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ABSTRACT
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DNA barcoding gives an impression of being linked to the electronic
barcoding but differ a lot in the process involved in identification. In
electronic barcoding the handheld scanner “Star Trek tricorder” scans
the specific product with barcodes printed on it for its identification.
However in DNA barcoding werequire DNA fromthetarget lifeformand
identification iscarried out with molecular protocol. DNA barcoding have
demonstrated effectiveness in recognition of wide range of taxonomic
groups. This technique also received suggestions and reproach. The
solution for the accuracy in the said modern tool liesinthe proper sampling
and data analysis. The traditional taxonomy is practical way of
discriminating the good form of live or dead fish but not useful for
identification of unknown, processed or mixed food samples. For such
identificationswe must take the hel p of modern toolsin molecular biology
to go ahead with the identificationin shorter time. DNA barcoding perhaps
is the modern tool which could serve the purpose. We discuss about the
DNA barcoding in food safety and fisheries research with the value of
classical taxonomy. © 2014 Trade ScienceInc. - INDIA

Taxonomy;
Fisheries science;
Food safety;
COlI gene.

INTRODUCTION

Taxonomy isvery important branch of biology which
clarifiestheidentity of thespecimens. Correct identifi-
cation of speciesis carried out before start of any
biologicad experimentin order toavoid biologica error.
Fishidentification can bechdlenging, especidly inthe
tropicsand thisisparticularly truefor larval formsor
fragmentary remains¥. Speciesidentificationand clas-
gfication hastraditionaly been the specidist domain of
taxonomigts, providing anomenclatural backboneand

akey prerequisitefor numeroushbiological studies?.
Unfortunately, over the past few decades, taxonomy is
being compl etely overshadowed by seemingly spec-
tacular and glamorous branches of biology!®. Thisis
not to say that classical taxonomy hasbecomelessim-
portant, but taxonomic identification by DNA based
methodsismore sophi sticateway whichidentifiesspeci-
mensinamost al formsand stages. Theuse of DNA-
based methodsfor species detection presentsanum-
ber of advantagesover protein-based methods, includ-
ingincreased specificity, sengtivity, and religble perfor-
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mancewith highly processed samples™. Inthis sce-
nario, DNA barcodingisamodern tool of taxonomy
which aimstowardsdocumenting al lifeon earth on
molecular level by asmple standardized genetic tag.
Thetool assures perfect inspection of processed food,
convinced speciesidentity in biodiversity studiesand
biologica research.

Nowadaysthetechnology of DNA sequencing be-
came better, from manua sequencing to automated se-
quencers. Thiscanbeachieved withthehelpof asingle
automated sequencer which gives sequences of 1000
base pairs (bp) per day. If the sequencer isnot avail-
ableinlab, it could be carried out by commercial labs
that offer thisservice at acompetitive price. Clearly,
the development of DNA barcodingislinked tothese
improvements®. Enthusiastsaim to create aportable
DNA barcoding devicethat will identify an anonymous
specimen by speciesand link to adatabase crammed
with biologica information®”, Cameronet d® dso pre-
dicted the devel opment of portable DNA scannersat
some point due to the need for scanners capable of
detecting biologica weapons. However heisnot sure
about the affordability or practicality for the kinds of
massidentification users. The cost of testing a speci-
men for cytochromec oxidase 1 genevariationisnow
about $2 without labor cost and bar coding all of life
would berdatively chegpintermsof other big science
projects® 9.

Studieson DNA barcoding suggeststhat itisone
of themoderntoolsin molecular taxonomy which helps
to carry fast and accurate speciesidentification. Infish-
eries research this marker would be very useful for
biodiversity studies, biological research aswell asfor
food safety. Of coursethistool surely needs strong base
of traditional taxonomy to becomeuniversal for serving
the scienceand society.

HISTORY AND DEFINITION

DNA sequenceandysshasbeenusedfor 30 years
to ass &t speciesidentifications, but different sequences
have been used for different taxonomic groupsandin
different laboratoried'?. Paul D.N. Hebert from the
Universty of Gue ph, Ontario, Canadahasstarted DNA
barcoding in 2003 with the proposal that organisms
could beassignedtotheir correct speciesusing ashort

——=> Review

gene sequencefrom astandardized positioninthege-
nome?. Thegeneregionthat isbeing used asthe stan-
dard barcodefor dmost dl animal groupsisa648 base
pair regioninthemitochondria cytochromec oxidase
1gene(“COI”). COl ishighly effectiveinidentifying
birds, butterflies fish, fliesand many other animad groups
but not an effective barcoderegionin plantsbecauseit
evolvestoo dowly. It becomestheuseful tool for iden-
tifying theanima sfrom eggtolarvd formsto thedam-
aged or unidentified forms. Severd loci havebeen sug-
gested for DNA barcoding animals, eukaryotes, land
plantsand fungi. But acommon set of stlandardizedre-
gionswereasgivenin TABLE 1. Theprocessof gen-
erating DNA barcodesfrom an unknowntissuesample
isgiveninFHgurel.

