
"Science Stays True Here" 
Biological and Chemical Research, Volume 2014, 40-51 | Science Signpost Publishing 

Genetic Diversity Between Rainbow Trout 

(Oncorhynchus mykiss, Walbaum) and Snow Trout 

(Schizothorax richardsonii, Gray) By Rapd Markers  

Satesh Vasave1, Amita Saxena1, S. K. Srivastava2 and A. Barat3 
1. College of Fisheries, G. B. Pant University of Agriculture and Technology, Pantnagar, Uttarakhand – 263 145. 

2. Senior Scientist, Experimental Fish Farm, Champawat, Directorate of Coldwater Fisheries Reasearch, Bhimtal. 

3. Principle Scientist, Directorate of Coldwater Fisheries Research, Bhimtal. 

 

Received: September 06, 2014 / Accepted: September 30, 2014 / Published: November 25, 2014 

 
Abstract: The study of genetic diversity between Rainbow trout and Snow trout were done by using random amplified polymorphic 
DNA technique. The 5 RAPD primers generated a total 68 consistently scorable bands size ranging from 220-2018 bp. The percentage 
of polymorphic loci observed to be 17.65 % for Rainbow trout and 35.29 % for Snow trout. According to polymorphic loci the amount 
of genetic variation between the two species was Rainbow trout < Snow trout from low to high. The higher genetic diversity was found 
within the Snow trout population (0.1332), and lower genetic diversity was found for the Rainbow trout (0.0755). The Shannon index 
ranged from 0.1087 (Rainbow trout) to 0.1963 (Snow trout). 
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1. Introduction  

RAPD procedures were first developed in 1990 (Welsh and McClelland, 1990; Williams et al., 1990) using PCR to 
randomly amplify anonymous segments of nuclear DNA with an identical pair of primers 8–10 bp in length. Because 
the primers are short and relatively low annealing temperatures (often 36–40 0C) are used, the likelihood of amplifying 
multiple products is great, with each product (presumably) representing a different locus. It has several advantages and 
has been quite widely employed in fisheries studies (Okumus Ibrahim and Çiftci Yılmaz, 2003). The method is simple, 
rapid and cheap, it has high polymorphism, only a small amount of DNA is required no need for molecular 
hybridization and most importantly, no prior knowledge of the genetic make-up of the organism in question is required 
(Hadrys et al., 1992).  

RAPD markers allow creation of genomic markers from species of which little is known about target sequences to be 
amplified. This methodology has some disadvantages which include difficulty in reproducing results, subjective 
determination of whether a given band is present or not, and difficulty in analysis due to the large number of products. 
This is because RAPDs are not sensitive to any but large-scale length mutations. Therefore, variation might be 
underestimated (Brown and Epifanio, 2003). 

In India, lack of much attempts were noticed regarding the genetic diversity between Rainbow trout and Snow trout. 
So this study was carried out for analyzing the genetic diversity. 
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2. Materials and Methods 

Genomic DNA was isolated from caudal fins by the phenol–chloroform procedure (Sambrook et al., 1989). 
Electrophoresis was done on 0.8% agarose gel to check the quality of genomic DNA (This technique is simple, rapid to 
perform and capable of resolving fragments of DNA). The purified genomic DNA, dissolved in TE buffer, was taken 
for quantification by UV absorbance at 260 nm. The O.D. at 280 nm was also recorded for determining protein 
contamination. 

Conc. in 𝜇𝜇𝜇𝜇/𝜇𝜇𝜇𝜇 =
𝑂𝑂.𝐷𝐷.260  ×  50 ×  𝐷𝐷𝐷𝐷𝜇𝜇𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑓𝑓𝑓𝑓𝑓𝑓𝐷𝐷𝐷𝐷𝑡𝑡

1000
 

The ratio of O.D.260/O.D.280 gives the amount of RNA or protein in the preparation. A value of 1.8 is optimum for 
good quantity of DNA. A value of the ratio below 1.8 indicates presence of protein in the preparation and a value above 
1.8 indicates the presence RNA. Then the PCR amplification was done of the genomic DNA with primer.The RAPD 
products were electrophoresed in 1.2% agarose gel with ethidium bromide. 50 µg standard molecular weight marker 
(100bp ladder) was also loaded in one lane along with the PCR samples and run at 90 volts for 3 hour. The final gel was 
visualized under Gel-Doc system. Molecular weights of the bands were determined using software and computer. Gels 
were scored for the presence or absence of amplicon in each lane and the data was recorded as a binary matrix.  If a 
band was present, it was recorded as “1” and if absent, as “0”. The molecular sizes of the RAPD product were estimated 
by their comparison with standard molecular size marker (100 bp DNA ladder), which was run parallel to the amplified 
products in the gel or by the help of a computer program. All calculations were carried out using the population genetic 
analysis software, POPGENE 1.31 (Yeh et al. 1999). The UPGMA dendrogram of population was constructed based on 
Nei’s (1972) genetic distances using NTSYSpc software. The UPGMA dendrogram of population was constructed 
based on Nei’s (1972) genetic distances using NTSYSpc software. 

