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ABSTRACT

Contemporary world food safety standards have emphasized the implementation of efficient food traceability systems,
including the correct labeling of productsfor the authentication of the commercialized species. In this context, Chile has
reached an important development in agricultural exportations, reaching near US$ 3.82 billion in 2007. Since the
identification based on morphologic and organoleptic characteristics is complex during the elaboration process of
aquaculture products, molecular tools need to be developed in order to genetically trace aguaculture products. This
study analyzed five species of Chilean commercia mollusks using molecular DNA markers. From the partial sequences
of theribosomal region ITS1-5.8SrDNA-ITS2, the specific primersfor theinternal transcribed spacers 1 and 2 (ITSL,
I TS2) were designed. These primersin 8 fresh species of mollusks, 5 commercia presentations and 3 processed species,
obtaining specie-specific band patterns in all cases for both ITS. Additionally, the primers are shown to be highly
specific and of replicable amplification products, independently from the commercial presentation of the studied species.
Genetically trace aguaculture products. The presence of fraud for species substitution between canned abalone (Haliotis)
and loco (Concholepas) speciesis discussed.

Kevworbs: Genetic traceability, ITS1, ITS2, mollusk identification, specific divider design.

RESUMEN

Las actuales regulaciones a nivel mundial sobre seguridad alimentaria han enfatizado laimplementacidn de sistemas
eficientes de trazabilidad alimentaria, asi como el correcto etiquetado de productos para la autentificacion de las
especiescomercializadas. En este contexto, Chile haal canzado unimportante desarrollo en acuiculturacon exportaciones
cercanas a los US$ 3.826,8.- millones en el afio 2007. Debido al proceso de elaboracion de productos acuicolas, la
identificacion basada en caracteristicas morfol 6gicas y organol épticas es compleja, siendo necesario el desarrollo de
herramientas mol eculares como mecanismo para la trazabilidad genética de productos acuicolas. En éste estudio, se
analizaron 5 especies de moluscos comercial es chil enos mediante marcadores molecularesADN. A partir de secuencias
parcialesdelaregion ribosomal ITS1-5.8SADNr-ITS2 sereaizd el disefio de partidores especificos paral os espaciadores
internostranscritos 1y 2 (ITS1, ITS2). Los partidores disefiados fueron validados en 8 especies frescas de moluscos,
5 presentaciones comerciales y 3 especies procesadas obteniéndose patrones de bandeo especi e-especificos en todos
los casos paraambos I TS. Los partidores disefiados mostraron ser altamente especificosy de productos de amplificacion
replicableindependientemente de la presentaci n comercial delas especies estudiadas. Lautilizacion delos partidores
paralasregiones| TS permite su aplicacién en trazabilidad genética de productos acuicolas. Se discute lapresenciade
fraude por sustitucion de especies entre abal6n (Haliotis) y loco (Concholepas) enlatados.

PaLaBRrAs cLAVES: Trazabilidad genética, ITS1, ITS2, identificacion de moluscos, disefio de partidores especificos.
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INTRODUCTION

Fishing and aquaculture form part of the principal
productive and economic activitiesin Chile. In 2007,
total exports from this sector reached 1.413 billion
tons for avalue of US$ 3.826 hillion; these values
are an increase of 1.6 and 3.9% respectively
(SUBPESCA 2007). Inaguaculture production, Chile
is among the ten most important aquaculture
countriesworld wide: itisthe second world salmon
producer and an emerging exporter of seaweeds and
mollusks, where the gastropods are one of the most
economically important group of species. One
example are abalones (Haliotis): Chile was the 5th
producer & aworldwidelevel in2006 (Flores-Aguilar
etal. 2007).

