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Summary of activities

While writing a planning letter for next 5-year period, I thought of what this center
should be. The keyword that represents my idea is “uniqueness”. Model marine
organisms such as ascidians and sea urchins are of course important materials for
molecular studies. At the same time, establishment of a new model is also important
to address novel biological phenomena. Marine life is the source of diversity. Marine
organisms have their own ecological features that are interesting but which bases have
not been understood. Attempts to use these novel organisms as experimental models
will be necessary for understanding the ocean because it includes various organisms
many of them have not been discovered. Appropriate technologies are necessary to
deepen a research. Not a few technologies and techniques are still difficult to do even
with recent technological advances. Specially trained researchers are needed to carry
out them. Having novel technologies provides a great power to address mechanisms of
biological phenomena that could not be achieved by any others. Grasping
characteristics of nearby oceans is important to plan researches that could only be
done in the fields. Our center faces high-quality oceans near Izu peninsula and Shikine
Island. Finding a subject that make use of the advantages of these marine areas is also
required. In sum, unique research activities will be necessary to make our center the

leading center for marine biology all over the world.

Director of Shimoda Marine Research Center, University of Tsukuba

Yasunori Sasakura
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Department of Marine Molecular Biology,
Genetics group

Yasunori Sasakura, Professor

[Summary]

The tunicate Ciona intestinalis (Fig.1) is
splendid experimental model for genetics,
because of its relatively short generation time
(2-3 months) and established in-laboratory
culturing systems that are essential for
preventing genetically modified organisms
from spreading the ocean. The genetic group
uses this tunicate to pursue molecular
mechanisms underlying development and
physiology of chordates.

Ciona intestinalis has been selected in the
National BioResource Project (NBRP), Japan.
This project is purposed to support research
activities by providing genetic resources. Our
group is the core center of Ciona NBRP, and
together with Kyoto Univ. and Univ. Tokyo,
we are engaged in collecting transgenic and
mutant lines of Ciona as well as DNA
constructs for their long-term storage and

provision of them to researchers upon request.

Fig 1. The model tunicate Ciona intestinalis
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[TOPICS]

1. Specification of adult organs during

metamorphosis in Ciona

Unlike vase-like sessile adults, larvae of
ascidians exhibit tadpole-like structure (Fig.
2)
development, ascidians modify their body
by By

metamorphosis, ascidians lose larva-specific

and they swim actively. During

structure metamorphosis.
organs such as tail, whereas they grow organs
that are necessary to exert functions after
metamorphosis. Gill, endostyle/thyroid gland
and digestive tube are examples of adult
organs that are primitive in the larval body and

grow to be functional after metamorphosis.

Fig. 2. A larva of Ciona intestinalis

The key event that triggers ascidian
metamorphosis is settlement. Without this
do

larvae

event, ascidian larvae not start

metamorphosis.  Ascidian have
adhesive organ at the anterior end of its body.
Once they adhere to substrate with the organ,

the stimulus of adhesion triggers subssequent



the

and

metamorphic events. However,

relationships  between  settlement
development of adult organs was not clear. Is
settlement triggers specification (for example,
inducing expression of adult-specific genes)
of these adult organs, or this event is not
triggered by settlement; adult organ
specification takes place by an internal
mechanism? To answer this question, we used
transgenic lines that express GFP in adult
organs. When larvae of the transgenic lines
were cultured while preventing their adhesion,
they kept larval shape. These larvae exhibited
GFP expression like that in the juveniles (the
animals that completed metamorphosis).
Therefore, specification of adult organs is not

triggered by settlement.

12

Fig. 3. Adult organ specification in the larval
body. (Upper) A larva of gill-GFP line
prevented from adhesion and subsequent
metamorphosis. The four gill slits, a typical
adult organ, expresses GFP in the larval trunk.
(Lower) A juvenile of the same line as the

above completed metamorphosis.

2. National BioResource Project

The fourth stage of this project started from
2017. The project about Ciona intestinalis was
continued in this stage. In this project, we
collect, preserve and deliver
transgenic/mutant lines and DNA constructs
that were used to create and analyze these
lines. In 2018 academic period we provided
transgenic lines 39 times and DNA resource
32 times. The experiment described in the
previous section also used NBRP lines,
suggesting that our resource project is crucial
for advance of tunicate researches. Detailed
information can be seen in the following

URLs:

http://marinebio.nbrp.jp/
http://marinebio.nbrp.jp/ciona/



Fig. 4. A larva of a transgenic line newly
collected by the NBRP project. In this
transgenic line, the maternally stored mRNA,
posterior end mark is disrupted and the
animals develop in an abnormal shape, while
differentiation of tissues such as otolith (a
sensory organ at the central nervous system)

takes place.

Publications

1. Horie T, Horie R, Chen K, Cao C,
Nakagawa M, Kusakabe T.G., Satoh N,
Sasakura Y & Levine M
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Regulatory cocktail for dopaminergic
neurons in a protovertebrate identified by
whole-embryo single-cell transcriptomics.
Genes & Development 32, 1297-1302
(2018)

Satoh T, Iitsuka T, Shiraishi A, Hozumi A,
Satake H & _Sasakura Y

piRNA-like small RNAs are responsible
for the maternal-specific knockdown in
the ascidian Ciona intestinalis Type A.
Scientific reports 8, 5869 (2018)

Presentations

Sasakura Y

Research projects in Shimoda Marine
Research Center, University of Tsukuba.
University of Tsukuba and Harry Perkins
Institute of Medical Research Mini-
Symposium

Perth, Austrarla, June 5, 2018 (invited
speaker)



SHIRRBME- FEVIR

BESTFEMFERM MREMESH
WmE —5 #R
£ hE B

(BAEBE]
FT=HOMRETIL, S F S E 720k
e O THEE - BB OIS, HERE, &
{LICBAT 2092 24T > T3, HEE - ik
EOMTEZ 8 LT, K. TERERIE AL, 1L,
S DIIHBHEARE & W o T2 AT TR
IZHFAET D AT =X b @R BF Ok
IZH DXL EAED TWVET,

