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ABSTRACT: Mîcrocell·type parasites of oysters are assodated with a complex of diseases in different
oyster species around the world. The etiologicaJ agents are prolists of very small sue that are very dif·
ficult to characterize taxonomieaUy. Assodaled lesions rnay vary according to the hasl spedes, and
their occurrence rnay be relaled to variations in tissue structure. Lesion morphology eannot be used
10 distinguish the dîfferent agents involved. UltrastructuraJ observations on Mikrocytos rOlJghleyi
reveaJed similarities with Bonamia spp., particularly in regard la the presence of electron-dense hap.
losporosomes and mitochondria, wh05e absence from M. mackini also indieate thal M. rougbleyi and
M. macldnj are not congeneric. A partial small subunit Issu) rRNA gene sequenee of M. roughJeyi
was delennîned. This partiaJ sequence, 951 nudeotides in length. has 95.2 and 98.4 % sequence sim·
ilarities with B. ostreaeand B. e1dUoslJs ssu rONA sequences, respectively. Polymorpblsms among the
55U rDNA sequences of B. ostreae, B. e1dUosus and M. roughleyi allowed identification 01 restriction
enzyme digestion patterns diagnostic for each species. Pbylogenetie anaJysis based on the ssu rONA
data suggested thal M. roughleyi belongs in the phylum Hapl05poridia and thal il is dosely relaled
to Bonamia spp. On the basis of ultrastructural and molecular considerations, M. roughleyi should be
considered a putative member of the genus Bonamja.
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INTRODUCTION

Among the 10 OlE (Olfice International des Epi·
zooties: the World Organization for Animal Health)·
listed d.iseases of molluscs, 4 are eaused by non·spore·
forrning organisms given the collective name of
'microceU' (Farley el al. 1988). Of these, 1 d.isease,
bonamiosis, 15 caused by al least 2 hapl05poridian pro·
lozoans that infect the haemocytes of nat oyslers.
Bonamia ostTe.te infects the European flal oyster Osuea
edulis in Europe and in North America (Piehol et al.
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1980, Bannister & Key 1982, Polanco el al. 1984, Eiston
el al. 1986, McArdle et al. 1991. Barber & Davis 1994),
B. exitiosus infects the New Zea1and dredge oyster T.
chilensis (Dinamani et al. 1987, Hine 1991, Hine et aJ.
2001b), and Bon5Jltia·like organîsms also infect the flat
oysters O. angasiinAustralia (Hine 1996) and T. chUen·
sis in Chile (Kern 1993, Campalans et aJ. 2(00) (present
Table 1). A second disease, mikrocytosis, is caused by 2
other 'microcell' protozoans: MiJerocyl05 mackini
eauses Denman Island disease in the Pacifie oyslers
Crassostrea gigas in British Columbia (Quayle 1961.
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Table L Comparisons among pathogen species. natural and experimentlll hosts, gross signs, histological features and parasite
location. nd: disease experimental reproduction not done

80namia ostreae BOll/lmia eritiosus Bonamia sp. Mikrocylos roughleyi M. mackini

Natural hosts Ostrea edulis riostrea chilellsis O. angasi Saccostrea glomerala Crassostrea gigas
T. chilensis

Experimental hosts O. puelchana od od od C. virginica
O. concaphjla O. eduIis
O. angasi O. concaphila
T. cbi/ensis
C. rivularis

Gross signs Gill and manUe No sign No sign Abscesses and Abscesses and
perforations or pustules on mantle pustules on manUe
indentations or muscle or muscle

