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ABSTRACT

Pakistan is endowed with an extensive network of fisheries resources. Approximately 193 fish species are
present in fresh waters of Pakistan, majority of which are edible. Around 310 thousand metric'tons of fish
production is appraised from inland waters of Pakistan. In recent years, adulteration and mislabeling of raw
and processed meat has become a major problem for food safety and security. In this regard, fish recognition
and identification is considered as a challenging tasks by using its taxonomic characterization. Such
limitations encourage the adoption of genetic identification system for the fishes: The present study deals
with mitochondrial gene marker Cyfochrome b (cyt b) based identification and molecular characterization
of 23 major fresh water fish species of Pakistan belonging to 09 families and analyzing their evolutionary
trends. A total of 115 fish samples (5 for each 23 species) were collected from different fresh water bodies.
The DNA was extracted through organic method for amplification of different primer sets of Cyt b gene.
The amplicons were sequenced and then utilized for the BLAST, homology and phylogenetic analysis. The
study proved authenticity of cy b gene as a successful marker for identification of intraspecific variations on
basis of which DNA barcodes have been developed and can be used as a reference for genetic identification
and molecular classification of Pakistani fresh water fish species. This report of molecular classification
will facilitate scientific community to understand phylogenetic lineage of Pakistani fresh water fishes and
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also help in addressing the problem of mislabeling fish meat and its adulteration.

INTRODUCTION

akistan has been bestowed with colossal natural water

bodies that are in the form of rivers, tributaries and
canals. In different areas of Pakistan there is a wide range
of abiotic variations like soil types, topography, land usage,
and presence of lakes and other wetlands. This all results
in a variety of water quality conditions, which in turn have
great effect on distribution of wide variety of fish species
(Koel, 1997). The fresh water fish species in Pakistan
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belong to class Actinopterygii and sub-class Teleostei. In
this class there are 3 cohorts, 6 super orders, 11 orders,
30 families and 86 genera (Rafique, 2007; Rafique and
Khan, 2012). Some of these fishes are exotic species i.e.,
introduced in waters of Pakistan either in the wild or in fish
farming system (Rafique and Khan, 2012). The increasing
interaction of natural biodiversity with the human society
and its understanding leads to a major task in science
and technology i.e., the molecular identification of these
species (Kuksa and Pavlovic, 2009).

Biological properties of mitochondrial DNA (mtDNA)
make it a competent marker for molecular biodiversity
studies. As it inherits from mother side, the process of
recombination is absent in it. If mitochondrial divergence
level is known, the divergence time can be calculated
(Gissi et al., 2008; Galtier et al., 2009). For the species
identification and delimitations different mitochondrial
single genes are employed such as cytochrome b (Cy? b)
(Hebert et al., 2004; Pacheco et al., 2011). DNA barcoding
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is a technique that is gaining popularity with every passing
day. It works as a taxonomic tool for identification of
species using partial sequences of standard mtDNA
(Hebert et al., 2003; Awan et al., 2013). These particular
regions are monophyletic in association: The details of
mtDNA remain stored and intact within a species and
shows greater variations and divergence between species
than within species. Particularly, a partial region of Cyt
b gene is employed as barcoding markers owing such
properties (Hebert et al., 2003).

More particular, mitochondrial DNA allows the more
quick discrimination of closely related taxa due to the high
mutation rate in it which is 10 times greater than nuclear
DNA as point mutations accumulate very fast in it (Jorde et
al., 1998). Cytochrome b gene location within mtDNA is
between two genes that produce tRNAGIu and tRNAThr.
They encode partial cytochrome c¢ oxidoreductase, a
complex enzyme in oxidative phosphorylation (Leonard
and Schapira, 2000). The studies of ¢yt b gene deal with
evolution and inheritance. It is believed that species
evolution occurs as a result of accumulation of mutations,
if it is so then the common ancestor of two genomes can be
identified by the nucleotide sequence divergence between
the two. This principle forms the basics of the molecular
classification and molecular phylogenetics.

Hence main objectives set forth for this study. is
the genetic characterization and molecular identification
of economically important fresh water fish species of
Pakistan using DNA barcoding.

MATERIALS AND METHODS

Selection of fishes

A total of 23 fish species that belong to nine families
were selected for this study. All fishes were identified before
experimentations based on morphological characters with
the help of key to the Fisheries of the Punjab (Mirza and
Sharif, 2003). The species belong to family Cyprinidae
include (Catla catla, Cirrhinus mirgala, Labeo rohita,
Labeo calbasu, Cyprinus carpio, Labeo gonius, Puntius
sophore, Amblypharygodon mola, Osteobrama cotio),
family Channidae (Channa marulius, Channa punctatus),
family Notopteridae (Notopterus notopterus), family
Bagridae (Mystus cavasius, Mystus teengara, Rita rita),
family Siluridae (Ompok pabda, Ompok bimaculatus,
Wallagu attu), family Schilbeidae (Clupisoma garua,
Gagata caenia), family Belontidae (Colisa fasciatus),
family Ambassidae (Chanda nama), family Clupeidae
(Gudusia chapra).

Five intact fish specimens of each species had been
obtained from different sampling sites across different
sites of the rivers running across Pakistan including Head

Qadir Abad River Chenab (District Mandi Bahauddin),
Head Balloki River Ravi (District Kasur), Chashma
barrage River Indus (District Mianwali), fish farms from
Pattoki (District Kasur) and Manawan Fish Farms, Lahore.
A detailed list of fish samples was prepared. After that
the fish specimens were transported to the laboratory for
molecular investigation.

DNA extraction and PCR amplification of Cyt b genes

The 0.5-2 mL of blood or meat sample was taken
from each specimen. Genomic DNA from each sample of
blood or meat was extracted following standard method
of phenol-chloroform extraction (Sambrook and Russell,
2001).

Cyt b genes of fishes were PCR amplified by using
the primers according to Kocher et al. (1989).
L14841 5° CCATCCAACATCTCAGCATGATGAAA3;
H15149 5° GCCCCTCAGAATGATATTTGTCCTCA 3°

The PCR' conditions for gene amplification were
optimized. The amplicon mixed with gel loading dye
(bromophenol blue) was electrophoresed on 1.2% agarose
gel mixed with ethidium bromide along with molecular
weight ladder on 120 volts and products were visualized
on gel documentation system. The PCR product were
purified and dissolved in nuclease free water.

DNA sequencing

Purified amplicons were used for sequencing in
forward and reverse directions using AB1 3100 XL
Genetic Analyzer (Applied Biosystems, Inc., Foster City,
CA) at CAMB (Centre of Applied Molecular Biology)
Lahore following standard protocol.

Phylogenetic analysis

National Center for Biotechnology and Information
(NCBI) was used to retrieve the member species, their
accession number and geographical distribution that
became the part of the phylogenetic analysis (BLAST:
Basic Local Alignment Search Tool (nih.gov). To construct
phylogenetic trees theorem of minimum evolution
algorithm was employed (Desper and Gascuel, 2004).

Statistical analysis

The statistical characters of the sequence like
conserved sites, variable sites, parsimony active sites
and single tone sites were identified through Molecular
Evolutionary Genetic Analysis (MEGA, V 6.0).