One of themain challengesfor aquacultureat aworld
level is the certification of the quality and
harmlessness of the food products in the final
markets. Beginning in 2005, food sector companies,
including aquaculture, should develop and
implement norms and procedures of animal
identification and traceability in accordance with the
European Regulation 178/2002, The Bio-Terrorism
Law and the COOL Mandate (“ Country of Origin
Labeling”) from the United States (Thompson et al.
2005) and the European Union. Regattieri et al. (2007)
define the term traceability as the capacity to
reconstruct the history that a product possesses in
termsof theintrinsic propertiesand/or the properties
associated to this after it has been subject to a
particular process of addition of added value. Inthis
sense, when food products are processed (i.e. under
high temperatures, addition of chemical compounds
and high pressure), identification by morphological
characteristicsisinsufficient and there can be cases
of species substitution or commercial fraud. Inthese
cases, DNA characteristics are more thermo-stable
in comparison with the proteins because they are
presentinall of thecellsof an organism, makingita
powerful tool inanimal authentication (Bossier 1999;
Lockley & Bardd ey 2000).

The authentication of species using DNA creates
the possibility of genetic traceability, which is
defined as the ability to identify the origin of an
organism or food product, as far away from the
production chain as necessary, and monitoring or
tracking the same based on its genetic fingerprint,
or DNA (Cunningham & Meghen 2001). A few of the
molecular markers used in the authentication of

commercial speciesarethemitochondrial genes12S
rRNA, 16SrRNA (Borgo et al. 1996; Abdulmawjood
& Billte 2001; Chapelaet al. 2002; Di-Finizio et al.
2007), cytochromeb (Unseld et al. 1995; Ram et al.
1996; Quinteiro et al. 1998; Cocolin et al. 2000;
Chapela et al. 2003), cytochrome oxidase 11
(Carrera et al. 1999). Studies on species
authentication with nuclear markers are rare and
only refer to PCR-RFLP of the 18SrDNA geneand
internal transcribed spacers (Fernandez et al. 2001;
L épez-Pifion et al. 2002; Santaclara et al. 2006).
However, since the characteristics of the ITS are
relatively variable in nucleotide composition and
longitude for different species, localized zones at
theinterior of the | TS can beused asarobust marker
at aspecificlevel (Fernandez et al. 2001; Coleman &
Vacquier 2002; Coleman 2003; Instaet al. 2003; Han-
Liang et al. 2006).

The objective of this study was to design and
evaluate species-specific primersfor theamplification
of the ITS1 and ITS2 regions of commercially
important mollusks in Chile. The primers were
validated by authenticating fresh/frozen as well as
canned and processed products.

MATERIALSAND METHODS

OBTAINING THE SAMPLES

The species used for the primers design were
Haliotis rufescens, H. discus hannai, Fissurella
crassa, Tegula atra and Choromytiluschorus. The
samples were obtained between August and
September of 2007. The mollusks obtained are
summarizedin Tablel. The obtained sequences of
ITS1 and I TS2 were submitted to GenBank under
the following access numbers: EU636214-
EU636218 (Aguilera-Mufioz & Gallardo-Escérate
2008).

DNA EXTRACTION, AMPLIFICATION AND SEQUENCE

The total genomic DNA was extracted from the
muscular tissue (foot) using an E.Z.N.A Tissue
DNA kit (OmegaBio-Tek, USA) according to the
manufacturer’s instructions. The extracted DNA
was visualized by electrophoresis at a voltage of
70v for 45 min in an agarose gel at 1% in TAE
buffer staining with ethydium bromide; the size of
the extracted DNA was compared with amolecular
weight marker of 1 bk (New England BioL abs®).
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The gel was observed through a digital photo-
documentation system Ultracam® (Model 4883)
under ultraviolet light. The quantity and purity of
the extracted DNA was measured using a
spectrophotometer ND1000 (NanoDrop®
Technologies).

