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Abstract 
The present study was designed to investigate the morphological variations between three different 

stocks and analysis of nucleotide sequences based on major (45S) and minor (5S) ribosomal DNA in 

freshwater catfish, Eutropiichthys vacha. In truss analysis, univariate analysis of variance showed all 

significant morphometric measurements ((P<0.05) in 78 characters studied in three sub populations of E. 

vacha. In linear discriminant function analysis (DFA), the overall assignment of individuals into their 

original groups was 91.7%. The proportion of individuals correctly classified into their original groups 

was 88%. The principal component analysis (PCA) scatter plot and dendrogram also showed high degree 

of variation among three different stocks (sub populations) of E. vacha. The molecular characterization 

of each stock of E. vacha was done using the sequence length range and GC % of different primers. 

Findings of the present study can be utilized to understand the morphological and molecular variations in 

thre stocks of E. vacha of IUCN listed species.   
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Introduction 
E. vacha is a freshwater and brackish-water subtropical species which is commonly known as 

‘river cat- fish’. It is a commercially important food fish in Asian countries and has gained 

popularity among consumers due to its high nutritional value and good taste [1]. This fish is an 

important target species for small-scale fisheries. It is commonly known as Bacha and River 

catfish in Bangladesh [2], Batchwa or vacha in India [3], Cherki in Nepal [4] and Challi in 

Pakistan [5]. The populations of E. vacha from rivers, streams, canals, reservoirs, lakes and 

swamplands have seriously declined. E. vacha is widely distributed in Asia, throughout the 

Indian subcontinent including Bangladesh, India, Pakistan, Nepal, Myanmar and Thailand [6]. 

Morphometric and meristic characters of fish are the measurable and countable characters 

respectively common to all fishes. Landmarks refer to some arbitrarily selected points on a 

fish’s body and with the help of these points; the individual fish body shape can be analyzed. 

In other words, a landmark is a point of correspondence on an object that matches between and 

within populations [7-8]. Truss network systems constructed with the help of landmark points 

are powerful tools for stock identification. A sufficient degree of isolation may result in 

notable morphological, meristic and shape differentiation among stocks of a species which 

may be recognizable as a basis for identifying the stocks. The characteristics may be more 

applicable for studying short term, environmentally induced disparities and the findings can be 

effectively used for improved fisheries management [9-12]. The conservation status of E. vacha 

should be developed through effective habitat protection, public awareness programs and 

ranching. 

Studies of ribosomal RNA (rRNA) genes used especially for identification of evolutionary 

relationships and the characterization of genome structure animals and plants. In higher 

eukaryotes, rRNA genes are organized as two distinct multigene families comprised of tandem 

arrayed repeats composed of hundreds to thousands copies. One class is represented by the 

45S rDNA which consists of a transcriptional unit that code for 18S, 5.8S and 28S rDNAs 

separated by internal transcribed spacers (ITSs) and surrounded by intergenic spacers (IGS). 

The other class codes for 5S rRNA gene that consists of a highly conserved coding sequence 

of 120 base pairs (bp), which is separated from each transcriptional unit by a NTS. Unlike the 

45S rDNA, the 5S rDNA is not normally associated with nucleoli formation [13].  
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Although the 5S rDNA coding sequences are highly 

conserved even between non-related species, the variations in 

the non transcribed spacers (NTS) owing to 

insertions/deletions, mini-repeats and pseudo genes have been 

frequently characterized in several organisms [14-16]. This 

variation in the NTS of 5S rDNA has been useful for 

evolutionary studies and served as species or population-

specific markers [17-18]. The arrangement of 5S rRNA genes 

have been extensively studied in plants and animals [19-22] and 

yielded information about the evolution of this gene cluster as 

well as the species. However, in most eukaryotes, the 5S 

rDNA is normally detected in areas of the genome distinct 

from the 45S rDNA and histone gene clusters [22]. Due to 

attractive properties of fast evolving and repetitive nature, the 

rDNA is widely utilized for examining genetic variability and 

divergence among the species. 

The purpose of this study was to collect the morphological 

and genetic information about this threatened fish species, E. 

vacha. The results will provide useful information for species 

identification and genetic diversity assessment.  

