BTV RTE (Batrachochytrium dendrobatidis)
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The study on origin of chytrid fungus
(Batrachochytrium dendrobatidis) and of pathogenesis

of chytridiomycosis
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H VI RAH Y (Batrachochytrium dendrobatidis) 3 X OV 31 71 EHEIZDOUNT

J1 = )V R H ¥ ( Batrachochytrium dendrobatidis ) 1% . Y &~ 71 B M

(Chytridiomycota) ., Y AW ERIZE T H2EE TH Y, 1999 FIHFEFLE I L7z
HHLFRFIARTH D (Longceore et al., 1999) ,

1)V AR T ¥ OAETEBR 1T E 7-5E (zoosporangium) 35 2 ONIEAE 1+ (zoospore)
D2IEENGR0 | mEMAEROMAERE (77 F ) ([ZE%T % (Longeore et
al., 1999; Marantelli et al., 2004) , T FITERIR £ 72ITREIL T, RHROHHE

(discharge tube) ZH L T\ 5%, WEET$ILME EOMEBNITIERK S v, s
2RI S D, B%iE?W I3 K 300 {E1E E DIFEEF DR S 1L, HEE

TR E 2 LT SR Ok I S g, iEEFIZER 1~2ul OERK
THRIICHEZA L, KPzilEk L THEFEICEZEL, BEOAERBITKGET S

(Longcore et al., 1999), X - T, F7RYERIKITKRE L OEMERTH D

(Pessier et al., 1999; Berger et al. 1999), Z MO, {EKFE DB, BV RH

BNV S L2 187 E A L TR 35 (Pessier et al., 1999; Berger et al. 1999)

HWEHICBIT2AERBONHMIIREBEAT —VICL o TERDLTZD, SR, X
TV AR DRGSR b A D Y | RHEN R 5, MEERE (=) T,
LHORIEICAERBN ML TEY, BT /VYRI IR EERIEGT 5,
72T H A VY AR ENTEY S T RO T & kS D HEES . RE AR BRES F
K ORIR IR L7 (Pessier et al., 1999; Berger et al., 2005; Puschendorf et al.,
2006), ERINE (X~ V¥ 7 Y) TIEARICOLAERERRFE L TNDT
D, BTV AR T AT 5 (Obendorf, 2005; Symonds et al., 2007;
Fellers et al., 2001; Rachowicz et al., 2004) , Z D78, BEIERIAK TITKE Y R
AR, SAETITOERY R EREERIET D,

RG> AR J eI, BRIRANCIZIRGEPH I o7z 2 BE R 2 Fri e L, £ D
fill, AR, M, R 2RES 4%§@ﬁ%®@%@&#meM6(Mmm
et al., 2001; Pessier et al., 1999) , JHEEARAR FZRIRFBII R E DO AT O H AL, KK
AEROIE (At Aafmfb) ., REBERK, REMROELENBE SN
% (Pessier et al., 1999; Nichol et al., 2001), REL7=AERBIZIZII VYR E
DWEETENEE L TERIEED & LT, & XITHEEZIN I &8 -a
WELITT7 7 A affkiEEm & L TBE I, EETFENICITEEFRERI
% (Pessier et al., 1999; Une et al., 2008) .

A A0 EEIE, WIRAYICHE DL, aRiiEROIEEL. EHloa
FHRIR ENRBD b, AT, DAY R G s | FAUCBEET S



B FEILERBICB T 2 OFEOWAD EITHER, AEEOIRERS X O E AL O #
ek, AMEZ R E LCu\% (Obendorf, 2005; Symonds et al., 2007; Fellers et al.,
2001; Rachowicz et al., 2004) .

ATV R EBREAERBIC G R T8
A FEO T DD B2 7RV SR & 72 o TWARES | WAEFE O 1T

HZRHLTERY ., D & bRRBH DA% HEROEHKICH L T\ D

(Monastersky, 2014) . OB & U CTEBROMED . BIEOFE FL#E, R
b7 &L T H = VY R EIEGE N 5T Y (Berger et al., 1998; Stuart at
al., 2004) | A& CHAHORER L OEREEZ KE <ED S8 & En s,
A )V AR T EIE3S0REER LA E oA &G L. 2008 Ll E oA B E L
TW% (Fisheretal., 2009) , $HIATAYRAIEIZL DT ~vEA—ZA T
T OHEEITHRKTH S (Berger et al., 1998; Lips et al., 2006) , /ST ~<IZEBIT 58
A (Lips etal., 2006) (X% &, 20044E10 H ICH)8 TH /LY R T E D&Y
O TN H2005F2H £ TO 5 AMICHAEDO REFLNHR SN TWD, =
DOFAETH )V R I B DR FERE S 7 FfE IR 38T C, Z AL E
MU AR DFRIADST%II RS D ThoTe, 2D X I /YR BidmA
FICK L, RS THEREEZ KIFT Z 00, EEEEFER (World
Organization for Animal Health: OIE) (XY AU EIEABEHE T XEHEHE L TY A
N7 w7 L7z (OIE-listed diseases 2015)

VYR T EOENRN
2006 4F 12 A, Fexld, HARES & X0 707 THIOTEE FlAEREIY AT

EIEZ S L7 (Uneetal,2008) , ZD%&, BT /V YR B EOIERTAEFH~D

WA L, BREEE & LRI E O HE AL, EWNERA T WA & %

G35 REPAEZ Fhi L (Gokaetal,2009) | & HIZ, Fox (XENEA Tl

FOREFLFHNZ T DI E 21T (LRED, 2011) . KD 4 5EH 5

L7z,

O EWNTFA FARE 49 FRE Ol 2 A &) | 2,103 PLiCRT 2 v
VR CRERREMEL L ZA, BRI T VY R ENERL Tz, L
N, FORRYeSIT S FEA, 878 (4.1%) & IEFITIRLS | TERFETIET, A4
v a v A (Andrias japonicus) . ¥V 7 A E U (Cynops ensicauda)
X~ )V (Fejervarya limnocharis) . 7~ 77 =)v (Hyla japonica) . ./
~ # =V (Rana nigromaculata) ¥ 52OV F 77 =)V (Rana rugosa) O 6 FEFAIZ
UMY GRS BV o 7z,

© BARBEAECOHLIAAY v av A tplEAETHLI Y T A



(I, TNEN3T%I LT50% & HRICH =Y R ENEGELTEY . &
DIZZ NG DR DORAE T D =)V YR ED haplotypeld, 4% =
U U ANB, I, KtypeDF, U AEYMNRA, E, 1, WtypeDH TH -7z,
@ A kiliZEFA T D W v AT =)V (Lithobates catesbeiana) 35 X ON7 7V J1 A T
TV (Xenopus laeivs) (2 HHKI16%DIEGLZ RO, S HIZU T /VORAT
Zhaplotypel X7fE¥H & ZALTH - 7=,
@ HARTIIAZ VY AR EIZE DMAFHOREFLIE E TR,
IO ORI, TV IR EORE 22T TV DESNE ORI & ITRE
KRR -oTND, ZOZ LD, Gokaetalld /LY AR EIXAARL LT
T EERE L, HRPICIEE L) bW T U T RERL A TRE LT,

ATV R A EDOFEFRRR L OREIAEICE T 2 ROBR

TV HRITED X ) ITAERBRICEL KRB L 5 2 5 YYE 2§l 5 720
Wik, ERE R~ DB E T 5 & I, WM AT A LER D D,
Z DI BUE, FERER DA T 5 FHINF R AT T 5,
TRNTH O TEFHINZEIX. Gokaetal. N7 U7 BIFFAZIRE L7 Z & 21,
% < DESCHIZEE 7> HERE SR TV S, LA L., Goka et al. D2 [EFHA CTl,
ANRD &30 | RN 41% K<, o, TV TREMEICB T Y
RO EORWNIAS SN TW o Tziod, 7T VTR & W ) G % fiF
HETDICES R oTz, TOH, 7T VT HEICRBT DEERERENRE SN
N, L7 T HEICHEEL TOAIRMIE., KRELEXNRD LT,
haplotype NEHHEZR SN TNDHZ & Z LT R L TEERMENZ & THY |
RKIZT DT RIFEROFE RIS STy (Bai et al., 2012; Bataille et al., 2013),
TR A BGET A2 ICiE, 5 LU EORGEREZMEREF L, £ < OfE
O )V R ENERT DR =S —Hm e VT, BT YRS E
DB 340 L T A RT3 5 2 & T, [Ef (endemic) DIFRFATH L Z &%
HERTODVLEND D,

—J5. VIR ERE DRSS AR IZEE T A EITIERICZ LS, YR
AERGHZ LY | D)V OEMERE NS EE I, DARICZL > THE
T35 &V 7287 (Voyles et al., 2007; Voyles et al., 2009) 2345 X TV 5 D
HTHDH, LL, ZHUIFERZRFE L7 TICEE 220, WA E %I
L CKRRLEME LI IAIL, HALZHZAT D &9 FEF IR 72 A4 PRI R
A LTW5 (Hillman etal., 2009), X > T. JWEREMKF 2 HEHT 57D,
T VY IR F B DG B LA RICE HIRRIZEIT D 2 b O A PERIHEE DO ik
FEZREHT DB H D,



AHFFED B

AWFEOBENX, 7 YT RER A SFICANT, =Y R EOENSAA
B LU SRR FAR OB RT3 6 T =V 78 71 B D F Rk 2 fg i+
HZE, BT, BEEOKLEIIBIT D AEHEREHRO1>TH 5 G0 Hd

BT ¥ R, T U THY VAR L TR Y R EIE DR AT 5
CLThB,



FT1E T AHECBITO08Y R EERXUCREEDOHES

B1E Fim

EIN B ARFUC I T D 0 =Y A RIS BT D98I, 20074F 12 Goka et al.
PATo TeifitE s DA Th D (Gokaetal, 2009) . Z OWETIL, FKF2FE (¥
HIN, TZVAIATE)) LREDEKRE (Y FroAEF) AT
T a v vUF) ORFEGEHEIT12.5~50% & Emno oy EOMIERFEDOEYE (VY F
Hx), T<HTN, b~ HIVLBIOX~<HTIL) 1304~0.8% L FHFHIC
K< ol BTV R EDENGAAZH LN T D202, HAICHE L
TE=F—EWERIR L, DO RRAEEIC L > TREZHERT 2 0E )R &
Do HIETI, E=F—WORE L MEEDHLZIToT, T LT, £=4
—EWNIIR DI ODGFM T TEMNLE LB 2T,

O ARICIELS ML TND &

@ WY RAERHERETHDL 2L, Thbb, BTy R ekt

L CREZMEN SV . AT 5 haplotype IZIRHI NN &, LT, A=Y

A EDREGERP N T &

@ BENEG T, RiEERY (FHERIRO L 58) TR\ &

Fxix, FROFEELT-TE=4—8HE LT, VT AINEIHFRL
oo T H, D Gokaetal DFHE T, fERFETHLL I AEY &AFH
v a U A OREGERIIE DTN, WIS ENTOOMIIRENTH S,
IHIZ, AV a U HERRIRRGEEM O TH D720, RAEIIRIZ
X720 2720, AORFETIL, 77 U Y AT FEGEHE 18% & @, £ D
haplotype IE A type L 2MERR STV, — 5 7 U W = /WZITEYER 13% T,
8 FE¥A D haplotype (A. D, E, F. H, L, O, Y) @O 5N TWVW5D, 5T,
U ¥ T TACHREE R~ MR E T, IRIEREC A LTV D (RTHES S,
1989) . L2cL., U ¥ HT)VORMAITIRI T, Z58ii & BRI 12358 < . BREED
W#ETHDH, —J7. SEEEOEIUL, ABMIZ K> TIHEMET 1 HT< 9
I THERILHETE DI ERG TH D, IHIT, TV ARA IR, BEH
NAETITME—, MBI T 2 HEIT LVEE LaWad, HERICIRE LT
BRAETELEY 5 (Berger et al., 1998; Hyatt et al, 2007; Marantelli et al., 2004;
Symonds et al., 2007; Obendorf, 2005) , Z D72, OIE (Z L > THIEDKRAEEL
& L THERE S L Cu 5 (OIE Infection with Batrachochytrium dendrobatidis) ., L 7>
L. WAEHORIEIC X > TUIHERTRWATREMERH V| BERoEEES/ED O
WY AR EIEIL, ENE, MR TN IO EARETH Y . HARTITHE
RESNEIZBT D VY R BREGER LAY A EEOHE TR <. H
AIERFRICANTHDINE I ME MDD, S HIT, BARITFEINE & B |



7 )V 78 73 € D haplotype DFfFHA % < (Goka et al,, 2009) . haplotype Z 1€
NOIRFEPER R T, JWERTBEINDNENDDNDHRY, Ko T, FHxixlE
NIZBIT 2D T BT VHAED A Y R A EIEAMERT 5 Z & T, v bzt
DE=F—8L L TCOFHEE R LT,

PFETC, F1ETIT, VYR D EEBRET 5 HIEICONT BB
L7,

RN EICBIT DT VY R EO— ki mitiE s LTiE, assEdito
T-IRERREE (swab) ZAFEFE L7- PCR B (swab PCR L) . UIB: L7- M2a#H
Mk kL L7z PCR B (R PCR %) 38 L ONIBR U 72 As 4 i B 7Y
(BT 5 R B A 23 & 5, PCR A& 121E, 3 & L T quantitative TagMan
PCR % (TagMan PCR %) mWEEHEIN TS, 4 F T, WERENEL RIS L
U 7o RAEIC B 2 85 Tl swab B8 L MIFR L7 D& %15 & L C TagMan
PCR ETHH R Z ik L T\ % (Hyatt et al., 2007, Retallick et al., 2006), L
L7273 5, TagMan PCR {E1T, HFRITRR L T&E 2w and, —F,
HARTHEZR S8 =Y R B B D haplotype I3Z£1EICEA TWD, FDT=
¥, Gokaetal.lZX > T, TagMan PCR £ L VD & ZFi5HD haplotype % f#H T
I BIT, BHEE R L OREMEOE nested PCR E03BA% & 117= (Goka et
al., 2009), FEEIKE L. TagMan PCR {%® DNA f/MaHEA 0.01pg TH
DIk L, Nested PCR 7413 0.001pg TH 2 (Goka et al.,, 2009), F7-. &
HATBE 72 1 =)V 7R 1 B D haplotype 1%, TagMan PCRIETIZ 4 fEEHTH L D
1Zx%f L. Nested PCREIZ 26 FiEEMR N TE 5 Z &N HE ST 5 (Goka et al.,
2009), Mz T, KRERAEEDO R BMAEITIEF 125 < . Boothiomyces sp.72 £ 73 =)L
N BT AE 15 A L #ERCTE 5 & D (Goka et al, 2009), L2L7R73 6,
nested PCR 5% V72 swab PCR £ & #i#% PCR £ D HRLEE % bbif U 7= s
(X722, BV R e OERNSATIRILZ IEFEICFHE T D 72 0iE, AR
TEEHNDVERNH D, £ 2T, swab I XU Z#E & 35 nested PCR
EDREEIZONWT, FRRMEO @R AL & bW Tl Lz,

