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Nishihara Station

HEFAZTHEEX Sesoko Station
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Coral Reef Ecology and Systematics

U AR S F
Coral Reef Physiology

4327 Biodiversity Study

SiRIEEYF
BREEYFHEF Conservation Biology

BERKE

University of the Ryukyus

FERF R

Nishihara Station
DTFEMMPREREFR

Center of Molecular Biosciences(COMB)

BERE

Iriomote Island

ERPIRIER

Iriomote Station

DFEGTFREIESR

Center of Molecular Biosciences(COMB)

BT FHEREAZATSE 2 BF Functional Genomics

. . o o R FIEI% 5 BF Vaccinology and Vaccine Immunology
FARA T MEER Iriomote Station @ ~-;._-: 45 IR TSI 55 Molecular Microbiology
e ™ w15 {7 B RG22 Molecular Biotechnology
" S -~ I%ﬁiﬁ‘l%%ﬁi%‘ﬁ% Environmental and Biological Information
Y OREE YA BRSO The Tropical Biosphere Research Center, University
Coral Reef Ecology and Systematics of the Ryukyus, consisted of Nishihara Station Center
T O—J%s85B of Molecular Biosciences (COMB), Sesoko Station and
Mangrove Study Iriomote Station. Nishihara Station and COMB are in
SHMEEMESF the main campus of the university which is located in
Biodiversity Study the southern part of Okinawa-Honto (the main-island of
BHRREEREN Okinawa). Sesoko Station stands on Sesoko Island, an

Forest Resource Science islet off the northern part of Okinawa-Honto. Iriomote

Station is located on Iriomote Island, about 430 km
southwest of Okinawa Honto.
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A—JD4EEE—yF
~ v ru—7mEOLEE=yFRED LS
BREE SR TIRE SN D DN EALINNCT HT1-0I2,

IR EZ AL 2 BN OW A& 5 B 6 3
2T TS mPUTOT 1y N 24 EFTRE LT,
F7 0y MIMEEE OB, EREEDEV, IR
JEDBENNERRD XA DE TR 0o
TWb, M7y = 7 MIEE Th o7 AL 25
FEREITERE L7 8y b ORI R 2 BUS AT
L L7, 70y hOBAFHELITV, ETORIA
DA T AT =25 Uz, Mg RO A b
WP - CBREE A BREEIA - R 2
Fhi L, ZOHEES & KMENDENENLDT
U7, 7ay NOEKBEEZFHE L7z, £V TIZ
IR G 2 RRE L, HIREOBEWE LT 5,
BRETIL, IEmAFE £ (LAL leaf area index) ¢
& A B (PAR; photosynthetically active
radiation) 7>HEFHf %5, ZHHDFEHRICED . <
I a— 7 BT DA B BRI O B X
2= ERAENTT D, BUEIL, £ 7 ny FADE
ENBREIERIL, 8T A7 YT R — AT &
FhiL, ZNENRR HREEICAFT T HHEAEDER
BA N AREDOERZ D TN D,

(2) FE—C % FRAL-AREERE

JNVRUEE N fTZERE (Ra—2) 2 T, 2007 4212
R ZERELZBRUAREOEECHEE L~
Yra—THOE=LY) T REE ML TV D,
ZOWEO BT~ e —T KB DT a2 E
HOMNMCT B LI, v 7 a—THEEDZDD
FHRERET HZETH D, HETIE R — 224
EIEDICHERAL, 200 ~7 X — V&2 D~ T
0 —7 KD 3D FHRDEL DIFEREGFDHZ LM
Ktz ZERIfEAT DRSS, BUERR O AL 5 KR
BT —EIR I 7 bO TR, v 7 a—T Hik
DA E AT L TR A IZHEEATS Z & At T
BOETRE LN LD, T~ 7 a—7 il
OBEARBAEIRETH D Z LRGN T, (E
SEAFFEBHFE 15 N B KB P IR ZE AT, AREFIT & D
L [EIRFZE)

Q) IL—o7 H\WMIZE TR O—TFE
MDA AT REAE
~ L= B oSINERMIR & O A W E &
fErE L, Eps~ s 7 n—7 AR WS (ISME) H3E
LT~ 7 a—T BAERD A F~ AT %k
FELTWD, IERITMEE N~ T a—T KD
WA BN T D810, BENBEAE LB



ELEEA W THIESCHIARGHHZ LT~ TV 7223,
Sk aA NeET S BICHROHKI b HY . & T
ORI T L ZLIFRETH 72, Fr—r%
BALZEILEY, B H AT Z— Ol
MAFHAEN FIREL 2V HEORR T nE 27 —
B & MR T TH D,

BURTERCE: B SRR & DILRIIFZE)

4) RL—oTH\MNIZEIT 5T U9 ILVERERE

ANVFA<L— T - YN DOFFAZ )T
MICBWT, T 7P Lo RERE T T,
F U FTRN A EDOINERT HEAGFE T
HRGEEETHLH D, T 7L oL BERITE
R THHAFAE T, BEH IITENAF L
MERIND, ABEIFEHRFOR BB OESE
Mo, T PREIC R — B EATHIET
BIZEREONL—FT AL LG T 2 FEE R L
7o FEERICHMTO Ro—r o HEMiITIRE 2 E
L CT—2&ELT=EZ A, Mk AHRBIERD
8HIRE DN TT o VPN AT 5 Z L3k
7o RIS AT IZ K DE I TIRE DB
B MERRHR =, (FERS: GIS o & —3EEFIH
HRIBFZEE R T, Y IR & D ILFRIIFSE)

(6) v/ 0—J DREELCENHE

~ 7 —7 RO FEER BRI OWT, &
o~ — 0 —%& AT AR AR TE 2 FEfi L C
W5, AEVKE, A REAXE, N~ ojE,
RUATEAXE, IITFULRERE, RO~
YT a—T WERERT DR AR OV T il
WNOBAZHE & D22/ /oA (MIBLAOAEE) H3HT 5 2
2720505, ZIVHLOMSEIZE Y RIS
Ly a—7 L, TR R ATENIZ B 72
HIERIREE 2 &> CVND Z & MR IS & 5ifs
FIRENT AR SR TIEE T EHHE Tl o
&L HEOERMBFEM T & <RI B s E 022/
DA ETERR LT Rl BEMEN B D 2 E NS I
TpoT&ET,

Flo, v a—THWME AR D L 91T, B
A CIR R R 3 A e & RO FRIZ ISV T, 20 ATk
N & 7R BRESBEIR O E MG L TR 508
IBEFIN, B DZEM RS — RS 5 Z TR
SND, ZOXDIRBIsHER DS — &
T H I LT, P EEOREEENIZI W

TEDX IR EBEE N> TED, £, 4

FXED I EBALSE LM ONT S, B4
ZHEDTND, RS MAfEEZGRETLHINHD
WFEIE, BHEF B M &CEVEN 7 r Y = 7 b
BFFEDH R — M HE, 7720 A%,
~ L= T EEOEBER Y N — 7 B LT
FEhESNT=bDTH D,

=

(6) 57 RIEE< AR =EDERR

< ARHIW A O TIFBIZKE R TH
0.2 TRELDOSERRFEE S A TND, XA R
DEERBIAOM., B2 < OfF Al E ST 2 &R0,
EHRFMEEATHORBIE L IETHZ LD, BESD
TR T NEOEIFIT KN RVEMRETH D,
Fo. ¥ ARMEMITEHIUTIES AT D Z &b,
TR T L < ORFGEE D3~ A BHEY) OWF IR 15
o T, £Z T, RO~ ARMFFEE S —52IZ
& LTl SEim OAFFERUR & e m 3 5 3 &2 HAYIZ,
1978 AEMBIEE ST ONEEE~ AR 2HETH 5,
W TIE L HEEEIT 2019468 1 29 HAND 9 A 3 HIZ,
il TR S8 BLEE &I B W TR S -, 2
DFERIZH 7> Tk, Y& ¥ —D P EHFITHE %
ICHEBREEE REBERSHO Lo T B ALK
FHREA R oI R D geE & LR CHEfR &
TElo, RE~OBINMEREIT 132 4T, 20955
WP OBNNEL 26 7 ED 18T, £z,
DRI, RIS LOVE R TR T A —
TaINESNTZ, TORFHEOTEMIIAR— L —
¥ (http://Tilc.info) TRABINTWA, £L®
(Wrap—up) IZFe SN TWA X1z, TR BHEFIZ
W2 Dkkx Lo L TNERE O T Z BaWE E
DoyFT —ZREFRES I, R - L - ERER S D
R IR EfRR A DI D KD 1o Tc 2 &) R0,
[RFBILR O & AERET: - AW IR Y - TERE T D
WFEFEE Sz 2 &), REZREREILEIER
N = BMELNT=Z &) 7 803, REBRSHEOF:
T RERPESZDHIEAD, ZOEBERBEORNE
D—lE Advances in Legume Systematics No. 13 &
L C. Australian Systematic Botany 7>5 Hifilt & 415
Z &l o TWnD,