The ribosomal region ITS1-5.8SrDNA-ITS2 was
amplified by PCR, the primersused were G-FOR (5 -
GGGATCCGTTTCCGTAGGTGAACCTGC-3) and G-
REV (5°- GGGATCCATATGCTTAAGT
TCAGCGGGT-3") (Coleman & Vacquier 2002). The
PCR reactionswere carried out in afina volume of
12.5 uL, where each reaction containsa PCR 1X
buffer (New England BiolL abs®), 0.2 ug/uL BSA, 200
UM dNTFP's, 0.5 uM of each primer, 0.1 U/uL Tag

DNA Polimerase (New England BioL abs®), water
miliQ and 8 ng/uL of genomic DNA. The PCR
conditionswere: aninitial denaturalization at 94°C
for 2 min 30 sec, followed by 35 cyclesat 94°C for 40
sec, 56°C for 40 sec and 72°C for 1 min, with afinal
extension at 72°C for 5 minutes. The amplified
productswerevisualized in agarose gel at 1% under
ultraviolet light. The PCR products were purified
and sequenced in a bi-directional form in an
automatic sequencer ABI 3700 (Applied
Biosystems®) from Macrogen Inc. (Korea). The
sequences were verified using chromatograms in
the software MEGA4 (Tamura et al. 2007) and
aligned using the CLUSTALW method (Higgins et
al. 1994).

TaBLE |. Species and food products, type of presentation and origin of the samples used in this study.

TaBLA |. Especiesy productos alimenticios, tipo de presentacién y origen de los gjemplares utilizados en €l presente

estudio.

Specie and food product Type of product

Origin

Haliotisrufescens Fresh
Haliotis discus hannai Fresh
Concholepas concholepas Fresh
Thais chocolata Fresh
Chorus giganteus Fresh
Fissurella crassa Fresh
Tegula atra Fresh
Choromytilus chorus Fresh
Orodel Pacifico Canned
Supreme Canned
Don Efe Super Extra Canned
Don Efe Canned
Robinson Crusoe (loco) Canned
Thais chocolata Processed
Chorus giganteus Processed
Tegula atra Processed

Coquimbo, Chile
Coquimbo, Chile
Concepciodn, Chile
Antofagasta, Chile
Concepcién, Chile
Concepciodn, Chile
Concepcién, Chile
Concepcién, Chile
BajaCalifornia, México
Rayong, Finland
BgjaCalifornia, México
BajaCalifornia, México
Concepcién, Chile
Concepciodn, Chile
Concepcion, Chile
Concepciodn, Chile

DESIGN OF SPECIFIC-PRIMERS FOR THE INTERNAL
TRANSCRIBED SPACERS (I TS1 AND I TS2)

Based on the sequence analysis of the ribosomal
region | TS1-5.8SrDNA-ITS2, specific primersfor the
ITS1 and ITS2 were designed using the software
DNAMAN 4.03 (Lynnon Biosoft, Quebec, Canada).
Two primersthat unitetheribosomal 5.8Sgenewere
designed for the amplification of the internal
transcribed spacers 1 and 2, respectively. Inthecase
of the ITS1, only the primer reverse that unitesthe
5" extreme of the 5.8SrDNA genewasdesigned; in
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contrast, for thel TS2, the primer forward was design
that unitesthe 3’ extreme of the 5.8SrDNA gene.

V ALIDATION OF THE PRIMERS DESIGNED FOR THE
AMPLIFICATION OF ITS1 AND I TS2

The internal transcribed spacers (ITS1 and 1TS2)
were amplified using the primers designed
according to the previous point. The PCR reaction
conditions were the previously mentioned and the
PCR program for both ITS1 and ITS2 consisted in:
aninitial denaturalization at 95°C for 2 minutes 30
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sec, followed by 35 cyclesa94°C for 45 sec, 54°Cfor
45 sec and 72°C for 1 min, with afinal extension at
72°C for 5 min. The amplified products were
visualized with electrophoresis at a voltage of 70v
for 45mininan agarosegel at 1% and the size of the
PCR product was compared with amol ecular weight
marker of 100 bp (New England BioL abs®). Theadlele
sizewasassigned with the software Gel-ProAnalyzer
(MediaCybernetics, Inc).

