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Theterm ‘Fingerprinting’ was coined by
Alec Jeffreys in 1985 to describe the pattern
of highly variable, individual-specific pro-
files that he and his colleagues saw in South-
ern blots of human genomic DNA hybridized
to a tandemly-arrayed repetitive DNA se-
quence. Since their discovery, there has
been ongoing progression in the technologi-
cal development and breadth of application
of genetic typing methodology. The tech-
nique (also known as DNA ‘profiling’) has
been applied to such diverse biological phe-
nomena as tumour biology, genome map-
ping and ecological population and evolu-
tionary biology.

DNA-level markers find several applica-
tionsin fisheries research analysis and aquac-
ulture. Species identification, evaluation of
phylogeny, delineation of stock structure,
measuring levels of genetic variation in wild
and cultured stocks, conservation genetics,
determination of breeding strategies, gene
mapping, marker-assisted selection and as-
sessment of genome manipulation techniques
are among various uses of DNA markers in
studies of natural and cultured fish popula-
tions. Useful relevant reviews are available
(Wright, 1993; Waldman and Wirgin, 1993,
Carvalho and Pitcher, 1994; Fergusson et
al., 1995; O’Reilly and Wright, 1995) which
highlight relative merits of DNA polymor-
phic markers over the other markers includ-
ing protein (allozyme) in detecting genetic
variations. Amongthe several advantages of

DNA-level markers are the requirement of *

only a small amount of tissué which could be
ethanol-preserved/frozen for DNA extraction
and availability of innumerable potential
markers.

Categories of DNA

Comparative examination of DNA se-
quences across divergent taxa clearly shows
that there are particular classes of sequences
commeon to many organisms. Based on its

function, structure, location etc., DNA can be
classified as follows, though many of these
characters may overlap (Park and Moran,
1995).

Coding and Non-coding DNA: Of the
billions of nucleotides which constitute the
total genomic DNA of eukaryotic organisms
only 1% regulates or codes for essential
proteins (that is precisely the major disad-
vantage of protein electrophoresis, which is
incapable of assaying a majority of thi ge-
nome). The non-coding portions, often re-
ferred to as ‘junk DNA’,are highly variable
asthey arenot subject to selection pressures.
However, some regulating function to the
non-coding DNA sequences cannot be com-
pletely ruled out.

Non-repetitive and repetitive DNAS:
About 70% of the eukaryotic genome con-
sists of non-repetitive DNA (also referred to
as ‘single copy’ or Scn DNA) whose se-
quence is present only once in the haploid
genome, the remainder, due to their abun-
dance of repeats and their slightly different
base pair composition compared to bulk
genomic DNA, form a separate ‘satellite’
band distinct from the main genomic band in
equilibrium density centrifugation. This
class of DNA may have 10-100 bp repeat
units (mini-satellites) or only 1-4 bp repeat
units (micro-stellites) and they form the
corner stones of DNA profiling technology.
Interspersed repeated DNA (long and short
interspersed repetitive elements, LINES and
SINES, respectively) also occur multiple
times (sometimes hundreds of thousands of
times) throughout the genome, but consti-
tute a smaller part of the genome than satel-
lite DNAs. In terms of function, satellite
DNA is cogsidered to be non-coding.

Mitochondrial DNA (mtDNA): Mito-
chondrial DNA is haploid and predominantly
inherited maternally. It is 16,000-20,000 bp
in size and circular. In many organisms, the
mt DNA seems“to accumulate mutations

more rapidly than do Scn DNA making them
markers with greater variability and sensi-
tivity to drift, and is therefore more likely to
show differences between populations/spe-
cies. Certain marine species appear to have
less variable mt genomes than freshwater or
terrestrial species (Ovenden, 1990). Some
regions of the genome, such as cytochrome
and ND genes exhibit greater variability.
Although the mt genome contains over 30
genes, it is treated as a single locus in popu-
lation genetic analyses because of the ab-
sence of recombination in the mtDNA mol-
ecule.