RESULTS

The data proved cytochrome b region as an important
phylogenetic marker for the phylogeny and molecular
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characterization of the fishes. It is the significant step
towards barcode and diagnostic test development for
identification of Pakistani fresh water fish species that
will help in addressing the problem of mislabeling the
fish meat and its adulteration. The results of the genetic
characterization and molecular classification of the nine
studied fish families are given below.

Family Cyprinidae

There are total nine individual species selected,
belonging to Family Cyprinidae for this analysis. The
homology analysis of Catla catla and Cirrhinus mrigala
showed the maximum homology 100% with references
(Supplementary Figs. 1A, B). The Labeo rohita samples
showed homology (99%) with other isolates of Labeo
rohita (Supplementary Fig. 1C). Cyt b sequences of all
the samples of L. calbasu showed 100% homology with
references (Supplementary Fig. 1D). The five unrelated
sequences of gene of species Cyprinus carpio employed
for homology through BLAST showed maximum identity
100% with reference species showing no variations
(Supplementary Fig. 1E). The homology analysis of
Cyt b gene sequence of Labeo gonius and Puntius
sophore showed 100% identity to their reference species
(Supplementary Figs. 1F, G). The homology analysis of
Cyt b gene sequence of Amblypharyngodon mola showed
97% homology with reference species while Osteobrama
cotio showed 100% identity to its reference species
(Supplementary Figs. 1H, I).

Family Channidae

Two sample species of Family Channidae were
included in the study. The BLAST homology analysis of
Channa marulius showed the maximum identity 100% to
its reference species while Channa punctatus showed 99
% homology (Supplementary Figs. 1J, K).

Family Notopteridae

The particular sample species of this family selected
for this study is Notopterus notopterus and homology
analysis of all five samples of Notopterus notopterus
through BLAST showed the maximum identity with its
reference species (Supplementary Fig. 1L).

Family Bagridae

The sample species of this family selected for this
study are Mystus cavasius, Mystus teengara and Rita
rita. The analysis of all five samples of Mystus cavasius
showed 97% identity. In addition, Mystus teengara and
Rita rita showed the maximum 100% homology with their
reference species (Supplementary Figs. 1 M, N, O).

Family Siluridae

Homology analysis of all five samples of Ompok
pabda confirms 97% homology. Ompok bimaculatus and
Wallagu attu confirmed 96% and 97% identity, respectively
with their reference species (Supplementary Figs. P, Q, R).

Family Schilbidae

There are two important fish species that belong to
family Schilbidae, Clupisoma garua and Gagata caenia
are included in the study. The first one shows 97% while
second one shows 96% homology (Supplementary Figs.
1S, T).

Family Belontidae, family Ambassidae and family
Clupeidae

The species under study that belonged to family
Belontidae is Colisa fasciatus and its Cyt b gene analysis
through BLAST showed 97 % identity (Supplementary
Fig. 1U). Further, Family Ambassidae species (Chanda
nama) -Cyt b gene analysis through BLAST showed
100% (Supplementary Fig. V) while family Clupeidae
species (Gudusia chapra) showed 97% identity with their
reference species (Supplementary Fig. 1W).

DISCUSSION

Fish is an important meat source for human
consumption and animal meal (Ryan et al., 2011).
Among 193 fresh water fish species, 30 are considered
economically important (Rafique and Khan, 2012). The
visible morphology is helpful for characterization of fish
species and it is performed with the help of different
morphological keys (Ward et al., 2009). However,
inadequate morphological diagnostic characters hinder
identification of every species.

DNA Barcoding is a new molecular technique which
focuses analysis of short consistent portions of mtDNA
(Moftah et al., 2011). The cytochrome b region of mtDNA
is polymorphic across orders and is helpful in discovering
intraspecific variation in several species (Abol-Munafi
et al., 2007). The study was designed to reveal secrets
of phylogeny and molecular classification of fresh water
fish species through Cyr b gene marker. It was intended
to formulate DNA barcodes and methodology to clearly
identify fish species of Pakistan.

The members of economically important and major
nine families of Pakistani fresh water fish species had been
selected and analyzed for their molecular classification.
The phylogenetic tree showed that all samples of Catla
catla from Pakistan formed a single clade with Catla catla
(KF574602.1) which was reported from Indian waters
representing monophyletic and same line of evolution.
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Labeo barbatulus (KC631289.1) had been seen to be
fallen in same link as Catla catla from Pakistani and Indian
waters (Supplementary Fig. 1A). Pakistani Cirrhinus
mrigala is forming a monophyletic relation with Indian
Cirrhinus mrigala showing similar evolutionary history
(Supplementary Fig. 1B). Labeo rohita from Pakistani
waters formed a monophyly representing same line of
evolution whereas the Labeo rohita (KR185963.1) from
Indian waters formed a separate link with 1% divergence
(Supplementary Fig. 1C). The Labeo calbasu of Pakistan
showed complete similarity with Indian Labeo calbasu
(KF574601.1) and formed a single clade showing similar
pattern of evolution (Supplementary Fig. 1D). The Cyprinus
carpio, Cyprinus melanes and Pseudorasbora parva are
close relatives evolving with similar evolutionary patterns
(Normark et al., 1991). Our results coincide with results of
Thai et al. (2007) who found very low divergence levels (1-
1.9%) between two species Cyprinus carpio and Cyprinus
melanes (Supplementary Fig. 1E). Labeo gonius showed
monophyletic origin for all samples from Pakistan but
reference species (KX245008.1) showed distant evolution
(Supplementary Fig. 1F).

Puntius sophore and Puntius chola both are close
relatives (Supplementary Fig. 1G). Puntius chola might
be considered as recent ancestor of Puntius sophore
according to evolutionary patterns revealed (Pethiyagoda
etal.,2012). One study described Puntius as a paraphyletic
genus (Moghaddam, 2012). They used different data
analyses and found unstable position of different species
of Puntius in phylogenetic tree on the basis of RAG gene.
These findings coincide with otherimolecular phylogenetic
analyses (Wang et al., 2007). Phylogenetic analysis of
Amblypharyngodon mola, showed it as a recently radiated
species as compared to other species of same subfamily
(Rasbora rasbora subfamily Danioninae). Moreover,
Amblypharyngodon mola of Pakistani water system made
a single clade with Amblypharyngodon mola of Nepali
waters (Supplementary Fig. 1H). The Cy¢ b analysis of
Pakistani Osteobrama cotio revealed that it is originating
similarly with Indian Osteobrama cotio having common
ancestors (Supplementary Fig. 11).

Phylogenetic analysis of both species (Channa
maruloides and Channa punctatus) showed Channa
punctatus as closest relative of Channa marulius
(Supplementary Figs. 1J, K). The both share a common
ancestor where Channa marulius is more primitive than
the other (Zhu et al., 2013). According to Adamson
Channa marulius forms a sister group with Channa striata.
Moreover, Li et al. (2006) reported Channa marulius as
sister species of Channa maruloides.

