Analysis of RAPD Polymorphisms
in Rastrelliger kanagurta off India

P. Jayasankar and K. Dharmalingam

Analysis of RAPD loci in R. kanagurfa, as generated by the arbitrary primer OPA 07 (GAAACGGGTG), revealed maximum
within-region genetic variability for samples from the east coast of India. Dendograms did not show clear centre-specific
clusters. Restricted intermixing among the individuals between the east and west coasts s suggested.
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Introduction

The Indian mackerel, Rastrelliger
kanagurita (Cuvier), is a pelagic
shoaling fish widely distributed in
the Indo-West Pacific region. It is
one of the major marine fishery
resources in Indian waters. About
70% of mackerel catches are
landed along the west coast and
the rest along the east coast and
the Nicobar Islands (Noble et al.
1992). Observations based on tag-
ging studies indicate two possible
movements of mackerel in Indian
waters, one showing limited mi-

gration and the other showing long
distance, north-south migration
(Venkataraman 1970). Rao (1962)
indicated the possible existence of
mackerel spawning grounds in
several areas along the coast of
peninsular India and the Andaman
and Nicobar Islands.

Some attermpts have becn made
to delineate the stock structure
of Indian mackerel from the east
and west coasts based on mor-
phometry and meristic charac-
teristics, and more recently by
studying protein (allozyme) poly-
morphisms (Scshappa 1985;
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Fig. 1. Map of India showing sampling locations (Mandapam, Mangalore and Fort Kochi).
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Menezes et al. 1990, 1993;
Verma et al. 1994, 1996). These
studies reveal low genetic differ-
cntiation in the species.

DNA-level markers have sev-
eral advantages over morphomet-
ric, meristic or protein (allozyme)
markers for studying stock struc-
ture in fishes (Fergusson et al.
1995; O’Reilly and Wright 1995;
Jayasankar 1997). Random Am-
plified Polymorphic DNA (RAPD)
is a DNA approach for detecting
genetic polymorphisms (Welsh
and McClelland 1990; Williams et
al. 1990). Dispensability of prior
knowledge of the target sequence
and tcchnical simplicity make
RAPDs altractive for population
genetic studies.

Our carlier study (Jayasankar
and Dharmalingam 1997) il-
lustrated the generation of
RAPD fingerprints in 30 mack-
crel specimens collected from
commercial landings at two lo-
cations on the west coasi (11
from Mangalore and 8 from
Fort Kochi) and one on the cast
coast (Mandapam, 11 speei-
mens) of India (9°17°-
12°52°N, 74°52’-79°15E).
This paper analyzes the finger-
prints lto evaluate genetic
variation.
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Materials and Methods

Details of sampling sites, sam-
pling methods, extracticn of ge-
nomic DNA and optimization of
DNA amplification by RAPD-PCR
are given elsewhere (Jayasankar
and Dharmalingam 1997). Briefly,
total genomic DNA was extracted
from frozen/alcohol-preserved
muscle by a modified phenol-
chloroform procedure and was
amplified in 25ul reaction mix-
tures containing 10 mM Tris HCI
pH 8.3, 50 mM KCI, 0.001% gela-
tin, 2.4 mM MgCl,, 0.03 mM each
of dATF, dTTP, dGTP and dCTP,
0.64 uM random primer and 1 U
Tag DNA polymerase. PCR was
programmed for 1 initial cycle of
30 sec denaturation (94°C), 30 sec
annealing (36°C) and 1 min ex-
tension (72°C) followed by 45
cycles of 30 scc denaturation, 30
sec annealing and 2 min exten-
sion. A final extension for 7 min
was performed at the end. Am-
plified products were resolved in
1.4% agarose (Sigma) gel electro-
phoresis in 1 X TAE. They were

stained in ethidium bromide solu-
tion and polaroid photographs
were faken under UV illumina-
tion. Of the RAPD markers gen-
erated by 35 arbitrary primers
from kits A, F and G of Operon
Technologies, Inc., those produced
by OPA 07 were considered fo in-
terpret genectic relationships in
view of their high percentage of
amplification (amplification refers
to the presence of at least one
polymorphic band per gel) and
belter reproducibility. Data sets
generated by two commercial
brands of Tag DNA polymerase
enzymes, Tag 1 (Amresco) and Tag
2 {(Rama Biotechnologies) were
analyzed.

Molecular weights of RAPD
bands (=loci) were estimated us-
ing a simple BASIC program based
on the relative mobility of the
fragments with respect to a stan-
dard set of DNA size markers (1
Hind M or | Hind 111 + EcoRI). This
was followed by cluster analysis.
A distance measure, Simple
Matching Coefficient (SMC) was
calculated by pairwisc compari-

son of loci. SMC is given as the
ratio of total number of matches
for two individuals compared (i.e.,
both loci absent or present) to the
total number of possible loci. SMC
value of 1 indicates that two indi-
viduals have completely similar
patterns.

The genetic distance between
the two individuals is 1-SMC.
The distance matrix was ana-
Iyzed using the Fitch-Margoliash
program version 3.56¢ of the
PHYLIP package. Trees (dendo-
grams) werc produced using
Saitou and Nei’s (1987) Neigh-
bor Joining Analysis. RAPD poly-
morphisms were scored as a “17
for the presence of a fragment
and “0” for its absence.

