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Abstract
Sequences of the rRNA nontranscribed spacer (NTS) were determined for six isolates of Perkinsus
olseni, seven isolates of Perkinsus sp. from Anadara trapezia and one isolate of Perkinsus sp. from
Austrovenus stutchburyi.  These sequences were compared with previously published NTS se-
quences for P. atlanticus, P. marinus and P. andrewsi.  Consensus sequences for Perkinsus olseni, the
Perkinsus isolates and P. atlanticus were approximately 98-99% similar to each other but only 65-
79 % similar to P. marinus and P. andrewsi sequences.  Some individual P. olseni sequences were
less similar to each other (97.4%) than they were to P. atlanticus sequences (97.8-98.2%), therefore
NTS provides further evidence that P. atlanticus, P. olseni, Perkinsus sp. from Anadara trapezia and
Perkinsus sp. from Austrovenus stutchburyi are conspecific.  We propose that P. atlanticus  be
synonymised with P. olseni Lester & Davis, 1981 which has taxonomic priority, and that Perkinsus
sp. from Anadara trapezia and Perkinsus sp. from Austrovenus stutchburyi belong to P. olseni sensu
lato as well.  A phylogenetic analysis of SSU rDNA, incorporating recently published Perkinsus
sequences, supports the placement of the Perkinsus species with Parvilucifera infectans within the
Dinoflagellata.

Introduction
Perkinsus species parasitise marine shellfish
throughout the world.  Their taxonomic po-
sition is controversial and originally P. marinus

was classified as a fungal species of the ge-
nus Dermocystidium.  Subsequently the
Perkinsidae were classified as Alveolata, at
first being considered Apicomplexans
(Levine, 1978), then as Dinoflagellates based
on phylogenetic analysis of separate and com-
bined SSU rDNA and actin gene sequences
(Goggin & Barker, 1993; Escalante & Ayala,
1995; Reece et al., 1997; Siddall et al., 1997;

Kotob et al., 1999b; de la Herran et al., 2000).
Recent phylogenetic analyses of SSU rDNA
for a newly described species, Parvilucifera

infectans, a parasite of dinoflagellates, resulted
in the creation of a new phylum Perkinsozoa,
for that species, the Perkinsus species and
Colpodella, a phagocytic protist (Norén et al.,
1999).  The rDNA has also been targeted for
diagnosis of Perkinsus spp. (Goggin, 1994;
Kotob et al., 1999a; de la Herran et al., 2000;
Robledo et al., 2000; Coss et al., 2001).  Recently,
an organism was isolated from the carpet shell
clam in Spain which was Perkinsus-like but
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based on SSU rDNA was phylogenetically
closer to the Mesomycetozoa or DRIPS clade
(Figueras et al., 2000).

The genus Perkinsus has five species currently
considered valid: P. marinus which was first
described as Dermocystidium marinum Mackin
et al., 1950, P. olseni Lester & Davis, 1981, P.

atlanticus Azevedo, 1989, P. qugwadi Blackburn
et al., 1998 and P. andrewsi Coss et al., 2001.
Goggin (1994) studied the ITS sequences of P.

olseni and Perkinsus sp. (ex. Chama pacificus)
from Australia and P. atlanticus from Europe,
and found them to be very similar and possi-
bly conspecific.  Other analyses of ITS se-
quences have supported this (Robledo et al.,
2000).  Here we provide sequence data for the
nontranscribed spacer of the rDNA (NTS), a
region which has proven to be useful for strain
and species discrimination (Robledo et al.,
1999; de la Herran et al., 2000; Coss et al., 2001).
The sequences from this region support the
hypothesis that P. olseni, P. atlanticus, Perkinsus

sp. from Austrovenus stutchburyi and Perkinsus

sp. from Anadara trapezia are conspecific.