RESULTS

Figure 1 shows the alignment of the ribosomal
region |TS1-5.8SrDNA-ITS2 for the
commercialized mollusk species in Chile. The
primers used for the amplification of the ITSregion
(Coleman & Vacquier 2002) are united in highly
conserved zones of the ribosomal genes of the sub-
unit greater 28SrDNA and 18SrDNA, allowing
amplification of the ITS1-5.8SrDNA-ITS2
complex. In this study, the primers designed are
joined in highly conserved zones of the ribosomal
gene 5.8SrDNA (Table 11). To amplify ITSL, the
primer forward used were those proposed by
Coleman, Vacquier (2002), which arejoined at the 3’
extreme of the 18SrDNA gene; the primer reverse
used was the one proposed in this study and at the

5" extremeof the 5.8SrDNA gene. To amplify ITS2,
the primer forward arethose proposed in this study
and areannealing at the 3' extreme of the 5.8SrDNA
gene; the primer reverse is the one proposed by
Coleman Vacquier (2002) which joins at the 5
extreme of the 28SrDNA gene (Figure 2). The
amplification of ITS1 from fresh productsis shown
in Figure 3. Fragments near 370 bp were obtained
for the halitosis; for C. concholepas, T. chocolate,
Ch. giganteus, F. crassa, T. atra, Ch. Chorus,
values of 360, 310, 330, 320, 280 y 380 base pairs
were found, respectively. In reference to the
elaborated products (canned and processed),
fragments of similar sizes (280-370 bp) were
obtained (Figure 4). The ITS2 fragments from the
fresh products are shown in Figure 5, where
fragments between 370-570 bp were obtained; for
the elaborated products (canned and processed),
fragments with sizes that varied between 380-570
bp were obtained (Figure 6). Analysis of the
amplifications of both ITS indicate that the cans
with the labels Don Efe and Don Efe Super Extra
have the same allelic size as the Robinson Crusoe
can. When comparing these same canned products
with the fresh products, the canned species
corresponds to Concholepas concholepas (loco),
which is fraud by substitution of arelated species
that hasalower commercial value.

TasLE II. Primers designed for the amplification of the internal transcribed spaces (ITS1 and I TS2) with their content

G+C.

TaBLA 1. Partidores disefiados para la amplificacion de los espaciadores internos transcritos (ITS1 e ITS2) con su

contenido G+C.

Marker Primer Sequence (5'-3") G+C Reference

ITS1 G-FOR  GGGATCCGTTTCCGTAGGTGAACCTGC 59.3% (Coleman & Vacquier 2002)

ITSL F-REV CCCCCGTCTAGAGTTGTGAGA 57.1% This study

ITS2 F-FOR GCCTGTCTGAGGGTCGGCGA 70.0% This study

ITS2 G-REV  GGGATCCATATGCTTAAGTTCAGCGGGT50.0% (Coleman & Vacquier 2002)
DISCUSSION the doubl e strain between 100 and 500 bp (Chikuni

Many authorsindicate that the exposure of food of
animal origin to industrial processes, such as
cooking and sterilizing cans, results in protein
structure changes and integrity losses at agenomic
level. Given that the DNA is more thermo-stable
than proteins at temperatures above 100°C, the
principal effect onthe DNA isthefragmentationin

et al. 1990; Unseld et al. 1995; Ram et al. 1996;
Quinteiro et al. 1998). Additionally, when the
fragmentation of the DNA does not result in loss of
sequences lower than 500 bp, amplifications for
PCR can be obtained from elaborated products of
animal origin. At a specific level, it is possible to
flank regions of interest, where sequence variety
can exist independently from nucleotide diversity.
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H. nfescens
H. d. hannai
F.crassa