Histologicalleatures Global haemocyte Global haemocyte Global haemocyte Focal haemocyte Focal haemocyte
infiltration infiltration infiltration infiltration infiltration

l.ocation Haemocytes and Haemocytes Haemocytes Haemocytes Haemocytes,
cells epithelial myocytes,

connective cells

FarJey et al. 1988), and M. Toughleyjcauses wintermor
tality in the Sydney rock oyster Saccoslrea glomerata in
SE Australia (Roughley 1926, Farley et al. 1988). Exper
imentally, Bonamia spp. can infect Ostrea spp. (Grizel
et al. 1983, Le Borgne & Le Pennee 1983, Bougrieretal.
1986, Pascual et al. 1991) and C. rivuJaris(Cochennec el
al. 1998). M. mackinihas been shown to infect C. gigas,
C. vjrgjnica, 0. eduljs and O. concaphila (Bower et al.
1997) (present Table 1). Therefore, Bonantia spp. and
Mikrocytos spp. cannol be distinguished solely by the
hosts whîch they Înfect. However, 10 date lhe geo
graphic distributions of the 2 Mikrocytos species ap
pear 10 be distinct, with M. mackini having been re
ported ooly in western Canada and M. roughleyi only
in easlern Australia.

Several studies have included observations of Ihe
ultrastructure of Bonamia ostreae (Comps el al. 1980,
Pichot et al. 1980, Bréhelin et al. 1982, Grizel et al.
1983, Grizel 1985, Chagot et al. 1992, Montes et al.
1994) and B. exiliosus (Dinamani et al. 1987, Hine
1991, Hine & Wesney 1994a,b, Hine et al. 2001b), bul
there are none on Bonamia sp. in OstTea angasi in Aus~

Iralia or Tiostrea chilensis in Chile. A recenl study on
the ssu rDNA gene sequences of B. ostreae (Carnegie
el al. 2000, Cochennec et al. 2000) and Bonamia sp.
from New Zealand showed thal they are congeneric,
and a new spectes, B. exitiosus, was created (Hine el
al. 200tb). An unpublished study on the ssu rDNA
gene sequences of Bonamia sp. from Australia and B.
exitiosus from New Zealand suggesls Ihat these 2 par
asites are conspecific, despite showing very different
palhology În their respective hosts (R. D. AdJard pers.
comm.).

The ultrastructure of Mikrocytos mackini confirms
that this parasite is different from Bonamia spp.

because of the lack of organelles in mosl eukaryotic
ceUs inciuding mitochondria or their equivalents (Far
ley et al. 1988, Hine et al. 2001a). There have been no
published sludies on the ultraslructure of M. roughleyi.
The only Mjkrocytos sp. for which sequences from Ihe
ssu rDNA gene ciusler have been published is M.
roughleyi (Adlard & Lesler 1995).

Certification of slocks as free from specific disease
agents prior 10 movemenl is the basis of disease control
in member counlries of the Office International des
Epizootis. For this to be effective, listed etiological
agents must be reliably delectable and identifiable.
Heavy inlection by microcells may be detected by light
microscopy, but identification cannol be carried oui
with any certainty. Also, light infection cannat reliably
be detected by light or electron microscopy. There is
an urgenl need to characterize each 'mierocell' spe
des, and identify gene sequences that allow them to be
distinguîshed hom each other.

The aim of lhis study was the characlerization of
Milcrocytos roughleyj by means of ultraslructural
observation and ssu rDNA gene sequence determina
tion ta ciarify taxonomie relationships with other
microcell parasites.

MATERIALS AND METHOOS

Electron microscopy. 4 % glutaraldehyde (in 0.2 M
cacodylale buffer) fixed tissues from infected $ac
castrea glomerata were provided by R. Hand, New
South Wales Auslralia Fisheries Department. They
were posl-fixed for 1 h in 1 % osmium letroxide (OS04)
in 0.2 M cacodylale butfer. Tissues were then cieared
in propylene oxide and embedded in epon resin. Ultra-
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thin sections were made using copper grids and dou
ble-stained with uranyl acetate and lead dtrale. These
were then examined in a Jeol JEM 1200 EX trans
mission electron microscope.