B8 MBI UG

2-1 BTNV RIERRICBT DU AT NVHAEORAEORE

UV HTVNAEO O R B EREOHREBREZHONCT L2 E2BE L,
RN TN ESIIREZREL, 2 bDNERERIRAICEBIZ L,
nested PCR 7% (swab. #H#%) 35 X OURFAE AR A R CRr e, M RS & Lok
L7,



2-1-1

2010 4 5~7 A, A7) RFBREIR T O —fkiil) 1| T d D AR o 1hokdg (ki
35.561379 J& | A% 139.323111 &) T, BED v v H /L 40 4 (Gosner Stage25-41)
(Gosner, 1960) % HE/EZ 12 59 JCEREL L T-, T X CTOEKITELER . EBR=EIZT
fIE - FBSEREMA] A A 7 —1 01%  (FA100, IRFE7T @ K B ARSRISRER S
fh, ST - AATRSERRR RS AL) A T S AR, IRIERREE LTt TR
BIZTEFIE LTz, T0%, BMOBHREERS LOEREORIE/R 5 IZALORA
IREE AR, WIRREEZIT-o7-, ZD%, DFEWFAA (nested PCR %)
DI DI AL EIEME (AT 4 7 1P1501, AARHER., BE) TRV,
o 7-/#E (swab) 1% 1.5ml = —7IZR(F L, MEZITH) £ T—20CTHRE L
7o Swab FREUS . S ERRERRRAS OO 72 012 A28 2 BIAEWTIC THIRR L. 10% P MEfRE
iR~V AZEE LT,

2-1-2 AIRRE

WA I BT, ETFHESID 4 EALICOT TROD L D IWCFHl L7z, o
FIHIIE. 1 H AT Gradel. 2 AT : Grade2, 3 »FT£ 7213 50%LL L : Grade3
EEHIE LT, (M FEIREE OIEHILIL, 50%FLFE : Gradel, >50% : Grade2 & #¥Afh
L7z, WA W TIRERER (BIk) o B2 LT, Zoftl, BoH
FRBROETE bRtk LT,

7ok, MEFESNEOOROMEX, FEICL - T, B TFRRLZD, OLETD
. @ LETows, @UBILHOEAESEIIF—THb, LT, WIIRKED
BoaFRraih Baz2 1L TV 5, AL (pigment) | F 7213 [ (teeth) |
ERENDREBEEZ EH, BEAEETHREMENYZ 7/ L THIH LT
W5, WRALBEIX O SORIMINALE L, 0RO & L TR b b (Fig
1-2,a),

2-1-3 JREAHRFERIRE

BV~ U CEER O Qg a B IR EIEIZIEVN N T 7 0 B 3~4pm
(ZHE) L AR AR 2 AFR U 72, MR AR I T FEIZIE W HE e 21T\ £ 72,
VBN L TT7 7 oX¥7m—7 Y et (HEOMMEBEZ KT 2 BHEEEZ AT
LEPER AR RO D~ — T —, NAFAA b, FOR) BROREREAL
e L. i L7z,

TrroX¥T7u—7 Y REAIIv o2 T MIHES THRE LT,

EY T, MU LR A2 T a—T 4 v A5 4 AT ATV f+F
F, 37CA ¥ 2 _X—F — |2 T 48 WLl Bl S H72 6 O & fHRAEA & L Chif



L7, MEERZ X LU THRT 7 02, FTRET Va3 — R8N CTHEKR
L. KIEKIZK DK E, ZAEKITRIE L, TO%, AR~ LV X7 —
BERET 572D 0.3%EELKFEIN A Z ) — /VIZIRIE, 50%T4% ) —/L%&
LTk, Z&EKIZIR L7, PBS (0.01M Phosphate-buffered saline, pH7.4)

T 5 40l 3 [EE Lo, IRWT, FURIRIE LD 72812 0.01IM 7 = PR ik
(pH6.4) TR LTCHIEAR L~ A 7 0 7 =—712T90°C, 9 mME L 721, FE
FEREOLBAIE D 7= DI NIZ T, 5% AF A IL7 (Fyepizge, KB) %
L. 20000, #iE LTc, £0%k, —kEUARE L THIEETIER L7z —
IV IR B FERIMIE « 1% BSA I PBS (1:100) AR A# T L. iEFEN, 4C
ICC—Bep s &, RPURICIE, ~ LA o X —VERPUE (e A 7 7
Ay VT NVAT ALY MAX-PO (MULTD) ., Bl=F LA A AP A = A,

WR) & F L. =R 60 MG S, D%, PBS T 5 /0. 3 [EIVEF
%, PURPUARS 2 AT S 7o, PURHURSIS O RIFRAILIZI, 0.04% R koK
FUIN - 0.05M b U AERRFEETR (pHT.6) IR 3-3°T7 2 R F U U JUfRtE
ICRIE SR 1~2 s S8z, 20k, KEL, kgl LT~ R
T Yt A i LT,

2-1-4 S FEMFERIRE (Nested PCR)

FLHL L 7= swab 7> 5 DNA fillli =~ F NucleoSpin® Tissue (Macherey-Nagel,
Duren, Germany) % i\ C, ~ == 7 /LIZHEV, DNA ZHiH L7-,

PCR BEIZIE, Wk B =)L R EOBREIZH W STV 5 TagMan PCR %
0 B RHEED R < . Z4k72 haplotype DF# HYIZ 4172 nested PCR {£E% VM-
(Goka et. al. 2009) , — K& Tik, 77 A4 ¥~—BdI18SF1 (5-TTT GTA CAC ACC
GCC CGT CGC-3’) 3 XL VBd28SR1  (5’-CAT GGT TCA TAT CTG TCC AG-3")
% VT, 18s IDNA-ITS1-5.8s IDNA-ITS2-28srDNA & (#J 800~1000bp) % Hi&
L7z (Fig. 1-1) , RS TliX, 771 ~—Bdla (5-CAG TGT GCC ATA TGT
CACG-3’) BXV Bd2a (5°-CAT GGT TCA TAT CTG TCC AG-3’) % T,
ITS1-5.8s rDNA-ITS2 [l (% 300bp) % Mg L7~ (Fig. 1-1) .

SO FRZEIE TaKaRa Ex Taq® (¥ 1 7 /34 A, W) Mz, —&BIGT
1%, 1Ko =, 200ul @ PCR F = — 7|2 10xEx Taq Buffer 2.50ul, dNTP mix
2.00pl,dH ,0 18.25ul, 77 A ~— (10puM) £ 0.50ul 35 K U1K DNA filiHi4 1.00pl
DNEZMz., & 250 (774 ~—RE 1.ouM) & L7z, KIGSEMHIE. 95C. 9
7y CEME%, 94°C, 30 B, 50°C, 30 B, 72°C. 2 43 % 30 YA 7 W7o 729, 72°C,
755, MERIGESE T, ZIRBISICBWT S, — G &R Uk TRk &
O —IRBUSEY 22 AdL, 95°C., 9 43 TEMER ., 94°C, 30 F). 50°C. 30 ¥, 72°C,
253% 30 A I OVROG S BTk, 72°C. 70, MERIGEIT- T2,



B, REICBT 20 FEWFRIMRAIT, LEA Mt SZATEIEA
NERSEMFIEAT) (TR L 72

2-2 UVHIIEHAEERRRE LI VY R EREEO LB

U VATV D NERO S TV R B R IR T 5 72O OREIE O
S.% HAJE L, swab nested PCR 7%, 125 nested PCR £33 X UV BIFR Rk AR AL O
KA L,

2-2-1 Kk

201245 H & 2013 422 A S BUR FE{ARERE T 3o I OVR IRy R vE Vi o7 P A2 T C
FNEN 60T D, G120 lED ™ > Hx)Lih A (Gosner Stage25-41) A ERE L
77 ZAUDH D g% X412 swab nested PCR 1%, &% nested PCR 7535 K OVR FLH
WA DR L R 2GS Uiz, WHEEITRO EBY TH 5,

BRELIZ U T VAR KR 2-1-1 &R UJ7HE TR, 22350 S8, 2 K
DIER EERELZRE Lz, 26 OFHERER K OKEIL 9.2em (5.3~11.6cm) |
11.58g (3.63~22.58g) Th o7z, B, v TGO AZRFIT/NHEL | Fl—
RN 2 TOBRELEITI Z LN TEXRW=D, 1 #E4 swab 38 X OVAZFD nested
PCR V5. 2 BEZ IR E DD 2 SOEET/ T2, IZUDICHHR T, Oy
RNHEREEF T LR 2 OORECRIBEOEIEG TEEND L H1T, 4 60 LI
BT Lic, TONFRIZ. WIRIR A 2 AT 2IRIT 1 BE 14 PC 2 BF 1SR E LTz,
Z LT, 1 BETIIARE 2-1-1 & [AEEIZ swab & D882 ERELL, =N 1.5ml ~ A
JaF a—TIZ AN, BEEITO £ T20CTHRE L=, 2RETIE. D8 a R4
WHZ TR % . 10% AR E AL~ Y > C 24 BERIDL EEE LT,

2-2-2 FEMFRRE (PCRBRE)

DNA OHHIZHN T, swab 205 OFHICIIAT 2-1-4 L [F] Uik z AV,
HE60HMEICIZ. T4 AR—HF TN REDF A P— (RN A~y vy —1I®,
= . H) ZHWTASZB%, swab &R U<, DNA filiti % »
NucleoSpin® Tissue (Macherey-Nagel, Duren, Germany)Z I\ T, ~ == 7 /LITHE
VN, DNA ZfhiH L7z,

Nested PCR {41, swab, M & HIIAE 2-1-4 L [F C5iEz Wz,

2-2-3 JREEMHESRE
AE2-1-3 ERICHEEZHANT, HEREB LUV EIZLN LT 7y ¥ 7o —
TY Yt itroT,



2-2-4  FERHFEIMAT
TRTCORBEFEROBMH R (2RO T EEBURE 21T - T-EIEE) 25
i L72, % LT, swabnested PCR £ & 125 nested PCR {ED & 235 K TN swab
nested PCR £ & RBLAARIG A ORI W T, T2 2 B O Z= % kT
LTI EZIT- T2 (P<0.05) .

HIE R
3-1 B VYR EMRBIZBIT DU o)V REORS

3-1-1 ARV R EIED AR

Ha > 78 71 EE D WARIFRZE ORI, O D AZRTE R (G 7o 13RI
WigME) . O¥oaRILEROEFEILB LY @HEFIOKHILTHY . & X
Jeu Oy K, Bk OB TH -T2 (Fig. 1-2b-d), HamAid, T
IZECH BB S, & LTHEDOESE, & EI2RRICE LS AFEFE (Fig.
1-2 ¢, d) &, BFELEREOIEHEL (Fig 1-2 b) 2859 Pir 21 JBiH Hlz, W
DOFEVERIE 21 JCH 11 Uiz A 5, £ DOWERIX Gradel : 3 U, Grade2 : 2 [T,
Grade3:6 ILCh - 7=, AR ILAERE OIEHEIIL 10 PEIZA B v, Z O NFERIE Gradel :
6 VT, Grade2 : 4 )L CH o7, ARHERNEEIT/R D & Wi KA
7R EMEIZEAb D b Te (Fig. 12 d), E£72. 7IROGAEDEINTRIE (D
%) (Fig. 1-2d) &7,

3-1-2 O R h BIE DB ER R

MR A OFER. DR AU VIEOMBR TR, % LEEIckiT 56
FOWLETITHEEL, AEEORE (ALjiEE I Rremb) . ERARERE
WThHolm, LT, MEBICHT VYRS Yz 7= (Fig. 1-3 b-d),
IEH MR D Seimil i E 13, EE T 2 REeARcE REILRA T 2 RFER
Mg~ (BREFAEE LG, DITEE LEE) . Z O/ I ES
2> THLS 22D | DWIZITEWAEREICE S b > Tz, AR EEED
B NICIE, DR L RO EE R LB FEL T (Fig. 1-3 a),
BHRERNA LN TIE, AR LREICB T 5 8EDOHDIH 5 VIR
PEDOWDL B L HEENH 0 | AITTESC A 2ALE ORI X » A58 ITIEE
LTz (Fig. 1-3b), TOMHEEORmIZITHIAE A 1% LT\, £/-, &
JE R ER R ol ZEAE L, BABIANELAL, AHANCIEE L Tz, mEO/
FHKEEENHE LN TIE, AF LREIIE2CHK L, HE R LM
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JaJ8 OMEFEIL S HICEE T, WRIENOENECIEEL-EER T EEICLY
Won Tz, ERERTVEREO BRI, B0, IEEESE, KTk
KIEZe ERFEO DT, RIEMIREIZIZ E A ER DN o T, WIRMIC
BEILERBNIEEL L= CTld, R EREOMEMEDORD BA LT,

DTV RAEIIAERCOARBES, £ ITERIR, LxIicT7 T xakEy
2 ETHRE LTHESNT (Fig 13 b-d), 1T& A & Dk TFEICITEE
TEHEG TR ST, —EBICEEF DR DN, B TVYRD EDilEE T
FIEY s (Fig 1-3¢) BIOT7 7o X¥7u—F Y s (Fig. 1-3d) T, &
DRI ST,

IIRESIZ B 5 D3RR ZE D33R0 BV o 72 38 JED 9 B 14 JLIZHEAR T2
HT)VY R EOREG R LT, 2O ORERITIX, B LBV B X
VHEBRY LREOWIEIL., BEHLWVITITE A ERD SN, O ERE
LIEER SN o Tz, ATV R B EIEMAHE B ICHER T AT L0
FEODTNRFERICB N T, EWAEENICOEBIE ST,

P A L OB AIIIIEF IS, MBI TH o772, B TORMBTH KR
TELDIT TRV, BIETE T —HOERITIL, lOHEKEBTED b,

3-1-3 FEDFERIRERER
Nested PCRIETIE 59 PCHI 22 T2 /LY AR A E DR ERDT-, FDH b,
WHERIRZ N G8D H AV E R 13 B, RO 72> o lIRIZ 9 IETH - 7=,

3-1-4 OBV RAIEEZBITIRBRECORER I URHERE

IR AR AT S B & nested PCR {535 K OYR ERAR MR AR5 5L & bl L7265 5. AR
FRATIE, FRSLE 95.5% & FEFITRERMED B WAL TH D Z L BRbho e,

WIRIRZE 2388 7= 21 PLrf 20 PEIZ nested PCR £, YR BEFHFRAR A O WNT 3000,
F TG TR AR LT, £ DWERIZ. nested PCR 1k - JRERARRAE &
(2B 10 PT, nested PCR {ED ARG 3 DL, T3 BEARRRAR A D A 51 7 DG, Fafk 1
JCC&H -7 (Table 1-1),

WIRRRA CIIRENRBD S 03-> 7= 38 )LD 9 5 17 PEIZ nested PCR 7%, ¥
AR R A O W ds, F IR T TR A R LTz, £ DOWERIL. nested PCR
2 RERAAR A & IS 6 DT, nested PCR 5B 3 VT, JRERALRER A5 E 8
U, BEE 21 PECH 7= (Table 1-1),

PIRRMR A DR (R 23RO 7o ER T | WIRIRE & A T D EIARED) | Fr A (%
PehBORMEERT, WAIRREEZR S Z2VEEE) X, 221 54.1% (20/37
JB) BELN955% (21/228) TH -7,
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32 UVHINGEERRGRE LT VY R EREEO

