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---------------------------------------Theterm 'Fingerprinting' W3S; coined by 
Alec Jeffreys in i 985 to describe the pattern 
of highly variable, individual-specific pro
files that he and his colleagues saw in South
ern blots ofhuman 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. Ibe tech
nique (also known as DNA 'profilitJ.g' ) has 
been applied to such diverse biological phe
nomena as tumow biology, genome map
ping and ecological population and evolu
tionary biology. 

DNA-leyel markers find several applica
tions in fisheries research anaiysis and aquac
ulture. Species identification, evaluation of 
phylogeny. delineation of stock strucnue. 
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 cultur~ 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) ""ich 
highlight relative merits of DNA polymor
pille markers overqte other markers mclud
ing protein (allozyme) in detecting genetic 
variations. Among the several advantages of 
DNA-level markers are the requirement of" 
only a small amopnt oftissue which could be 
ethanol-preserved/frozen for DNAe)GTaction 
and availability of innwnerable potential 
markers.. 

Categories of DNA 

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

fimction, structure, location etc., DNA can be 
classified as follows, tho~ mmy of these 
characters may overlap (park and M ..... , 
1995). 

Coding and NOli-coding DNA: Of the 
billions ofnucleotides which constitute the 
total genomic DNA of euka!)'otic 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 thlO fl'" 
nome). The non-coding portions, often re
ferred to as 'junk DNA' ,are highly variable 
as they are not subject to selection pre6sures. 
However, some -regulating fimction to the 
non-coding DNA sequences cannot be com· 
pletely ruled out. 

Non-repetitive alld repetitive DNAs: 
About 70% of the eukaryotic genome con
sists of non-repetitive DNA (also referred to 
as ' single copy ' or Sen DNA) \\bose se
quence is present only once in the haploid 
genome: the remainder. due to their abllll"
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 
1D1its (micro-stellites) and they form the 
comer 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 cOQsidered to be non-coding. 

Mitocbondrial DNA (mlnNA): Mit .... 
chondrial DNA is haploid and predominantly 
inheritedmatel1llllly. It is 16,000-20,000 bp 
in size and circuj~r. In many organisms, the 
mt DNA seems ·--to accumulate mutations 
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more rapidly than do Sen DNA making them 
markers with greater variability and sensi
tivity to drift, and is th.,.,rore m9re likely to 
show differences between populationslspe
cies. Certain marine species appear"io have 
less variable mt gendm.es than freshwater or 
terrestrial species (Ovenden, 1990). Some 
regions of the genome, such as cytochrome 
and ND 8mes exhibit greater variability. 
Although the mt genome contains over 30 
genes, it is treated as a single locus in popu
lation geo~i~ analyses because of the ab
sence of recombination in the mtDNA mol
ecule. 

Nuclear DNA: The nuclear genome \n 
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 popuhotion genetics have only 
begun to exploit. Today many researchers 
are attempting to look at sequence variation 
in the nuclear genome using various strato
gies: examining introns, pinpointing specific 
genes, IC>4?k.ing at repetitiwe 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 orfrom a pyrimidine to flyrimidine 
is mo'Ml as transition, \W.ereas a substitu
tion from a purine to pyrimidine and vice 
versa, is mo'Ml as a transversion. Among 
closely related organisms transi"tions occur 
m~re frequently than do transversions. The" 
actual insertion/deletion can hea single nucl.,. 
otide, or it can be hun.dreds or thousands of 
nucleotides long. A common type of inser
tion/deletion mutation.js copy number varia
tion (for example, VNTRs, .(variable number 
ofTandem Repeats) resulting from variation 
in the copies of a basic unit, or core se>

quence. 

HybridisatioD of DNA molecules 
By hooting, thehydrogat h<,>nds between 

the strands ofDNAare broken (denaturation) 
rr 
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and as DNA cools. the complementary strands 

join (annealing). Under experimental C,?D
ditions. hybrid DNA molecules can thus be 
fonned between the two strands ofDNAfrom 
two different individuals that have some 
fraction of unmatched base pairs: annealing 
of two non-id~tical strands is ca lled 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. Southern blotting, PCR and 
DNA sequencing areal) methods that depend 
upon DNA hybridisationlannealing. 