DNA extraction. Cenomic DNA was extracted lrom
ethanol-fixed, individually infected oysters. Tissues
were suspended in 10 volumes of extraction bulfer
(NaCl 100 mM, EDTA 25 mM, pH 8, SOS 0.5%) with
Proteinase K (100 pg ml-Il. Following overnight incu
bation al 50°C, DNA was extracted using a standard
phenoVchloroform protocol followed by ethanol pre
dpitation (Sambrook et al. 1989).

Polymerase chain reaction. The partial ssu rDNA
was amplified using the universal primer Suni and the
Bonamia ostreae specifie primer Bo-Boas (Cochennec
el al. 2000). PCR was performed in 50 III volume con
laining about 10 ng of DNA with 5 pl of 10x PCR
bulfer, 5 p.l of 25 mM MgCI2, 5 pl 01 2 mM dNTP, 0.5 pl
or each 100 IlM primer and 0.25 pl (1 U) of Taq DNA
polymerase [Promega). Samples were denatured for
5 min at 94°C and amplified by 30 cycles: 1 min al 94'C
lor denaluration, 1 min at 55'C for primer anneaLing,
and 1 min at noc lor elongation in a thermal cycle
apparatus (Appligene). Polymerization at noc was
eXlended for 10 min 10 ensure complete elongation of
the amplified products. After amplification, 5 pl of the
PCR products were analyzed by eleclrophoresis on
ethidîum bromide-staining agarose gel (2 % in Tris
acetate EDTA buffer).

DNA sequenclng. Amplicons (= PCR products) were
cloned using the TA Cloning kit (Invîlrogen) fol1owing
the manulacturer's protocol. Two recombinant plas
mids with putative ssu rDNA inserts were sequenced
by Appligene [Laboralory Qbiogen). Sequences were
compared for similarity with public databases lodged
in CenBank and EMBL using BLAST (Altschul et al.
1990).

Restriction fragment length polymorphism (RfLP).
A PCR was perlormed wilh primers designed for
amplification of Bonamia ostreIJe: Bo-Boas [Cochennec
et al. 2000). Template DNA was obtained from
Mikrocyros roughleyi, inIected Saccostrea glomerata,
B. exitiosus-infected Tiostrea chilensis and B. ostreae,
infecled Ostrea edulis. RFLP analysis was performed
by separate digestions of 10 pl of PCR product with
Bgll and Haell (Promega, France). The resulting frag.
ment panerns were analyzed electrophoretically on
2 % agarose gel.

PhylogeneUc analysis. Phylogenetic analyses were
conducted by aligning the Mikrocytos roughleyi ssu
rDNA sequence with 53 other protistan ssu rDNA
sequences, induding those of dînoflagellates (Amphi
dinium carrerae: AF009211; Pliesteria pisdcida:
AF077055; Prorocentrum minimum: Y16238; Alexan·
drium lundyense: U09048; GonYlJulax spiniferIJ:

Af052190: Symbiodinium corculorum: LI3111); api
complexans (Babesia bovis: L19078: TheileriIJ parva:
L02366: Eimeria tenella: U40264; SIJrcocystis hominis:
AF006470: Toxoplasma gondii: U03070); ciliates (Eu
plotes crassus: AY007438; Oxytricha nova: X03948: 0.
trüallax: AF164121; Entodinium CIJudatum: U57765;
Paramecium tetraurelia: X03772; Tetrahymena pyrilor
mis: M98021: T. thermophila: X56165); fungi (Ajello
myces capsula tus: Z75301; Neurospora crassa: X04971:
Jauyveromyces lactis: X51830; SIJccharomyces cere·
visiae: J01353; Candida glabrata, X51831: Pneumo~