BHRAREFIE 60 PEH | swab nested PCR 74 40 Ut (B3 67%) . M #+ nested PCR
%38 UL (63%) . JRPRARMRAMRAS 20 PT (33%) DIEIZE 22> 7= (Fig1-4) , Swab
nested PCR {435 X OV 25 nested PCR {E D #E IR & SR BAL R AR RS RO MICITH &
ZZDFRO HALTZ A3, swab nested PCR % & 145 nested PCR {EDFE R DM H E 2=
T2,

Baf EH

4-1 ANV EHRICBT D U T NVHEDOE AEORE

AT OFER., T HT VBT VY R 2 ERIEE L, BRICX
S THEDIEREZHER TEHZ N0, I VYR EENSAREDE =4
—@E L CHERTHD im0 72, LLFICEF DA RS,

ATV RAEITABEERERE T 5720, WETITAENFET HOEHD
IR U CTIRE %29 %  (Obendorf, 2005; Symonds et al., 2007; Fellers et al.,
2001; Rachowicz et al., 2004) , 7 =/L Y 7RI EOEYIZ X D OasDEAbIL,
Mountain yellow-legged frog (Rana muscosa)> Mixophyes sp.? 2 FiJH THFE 41T
BY . WIRMIZ, AIE TIEMEE IR OBRER, UHRFALEDKIE - FR,
HBF TIIE O EFEIEL, H50D shortening 73 5415 (Fellers et al., 2001; Symonds
etal,, 2007) . AMFRFHIZIIE, ALMIREREICB T D RERA T =2 Rz M
fa~oE# (AFRELR) | BB L O LR, wyoaRER (0 KE)
T D, KFETHEONIIRELFRIZIT, WIIOENEM TH -T2 &%
BRONT, b E—E Lz, LoTAN, fERLIEU VT EDN
AT =)V AR T O RGBT D IR AR &I L7z,

FTo, AEY AR A ERED PRI TR RS 95.5% L R ITEm D -T2 &0 b
Az R EEITRIRBIE CIRAEZHER T2 N TE L Ll Lz, 6> T,
FREMIZRB T 20 =Y R EORIERIE HEICHETE 2 6B X T, L
L. TOREED 541%TH D Z 2D, IEMELHIBNIIE, nested PCR k& & T
PCR A&, BRI AR &, KV FEMRmELIT O LERH D,

—F VEERENAEO QSR E I VY R BRGNS A R IK TG YR (Coal
ash-polluted site) (Roweetal., 1996) . AREREOLHR, NI UL Z/rA &
LyBIOH R U LAOERE T (Rowe et al., 1998) . DDT (Osborn et al., 1981)
RaA)VTF AT v DFEFE (Hayes et al., 1997) 12X > THAEL 5, F 72, Mountain
yellow-legged frog(Rana muscosa) Tl, RIREREE N CHMAMKRICE LS5 EEBER
W Z 5 E SN TS (Rachowicz, 2002) . LxL7en b, AKFSECTHW D

12



3 VI A DB T — R & L“C”";E%é;}/bfio D, EDIZIE, OasRE
DIFK & 72 5WME ZHEHT 5 X 9 72 Ms 5RO b Lo 7z, it\ PRAE IRF ]
ﬁﬁi»/ﬁﬁt@%@ﬂ wﬁ%f%%%ﬁ~@§_%t 5~7 HCTbo s,
. AWFIE TR bR AT N &SRO AR AR RIS A, BFEHEE
ﬁﬁ%ﬁ@%@é% i%@k@@&@ﬁﬁ%ﬁofwtoiof ER L7
B 72 & DGk L OMKIRERRIC X 2L TH 5 alREMEIL e &l L7z,
T LA TVIE 1918 ARITAK KV EA S sekAEm T (B, 2000) | dE
Wi E O —FR, AN lEl.iSJ:(ﬁjLJI‘I& FIFEII MM LT\ D (FiTH 5, 1989) ,
UV EVIEHAROAERRICADE B2 525 & LT, 2005 4 & 0 FrEdh kA
WINTFRE S du, BEBRXIS & iﬁoflﬂé (BREi, 2011) . Lo T, SHEDZDHD
HEELZEETICRESHTRRTE 2, b, VT /T ARUSC
bk, FKO—E, F—a vy RO, 7T TIEF A, BB SR
<A LTW5% (Mattison et al., 2008) ., Z D72, ENITH E LD, AfEE
T2 = vy R B GR I O FRA T B AR LIS O 5 o [E S0 Hitdik ¢ % F i ¢
T, HEOFHBUC L2 EZZZEETIC, BRI TEL oL, BAME, &
DFE A ARG O 72 BEER (Obendorf et al., 2005; Symonds et al., 2007; Fellers et
al., 2001; Rachowicz et al., 2004) XV &, HHRERPELNLI D EE X T,
WEOENEAHAETIL, 49 (FRELZZ0EAHE 47 ERBS LU 0
TV A G TSN RTE 2 FESEH) . K9 5,400 DEO M AN R S AL, & DORYLRIT S
4~5%T&H 7= (Goka et al., 2009; Goka, 2010) , AHFFETIX. 7o T LhAED
YR 62.7% L FERICEETH o T2, T OEBYFEIT, AR /LY R
NEWRIZBTLE=4—EWE LTHAHTHDLZ LEZRLTWD,

42 UV HTNVHEERRE Lic )V R EREE O R

VY IR T E R HERIE swab nested PCR VEDN A b 0> > 72723, swab nested
PCR JED#EF & 125 nested PCR EDFEROBICHEZZRO RN -T2 &
swab OFBUIERIE O FHOREBELEZ T H 2 Db, BV R EENGHE
IZ1%. 4% nested PCR IED AN RBEEVE TH D L f5am oI 1=,

T TV IR F B DG RS D FIEICIE PCR 15 L OV E N H 5

(OIE, 2011; Hyatt et al., 2007), —fi%IZ, PCRIEIZEE R L ORRRENEm L, F
BEREGTHY, i, BEHREEIEIT NV a— VBT ERIEORE L BS
THDZ b, BMIKERDOLZ W REEGRENEETH S (OIE, 2011), PCR LD
HWBRERE LT, swab IZFEREMICERIITE 57, #3EIZ swab Z 8T 5
7eDITiE, APENICEBEREZ AN THFZICK O BERH D, T72bb, H#E
FOFHENPRATHD &, +HEORENPERINTE T, BFEMEIC2 5 ATREMED
HDHENIREMNH D (Hyatt et al., 2007; Retallick et al., 2006; OIE, 2011) , ik
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PCR EIFHAE (EEHENEOLEIIOM) 28T 52 & T, AERBICEREL
TWD I TV AR E A MEFITERINT 5 2 L b EE, FFREZ & HITEVDS,
REWNTHD, > T, BTNV ARDEOFEIZBNCT, HPEENRLT D
%513 swab nested PCR E72Y, A BEN L L L BET 2 MBIk
L TIX A %5 nested PCR IENHELRE X5,

Jr B AR R O PR CHRMEAR ZBIE T 5 2 L TH T LY R U B DK
X TR FHICHER T 5, FFEMEDE . S BITEGRIC X 2 MRk F OFEHh A3
ARECTH D —FH., RENTHD, o, MMIEAROIERIZIZ, MHilko EE~Ys
BE TEETENZL ., EANTERTHETHRETS 3 BZET LD, K
BRI ATV R0,

BRED T )V R ERELEDORIEL LR REZBRF LIomEIC XD &,
Hyatt et al. (% Myxophyes fasciolatus FARIZ T =)V 38 71 ¥ % TG =¥, 7 H
[H bR CHERFAYIZ TagMan PCR {5 (ML @ 1R1E KIS L OE) & RBlkiR A (5
Sz AEFE U, HE Yefhds ORI L () OfER A L, WEEMRAE L D &
TagMan PCR {ED N LV mWEEZ AL TS LB TW% (Hyatt et al,
2007), & BT Hyatt et al.iX Litoria sp. 2 TN swab 35 X OV A gl 2 £44 L |
TagMan PCR THEMELORRNRZ G LTz & 2 A, Ak T =Y R b BilF
A1 400 Riiii 2 R U 72K D3 swab CIFF BB 03 S e o2 &
ZERWNT, BAEMELE Lo ngsiikds LU swab 13RO TR TV D L& L
TV% (Hyattetal., 2007) ., F£7=. Retallick et al.l% Rana subaquavocalis \Z 77 =)V
VAR T & FEBREYE K48 C, TaqMan PCR 12 X 0 fERFAIC swab & 1 #a#iik o
BRAERGRZ R L7z & 2 A, —H L THEK PCRIEOFEEDERL T Lt L
TW% (Retallick et al., 2006) , AMFFETIL, swab PCR IED 7734l PCR £ K
D HEENE NS T, ZFOEICARBRETRD Loz, LLEX Y, TagMan
PCR i£ & nested PCR 5 &\ o 72 k36 X OVGEBRIRYLB & B SRR & v o 7ot
GENOENTIH D03, TV R T ¥ OENGAG Z IEHICHH A2 7212,
BREVE DO FE OB 22 T 72 0 AR ZMELE LT, nested PCR {ETHRAET 5 Z
ERAMTHDLEE R T,

k. AWFZEIZIN T, swab PCRIERGPE T, #lifk PCR IER2MEIZ 72 - o 8K
1 VBN =25 ZAUEAE FIRIC L 2B EGCTH DL B 2T, T770bb, [F—
B swab, HERONAIZEA L7 Z 0D /LY AR B O RYLFR 73
DETH ST AIEDEE . swab Z8 o T-% O NI 5 0=/ R B B ORE
FIB(R 05k PCR ORHIRFLL FIZe o7 2 ERB 2 b7,
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Bd18SF1 Template DNA

18S rDNA ITS1 5.85SrDNA ITS2 28S rDNA

Bd28SR1

1st PCR product

Bd2a
znavcn S L
2nd PCR product

IEYE - 5.8STDNA  BEYA

Primer sequences
1st PCR
Bd18SF1 (forward): TTT GTA CAC ACC GCC CGT CGC
Bd28SR1 (reverse): CAT GGT TCA TAT CTG TCC AG
2nd PCR
Bd1a (forward): CAG TGT GCC ATATGT CAC G
Bd2a (reverse): CAT GGT TCA TAT CTG TCC AG

Fig. 1-1. Image of amplified region of nested PCR. A modified from Tamukai K., 2014
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Table 1-1. The numbers of Batrachochytrium dendrobatidis (Bd) infections in tadpoles with and without mouthpart deformities from

PCR tests and histopathological examinations.

Number with Number without

mouthpart deformities mouthpart deformities

Confirmation of Nested PCR test 3 3
Bd infection Histopathological examination 7 8
Nested PCR test and 10 6

histopathological examination
Negative 1 21
Total 21 38
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Fig. 1-2. Macroscopic features of normal specimens (a) and oral chytridiomycosis in
the mouthparts of bullfrog tadpoles (b—d).

(a) From the center to the outside, normal mouthparts consist of the upper and lower
jaw sheaths (JS), upper and lower tooth rows (TR), and marginal papillae (MP). Jaw
sheaths and tooth rows are highly pigmented. (b) Thinning of the pigmented layer of the
lower jaw sheath (arrow). (c) Partial depigmentation and defects in the lower jaw sheath
(arrows). (d) Substantial depigmentation of the upper and lower jaw sheaths (arrows)

and tooth row depigmentation (loss of teeth) (arrowheads).
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Fig. 1-3. Histological features of normal specimens (a) and oral chytridiomycosis in
mouthparts (lower jaw sheaths) of the bullfrog tadpole (b—d).

(a) The superficial layer of the tip of the lower jaw sheath consists of flat cells that
contain abundant black pigment (pigmented epithelial layer) and the tip of the jaw
sheath is sharp. Bar = 50 um. (b) The cutting edges of the jaw sheath have a blunt shape,
the pigment is diffusely lost in the pigmented epithelial layer and slightly found at the
tips of the jaw sheath. The lost pigmented epithelial layer is replaced by stratified
corneum, which was caused by hyperkeratosis. Batrachochytrium dendrobatidis (Bd)
zoosporangia are found in spherical and flask-like forms in the stratified corneum. Bar =
25 um. (c, d) Bd zoosporangia are clearly observed on immunohistochemical staining

(c) and Fungiflora Y staining (d).
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'é, 60 % 7 N
2 40 %

examination

Fig. 1-4. Comparison of detection rates of swab PCR, tissue PCR and
histopathological examination.

The detection rates are high in order of swab PCR (67%), tissue PCR (63%) and
histopathological examination (33%). (* P < 0.05 the swab PCR and tissue PCR vs.
histopathological examination; n = 60).
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B2E UV TIAGEIIBITIZNNY NI CRREOFHET DR

B1E Fim

1 ETIEH, WY AR EENSMHEEZFERTL201I2H2Y, v =
Wik mE=X—d8 L LT, £DOHex e 35 nested PCR £ )N i
ThHDEfEmftiT7=, 8 2 BT, I5I2, h AV Rb EENSAEEZT
9 e 7R R 2 P E LTz,

T VY R A EIEGE R KOV R EIEDORAIIIFE LB NDH Y . JIEOE
WEGITIRETH D Z LB TS (Berger et al., 2004; Kringer et al; Ouellet
et al., 2005; Retallick et al., 2004) ., = L C. EWNTEE S 7-M—DENDA M
TITEPERENIEF IR E ENDT~IFIATHOITE Y (Gokaetal., 2009) , =
DAY R EDENSMZ KM L TWDL0EMTH D,

AARIIKRE L 3 >ORMER B0 deiiE - FALHT . RN EALLIEE 6 &
OV BIRAE 72 EOM A2, 22 NFER (mH) . i LOEEE R
BRIZIB LTS (KERIT. 2002 ), AIMNDIRVHIER A &5 2 IR A5 DR
X, WEOEENRE L, T moiEEs s £/ (2011~20154F) O
KiBEZRTHE, AF (12~2 H) 1248C (3.0~79C). EF (6~8 A) 1%
25.0C (20.7~279C) Th 5, #>T, BAROWMAETHICB T H I VYR E
YL G ZFEAEN T 5 ATREED B D

F2 ETIL, h YR EERNDMRELFE T D128, v o)L
WA DL 2 E T D200, VY R h EIRYLR O ZE A B oA L
R EZPHE LT,

2 MBI X UHE

BTV R I EOEEE R T 5720, 2011 412 A ~2014 4 6 H @ 31
B AR, EHENZ T TV EZBREL, 2 b O Hae% VT nested PCR
AT, BEA T O VY R I ERRGLROHER B T,

2-1 ik

2011 4 12 A ~2014 4F 6 H O, 2012 4 12 A #Br< @A IcE i 15 T
FIX30 VL, AFF 345 VCD ¥ o A = )VahE & R IR T O — 4 Bl HEAE
L7z (Table2-1), Z L6 DOfE{AZ S 1 3 2-1-1 £ [R U FiEZ AW TZREEIERE,

RE, KEZHEL, F132-2-1 RO FEICL > THSEERR LT,

22 T EYMFERORE
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B 1222 DFEINST, v T VAo Oasa ikl L, nested PCR
ExEIT-o T2,