Nuclear DNA: The nuclear genome in
bony fishes is about 0.3-4.0 million base
pairs in size (Ohno, 1974) and represents a
wealth of genetic information that research-
ers in fish population genetics have only
begun to exploit. Today many researchers
are attempting to look at sequence variation
in the nuclear genome using various strate-
gies: examining introns, pmpointing specific
genes, looking at repetitive sequences, etc.

Variation at the DNA level can be
generalised into tow categories: base substi-
tutions (such as point mutation) and inser-
tion/deletions. A substitution from a purine
to purine or from a pyrimidine to pyrimidine
is known as transition, whereas a substitu-
tion from a purine to pyrimidine and vice
versa, is known as a transversion. Among
closely related organisms transitions occur
more frequently than do transversions. The
actual insertion/deletion can bea smglenucle-
otide, or it can be hundreds or thousands of
nucleotides long. A common type of inser-
tion/deletion mutation.is copy number varia-
tion (for example, VNTRs, (variable number
of Tandem Repeats) resulting from variation
in the copies of a basic unit, or core se-
quence.

Hybridisation of DNA molecules

By heating, the hydrogen bonds between
the strands of DNA are broken (denaturation)
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and as DNA cools, the complementary strands
Jjoin (annealing). Under experimental con-
ditions, hybrid DNA molecules can thus be
formed between the two strands of DNA from
two different individuals that have some
fraction of unmatched base pairs; annealing
of two non-identical strands is called hy-
bridization. The stability of the association
depends on factors like percent of mismatch,
length of sequence, or temperature. Re-
searchers can manipulate experimental con-
ditions to promote or prevent hybridisation
of DNA molecules depending on the degree
of complementarity. This has important
implications for many of the methods used
to study DNA. Southem blotting, PCR and
DNA sequencing are all methods that depend
upon DNA hybridisation/annealing.

DNA techniques for studying genetic
variation

Sequencing: The most direct strategy of
studying polymorphisms at DNA level is the
determination of the nueleotide sequence of
a defined region and the alignment of this
sequence to an orthologous region in the
genome of another, more or less related
organism. DNA sequencing providesahighly
reproducibleand informativeanalysis of data
and can be adapted at different levels of
discriminatory potential by choosing appro-
priate regions of the genome. Currently,
DNA sequencing is mainly applied for evalu-
ating medium and long-distance relatedness
in phylogeny, but sometimes it is also used
in population studies. Technical difficulty
and expense limit use of conventional se-
quencing methods. Fluorescence-based au-
tomated sequencing machines have made
the technology easier and faster to perform.
However, the sequencers areexpensive (more
than US $ 100, 000) and the cost prohibits
their widespread use.

Restriction Fragment Length Poly-
morphisms (RFLPs): Restriction enzymes
are endonucleases which occur in a variety
of prokaryotes and their natural function is
to destroy foreign DNA molecules by recog-
nizing and cutting specific DNA sequence
motifs typically consisting of four or six
bases. Each enzyme has a particular recog-
nition sequence, and the bacteria usually
protect thier own DNA from being cut by
methylating this sequence.

Analysis of RFLPs for evaluating DNA
sequence variation is widely used, including
fisheries field. Briefly, genomic DNA is

extracted, digested with restriction enzymes
( a large number of them are now available
commercially) and separated by electro-
phoresis on a gel. This gel is Southem
blotted onto a n}embrane, either nitrocellu-
lose or nylon and specific fragments are
made visible by hybridization with a la-
belled probe. RFLP probes are locus-specific
and easy to screen co-dominant markers.

Nuclear RFLP probes are generated from
a cDNA or genomic library of the investi-
gated species, or a close relative. cDNA
libraries are constructed by isolating mRNA
and in vitro transcribing them into DNA by
reverse transcriptase. These cDNA mol-
ecules arethen cloned into a vector and used
as probes in subsequent analyses. For the
construction of a genomic library, total DNA
is isolated, digested with a restriction en-
zyme and cloned into a vector. The choice of
the restriction enzyme and the size of the
cloned fragments determine the quality of
the library. Since establishing a library
requires considerable effort, nuclear RFLP
studies are performed rarely for wild spe-
cies.

