic relationships among Romanian Cyprinidae. Neighbour-joining tree based on sequenced 

cit b gene. In bootstrap consensus trees only values (numbers at nodes representing the percentage of 100 

bootstrap replications) greater than 50 are significant, revealing a true phylogenetic relationship. 
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Conclusions 

 

 The high degree of identity between species sequences among the leuciscin group 

showed that Hypophthalmichthys molitrix and Arischthys nobilis belong to the same 

subfamily, namely Hypophthalmichthyinae. 

 The phylogenetic relationships among the main lineages of Romanian cyprinids based 

on cytochrome b and subunit 2 of cytochrome oxidase sequences data supported the 

traditional division of the Cyprinidae into two subfamilies: Cyprininae and Leuciscinae. 

 The phylogenetic position of the genus Barbus has not become resolved satisfactorily. 

However, the inclusion of Barbus into the Leuciscinae can be possible. Whether Barbus 

represents a separate lineage both by comparing with leuciscine group and by comparing with 

ciprinine group or should be assigned to the leuciscine group is still not clear.  

 

 
Table 1. Clustal W fragment alignment of sequence cox 2 gene 
 
 
10 20 30 40 50 60 

. . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | 

Carassius_auratus_g --------------------------------------------------------GAGG Carassius_carassius

 CACGAGATACGGGATTACGGAAAACCTAGGGATGTGACTCTCTATAAGTACCTACCCAAG Cyprinus_carpio ------

------------------------------------------------TGAGGG Hypophthalmichthys_ --ACGGGTTCAGGAACTATGAAGACTTG-

GGCTTCGACTCCTACATATCCCA-CCCAG-- Barbus_meridionalis --CTGGGTAC-GGGAAAATG-AGACTC--GGCTTCGATTCCTATAT-

ATTCCACTCAGA- Leuciscus_borysthen ---ACAAAAC-CCGAATTCG-AGACCTA-GGATTTGACTCCTATATGATCCCACTCAGA- 

Rutilus_rutilus ---AAAATACACCGACTACGCAGGCCTA-GGATTTGACTCCTACATAATCCCACCCAAGA Arischthys_nobilis -

ANTNNGNGTNCAGCCTTTNNTGNCT-G-GGCTCCGACTCCTACTAATCCCAACCCAAG- Clustal Consensus 
 

 
70 80 90 100 110 120 

. . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | 

Carassius_auratus_g CTTCAGATCGCAGGACAATGGCCGACTCTTAGAAACAGACCATCGATTAGTTGTCCCAAT Carassius_carassius

 TCTCTCTCTCCAGGGAGAGAGAAGACACTTAGAAACAGACCATCTCTCTCTTGTCCCAAT Cyprinus_carpio

 TCCAGTTCGCCGAGACAGGTACCGACTTCTGGAAACAGACCACCGAATAGTTGTTCCAAT Hypophthalmichthys_ --

ACCCTCCTCCAGGCCA-TTCCGGCTCCTAGAAACAGACCACCGAATAGTAGTCCCCAT Barbus_meridionalis --

CCTTATCACCAGGTCAGTTCCGACTACTAGAAACGGACCATCGAATAGTTGTACCAAT Leuciscus_borysthen --C---

AATTCCTGGTCAGTTCCGACTCCTAGAGACAGACCACCGAATAGTAGTCCCAAT Rutilus_rutilus ACTCTCACTCCCCGGTCA-

TTCCGACTCCTGGAGACAGACCACCGAATAGTAGTTCCGAT Arischthys_nobilis -

TACCTGACACCAGGCCAATTCCGGCTCCTAGAAACAGACCACCGAATAGTAGTCCCCAT Clustal Consensus  * * * *

 * ** ** ***** * * ** ** ** 
 

 
130 140 150 160 170 180 

. . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | 

Carassius_auratus_g AGAGTCCCCAGTCCGTGTCTTAGTATCCGCTGAAGACGTACTACACTCCTGAGCCGTTCC Carassius_carassius