Results and Discussion

Tag 1 generated more loci with
wider range (Tables 1 and 2).
Within-region variability was
maximum for Mandapam (east
coast) samples while Mangalore
and Fort Kochi (west coast) samples

Table 1. RAPD markers generated using Amresco Taq DNA polymerase in R. kanagurta collected from three locations in India.
“1” denotes presence of a locus and “0” denotes the absence of the same. M, Mandapam; ML, Mangalore; F, Fort Kochi.
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Table 2. RAPD markers generated using Rama Biotechnologies Tagy DNA polymerase in Indian mackerel collected from three locations in
India. “1” denotes presence of a locus and “0” denofes the absence of the same. M, Mandapam; ML, Mangalore; F, Fort Kochi.

Individualsfloci (kb)

Site 0.6 0.7 0.9 1.0 1.1 1.3 1.4 1.5 1.6 1.7 1.9 2.0
M1 0 0 0 0 0 1 0 -0 0 1 0 0
M2 0 0 0 0 0 0 0 a 0 1 0 0
M3 0 0 0 0 0 0 0 1 0 1 0 0
M4 0 0 0 0 0 0 0 0 0 1 0 0
M5 0 1 0 0 0 0 1 0 1 e 0 0
Mg 0 0 0 0 0 Q 1 0 1 ¢ C 0
M7 1 0 0 a 0 a 0 1 0 e 0 0
M8 1 0 0 ] 1 0 1 0 1 ¢ ¥ 0
M9 0 0 1 0 1 0 1 1 0 0 0 0
M10 0 0 1 0 0 0 0 1 0 0 6 0
M1 0 0 1 0 0 0 0 1 0 0 0 0
ML1 0 0 0 0 0 0 ¢ 1 0 1 0 0
ML2 0 0 0 0 i 0 0 1 ] 1 0o 0
ML3 0 0 0 0 0 0 0 0 0 1 o 0
ML4 0 0 0 0 1 0 0 0 0 1 0 0
ML5 0 0 0 0 0 0 0 1 0 1 o 0
MLE 1 1 0 0 1 1 1 0 i 0 o 0
ML7 0 0 0 1 1 1 1 0 1 Q o 0
ML8 1 0 1 0 0 0 1 0 1 0 0 1
ML9 0 a 0 0 1 0 0 1 1 0 0 0
ML10 0 0 ] 0 1 0 1 i 0 0 {0 0
ML11 0 0 0 0 1 0 0 1 0 0 0 0
F1 ¢ 0 0 0 0 0 1 0 0 1 0 0
F2 0 0 0 0 0 0 0 1 0 1 0 0
F3 0 e 0 0 ] 1 0 0 0 1 0 0
F4 0 0 0 0 0 0 0 0 0 1 0 0
[ 0 0 1 0 0 0 1 0 1 0 0 0
F6 i 0 0 0 0 0 1 1 0 0 1 0
F7 0 0 0 0 0 0 0 0 1 0 0 0
F8 0 0 0 0 1 0 0 1 0 0 0 0

showed relatively more homoge-
neity (Table 3). A perusal of the
dendograms (Figs. 2 and 3) based
on 1-SMC matrices shows an ab-
sence of clear cenler-specific clus-
ters in both dafa sets. Observation
of greater branch lengths be-
tween Fort Kochi and Mandapam
individuals (F11 and M8 in Fig. 2)
and those between Mangalore and
Mandapam individuals (ML6 and
ME& in Fiz. 3) as well as uniformity
of mean SMC values in the indi-
viduals from the two centers of the
west coast suggest restricted inter-
mixing of mackerels between the
cast and west coasts of India. It is
noted in this context that samples

of orange roughy from two distinct
New Zealand spawning sites did
not reveal obvious differences, al-
though the authors conclude that
the degree of intersample identity
would be premature (Baker et al.
1992).

In our earlier work (Jayasankar
and. Dharmalingam 1997), RAPD
loci produced by the same random
primer showed markedly differ-
cnt patterns between Indian
mackerel (K. kanaguria) and king
seer (Scomberomus conimerscn).
Similarly, arbitrary primers of dif-
ferent sequences yielded different
banding patterns in the samc tem-
plate of both scombroid fishes, in-

Table 3. Simple Matching Coefficients (SMC)} of RAPD loci in R. kanagurta collecfed

from three locations in India.

Center Amresco Tag data set Rama Biotechnologies Tag data set
Range Mean + sd Range Mean = sd
Mandapam 0.18 - 0.82 0.47 + 0.18 0.33 -1.00 0.62 + 0.18
Mangalore 0.50-075 0.67 « 014 0.27 - 1.00 0.63 + 0.21
Fort Kechi 0.29 - 0.93 0.62 + 0.1 0.33 - 0.89 0.63 = 0.16
Pooled 0.09 - 0.93 0.60 = 017 0.36 - 1.00 0.69 + 0.16
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dicating ufility of RAPD’s manipu-
lation of primer sequence to gen-
erate amplification products of de-
sired complexity to suit different
purposes like genelic mapping or
genotyping.

Concentrations of DNA, MgCl,
and Tazg DNA polymerase,
primer choice and gel staining
methods can influcnce the num-
ber and intensity of amplification
products (Hadrys et al. 1992).
RAPDs of Indian mackerel are
sensitive to the concentrations of
primer, MgCl, and the brand of
Tag DNA poiymcrase enzyme
(Jayasankar and Dharmalingam
1997). RAPD-based analyses of
Oreochromis have shown that
while primers differed in the
level of information they af-
forded, general consensus be-
tween ecach of the primers was
supported stalistically (Bardakci
and Skibinski 1994). Southern-
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blotting of RAPDs with oligo-
nucleotide repeat probes can be
more informative (Cifarelli et al.
‘1995).

We suggest a combination of
greater sample size, higher num-
ber of informative primers and a
Tag DNA polymerasc enzyme
which can yield more loci for gen-
crating adequate data for inter-
preting genetic stock structure in
fish populations.
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