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Abstract

Random Amplified Polymorphic DNA (RAPD) analysis was conducted for 
molecular identification of most commonly occurring fish species in Central India. 
In the study, male and female species of Labeo rohita, Catla catla and Cirrhina 
mrigala (family: Cyprinidae) were randomly collected from various locations 
of central Indian region. For polymerase chain reaction, ten decanucleotide 
primers (RAn primer series) were used. On the basis of interpretability, 
simplicity and reproducibility, six random primers RAn 1 (GATGACCGCC), RAn 
3 (GGCACGTAAC), RAn 4 (GGCATGACCT), RAn 5 (GGGTAACGCC), RAn 
9 (GTGCCAAATG) and RAn11 (GTGCCCGTTA) were considered for genetic 
differentiation and band analysis. We observed varied size of amplified products 
depending upon the sequence of random primers and genotypes used. A 
total of 55 discrete amplified products were obtained (size 200 to 2000 bp 
approximately). Out of 55 products, 29 were species specific markers indicating 
high level polymorphism among species. The highest and lowest number of 
RAPD bands detected for primers RAn 5 and RAn 9 was 12 and 6 respectively. 
16 bands were most relevant as found common in all three species of family: 
Cyprinidae. Highest monomorphism observed for C. catla and C. mrigala (5 
bands) and lowest for L. rohita & C. mrigala (1 band). Similar band patterns were 
obtained for both male and female of all three fish species showing 100 percent 
sexual genetic similarity. The diverse nature of DNA bands indicated the genetic 
distance between fish species and presence of common bands attributed to an 
evolutionary relationship. Pattern of species specific unique bands observed 
might be useful tools for molecular identification. Our study re-establishes the 
importance of RAPD-PCR technique for molecular taxonomy studies in diverse 
fish species.
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diversity. Many molecular techniques are now available, which allow 
ecologists and evolutionary biologists to determine the genetic 
architecture of a wide variety of closely related individuals. The 
discovery of the PCR had a major impact on the research of eukaryotic 
genomes and contributed to the development and application of 
various DNA markers [7-9].

RAPDs are particularly useful to study the genetic structure of 
populations because they reveal polymorphisms in non-coding 
regions of the genome. Random primers produce RAPDs that have 
been used extensively as molecular markers [10-11]. RAPDs also have 
the advantage that no prior knowledge of the genome is necessary for 
successful application [12-13].

The RAPD markers method has been reported to be an 
efficient tool to differentiate geographically and genetically isolated 
population, and has been used to verify the existence of population 
of species that have arisen either through genetic selection under 
different environmental conditions or as a result of genetic drift [14]. 
During the last few years, RAPD-PCR has been shown wide range of 
applications in fisheries and poultry [15-21].

In view of the above facts, the present study was aimed to develop 
RAPD fingerprinting in Labeo rohita, Catla catla and Cirrhina 

Introduction
India has about 4.4 percent of the global fish production; this 

sector contributes to 1.1 percent of the GDP and 4.7 percent of the 
agricultural GDP. The total fish production of India (2010-11) is 
around 7.50 million tones including 4.50 million tones of inland fish 
and 3.00 million tones of marine fish [1]. The application of genetics 
in aquaculture and fisheries resource management has been very 
limited as compared to agriculture, forestry and animal husbandry.

Information on the molecular structure of fish species is useful 
for optimizing identification of stocks, stock enhancement, breeding 
programs, management for sustainable yield and preservation of 
genetic diversity [2-5]. 

Molecular techniques based on DNA sequence polymorphism are 
now used in population genetics studies, systematic and molecular 
taxonomy to get an answer to systematic related problems. Molecular 
techniques played an important role to understand the basis of 
polymorphism of a species, species diagnostics and population 
differentiation [6].

Within the last decade, scientific progression has increasingly 
supported the use of molecular techniques in determining population 
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mrigala collected from Sagar region, Madhya Pradesh and also aimed 
to generate species-specific RAPD marker as a reference database for 
species recognition and characterization. Thus, the investigation will 
provide valuable tool in the form of diagnostic markers for fisheries 
conservation and management of these species.