In addition, Notopterus notopterus showed
monophyletic origin of all samples from Pakistani waters

but their reference species (AY504822.1) from USA
showed distant evolution (Supplementary Fig. 1L). This
is first report from this gene marker of this species in
Pakistan and the surrounding waters of Pakistan. Mystus
cavasius formed a single clade whereas reported sequences
(HQ257292.1) of same species from Thailand appeared
to be in a separate link showing distant evolution of both
but having common ancestors (Supplementary Fig. IM).
The Mystus teengara from Pakistan and from Bangladesh
(KF809934.1) showed 100% DNA sequence identity
and appeared to be present in a single linkage showing
similar line of evolution (Supplementary Fig. 1N). The
studied Rifa rita showed complete concordance with the
Indian Rita rita (EU490921.1) representing 100% identity
with monophyletic origin and similar evolutionary trends
(Supplementary Fig. 10).

The Ompok pabda showed monophyletic origin for all
samples from Pakistan but reference species (FJ711250.1)
showed distant evolution (Supplementary Fig. 1P). The
Ostiobrma cotio has 100% homology with the reference
representative. (KF574721.1) (Supplementary Fig. 1Q).
The all five analyzed samples of Wallagu attu from the
rivers of Pakistan have no complete homology with the
any other representative of the Wallagu attu or its related
species (Supplementary Fig. I1R). Clupisoma garua formed
a link separate to Indian Clupisoma garua (KC464430.1)
showing distant evolutionary patterns (Supplementary
Fig. 15). Clupisoma sinense (JN020090.1) and Clupisoma
prateri (HM236378.1) are closest relatives according
to the cladogram. In addition, neutrality test suggested
that Clupisoma garua may have undergone a population
expansion. It is thus also established that cyr b is
polymorphic and a probable gene marker which is helpful
in determining the population structure of this species
(Saraswat et al., 2014). Gagata cenia showed the mono
formation for Pakistani species but the one from Chinese
water (DQ192468.1) appeared to be present in a separate
group showing a distinct pattern of evolution but have
diverged from same common ancestors (Supplementary
Fig. I1T).

The analyzed Colisa fasciatus showed the
monophyletic origin of Pakistani Colisa fasciatus but
reference species from Chinese water is present in a
different clade and is being evolved more primitively
than Pakistani Colisa fasciatus (Supplementary Fig.
1U). Chanda nama phylogenetic analysis represents it in
complete agreement with the Indian species (KC774691.1)
having 100 % identity (Supplementary Fig. 1V). They
form a mono clade and found to have monophyletic origin
The Gudusia chapra forms a distant clade from the one
from USA whereas a mono calde is revealed by Pakistani
Gudusia chapra (Supplementary Fig. 1W).
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CONCLUSION

The present study revealed Cyt b region as an
important phylogenetic marker because trees that are
obtained with its data set coincides with pre-established
phylogeny of fresh water fish species. This comprehensive
picture of molecular characterization of Pakistani fresh
water fish species using cyt b gene marker would help
scientists to know about their phylogenetic and taxonomic
status. DNA barcode used in this study can be formulated
into a genetic test to identify fish species of Pakistan.
Moreover meta-analysis of inferred DNA sequences of
Pakistani fish species can elucidate interesting results and
reveal the new taxonomic features of these species.

DECLARATIONS

Acknowledgments
All the contributors who supported for sampling are
duly acknowledged.

Funding

We are highly thankful to Higher Education
Commission (HEC), Pakistan for funding this research
work.

Supplementary material

There is supplementary material associated with
this article. Access the material online at: https://dx.doi.
org/10.17582/journal.pjz/20240414043202

Statement of conflict of interest
The authors have declared-no conflict of interest.

REFERENCES

Abol-Munafi, A.B., Ambak, M.A., Patimah, I. and Bui,
M.T., 2007. Molecular data from the cytochrome
b for the phylogeny of channidae (C. hanna sp.)
in Malaysia. Biotechnology (Faisalabad), 6: 22-27.

Awan, A.R., Umar, E., Zia-ul-Haq, M. and Firyal, S.,
2013. Molecular classification of Pakistani collared
dove through DNA barcoding. Mol. Biol. Rep., 40:
6329-6331.  https://doi.org/10.1007/s11033-013-
2747-4

Desper, R. and Gascuel, O.,2004. Theoretical foundation
of the balanced minimum evolution method of
phylogenetic inferences and its relationship to
weighted least square tree fitting. Mol. Biol. Evol.,
21:  587-598.  https://doi.org/10.1093/molbev/
msh049

Galtier, N., Nabholz, B., Glemin, S. and Hurst, G.,

2009. Mitochondrial DNA as a marker of molecular
diversity: A reappraisal. Mol. Ecol., 18: 4541-4550.
https://doi.org/10.1111/j.1365-294X.2009.04380.x

Gissi, C., lannelli, F. and Pesole, G., 2008. Evolution
of the mitochondrial genome of metazoa as
exemplified by comparison of congeneric species.
Heredity, 101: 301-320. https://doi.org/10.1038/
hdy.2008.62

Hebert, P.D., Cywinska, A. and Ball, S.L., 2003.
Biological identifications through DNA barcodes.
Proc. R. Soc. Lond. B Biol. Sci., 270: 313-321.
https://doi.org/10.1098/rspb.2002.2218.

Hebert, P.D., Penton, E.H., Burns, J.M., Janzen, D.H.
and Hallwachs, W., 2004. Ten species in one:
DNA barcoding reveals cryptic species in the
neotropical skipper butterfly astraptes fulgerator.
Proc. natl. Acad. Sci., 101: 14812-14817. https:/
doi.org/10:1073/pnas.0406166101

Jorde, L.B.; Bamshad, M. and Rogers, A.R., 1998.
Using mitochondrial and nuclear DNA markers
to reconstruct human evolution. Bioessays, 20:
126-136. https://doi.org/10.1002/(SICI)1521-
1878(199802)20:2<126::AID-BIES5>3.0.CO;2-R

Kocher, T.D., Thomas, WK., Meyer, A., Edwards,
S.V., Pdibo, S., Villablanca, F.X. and Wilson, A.C.,
1989. Dynamics of mitochondrial DNA evolution
in animals: Amplification and sequencing with
conserved primers. Proc. natl. Acad. Sci., 86: 6196-
6200. https://doi.org/10.1073/pnas.86.16.6196

Koel, T.M., 1997. Distribution of fishes in the red river
of the north basin on multivariate environmental
gradients. J. Fish. aquat. Sci., 58: 157-170.

Kuksa, P. and Pavlovic, V., 2009. Efficient alignment-
free DNA barcode analytics. BMC Bioinf., 10: 1-18.
https://doi.org/10.1186/1471-2105-10-S14-S9

Leonard, J.V. and Schapira, A.V.H., 2000. Mitochondrial
respiratory chain disorders I: Mitochondrial
DNA defects. Lancet, 355: 299-304. https://doi.
org/10.1016/S0140-6736(99)05225-3

Li, X., Musikasinthorn, P. and Kumazawa, Y., 2006.
Molecular phylogenetic analyses of snakeheads
(Perciformes: Channidae) using mitochondrial
DNA sequences. Ichthyol. Res., 53: 148-159.
https://doi.org/10.1007/s10228-005-0321-3

Mirza, M.R. and Sharif, H.M., 2003. 4 key to fishes of
the Punjab. llmikitab Khana (Pakistan), pp. 32.

