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Methods to authenticate seafood products
Identification of fish species

Miguel Angel Pardo and Begoia Pérez-Villareal, Granville
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Molecular Markers

There are two type of molecular markers related to specific species

- DNA PROTEINS
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Molecular Markers

Protein analysis methodologies

SDS polyacrylamide gel electrophoresis

Isoelectric focusing

Capillary electrophoresis
High-performance liquid chromatography (HPLC)

Immunological methodologies
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Molecular Markers

Isoelectric focusing

Equipment and materials required

Electrophoretic equipment, pH gradient gel, stain procedures (i.e. silver stain),

Advantages

Adequate to the identification of very related fish species
Have higher resolving power that other protein analysis methodologies

Disadvantages

Different IEF patterns are obtained for the same species due to the existence of
protein inherent variation factor Not adequate to highly processed products

(AOAC 1990. Official methods of analysis. 15th edn., p. 883-889. Association of Official Analytical
Chemists Washington, DC.)
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Molecular Markers

Last years, DNA analysis techniques have been extensively used for the application
of identifying species

*DNA is more thermostable than most of the
proteins. Therefore it is more resistant to
processing.

*Allows distinguish between very related
species

*The Polymerase Chain Reaction technique
(PCR) stressed this expansion.

*These techniques based on DNA analysis are
very sensible and specific.
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Molecular Markers

The ideal DNA Marker

*Is highly polymorphic

*|s easy to obtain

*|s easy to interpret

*Requires little target DNA

*Does NOT require high quality target DNA

°|s automatable
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Meinods to autnenticaie seafood products
Molecular Markers
: . Mitochondrial DNA
Mitochond
(Tgcllnﬁllil;n | (Eﬁé%ranna = One linked amray of genas (one locus) . ATCATCCC... Wolf
— base pairs) « Control region sequence et }
Fa « Maternally inheritad LDATCTTCCC... Coyote
« Monrecombining
* Few—thousands of copies per call
Microsatellites {short variable length repeats) ATCAC CACACACACATCAC Wolf
» Muclear DNA
* . Generally 10-20 lodi analyzad — i
« Biparantally inheritad
+ Hypervariable in repeat langths (alleles) LATCACCACACACACACA TGAC. .. Coyote
» Often spaced every 5000-50 000 base pairs L L
Single nuclectide polymorphisms ACAGA ATCA GCATA Walf
—> ilions of oc — ; *
 Spaced every 200-1000 base pairs LACAAA L LLBACA L GCTTA... Coyote
* Biparantally inherted 0-1000 bp 301000 hp
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Molecular Markers
Species identification

Mitochondrial DMNA

Mitechondri
(Tgcllnﬁllij;n | (Eﬁé%ranna = One linked amray of genas (one locus) . ATCATCCC... Wolf
— base pairs) « Control region sequence et }
« Maternally inheritad LDATCTTCCC... Coyote
« Monrecombining
* Few—thousands of copies per call
Microsatellites {short variable length repeats) ATCAC CACACACACATCAC Wolf
» Muclear DNA
* . Generally 10-20 lodi analyzad — i
« Biparantally inheritad
+ Hypervariable in repeat langths (alleles) LATCACCACACACACACA TGAC. .. Coyote
» Often spaced every 5000-50 000 base pairs L L
Single nuclectide polymorphisms ACAGA ATCA GCATA Walf
—> ilions of oc — ; *
 Spaced every 200-1000 base pairs LACAAA L LLBACA L GCTTA... Coyote
* Biparantally inherted 0-1000 bp 301000 hp

Population genetics
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Region of target DINA e
to be amplified
T 1

I L

@ Heat to separate [
strands.

@ Add synthetic oligo-
nucleotide primers; cool.

r

I ]
Re
- peat steps (1)
I 1 through (3}

Add thermostable DINA
polvmerase to catalvze LR
5" — 3 DA avnthesis.

