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The DNA sequence diversity of Sardina pilchardus (Walbaum, 1792) and some closely related species
of Clupeomorpha was investigated using the mitochondrial DNA gene encoding cytochrome b. The
nucleotide sequences of complete and partial mtDNA cytochrome b were determined in numerous
specimens. Sequence divergence between species and genera was evenly distributed in the
cytochrome b gene but rather high compared to reports for other fish species. Phylogenetic analyses
on complete cytochrome b were used to study the relationships among the considered species. S.
pilchardus was easily differentiated, showing a genetic distance of 0.25 with respect to Clupeidae
species and 0.26 with respect to the other species. A species-specific short fragment (<150 bp) was
isolated by polymerase chain reaction (PCR) using primers designed for Clupeomorpha. A rapid and
reliable PCR method using restriction fragment length polymorphism (RFLP) with two restriction
enzymes (Mnll/Hinfl) was optimized for unambiguous differentiation of S. pilchardus from the other
species tested (raw and canned products).
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INTRODUCTION Table 1. List of the 21 Small Pelagic Fish Authorized by the Codex

Alimentarius for Preparation of Canned Sardines or Sardine

Species identification of sardine type products is of increasing Type Products

importance in Europe. European Union regulations stipulate that
canned sardines must be prepared exclusively fRardina world

pilchardus(Walbaum, 1792), whereas ti@odex Alimentarius - production
. " . L common name scientific name (tons)?
standard provides a positive list of 21 small pelagic fisfieble . . —
1) that can be used in the preparation of canned sardine or$dne  European pichard Sardina pilchardus 940721
. . sardine type South American pilchard Sardinops sagax 937 269
sardine type products. The name of the product written on the product Californian pilchard Sardinops caeruleus® 365 784

Japanese pilchard
Southern African pilchard
Australian pilchard

Sardinops melanostictus® 295 788
Sardinops ocellatus® 196 534
Sardinops neopilchardus® nonindexed

label must be “sardines” whef pilcharduss used exclusively.
When other species are used, the name “sardines” must be
completed by a distinctive designation, i.e. the name of a

! ! round sardinella Sardinella aurita 633578
country, a geographic area, the species, or the common name Indian oil sardine Sardinella longiceps 282075
of the fish in accordance with the laws and customs of the goldstripe sardinella Sardinella gibbosa 161200
trv i hich th duct Id Madeiran sardinella Sardinella maderensis 123674
country In wnic € products are sold. ) ) Brazilian sardinella Sardinella brasiliensis 82283
As most of the external features allowing morphological European sprat Sprattus sprattus 696 243
identification of whole fish are not apparent after processing, sandy sprat Hyperlophus vittatus ~ nonindexed
there is a need for analytical methods of authentication to detect anchoveta Engrauls fingens 1729 064
) ’ ‘ _y - it o Argentine anchoita Engraulis anchoita 13417
mislabeling. The traditional methods of fish species identifica- Californian anchoita Engraulis mordax 2335
tion, such as isoelectric focusing (IEF) of proteiris-@) or Atlantic herring Clupea harengus 2419117
HPLC (4, 5), are applicable only to raw fish. Other electro- round herring Etrumeus teres 58569
. Atlantic thread herring Opisthonema oglinum 18 752
phoretic metho_ds, S_UCh as SDS__PAGE or urea IEF (6_1_1)1 Pacific menhaden Ethmidium maculatum 40 845
can be used to identify processed fish (cooked, smoked, prefried, Western Australian gizzard shad Nematalosa viaminghi  nonindexed

breaded). However, these techniques cannot be used when

processing highly denatures proteins, especially in canning. As

2 World production (FAO, 1998) is indicated in tons for each species. ° The

traditional species named Sardinops spp. indicated are grouped together under a
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single designation, Sardinops sagax.

