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Abstract
Background: Knowledge about Alburnoides remains lacking relative to many other species, resulting in a lack of a systematic position 
and taxonomic diagnosis. Basic biological information for Alburnoides has been constructed, and it is necessary to understand further 
and obtain more information about this species. Its phylogenetic relationships are still debated and no molecular data have been used 
to study this taxon in Iran. A holistic approach for genetic methods was adopted to analyze possible spirlin population differences at 
selected centers in the south Caspian Sea basin of Iran.
Methods: The phylogenetic relationships were determined based on 774 base pairs of the mitochondrial cytochrome b gene of 
32 specimens of spirlin from nine locations in the south Caspian Sea drainage basin of Iran. The nucleotide sequences were subjected to 
phylogenetic analysis using the neighbor-joining, maximum parsimony, maximum likelihood, and Bayesian methods.
Results: The mitochondrial gene tree largely supports the existence of three major clades. The western populations (clade I) may be 
considered as Alburnoides eichwaldii, whereas the Talar river populations (clade II) are represented as Alburnoides sp.1 and the eastern 
populations (clade III) may be distinct taxa of Alburnoides sp.2.
Conclusion: This molecular evidence supports the hypothesis that A. bipunctatus does not exist in the south Caspian Sea basin of Iran, 
and that the western and eastern populations are distinct taxa.
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Introduction
Different kinds of freshwater fishes of the Cyprinidae 
genus, commonly known as spirlin, are widely distri buted 
in the freshwaters of  Europe, the Caucasus,  Asia Minor,  
and Central Asia, where it is represented by 17 species.1–4  
Spirlins are small cyprinid fish generally found in shallow 
areas with gravel, stones, and well oxygenated clear 
water.

This taxon has long been considered as a complex 
species with great diversity in Iran. Six species were 
recently recognized in the Iranian basins of the Caspian 
Sea, Kavir, Namak, Tigris, Kor, and Lake Orumiyeh, 
and more are expected to be discovered.3,5,6 The 
spread of spirlin across Iran has important ecological, 
zoogeographic, and aquacultural significance.7

Previous molecular work on Alburnoides, mostly 
European species, has been based on allozyme, 
cytochrome b, 16s rDNA, and mitochondrial control 
region data.8,9 Morphologic and genetic markers 
provide different but complementary information 
about population structure and have been widely used 
in population differentiation studies.10–13 Molecular 
tool approaches are powerful techniques to investigate 
geographic variation of stocks. Among the molecular 
studies, mitochondrial DNA has proved to be useful 
in the study of population diversity and provides 
information on fish characteristics.14–16

Alburnoides belongs to a number of poorly studied 
species with a deficiency in molecular analyses and no 
consensus among ichthyologists concerning its taxo-
nomic position, so knowledge and information regard-
ing this species is largely missing. The situation is more 
complicated in the Caspian Sea basin, and there are still 
debates on the taxonomic position of the spirlin found 
in the south Caspian Sea basin. Alburnoides bipunctatus 

eichwaldii was the name used for most populations 
across the south Caspian Sea basin of Iran. Boguts-
kaya and Coad3 resurrected A. eichwaldii, and it is 
present at least in the western part of the Caspian Sea 
basin, west of Sefidrud. There is another nominal sub-
species in the Aras River drainage region of Armenia 
(Caspian Sea basin), ie, A. bipunctatus armeniensis, 
Dadikyan,1972.17 From the rivers of Arpa, Vorotan, 
Vedi, Marmarik, and Kasakh as well as their tributaries, 
which is now regarded as a synonym of A. eichwaldii.3 
However, the status of the eastern populations is not 
clear, and these may be considered to be a distinct spe-
cies. Hence, knowledge and information regarding the 
south Caspian spirlin remains limited. These taxonomic 
problems persist because most of the earlier investiga-
tions were solely based on classical techniques. The use 
of molecular data to infer phylogenetic trees are used 
to complement morphological data in order to study 
relationships in detail. This is the first documentation 
of the systematic position and phylogenetic relationship 
between the different populations of Alburnoides inte-
grating molecular techniques (nucleotide sequence of 
the mitochondrial cytochrome b gene) in the Caspian 
Sea basin of Iran.