 

Materials and Methods 

The specimens of E. vacha used for this study were randomly 

collected in period of two year during August 2014 to April 

2016 from river Ganga (Allahabad), Gomti river at Lucknow 

(Uttar Pradesh) and Son river (Rewa) with the help of local 

fishermen. The geographical coordinates of the collection 

sites were taken by GPS: Ganga river- Allahabad site 

(Latitude-250 25'17.31''N, Longitude- 81050'50.25''E, Altitude 

285ft), Gomti river-Lucknow site (Latitude- 260 51'36.83'' N, 

Longitude- 80055'46.28'' E, Altitude- 375ft), Son river- Betwa 

site (Latitude-240 00'44.76'' N, Longitude-80053'28.59'' E, 

Altitude-1267ft). A total of 41 specimens were used to study 

the morphological variations. The 13 landmarks used to infer 

morphological differences among populations: 1 Tip of snout; 

2 center of eye;3 forehead (end of frontal bone); 4 end of 

operculum; 5 dorsal origin of pectoral fin; 6 origin of dorsal 

fin; 7 origin of pelvic fin; 8 termination of dorsal fin; 9 origin 

of anal fin; 10 termination of anal fin; 11 dorsal side of caudal 

peduncle; 12 ventral side of caudal peduncle; 13 end of lateral 

line adapted as adoted by Strauss & Bookstein, 1982 [23]. 

A total of 78 distance measurements between 13 landmarks 

were surveyed using the truss network system according to 

Strauss & Bookstein, 1982 [23] with minor modifications for 

this species. Truss network measurements are a series of 

measurements calculated between landmarks that form a 

regular pattern of connected quadrilaterals or cells across the 

body form [25]. The fish were placed on a graph paper with 

dorsal and anal fins. The right body profile of each fish was 

photographed with digital camera. Images were saved in jpg 

format and analyzed with TPS dig [25] to coordinates of 13 

landmarks. A box truss of 26 lines connecting these 

landmarks was generated for each fish to represent the basic 

shape of the fish [26] All measurements were transferred to a 

spreadsheet file (Excel 2007), and the X–Y coordinate data 

transformed into linear distances by computer (using the 

Pythagorean Theorem) for subsequent analysis [24]. ANOVA 

was used to test for the significant differences in the 

morphometric characters. 

Size dependent variation was corrected by adapting an 

allometric method as suggested by Elliott et al. [27] 

Madj= M (Ls/Lo)b 

where M is original measurement, Madj is the size adjusted 

measurement, Lo is the standard length of the fish, Ls the 

overall mean of standard length for all fish from all samples 

in each analysis, and b was estimated for each character from 

the observed data as the slope of the regression of log M on 

log Lo using all fish from the five groups. The results derived 

from the allometric method were confirmed by testing 

significance of the correlation between transformed variables 

and standard length [24]. Univariate analysis of variance 

(ANOVA) was performed for each morphometric character to 

evaluate the significant difference between the five locations 
[28], and those morphometric characters which showed 

significant variations (P>0.05) in the present study, linear 

discriminant function analyses (DFA), principal component 

analysis (PCA) and cluster analysis (CA) were employed to 

discriminate the five populations. Principal component 

analysis helps in morphometric data reduction [29] in 

decreasing the redundancy among the variables [30] and in 

extracting a number of independent variables for population 

differentiation [31]. The DFA was used to calculate the 

percentage of correctly classified (PCC) fish. Statistical 

analyses for morphometric data were performed using the 

SPSS version 16 software package. 

For molecular study, muscle samples were used for DNA 

isolation from fish specimens. The genomic DNA was also 

extracted from the whole blood using the standard phenol-

chloroform–isoamylalcohol method as described by 

Sambrook and Russell, 2001 [32]. The primers for 18S 

amplification were designed from Cyprinus carpio sequence 

(NCBI accession no. AF133089) of Singh et al. 2009 [33]. The 

5S and 5.8 S amplification were carried out from Moran et al. 

1996 [34]. The primers for 28S were taken from Zardoya et al. 

1996 [35]. PCR reaction mixture contained 10× Taq buffer 

10µl, 4µl dNTPs mix, 400ng of each primer, 1µl Taq DNA 

reaction volume of 100 μL with water. The PCR cycling 

conditions for each ribosomal genes were: initial denaturation 

at 94 oC for 5 min; followed by 35 cycles of denaturation at 

94 oC for 30 sec; primer annealing at 55 oC for 30 sec; primer 

extension at 72 oC for 1min with post cycling extension at 72 

oC for 5 min. Amplified products were run on 1.5% agarose 

gel stained with ethidium bromide. The PCR products were 

custom sequenced and the sequences were submitted to NCBI 

database.  

 

Results 

The schilbid catfish, Eutropiichthys vacha (IUCN Red List) 

are commercially important inland water teleostean fish 

which are quite palatable as a table fish. The present study 

reaffirms that the taxonomy and the phylogeny possesses the 

general trend of variability between the species as well as the 

conservedness in same family. The species mostly displaying 

the conservedness belong to the same geographical locations 

with diverse ecological conditions but here the fishes of 

Ganga River and Son River were closely related to each other. 