an alternative to protein analysis, DNA-based techniques provide
a new authentication tool (123). As DNA is more heat stable
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than many proteins, analyses involving nucleic acid are more Taple 2. Sampling for Mitochondrial Cytochrome b Analysis
likely to be used on processed fish. Moreover, DNA can provide

more information than protein, due to the degeneracy of the species location date collcd collectors?
genetic code and the presence of a majority of noncoding regionsSardinella aurita Ivory Coast ~ Oct 2000  Xavier Bard, IRD, Ivory Coast
rich in useful polymorphism for species evolution studies. Sardinella maderensis Ivory Coast ~ Oct 2000  Xavier Bard, IRD, Ivory Coast

f . Sardina pilchardus Bay of Biscay May 2000 Ifremer (Thalassa ship), France
Developments in molecular biology allow the gene sequence Sardinops sagax Chile coast ~ Sep 1996 IFOP, Chile

from a large number of individuals to be determined in a short sardinops caeruleus ~ Pacific Mar 2000 Héctor Villalobos Ortiz, IPN, Mexico
period of time (14). The increased use of nucleotide sequencesgrgraulihs encrasicolus ﬁay r?fSBiscay glagl?gg? :;remer gﬂa:assa Sﬂ@pg, Erance

H H H H H upea harengus orth Sea € remer alassa ship), France

In polymergs_e chain reaCtlc.m (PCR) an.d Of. direct sequencing Sprattus sprattus Bay of Biscay May 2000 Ifremer (Thalassa ship), France
for determining phylogenetic relationships in vertebrates has

mad_e databases available _that are \_Ne" suited for comparative 2|RD: Institut de Recherche pour le Développement. IFOP: Instituto de Fomento
studies. Segments of the mitochondrial DNA (mtDNA) genome pegquero. 1PN: Instituto Poltécnico Nacional.

have proved to be particularly useful for identification of the

ammal origin of various meat or fish preparatiorib(16). Table 3. Primer Sequences for PCR Amplification of

Mitochondrial DNA has several advantages over nuclear DNA cytochrome b Gene

for diagnostic studies of fish products, particularly a greater

abundance in nuclear acid extracts and a copy number severafo.  name sequence 53 ref
times higher {7). As mitochondrial DNA is maternally 1 Fishcytb-F ACCACCGTTGTTATTCAACTACAAGAAC  Bautista (unpublished)
3 Cythll-F  CGATTCTTCGCATTCCACTTCCT Bautista (unpublished)
)

genotypes are theoretically avoidetBj. The cytochromé 4 Trucyth-R  CCGACTTCCGGATTACAAGACCG Bautista (unpublished
gene, which has been targeted for many different studies, has as FishcythMOF TGACTCGAAAAGCCACGGTTGTTATTCAAC this study
relatively high mutation rate and sufficient point mutations to 6 TrucybtMOR CGGTCTTGTAATCCGAAGACCCG this study

allow discrimination of even closely related species of small
pelagic fishes (18,19). However, mitochondrial DNA also _
exhibits a degree of intraspecific variability useful for population Supermarkets or supplied by collaborators. Sampleslll were
identification in pelagic fishes (2@1—23). traditional French or Moroccan canned sardines (Sardina pilchardus

Current knowledge of the systematics and biogeography of labeled “sardines”) prepared in vegetable oil (groundnut or olive oil)

the widely distributed specieSardina pilchardus, Sardinops or tomato sauce, sometimes with seasoning such as lemon or red chili.

. . ; ) Sample 12 (labeled “sardinen filets”) was canned in Peru, sample 13
spp.,Sardinellaspp., andEngraulisspp. relies mainly on afew a5 3 japanese canned product, sample 14 was a Venezuelan product

works (20, 21, 24—30). Sardines (Sardina, Sardinops) and (jabeled “sardinen filets”), sample 15 was a French can of anchovies
anchovies are distributed in temperate zones worldwide and haveabeled “filets d’anchois avec olives”), and sample 16 was a can of
representative species or populations in most of the temperateBrisling sardines from Norway (probably prepared wiprattus
boundary current system21). Sardinella are found in subtropi-  sprattus).