Materials and Methods
Sampling
This study was based on 32 specimens of spirlin 
collected from nine locations in the south Caspian Sea 
drainage basin of Iran using an electrofishing device 
(Table 1 and Fig. 1).

DnA extraction and sequencing
In the laboratory, muscle tissues were dissected 
immediately and stored at −20 °C prior to total 

Table 1. Sampling locations of spirlin in iran.

code collecting site Longitude e Latitude n
1 cr Sefidrud-Chenar Rudkhan 49° 27′ 26.1″ 31° 04′ 42.4″
2 Do Sefidrud-Dorudkhan 49° 24′ 56.9″ 37° 04′ 3.6″
3 gz gorganrud-Zaringol 54° 57′ 27″ 36° 51′ 46″
4 Ks Talar-Kesselian 52° 59′ 46″ 36° 13′ 33″
5 Mp gorganrud-Madarsoo 55° 50′ 47.6″ 37° 23′ 3.2″
6 Sd Sefidrud-Ramsar-Safarud 50° 37′ 56.8″ 36° 54′ 52.6″
7 Tu Talar-Tuji 52° 53′ 14.5″ 36° 22′ 2.5″
8 Vt Sefidrud-Tonekabon-Valmrud 50° 50′ 59.1″ 36° 44′ 36″
9 Zl Sefidrud-Zeleki 49° 37′ 59.4″ 37° 01′ 9.6″
Abbreviations: Sd, Safarud; Zl, Zeleki; Do, Dorudkhan; cr, chenarrudkhan; Vt, Valamrud; Tu, Tuji; Ks, Kesselian; gz, gorganrud; Mp, Madarsoo.
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DNA extraction. DNA was extracted from the 
tissue using the cetyl-trimethylammonium bromide 
 method.18 A fragment of cytochrome b was sequenced 
using two primer combinations that amplify a region 
of 774 base pairs starting from the 5′ terminus of the 
mitochondrial cytochrome b primers in the flank-
ing (GluDG.L TGACTTGAARAACCAYCGTT) 
and threonine (cb6b.H GGAATTCACCTCTCC) 
regions.19 Polymerase chain reaction products were 
cleaned for sequencing and aligned using Mega 4.20 
Alignment of cytochrome b was based on the inferred 
amino acid sequence. Our data set was complemented 
by cytochrome b sequences of four A. bipunctatus 
(GenBank accession AF090740, HM560059, Y10445, 
and AF090741). The sequences generated in this 
study for each gene have been submitted to GenBank 
under accession numbers (HQ658865–HQ658893, 
Table 2).

Phylogenetic and Bayesian analyses
The nucleotide sequences obtained were subjected to 
phylogenetic analysis by the neighbor-joining,21 max-
imum parsimony, and maximum likelihood meth-
ods using the PAUP 4.0b10 program.22 The aligned 
sequences were also estimated by  Bayesian inference 
using MrBayes 3.1.2.23 The choice of model for the 
Bayesian inference and maximum likelihood method 
was determined based on the Akaike information 
criterion as implemented in the Model test24 by 
 Aliabadian et al.25 For maximum likelihood purposes, 
the estimated models were used in a subsequent max-
imum likelihood heuristic tree search with 10 random 

addition sequence replicates, using tree bisection and 
reconnection branch swapping. To assess the nodal 
support for each branch, 100 and 1000 bootstrap 
replicates were run under maximum likelihood and 
maximum parsimony, respectively, with parameters 
estimated automatically. The choice of model for 
the Bayesian analyses was determined based on an 
Akaike information criterion as implemented in the 
Model test. With four Metropolis-coupled MCMC 
chains, incremental heating temperatures of 0.1 °C 
were run for 20 million generations and sampled 
every 100 generations. The first 10 million genera-
tions of each run, well after the chain reached apparent 
stationarity, were discarded as burn-in. The resulting 
50% majority rule consensus tree was considered for 
the hypothesis.

