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Shipworm Woodborers (Mollusca: Bivalvia: Teredini-

dae) and Their Bacterial Symbionts along the Coast of

Hokkaido, Japan

© Angem Librando-Descallar (It K B B2 3% , Mindanao State
University-Gen. Santos), # 1F — (b K Bi B¢ 5%),
FHEIE (ENZAHE), hEPEEss (ERBe b ERERBE)

[ B 1] Shipworms are marine bivalve mollusks (Family
Teredinidae) known for their wood-boring abilities, digesting
wood with the aid of symbiotic cellulolytic and nitrogen-fix-
ing bacteria in their gills. These symbionts produce secondary
metabolites that can be useful in production of biofuels and
antimicrobial drugs. In this study, we examined and identified
the shipworm species and their symbionts collected along the
coastal areas of Hokkaido from October 2020 to November
2021. Moreover, biogeographic patterns within Teredinidae
were investigated in the light of available literature from other
coastal areas in the country and elsewhere.

[J7 #:] Teredinid specimens were collected from driftwood

along the Sea of Japan coast to Pacific coast and the Sea of

Okhotsk coast. Taxonomic identification was done to the

species level based on morphology of pallets using keys by

Turner (1966) and authors, expertise while 16S rRNA gene

analysis was performed on gill endosymbionts.

[543 &L 108 %] Several shipworm species were found

to have infested the driftwood collected in ten sampling sta-

tions. Some of these were not observed in Hokkaido waters
until recently which suggests the possibility that ocean cur-
rents might have contributed to their occurrence along the
vast coastal stretches. Also, 16S rRNA gene sequences of
shipworm symbionts showed two major classes, the Alphap-
roteobacteria and Gammaproteobacteria. Interestingly, each
shipworm host appears to associate with just one of the mul-
tiple clades while a clade can be found in several host species.

(5 Sk
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Microbiol, 72, 412-417.



22 Sessile Organisms Vol. 39, No. 1 * 2, 2022

NEFEYICHBEIT 2 NILIRY DRDBER
ORISR (ERERTZER SRR |
AARTERS, ISR CRUHR R S B SE BT |
SOE=08, ZHFIF. W) & F45 5L (QEEE
FEpHIEREE) . EIER— (RERZKFKRT)

[H] AR, I, BHeEORRMR T I AF v
JRIILOETEANTWRE, S F ST RWIKNEHEE
J@EFELTWD, TS OFREY ORI IIIVEIEA
DAY LB O X o THEK S 115 neopelagic
BAEMBENEET LI EPMONTBY ., wFEEYD
SR OMEFE L W) MTTEHERRHEZ R L TV,
— T TIAF v 7% O N LIREY OB
HaREBEERE LTRILONTEY, ZoXH)%H
LT AR ENT VD,

7V LR Y Lepas anserifera \& H A 38 O HV T H W
RIS SN MNEEYTH Y. I E TICZED5E
DB EREE I N ZEFMARIICET 20 EA R s
T&e LALENS, ZOREEEETHIEIEST
WV, RIFFE TR, Kl & R 2 FRAE L 72 BB T i
HLAEANZERYEH, b)) OREEZERT S
LB, BROBERMARIL S A BB R HITT 5 2
bl WAl

(53E] mCHR R8T vl S BRI O P 9612 T BRI
HLIANIARY ZRE L. LB O 3OOk ET i
LA THTE Lz Kiio) H22od, 7—5—-55
Widk —¥ — %2 FIH L TENZFNIKIE20°C B & UF30°C
WIRD LT L7z BIEEBRMSBIS#TETO0H
B, KA OKE - WAREZ 15T iRl £
TeHNVIRY OBOBREERT S0, FEERHMG1H
HE20HH® 21, vt Af v LA MOy F 7 A0
LB EMOG %170, Jeta 212 capitular width B
£ W length Z I L7z, Sl E FEERHE T H, k% 4B L.
Milli-Q K TPEFr, Ml S &, FCFERBEMEE T T2
EONEBOBE R TR o2, T2, KiR20CEB L O
30°C THE SN TV HIBICTER S 7zt o —i % H
W R RNARI AT 24T % > 720

(R B L 0vE 2] fE 5 o 45313 30°C DKET
EINLOPmRDE L (25%) KIFAEH %2170 %
Pol2b Ok Er o7 (%), HLA ba v F v L
WCEBRMBIIBIET LI ENTE L5720, vk
Vo TR SN MEMERS LEDLE L L, fiFH
FERFRBE T TR SN2 O E I RRBRE T TR S
N7z DEMHBRICR LY, FHIHGT 52 L HET
Dol FORMIHALPICTE dolz, MBEEE
TIZBIFEBROREIIEREREICL > T TIE L2570
AL o THRONIERIE, IV R ZIILDE
T2 AR D% FFOSENBEOREZ BHST 5 2 & 2219
Th L VIR W AFE T 5 INETF Y O 534 B
RV OHEE 2 S EHBRT B E W TE B,

