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B— EMSEMHEEOFMIZY -0 IE LIZER
1. BEXIEEORTHHEF EOREICET 5EFR
(1) H¥EZEOMNEMTROBERREICRIT 2 0MR0

A k., FLHRUFES

& hA 2R A adbEm A=l (A =2) (L5, 1971; /s, 2002)

. silkworm

&
R X

: Bombyx mori (Linngus, 1758)

d

(EESOLLY: C e EE S 2

B FEACHW G EOMFEAIT w-1pnd TH D,

©) w-1 pnd

FXL=unA Faxd7—BORKICED IROERPAGTH L, £, I
KIRCTH 5, BEAYEIF Y — /X 7 (https://www.gene.affrc.go.jp/)IC ANJP & 5 10308 T
BiEkSN TV LR M THEAN] (AINEET w-1 ZFFD) & ANIP 7 10389 TH
B SNTO DR R T 35 GIFIRIRIN) CGEE@IMRIRITEIS T pnd ZF50) L&A/ LT
BRZEEE L. w-1 KO pnd D FFIZOWTREHESIC LIZIHMRIRAINGSETH 5,

@ H/C
w-1pnd & CSJO1 (+07d, +4-1) ZZZBl L, 2 OBARUITIS W TIRIR B OV IR 1 IR Ol {4 % 38 Pk
LR SR TH 5,

©) H 603 %=

BEMOKPBEE T4 » B R EHINIEATIC B W CRRMEME L L THER S et "o [
WSRO HBEEETHD (BHKEERERZR, 1993), & IIkBEEZ 2L, Jhhofk
EUTIRIR R C BRI (S R OW R OB LA A T = EFENLE L TR S 7o)
ThbH, MITERERT, BEL NIHETH D, BEIIOIIEITER TH D, BET, &
WFHAR CHERF - (RIFS LTV 2,

U R A HARIRAE T WIS D 22 &0 O W, AEMETHIUTER AR, etk ThiuT
AR AR

2PN BINZSTEMND DI A 3, O XL SICRAD, TR (FD) £bF 9,

3 5B 0L EIETE THMVE ORR DR, IUHE L CRIOREIZA U7 8k
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BEMOKPES TR BB B W AR M S LTHER L (oA
WiADOHBEERETH L (BHKEARERZR, 1993), BEIIEGE 2L, Shok
BITEARR T, BERUIE TH D, MITEREL T, BB OIIEHETH 5, BEINOIPEAIIHE
RThs, BUEIL, BRI CHER - (RESh TV,

® 1604 5

EMKPER TSR - BRHRBEBEFINFETICEB W CUAREERMEE L TER L etEoH
WROTHEERTH D (BHKEESRERSR. 1993), EERIIEBEEZE L, Shhofk
BIXER T, BRI TR E, HECIHER (SR OAICBH EZ R R WE, RIS
DLIERR) & 72 DR E 2 A LS A O RS W Ch 2, MlIFEME T, b biLiE
Th D, BEIOINEITARETH D, BUEIL, BUFEHE TR - (RIFSN TV S,

© H 511 5

BEMOKPES TR+ B REERARITZE AT ISR W THIERE B & L CTHERR L7 bttt
EEMTHD (BMKEEREREZF. 1996), HERITBEHELZ 2L, ShROKEaITHFERT,
BESUIE LR AR T 5, MITFEME T, 6B LIS E Th 5, BUFIFO IR X ARERE CTh
%o HEIL, RO CHER - (RESh TV 5,

N EREROCES SO BRBREICRIT 5 L8R5

A1 A 2 JTF} Bombyx J&I1X, 1A =4 (B. mori). 7V 2 (B. mandarina, 714 = & 0% % 4
BT HEBZONTWDAEARM) A > K7 U2 (B. huttoni) 72 EHFENE £ b (HRK, 1988;
ATJEH, 1998; Xiaetal., 2009) , 74 =%, FAENBRE LI2ERIZIE, T CTICAARRE T T
DEBRNZXRML TV I TEBY, TPEICBOTE/MIETH LU TEHAELLEZY
FARBREE FCAR LD LW AHIEIME SN TR, 7ok, A 2 & ZMEFRE/R 7 U 2
T, BRERE T CAER L, MRa o7 PE, BEEOHERERBICOM L TS, EAET
(T HUT AT D03, BERRE B O/NFEBLIME ., Wil . R OVEERER I3 Ly (]
JEUH, 1998; AR, 2001; 4FH 5, 2013), 7V adghlid, HA aFEEC, 2 UEO7 D
(Morus spp.) DI¥aZRFRD1-0, FRELIIHAEZBICERL LTS EEZLND (K,
2014),