The Kimura-2 parameter distance was used to calcu-
late the genetic distances for cytochrome b to quantify 
sequence divergences between individuals.20 We com-
pared alternative phylogenetic hypotheses using the 
 Shimodaira-Hasegawa test,26 as implemented in RAxML 
version 7.0.3.27 The tested topologies were obtained, 
enforcing the monophyly of 10 selected populations in 
the maximum likelihood searches for RAxML.27

Results
Sequence characteristics  
and phylogenetic tree
A total of 32 partial cytochrome b sequences from 
nine locations in the Caspian Sea basin were analyzed. 
Among the 774 base pairs of the mitochondrial 

Figure 1. Map of sampling locations in the south caspian Sea drainage basin of iran.
Abbreviations: Sd, Safarud; Zl, Zeleki; Do, Dorudkhan; cr, chenarrudkhan; Vt, Valamrud; Tu, Tuji; Ks, Kesselian; gz, gorganrud; Mp, Madarsoo.
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cytochrome b gene, 130 base pair positions were vari-
able and 92 base pairs were phylogenetically infor-
mative sites. A statistical summary of the maximum 
parsimony analysis for cytochrome b data sets and 
model selected by the Model test for the cytochrome b 
gene is shown in Table 3.

The neighbor-joining and maximum parsimony 
analyses produced a tree topology similar to maxi-
mum likelihood and Bayesian inference. Results 
of the three character state methods, ie, maximum 
parsimony, maximum likelihood and Bayesian 
analyses, represent the three major clades, namely, 
clade I, clade II, and clade III, with strong posterior 
probability support in Bayesian analysis, bootstrap 
values in maximum likelihood, and bootstrap values 

in maximum parsimony; therefore, for economy of 
space, only the resulting Bayesian trees are  presented 
(Fig. 2). Clade I included five populations from 
Safarud, Zeleki, Dorudkhan, Chenarrudkhan, and 
Valamrud, with values of 100/100/99 posterior prob-
ability for Bayesian analyses, maximum likelihood, 
and maximum parsimony bootstrap, respectively. 
They mostly belong to the western (Sefidrud) drain-
age region of the south Caspian Sea basin. Clade 
II (Tuji and Kesselian) represented populations with 
values of 100/84/98 in the central (Talar) drainage 
region of the south Caspian Sea basin. Populations 
including Gorganrud and Madarsoo in the southeast-
ern Caspian Sea (Gorganrud drainage basin) make 
the distinct clade III, with 100 bootstrap values 
using all methods. There was a sister-group relation-
ship between Kesselian and Tuji (PP = 100/84/98) 
in clade II and a sister-group relationship between 
Madarsoo and Gorganrud (PP = 100/100/100) in 
clade III (Fig. 2).

Evolutionary distance of species
In general, the pairwise distance in the Caspian  spirlin 
was 0.34%. Intraspecific (K2P) distances ranged 
from 0% to 0.3% (Table 4). The largest amount of 
mean intraspecific divergence was displayed in the 
population of Chenarrudkhan (Table 4). Interspecific 
(K2P) distances ranged from 0% to 0.64% (Table 5). 

Table 2. Tissue samples and genBank accession number 
for cytochrome b.

no. Accession (cyt b) code code locality
1 hQ658865 2392 Ks
2 hQ658866 760 Ks
3 hQ658867 759 Ks
4 hQ658868 763 Ks
5 hQ658869 1602 Sd
6 hQ658870 1597 Sd
7 hQ658871 1591 Sd
8 hQ658872 1608 Sd
9 hQ658873 1587 Sd
10 hQ658874 634 Tu
11 hQ658875 635 Tu
12 hQ658876 1252 Vt
13 hQ658877 1253 Vt
14 hQ658878 1255 Vt
15 hQ658879 1254 Vt
16 hQ658880 1528 cr
17 hQ658881 1535 cr
18 hQ658882 1534 cr
19 hQ658883 1467 Do
20 hQ658884 1459 Do
21 hQ658885 1351 Zl
22 hQ658886 1342 Zl
23 hQ658887 1330 Zl
24 hQ658863 1397 Zl
25 hQ658888 1187 Mp
26 hQ658889 1179 Mp
27 hQ658890 1196 Mp
28 hQ658891 704 gz
29 hQ658892 703 gz
30 hQ658893 702 gz
31 hQ658894 701 gz
32 hQ658864 710 gz
Abbreviations: cyt b, cytochrome b; Sd, Safarud; Zl, Zeleki; Do, 
Dorudkhan; cr, chenarrudkhan; Vt, Valamrud; Tu, Tuji; Ks, Kesselian; 
gz, gorganrud; Mp, Madarsoo.