[(FEYY X]

D AT IR~DaAf Vo T AT= N

AT N ERIER TS AR T D T e
FThHY ., WHFEARRICBON T RAE
PEF & L THERERZRIZLTWD,

Lo LEBAEMRERIZEIT 507 MO
REINLE IR TENTIT > E D LT,
T2 BIINT MREE RO T D WUNE R
OEBEENT b R~vOFEHa A ) T
DAF=ALEHOENZT DD, N
~ B> —Fd Chrysochromulina sp. % VT
FEBREAT o T, MUNEBEABRLE A/
AT DR A S 2 D EROAESR,

AN T MR IR A ) 2 T NE
DHEAFTIZABEAGLTNAZ ExR

14

H L7z, 612, EFBAMERIC L 28180
TR, 6-7 ROR/NED B ARIBLE & |
WUNE E D LaoE & Dk S
O Lic, WFEmBMELOEITIZ X
Y Chrysochromulina J& O FE5iE A3 FHE 1 7
WEELZITHZERHLNIRSTEY,
NT DR~ DEFEREEL A U T AT
=X LD, L < HEEERE R O
IZHETHEBZOND,

X G AT TCR_ZTANT NEROTE
asE N7 hRr~DaAf ) o T OREF,
A=) 3— 1 10 um

SEARES
JRZE R
1. Hill R.W., Armstrong E.J., Inaba K,
Morita M, Tresguerres M, Stillman J.H.,
Roa J.N., Kwan G.T.
Acid secretion by the boring organ of the

burrowing giant clam, Tridacna crocea.



Biology Letters 14, 20180047 (2018)

2. Nomura M, Atsuji K, Hirose K, Shiba K,

Yanase R, Nakayama T, Ishida K, Inaba
K

Microtubule stabilizer reveals
of Ca2+-dependent

conformational changes of microtubules

requirement

for rapid coiling of haptonema in
haptophyte algae.

Biology Open 8, bio036590 (2019)
Harvey B.P., Agostini S, Wada S, Inaba
K, Hall-Spencer J.M.

Dissolution: The Achilles’ Heel of the
Triton Shell in an Acidifying Ocean.

Frontiers in Marine Science (5, 371
(2018)
Kinoshita-Terauchi N, Shiba K,

Umezawa T, Matsuda F, Motomura T &
Inaba K

A brown algal sex pheromone reverses
the sign of phototaxis by cAMP/Ca2+-
dependent signaling in the male gametes
of Mutimo cylindricus (Cutleriaceae).
Journal  of
Photobiology B: Biology 192, 113-123
(2019)

Photochemistry  and

5. Kazuo Inaba, Kogiku Shiba

of

links to mechanisms and

Microscopic  analysis sperm
movement:
protein components.

Microscopy 67, 144-155 (2019)
Mizotani Y, Suzuki M, Hotta K,
Watanabe H, Shiba K, Inaba K, Tashiro
E, Oka K, Imoto M

14-3-3¢a directs the pulsatile transport of

basal factors toward the apical domain

15

10.

FRER
1.

for lumen growth in tubulogenesis.
Proceedings of the National
Academy of Sciences of the United
States of America 115, E8873-E8881
(2018)

Yoshida K, Shiba K, Sakamoto A,
Ikenaga J, Matsunaga S, Inaba K,
Yoshida M

Ca 2+ efflux via plasma membrane Ca 2+
-ATPase mediates chemotaxis in ascidian
sperm.

Scientific Reports 8, 16622 (2018)
Momose T, Cian A.D., Shiba K, Inaba
K, Giovannangeli C, Concordet J-P

High of  CRISPR/Cas9

ribonucleoprotein efficiently induce gene

doses

knockout with low mosaicism in the
hydrozoan Clytia hemisphaerica through
microhomology-mediated deletion.
Scientific Reports 8, 11734 (2018)
Ugwu S.1., Shiba K, Inaba K , Morita M

A Unique Seminal Plasma Protein, Zona
Pellucida 3-Like Protein, has Ca2+ -
Dependent Sperm Agglutination Activity.
Zoological Science, 35, 161-171 (2018)

Kamiya R, Shiba K, Inaba K, Kato-

Minoura T
Release of Sticky Glycoproteins from
Chlamydomonas

Flagella ~ During

Microsphere = Translocation on the
Surface Membrane.

Zoological Science 35, 299-305 (2018)

O, ~F Bk, faEE—5, 5/4,
ARWDLRE, 225 A ]



RRALE O K T O I X E A T
EOREEESLE L T D 2 IR FEH
LD,

5 66 [0] H AR R KRR SLH, 2019
F3H15~19 B (RAF—FEK)
wE—F

Bl L72Rek ol ~CO2 2 —7"7)»
bRATERbD~.

05 27 [l BB TERE S L AR Y D
L TEW OB RS ) O
2019423 3 B (Rell - FAFFRRTH)
Yanase R, Nomura M, Shiba K, Inaba K

Microtubule Dynamics

and Centrin-
Related Proteins in the Haptonema of
Haptophyte Algae

The 66th NIBB Conference / ABiS
International Symposium “Cutting Edge
Techniques of Bioimaging” Aichi, 2019
F2H 17T~18 B (H55l - 545D
fEE—B

ATy RBIZE D~ D A|ER
DIESE.

2019 FEMEINIE A FPERHE, 18
], 2019 4 1 A 4~6 H (H5E%RE)
C WoE =, SRH K, 1o B, EfF
Fin, B AN, WE—F
DTN T TR N E
CTENOG64 @ JRTE & HHE.

2019 FFAMEINIES RIS &
], 2019 4F 1 A 4~6 H (H5E%E)
LB MR, W E, RE—
72777 ORITEN EERERKHE
i T 5.

2019 FAMEINIES RS &
], 2019 4F 1 A 4~6 H (H5E%RE)
]

16

AL - A A= TEAR OIS
&% MR EE) D A T = XL
IR BE9 D AIFSE.