Materials and methods
DNA extraction
Perkinsus isolates were obtained from Anadara

trapezia, Austrovenus stutchburyi, Haliotis ruber

and H. laevigata (Table 1).  To isolate live para-
sites host tissues were placed in thioglycollate
medium for approximately one week, then the
tissues broken apart to dislodge the parasite.
Alternatively infected mollusc tissue was
used without culturing.  DNA was extracted
by either the phenol/chloroform method
(Sambrook et al., 1989) or with Chelex resin.
For the Chelex resin method 500µl of 5%
Chelex in ddH2O was added to each sample
along with 10µl of 10mg/ml Proteinase K. The
solution was incubated at 55OC overnight
with intermittent vortexing followed by heat-
ing at 100OC for eight minutes.  After the so-
lution was cooled in a refrigerator it was spun
briefly in a centrifuge at maximum speed.

PCR amplification and sequencing
The primers used to amplify the NTS were
the forward primer SAF1 (5'
ACTCCGAAGTTAAGCGGCGCAA 3') and
the reverse primers SSUR1 (5'
ACTGGCAGGATCAACCAGGT 3'; de la
Herran et al., 2000) and SAR1 (5'
CGCAGTTTCGCCGTTTAAAGC 3').  The
conditions for PCR were one cycle of 94OC for
30 sec then 35 cycles of 94OC for 30 sec, 50OC
for 20 sec and 68OC for two min, and finally
one cycle of 68OC for seven min.  Each reac-
tion contained 1X buffer B (Gibco BRL), 0.2
µM  each dNTP, 0.2 µM of each primer , 1 µl
Elongase (Gibco BRL) enzyme mix and 25 ng
of genomic DNA.  The PCR primers (above)
and SAF2 (5' ACGTTTTTGGGTGCGCAAAG
3'), SAR2 (5' GACCGATTTGGCAGCTATCA
3'), GGE1 (5' GGCTTGTGCATGCGTGCAAG
3') and GGE2 (5'

# noitacifitnedI noitacol,eussit,tsoH knaBneG
noissecca

1 ineslo.P arbursitoilaH AS,.sIrolyaT,elcsum 725664FA
2 ineslo.P arbur.H AS,.sIrolyaT,elcsum 825664FA
3 ineslo.P arbur.H AS,.sIrolyaT,elcsum 925664FA
4 ineslo.P arbur.H AS,.sIeltsihT,elcsum 035664FA
5 ineslo.P arbur.H AS,.sIeltsihT,elcsum 135664FA
6 ineslo.P atagiveal.H AS,.dnalsrolyaT,elcsum 235664FA
7 .pssusnikreP aizepartaradanA DLQ,munnyW,plap 335664FA
8 .pssusnikreP aizepart.A DLQ,munnyW,elcsum 435664FA
9 .pssusnikreP aizepart.A DLQ,munnyW,llig 535664FA
01 .pssusnikreP aizepart.A DLQ,munnyW,llig 635664FA
11 .pssusnikreP aizepart.A DLQ,munnyW,llig 735664FA
21 .pssusnikreP aizepart.A DLQ,munnyW,llig 835664FA
31 .pssusnikreP aizepart.A DLQ,munnyW,llig 935664FA
41 .pssusnikreP iyrubhctutssunevortsuA ZN,.kcuA,llig 045664FA

Table 1. List of Perkinsus isolates studied here.
Note.Is. = Island; SA = South Australia; land. =
landing; QLD = Queensland, Australia; Auck., NZ
= Auckland, New Zealand. .
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AGCCTCGACTGCAAGTCAAC 3') were
used for direct cycle sequencing (ABI PRISM
BigDye Terminator Cycle Sequencing Ready
Reaction Kit) of PCR products purified with
QIAGEN PCR purification columns, accord-
ing to the manufacturers instructions. Exten-
sion products were purified by ethanol pre-
cipitation then electrophoresed in an ABI
377 sequencer.  Consensus sequences were
assembled for each sample by sequencing in
both directions and from more than one PCR
product.