cystis carinii: S83267); slramenopiles (Fucus distichus:
M97959: Ochromonas damca: M32704; Achlya bisexu
alis: M32705: Phytophthora megasperma: X54265:
QPX; AF261664: Ulkenia prolunda: L34054); haplo
sporidians (Bonamia ostreIJe: AF192759; B. exitiosus:
AF337563; Minchinia teredinis: U20319; HIJplosporid
ium nelsoni: U19538; H. cosrale: AF387122; H. loui
siana: U41851: Urosporidium crescens: U47852); Per
kinsus spp. IF. mIJrinus: AF042708; P. aUanticus:
AF140295; P. chesapeaki: Af042101); and other proto·
zoans (Emiliania huxleyi: M87327; Chlamydomonas
reinhardtli: M32703; NiteUa fJexilis: U05261; Acantha
moeba palestinensis: L09599; Dictyostelium discoi
deum: XOOI34; Naegleria lowleri: U80059; Physarum
polycephalum: Xt3160; Trypanosoma cruzi: X53917;
Euglena gracilis: M12677; Encephalitozoon cuniculi:
L17072; Chondrus crispus: Z14140; ViJirirnorpha neca
tm: Y00266; Giardia lamblia: M54878). The sequences
were aligned using the CLUSTAL-W algorithm
(Thompson et al. 1994) in Ihe MacVector 7.0 DNA
sequence analysis software package (Oxford Molecu
lar) with gap penalties of 8 lor gap insertions and 3 for
gap extensions in both pairwise and multiple align~

ment phases. Parsimony jack-Imite analysis was per·
formed using PAUp·4blO.0 (Swoflord 2002) with
100 random additions of 100 jack-knife replicates.

RESULTS

Ultrastructural studles

Mikrocytos roughleyi cells were found in haemo
cytes withîn the gills and dîgestive gland. InIecled
haemocyles generally contained several parasites. The
structure 01 sorne haemocytes was only slighUy
affected, while others were more profound1y altered
and displayed vacuolization (Fig. 1). The simplest form
of the parasite was ovoid, about 3 to 5 pm in diameter,
and bound by a unît membrane. The nudear envelope
consisted of an inner and an outer membrane. A
peripherally located nucieoLus was sometimes present.
The cytoplasm was densely packed with ribosomes
and contained 1 or 2 mitochondrial profiles in section.
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ln adt!lttOll. 1 10 Il haplosporosomcs, tltsplaymg {In
electron-dense matril'. were observcd (Fig 21. Single
cyloplasllll(' Iipld dloplct!> wcre rdfely observcd. PldS
motliill fonns with 2 to ~ lIudei wcre rarely ohscrvc<t
(Figs, 3 0& 4). Thcse ceUs wcrc larger and their nuclei
and ccllutdrshapcs \Velc more irregul'lI lhan the unin
ucleate cells. They had cytoplasmic haplosporosomes,
as did the sllIallcr cens, but llIore numerous mitochon
dn,l. Snwll strùnds of smooth endOI)laSlIllC relic:ultull
''''Nf! somchmes obscrved

ONA SC(lllcncc

An c.mphcon 01 951 bl) WilS oblained. (GenBtlnk
Ac<:ession No = AF508801J. BLAST dllitlysis ot lhls
sequence 'Igainsl plIbhc databases confinllcd lIli.lt il 15

<In ssu rRNA gcne sequence <U1d rcvcaled simil'Hltlcs
\Vith 5511 IRNA gene sC<lucnccs Il! ta x.. in the l)hylulll
IItllllospondi,l, particularly ""Ilh Ihose in the 9('O\L<;;
BOnilllli<l. H. oslreile and O. exl/IOSIIS sequence simililr·
llies wcre 95.2 ,ond !J8A %, rc~pccllvely.