A #7225 89 LI R SRR
=, B 2018412 H 9 B (HFhl -
FAAFRTH)

8. WA £, LW KW, LR BEE, EE

10.

11.

12.

FR, & N, TRE—5

AT 7T TR A AT D TR
> 737 B CTENOG64 DHSHRERFHT.

H AREh) 725 89 RIFLIR R SRR
WL 201812 H9 H (RAX
—FEFK)

Shiba K, Sakano T, Furuta T, Fujiwara E,
Baba SA, Inaba K.

cAMP

modulates Ca2+-mediated

regulation of sperm flagellar waveform
55 56 [a] B A A R 1l
2018 429 H 15~17 H (HEE¥RE)
Jokura K, Shibata D, Yamaguchi K,
Shigenobu S, Shiba K, Inaba K.
Identification of a novel protein
CTENOG64 in giant compound cilia in the
ctenophore and its role in the coordinated
ciliary movement

55 56 [a] B A e R 1l
2018 429 H 15~17 H (HEE¥R)
Iwamoto H, Jokura K, Inaba K.

The comb plate of ctenophore is a nearly
perfect giant single protein crystal that
moves

55 56 [a] H AR PREE AR 2 1
2018 429 H 15~17 H (HEE¥R)
TeE—5

HA = EEEHORE &L

%9 MRREMIER. 1AL,



13.

14.

H21-22 0 (AEARER)

Nakayama T, Takano Y, Nomura M,
Shiba K, Inaba K, Tanifuji G, Inagaki Y
Kawata M.

Genome analysis of a symbiotic
cyanobacterium in a dinophysialean
dinoflagellate, Ornithocercus magnificus
International Society for Evolutionary
Protistology 2018, Droushia, Cyprus,
May 27-June 1. 2018 (AR A & —3F)
Shiba K, Sakano T, Furuta T, Fujiwara E,
Baba SA, Inaba K

cAMP  modulates Ca2+-mediated
regulation of sperm flagellar waveform
XIII International Symposium on
Spermatology (ISS) Stockholm, Sweden.
May 9-13, 2018 (78 A &Z — % $)

15. Sasaki K, Shiba K, Nakamura A, Kawano

N, Satouh Y, Shibata D, Miyado M,
Takada S, Ueno H, Nonaka S, Ikawa M,
Baba T, Miyado K, Inaba K

Calaxin is essential for ciliary formation
in nodal monocilia but not in sperm
flagella or epithelial multicilia

XII  International Symposium on
Spermatology (ISS) Stockholm, Sweden.
May 9-13, 2018 (7" A & —%3)
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Department of Marine Molecular Biology,
Cell biology group
Kazuo Inaba, Professor

Kogiku Shiba, Assistant Professor

We study on the structure, function and
evolution of cilia and flagella by using marine
organisms. Our research topics cover a wide
range of

subjects, including fertilization,

morphogenesis, locomotion, evolution and
ecology of marine unicellular and multicellular
organisms.

[Research topic]

1. Mechanism of the rapid coiling of
haptonema in haptophyte algae
Haptophytes are the group of microalgae
that are widely distributed in oceans.
They are one of the major primary
producers in the marine ecosystem. The
haptonema is a motile machinery of
haptophytes, composed of six or seven
singlet microtubules. The most notable
movement of haptonema is rapid “coiling”,
which occurs in several milliseconds by
mechanical stimuli in a Ca2+-dependent
manner. The coiling of the haptonema in
inhibited by
that

Chrysochromulina sp. 1is

paclitaxel  (taxol), suggesting
microtubule dynamics is involved in the
TEM of

demembranated haptonema showed that

mechanism. observation
one or two microtubules wind around the
others in a helical path. It is reported that
the growth of Chrysochromulina species are
greatly inhibited by ocean acidification. Our

findings provide not only a key clue to
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reveal the molecular mechanism how Ca2*
induce such a fast microtubule-dependent
motility but also a molecular basis for

understanding the marine ecosystem.

Figure; the rapid coiling of haptonema in
haptophyte algae recorded by high speed

camera. Bar; 10 pm.

Publications

1. Hill R'W., Armstrong E.J., Inaba K,
Morita M, Tresguerres M, Stillman J.H.,
Roa J.N., Kwan G.T.
Acid secretion by the boring organ of the
burrowing giant clam, Tridacna crocea.
Biology Letters 14, 20180047 (2018)

2. Nomura M, Atsuji K, Hirose K, Shiba K,
Yanase R, Nakayama T, Ishida K, Inaba
K

stabilizer reveals
of Ca2+-dependent

conformational changes of microtubules

Microtubule

requirement



for rapid coiling of haptonema in
haptophyte algae.

Biology Open 8, bio036590 (2019)
Harvey B.P., Agostini S, Wada S, Inaba
K, Hall-Spencer J.M.

Dissolution: The Achilles’ Heel of the
Triton Shell in an Acidifying Ocean.

Frontiers in Marine Science (5), 371
(2018)
Kinoshita-Terauchi N, Shiba K,

Umezawa T, Matsuda F, Motomura T,
Inaba K

A brown algal sex pheromone reverses
the sign of phototaxis by cAMP/Ca2+-
dependent signaling in the male gametes
of Mutimo cylindricus (Cutleriaceae).

of  Photochemistry
Photobiology B: Biology 192, 113-123
(2019)

Kazuo Inaba, Kogiku Shiba
of

links to mechanisms and

Journal and

Microscopic  analysis sperm
movement:
protein components.

Microscopy 67, 144-155 (2019)

Y, Suzuki M, Hotta K,
Watanabe H, Shiba K, Inaba K, Tashiro
E, Oka K, Imoto M

14-3-3¢a directs the pulsatile transport of

Mizotani

basal factors toward the apical domain
for lumen growth in tubulogenesis.
Proceedings of the National

Academy of Sciences of the United
States of America 115, E8873-E8881
(2018)

Yoshida K, Shiba K, Sakamoto A,

Ikenaga J, Matsunaga S,_Inaba K,
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10.

Yoshida M

Ca 2+ efflux via plasma membrane Ca 2+
-ATPase mediates chemotaxis in ascidian
sperm.