Moftah, M., Aziz, S.H.A., Elramah, S. and Favereaux,
A., 2011. Classification of sharks in the egyptian
mediterranean waters using morphological and
dna barcoding approaches. PLoS One, 6: E27001.
https://doi.org/10.1371/journal.pone.0027001

Moghaddam, F.Y., Aliabadian, M., Daud, S.K. and


https://dx.doi.org/10.17582/journal.pjz/20240414043202
https://dx.doi.org/10.17582/journal.pjz/20240414043202
https://doi.org/10.1007/s11033-013-2747-4
https://doi.org/10.1007/s11033-013-2747-4
https://doi.org/10.1093/molbev/msh049
https://doi.org/10.1093/molbev/msh049
https://doi.org/10.1111/j.1365-294X.2009.04380.x
https://doi.org/10.1038/hdy.2008.62
https://doi.org/10.1038/hdy.2008.62
https://doi.org/10.1098/rspb.2002.2218
https://doi.org/10.1073/pnas.0406166101
https://doi.org/10.1073/pnas.0406166101
https://doi.org/10.1002/(SICI)1521-1878(199802)20:2%3C126::AID-BIES5%3E3.0.CO;2-R
https://doi.org/10.1002/(SICI)1521-1878(199802)20:2%3C126::AID-BIES5%3E3.0.CO;2-R
https://doi.org/10.1073/pnas.86.16.6196
https://doi.org/10.1186/1471-2105-10-S14-S9
https://doi.org/10.1016/S0140-6736(99)05225-3
https://doi.org/10.1016/S0140-6736(99)05225-3
https://doi.org/10.1007/s10228-005-0321-3
https://doi.org/10.1371/journal.pone.0027001

L. Rukh et al.

Seifali, M., 2012. Molecular phylogeny of the
puntius (Hamilton, 1822) based on nuclear gene
Rag?2. Progr. biol. Sci., 2: 66-75.

Normark, B.B., Mccune, A.R. and Harrison, R.G., 1991.
Phylogenetic relationships of neopterygian fishes,
inferred from mitochondrial DNA sequences. Mol.
Biol. Evol., 8: 819-834.

Okazaki, T., Sang-Rin Jeon, S.R., Watanabe, M. and
Kitagawa, T., 1999. Genetic relationships Of
Japanese and Korean bagrid catfishes inferred
from mitochondrial DNA analysis. Zool. Sci., 16:
363-373. https://doi.org/10.2108/zsj.16.363

Pacheco, M.A., Battistuzzi, F.U., Lentino, M., Aguilar,
R.F.,Kumar, S. and Escalante, A.A.,2011. Evolution
of modern birds revealed by mitogenomics: Timing
the radiation and origin of major orders. Mol. Biol.
Evol., 28: 1927-1942. https://doi.org/10.1093/
molbev/msr014

Pethiyagoda, R., Madhava, M. and Kalana, M., 2012.
Synopsis of the south asian fishes referred to puntius
(Pisces: Cyprinidae). Ichthyol. Expl. Freshw., 23:
69-95.

Rafiq, M., 2007. Biosystematics and distribution of
the freshwater fishes of Pakistan with special
reference to the subfamilies Noemacheilinae and
Schizothoracinae. Ph.D. Dissertation, PMAS-Arid
Agriculture University, Rawalpindi.

Rafique, M. and Khan, N.U.H., 2012. Distribution and
status of significant freshwater fishes' of Pakistan.
Rec. zool. Surv. Pakistan., 21:.90-95.

Ryan, J.T., Ross, R.P., Bolton, D., Fitzgerald, G.F. and
Stanton, C., 2011. Bioactive peptides from muscle

sources: Meat and fish. Nutrients, 3: 765-791.
https://doi.org/10.3390/nu3090765

Sambrook, J. and Russell, D.W., 2001. Molecular
cloning: A laboratory manual IlI. Cold Spring
Laboratory Press, Cold Spring Harbour.

Saraswat, D., Lakra, W.S., Nautiyal, P., Goswami,
M., Shyamakant, K. and Malakar, A., 2014. Genetic
Characterization of clupisoma garua (Hamilton
1822) from six indian populations using MtDNA
cytochrome B gene. Mitochond. DNA, 25: 70-77.
https://doi.org/10.3109/19401736.2013.782014

Thai, B.T., Si, V.N., Phan, P.D. and Austin, C.M., 2007.
Phylogenetic evaluation of subfamily classification
of the cyprinidae focusing on Vietnamese
species. Living Resour.; 20: 143—153. https://doi.
org/10.1051/alr:2007025

Wang, X., Li, J. and He, S., 2007. Molecular evidence
for the monophyly of east asian groups of
cyprinidae (Teleostei: Cypriniformes) derived
from the nuclear recombination activating gene 2
sequences. Mol. Phylog. Evol.,42: 157-170. https://
doi.org/10.1016/j.ympev.2006.06.014

Ward, R.D. and Holmes, B.H., 2009. An analysis
of nucleotide and amino acid variability in the
barcode region of cytochrome C oxidase I (Cox1)
in fishes. Mol. Ecol. Notes, T: 899-907. https://doi.
org/10.1111/j.1471-8286.2007.01886.x

Zhu, S.R., Fu, JJ., Wang, Q. and Li, J.L., 2013.
Identification of channa species using the partial
cytochrome C oxidase subunit I (COI) gene as a
dna barcoding marker. Biochem. Syst. Ecol., 51:
117-122. https://doi.org/10.1016/j.bse.2013.08.011


https://doi.org/10.2108/zsj.16.363
https://doi.org/10.1093/molbev/msr014
https://doi.org/10.1093/molbev/msr014
https://doi.org/10.3390/nu3090765
https://doi.org/10.3109/19401736.2013.782014
https://doi.org/10.1051/alr:2007025
https://doi.org/10.1051/alr:2007025
https://doi.org/10.1016/j.ympev.2006.06.014
https://doi.org/10.1016/j.ympev.2006.06.014
https://doi.org/10.1111/j.1471-8286.2007.01886.x
https://doi.org/10.1111/j.1471-8286.2007.01886.x
https://doi.org/10.1016/j.bse.2013.08.011

Pakistan J. Zool., pp 1-6, 2024. DOI: https://dx.doi.org/10.17582/journal.pjz/20240414043202

Supplementary Material

Molecular Characterization and Genetic
Classification of Pakistani Freshwater Fishes
through DNA Barcoding