cal and tropical zones and have representative species or DNA Extraction. Total genomic DNA extraction was performed
populations in most of the subtropical and tropical boundary according to a previously described procedu8)( DNA was
current systems. A previous report concerning the genetic prgmpltated with absolute ethanol, a}nd the pellet was resuspended in
divergence betweef. pilchardusandSardinopsspp. (21) found _Trls-EDTA buffer and stored at 4C until P_CR. The pheno!/chloroform/

a Kimura's genetic distance3{) of 0.23 on a fragment of isoamyl alcohol method (PCI) was applied for preparation of the DNA

h h . I | required for mitochondrial cytochromegene amplification. For our
cytochromeb. Another study using allozymes also reported a reference samples and sardine type products, a Chelex (Biorad,

great divergence (32). In all cases, divergence time betweenijercyles, CA) method was tested concurrently because of its simplicity
Sardmaand_Sardmopsgenera was greater than 11_m||||0n years, and rapidity. A small muscle section was placed on filter paper to
corresponding to the closure of the Tethys Sea in the Miocene.remove oil and liquid. The dried muscle was then vortexed in800
The purpose of the present work was 2-fold. First, the genetic of a 5% Chelex water solution (Chelex 100 resin) with 20 of
divergence between commercially important Clupeiformes spe- proteinase K (Qiagen, 20 mg/mL) and 80 TE buffer (10 mM Tris
cies was studied on the entire cytochromgene sequence to  HCL, pH 8.0; 1 mM EDTA). The mixture was incubated at ¥& for
determine whether the genetic distanceSofpilchardusfrom 4 h to break down all tissue and then heated at X®@or at least 15
other Clupeidae(Sardinops, Sardinella, Sprat, and Herring) is ™n t0 denature and precipitate resin-bound protein. The DNA
- . suspension was stored af@ until use for PCR amplification.
great enough to warrant distinct labeling. Second, relevant tools

d | d for discriminati f di d b Mitochondrial Cytochrome b Gene Fragment Amplification. PCR
were developed for discrimination of sardine type products by ,mnjifications were done using Hybaid PCR Express (Hybaid, Ashford,

amp!ifying the DNA fra}gment of cytochromb suitable fo U.K.). An initial step (95°C, 15 min) was performed to activate the
obtaining species-specific sequences. The selected region angiotStarTaqg polymerase (Qiagen GmbH, Hilden, Germany). Cycling
size of the PCR product had to provide sufficient information conditions (35 cycles) were 9& for 40 S, 52°C for 40 S, and 72C

for unambiguous diagnosis and allow the use of a PERLP for 40 S, followed by a final extension for 10 min at 7€. Reactions
approach for simple, rapid differentiation 8f pilchardusrom were carried out in 100L of reaction volume: LL of template DNA
the other species. was added to 98L of PCR mix consisting of 84.5L of sterile distilled

water, 10uL of 10x PCR buffer containing 1.5 mM Mgehknd 2uL
of dNTP mix (10 mM of each) plus AL of each primer (0.%«M) and
2.5 units of HotstarTaq DNA polymerase.

Sampling. For the complete mitochondrial cytochroimgene study A primer set originally developed f@ncorhynchus mykigBautista,
and restriction analysis, all specimens obtained and identified by unpublished) was used for amplification in two overlapping fragments
collectors (Table 2) were frozen, excepardinops caeruleus, which  of mitochondrial cytochromé gene: 5'-half (Table 3, nos. 1 and 2)
was sampled in ethanol (80%). Two additional cytochrdmrsequences and 3'-half (Table 3, nos. 3 and 4). Modified primers from fishcytb
derived from a data bank were used for consideration of nucleotide and trucytb [fishcytbmo, trucytbmaTéble 3, nos. 5 and 6)] were
divergences on complete cytochronie Sardinops melanostictus  designed for this study and used when necessary for some samples.
(Genbank accession number AB032554) dadgraulis japonicus Cleanup, Electrophoresis, and Sequencing of PCR Product$he
(AB040676). Canned sardine type products were purchased at local1.5% agarose gels (Agarose Na, Amersham Pharmacia Biotech,

MATERIALS AND METHODS
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Freiburg, Germany) were employed to check DNA extractions and PCR Tapje 4. Description of Haplotypes
products, using TAE buffer (2 mM EDTA, 40 mM Tris acetate, pH