Material and Methods
Sample collection

Three species Labeo rohita, Catla catla and Cirrhina mrigala 
(male and female) were collected from local rivers and lakes of Sagar 
region and preserved at -20°C. The most commonly used sources of 
fish DNA are scales, fin and muscles tissue. A rapid DNA extraction 
method developed by using modified lysis buffer that require about 2 
hours duration. This methodology is non-invasive, less expensive and 
reproducible with high efficiency of DNA recovery [22]. 

DNA extraction
Approximately, 50 mg of scales were taken from each species 

and dried on a filter paper. The scales were then cut into small pieces 
and placed in a 2 ml-Eppendorf tube containing 940 µl lysis buffer 
(200mM Tris-HCl, pH 8.0; 100mM EDTA, pH 8.0; 250 mM NaCl), 30 
µl proteinase K (10 mg/ml) and 30 µl 20 percent SDS. The content in 
the tubes were incubated at 48°C for 45-50 min in a water bath. After 
incubation, 500 µl volume of phenol: chloroform: isoamyl alcohol 
(25:24:1) was added to the tube containing lysed scales cells. The 
contents were then mixed properly by gently inverting the tube for 
10 min to precipitate the proteins and other part of the nucleic acids. 
The tube was then rotated for 10 min at 9,200 g. The top aqueous 
layer was transferred to a new 1.5 ml-Eppendorf tube, leaving 
interface and lower phase. The DNA was precipitated by adding 
equal volume of isopropanol and 0.2 volumes of 10 M ammonium 
acetate and inverting the tubes gently several times. The precipitated 
DNA was then pelleted by centrifugation at 13,200 g for 10 min. The 
supernatant was removed by pouring out gently, taking care to avoid 
loss of DNA pellet. The pellet was then washed briefly in 500 µl chilled 
70 percent ethanol, air-dried and resuspended in 200 µl sterile water/
TE buffer.

After ensuring complete solubility of DNA, the purity factor 
(A260/A280 nm) was measured by UV spectrophotometer (Cole Parmer 
Ins. Company, US) and its integrity was checked by loading 10 µl 
DNA preparation (2 µl extracted DNA, 2 µl dye and 6 µl sterile water) 
on 0.8 percent agarose gel and stained with ethidium bromide. The 

extracted DNA samples were then stored at -20°C till their further 
use. These DNAs were used as templates in a PCR based search for 
producing RAPD markers. 

DNA amplification by PCR 
Prior to the experimentation pilot study was performed in 10 

fishes of each species (both female and male). The data thus observed 
showed similarity in banding pattern (considering all bands) and 
therefore only one male and female from each species considered 
during experimentation.

The DNA was amplified by using 50 μl of reaction mixture 
containing sterile water 39.0 µl, 10X Taq Buffer A 5.0 µl, 10mM 
dNTP mix 2.0 µl, RAPD primer 2.0 µl (RAn series supplied by 
Bangalore genei company), DNA template (10ng/µl) 1.0 µl, Taq 
DNA polymerase (3 U/µl) 1.0 µl. The amplification was carried out 
in thermal-cycler (Eppendorf pro) under the PCR conditions were 
predenaturation at 94°C for 5 min followed by two loops. First loop 
of 10 cycles of denaturation at 94°C for 45 sec, annealing at 35 °C for 
1 min and extension at 72 °C for 1.5 min and, second loop of 40 cycles 
of denaturation at 94 °C for 45 sec, annealing at 37 °C for 45 sec and 
extension at 72 °C for 1 min. The final extension was performed at 
72 °C for 10 min. On the basis of results of initial RAPD analysis on 
pooled DNA, 6 out of 10 primers were chosen for further analysis, 
based on band pattern quality, reproducibility and the presence of 
diagnostic bands. Finally the RAPD-PCR was done using six primers 
(Table 1). 

