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ABSTRACT: Type specimens of organisms provide the basis for the identification 
of species. Proper phenotypic data supported by genetic evidence is crucial for every 
type of specimen keeping in view its significance. Several methods of species 
identification both morphological and genetic are being used. DNA barcoding using 
a fragment of cytochrome c oxidase subunit I (COI) mitochondrial gene is gaining 
popularity because of its accuracy and efficiency. In this study, six type specimens of 
endemic fishes from Pakistan preserved at Stephenson Natural History Museum, GC 
University, Lahore, Pakistan were analyzed for their genetic diversity from other 
members of the genus. COI barcode sequences of Clupisoma naziri, Barilius vagra 
pakistanicus, Nemacheilus naziri, Nemacheilus griffithi hazarensis, Schizothorax 
skarduensis, and Naziritor zhobensis were obtained and analyzed. The obtained 
sequences were approximately 655bp long. The average Kimura-two-
parameter(K2P) distances from other members of genera were 0.608%, 0.44%, 
0.42%, 0.608%, 0.945%, and 1.364%  for Clupisoma naziri, Barilius vagra 
pakistanicus, Nemacheilus naziri, Nemacheilus griffithi hazarensis, Schizothorax 
skarduensis, and Naziritor zhobensis respectively. The nodes in K2P distance-based 
NJ (neighbor-joining) trees were supported by high bootstrap values (100%) in all 
the species. We conclude that COI sequencing provides an effective way of species 
identification and barcode generation for fish specimens. 

Keyword: DNA barcoding, Kimura-two-parameter, Schizothorax, Clupisoma, 

Barilius 

INTRODUCTION Natural history museums are a huge 

repository of genetic information and 
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many museums hold type specimens in 

their collection. Traditionally, these 

specimens are identified based on the  

morphological characteristics of the 

organism and grouped according to the 

similarities with the previously 

described species. This identification 

approach relying on phenotypic traits 

only can lead to controversies due to 

issues like cryptic species, differences 

between larval and adult stages, and 

sexual dimorphism (Friedheim, 2016). 

 In the present study, fish holotype 

specimens are chosen from the 

collection of Stephenson Natural 

History Museum, GC University, 

Lahore, Pakistan. The samples chosen 

for this study are holotypes of 

Clupisoma naziri (1974), Barilius vagra 

pakistanicus (1965), Nemacheilus naziri 

(1975), Nemacheilus griffithi hazarensis 

(1963), Schizothorax skarduensis (1974) 

and Naziritor zhobensis (1979). These 

specimens were collected from different 

localities of Pakistan (Table 1).  

Table 1: Capture site of each sample 

identified as type specimens on a 

morphological basis, and preserved in 

70% ethanol at Stephenson Natural 

History Museum, GC University, 

Lahore. Barilius vagra pakistanicus, 

Schizothorax skarduensis, and Naziritor 

zhobensis belong to the order 

Cypriniformes; family Cyprinidae and 

are generally distributed in Asia and are 

endemic to Pakistan (Mirza 1975). 

Clupisoma naziri is from the order 

Siluriformes; family Schilbeidae while 

Nemacheilus species belong to the order 

Cypriniformes and the family 

Nemacheilidae. 

The precisely defined species are 

significant for biodiversity maintenance, 

ecological sustainability, and 

evolutionary mechanisms. (Bailey, 

1970). It is therefore important to 

explore alternative methods of species 

identification. DNA barcoding used 

along with morphological characters can 

prove as an efficient strategy to deal 

with the problems of identification faced 

by taxonomists (Chen et al., 2021). This 

approach uses a less than 1000 base pair 

S.No. Specimen Locality 

1 Clupisoma naziri Indus River at Jinnah Barrage Kalabagh 

2 Barilius vagra pakistanicus Rakhi River near Fort Monroe 

3 Nemacheilus naziri Basin of Kaman Beji River near Harnai 

4 Nemacheilus griffithi hazarensis  Swat River near Mingora 

5 Schizothorax skarduensis  Indus River at Skardu 

6 Naziritor zhobensis Zhob River  

http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?genid=1037
http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?genid=1470
http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?spid=9569
https://www.fishbase.se/summary/OrdersSummary.php?order=Cypriniformes
https://www.fishbase.se/summary/FamilySummary.php?ID=122
http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?genid=1648
http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?spid=4611
http://fishbase.sinica.edu.tw/summary/OrdersSummary.php?order=Siluriformes
http://fishbase.sinica.edu.tw/summary/FamilySummary.php?ID=133
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sequence of a genome which can serve 

as a standard barcode (Yang et al. 

