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Nineteen strains of Gymnodinium catenatum were 1solated from one bloom in Andalucta (S Spain)
and from different blooms in Galicia (NW Spain). The PSP toxin profiles of 16 of the strains were
analyzed, and although the saxitoxin was exclusive to the Galictan strains, the corresponding
dendogram showed no clustering of the isolates from this location. However, nine out of eleven
Andalusian strains were included in the same cluster. In order to compare toxin with molecular
analysis, a_fragment of the large subunit ribosomal (LSU) RNA gene was partially sequenced for
all of the strains and fully sequenced for the five strains that had shown most different growth curves.
Since all the strains were identical in the LSU sequenced region, another fragment comprising the
internal transcribed spacer 1 (ITS 1), 5.88 rRNA gene and I'TS 2, was sequenced and compared
among all the stramns. Although this region has been used before for the detection of intraspecific
variability, it was similar m all our strains. Finally, to detect molecular differences in the strains, a
random amplified polymorphic DNA (RAPD) analysis was performed. The corresponding cluster
analysis grouped the strains wn three clusters: one of them comprised all the Galician strains plus
three from Andalucia, another one wncluded eiht Andalusian strains, and the last one, more
separated from the two previous, was constituted by two Andalucia isolates. Although the results of
the toxin and RAPD analysis were different, seven Andalusian strains were clustered together in
both dendograms. Since neither the toxin nor the RAPD analysis brought out a clear geographic
stgnal, we can conclude that differences in toxin content and RAPD profile between the isolates of
G. catenatum are probably not linked to the location in which the strains were collected.

INTRODUCTION

The identification and differentiation of marine dino-
flagellates and, particularly, of toxin-producing species,
has traditionally been carried out by morphological char-
acterization using light and electron microscopy. Recently,
molecular diagnostic tools have been developed that allow
a more specific and sensitive identification of the organ-
isms. For example, the variability of Alexandrium was first
studied on the basis of morphology, bioluminescence
capacity, mating compatibility and toxin composition
(Anderson et al., 1994). However, more recent work on
the inter- and intraspecific variability of this organism was
based on the sequencing and comparison of genomic frag-

ments (Scholin et al., 1994, 1995; Medln et al., 1998) and
restriction fragment length polymorphism (RFLP) analysis
(Adachi et al., 1994; Scholin and Anderson, 1994). Another
genus extensively studied using molecular techniques has
been Gymnodinium. Species of the genus Gymnodinium can be
discriminated by specific immunological assays (Vrieling
et al., 1994) or by molecular comparisons (Ellegaard and
Oshima, 1998; Bolch ez al., 1999a; Kim et al., 1999; Hansen
et al., 2000). In fact, the sequencing of partial large subunit
ribosomal RNA (LSU rRNA) sequences have permitted,
along with ultrastructural observations, the reconstruction
of the phylogenetic relationships among major genera of
dinoflagellates (Daugbjerg et al., 2000).
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Gymnodinium catenatum, a species that produces Para-
Iytic Shellfish Poisoning (PSP) toxins, has been described
worldwide but with a localized distribution; there is
no continuity in the dispersion of the dinoflagellate
(Hallegraeft and Fraga, 1998). Variation in the genotype
of strains from different countries has been studied
by comparison of rRNA regions (Adachi et al., 1997
Ellegaard and Oshima, 1998), random amplified
polymorphic DNA (RAPD) analysis (Adachi e/ al.,
1997; Bolch et al., 1999b) and allozymes (Ellegaard and
Oshima, 1998; Bolch et al, 1999b). The PSP toxin
production of G. calenatum isolates from widely separated
geographic regions has also been characterized and
contrasted (Oshima et al., 1993; Ellegaard and Oshima,
1998; Negri et al., 2000).