8.5) with ethidium bromide for band characterization via ultraviolet species authors accession nos.
trgnsillumina_tion (Image Master VDS-CL, Amersham Pharmacia Sardinops melanostictus Inoue et ., 2000 AB032554
Biotech, Freiburg, Germany). . Sardinops sagax this paper AF472586
Prior to sequencing, double-stranded PCR products were purified  sardinops caeruleus this paper AF472585
by filtration through an Qiagen QIAquick column according to the Sardina pilchardus this paper AF472582
manufacturer’'s protocol. PCR fragments were used for direct cycle  Sardinella maderensis this paper AF472583
sequencing with the ABI Big Dye Terminator cycle sequencing Kkit. Sardinella aurita this paper AF472584
Sequencing reactions were performed (by ESGS France) on an ABI  Engraulis encrasicolus this paper AF472579
PRISM3100 DNA sequencer (Applied Biosystems, Foster City, CA)  Engraulis japonicus Inoue et al., 2001 AB040676
Clupea harengus this paper AF472580

in both directions with the primers used for PCR amplification.
PCR—RFLP of Short PCR Products. Strong degradations of the
DNA due to canning or boiling processes do not permit one to amplify
PCR fragments larger than 300 i), Thus, the previously determined . . . .
sequences of cytochronbegene allowed us to design two primer sets  dinella aurita, Engraulis encrasicolusZlupea harengus, and
solely for amplification of short species-distinctive sequences of'the 5 Sprattus sprattusvere deposited in the GenBanKable 4).
portion of cytochromé gene. Two short overlapping variable regions Among the 1141 bp of the mitochondrial cytochroimgene,
were selected. Each region was flanked by two conserved zones430 evenly distributed variable sites were recorded, 353 of which
allowing the design of primers for amplification of the target species. were phylogenetically informative. A bias in base composition

The first primer set (C-CB285dF, CGCCCACATTGGNCGAGG; was observed, as pyrimidines occurred more frequently than
C-CB431R, GTGGCCCCTCAGAAGGACATTTGGCC) produced a  purine 2 = 33.47; ddi= 3, p = 2.56 x 107). The mean

éﬁctg’;éagmcergé 32‘5’(;26 ng‘%cg‘s é&%gféi?#éggg‘?gfp‘ﬁe frequencies of thymine and cytosine were respectively+29
7 ' ) gen- 0.63% and 29 0.73% when adenosine and guanine occurred

ggarllt;?raniljzo: ?h:s%ﬁvfgogkl%frigfrﬁzgtlso. n analysis was performed respectively at 23 1.0_1_% and 18.& 0.94%.Tab|e 5indicates
Calculation of the corresponding RFLP patterns of investigated the€ number of transition and transversion changes between
species with suitable restriction enzymes was done using the “Restric- SPecies. The corrected TS:TV rates with the TamiNei model
tion” program (Infobiogen, www.infobiogen.fr). ranged from 1.1@: 0.19 (E. japonicus/S. maderensis) to 28.35
The restriction endonucleases selected, Mnll and Hinfl, were used + 12.92 (S. melanostictus/S. caeruleus), which constitutes an
to digest the short amplified product of sample fr8ardina pilchardus outlier of the distribution of TS:TV rates. Without this latter
Sardinella aurita,Sardinella maderensi§ardinops sagax, Sardinops  comparison, the maximum TS:TV rate dropped to 3480.86
caeruleus, Engraulis encrasicolus, an@®prattus sprattus(142 bp (C. harenguS. sprattus Mean TS:TV for the 36 comparisons
fragment) and fromClupea harengug142 bp fragment). For each a5 3 141 0,54 (2.53+ 0.51 withoutS. caeruleuds i.e., greater

sample, 5—1QL of the PCR reaction containing amplified DNA was . .
digested overnight at 37C with 2 U of each endonuclease in a final than the 0.52 value of the expected TS:TV rate at saturation.

volume of 20uL. Nucleotide distances were computed according to the Tamura
Restriction fragments were separated by electrophoresis on Gene-Nei model Table 5). Distances over genera exceeded 0.22,
GelClean15-24 (Amersham Pharmacia Biotech, Uppsala, Sweden) and except for the genetic divergence betwé&arharengusandsS.
visualized using the Pharmacia DNA silver-staining kit. Their size was sprattus(d = 0.13). The genetic distance measured betw&en
determined in comparison with MassRuler low-range DNA ladders pilchardusand the twdSardinopsspecies was 0.22. Surprisingly,
(Fermentas AB, Vilnius, Lithuania) and DNA marker-50000 bp (Bio-  nycleotide divergence between the tBardinellaspecies (d
Whittaker, Vallensbaek, Denmark). = 0.21) was of the same order as that between gerkra (