2018). For animal species, DNA 

barcoding, mitochondrial cytochrome c 

oxidase subunit I (COI) gene is an 

efficient marker as it is highly conserved 

across species. This approach accurately 

identifies various taxa based on the 

barcode gap and helps to reveal several 

animal groups that have not been 

acknowledged yet at any taxonomic 

level (Hebert et al., 2003; Hajibabaei et 

al., 2007; Yaqub et al., 2019; Carugati et 

al., 2022).  

Using DNA eliminates the judgment-

based arguments amongst scientists on 

how to define one feature from the other 

(Lok et al., 2005). The molecular 

approaches may be utilized to identify a 

novel sample as per the existing 

classification (Rahal et al., 2014). 

Sequences of mitochondrial cytochrome 

b (cyt b), 16S rRNA, and 648 base pair 

region of mitochondrial cytochrome c 

oxidase 1 gene (COI) are among the 

most extensively used genetic markers 

for fish species identification (Kochzius 

et al., 2010; Kamran et al., 2020). The 

closely related species can be identified 

by using these methods (Folmer and 

Pennington, 2000; Meier et al., 2022). 

The applicability of COI for species 

identification in fish created the 

international advantage for barcoding all 

fishes (Ward et al., 2005; Appleyard et 

al., 2022). The Fish Barcode of Life 

Initiative (FISH-BOL) is a collaborative 

international research effort, which 

seeks to establish a reference library of 

DNA barcodes for all fish species 

derived from voucher specimens with 

authoritative taxonomic identifications 

(Ivanova et al., 2007; Mir et al., 2021).  

The primary goal of this study is to 

compile a reference library for DNA 

barcode sequences of indigenous type 

specimens of fishes of Pakistan and to 

re-evaluate the species delimitation on a 

molecular basis.  

MATERIALS AND METHODS 

Sample acquisition  

Each specimen was carefully removed 

from the preservation jar in the safety 

cabinet to avoid any infection the 

specimen. With the help of a sharp 

sterile blade, a very small portion of 

gills were taken without damaging the 

fish. The acquired sample from each 

specimen was transferred to a properly 

labeled 1.5ml eppendorf tube and 

proceeded with DNA extraction. 

DNA extraction and COI amplification  

DNA was extracted by the salt 

extraction method (Maurya et al., 2013) 

however; good quality mtDNA could 

not be extracted from most of the 

samples despite repeated efforts, as the 
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samples were preserved in 10% 

formalin or 70% ethanol for over four 

decades. The direct PCR approach from 

tissue lysate was selected for these 

specimens. Initially, 50mg of gills were 

taken from each sample and transferred 

in 15ml falcon tubes containing 2 ml of 

lysis buffer (200 mM Tris-HCl pH 8.0; 

100 mM EDTA; 250 mM NaCl), 10µl 

of proteinase K (20 mg/ml) and 60 µl of 

20% SDS were also added in the 

mixture. The falcon tubes were kept at 

48°C for 2-3 hours in a water bath. After 

incubation gill tissues were 

homogenized and the homogenate was 

subject to standard PCR reaction using 

primers reported by Ward et al. (2005). 

(For-TCAACCAACCACAAAGACAT 

TGGCA; Rev- CTAGACTTCTGGG 

TGGCCAAAGAATCA). PCR reaction 

was carried out in a thermal cycler 

(Veriti™ 96-Well Fast Thermal Cycler; 

Applied Biosystems) with the following 

conditions: 5 min of initial denaturation 

at 95 ºC; 35 cycles of 30 seconds of 

denaturation at 95 ºC, annealing at 55 ºC 

for 45 seconds and extension at 72 ºC 

for 1 min and final elongation at 72 ºC 

for 10 minutes. The resulting PCR 

product of 650bp was sent for 

unidirectional Sanger sequencing to 

Macrogen Inc. South Korea.  