The aim of this paper was the comparison of toxin and
molecular methods for the analysis of strains of G. catenatum.
For this purpose, we determined the toxin composition of
isolates from different regions in Spain, as well as the
sequence of several genomic regions with a potential taxo-
nomic or differentiating value. In addition, a RAPD ana-
lysis was performed to detect genomic polymorphisms not
present in the previously determined sequences. The
strains of G. calenatum used i this study were isolated
from the Atantic coast of Galicia (NW Spain) and from
the Gibraltar Strait in the Andalucia coast (SW Spain).
The proximity of both locations has allowed the study of
the local variability of this dinoflagellate species in terms of
toxin content and DNA sequence.

METHOD

Cultures

The 1solation date for six G. catenatum strains isolated from
different blooms in the Ria de Vigo (Galicia, NW of Spain)
and 13 strains from the same bloom in the Gibraltar Strait
(Andalucia, S of Spain) (Figure 1), is shown in Table I. The
two locations are separated by ~750 km. All the cultures
were established from single cells or single chains, and
were maintained in 125 mL Erlenmeyer flasks with L1
medium (Guillard and Hargraves, 1993) at 18°C (14:10
L:D, 90 pmol m™?s ™', 34 p-s.u.). The strains are deposited
in the Culture Collection of Harmful Micro-algae of the
Instituto Espaiiol de Oceanografia in Vigo (CCVIEO).

Toxin analysis

Cultures were harvested in the stationary growth phase
and filtered through a pre-combusted Gelman 13 mm
type GA/E glass microfibre filter for the toxin extrac-
tion. Prior to filtration, a 1 mL aliquot of the culture was
fixed with Lugol’s solution in order to determine the cell
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Fig. 1. Locations where the strains used in this study were isolated.

Table I: Strains of G. catenatum included in

this study

Strain Isolation date  GenBank accession no.
LSU D1-D3 domain  ITS 1- 5.8S- ITS 2

Galicia
GCoV Nov/85 AF375854 AY506574
GC1v Sep/93 AY506575
GC12v Sep/93 AF375855 AY506576
GC13v*® Sep/93 AY506577
GC19v Nov/86 AF375856 AY506578
GC21v Oct/86 AY506579
Andalucia
GC22AM  Aug/99 AY506580
GC24AM  Aug/99 AY506581
GC26AM  Aug/99 AY506582
GC27AM  Aug/99 AY506583
GC31AM  Aug/99 AY506584
GC36AM  Aug/99 AF375857 AY506585
GC38AM?  Aug/99 AY506586
GC42AM  Aug/99 AY506587
GC43AM  Aug/99 AY506588
GC49AM?  Aug/99 AF375858 AY506589
GC51AM  Aug/99 AY506590
GCB3AM  Aug/99 AY506591
GCB56AM  Aug/99 AY506592

#Not included in the toxin analysis due to methodological problems.

concentration by direct counting on a Sedgewick—Rafter
counting chamber under the light microscope. The fil-
tered volume was also measured, so the number of cells
extracted was quantified and the final toxin concentra-
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tion for each strain could be expressed as molar percen-
tage cell

molar percentage per cell of toxin X = (pmol cell " of
toxin X/sum of pmol cell ' of every toxin) x 100

The PSP toxins contained in the filter were analyzed by
high performance liquid chromatography (HPLC) with a
5 pm LiChrospher 100 RP-18 (125 x 4 mm i.d.) column
following the method of Oshima ¢ al. (Oshima et al., 1989)
as modified by Franco and Fernandez-Vila (Franco and
Fernandez-Vila, 1993). Most of the toxins were identified
by retention times and absorption spectra identical to those
of authentic standards, purchased from BCR (Brussels)
[for saxitoxin (STX), decarboxysaxitoxin (dcSTX), and
neosaxitoxin (neoSTX)] and NCR (Canada) [for gonyau-
toxins (GTX) 1, 2, 3 and 4]. Deoxysaxitoxin (doSTX) was
determined based on the calibration line of STX. As no
standards of C toxins, GTX5 and GTX6 were available,
an aliquot of the sample was hydrolysed with the same
volume of 0.4 N HCI at 100°C for 15 min, in order to
convert the C toxins into the corresponding GTXs, and
GTX5 and GTX6 into STX and neoSTX. The peak of
the C isocratic corresponding to C5,6? [presumably C5
and C6 compounds recently described by (Negri et al.,
2000)] was impossible to quantify because of lack of the
corresponding standard, so only absence or presence data
could be reported.