 GGAGTCCCCAGTCCGTGTTTTAGTATCCGCTGAAGACGTACTACACTCCTGAGCTGTTCC Cyprinus_carpio

 AGAATCCCCAGTCCGTGTCCTAGTATCTGCTGAAGACGTGCTACATTCTTGAGCTGTTCC Hypophthalmichthys_

 AGAATCGCCAGTTCGTGTTCTAGTATCCGCCGAAGATGTATTACACTCTTGAGCCGTTCC Barbus_meridionalis

 AGAATCACCTATTCGTGTGCTGGTATCCGCTGAAGACGTTTTGCACTCATGAGCCGTCCC Leuciscus_borysthen

 AGAATCACCAGTTCGTGTTTTAGTATCCGCAGAAGACGTGTTACACTCCTGAGCCGTTCC Rutilus_rutilus

 AGAGTCACCAGTTCGTGTTTTAGTATCCGCAGAAGACGTATTACACTCTTGAGCAGTCCC Arischthys_nobilis

 AGAATCGCCAGTTCGTGTTCTAGTATCCGCCGAAGATGTATTACACTCCTGAGCCGTTCC Clustal Consensus 

 ** ** ** * ***** * ***** ** ***** ** * ** ** ***** ** ** 

 

 
 
 
 

 
 
 
 

190 200 210 220 230 240 

. . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | 

Carassius_auratus_g ATCCTTAGGTGTAAAAATAGACGCAGTC-CCAGGCCGACTAAATCAAACTGCTTTCAT-C Carassius_carassius
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 ATCTTTAGGTGTAAAAATAGACGCAGTC-CCCGGACGACTAAATCAAACTGCCTTCAT-C Cyprinus_carpio

 ATCCCTTGGCGTAAAA-TGGACGCAGTC-CCAGGACGACTGAATCAAGCCGCCTTTAT-T Hypophthalmichthys_

 ATCCCTAGGCGTAAAAATGGACGCAGTA-CCAGGACGACTTAACCAAACTGCCTTTAT-T Barbus_meridionalis

 ATCTCTAGGTGTAAAAATAGACGCAGTA-CCAGGACGACTAAACCAAACTGCCTTCAT-T Leuciscus_borysthen

 ATCTTTAGGCGTAAAAATAGACGCAGTGGCCCGGCCGACTAAACCAAACTGCCTTCAT-C Rutilus_rutilus

 ATCTTTGGGCGTAAAA-TAGACGCAGTA-CCAGGACGATTAAATCAA-CTGCCTTCATCT Arischthys_nobilis

 ATCCCTGGGCGTAAAAATGGACGCAGTA-CCAGGACGATTAAACCAAACTGCTTTTAT-T Clustal Consensus ***

 * ** ****** * ******** ** ** *** * ** *** * ** ** ** 

 

 
250 260 270 280 290 

. . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . 

Carassius_auratus_g GCCTCACGCCCAGGAGT-ATTCTACGGACATGGTTCT--GAAATTTGA--- Carassius_carassius

 GCCTCACGCCCAGGAGT-GTTCTACGGACATGGTTCTCTGAAATTTGA--- Cyprinus_carpio

 GCCTCACGCCCAGGGGT-GTTTTACGGACAATGGTCT--GAAATTTGA--- Hypophthalmichthys_

 GCCTCACGCCCAGGCGT-ATTTTACGGACAATGGCTCTGTA--TTTGAG-- Barbus_meridionalis

 GCCTCCCGCCCAGGGCT-CTTCTACGGACA-TG-GTCTGAAATTTGGA--- Leuciscus_borysthen

 GCGTCGCGCCCCGGCGT-GTTCTACGGACGGTT-TTTTAAAAATTAGA--- Rutilus_rutilus

 GCCTCCCGCCCAGGCGTATTTCTACGGACATGG-TTCTGAATTTAGGA--- Arischthys_nobilis

 GCCTCGCGCCCAGGCGT-ATTCTACGGACAATG-CTCTGNAAATTTGGNNN Clustal Consensus ** 

** ***** ** * ** ******* * * * 

 
 

Table 2. Clustal W multiple sequence alignment of cit b gene 
 
 

10 20 30 40 50 60 

. . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | Carassius_carassius -

---------------------TAATGGGCAAGCTACGAAAAACACATCCCCTAATTAAA Leuciscus_cephalus --