The amplified products were run on 2 percent agarose gel 
(stained with Ethidium bromide) with 100bp DNA ladder and Low 
range DNA ruler ranges from 100 bp to 3000 bp (LRDR). Gels were 
photographed under gel documentation (MultiDoc-It, Labmate, UK). 
RAPD patterns were visually analyzed and scored from photographs. 

Results
A series of discrete bands were obtained after amplification of 

DNA samples of all three fish species with six primers (Table 1). The 
different primers produced different banding patterns (Figure 1-6). 
For the comparison of these patterns, a set of distinct, well separated 
bands were selected, avoiding the weak and unresolved bands [23] 
to find out consistent banding pattern among the individuals within 
specific populations of the fish. Majority of primers produced 
potential markers. 

Primer Nucleotide sequence 5’ 
to 3’

Size range of amplified 
bands (base pairs)

Total number of bands No. of selected species-specific RAPD fragments 
characteristic for:

L.rohita C.catla C.mrigala L. rohita C. catla C. mrigala

RAn1 GATGACCGCC 200-1185 1 5 5 0 0 2

RAn3 GGCACGTAAC 350-1500 4 3 3 2 0 2

RAn4 GGCATGACCT 200-1500 2 3 3 2 3 2

RAn5 GGGTAACGCC 300-2000 4 3 5 3 2 2

RAn9 GTGCCAAATG 200-900 1 3 2 1 2 1

RAn11 GTGCCCGTTA 350-2000 4 3 1 3 2 0

Total
16 20 19 11 9 9

55 29

Table 1: Total number of amplified band fragments and number of selected species specific fragments with six primers in three fish species. (Only male specimens 
were considered).
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The data of inter species specific analytical study indicates that 
a total of 55 DNA markers (considering all bands) were detected in 
all three fish species, out of which, 40 bands were polymorphic, can 
be considered as useful RAPD markers (Table 1). The remaining 15 
bands were monomorphic suggesting that all three fish species have a 
common ancestor and are genetically closer to each other. During the 
analysis, only males were considered as sexual differentiation was not 
observed during the pilot study. 

The largest number of RAPD bands were detected for primer 
RAn 5 (12 bands, Figure 4), while the lowest number was scored 
for primer RAn 9 (6 bands, Figure 5). Such a wide variation in the 
number of markers produced by these arbitrary primers attributed to 
the difference in the binding sites throughout the genome of the fish 
species under study. The molecular weight of scorable bands generated 
by these primers ranged from 200 to 2000 bp. Highest molecular 
weight range was exhibited for RAn 5 (300 bp - 2000 bp) while it was 
lowest for RAn 9 (200 bp - 900 bp). Number of polymorphic bands 

produced per primer ranged from one to five with an average of 3.06 
bands per primer.

Seven scorable bands were obtained by these primers having 
molecular weight more than 1000 bp and 29 scorable bands were 
having molecular weight of more than 500 bp (52.73 %). 

Large numbers of family and species specific bands were 
scored within RAPD profiles produced by these primers. Out of 40 
polymorphic bands, 29 bands were counted as species specific (52.73 
percent). 11 species specific markers were scored for Labio rohita 
while 9 markers each for Catla catla and C. mrigala species (Table 1). 
The largest number of RAPD species specific markers were scored by 
Primer RAn 4 (7 markers) and RAn 5 (7 markers) while the lowest 
number was scored by the primers RAn 1 (2 markers). On the basis 
of amplification pattern obtained, the six primers can be classified as 
follows: 

Figure 1: RAPD banding pattern amplified by RAn 1 primer (GATGACCGCC) 
Lane 1 100bp DNA ladder, Lane 2 Labeo rohita (Male), Lane 3 Labeo rohita 
(Female), Lane 4 Catla catla (Male), Lane 5 Catla catla (Female), Lane 6 
Cirrhina mrigala (Male), Lane 7 Cirrhina mrigala (Female), Lane 8 Low range 
DNA ruler.