DNA techniques for studying genetic 

variation 

Sequencing: The most direct strategy of 
studying polymorprusms at DNA level is the 
detennination of the nualeotide 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 sequencingprovidesa highly 
reproducible and informative analysis 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 ~pplied for evalu
ating medium and long-distance relatedness 
in phy logeny. but sometimes it is also used 
in population studies. Technical difficulty 
and expense limit use of conventional se
quencing methods. FluorescenC?e-based au
tomated sequencing machines have made 
the technology easier and faster to perfonn. 
However. the sequencers are expensive (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 
bas~s. Each enzyme has a particular recog
nition sequence. and the bacteria usually 
protect thier 0\\'11 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 Southern 
blotted on to a ~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. Thechoice of 
the restriction enzyme and the size of the 
cloned fragments determine the quality of 
the library. Since establisrung a library 
requires considerable effort. nuclear RFLP 

studies are performed rarely for wild spe
Cles. 

There are two approaches for studying 
RFLPs in the cytoplasm. The fust 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 si lver stainmg. The 
second strategy is to iso late and digest the 
total DNA of the organism. followed by 
electrophoresis and southern blotting of the 
restriction fragments. Thecytoplasmic DNA 
is then visualised by hyridisation with total 
mtDNA or specific mtDNA sequence labeled 
probe. 

DNA Fingerprinting based on 
bybridisation: The teclmique of classical 
fmgetprinting is methodologically derived 
from RFLP analysis and is mainly 
distinquished from the latter te::hnique by 
the kind of hybridisat ion probe applied to 
reveal polymorph isms. Unlike in RFI.Panaly
sis, to obtain a typical DNA fmgerprint. 
multilocus probes are used to create com
plex banding patterns 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 nwnbers at different 
loci. Several fish species have exhibited 
high degree of polymorphisms between re-
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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. Thus it is almost impossible to estimate 
allele frequencies. necessary in many popu
lationanalyses. A major practical advantage 
of multilocus fmgerprinting. however is the 
availability of probes that cross hybridize m 
different taxas (Georges el al .• 1988 ). 

Wright (1983) cautions the researchers 
to satisfy four conditions before using 
multilocus DNA fmgerprintin g in fisheries 
analyses. (1) the fmgerprint 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 ti ssue. 
and (4) restriction enzymes used should not 
be methylase sensitive. 

Development of single locus profiling 
requires isolation and cloningofsingle VNfR 

loci. This approach is more efficient to 
estimate allelic frequenci es in fish popula
tions, though more laborious. O'Reilly and 
Wright (1995) have provided li st of 
multilocus and single locus probes used in 
DNA fmgerprinting of fi shes. Mini-satellite 
probes 33.15 and 33.6 are used more fre

quently. 

DNA Fingerprioting based on PCR: In 
1985, anew technique was mtroduced which 
revolutionised the methodological repertoire 
of molecular biology, the Polymerase Chain 
Reaction (PCR). This techn ique a Haws us to 
amplify any DNA sequenceofinterest to high 
copy numbers. thereby circumvent ing 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 cho:;en as to allow base
specific binding to the template in reverse 
ori~tation . Addition ofa thennostable DNA 
polymerase in a suitable buffer system and 
cycling programming of primer annealing. 
polymerisation and denaturation steps result 
in the exponential amplification of the se
quence between the primer sites. 

The primers may be specific (such as 
mini-satellite and micro-satellite seq uences 
complementary to flanking regions of the 
desired locus), semi-specific (such as "All! 
Repeats") or arbitrary (Random Amplified 
Polymorphic DNA primers). rJr 
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(RAPO): TIleteclmique involves amplifica- brandoffaq J>NJ\polymeraseenzyme. Same 
lion C?f anonymous DNA fragments using templates amplified with two brands ofTaq 
synthetic oligodeoxynucleotidesandisbased (Amresco and Ranta Biotechnologies) 
on standard peR methodology (Welsh and yielded different fingerprints (Figs. 2 and 3). 