CEEERAT ThA 2 LS, TUA 23] ZHROAFHFTH L0, —RENTIE ThA 2] PEEKRE
By eb, AMERTRIEBRE LG ZOMEME [hA 2] L&Y,
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(2) EA%ZORERUBIR

A4 ERROCESMCBT 2E—RBEREOEE

NEDR A a0z R LisH =01, PEICEWTHIageket (Roohi 7000~6000 4
) Mo ESbil, BEOEREEZ LN TND, JBEIEITE IA 21d, FENOE S, B
T BH~EARZ DAL, BARIITIVERMR (fdocall 300~#coc 300 ) I8k LB R D
NTW5 (HAREARYS,2002), PENSREDORZGIZMHEN, WE7 V7, 3—ry/3 H
ARG FRE N IL D - T2 T A 23 A IS s L2 B A O SfE~E b L. %< o EFE,
HAHE, WOMIfR, BV ERf) & MRS B Sz (B, 1988),

BNARHR DR, e E O FapE ¥ & U AR DIET 2 M OVE R U, ' EORMEN &
72572 1930 4RITiE, ENEZR D 40% TEREMTOIL, I RITE LR KD 40 77~ 10
L7z, L2 LUEARIR, ARt OIRE, BEREZOGME RN REICIVEENPREL, 2019
FEOIREEIL 92 FATETHEA LTS (RHARAE RS, 2007, 2020; FEMKES 4 PER A&
PEVTIEIR BLFE, 2000; B 5, 2010)

O X7 BRI, AEFE. BREEROAR

SR O AR AEPE TR HIIITIINBIRIC 5 2 23, IR ZEMICHERE LT\ 5, fitilsEaE
ELTUE, I A A DREOAEFE & AR DTHEHITIDEOEICE T LTS (i, 2013),

2015 FFOWMRBRDO N A 2 OREAFERIL, 84 T THY, ZOIHHET6E3 I ko,
AVRTI6 Ty, DARFARAZT3IHM A AT TLHMAROTZATS T FoR
AEPESHL, FAENL 135 F U DAPER TH o7 (KAARZERZ,2021), IEFEOFEDE D F72
W OAERIT, FER, BER. IARRETH L (KAAREARS,2020), Rk K OHER
OHEBIT. T AV I AR A 2 R R, PREOFEEPLFER G EICEST LT D (1,
2013),

N BERCRIT2EBEZEN L LZEBTOHRRK

HA VIREOLEERETHREMORRTH Y F (b LIERZFRE Lz AR
LIS ORER) TIZ A7 R TE 2\, BE D Z %  AFET 5 7oL, Bl ZiEsxia b
TOMENHDLZ 0D, REOITHIZ | ARENFEHTHL, LEn-sT, BETITME
W REOZFEEDO AT AR T, 22 Oh A aBEFIZHEE TE 5 20T 5 30CORIR
THERET S 5 AT ~10 AP R E THREBEHM L S TWD (#H5,2010; AATRARTE,
2002).,

HA aADEFEE L, FRBEICE L C—EDOBRBIFRIEZ RO N aEHThH 5, FEIC
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A L A TVD B DI 22D TUIESREEIZRB W THRE S ol (FRE s fE) 245 L.
BUTE CIX B BRI 2SR SO RT3 CAB Lo, I ERi R E BRAF R EH ML LTH
AR SN2 ARHEREE NS Z ORI E IR L T D (AARERESR, 2002), HA aADEOE
ARIE. EATE 28T 2 gk (ARG S, XsRE & SRR OB EIC L VTS,
W BR R S, MR PEDN Z & ITIX Ay LoD, SERTRECME RS & FERZRKEN & b
% (A5, 1999),

SRHAEFER O A 2 OfEIIE, BEIAEFT L, MbB 72 [—RHERE (EAZH) | <.
4 FEORREND 2 BEEORE AR THE LIS T oM (M) ) ErHWehb, £
NOEABEOBFHEOIZDOBBEIRE LT, HANTIX, BEAMEIR S — 7 (BRI
Bets) ROV v a A Ay —2A7ay=7 MIBWT, ZHLE1 650 LLE KT 450 LL
FORTE - FHBPRAFEINTND (BEEMERS — 2 07,2018, T aFas(4FY
V—A7uvxs K, 2018),