Figure 2: RAPD banding pattern amplified by RAn 3 primer (GGCACGTAAC) 
Lane 1 100bp DNA ladder, Lane 2 Labeo rohita (Male), Lane 3 Labeo rohita 
(Female), Lane 4 Catla catla (Male), Lane 5 Catla catla (Female), Lane 6 
Cirrhina mrigala (Male), Lane 7 Cirrhina mrigala (Female), Lane 8 Low range 
DNA ruler.

Figure 3: RAPD banding pattern amplified by RAn 4 primer (GGCATGACCT) 
Lane 1 100bp DNA ladder, Lane 2 Labeo rohita (Male), Lane 3 Labeo rohita 
(Female), Lane 4 Catla catla (Male), Lane 5 Catla catla (Female), Lane 6 
Cirrhina mrigala (Male), Lane 7 Cirrhina mrigala (Female), Lane 8 Low range 
DNA ruler.

Figure 4: RAPD banding pattern amplified by RAn 5 primer (GGGTAACGCC) 
Lane 1 100bp DNA ladder, Lane 2 Labeo rohita (Male), Lane 3 Labeo rohita 
(Female), Lane 4 Catla catla (Male), Lane 5 Catla catla (Female), Lane 6 
Cirrhina mrigala (Male), Lane 7 Cirrhina mrigala (Female), Lane 8 Low range 
DNA ruler.
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100 percent polymorphic primers: RAn 4 (8 bands) and Ran 9 (6 
bands) primers successfully amplified 100 percent polymorphic band 
pattern for differentiation of all three species of fish. 

Monomorphic primers: Four primers RAn 1, RAn 3, RAn 5 
and RAn 11 exhibited homologous banding patterns along with 
polymorphism. Total 7 homologous bands obtained (Table 2). The 
monomorphic bands obtained between fish species were as follows:

•	 Between C. catla and C. mrigala: Three primers showed 
homology between C. catla and C. Mrigala (Figure 1,2 
and 4). Primer RAn 1 amplified 2 (250 bp and 800 bp), 
primer RAn 3 amplified 1 (700 bp) and primer RAn 5 
amplified 1 monomorphic band (650 bp). 

•	 Between C. catla and L. rohita: Only one primer RAn 3 
(Figure 2) amplified 2 monomorphic band pairs (800 bp 
and 250 bp). 

•	 Between L. rohita, C. Catla and C. mrigala: Primer RAn 
11 (Figure 5) specifically amplified 1 band (450 bp) 
homologous to all three fish species. Therefore considered 
as family specific diagnostic marker. 

100 percent sexual and intra specific genetic similarity: Similar 
band patterns were obtained for both male and female individuals of 
all three species of fishes (Figure 1-6). 

The diverse nature of DNA bands indicates the genetic distance 
between fish species but the presence of common bands indicates 
evolutionary relationship. RAPD fingerprinting offers a rapid and 
efficient method for generating a new series of DNA markers in 
fish [24-26]. A variety of published studies have been utilized the 
RAPD assay for solving numerous problems of systematic as well 
as for reconstruction of phylogenetic relationships in fish [27,28]. 
RAPD has also been used to estimate genetic diversity and variations 
required studying fish management and conservation practices, even 
with endangered species [29,30].

RAPD markers have been proved for pedigree identification, 
pathogenic diagnostics, and trait improvement in genetics and 
breeding programmes [31]. RAPD markers have been used for 
gynogenetic fish identification [32,33] and for gene mapping studies 
in fish [34-36].