BHKEZaDHAAEITIY Y UINR  HXFROHSDV

ORQJD DFGHIIR & SR

MBS (ILHERHEEE) . PSS (ERTZER 6h) |
=il ARERHEE)

[B W] =Y v v VL X R Leucolepas longa 1 A W H
Pedunclata 7 % Y ¥ I 3 7 & 4" 1 B} Neolepadidae {ZJ& L
TBY, PR 7 7HEDE, <)V T7FET77, U7
Fik, BRFEDO~ X A% & REEICIE S 56
5 BRIEE K I A AW TH S,

Plouviez et al. (2013) (X, ¥ X A 04i 3 % AR
(Y WF Vulcanolepas cf. parensis & [ 7€) O 2 [J 38 fn )
RIS ZODRBREDHFAE LR LTz D DR
L, —ER MV Ay 7 2 RBBLEESIR LT3R
WAL I D OREL T L TSRkt CTH 5 L
WEhizo LAL, TOF%RIE. X AMEO RO
THY. H—OBRFETITR% 2 BENEREHRF L2
FHRBORMAH L LRSI Twb L idE 2L
vy

AWFZETIE, U 7 FIKTOTO # V7 7, BEh~ ")

7 F N7 7 Snailsites ##E b Z 7 HFRILT 4 —L FIZ
HRTBITY VLIS L X A EO R % LK
L. Y X AMED D ORGHE OB L ORitH oM
RELZHLPIZTEZEXHME L
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(R B L OEE] ~ X A2 bR < 3 A DR S
N7z XTHONT T F A 73 Plouviezetal. (2013) DR
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An evolutionary perspective derived from the comparison

of adult and larval cement of the turtle barnacle Chelonib-
ia testudinaria

O Yue Him Wong (Shenzhen University, China),

Niklas Dreyer (Academia Sinica, Taiwan; University

of Copenhagen, Denmark), Yi Lan (The Hong Kong

University of Science and Technology, Hong Kong

China; ), Jamie J. Chen (Shenzhen University, China),

Jin Sun (Ocean University of China, China), Wei-

Pang Zhang (Ocean University of China, China), Pei-

Yuan Qian (The Hong Kong University of Science and

Technology, Hong Kong China), Benny K.K. Chan

(Academia Sinica, Taiwan)

As the only group of sessile crustaceans, barnacles estab-
lish permanent attachment through initial cement secretion
at the larval phase followed by continuous cement secretion
in juveniles and adults. We perform extensive laboratory ex-
perimentation, immunohistochemistry, RNAseq and shotgun
proteomics to establish the turtle barnacle Chelonibia testudi-
naria as a new model system to study the origins and evolu-
tion of underlying functional differences between larval and
adult cement proteins. Several life-history stages, adult tis-
sues and 119 manually dissected larval cement glands (6070
um) formed the basis of an extensive transcriptomic dataset
comprising >400 million reads assembled into 328,293 tran-
scripts. We identified 30 larval and 27 adult cement proteins,
the majority of which are stage- and barnacle-specific. Only
two proteins, SIPC CP100K were jointly expressed in larvae
and adults. Detection of protease inhibitors and the cross-
linking enzyme lysyl oxidase in larvae and adults suggests
convergent intraspecific evolution of key cement biochemis-
try. Bioinformatic analyses showed that most barnacle larval
and adult cement proteins share a Thoracican origin. A larval
specific paralog of CP52k could even trace all the way back
to Ascothoracida. More interestingly, the Ascothoracida spe-
cies (Petrarca sp.) expressing the paralog of CP52k do not
perform chemical adhesion, suggesting the possibility that the
rise of cement protein in Thoracican barnacles could be a re-
sult of gene co-option. Our analyses also suggest that species-
specific cement proteins subsequently arose from duplication
events followed by stage-specific expression, novel protein
secondary structuring and duplicate neofunctionalization.
We conclude that duplication-divergences are pivotal to the
molecular evolution of lineage-specific cement toolkits in bar-
nacles. Differential expression of barnacle-specific paralogs
within life cycles was likely instrumental in the vast ecologi-

cal success of barnacles.
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BOEK. ZkEER. OMREN GRS,
B s (RIIRALRS) . /NE—1F. Anmni Glud
Ronnie N. Glud (Danish Center for Hadal research,

University of Southern Denmark)
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