Analysis 

The sequences were aligned with other 

reported COI genes of the same taxa 

taken from NCBI database. The 

evolutionary history was configured 

using the Neighbour-Joining method 

(Saitou and Nei, 1987). The optimal tree 

with the sum of branch lengths is shown 

next to the branches. The evolutionary 

distances were calculated using the 

Kimura 2-parameter method (Kimura, 

1980) and the units represented the 

number of base substitutions per site. 

All positions containing gaps and 

missing data were eliminated. These 

evolutionary analyses were performed 

using MEGA7 (Saitou and Nei, 1987). 

Barcode gap and rank distance was 

determined using Automatic Barcode 

Gap Discovery (ABGD) and Barcode 

Gap Analyses (BGA), respectively. 

RESULTS 

The sequence analysis characterized 

Clupisoma naziri, Barilius vagra 

pakistanicus, Nemacheilus naziri, 

Nemacheilus griffithi hazarensis, 

Schizothorax skarduensis, and Naziritor 

zhobensis as six different native fish 

species, belonging to different genera. 

The K2P distance of 0.608%, 0.44%, 

0.42%, 0.608%, 0.945%, and 1.364% 

between type specimens and cogeneric 

species of Clupisoma naziri, Barilius 

vagra pakistanicus, Nemacheilus naziri, 

Nemacheilus griffithi hazarensis, 

Schizothorax skarduensis, and Naziritor 

zhobensis respectively was found (Fig. 

1a, b, c, d, e, and f).
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(e) 

 

Fig. 1. “Evolutionary relationships of taxa of studied fish specimen (a) Clupisoma 

naziri, (b) Barilius vagra pakistanicus, (c) Nemacheilus naziri, (d) Nemacheilus 

griffithi hazarensis, (e) Schizothorax skarduensis and (f) Naziritor zhobensis aligned 

by Neighbor-joining (NJ) method using MEGA 7 software.” 
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The results of the genetic analysis 

revealed a clear gap between 

interspecific and intraspecific distances 

of the species from other members of 

the genus (Fig. 2a, b, c, d, e, and f). The 

minimum distance to the nearest 

neighbor (NN) was higher than the 

maximum intraspecific distance. 

(a) 

 

(b) 

 

(c) 
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(d) 

 

(e) 

 

(f) 

 

Fig. 2. “Histogram of Genetic distance and Ranked distance, created by using ABGD 

and BGA for (a) Clupisoma naziri, (b) Barilius vagra pakistanicus, (c) Nemacheilus 

naziri, (d) Nemacheilus griffithi hazarensis, (e) Schizothorax skarduensis and (f) 

Naziritor zhobensis.” 
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The FASTA sequences for each species 

were submitted in the BOLD v3 

database under project ID: JANKU and 

sequence IDs JANKU006-19, 

JANKU003-19, JANKU001-19, 

JANKU002-19, JANKU005-19, and 

JANKU005-19 for Clupisoma naziri, 

Barilius vagra pakistanicus, 

Nemacheilus naziri, Nemacheilus 

griffithi hazarensis, Schizothorax 

skarduensis, and Naziritor zhobensis 

respectively were assigned.  

DISCUSSION 

Being a permanent reference of a 

species, type specimens are of critical 

importance and should be preserved in a 

way that they are accessible to future 

scientists. The preservation strategies 

should be very effective and the 

specimens should be monitored for their 

health regularly. However, there is a 

natural process of decay even at a very 

slower rate therefore there should be 

identification tools available other than 

morphology. Identification of a barcode 

for a specimen is important as it can 

serve as a reference even after the 

physical deterioration of the sample due 

to an accident. Here we developed a 

barcode for six important endemic 

fishes of Pakistan from the type 

specimens preserved at Stephenson 

Natural History Museum, GC 

University, Lahore, Pakistan.  