3. Results and Discussion 

The population genetic studies between Rainbow trout (Onchorynchus mykiss) and Snow trout (Schizothorax 
richardsonii) were carried out using RAPD marker. The RAPD marker is very cost effective and not requires any prior 
knowledge of the target DNA sequence. 

Statistical analysis     

 A binary system of 0 (if the band is absent) and 1 (if the band is present) were used to score the unambiguous RAPD 
bands from gels. A data matrix of individual marker containing the band scoring information was transformed to allele 
frequencies under the assumption that each amplified band corresponds to different RAPD locus. The statistical analysis 
of RAPD was performed with the software POPGENE version 1.31 (Yeh et al., 1999). For all statistical tests, I have 
chosen a significance level α= 0.05 and a simulation of 1000 permutations. Genetic diversity was calculated as 
observed number of alleles (na), effective number of alleles (ne) (Kimura and Crow, 1964), the number of polymorphic 
bands, Nei's gene diversity 'h' (Nei, 1973), Shannon's information Index (Lewontin, 1972), total genetic diversity in 
population (Ht), within sample gene diversity (Hs) for RAPD data. 
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Table 1. Genetic variability found at 68 RAPD loci for Rainbow trout (Onchorynchus mykiss) and Snow trout (Schizothorax 

richardsonii) (SD within parentheses)  

Species Sample Nos. 
na(observed 

no.of alleles) 

ne (effective 

no. of alleles) 

H(Nei's gene 

diversity) 
I (Shannon's Index) Poly. loci 

Rainbow trout 10 
1.1765                         

(0.3841) 

1.1363 

(0.3076) 

0.0755 

(0.1675 

0.1087 

(0.2395) 

12 

(17.65%) 

Snow trout 10 
1.3529                        

(0.4814) 

1.2329 

(0.3581) 

0.1332 

(0.1959) 

0.1963 

(0.2818) 

24 

(35.29%) 

 

1         5         10M11       15         20 

 
Figure 1. OPA-1 Amplified products on 1.2% agarose gel. Each lane shows different individual amplified DNA Samples of 

Rainbow Trout (lane 1-10) and Snow Trout (lane 11-20) and M, 1 kb molecular weight markers. 

1         5         10M11       15         20 

 
Figure 2. OPA-2 Amplified products on 1.2% agarose gel. Each lane shows different individual amplified DNA Samples of 

Rainbow Trout (lane 1-10) and Snow Trout (lane 11-20) and M, 1 kb molecular weight markers. 
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1         5         10M11       15        20 

 
Figure 3. OPA-4 Amplified products on 1.2% agarose gel. Each lane shows different individual amplified DNA Samples of 
Rainbow Trout (lane 1-10) and Snow Trout (lane 12-21) and M, 1 kb molecular weight markers. 

1         5          10M11       15        20 

 
Figure 4. OPA-5 Amplified products on 1.2% agarose gel. Each lane shows different individual amplified DNA Samples of 
Rainbow Trout (lane 1-10) and Snow Trout (lane 11-20) and M, 1 kb molecular weight markers. 

1          5         10M11        15        20 

 
Figure 5. OPA-10 Amplified products on 1.2% agarose gel. Each lane shows different individual amplified DNA Samples of 
Rainbow Trout (lane 1-10) and Snow Trout (lane 11-20) and M, 1 kb molecular weight markers. 
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RAPD diversity and differentiation 

The 5 RAPD primers generated a total 68 consistently scorable bands size ranging from 220-2018 bp. The percentage 
of polymorphic loci was 17.65 % for Rainbow trout and 35.29 % for Snow trout, (Table - 1). According to polymorphic 
loci the amount of genetic variation between the two species was Rainbow trout<Snow trout from low to high. 