DNA extraction

An aliquot of the same cultures processed for the toxin
analyses were used for the DNA extraction. Cultures
were filtered through a Whatman GF/C glass microfibre

filter under low vacuum. Filters were transferred to

Eppendorf vials, and incubated with 860 pL extraction
buffer (SDS 1%, NaCl 150 mM, EDTA 2 mM, Tris—
HCI 10 mM; pH 8), 100 pL of guanidine thiocyanate
5 M, and 80 pL of proteinase K (20 mg mL™"), overnight
at 56°C. The supernatant was then collected and DNA
extracted with the Wizard DNA Clean-Up System Kit
(Promega) following the manufacturer’s instructions.
DNA purity and concentration were determined spectro-
photometrically, and DNA concentration was finally
adjusted to 200 ng pL.”" in each sample.

Amplification and DNA sequencing

The D1-D3 fragment of the LSU rRNA gene was amp-
lified for all strains by polymerase chain reaction (PCR)
using primers D1R and D3B (Table II). This fragment was
partially sequenced for all of the strains with those two
primers, and was fully sequenced for the strains GCIV,
GC12V, GC19V, GC36AM and GC49AM with the add-
itional primers D2Ra, D3A and D3B (Table II). For
amplification of the internal transcribed spacer 1 (ITS 1),
5.85 rRNA gene and, partially, ITS 2, the forward primer
Perk-ITS-S and the reverse primer Perk-ITS-AS, were
used (Table II).

PCRs were performed in 25 pl. volumes with 23 pL
of PCR Supermix (Life Technologies), 0.5 pL of
each primer (10 pM) and 1 pL of DNA. PCR conditions
for the primer set DIR/D3B were one initial cycle of
denaturation at 94°C for 3 min, followed by 32 cycles of
denaturation at 94°C for 1 min, annealing at 52°C for
1 min, and extension at 72°C for 3 min. The temperature
profile was completed by a final extension cycle at 72°C
for 6 min. For the other primer set, Perk-ITS-S/Perk-
ITS-AS, the PCR temperature conditions were identical
to those described by Kotob et al. (Kotob et al., 1999).

Table 1I: List of primers used to amplify and sequence the DI1—D3 region of the LSU
TRNA gene and the genomic fragment ITS 1- 5.8 S rRNA- (partially) I'TS 2 of several Spanish

strains of G. catenatum

Primer (56" to 3) Length Direction® Reference
(nucleotides)

LSU

D1R ACCCGCTGAATTTAAGCATA 20 Forward Scholin et al. (1994)

D3B TCGGAGGGAACCAGCTACTA 20 Reverse Nunn et al. (1996)

D2Ra TGAAAAGGACTTTGAAAAGA 20 Forward Scholin et al. (1994)

D3A GACCCGTCTTGAAACACGGA 20 Forward Nunn et al. (1996)

D2C CCTTGGTCCGTGTTTCAAGA 20 Reverse Scholin et al. (1994)

ITS 1-58 S-1TS 2

Perk-ITS-S CTTAGAGGAAGGAGAAGTCGTAAC 24 Forward Kotob et al. (1999)

Perk-ITS-AS GCTTACTTATATGCTTAAATTCAG 24 Reverse Kotob et al. (1999)

“Direction of DNA synthesis priming.
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PCR products were visualized on a 1.5% agarose gel
stained with ethidium bromide in a UV transilluminator.
A 100 bp ladder standard (Amersham Pharmacia Biotech)
was also included on the gel.