.......~-
•

•

I:'(J~ 1 ID ~ S.~rr(IÇfmll ylumeri,t., nalllmlly U1'l'rl~1l \\',Ih fl ',krnryl/l~ mUY'JI"J'I. Ell'ctlOn 1],lr,'oscopy r:.!iLl...lnlartefl Ilyslc' "lIow
ill(J lIumerous Jlilr<iSllCS wilhin h('Inl){Tte cytolliusm (IIrTowl [:I<:ille hM '" 11''''1. Fig. 2. ~1l"'lsile sllowing mlcll.'u~wlth exœnt'ic nu·
cleoluJi INl, elec1ron·dense hllpiosJloroSOIlle5 (1-I11!i(':#Ile heU ~ 200 nllii FIC! 3. Diplokllry'ltlc cell shoWH1!1 mîlochondriil (ml (stnle

hlll" 200 nllIl. !:!9.:..:!c Multllluch,ate plusnlodl<ll ~lil!Je wlth 4. nuC'll.'llslJlrsll~cJlle bd' "" 500 'IIU}



B.eririoJus
M.rollghl~yi

B.OSlrtO~

B.a:iliosus
M.rough/~yi

B.OJlr~o~

B.exiliosu!
M.roughleyi
B.oslr~ae

8.t:ritiosu$
M.rougMeyi
B.oJlrMt

8.oitiosu!
M.roughltyi
B.oslrtal:

B.exitiosu!
M.rougMtYI
B.os/rr:oe

CCATITAATIGGTCGGGCCGCTGGTCCTOATCcrtTAC'J11'OAGAAAA'ITAAAGTGCTCA
CCA1TT'AATIGGTCGGGCCGCTGGTCCTOATCcrrrACTITGAGAAAATTAAAGTGCTCA
CCATITAATrGGTCGGGCCGCfOOTCCTOATCCTTTAcrITOAOAAAA11'AAAOTGCTCA

Haell,
AAGCAGGCTCGCGCCTGAATGCATTAGCATGGAATAATAAGACACOAcrrCGGCGOCGCC
AAGCAGGCTCGCGCCTGAATGCATfAGCATGOAATAATAAGACACGACiTCGGCACCGCC
AAGCAGGCTCOCGCCTGAATGCATfAGCATGGAATAATAAGACACGACITCGGCGCCGCC

ACl'CGTGGCGGGTGTI"'GTIGGTlTIGAGC'TOGAGTAATGAiTOATAGAAACAATIGGG
ACTCGTGGCGGGTG'fTITorrGG1TlTGAGCTGGAGTAATGATIGATAGAAACMTIGOG
.- TC--GGCGGTIGTITIGTrOOTITrGAGCTGGAGTAATGArrGATAGAAACAArrGGG

Ao~1

GOTOCTAGTATCGCCGGGCCAGAGGTAAAATIcnTAAlTCCQGTGAGACTAACITATGC
GUïQCfAGTATCGCCGGGCCAGAGGTAAAA11'crrrAA1ï(''CGGTGAGACTAACTrATGC
GGTGCTAGTATCGCCGGGCCAGAGGTAAAATfCJTfAATfCCGOTGAGACI'AAcrrATGC

OAAAGCATTCAOCAAGCGTGTITTcrrrAA1LAAGAACTAAAGTTOGQGGATCGAAGACG
GGAAGCA'rrCACCAAGCGTG1TITCITfAATCAAGAACTAAAGTIGGGGGATCGAAGACG
GAAAGCATfCAOCAAGCGTG'fTITCTTTAATCAAGAACTAAAGTTGGGGGATCGAAGACG

ATCAG
ATCAG
ATCAO

213

fi,! !) BOlltlfmll O$lr;.>,l.... IJ ...xlrwsu.ç and "tlkroq'fOS rOl/gh/l'yl IJo:I-BO/I~ st.'lIIlCrKI' llhglllnclIl (rI.USTAI.WI "'osillons ot IllcOfJnr.
Uon Slle~ 01 restriction en"l'mes IJgII and 1'neU llldicalcu 1)y Mfowhellds