Table 3. results of maximum parsimony and maximum 
likelihood analysis.

Information of Mp and ML analysis cyt b
number of parsimony informative  
characters

92/774

number of conserved characters 644/744
number of variable sites 130/774
number of most parsimonious trees  
obtained

161/267

consistency index 0.747
retention index 0.939
Base frequencies A = 0.279 

c = 0.2828
g = 0.1635
T = 0.2740

Model selected by model test gTr + g
Assumed proportion of invariable  
sites (pinv)

0.49

gamma distribution shape parameter (a) 0.77
Abbreviations: cyt b, cytochrome b; MP, maximum parsimony; ML,  
maximum likelihood.
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The  largest amount of mean interspecific divergence 
was displayed between the Madarsoo and the 
Kesselian and Tuji populations (0.71%), as shown in 
Table 5, and the greatest amount of mean interspecific 
divergence among clades was displayed between 
clade I and clade III (Table 6).

Shimodaira-hasegawa tests
Our results are reinforced by the Shimodaira-Hasegawa 
test showing the reciprocal monophyly of all selected 
populations, except for those from Safarud, Zeleki, 
and Dorudkhan. Only the maximum likelihood 
trees resulting from constraint searches obtained 
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Figure 2 Bayesian consensus tree resulting from analysis of 774 base pairs of cytochrome b data in the south caspian Sea basin of iran only. 
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enforcing the monophyly of the populations from 
Safarud, Zeleki, Dorudkhan were significantly 
worse than the tree obtained from the non-constraint 
search for a cytochrome b data set. Results of 
Shimodaira-Hasegawa tests performed with RAxML 
and the difference in tree likelihood compared with the 
best tree exactly were similar and confirmed the results 
of the Bayesian maximum likelihood and maximum 
parsimony trees concerning the monophyly of all three 
clades and non-monophyly of the three populations 
from Safarud, Zeleki, and Dorudkhan (Table 7).

Discussion
The aim of this study was to obtain an overview of the 
relationships between the Alburnoides (Bloch, 1782) 
populations along the Caspian Sea. Molecular analysis 
of the cytochrome b nucleotide sequence data indicates 
that the Alburnoides populations should be reviewed, 
and that A. bipunctatus is not a valid name for the 
Iranian populations (Fig. 2), because outgroups in this 
study (A. bipunctatus and A. ohridanus) of the European 
Alburnoides comprise a distinct clade (Fig. 2).

The present mitochondrial DNA data suggest that 
the southwestern populations in the Sefidrud drainage 
basin (clade I) may be considered as A. eichwaldii, 
whereas the Talar river populations (clade II) might 
be a distinct taxon of Alburnoides sp1. The clade 
of  eastern populations (Gorganrud drainage basin, 
clade III) namely, Madarsoo and Gorganrud, are 
clearly separated from that of the Talar (clade II) and 
Sefidrud (clade I) drainage basins, making a distinct 
species (Alburnoides sp2).

The results obtained in this research confirmed the 
hypothesis of Zardoya and Doadrio28 and of Zehzad et al29 
about biogeographic distribution of the populations, show-
ing that fragmentation of land is probably the main cause 
for the observed molecular differentiation within the Ira-
nian ichthyogeographic basins, and possible explanations 
for divergence in populations of fish may be behavioral 
mechanisms and historic barriers to gene flow.