There are two approaches for studying
RILPs in the cytoplasm. The first is to
extract mtDNA separately from nDNA and
digest them with restriction enzymes and
electrophoresing on agarose or polyacryl-
amide gels. RFLPs are directly detected by
ethidium bromide or silver staining. The
second strategy is to isolate and digest the
total DNA of the organism, followed by
electrophoresis and southern blotting of the
restriction fragments. The cytoplasmic DNA
is then visualised by hyridisation with total
mtDNA or specific mtDNA sequence labeled
probe.

DNA Fingerprinting based on
hybridisation: The technique of classical
fingerprinting is methodologically derived
from RFLP analysis and is mainly
distinquished from the latter technique by
the kind of hybridisation probe applied to
reveal polymorphisms. Unlikein RFI Panaly-
sis, to obtain a typical DNA fingerprint,
multilocus probes are used to create com-
plex banding pattems by recognising mul-
tiple DNA loci simultaneously. [Each of
these loci is characterised by more or less
regular arrays of tandemly repeated DNA
motifs (mini-satellites and micro-satellites)
that occur in different numbers at different
loci. Several fish species have exhibited
high degree of polymorphisms between re-

lated genotypes, which have been exploited
for numerous studies in diverse areas of
genome analysis. However, high complex-
ity of profiles makes it difficult to identify
both members of allelic pairs at individual
loci. Thusitis almost impossibleto estimate
allele frequencies, necessary in many popu-
lation analyses. A majorpractical advantage
of multilocus fingerprinting, however is the
availability of probes that cross hybridize in
different taxas (Georges ef al., 1988).

Wright (1983) cautions the researchers
to satisfy four conditions before using
multilocus DNA fingerprinting in fisheries
analyses, (1) the fingerprint profiles should
be reproducible, (2) the diagnostic bands
should be inherited in a Mendelian fashion.
(3) variable loci should exhibit sufficient
stability in the germ line and somatic tissue,
and (4) restriction enzymes used should not
be methylase sensitive.

Development of single locus profiling
requires isolation and cloning of single VNTR
loci. This approach is more efficient to
estimate allelic frequencies in fish popula-
tions, though more laborious. O'Reilly and
Wright (1995) have provided list of
multilocus and single locus probes used in
DNA fingerprinting of fishes. Mini-satellite
probes 33.15 and 33.6 are used more fre-
quently.

DNA Fingerprinting based on PCR: In
1985, anewtechnique was introduced which
revolutionised the methodological repertoire
of molecular biology, the Polymerase Chain
Reaction (PCR). Thistechnique allows us to
amplify any DNA sequence of interest to high
copy numbers, thereby circumventing the
need of molecular cloning. In order to
amplify a particular DNA sequence, two
single-stranded oligonucleotide primers are
designed, which are complementary to mo-
tifs on the template DNA. The primer se-
quences are so chosen as to allow base-
specific binding to the template in reverse
orientation. Addition of athermostable DNA
polymerase in a suitable buffer system and
cycling programming of primer annealing.
polymerisation and denaturation stepsresult
in the exponential amplification of the se-
quence between the primer sites.

The primers may be specific (such as
mini-satellite and micro-satellite sequences
complementary to flanking regions of the
desired locus), semi-specific (such as “Alu
Repeats™) or arbitrary (Random Amplified

Polymorphic DNA primers). i
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Random Amplified Polymorphic DNA
(RAPD): Thetechnique involves amplifica-
tion of anonymous DNA fragments using
synthetic oligodeoxynucleotides and is based
on standard PCR methodology (Welsh and
McClleland, 1990. 1990. Williams er al..
1990). Primers with ten nucleotides (10-
mer) and a GC content of at least 50%
(usually more than 60%) are generally used.
The region between two primer sites will be
amplified ifthe 5" ends of the annealing sites
{or the 3' end of the annealing primers) face
one another on opposite strands. Further-
more. the annealing sites (which are inverted
repeats and mostly complementary to the
primers) must be within 2.5-3.0 kb so that
the intervening region can be amplified dur-
ing routine PCR. The amplification products
are resolved on an agarose or polyacrylam-
ide gel and detected by ethidium bromide or
silver staining.