TABLE 1: Sandardized regionsfor DNA barcoding®

Sr. .
No. Group Region
1 Animals Mitochondrial COI gene
2 Land rbcL and matK chloroplast gene
plants
3 Fungi Internal transcribed spacer (ITS)

region

GLOBAL DNA BARCODING
INITIATIVES

Thebarcodingwork isglobaly carried out under the
project named asiBOL, the International Barcode of
Life Project. This25-nation consortium was organized
by the Biodiversity Ingtitute of Ontario a the University
of Guel phwith support from Genome Canada. iBOL’s
goal isto create 5 million barcode records from 500,
000 speciesinfiveyears. Ten Working Groups devoted
to different taxonomic groupsor habitat typesformthe
coreof theactivity. The Consortium for the Barcode of
Life(CBOL) isaninternationa initiativedevoted to de-
veloping DNA barcoding asaglobal standard for the
identification of biologica species. Itisestablishedin 2004
through support fromtheAlfred P. Sloan Foundation and
promotes barcoding throughWorking Groups, networks,
workshops, conferences, outreach, and trainings. CBOL
has 200 Member Organi zations from 50 countriesand
operates from a Secretariat Office located in the
Smithsonian Institution’s National Museum of Natural
History inWashington, DC. The other consortiumwork-
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+ Tissue Sampling

« Lysis and DINA Extraction

* Polymerase Chain Reaction — COI Amplification

+ PCR purification

* Sequencing Reaction and purification

+ Sequencing and Post Sequencing Analvsis.

Figurel1: Schematicrepresentation of DNA bar coding protocol

ingon DNA barcoding is European Consortium for the
Barcode of Life (ECBOL) which was established as
part of the research infrastructure efforts of European
Distributed Institute of Taxonomy (EDIT).

Thework on use of DNA barcoding infisheries
was started globally with thelaunch of Fish Barcode of
Life(FISHBOL) campaignin 2005 to create aglobal
referencelibrary of all 30, 000+ speciesof cartilagi-
nousand bony fishesfrom marine, estuarineand fresh-
water ecosystems™™. Ten Regional Working Groups
have been established for the FAO regions with par-
ticipation of 160 researchers. All FISHBOL dataare
being integrated in asingle database and will bemade
availableto the public without charge.

DNA BARCODING STUDIES
INFISHERIESRESEARCH

For speciesidentification and database creation:

The sequencing of two hundred and seven species
of Australian marinefish was carried out for a655 bp
region of themitochondrial cytochrome oxidase sub-
unit I genewith conclusionthat DNA barcoding can be
effectiveto identify fish specied’?. They studied the
specimens of three speciesof chimaerids, 61 species
of sharksand raysand 143 species of teleostsfor the
barcode region of COI. Interestingly al the species
which hasbeen sequenced areeasily classifiedand dis-
criminated. Hebert et all*? sequenced barcode region