S8 2 B £ Y F AR
SHRIEEMESH

(BARERRMER - ARTARER)

(ARBE]

SRR A5 B CUE, BRERI S 2 T, ]
TIOT MO T P TICE L EM SRR OB
BE, 2O T at AL A D =X LOfRIAZ S
FEEE L TWA, EE LRI CR WAL, M
BAAE & XI5, BN DAEAR A IUE LTI RE
TEE O HFRIYZE S0 DNA H IR D ZERICEE§ 5
SINTEATN, FRO 53 A0 AL [ O il B oFE 43 4H
@%ﬁb%ﬁofwé 7o, FENERHEDH 5T

TR D53 L OFEER I 78 2 HEE L. 4%
bz b 76 Lzt e /e o i Bl i A N MZo
WCOBEFROBEE L ED TN D, X5, BMTR
J D EARRE A & BN T ERIC L > TEIFEE
BRI E OBIGHI A ROEE IR L, R
HEAL PR RO IR RGR & RS LS 7203 5
B B O PR AL R &L 22 B2 H L
7oA NHIELR OfEI S BFE L Td,

[FEwYHR]
(RIS
(1) RSV ETRESNIZ AT HED 1577E

AFIREIIHT VT - BT 2T 05 2 & 36
FERRE SN TERY, TOE BB /ML T
WD, FRHZ, FREE NCNET D~ L —/b D AT
U= U BIIE, ARMEEON L, B 20 FE LD AL
ABERL TS, BN L

W19 FEHOFNAT 7 v BOEARET, AR
A B HREIADEREIED R v ARy hE 75T
%o Bea T MDA 2 HEE (Sdy BN A LEE)
EDATY = v BEFEFHAE T, KEHHORE SR
EUNPB A X EORGHMEEZ B AL, FEUR
v A X J1 Oryzias dopingdopingensis & 44 L 7=
(Mandagi et al. 2018),,

O. dopingdopingensis 1%, LLF DFFE O E
HIZLY, AT T =V BICHHT2DOMD A XTI )E
LRSS (1) fiEF ks 33-36 £, (2)
&2 20.3-25.5% (FEUEARLL), (3) HEERESEL
2N 8-9 A, (4) BWENEHEL 10.2-11.4% (FEuE
REE). (5) RN 18.5-9.9% (EYE(REL). B
LV (6) B ARIEHERED 35.8 mm, £72, A AD

(2. 25 20 DK,

RN, PERBLERFZ 5-8 fH BB BN D (X
D)o AAIZIEZ 9 LIERFRUL R DR, (R
FADFTFBAALD LR EmWN (21“20){2’-‘@.
23.1-25.5% ; A ADKGE; : 20.3-22.3%),

I3 RYT DNA & W25 F RS
0. dopingdopingensis |3, [RIC AT 7 =3 .%.7'@ *ﬁ
D O. sarasinorum <° O. eversi & H R TR
LT ENDPoT, LinL, TG EHEREHE - 5
720 . O. dopingdopingensis 1ZJEERE 21T 3,
ARIZNEINZ EINEICEASTHZ L b D
noTe,

K1. KAERETEHTADREY RFEV A S A,

(2) RIIEERTHMA4AOIIIAEDERN
HHRRTHED OBRBICNT TERT /AU~y
I ~E Emydocephalus ijimae |XIFEENZFEHOIT B
To A R L, SHE R MBS 5 A0
ANEHEHORNTHEHNTH D, TORMEEZFELL
HMHZEE, Zoa=—r e g0 EZ 2D
THLRZEAS, RO AINITE BB S<FE
DREETH Y, ZOFEREDIRINIZER G TR\, AR
JECIE, DNA AT 2R L CA A P~ I~E D
il 2 FTREZRBR O AL FERE £ CRIE L, AF DR
L 3— b —8 L OO ZERIZE L O A % 3t
Hlze ETo, BREL DNA A/ N—a—F ¢ U TRTIC
X0 SRR A B 2 S PE M F A AR O A
REAFHMIL, TN EHNEYT — X 2 i 5%

W28, RRUZ KD EEOBIRMEIZ SV TR L
77

A OBAREICLD, BNEYZ R -l ik
DEEITEFICELS AFIRTFTH I LREN
Too WIT, M~ v =LV AEENPBIEE RS
ﬂt@%%%%&ﬂ@%ikﬁ_iof/—74
> 7L, DNA IZ K DRIEEAT oI fE R, HEEW Y
ToFD 9% NAXALAFBEATHY, 72 Th
BT % 5 NS 75% Z# HHT, o, A APV~ U



NEDOFATIE, H—flD 7 T v FIEN0 285K
BRICRSEOEIENHEICEL, Vel b
BB IR E D i & PRI LTV 2 ATRE
PEDSRIR S U7, BREE DNA AT TIXA X A X A
45 fliZEie 265 FOW/KAPKRE SN, ZOfif
HrZ KO HEE SN TS RO 72 T N 5
A ENLOHBUEHE LG LT 2 A, AXRAL
AFHDTRINTEH —EORIRL (B DT X
NTWD EFHliE Nz, 26 DR RIE, AFEHFE
JBOBINERE ThHLEED E. annulatus 10 %
RN BFREICRE L8R 2 L TWNWD 2 & &R
LT\, BEIRIC BV CTHRINIA TS T
BN, BZIIE 2 ORFEDORNTEH, A ADEH
BENEFT L LD, K720 THIZEEE R
EID LA LS ETFRIND Z &b,
ATV UINEOREIIT. EEOEFERHE
TICHHIG LT D EBEZXHT LN TE D, SR
FEEROBEFDOIRDL - A BIE L 2D, KTk
DL/ ZREOFLHIZOWTHRY i T s
ERH D,

A4 OIIVIANENCHERSN-BAENO—E,

(BARHAEEER)
Q) 7HFRHII YU I BORMKDFEFHIAR
=W 7 )& Leptopetalum |3, T4, JRFET7 # N
LT Z )& Hedyotis s. 1. INOBESIVIZE T, B
STREARRATENEG END, FEREED S 1R MAT
R T2 TNV EIMA TR LIz 2 A, K
ARG SR EHRME o7, — 7, HAD L
strigulosum 132 %Mk & 720 L. strigulosum &9~
THDOIIREFEHBIRESN, ZNETIOFE
LTR#ESNTWERT T EDS DI L
coreana, EVEFHERZ[EA O L. taiwanense |3HIfE L
LTRBITE D ZENRPALMNI e oToledh, FHD
A Z 21T o7,

4) FOBK 3 BOABREIZE THEBHODIL

HIREE MBS

TP IXF, FHNRaNETT A D3
T DB A R EO 50 BATOAE e FEAE
BHUZI O TR EE ORI - LlfiRiT 2175 2 &
THELELT, 3 FiL I MR HTE W FEE Y
v TRED AT PR e 2 HUL T, 0T 1 Lo Ak i R
BB EL R OENSY L Z DO OBAEFT L TN D
TENBHBLNIRY 2O X HINRSN S Z L
MING3FERA D7 —HThHDHEEZ BT,



B 2t £ Y F AR
REEMZESTH (BRPFRER)

(FAERBE]