Assessment of similarity within and
among Perkinsus species
NTS sequences for Perkinsus spp. were ob-
tained from GenBankTM - P. andrewsi

(AF102171) and P. atlanticus (AF140295 and
AJ238400) - or from other publications (P.

marinus; Robledo et al., 1999), and compared
to the sequences generated here.  Consensus
NTS sequences were compiled for the differ-
ent species or isolates e.g. P. marinus (two
published sequences), P. atlanticus (two pub-
lished sequences), Perkinsus sp. from Anadara

trapezia (seven new sequences), Perkinsus sp.
from Austrovenus stutchburyi (one new se-
quence) and P. olseni (six new sequences), to
calculate how similar the species or isolates
were to each other (the assumption at this
stage was that each species or isolate was dis-
tinct).  P. andrewsi was represented by one
published sequence. Similarity was calculated
by computing pairwise distances {uncorrected
(“p”)}  in PAUP 4.0b8 then subtracting from
one and multiplying by 100% (note that PAUP
4.0b8 counts alignment gaps as missing for
distance analyses).  Similarity between indi-
vidual NTS sequences was calculated for P.

olseni, P. atlanticus, Perkinsus sp. from Anadara

trapezia and Perkinsus sp. from Austrovenus

stutchburyi to establish whether sequences
from each species or isolate were more simi-
lar to each other than to sequences from a dif-
ferent species or isolate.  Similarity was again
calculated by subtracting pairwise distances
from one and multiplying by 100%.  If se-
quences were identical they were pooled for
these comparisons.

Phylogenetic analyses
SSU rDNA sequences used for phylogenetic
analysis were obtained from the GenBankTM

database (Fig. 1).  MrBayes 2.01 (Huelsenbeck
& Ronquist, 2001) was used to perform
Markov chain Monte Carlo (MCMC)
phylogenetic analyses of maximum likeli-
hood.  200,000 chains were executed (2000
trees) and the first 100 trees were excluded
(burn in of chain) when computing a consen-
sus tree.  PAUP 4.0b8 (Swofford, 2001) was
used to perform a heuristic maximum parsi-
mony (MP) search (100 random addition rep-
licates). 1000 cycles of MP bootstrap
resampling were performed using a heuristic
search method.

Results
Similarities
The NTS sequences generated for each isolate
were unambiguous – there was no indication
that different sequences exist in the same in-
dividual or that different NTS sequences re-
sulted from different PCR reactions.  Varia-
tion in sequences of the different isolates oc-
curred across the entire NTS gene, however
the first third was most variable (69% of vari-
ation); most differences were transitiions and
one was a deletion.  The NTS sequence of P.

andrewsi had 64.8-66.8% similarity to those
from other Perkinsus species or isolates, spe-
cifically P. marinus, P. olseni (consensus of six
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Fig. 1.  Markov chain monte carlo (MCMC) tree with branch lengths proportional to the amount of change
from SSU rDNA sequences.  Above branches are support values for MCMC (left) and maximum parsimony
(MP) bootstrap analysis (right).  GenBank accession numbers for taxa are: Crytosporidium parvum, X64341;
Babesia odocoilei, U16369; B. divergens, Z48751; Theileria sergenti, AB016074; Plasmodium falciparum, M19172; P.
berghei, AJ243513; Eimeria tenella, U67121; Toxoplasma gondii, L24381; Perkinsus olseni., L07375; P. ‘atlanticus’,
AF140295; Perkinsus G117, AF042707; P. andrewsi, AF102171; Perkinsus CCA2001, AF252288; P. marinus, X75762
and AF123014; Perkinsus H49, AF042708; Parvilucifera infectans, AF133909; Noctiluca scintillans, AF022200;
Symbiodinium pilosum, X62650; S. microadriaticum, M88521; Alexandrium fundyense, U09048; A. cohorticola,
AF113935; Prorocentrum arenarium, Y16234; P. maculosum, Y16236; Scripsiella nutricola, U52357; Crypthecodinium
cohnii, M64245; Oxytricha nova, M14601; Glaucoma chattoni, X56533; Colpidium campylum, X56532; Tetrahymena
pyriformis, M98021; Paramecium tetraurelia, X03772; Chlamydomonas debaryana, AF008240; Skeletonema costatum,
X85395.
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sequences), P. atlanticus (consensus of two se-
quences), Perkinsus sp. from Anadara trapezia