The geology of Iran suggests rapid isolation of 
multiple areas from one another. Extensive indenta-
tion of the Arabian plate into the Iranian plate starting 
10 million years ago30 caused uplifting of the Zagros 
mountains at the southern edge of the Iranian plate. 
Continued northeastern movement of the Arabian 
plate and a northerly movement of India resulted in 
additional mountain building by 5 million years ago30 
along the northern edge of the Iranian plateau as well 
as along the sutures of the Iranian, Lut, and Helmand 
plates, making different drainage basins. These events 
have affected the gene flow of different populations 
present in this area. Description of new Alburnoides 
taxa, including A. namaki (Namak basin), A. qanati 
(Kor basin), A. petrubanarescui (Urmia basin), 
A. nicolausi (Tigris basin), and A. idignensis (Tigris 
basin), which have already been considered as a 
complex A. bipunctatus group, revealed the distinct 
geomorphologic histories of these basins.

The south Caspian Sea originated as a back-arc basin 
at some time in the Jurassic-Paleogene interval. The 
interior of the south Caspian basin is relatively seis-
mic compared with the mountain ranges around it.31,32 
In summary, synchronous deposition and deformation 
of the sedimentary cover of the south Caspian basin in 
the last 3–5 million years is consistent with incipient 
subduction of its rigid basement northward under the 
middle Caspian region. The south Caspian region is 
unlikely to accommodate a major part of the Arabia-
Eurasia convergence. If South Caspian-Eurasia motion 

Table 4. Intraspecific pairwise distances of mitochon-
drial cytochrome b gene based on Kimura-2 parameter 
methods.

population K2p%
Zi 0.008
Sd 0.006
Vt 0.000
cr 0.009
Do 0.003
Ks 0.001
Tu 0.000
Mp 0.001
gz 0.003
Outgroups 0.031
Abbreviations: cyt b, cytochrome b; Sd, Safarud; Zl, Zeleki; Do, 
Dorudkhan; cr, chenarrudkhan; Vt, Valamrud; Tu, Tuji; Ks, Kesselian; 
gz, gorganrud; Mp, Madarsoo.

Table 5. Interspecific pairwise distances of mitochondrial 
cytochrome b gene based on Kimura-2 parameter methods 
among different populations.

clades clade I clade II clade II Outgroups
clade i 0
clade ii 0.019
clade iii 0.066 0.062
Outgroups 0.076 0.073 0.088 0
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is 5 mm per year, it could achieve the 15 km of short-
ening estimated in the basin fill in 3 million years.

This basin, in its land part, is elongated, extending 
from the Turkish border almost to the Afghan border, 
and only acquires some width where the Sefidrud 
and its tributaries penetrate the Alborz mountains 
in the west. The south Caspian basin underlies the 
southern part of the Caspian Sea, between the ranges 
of the eastern Greater Caucasus, Talysh, Alborz, and 
Kopet Dagh.

The ancient origins of the south Caspian Sea, 
multiple sources of species, wide latitudinal extent, 
uneven distribution of inflows and nutrient inputs, and 
low to moderate salinity have all contributed to the high 

biodiversity found in the region. It is the remnant of the 
ancient, mainly Parathethys Sea therefore; the role of 
closing of the Tethys Sea on distribution and then differ-
entiation of the current populations is not unexpected.

The greatest ichthyodiversity in the Iranian 
drainage basin is seen at the Caspian Sea basin, 
which comprises both fresh and brackish habitats, 
rivers, lakes, lagoons, marshes, and marine environ-
ments, and has had a long history of connection and 
isolation from fresh and marine waters.32 The pres-
ence of some endemic native fish, ie, Rhodeus sp., 
Squalius orientalis, Rutilus caspicus, Vimba persa, 
Salmo caspius, Atherina caspia, Syngnathus caspius, 
Cobitis fardipaki,33 and further as yet undescribed 

Table 6. Interspecific pair-wise distances of mitochondrial cytochrome b gene based on Kimura 2 parameter methods 
among different clades.

