
Introduction

Coldwater fishery is one of the emerging 
contributors to inland fish production of India 
through aquaculture and capture fisheries. The 
eastern Himalayas have a greater diversity of 
coldwater fish than the western Himalayas. 218 
fish species are listed for the whole Himalayas. 
Subsistence and commercial fishes exploit the 
large fish, such as the cyprinids Labeo dero, Tor 
putitora, Tot tor, Schizothorax richardsonii, 
Barilius bendelisis, as well as Garra gotyla and 
Crossocheilus diplochilus (Sehgal, 1987; 
Tripathi, 2005). The taxonomic position of these 
four coldwater fish species vary according to 
different sources and no comparative studies on 
genetic variability and phylogenetic relationship 
are studied.  Even though these species are 
classified under the family Cyprinidae, at 
subfamily level the classification is ambiguous. 

Various authors have classified them under 
different subfamilies leading to improper 
taxonomy of the species (Berg, 1940; Munro, 
1982; Kapoor et al., 2002).

RAPD analysis has been described as a simple 
and easy method to detect polymorphisms 
based on the amplification of DNA segment with 
single primers of arbitrary nucleotide sequence 
(Williams et al., 1990; Welsh and McClelland, 
1990). The application of RAPD technique has 
greatly increased the ability to understand the 
genetic diversity within and between the 
species. RAPD analysis has been used to 
evaluate genetic diversity for species, 
subspecies and population/stock identification 
in Guppy (Foo et al., 1995), Tilapia (Bardakci et 
al., 2004), Brown trout and Atlatic salmon (Elo et 
al., 1997), Largemouth bass (Williams et al., 
1998), Ictalurid catfishes (Liu and Dunham, 
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1998), Common carp (Bartfai et al., 2003). 
Naish et al. (1995) found the technique useful in 
detecting diversity within and between strains of 
Oreochromis niloticus. RAPD markers is good 
molecular marker  to understand the genetic 
diversity within and between the species at the 
molecular level in pelagic fish populations 
(Kuusipalo, 1999), in aquarium fishes (Koh et 
al., 1999), in cultured catfish (Yoon and Kim, 
2001), in cyprinidae fish (Callejas and Ochando, 
2002), in Indian major carps (Barman et al., 
2003), in six Labeo species (Das et al., 2005), in 
mosquito fish population (Grapputo et al., 2006) 
and in Salminus brasiliensis (Lopes et al., 
2007). Some studies were found out on these 
coldwater fish species for assessing the genetic 
diversity and phylogeny (Sivaraman et al., 
2010) also.

The aim of present study was to characterize the 
endemic fish species of coldwater bodies 
Schizothorax richardsonii, Tor putitora, Garra 
gotyla and Barilius bendelisis from Uttarakhand 
Himalayas (Kumaun and Garhwal region) on 
the basis of intraspecific and interspecific 
variations and to provide a phylogenetic 
hypothesis for the coldwater species.

Materials and Methods

Fish sampling

A total number of 60 individuals of four fishes 
(Schizothorax richardsonii, Tor putitora, Garra 
gotyla and Barilius bendelisis) were collected 
from two different geographically isolated 
location of Uttarakhand (Kumaun and Garhwal 
region) (Fig. 1, Table 1). Caudal fin sample of 
each fish were cut and placed in 2 ml vials 
containing 75% ethanol and voucher fish 
specimens immediately fixed in 5% formalin, the 

0 
fin samples were kept in at -20 C until DNA 
extraction. 

Extraction of Genomic DNA

Total genomic DNA was isolated from 50 mg fin 
tissue samples preserved in absolute ethanol 
using proteinase K and phenol chloroform 

method (Sambrook et al., 1989). Isolated 
genomic DNA was precipitated with 2- 2.5 
volume of chilled ethanol. The DNA pellets was 
washed twice with 70 % ethanol, air dried and 
resuspended in 1X TE (10 mM Tris-HCL, pH 8.0 
and 1 mM ethylene diaminetetraacetic  acid 

0 disodium salt) buffer and kept at -20 C till further 
use. Contaminating RNA was removed by 

0
digested with RNAase A (60 min at 37 ). The 
quality of DNA was checked by 0.8% agarose 
gel electrophoresis and the concentration of the 
DNA was estimated in UV-VIS spectrophoto-
meter (Thermo Scientific, England) at 260 nm 
and 280 nm absorbance. The concentration of 
the DNA was 50 µg/µl.