McClleland. 1990. 1990: Williams e! al.. Pair-wise comparison ofRAJ>1J loci was 
1(90). Primers with ten nucleotides ( 10- done to get Simple Matching Coefficient 
mer) and a (Ie content of at least 50% (SMl') whose value ranges from 0 to 1 and 
(usually more than 60%) are generally used. indicates degree of genetic similarity be
llle region between t\\IO primer sites will be tween two individuals. My data revealed 

amplified ifthe 5' ends of the annealing sites maximum within-centre variability for 
(urthe J' end of the annealing primers) face Mandapam samples. Dendrographs gener
one another on opposite strands. Further- ated from I-SMC matrix (which is indicative 
more. the annea ling sites (which are inverted of genetic distance) using Fitch-Margoliash 
repeats and mostly complementary to the programme version 3. 56c of PHYI.lP pack
primers) must be within 2.5-3.0 kb so that age did 110t show clear centre-specific clus
the intervening region can be amplified dur- ters. However. based 011 the observations 
ing routine P<.:R . The amplification products that mean SMC values \\Iere close to simi lar
are reso lved on an agarose or polyacrylam- ity in Mangalore and Fort Kochi samples 
ide ge l and detected by ethidium bromide or and that maximum branch lengths in the 1-

si lver staining. SMC dendrographs were Mangalore-

RAI'i)s have been analysed for a variety Mandaparn and Fort Kochi-Mandapam. re
of genetic studies in ()!y.'=ia,\· Jatipes (Kubota stricted intermixing of mackerels between 
d 01.. 1992: (Jreochmmls (Bardakci and the east and w'!st coasts could be assumed. 
SkibinskI. 1994). JJunio (Johnson el al.. Based on the present data. J suggest a com-
1994: Postlethwait e( al .. 1994). binationofgreatersamplesize.morenum
/)h·cllf/'O/'cirllslabl"lu'(Allegrucif!,al .. 1995). ber of informative arbitrary primers and a 
Poecilia r effclIlata (F~o ef al .. 1995). Nile. Taq polymerase which can yield more loci. 
;\Io=ambiqllf.! and AI/reus Ii/apia (Dinesh e( to generate adequate data for interpreting 
(/1.. 1996), Penaeus monvdon (Garcia and genetic stock stmcture in fish populations, 

Benzie.1995)andl'enm.'1/svomwm .... i(Garcia Applying Ml'I.> technique in genome 

ef al.. 1996). analysis is advantageous mainly because of 

RAPDs of Scombroid fi shes: I have its simplicity and that DNA fragment with 
analys~ RN'!) fingerprinting paners in In- unknown sequence could be amplified and 
dian mackerel (Ntmreiliger kaIlCl}.!1I11a) and detected. The major disadvantage with this 
king see r (Scomberomo/'l/s t..'ommerson). procedure lies in the fact that it calU10t 
Mackerels were sampled from Malldapam. differentiate between homozygotes and het
Mangalore and Fort Koehi fi sh landing cen- erozygotes as the markers are inherited in a 
tres while king seers were collected from dominant fashion. One approach to obviate 
Mandapam. Genomic DNA was extracted this problem is to hybridize the RAI'Ds with 
from ethanol-preserved/frozen muscle using labeled oligonucleotide motifs aftt:r South
a modified phenor chlorofonn extraction em blotting and detecting by autoradiogra
procedure. PeR amplification conditions phy or phosphor-imaging. I have success
using 10-mer random primers were fully attempted hybridisation of vacuum 
optimised. Primers with the same nude- blotted (a procedure related to Southern 