TR I IR G O MU 2 AR RE R A A LT
WD, B, MO EE AR E L A
MiEENC L » TREL2-OH 5, ik i, 4+
SAE DR A TRBED —DDHER & 725 T D,
SRAEOREIT, 2 ETHER ST
HENTEEN, EBEOBY TCOMISITR 4
EEDI D%, R ~D XS IEA+
NTHD, TRBEEORIER & AERE T
SN SKAE BB CE AR DI e A2 D T D,
AR IR R R OREEZ S B E LTV A,

[FEYY X]
(1) EERALONEHEDERRR

TSI WO TN D FAWEEIS X 5 BREL S E I
IZATONTWD N, 2D iETITMER O 5B
MWD | RARW RN D, Rl L o
SRR Y=y P VUMD by s e SN YA i
FEEHEY b LABZABWVDOIEDOSLERZ N,
WHECITHEE N~V MRICE B L72REED W
THHTICA Y T oD, AR DHEREITA X
BHES N ET, RO LTSN F
=777 A E) BE,

EHMT AT 7 v NEOHEEY N oY
DIRADEVIRENS LIZLIER NS, 00k
BIZE Y FEHB T, ARV OIFIZAE X T
ZROVBRE, avy o U NE D ER A
HTND, T Y2 NI TR
DEREIEZDAEMEM TH D, ZOMOHHE
FHix, 7 A7 7 NEOHIBEATHHISY
IFERETHiZ D WO RIEE RO, kT 29
ERESOWEICHIEST 5L 05 TIERD 53,
ZOTIETIE®R B OBLRICHEEE LN BT
%, YHFFEOERMR T OEBEEIFCa Y v 2
YN ET AT 7V NMEORICT O 5 Lik
LIRRETEZIHITh D,

BAMWLISN T | ERIER &R T b4
EUBEFRICRHL L7 T UE 7 6 2, KT & AR
PHZIZRTRL O A R BSSRMEE DM, 7 A Y D
BT T AU AT~ RAMED
X xrh, ZU4F (WFRbA k) NEK

LTW5, Z OkRARGHT CIITERIGREY D 7
oA IO EEZ TS, BN DKICHE
BIZAERL, PRI BN H72DTH D,
FOLIXHT 5em 2, Y HEET 20cm TH Y, #
MY PBIEEAERETHY | EEZRICLEITIG
UCHEkEAfiE T 52 & CRENITREL 25,
ARICEREEZRIT RV, TAB VO LS E
e, Kpk+picEthHETEE T B
RS 2 &1,

BERVTOF R LERRR,

(2) BREOFRRREE

HEEVE O BARBRIE 2 L 72012 % < O#DE
BN REEHNDNR, TOHBO—21EFEL
VWL CRZIB ST Z b D, ZOHMICK
LC, FCIRESEITINBILL, 7T AU I
~ TN~ R E T HRARARDE S~ AT
FURLENBEX L CalaBERTWD, Zh
OO OBEBITEE T IDOEIRZHL < L,
FEFRFEOBERKIZH 2> T D, MUiFED BHY
I RAR - FREZER L, K222 H1EkK
AKAEDEL R )X, 7aaFEOFTEWRICA
BI L7 uAUYFFaiz T, FERZEET
L1 ODEMERRERTHDL, 7 a4 THFHIC
Lo THIE NI b D & O HIE &
A EEZTEBRREL /D I L - Tk
NEEHEE 720 | OB ORIFENIH E D),
saA UMY Th Lm0, HWELZ
B EBREL EOTIEDITx LT HilER
BD, ETHREARARELID & s LT,
A UFYEEZTWDR, Ry Mg (9em)
R, MEREEAE X THATWD, &
(2 30 cm IR IS HA 2. 72 1 728 2 7 H 2 Toehbigkic



-

EWERTDY 01 TR,
BDHZENGNo TEIZ, FIHOREREIC
iz Hhiand ., W DHERSNELT 503,
Z OBENREEBRFEDTARITNWD, —F, —
ORI TIX, FEROERAY & 7R TR L
TRV, Ve Ukt 7 a0 UFHLL
NDP L RY YV TF SO DR
Hi TR 2 0> 3 E O MERE T IE A A B OBBEIZH LT
WD, 7 aA TR ORI, ROt
OWFEOZICHBEHTELEE2TEY, 2
DI D JNHIFE & 15D TV D,

FF 7202 B8 U 7= {8 X 1 R B R T A v
A —F v MABRLTWD,

http://iriomote. image. coocan. jp/

S % Bt £ Y FERFT
BIE TR D E
(S FEMMPERRMER)

(AR E]

WA T bbb N Z & DB ORI
SRR AL TIRE I O—D2>TH D, B -
HEGHIICAERT 5 S E SR RN L AEME
Y GRS, BE, FAEAY) 2NN
TRiF T 5 2 & THRERZREFERICHEIGT 2L & b
2. BRSBTS L E R R A G LTV D,
FEIC R > TIIMAEMEBR IO F~MeELTZY
ERNIZIEFEHOMBCHRE 2R ES T &
WO BB D7 v, BB TR, B RENE
15 L7 AR o e, IR EhRE, A,
BRI, 7 AL Bl onTCEIZEF T Y
H (BFlcva7 ), $FIXT V) ALY
H (FAB ALy, BIF) 2502 L TH%E
EEDHTWD, b ORI, IBNEEL
MR N SR &y 5 B 2 A R A Rl b S
BTCEREI NP> THEY, NEA D F A
T IV AEBET HITITRKERET ILVTH D,
INHORBEEANT, HEMEYOE S H
DY ML LA DHERFHEE & W o o KRR O
PRI B D FEARYE L TRV ATV D,

[FEYH R]
(1) #A5T207)ORBAKRMELLEER
DEHT

RFEHNC TSy v 7 VEHOMLE N TIL,
LA D ARE R FE @ & 2T 2
EMHLITWD, s, @mEY e 7 Y Tl
WIC AT 23BN 7 U 7 AR Sy iRl B -
THZEWRBINTEY, KESRIZEDS
BRI A X T BRATIZ K - THr I & 2
2o TWD, L, ZEkeiBNItE T 7
U7 OFns . AERNARMELICE D 5HE &
MRITEEHLMISN TR, FABHiEZ
nNETIZHZ AT aT U oRBRIZBWL TR
RICHBE LA T U TEHEEEL, TR 50D A
2 NT AT )T = NRATIE N A &7
T & FEhid 52 LT, FEOX VT —E#
GAREFBRELTWEZ EE2HLMNCLE, &



HICRmEPURICK L TER L=, 7 v —F L
RO NG, BEHX VT —8 L REENE
EEFOPURZRIE LTz, REEIIA LT LG
% V7= binning & FISH 38 X O\ LIRSz
ett, (Gor) ZMAADY, BEAX VT —
VEELET DN T VT OREZERRTZ, E%
BT —FYHKL Firmicutes 26 HE I
TWAHX v 77— EmWHRMNZR Lz,
AR ) ABRICBWTIE R LARR—~E (X
vra~—%) OBsTfEMHEEDORVBEERFIC
ENDETCa— REN TV, Binning O
ROLINEXFLTRBY, AXT 7 MMENTND
X2 OXF T 7 F—EBHEEBETFHRAEr~—XI|ZH
KT HEEZXLNTZ, £l-, FISH LYz k b
THPEAERBTZ OO, FEORBEILICITE
DIRMoTZN, RPEHMTIEEEARAZ T
TR I, U EORERIT, Atr =%
2 Firmicutes 7B K ASHRIC K- TS L=
VIS —PEETEHTAZ LT, vrT Y
DAM RIS L CnD 2 2R R LT
AV