RAPD Primers and PCR Amplifications 

Altogether 60 (10 mer) random primers of OPA, 
OPX and OPY series from Operon technology 
were screened. Of these, 15 primers (Table 2) 
those produced the strongest amplification with 
reproducible polymorphic bands were selected 
for this study. All the primers have ~60% G+C 
content and have shown good amplification in 
Cyprinid fish species. RAPD-PCR amplifica-
tions was performed in a total volume of 30 µl 
containing 50 ng of genomic DNA, 100 pM of 
random primer, 200 µM of each dNTP, 3 µL 10 X 
PCR buffer, and 1 U of Taq DNA polymerase. 
Amplification was carried out in a programmed 
DNA thermal cycler (Eppendorf) which 

o consisted of initial denaturation at 94 C for 5 
min, followed by 35 cycles consisting of 

o denaturation at 94 C for 1 min, primer annealing 
o o 

at 36 C for 1 min, primer extension at 72 C for 1 
o min, and final extension at 72 C for 5 min. One 

negative control reaction containing distilled 
water instead of template DNA was used to 
check any contamination. For each sample, 3 µl 
of PCR product was electrophoresed on 1.2% 
agarose gel followed by ethidium bromide 
staining, and visualized under UV illumination in 
the Gel-Doc system (Alpha Imager 3400, Alpha 
Innotech Corporation, USA). Molecular weights 
were determined using 1 kb and 100 bp DNA 
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Fig. 1 Map showing the different sampling sites in the Uttarakhand region.

Table 1 Species, drainages, collection sites of specimens used in the study.

Species No. of Specimen Collection site of Kumaun  Collection site Garhwal  

S richardsonii 60 Gauri river Champawat  Alaknanda River Srinagar  

T. putitora 60 Kosi River, Ramnagar  Alaknanda River Srinagar  

G. gotyla 60 Gola River, Ranibagh  Alaknanda River Srinagar  

B. bendelisis 60 Gola River, Ranibagh  Alaknanda River Srinagar  
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markers (Fermentas, Canada), which was run 
parallel to the amplified product in gel or by the 
help of a computer program. 

Sequence analysis 

The RAPD bands were scored as present (1) or 
absent (0) in each pattern. RAPD calculations 
were carried out using the phylogenetic 
relationship analysis software, POPGENE 1.31 
(Yeh et al., 1999). The UPGMA dendrogram of 
species was constructed based on Nei's (1972). 
Genetic differentiation (G ) was calculated by st

using formula: Genetic dif (G ) = 1-H /H , where st s t

H  is sample gene diversity and H  is total gene s t

diversity. Gene flow was indirectly estimated 
among the species by using the formula: Nm = 
0.5 (1 – G )/G  (McDermott and McDonald, st st

1993). Shannon's diversity index was 
calculated to provide a relative estimate of the 
degree of genetic variation within each species 
using POPGENE 1.31 (Yeh, 1999).

Results and Discussion

In the present study 15 primers generated a total 
number of 150 fragments, with the approximate 
size ranging from 250 to 3000 bp. Siraj et al.  
(2007) used a maximum of 10 -15 random 
primers and observed more numbers of 
amplified fragments (226-449) with 79% and 
100% polymorphism of size range from 100bp-
1500bp respectively. The number of 
polymorphic loci was 96 for S. richardsonii, 108 
for B. bendelisis, 116 for G. gotyla and 117 for T. 
putitora. The percentage of polymorphic loci (P) 
was 64.00% for S. richardsonii, 72.00% for B. 
bendelisis, 77.33% for G. gotyla and 78.00% for 
T. putitora. The overall number of polymorphic 
loci for Garhwal species was 150 and overall 
percentage of polymorphic loci was 100%.  In 
accordance with our study Das et al. (2005) 
observed the varied range of 42.6%, 31.7%, 
19.2%, 16.8% and 14.3%  polymorphic loci in 
different carp species. RAPD loci showed the 
highest level of within population genetic 
diversities, including allele frequencies and ne 
estimates. However, Nei's genetic diversity was 

found to be higher in G. gotyla (0.3303) and 
lower genetic diversity was found in S. 
richardsonii (0.2812) for Garhwal region. The 
Shannon's index ranged from 0.4025 for S. 
richardsonii to 0.4765 B. bendelisis. Overall 
Shannon's diversity was 0.6028 for all four 
species from Garhwal. Total genetic diversity 
(Ht) was 0.4164, and the genetic diversity within 
populations (Hs) was 0.3137. Similarly, 
Bardakci et al. (2004) and Grapputo et al.  
(2006) were also observed the genetic diversity 
index ranging from 0.1022-0.1643(0.122), 
0.0579and 0.1563 among different fish 
population respectively.  The coefficient of 
genetic differentiation (Gst) varied among 150 
loci typed from 0.0023 to 0.8384, and the overall 
average Gst value was 0.2466 with a gene flow 
(Nm) = 1.5276. Nei's (1972) genetic distance 
between population, computed from combined 
data for all fifteen primers was 0.1915 for G. 
gotyla to S. richardsonii  0.1982 (Table 3).