A ILTRERNTEHE I ND, DA 2OEFIZITEBIZ22H0 1 DIFf8E LA
TIDOENBINESRT, ZNEWRIET HODOEMEETH S, © O 1 DI, IA I DREIC
RHETEHE L, HFONDIMAIRTET DBEETH D, ITFEO AR TORRIL, LFREFHT
TALEEHZ L0 1 D 3 Enodhh (HE) O EET HHERE L, £ b ho
OTREE T CREFE T A0 S moshh (&) OAZEET 2 HEFE L ICH0¥EL T
Wb, IHIT, BEBENOMZE VI TAREZRET 280EE 08 H 5 (B ARRLREA
P FEE 2, 1993; NN, 1994),

- mERE

EBRICHND A @i (FfE) 1%, @5, GOEMBLEEF DN EET 5, —MKIIZ,
HERLE R L, BREREICHOW D RO OME & pHRE (LR T 5, mmERIE
ARE LT- (i) A& B3t 10 BAR Y ©, BRERMEEEICEOCAN S, BRI ClIm
D OfA B 72 UHEREIZ 3R] U AP35 £ T iR#EST 2, P L7zikix, w2
o U CTHNT A CRRL L, BEINSE 5, G- FME, MBS U CiRERR & DN THYeAL
MAERTERRBEFICRIEEND, BEMSEER T, HORIHH 745 &£ 2 Hiar i
Nosema bombycis DFRIMRIEZ B T2, PEIRER D T3 A =2 0D A ARl NIl F- oD el - 2 fx
LT E I NEFTRDI200 [ (1323) R 2170, G LB O L% ]
72 LTWS (AAZERTE, 2002; #5735, 2010),

5 1IRE A1TV. JBEOENZHIX (1 EHOMEIC X v RS-0 XiE (EFH)) Z2@ROHTZ L,

6 WRERIEEAENREREE2EKE LI BER, £R3EFE, WEODRVHENRITNG Z EREW,

T BHEANRYE T B LRRINCRE L, BT E2RESE, DA IOWLENSSE, A ORI T
FEL., A aZFHPEIHD,
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125 3 WD iz HERE & RSN, IR~ DS MEA B OHER IS, TR - TR B
SN IEE e B B BB 2 HERE C X 2 MBI B T CHE T 5, EAEOEINE OB T T,
BHDRZFE~O#EZ BIIC L CHEIFT LT 2 R — RN TH D, £ < OfERILFIA
BICEREEF TR ATHEEENEASNLTEY . £< OBEBEDHRILFFE %5
MLTWD (AARZERYR,2002), — 5T, MELFRFAFTHICEBOTREFTZ1T> TV 541
RENPEBEOBERFOMHEE 256 THA D EAZFEFHEIbAET 5 (HE],2010), &5
ZIE, A THER ) DILEREE £ TITH BEERBHFEET D (KBARASR, 2013),

HEEFF

45 5 EOSN R A AR &S, RS E I E & N RO A HE L, KES 0
ER DO BB EF OB R IZBW T T TV b, HEIIKESEA TRRIEEDO - O/
RN, IEREELRBICLNE LT D, HEIT 11~14 HHREOHET T, BFx 1k
D, HAREBRIGET 5 HARER IO A 2 ZREE VD, BRITAEZL BARD, 5% ¢ (£51)
~BIEE (BIR. Cxo2<) 2175, EHEND 7~8 HRRRER - 72 SIUUH (E D %
[EUN LR (F1F) #EDIEHE) 2170, W LI a KA L TRIC A, BURERIC

Hifid 5 (B A#E RS2, 2002),

- Bk

R 7> 5 A2k 2 S DRI BCR IR T O, Hifif SRz et e L TR Z1ED
oo, Hh G, AT A RE TR, BT A) . EERRE, R (Lo A,
R 10 (25 L) FOEOTREZHD (HARAKFE, 2002),

(3) AEZFH R OAERER R

4 AR

A BIEREEETDRBTH Y | Ji—5) M—lf—pk RO FE T B RS 2 AR BR 23]

% (K1) JMTITIRARGE & HERIRIN & 235 0 | IRIRINOARTE TRUA 95, Bk, ARz
HETIC 6D ZIT S, Wbz, @EOI A = (UIRE) TIE, 1 #sshdhi~5 fnsh i %

8 HA AN EIED DD R T D E,
9 FDOIMUETB > TWAEMO LI RLDEN D,
0 L RESIHL, BAZZAZT1IARORICTAITEEZWVD,
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TICABIOBEEIT> THLAE L7220 LR THAEY a5, 7ok, BGMNWER & B8BEE
RN L o ISR % 3 BIR CTRABRICR D561 H Y | Tivg —IRE &S, A T
ARBEFZEDEAET2HAIL, SIRENECD Z EIFHTH D (BARERES,2002; 1
N, 1954),