Assessmenl of ssu rDNA polymorphlsm

CLUSTAL·W lIlulliplc aligllmcnt program showed a
polynlorphlc reglon 01 6 base pAirs. This region \'las
IOC.llPd wilhlll Ihe <;peC"ifl(' 80nmnm gcnus Ho-Boas
pnmel' amphfJed se<luence (Fig. SI. Resulls or RFLP
anillYSls of n. ostrei:le. B. exillOsus and !<lJkrocylos
rol/ghley' l'CR produclS Me giVC!1l ln Fig. 6. The Il
ostre,'c profile C<lnslstccl or 2 bands (120 and 180 pbl
for Hgll and 2. bands (115 and 1851lb) lor I-/ac Il. whilc
the B. cxifiosus IJrofllcconslsled 01 1 band 1304 pbl and
2 bands (\17 and 187 pb), respcctivcly. The M. rOllgh
/eyiprohle conSlsted al a uni<lue band (304 pbllor bath
0911 and/Ille U.

Ilhylogcnelic analysls

Phylogenehc relalionships of Mikrocytos rougfllc)'i
wcre mferred by parsimonl' 'lnalysl5 01 55U rDNA
sequences Irom M. roughJeyi and 53 oUler cukaryolic
t..xn The ,,",1. rouY/l/ey; :.etlue.nce grouped with lhe
sC(luences for lax,l III Ihe phylum HaplosJ)ondlél, par
tlCUllll"ly wHh the S<!(luences trom Bonllm;(j ostrCIlf',1nd

2 3 4 5 6 7 8 9 10

Fig b T'wQ % aD"ros<'" gel eleclrophoresls_ LIlne 1: IOQ 1)1'
molecular welghl uunkér lllnes 2 10" specil\r. Bnnllmfil
genus !'CRI !..ane 2' Joo bp l'Iodllel ohlOined wllh Il. osfre<l('
DNA; Lnnc J: J04 bp Ilroduct obllllrwd ""ilh H. exir,/J$us DNA;
!.aue 4 304 bp producl oblained w'lh '''',krocyfos raugMey,
DNA: L.me!> 5 10 10. RJ'LP resulls; u.nC'S 5 /lnd 8 8. nstrcne
1)ll"lnie s/mwlll9 2 lkmds bolh rvr fltJll und / Ilft'lI, L... le5 G,111(1
9 8. Cl'ltll)SU.• prvlli/! 5110",lng 1 I><md lor Bg/land 2 b,mds lor
Hlfell, !Anes 1 and 10: M. roughleyi l)rQflle shvwllIg 1 b<llld

10rl>o1h Hg/I /lnd I-fllt'Il
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il cxitioslis. The bootstrap support value lor grouping
n. eYlrioSIlS with M. rtmg/lley, was 69 and 10U% lor lhe
Il Qslreae/B. exiliostls! fo.-I. rolJglIJeJ,j clade (Fig. 7). 11lis
clade is lound nesled with.in Ihe Haplosporidia, which
is monophylelic with il suppOrl v,llue of 100%.

DISCUSSION

The Laxonomy of DOl/amia SPI). and MikrocyIO.,; spp,
rClIlalns t1ndear, imd their relalionships with other

prolislans arc poorly understood. Imliany, IVI. rot/gll.
ley/ W<lS considered to be il distinct genlls trom
BOni/llli" on Ihe oasis of gross slgns 01 the diseases
eac:h causes, as.'iociated histologieal lesions and host
species affecled (Farley etaI. 1988). Therc is somo evi
dence lhal gross signs and lesions depend on Ihe spc
cies of host, r<tlher 1han the species 01 parasile. B. exi
/iosus in Tiostrea chilellsis in New Zealalld dosely
resembles Bonilmiil sp. in Os/reil ilJlgilSi in Auslralia,
and the)' milY be conspecific. Il exi/ioslJs only infects
haemocy1es, does nol C<luse gill lesions, ami henvy

