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Abstract

Molecular phylogenetics is the fundamental aspect of biology. The similarity of molecular sequences in living
organism strongly suggests that species descendent from a common ancestor. Molecular phylogenetics uses the
sequence of molecules (nucleotides and amino acids) and how the change over time to infer these ewolutionary
relationship. The present study was undertaken the use of in silico a pproach and RAPD assay to generate species
specific phylogeny and evaluate the relationship among different group of fresh water and aquarium fishes. In the
pre sent study, nine fresh water fishes and three ornamental fishes sele cted which belongs to the four different orders
namely, Cypriniformes, Siluriformes, Perciformes and Cypridontiformes. The se phylogenetic trees constructed from
UPGMA method. RAPD analysis shows the great variation among different groups of fishes for the marker OPA6 and
OPA7. In the present study, 51 RAPD bands were detected for primer OPA7 (GAAACGGGTG) while the lowest
numbers of RAPD bands were scored for primer OPA9 (GGGTAACGCC). From this study OPA7 primer is found to be

useful for analysis of genetic dive rgence and molecular phylogenetic relationshipin Tele osts.
Keywords: Phyloge ne tics, Genetic Divergence, RAPD, In silico, UPGMA

1. INTRODUCTION

Fishes are an extremely diverse group of
vertebrates. They exhibit remarkable level of
diversity and it is important to humans from
economical, ecological and cultural points ofview.
Due to some environmental e ffe ct various types of
variation are found in fishes which affect their
morphology, ecology, ethology and genetics.
These genetic variations in a species enhance the
capability of organism to adapt to changing
environment and are necessary for survival of the
species. In conjunction with other evolutionary
forces like selection and genetic drift, genetic
variation arises between individuals leading to
differentiation at the level of population, species
and higher order taxonomic groups (Volf.,2005).

In fishery science, genetic
characterization is important for any successful
fish breeding program as well as gene banks for
conserving genetic resources. Information on
genetic characterization within hatchery stocks
indicates the level of success in their
management. Many molecular techniques are
now available, which allow Taxonomist and
evolutionary biologists to determine the genetic
architecture of a wide variety of closely related
individuals (Goswami et al, 2016; Abdul and
Muneer,2014).

The present study is undertaken with two
major objectives. First one consisting of RAPD
assay to generate species-specific RAPD profiles
to infer the phylogeny. The second one consisting
of an In-silico approach to reconstruct the

phylogeny and evaluate the relationship between
nine fresh water fishes and three ornamental
fishes of four different orders.

2. MATERIAL AND METHOD
2.1 RAPD PROFILING
2.1.1 Taxon sampling and specimens

Three ornamental fishes were selected
which belongs to four different orders namely,
Cypriniformes, Siluriformes, Perciformes and
Cypridontiformes. The nine freshwater fishes
comprises Catla catla H., Labeo rohita H.,
Cirrhinus mrigala H., Channa puncatas B, Clarias
gariepinus B., Clarias batrachus L., Wallago attu
B., Oreochromis mossambicus P. and Cyprinus
carpio L. collected from Ambazari lake of Nagpur.
The three ornamental fishes comprise Carassius
auratusL., Poecilia reticulate P. and Danio rerio H.
which are collected from aquarium shop. Six fish
specimen from each species were collected for
genomic diversity analysis. Tissues were collected
from fishes fin for isolation of DNA from tissue.
2.1.2 Genomic DNA extraction

DNA was prepared from fin tissue
described by Hillis & Moritz with some
modifications (Hillis & Moritz,1990).

Approximately 50 mg of the caudal fin tissue was
cut into small pieces and suspended in 500 ul
STE (0.1 M NaCl, 0.05 M Tris and 0.01 M EDTA,
pH 8). After adding 30 ul SDS (10 per cent) and
30 pl proteinase K (10 mg/ml 1), the mixture was
incubated at S0°C for 30 min. DNA was purified
by successive extraction with phenol:chloroform:
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isoamyl alcohol (25:24:1) and chloroform:isoamyl
alcohol (24:1), respectively. DNA was precipitated
with ice-cold absolute ethanol and washed with
70% ethanol. The pellet was dried and
resuspended in 1SOulTE (10 mM Tris-HC1, 1 mM
Na2EDTA.H20, pH 7.2) and incubate the tube at
4°C until DNA has complete dissolved.

2.1.3 PCR primers

Five commercially available decamer primers
(OPA-6, OPA-7, OPA-8, OPA-9 and OPA-14) from
Operon technologies (Alameda, CA, USA) were
used in the present study for RAPD-PCR
amplification.