Check for
updates
Lala Rukh!, Muhammad Tayyab', Rana Manzoor Ahmad?, Yusra Mateen',
Madeeha Awan! Muhammad Ashraf®, Muhammad Wasim', Sehrish Firyal
and Ali Raza Awan'*
!Institute of Biochemistry and Biotechnology, University of Veterinary and Animal
Science, Lahore, Pakistan
’Department of Zoology, Government College University, Lahore, Pakistan
3Department of Fisheries and Aquaculture, University of Veterinary and Animal Science,
Lahore, Pakistan
“@Labeo fimbriatus (JQ922415.1) @ Carassius auratus (HQ689883.1)
S -@Labeo gonius (KU577362.1) 9 Semilabeo notabilis (GQ406330.1)
4 @ Labeo dyocheilus dyocheilus (AP011328.1) o @ Garra mirofrontis (HQ235749.1)
’3 Labeo altivelis (AP013322.1) ; & -8 Labeo dyecheilus dyocheilus (AP011328.1)
[+ 4 ® Labeo weeksii (TX097079.1) | - “@Catla catla (KU183619.1)
@ Hypselobarbus mussullah (KP998059.1) Q@ [@Labeo weeksii (TX097079.1)
@ Hypselobarbus kurali (KX753640.1) - - ®Labeo altivelis (AP013322.1)
? @ abeo rohita (JQ912090.1) ‘@Labeo senegalensis (AB238968.1)
ps @ Cirrhinus mrigala (KC294373.1) Ly o o = llgp""e:b;‘::s ﬂ;‘f‘“l‘;m9iii;3 -
?Cma cat Q 0:) sse?obar:sus efmﬁtﬁ 1313 1)7 ;
‘%Cat[a catla 4 o [T 2 “oHyp ) jui i 11‘
aCat[a catiad Lo [ypselobarbus pulchellus (KP998078.1)
@ Carasobarbus sp. (KP998050.1)
D Catla catla 2

@ Sikukia stejnegeri (KC696540.1)
—3 9 Sikukia gudgen: (AP011310.1)
75Capoeta semifasciolata (AF309505.1)
~@Puntius semifasciolatus (KC696521.1)
Lo r -0 Labeo fimbriatus (JQ922414.1)
@ Cirrhinus cirrhosus (JX074223.1)
9 &9 Labeo rohita (AY463099.1)
@ Cisrhinus mrigala (KF574560.1)
B Cirrhinus mrigala 2
xéCm'hinu‘; wrigala 4
gCer.linus mrigala 3

IDO'—I B g(_“m'hmus mrgala 5

O Cirrinus mrigala 1

9Labeo barbatulus (KC631289.1)

0.03 o
|—| A g( atla catla 5

@ Catla catla (KF574602.1)

Lo fimbriaus (Q922416.1)

*

Corresponding author: arawan77@uvas.edu.pk
0030-9923/2024/0001-0001 $ 9.00/0 !

Copyright 2024 by the authors. Licensee Zoological Society of
Pakistan.
This article is an open access 3 article distributed under the terms

and conditions of the Creative Commons Attribution (CC BY)
license (https://creativecommons.org/licenses/by/4.0/).


https://creativecommons.org/licenses/by/4.0/
https://dx.doi.org/10.17582/journal.pjz/20240414043202
crossmark.crossref.org/dialog/?doi=10.17582/journal.pjz/20240414043202&domain=pdf&date_stamp=2008-08-14

2 L. Rukh et al.

[ @Cirrhinus microlepis (AP011357.1)
4 Labeo weeksii (JX097079.1)
oLahetx altivelis (AP013322.1)
Labeﬂ senegalensis (AB238968.1)
Labeo horie (JX074288.1)
——@Labeo lineatus (AP012154.1)
Labeo yunnanensis (JX074282.1)
_% @ Labeo pierrei (KC631291.1)
Labeo angra (AP011329.1)
Labeo chrysophekadion (KC631290.1)
@ Labeo fimbriatus (KP025676 1)
Labeo gonius (KX245001.1)
—®@Labeo dussumieri (AP011384 1)
— @Labeo parvus (JX074286.1)
é [ @Labeo pangusia (AP013340.1)
———®Labeo dyocheilus dyocheilus (AP011328.1)

Labeo calbasu 2

Labeo calbasu 4
Labeo calbasu 3
Labeo calbasu 1
Labeo calbasu 5
@TLabeo calbasu (KF574601 1)

Labeo rohita (TN412817.1)
Cirrhinus cirthosus (DQ464981.1)
Labeo stolizkae (JX042204.1)
) Labeo gonius (KU577402.1)
Procypris mera (KM461699.1)

@ Cirrhinus mrigala (JQ231112.1)
Cyprinus melanes (DQ464970.1)
Pseudorasbora parva (KJ135626.1)
Cyprinus carpio 2

Cyprinus carpio 4

Cyprinus carpio 3

Cyprinus carpio 1

Cyprinus carpio 5

Cyprinus carpio (AB158807.10)
— Labeo fimbriatus (JQ922414.1)
- Catla catla (JQ912086.1)
[~ Cirrhinus mrigala (KF574563.1)
| | Cirrhinus cirrhosus (IX074223.1)
ﬂ{ Labeo rohita (AY463099.1)
Labeo gommus (KX245007.1)
‘ Labeo gonius (KX245008.1)

Labeo gonius 2
F || Labeo gonius 4
Labeo gonius 3

0.04 :
'_E.Lalito gonius 3

Labeo gonius 1

Barbus eb (KP712201.1)
Sinocyclocheilus rhinocerous (KR069119.1)
fsiﬂncyc]oche&us bicornutus (KX528071.1)
{:Sinocytlochedns tianeensis (HQ709307.1)
@ Sinocyclocheilns multipunetatus (AY854712.1)
Lc'Si.!:n:u:y!:1::»1:.11:1'.!‘{15 cyphotergous (AY854711.1)
@ Sinceyelocherlus grahami (AY854694.1)
SSinocycIochei.lus xualensis (HM336791.1)
3 4¢Sinocyclochedns macrophthalmus (HM536792.1)
'@ Sinocyclocheilns xualensis (EU366187.1)
[ @Puativs collingwoodii (DQ366151.1)
Acr heilus wenchowensis (KC161586.1)
_¢—°Labeo calbasu (KF574601.1)
— 9Labeo parvus (AP013339.1)
40Labeo angra (AP011329.1)
~ §Scapkoguxthops stejnegeri (HM336807.1)
Scaphognathops stejnegeri (KC631281.1)
Mystacolencus leptums (AF498896.1)
Mymcoleucus lepturus (AF408894.1)
1 P (KC696543.1)
% Mysmcoleucus marginatus (HQ235762 1)
‘Mystacolencus marginatus (HM3536814.1)
@Puntius chola (JQ795434.1)
Puntius sophore 4
Puntivs scphore 3
Puntius sophore 2
# Puntius sophore 1

lw_| G gPuntins sophore 5

@ Puntius sophere (JQ795442.1)

— 9 Scaphiodonichthys acanthopterus (KC690007.1)
Mylopharyngodon piceus (KJ626405.1)
@Labeo rohita (AY463099.1)
gcinhinus mrigala (DQ191164.1)
© Currhunus cirthosis (JX074223.1)
[ 9@Labeo fimbriatus (JQ922414.1)
——@Catla catla (JQ912086.1)

@Labeo yunnanensis (JX074282.1)
Labeo pierre1 (KC631291.1)

@Labeo altivelis (AP013322.1)
» &abﬁu lineatus (AP012154.1)
Labeo calbasu (KF374601.1)