On the other hand the 45S (18S, 5.8S and 28S) and 5S 

(coding and NTS) rDNA units were amplified, sequenced, 

analyzed in subject species. This is the first study in the 

endangered species i.e. E. vacha. For amplification of 

divergent domain of 28S (D9, D11), partial 18S rDNA, 5.8S, 

5S suitable primers were used (Table 1). The length size (bp), 

GC % and accession numbers of internal transcribe spacer 1 

and 2, 18S rDNA, different divergent domains of 28 S rDNA, 

18S, 5.8S and 5S rDNA are given in Table 2. In 

Eutropiichthys vacha, all characters were found to be 

significant in Anova.
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Fig. 1: PCA plot of 3 populations of Eutropiichthys vacha of river Ganga (Red), Gomti River (Blue), Son River (Green) and canonical 

discriminant function 

 

 
 

Fig. 2: Dendrogram based on morphometric characters and landmark distances of three populations of E.vacha i.e. Ganga (VAR00001 ), Gomti 

(VAR00002 ) and Son river (VAR00003 ) 

 

Table 1: Primer sequences of 45S and 5S rDNA used in the study. 
 

S. No. Code Primer sequences 

1 D9 F 5’-CGGCGGGAGTAACTATGACTCTCTTAAGGT-3’ 

2 D9 R 5’- CCGCCCCAGCCAAACTCCCCA-3’ 

3 D11 F 5’- TGAAATACCACTACTCTTATCGTT-3’ 

4 D11 R 5’- GGATTCTGACTTAGAGGCGTTCAG-3’ 

5 18 S F 5’- GTAGTCATATGCTTGTCTC -3’ 

6 18 S R 5’- GAAACCTTGTTACGACTT-3’ 

7 5.8 F 5’- CAACTCTTAGCGGTGGATCA-3’ 

8 5.8 R 5’- AGCGACCCTCAGACAGGCGTGG-3’ 

9 5SF 5’-TACGCCCGATCTCGTCCGAT-3’ 

10 5SR 5’-CAGGCTGGTATGGCCGTAAGC-3’ 

 
Table 2: GenBank accession numbers, Gene name, Species name, length (bp) and GC% of the sequences of the subject species used in the 

study. 
 

S. No. Accession numbers Gene name Species name and length (bp) length (bp) GC% 

1. KX827804 Divergent domain 9 of 28S rDNA E. vacha 465 bp 49% 

2. KX827805 Divergent domain 11 of 28S rDNA E. vacha 531bp 48% 

3 KX827801 Partial 18S rDNA E. vacha 1657bp 55% 

4 KX827802 5.8S rDNA E. vacha 370bp 63% 

5 KX827803 5S rDNA E. vacha 428bp 48% 

 

4. Discussion  

This is the first report on nucleotide composition of 45S major 

and 5S minor rDNA. The G+C contents were lower than A+T 

contents in the divergent domain 9 and 11 of 28S rDNA. The 

28S rDNA genes in fishes are slightly shorter than mammals. 

Hassouna et al. 1984 [36], while working with mouse, 

suggested that major variations in 28S rRNA gene size during 

the evolution have been restricted to a unique set of a few 

sites within a largely conserved secondary core structure. The 

divergent domains, responsible for the large increase in size 

of the molecule, from prokaryotes to higher eukaryotes 

represent half of the mouse 28S rRNA length.  

The sequence length of partial 18S rDNA and 5.8S rDNA are 

highly conserved. According to Singh et al., 2009 [33] the 18S 
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rDNA sequence showed 94% identity among the various 

species of Tor. In 5S region, the sequence length was much 

higher than that of other species. The sequence length of 5S 

was slightly similar to that of the different species of Tor. The 

variations in nucleotide sequences could be used for the 

understanding the genetic diversity. These results, in general, 

would enhance the value and interpretation of ecological 

assessment data for conservation of various species belonging 

to the family schilbeidae. The studies on ribosomal DNA gene 

activities have gained importance in a wide range of 

organisms especially for species/ population characterization 

as well as phylogenetic and evolutionary relationships [37]. 

 

5. Conclusion 

The aim of this study was to follow a series of investigations 

to understand the morphological characters like morphometric 

measurements and molecular characterization. Results of the 

present study may lead to understand the nucleotide sequence 

length since the sequence of variable region remain species 

specific, therefore, these segments can be used to study short 

term evolution. They can be used to measure gene variation at 

interspecies level and can be used extensively for purpose of 

taxonomic identification.  
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