(2) FTXTVRED A2 KO—LEN
RIEEBIXIINETITT A ADEXFIXTY
(Cryptocercus punctulatus) 35 JZ OVFH[E FE & = %
71 (C. kyebangensis) (22O ASHIIRANIZ
HAFDHME DT ) LENT 24TV, WIEREIC
RT, TAYAFEXTXT Y OGNS
DT ) LINBIT—HOMAT I VB I
EERICEDL 2 BEFHBRDILTWS Z L%
LT, TOZEMBRTIZHIE, 2D XD il
Fa NI AR 12 36 1T B & AR B GRS D REIE.
5 PN 3 A SR 0D 38 BRI A o ORI PN A M O
REEOEENELT-DTERVNEE X,
EEXIX 7V ETAYDEXFIXTY & DM
THRIBNGHEY D A & R 1 — L iR AT %2 3
FrTrg T AV BFEXRITXT VI, Ma LA
BEHOT ) AV A XRE o b/NEholcy a—
U7 M Black Rock Mountain N 72N D E K %
MAWie, F7z, @EEX X7 VIXHAILET
NETHRE LD EZERIIH W, Zhbd
FAXT7 Y OBRBNR#EN LT YT ) —FE
SUKENVE BT K> THT L2 & 2 AL 209
R DBFEE S FL, 7 AV B PE KR O EpE % =

X7V OMTHBIZE T 2 REEDEICH D »
REBRNBED LN, ZDOHIH, MWHAT I B
BT —HZROVCTEERELD T A Y VEX T
X7 U OB TEWMEMFRD v, IENET
I BIZOVWThFEBRRERmM AR D i, Z
DT b, HEEXIXF T VICHITT AY
AEF X7 VITRBNIEERIZBNTEWT
X BEAEGRRE MRS LT Z LSRR S LT,

(3) FTHAALIHEIZE T HHERNEEDEL -
A - HBHBICET IHR
Y OFET-OBZE FRET DDA LVHEHD
2% AXHIBITFEET D LRI E I AL A 2 A
TN ILAERZELSETEBY, BAOHE
A S EOAEFICHAERER /T 5, L
DU, DT H B A LAIGNIAERZ K-
TRbVIC TEME v A HRE &M
RaN LA 2 S Uiz, T A AL VEDOHE
HERR N AR XA N SR A & X2 B D
REBEOEIE BN L2 b
Mo TWND, 2 ODHERDILAERDOMENH 72 E
B, W D18 2 AV O BAER ORIZA
CleDn? Eio, il AR O3 A& % HlfE 4
LA CITMRENEAEE ED XS 7 LT
WHDM? TG ORMEIL, MR REREA
TOHEREHYICB N THREROHEN ED X D
WL L CE a5 L cb mERIRE
Thbd, KR TIE, FHIALVIEEFRIZ,
5 3 & AR O B2 S AW EE. 7 A
RN, BN/ & O EHED T D,
WBLTDHE AT HH AL OREMIL, B
D BRI R NMEIENIZIR AT 5 IR RS A8
ZHERRT 2 0 LI B, LA O
(2SR A SRR LT HER 3 D 1B & R,
H AR DT & AR DELY A B OHERF &
32 5 T A R T 5720, AFEEITE
AT T ALY OB BV TERE R - Ubx )3
BRI 5 2 2 B A AT LT, A AR HIT st
LT UbxRNAL ZJL7-& 2 A, HMlaick T
HIEEMEOREICERERN AN (K1) &
S5z, ZhbofEnNIcBT b AEMEO &S
ERT D72 groEL, gyrB Bin 7 EDT L
AP —BIETICL 5T gPCR #FEfE LI 2 A
RNAi AHEEARI W T HAME &N BT 5



IR H LT, BIE, 20O OHEMD
RNA-seq % %Effi L CRRHE O EMILIZ I 1T D
Ubx-RNAi |25V XD X9 pilfs 123428 L4k
ERICEEEHZTODO0HEEZED TV D,

1. EXFTHBALSOEME (A) Ubx M RNAi EiE9
CETHAMBEOREICEENEL TS (B) EEEFD
Efa, F=HETO0—7. 7 =DAPI

4) E2HICETHZ2HEENOHERADHE

EICEAY 583

ALY HEREOZ 1%, LAEMED Z K
WITIRFFT 2 2 & THUARBER OB AR H
T OFIH R 72 & OB BIBERE 2 1815 L, HiEk &
TERLTWD, EIELTOFSTIER,
T I FAETE O R M Gl I U 08
WOHZEBERL THRET 5, BERITAEIRIC
TR, 7 X 7 BRI IS 722 < R
VBT R R 1G5 9 2 CHAEMAEY OEENL
LUVDTHERETH D, BITHIRTIZ, EIHD
ZLBAET X e tia T 2 LAEME Sulcia
& Hodgkinia % fRA T 25 Z LR BTV,
L 2 ANREME 2 Tl Hodgkinia @77 /7 2 H3 6]
i FFREAN THEE ORI 7 L1250k LT, Hne
BINCA~T 227 ) LDEMZRERR T 5 &9 <
NZRWAWE ST, — . AFETIERAE
EEOY I 24 FRIZOWTCIAEMAY 2 HHAE L
To& A, A 24 FPIAEME Sulcia ZRFFL .
Hodgkinia 1% 9 ) HEbil Tz, Zhbot
IRV IO R L R TA R E R
HkT 2 HEES AL TWD Z B LT,
AREFEIX, R 2 E & OFAERD O ILERE O
fEEBRLEmXELTHERELE X2
Matsuura et al. 2018. PNAS), 7 XA U b DO X
FRFE OHLFEMFZETIE, RO 100 FELL D
BIEOI P NI TS LEREL, B
DFRAELDFHEE LR, TR LT
(Lukasik et al. 2019. J Hered)

FEEN S LAEH~DOHEE S S 72 LiziEs
WM ZFET H720, & I ¥ Ophiocordy-

ceps sobolifera & = /»")L-€ I ¥ % Ophio-
cordyceps longissima DFEFEREN 5 845y 1 DNA 4
H 2 )i L. PacBio #-® Sequel 2k 0424 )
Ly —l v A% T o7, Canu HICK DT BT
VORRFHE L Maker (2K 57/ 7F—va vk
FEhi L7z, BIE, EdRofmscciiiLizy sz Yy
R VIAERE L DR ) LT 2D TE
0. BEEBEOERELZTEL TS, SHIT,
R A AL B H EORITHTE S 2 LR
RERWNEZ W) L CrERE, MP#EZH.0
B ZFE L, 2 < ORFL#O %L FEFEZ 15
HZ IR LT,

) 1EFIR/ SR SRR

—) FEM/BBEFNGEER
peSlob 13-
FE/RENBAORERRE

I R OEERK

2. TRHITETSZREEALHER~DHEILLLE
NENOEFRLR, HFEH (F) FERBHROEKNEE
ATHEORILEOLFEREZEMEL. BFERELT
BOERICEET H2EENTVEA, KRR TREEALER
() NESEEIBEERRICEEEY . A RAFHEOIPE
EREBLTFRICRTRANDEFENTENT,

(5) HBEINTHEOBRNHEEOSHRME., £,
#HAb. #EECEAT HHR
SEIEREBENBNICHEEZE L, £D

RN OREE 5> T T\ 5, I EER

EhfliA G T 2 N (Diptera:Tephritidae)

W W T, BEPHEE 23 Bkt O 5iE ) o1

FEMEMRENOEWE Oa, £ L TR HRA

OEPEMGIZT o bbb Z EnHEINT

W5, Eo, BUEARDFEIRRF IS A ERE R EIC

TEZ AT &AL B PR 23 S P D JE R 2 (e L

LB OBERZMBT DLV RS H D,

INHDZ ENG, BNMEIL I NTEHO AR



WS BT L, EERYROSE D
HERTFETHDL Z LB FEND, BEE
Lo PIRE IS IX SR I NN AR L, filx
T AIANZO LSBT0 & IR T D
DhHERELFAET D, LLRRL, AR
D I NTFUTHOWTIIRGNHIE 2 B3 2 F1 s
B EVS TWVWEEFELRY, £Z2T, K
WS CIEErAE S X f1 (Bactrocera Jg) 8 FiZ i