@

 @Discogobio longibarbatus (KT633652.1)
[ ®Discogobio latceps (GQ406320.1)
~®Discogobio bismargaritus (KT633645.1)
Discogobio muliilineatus (KT633644.1)
-@Puntius collingwoodii (DQ366131.1)
ORmbm rasbora (HM224364.1)

I—° Amblypharyngodon mola (HM224256.1)
Ambylopharyngodon mola 5
Ambylopharyngodon mola 4
Ambylopharyngodon mola 3
0'05 Ambylopharyngodon mola 2

Ambylopharyngodon mola 1




Molecular Characterization of Pakistani Freshwater Fishes

@ Incisilabeo behm (JX074248 1)

0.03 |

Catla catla (HQ207660.1)
+ s«umsmnﬂm(ﬁcamm)
®Prolixicheilus longisuleus (KT633640.1)

a ilus benasi (KC696327.1)
Barbus polylepis (AF180877.1)
Barbus aeneus (AF180876 1)
Arabibarbus arabicus (KFB76021.1)
8 Arabibarbus grypus (KF876026.1)
Barbus bynni occi (AF180870.1)

3 [~ @Barbus ethiopicus (AF180828 1)

Labeobarbus sp. Lucien (KP712234.1)
% Labeobarbus candovittatus (TN097076.1)

Labecbarbus sp. (KE668049.1)

Bangana decora (KM999224.1)
9 Hypselobarbus hithopidos (HMO010727.1)
'Hypselobarbus thomassi (KP998049.1)

‘Hypselobarbus jerdoni (KP998093.1)

“@Hypselobarbus pulchelius (KP998078.1)
Puntius jerdom (FIMO010722.1)
Carasobarbus (KP908050.1)

OHyp icropogon (KP998083.1)
Hypselobarbus mussullah (KP998063.1)
——aHypselobarbus kurali (HM010731.1)
Hypselobarbus dubivs (HM010721.1)

'Hypselobarbus kolus (KP712193.1)
Hypselobarbus curmuca (KP992088.1)
Ostiobrama cotio 1

Ostiobrama cotio 4

Ostiobrama cotio 3

Ostiobrama cotio 2

Ostiobrama cotio 5

Osteobrama cotio (KF574721.1)

————— PSiniperca fortis (DQITH45.1)

O Cnnopoma cosllatem (AYTEITILL)

‘Tns.g-m fincascens (EF025185.1)
Siganns rivilate: {AY249346.1)

%&pﬂu nepi (AB2TGEELL)
~@Nase tynnoides (A¥IE457.1)
Maso caemleacanda (AYIS4646.1)
Naso fagani (ATIE4645.1)
mc-m (AYIEHHE4T.1)
Mase Bexacanthus (KT9531E3.1)
Nm hamscaztius (RTS33164.1)
is (AFS13765.1)
%%mmm ypus (EFET6026.1)

Basbes grypus (AF143941.1)
 Arabibarbus grypus (KFET625.1)
Tos tor (JQOB8845.1)
’gmmn mabanadicus (EUE0465.1)
or putizora (KRT12157.1)
@Tor tor (KRISET04.1)

Bartras hartart (AF1E0835.1)
BDiscogobis bismargasins (GQ408318.1)
Hypuikarbus wemmori (TXUST075.1)
Hiypuibarbus wemmarsi (JQ348137.1)

Pruntins daruphani (GUE26631 1)

A Pozogun e (KICS6T017.1)
Seapiadosichilrs scantboptarss (FPSSBHE.I)

£ HQIISTTOL

B capbiodeni EPTIAISLY)

605

Scaphicdanichiiys acasthoptams (KCE90007.1)
Gambusia aligosticta (U1E218.1)
- i (U18115.)
Gamibusia puncticulata (U1E221.1)
i s bebournonxi (HET92E03.2)
nallei 1)
Athorimalla schmbnd (ECT36377.1)
Arbasizalls schmbt (EM400694.1)
 Atharinella ammepkila (RCT36381.1)
¥ Chaznz mal (AFCL2782.1)
 WChaona v (AFDIZTES)
pyae thicen (ET148874.1)
Channa of. marukins (GU288363.1)
Chazma marslicida (AFO12781.1)
— @ Chamms marnlizs (GG413675.1)
(Chamna marutins 3
Chamna marntius 4
J ‘marmbus 3

‘marmbing 3
Chamma marmfus 1

———— aPanlickeiys califormicss (1Q182385.1)
Awaons benara (TN387628.1)
8 Saria chiliessis (EU349332.1)
Lathyims obsalsns (AF381371.1)
Halichoeres scapularis {JF458148.1)
———————ONaso faemi (AV264620.1)
Sigamus magmifioes (AB278881.1)
Sigamos wspi {ABITSES1.1)
Sigams umkmacuans (ABI75853 1)
Sigams vulpims {AB276002.1)
3 Leiopotherapan nicolor (TQ768400.1)
@ Roncadar steamsii (KP72684 1)
Parma mécrodon (EP722666.1)

Clvomnis virids (AY208536.1)
—¢_u Chroexis atripectoraiis (JF458033.1)
%Gnmﬂsmmsis (TF4S8054.1)
L o (Chroms il EU20411)
p > Amabas cobejius (KCTHGEL 1)
Thesaps maculicasda (US7165.1)
Paraneesroglus maculicauds (GU736991.1)
3Visja maculicauda (EMI1EH54 1)
Herichihys pearsei (D443SE 1)
Cichlasoma bocourts (GUT35084.1)
ARITGER1 1 (A37636 1)
Theraps lensiginoss (AYS43411.T)
Narcopsis tetrac andinis (AYO08660 1)

_¢—ﬂpmn§mlslmms(.ﬁmﬂl ni
[AYHBSE4T)

@ Corydoras angmizensis (FLR00322 1)
Corydoms of. ampmizensiz (GU2093465.1)
- Corydoras pamgua (GU209526.0)
Corydors julii (GU209468.1)
—i#Corydaras trilinearns (GUX9668.1)

I ——a Corydoras lencomelas (GU209473.1)
Corydaras brevinosins (FUM0331.1)
Corydoms is (GL200362. 1)
‘Berys mollis (4328407 1)
Mocholas nilotions (HFSE5005.1)
Symodontis sarex (HF366076.1)
Hemibaznes capirahum (EPS22E17.1)
@ Channa manlins (GH64061.1)
#hanra punctaros 2
Charma punctanes (FI854480.1)
Chamma pumctatus 3
Chamna pumctats 5
K Chamna pumctans 1

0.07
Chamna pumctatus 4

Petrocephalus wesselsi (KJ409662.1)
Petrocephalus catostoma (KJ409668.1)
Petrocephalus catostoma (KJ409666.1)
§Syncmssus reversa (AY887809.1)
Syncrossus reversa (GQ174352.1)
®Garra dul is (JQ864590.1)
Cirrhinus molitorella (AP011390.1)
Garra mirofrontis (JQ864584.1)
Hypselobarbus thomassi (KP993049.1)
9 Hypselobarbus lithopidos (HM010727.1)
Hypselobarbus dubius (HM010721.1)
Cirrhinus mrigala (JQ912110.1)
Labeo rohita (AY463009 1)
5 [ Labeo fimbriatus (JQ922414.1)
T (atla catla (JQ912086.1)
Epalzeorhynchos bicolor (HM536818.1)
Labeo forskalii (HQ235751.1)
EE— Sinocyclocheilus jiuxuensis (AY854736.1)
Smucyclochcﬂm altishoulderus (AB196442.1)
i (HQ709307.1)
Sinocyclocheitus bicormutus (KX528071.1)
ay: i ia morleti (AY887836.1)
@ Notapterus notopterus (AY504822 1)
P nofopterus 5
‘Nuluptems notopterus 4
A Notopterus notopterus 3