GTATTCAACTACAAGAACAATAATGGCAAGCCTACGAAAAACCCACCCACTAATAAAA Leuciscus_borysthen

 TGTTATTCAACTACAAGAACAATAATGGCAAGCCTACGAAAAACCCACCCACTAATAAAA Cyprinus_carpio -

-----------------------ATGGCAAGCCTACGAAAAACACACCCTCTCATTAAA 

Hypophthalmichthys_ -------------------------------------------CCCACCGGGTAATAAAA 

Barbus_meridionalis ------------------------------------------------------------ 

Clustal Consensus 
 

 
70 80 90 100 110 120 

. . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | Carassius_carassius

 ATCGCTAATGATGCACTAGTTGACCTACCGTCACCATCCAACATTTCAGCATGATGAAA- Leuciscus_cephalus

 ATCGCCAACGACGCGCTAGTCGATCTTCCCACACCATCTAATATCTCTGCATGATGAAA- Leuciscus_borysthen

 ATCGCCA-CGACGCGCTAGTCGATCTTCCCACACCATCTAATATCTCTGCATGATGAAA- Cyprinus_carpio

 ATCGCTAACGACGCACTAGTTGACCTACCAACACCATCCAACATCTCAGCATGATGAAAG 

Hypophthalmichthys_ ATCGCTTCCGACGCACTAGTCGATCTCCCAACACCATCCAATATTTCCGTGTGATGAAA- 

Barbus_meridionalis --------------------AGACCTACCAACACCATCTAATATTTCAGTCTGATGAAA- 

Clustal Consensus ** ** ** ******* ** ** ** * ******** 
 

 
130 140 150 160 170 180 

. . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | Carassius_carassius

 CTTTGGATCCCTCCTAGGATTATGCTTAATTACTCAAATCCTAACCGGCCTATTTCTAGC Leuciscus_cephalus

 CTTTGGATCCCTTCTAGGATTATGCTTAATTACTCAAATCCTAACCGGACTGTTCTTAGC Leuciscus_borysthen

 CTTTGGATCCCTTCTAGGATTATGCTTAATTACTCAAATCCTAACCGGACTGTTCTTAGC Cyprinus_carpio

 CTTTGGATCCCTCCTAGGACTATGCTTAATT-CCCAAATTTTAACCA--TTTTTCCTAGC 

Hypophthalmichthys_ CTTCGGATCCCTTCTAGGATTATGTTTAATCACCCAAATCCTAACCGGGCTATTCCTAGC 

Barbus_meridionalis CCCTGGGTCCCTCCTCGGACTCTGTCTAATTACCCAAATCTTAACAGGATTGTTCCTGGC 

Clustal Consensus * ** ***** ** *** * ** **** * ***** **** * ** * ** 
 

 
 

 
 
 

 

190 200 210 220 230 240 

. . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | Carassius_carassius

 CATACACTATACCTCAGACATTTCAACCGCATTTTCATCCGTTGTCCACATCTGCCGGGA Leuciscus_cephalus

5                                                                                      PERIODICO di MINERALOGIA, Vol.  90, No. 4, 2021



CĂTĂLINA LUCA, VALERIA ŢICĂ, ELENA IONICĂ, ANCA DINISCHIOTU,  

C. TESIO, MARIETA COSTACHE 

 

 

 CATGCATTACACTTCTGACATCTCAACCGCATTCTCATCAGTAGTCCACATTTGCCGGGA Leuciscus_borysthen

 CATGCATTACACTTCTGACATCTCAACCGCATTCTCATCAGTAGTCCACATTTGCCGGGA Cyprinus_carpio

 CATACACTAGGCCTCAGACATCTCAACC--CTTCTCATCTGTTNCCCACATCTGCCGAGA 

Hypophthalmichthys_ CATGCACTATACCTCTGATATCTCAACCGCATTTTCATCAGTAGTCCACATCTGCCGAGA 

Barbus_meridionalis TATGCACTATACCTCGGACATTTCAACTGCATTTTCATCAGTTGCCCACATCTGCCGGGA 

Clustal Consensus ** ** ** * ** ** ** ***** ** ***** ** ****** ***** ** 

 
 