AA TEFMABENDO B L E 2 A TEMZTT L, S HIC2~3 B O LMo THE L
THiE 72D, BERFCTIIMITHM SN2, BEEREEE LT, TOFE EHE T,
WHITK 10~15 AREEEREER, Reliclisz CRk) U, Mo Chlch (%) &7225, 20
%, BATART D, A ARBITS 05 B ORIC 500 BRI DINE FES, T Dk, M
RAPFITER TS 2 (BH5,2010), — RO SFETHEHFE OB LT ZIE, A 2 DI
RIRT %,

PRIRIN & —E IR L B TBARAE L 721212 25°CITiRi#ET D00, b L < IZFEIRIRIN % 25°C
IRFET R, 9~12 HRRETIELT 2 (#H5,2010),

HSH Bid. ERROOIMEE TO B 18 HFREE, A ApkH 1 BHH 72 D DFEIIEN 510
fE & 72> T D (BMOKERBERFSRD, 1996), H 604 5, ERENLPULE TOHEMN
20 AL, A AR 1 Bd T2 0 OPEINELS 410 fH & 72> T D (EMOKPERS B2 255
1993),

1ORARONIZ., PEDNGE BARIRE TIREES D &, F 2 HRICRAEMEILT D, ZO®%RITHEAE L TXDORIR
W—EMEB SN TS, BRIZRLR2FEIME L2, ALEASHEIN 1 A %O A~ORE (RIRFHZ
BRlE) FEDONBRLE TN T TE 5,
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1 . iwes
o R o G 5 % & (5~6823C)
' (6~8A22~23C) / 4 R (B &)

1. BM4IDEFER

=Y

B A 2 DFERE

Pl B 13 mm, B 1lmm, EX0.5mm < 5WVOEZWEHE T, AMINZEWINET
BENALTND (7, 1995),

cHE IR L L7200 oShdud, |, BE (D) LB E 9. KR 3mm~85mm,
SN HIR (A XBITX 2REOHIEL AT 2) BNEALIZ 6 HT2H 5, KITMEWN
MfEifad LT 0 B, ML ORI XA S 5, MEBicid 3 xto M, Mz 4 %t
DIEIE 1 X ORM, 1 EORAND %,

s BRH B AT T2 REOIEIE A A THI 40 mm, A A THI 45mm, IR (AN IZ-& 0 Bz
LEEREZ AT D) NEAIZ1ETSH D, EE DT TEDIL, A AIFHTHEEN A A LD
K, M (X L) OffansH ) . A AOAIZA ALY KX\, 72, T dH 5,
AT NG ARBPKIEUL L TND Z EHIC L O NITZ T IEINRSZ ERTE RN,

2PN SMNARSTTMO DI A 3T, ERICKH L THIENARVO TERS RA D, ELE BV,
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Wi 2 W CTHAT9 5 2 & TREIT S, (REAIZAADO L DONRELL | OO L H Bt it 2
THIUa L3RR D,

CERE A VIR OREE AR D KRS EHOREIZ & b o TR T 2 AIREY
TH 5,

c W ORISR LV Bk T FEAL - RA - SO E3d H1F0, 28V BT
ODOMENED EH S 5D, WOCITHACRE NN, RFIC L > THEE - fL0 - EHE - Fo -
HEREBIR E NS D, I OKZ ST 20 mm, BAEAHI 30~35 mm (H ARZ K43, 2002;
I 5, 2010; #H 5, 2009),

F511 5 | RSB GEZ2E L, SROEEITHERT, BT GhHRoEmEOEK
MEIC A T = BFEAE L TR S VR S (S ROASUTBE 2RIz Z &
KT D) Z2RT 5, MiTAGTHAE TH L (BHKEERERZR, 199%), H
604 %, MEIIGBELZ 2L, SIROEGITIHRISR T, BEBUIE TH S, Rl H 6 T ki
B THD (BMKESRER=R. 1993),

7 ARXITAEBRRRARRE D&M

A ISR EICHE SN I2AYTH Y | BRRE FICB T 2482 12IT%Ee
RN LT FIEME— DB TH D & STV D (R, 1995; WU, 1998), 7=, 2kn% il
L=t A 2 h OB B FEEORASCE A OREITI T D I A 2 O i D fifalig & O &
FRIE I IVEP AN D U HUE S Te 0 A 2 24808 LT i BR OFE R E DD | T A 3 DS
REIRS, BRRRICHE IS T2D, BN TOEFO ATREMEITMRD TRV E TV
(WA D, 2014; FH - 485, 2016) '3