Zi sd Vt cr Do Ks Tu Mp Gz Outgroups
Zi 0
Sd 0.001 0
Vt 0.003 0.002 0
cr 0.000 0.001 0.005 0
Do 0.001 0.001 0.003 0.000 0
Ks 0.016 0.016 0.014 0.018 0.017 0
Tu 0.015 0.015 0.013 0.017 0.016 0.000 0
Mp 0.063 0.062 0.060 0.064 0.063 0.071 0.071 0
gz 0.062 0.062 0.060 0.064 0.063 0.059 0.061 0.021 0
Outgroups 0.059 0.059 0.058 0.062 0.059 0.058 0.057 0.065 0.052 0
Abbreviations: cyt b, cytochrome b; Sd, Safarud; Zl, Zeleki; Do, Dorudkhan; cr, chenarrudkhan; Vt, Valamrud; Tu, Tuji; Ks, Kesselian; gz, gorganrud; 
Mp, Madarsoo.

Table 7. comparison of alternative phylogenetic hypotheses using the Shimodaira-hasegawa test performed with rAxML.

Topology tested* (Best ML tree) (D) ln L sD Significantly worth
Best tree −2009.86309
Monophyly of Sd −2027.939127 −18.076037 8.053215 Yes
Monophyly of Zi −2115.026948 −105.16386 14.387983 Yes
Monophyly of cr −2011.575554 −1.712464 5.755113 no
Monophyly of Tu −2009.863178 −0.000088 0.000447 no
Monophyly of Vt −2009.863266 −0.000176 0.000590 no
Monophyly of Mp 2009.863347 −0.000257 0.000526 no
Monophyly of Do −2143.220385 −133.357295 17.460694 Yes
Monophyly of Ks −2028.157341 −18.294251 13.822117 no
Monophyly of gz −2028.157341 −18.294251 13.822117 no
Monophyly of clade i 2009.863347 −0.000257 0.000526 no
Monophyly of clade ii −2018.016542 −8.153452 12.624665 no
Monophyly of clade iii −2009.86327 −0.000181 0.00064 no
Monophyly of outgroup −2009.863290 −0.000200 0.000822 no
note: *Difference in tree likelihood compared with the best tree.
Abbreviations: cyt b, cytochrome b; Sd, Safarud; Zl, Zeleki; Do, Dorudkhan; cr, chenarrudkhan; Vt, Valamrud; Tu, Tuji; Ks, Kesselian; gz, gorganrud; 
Mp, Madarsoo.
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species, reveal the long history of its connection and 
isolation from fresh and marine waters due to the 
geomorphology of the region.

The wide distribution of Alburnoides in the south 
Caspian Sea basin of Iran from the west (Aras River, 
eastern Greater Caucasus) to the east (Atrak River, 
Kopet Dagh), with such different habitat condi tions, 
may be responsible for speciation of Alburnoides 
populations and formation of distinct taxa.

According to Mendel,34 analyses of the mitochondrial 
cytochrome b gene have revealed that A. bipunc-
tatus is a complex group found from France to 
Afghanistan, comprising five monophyletic groups, ie, 
I (A. bipunctatus, France, Czech Republic, Slovakia), 
II (Alburnoides sp., Croatia), III (A. bipunctatus 
ohridanus, adopted from GenBank database, Greece),  
IV (A. bipunctatus strymonicus, the subspecific name 
from GenBank database, Greece), and V (Alburnoides 
sp, Russia). Based on this evidence, various Alburn-
oides populations occurring in isolated basins of the 
Zagros and Elburz mountains and the intervening 
Iranian plateau form a monophyletic group. However, 
relationships between these populations are likely to 
approximate star-like radiation.34

There is remarkably good agreement between 
the results obtained using Shimodaira-Hasegawa26 
tests and molecular trees for the different methods 
(Bayesian inference, maximum likelihood, and 
maximum parsimony, Table 6 and Fig. 2). Also, 
there is a remarkable match between the molecular 
phylogeny and genetic distances among species in this 
study, the largest interspecific distance belonging to the 
populations of Madarsoo and Gorganrud in clade III 
(Table 5). Also, the largest interspecific distances among 
tree clades were found for Clade I and Clade III and 
then for Clade II and Clade III ( Table 6).