inogecﬁtzofo_qy C—

of COI for 1360 Individualsbelonging to 190 Cana-
dian freshwater fish species and evidenced that fresh-
water fish species can beefficiently identified through
the use of DNA barcoding. They found that the mean
genetic distance between conspecificswas generaly
much smaller than the average distance between indi-
vidual from distinct species. Ward et a* bar-coded a
650 base pair region of themitochondria cytochrome
c oxidase | gene of Asian sea bass, Lates calcarifer
fromAustrdiaand from Myanmar which suggested that
both are different species. However herecommended
further examination on genetic and morphologicd leve
for confirmation. This study put light on the
misi dentification mistakescarried out whileidentifying
thefishes. A reference collection of COI barcode (650
bp) for coral reef fishes (22 species of Acanthuridae
and 16 speciesof Holocentridae) has been constituted
by Hebert et al*. Thisstudy revealed that all larvae
sequenced could beidentified to specieslevel using
DNA-barcodes. Nwani et a™™ revealed that DNA
barcodingisvery effectivefor identification of Nigerian
freshwater fishes. Studieson 229 DNA sequences of
COlI genefrom 158 marine fishes of Japan were car-
ried out by Zhang and Hanner(*®, They aso studied
hybridization phenomenain two species (Kyphosus
vaigiensis and Pterocaesio digramma) through
searchesin Barcode of Life Data Systems (BOLD).
They found this study as useful and new way of dis-
criminating thefishesfor identification. Vincent et a*®
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andyzed 1570 bp of mitochondria and nuclear sequence
data(cytochromeb, cytochrome c oxidase subunit |,
and internal transcribed spacer 2) to assessthevalidity
of spotted eagleray (Aetobatusnarinari) asasingle
cosmopolitan speciesand infer itsevolutionary history.
They collected specimensfrom the Central Atlantic,
Eastern Pacific, Western Pacific, and Central Pacific
and marked out at least 2 distinct species of spotted
eagleray of whichthelatter speciesisfurther divided
into 2 subspecies. Eventhetechniquecanbeeasly used
inearly lifestagesof fishesinwhichidentificationwith
morphological charactersisdifficult. Research work
carried out by Victor et a* identified thelarvae and
newly-settled juvenilesof the Cubera Snapper, Lutjanus
cyanopter usfrom the Caribbean coast of Panamawith
the help of DNA barcoding. Aquino et al*® carried out
DNA barcoding of 18 fish species of Lagunade Bay,
Philippinesand foundit asfast and accurate method for
speciesidentification on the basis of COI sequences.
Anandysisof the COI gene sequences of 500-652 bp
inlength was performed on 820 individualsfrom 67
species of the Czech ichthyofauna®® which revealed
that as per taxonomical opinions some specieswhich
actudly arein different genusclustered together in phy-
logenetic tree. Zhang and Hanner'®! stated DNA
barcoding asabiodiversty monitoring tool onthebasis
of characterization of 242 speciesof fishesfrom the
South ChinaSeawith (COI) gene. The DNA barcoding
was used by Adrianaet al'? for speciesidentification
in many metazoan groupsincluding some crustaceans
with acase study involving 80 mal acostracan species
fromthe Estuary and Gulf of St Lawrence. Maet a??
confirmed the utility of DNA barcoding for identifica-
tion of genus Scylla, whichincludesfour species: Seylla
paramamosain, Scyllaserrata, Scyllatranquebarica
and Scylla olivacea. In Indiathe national programme
of DNA barcoding wascarried out by Lakraet d?in
which 115 speciesof marinefish covering Carangids,
Clupeids, Scombrids, Groupers, Sciaenids,
Silverbellies, Mullids, Polynemidsand Siluridsrepre-
senting 79 Generaand 37 Families from the Indian
Ocean have been barcoded for thefirst timeusing cy-
tochrome c oxidase| gene (COl) of themtDNA.

For authentication of seafood productsand food
safety:

——=> Review

The detection of commercid fraud by midabeling
isdifficult, especially in processed products, wheredl
morphologica characterssuitablefor speciesidentifi-
cation have been eliminated. Furthermore, thelarge
number of traded speciesfrom al over theworldis
making it impossiblefor theinspection authoritiesto
control for correct labeling?!. Theresults of the study
conducted by Marko et al™® showed that 77% of fish
sold asred snapper inthe United Stateswerein fact
other species. Sgjedaet d?and Cubdlio et a? used
the COI gene sequencesfor biological identification of
thewhaleshark and crabsrespectively. Inthestudy on
whal e shark theflesh suspected asthat of theWildlife
protected whal e shark wastested with thismethod us-
ing COI sequences. The study reveal ed that the sus-
pect wastrue. Thiswasthefirst timein Indiathat mod-
erntoolswereused inidentifying meat of an aquatic
organismwhichisenligedintheWildlifeProtectionAct.
Theapplication of the DNA barcoding infishfoodin-
dustry isbetter tool for knowingthemidabeedfoodin
fisheriesindustry for the benefit of consumers. Wong
and Hanner?® conducted study to detect the market
substitution in North American seafood and found
mislabelinginthe 25 % of seafood samplescollected
inthestudy. Thisiseffectively studiedin crustaceansin
thestudy carried out by Pilar et d'* wherecommercia
crab-meat was authenticated by DNA Barcoding a
partial sequenceof the Cytochrome Oxidasel (COI)
geneof seven commercialized brachyuran speciesin
Chile. Thestudy reveal ed that most commercia crab
packages contained morethan onespeciesof crab. DNA
barcoding of smoked productsfromfishin 10 families
in four orders was carried out by Smith et al.=% for
identification and tracking out the possibility of
mislabeling of thefishfilletsand found that COI se-
quencesof fishfilletswere matched against COI se-
quencestaken fromreference specimensheldinBOLD
and GenBank.