DA VIBNTEHBT SN, < OBEEFZ T, 1~2 BOREBEBP MO IEWEBR
WEMERT D, A TGBREBN SRV TREDRY 4 (U k&) H21T 9 FEWEFIEN
IR HnBATWD (B 5, 2010) (1X42),

18 1A agh i OB OR AR R CIX. BEIEEREA (KR TBR L7 TIRMERS & W EY B oS o)
70%73 50 cm M EECRIFECTXFHE L2 00 b LSRR B 1 TR ~72 £ 0 35 < AIREMEIL IR
WEE S, BAMCE T B B R CIE,. B B ISR S, I B L7z 1 Engh il
SE CAEXENT, A~5 ORI ERME CAEEIENR D oT-, 2, BAONICEL L HITHEL
TEEEHD A OV TR OFAITRD b hoTz,

4 A aDHESCBAFELORER ELZET ROV ORRICT S L,
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- SHIRE

A IERE TH DO T ARIRIFEFHOKIRIZ L > T ETFTLUIRERE S R DI1I2o0
T, —MRICTEBEERITEA L 720 | BE - RN RLS R D, WA aRnFET DIREOHFHIT
T~40CHLTH DN, EFRBEENTE DIREIZ, BB 20~28CALOHFHATH D (1@ H,
1979; HARZ R4, 2002; #535,2010), HEZELIO 1 k013 28°C. 2#MIL27°CE AR L
L. 3 BIC A D EEEIREIL 26~27CRRWE SN TWDS, HEHMO 4 El O EBREE

IL25CHEHEEE L, SHlE 23~ 25CA HIEL T L &N TnD (k- Bl R3ER v
72k, 1995)

- SHEmE

TBEED 60%LL T EIRWIGE IR, SRR LB THREMEELE H 5, 90%LL E & @
Blx, FRENEE LT 20, U1 aDEREZELSCT,

R 20~28CALOFIFH TIL, WAL, 1~2 I TR BT 85~90% 134 TH V| #Hidd
HETTEALT I LD 4~5%RREK 22D . SE T 70%RRENE L TV,

7o, iR Q7CLLE) AR Q0°CLLT) ., BEOARR, RERMHORRA EDEAIX
WEIRWERRWE TS (8, 1979; HARZRY4, 2002; £ 5, 2010),

i s

il B ONSME, FITHRMASOIRE SRR D KV 16 R OHE & 8 REffRED

B8 0K 3IE D 08, SHHROBERH Y L& Tnbd ({EH, 1979; #H:5, 2010),

« R
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4 fi~5 T Cix, &KIED 30°CLL EiZ7e o 72 3580E, B 0.1~0.5m O S TiEAE L, &
BB E O A aDRiRE T 208N H D, Lo L, HERBIZ MGG 72 @i £ 721320 C
ZRVBRY B Z D TRIE A TR 5 Z L ITREN R LBND TR E L 20 (B,
2010),

HA IRBEBINCARA LD T, REMXED 5, AEITHZ S DT ORFBIB SN
(EHR) . BREOMBREMAENEL Z LN TELRBICEET DL, T THBRHEZLD THiA
T 5, BEEFTIE. W1 82X 5 X A ZHGHERS L2 ED 7o 02
(%) (X 3) Z W AE L Z ZICALE T ELE 2 TIEN—RITH 5 (BH 5,2010),

X 3. E%EAEE (EERR)
IHRBRICBATYROHAaZELERE, A AL ERICHEFIZHHAL, 1 XEIC1
B OmEiES,

BREZIIMOBEM T T 5720, RBREELIEDHZ L1, BB REZEND
T ST RIE, S A HERE L CREIMRAET 2 7o IC iR T3R5 T il (AR T
WA ED L) SNDTD, P ORII BRI/ RN TN THIRT D, FiElicisu
TiX, EH 120C205 60°CISIREIZ FIF T 5~6 Bl CREL S D (B ARZE R4, 2002) ,

511 5K TONH 604 53 E HICHEETHEIRY HVITIES TH Y, AR UIAEFHRE
BRIBEOSFMIZ O W TR T A2 FEITI RV, BARBICRLRVWEIICTHZENALETH
5 (BMKPER BARFE SR, 1993, 1996)