T. ata

Ch. chorus

== -TGGTCAT

TCACGGCGAC
SATT..
MGG, CAA,

.CAC...GT

GCGCTTETCC

H. urescens
H. d. hannai
F.crassa

T. atra

Ch. chorus

H. nufescens
H. d. hannai
F.crassa

T. atra

Ch. charus

H. ufescens
H. d. hannai
F.crassa

T. atra

Ch. chorus

EEIICY - PR

CCGGTGGAGA
GA.AAAAGCT
GA . e
A CACTG T
CTGGTCTGCC

LAAGAGTT.
.C.A..GC.C
G.TC.TCC..
AGACGGGGGA

c. GY TTGTIG
GCCGGAC -GT

.T.T.C. .IC
.A.TCTGCCG
.C.G.AT.

TCACTCGGET

H. nutescens
H. d. hannai
F.crassa

T. atra

Ch. charus

H. ufescens
H. d. hannai
F.crassa

T. atra

Ch. chorus

H. ufescens
H. d. hannai
F.crassa

T. atra

Ch. chorus

B Taus
GTGAATTGCA

H. nufescens
H. d. hannai
F.crassa
T.atra

Ch. chorus
H. nufescens
H. d. hannai
F.crassa

T. atra

Ch. chorus

GCGCAT TOOG

ﬁ
A.T.GIC.CI
.ET...C

TTCCGCTCGT

H. nutescens
H. d. hannai
F.crassa

T. atra

Ch. chorus

H.nfescens CTGCGTGGA -
H. d. hannai
F.crassa

T. atra

Ch, chorus

GGA.CG.TTT

H. ufescens
H. d. hannai
F.crassa

T. atra

Ch. chorus

M:l:naac C
GTCTT.CAAC .C..A
H. nutescens
H. d. hannai

F.crassa

T.atra

Ch. chorus

Ficure 1. Sequence alignment for the ribosomal region I TS1-5.8SrDNA-I1TS2 of Chilean commercia mollusk species.

TTTGACGTTG TTGACGTTGT
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.eC...cccT
T..C===
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.6G....C.
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TCTTl G
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ClGTCG.Cl
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LALCTT. ..
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LETT.TC...
AACCGTCTCT

C...CATCT.
CGT. .A.GGC

G.l AGCCG

GATAAA .AGT
A...GGTG.T

CCGAACTTTG

CAAAATCGGG

TGTG.GGCCA
le.cc.cce.
CCOTGTCGET
[TGA.G.
.G

lG-
G-A. .
LG.GT.TT.

AGAAAA -« - -

ARAA
GTG.GOTTTA
AT .
CC.CTT----

CACCTTGAGT

TlGAGnAAG
CT.G.T...
GA . GAG . CT.I

TCACAACTCT

.CATAC -AA
AGCCAGCTGC

ATATTGCGGC

€.
1cornnnacn ~-CTTGTTTT
-e.C-. ..
lac.c
GTT.C.A.CG

T-TGCTTGAC
.TAA...C.G
£....6..T
.TC.TCGECECT

TTTACTTOGC

AGG GGG .

CAC---....

.C-=-=-CC.,

CCGGG‘I‘CTGG

LAGGCT.C.T
.GCT.
CAAAT. c
TGTCTCGCCT
TG. .GAT.A
CACAGC.AAAC
LA LAA

CAAACTTACG

(The gaps are indicated by a dash, the sites with nucleotides are indicated with a dot).

Ficura 1. Alineamiento de las secuencias de laregion ribosomal 1TS1-5.8S ADNr-1TS2 de las especies de moluscos
comerciales en Chile. (Los gaps estan indicados por un guion, los sitios con nucledtidos idénticos estan indicados con

un punto).

GFOR

REV

F-FOR

SReV

18S rDNA ITS1 5.8S rDNA ITS2 28S rDNA

Ficure 2. Approximate location of the primers used to amplify ITS1and ITS2. ITS 1 = internal transcribed spacer 1.
ITS 2 = internal transcribed spacer 2.

