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This research was some of the first molecular work generated from parasites of shellfish (bivalves)

in Japan. Here we were able to link traditional histological observations to genetic data. We also
made several reports of parasitic species that are newly reported in Japan.

For this project, we collected 40 blue mussels, 40 Pacific Oysters and a
total of 180 Hokkaido Scallop, from Hokkaido, Japan. Generally, samples were processed for
histology, genomic DNA isolation, and also prepared for laser dissection microscopy. We started with

the processing of scallop because we had more samples of those. We were able to amplified 18S rDNA
and also conduct phylogenetic analyses in order to assess relationships of these parasites compared
to samples collected in previous studies around the world. As a results, we found two ciliates,
Tichodina pectenis and Ancistrum sp. We also were able to isolate and identify an apicomplexan
parasite, Merocystis kathae. This was the first report of all three of these organisms in Japan. For

each of these organisms, we were able to gather histology and amplify 18S rDNA. We are currently
processing the blue mussels and pacific oysters.
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Harmful apicomplexans infect invertebrates, and they are also in the ocean.

The vast majority of knowledge and research on apicomplexans is based on parasites that
harm humans and livestock such as Plasmodium and Toxoplasma, two pathogens
responsible for malaria and toxoplasmosis, respectively. Plasmodium and Toxoplasma,
together with the blood-parasitizing piroplasmids (e.g., Babesia) are often referred to as
the “core apicomplexans”, due to their harmful nature and relevance to humans. However,
the largest diversity of apicomplexans, by far, infects invertebrates such as worms, insects,
and even molluscs (shellfish), particularly in the ocean, where there is a high diversity of
invertebrates. These marine apicomplexans have been largely understudied because their

significance and impact on human health and the economy is not as obvious.

2. WHEOHBY

Core apicomplexans in bivalve shellfish: widespread occurrences and negative
implications.

The first descriptions of apicomplexans in bivalve shellfish were reported in 1897 from
Tellina sp. and Donax sp. Since this time others have been described from a number of
bivalves around the world, even in Japan. Infection stages (sporozoites/cysts) and feeding
stages (trophozoites) infect various tissue layers and organs. Some of these parasites have
been blamed for massive (whole stock) die-offs in scallop fisheries in Europe; others have
been implicated for damaging the economic value of mussels and oyster aquaculture in
New Zealand. In each of these cases, it is hypothesized that the apicomplexans were
damaging the tissues and organs of the host bivalves beyond repair, resulting in decreased

size of host individuals and reproductive fitness of the population.

More information on apicomplexans in shellfish is needed to assess their diversity
and impacts.

While it is true that apicomplexans have been commonly found in shellfish, the fact
remains that very little information is really known about these parasites. Basic questions
about their diversity are unclear, as molecular data only exists for a few species
throughout the whole world; the vast majority of descriptions are based only on
histological data; meaning that the true diversity and distribution of these parasites is
likely misjudged. Importantly, potential causality issues exist because many of the studies
that have implicated apicomplexans as being the causal agent for disease have only
examined diseased (dead or dying) stocks and did not examine healthy populations of the
same species, or other species of shellfish that may contain the same parasite(s). Therefore,
this field of study would benefit from a comprehensive approach that combines a broader
sampling scheme, as well as histological and molecular methodologies, taking advantage
of what both techniques have to offer.

3. DIk

For this project, we collected 40 blue mussels, 40 Pacific Oysters and a total of 180

Hokkaido Scallop, from Hokkaido, Japan. Generally, samples were processed for



histology, genomic DNA isolation, and also prepared for laser dissection microscopy.
We started with the processing of scallop because we had more samples of those. We
were able to amplified 18S rDNA and also conduct phylogenetic analyses in order to
assess relationships of these parasites compared to samples collected in previous studies
around the world. As a results, we found two ciliates, Tichodina pectenis and Ancistrum
sp. We also were able to isolate and identify an apicomplexan parasite, Merocystis
kathae. This was the first report of all three of these organisms in Japan. For each of
these organisms, we were able to gather histology and amplify 18S rDNA. We were
able to amplify 700 bp of the samples with the laser dissection microscope, but only
under certain conditions using specific primers and when the PCR product was short.
We also made an interesting discovery of a ciliate, MPX, that to date has only been

reported in Europe. We are currently processing the blue mussels and pacific oysters.

4. WFERRR

Examining the biodiversity of alveolate in Akkeshi Scallop:

In this study, we found examples of Ciliates within the genus Tichodina pectenis and
Ancistrum sp. We also found examples of Merocystis kathae, an apicomplexan
parasites. This is the first time that these species have been obverse and sequenced

from Japanese Scallop.

Ancistrum sp.

Observation of MPX: first report from Japanese scallop
We also observed and reported, for the first time in Japan, MPX. This ciliate is a
pathogen of scallops in Europe. It is unknown how harmful this parasite is. Our future

work will be examining this parasite.