HRULPN 6 55 50 HI7 B F EHM & & I L,

telgkt g & LTl 3 RO R AR E R
DOIEARH AF LT, 16S rDNA @ PCR 7> 7V =
VRAT & BEERTERIRIC L A I AN BN b TS
W EREN OB S RATICEF LT, £, =
==L —T7 % iz FISH B X 5 FfE
DFENT D T8 Z AL D O BFIMER O FFRF| & [E & %
Ehi L7z, IHIC, FHIOBHELEZT 7 ¥
N SAVINRZBIVTAINTZOHEEE
BRAOSNS EIFICI T &b, 77 XD
RELFEF AN EZROFMHREFT 1T
2o NTOFEFREBRICOWVTIE, MHBIRO &%
Wttt v 2 —B OB o % — ot ) %
A TEBEIZET L, O OEEEDIRNRD
WMotz B LT\ 5, 5%, BN O LA
PEZFRATIC L0 F T EE RPN EE A R E L.
o OERER, KNF X OEREFICBT
LRAIE. EEREEZ R T 2 & T, hlEI N
Bp AR AR - AR O BTN A 2 R T
MR U720,

=7/ 1
RIEGIHFEDF
(I FEMBFREIREER)

(FAZRHE])

Y EHIE B Tk, AhEEE LT
HAIVTW S G it KB (EHEC 0157 :HT7 %)
W B ar ey U F U b NTTER
HE /7 aF AFkZ¥E L T\ 5D,

R
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(FEwYH X]
(1) EESHRICHITDVIAVEFURIIFY

BFICARBERTE/ V0T ILRAORE

EHEC 23 PEAT 2 EE#EHR (Stx) [T 18 &
QHUIMNIFIE L, TS IXIMTEFAIAR S %
RSN e Zhvb 2 FEEOER & [F R
WCHRMTELT 7 F U ORERLEER TV D,

Kplz, Stx & de ABS BIFEFE D B $45 &KX,
FRPANCEERIEN S Th D,

FTH &L, Stxl BLO Stx2 O B #45 &K
(Stx1B B LV Stx2B) # KW FEH I, Z£D
L N B~ T AN L EO%, 1
DEFEBOHHR TCHE L, TOREE, Stx1B
I~ U AL, Stxl HEREEHTH 10 0 %%
TF U778, Stx2B s~ ATl Stx2 HEL
BGEDAEGFRRON THoTz, ZO1RU 7 F
& 2T 7 F o DBEFEIREVIL, Stx2B5 &K
Moy TR B TARLEETH D Z L BHKFT

SteH R E
| ey
80
3
s 60 E* ] COMP-Sx2B (50%)
-

g a0
@
Stx2B (22%)
20 G—Hl
Naive (0%)
0 e —

0 1 2 3 4 5 6 7
Days post challenge

1. SESRRERE, Stx2B. Stx2B-COMP 1= I COMP-
Stx2B THRE LTI RIZ Stx2 EEERZEHB/EL. 204
BEERDT,



Hol, T T, WAL= V7 HFE B #
(CTB) ZETFTNAHIRE L TN L7z T a K
Fo v BEHAE(RE (“Five—to—five technology” )&
Stx2B O 5 Bk F L2 E L ~IEH LTz,

F72bH . CTB X StxB LA U< 5 &k Z AL
I AHaA )L RaA 5+ (cartilage oligomeric
matrix protein: COMP) % Stx2B @ “fEw4r+~
L LRI 572, COMP % Stx2B @ C Kl
FE N K@ E S w721 (Stx2B-COMP
FE 721X COMP-Stx2B) ZAEHE L7c, ZOMAIZ X
D Stx2B5 EARDLEMITIM L L, Z DR R,
Stx2B-COMP 35 J U COMP-Stx2B (%, Stx2B Hi{k
LR, FOU I FUMBEEEAR L (K1),

Stx2&E F A/
04 ¢
03 } - Ste2B
% /v St2B-COMP
502 {F Naive
=}
o
0.1
0 : . : ' '
1 2 3 4 5
Serum IgG dilution (log,,)
Stx1&JFFFM
04
03 O~ sStx1B
§ 4 SK1B-COMP
302 {} Naive
o
(o]
0.1
0

1 2 3 4 5
Serum IgG dilution (log,,)

X 2. Vero Hil@Z AL - EEE R PR, StxIBEIE
Stx1B-COMP, Stx2B. Stx2B-COMPTRE{E L 1=~ A HillniE

EEBEREEGR. Vero D EHIZFTM L=, HIN 48
BROMBEFREEE L,

DLEORERN L, (1) 18U 7 F I B#HO R
TEKTEAHZ &, (2) 2WBU 7 F L TIX
COMP SRy TR METHHZ L. Z LT, (3)
FEFRT 1L, B 850 C RIRANCELE T 5 LB
HHZ EDRHLNE TR T,

PRI, Stx1B 3 LU Stx2B-COMP % &AM+ &
LCIBEHE , 7 oAbk EH 23R a5 =
LT L7, £, Zhb 2 FEEOPUFURIEIC X
D EREPRPAENERFICHFEI L TVD I L%
MiFE L7=, StxIB F721% Stx2B-COMP %~ 7 Z|Z
BhH L, T0%, TAZENO~ T AL HLG
BT, FNOHMEE &2 DOFHAE LIRS L.
HREBRITK U TEEZMEDORT Vero Mfld DR HY
WL 72, & O fE . StxlB B8 KX O
Stx2B-COMP T#%iH L 7= HUIfiE TlE. Vero M D
AERNPEELE (K2), $72bb, Zhbht
MEICIIHFEREFRTELHENEENTEY
Stx1B 35 L TN Stx2B-COMP Z AEFUFICT 5 Z &
T EHETIPUAZFHECE D Z LD SN,

ZZTET, 1MFERIATLIRME 22
FAPUREEHT S L Lz, StxlB Tv 7 &
AR, Ml A ER L, S e — <l
ERE SR EICED, 2EDONATY R—
~ERINL LTe, ED%, HNAT Y R—~RGE
BT 5HE 7 o FAGURDHURRE & Fr R ESC 1
TR PFREZ T L, Fricm W AREZ R
37—y 0E /) 7aFAbikERETZ LI
B Uiz,

Lot% . Stx2B—COMP %~ 7 ZIT/EfEL, 27
MBI T DT 7 v P AHREERT S
FTETHD, BRHATVKERELRZBEL, 556
NI-&HRTE /) 7 a VBRI & ki3 5.



R EYFEF
DFREEBEFESE

(I FERBPHERR)

(FZHE]

AT EHS - AL U S EAE D YLE T H D |

R T ERRMEEMBEE 2> T D, 5
TGP B IE, Z OFERE OHIE & B A B
FRL TR ZEED TV D,

MERHEIRERYMRO -S> Thd~v R
77— VIR T DRI TH Y | EOHERICIT~
a7 7 —Y OIEMAL L B EEH O¥E A EEE T
D, LinL, fZENA T 2 EEOIRIFI T3 %
DOIEHEALE MG T 2720, B~ rm 77—V 0
TEMHALDSFERZE OPEBRIZ LT L b+ Tlidzzv ik
BARAELS D, £Z T MEBEEICK DR~ 1
77— AEMA L OIS 2 T2 L L bIT, A
FINC~ T a7 7 — NEVEA L2 TR 5 7 B OB
Fa B LT, FRICID A TV D,

JlAERZ N6t 3 2 B % ClIRs B B B R 2L Y
A H—7xnm (IFN)-ypEA T Ml (Thl A )
VAN A e e S s v AN i Rl Ve = 8
(ID)-1 X IL-17A D XD RRIEMES A R A b A
AR T D, ZORIEMET A S A L FEAZ I
% A% B R - E O A IR & 2 s 0 4l
SENDRIEMEY A S A OFRENESZHTT
gt a DTN D,

[FEvYYX]

(1) BEEREREM~D T #MEBEICEIT57E
A4 o DEEIDEET
FRLORIENED A DA A > TL-17A (TR B i

YUz BB+ 208, Z D5 T O Al &

LTTEIA v EMHIN D —HEOIIENEY A N A

YOFERFTOND, TENA L DEILT Ml

ZIRGALICHEE T 22 LML TW D8, i

R EOFLE 72D DA+ T LD REYEIi~DHE)