Ficura 2. Localizacion aproximada de | os partidores usados para amplificar ITS1 eI TS2. ITS 1 = espaciador interno
transcrito 1. ITS 2 = espaciador interno transcrito 2.
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1500
1000

500

100

Ficure 3. Amplification of the internal transcribed spacer 1 in the fresh mollusk products. C (-) mix PCR without
DNA H.r: H. rufescens, H. d h: H. discus hannai, C. c: C. concholepas, T. ch: T. chocolata, Ch. g: Ch. giganteus, F. c:
F.crassa, T. a T. atra, Ch. ch: Ch. chorus. Molecular weight marker of 100 b New England BioL abs®.

Ficura 3. Amplificacion del espaciador interno transcrito 1 en los productos frescos de moluscos. C (-) mix PCR sin
ADN, H. r: H. rufescens, H. d h: H. discus hannai, C. c: C. concholepas, T. ch: T. chocolata, Ch. g: Ch. giganteus, F.
c: F. crassa, T. a T. atra, Ch. ch: Ch. chorus. Marcador de peso molecular de 100 pb New England BioL abs®.

Ficure 4. Amplification of theinternal transcribed spacer 1in canned and processed mollusk products. C (-): mix PCR
without DNA, 1: Canned Oro del Pecifico abalone, 2: Canned Supreme abalone 3: Canned Don Efe Super Extra
abalone, 4: Canned Don Efe abalone, 5: Canned Robinson Crusoe loco, 6: T. chocolata processed, 7: Ch. giganteus
processed, 8: T. atra processed. Molecular weight marker of 100 bp New England BioL abs®.

Ficura 4. Amplificacion del espaciador interno transcrito 1 en los productos enlatadosy procesados de moluscos. C (-):
mix PCRsinADN, 1: LataOro del Pacifico abalén, 2: Lata Supreme abal 6n, 3: Lata Don Efe Super Extraabal 6n, 4: Lata
Don Efe abaldn, 5: Lata Robinson Crusoe loco, 6: T. chocolata procesado, 7: Ch. giganteus procesado, 8: T. atra
procesado. Marcador de peso molecular de 100 pb New England BioL abs®.
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Ficure 5. Amplification of the internal transcribed spacer 2 in the fresh mollusk products. C (-) mix PCR with DNA,
H. r: H. rufescens, H. d h: H. discus hannai, C. c: C. concholepas, T. ch: T. chocolata, Ch. g: Ch. giganteus, F. c: F.
crassa, T. a T. atra, Ch. ch: Ch. chorus. Molecular weight marker of 100 bp New England BioL abs®.

Ficura 5. Amplificacion del espaciador interno transcrito 2 en los productos frescos de moluscos. C (-) mix PCR sin

ADN, H.r: H. rufescens, H. d h: H. discus hannai, C. c: C. concholepas, T. ch: T. chocolata, Ch. g: Ch. giganteus, F.
c:F crassa, T. a T. atra, Ch. ch: Ch. chorus. Marcador de peso molecular de 100 pb New England BioL abs®.

1500 b

1000 b

500

100 b

Ficure 6. Amplification of theinternal transcribed spacer 2 in the canned and processed mollusk products. C (-): mix
PCR without DNA, 1: Canned Oro del Pacifico abalone, 2: Canned Supreme abalone, 3: Canned Don Efe Super Extra
abalone, 4: Canned Don Efe abalone, 5: Canned Robinson Crusoe loco, 6: T. chocolata processed, 7: Ch. giganteus
processed, 8: T. atra processed. Molecular weight marker of 100 bp New England BioL abs®.