Many RAPD-PCR studies have been analysed at molecular 
level in fisheries and can be used efficiently for variation analysis of 
populations with differential degrees of geographic isolation. Garg 
et al. [37] analyzed the genetic variation of the 2 populations of 
Mystus vittatus (Bloch) of Madhya Pradesh, India using RAPD-PCR. 
Fundamental DNA marker studies on genetic variation in riverine 
and hatchery populations of C. catla in Bangladesh have been carried 
out using microsatellites [38] and RAPD markers [26]. Brahmane et 
al. [39] studied about the RAPD genetic variation between 4 different 
populations of Hilsa Shad fish from Ganga, Yamuna, Hoogly and 
Narmada rivers of India. Rahman et al. [40] used RAPD markers 
to assess genetic variation in three wild populations of the Catla 
carp in the rivers and one hatchery population in Bangladesh. Da 
Silva Cortinhas et al. [41] examined RAPD markers to authenticate 
the genetic diversity in A. brasiliensis from two different places. 
Genetic structure of four wild populations of two hill stream fish 
Barilius bendelisis and B. barna was studied using RAPD markers in 
Uttarakhand, India [42]. RAPD and Inter-Simple Sequence Repeat 
(ISSR) markers were used to investigate the genetic structure of four 
subpopulations of Mystus nemurus in Thailand [43]. RAPD assay 
polymorphisms have also been applied to characterize markers 

Figure 5: RAPD banding pattern amplified by RAn 9 primer (GTGCCAAATG) 
Lane 1 100bp DNA ladder, Lane 2 Labeo rohita (Male), Lane 3 Labeo rohita 
(Female), Lane 4 Catla catla (Male), Lane 5 Catla catla (Female), Lane 6 
Cirrhina mrigala (Male), Lane 7 Cirrhina mrigala (Female), Lane 8 Low range 
DNA ruler.

Figure 6: RAPD banding pattern amplified by RAn 11 primer (GTGCCCGTTA) 
Lane 1 100bp DNA ladder, Lane 2 Labeo rohita (Male), Lane 3 Labeo rohita 
(Female), Lane 4 Catla catla (Male), Lane 5 Catla catla (Female), Lane 6 
Cirrhina mrigala (Male), Lane 7 Cirrhina mrigala (Female), Lane 8 Low range 
DNA ruler.

S. No. Fish Species Band size (bp) Primer used

1. C.catla & C.mrigala (4 bands)

800 RAn1

700 RAn3

650 RAn5

250 RAn1

2. C.catla & L.rohita (2 bands)
550 RAn3

350 RAn3

3. L. rohita, C. Catla & C.mrigala (1 
band) 450 RAn11

Table 2: Number of selected homologous bands between fish species.
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within and among Tilapia from Epe, Badore water bodies and 
Carboom fish farm hatchery through selective breeding programs 
[44]. Thus, the sequence analysis is helpful in calculating the exact 
genetic distance between fish species. Usefulness of RAPD-PCR 
technique in differentiating species, subspecies and strains in fish has 
been demonstrated by many researchers worldwide [45-50].

Conclusion
The study indicates effectiveness of RAPD markers in detecting 

the ratio of polymorphism, monomorphism and estimating genetic 
distance among three fish species under study. Both monomorphic 
and polymorphic DNA bands were identified based on their presence 
or absence that could be used for species differentiation. Considering 
the above results, RAPD markers may be recommended as quick 
and reliable discrimination technique, compared with other marker 
approaches, for detecting polymorphism and establishment of genetic 
relationship among L. rohita, C. catla and C. mrigala species.

Once the population structure is known, scientific management 
for optimal harvest and conservation of the fishery resource can 
be undertaken. This method of DNA fingerprinting is important 
since it is relatively easy to obtain valuable data. It allows for a 
more introspective interpretation of diversity within a population. 
Therefore, the present study may serve as a reference point for future 
examinations of genetic variations between the species of fish which 
are commercially important and play a significant role in food chain 
in lentic as well as lotic habitats. 

It is important to mention that data results from RAPD assays 
can be extended to further dissect traits in a more refined way. 
There is also the opportunity and need to study sequences of specific 
polymorphic bands, to determine the genes detected by RAPD 
experiments. Further studies with other molecular methodologies 
are essential to clarify and confirm genetic relationships among fish 
species depicted using RAPDs.
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