Phylogenetic Analysis All alignments were performed on BioEdit . :
software (34), and phylogenetic treatments were computed on MEGA 0.25 i 0.006) when dlvergenc_e was 0'0.4 betw@'lgrauhs
2.0 software (35). The scale of comparison between genera suggeste&pec'es a_nd 0.02 betwe@ardmoDsspeC'es' With a m(_aan
long divergence times. As saturation effects due to transitional 9€netic distance of 0.26- 0.018, S. pilcharduswas easily
substitutions might affect the estimation of nucleotide distangé} ( differentiated from théEngraulidaespecies studied as well as
it was relevant to test whether saturation occurred or not for such from the other @peidaespecies (0.25 0.02). The nucleotide
divergences in our dataset. Thus, the mean transition/transversion ratiodivergence betwee@lupeidaeand Engraulidaefamilies was
(TS:TV) was estimated over all the sequences and compared with the0.25+ 0.01.

expected ratio at a saturation determined from observed frequencies The neighbor-joining tree irFigure 1 clearly shows the

by the formula of Holmquistd7): Rs:v = (PaPe + PcPr):(Pa + Po)- phylogenetic relations between the nine species, and the results

(Pc + Pr), wherePa, P, Pc, andPr are the observed base frequencies. ; - : -
Nucleotide divergences were computed using the Tarigmodel were the same for parsimonious and maximum likelihood trees

(38), which takes substitutional rate biases and the inequality of base (dat2 not shown).E. encrasicolusand E. japonicus are
frequencies into account. Tree topologies were evaluated by threeconsidered to be a sister group. Bootstrap values at the nodes
methods: neighbor-joiningd), as inferred from the distances matrix; ~ are around 100%, except for tBardinellagenus in which both
parsimony (40), as implemented by MEGA 2.0; maximum likelihood, species are clustered with a 61% score. Altho8gpilchardus

as implemented by DNAML, a PHYLIP programX). Standard error ~ andSardinopshelong to the same group, the former was clearly
of divergence estimates and the robustness of topology nodes were allifferentiated.

tested by the bootstrap method.

Sprattus sprattus this paper AF472581

Diagnosis by Restriction on 147/142bp Fragments. In some
cases unclear restriction patterns related to poor-quality PCR
RESULTS products was observed. With the C-CB285dF/C-CB431R primer

Complete Cytochrome b Gene. Fragments of 1221 bp, set, 147 bp fragments with a high amplification yield were
including the complete cytochrome gene of seven Clupei- obtained for species of the geneardina, Sardinops,Sar-
formes species, were amplified and aligned against the sequencedinella, andEngraulis. On the contrary the yield was low, in
of Sardinops melanostictuand Engraulis japonicus, using  particular from some canned sample where the DNA was
BioEdit (34). The complete cytochronfiesequences dardina probably highly degraded or when the PCR failed. This was
pilchardus, Sardinops caeruleus, Sardinella maderensis, Sar- especially true for species of the gen&@tpeaand Sprattus.
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Table 5. Nucleotide Divergences between Pairs of Haplotypes (Complete Cytochrome b Gene) for Clupeiformes Fishes?

S. pilchardus  S. melanostictus ~ S. caeruleus  C.harengus ~ S.sprattus  S. maderensis S. aurita E. encrasicolus  E. japonicus

S. pilchardus - 146/65 144/66 167/88 152/96 133/92 149/94 133/115 134/115
S. melanostictus 0.22 - 2711 147/95 158/ 95 139/79 144/ 99 127/114 134/114
S. caeruleus 0.22 0.02 - 138/96 151/96 140/78 141/98 129/113 130/113
C. harengus 0.28 0.26 0.25 - 104/34 138/94 144/98 139/105 131/105
S. sprattus 0.27 0.28 0.27 0.13 - 137/100 132/94 137/109 133/109
S. maderensis 0.24 0.23 0.23 0.25 0.26 - 112/90 110/115 105/113
S. aurita 0.26 0.27 0.26 0.26 0.24 0.21 - 124/113 123/115
E. encrasicolus 0.28 0.27 0.27 0.27 0.27 0.25 0.26 - 3712
E. japonicus 0.28 0.28 0.27 0.26 0.27 0.24 0.26 0.04 -

@ Above diagonal: number of transition/number of transversion. Below diagonal: Tamura—Nei distances.