Ficura 6. Amplificacion del espaciador interno transcrito 2 en los productos enlatados y procesados de moluscos. C (-):
mix PCRsinADN, 1: LataOro del Pacifico abaldn, 2: Lata Supreme abal én, 3: Lata Don Efe Super Extraabalén, 4: Lata
Don Efe abal6n, 5: Lata Robinson Crusoe loco, 6: T. chocolata procesado, 7: Ch. giganteus procesado, 8: T. atra
procesado. Marcador de peso molecular de 100 pb New England BioL abs®.
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Inthissense, thevariety that theinternal transcribed
spacers (ITS) have in relation to the size between
the species can be used as agood molecular marker
for species authentication (Cunningham 1997;
Odorico & Miller 1997; Ferndndez et al. 2001;
Coleman & Vacquier 2002; L épez-Pifibn et al. 2002;
Han-Liang et al. 2006). Specie-specific DNA
markers, based on results from electrophoretic
patterns, reduce the costs and time involved when
analyzing the sequence of PCR products.

In commercially valuable animal products, frauds
by substitution with rel ated species of alower value
has been found in many industries in the last few
years, resulting in economic losses at aworld wide
level (L6pez et al. 2003). In this context, the
implementation of traceability systems and animal
authentication at a genetic level are of great
importance for the expansion and diversification of
international markets (Loftus 2005). Indeed,
Abdulmawjood & Bullte (2001) developed PCR-RFLP
markers of the mitochondrial genes 12S rRNA and
16S rRNA to discriminate between the species of
land snails Helix pomatia and Helix lucorum dueto
H. pomatia’s high market price in Europe.
Additionally, the authors devel oped specie-specific
for avariable zone of the 16S rRNA gene. In other
sea products, Cocolin et al. (2000) identified fish
filetsusing the markers PCR-RFL P of the cytochrome
b gene in order to identify 5 fish species used as
subgtitutes. Carreraet al. (1999) through PCR-RFLP
of the mitochondrial 16S rRNA gene obtained
specific banding patterns to differentiate between
smoked salmon and trout species. Chapela et al.
(2002) authenticated cephalopod species through
FINS proving the presence of products labeled as
Octopus that were readly the lower commercially
valued species Ilex argentinus. On the other hand,
Di-Finizio et al. (2007) identified 7 fish species of
different bio-geographic origins through sequence
analysis of the 12S rRNA and 16S rRNA genes,
wherethe PCR-RFL P of the 16S5rRNA genedlowed
rapid discrimination between the species.

Aquaculture, principally lead by salmonidae,
mollusks, and seaweeds, exercises a fundamental
rolein Chilean economic development. Inthiscontext,
Chile has reached an important development in
aquaculture, with exports near US$ 3.826 billionin
the year 2007. Among the most commercially
important products, bivalve and gastropod mollusks
have shown a significant increase in the last years.

One of the most commercially valuable gastropod
species is abalones (26.5 US$/kg FOB), whose
production during 2006 positioned Chile as the 5th
producer at aworldwidelevel. Giventhe high values
of the halitosisin the international market, fraud by
related species substitution has been observed in
products canned and labeled as abalone (Swelijd et
al. 1998). Exceptionally, this study, using ITS
markers, showed that a speci es substitution between
abalone (Haliotis) and loco (Concholepas) in the
Don Efe Super Extraand Don Efe cans, which were
labeled as “abalone/abulon”. The PCR products
amplified with the primers described in the present
study for ITS2 show that the haliotids possesses a
characteristically allele size of 390 bp in comparison
with those observed for the muricid C. Concholepas
at 520 bp. The amplifications generated for ITS1
show that the haliotids possessesaallele size of 370
bp while the muricid C. concholepas is 360 bp.
Previously, sequence analysisof the 16S5rRNA gene
using the FINS technique demonstrates the
substitution of abalone by other species such as
keyholelimpet, “locos’, snailsand squids (Del Rio-
Portillaet al. 2008).

The present study is the first to trace aquaculture
productsin order to certify and guaranteethe quality
of the principal food products exported by Chile.
The primers proposed can be used in species
identification, food traceability practices,
phylogenetic studies, and popul ation genetic studies,
among others.
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