BEIE MR

BEER BT DI =)V R B DKL Fig 2-1 19 L B0 T, LN
REEEEBN D -7, BERENRLEWAIL, KB LEFLIZULHS 4 A (H
THIRIR 13.7~148C) BL W6 A (20.9~2227C) T, ZNETN VI 8T%F &
N78% ThH-oT=, KILOE8 H (27.4~278C) BLV10 A (18.3~19.8C)
IR e X v T, 2 A (62~7.7C) &£ 12 A (7.9~8.6C) @
JERYLRITZN TN T 3% B LN 29% 2R~ Licb DD, BEFIZL > THELL
Hipo Tz, T78bb, 2012 4F~2014 4D 2 A1X. FHENT%. 60%E L
W63% TH Y 2011 -, 2013 F-D 12 AT, ZNZEN 47% B LR 10% TH -7,

Bmati EBE

ENEAETOY L B UhAEIC BT, 4~6 125\ VYL SR & k4 2 25 6
WL EERLMNI L, Lo T, IR AEEANSAMARHAL 2~6 H
AT O Z WU Th D L a7,

INET, BTV RD CRERROFH LT, A=A TV TD7 A=
A7 N (Berger et al., 2004; Kringer et al., 2007; Retallick et al., 2004; Woodhams
et al., 2005) BL OB FZ DXy 7 (Ouellet et al., 2005) (ZFVT, BFHAH
BFE XM ER A OEDEERFEAZ H O TGN TWS, A—X T
U7 OFEIZBUVT, Woodhams et al. L& « ZEH L D HAKIE - faRHl,
Retallick et al. |THEZ - KLV H4ZF - FZF, Bergeretal. [F4ZFITE VYR
FIITY R EIEDOREZHER LT EME L Tnd, I FH TiL, Ouellet et al.
DEHKE @A~ ABLO10 A) IEEENREL, EFE (TH. 8 H) &%
JERYLR MR E 3R LT D, 512, Bergeretal. [T EROEAGHAEICINZ
SR 17°CL 23°CE 1T 27°CO R ABEE FTh =/ R UYL R 24700,
17°CH LN 23 CEREL T DYDY 27°CEREE F O L 0 A BT RN
WEHRE LTS, ZAbORRIE, RIREREE TICRIT 50T/ R Bk
el Wo e mAEEL TV, AFRICBW T, I FHXICBIT5 10 ADE
JE&YeFE (Ouellet et al., 2005) ZPRNT, TR HOWE L~ L, T7bb, &
T AR I EORPEREIT, [RIRO EHLITILHD 4~6 H (HEHXIE 13~
222°C) 2@ <, KOGV 8 HB XL OXIRMET LTS 220 10 H IS I3sksy
EANHERRTE RN E W) FEETFHNH - T,

TV AR BRGNS EIAE A R T & LT, AWEAROEEEEIR
FE & DREPRESILTN D, T b b AT/ R Bl in vitro T, 4~25C
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EIRVREERF CHIFET 5 Z N TE L8, BEBHIREIL 17~25C L cnTwn
% (Piotrowski et al., 2004), F£7-. Piotrowski et al.l%., 1 =/L V7RI EE =&
FEARIRE 4Cn 0 23 CIT T & BRI T % & iy L TV % (Pitrowski et al.,
2004), —J5. Longcore et al. |X, /LY 7RI EE#MZ 30°CIC 8 HEEW -
%, WIRRMICRT &, FED D WVITHAE L2V, AL L2 T b HE
D L7 LCuW% (Longeore et al., 1999), ZN b L aEE X T, %<
DHFFEE L, IV R ERGEROFFLBF L O R H EIEDRITEREIIS
T, B VY AR EORBEBFIREICEEST L EBL LTS (Berger et al,
2004; Kringer et al., 2007; Retallick et al., 2004; Woodhams et al., 2005), ASHF4E CTH
RINTFEHEICEA L TH, mPEkE I FEkoBEWRH > T, FEEEE
LTz 4~6 HIEHFHRIR 13~22.2°C & U =/ AR 1 B OHFRTEHEICE L 72K
MChoTeZ &b, BBROEZBZLZ IR OB L RoT, B, 10 A OKY:
KB L TR L I FZ D~y 7 M TORER (Ouellet et al., 2005) & K72
B2 "o, HAOXRKT —2Y =1 (KT
http://www.data.jma.go.jp/gmd/cpd/monitor/climatview/graph _mkhtml.php?n=71627&
y=2000&m=12&s=4&r=0&e=0&k=0) (2L 5 &, 2001 FF\ZRBIT DT H « Xy
ML EBEIEBOEN 7 H TS AR 21C & B )V Y R EDOFRE R
KIREOHPFIZH Y . =Y R BREGERITN 3% Th o7, £ LT, 10 HE
TRIRDIERTIZE, BTV R CIEGERN LR L TWDL 2 b, AT )r
VAR EORBEEEEE LEEL TWL b0 EHERE SN,

AWPZEIC L > TH LN SNTZERNBERRICET 20 =/ R IR GLEhhE
DA 7 E ZA~FITHT THEGE - SR L, KURDS B BEiRE % L[
HEFICRELWD LTk, BERK~ZIT T THOERT 5 LSt b,
Alal, R IR PEHE T CAlAs 2 520 L7228, [RAR D ZREI A B Iah 21| AR AR R T
T SN TTFERIR GERFEE . KB PR, RaELT —
Z) b —E Lz s, ENTOMEEITRNSDEER T,

7B, RIRN 183~19.8C LA TH -7 bbb LT 10 AT A 80 72
Do T, KUROEW 8~9 HIZEBRETOH = /YR E53zE LD Lz
%, KUEMET L TH S22 10 A OFRFRTIE, PCR BAIZ X 2B HRALLT
(DNA £ 0.001pg LA F) DEGLRILTH o= b D EHEER L=, F/-. 2 AB X
O 2 ADRGRIZ, BRI L > TARTY IR o7, ARk OFARE T o
FAE CITERER LR L W2 D, ZoREMIZET 2 BT/,
KR, U H T VA OBEREEE 7 &3 1 )V 7R 1 E OHEGE, RRGELRI 5
WLIbDEEZT,

AREBIOE 1 =D, AEENEZ 2~6 AL LT, v T AhAEDNEHRE
Bept L. nested PCR JETHA T A Z & T, 1B/ =)V R I EENGAARE
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Table 2-1. Summary of Batrachochytrium dendrobatidis (Bd) plevarence, captured

animal data in each month

Average
Number of Average
Number of ) body i
Year  Month . animals body weight
animals o length
positive for Bd (g)
(cm)
2011 Dec. 15 7 9.4 8.6
2012 Feb. 15 1 10.3 10.3
Apr. 15 13 10.7 13.8
Jun. 15 13 11.5 18.5
Aug. 30 0 7.8 5.0
Oct. 15 0 6.9 43
Dec. Not done
2013 Feb. 30 19 8.7 8.8
Apr. 15 14 9.5 11.8
Jun. 15 15 12.1 19.6
Aug. 30 0 9.0 8.7
Oct. 30 0 8.2 6.7
Dec. 30 3 9.6 10.5
2014 Feb. 30 18 9.2 11.4
Apr. 30 24 9.9 14.6
Jun. 30 14 133 22.9
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Fig. 2-1. Seasonality of prevalence of Batrachochytrium dendrobatidis (Bd) infection in bullfrogs (Lithobates catesbeiana).

The prevalence rate of Bd infection of L. catesbeiana is detected high in April and June, and absent in August and October.
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BIE BATUIVHINVGEEZHNRE LA VY NI COENSA L &In
A

B1E Fim

H3ETIH., B 1~2 ZEOFEICESNT, /Y ARD EDOENSMHHAE &
BT, MLV R EonNT v X A T ORI 21T 72,

71 =07 F1 BE 1990 R ST OB 535 2 & SRR S 4,
1999 T RLE S L7 FTERIFIR T 5 (Longcore et al., 1999), D=
SV AR T EORIRIZE LT, B BEGUE FL 0 R AT e & < D0 DGt
DAL THITWND, FRC, R4 —A NZ U7 T, YABEREIZL D
AEFENREIE L, RA W EN RS Sz (Berger et al., 1998), ZiLH D[H
([ZBUT D ERIFHA ORE R TREERM2 EDENTH D78, BEBHN 10~100%
ThHbHZ L (Lips, 2006; Berger et al., 1998) . K&V EE TWDH Z &, ITS
IR A RIS & 4 % haplotype D ZAEMEASIEH 12D/ 2 & (Goka et al., 2009)
LAk, 77U A=A T U T RIERICEIT 2 B -iEEk 10 20 & R
& 9% Multilocus sequence typing (MLST) fi##TIZH VT H ., BB ZSERMED
L 72y (Morehouse et al., 2003) Z 728D, W VY ARDEIC LA ES
ZF- D OESNEICRB T, I AV RS EIEHERETH D &V IR
MURIE SNz, S 61T, ZOERE LTIE, Weldon etal. 5 @ 1879~1999 4F(Z
BRAE STz Xenopus sp. 3 FEORIFAEARZ XIS & LTc =/ 78 71 B 0 K Wb
FAZBW T B TREFEDRRD LI TNRNT & Y 2.7% &K 2 &
T )V IR T CIRRGL A Rl LT MR, b i WEAR L D 1983 FFEITERE S
727 7V AT (X laevis) \ZH TV R EDEREZRBOI-Z L, b6
(2. T 7 VY AT TR O Y — v L OVERENMY & L TR A RIS
B L7z WO IR — R H D Z 7o b, 77U BERFEFRSA IR I
7= (Weldon C., 2004) ,

UL b, Fex OFATHRIC L - T, EWNEATEAERITZ T = VY R
ENZRGE LTV D28, JRYERDN 4.1% L FFHIIRS . FERFE T, A4 e
v U A (Andrias japonicus) . >V 7> AE YU (Cynops ensicauda) . X~ F x )b

(Fejervarya limnocharis) . 7~ 77 =)V (Hyla japonica) . /¥~ 7=/ (Rana
nigromaculata) ¥ 5OV F )V (Rana rugosa) @ 6 FEFEIZ LHNEGERTRO 5
o TcZ & M S U7z haplotype 1L 59 fiHICH 52 &, B TH, HA
EECHLAA Y av A elEAHETHLV ) T oA EVIZBITD
JRYLRD . TNEN 37%FB LTV 50% & @R T, SHIZ, Zbo 2 @D
RAET DI IV IR I ED haplotype (X, A>T a v 74N Ktype DI, v
V7oA YMNA, E. I, Wtype DA TH o7 (Gokaetal,2009) ., F7=, ¥
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ETOmABEICIIREER LR, MAT, M7 7 U I ORFEA X
D, IHIZSIFEDLEHW 1902 FICHRE SN A AV > v a v T ORFEARIC
BTV R EIEGE R LTz, L EDREERNG, Z= YR B, HARR
FOT T EERE LT, HRPICIEB LW G (7 TR i
" L 7=(Goka et al., 2009) ,

ZORKREZIT T, TVTHEICBIT 2EFHENERI L, 7T EEEICHE
BLTWAIRIME LT, KEFENRBO LT, ¥ U CTRYGLRIZMEVY (Swei et al.,
2011; Bai et al., 2012; Bataille et al., 2013) Z & NZ&F H 417z, % LT, haplotypen?
LRI SN TWD N, RET U7 B OFE R IZE > T2 (Bai et al., 2012;
Bataille et al., 2013)

TIOTIEBITDHINOLDOHENS, Sweietalld, 7 V7 OBFARICHOWT, O
T ITIZBNT, ME & RIS =Y R EIEETEYRIFA TH 5 A, BIE, R
TERELEDEE TOHRVRBLUCH D, QO VY RBEF, BABLOT VT O
[E A A (endemic) TH VD, BWESR 21T, 7Rk A5 & L LT 5,
@&, B IV OIAEMEY R L, YR e LAY & F <R
BRMNY R EREZFIE L TWD D 3 ODRFH A T7- (Sweietal, 2011), L2»
L. 20O 2. 7TV TIZB T D=/ R0 EO% RIS L OVEFR
AL TRIL RN EbH o T, REMREEDIZE > T2,

T YT RIEH A REET 7o, IRIkIC o T, YA s, R L %t
LHERWT, B0, BYRB L ONE G AT — 2 OER, it 3 %8 T
HD, BARIZEBWT, W7, Gokaetal. (2009) (2L -> T, EEFHENER S
7203, FAEREIZ2007FE5~11H 0, & L TEET, BEEEIEEZ25CLLT
ET DIV RABIZE 5T, I bEFRIEENMRO R I T, BEES
A1%ENED T2 2 D, WIREIZH =)V iR B D EWN A % SO L TR
AREMEN B o T2,

F T, RETIEI VYR A I X D WATEOEEIZIT 2 ENIOfHE
IZDWT, IV R T EORGEE BRI DI~ Fric, B
TAVRIEDT DT RFEMESHEICBWT, BERTHEDIC, VoAV RA
EOENSA ENT A TS ET o T,

Bl MR X OTEE

Ay R COENIATE I HANTT BT, 2650, 443k 583500
DI HI)VHWEZRREL, 26D O8mE Ny FEW R (nested PCRIE)
(2 L7z, Nested PCRIEIZ K » THitE & 72 o I2PCREMI NG, ¥ A L7 hi—7r
ALY T R T B OITSHEB O M HE LS 2 i L. BEAE Dhaplotype &
Pl % & & bI, Frhaplotyped N4 % 7.
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2-1

20124F38 L OR0134F, & 1~6H . 2680 I, 444t 835CD 7 o F = /L4
ZEAE LT- (table 3-1), F1E2-1-1L R CFEEZHNWT, ZNE 08 % 22 3585%
L. BE., KEZHEL, F1E22-1LFUFEICLE-> T, OMEER L,

222 FFAEYFRBRE (PCRBRE)
1222 LRICFEEZHWC, v Ao vhEo gzl L, nested
PCR iE&#1T o 1=,

2-3 ATV RA EITS RO EE S| DR

Nested PCR {52 & » THtE & 72 > 7= PCR FEMIN D, HHEY — 7 AIEIT T,
1=V R O ITS fEIR O FEELS], % 300 bp & fEHE L7,

ExoSAP-IT ® (Affymetrix, California, USA) Z#HW\T, v == 7 /LIZHEV, K
D &3 2nd PCREW N B RKET T A4 ~—E L OAINTPs ZfrE L7z, K E T,

1 RIS &, 02ul ¥4 7 29 = — 7|2 ExoSAP-IT i3 2ul, 35 & 0V 2nd PCR
PEW) Spl DIEIC AN, By T 1 U ZIRE LTz, ZhE S —~< ¥ A 75— T,
37°C + 20 43, 80°C - 15 0 DKM TRIG ST,

R\UNTC, Big dye terminator ® (Applied Biosystems, Foster City, CA) % U T,
2= a TIVICHEW, = AR E T o1, 7B, forward & reverse D 7 D
WRFSN & RGeS D 72012, 1 RIKICSZX, 22002 ~A 27 0Fa—T%H
ELOKET ROEBVRAIEREELIRE LT, 020 v 4 7 2 F 2 —72OdDW
Sul . @H SN T~ == T MR- T 1/8 #BR¥ Big dye terminator 8ul . @Exo
Sap #LEE L 7= 2nd PCR ) 2ul, @D1.6uM 77 A ~— 2ul (—H1ZiZ forward :
Bdla . ffiJ71TI% reverse : Bd2a & Aiv5) ODIAIZ AL, HFF20u &L, Ti
Y —v A7 T —ICHEL, S, MIGEREIZ 96T « 1 s S H
72, 96°C « 10 £, 50°C * 55 #b, 60°C + 4 3DV A 7 V% 25 %A 7 VAT, 4C -
wk Lz, ik, TN H ) —VILEE1T -7,