The extraction of DNA from preserved 

tissues or museum specimens is an 

elementary component for many 

scientific researchers (Zimmermann et 

al., 2008). It has been a basic standard 

procedure in molecular biology since 

the 1980s and numerous protocols have 

been drafted for DNA isolation and 

subsequent PCR amplification (Jaksch 

et al., 2016). Methods for DNA isolation 

and analyzing the sequencing data from 

specimens not immediately preserved 

for DNA extraction are improving 

rapidly (Andersen and Mills, 2012). But 

still, mitochondrial DNA extraction 

from several decade-old specimens is 

very challenging mainly because of the 

preservation strategies. Several attempts 

were performed using various protocols 

and commercially available kits to 

procure good quality mtDNA from the 

formalin and ethanol preserved type 

specimens. But due to the age (more 

than 40 years) of specimens and 

preservation solutions, the extraction of 

DNA was not very successful. Finally, 

as a despairing attempt, we selected the 

basic principle of colony PCR. The cell 

homogenate was directly subjected to 

PCR using standard fish DNA 

barcoding primers and amplification 

was achieved. The sequencing results 

confirmed the amplification of correct 
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sequences, which were further used for 

analysis. 

An analysis of the specimen was carried 

out for generating DNA barcodes. The 

specific primers for the COI gene were 

employed to produce the barcodes with 

a mean length of 655 bp for all our 

samples. Moreover, insertions or 

deletions, or stop codons were not 

observed in any of the sequences, 

justifying the view that all the sequences 

being amplified are derived from 

functional COI sequences of the 

mitochondrial genome. The type 

specimens of Clupisoma naziri, Barilius 

vagra pakistanicus, Nemacheilus naziri, 

Nemacheilus griffithi hazarensis, 

Schizothorax skarduensis, and Naziritor 

zhobensis were collected from 

Kalabagh, Fort Monroe, Harnai (basin 

of Kaman Beji River), River Swat, 

Skardu and River Zhob (Baluchistan) 

respectively. Previously, these were 

characterized morphologically. In our 

study, a complete K2P model, based on 

the NJ phenogram, predicts the genetic 

distance among all specimens that 

produced a DNA barcode. This DNA 

barcoding approach sorted these 

specimen species with 0.608%, 0.44%, 

0.42%, 0.608%, 0.945%, and 1.364% 

distance among individual species of 

cogeneric species of Clupisoma naziri, 

Barilius vagra pakistanicus, 

Nemacheilus naziri, Nemacheilus 

griffithi hazarensis, Schizothorax 

skarduensis, and Naziritor zhobensis. 

Similar intraspecific variation had been 

previously observed in the COI gene 

sequences among several teleosts (Lakra 

et al., 2005). The sequences obtained 

from the public data portal-BOLD and 

the consistent analysis of the barcode 

sequence provided a clear difference in 

the taxonomic status of all the species 

under consideration. Moreover, the 

congeneric and conspecific genetic 

divergences were analyzed using 

Kimura's 2 parameter distance followed 

by the generation of a Neighbor-Joining 

tree using the MEGA7. These analyses 

were able to establish phylogenetic 

relationships among species. From this 

data, it can be concluded that Clupisoma 

naziri, Barilius vagra pakistanicus, 

Nemacheilus naziri, Nemacheilus 

griffithi hazarensis, Schizothorax 

skarduensis, and Naziritor zhobensis are 

not only morphologically different 

species but also genetically diverse 

species from other members of the 

respective genus. The resulted gene 

sequences may also serve as a milestone 

for the identification of further species 

at the molecular level. The DNA 

barcoding approach separated different 

species showing average nucleotide 

divergence among conspecific 
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individuals. Moreover, it also highlights 

the support of genetic data along with 

the morphological evidence for correct 

species identification. 

CONCLUSION 

It is concluded from this study that due 

to complications associated with the 

morphological identification of species 

the molecular basis of identification 

provides an efficient means for 

classifying the species. In this regard, 

COI provides an excellent choice for the 

barcode generation of animal species. 
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