250 260 270 280 290 300 

. . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | Carassius_carassius

 TGTAAATTATGGCTGACTAATCCGTAATATTCACGCCAACGGCGCATCATTCTTCTTCAT Leuciscus_cephalus

 CGTCAATTACGGCTGACTTATCCGCAACCTACACGCCAACGGGGCATCATTCTTTTTTAT Leuciscus_borysthen

 CGTCAATTACGGCTGACTTATCCGCAACCTACACGCCAACGGGGCATCATTCTTTTTTAT Cyprinus_carpio

 CGTAAATTACGGCTGACTAATCCGTAATGTACACGCCAACGGAGCATCATTCTTCTTCAT 

Hypophthalmichthys_ TGTAAACTATGGCTGGCTTATTCGCAACCTACACGCTAACGGAGCATCATTCTTTTTCAT 

Barbus_meridionalis CGTAAACTACGGCTGATTTATTCGCAACATGCACGCCAACGGAGCCTCATTCTTTTTCAT 

Clustal Consensus ** ** ** ***** * ** ** ** * ***** ***** ** ******** ** ** 
 

 
310 320 330 340 350 360 

. . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | 

Carassius_carassius CTGTATTTATATACACATTGCCCGAGGCCTATATTATGGATCTTACCTTTACAAAGAAAC 

Leuciscus_cephalus CTGTATTTATATACACATTGCTCGCGGCCTATACTATGGATCCTACCTTTACAAAGAAAC 

Leuciscus_borysthen CTGTATTTATATACACATTGCTCGCGGCCTATACTATGGATCCTACCTTTACAAAGAAAC Cyprinus_carpio