RAPDs have been analysed for a variety
ot genetic studies in Onyzias latipes (Kubota

el al.. 1992; Oreochromis (Bardakci and
Skibmnski. 1994). Danio (Johnson e al..
1994; Postlethwait et al.. 1994),

Dicentrarchus labrax (Allegrucieral., 1995),
1995), Nile,
Mozambigne and Aureus tilapia (Dinesh e

Poccilia reticulata (Fso et al.,

al.. 1996), Penaeus monodon (Garcia and
Benzie. 1995)and Penacus vannamei (Garcia
¢t al.. 1996).

RAPDs of Scombroid fishes: | have
analysed RAPD fingerprinting patters in In-
dian mackerel (Rastrelliger kanaguria) and
king seer (Scomberomorus commerson).
Mackerels were sampled from Mandapam.
Mangalore and Fort Kochi fish landing cen-
tres while king seers were collected from
Mandapam. Genomic DNA was extracted
from ethanol-preserved/frozen muscle using
a modified phenol” chloroform extraction
procedure. PCR amplification conditions
using |0-mer random primers were
optimised. Primers with the same nucle-
otide sequence generated different banding
patterns in mackerel and seer while primers
with different nucleotide sequences produced
different pattems in the same template of
these fishes (Fig. 1). Ofatotal of 35 arbitrary
primers from Kits A. T and G (Operon tech-
nologies, Inc) tested, OPA 07
(GAAACGGGTG) yielded more polymor-
phic loci with high reproducibility. Better
performance of the primers from kit A is
attributed to their high G+ C content. RAPDs
in mackerel were highly sensitive to the

concentrations of primer. MgCl, and the
brand of Taq DNA polymeraseenzyme. Same
templates amplified with two brands of Taq
{Amresco and Rama Biotechnologies)
yielded different fingerprints (Figs.2 and 3).
Pair-wise comparison of RAPD loci was
done to get Simple Matching Coefficient
(SMC) whose value ranges from 0 to | and
indicates degree of genetic similarity be-
tween two individuals. My data revealed
maximum within-centre variability for
Mandapam samples. Dendrographs gener-
ated from 1-SMC matrix (which is indicative
of genetic distance) using Fitch-Margoliash
programme version 3.56c of PHYI.IP pack-
age did not show clear centre-specific clus-
ters. However. based on the observations
that mean SMC values were close to similar-
ity in Mangalore and Fort Kochi samples
and that maximum branch lengths in the 1-
SMC dendrographs were Mangalore-
Mandapam and Fort Kochi-Mandapam, re-
stricted intermixing of mackerels between
the east and west coasts could be assumed.
Based on the present data, 1 suggest a com-
bination of greater sample size, more num-
ber of informative arbitrary primers and a
Taq polymerase which can yield more loci,
to generate adequate data for inierpreting
genetic stock structure n fish populations.
Applying RAPD technique in genome
analysis is advantageous mainly because of
its simplicity and that DNA fragment with
unknown sequence could be amplified and
detected. The major disadvantage with this
procedure lies in the fact that it cannot
differentiate between homozygotes and het-
erozygotes as the markers are inherited in a
dominant fashion. One approach to obviate
this problem is to hybridize the RAPDs with
labeled oligonucleotide motifs after South-
em blotting and detecting by autoradiogra-
phy or phosphor-imaging. [ have success-
fully attempted hybridisation of vacuum
blotted (a procedure related to Southern
blotting) RAPD markers of mackerel with
radioactively labeled micro-satellite probes,
such as (GT), and (GA),,. Signals were
developed by phosphor-lmag'mg (Fig.4)
which indicated the presence of micro-satel-
lite complementary sequences among the
RAPD loci scored by electrophoresis and
ethidium bromide staining. 1observed 25%
positive hybridisation in one gel. Some of
the locinot adequately represented in the gel
were clearly detected in the phosphor-im-
age. This technique is basically that of
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Cifarelli et al. (1995) who named it as
Random Amplified Hybridisation Micro-
satellites (RAHM). The loci which produced
positive signals can be eluted from the gel
and used as micro-satellite probes to detect
genetic polymorphisms.