According to Nei (1987), the proportion of polymorphic loci is not a good measure of genetic variation. A more 
appropriate measure of genetic variation is average heterozygosity or gene diversity (h). Higher heterozygosity values 
indicate broader genetic diversity. In the present study, higher genetic diversity was found within the Snow trout 
population (0.1332), and lower genetic diversity was found for the Rainbow trout (0.0755) (Table - 1). This means that 
Snow trout population have a higher proportion of heterozygous genotypes than the Rainbow trout population, which 
was in accordance with the result of Shannon's Information index (Table - 1). The Shannon index ranged from 0.1087 
(Rainbow trout) to 0.1963 (Snow trout). 

The total gene diversity (Ht) in the population was 0.3296, and the genetic diversity within population (Hs) was 
0.1043. The genetic differentiation (Gst) of all populations were 0.6835 with a gene flow (Nm) = 0.2316. 

Genetic distances and dendrogram 

Using RAPD data the genetic distance between Rainbow trout and Snow trout was found to be, 0.6925. Based on 
these genetic distance measures, the dendrogram was made. The dendrogram showed one cluster, using RAPD markers 
(Figure - 6). The genetic identity between the populations from the amplified patterns of five random primers was 
0.5003 (Table - 2). 

Table 2. Nei's unbiased measures of genetic identity and genetic distance (1978). 

Pop ID Rainbow trout Snow trout 

Rainbow trout **** 0.5003 

Snow trout 0.6925 **** 

Nei's genetic identity (above diagonal) and genetic distance (below diagonal): (POPGENE ver 1.32). 

+---------------------------------------------------------pop1    Rainbow Tout 

--1 

+---------------------------------------------------------pop2    Snow Tout 

Figure 6. Dendrogram Based Nei's (1972) Genetic distance: Method = UPGMA 

Similarity Index and Dissimilarity Index 

The similarity index between all possible pair wise comparisons of individuals from all primers was calculated and 
phylogenetic relationship between individuals of Rainbow trout and Snow trout samples was constructed using cluster 
analysis (UPGMA contained in NTSYSpc package). The results showed clustering of Rainbow trout and Snow trout 
clearly separated from each with two separate clusters and within that each individual were separated by separate cluster. 
Thus all the individuals of each species formed monophyletic species clusters. 
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Figure 7. Phylogenetic tree produce by genetic distance between each individual samples of Rainbow Trout (RT1-RT10) and 

Snow Trout (ST1-ST10) by NTSYSpc 2.2 

 

Figure 8. Dendogram obtained by the Jaccard similarity index and method of UPGMA for Rainbow Trout (RT1-RT10) and 

Snow Trout (ST1-ST10). 
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Table 3. Matrix obtained by the Jaccard Similarity Coefficient for Rainbow Trout (RT1-RT10) and Snow Trout (ST1-ST10) by using NTSYSpc 2.2. 