TH )=/ TCIE, 1.5u v A 7/ B F 2 — 712 5mM EDTA 5ul | Big dye 4L
B OBE 200 (£8). 99.5% =X/ —/L60ul # AT, EXoT 0 7,
IR 15 00, BE S, T, 4°C - 15,000 rpm - 20 A3, EmO %, BiEE
Tz, IRWTC, 70% T4 J —/L % 100ul AL, ILiE#) &P, 4°C + 15,000 rpm +
10 5, mOL, EEZETCREG, |E - BEXEE Ty 78T 2—7 0
EHEBT-EETEEX, DNALEW 2R S H 72,

ABI PRISM3100 Genetic Analyzer % iV T, #EH L 7= DNA O IERS] % fiFf i
L7zs EROFEIC TEBRIEDOKERL L 7- DNA 2 DW S0ul [IZIAfR L. 96 N7 =
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V7L — b (MicroAmp® Optical 96-Well Reaction Plate, #4/: %: N8010560,
Applied Biosystems, Foster City, CA) (Z A4, ABIPRISM3100 Genetic Analyzer
(2 CHE FLRO A & R 5E L 72, 7238, ABIPRISM3100 Genetic Analyzer D fEIL, A
For MR EREE A RIS,

5 53172 DNA Hi FLE2 515 — 4 X . MEGA 6 software 35 X UV FinchTV1.4 software
VT, RS A E LTz, WE L7zkls% BLAST THER L, I =/ YR
77 €D haplotype %K E L7z, 723, haplotype D4 12O\ T, BEAF D haplotype
ER U EITZE DA R VA 40TV 7220 haplotype (290 T, Isolate No.
Z T,

2-4 BTV RAE TS FROBEESI DT T4 A b I X USRI

23 T DT =Y R T ETTS TR O HE ZEAL S T — & Z [N H AR S 6
B, PEBRHSERFEE, 77U D BRERSTER T T VUi HER20FE R RS L OV —
ARZUT 27T B, THRYIABR, FIEHE L GICEET 74 A2 b
ATV, SRREENT 21T - 72 (Goka et al., 2009; Bai et al., 2012; Schloegel et al., 2012) ,
B, 77 VVRIMRICIE, mEOHE OMLSTHHTIZ L - T, R IRITR# &
X 715 Bd global pandemic lineage: Bd-GPL & Bd-GPL L 0 & el i H7=n ., 75
VTR SN TWAHBA-Brazil D2BENZ EN T\ D, o, 77 U Bk
Bd-GPLIZE £ D, LEHT 74 A2 MIIiX, MAFFT ver. 7% F\\ 7z, SRAEHENT
TlE. MEGA 6 softwareZ FIV N T, E RS GBI TR 2 FRL L 72, 7233, Goka
etal. (2009) D TFVE%EZE LT, Kappamyces. Boothiomyces¥s & \Terramyces
DITSTEBIE IR T 25 ME & L THW T,

HIE MR

3-1 ERBFATU VAT ASAEICEIT B0 /VY ARG EORHIRN

835VCD 7 > A VD N ERE x4 L LT, nested PCRIETH =/ R E
DR ATER LI 2 A, VY RAEIEERIREL TBY ., FORYR
(T I32% Th o 7=, T, PHE L72680F R, 44Hlgd 5 H19%BIR . 294k
2662 [E Y 2 7B 7= (Table 3-1, Fig.3-1) . /LY RA 3L (F&) . B
OGBS, BE. B ) o hE (@R BRI BE, L
Wl BEG R, a) L WE EED . U GER, R, B, i)
EENITIA L 5340 LTz, B L7z sz 51 2 KGR 133~100% TdH - 7=
(Table 3-1) , FRZERICHHE SN OERE T2~ 72, 7ok, RE S
IR T MBI TI . 158 i Th o 7=,
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322 BATUVHTTNVHENDRHIND I /LY R A E Dhaplotype

Nested PCRIEZIZ LV . B /LY R B B SN 72665 K DPCREM %, 1H
Pl —r o ZIEIC K 0 BV R B OITSTEIR O IEECY (F1300 bp) % fEa5E
L7zt Z A, 68IRIKDMMTIZ TN L7z (Table 3-2) , Z D#E S, 41FE%H Dhaplotype
DR S AL, 723 T H A typedS w3 (28%) ITH# ] S 4172 (Table 3-2, Table 3-3)

4178 % Dhaplotype® 9 B, B EIZHA 41TV Hhaplotype 36 FHFA265 1A (A
type : 19, CW34 Clone N : 1, Ptype : 2, Ztype:2, Bd4l : 1, Bd50:1) BXW
A B 7212 HERE L 7-haplotyoe 3 35FRFEA2FR A (No.7 : 5H{K, No.8: 3, No.9: 2,
Z DftiNo.10~No.41 : %1) &-o7= (Table3-2) .

B HI71Z 31 DHhaplotype D 3 A RPLIX, B « 10FEEH 14k K, 38 6fE%H9
RN, T 10FRE 4RI, DUE « SR8, JuN  17FE23 IR CTh - 7,
i S L7 haplotype® 9 B, A typelZHE LT 2 BR < 417 HRED H AL, 194K
FEkbZ MmN (Table3-3) . T, No. 723375k (BIR « 244
R, TE 20 VUE 1) o ZtypedS2Hiroffs (WHER KON - & 1iE) @&
DBV (Table 3-3)  F£70, [Al—HuEIZ B Dhaplotype 23 EAE L TV 7z (Table
3-3) . 7B, Atypedd LUCW34 Clone NI ASHEO B EE 52 T\ D
Fift (B. dendrobatidis global pantootic lineage: Bd-GPL) |ZJ&7 Htype ThH o7z,
F7o. BT S N 7-BA50E X Ol Tl S u7zBd4lid, T2 PET
R S 7-CN338 L UCN10 & [F— DO IEES T d - 7=,

3-3 ANV RA CITSEEFHEIRICE T 5 RGEAENT

AKifFge RN RHk S BERICHREDOH H2EN, HE, 77U N, 7TV
o A=A Z VT, =7 RAVBLOT IV A E EDICEZET T A A
Y NEATo T, B ATEIZ T RMAT 21T o 7o, Clade JERKIC B 7 Hit sk
ZITRBO N oTlz, Fiz, PEREK LR T clade Z L TV D RBIK SR
Woile (Fig3-2),

A BE

HARICBIT D02y R EDOERNGAE L DT 1 2 A T ol LI R,
HTVYRACIIBAREELT U7 ZEFEE LT0 D AREENRE 2 bz,

AREIZL T, BV R A ERRAE~MiE TEAIZIES ML TEY,
JRYEN2% E@mW I E A BN LT, 7o, AR TIE, BEICAA, PE
BXOT 7V 5 TRD LTV Shaplotype 6fE%H (Goka et al., 2009; Bai et al.,
2012; Farrer et al., 2011) (ZAN%, #H7=1232fE % Dhaplotype & feid L 7=, BEHR O [E
NI A2 3 % & (Goka et al., 2009) . H ARIZITA 72 < & H91FE5H E Dhaplotype
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INMFIEL TV, B S zhaplotype® 9 b, HRHITRH (Bd-GPL) (/@9
% A typeNOSIRIA T 19f AR (28%) L&/ b <. 6T, R, Tk, WEB X
I & B b IR0 LTz, ZOfh, No.7& Z type SR T THER S h
7oo —HIFITAAAE LTV D haplotypel 32FfSE (FRIEMIG) ~20f8H (Ju) &4
H1 7 1T EL Dhaplotype MR L T\ e, BEEOFERK (CN) BT 7
KRR (Bd-Brazil, Bd-GPL) ODITS & Lb#k U725y 7 RFHENT Tid, clade D
A BARE 7R U257 BITRD SN o Tm, ZHDDFEENS . KEFEIE T
R OEPNIRIL BB E 2T, Sweietal.  (2011) 2MEE L7723 >DGELD 9
L, @AV RBEE, BARBLOT V7 TIEXEAFHEAR (endemic) TH Y |
FWRE T 288 Tt b LTV B ATREME A RIB L T 5,

HE, BEOFAEICEBNTH, BEENMEN EEZRNT, I ALY RIE
D JRIR 534  haplotype D & W kRIS L ON—HBIZ B AR & 58 0 haplotype % 789,
23D, HUBE A O haplotype & 28U L T\ b Z LiE, AUFEDORETwmE R L
TW% (Baietal., 2012; Batailleet al., 2013) . #[E (Baietal,2012) TiX. B4E
THAERE 2,075 IC (FERAE 19 F¥H, T U A TIVEliR) 2BV AR A e
JEGLIRIM T2 & 2 A, YR 7.6% Th > 7=, fH S 417z haplotype i3 30 Fi
¥C. ZOW 20 FIEITFEEF haplotype TH V. it 10 FikE X EE S & Him
® haplotype ThH o7z, Z£DOHIZIL, AARMH type TH D A, L. Etype & A
TWe, 6T, &b < M S 7 haplotype 1IAMFZE L R U< HIALIRIT R
T D Atype Th o7z, FEETI, KA 13 FHL LY O T VSR OE
1,863 VCIZ31T 5 71 =)V AR B DGR 25~ 72 & Z A, 330 PC (18%) I
BT R YA BT, O haplotype 1X 50 FE¥E CTH -7, TDIH b,
45 FEFFITREE & Sl O haplotype Th v | fill 5 FEHIZ, HARMK TH 5 U, P,
O type Z & Tefll[E & 338 @ haplotype Th > 7=,

BRI Lz, BAR OR#F%E) B X OWE (Baietal, 2012) 75 Bd-GPL
IZBT % Atype i b < SNz, 2O NG, DT AYRIERT Y
TSR L, RACHE A ORI S Lz 2 E RSz, Ll
BRI R YRR IZ O W TIE AR Th o 7=,

AT, ERNICBIT AV R ESARELITo /R, h VR
HEFXHEARIZIELS 3L TEY . 28D haplotype WFELTWHZ & Fi,
HHRIRATRH TdD D A type DA D ERITH I S iz, Rt T,
AR, HE, 77U H, 77UV A—ARFVT =77 RABLRT FH
A FRHER D clade TERIZEBWT, BIBR e g 2270 L1380 o T, £70, HERKR
HEEE R clade IZEENDH O L Ho7-, BEOPAE, FER L O@®EOFHE

(Goka et al., 2009; Bai et al., 2012; Batailleet al., 2013) H & & T, DW=V R E
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FEARBIOT OTIZENTELS D OHFEL TV S EAFEAE (endemic) Th
V. WASEERTE L L BT LTV Z A HEZE S, & 512, Bd-GPL
2B T 5 Atype DA O@mBICH SN Z L1X, A=AV RIERT T
MO L7 E W RFLE R T 52D Th o7,
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Table 3-1. Summary of Batrachochytrium dendrobatidis (Bd) prevalence in bullfrog sampled in Japan during 2012-2013.

Number of  Number of
No. Region Collection site % Latitude Longitude Date
collection  Bd positive
1 Tohoku Tsuruta machi, Aomori 1 1 100  40.753603 140.378575 May 13 2012
2 Kanto Tomioka city, Gumma 57 43 75 36.273364 138.887573 March 28 2012
3 Hanyuu city, Saitama 13 6 46 36.174547 139.601671 May 1 2012
4 Machida city, Tokyo 1 0 0 35.598044 139.415018 April 30 2012
5 Machida city, Tokyo 30 4 13 35.577714 139.447514 May 12 2012
6 Nerima, Tokyo 31 0 0 35.76656 139.63005 Febrary to April 2012
7 Sagamihara city, Kanagawa 30 4 13 35.562884 139.3195 April 13 2013
8 Yokohama city, Kanagawa 30 1 3 35.447362 139.531818 Febrary 17 2012
9 Chubu Sabae city, Fukui 35 5 14 35.937822 136.147895 April 19 2012
10 Awara city, Fukui 50 28 56  36.217927 136.242066 April 15 2012
11 Awara city, Fukui 11 0 0 36.230666 136.261224 April 15 2012
12 Nagano city, Nagano 16 8 50 36.552382 138.221955 April 16 2012, Febrary 5 2013
13 Nagano city, Nagano 4 4 100 36.345435 138.7279 June 20 2013
14 Gifu city, Gifu 27 6 22 35.456149 136.868841 Febrary 3 2012
15 Okazaki city, Aichi 38 1 3 Unknown January 12 2012
16 Okazaki city, Aichi 34 4 12 35.00687 137.179005 Febrary 5 2012
Minamichitamachi
17 1 1 100 34.736777 136.902164 Febrary 9 2012

Chita—gun, Aichi
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Table 3-1. Continue of summary of Batrachochytrium dendrobatidis (Bd) prevalence in bullfrog sampled in Japan during 2012-2013.

Number of  Number of Bd
No. Region Collection site % Latitude Longitude Date
collection positive
18 Kinki Tsu city, Mie 4 0 0 34.711857 136.44705 March 17 2012
19 Kizugawa city, Kyoto 8 0 0 34.75961 135.820458 April 22 2012
20 Kyoto 15 0 0 Unknown July 2012
21 Kasai city, Hyogo 19 15 79 34.86575 134.8702 March 19 2013
22 Yamatogun, Nara 10 0 0 34.655407 135.752896 Febrary 19 2012
23 Tanabe city, Wakayama 25 21 84 33.734283 135.362294 April 14 2012
Nanbumachi Saihakugun, April 16 2012
24  Chugoku 34 20 59 35.361568 133.345821
Tottori May 13 2012
25 Kurashiki city, Okayama 11 0 0 34.619444 133.7897 April 15 2013
Konkocho Asaguchigun,
26 11 0 0 34.54333 133.6433 April 11 2013
Okayama
27 Kurashiki city, Okayama 33 0 0 34.617025 133.783543 Febrary 17 2012
Higashihiroshima city,
28 19 9 47 34.39815 132.7130 March 26 2013
Hiroshima
29 Akitakata city, Hiroshima 7 0 0 34.751689 132.694329 Febrary 15 2012
30 Yamaguchi city, Yamaguchi 8 1 13 34.1901 131.500873 Febrary 29 2012
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Table 3-1. Continue of summary of Batrachochytrium dendrobatidis (Bd) prevalence in bullfrog sampled in Japan during 2012-2013.