N RN T AN

(A adhfix, AABIZH 2 bN-REUIATHEEZER L ClE L, F2ELSN O
TR M EZHET 5 2 L3, R, SECHUKIZT—U LN ERHmL T
13



% (AARTARTE, 2002; #53:5,2010),)

= IR O

A IEMWAETEEAT O AN TH D, KR, A AR FEINT DS, A AR HEROK
T LU A ARNTEAE L, R AENBIEAT 5,

WH2 D OB OPMLIT R, HOHORIC—FITEE D (F1%,1982), BBIZA R - 42X
EHIMEZ ENTE RV, BTIXTE D, AAREDFRIE Lo E £, B R®RICH D55
GIRNOHET7 xa'y (RrEa—L) 2RET5 L, AARRITMACI>THET 2 E
VEBHLTAARBOMEZ Y | RITTITPNITZE 208 6 A ARz m > THWNT
BT L, &RICESD (Kuwahara et al., 1984; Daimon et al., 2012), JE$ UL, 2R ITFRHH
MG D 7200, WEII AT L VA 3 RERIFRE T A R LA 2 & HET (TBI%) E¥), A R
MAFEIIERED RICELS &, — I H0 B EICONT TEINZIT O, 1 BHOEINITE
BEE 500 HATETHD UNRD, 1962; #F5, 2010), ENTORRBROEFWRMIZ, Bk
T 7~10 HE T, ZROLEWRFKETIS AW o®ENH D (B ES,2010),

T4 DN (/R ORIRME (IRF2MRIRT 2 2080y 1%, BISAEER & BRESER THRE
T 5, [—btinfl) (FBREERICER R LTIRIRT 2 A2 153, A bEifEI s
(VW) S (BFRAEZRBIOIRE &SR 18X > THRIBDFE T3 2 IO IRIRIEAZ
b3 2 mFEREA T, 2RI, (5 SRR < FRIRIR A FET e i CTH D, —1k
PER O AP SR I, fEE SO, IFOIRIRAE, ERRIE e SI2 K- T, bR %
NBHNTHIET 5 Z ENARETH D (B ARE AT, 2002; HIVAE, 2015)

7285, RO A AR FEIN LT ARG . NBRl A 5 272 < Th, HARHAT
FIZE > TIREEZIHRD L Z L3 H L0 L E TET D 2 L13MmD TH 7220 (F 1L, 1969)

F1 511 & A 604 ST & bIZALETH Y, £ 5 BIKIRINOERLIRIEIZ L > TAZBH
LS E D 2N TED (BMKIEL BERZ/R, 1993, 1996)

A TRRE AR & O ASHENE

(79 alhAamBERRER]

A 7L PEROFEEERIZAERT 227 U ald, R8I 4E720 28 KoYt k%

Fron, ARICERT S 7 U aid 1 A7 < 27 KTH BH(Yatsu, 1913; JI11,1923) HAPEY
T alE, A a K OHEEOHEEBICER LTS 2 U a kv iz L (Yukuhiro,

B A AOIRERHMEEE D7D, IR - WA - e © A RE LZBREICRGE T D 2 L,
14



2010), 5 F~1 HEFOHEICBW T, BEDOHEARARREZZSLLIZbLDONR DA 2 THY,
A TADOMEFEN 7 TV aThdHEEZHILD (Sasaki,1898; F i, 1988; [JFUALH. 1998; £EEF,
2010),

[(BETHEEIND WA LI Ua bR 2 EH]

RO A 2L 7 U Rl LT2E, IA 2Dlfie | A 2Dl 7 = v E T
ENDBIUaADBELITIRRAETH Y . A I OMEIEINT 5, MR AT
PIEFIZHY . 7T alh A aTBEMIEFICIFRTH L Z LR INTND (EFR,
1988; Al JEUA, 1998; ££87,2010),

(A =2 & DOEEDIRBF O A HIZ BT o BRI R

FREEE 2, 7 U aEMOD A 2 L ORMEORMOF A TS 120 A L

HENGEREE TO, BUELBEIMTHOIL TN D IO D THRA TS - I\ T, £
LT T abhAankExREHEICHONT, S hary RY T4 2 LD cytochrome C
oxidase subunit I (CODEInF (7 UV = 4192 EIRE A = 147 Fffe) ZfgtrLi=& 2 A, B
DI T2IHAaDI b2y KU T ABRFA LTDIEBRNIFERD 50T 720y (Yukuhiro
etal. 2012) Z &AL ENT,