100 ,7Surdim)p,\'me]am).\'rictus E ; E é
98 I—S{m]{nopx caeruleus 5} -.‘3:- _§ § - S o G
Sardina pilchard _ —DQ ‘:E' E:-, 8 = E g E g‘
- £ £ £ E 23 & gz
| Sardinella aurita g 8 1?- -E T: E B S‘c = E Z
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20w @& Adag vy s
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| Sprattus spratfus h -
100 ’—I:'ngrau[iv encrasicolus \.Lt =
I—[;'ngnmIi.v_/a[mnicus - _ﬂ
el Es
\\
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Figure 1. Neighbor-joining tree inferred from Tamura—Nei distances
between sequences of cytochrome b gene in nine species of Clupeiformes.
Bootstrap scores greater than 50% are shown. 200bp
Table 6. Expected Size of the Short 147/142 Bp Fragments after 100bp 72 bp - A5bp
Digestion by the Enzyme Pair Mnll-Hinfl2 80bp - 68 bp
species fragments
Sardina pilchardus 8%/16%/18/33/72 33 bp
Sardinella aurita 8*/15/16*/18/18/33/39 e — —
Sardinella maderensis 8%/16%/18/105
Sardinops sagax 8%/10/16*/18/29/33/33
Sardinops caruleus 8%/10/16*/18/29/33/33
Sardinops melanostictus 8%/10/16*/18/33/62
Engraulis encrasicolus 8%/16%/18/105
Sprattus sprattus 8%/10/16*/18/27/68 . . . . .
Clupea harengus 8¥/16/18/105 Figure 2. RFLP patterns of eight species belonging to the Clupeidae
and Engraulidae families. The 142 bp PCR fragments were digested by
aWhen digestion was applied to the 142 bp fragment, the two bands shown by MnLI/Hinfl, separated by electrophoresis on GenegelClean 15/24, and
an asterisk were slightly modified: the 8 bp band changed to a 9 bp band, and silver-stained. The size (bp) of the main restriction fragment is indicated
the 16 bp band changed to a 10 bp band. above the band.

Thus, C-CB285dF/C-CB431R was then slightly modified The .RFI._P profiles obtained from reference samples are
(degenerating into C-CB284dF/C-CB425dR) to allow extension SNOWN inFigure 2. As the smallest fragments (<18 bp) gave
of PCR amplification of a 142 bp sequence to all tested species,poor intensity or were npt well dlspr|m|nated in the ge!, they
improve PCR amplification of some samples, and provide were n_ot used for the |_nterpr¢tat|on .Of results. Predictably,
similar yields. Nevertheless, because of its high specificity and resj[rlctlon by the.MnII—HmfI pair or. pilchardusproduced a
yield on S. pilchardus, the first primer set was retained, and typical profile with two main bands at 72 bp and 33 pb.

restriction analysis was performed concurrently on the two DNA Rest_rlcpon profiles .OS' sagaxandS. caeruleusvere identical,
consisting of a main band composed of three fragments (two
fragments of 147 and 142 bp.

33 bp and one 29 bp not discriminated in the gel) and minor
Table 6 shows the predictablerestriction fragments for the hands composed of the smallest fragments. Theoretical restric-

eight reference species analyzed by restriction from a 147 bptjon suggests tha®. melanostictusvould give products at 62

or a 142 bp PCR product. The profiles generated, from 147 bp bp and 33 bpS. auritashowed a characteristic pattern, with

or 142 bp amplicon, show no significant differences but only the largest products at 39 bp and 33 bp plus a minor band 18

slight modifications for minor fragments. In fact, the 16 bp and bp.S. maderensj€. encrasicolusandC. harenguslisplayedthe

8 bp restriction products common to all species tested on thesame restriction pattern: a main band at 105 bp and a minor