The frequency of polymorphism was not the 
same among the four wild species in this study. 
The number of polymorphic loci was 101 for S. 
richardsonii, 104 for B. bendelisis, 93 for G. 
gotyla and 117 for T. putitora. The percentage of 
polymorphic loci (P) was 67.33% for S. 
richardsonii, 69.33% for B. bendelisis, 62.00% 
for G. gotyla and 78.00% for T. putitora. The 
overall number of polymorphic loci for Kumaun 
species was 149 and overall percentage of 
polymorphic loci was 99.33%. Higher genetic 
diversity was found in the T. putitora (0.3217) 
and lower genetic diversity was found for the G. 
gotyla (0.2600). The overall genetic diversity 
within Kumaun species was 0.3860. The 
Shannon's index ranged from 0.3766 for G. 
gotyla to 0.4683 for T. putitora. Overall 
Shannon's diversity was 0.5675 for all four 
species from Kumaun region. Total genetic 
diversity (Ht) was 0.3860, and the genetic 
diversity within populations (Hs) was 0.2894. 
The coefficient of genetic differentiation (Gst) 
varied among 150 loci typed from 0.0000 to 
0.9031, and the overall average Gst value was 
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Table 2 Primers and primer sequences used for the detection of polymorphism in coldwater fishes.
  

Oligos used as RAPD PCR
 

Sl. No. Primer Name Sequence (5’to 3’)

 GC content (%)  Length (mer)  

1 OPA1 CAGGCCCTTC 70%  10  

2 OPA4 AATCGGGCTG 60%  10  

3 OPA7 GAAACGGGTG 60%  10  

4 OPA10 GTGATCGCAG 60%  10  

5 OPA20 GTTGCGATCC 60%  10  

6 OPX1 CTGGGCACGA 70%  10  

7 OPX4 CCGCTACCGA 70%  10  

8 OPX5 CCTTTCCCTC 60%  10  

9 OPX7 GAGCGAGGCT 70%  10  

10 OPX8 CAGGGGTGGA 70%  10  

11 OPY2 CATCGCCGCA 70%  10  

12 OPY6 AAGGCTCACC 60%  10  

13 OPY7 AGAGCCGTCA 60%  10  

14
 

OPY10
 

CAAACGTGGG
 

60%
 

10
 

15
 

OPY20
 

AGCCGTGGAA
 

60%
 

10
 

Table 3 
region.

Nei’s unbiased measures of Genetic identity and genetic distance between fish populations from Garhwal

B. bendelisis (g) G. gotyla (g)  S. richardsonii  (g)  T. putitora (g)  

B. bendelisis (g) ----- 0.8257 0.7692  0.8109  

G. gotyla (g) 0.1915 ----- 0.7729  0.8202  

S. richardsonii  (g) 0.2624 0.2576 -----  0.8520  

T. putitora (g)
 

0.2095
 

0.1982
 

0.1601
 

-----
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Fig. 2 UPGMA dendrogram showing the phylogenetic relationship from Kumaun region using the RAPD markers.

Table 4 
region.

Nei’s unbiased measures of Genetic identity and genetic distance between fish populations from Kumaun  
 

B. bendelisis (k) G. gotyla (k)  S. richardsonii  (k)  T. putitora (k)

B. bendelisis (k) ----- 0.8580 0.8058  0.8062  

G. gotyla (k) 0.1531 ----- 0.8109  0.8109  

S. richardsonii  (k) 0.2159 0.2097 -----  0.8638  

T. putitora (k) 0.2154 0.2096 0.1464  -----  

Table 5 
regions. 