otide sequence generated different banding bloning) RAPD markers of mackerel with 
patterns in mackerel and seer while primers radioactively labeled micro-satelhteprobes. 
withdifferentnucleotidesequencesproduced such as (GT)j and (GA) 12' Signals were 
differtmt panerns in the same template of developed by phosphor-imaging (Fig.4) 
these fishes (Fig. I). Ofa total of3 5 arbitrary which indicated the presence of micro-sate 1-
primers from kits A. F and G (Operon tech- lite complementary sequences among the 
nologies. In c) tested. OPA 07 RAPD loci scored by electrophoresis and 
((i!\J\J\C(i(i(j'i'G) yielded more polymor- ethidium bromide staining, I observed 25% 

phic loci with high reproducibility. Bener positive hybridisation in one gel. Some of 

pelfonnance of the primers from kit A is the loci not adequately represented in the get 
attributed to their high G+ C content. RAPDs were clearly detected in the phosphor-im
in mackerel were bjghly sensitive to the age. This technique is basically that of 

May 1997 

Fig.1 

Fig.2 

Fig.3 

Kb 
231-

12~45 6 789101tf2<'114 
II I t 1.\ I ) ((r' . r?"'?' · 

~ '~<.;: ': "' .. : ' .. . ~ . . ";.0:<" " ;,..' . /.: 

9q 
66 
2<\-
2.0"-

, , . 
;. ~ ~ .. ::. 

'.' .~:. 

. .! , ' 

" 

.... 

Fig.4 



Cifarelli e/ al. (1995) who named rt as 
Random Amplified Hybridisation Micro
satellites (RAHM). The loci which produced 
positive signals can be eluted from ~e 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 peR and accuracy 
of scoring alleles ~ke micro-satellites at
tractive genetic variations. They can be 
easily isolated by standard 'cloningmethod
ologies. Briefly. genomic DNAofthe~ies 
\Ulder investigation is digested in separate 

. reactions by restriction endonucleases that 
recognise 4-5 bp sequences (e.g.Pall. Sau 
3A 1. etc). The DNA is then size fractionated 

by agarose gel elect~ophoresisand fragments 
of 300-600 bp are inserted in suitable vec
tors. such as puC18 or Ml3. Following 
transfonnation of £. coli and plating on se
lective media. the size selected lil;lra£Y 'is 
screened using radio labelled oligonucleoti
des (nnwadays non-radio active methods are 
al so widely used) like (GT), or (GA)". In
serts containing micro-satellites from posi
tive clones are then sequenced. and flanking 
peR primers d~igned. 

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

. Iian fashion is beneficial in pedigree studies. 
Cloning and characterisation of micro-sate 1-
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 development costs. appear
anceofshadow/snrtter bands and null alleles 
in ~he amplification products are the disad
vantages of these markers. 

Concluding remarks 

The pace of innovation in DNA fmger
printing technology is breathtaking. Several 
I>NA typing methods. particularly locus-spe
cific typing strategies ("DNA ITofiling", are 
being developed for the analysis of parent
ab>e, behavioural b'elletics. population defini
tion and forensics. Novel techniques. such 
as Mini-satellite Variant Repeat Mapping. 
DNA typing with tetranucleotide repeats, 
multiplexing, etc will allowus to assay more 
loci, for more individuals. faster than ever 

before. However. our tmderstanding of mo
lecular biology of the highly polymorphic 
seq..-aces 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 equipmeftts. 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 et 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-basedfm
geIprinting) and I. 45 (PCR -based fingerprint
ing) per sample, per experiment, which do 
not in'clude 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 diversity and relatedness within and 
between sp«;eies. populations and individuals. 

In India. some database is generated in 
theallozymemarkers offewspecies offishes. 
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 (OBT) have toplay a major 
role in fimding 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
terns. 
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Na,1;ion..a,1 S~pO&i~ On.. Ocea,n..ography 
Visakhapatnam: 23 -April 199~ 

A 2-day Nationa l symposiwn on Ocean
ography was held in Visakhapatnam wtder 
the auspices of the National institute of Ocean
ography. The symposium was presided over 
by Dr- M. Gopalakrishna Reddy, Vice-Chan
cellor of Andhra University. Mr. Sabbam 
Hari. Mayor ofVisakhapatnam inaugurated 
the symposium. Dr. D.P. Rao. Scientist in
charge of Visakhapatnam Regional Centre 
welcomed the gathering. 