_D'_

or

Lir

Repeat steps @ and @

]
| | l
=
! 1 After 25 cvcles, the target sequence has

DMNA synthesis (atep @ 1 beon amplified about 105_fold.
iz catalyzed by the (a)
thermostable DNA

polymerase (atill present). Lehninger, Biochemistry
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Methods to analyse DNA markers

U1
(D

DNA analysis methodologies

» Methods NOT requiring a previous knowledge of the sequence:
. random amplification of polymorphic DNA (RAPD)
. single strand conformation polymorphisms (SSCPs)

. amplification fragment length polymorphisms (AFLPS)

» Methods using sequence information:
. restriction fragment length polymorphism of PCR fragments (RFLP)
. direct sequencing of the fragment (FINS)

. DNA probes
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Methods to analyse DNA markers

Restriction Fragment Length Polymorphism of PCR fragments (RFLP)

Eglll Eglll Eglll
-*:: 3 kb * akh +
e e e e e T g e e e T T SPECIES A
ATATCT Bgl II

Eglll TCTACA
f skh v

iy e SPECiES B

e e o e g e e e o T St i
.-"'-Ff
ACATLCT
TCTALTA
Species A Species B
5kh —p e —
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Methods to analyse DNA markers
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Methods to analyse DNA markers
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Restriction Fragment Length Polymorphism of PCR fragments (RFLP)

Equipment and materials required

Thermocycler, PCR reactives, electrophoresis system, stain procedure,
restriction enzymes...

Advantages

It is easy and relatively cheaper than others (it depends on the restriction
enzyme)
It could be used to distinguish mixtures

Disadvantages

It requires a previous knowledge of the target sequences
Reference patterns are required

Cross-reactions with other species
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Methods to analyse DNA markers

Restriction Fragment Length Polymorphism of PCR fragments (RFLP)

Commercial kits based on RFLP
COD KIT BIOTOOLS B&M Labs, | Gadus morhua, Gadus macrocephalus,
S. A Spain Pollachius viren, Pollachius pollachius,
Arctogadus glacialis
SALMON KIT BIOTOOLS B&M Labs, | Salmo salar, Salmo trutta,
S. A Spain Onchorhychus mykiss
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Methods to analyse DNA markers

Direct Sequencing (FINS)

El

IACATTTCCGCATGATGARR

o0 110 1200 130 140
CTTTGGCTCAC TACTTGGTCTCTGCCTTATTTCCCE

DNA Sequence
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LE3
MCEI o
- BFT CHOW
- > BET1
A | {1] CANTATORE Katsuwonus
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pelamis
ETY
Clustalx.Ink S
Sequence: Show BET1 TEROL
HLE]

DNA Database

'

Phylogenetic tree
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Sequences searching
(* required field )

* Region: | A—> Mitochondrial Cyvtochrome b+

Individual: Species:

EEF —» Sarda chiliensis
Press "Ctrl" button to select BET —» Thunnus us
several species or individuals EFT —* Thunnus thynn

>

ELF —> Thunnus atlanticus

e | (Speces

Reset Back

~

Sequence: Show
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Methods to analyse DNA markers

DNA Database

Region Code:

A (mitochondrial cytochrome b gene)

Individual Code:
FAQO Code (ALB; Thunnus alalunga)

= AD0Z_ATEOO1
AAGACCTCCTTIGGEITICGTGATCCTACTAGTGGCACTCGCCTCTCTAGCACTATI

MG ACCTCCTTGGTITCGTGATCCTACTAGTGGCACTCGCCTCTCTAGCACTATTY

= A001_ATBOOZ
ATCCTTACAGGACTATTCCTCGCAATACACTATACCCCTGATGTCGAATCAGCTT

= A002_ATEOOZ
AAGACCT OO T T GGT TG TGAT O T GO TAGTGGCACTTCGUCT T TAGC ACTATIY

= A001 ATEROOZ ”~
ATCOCTTACAGEACTATTCOT D GCAATACACTATACCOOTGATGETOGA ATC A CTCT -_
et U RODIORORI | ||
| b

Reset Back

Sequence: Show
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Methods to analyse DNA markers
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Direct Sequencing (FINS)

Equipment and materials required

Termocycler, PCR reagents, DNA sequencer, Sequencing reagents, DNA
database, alignment software...
Advantages

It is a very robust and powerful technique that allows the determination of

inter- and intra-specific variability.