I—'ﬂ s l_ @Notopterus notopterus 2

@Notopterus notopterus 1




L. Rukh et al.

|U.N | O

Ritarita 5

@Anguilla manmorata (ABY79501.1)

w“an)mnm(APﬂllS?i 1)
° e,
. Pollinyrus marchei (DQ166679.1)
v Olvindomyrus oy (AF477480.1)
—a lus sp. (JX074233.1)
1 1 O QCycloches 1%%”%@%
‘, 5 @ O Ancmatichthys apogon (1Q346138.1)
n 3 W(:id ﬁ)&}n}ﬁﬂhﬂcﬂrﬁxf}f@“dl&l)
*"j 2! 9 e s sty (RC6557.)
¢ e 2 & OCyphaus capio (15202
{ R ° ¥ 3¢ prims melaes DQIGIST 1)
Iy s “@Schismatorhynchos mikta (APO11358 1)
s vt g A
M e ? % e (HMS36814.1)
@M cavasis | “@Puntis jerdoni (HM010722.1)
o @ 9 Spinibarbus denticulatus (DQ464984.1)
- . = 9 Sprba demaan: %gmsms.l
therinoides (EF862946.1) 3 o ﬁmmffmamm )
Mystus dibrugarensis (KF862950.1) 1 5 C;"S%“S‘ﬁﬁi‘;ﬁ%?ﬁﬁfﬁﬁ;‘)
Mystus gulio (KF862952.1) s 2 50 Somaommant Gotsh
e s @ Acrossocheilus monticola (KC788747.1)
Mystus bleakeri (KFE62959 1) I A
——@Mystus pulcher (DQ119441 1) a0 mﬁ;&ﬂ?%igﬁzﬁdwﬁuYIQSEWI)
Mystus atn'fasciat.us (KF362954.1) e w"“’"c“n“él"&ﬁl‘i“i"&é?“’;; Lo T
\ DMy thus (HQ257294.1) s _ o— ““Eﬁifsé’%mgm a0
¢ O Mystus sp. (AV458893.1) $ e o a3 )
g OS‘j/nmssgml;];l‘eElnds (GQ!'MS?}WDU
Mystus vittatus (DQ119356.1) i . ot Lo s (351
Msus hagma (Q3984.1) s
Mystus mysticetus (HQ257298.1) $ = mm&;mwmmum i)
- Mystus wolffi (HQ257302.1) g&aféw:iz )
sﬂemibagms chrysops (KP322867.1) Somdjabas
Temil . hrysops (KP322870.1) s ; UX074248.1)
& Hemibagrus sp. (KP322885.1) catla (HQ207669.1)
e @ abeo barbatulus (KC631289.1)
Hemibagrus capitulum (EF862946.1) . E
2 Prolixicheilus longisuleus (KT633640.1)
'Hemibagrus capitulum (ER007682.1) T o :
Lo b OHembagus flamentus (HQ257283.1) Y % ; heniaes (KCOIGYIT)
i " ®PIE0.1) Barbus polylepis (AF180877.1)
Mystus cavasius (KUST0465.1) Barbus aeneus (AIT'ESOGTS.J)
LT 0 Tenualosa flisha (IX213628.1) Arabibarbus arabicus (KF876021.1)
T—QMyslus albolineatus (KF862961.13 9 Amabibarbus grypus (EF876026.1)
I B Clupi sinense (HM236380.1) —a @Barbus identalis (AF180870.1)
Mystus teengara 2 —a @ Barbus ethiop (AF180828.1)
Mystus teengara 4 Labeobarbus sp. Lucien (KP712234.1)
Mystus teengara 3 o é—Clabeobaﬂms candovittatus (J3097076.1)
Mystus teengara 1 Labeobarbus sp. (KF668049.1)
005 | N s " Bangana decora (KM299224.1)
Mystus teengara (KF809934.1) @ Hypselobarbus lithopidos (HM010727.1)
—Q@ 'Hypselobarbus thomassi (KP998049.1
@ Akysis (DQ192466.1) - : )
@ Canhalosil is (DQUSETEL1) Hypselobarbus jerdoni (KP998093.1)
¥ Bagarius bagarius (KPE29954.1) “@Hypselobarbus pulchellus (KP998078.1)
[ @Wallago leerii (DQ119387.1) 'Puntius jerdomi (HM010722.1)
B Cmpok bi latus (KI646881.1) Carasobarbus (KP998050.1)
Cathorops dasycephahis (DQS90467.1) @ Hypselobart icropogon (KP998083.1)
Netuma aff (FI626178.1) Hypselobarbus mussullah (KP998063.1)
3:0 R stwmﬁ . iy T 3 Hypselobarbus kurali (EM010731.1)
] ﬁ’ Arins platypogon 3 !
s g uscuilus (HQ257280.1) Hypselobarbus dubins (HM010721.1}
e e DR Hypselobarbus kolus (KP712193.1)
@ Plicofolliz aff Polystaphylodon (FI626188.1) Hypselobarbus curmuca (KP998088.1)
Eﬂﬁ longibarbis (DQ486766.1) Osticbrama cotio 1
Sorubim maniradii (JFS98495.1) Chiticibamas cotio 4
o P e (IS IGED) Ostiobrama cotio 3
§:m¢ﬁmm milgi:,g o e
‘ermumichthys permmo (DQ486767. 0.03 . ¥
J A (DQ119438.1) |—| Q Ostiobrama cotio 5
| 5 Hypophfhins of (F898505 1) Osteobrama cotio (KF574721.1)
DSteindachneridion scripta (DQ486765.1) -
9 Synodontis ouemeensis (FHFS66058.1) Bckris sp. (KI201865.1) .
?_§symami; schall (HFS66065 1) l_,jﬁ?:,gm;gﬁgﬂg;gggﬁ“ y
L3 Synodontis schall (HF366070.1) . _mnmmmm.',’
Synodontis serrate (HF366064.1) Lon s AR
Synodontis ocellifzer (HF366052.1) j scraction rgennus ‘::‘7‘:2:;3"};
+ Syt sp, (AY458894.1) Ok 1 25 )
1 Synodontis nigita (HF566038.1) B e oy
- aMochokus nilotiens (HF365995.1) oy QAR

[ Xenocypiie casil (0718 1)

i
L8 Gobiobets angierba (AFISI563 )