~ RN

(1A 2%, BARSM: T CJE OB EEEY O 4 BAZ 2 %2 KT T IRFEMEDO R BT S
FLTUNZRVY,)

N BEWEOEAN

(T A 2ZHOWTIE, BRKME T THEM OB S %04 RIS METHEDE
DPEEAEITHRE S TVZRW,)

F  ZDOMOFR

15



[FEARZRONT | 2RI EOBALED S OO a a2

HA FETHERE E L L, FAEMO DA 2 7Pz (Blepharipa zebina) . 7
U 2 KU = (Exoristasorbillans) . 714 =/ 27 I X = (Pediculoides ventricosus) 7>& %
(AAT RS, 2002), =DM, 7T a3ty KU T (Exoristajaponica) . 714 =2 7
1 7Y /RE (Pales pavida) (2 L5 %EC, NI LAV, I~ RUSE, U~ A R
7V, AILVHE, TYFTHATE, AXAATHE, TV, BREICLAHELHRES
NTWD (B 4; B, 1929; TS, 2014)

(A FIR IR AE T K 2 L D mTREM:]

A TNERT DWMEWE L L TIE, 1A aEZAKH 7 A /L A Bombyx mori
nucleopolyhedrovirus, 7 2 MIE 2 M KJK 7 A /LA B. mori cypovirus, A 2RYME#R{L,
JH 7 A /LA B. mori infectious flacherie virus, 7 2JREZJH Y A /LA 1 Y B. mori densovirus
type 1. 1A 2 EIZIH T A /LA 28 B. mori densovirus type 2 D 7 A VAR, HE X D IHE
‘P & X 9N Beauveria bassiana, #kE X DR Nomuraearileyi, & X 9 JRE Metarhizium
anisopliae, =7 71 ©IRE Aspergillus spp. <& DR, Al MERKAVIR OJRIRE Enterococcus
faecalis, ZAB)JE OIRIFE Bacillus thuringiensis % O, & L TR 1-IH OIRIFEIR Nosema
bombycis O HRRFET D (HAEATFE, 2002),

[FERRGLMEM I X % g hE L o T REME ]

N DRI, TN SN A BB OB EICR L TEZERH D . Zh
RS TRETDHIIA TORFIENET NS (FFH, 1979),

2. EETFHEBEXEDEORREETHHER

T2 TlE. HC-mAG BAR FENERREEOL S N EEAMALEE A 2 (HC-mAG,
Bombyx mori) (GN7, GCS7, GN7XGCS7, GN7XH 511 %5, GCS7X H 604 &) (LLF AR
BARTHBX DA 2] L0 H,) OIEHO =AW EEBEC SO\ TEHET 5, £h
ZHEALD | MR OBREEICEE L T, B EAEORKBRIZHOWTRET 5,

ABEAFAABZ T A 2 OERICE, BBRT (7 ARV V) O—D>Th D piggyBac
\Z X DB FHENELE W, piggyBac lX, A4 7 27 %X 0 TN (Trichoplusia ni, EH
Ml 2 FavH) ORFEMITN-368 ICHR T 28BKFTH Y, DNA ETHID HHan/y
AN TH2HEZFA LT, 2 RERECEEFEANCHNLN TS (Cary et

16



al., 1989; Handler, 2002) , piggyBac I%, ¥R E(R T 25 2 DORIKBANIEE L 7 E %
Ffo T\ 5, piggyBac DESBIEFE BT D &, Z OEEBIER D RKIRECS N R A6
AL TYIlr L, Y10 &Nz piggyBac EEY / AHICT VA MTHASND (X 4),
7272, ZDOFEE Tl piggyBac HIENBIBLT DIEBIHER DM EIZ L > T, 77/ A O
DOWGFTZHEE Lo 0 Kbz 0 T 5 e’ d 5, % 2 C. piggyBac %% LI2Bx 4
ARDBLELL 725,

A TNRENBIR T ZEAT D721, piggyBac Z 2 L= 2 DT 7 A R%
MAGHDETHNWD (K 5), —Di%, BEEERETFORDYIZ, BALLWANEET
AL R —7F 2 RT, b 9 —DId, piggyBac DRIFELHID 5> HD 1 D& KPS
Ve~ NWR=TFZI RTH DL, WBBREZHET 2~ =TT 23 Nid, A7 ORmR
FINRBLTWDHT2D, EAEKIIIA 27 2HPICHASAT, FRFICEA L K F—7
Z A RRORIGEINEREN 2B ATV ML ThA 27 LPICHAIEL Z &R T
&2,