Scientific Reports 8, 16622 (2018)
Momose T, Cian AD, Shiba K, Inaba K,
Giovannangeli C, Concordet JP

High of  CRISPR/Cas9

ribonucleoprotein efficiently induce gene

doses

knockout with low mosaicism in the
hydrozoan Clytia hemisphaerica through
microhomology-mediated deletion.
Scientific Reports, 11734 (2018)

Ugwu SI, Shiba K, Inaba K & Morita M
A Unique Seminal Plasma Protein, Zona
Pellucida 3-Like Protein, has Ca2+ -

Dependent Sperm Agglutination Activity.
Zoological Science, 35, 161-171 (2018)
Kamiya R, Shiba K, Inaba K & Kato-

Minoura T

Release of Sticky Glycoproteins from

Chlamydomonas Flagella ~ During

Microsphere  Translocation on the

Surface Membrane.

Zoological Science 35, 299-305 (2018)

Presentations
1.

Ynase R, Nomura M, Shiba K, Inaba K

Microtubule

Dynamics and Centrin-
Related Proteins in the Haptonema of
Haptophyte Algae

The 66th NIBB Conference / ABiS
International Symposium “Cutting Edge
Techniques of Bioimaging” Aichi, Feb

17-18, 2019

2. Shiba K, Sakano T, Furuta T, Fujiwara



E, Baba SA, Inaba K.

cAMP modulates Ca2+-mediated

regulation of sperm flagellar waveform
55 56 [\l A AL B AR R

1l 2018 429 A 16~17 B (H#H%
*)

Jokura K, Shibata D, Yamaguchi K,
Shigenobu S, Shiba K, Inaba K.

Identification of a

novel protein
CTENOG64 in giant compound cilia in the
ctenophore and its role in the coordinated
ciliary movement

55 56 [\l A AL B A R R

[, 201849 A 156~17 H (HE%
*)

Iwamoto H, Jokura K, Inaba K

The comb plate of ctenophore is a nearly
perfect giant single protein crystal that
moves

55 56 [l A AL B A R R
i1, 2018 -9 H 15~17 H (
*)

mEERS

5. Nakayama T, Takano Y, Nomura M, Shiba

K, Inaba K, Tanifuji G, Inagaki Y,
Kawata M.

Genome analysis of a symbiotic
cyanobacterium in a dinophysialean
dinoflagellate, Ornithocercus magnificus
International Society for Evolutionary
Protistology 2018, Droushia, Cyprus,

May 27-June 1. 2018 (AR A & —%5)

6. Shiba K, Sakano T, Furuta T, Fujiwara E,

Baba SA, Inaba K
cAMP
regulation of sperm flagellar waveform
X1

modulates Ca2+-mediated

International ~ Symposium  on
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Spermatology (ISS) Stockholm, Sweden.
May 9-13, 2018 (7R A & —33)

7. Sasaki K, Shiba K, Nakamura A, Kawano

N, Satouh Y, Shibata D, Miyado M,
Takada S, Ueno H, Nonaka S, Ikawa M,
Baba T, Miyado K, Inaba K

Calaxin is essential for ciliary formation
in nodal monocilia but not in sperm
flagella or epithelial multicilia

XII
Spermatology (ISS) Stockholm, Sweden.
May 9-13, 2018 (7R A # —3¢#)

International ~ Symposium on
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Meis transcription factor maintains the
neurogenic ectoderm and regulates the
anterior-posterior patterning in embryos
of a sea wurchin, Hemicentrotus
pulcherrimus.

Developmental Biology 444, 1-8 (2018)

Suzuki H, Yaguchi S
Transforming growth factor-B signal
regulates gut bending in the sea urchin
embryo.
Development Growth & Differentiations
60, 216-225 (2018)

IFER
Suzuki H, Yaguchi J, Yaguchi S
Disturbance of the directional ciliary
beating induce abnormal L-R axis
formation in sea urchin larvae.
Developmental Biology of the Sea Urchin
XXV, Woods Hole, USA, Oct 17-21. 2018.
Yaguchi S
Temnopleurus as an emerging sea urchin
model.
Developmental Biology of the Sea Urchin
XXV, Woods Hole, USA, Oct 17-21. 2018
(Invited).
Suzuki H, Yaguchi S

TGF-8 signal regulates gut bending in the
sea urchin embryo.

Joint Annual Meeting of JSDB 51% and
JSCB 70", Tokyo, June 6-8. 2018



Department of Marine Molecular Biology,
Developmental Biology group

Shunsuke Yaguchi, Associate Professor

Our group focuses on understanding the axis
specification and the development of nervous

system in sea urchin embryos/larvae.

[Topics]
1) The transcription factor Meis is

responsible for the regulation of sea urchin

embryonic anterior-posterior axis
formation and maintenance of the
neuroectoderm.

Sea urchins are research materials with a long
history in the field of developmental biology.
Especially in early development, there are
many important phenomena and mechanisms
discovered from sea urchin research. On the
other hand, there is almost no report on the
function of the substance in the egg, i.e.,
maternal factors, because genetics cannot be
used in sea urchins. This time, we focused on
Meis, which was isolated as a transcription
factor that is likely to be involved in
neurogenesis, and whose maternal expression
is observed.

As the functional analysis of Meis, the first
choice was knockdown. As a result, a) the
anterior-posterior axis pattern of the body
was disrupted, and it became clear that the
whole body shifts forward (Fig. 1). In
addition, b) the formation of anterior
neuroectoderm was suppressed, and neurons

was almost disappeared.
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As a conclusion, Meis exists as a maternal
factor in sea urchin eggs and is required for
the maintenance of the anterior
neuroectoderm and for the anterior-posterior

axis formation of the embryo.

2) TGF-B signal is required for bending
the gut.

Bilaterians have a series of digestive tracts
from the mouth to the anus. In most cases,
the mouth and anus are located on the ventral
side of the body. However, in the
developmental process, for example in sea
urchin, the gut elongates straightly into the
blastocoel soon after invagination, and then
bends to the ventral side just before the
mouth opens. We investigated what caused
this bending.