PCR products were purified by digestion with the
enzymes Exonuclease I, which removes residual single-
stranded primers and any extraneous single-stranded
DNA produced by the PCR, and Shrimp Alkaline Phos-
phatase (SAP), to remove the remaining dN'TPs from the
PCR mixture which would interfere with the sequencing
reaction. Both enzymes were purchased from Amersham
Pharmacia Biotech. The digestion was carried on for 1 h
at 37°C, and then the enzymes were denatured by
incubation at 80°C for 15 min.

The sequencing reactions of purified PCR products
were accomplished using ABI Prism Big Dye Termina-
tor Cycle Sequencing Ready Reaction DNA Sequencing
Kit (Applied Biosystems) following the manufacturer’s
directions. The products resulting from the sequencing
reactions were purified by ethanol precipitation, and the
samples were resuspended in 3-5 pL of formamide:load-
ing buffer 5:1 (vol/vol) and denatured at 94°C for 3 min.
The sequencing was done using an ABI PRISM 377
DNA automatic sequencer (Perkin—Elmer). Nucleotide
sequence data were analyzed with the software packages
Gene Jockey and Clustal X.

RAPD analysis

All samples of total genomic DNA were subjected to
RAPD analysis using the Ready to Go RAPD Analysis
Kit (Amersham Pharmacia Biotech), which includes six
arbitrary primers, following the manufacturer’s instruc-
tions. For each primer combination, all the bands pro-
duced by all strains were recorded, and then the absence
or presence of each band in each strain was scored as 0
or 1, respectively. The RAPD assay was repeated twice
to ensure its reproducibility.

Statistical analysis

The toxin content of each strain, expressed as pmol
cell ™!, was standardized by subtracting the mean and
dividing by the standard deviation, and Euclidean dis-
tances among the strains were calculated. A cluster ana-
lysis was then performed by the UPGMA method (Sokal
and Rohlf, 1995), and its reliability was assessed by the
cophenetic correlation coefficient. For the RAPD analy-
sis, a genetic distance matrix, based on the resulting
binary matrix obtained by the combination of the results
for each primer, was constructed following the method
of Skroch et al. (Skroch et al., 1992). Subsequently, a
cluster analysis was performed and its reliability assessed

as above. All the statistical analyses were carried out with
the SAS program (SAS Institute, 1989).

RESULTS

Toxin profiles

The peaks in the three isocratics (STX, GTX and C)
were well resolved for every toxin and strain, except for
the last peak of the C isocratic, which was wide and not
very high. It appeared at retention times of 30-38 min in
the conditions of the analysis. Because this peak was
present in 10 out of 16 strains analysed, and the same
result was obtained when repeating the runs, it is un-
likely that it was an artefact. The peak could correspond
to the G5 and C6 compounds described by Negri et al.
(Negri et al., 2000), and therefore we applied the separa-
tion technique for the C toxins described in that study to
some of our samples. No separation of the C5 from the
C6 compound, or a better resolution of the peak, was
obtained, and subsequently this peak will be referred to
as C5,6?

The molar percentage cell ' of each toxin in the
G. calenatum strain included in this study is shown in
Table III. The strains GC13V, GC38AM and GC49AM
were not analysed for the toxin production because of
methodological problems (misuse of the filtering device).
The most remarkable result was that, in contrast to the
strains isolated in Andalucia, all strains from Galicia had
STX. The toxins doSTX, C1 and C2 were present in all
strains, whereas GTX1-4 were absent in almost all sam-
ples. On the other hand, the peak corresponding to C5,6?
was most frequently observed in strains from Andalucia
compared with those from Galicia.

The cluster analysis performed with the data of pmol
of toxin per cell showed high reliability (cophenetic
correlation coeflicient of 0.87). In Figure 2, where the
cluster analysis is represented, it can be observed that
the Vigo isolates were not clustered together. In contrast,
all of the 1solates from Andalucia except GC31AM and
GC22AM were grouped in the same cluster (in bold in
Figure 2). In this ‘Andalusian’ cluster, one strain from
Vigo, GC11V, was also included.