S — T )
Walliguan 3
Waliguan ¢
Walliu a3
Walgu i |
Wlligu 2



Molecular Characterization of Pakistani Freshwater Fishes

—@Psendorasbora parva (LC098195.1)
Labeo fimbriatus (JQ922414.1)
@Catla catla (JQ912086.1)
Cirrhinus mrigala (RC122395.1)
Cirrhinus cirrhosus (TX074249.1)
Labeo rokuta (AY463099.1)
@Microphysogobio el (EU934489.1)
) 'Microphysogobio sp. Sado (JN003339.1)
@Sk taeniatus (KM272589.1)
—@Poropuntius carinatus (KC631278.1)
—@ Poropunting lacensis (KC631279.1)
%‘Pm:pun&us normani (JX066775.1)
Poropuntius normani (AP011320.1)
‘Poropuntius opisthoptera (KC696523.1)
Poropuntius hnangchuchieni (KC367018.1)

Phicofollis nella (FJ626186.1)

- ®Clupisoma prateri (HM236378.1)
‘% Q@Clmm sinense (TN020090.1)
[ Silonia silondia (KF365912.1)
Clupisoma garua (KC464430.1)
Clupisoma garua$
Clupisoma garuad
Clupisoma garua3
|W_| S Clispisoin g
Clupisoma garual
O Pangio angeflaris (FUSTI3TL1)
L5 Celackis prwsams OGS04E1.1)
BDistocycd ERHLTIEL)
Aris leptonomcarehzes (KROSI0EE1)
+ ~aPlicaflis nalla (FIE1E164.1)

(Capialocans: bornesmais (FIE2E100.1)
Asins arms {DOS90501.1)
E b Arins macolims (EFBE286E.1)
' Arton submostrares, (EFEBG29 74 1)
s pagema (RFBAISTI.1)
— @Synodomts lmgrostos FF6M032.1)

Synodontis notetes (HE556043.1)
‘* §smmm.1}
Symodontis weid (HF365073.1)
Symodonss meeifer (FFI66043.1)
rierens (HFRS6074 1)
3 3 ittatm (FIFS66007.1)
Synodents fromtaafFF 356071 1)
@ Syacdonsis bl (HE 566062 1)
Harsbagrms capiroium (EPI1IE5%.1)
Silamantms (HG2THE.L)
L. Elammbagus aryckicides (FMI4624.1)
Efansdbags senmms (EMEHES.1)
——————————OAnghiies o, ‘Rovw’ (ECIE601)

. T sl i
 Aries Sais (DG119355.1

FLeiocassis poecilopterus (HQ257289 1)
;u Sperata seenghala (KT306617.1)

@ Plicofollis magatensis (KJ533247.1)

5
Labeo rohita (AY463099.1)
_ ®Cirhinus mrigala (DQ191164 1)
Cirrhimus cirrhosus (JX074223.1)
Labeo fimbriatus (JQ922414.1)
Catla catla (JQ912086.1)
Acrossocheilus monticola (HM536795.1)
- crossocheilus monticola (KC788747.1)
Onychostoma rara (HQ235764.1)
AiAcmssocheihs monticola (KT367805 1)
@ Onychostoma rara (KF626377.1)
— Onychostoma barbatum (KT438512.1)
Mylopharyngodon piceus (KJ1626405.1)
! Mylopharyngodon piceus (AP011216.1)
- Hypselobarbus lithopidos (HIM010727.1)
Henicorhynchus lineatus (GQ406323.1)
Lobocheilos sp. (TX074228.1)
@Lobocheilos melanotaenia (TX074284.1)
Colisa fasciata (KP301136.1)
i Colisa fasciatus5
| Colisa fasciatus4
 AColisa fasciats3
Colisa fasciatus2
Colisa fasciatusi
9 Sciwetzochromis neodon (EU753912.1)
rﬂNeth:m thalassina (FJ013166.1)
O Netuma bilineata (FI626177.1)
smm robusta (KT374012.1)
AY525?0’T 1 Botia robusta
Cyprimis megalophthalmus (KR869143.1)
a %Cﬂ:m mulfitaeniata (KR869145.1)
Cyprinus carpio (AP00S047.1)
» Carassivides cantonensis (DQ464980.1)
“ﬁ Cyprinus mulfitaeniata (HQ235738.1)
Crossocheilus reticulatus (JX074283.1)
9 Crossncheilm reticulatus (AP011388.1)
Pl heilus nuds is (KM502365.1)
e | psis sp. (EF508488.1)
o Hemibagrus divaricatus (KP322830.1)
-@Corydoras trilineatus (GU209668.1)
Heros sp. (GU736978.1)
Heros severus (GU736977.1)
l @ Trichromis salvini (KUS34362.1)
|_ Rheaheros lentiginosus (KUS34692.1)
9 Amphilophus calobrensis (AY843378.1)
l Malakichthys barbatus (AB104914.1)
§}' damibassis baculis (JF309325.1)
‘% Parambassis lala (KC774709.1)

~@ Aequidens sp. (EF432924.1)
@Promethichthys promethens (DQ197984.1)
Chanda nama 1
Chanda nama 4
Chanda nama 3
Chanda nama 2

|W"_| \' gChandanmj

Chanda nama (KC774691.1)



6 L. Rukh et al.

a jata (AY639834.1)
—@Ethmalosa fimbriata (AP005138.1)
| A crossocheilus monticola (KCTEET47.1)

Oxyel rars (HQ235764.1)
@ Acrossocheilus monticola (KT367805.1)
Lle heilus peri is (KF113565.1)

-@Labeo angra (AP011329.1)
91 abeo weeksii (TH097079.1)
L abeo alivelis (TX074294.1)
) O Hypselobarbus thomassi (KP998049.1)
» ‘ T @Hypselobarbus lithopidos (HMO10727.1)
—$ O Hypselobarbus jerdoni (KP993093.1)
|_+ 0 Hypselobarbus pulchellus (KPS38078.1)
Puntius jerdoni (HMO10722.1)
@ Carssabarbus sp. (KPI98050 1)
Q Labeo rohita (AY463099.1)
Cirrhimus mrigala (DQ191164.1)
L3 .—qlwcmhjms cirthosus (RCE31282.1)
—Lu Catla catla (KT462130.1)
- Labeo fimbristus (1Q922414 1)
@ Squalidus chankaensis biwae (LC098210.1)
T ¥Gans kempi (JX074243.1)
 ®Gam= 5p. (TX074258.1)

D Gudusia chapra (KT158030.1)
Al q-'—msuclusi.-. chapra (APO11603.1)
®Gudusia chapra 5

| *Gudusia chapra 4
Gudusia chapra 3

|°'°5—| W Gudusi chapra2

@Gudusia chapra 1

Supplementary Fig. 1. Phylogenetic analysis of based on
Cyt b gene.

A, Catla catla; B, Cirrhinus mrigala; C, Labeo rohita,
D, Labeo calbasu; E, Cyprinus carpio; F, Labeo gonius;
G, Puntius sophore; H, Amblypharyngodon mola; 1,
Osteobrama cotio; J, Channa marulius; K, Channa
punctatus; L, Notopterus notopterus; M, Mystus cavasius;
N, Mystus teengara; O, Rita rita; Py Ompok pabda; Q,
Osteobrama cotio; R, Wallagu attu; S, Clupisoma garua;
T, Gagata caenia; U, Colisa fasciatusa; V, Chanda nama,
W, Gudusia chapra.
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