 TTGCATTTACATACACATCGCCCGAGGCCTATACTACGGATCATACCTTTACAAAGAAAC Hypophthalmichthys_

 CTGTATTTATATACACATCGCCCGTGGCTTATACTATGGATCTTACCTATACAAAGAGAC Barbus_meridionalis

 CTGTATTTATATGCACGTAGCCCGAGGACTCTATTACGGGTCCTACCTCTACAAGGAAAC Clustal Consensus 

 ** ***** ** *** * ** ** ** * ** ** ** ** ***** ***** ** ** 
 

 
370 380 390 400 410 420 

. . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . .| Carassius_carassius

 CTGAAACATCGGAGTAATCTTATTTCTTCTAGT-TATAATAACAGCCTTTGTTGGTTATG Leuciscus_cephalus

 CTGAAATATTGGAGTAGTCCTACTCCTATTAGT-TATAATAACGGCCTTCGTTGGCTACG Leuciscus_borysthen

 CTGAAATATTGGAGTAGTCCTACTCCTATTAGT-TATAATAACGGCCTTCGTTGGCTACG Cyprinus_carpio

 CTGAAACATTGGTGTAATCCTTCTACTACTAGT-CATGATAACAGCCTTCGTTGGCTATG 

Hypophthalmichthys_ CTGAAACATTGGAGTAGTCCTACTCCTGCTAGT-CATAATAACAGCCTTCGTTGGCTACG 

Barbus_meridionalis CTGAAACATTGGGGTAGTTCTGCTGCTACTAGAATATAATAACGGCCTTCGTTGGCTATG 

Clustal Consensus ****** ** ** *** * * * ** *** ** ***** ***** ***** ** * 
 

 
430 440 450 460 470 480 

. . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | Carassius_carassius

 TTCTCCCATGAGGA-CAAATATCCTTTTGAGGCGCTACAGTAATTACAAACCTCCTATCC Leuciscus_cephalus

 TCCTCCCATGAGGA-CAAATATCTTTTTGAGGCGCTACCGTAATTACAAACCTACTATCA Leuciscus_borysthen

 TCCTCCCATGAGGA-CAAATATCTTTTTGAGGCGCTACCGTAATTACAAACCTACTATCA Cyprinus_carpio

 TTCTTCCATGAGGA-CAAATATCCTTTTGAGGCGCCACAGTAATCACAAACCTCCTATCT 

Hypophthalmichthys_ TCCTTCCATGAGGA-CAAATATCCTTCTGAGGTGCCACAGTAATTACAAACCTATTATCA 

Barbus_meridionalis TTCTCCCATGAGGCTCAAATATCCTTCTGAGGTGCCACAGTAATTACTAACCTTTTATCA 

Clustal Consensus * ** ******** ******** ** ***** ** ** ***** ** ***** **** 
 

 
490 500 510 520 530 540 

. . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | Carassius_carassius

 GCTGTACCATATA-TGGGAGATAT-ATTAGTTC-AATGAATTTGAGGAGGCTTCT-CCGT Leuciscus_cephalus

 GCAGTCCCCTACA-TAGGAGATAC-TCTCGTCC-AATGAATTTGAGGTGGCTTCT-CAGT Leuciscus_borysthen

 GCAGTCCCCTACA-TAGGAGATAC-TCTCGTCC-AATGAATTTGAGGTGGCTTCT-CAGT Cyprinus_carpio

 GCCGTACCATACA-TGGGAGACAT-GTTAGTCC-AATGAATCTGAGGTGGGTTCT-CGGT 

Hypophthalmichthys_ GCAGTTCCCTACA-TAGGAGACAC-CCTCGTCC-AATGAATCTGAGGCGGTTTTTTCAGT 

Barbus_meridionalis GCAGTACCTTATAATAGGAGACACATCTTGTCCCAATGAAATTTGGGCGGGTTTT-CAGT 

Clustal Consensus ** ** ** ** * * ***** * * ** * ****** * ** ** ** * * ** 

 
550 560 570 580 590 600 

. . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | Carassius_carassius
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 AGACAACGCAACACTAACACGATTCTTCGCATTTCACTTCCTATTCCCATTCATTATTAC Leuciscus_cephalus

 AGATAATGCAACACTAACACGATTTTTCGCATTCCATTTCCTATTACCATTCATCGTCGC Leuciscus_borysthen

 AGATAATGCAACACTAACACGATTTTTCGCATTCCATTTCCTATTACCATTCATCGTCGC Cyprinus_carpio

 AGACAATGCAACACTAACACGATTCTTCGCATTCCACTTCCTACTACCATTTGTTATTAC 

Hypophthalmichthys_ AGACAATGCAACACTAACACGATTCTTCGCCATTTCCCCTT-CCTCCTACCCCTTCCGGC 

Barbus_meridionalis CGATAACGCAACACTAACACGATTCTTCGCTTTTCACTTTC-GGTCCTACCATTTATTAT 

Clustal Consensus ** ** ***************** ***** * * * * * 
 

 
610 620 630 640 650 660 

. . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | Carassius_carassius

 TGCCGCTAGCGTAATCCATCTACTATTTCTTCACGAAAACAGGATCGAACAACCCCATTG Leuciscus_cephalus

 CGCCGCAACCCTCCTACACCTACTCTTCCTGCACGAAA-CAGGATCAAATAA-CCCAATC Leuciscus_borysthen

 CGCCGCAACCCTCCTACACCTACTCTTCCTGCACGAAA-CAGGATCAAATAA-CCCAATC Cyprinus_carpio

 CGCCGCAACCATCATCCACCTGCTGTTCCTCCACGAAA-CAGGATCAAACCAACCCAATC 

Hypophthalmichthys_ GGTCAA--CCGGCCCGCAAACCTTTCCATACCACCCTA--------------ACCCAGCC 

Barbus_meridionalis TGCCG--------CCGCAACCGTCCTC----CACAATA--------------ACCCAGCC 

Clustal Consensus * * ** *** * **** 
 

 
670 680 690 700 710 720 

. . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | Carassius_carassius

 GGACTAAACTTCGGACGCAGGACAAAAATTTCCTTTCCACCCNT--------ACTTTCCT Leuciscus_cephalus

 GGACTAAACT-CCGACGCAG---ATAAAATTTCCTTCCACCCT---------------CA Leuciscus_borysthen

 GGACTAAACT-CCGACGCAG---ATAAAATTTCCTTCCACCCTTCCACCCATACTTTTCA Cyprinus_carpio

 GGACTAAACT-CAGACGCA----ACAAAGTCTCTTTCCACCCGT--------ACTTCTCA 

Hypophthalmichthys_ GGATTAAACT-CTGACGCAG---ACAAAATTTCCTTCCACCCAT--------ACTTTTCT 

Barbus_meridionalis GGACTAAACT-CTGACGCAG---ACAAAATTTCATTCCACCCAT--------ACTTCTCT 

Clustal Consensus *** ****** * ****** * *** * * ******** * 

 
 