Amplification and DNA sequencing

The PCR products obtained using primer combinations
DIR/D3B and Perk-ITS-S/Perk-ITS-AS resulted in
bands of the expected length (data not shown).

The DIR/D3B PCR product from every strain was
sequenced with primers DIR and D3B, and the approxi-
mately 420 bp obtained from the 5’-end and the 3’-end
of the D1-D3 fragment of the LSU rRNA were identical
in their sequence for all strains (data not shown). Those
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Table ITI: Molar percentage cell " of each toxin in each G. catenatum strain included in this study

Strains Toxins

Epimers Epimers

Epimers Epimers

STX  deSTX neoSTX doSTX GTX1 GTX4 GTX2

GTX3 GTX5 GTX6 dcGTX2,3 C1 C2 C3 C4 C5,67

GCOV 1040 1178 13.88 2002 - - - - 2137 1468 - 192 596 - - -
GC11V 257 167 - 3365 - - - - 16.56 23.89 1.17 217 810 191 831 -
GC12v 168 087 - 16.37 - 091 - - 16.13 40.49 0.95 415 999 199 648 -
GCl1oV 265 026 - 353 - - - 009 2610 279 0.96 2698 3664 - - -
GC21V 429 061 - 3260 123 - - - 1242 2308 1.22 202 817 080 1348 +
GC22AM - - 50.92 1189 - - 435 - 1633 - 1.08 193 1450 - - -
GC24AM - 097 - 1274 - - - - 775 2313 1.25 11.81 2669 510 1054 +
GC26AM - 126 185 1115 - - - - 12.34 2539 1.29 6.97 2557 2.84 1134 +
GC27AM  — 047 398 1845 - - - - 2239 1821 0.74 671 1598 394 912 +
GC31AM  — 042 234 1514 - - - - 1830 31.89 0.92 421 1240 2.60 11.78 +
GC36AM - 027 650 2935 - - - - 2297 16.46 2.56 549 1058 1.65 4.18 +
GC42AM - 051 679 2485 - - - 003 19.85 27.19 0.73 430 507 255 813 +
GC43AM - 186 - 50.23 - - - - - - 3.84 563 2123 358 1364 +
GCB1AM  — - - 3025 - - - - - - 1.80 1628 62.67 - - -
GCB3AM  — 011 - 3876 - - 038 - 1.60 1024 1.49 10.33 2417 331 961 +
GCBBAM  — 060 163 4569 - - - - 244 1048 2.21 484 2041 166 1004 +

Geov

GC11V

GC24AM

GC26AM

GC27AM

GC43AM

GC51AM

GC53AM

GC42aM

GC36AM

GCS56AM | '

GCl12V

ge21v

GC31AM

Geisv

GC22AM

I T T I T I I
0.0 0.5 1.0 1.5 2.0 25 3.0

3.

T T I T T I T 1
3 4.0 4.5 5.0 5.5 6.0 6.5 7.0

Average Distance Between Clusters

Fig. 2. Similarity dendogram of 16 strains of G. catenatum collected from Galicia (code ended in V) and Andalucia (code ended in AM), inferred
from PSP toxin content. Strains in bold are grouped in the same cluster (‘Andalusian’ cluster).

strains that exhibited the most pronounced differences in
growth curve (data not shown) were selected for the
determination of the entire D1-D3 sequence, in order
to check the presence of molecular differences in this
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region in physiologically distinct isolates. No differences
were observed when comparing the resulting 907 bp
from strains GCIV (AF375854), GC12V (AF375855),
GC19V  (AF375856), GC36AM (AF375857), and
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GC49AM (AF375858) (GenBank accession numbers in
brackets). Interestingly, these sequences had five base pairs
different to another sequence of a Gymnodinwm catenatum
Spanish strain, also isolated from Vigo, deposited in
the GenBank by Hansen e/ al. (Hansen e al., 2000) with
the accession number AF200672.