Micro-satellite VNTRs are already
recognised as genetic markers for the future
(O'Reilly and Wright, 1995; Wright and
Bentzen. 1995). Properties. such as com-
parative ease of assay, via PCR and accuracy
of scoring alleles make micro-satellites at-
tractive genetic variations. They can be
easily isolated by standard cloning method-
ologies. Briefly, genomic DNA ofthe spegies
under investigation is digested in separate

"reactions by restriction endonucleases that
recognise 4-5 bp sequences (e.g.Pal I, Sau
3A L. etc). The DNA isthen size fractionated
by agarose gel electrophoresis and fragments
of 300-600 bp are inserted in suitable vec-
tors. such as pUCI8 or M13. Following
transformation of E. coli and plating on se-
lective media, the size selected library is
screened using radiolabelled oligonucleoti-
des (nawadaysnon-radio active methods are
also widely used) like (GT), or (GA),. In-
serts containing micro-satellites from posi-
tive clones are thten sequenced, and flanking
PCR primers designed.

Micro-satellite markers are particularly
useful in specie$which show low levels of
genetic variation and those which are inbred.
Their co-dominant inheritance in Mende-

- lian fashion is beneficial in pedigree studies.
Cloning and characterisation of micro-satel-
lite loci in temperate species, such as Atlan-
tic cod, rainbow trout and Atlantic salmon
have been reported. However. their
applciation in tropical fishes is yet to make
headway. High developmemf costs, appear-
ance of shadow/stutter bands and null alleles
in the amplification products are the disad-
varitages of these markers.

Concluding remarks

The pace of innovation in DNA finger-
printing technology is breathtaking. Several
DNA typing methods, particularly locus-spe-
cific typing strategies (“DNAProfiling”) are
being developed for the analysis of parent-
age. behavioural genetics, population defini-
tion and forensics. Novel techniques, such
as Mini-satellite Variant Repeat Mapping,
DNA typing with tetranucleotide repeats,
multiplexing, etc will allow usto assay more
loci, for more individuals, faster than ever

before. However, our understanding of mo-
lecular biology of the highly polymorphic
sequances is perhaps the tip of the iceberg
(Wright, 1993).

DNA-level research in fish is still in its
infancy especially with reference to thetropi-
cal species. High cost of equipments, en-
zymes, etc could be one reason for the hesi-
tancy on the part of researchers from devel-
oping nations to jump into the DNA band-
wagon. Weising ef al. (1995) have worked
out ‘near-realistic’ costs for chemicals and
disposables in the Netherlands as US$ 1.4-
4.0(RFLPs),2.3-7.0 (hybridisation-based fin-
gerprinting) and 1.45 (PCR-based fingerprint-
ing) per sample, per experiment, which do
not include the cost for labour, laboratory
equipment and space. Computer software
for image analysis as well as for the evalua-
tion and processing of fingerprinting data is
expected to improve considerably: which
will greatly facilitate and accelerate genome
mapping studies as well as the analysis of
genetic diversify and relatedness within and
between species, populations and individuals.

In India, some database is generated in
theallozyme markers of few species of fishes.
However, DNA-level research is yet to take
shape. My work on RAPDs of Indian mack-
erel is one of the first contributions in this
context. Agencies, such as the Department
of Biotechnology (DBT)have to play amajor
role in funding projects related to molecular
genetics in fish, shellfish and marine algae
for the long term objectives of their conser-
vation, profitable management in the wild
and genetic improvement in aquaculturesys-
tems.
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