730 740 750 760 770 780 

. . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | Carassius_carassius

 CA-----ACCTCCTTGGGTTCGTAATTATACTATTAGCCCTTACACTCCTAGCATTATTC Leuciscus_cephalus

 TATATCGACCTTCTTGGGTTTGTTATTATACTACTAGCCCTTACCTCCCTAGCACTATTT Leuciscus_borysthen

 TACAAAGATCTTTTAGGATTTGTAATAATATTATTAGCTCTCACATCATTAGCACTATTT Cyprinus_carpio

 TACAA-AGACCTCTTGGATTCGTAATTATACTCCTAGCTCTTACACTACTAGCACTGTTC 

Hypophthalmichthys_ TACAAAGACCTTCTAGGATTCGTACTAATATTACTAGCCCTTACATCATTAGCACTATTC 

Barbus_meridionalis TACAAGGACCTTCTTGGTTTTGTTCTAATGCTTCTAGCTCTTACATCATTGGCACTATTC 

Clustal Consensus * * * ** ** ** * ** * **** ** ** * *** * ** 
 

 
790 800 810 820 830 840 

. . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | Carassius_carassius

 TCCCCAAATCTTTTAGGAGACCCAGAAAACTTTACCCCCGCCAATCCCCTGGTTACTCCC Leuciscus_cephalus

 TCTCCTAACCTACTAGGTGACCCAGAAAACTTTACCCCAGCAAACCCACTAGTAACACCC Leuciscus_borysthen

 TCCCCAAATCTACTGGGAGACCCAGAAAACTTCACCCCAGCAAACCCACTAGTTACCCCT Cyprinus_carpio

 TCCCCTAACTTACTAGGAGACCCAGAAAACTTCACCCCCGCAAACCCTCTAGTTACACCA 

Hypophthalmichthys_ TCCCCAAATCTGCTTGGAGATCCAGAAAACTTCACCCCAGCAAACCCACTAGTCACTCCC 

Barbus_meridionalis TCCCCTAACTTGCTAGGGGACCCCGACAACTTCACCCCCGCAAACCCAATAGTTACCCCT 

Clustal Consensus ** ** ** * * ** ** ** ** ***** ***** ** ** ** * ** ** ** 
 

 
850 860 870 880 890 900 

. . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | Carassius_carassius

 CCTCATATTAAACCAGAGTGATATTTCCTATTTGCCTACGCCATTCTCCGATCAATCCCT Leuciscus_cephalus

 CCACATATTCAGCCAGAGTGATACTTCTTATTTGCCTACGCCATTCTCCGATCTATCCCA Leuciscus_borysthen

 CCACACATTAAACCAGAATGATACTTCCTATTTGCCTACGCCATCCTACGATCTATTCCA Cyprinus_carpio

 CCCCACATCAAACCAGAATGATACTTCCTATTTGCCTACGCCATCCTACGATCAATTCCA 

Hypophthalmichthys_ CCGCATATTAAACCAGAATGATATTTCCTATTTGCTTACGCCATTCTACGATCTATTCCA 

Barbus_meridionalis CCCCACATTAAACCCGAATGGTACTTCCTATTTGCTTACGCCATTCTACGATCGATCCCT 

Clustal Consensus ** ** ** * ** ** ** ** *** ******* ******** ** ***** ** ** 

 
910 920 930 940 950 960 

. . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | Carassius_carassius
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 AACAAACTTGGAGGAGTTCTTGCATTATTATTCTCTATCCTTGTACTAATGGTAGTACCC Leuciscus_cephalus