Number of  Number of Bd
No. Region Collection site % Latitude Longitude Date
collection positive
31 Shikoku Kouchi city, Kouchi 6 1 17 33.526258 133.585325 April 21 2012
32 Kouchi city, Kouchi 29 16 55 33.547053 133.5776 Febrary 17 2013
33 Kyushu Higashiku, Fukuoka 9 5 56 33.664232 130.36163 Febrary 5 2012
34 Higashiku, Fukuoka 8 2 25 33.664232 130.36163 Febrary 5 2012
35 Kitakyushu city, Fukuoka 30 1 3 33.893375 130.719723 May 1 2012
36 Kitakyushu city, Fukuoka 5 5 100 33.82147 130.909051 March 7 2012
37 Fukuoka city, Fukuoka 3 0 0 33.552129 130.414085 April 16 2012
38 Tosu city, Saga 3 0 0 33.385634 130.493106 April 15 2012
39 Saikai city, Nagasaki 30 19 63 32.989265 129.787052 Febrary 7 2013
40 Yamaga city, Kumamoto 19 0 0 33.011424 130.775158 Febrary 28 2012
41 Oita city, Oita 1 0 0 33.200725 131.658564 Febrary 19 2012
March 24 2012,
42 Miyazaki city, Miyazaki 49 33 67 31.962293 131.413159
March 6 2013
43 Kumejimacho, Okinawa 2 2 100 Unknown Febrary 20 2012
44 Kumejimacho, Okinawa 28 0 0 26.359679 126.749511 Febrary 20 2012
Total 835 266 32
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Table 3-2. Haplotype and sample number of detected Batrachochytrium dendrobatidis
(Bd) haplotypes.

Haplotype number of
detected sample
A type 19
CW34 Clone N 1
P type 2
Z type 2
Bd 41 1
Bd 50 1
No.7 5
No.8 3
No.9 2

Other 32 types (No. 10 — 41) 32 (1in each sample)

total 41 types 68 samples

36



Table 3-3. Detected Batrachochytrium dendrobatidis (Bd) haplotypes in each collection

site.
Haplotype
Number of Total number
Region Collection site Kind of haplotypes
detected kind of  of detected
(number of detected sample)
haplotype Bd
A type (3), No.7 (2),
Kanto Tomioka city, Gunma 8 11
No.17 = No.22 (each 1 tadpole)
Hanyuu city, Saitama 1 1 A type (1)
Machida city, Tokyo 1 1 No.31 (1)
Yokohama city, Kanagawa 1 1 No.15 (1)
Chubu  Awara city, Fukui 1 1 No.25 (1)
Nagano city, Nagano 2 4 No.8 (3), No.26
Gifu city Gifu 2 2 P type (1), No.9 (1)
Okazaki city, Aichi 2 2 P type (1), No.14 (1)
Kinki Kasai city, Hyogo 4 4 No.38 — No.41 (each 1 tadpole)
A type (4), No.7 (2),
Tanabe city, Wakayama 4 8
No.23 (1), No.24 (1)
Nanbucho Saihakugun,
chugoku 2 2 CW34 Clone N, Bd50
Tottori
A type (3), Z type (1), No.7 (1),
Shikoku  Kouchi city, Kouchi 5 8
No.36 (1), No.37 (1)
A type (1),
Kyushu  Fukuoka city, Fukuoka 5 7
No.10 — No.13 (each 1 tadpole)
A type (1),
Kitakyushu city, Fukuoka 5 5
No.27 — No.30 (each 1tadpole)
A type (2), Z type (1), Bd41 (1),
Saikai city, Nagasaki 7 8
No0.32 — No.35 (each 1 tadpole)
Miyazaki city, Miyazaki 2 2 A type (1), No.8 (1)

Kumejimacho shimajirigun,

Okinawa

No.16 (1)
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Fig. 3-1. Distribution of Batrachochytrium dendrobatidis (Bd) in Japan.

Bd detected sites are indicated as red marker, and undetected sites are indicateds as blue

marker.
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TAD584 Gunma No.22
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TAD144 Fukuoka No.11
TAD1222 Kouchi No.36
TAD1164 Nagasaki No.33
TAD548 Gunma No.17
TAD1166 Nagasaki No.36
TAD1241 Kouchi No.7
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TADB810 Kitakyusyu No.27
TAD570 Gunma No.21
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TAD812 Kitakyusyu No.29
TADB814 Kitakyusyu No.30

a b—————CN19 b

Fig. 3-2. Phylogenetic tree of Batrachochytrium dendrobatidis (Bd) that detected in
Japan, China, Brazil, Texas, Australia, Ecuador and Africa. (a) The whole drawing
of phylogenetic tree. (b, ¢, d) The enlarged drawing of a part of phylogenetic tree.
The colors of branches indicate as follows. Black: Bd detected in this study and out
group. Red: Bd already detected in Japan. Blue: Bd detected in China. Green: Bd

detected in Africa and belong to Bd-GPL lineage. Pink: Bd-GPL.
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Bd40

u

Bd42

TAD1169 Nagasaki Bd41
CN10

Bd41

|

CW34ITSH

CN11

X

M

UM142ITSF

Bd46

JELG48ITSC

TAD297 Kumejima No. 16
TAD112 Gifu No.9
TAD170 Aichi No.14
UM142TS|

TAD173 Aichi P type No.2
TAD111 Gifu P type No.2
P

TAD134 Fukuoka No.12
TAD1308 Hyougo No.40

JELB48ITSE
JEL648ITSN
JELB48ITSF

JEL648ITSL

D

TAD-1154 Nagasaki No.32
TAD1173 Nagasaki No.35
Bd40

u

Bd42

TAD1169 Nagasaki Bd41
CN10

Bd41

|

CW34ITSH

CN11

X

M

UM142ITSF

Bd46

JEL648ITSC

TAD297 Kumejima No.16
TAD112 Gifu No.9

TAD170 Aichi No. 14
UM1421TS|

TAD173 Aichi P type No.2
TAD111 Gifu P type No.2
P

TAD134 Fukuoka No.12
TAD1308 Hyougo No.40
TAD1307 Hyougo No.37
TAD1306 Hyougo No.38
TAD1312 Hyougo No.41
TAD133 Fukuoka No.11

Bd53
TAD225 Kanagawa No.15
uM142ITsQ
Bd32
Bd47
Y
UM142ITSR
JEL648ITSM
UM142ITSS
Bd33
Bd34
UM142ITSD
Bd49
UM142ITSH
Bd52
UM142ITSE
JEL648ITSH
T
3 LE UM142ITSU
5 = UM142ITSL

UM142ITSP

Bd58
TAD1149 Nagano No.8
7 TAD1279 Miyazaki No.8
1 TAD751 Nagano No.8

TAD729 Fukui No.25

TAD750 Nagano No.26
KappamycesTA2582

,—G
30

3
4

4

2
2
4
ITA2633
100
Boothiomyces PLAUS012
1 Terramyces PLAUS003
T Terramyces|TA2590
2 Boothiomyces PLAUS008
82 — Boothiomyces PLAUS009

TAD1307 Hyougo No.37
TAD1306 Hyougo No.38
TAD1312 Hyougo No.41 C
TAD133 Fukuoka No.11

Fig. 3-2. Continue of phylogenetic tree of Batrachochytrium dendrobatidis

(Bd) that detected in Japan, China, Brazil, Texas, Australia, Ecuador and Africa.
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WAFE I AV R ECREPEEARNICE 2 B

E1E S

H 4B TR, BEEWAE (W) OREIZHMTL2KFY N, 72T
AU ZEB LT, YARDEIEOREER AT 2B LT,

BUED T =)V R 1 ERFSEIE, AERBRR AR EA BN L Lo PRmrsess &
L2 TNDD, BTV R EDRBGEN DR DI OV TR, R
+o3 TR Z 31T 2 Uy (Rosenblum et al., 2010) . Y AR ESEDIE DO FF I B
LT, BT RIERDZNOEEGIEGS 52 Lizk - T, mEEREN
AL, DARIZE S THTT D EHEZN TS (Voyles J etal., 2009; Voyles
Jetal,2007) , L22L, ZAUIBERZFFELTZICTE R, —FH, TZILORK
JEIIH AR L, EEEE, KRN E 2o TRY, EmfERickE<Bb
- TCWW5 (Hillman et al., 2009) . V7R EE DRI AT 2 A3 5 72012
(X, WA, FRICH VR O RS AR HIBSRE O FE 2 Rl 2 MR H 5,

H T VIR TR~ IEARI R ER S (pelvic patch) O K2 JEZ 5349 % Aquaporin: AQP
AL TKERINT S (5K HE—5 2014) . AQP 1. MIFUIEICAFET HKF
¥ XN THDH, WA TIL, 137D AQP (AQPO~AQP12) MR SN TE
D, BN, BERE. AROIKERER, R RENRERR. RS SRk x Ras B L
TW5h, MAEFEIZIZ, B RO AQP IZFHY 3% AQP 78 10 fi%H (AQPO~AQPS5,
AQP7~AQP10) [FIE ATV D, MEEERFFEA) AQP & LT AQPal BL WX
AQPa2S (AQP6VS) SRR I LTI . JE., B, BEe SITfFEL Tnd, 72
NThH, THENERED FE 72 5 AQPa2S (AQP6vs) & AQP3 ™ 2 FE¥EIL 1 = /LD
R RE K ZIEPEICRE S LT\ 5,
HENVOREET, < OEHREVEOI har N 7B EHI
(mitochondria-rich cell) 7>H %> TV 5, ML, XENSIREIZIH N> TH
BlE, R, ARES L ORERE (IFEE) OfEfEZ R L T\ 5 (Hillman
etal, 2009) . AQPa2S (AQP6vs) Xl D Kz & Bk i e o M E NIZAETE L,
PURIIR A8 /L€ > Arginine vasotocin (AVT) ORIl & 52T % & MR O TAm R (apical
membrane) ([ZBE) L T/KZWILT 5 (Hasegawa et al., 2003) , AQP3 (38g DA
RAIRE ORI EERAMRIAE  (basolateral membrane) (ZAFAE L., AVT Rl O A (2R
o7, KEFBBIED, 20 Enn, REEZNT HKOBENL, AVT O
iz X > T, AQPa2S (AQP6vs) Z LT, A DKIFAENIZELY A i,
AQP3 4 L T AIRE 2 GME ., MERICEEIND B XN TS, £,
KX ORI IE AQPa2S (AQP6vs) =1 L TIThHiL D EE 2 HIL TV D
(Hasegawa et al. 2003, $3AK 5 2014)
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Tz 1T R EREDOIRFLREMFED 1 DI, 2D AQP D EFRIHERE DAHE A
B LTWA EEZ T, RETIX., I/ R b EIREGE N 77 L O KW &
252 % B OV TR,

B8 BB IUHE

BT R T) EREGT K D T =)V DKM D E B IR~ D T2 012, mise e
BT DA =T A )V (Litoria caerulea) (271 )V 78 77 & % FEBRIE YL X,
71 2V D RER WML D EBLERIRIR ATV, W=y AR ER G & 5 B %
MIFALFER R L OB AR LTz, el AR TIX, REKREIC
DT H AQP DEELFNDLZ LA HAE LI L b YL 1AM & v
IWED YR EREE FEL LT,

2-1 B

JRYLFEBRIZIE, Voylesetal. 552, H /LY RO EEEZEEM THHA
TF A F )V (L. caerulea) % EEIERE, SHRREE, 4 5 VT, A3t 10 PCZ& HV = (Voyles
etal,2009) ., ZiL6OEYOEREILFYE 73cm (6.5~8.1ecm) | (KEITFH) 32¢

(19.9~49.6g) Th o7z, 2B, THHDH TV EI~y FHE L THRkRSILT
WAEM A -, £7-. FEBRBI. nested PCR 12T, 2 JCICH = /LY R A B
Y iBOT-Z et PLEEHK 0.001% 1 FT7 a3+ — (4 b)YV —LHNHK
1%, Yrer7y—~ (BF) . B 10 AMOZEREE, 70 B H ORI % 5%
7

2-2 EHR

ATV AR, WMEICEE RIS 2 K& S W7 @i R,
haplotype: C type D WHGREPRATAE OMSZATERE N B RFA0 B iy Fpas I @ TzEf )
AW, BRITERIC THREH% ., PmTG BRSNS HIC RS L, R ARSI
MRS LT b D& LTz,

2-3  JRYLSEER

TRTOHT/VIERNET . B F, RO & B EGLFER 21T > 72,
JERYLFEIC BT, ImL OZRBK IS H =LY R EilEdE+ 1X10°, 5,000 72
1% 6,000 HOPRFEIZ 72D K DN IRIREE I Z 3N L 72 iR e AN T RERICh = V&
AFLT, 20 £720F 100ml (T =V DG~ ANR 0D &) WL, 24 FFEHR
EXH7- (Table 4-1), 24 BRI, VoA A BEFEBICE L7, RAEIMIT7 A
M (FERZRNL7-BZ 1 HBEE$5) & L7z (Table4-1),

KERRERIZ W T, R BERIRR I, BB 7KIT 24 R IRIER , 8 E LT,
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RO I3 H . Ve Bl L, BRRIER OA B2 #ER U7, R a3k
Jeiifilth 1 [ o7, a4 n ¥4 3 L5 27,

2-4 BHf

JRYL SRR, . TV D R JE KB IEMERER, MiE LR, AR (O
TV AR B ERGORERR) B X ORI B ZIT O DIk O EBY |
Bt Lz,

AT NVDOEEBLIOERELHER, Vv 7 a2iTolc, £D%k, M4
FHIRR DT DI, MEAZ OB L, DA, BB L., ~/" U g~~~
N2 Uy FEME TR AERY . 1.5ml F o —FED T, BRE L ik,
3,000rpm, 557, w0 L, MiGEBEUL L, MG EFEROMREEIT 5 £ T—80C
IZTHRAE LT, B A AT o 72/, D = /L OB % 81 )] CYIMIE R LT~ Z D%,
KBRS L OV B FROMRER 217 0 7o DI, TR~ KR I L OV
DFRE # 8 LT, RBEARR MR Tl BB L7 B 1 X 3em & ARKICHS
D AT, PLP EERICEE Lz, 0 FAEMFHIRE (Y R B Ofik
) D=, MR R X ORI R &2 B LT,

Z DO, B FIRE OA LR AR D I, B e, BER -
R - RERESRCRG, IZ b < Mligas 2 AL~ U U EE LT,

2-5 KZBERBR

KERE I X OEE G2\ T, 4L 4L Arginine vasotocin - (AVT)  UGE
(AQPa2) /KWINE OV AVT FES i AQP (AQP3) KWRINEZ G5 7912,
KERES & LG 2R D & 50 AL L, KB EMERER A 1T - 72,

AALERIC N T, BRI L7 2§ %2 AVT IS5 X ORISR VW 5 72
. 23EILItE, WATERY V7 VIRIZ 30 pIRIE LT, T OBE. RO
P, BT REARLEE 7 &2 HEBR LTz, 2Ok, AVT RS AV D BRI 10°M
AVT BAWAER Y > 7 VIR 15 9 WASET Y 7RI 15 53 DRI RTE
72, AVT FERNS S A 2 B X AR U > 7 OViIiRic 30 3 RIS L 7=,

Ussing chamber i B34 E 4 T, EFRO & 36 0 BB 21T o 7o F g O 7K 21
MHRBR AT o7z, ARZEEIT, WETDHIHEEZHERE L, 2 KEIZH2TEY .
FEM MR ICEREKRE AL, B2 AR (RPNED 12X, AVT fI SR
DREIZIT 10°MAVT A WA Y 7 Vi % . AVT FERITSAt: o f2 g 121
WZAEFH Y 7NV E AT, EEOENANZIL, WEBICHER 2 —F —% A
. W EERSE, F72, FEHICARTV Y U —%4 L, 5 0RROA R
Y E—DKAD EADOAEZFLER L AEF 45 51281 D KON &EZ HIE LT,
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2-6 REARRRFERORE