Assuming that a substance that attracts the
gut bending was released from the ventral
side, the gut bending was observed under the
knocking down condition of Nodal, which is
a factor that determines the ventral side. The
gut did not bend as expected and remained
straight, but it was unclear whether the
concept of "bending" could be applied here
because the whole body became a radial
symmetry in Nodal knockdown condition.
Therefore, we attempted to inhibit the
function of Nodal immediately before the
start of gut bending, instead of inhibiting the
axis formation factor from the beginning.
Therefore, when SB431542, which is an
inhibitor of TGF-B receptors including Nodal
in the gastrula stage, was applied, the gut

straightened without bending to the oral side



(Fig. 2). From this result, it was found that
TGF-B signal is necessary for the gut bending
to the oral side. It was not possible to
determine whether this TGF- was Nodal
itself due to technical problems, but it is
highly possible because Nodal is a factor

secreted from the ventral side.

Publications
1. Yaguchi J, Yamazaki A, Yaguchi S
Meis transcription factor maintains the
neurogenic ectoderm and regulates the
anterior-posterior patterning in embryos
of a sea urchin, Hemicentrotus
pulcherrimus.
Developmental Biology. 444, 1-8 (2018)
2. Suzuki H, Yaguchi S
Transforming growth factor-B signal
regulates gut bending in the sea urchin
embryo.
Development Growth & Differentiations
60, 216-225 (2018)

Presentations

1. Suzuki H, Yaguchi J, Yaguchi S
Disturbance of the directional ciliary
beating induce abnormal L-R axis
formation in sea urchin larvae.

Developmental Biology of the Sea Urchin

XXV, Woods Hole, USA, Oct 17-21.2018.

2. Yaguchi S

Temnopleurus as an emerging sea urchin
model.

Developmental Biology of the Sea Urchin
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3.

XXV, Woods Hole, USA, Oct 17-21. 2018
Suzuki H, Yaguchi S

TGF-B signal regulates gut bending in the
sea urchin embryo.

Joint Annual Meeting of JSDB 51* and
JSCB 70™, Tokyo, June 6-8. 2018
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1. Nakano H, Miyazawa H
A new species of Orthonectida that
parasitizes Xenoturbella bocki:
Implications for studies
on Xenoturbella.

The Biological Bulletin 236, 66-
73 (2019)

2. Kohtsuka H, Tsuchiya Y, Nakano H
First report of live Balanometra
balanoides (Echinodermata: Crinoidea),
with observations on its coloration,
collected from the Sagami Sea.
Biogeography 20, 41-44 (2018)
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Department of Marine Molecular Biology,
Evolution and Phylogeny group

Hiroaki Nakano, Associate Professor

We are performing research on less studied
non-model animal groups, with the aim of
gaining new insights on the origins and
evolution of metazoans and bilaterians. This
of

orthonectids that parasitize Xenoturbella, and

year, we described a new species
also reported the first collection of living

Balanometra balanoides specimen.

[ Topics]
1) A new species of orthonectids that
parasitize Xenoturbella
Orthonectids are marine parasitic animals
about 1 mm in body length with a very simple
body plan. They have a peculiar life cycle,
being present as amoeba-like multinucleate
plasmodia within the hosts. They were
the

evolutionary link between unicellular and

originally regarded to represent
multicellular organisms, and were classified in
a clade called the Mesozoa. But recent
phylogenomic studies suggest them to be
simplified annelids.

Not much is known about orthonectids,
with only about 20 species reported to date.
We discovered orthonectids that parasitize
Xenoturbella, and report them as a new
species Rhopalura xenoturbellae. We also
discussed the effects that the parasite causes
on the reproduction of the host.

Figurel.  An orthonectid that parasitize
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Xenoturbella, Rhopalura xenoturbellae

2) The first collection of living
Balanometra balanoides specimen
There have been no reports of living
specimens of the feather star Balanometra
balanoides (Echinodermata: Crinoidea), and
past reports were all based on dead and
damaged specimens. Using ROV, we collected
a live specimen off Suzaki, Shimoda, Izu
Peninsula, at a depth of about 135 m. This is
also the first report of this species from
Shimoda. Observations on this specimen

revealed live body coloration and external

morphology of the animal.

Figure2. A living specimen of Balanometra

balanoides collected off Shimoda

Publications

1. Nakano H, Miyazawa H
A new species of Orthonectida that
parasitizes Xenoturbella bocki:
Implications for studies
on Xenoturbella.
The Biological Bulletin 236, 66-
73 (2019)



Kohtsuka H, Tsuchiya Y, Nakano H
First report of live Balanometra
balanoides (Echinodermata: Crinoidea),
with observations on its coloration,
collected from the Sagami Sea.
Biogeography 20, 41-44 (2018)

Presentations

1.

Nakano H

Faunal survey of deep and shallow
coastal areas of the Izu Peninsula

The 4th Izu Peninsula Geopark Academic
Research Presentation Meeting

Mishima, March 16, 2019.

Asai M, Nakano H
Morphological observations and
phylogenetic analysis of Acoelomorpha

collected at Shimoda

The 71st Annual Meeting of the
Zoological Society of Japan Kanto
Branch

Tokyo, March 9, 2019

(poster, Best Poster Award)

Takatani K, Nakano H

Studies on the motion mechanisms of

Placozoa using inhibitors

The 71st Annual Meeting of the
Zoological Society of Japan Kanto
Branch

Tokyo, March 9, 2019 (poster)
Nakano H

Discovery of Xenoturbella from Japan
The Union of the Japanese Societies for
Systematic  Biology  18th  Public
Symposium

Tokyo, January 12, 2019
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(invited speaker)

5. Nakano H
Search and Discovery of Xenoturbella in
Japan.

Sugashima Marine Biological
Laboratories, Graduate School of Science,
Nagoya University Symposium.