In conclusion, our results provide molecular data 
which are useful for revising the systematic position 
of Alburnoides populations in the south Caspian 
Sea basin. This molecular evidence supports the 
hypothesis that A. bipunctatus does not exist in the 
south Caspian Sea basin of Iran, and that the western 
and eastern populations are distinct taxa.

Author contributions
Analysed the data: FYM. Wrote the first draft of the 
manuscript: FYM. Contributed to the writing of the 

manuscript: HRE. All authors read and approved the 
final manuscript.

Disclosures and ethics
As a requirement of publication author(s) have pro-
vided to the publisher signed confirmation of compli-
ance with legal and ethical obligations including but 
not limited to the following: authorship and contribu-
torship, conflicts of interest, privacy and confidential-
ity and (where applicable) protection of human and 
animal research subjects. The authors have read and 
confirmed their agreement with the ICMJE author-
ship and conflict of interest criteria. The authors have 
also confirmed that this article is unique and not under 
consideration or published in any other publication, 
and that they have permission from rights holders 
to reproduce any copyrighted material. Any disclo-
sures are made in this section. The external blind peer 
reviewers report no conflicts of interest. The authors 
report no conflicts of interest in this work.

References
 1. Berg LS. Freshwater Fishes of the USSR and Adjacent Countries. Jerusalem, 

Israel: Israel Program for Scientific Translations (1962–1965); 1949.
 2. Kottelat M. European freshwater fishes. An heuristic checklist of the fresh-

water fishes of Europe (exclusive of former USSR), with an introduction 
for non-systematists and comments on nomenclature and conservation. 
Biologia Bratislava. 1997;52 Suppl 5:1–271.

 3. Bogutskaya NG, Coad BW. A review of vertebral and fin-ray counts in the 
genus Alburnoides (Teleostei: Cyprinidae) with a description of six new 
species. Zoosystematica Rossica. 2009;18:126–73.

 4. Coad BW, Bogutskaya NG. Alburnoides qanati, a new species of cyprinid fish 
from southern Iran (Actinopterygii, Cyprinidae). Zoo Keys. 2009;13:67–77.

 5. Coad BW, Mehrani R, Najafpour N. Threatened fishes of the world: 
Paracobitis smithi (Greenwood, 1976) (Balitoridae). Environmental Biology 
of Fishes. 2009;84:323.

 6. Coad BW. Alburnus zagrosensis n.sp., a new species of fish from the Zagros 
mountains of Iran (Actinopterygii: Cyprinidae). Zoology in the Middle East. 
2009;48:63–70.

 7. Ahnelt H, Abdol A, Nader M, Coad B. Anatirostrum profundorum: a rare 
deep-water gobiid species from the Caspian Sea. Cybium. 2000;24:139–59.

 8. Häunfling B, Brandl R. Phylogenetics of European cyprinids: insights from 
allozymes. J Fish Biol. 2000;57:265–76.

 9. Gilles A, Lecointre G, Miquelis A, Loerstcher M, Chappaz R, Brun G. 
Partial combination applied to phylogeny of European cyprinids using the 
mitochondrial control region. Mol Phylogenet Evol. 2001;19:22–33.

 10. Calcaneo-Roldan C, Moore B. Surface brightness of dark matter: unique 
signatures of neutralino annihilation in the galactic halo. Phys Rev. 2000;62: 
123005.

 11. Cabral LMB, Mata J. On the evolution of the firm size distribution: facts and 
theory. Am Econ Rev. 2003;1075–90.

 12. Gomes MCPA, Pinheiro R. Reception and attachment: integral practices in 
health care administration in large urban centers. Interface Comun Saúde 
Educ. 2005;9:287–302. Portuguese.

 13. Ihssen P, Booke H, Casselman J, McGlade J, Payne N, Utter F. Stock 
identification: materials and methods. Canadian Journal of Fisheries and 
Aquatic Sciences. 2011;38:1838–55.

http://www.la-press.com


Mitochondrial genetic differentiation of spirlin

Evolutionary Bioinformatics 2012:8 227

 14. Avise JC, Arnold J, Ball RM, et al. Intraspecific phylogeography: the mito-
chondrial DNA bridge between population genetics and systematics. Annu 
Rev Ecol Syst. 1987;18:489–522.