147 bp fragment were modified respectively to 10 and 9 bp band at 18 bpS. sprattuslso had a unique profile, with a main

bands with the 142 bp fragment. band at 68 bp and no band of 33 bp.
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Figure 3. Restriction patterns of 16 commercial canned products after digestion of PCR product with restriction enzymes Mnll and Hinfl. (A) 147 bp PCR
product obtained with 10 European and Moroccan sardine type products labeled “sardines” (from left to right) MassRuler low-range ladder (MW),
samples 1-4, MW; samples 5-10, MW. (B) 142 bp PCR product obtained with six sardine type products of different origin: (from left to right) MassRuler
low-range ladder (MW1), DNA marker 50-1000 bp (MW?2); 11, sardine type products labeled “sardines”; 12, Peruvian can; 13, Japanese can; 14,
Venezuelan can; 15, French canned product labeled as anchovy filets; 16, canned product from Norway.

Figure 3A,B shows the restriction profiles obtained from 16 otherClupeomorphaenera, particularlgardinopseven when
commercial sardine type products. A total of 10 of the 16 DNA these fishes are processed.
extractions were performed successfully with the Chelex Biases in Base Composition and Homoplasy withiClu-
method. The 10 commercial canned sardines of different origin peomorpha.The study of base frequencies among the nine
(samples +10) labeled “sardines” were analyzed by the PCR  sequences of the complete cytochrormegene showed a
RFLP method using 147 bp sequences (Figure 3A). The same significant bias in favor of thymine and cytosine and a guanine
characteristic 72/33 bp profile &. pilcharduswas observed deficit. This kind of disequilibrium has been reported in many
unambiguously for each sample, regardless of origin (Mediter- studies on cytchromk in fishes or other vertebrate4dZ—45).
ranean Sea and Atlantic Ocean from Morocco to Frardgire The excess of pyrimidines at the second codon position is
3B shows the restriction patterns obtained using the MnLI/Hinfl usually attributed to the hydrophobic nature of the protein (42,
pair on 142 bp PCR products of six other commercial sardine 43). Anti-G bias and excess A and C at the third position are
type products. Sample 11, a French sardine type product labeledalso common features of the cytochrolmgene, in association
“sardines”, gave the typical restriction patternQfpilchardus with codon usage bias caused by selection for translation
and was deposited on gel for comparison with the other five efficiency (46).
samples (12—16) not labeled as canned sardine. Samples 12 In phylogenetic studies, homoplasy can obscure topologies.
and 14, Peruvian and Venezuelan canned products. respectivelyHowever, no evidence of homoplasy was found in our com-
showed bands similar to those for tBesagaor S. caeruleus  parisons of species for the complete cytochrdmggene. Even
references. Sample 13, a Japanese canned product, displayeiflhomoplasy existed, this would not have changed the topology,
the theoretical characteristic profile 8f melanostictus, but an  as the same results were observed for different methods of
unexpected small 72 bp fragment appeared that may have beelphylogenetic reconstruction and for any codon position.
an intermediate digestion product. MnLI can generate a 72 bp  Phylogenetic Relations within Clupeomorpha.As almost
fragment that would be cut into two 62 and 10 bp fragments all of the species compared in this study were from different
by Hinfl. Sample 15, a French canned product labeled “anchovy genera, divergences on the cytochraogene would conceiv-
filets”, displayed the same profile as the. encrasicolus  ably allow easy discrimination. In fact, nucleotide divergences
reference, with a strong band at 105 bp. As expected, sampleamong the different sets of sequences generally exceeded 20%.
16, Brisling sardines from Norway, showed a profile similarto |n a previous study comparing many divergences on the
that of theS. sprattuseference. cytochromeb gene (47), distances between fish confamilial
genera rarely exceeded 20%. As Clupeiformes are regarded as
an ancient taxon giving rise to theeleostei, high divergences
between genera are likely. Grant et &l1) observed a Kimura