Tablel: Sequence and operon codes of the random primers used to study variation in 12 Fish species

Primers Codes

Sequence (5’ to 3’)

OP A 06
OP A 07
OP A 08
OP A 09
OPA 14

GGTCCCTGAC
GAAACGGGTG
GTGACGTAGG
GGGTAACGCC
TCTGTGCTGG

2.1.4 PCR amplification

PCR reaction was carried out in a 25 pl
reaction volume containing DNA template, 10X
Taq polymerase buffer, and 200 ptM ofeach dNTPs
(Hi-Media, India). A negative control, without
template DNA was included in each round of
reactions. DNA amplification was performed in
Eppendorf mastercycler. PCR thermal
performed in a 30 cycles. Each cycle consisted of
940 C denaturing for 30 sec, 400 C annealing 30
sec and 720 C extensions for 30 sec. The thermal
cycles were started with an initial denaturizing of
950 C for 5 minutes and final 720 C extensions for

was

10 minutes for polishing the ends
smooth) of PCR products.
2.1.5 Agarose gel electrophoresis
The resulting PCR products were resolved
(10plproductmixed with 2 pl (6X) gel loading dye)
on 1% agarose gel using submarine gel
electrophoresis for 1 hour in 1X TAE buffer (Tris-
HCL, Acetic acid, EDTA; pH 8.0). Subsequently,
gels stained with Ethidium bromide
(10mg/ml) and photographed on an ultraviolet
(UV) transilluminator using a gel documentation
system (Bio Rad Gel Doc ). A known DNA size
markerwas run with every gel (100bp ladder from
Hi Media, India).
2.2 IN SILICO approch
Molecular phylogenetics is a fundame ntal
aspect of bioinformatics. The similarity of

(making

were

molecular sequences in living organisms strongly
suggests that species descended from a common
ancestor. Similarities and divergence among
related molecular sequences revealed by
sequence alignment visualized in the form of
Phylogenetic trees. Multiple Sequence Alignment
methods were used to predict homology and
estimate a phylogeny (Pearson,2013).

Figure 1: Steps in Phylogenetic Analysis

2.2. 1 Selection of molecular marker for in
silico approch

The choice of molecular markers is an important
because it can make a major difference in
obtaining a correct tree. A single-copy gene may
be more useful than multiple-copy gene. The
substitution rate should be optimum so as to
provide enough informative sites. Too many base
variations among the taxa, is notpreferable which
may not reflect the true ancestry. So far, these
molecular studies of divergence have drawn on
DNA or amino acid sequence data for highly
conserved genes, particularly the structural
ribosomal genes 18S/16S/5S/28S, the nuclar
protein-coding gene elongation factor-la (EF-1a)
and the slowly evolving mitochondrial gene
cytochrome c oxidase I (COI), histone H3, U2
snRNA and many more genes which are widely
distributed (Anand Patwardhan et al, 2014). In
the presentstudy we have analyzed and compiled
10 datasets of marker genes that are shared by
different fish models. Ten datasets of marker
genes were 18S rRNA, Beta- actin, Cytochrome-b,
Cytochrome oxidase, RAG 1, GSTT, GAPDH,
HSP70, TLR1 and TLR3. Marker genes sequences
retrieved from National Center for
(NCBI) through a

were
Biotechnology Information
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sequence retrieval system (Patwardhan et al.,
2014).

2.2.2 Phylogenetic tree reconstruction by
UPGMA method

The simplest distance based clustering method is
UPGMA, which builds a tree by a sequential
clustering. Given a distance matrix, it starts by
grouping two taxa with the smallest pairwise
distance in the distance matrix. A node is placed
at the midpoint or half distance between them. It
then creates a reduced matrix by treating the new
cluster as a single taxon. The distances between
this new composite taxon and all remaining taxa
are calculated to create a reduced matrix. The
same grouping process is repeated and another
newly reduced matrix is created. The iteration
continues until all taxa are placed on the tree. The
last taxon added is considered the out group
producing a rooted tree. The basic assumption of
the UPGMA method is that all taxa evolve at a
constant rate and that they are equally distant
from the root, implying that a molecular clock is
in effect (Grauret al.,2000).

3. RESULTS

3.1 RAPD PROFILING

We have estimated 5 different decamer primers of
OPA6, OPA7, OPA8, OPA9 and OPA14 (Operon
technologies Inc., Alameda, CA, USA) having 60-
70% GC content. The number of amplified bands
those detected varied on the basis of types of
primers, species and individuals. A series of
discrete bands were obtained after amplification
of DNA samples of some fish species with three
primers (Table No 2). The different primers
produced different banding pattems (Figure 2-4).
For the comparison of these patterns, a set of
distinct, well separated bands were selected,

avoiding the weak and unresolved bands to find
out consistent banding pattern among the
individuals within specific populations of the fish.
Only two primers (OPA6, OPA7 and OPA9)
produced potential markers.