69 Microcytes roughleyi
Bonllm/II e~Wosus
Bonllmill os/re3
Hap/osporid/um castille
MinchiniD leredlnls
Hap/osporidium ncltroni
Haplosporidium louis/ena
Urosporid/um crcscens
Ull<enTII prolunda
QPX
Phytophlhora megasperma
Ach/YII blsDllulllis
Ochromonlls danTclI
Fucus distichus
Saccharomycll'$ eerevisilltl
Cand/dJ glllbratJJ
K/uyverC1nyces/llctis
Nllurospor<J crassa
Ajellomycl's capsu/alus
Pnl'umocys/is cllrinH
NUelia f1exlITs
ChlamydonlOtlaS reinhardlif
Em/lisnfa hUltll'yi
Acanlhamoeba p,1/es,inensi~

Toltop/i15mll gond;/
Sarcocystis honlinis
Eimer/II IlInol1l1
Theilerlll fJJIrvll
8abl'sill bov/s
Symbiod/nium corculorom
Gonyau/lIx splnUero
A/exandrium fundYf!ns"
Prorocenlrum minimum
Pfieslerill pisciddll
Amphidinium cllrtCflle
Perfcinsus nrllrinus
Perfcillsus lIt1l1nlicus
Perfcillsus chesapael<l
Telrahymenll Ihermophllil
Ttllrnhymena pyriformls
Pllnlmecium retraurella
OKytrichll lritallalt
01t)'lriChD novlI
Eup/otes crllSSUS
Enlodin/um cllud:llVm
Chondrus crispus
Dyctiosreliunr discoickwnr
PhySllrum poIyeephlllum
Trypanosomll cruzi
Eug/rlnll gracms
Naeglerill fowleâ
Giardill/llmblill
V.irimorpha nocalrix
Encephlllltozoon cunieuli

~84
97

100

100 .....-
100 1 100

" 69

..!'- ~86
~

100 100

~ 99
51

10 100

79
100

7878 " ~85~ 98 67
92 ~

'-'" 88
100

99
100

~
96 o 100

À
F

~ "96

FIg. 7. l'"rsimony boolSlr<lll œnscnsus lree gcnCf"le<! lly phylogcncllc anillysls 01 the I\flkrocyl05 roug/lley;:s:su rJ)NA sequence
wilh 53 othel represenlillive. liJxonomÎClIlly rli\'m'Se. euk,uyole ~surJ)NAsequences. Boolstrtlp support Y/l1ueslIoove 50 <Ire shown
011 Uri/ndles. Anll1ysIs WIlS (jonc wlth 100 bOOlslr<tp replkalCS 01 100 rilmtoru tlddilions and 9i1ps w~re Ife<\tI)d as tnlSlllnu dillil
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parasite burdens are associated with this disease. Aus
tralian &namia sp. infects gill epithelial cells and
haemocytes. causes gilliesions, and a relatively small
number of lhese parasites are capable of causing
severe disease. B. ostreae is intennediate in that il
infects both haemocytes and epithelial ceUs. il causes
gilliesions. but only heavy parasite burdens are 8SS0
cialed with disease (Comps et al. 1980, Pichot et al.
1980, Balouel et al. 1983, Montes et al. 1994). Absence
of gilliesions in B. e.ritiosus-infected T. chilensis may
be due to Jack of injection of gill epithelium or to the
greater roDagen conlent of T. chilensis gUis compared
to other Tiostrea species; this in tum mllY be relate<! to
the long larval brooding period of 3 wk between the
gUis (Hine 1991. Hine & Wesney 1994a,b).

Ultrllstructural studies showed that Mikrocytos
roughleyi presents more similarilies to Bonamla
os/reae and B. eJdtiosus than to its congener M. mack
ini. Particularly notable are the presence of haplo
sporosomes and mitochondria in Bonamla spp. and M.
roughleyi, and their absence from M. macklnl (Hine et
al. 2oo1a). Diplokaryotic plasmodia were rare in this
study, but tetra-nuC!eate plasmodia were observed
similar to those described in B. ostreae and B. eJdUosus
(8rehélin et al. 1982, Hine et aL 2001b). The large
multinudeate stage that OCCUIS in HapJosporidlum
spp. and Minchinla spp., and the characteristic spores
of thase genera, were not obseeved.