 RT1 RT2 RT3 RT4 RT5 RT6 RT7 RT8 RT9 RT10 ST1 ST2 ST3 ST4 ST5 ST6 ST7 ST8 ST9 ST 10 

RT1 1                    

RT2 0.918 1                   

RT3 0.878 0.959 1                  

RT4 0.878 0.959 0.918 1                 

RT5 0.896 0.939 0.938 0.938 1                

RT6 0.878 0.959 0.918 0.918 0.898 1               

RT7 0.878 0.959 0.958 0.918 0.938 0.958 1              

RT8 0.820 0.900 0.898 0.898 0.917 0.898 0.898 1             

RT9 0.875 0.880 0.840 0.878 0.896 0.917 0.878 0.896 1            

RT10 0.896 0.939 0.898 0.938 0.917 0.938 0.938 0.878 0.936 1           

ST1 0.433 0.406 0.375 0.397 0.403 0.375 0.375 0.381 0.410 0.403 1          

ST2 0.446 0.463 0.433 0.477 0.439 0.433 0.433 0.439 0.446 0.462 0.698 1         

ST3 0.492 0.462 0.431 0.453 0.460 0.431 0.431 0.438 0.468 0.460 0.851 0.759 1        

ST4 0.468 0.439 0.409 0.431 0.438 0.431 0.409 0.438 0.468 0.438 0.776 0.827 0.804 1       

ST5 0.476 0.448 0.418 0.439 0.446 0.439 0.418 0.446 0.476 0.446 0.780 0.830 0.843 0.918 1      

ST6 0.484 0.455 0.424 0.446 0.453 0.424 0.424 0.431 0.460 0.453 0.796 0.811 0.755 0.860 0.827 1     

ST7 0.483 0.453 0.422 0.468 0.452 0.422 0.422 0.429 0.459 0.452 0.809 0.860 0.800 0.875 0.840 0.896 1    

ST8 0.517 0.484 0.453 0.476 0.484 0.476 0.453 0.460 0.492 0.484 0.776 0.759 0.804 0.878 0.880 0.860 0.837 1   

ST9 0.452 0.424 0.394 0.415 0.422 0.415 0.394 0.422 0.452 0.422 0.755 0.774 0.857 0.820 0.824 0.769 0.780 0.784 1  

ST10 0.468 0.439 0.409 0.431 0.438 0.431 0.409 0.438 0.468 0.438 0.776 0.792 0.840 0.840 0.843 0.860 0.837 0.840 0.857 1 
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Genetic markers have many other potential uses in managing farmed and wild stocks, for example identifying origin 
of escaped farm stock in Atlantic salmon, rainbow trout and Atlantic cod (Glover 2010) and defining potential 
introgression of genes from farm escapes into wild populations of salmon (Skaala et al. 2006). 

In the present study 5 primers generated a total number of 68 fragments, with the approximate size ranging from 220 
to 2018 bp. This wide range of band sizes is comparable to the results of studies carried out by other authors. For 
example, Hatanka and Galetti, (2003); Dergam et al., (2002); Arnishi and Okimoto, (2004) and Grapputo et al. (2006) 
also employed 3 to 5 random primers in different fish species from different locations and found the total numbers of 
amplified fragments varied from 31 to 74 with a size ranging from 300bp – 1500bp. Callejas and Ochando (2002) and 
Das et al. (2005) used a maximum of 5 and 15 random primers, respectively and observed more numbers of amplified 
fragments (270 and 449) in fish species. However, Yoon and Kim (2001) employed only 5 random primers and 
observed a maximum of 1344 numbers of amplicons. The presence of more numbers of fragments might be due to the 
presence of more priming site at the template DNA with the particular series of Operon primers employed in their 
study. 

Evaluation of the genetic diversity between Rainbow Trout and Snow trout was carried out by using 10-mer random 
primers and found a total of 77.94% polymorphism. The Schizothorax richardsonii has shown more polymorphism 
(35.29 %) than the Onchorhynchus mykiss (17.65%). It is because of the as Snow Trout collected from the natural 
waters and this permit wide range of individuals present other than siblings and less probability of mating within same 
parental stock. Whereas Rainbow trout was collected from the cultured stock in a pond and there are more chances of 
inbreeding. Whereas, Das et al (2005) observed the varied range of 42.6%, 31.7%, 30%, 19.2%, 16.8% and 14.3% 
polymorphic loci in different carp species. Liu and Chu-Wu (2006) also calculated very high (86.00 – 92.11%) 
polymorphic loci ratio in five species of snappers using the RAPD technique. Hence, in the present study 
polymorphisms of alleles found to be less in comparison to other reports.  

RAPD markers show dominance property and so, the gene frequency estimates calculated from RAPD data is less 
accurate than those obtained from co-dominant markers (Lynch and Milligan, 1994).  

In this study, Nei’s genetic diversity was found to be higher in Snow Trout than Rainbow Trout. The genetic distance 
between Rainbow Trout and Snow trout was found to be, 0.6925. They show significant genetic differentiation due to 
low level of gene flow (0.2316). Difference in population gene diversity (Hs) and total gene diversity (Ht) indicate much 
genetic differentiation among the population. The overall genetic diversity, Ht = 0.3296 ± 0.0394, is largely varied to 
the average subpopulation genetic diversity, Hs = 0.1043 ± 0.0159, which revealed a more genetic differentiation among 
the Rainbow Trout and Snow trout populations studied (Gst = 0.6835). Lopes et al. (2007) observed moderate genetic 
variability index (P>42.0%) in S. brasiliensis, when compared to other migratory fish species. 

The RAPD technique has been used for phylogenetic relationship in different fish species (Bardakci and Skibinski, 
1994; Callejas and Ochando, 2002; Barman et al., 2003; Bardakci et al., 2004; Das et al. (2005); Aranishi and Okimoto, 
2004; Li and Chu Wu, 2006).Phylogenetic analysis by RAPD showed two different clusters between two populations 
(Rainbow Trout and Snow trout). Again Jaccard coefficient values gave different cluster for each of the individual 
samples used for the study. The similarity index between all possible pair wise comparisons of individuals were 
calculated (Nei 1978). The similarity index value within the individuals of Rainbow trout obtained was 0.820 - 0.959 
while in Snow trout individual’s ranges from 0.698 - 0.918 and between the Rainbow and Snow trout it ranges from 
0.375 – 0.517. This indicates that Snow trout individuals have wide range of similarity index value. 
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