AV RN T CREGRIZ K DGR R D720, T X TOREKROIEE S &

OV B i 2 T B PRI Bl UTe, E7o, B3 T (AP57, 58, 60) 35
L OGEEYRE 2 VT (AP56. 59) D REIRA 2 - BT LTz,

PLP [E7E L7c i3, EER 24 KffZIZ 70% % / — VEEICE LTz, £0
%, XL UTERM. NT 7 0 ACER - A HE L, FIEICEV HE Bl
KOH =V R BREGEOMEFR DT OIZ 7 7 o F 71— 7Yﬂ@%ﬁoto

TV TR ETEGT K D R AR DFERF AL & - BRI 5 72
D, FRYLEE 3 DT (APS7, 58, 60) 35 X OFERYLEE 2 T (AP56. 59) @D ZJE#) 5.2mm
HPRICB T AR LMIaE GLERE~ME) BSLOAEROmEEZHE LT,
Fo, BEMEEE DR LT, 2O OFHANZIE, BNV 7 K Image ]
=R\,

TNV DIEFIRER EOFEEFIRD 72D, FIEITHEW, Dig, FHlgs X
ONE DAHFAEAR 2 AFR L | TR BAHAR PRSI SR LTz,

2-7 MEAELFERIRER

T RTO T T/ BEE L2 IM3E 2 O Ty A b i (BEIRETE.,
Na, K, Mg, Ca, C) Z1To7-, 72k, ARBRILERRH KT RFZLEE R
EOAHE— e AR TR L T,

2-8 DTEMFERRTE (DY RI CREOMER)

TV R EOREGDO AL P D7D, EYHE 3 IL (AP57, 58, 60)
P L OFERLEE 2 T (AP56, 59) DORER IR AHELE L, 8 1 5 2-2-2
& [AAELZ nested PCR EZ1T - 72,

2-9  HREHEAT

R T NI CIREGE DR 2 I D 7o 00T, BE/AKZ M RER, 8 B A
%E’J:}'octUJI[L{FJE(K%E’j*ﬁn&ﬁt%OﬁmﬁrﬁMﬁ%ﬁo 7=,

AKBEMERERIZIBTIL Turkey s test &, M EMMEMERICE NI tREE
1T-o7,

AR U 72 GRS X O REE IS I T 2 M A, R ERRR L ORI
BOBFEBEEERDDIZD, v~ KA v b=—D UREEIT-T-,
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HIE AR

3-1 BRARIEIR
YRS D 5 B, 3L (AP7, 10, 60) (TH /LY 7R J EIEGL D R G IR
JEIRTH D EEOPL 2RO, iz, AP60 IZBBAR - TRIHKZRD T,

32 VYR CRPEDHE

JRULHE S DT 2 DEIZ 7 =L 7R 1 Bk 2 Wi L 72, Nested PCR E% 1T - 72
S5PC (JEYeRt - APS7. 58, 60, xfFEHE : 56, 59) "1 VT (R&YLRE : APS7) 2
TV IR RN RERO T, HEHER RIS mBE L2 10 B, 1 P2 (g
Yult  AP7) ICH =)V R h EIRYL AR LT,

3-3 ATV R CRREIC L B KFER M DR

T VY TN F EPEGRIT Ko T RERE & D Kt 2 9 2 K o i i s
EINTWDH I EaMR Lz, ks, WHEEIC iﬁ%ﬁ\@%ﬁ&%;mﬁ
WHEITERD e T,

KIGRES B S L 38T mw#ﬁ@x#(mp3% T LKEI) (2B T D)
KU E, ScHHREEDN-2ul Td> - 7= DIz LT, Wmﬁjmm&ﬁﬁ %75
7= (Fig4-1), —JF. AVT ISt (AQPa2 Z /4 2 /KW (231) B et D
SRR B, XHRREEDS 110ul TH o 72D ;ﬂLT\@%ﬁﬂmm&ﬁﬁ_
Ko7z (Figd-1), EORER. AVT HliIs L OFERITE S DK BRIN & D 221X
FERRYGREDS 1121 12 L, RERRET 23l K72 (Fig4-1),

RS ORI L, AVT RO D 579, *HHEE (AVT FERIITMS:
0 -25ul, AVT RIBRSAE: < -17ul) . EYLEE (AVT FERSREE © -8ul. AVT #IlPK
S -17ul) & BT, AKEPUIRD o7 (Figd-1),

3-4 KREICRIT DREMBRFIRBER R

JRGFEDOPFITIE, B, A & BITEMTH o Tod . /LY R Bk
IZ R DTN RBO BT, Thbb, BT X ToOfEKICHAERED
AEJE - JKHE, FREZMIEOMMZAR « B2 Eofh, REMBOMmMEDELILE V-
t“k&f@ﬂhﬂm@6m1.@g4zbd F7-. 2L (AP57. AP58) DF
BRI 23\ T, Bz d X ORI 2 RS & 3 2 M2 pie e 1 8
gZxhie (Fig4-2,¢),

TR DN TE BT Tl LRt & IR IC B W THEZEITRD bR o7z
. AEREBIOREGMIRE REE~RE) OmfEOILRE L ORI
BOHEE &R 7= (Table 4-2),
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3-5 MIEEIFRIRBERE R

T TV IR BRI X B IMIRMEIR DB b 2D 0, BERGBER LW
Na, K, Mg, Ca 725 N Cl OREERIE LT,

K % RN T BE IR B3 L O M E 5 1, 84 LT/ (Table 4-3)
INHODRSGTDH B, Mg & CafEDR TIZITAEEEZRDTN, BEIRSEE,
Na B X O CLHEDIE FICABZEITRD Lo 72 (Table 4-3),

A BE

UEOFER LY, Fox i3y R h EREDIRERAMFICBNT, I/ YR
BTG B IDARIZE DR O 1 21T, KEKE M2 I 5 K5 TR EgERE D
EENRE S LTV D &R ST T,

WM A ORI, AL, BARERE, KEmiR EAERE R MEOHE
FRCEERZEZE L T1DZ L5 (Hillman et al, 2009) . 4 =/ 3R B
PN T ID OMREIC B 2 5 2 5 ATREME N EE S4v D, Voyles etal (2007) 135
BREGIC A =)V R B BERY ST A =7 A T )L OIMEA L 21T
Sl 2 A, MIEBEREE. BAEEM (Na, K. Mg B LUCD 25 LT
DU Z LR L TWD, M EMEE R ORI, 2T % KBRIX
BOWINIE S . BRRE R OFXIEEY (BRFERS ORI Fi2ixk, Kk
BB IT S | B Ry ISR ER I P 7 B H8 5 B Mt D 238 2 B
Do ZHUTXIL. Voylesetal (2007) IZAHE, 77 I fERL~~ R 27 U v ME
DR TERDILNZ LD, Mt 25 EE L TWAH EHEL TS, &
512 Voyles etal (2009) &, ZJEE I OWEICE T 2 EXRERRFIFEBR 21T,
TV IR A CTEE N G2 N5 Na OWRINAZFREL, 72, NaB kO ClF
¥ RMEE AR TS D2 &, BRI DA THCTHZ 2R LI
Link, BT AYRIEOEPEIC Lo T, BREDK TSI ZEL, DAL
kT D LTS, LovL, T OWFFEITEY D = /L O R JE D KGN
IZOWTIHRTNRY, Fox OBFSEIL. I /LY Rl ERERIZE T, AVT O
TERIZ X » TR B K ZBLY iIATe AQPa2S(AQP6vs) & M3 5 KL &1 TIK T
L. —F. REGHIRLOFEEMAIBEANCHERAIZAFTE L, AVT OERIZRE DL 597K
s S, MEmA~OKEEICE DS AQP3 2T D KRINEIX EHT5 2
&R LT, ZAUE, LY AR BRERIZ Ko T EE & LT AQPs2S(AQP6vs)
BT HKBINMNEEINTEY ., 72, MO0 TREZFiE L 7= /KN
AQP3 Z/ L TR ENTWA Z & ZRE LTV 5, Voylesetal (2007) A3/KD
WA TR e o 72 Z L 1E, BF 5 < AQPa2S(AQP6vs) % I 5 KWL &
IHMETFLTH, AQP3 IC L HARINED FAMHEL TW b Ebind, L
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MUZRNE, DTV AT EOREGEDE FITH L, KR O T F 72 Ik
BLOMWIHOWTIE, 5%, BERDWMFEPLETH D,

JRHERRR SRR T, AEEORE & FRMROEAZFBD TN, HT)L
/Tﬁt@mmjzmmﬁbﬁmm%mﬁ FTo. BEE. BB ETERERYIZH
SYIRYAS :’C%ﬁ??éhﬁﬁoﬁo Z DRERIE, 77:1:/1/\‘/*?7'7 VR LA =
DK & e e G A ERERERE X, MBS EIC L DB E V) &
@%\ﬁbé\wz»/ﬁwtw%mméméﬁi\éﬁ%@%gﬁem;o
THIEEEND AREMENE W EHEER LTz, &Y R EEORENERE TH -
TIZHBEL LT, KEBEMEDOEEBIIAEELRBOILZ L1, =Y R B
GulI @k mrEIc R L, M EEEL 525 2 &R S,

AR BN T JEGRE O I P EBEAEE Ay 1. K 2 FRU)N T, Voyles et al (2007)
ERRICIAD LT 2, L DR JEICIE Na'F v % /L, Na—K —Cl s,
Na K ATPase 72 Eflix O b T 2 AR —H — wﬂﬁb\ﬁﬁgwm%@%%ﬁb
TW5Z &5 (Hillman et al., 2009) . EAFEFERMET OFEMIC OV TIEA A,
FENCHER D MEN D B, 2B, MK LoULOEEIL, — B ORISR %
RO b, WL X AZILTHD EEZT-,

YIS BT D = v AR B A R LT BRI, SPEh 2 It Th -7z,
T, ARRFZRICERIT DY R BHEOREE N R R 7 M & E L B
ThotzZ &, FE, EBRICHW DT LI, FRBEICT, Iz L
VAR L TWeled, BREZIT-T, DS, T TICH VY AR
tKﬁbfﬁﬁ@%%%bfka%éﬁ%Z%hko

JEYLRE DN 2 TED R AR 223 L OHIIRE 26 3 2 Ml 2 i tE s o
koﬁiww&ﬁumw%hé&%ﬁﬂ@ xR e T oMlRE LT, hov
DEFEIHET S bz FU 7 EEHMAE (mitochondria-rich cell) & 7= {3AsFHHH
il (dendritic cell) T2 AJREM:, T IZ MO EM 2 & & Bbh =i, BT
T&E ol

ARETIL, BEEZMEEMA =7 AV Z2 N Th /LY R ERYeER %
1TV VO REKRFBEMEIZHOWT, AT, AFRYI KOV B
%C%&kﬁﬁﬁ%ﬁyfﬁﬁfﬁ DAREIZE DR AFDO 1 DL LT,
1TV DR EKR BN EE 52 5 2 L B LT,
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Table 4-1. Summary of infection experiment of Batrachochytrium dendrobatidis (Bd).

. Body Body Exposure
Animal Exposure dose
Group sex length weight duration Clinical sign  Bd Infection
number (zoospores / ml)
(cm) (8) (day)
AP7 Male 8.1 49.6 1x 108 sloughting Bd +*
AP10 Female 6.7 24.0 1x 108 sloughting -
AP57 Male 1.4 34.1 5,000 - Bd +*
Infection 7
AP58 Female 7.6 31.9 5,000 - -
sloughting,
AP60 Male 7.2 39.6 6,000 -
lethargy
AP8 Male 6.5 19.9 - -
AP9 Female 6.6 20.9 - -
Control AP12 Male 7.2 29.8 Not done - - -
AP56 Male 8.1 38.7 - -
AP59 Female 7.4 334 - -

* Bd infection was confirmed in stratum corneum of thigh skin by histopathological examination.

** Bd infection was confirmed by nested PCR.
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Fig 4-1. Comparison of water permeability across thigh skin and dorsal skin in with or

without Arginine vasotocin (AVT) stimulation in Batrachochytrium dendrobatidis (Bd)

uninfected and Bd infected Liforia caerurea. In thigh skin, the water permeability with

AVT stimulation of Bd infection was significantly higher than that of control, but

without AVT, water permeability of Bd infection was significantly lower than that of
control ( P <0.05, N = 5). Water permeability of dorsal skin of both Bd infection and

control was not confirmed with both AVT stimulated and unstimulated.
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Fig 4-2. The thigh skins of normal (a) and Batrachochytrium dendrobatidis (Bd)
infected (b, ¢) frogs. (a) The normal epithelium is composed of 4 to 5 layered structure;
from deep to surface, stratum basale, stratum spinosum, stratum granulosum and
stratum corneum. Epithelial cells differentiate from cuboidal basal cell to flattened
granular cell and cornification in differentiation process. (b) Hyperkeratosis with edema
and hyperplasia of epithelial cells is confirmed in Bd infected frog. (c¢) Clear nucleus

and cytoplasm cells diffuse in stratum spinosum (arrows). Insertion is magnified figure.
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Table 4-2. Comparion of histopathological evaluation of thigh and dorsal skins in infection and control groups. Skins were examined for

5.22 mm. The areas of epidermis and of stratum corneum, and the number of epithelial cell of infection group were higher than that of

control group. But there were not significantly differences (P = 0.05).

Thigh skin

Measured variables

Control group

Infection group

Mann—Whitney

AP56 AP59 average Std error AP7 AP57 AP58 AP60  average Std error Utest
Epidermis (um?) 217426 149661 183544 33883 145123 223098 259674 219009 211726 24009 P>0.05
Stratum corneum (um?) 25655 22926 24291 1365 50160 37937 53643 75179 54230 7753 P>0.05
Number of epithelial cell 2209 1692 1951 259 1594 1855 2745 2156 2088 247 P>0.05
Dorsal skin

Control group Infection group Mann—-Whitney
Measured variables

AP56 AP59 average Std error AP7 APS57 AP58 AP60 average Std error Utest
Epidermis (um?) 143413 123772 133593 9821 211857 165810 134453 149159 165320 16783 P>0.05
Stratum corneum (um?) 21022 19906 20464 558 27370 27430 30778 62601 37045 8556 P>0.05
Number of epithelial cell 1318 1108 1213 105 1164 1217 1354 1414 1287 58 P>0.05
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Table 4-3. Blood biochemical parameters of Batrachochytrium dendrobatidis (Bd) infected and uninfected Litoria caerulea.