BIZBITArE0A v BIXORrEhA4 125351

v 72 —DOMHAERBROEENI AN TH -7,
COREMPAT LD, HEEEE T B

(Mycobacterium tuberculosis var BCG, LA T BCG &

T %) OMEGRATICEIE Sz CD4 BPERE

PURRF R THIPUR L v 72— T AP 2=y

7 THIROFEhA v LT Z =BT a7 7 ()L

Z7ua—H A MARN)—ZE0BEILZ (K1), £
DGR, BCG YN E B S 7o /A% B i e
i CD4+ T M DL BN EH D rEh A1k
B—mFBT 5 LM LINETR ST,

WAFERZ R PUR R A CDA+ T HERL O fifi~D )
BT 2704/ rEIA L LESH—D
MAEEZRETT 2720, K1 TRENEO LI
TENA LB TZ—ITRT LRI K HEN B
il Z At L7223, BB 22 B 23580 v o 7z,
UL BB TWbHAEBO T A LS
S —DEREIZE N TV DT TH L EHEEL, &
TEANA VBT Z—OREEZIEIT 5 H B %
# (Pertussis toxin) |2 X2 & B O 27772
(XM2), FE%HRIL, T {0V 3 Hi~08 5
FHI L7z b 0D, TSN ~DB) BIXHnH L
Tpinot=,

VU EOFERD D, Fli~OFERZEHURRF A T A
JaoE)E1E, ofgeas & I1TER72 0 70 A K
FEMEIATOND ZEDBHD TH LMo T, (K
WFZEfE B0 % Immunobiology E8IZ8#E X417, )

CCRS+CCR6- CCR5+CCR6+
. 2 Q3

o .J:

b i D e
CCRS-CCRo6-

13 iy

el i
-

CXCR3
CXCRS

3 0.5
44
1 L e A

s w w
CCR4 (=

B 1. BCG REEMICENE Shiz CDA+T MERRIFIEH D
TEAA L ETE—EHKET D,

Lung Mediastinal LN
Medium Pertussis toxin Medium Pertussis toxin
“af Q17 Q@7 [aq Q17 Q@7 [%ed Q7 Q@7 |%edar7 Q27
s
oE= e - ] ol
olg 0.48% 4 0.45% . 0.95% 0.03%
Ol o) e © Bl =P
i <AL =10 e
¥ o | T 7]~ o7 | e 7
! A AL oy A

w0 107 10" 0° 10 10 10" 10° 0 10° 10" 10° w0 10° 10* 0
CD4S_2APC-CyT-A CD45_2 APC-CYT-A CD45_2 APC-CyT-A CD45_2APC-CYT-A
CD45.2 (donor)

=3
=]

B Vedium

Pertussis toxin P=0.00281

o
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g
o
S
B
1S}

o
)
S

ns

o

%CD45.2*/ CD4* T cells
S

o
o

CD45.2+ CD4+ T cells / organ (X104)
B
S

Lung Med LN Lung Med LN

2. Pertussis toxin D&k 25 EhA v Lt T2 —HEIC

BRI 2EZENRR T HBEOREMA~DEE,

(2) HERBAICLIBEEREDEHA DX LA
— I, FEEORBEIIMEFHIRIEN B TH



23, REG R PrEEOE I K - TEAINm M
T DN HHBL L Z OEIESHER AR L 72 o
TW5d, ZHUCKHHLT D72 I12iE, Filz 2P
ORI 2, 18 ERAE O Fric etk
IREEDOHBERMLETH H, bivbiud, BE
SR OFEZIRIRIE OB A HIE L T, #&
BB O E AT D % I K F ozine
metalloprotease—1(Zmpl) IZ&F B L. T DO{EH
R OMBIICE D LA TWD, T E TIZ,
mpl (X~ 77—V DEDORIENEYA N A
v IL-1 B DFEAEZMEIT 5 2 & i ST
L0, ZDOEBENBREAETIIAHTH D, £
T INEMAT A DI — A7)
REEZHWT, Zmpl E2ATHEELX VNI E
Z [F % L. Z % % Essential Regulator of
Inflammation in Macrophages (ERIM) & 44 £ oF
7. CRISPR/Cas9 4% FI\»C ERIM i#fx 1% KR
Liev U A~rnu7y—VfilatkaBisn L, %
BEMEMT 21T > 7o fE 3, ERIM I~ 07 7 —Uh
OO IL-1 B DFEAIZWAD T ThDH Z L3y
E#&&otoﬁb<ﬁ~t& A, ERIM 1
IL-1 B BB FOFBEFEITIIB S L TRV,
IL-1B Z R BEOBMEIZED A 7 T~
V= LD MBETHDH T ERNbirol, LA
EDZ LD, MEEEO Zmpl 13530 ERIM %
MLTA v 7T~ —LDIEMHEIEREL, <
rna 77 —=Unb0 1L-1 8 OFEAZIH LTV
LEEZOND, ﬁf‘&ml’iéEMM®%
BT OREM 725 THFF 72 & DN RGPS
FOFEDEZREMITHTH D,

(3) MERBERELIEBE TcR MBRMEORE
R IL-1TAEE A H =X LOER

FERZ B Z 31T 2 g% B Tid, IFN-vy &
Bk B E T DR b BERER E
HoTWE—FHT, BAIIRIEET A R IA v
ThirA v 2—uA % (IL)-17A DREZFE R
i W CHEETHDLZ EEZH LML T
T, ETEE, MEEBGGHRD TeR v 6
T Al 2N B e FE A 72 I Z 35 T IL-17A BEAE
BT AR L, L, T OREAN
GRA T = X LIIRERPHBE R SR L, ARAFSE
TiL, IL-17A FEZE TeR vy 6 T (y 6 T17) fifa
WED XD B 10 B 7 IL-17A &

PEEFET 50O BE LTz, BAR (W) ~ 7 A
IR 2 RETREEIC L RAE R S
TG ORN S ) o SBREREE LTz, WT =T &
RO FUFHE A (APC) & i U > SER & k%
ERSRGUR (PPD) f71/E N CIesssE L, IL-17A FE
AT ARG (Th17 FB8X Wy 6 TI7 M) OB %
AT L T A HURFR Ay 6 T17 Mifd D BEE
IRHEEENR iz, 7o, MU U RERE APC
DI ILEE R DKM TIZB W TS y 6 T17
Mo IL-17A PEAHRANFED H v, IL-23 KO
~ 7 AHFR APC IZB VT HRBEORERNE LR
7oo IL-23 LISADIRMER FIC L 2B AR~ 5
HIOCTIL-1B AHFEE L7 Z A,y 6 TIT Al
R ORI E L BER LZ, —J5, APC 241 &9,
JERYLf Y o RERICEEPPD 25 LT 2 Ay
S TLT MDOHEMMARD LIz, D b,
fiti U o RERD TeR F 721334 — 3Rk /AR
OEEY 7T IRENTHOIL TV D ATREE SR
mEhe (FH),

IL-18 o

AEETER
b

IL-17ABE S 1858
yE17HERA DIL-17AFE & H54 A h = X L (fR347)




(FAEHE]
MRRIRDMFET D G SR Tl —FE2mL

TR IR L | MR DR A2 1T TN D,
BT ERAN (B, SRIMR,

ZDOLHREE T

sRJE R &) LR GRESCRENIC L2 TRy O
EE 7R ), EWFH) REFREFHFRE) X
FUARKENZ ERFADN TS, MFfBICHET
HRENIXZ B ﬂf?émwx%vxmﬁﬁ
MM~ TERY ., B BRI I LV ERBEIC
WIHE LTV, F-IhbDs; %@@ﬁ ZiE Fh
ZIER L =B IR NIC B O CAE RS RETR R E &
LTHRET 2D HZ U, BB TIXI b DAk
B BEVRAARE | 2 B~ 2 AR B OB T PFEWI R
L., ZOMASCHEE~DIEHEZ B LT %
HTND,

[FEYH X]

(1) BRFHEYHEDORER b L AMHEICET
2HAEGCTFEORIE
FKIEICAES L @WiitEtEZ b o~ 7m—
T HBEFHOEBELIT> TV, v
7 a— 7R ik, MR IC R E 52D
LEZOND N TN A REREEFRE
DB TFREOFBENEA ML ARE T THAL
Tz, 2o ORRITHEM OEMEIZB T 5
AR E NNY 7 OBEEREZ R THOLEE XD
Nz, Elo, MEICES T4 Y 7L v
OISR KT DI EREOfRITIC L 0 | i