The data ofinter species specific analytical study
indicates that a total of 74 DNA markers
(considering all bands) were detected in all group
of fish species, out of which, 38 bands were
polymorphic, can be considered as useful RAPD
markers (Table No 2). The remaining 36 bands
were monomorphic suggesting that all three fish
species have a common ancestor and are
genetically closer to each other. The largest
number of RAPD bands were detected for primer
OPA7 (51 bands, Figure 3) while the lowest
number was scored for primer OPA9 (4 bands,
Figure 4). The molecularweightofscorable bands
generated by these primers ranged from 200 to
2000 bp. Highest molecular weight range was
exhibited for OPA7 (App. 1300bp) while it was
lowest for OPA9 (App. 300bp).
polymorphic bands produced per primer ranged
from one to five with an average 0f3.06 bands per
primer. Seven scorable bands were obtained by
these primers having molecular weight more than

Number of

1000 bp and 29 scorable bands were having
molecular weight of more than S00 bp (52.73 %).
Large numbers of family and species specific
bands were scored within RAPD profiles produced
by these primers. Out of 38 polymorphic bands,
15 bands were counted as species specific. 12
species specific markers were scored for Labio
rohita while 9 markers each for Catla catla and C.
mrigala species scored for Labio rohita while 9
markers each for Catla catla and C. mrigala
species.

Table 2 : No.of bands observed in different primers, OPA 6, OPA 7 and OPA 9.

Sr. | Fish Species No. of bands with primers
No. OPA 6 OPA7 OPA9
1 Catla catla (10 bands) 04 06 00

2 Cirrihinus mrigala( 07 bands) 03 04 00

3 Labeo rohita( 05 bands) 01 04 00

4 Channa punctatus ( 02bands) 00 02 00

) Clarias batrachus(08 bands) 00 07 01

6 Clarias gariepinus 07 bands) 00 05 02

7 Wallago attu(10 bands) 04 05 01

8 Oreochromis mossambicus( 0O3bands) | 00 03 00

9 Cyprinus carpio(04 bands) 01 03 00

10 | Carassius auratus( 09 bands) 02 06 01

11 | Poicelia reticulata( 04 bands) 01 03 00

12 | Danio rerio( 05 bands) 02 03 00
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RAPD RESULTS
1. Primer OPA 6
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Figure 2: RAPD banding patterm amplified by OPA-6 Primer (GGTCCCTGAC), Lane M- 100 bp DNA
ladder, Lane 1- C.gariepinus, Lane 2- W.attu, Lane 3 & 15-C.batrachus, Lane 4- C.punctatus, Lane 5
& 6- C.mrigala, Lane 7- L.rohita, Lane 8 & 14- C.carpio, Lane 9- O.mossambicus, Lane 10- C.auratus,
Lane 11 & 13- D.rerio, Lane 12- P.reticulata, Lane 16 & 17- C.catla.

2. Primer OPA 7:

M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 1617 M
1000
900
600
300
200

100

Figure 3: RAPD banding pattem amplified by OPA- 7 Primer (GAAACGGGTG), Lane M - 100 bp DNA
ladder, Lane 1&2- W. attu, Lane 3 & 7 -C.punctatus, Lane 4- C.gariepinus, Lane 5- C.mrigala, Lane 6-
C.batrachus Lane 8 & 15- C.carpio, Lane 9 & 14- O.mossambicus, Lane 10- C.catla, Lane 11& 13-
L.rohita, Lane 12- D.rerio, Lane 16-C.auratus, and Lane 17- P.reticulata.

3. Primer OPA 9:

M 1 2 3 4 5 6 7 8 9 10 11 12 ™M

1000
800
500

200

Figure 4: RAPD banding pattemn amplified by OPA-9 Primer (GGGTAACGCC), Lane M- 100 bp DNA
ladder, Lane 1- C.catla, Lane 2- C.mrigala, Lane 3- L.rohita, Lane 4- C.punctatus, Lane 5- C.gariepinus,
Lane 6- C.batrachus, Lane 7- C.carpio, Lane 8- O.mossambicus, Lane 9- W.attu, Lane 10

3.2 Phylogenetic tree

We have analyzed and compiled 10
datasets of marker genes that are shared by
different teleost fish models. Marker gene
sequences were retrieved from Gene bank.