Nagoya, December 8§, 2018

(invited speaker)

6. Takatani K, Nakano H, Kondo M
Re-establishment of the anteroposterior
axis in regenerating intestines of a sea
cucumber Apostichopus japonicus.
16™ International
Echinoderm Conference.

Nagoya, May 31, 2018

Others

1. Kohtsuka H, Nakano H, Yoshida M
Calasterias toyamensis (Echinodermata:
Asteroidea) and its parasitic Eulimidae
gen. sp. (Mollusca:  Gastropoda)
collected from the Oki Islands, Sea of
Japan.

Bull. Hoshizaki Green Found. 22, 203-
208 (2019) (in Japanese)

2. Nakano H

Encyclopedia of Zoology (ed. the

Zoological Society of Japan) Maruzen
Publishing (2018) (in Japanese)
Establishment of multicellular body
plans. pp. 148-149

Xenacoelomorpha. pp. 86-87

Cnidaria Ctenophora Placozoa

Porifera. pp. 58-59
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Department of Marine Ecology, Material
Circulation group

Shigeki Wada, Assistant Professor

In the Material Circulation group, we are
studying mechanism of ecosystem based on
the interaction between organisms and marine
environment. We showed the effect of Ocean
acidification using CO> seep in Shikine Island
and seasonal variations of iodine contents of

seaweed and seagrass in this fiscal year.

[ Topics]
1) Effect of ocean acidification using CO»
seep in Shikine Island

Anthropogenic CO2 emission affect carbonate
chemistry in seawater, inducing decline of pH,
termed as ocean acidification (OA). Since OA
is serious threats on marine organisms and
ecosystems, it is concern for future oceans.
We had previously discovered volcanic CO;
vents; CO; seep in Shikine Island, which is
natural analogue of OA. Using this study site,
we provided the data of biota, showing drastic
change in ecosystems. In addition, assessment
of shells of a triton showed negative impact on
calcifying organisms.

In addition, we analyzed the relationship
between lives of local people and ecosystem
with high CO,. Analysis of photo taken by
tourist showed that component of seascape
which is target of recreational diving declined
under high CO; site. Interview for fisherman
showed that they tend to avoid the high CO;
site as fishing ground.

2) Seasonal variations of iodine contents of
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seaweed and seagrass

Iodine is an essential element for organisms.
The origin of iodine is mainly ocean, and
seaweed would accumulate much amount of
iodine. However, less information had been
provided about seasonal variation in iodine
contents of seaweeds’ body. In addition,
iodine content in another important flora in
coastal sea; seagrass has been rarely studied.

We had collected seaweed and seagrass with
intervals of 1-2 month in Oura bay and
Sotoura, and iodine contents were measured.
Seaweed tended to accumulate 2-order of
magnitude higher amount of iodine than
seagrass. lodine content of seagrass had clear
seasonal variation; higher in winter to spring

and lower in autumn.
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Department of Marine Molecular Biology,
Nuerophysiology group

Takeo Horie, Assistant Professor
In the neurophysiology group, we are
conducting the research to elucidate the
development and function of individual
neurons with the primitive chordate ascidian
as a model system. In this year, we studied the
evolutionary origin of vertebrate placode and
neural crest, and identification of regulatory
cocktail for dopaminergic neurons in the

ascidian.

[ Topics]
1) The

sensory neurons in ascidian larvae.

differentiation mechanisms of

Ascidians have 4 sensory neurons derived
from the lateral plate ectoderm: palp sensory
cells, PSCs (Palp Sensory Cells), aATEN
(Anterior Apical Trunk Epidermal Neurons),
pATENs Trunk  Epidermal
Neurons), and BTNs (Bipolar Tail Neurons).
The PSCs and aATENs were previously

shown to possess properties of placode-

(Posterior

derived sensory neurons. The BTNs are
thought to share properties with neural crest-
derived dorsal root ganglia.

We use a combination of lineage tracing
with the fluorescent dye, gene disruption with
Morpholino oligo injection, and single-cell
RNA-sequencing assays to explore the
properties of sensory neurons derived from
lateral plate ectoderm in the ascidian Ciona

intestinalis.
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BTNs (neural crest derived sensory neurons)
were readily transformed into PSCs, proto-
placodal sensory neurons that arise from
anterior-most regions of the lateral plate
ectoderm in Ciona. Proofs of transformations
were confirmed by whole embryos single-cell
RNA sequencing assays. These finding s
suggested that the lateral plate ectoderms that
produce sensory neurons preceded the advent
of vertebrates, and serve as a common source
for the evolution of both placode and neural
crest.

(Collaboration with Princeton University in
UAS)

Figurel. Hypothesis for vertebrate neural crest
and cranial placodes evolution

2) The differentiations mechanisms of

dopaminergic neurons.

Dopaminergic (DA) neurons mediate a wide
variety of behaviors such as emotional
behavior and motor behavior. There are
several types of DA neurons in the vertebrate
brain. There is considerable information about
the specification of midbrain DA neurons due
to their importance in Parkinson’s disease.
However, less is known about other class of
DA neurons such as those associated with the

hypothalamus.



We analyzed the differentiation mechanisms
of DA neurons in ascidians with gene
disruption experiments and whole embryo
single-cell RNA sequencing assays.

We found that the transcription factor, Ptf1a is
Ptfla

knockdown larvae showed complete loss of

expressed in the DA neurons in Ciona.

DA neurons, while misexpression of Ptfia
results in the appearance of supernumerary
DA neurons. Co-expression of Ptfla and
Meis caused the wholesale transformation of
the entire CNS into DA neurons.

We, therefore, suggest that reiterative use of
functional and

manipulations single-cell

RNA-sequencing assay is effective for the

identification = of  regulatory  cocktail
underlying the specification of specific cell
types.

(Collaboration with Princeton University in

UAS)
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Figure2. Ptfla knock down larvae showed
loss of DA neurons. A: Control larva. B:
Ptfla  knock down C: Ptfla

misexpressed larva. DA neurons were labeled

larva.

by the fluorescent reporter gene expression.
Ptfla knock down larva lost differentiation of
DA neurons, while misexpression of Ptfla

result in supernumerary DA neurons.
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Hirano H, Kon K, Yoshida M, Harvey B,
Setiamarga D

Geochemistry analyses of sea floor
sediments from the coasts of Shikine
island in Japan indicate an influence of
CO2 seeps to coastal environments.