The lack of concordance between genotypic and
phenotypic traits herein is not confined to haplosporid
ians and does not always mean that apparently ultra
structuraUy diverse species may be congeneric. Micro
sporidian parasites of the genus P/e15tophora spp.
appear ultrastructurally to be dosely related, although
they infect insects and fishes. However, rDNA se
quencing has shown that the Pleistophora spp. infect
ing fishes are polyphyletic, and that Pleistophora spp.
in insects are not related to the species in rishes (Nilsen
et al. 1998). Ultrastructural characters considered im
portant in microsporidian classification appear to have
arisen several times during evolution. Similarly, the
haplosporosomes and haplosporosome-like bodies that
originally characterized ascetosporans only are now
known to occur in paramyxeans and vegetative stages
of a primitive clade of mYI-Ozoans (Anderson et al.
1999), and cannot be considered as characteristic of
haplosporidians ooly.

The preliminary u1trastructural description provided
here was not solfident ta eIuddate relationships of
Mikrocytos roughleyi with Bonamla spp. Therefore,
the ssu rDNA gene was sequenœd. This gene has
been widely used in the taxonomic study of oyster
pat.hogens including B. ostreae and B. eJdtiosus and
HaplosporidJum spp. (Fong et al. 1993, Ko et al. 1995,
Stokes et al. 1995, Flores et al. 1996, Carnegie et al.

2000, Cochennec et al. 2000, Hine et aL 2oo1a). Adlard
& lester f1995) proposed a M. roughleyi-diagnostic
method based on amplification of a segment of the
internai transcribed spacer region (ITS) within the
ribosomal gene duster IrRNA}. However, altempts to
sequence the gene were unsuccessful. The ssu rDNA
sequence of M. roughleyi obtained in Ibis study
showed strong similarity to thase of B. ostreae and B.
eJdtiosus, and also to H. nelsoni, H. costale and M.
teredJn.is, suggesting that M. roughleyi shares homolo
gies with the phylwn Haplosporidia. These resulls COIl

fum earlier studies indicating that Bon"mia spp. are
related to the genus Haplosporidium (Carnegie et al.
2000, Cochennec et al. 2000). ln addition, sorne diver
gent reg10ns among the Bonamia spp. and M. rough
Jeyi were evident. This polymorphism was confirmed
by RFlP analysis, and allowed a rapid molecular assay
for the discrimination of these 3 parasites. .

This additionalgenomic information, combined with
that on Bonamla ostre"e and B. eJdrJosus, suggests that
Bonamla and MiJuocytos roughleyl should be included
in the phylum Haplosporidia. Such results indicate the
dilficulty in explaining phenotypic features, induding
the lack of a known spore stage in Bonamla spp. lInd
the presence of a vacuolated stage in B. exJtiosus (Hine
et al. 2001b), but ils apparent lack in B. ostreae and
HapJosporidJum spp. Therefore, il is important to carry
out further ultrastructural and genetic studies. Particu
larly, there is a need to complete the ssu rDNA
sequence to eliminate possible analysis artefacts.
5equencing of other genes of phylogenetic interest will
test our hypot.hesis (Baldaol et al. 2000). Such work,
using 2 apprOllches, is essential as Il lirsl step towards
elucidation of microœU relationships and taxonomy,
and one of the benefits of such studies will be the
development of specific identification toois for each
parasite species.

In conclusion, based on our ultrastructural and mole
cular results, we propose a revision of Mikrocytos
rougheyi taxonomy, and that M. roughleyi be consid
ered as a putative member of the phylum Hap
losporidia. More molecular Or ultrastructural data are
needed to confidently determine whether M. roughleyi
should be placed in the genus Bonamla.
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