Multiple sequence alignment of retrieved marker
gene sequences were performed with the help of
Clustal Omega. Overall distance matrix (Table no
3) and phylogenetic tree (Figure 5) of 12 teleost
fish created by UPGMA method are as follow:
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Cc Cm Lr Cp Cb Cg
Cc 0
Cm 0.107 0
Lr 0.164 0.332 0
Cp 0478 0415 0.532 0
Cb 0.464 0.388 0.301 0.533 0
Cg 0451 0422 0.338 0.686 0.266 0
Wa 0.177 0.181 0.186 0.416 0.123 0.276
Om 0.468 0.433 0441 0.584 0.432 0.357
Cyc 0.222 0.348 0.291 0.552 0.331 0.286
Ca 0.321 0.314 0.183 0.566 0.249 0.423
Pr 0.325 0.353 0.46 0.343 0.311 0.511
Dr 0.199 0.323 0.236 0.62 0.479 0.39

Abbreviations: Cc Catla catla,

Wa Om Cyc Ca Pr Dr
0
0.362 0
0.159 0427 0
0.198 0423 0.377 0
0.296 0443 0476 0.452 0 0.456
0.286 0.516 0.329 0.327 0.436 0

Cm- Cirrhinus mrigala, Lr- Labeo rohita, Cp- Channa punctatus, Cb-
Clarias batrachus, Cg- Clarias gariepinus, Wa- Wallago attu, Om-Oreochromis mossambicus, Cyc-

Cyprinus carpio, Ca- Carasius auratus, Dr- Danio rerio, Pr- Poecilia reticulate

Figure 5: UPGMA Phylogenetic tree depicting the evolutionary relationships among four orders
namely,Cypriniformes Siluriformes, Perciformesand Cypridontiformes based on distance Matrix.

4. DISCUSSION

The genetic structure of a population is
not static. It is changeable, and the degree of the
change depends on genetic as well as
environmental interaction. RAPD PCR studies on
Channa punctatius (Nagarajan et al, 2006)
showed a significance correlation between
genetic identity and geographical distance. M.
Shanmughavalli et al, (2013) also reported the
genetic variations among the species of Poiecilia
by using RAPD. They showed that RAPD analysis
is a rapid and convenient technique for
estimating genetic variation between P. latipinna
and P. sphenops and to generate useful genetic
in molly fishes. RAPD fragments
observed in the two individuals, showed a
reasonable degree of genetic variation within and

markers

between the species. The population specific
bands could not be discerned from the fragment
patterns generated. The differentiation in various
banding pattern have arisen in the present study
may be due to drifting of allele frequencies at
some loci. The present inve stigations shows the
some degree of genomic polymorphism among

the individuals of different fresh water and
aquarium fish species which belongs to the four

different orders of fisheries. Though RAPD
analysis provides baseline information of the
population genetics. Studie s using microsatellite,
allozyme and mitochondrial markers will further
enhance ourunderstanding of gene tic variability
among the different fish species which is
economically and ecologically are more
important.
4. CONCLUSIONS

Assessment of genetic diversity is
important for studying molecular systematic,
recognition of threattned and endangered
species, optimizing fisheries management and
fish farming. As Nagpur is one of the developing
city in the Maharashtra, high levels of industrial
pollution, construction of dams, hydropower
plants, etc. affected the natural population of
economically important fishes. These factors
prevent the fish from migrating to their natural
habitats and eliminate the opportunities for gene
flow among the fish populations. These problems
confused the fish farmers to identify the original

fish stock and fish breeding. In order to
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circumvent this problem, a need for testing
species specificity and genetic varability by
employing whole genome analysis in some Indian
major carps from the lake in Nagpur. Therefore,
the present study was undertaken the use of
novel in silico approach and RAPD assay to
generate species-specific phylogeny and evaluate
the evolutionary relationship among different
groups of fresh water and aquarium fishes.

In the present study, phylogenetic tree
constructed from UPGMA method shows the
splitting of taxa into two major clades, which is
designated as Clade I and Clade II. Clade I
contains Cirihina mrigala H., Catla catla H.,
Danio rerio H., Clarias batracus L., Wallago attu
B., Labeo rohita H., Carassiuus auratus L.,
Cyprinus carpio L., Clarias gariepinus B., Poecilia
reticulate P. and Oreochromis mosambicusP. and
clade II contains Channa punctatus B. This
phylogenetic tree also shows the monophyletic
origin of Cirrihinus mrigala H., Catla catla H.,
Clarias batracusL., Wallago attu B., Labeo rohita
H., Carassius auratus L., Cyprinus carpio L.,
Clarias gariepinus B. and parphyletic origin of
Poeciia reticula P. Oreochromis mossambicus P.
and channa punctatus B. RAPD analysis shows
the great variation among the different groups of
fishes for the marker OPA 6 and OPA7. In the
present study, the largestnumber of RAPD bands
ie. 51 bands were detected for primer OPA7
(GAAACGGGTG) while the lowest number i.e.5
bands was scored for primer OPA9
(GGGTAACGCC). This specific primer (OPA7) was
found to be useful, resulting from different DNA
polymorphism among individuals. 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
diverse nature of DNA bands indicates the
genetic distance between fish species but the
presence of common bands indicates
evolutionary relationship.

The present study concludes that
information on the genetic structure of fish
species is useful for identification of stocks,
enhancement, management of breeding
programs and preservation of genetic diversity. In
silico study and RAPD markers are very useful
methods for analysis of genetic divergence and
molecular phylogenetic relationship fish species.
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