Factor Control group (n=5) Bd infection group (n=5)

Average  Std error Average Std error t-test
Osmolarity (mOsm/kg) 242.90 8.67 229.40 2.23 P>0.05
Na (mM) 120.99 5.93 110.15 440 P>0.05
K (mM) 17.85 2.02 22.33 5.34 P>0.05
Mg (mM) 1.76 0.14 1.31 0.10 P<0.05
Ca (mM) 2.58 0.14 2.07 0.13 P<0.05
Cl (mM) 83.22 2.62 79.40 1.41 P>0.05
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oG

AKWFIEIL. =)V YR ¥ (Batrachochytrium dendrobatidis) DiEJRIFs L OV
R A EREOFFER A DO Z B & Lz,

B1ETIH, SR VY R EOENERERELZIT O 2dIic, Hohie
FIEELT, vz ghiEzE=F—8E LT, OOt ML 3
% nested PCR 179 Z L AN L7z, 552 W TIL, AT/ AR EDOFHLH)
R, 2~6 A DENFERHEDREFH TH D ERE Lz, B3 ETIE, 1
~2 BECHENL LT FIEZ W T, ENFERBHELIT o 72fER, =Y R Bl
ARBLIOT VT Z#EJEE L TWD RN HELRE Sz, 54 m T, UK
e ST D RZJEITE T 2 AR, WL FRIRR B L O A b1k
RIZE T, BRI EREEN DDA RIZEDLEFICB T, KB AQP %
9 2 AKRIGGRESRE DR E G5 Z & 2 LT,

1 A AYRHCERNEBRECBS T3V VhEDODBRER W
nested PCR OF A4

71 VY IR T EENEBREICR T 2 A0 = 2 -8k L O EE L R
ATLTERER. U VA D Ogs 2 A& EL L L7 nested PCRIENF R TH
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X, FEANKRRETH Y . WEELZZET L MNENEN, £, VU HTLITA
KOOI BT, bk, B, I—ua v X, XA BER MRS A

53



VW, ZDOZ D, Frx DHENL LTORATEIT KA —A T, =a—
X=7, B THN=T72 L Té%ﬁlﬁ®ﬁiﬁm$%%wtﬁ§%i
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ENEFATOI VYR D EREERIIRIEO LR LIZUH D 4~6 AI2E <,
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EREENRE DER T A 7 T, A~FITHT TG - JER L. KUENRE il
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YA INNBHDZLEZHOENNI L, A=A T U TRIFTFO—ETH kR
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IZBWT, A=Y ARH e, BRI LS 91 fiifE S O haplotype 2377
FELTEY, B THHR L~ Ol EFEOBNEG-3 2 IR TR
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%%%ﬁm%wTB¢mm\¢E\7iyw 77U AR ENSRE ST
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B E L, HRPICIEBRLEZE WY 7O 7RENR] BEE SR T
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TX5, SLICAETIT. WBBIZBIEZHBRE T 2HEEICOWTHBF
L7,

—AHERMNE T TG SIREREL ., 2D D M4 & W B R
T (RRREEHEBERE) BXOD &S 68 L7 swab & 72 PCR

63



A& (nested PCRVE) Z1To7c, ZORE, 21 Lo A HWIRZ L
R EOW 20 PLIZ PCR A & 72 (399 B #ko e & C© Bd YL % iR
Lz, WIRMZAL DN 2o 72 38ED 5 H 17 EH S PCR MRA, i EEAA
BREOWT NN, EF7EMFTBdERIH LZ, Lo T, 62.7% D&
RRTHoT, BAEREICL D2 DHRNIBMNELORHEIZ, EoOBFEH
K., QOFLEBOFEHE L, QLB LIUVC@OHI OB TH > -,

LEXD , O Tz vgEITBdEmBICHRhE L, HEICKX > THES
W 2B TELH NG BAE=X—8WELTHIDITH D L
MmO

DA TIOVHAEDOOEGED Bd AMICHRE T 2REE LMY T 57
WIZ, nested PCR L (swab, O#s) BILO O amBHMRAZ g L
oo 2HTOAERBMMNADLAA 60L, AFF1200EZHE L, 1 RAETT
NTOREZEBMTERNTED, BBREICL - THGREREZHETD
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FENRHZRSBEACEFRRO A BMm» 5 15EIZhz > T, %M
VY H VAL ISIEELILI0E, G345 A2 E L, ThbD
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Blaini, DWW, 6type (ZBEAF D haplotype & —E L., & O NI
RIRAT 2 H (A type: 19, CW34 Clone N : 1 &) | o [E# H AL (Bd50 :
1. Bd4l : 1 K{K) | Ptype: 2, Ztype: 2., MK TH 7=, f 35 type
TR EICHED RN D TH o7, N TH Atype D& )DL 4y
xR Lz, BN, #E, 7700, 77V, A=A KTV T
TIT RAVBLO T ARBEBEOBIR T —F & &b, RN

GEBE#E A1) 21T o 72, Clade T RIZ BIBR 70 it dgk 22 130 < . FE KM
RERU clade #TERK L TWARBRIK RO H iz,

UbEXv, BAIZHAB IO V7 TIZEAWRIFEMA (endemic) ThH
D, EVWELZRCEEmMARELICHELL TV D AIEERD D &
ZZ T,

BA4E BAdREPEBEKERICEZL2EE

VAR EEDOHBEEAEEZHONZITDHODII, ROEREIT- 1=,
Bd =M@Y A =7 A =) (Litoria caerulea) [&Y2#EE 5 PT, *f PR
BESPE, RH10DEZ AWz, REEREICIT, &/ L2 BdilE£E T 1X10°,
5,000 £ 721% 6,000 fil/ml OfFREKA | RIS ¥ 7%, 7 HE., @
fHBEL, BEYRIECELRIESEZ, BT 7HME,. BFHFT L
7o TNHODOH TV ELHEIEIHT21% ., Ussing chamber 2 B % & % H
WTRKEIRE EEHORZEOKEBERBR AT, T, REEH
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BEALHR W0 0s iR & i 3E AL E RIS N T2, Bd B ERR I 2 FE AR O
B & Z i BEAL AR 0 I Bl g2 U fth, S D (JEYelE - 3P0, XFPRAEE : 2 P0)
D K& DB nested PCR EZ 1T o 72,

JEYLRE SPER, 3CICY RO EIEDORK B TH 2 EmE DO E 2R
ZON, 1TIRIZERAEK, cXHEKEE> T, 5PEH 2 L J“f?énéﬂ
M A £ 72 1% nested PCRIEIC LY Bd %2 B O 7=, 7J<J§Lf N
BT, KERE R JE O K MEC 31T 5 7K 5 7 Hi 1% 6E %ﬁ”ﬁfb
2o T bbb, FLFARELVE (argmlne vasotocin: AVT) B s P L A
< AQPaZS(AQP6VS);§: THKBWMENGEICE A L, AVT O fF

CEbLbLTKEBZEIED AQP3 2N T 2 KFBWBMENFEIC LA L
7‘:0 W R EIC IR, YRR, BB bICKRBEEERD o T,
AR R TR R TR, KRIRE, T E b ICREAEE - KM )E
DIEEB I OELMIEEOBB 2RO N,. FEEZTIEGELN N T2,
Z oM, REZMLDOEM,R EE2BLE LT, iEEFHRA T, M
BERZELE, Na, Mg, CaBLOCIlOBLVZROT-, ZnbDH b5,
Mg& Ca DEALICITAEEEZZRDIZN, TOM DS DOEAICEHE =

IR LN T,

LEDRER I, VAR D E‘f@iﬁf?&%ﬁéﬁ&%f’%u\f BdeZWWPE
DARBIZEDLRED 1 DI K EKE I3 % K 47 T i B e
WEE L, ERENT U ZADER ria‘:;f&ﬁfé“foMiED 'L\Ti E
LHlFERR ST, RO I Bd RIENER TE ol b &
fEE R O EIREMEBR AN RE Ch > 72 2 & ld. BIEDOREMN
BIECThoolZ il bDEEZT,
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RXEE
The study on origin of chytrid fungus (Batrachochytrium dendrobatidis)

and of pathogenesis of chytridiomycosis

Introduction

Chytrid fungs (Batrachochytrium dendrobatidis: Bd) is emerging
pathogen that associated with global decline of amphibian species and
individuals. We detected chytridiomycosis at first in Japan and in Asia in
2006. The Japanese field survey and pathological examination detected 2
differences with large scale damaged foreign countries; the amphibian mass
die-off from Bd epidemic has not detected and diversity of Bd haplotype of
Japan were higher than that of damaged foreign countries. These situations
were similar in the Asian foreign countries where have not damaged by Bd.
Thus, the hypothesis: Bd originated from Asia and Japan (Bd originated
Asia hypothesis) has occurred, but this hypothesis has not concluded
because Bd plevarence in Asia is very low and it had passed only short term
after Bd detected in Asia. On the other hand, pathogenesis of
chytridiomycosis has not yet been completely clarified because it is only
observed cause of death known that infected frog dead by osmotic
imbalance through loss of electrolytes and cardiac arrest after effected skin
chytridiomycosis. To clarify pathogenesis of chytridiomycosis, disruption
of amphibian unique physiological function by chytridiomycosis must be
observed because the integument of frog is a site of regulated transport for
water, ions (electrolytes) and respiratory gases.

The aim of this study was to identify the origin of Bd by detecting
distribution and genetic analysis of Bd in Japan with in mind that Bd
originated Asia hypothesis. And to reveal pathogenesis of skin
chytridiomycosis focused on the water channel, aquaporin (AQP) that

amphibian unique physiological function.

Chapter 1. Confirming of oral chytridiomycosis in bullfrog (Lithobates
catesbeiana) larvae and establishment of Bd examination method

We examined bullfrog (Lithobates catesbeiana) larvae (tadpole) usability
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as monitor of Bd field survey, since the reasons as follows. Bullfrog
distributed over Japan widley, and it is known that this animal harbor Bd
highly and its variety of haplotype is widely. We can capture bullfrog
tadpole easily, and only examine the larval mouthparts that only distributed
keratinized layer that area of Bd infection. Additionally, we established the
examination method which can detect Bd infection exactly in this capter.

Fifty nine wild-captured bullfrog tadpole mouthparts underwent
macroscopic, histopathological examination and nested PCR. Macroscopic
lesions were observed in 21 of 59 tadpoles, and its 20 tadpoles were
detected Bd infection by nested PCR and/or histopathological examination.
Seventeen in 38 tadpoles that were not observed macroscopic lesions, were
detected Bd indection. Total prevalence was 62.7% in these tadpoles. The
macroscopic lesion characters were depigmentation, thinning of pigmented
layer and partial defect of jaw sheaths and whited tooth rows.

We concluded that bullfrog tadpole is usable for Bd field survey because
the animal is compromised host for Bd infection and its mouthparts legion
is easily detected by macroscopic examination.

To establish the usable examination method, we compared nested PCR
(materials: swab and mouthparts) and histopathological examination of
mouthparts. One hundred twenty wild-captured bullfrogs from 2 habitas
were divided into 2 groups, each group were 60 individuals, because we
unable to conduct all examination methods to same one tadpole. The group
1 was sampled mouthparts swab and dissected mouthparts, and conducted
nested PCR. Another group were conducted histopathological examination.
Detection rate of each examination was high in order of swab nested PCR
(67%), mouthparts nested PCR (65%) and histopathological examination
(33%). The mouthparts nested PCR was recommended as Bd survey,
however, sensitivity of swab nested PCR was higher than that of mouthparts
nested PCR, because the sampling of swab was effected by sampling
techniques. We concluded that collecting bullfrog tadpole mouthparts and

conduct nested PCR can detect Bd infection situation in Japanese field.

Chapter 2. Seasonality of Bd infection of bullfrog tadpole

To decide term of Bd field survey, we detected seasonality of Bd
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infection of bullfrog tadpole. We collected 15 or 30 tadpoles in even months
without December 2012, and totally 345 tadpoles were collected in between
December 2011 and June 2014. The prevalence rate at each collected month
was detected by nested PCR of mouthparts of these tadpoles.

The seasonality of Bd prevalence in Japanese bullfrog was revealed: the
highest prevalence was April and June that average prevalence was 79%, the
lowest prevalence was Augst and October that has not detected Bd infection.
February and December detected Bd infection, however, the prevalence of
these months were different in collected year that 7 to 63%.

Bd infection dynamic cycle amoung the year is seems that Bd grows and
diffuses in winter to next spring, and largely decreases in summer that
temperature is higher than that of Bd growth optimal temperature, and
grows in late autum to winter. We decided that sampling Bd survey conduct

between February and June as described above.

Chapter 3. Distribution and haplotype of Bd infected in bullfrog in
Japanese field

We surveyed the Bd situation in Japan such as prevalence and Bd
haplotype that infected in wild-captued bullfrog in Japan. 2012 and 2013,
we collected 835 tadpoles from 44 areas of 26 counties, between February
and June in each year. We conducted nested PCR from these samples, and
determined the ITS gene region sequence from Bd positive samples, and
conducted phylogenetic analysis with Bd that has been detected in previous
studies.

Bd detected 266 individuals (32%) from 29 areas of 19 counties. The
average prevalence was 51% (3 to 100%) in detected Bd areas. Sixty eight
samples were detected sequence from 266 samples and were distinguished
41 haplotypes. Six types were already isolated haplotypes; Bd global
pendemic lineage (A type: 19, CW34 Clone N: 1 sample), isolated in China
(Bd50: 1, Bd41: 1 sample) and isolated in Japan (P type: 2, Z type: 2
samples). The other 35 types were newly identified haplotypes in this study.
Interestingly, A type was detected highly and distributed widely in Japan.
We conducted phylogenetic analysis by neighbor-joining method with Bd

which isolated in previous study such as China, Africa, Brazil, Australia,
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Ecuador and Texas. Distinguishable areal difference was not observed in
clade of phylogenetic tree, and partial clade was included with Chinese
haplotypes.

These result likely suggest that Bd is originated from Asia and Japan, and

this pathogen seems to coevolved with host amphibians for long history.

Chapter 4. The effect on skin water absorption by Bd infection

To clarify the pathogenesis of chytridiomycosis, we performed skin water
permeability test and histopathological examination of skin and biochemical
test with animal experiment. Ten frogs, Litoria caerulea from commercial
market were eradiated Bd because some were already infected, and
randomly assigned to exposure and control groups (each group were 5
frogs). Infection group frogs were exposed Bd via shallow immersion in
bath of diluted water containing 1 X 10°, 5,000 or 6,000 zoospores per 1ml.
After 24 h frogs were moved to fresh container and keep 6 days. Control
group were immersed in diluted water for 24 h, and keep 6 days similarly.
Thigh and dorsal skins were sampled and conducted water mermeability test
using a modified Ussing chamber. Ventral and dorsal skins were conducted
histopathological examination. And collected blood was conducted
biochemical test. To obtain Bd infection, we examined skin of all frogs, and
conducted nested PCR of 5 frog skins (infection group:3, control group: 2).

Three of 5 frogs of infection group showed severe skin sloughing, and 1
frog was assossiated with anorexia and lethargy. Two of 5 frogs of infection
group were obtained Bd infection by histopathological examination or
nested PCR. Disruption of water regulatory function via thigh skin was
observed: water absorption associated arginine vasotocin (AVT) reactive
AQPa2s(AQPo6vs) significantly decreased, however, water absorption
associated with AQP3 that permeable with or without AVT stimulation
significantly increased. Dorsal skin water permeability was not observed in
all animals. Histologically, thicknning of stratum corneum and skin
epidermal hyperplasia of both thigh and dorsal skin were observed in
infected frogs, but not detected significant differences. The osomorality, Na,
K and ClI level decreased slightly, and Mg and Ca level significantly

decreased in biochemical test.
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We concluded that disruption of water regulatory system via water skin
absorption is associated with pathogenesis of chytridiomycosis: Bd
infection lead to unsustainable homeostasis of electrolyte balance, and to
cardiac arrest. We thought that the reason of unidentifiable Bd infection in

some frogs of infected group and mild histopathological changes were by
Bd infected mildly.
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