In order to compare another genomic fragment and to
confirm the results obtained with the LSU gene, the frag-
ment I'TS 1-5.8S rRNA-(partial) I'TS 2 was sequenced and
compared in all of the strains. The sequences, 524 bp long
(GenBank accession numbers AY506574-AY506592),
were identical for all of our strains. This genomic region
had already been sequenced by other authors for the strain
GC19V (GenBank accession number AF208247). Simi-
larly to what happened with the LSU fragment, this last
sequence showed 3 bp different to the sequence we
obtained for the same strain.

RAPD analysis

All of the primers produced different band profiles for each
strain, and finally a total of 104 bands were checked for
absence or presence in every strain. The band frequencies
for each primer and strain are shown in Table IV. The
RAPD reactions were highly reproducible since the pro-
files obtained in the two repeated amplifications with the
same primer were similar. The value of the cophenetic cor-
relation coeflicient of the cluster analysis, although not
very high (0.77), supported the reliability of the assay.
The similarity dendogram (Figure 3) showed two large
groups or clusters, one of them including all strains from
Vigo plus GC42AM, GC49AM and GC53AM, and the
other one (in bold in Figure 3) comprising exclusively
strains from Andalucia. These two groups were equally

Table IV: RAPD band frequencies of
the strains included in this study

Primer® Total bands Band frequencies
F=1 1< F>050 F<05

1 18 2 6 10
2 23 0 8 15
3 15 0 5 10
4 19 0 4 15
5 14 0 3 11
6 15 0 8 7
Total 104 2 34 68

®Primers from the Ready To Go RAPD Analysis Kit (Amersham Pharmacia
Biotech).

separated from another one constituted by strains
GC22AM and GC51AM.

DISCUSSION

The strains of G. catenatum studied here were collected in
relatively closely located areas, compared with other stud-
ies on the geographical variability of this dinoflagellate
(Oshima et al., 1993; Adachi et al., 1997; Ellegaard and
Oshima, 1998; Bolch et al., 1999b; Negri et al., 2000).
However, we detected different PSP toxin profiles among
the strains, except for STX, which was only present in the
Galician ones. Despite the distinctive presence of STX in
the isolates from Galicia, the dendogram performed with
toxin data did not cluster these strains together. In con-
trast, all of the Andalusian strains were included in the
same cluster except for the GC31AM and GC22AM iso-
lates, whose high amounts of GTX6 and neoSTX, respec-
tively, might have separated them from the resting AM
strains.

The presence of doSTX in every Spanish isolate con-
trasts with previous studies in which no 13-deoxydecarba-
moyl toxins were observed in this dinoflagellate species
from Spain (Oshima et al, 1993; Negri et al, 2000). In
our case, the doSTX was the only toxin present in every
strain, and in some isolates it was the most abundant toxin.
Some of the strains showed a final peak in the C isocratic,
which could correspond to the recently identified C5 and
C6 compounds (Negri et al., 2000), described in G. catenatum
from several countries including Spain and Portugal.

The genomic regions most frequently used for the com-
parison and establishment of phylogenetic relationships
among Gymnodinuum species and/or G. catenatum strains
are the small subunit ribosomal RNA (SSU rRNA) gene
(Takishita et al, 1999), the internal transcribed spacers
ITS) 1 and 2, the 5.85 rRNA gene (Adachi e al., 1997,
Kim et al., 1999), and different domains of the LSU rRNA
gene (Ellegaard and Oshima, 1998; Bolch et al., 1999a;
Daugbjerg et al., 2000). Although the SSU rRINA has been
widely used for the search of variability because it has both
conserved and not conserved regions (Medlin ¢t al., 1988),
it is not suitable for species level distinctions (Rowan and
Powers, 1991; McNally ez al., 1994). Therefore, we selected
the D1-D3 domain of the LSU rRNA gene, as suggested
by Michot et al. (Michot et al., 1990), for the search of
variability among our strains. Since all the sequences
obtained corresponding to this domain were identical, we
decided to use more variable gene regions, such as the I'T'S
1-5.8S-ITS 2, in order to look for more recent historical
phylogenetic divisions (LaJeunesse, 2001). The primers
used for amplifying and sequencing this genomic fragment
had been described for the parasite Perkinsus (Goggin,
1994). The genus Perkinsus, although already included in
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Fig. 3. Similarity dendogram of 19 strains of G. catenatum collected from Galicia (code ended in V) and Andalucia (code ended in AM), inferred
from the presence/absence of bands in the RAPD analysis. The strains included in the second cluster (GG24AM-GC43AM) are in bold to
simplify its visual separation from the first cluster (GCIV-GC53AM) and the third cluster (GC22AM and GC51AM).