In his inaugural address the Vice-chan
cel lor said that the Andhra University would 
conduct a comprehensive study on Coastal 
Regulation Zone in association with the In
dian Space Research Organisation and Na
tional Institute of Ocenography. The De
partments of Geology . Oceanography , 
Metereology. Geo-physics and otberdepart
ments would participate in this study. It was 
also mentioned by him that a report on the 
action programme for environment-friendly 
measures in the Godavari delta was prepared 
by the University and this was wtdereonsid
eration of the state government. 

ADAK aided Aquafanners Asso
ciation (Malabar Region), KeraJa: 

Panic at outbreak of white spot 
disease among members 

The ADAK Aided Aquafarmers Ass()

ciation (Malabar Region) has recently 

elected its new office bearers. The present 
office bearers are as follows:-

President 

Vice-President 

Secretary 

Mr. P. Raghavan 

Mr. T.K Venugopal 

Mr. T.N. Sadasivan 

In his inaugural address. Mr. Sabbam 
han said that the Mwticipal Corporation of 
Visakhapatnam was committed to the imple
mentation of Coastal Zone Regulations. He 
appealed to the participants in the sympo
sium to recommend measures required for 
the enforcement of the regulations. 

Dr. KS.R. Mwthy spoke on the aims and 
objectives of the symposium. Or. V. V.S. 
Sarma explained the various activities of the 
National Institute of Oceanography in the 
past two decades. 

Dr. V.N. shankaranarayanan represent
ingthe DirectorofNational InstituteofOcean
ographyand Mr. T.e.S. Rao fonnerly Scien
tist incharge ofVisakhaptnam regional cen
tre spoke on the occasion. 

Workshop: A Workshop was conducted 
by the National Institute of Oceanography 
on 25 ApriL 1997. The subject of the work
shop was "INfERNET: A new business 
space". organised on the occasion of placing 
the regional centre of NIO at Visakhapatnam 
on the 64 Kbps FTDMA VSAT through Insat 

Joint Secretary 

Treasurer 

Mr. P Surendran 

Mr. Mohammad 

Kunhi 

The arumal general meeting of the As

sociation was held at Kannw on 12-4-

1997. At this meeting the Association 

expressed its great concern over the spread 

of white spot virus disease in Malabar 

region. during the past two years. 

As the fanners suffered heavy finan
ciallosses they were forced to stop shrimp 

May 1997 

2-C Satellite. The Centre bas acquired a 
work station of Sll..ICQN graphics with 4 GB 

hard disc to cater as server. proxy server and 
a 4lv1B OAT drive for huge data storage. The 
cost of this equipment is stated to be around 
Rs. 15 lakhs. This facility comes lUlder the 
Gateway Internet Access Service (GIAS) 

programme of the Videsh Sanchar Nigam 
Limited (VSNL). This internet facility at 
Visakhapatnam regional centre of NlO was 
inaugurated by Mr. 1. Ramachandra Rao. 
Telecom General Manager. Visakhapatnam. 

Dr. O. P. Rao Scientist in-charge of the 
Centre said that the Centre was acquiring 
software for WEBattthoring, power tools and 
digital multimedia tools. and netscape tools 
for several other Internet applications. Among 
those \\'ho spoke on the occasion were Dr. 
YN. Sankaranarayanan, SIC. Ranchi, Prof K. 

Baburao of Computer Science Department 
of Andhra University. Mr. Viswas Chawan. 
Mr. S. Lakshminanlya and Dr. K.S.R. Murthy. 
Scientist attached to NIO. 

culture. The Association appealed to the 

Government ofKerala. MPEDA. eLBA and 

other authorities to organise co-ordinated 
efforts to undertake a detailed study of the 
situation and institute the needed measures 

to control and prevent the disease. The 

Association expressed its unhappiness at 

the apathy of the concerned authorities 

towards this persistent problem. No inter

est whatsoever was being evinced by any 

one of the officials to look into the problem, 
it is felt . 
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