O Sh2B
30 A SHeB-COMP
0 COMP-Sb2B
§ 20
8
1.0
0.0
1.0E-01 1.0E+1 1.0E+03 1.0E+05 1.0E+07
Amount (M % 10-2)
Kd (M)
Stx2B 3.1x107
Stx2B-COMP 1.8x10°

COMP-Stx2B 5.8x10°

BhE ) & IR IR R I % D R A

@%&%ﬁ%é_&%%%ﬁ_bfétoéﬁ
EIXZZ O E SHICERSE, A VT LA
REEZOBIGE I a—= TR R0 E
DEERFHIEE ORI 2B 20, A VT L
AR B L OBRMER A Y T LR O
BEISEMEOEERRFTHDZ &, KORE
BIARDA Y 7L B RBER IIRIR AR & 13R
LN R 2D L ORHH Z L LT LT,

(2) 7<% =7 7Y = (Cirsium brevicaule
A. Gray) DOIEEERMBEEER
RS RAEEH G ICERTT ERETHLT ~
2 /77’47“\0)1%% REMEZREEL, BE~T %
IEMAERRAZRET 2ERRH D Z & 24
bf%%%ﬂ L7ze RWNT, ZOEKRS %
HEEL, (LS EE /T 7 R LT v
7 Uka—/L (MGDG) THh D LPE LT, MGDG
VIR EE & B AE T DERE SN 7 CTh 5 LXRE
DOERE DINHNT K 0 RENIEE G R D FE B A 1)
FlL, IEIHGHREZREL TS Z &b LN
L7z, 5612, MGDG 1%, REMIARKDFREIZ LY |
RENGE BN e A2 TUHE T 2 FL03 AU i oD HE 5 4 11
D2 EbRLE, ZNEDHEERELS
ICEE~TFIEIRY 7:/—/V/)i%r73>1‘§£x
ICEWZ ERa ) /LA VR I XTIV
BEICELIEEHALNCLTE, _M%ODEJZ%
EZTCREY T I 2EFEMY & LR
T HIODNTF v —BREDPRL ST,

Q) FLOFHF=Y, JELFUOHRENNE
BiE
ARTRETEENDTINVT F 7 =2 (ARC) &
MiEEICEENS 2 ELF o (NOB) 134~ High
TOPESEIEES MO TS, L Lli#EIC
BT 5 2 & TRBLT 28 R HURESE N
HDHZEEFIICAE Lz, ZoHEEIEMEX
24-48 FEIZHB W TIE, MROHEESCAFITIE
WEET. TOREBRMORZMEIT DL LA
B SNC LTz, 61T 72-96 FREH O RN EE =
T, MOWHIAEZFEL WL &b, 2
OFF R ITRBAFNER L - PUEE SN T
HDHZLEEPALMNI LT, 5%, ARC, NOB 73
FHET LML LEHA ST L, MlaEkEcE
HAN=ZALEH BN L TN,



4) HBEILMEHEICBEET HVES OMBHR
EF

MR EJETIRICB W A< BAL TS v E
TR LY RO E L THLTE
V. FEHIKTIZRENICEHN L ST 20D
ThbdH, THETITHMIBRRIC X %E RN
HIEA., PUEREREZA LML, [HLrr Y v
DPERGEEAT > T D, SFEE B %
BV, MFHERE TR, v v7 v
F GRSV TR MR - oI /EH %58
W7, BT A & R 1 — NENT 24T > 7273
B MBS 2R 7y 2 — R REICE LA
RDI=DH T, AEBEIIHRHTE ol
SRIT T BT AR D KES ML BERR O T
ZEDH TN,

(FARE]

AR DS IER SRR EAIN O L v . £
DAY ) KMERCBAR T HEBL A MR 2> DR
WZIRAT 3 D Z LM AREE 72> TWVD, 29 LT
BONI RN, SRR EmERE IINE, fif
M52 izt EMoRECKIE. B
WA IRORERS, = O O ALY B AEFSE,
EMOEERRE ZAICEET H 2 L 3R
o TE L, REAMERFIHETII. 20k
O MR MG ATE A LT, By - BV
A RB RN 72 A B xR & LT RO ARRE
AR EER OB E 25 235 LS H
e Em L2 8E - A2 HEE L T b,

BRI 7o fFZERR8E & LTl T I AR
T o0 IROME, MR OWE Y & L E T
D IABE & ey — 7 v —IC K 0 RN
WZHRT T 52 & T, ZTNETITFEAEHLMNIC
INTIZ otz WHEEY LAY & DOBIfR
PECH EAER, 18 EAEM~DOFHEEZ B 52
T5ZLT, Hraokere. AAMLEMEE
PET D Z & DNVE DAL TV DRSS OWEHE L D
ISR, X7 FEREMEBEOLEREEICH
RS2 enTEpn SN, OO
e LY LI, Yo AnAELRNET SR
Fll D 53 FRAE A D PR IR N O BREEEEL Y & D 43
B B OREEMIE (2T TRENIT —
X7) EHIENICHAE S STV D RAEEMK A
ET L E U THIBEN LA O MEITIC & B D
ATND,

BRBEA A G W R0 B Tl 2D 0 BRI BT
ZERREICIN Z T BNIC BT B ey — 7 v —
DIEHEA L Tr~T 4 7 AXRERHINE LT
KFH e (L 7 0 = 7 b THEE B D RF 22
M7 I 72 IZHZE L, BEKKFICEBIT D
7 MR OEERICHEERL T\ D,

G =

(1) BERLEMELEET HBEEMICETIHE
TR AR B DU OVEEEAEM D 1,
TN E TS  OEBIEEYE O A NS



INTWVD, ZNHIFAIFES — XL LTRER
AHEMEEZ RS> TV AICH b b3, & DERE A
A= XLBHALNCENTELT, IAFEN
MR NEN TV D, IEFEOMIIZLEDY, 2
NS OAEPRIEMEME O A PEICIX, HERRICATRE L
TWA AR ED > TnD T L NRES
NTEY, FilF - JSHOmED 5 Z OB
HAROMPANYHFI N TN D, RUFFETIL,
SRR B BEYE A R T T v e A RThHDH~
VIV EETMEME LT, ZFOAEEICH
boTWHAREMD H 2 ILAEMEN L TDAES
FGBAR T ORFEICED #A TV D, BARIYIZIE,
<P IV EEAEET HNY T a SRR
EWMAEMEENLY — X=XV EL, ENE
AVOWE fy D~ X A PE % 8 8 RS E = AT
FHlchvEeEdTsZ ik, a1 X3 K
XREFICEBW T U I VAEERE N & E
oMLz, £, AFZETIINY 7 a T @
WS DI AEM A iRV XEIZ XY 8 Hisy
WCAEINE L, £ 2ICEEN D LAEMAEYMEE
YARY—~/ RNA Bl FICKR VT LTc, 2D
FER. ~ Y O EAEER S OMEN SR
RS, 7 e a7 LV EOREEDNNT T I T
WEELTWSZ EERLE (K1), BIfE, 2
DESNSFHR L7247 2 DNA D a v b H v
V=l U AR EED TRBY, v I DA
FAZ B > TW D AIEEMED & 2 BAR T DFFE IS
B #LA TNV,

1. gLy —F—I2iYBBEShIzNY I BFEERO
HAWMEY (£) EENODES L YREENIZAITY
T OSSR (B).