 15. Wang X. The expanding role of mitochondria in apoptosis. Genes Dev. 
2001;15:2922.

 16. Schultheis A, Weigt L, Hendricks A. Gene flow, dispersal, and nested clade 
analysis among populations of the stonefly Peltoperla tarteri in the southern 
Appalachians. Mol Ecol. 2002;11:317–27.

 17. Dadikyan M. Data on the biology of Alburnus filippii kessler living in 
the water reserves of the Armenian SSR. Biol Zh Arm. 1972;25:68–73. 
Russian.

 18. Grewe PM, Krueger CC, Aquadro CF, Bermingham E, Kincaid HL, May B. 
Mitochondrial DNA variation among lake trout (Salvelinus namaycush) 
strains stocked into Lake Ontario. Canadian Journal of Fisheries and 
Aquatic Sciences. 1993;50:2397–403.

 19. Palumbi S, Martin A, Romano S, McMillam W. O. , Stice L, Grabowski G.  
The simple tools guide to PCR: Department of Zoology and Kewalo Marine 
Laboratory, University of Hawaii Honololulu. 1991.

 20. Kimura M. A simple method for estimating evolutionary rate of base 
substitutions through comparative studies of nucleotide sequences. J Mol 
Evol. 1980;16:111–20.

 21. Saitou N, Nei M. The neighbor-joining method: a new method for 
reconstructing phylogenetic trees. Mol Biol Evol. 1987;4:406.

 22. Swofford DL. PAUP* Phylogenetic Analysis Using Parsimony (*And Other 
Methods). Version 4. Sunderland, MA: Sinauer Associates; 2002.

 23. Ronquist F, Huelsenbeck JP. MrBayes 3: Bayesian phylogenetic inference 
under mixed models. Bioinformatics. 2003;19:1572.

 24. Posada D, Crandall KA. Modeltest: testing the model of DNA substitution. 
Bioinformatics. 1998;14:817.

 25. Aliabadian M, Kaboli M, Nijman V, Vences M. Molecular identification 
of birds: performance of distance-based DNA barcoding in three genes to 
delimit parapatric species. PLoS One. 2009;45:e4119.

 26. Shimodaira H, Hasegawa M. Multiple comparisons of log-likelihoods with 
applications to phylogenetic inference. Mol Biol Evol. 1999;16:1114–6.

 27. Stamatakis A. RAxML-VI-HPC: maximum likelihood-based phylogenetic 
analyses with thousands of taxa and mixed models. Bioinformatics. 2006;22: 
2688–90.

 28. Zardoya R, Doadrio I. Molecular evidence on the evolutionary and 
biogeographical patterns of European cyprinids. J Mol Evol. 1999;49:227–37.

 29. Zehzad B, Kiabi BH, Madjnoonian H. The natural areas and landscape of 
Iran: an overview. Zoology in the Middle East. 2002;26:7–10.

 30. Dercourt J, Zonenshain L, Ricou LE, et al. Geological evolution of the 
Tethys belt from the Atlantic to the Pamirs since the Lias. Tectonophysics. 
1986;123:241–315.

 31. Priestley K, Baker C, Jackson J. Implications of earthquake focal mechanism 
data for the active tectonics of the South Caspian Basin and surrounding 
regions. Geophysical Journal International. 1994;118:111–41.

 32. Jackson J, Priestley K, Allen M, Berberian M. Active tectonics of the south 
Caspian basin. Geophysical Journal International. 2002;148:214–5.

 33. Esmaeili HR, Coad BW, Gholamifard A, Nazari N, Teimori A. Annotated 
checklist of the freshwater fishes of Iran. Zoosystematica Rossica. 2010;19: 
361–86.

 34. Mendel J, Lusk S, Halačka K, et al. Genetic diversity of spirlin, Alburnoides 
bipunctatus, with notes on its occurrence. Biodiverzita ichtyofauny CR (VII). 
2008:25–37.

http://www.la-press.com