(consensus of seven sequences) and Perkinsus

sp. from Austrovenus stutchburyi (Table 2.A.).
The P. marinus consensus sequence had 64.8-
79.2% similarity to other Perkinsus sequences
(Table 2.A.).  In contrast the P. atlanticus con-
sensus sequence was 98.2-98.8% similar to P.

olseni, Perkinsus  sp. from Anadara trapezia and
Perkinsus sp. from Austrovenus stutchburyi, and
the P. olseni consensus sequence was 98.8-
99.7% similar to P. atlanticus, Perkinsus sp.
from Anadara trapezia and Perkinsus sp. from
Austrovenus stutchburyi (Table 2A).  The NTS
sequence similarities among P. atlanticus, P.

olseni, Perkinsus sp. from Anadara trapezia and
Perkinsus sp. from Austrovenus stutchburyi

were examined in more detail because of the
high similarity between the consensus se-
quences in Table 2A.  There was 96.2-98.6%
similarity between the individual P. atlanticus

sequences and individual sequences from P.
olseni, Perkinsus sp. from Anadara trapezia and
Perkinsus sp. from Austrovenus stutchburyi (Ta-
ble. 2B).  This is similar to the range found
within the P. olseni sequences (96.9-99.6%) and
P. olseni sequence 3 is less similar to P. olseni

sequence 6 (97.4%) than it is to either of the P.

atlanticus sequences (97.8-98.2%). The two P.

atlanticus sequences are more similar to each
other than to any other (99.9%) though a 62
bp deletion had apparently occurred in P.

atlanticus-AJ238400.  Both P. atlanticus se-
quences differed from the P. olseni, Perkinsus

recapsdebircsnartnonfoytitnedI%

iswerdna.P sucitnalta.P ineslo.P susnikreP ps .a susnikreP ps .b

suniramP 9.46 7.87 3.97 5.87 3.97

iswerdna.P 4.66 7.66 8.66 8.66

sucitnalta.P 8.89 2.89 3.89

ineslo.P 2.99 7.99

susnikreP ps .a 0.99

Table 2. Similarity of Perkinsus NTS sequences. A. a from Anadara trapezia. b from Austrovenus stutchburyi. B.
Note. P. o. = P. olseni, P. sp = Perkinsus sp. and P. a. = P. atlanticus. a # 7-9 and 11-12 from Anadara trapezia; b #10
and 13 from Anadara trapezia; c from Austrovenus stutchburyi. d GenBank accession number: AF140295; e

GenBank accession number: AJ238400.

A

B
recapSdebircsnartnoNfoytitnedI%

2-.o.P 3-.o.P 4-.o.P 6-.o.P .ps.P a .ps.P b .ps.P c .a.P d .a.P e

ineslo.P 5&1- 4.79 3.89 9.69 4.89 4.99 5.99 1.99 2.89 1.89

ineslo.P 2- 2.99 6.99 4.79 2.69 4.79 3.99 8.69 9.69

ineslo.P 3- 8.89 4.79 1.79 3.89 3.99 8.79 2.89

ineslo.P 4- 9.69 6.59 8.69 7.89 2.69 9.69

ineslo.P 6- 2.89 6.89 6.89 2.89 9.79

susnikreP .ps a 2.99 0.99 2.89 0.89

susnikreP .ps b 3.99 6.89 5.89

susnikreP .ps c 3.89 3.89

sucitnalta.P d 9.99
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sp. from Anadara trapezia and Perkinsus sp.
from Austrovenus stutchburyi sequences by a
6 bp deletion at the same position as the 62bp
deletion in AJ238400.