The 8th International Conference on
Geotechnique, Construction Materials
and Environment. Kuala Lumpur,
November 20 - 22, 2018

Yamakawa U, Imai R, Tsunamoto Y, Kon
K, Suyama'Y, Faulks L, Yoshiaki Tsuda Y.
Local-scale genetic structure and kinship
in the sleeper goby, Eleotris oxycephala,
an amphidromous migratory fish, in the
Sagami River System, Japan.

The 8th FEast Asian Federation of
Ecological Societies International
Congress. Nagoya, April 21-23, 2018
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Department of Marine Ecology, Biodiversity

group
Koetsu Kon, Assistant Professor

Our group is attempting to elucidate the

mechanisms underlying community
organization in various coastal habitats,
including rocky shores, sandy beaches,
mudflats, salt marshes, and mangrove forests.

During the academic year 2018, we assessed

the effects of massive disturbances on
macrofaunal  community  structure in
mangrove estuaries.

[ Topic]

Effects of massive disturbances on
macrofaunal  community  structure in

mangrove estuaries

Benthic faunal communities in a mangrove
ecosystem are regularly subjected to massive
disturbances, such as typhoons. Over the
recent decades, anthropogenic disturbances
(e.g., agricultural wastewater input) have been
emerging gradually. Therefore, the present
study aimed to elucidate the effects of
agricultural wastewater input and typhoon
disturbances on macrofaunal community
structure in a mangrove estuary. We compared
the environmental parameters and
macrofaunal community structures between
the reference and wastewater-affected sites
before and after a typhoon hit. The results
that the of

microphytobenthos and mangrove litter was

revealed biomass

significantly greater and the species richness
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of macroinvertebrates was higher at the
affected site, regardless of the typhoon hit.
However, the typhoon hit altered the species
composition at the reference site, representing
the transition of opportunistic species,
whereas species composition at the affected
site remained stable. In conclusion, our study
that although

demonstrated agricultural

wastewater input increased macrofaunal
diversity along with primary production, it
regulated ecological succession by typhoon

disturbance.
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Our laboratory studies the eco-physiology
of marine organisms, especially under present
and future conditions. Special attention is
ported to warm temperate coral communities
as these are rapidly changing under climate
change and ocean acidification. We use a
combination of field studies including long
term monitoring, natural analogues and field

experiments and laboratory experiments.

[FrEvY R]
1) Monitoring of Warm Temperate Coral
Communities in Izu and around.

Since 2013, we have been monitoring
several warm temperate coral communities in
Izu and elsewhere. These communities may
represent a future thermal refuge for
scleractinian corals that are under increasing
threats in the low tropical and subtropical
latitudes where recurrent high temperature has
been causing massive bleaching events and
mass mortality of corals. But our knowledge
of the eco-physiology of already established

communities in higher latitudes is still poor.
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By monitoring established communities, we
identified physiological processes such as
cold stress induced bleaching, ecological
drivers such as competition with algae and
other yet undescribed drivers such as recurrent
disease outbreak, that will certainly play an
important role in determining the future
evolution of these communities in a high CO»
world. We also showed the recent colonisation
of the marine ecosystems in the region by new
species of Acroporid corals and showed the
limited connectivity with the tropical reefs of
southern Japan, suggesting the the poleward
shift of corals mostly happens within the
warm temperate regions of Japan. Monitoring
is being done in collaboration with the local
communities to increase the awareness on the
of warm coral

importance temperate

communities and to develop effective

conservation strategies.

1. Warm temperate coral community in
Katsuyama, Chiba, Japan where corals and
kelp cohabit. Photo by Nicolas Floc’h, artist
aboard Tara during the Japan Leg.

2) Tara Pacific Expedition

The Tara Ocean Fondation (formerly Tara



Expedition Fondation) is a French NPO
dedicated to the study and conservation of
marine ecosystems. After conducting several
successful project in the Arctic (Tara Arctic
Expedition), on plankton (Tara Oceans
Expedition), and on marine microplastics
(Tara the
organized the Tara Pacific Expeditions in
partnership with the French CNRS, CEA and

many others international institute including

Mediterrannee), foundation

the University of Tsukuba. This expedition is
dedicated to the study of coral and coral reefs
under increasing pressure from climate
change and increasing human population. The
Pacific expeditions includes sampling of coral,
plankton and seawater along two transects
crossing the Pacific Ocean. In Japan, the

sampling was performed in Ogasawara and

Sesoko Isld (Okinawa).

2. Islands sampled during the Tara Pacific
expeditions.

Our team at the Shimoda Marine Research
Center in collaboration to researchers at the
National Institute of Environmental Science,
are in charge of taxonomically identifying the
corals that have been sampled. This is
challenging as the taxonomy for the sampled

species is not yet fixed and would need to be
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reviewed.
3) Response of coral communities to ocean

acidification

The increase in atmospheric CO; is
leading to an increase in temperature but also
a reduction in seawater pH and a shift in the
ocean carbonate equilibrium  towards
conditions unfavourable for coral growth.
This phenomenon is referred to as ocean
acidification. The study of the physiological
response of corals to ocean acidification on a
short time scale is possible in the laboratory
but the study of their chronic responses and
indirect effects on their growth and
recruitment is not possible. The discovery of a
CO; seep in Shikine Isld, a natural analogue
for ocean acidification allowed us to study the
chronic and indirect effects of ocean
acidification on corals. We have been able to
show that ocean acidification will lead to
major shifts in the benthic ecosystems and we
have been studying the ecological and
physiological characteristics of organisms and
species resistant to ocean acidification
compared to sensitive species. Moreover by
including coastal ecosystems around Shimoda,
we are able to study the effect of ocean
warming (sites around Shimoda vs sites
around Shikine) and combined ocean
warming and acidification (sites around
Shimoda vs sites around the Shikine CO2

seeps).
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Our investigations aim to elucidate the
mechanisms that underpin the effects of living
ina ‘high CO2 world’ . Our laboratory is
using a combination of field surveys and in
situ experiments at CO2 seeps in Japan and
Europe to investigate the effects on marine
organisms and their habitats. In this year, we
focused on the effects of ocean acidification

on calcification mechanisms and community

succession.