The purpose of this work was to study the genetic divergence distance of 23.3% betweeBardinaand Sardinops, which is
between Clupeiformes species labeled as sardine type productgonsistent with the mean distance of 22% found between
and to define relevant tools to discriminate these pelagic fishes.haplotypes of both genera on the complete cytochrbmene.
Accordingly, cytochromé was chosen for its high potentiality = These two genera are considered to constitute a phylogenetic
to discriminate species and intrafamilial genel®)( The results unit (24,32, 48, 49). The observations of Grant et &4{ tend
show good distinctions between the main genera on different to confirm the hypothesis of Svetovido8Q) and Parrish26)
scales of cytochromielength as well as the power of the PER that Sardinawas isolated fronSardinopsafter the closure of
RFLP method to differentiatSardina pilchardusrom some the Tethys Sea about 18 millions years ago. According to the

DISCUSSION
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Table 7. Nucleotide Divergences (Tamura—Nei Distances) between Pairs of Haplotypes (Short Fragment) for the Eight Species of Clupeiformes
Tested with the RFLP Method

E. encrasicolus C. harengus S. sprattus S. pilchardus S. maderensis S. aurita S. caeruleus S. sagax

E. encrasicolus 021 0.27 0.24 0.25 0.23 0.21 0.2

C. harengus 0.17 0.23 0.22 0.23 0.21 0.22
S. sprattus 0.31 0.23 0.18 0.28 0.27
S. pilchardus 0.24 0.18 0.21 0.22
S. maderensis 0.16 0.25 0.26
S. aurita 0.20 0.21
S. caeruleus 0.01

molecular clock (which records 2% of divergence per million between sardine and sardine type products, which could be
years), our estimates (ca. 25%) suggest a divergence time ofsupplemented by sequencing for more precise identification.
12.5 million years. No restriction polymorphism was detected when some
Among the different genera studie8prattusandClupeaare Sardinahaplotypes were checked for variability on the short
particu|ar|y close ;@13%), which suggests a divergence time fragments used (data not ShOWh). However, it could be pOSSible
of 6.5 million years. Conversely, divergences among species {0 observe such variations in the gerardina. In this case,
of the genusSardinella are particularly greatSardinella ~ Other enzymes or sequencing could allow differentiation of this
maderensisand Sardinella auritaare genetically distant from ~ Species from others. As many authors have mentioned the
each other by more than 20%, which corresponds to the orderProblem of intraspecific variation56), further studies on the
of divergence between genera of fipeidafamily. On this genetic variation o8. pilchardusnay help resolve this problem.
basis, it seems likely that one of these two taxa should be N doubtful cases, direct analysis of the nucleotide sequence

assigned to one other genus. However, as the history of genegould be used. Nucleotide divergences estimated from the short
does not exactly match that of speciesly, this level of DNA fragments were of the same order as those estimated from

divergence needs to be checked in other genes. In any eventlonger fragmentsTable 7), which suggests that identification
confusions could exist for small divergencéd (52), whichis ~ Would be possible. In all events, PCR products have to be
not exactly the case described here. If the effect of gene historyPreduced for the both methods. Today the decrease of the price
is not excluded, our data tend to show a discrepancy between{0r DNA sequencing of shorts fragments as those we expect to
morphological and molecular taxonomy. In this respect, other amplify from canned food allows one to estimate that the cost

replacements in taxonomy have been reported for fish from ©f Sequencing and the cost of restriction digests with two
molecular data (53). restriction enzymes is becoming practically equivalent. To date,

Phylogenetic data indicate that the order of Clupeiformes is additional trials on canned material have provided good results

- . (data not shown), but more samples of various origins need to
composed of genera (_:Iearly_dlfferentlated I_oy cytochrdme " be tested to validate the method.
sequences. Thus, the diagnosis of morphologically close species
belongmg_to different genera, such &ardinaand Sardinops, ACKNOWLEDGMENT
could easily be performed from sequence data.

Diagnosis of Species by the PCRRFLP Method. Se- We are indebted to Xavier Bart (IRD, Abidjan) and Héctor
guencing, though a powerful tool, is not used routinely in food Villalobos Ortiz (IPN, Mexico) for kindly supplying fish samples
control laboratories, which suggests that PCR—RFLP could be and to Philippe Borsa (IRD, Nouméa) and Fréderique Leroux
a relevant alternative. For applications on canned fish, it is (Ifremer, La Tremblade) for advice and fruitful discussions
necessary to amplify short DNA fragments1(50 bp), because  throughout the study.
treatments such as boiling and canning can severely damage
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