 AACAAACTAGGAGGGGTACTTGCACTACTATTCAGCATCCTAGTGCTAATAGTTGTGCCA Leuciscus_borysthen

 AACAAACTAGGAGGGGTCCTTGCACTATTATTTTCCATCCTAGTACTAATAGTAGTGCCA Cyprinus_carpio

 AACAAACTTGGAGGTGTCCTTGCACTCCTATTCTCCATTCTAGTATTAATAGTAGTACCA 

Hypophthalmichthys_ AACAAACTGGGAGGGGTTCTTGCACTATTATTCTCCATTCTAGTACTAATAGTAGTGCCA 

Barbus_meridionalis AACAAACTAGGAGGAGTCCTTGCACTGTTGTTTTCTATTCTAATTCTCATGGTAGTCCCA 

Clustal Consensus ******** ***** ** ****** * * ** ** ** * * ** ** ** ** 

 
970 980 990 1000 1010 1020 

. . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | Carassius_carassius

 CTACTACACACCTCAAAGCAACGAGGACTAACATTCCGCCCAATCACTCAATTCCTATTC Leuciscus_cephalus

 ATCTTACACACCTCTAAACAACGAGGACTAACTTTCCGCCCCGTAACTCAATTCCTATTC Leuciscus_borysthen

 ATCTTACACACCTCAAAACAACGAGGACTAACATTCCGCCCAATCACCCAATTCCTATTC Cyprinus_carpio

 CTACTACACACCTCAAAACAACGAGGGCTAACATTCCGCCCCATCACCCAATTCCTATTC 

Hypophthalmichthys_ ATCTTACACACCTCAAAACAACGAGGATTAACATTCCGCCCAATCACCCAATTCCTATTC 

Barbus_meridionalis ATTTTACACACCTCGAAACAACGAGGACTAACCTTCCGCCCCCTAACACAATTCTTATTC 

Clustal Consensus * ********** ** ******** **** ******** * ** ****** ***** 
 

 
1030 1040 1050 1060 1070 1080 

. . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | Carassius_carassius

 TGAACTTTAGTTGCAGATATGGCTATCCTAACATGGATTGGAGGCATACCAGTAGAACAC Leuciscus_cephalus

 TGAACCCTAGTTGCAGATATATTTATCCTGACATGAATTGGGGGCATACCTGTAGAACAC Leuciscus_borysthen

 TGAACCTTAGTAGCAGACATGATTATTCTGACATGAATTGGAGGCATACCCGTAGAACAT Cyprinus_carpio

 TGAACCCTAGTAGCAGACATAATTATCCTAACATGAATTGGAGGCATACCAGTAGAACAT 

Hypophthalmichthys_ TGAACTTTAGTAGCAGACATAATTATTCTGACATGAATTGGAGGTATACCTGTAGAACAT 

Barbus_meridionalis TGAACCCTCGTAGCAGACATACTAATCCTAACGTGAATTGGAGGCATGCCCGTGGAACAT 

Clustal Consensus ***** * ** ***** ** ** ** ** ** ***** ** ** ** ** ***** 
 

 
1090 1100 1110 1120 1130 1140 

. . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | Carassius_carassius

 CCATTCATTATTATTGGACAAATTGCATCCATTCTATATTTTACATTATTCCTTGTCCTC Leuciscus_cephalus

 CCATACATTATCATTGGCCAAGTCGCATCCATTCTATATTTTGCACTCTTCCTCATCCTT Leuciscus_borysthen

 CCATATGTCATTATTGGACAAATTGCATCAGTCCTTTATTTCGCATTATTCCTCATTTTA Cyprinus_carpio

 CCCTTCATCATTATTGGACAAATTGCATCCGTCCTATACTTCGCACTATTCCTCATTTTT 

Hypophthalmichthys_ CCATACATCATCATCGGACAAATCGCATCAGTCCTTTACTTCGCACTATTCCTGATTCTT 

Barbus_meridionalis CCATATGTTGTCATCGGCCAAGTCGCTTCAATTCTGTATTTTGCACTTTTTCTTGTCCTT 

Clustal Consensus ** * * * ** ** *** * ** ** * ** ** ** ** * ** ** * * 
 

 
1150 1160 1170 1180 1190 1200 

. . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | Carassius_carassius

 TTTCCACTAGCAGGATGACTAGAAAACAAAGCACTGAAATGAGCTTGCCCTAG-TAGCTT Leuciscus_cephalus

 GTCCCACTAGCAGGATGAGTGGAAAATAAAGCATTAAAATGAGCCTGCCCTAG-TAGCTT Leuciscus_borysthen

 ACCCCACTAGCAGGGTGATTAGAAAATAAAGCACTAAAATGAGCTTGCCCTAG-TAGCTT Cyprinus_carpio

 ATGCCACTAGCAGGATGGTTAGAAAATAAAGCACTAAAATGAGCTTGCCCTAGGTAGCTT 

Hypophthalmichthys_ ACCCCACTGGCAGGATGACTAGAAAATAAAGCACTAAAATGAGCTTGCCCTAG-TAGCTT 

Barbus_meridionalis GTCCCAGTGGCAGGCTGACTAGAAAATAAAGCATTAAAATGAGTTTGCCCTAG-TAGCTT 

Clustal Consensus *** * ***** ** * ***** ****** * ******* ******** ****** 
 

 
1210 1220 

. . . . | . . . . | . . . . | . . . . | . . . . | . . . Carassius_carassius

 AGTATAAAAGCATCGGTCTTGTAATCCG Leuciscus_cephalus

 AGTCTTAAAGCATCGGTCTTGTAATC-- Leuciscus_borysthen

 AGCCTAAAAGCATCGGTCTTGTATCG-- Cyprinus_carpio

 AGCCTAAAAGCATCGGTCTTGTAAT--- 

Hypophthalmichthys_ AGTCTAAAAGCATCGGTCTTGTAATC-- 

Barbus_meridionalis AGTCTAAAAGCATCGGTCTTGTAATC-- 

Clustal Consensus ** * ***************** 
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