(2) #FFVEXVICERT 2MEMRICET
5HE

WEBE 1TV A 361 2 E B — IR AEPER T
b5 & EBIT, —EITRMB L OBREMER 2 O
JFEEE 720 0 NA TR OB E LTHERS

NOREEREMFETH D, TF, BROLEFIC
KFEMAEDORBRGNEETHDLZ ENRPALMNE
7o TE T, MHBROBMEAPERR | ffLleo
TWAETFFTERZIZBNTH, HFEHAEY
WEBIZEETHLEEZOLNDLN, X TV
TR ORI AEDFECET LM AITEETH
b, T, AXTUERXT HIFMAEME O
EEBEZ A L, A XU ' X7 BHEAPEIC
HRmMAESZEEBNE LT, A%V
TR WA EOMITIEEEETH L &
L7,

¥ FUE X IIMHTIZ A5 72 DNA ARl
5 ENWEETH 772, YIS DNA fliHk
et Uiz, RO A DNA it > RSl
HD 2 2O7avAZBMNT5Z &2k,
WS b & LAY 4 f5D DNA Zhhit4 2 hhi
EEMESLT 52 &N TE 2, A DNA fliHHIEIZ &
017z T4 U X7 HAEMAEYE DNA) %
RAT L. XD AXTTEXT 7 ) LERL L
AR LA, AxTFTUE X EFEHEDE
NHAXFUEXTIAEFLEDENEE SN
TV D ATREMEDS R S Tz,

PAEE & BIT, FERRO MR D Z kR 7 i
BT D AXF U XY FEMAEY#E ORI %
HEgL LT, MR ORIEGS D 6455
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21. Distribution of Symbiodinium spp. and other associated organisms in mushroom
corals at Okinawa
Bert W. Hoeksema (Naturalis Biodiversity Center, Netherlands Senior Researcher)

In the abovementioned period, 264 very small samples of mushroom corals (Scleractinia: Fungiidae)
were collected from reefs around Okinawa for the analysis of their zooxanthellac. We want to find out
whether different species of mushroom coral contain different species/clades of Symbiodiniaceae. We want
to know whether the relationship between these zooxanthellae and their host corals is determined by their
phylogeny. This will be done by projection of the Symbiodiniaceae flora on a phylogenetic model of the
Fungiidae. The samples represent 22 species from four different localities (Hamatsu, Kyoda, Mizugama,
Sunabe).

With the help of stable isotope analysis, we want to see if the samples of the different mushroom coral
species also depend on food in addition to their dependence on zooxanthellae. Within the monophyletic
group of mushroom corals, closely related species show different morphologies that may be related to the
capture of plankton species. Major distinctions of closely related Fungiidae species in Okinawa are: free-
living vs. fixed, one mouth vs. multiple mouths, oval vs. circular corallum outline, convex vs. concave
upper surface, small vs. large maximum size.

Records were made of all species of mushroom corals at Okinawa. The total number of species is now
36 thanks to the discovery of Sandalolitha boucheti, representing a new record for the fauna of Japan.

Although other associated organisms were searched in fungiids, this did not result in important findings.
On the other hand, special attention was given to Spirobranchus worms (Polychaeta: Serpulidae) in massive
Porites corals in order to discern how these worms cause damage to their host. The worms live in calcareous
tubes, which can be closed by an operculum. When the worms expand, the operculum will scrape over the
coral surface and cause injuries. It appears that the damage was affected by the position of the worm in the
host and by the presence of turf algae on the opercula.

Besides Prof. Reimer, the collaboration involved other members of his team. I want to mention in
particular Hiroki Kise, Maria E.A. Santos, Hin Boo Wee. These colleagues are potential co-authors for
publications resulting from the present research. There was a visiting scientist, Yutaro Oku (University of
Miyazaki), who participated in the research. He will also be involved in future publications on the Fungiidae

of Rykyus.

22. Links between diet and microbiome of corallivores as potential indicators of coral reef
health

Joseph D. DiBattista (Australian Museum and Curtin University,

Curator of Ichthyology and Early Career Research Fellow)

Previous funding received in 2016 and 2017 was used to facilitate collections of eDNA samples at sites

around the main island of Okinawa, as well as at Zamami-jima Island with Associate Professor James

Reimer (University of the Ryukyus) and his lab. We successfully collected 114 eDNA samples (34 sediment

samples and 80 filtered water samples) from 10 coral reefs or coastal sites in the Okinawa Prefecture

(Mizugama, North of Cape Manza, Bise, Kin Bay, Makiminato, Cape Hedo, Kaichu-Doro (S1), Ama Beach,

Zamami Port, Furuzamami). These locations provided a gradient of highly impacted nearshore sites (i.e.



Kaichu-Doro S1) to near pristine offshore sites (i.e. Furuzamami — a marine park). We also designed a “reef
ranking” system with points assigned to a site based on selected criteria to rate it from impacted (score =
1) to pristine (score = 10). These eDNA samples were analysed in the Trace and Environmental DNA
(TrEnD) laboratory at Curtin University in collaboration with Professor Michael Bunce.

Outputs from this eDNA project thus far include:
1) A personal blog of my research experiences in and around the main island of Okinawa in 2016:

(https://josephdibattista.squarespace.com/)

2) 16 invited seminars where I presented some of our preliminary data and study design.

3) Four presentations on our preliminary data and study design at international conferences.

4) One published manuscript outlining how the primers we used to analyse our eDNA have already been
tested and optimised at Curtin University: Stat, M., Huggett, M.J., Bernasconi, R., DiBattista, J.D., Berry,
T., Newman, S., Harvey, E., and Bunce, M. (2017) Ecosystem biomonitoring with eDNA: metabarcoding
across the tree of life in a tropical marine environment. Scientific Reports, 7, 12240.

5) One published manuscript outlining how these eDNA sediment data can provide insight into marine
biodiversity stratified by depth: DiBattista, J.D., Reimer, J.D., Stat, M., Masucci, G., Biondi, P., De
Brauwer, M., and Bunce, M. (2018) Rapid universal metabarcoding surveys (RUMS) provide snapshots of
subtropical biodiversity along a coral reef depth gradient. PeerJ 7, €6379.

6) One manuscript in preparation for scientific publication using the previously collected Okinawa samples:
DiBattista, J.D., Reimer, J.D., Stat, M., Masucci, G., Biondi, P., De Brauwer, M., Wilkinson, S.P., Chariton,
A.A., and Bunce, M. (in preparation) Biodiversity and redundancy in coral reef ecosystems transformed by
anthropogenic pressures. Submit to Nature Communications.

7) One pending funding application with the Australian Research Council (ARC): Discovery Project
(DP190103089 - in review for 2019-2021): “What role can environmental DNA play in monitoring our
marine environments?” With M. Bunce, S. Jarman, Z. Richards, and J. Reimer as co-CIs. Total: $395,000
AUD.

For FY 2018, we built on this project and the above outputs in 2018 (November 4 to November 15,
2018) by securing samples from butterflyfish stomachs and intestinal tracts to see how their diet and
resident bacterial composition, respectively, shift with the impact of recent bleaching events, as well as
samples from resident corals and their associated zooxanthellae. In brief, we audited dietary items and
bacterial communities consumed and/or hosted by the butterflyfish Chaetodon lunulatus at several strategic
locations of conservation importance across the Ryukyu Archipelago along with the coral that they feed on.
This includes sites inside and outside of marine parks, and both pristine coral reefs and coral reefs impacted
by recent bleaching events. Sampling and DNA extraction was done at U Ryukyus, and library preparation
and NGS was done in the TrEnD Lab at Curtin University. See a map of our sampling sites pasted below
(created by Mitchell Aafjes).



Based on a preliminary examination of the data, we have found that Chaefodon Ilunalatus fed
predominately on corals from the family Acroporidae and Poritidae, and there were no differences in alpha
diversity within the gut microbiomes of C. lunlatus at the various sites. However, beta diversity of
microbiomes differed between sites, with low impacted sites less variable in comparison to highly impacted
sites. Stable isotope analysis indicated that fish and coral within high impact sites had shifted a tropic level
higher in nitrogen versus those inhabiting low impact sites. These data indicate that the gut microbiome of
an obligate corallivore may be an effective and sensitive bioindicator for coral reef health, providing
evidence that such analyses provide additional information above traditional methods for monitoring reef
health.

This sampling campaign would not have been possible without collaboration with marine invertebrate
specialist Associate Professor James Reimer and graduate student members of the MISE lab including Hin
Boo Wee, Giovanni Masucci, Piera Biondi, and Yee Wah Lau. This project was jointly led by myself and
Assistant Professor Megan Huggett from the University of Newcastle (Australia), and facilitated by field
technician Tane Sinclair-Taylor from KAUST (Saudi Arabia) and honours student from the University of
Newcastle Mitchell Aafjes who is in the process of completing his thesis by August 2019. We also
acknowledge the kind cooperation and support from Associate Professor Tohru Naruse based at TBRC’s

Iriomote Field Station.
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