Genetic identity and genetic distance between and within fish populations from Kumaun and Garhwal 
 

B. b(g) B. b(k) G. g(g) G. g(k) S. r  (g)  S. r  (k)  T. p (g)  T. p (k)  

B. b(g) ----- 0.8754 0.8257 0.8158 0.7692  0.7884  0.8109  0.7802  

B. b(k) 0.1331 ----- 0.8536 0.8580 0.7941  0.8058  0.8314  0.8062  

G. g(g) 0.1915 0.1583 ----- 0.8524 0.7729  0.8046  0.8202  0.8115  

G. g(k) 0.2036 0.1531 0.1597 ----- 0.8138  0.8109  0.8091  0.8109  

S. r (g) 0.2624 0.2305 0.2576 0.2061 -----  0.8860  0.8520  0.8070  

S. r (k) 0.2377 0.2159 0.2175 0.2097 0.1210  -----  0.8754  0.8638  

T. p (g) 0.2095 0.1846 0.1982 0.2119  0.1601  0.1331  -----  0.9087  

T. p (k) 0.2482 0.2154 0.2088 0.2096 0.2145  0.1464  0.0958  -----  
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Fig. 3 UPGMA dendrogram showing the phylogenetic relationship from Garhwal region using the RAPD markers.

Fig. 4 UPMGA dendrogram showing the phylogenetic relationship from both (Kumaun and Garhwal) regions using the 
RAPD markers.
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0.2502 with a gene flow (Nm) = 1.4985. This 
result suggests that the gene flow in the 
Kumaun populations seems to be slow and 
indicative of little migration among population. 
Genetic distance between populations, 
computed from combined data for all fifteen 
primers was 0.1531 for G. gotyla to 0.2159 for S. 
richardsonii (Table 4).

The overall genetic diversity within and between 
Garhwal and Kumaun species was 0.4129. 
Overall Shannon's diversity was 0.6005 for all 
four species from Kumaun and Garhwal region. 
The genetic diversity within populations (Hs) 
was 0.3016. The coefficient of genetic 
differentiation (Gst) varied among 150 loci typed 
from 0.0337 to 0.8576, and the overall Gst value 
was 0.2696 with a gene flow (Nm) = 1.3548 for 
both region. Genetic distance within and 
between populations computed from combined 

data for all fifteen primers (Table 5). This result 
suggests that the gene flow in the Kumaun 
populations seems to be slow and indicative of 
little migration among population. Garhwal 
region is having higher proportion of 
polymorphism as compared to Kumaun region.

RAPD markers have been used successfully to 
determine species- specific traits in fishes and 
for constructing phylogenetic relation among 
species and sub-species (Callejas and 
Ochando, 1998). In the present investigation 
phylogenetic analysis by RAPD showed two 
clusters for Kumaun and Garhwal region, first 
cluster consist of the S. richardsonii and T. 
putitora, the second cluster consisting G. gotyla 
and B. bendelisis (Fig. 4). Genetic distance data 
showed that S. richardsonii and T. putitora are 
closely related to each other and G. gotyla and 
B. bendelisis are closely related to each other 



(Fig. 2 and 3). In this study that highest genetic 
distance were observed between S. richardsonii 
and B. bendelisis for both region (Table 3 and 4).  
Brahmane et al. (2006) observed the lowest 
genetic distance (0.213) between the Allahabad 
and Lal Gola population and highest (0.394) in 
between the Allahabad and Bhadbhud 
population. In the present study analysis of 
RAPD of four Cyprinidae fishes of Kumaun and 
Garhwal region of Uttarakhand suggests clear 
relationship between B. bendelisis and G. 
gotyla, and between S. richardsonii and T. 
putitora. The present phylogenetic tree also 
showed some relation with the karyotypic 
phylogeny and chromosomal duplication 
process of these species. KhudaBukhsh et al. 
(1986) viewed a diploid-polyploid relationship 
among some members within family 
Cyprinidae. The chromosomes numbers of 
these Cyprinidae fishes were considered in 
phylogenetic analysis that provides a clear 
pattern of relationship between these four 
species. The Cyprinidae fishes T. putitora 
(2n=100) and S. richardsonii (2n=98) have a 
close relationship and cluster together while B. 
bendelisis (n=50) and G. gotyla (n-50) were 
cluster together and more divergent from S. 
richardsonii and T. putitora. Therefore, the role 
played by polyploidy in the evolution of fish 
karyotypes seems to be quite significant in the 
present study using RAPD. This study may be 
useful in determining evolutionary characteris-
tics of these four species and compare the 
genetic diversity in different geographically 
isolated natural populations. This would be 
important for breeding programmes because 
maintaining genetic diversity within breeding 
populations is necessary to maximize hybrid 
vigour, because this species is not a migratory 
species and possibly suffers from inbreeding 
depression. The markers characterized in this 
study will be useful for linkage mapping and the 
location of quantitative trait loci. The cross 
species amplification of these markers in other 
Teleostei fishes in the present findings showed 

their abilities to study the genetic diversity 
analysis in those respective species and would 
be useful for full fledged genetic structure 
analysis.
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