[~ Trichodinetia myakke (AY 102176) O 1, )
Trichouiinella sp. 27 2012 (JQU63869) 3 #fﬁﬁ“’“%‘%ﬁm:“ werkdeo
Trichadinella epizoatica (HQHDT 387)
Trichadins lishuiensis (MWI25344)
Trichoding wnionis (KYS96041) 4"“""“"' "“"""( 5‘5“’
Trichoding schumidiea (MW 5565 1) A , ¢ Thigmotrichida
Trichodio steinii (MWTS9639) e “,". ancrid e
Trichoding poive elis (MWTS9647) i 59
10 [|— Trichading sp. (JQS21348) Ancistram mytili (JQI56535)
richoding acuia (MT982920) i sp. (Thi )
0. "{Tn'rlunﬁm acut (KX904932) i ; )
- { [T Trichoding acwa (MK757959) Cyelidium marinum {(JO956553
100 | Frichodin heterodentans (AYT88099) it s (“"”"‘" gk’"‘""“‘ (7.2287‘1)
| [V richodina avbitic (AY102172) 8 speci e~ Qv.wmm ghuwm (K\ 475_“,,
Trichoding paranigrs (MG198569) 100, el ploune s
of Trickadina sp. (MH204141) = m{uﬂm?u-nwfﬂl Scuticociliata
94 )\ Trichoding sp. (MH204137) “"P”“"’“‘ # Pl
90N ¢ Trichoding hyperparasins (KX904933) \00r Wilbertia typica (FI490551)
Lt mrmwmu’m‘wﬂmmm’ _ﬁ waonwurlh sinica (F1012143)
o ot (IOSAS S P eeaints (et
e )
o] rchodina sayomiat e Trichodinidac 7u\. L Hinicbalas stms;n sl
i s atans (Al
"L T ichadina tenuidens (KY$96040) Marinc fish Mobilida o ('rmux mar o (465466
L] |! rrickeding sp. 5200908 (HMS83859) Entodiscus borealis vsuosn
o7 | [l Trickading inkknidoensis (LC595228) Uronemetla filificum (EF4
oA richodine pecienis (10663868 ﬁ;wum*mm(ﬁy"%‘g) Philasterida
- (IN y
4} Trichouina sp. (This stody) Macine Marine Pscudoeoilombics perialinas (A YR35669) Hastery
a| rxm mruh:; u’nm?s) shellfixh species & I':':‘l‘nncndu n‘;amk;h(il{ ;ggﬁx?‘{
78~ chanding “" ocaryum dogeli
7% A Miamiensis avidies (AY642250)
TS Prlchoding srunar (LC188I29) Marine fish Anoplophrya mal ‘/\J«Mmﬂ (AY547‘46 Astomatia
g Trichodimz uniforma (HQ40T383) ""”" vu pelagica (EUS03539) | Apostomatia
| Tric il (HOA07384) ‘ mvde.v pitelkae (EUS03S34)
Trichodina sp. FT 201 1c (HOMOT385) cmﬂﬂﬁ'f&:’f‘lm ks 1632) _
Trichedina ceticulat (AYT41784) Paratetrahymena parawassi (FIST6969) Philasterida |Scuﬁcocih’m
Trickeding retiowdata (MG 1URS6R) l'nmmm}vmm sp. (EU44176)
il i 8 i Y
ko e (SR Freshwater specics O e oteas (AB252009) |Penicutia
Trichoding fundidli (MK757998) “""’““"“ ""'""‘““’ (arzsae.
Trichoding hypsilepis (EFS24274) rr mdamﬂudla &m (DQ845295) Petritrichia
Trichoddin betiosii (MHT30162) b Epistyiis v.hl)mm mu (AFBS 514)
Trichoding koloti (MT214940) Tetrakymena brrgm | 5
Urceolaria arselel663870) Glaucom  chaltoni xs«-sss Hymenostomatia
Oroatarta uretd (€149 Urceolariidac Anculuur catenuda (U17355) m

Euploses minm
004

Urceolaria parakorschetn (Kmm‘m)

Bresslaua vorax (AF060453

FIST6T7 Colpoda inflata (MS7908
" R Euplotidae (Outgroup) s afsicur (L&osssuo)
0.04
™
o e s ot KT1BS)
‘Groc o v o
s
i e KT
Livcrss ﬁmn-\lM}SJMMr
o
Eimeriorina
n
Adelecring
i (L] Lot st GTIVASES)
Sclmifon pesmeay (THI210) P s D rehigregarinoridi
(eradi i crwatale (FIS32101)
Seewidhum etuiies (RCPAINGR)
b, A
Fhaenez
k] e e e 0 o FF
Plaretopidnet il gl gregarinorida
100 g Timeysets,
i P — ]
~ ]
LU0 ¢ Crypasperatiom wrain (AF}S33) ridii
g A 0spa
P [Crypospiridiidas
mh‘-uﬂt:uuu
MMA
L s hahar 1 4
o LT i
T cim |Ageregatidac (Mollusca)
LAY 198108) — n
(30 Pk pecinis (MIEMETTR)

[T

o

I 1 )
o NSk

Srebanian AR

o e O
N

MU 30

st an b 749
S sl K231

“’L"lj’z.*:m" PETL IR hytidoeystidae (Polychseta)
\Colpodellida

IDinnﬂagellnn
Ciliata (Outgroup)

Colpodea (outgroup)

Phylogeny of Tichidina sp. based on 18S rDNA (Top left); Ancistrum sp. 18S rDNA
(Top right); and Merocystis kathae (Bottom)

Phylogenetic analysis of alveolate pathogens:

In this study, we also collected the first genetic data for several alveolate from scallop in

Japan. Below are the phylogenetic trees. It is likely that these are not necessarily

genetically distinct from other pathogens found in other regions of the world (e.g.,

Europe). This result is interesting because it suggests that these species are either 1) not

reproductively isolated from each other, or 2) have only recently been introduced to either

Japan, or other parts of the world. Future work will exam the distribution and connection

between these parasites and other shellfish species.
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