DISCUSSION

Apart fromtheassurance of DNA barcoding, there
havebeen somedifferent viewson thismethod by some
scientists. Will and Rubinoff®! stated that DNA-based
datashould not be seen asasubstitute for understand-
ing and studying whole organismswhen determining
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identities or systematic relationships. Ebach and
Holdrege® said that thework of taxonomistsprovides
knowledge of the organism, not afew possibly unique
nucleotides. Heexpressed that every barcode must be
linked with aknown, described specimen stored some-
where. However Gregory™ believe that the DNA
barcoding would benefit and not compromisethetaxo-
nomic scienceAs per Song et a'*! thepresence of COI
numts (especidly whenthey are prevaent) makesdiffi-
culttoachievetheaccuracy leve inidentificationwhich
creates seriousambiguity into DNA barcoding. Hesug-
gested acareful examination of sequence characteris-
tics before barcoding analysesin order to reducethe
possibility of incorrect inferences. Moritz and Cicero™
suggested that large-scal e and standardized sequenc-
ing, when integrated with existing taxonomic practice,
can contributes gnificantly to thechalengesof identify-
ingindividuasand increasing therate of discovering
biologicd diversity.

Thework on DNA barcodingisonitsway asthe
researchersaretryingto be more accuratein the col -
lection of dataand analysis. Ward et al*4 al so recom-
mended the genetic and morphol ogical examination of
the samplesof seabassLatescalcarifer fromAustra-
liaand Myanmar which he found different by DNA
barcoding. Thereisalso the need to examine groups
with frequent (possibly cryptic) hybridization, recent
radiations, and high ratesof genetransfer frommtDNA
to the nucleus®!. Meyer and Paulay™® revealed that
DNA barcoding holdspromisefor identificationin taxo-
nomically well-understood and thoroughly sampled
clades. According to them, the promise of barcoding
will berealized only if based on solid taxonomic foun-
dations. If COl islack of high resolving power other
molecular markers such ascytb, 16S, and 18S could
be used for identification®,

The gpplicationsof the DNA barcodingwould aso
improvethequality of exportsasonly genuine species
would bealowed through DNA barcoding screening
inthe processed form by employingthe DNA barcode
scanning for theexport seafood carried out by speci-
fied laboratories. The government shall insist onthe
exportersto get the product certified by theselabs so
asto authenticate the export. It is not to be refused
honestly that theidentifying the sampleswith fast pace
isonly possiblethrough the modern techniques. If we

inogecﬁtzofo_qy C—

say about the accuracy of the DNA barcodingwealso
should think about theaccuracy of traditiond taxonomy
inthe caseswhere specimensareold and damaged. In
many cases, fishand their diversedevel opmentd stages
aredifficult toidentify by using morphologica charac-
teristicsalonedueto high diversity and morphological
plasticity!™. Thereare some specieswhich areamost
smilar morphologically withminor differences. If such
speciesinthe preserved formsareidentified by taxo-
nomic based identificationscould possibly givediffer-
ent inference on their identity. In such cases, DNA
barcoding would bethe additiona tool for confirmation
of identity. Thus to conclude in short, the DNA
barcoding and traditional taxonomy if cometogether
and support each other can surely go far ahead in cata
logingthelifeon earth.

CONCLUSION

Thefisheriesresearch irrespective of the areait
coversrequiresthe proper and accurate speciesidenti-
fication. Fisheriesexperimentsinthearesslikeculture,
nutrition, diseases etc. needs accurate speciesuseasa
primebase of the study. However in such experiments
thefishidentificationiscarried out usngmorphologica
keysandisthe pragmaticway of identifyingfish. DNA
barcoding becomeslesspracticd inthiskind of research
involving liveand fresh animal swhich could be speedily
identified with taxonomic keys. Hencetheknowledge
of taxonomy becomesimportant for biologistsasaprime
tool of identification. However astudy whichinvolves
theidentification of speciesin degraded formsrequires
the help of specia tools. At thisstageif we need the
accuracy in the identification of specimen, DNA
barcoding isthe best option. So both taxonomic aswell
asmolecular toolsarevery important inidentification of
animasinfisheriesresearch.
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