[FEvYIX]

1) B FI SR THROBMHIIER
DEFIZE > TEBLERD

Biomineralisation is the process by which
calcifying marine invertebrates construct
calcium carbonate shells and skeletons. Now
while this process is biologically controlled,
environmental factors such as pH can
potentially affect it as well. The impact of
ocean acidification on the ability of individual
species to calcify has remained elusive,
partially because previous studies have only
reported net calcification. Consequently, this

often makes it unclear whether reduced levels
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of calcification are being driven biologically
(e.g. reducing calcification) or by the physical
environment (e.g. aragonite undersaturated
waters causing passive dissolution).

In this research we investigated the large
predatory ‘Triton shell’ gastropod Charonia
lampas in acidified conditions near CO; seeps
off Shikine Island (Japan) and compared them
with individuals from an adjacent bay with
seawater pH at present-day levels (outside the

influence of the CO; seep).

4 1.
reference site, pHr 8.14 (D), and at the elevated

Representative Charonia lampas at the

pCO, site, pHr 7.81 (E). Note extensive
coverage of encrusting organisms and intact
apex region. At the elevated pCO; site shells had
a smooth bare shell surface and severely eroded

apex regions (arrow).

By using computed tomography, we show
that acidification negatively impacts their
thickness, density and shell structure, causing
visible deterioration to the shell surface.
Periods of aragonite undersaturation caused
the loss of the apex region, exposing body
tissues. While gross calcification rates were
likely reduced near CO, seeps, the corrosive
effects of acidification were far more
pronounced around the oldest parts of the shell.
As a result, the capacity of C. lampas to

maintain their shells under ocean acidification



may be strongly driven by abiotic dissolution
and erosion, and not under biological control

of the calcification process.

2) A study into the role of community
succession in determining community-
level responses to ocean acidification
Anthropogenic global change has given

rise to a wide variety of processes that can

bring about dramatic, abrupt changes in the
of

communities (termed regime shifts). These

structure and  function ecological
shifts result in habitats that typically possess
less ecological, functional and human value
compared to the pre-existing habitat.

We had previously assessed the responses
of coral and algal habitats along a gradient of
CO; using natural CO; seeps at Shikine Island,
Japan. We had found that the study area is
comprised of rocky reef habitat with the
reference pCO; area being characterised by a
mixture of both canopy-forming fleshy
macroalgae and zooxanthellate scleractinian
corals, whereas the elevated pCO> area (that is
under the influence of the CO, seep) was
characterised by a mat of turf algae. In order
to understand the mechanisms driving these
ecological community shifts, this year we
used settlement plates to investigate the role of
early-stage  community  succession in
determining climax communities found under

high-CO; conditions.
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2.
reference (300 ppm), mid-CO> (400 ppm) and

(Top) Example settlement plate from

high-CO, (900 ppm) site, showing the changes
in alternative trajectory for species under
ocean acidification. This shows a loss of
calcified algae, and an increase in microalgae
under increasing CO,. (Below) The change in
communities as illustrated by an nMDS plot

based on Bray Curtis distance.

Our research suggests a profound shift away
from important calcareous species, towards
more simplistic ecosystems dominated by
microalgae and turf algae. This suggested that
the of

succession will differ when under present-day

trajectory communities  during
conditions and future predicted conditions of
pCO,2. Such changes will have important
implications for ecosystem functioning, as
well as the goods and services that we derive

from our oceans.
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Technical staff

Daisuke Shibata, Manabu Ooue, Tomomi
Kodaka, Jiro Takano

Senior staff

Toshihiko Sato

The technical staff perform various duties
including research/survey support and manage
and maintain all facilities/boats at the center.
Field surveys are managed by technical staff,
as we are required to steer all boats and assist
in diving surveys onboard and in the water.
Our largest research vessel, Tsukuba II, is
helmed by all technical staff and is used
during both field research and courses that
take place throughout the year. Samples are
usually collected onboard using a dredge,

plankton nets and Niskin water samplers.

Figure 1. Benthos sampling aboard the
Tsukuba II.

Tsukuba II also houses an ROV (Remotely
Operated Vehicle) and onboard monitor to
survey deep waters. Recently, surveys aboard
the Tsukuba II have also taken place outside of
the Shimoda

surveys at Shikine Island. Tsukuba II is also

Center, including monthly
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equipped with a small rubber boat for

transportation to survey sites that are
inaccessible by the large vessel. Requested
sample/organism collection and
usage/guidance of research equipment are also

done by technical staff.

Figure 2. Sampling using plankton nets during

a field course.

Figure 3. Seawater pipe maintenance by

diving.

Within the SMRC facility, sea urchins are
reared and maintained for research purposes.
Many other marine organisms are also
maintained within the facility for future
research use. From laboratory to field research,

special tools to accomplish both are designed



and made by technical staff. This is to ensure
all research and surveys are accomplished
with the use of tools not readily available.
Seawater pumps that are located within an
outside of the center and the underwater

seawater pipe are all maintained by technical

staff, including in the event of natural disasters.

Figure 4. ROV (Remotely Operated Vehicle).

[ Topics]

< Development of a videography device for
investigating the benthic habitat using an
action camera>

Marine organisms and samples are often
collected for research and field courses;
however, it is difficult to observe the sampled
habitat due to depth. To solve this, we
developed a videography system using an
action camera. This works by attaching the
action camera to the tow wire of the sampling
device (ie. Dredge). Using this simple method,
observation of the sampled benthos is
accomplished without usage of the ROV.
Additionally, we were able to observe the
movement of the sampling device underwater,
this research

and with information,

methodologies can be detailed and improved
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for future sampling.
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