Phylogenetic relationships
The Perkinsus species were monophyletic
(100% support) and generally formed three
clades, Perkinsus sp. and P. atlanticus (58%
MCMC support), Perkinsus G117, P. andrewsi

and Perkinsus CCA2001 (<50-89% support)
and P. marinus and Perkinsus H49 (94-98% sup-
port).  Parvilucifera infectans was the sister-
species to the Perkinsus spp. (52-98% support)
and the Dinoflagellata was the sister-group
to that clade (53-96% support).

Discussion
NTS sequences indicate that P. atlanticus,
Perkinsus sp. from Anadara trapezia and
Perkinsus sp. from Austrovenus stutchburyi are
conspecific with P. olseni.  They are also mor-
phologically indistinguishable and thus we
propose that P. atlanticus, Perkinsus sp. from
Anadara trapezia and Perkinsus sp. from
Austrovenus stutchburyi be synonymised with
P. olseni Lester & Davis, 1981, which has taxo-
nomic priority.  Previously, evidence for P.

atlanticus, Perkinsus sp.  from Anadara trapezia

and Perkinsus sp. from Chama pacificus being
conspecific with P. olseni was provided by ITS
sequences (Goggin, 1994; Robledo et al., 2000).
The NTS region is apparently a good discrimi-
nator of species and strains of Perkinsus – it
shows low similarity between species and
high similarity within species.  Both ITS and
NTS sequences provide good evidence for
conspecifity of P. olseni, P. atlanticus and
Perkinsus isolates (from Austrovenus

stutchburyi, Anadara trapezia and Chama

pacificus) so effectively P. olseni is found not
only in Australia but also Europe, New Zea-
land, Japan (Hamaguchi et al., 1998) and prob-
ably Korea (Choi & Park, 1997).  Hine (2001)
suggested that if P. olseni and P. atlanticus are
indeed conspecific then this could be ex-
plained by movement of the clam host,
Ruditapes phillipinarum, from Asia to Europe
for aquaculture.  As P. atlanticus and P. olseni

appear to be conspecific it means that a wide
range of mollusc hosts are parasitised by the
one species.  This is supported by the work
by Goggin et al., (1989); they found a low level
of host specificity in Australian Perkinsus spe-
cies, and could passage the parasite from bi-
valve to gastropod and vice versa.  The wide
variability in the pathogenicity reported for
P. olseni and P. atlanticus  (Da Ros and
Canzonier, 1985; Goggin et al., 1989) may be
the result of different strains of P. olseni as well
as differences in host susceptibility.  All or-
ganisms we isolated had NTS sequences
which were like the NTS sequences of other
Perkinsus species i.e. we did not isolate any
organisms which were not from the genus
Perkinsus, in contrast to the Perkinsus-like or-
ganisms isolated by Figueras et al. (2000).
Note, that like Robledo et al. (1999) we found
more than one NTS type among our samples;
we found eight different sequences, five for
P. olseni, two for Perkinsus  sp. from Anadara

trapezia and one for Perkinsus sp. from
Austrovenus stutchburyi (Table 2B).

The phylogenetic analysis of SSU rDNA se-
quences confirmed the study by Norén et al.
(1999) which showed support for a sister-
group relationship between Perkinsus species
and Parvilucifera infectans.  In contrast with
that study however, the combined clade of
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Perkinsus spp. and Parvilucifera infectans was
the sister-group of the Dinoflagellata and not
the Apicomplexa.  Other studies have also
found that the Dinoflagellata are closely re-
lated to Perkinsus (Goggin & Barker, 1993;
Escalante & Ayala, 1995; Reece et al., 1997;
Siddall et al., 1997; de la Herran et al., 2000).
For the first time all available SSU rDNA se-
quences for Perkinsus were included in one
analysis.  The genus was monophyletic and
generally had three clades, P. atlanticus –
Perkinsus sp., P. marinus – Perkinsus H49 and
P. andrewsi – Perkinsus G117 – Perkinsus

CCA2001, each of which may be one species.
The phylogenetic position of the H49 and
G117 isolates with P. marinus and P. andrewsi

respectively, is in agreement with previous
work (Kotob et al., 1999a; b).
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