Suitable to related species and it is adequate to highly processed products
Disadvantages

Technically demanding and expensive equipment is required
It requires a previous knowledge of the target sequences
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Methods to analyse DNA markers
Direct Sequencing (FINS)
Commercial kits based on FINS
FLAT FISH ID KIT | BIOTOOLS B&M | Pleuronectes platessa, Platichtys flessus,
Labs, S. A Reinhardtius hippoglossoides, Solea  solea,
Spain Hippoglossus hippoglossus
TUNA ID KIT BIOTOOLS B&M | Thunnus thynnus, Thunnus albacares, Thunnus
Labs, S. A obesus, Thunnus alalunga, Thunnus atlanticus,
Spain Sarda sarda, Katsuwonus pelami, Auxis thazard,
Euthynnus alleteratuss
HAKE KIT BIOTOOLS B&M | Merluccius  merluccius,  Merluccius  capensis,
Labs, S. A Merluccius paradoxus, Merluccius hubbsi, Merluccius
Spain gayi, Merluccius australis, Merluccius senegalensis,
Merluccius polli, Merlucciu bilineariss, Merluccius
productus
FISH ID KIT BIONOSTRA S. L. | The database will be updated frequently with new

Spain

species. www.bionostra.net
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Methods to analyse DNA markers

DNA Probes

1.- Inmovilization of probes 2.- Hibrydization

to coated microplate % m

PCR fragment
labelled

3.- Inmunodetection 4.- Colour development

‘ ‘ Substrate ‘ ‘

A A

&

PCR-ELISA SYSTEM Thunnus albacares

— — ——
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KITCOL project
Carmen Gonzalez-Sotelo, Ricardo Pérez-Martin, Maria José Chapela, Mar Rey
f Miguel Angel Pardo, Patricia Gilardi, Hans Riese,
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Methods to analyse DNA markers

DNA Probes

Equipment and materials required

Thermocycler, PCR reactives, automated optical detection system

Advantages

Semi-automated, fast

Disadvantages

It is expensive (DNA chip)

Limited to the species included in the system
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DNA Probes

FOOD
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Commercial kits based on DNA probes

FOOD EXPERT ID | BIOMERIEUX,
France

Salvelinus alpinus, Sarda sarda,
Gadus morhua, Scomber scomber,
Salmo salar, Salvelinus fontinalis,
Anguilla anguilla, Merluccius
merluccius, Gadus ogac, Anguilla
japonica, Anguilla mossambica,
Oncorhynchus mykiss, Salmo trutta,

Euthynnus pelamis, Euthynnus
alleteratus
KITCOL Prototype | Gendmica SAU, CSIC- | Thunnus albacares, Thunnus
[IM, AZTI, alalunga, Katsuwonus pelamis, Gadus
Spain morhua, Brosme brosme, Molva

molva, Molva dypetrygis, Pollachius
pollachius, Pollachius virens, Theragra
chalcogramma
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Conclusions
The IEF method (protein based one) is a feasible method to authenticate fish

but only when it is not processed (fresh or frozen)

. When the external characteristics are removed DNA based methodologies are
preferably used than protein based ones

In routine control laboratories the DNA techniques are limited by the cost of

equipment and the requirement of qualified personal

In future, the cost of DNA analysis will be cheaper and the requirement of

qualified personal will be possible by training programmes

In relation to the VALID Project in the Traceability Pillar, the best method to
validate DNA based techniques is the direct sequencing of a DNA fragment

2nd SEAFOODplus Conference 5 October 2005
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Thank you for your attention!

Txatxarramendi ugartea z/g.

48395 SUKARRIETA (Bizkaia)
Tel.: +34 946029400 / Fax: +34 946870006
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