the phylum Apicomplexa, is more closely related to
the Dinoflagellata as demonstrated by phylogenetic ana-
lysis based on the sequence of several genomic regions
(Saldarriaga ef al., 2003). Therefore, it is not surprising the
correct amplification of the G. catenatum TS 1-5.8S-ITS 2
region using such a primer pair. Again, no differences were
detected in this genomic region among all of the strains
used in the study, confirming that, as suggested by
LaJeunesse (LaJeunesse, 2001), the level of genetic resolu-
tion offered by the I'TS does not explain all morphological
and physiological differences. Recently, a similar result was
obtained by Tengs e al. (Tengs et al., 2003) for several
isolates of Pliesteria piscicida with different toxin characteris-
tics. In conclusion, the divergence in the toxin profiles
among the G. catenatum strains was not associated with
differences in the genomic regions compared.

In order to ascertain the molecular variability not
detected by the DNA comparison, we decided to use
the RAPD technique. This method rapidly detects geno-
mic polymorphisms, and has been extensively used for
gene mapping, population analysis, epidemiology, ana-
lysis of phylogenetic and taxonomic relationships and
detection of strain diversity (Welsh et al., 1995). In fact,
the RAPD analysis has been applied before for the
comparison of G. catenatum isolates from widely separated
geographical regions (Adachi et al., 1997; Bolch et al.,
1999b).

The dendogram obtained with the RAPD data, con-
trary to that constructed with the toxin data, grouped all of
the Galician strains in one cluster. However, and as we
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obtained before with the toxin data, this analysis did not
reflect the collection sites, since three Andalusian strains
were included in this cluster. In fact, the isolates from
Andalucia, all coming from the same bloom, were distri-
buted in three different clusters, as described in the Results
section. This lack of homogeneity among the Andalusian
strains agrees with previous studies on the genetic variation
of Alexandrium and Gymnodinium, also performed with the
RAPD technique (Adachi et al., 1997; Bolch et al., 1999b).
These works concluded that the genetic variation was
partitioned mainly within populations of the same species,
compared with the variation between regions and between
populations within regions. In spite of the apparent dis-
similarity between the toxin and RAPD dendograms, we
have to note that both analyses clustered together six
Andalusian strains, GC24-26-27-43-36-56AM, prob-
ably due to a strong taxonomic proximity of these strains.

There was considerable distance in the RAPD cluster
even among the most closely related strains (GC12V and
GCI13V). This points out the high local variability of
G. catenatum and suggests that studies on the global dis-
tribution of this species should include a large number of
strains from each location.

The fact that the dinoflagellate toxicity is mediated by
external factors, such as the presence of bacteria in the
cultures (Uribe and Espejo, 2003), suggests the weakness of
this character for the establishment of taxonomic relation-
ships. Since the RAPD analysis is based on genetic differ-
ences, it should be more reliable than the toxin analysis. In
the present study, we have obtained different taxonomic
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relationships among several strains of G. catenatum when
using toxin or RAPD analysis. However, none of the
methods applied brought out a clear geographic signal,
suggesting the lack of connection between the strain char-
acteristics (with respect to toxin content and RAPD profile)
and the location in which they were isolated.
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