FinER S RIREL S
857 E FpiggyBac < W sgzctET | =

yﬁﬁﬂiiﬁftﬂﬁﬁ L TE&#%

“l.-.
A\ 4
‘0
*
.ﬁ
aamun®

B 4. EHETF piggyBac DEE

17



< H sprezacss H >

- EBERETTORE =22 51 Z pioaVB - KIEESI 1 DERE
- BMEETOEA #R T piggyBac
< HELEER EREREGT

ANLIS—TFTFRE KR

FF—F5Z3 K

o
AT wEsmsssssssssssssssssEsEsssssssssssssssssssssssssssnsas®
3 s

FEALEEROLEREMERIITDS / LA~DEA
A4 50 Nﬁ@@%?@%ﬁ

| |\S2
Whdsanwny, 2 onREENE =

SEA LTt l RTINS 1 DR DT
. ERET. £bhb.
\ A AT/ L ADEA J

Sl SAlEmy STy
Sl Sy EALEROBRTRY Y ==Y

Cmmny Sy SR
5. Bz FHBA hA IDERZE

f

RF—=FTAIREANNNR=TTAI FahAA ATHATIL, 2 2DT T AI &R
HTHA IZREINCBABIEAT D5 HEE D, UKD A —=T F 2 I R bt s
NEEBREOBE T, BNBE TR A 27 APICFHA ST D, BMEA L fEEoH
TIEHE—HOMIWZ TN Z OB FERSZ 720 b L, IR 7272 2 A5 %
FITZOMANEE S &, FEALZKROMROTIZ, BB EERIAET D, —J, ~
W= T ZI RARIED A e CIEEIE L2V T, BAENEAL THIESHE 2 5
WL T MR 1 DBV IZEEND T OB Lz 0 i Sz LT, Rk
X kb b, ZORESR, REMIZHIBEE T2 R OBE P A 2 2EHT 5 2 &R
TE %,

(1) BEE5ZRRICEY oW

A BREROHERERDOHXR

KF—F523F
AR T A 2 DRI BT e B O R R R Ok 2% 112

18



R, RIZ, OB 2 6 (2,

H YRR T O HAL A1 2 B 10 (2R T,

®1 FF—TS5XIFOBRERE. BkK. Wit
AR YA X | HRKRUBERE

BaTHEREAIEY )

BEENXF Vo RIE—T 470, HERE X VRV ERBEBTHEBRAIE Y b (HC-mAG

Fibroin H promoter (7 1 7' 1
A~ H#HBEF7TnE—4
—)

1.1kb

WA afik7 47 aAr HHEHBERTFOTBE
—H—, 74 7 uA H#EBIEFPEIT 5%
HARER IR COBIE T ORG A HET 5 (Kojima
etal.,2007),

HC-mAG (EJ@In+Th b
PRI H o N T H—T 4
7TuA 2 H#EEX N

TGl )

2.3 kb

T W Y>3 (Galaxea fascicularis) F k08
JeH R BILT X BEHRAE AL THE
L7chkad & v /N7 8 mAG &, I A afsk
T4 7uAr H#EZ LRI ORI E R
LIicfla 2 v G a— R 58 GBI
10), FREEIEEFFO 7 4 7 m A o (ke o~
NIE) #EbED, CRIZITFEAFTVUD 6
[mlf VR LEA 2 = — R4 % 6xHis 23S 4
T3,

Fibroin HpolyA (7 4 7 a A
> H 88X —IFx—%
—)

0.3 kb

A ahisk7 7 Ar HHELRFOZ—3
X—H—, GEHEZHET D (Kojima ef al.,
2007),

B AB779767 D—iF)

BERREEN S VBT (= —8T) BAVEY N TRy Va &

3xP3 promoter

0.2 kb

R COBBTRIADOT-DIZATHICER SN
THEIESTHD 3xP3 &, FAMrvavds
v 3 (Drosophila melanogaster) H¥E 2
7B XY E hsp70 B T-O 7 v E— X —ITHE
B3 TeE—F—, B TOIRTOKE %
HET D (Berghammer et al., 1999; Thomas et al.,
2002),
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EGFP (S8l tade e 2 o
IR BB R T)

0.7 kb

AU Z % (dequoreavictoria) B D UAEH
X VT BBIR T (Vv Ty 7 4,
Yang et al., 1996) . BinF#H# 2 A 2 %8S
LoD~ —A—#int& LTHWD, Bt
BEfet L7= 3xP3 promoter DfEjx & Hbw T, &
5 2 1 A 2 DRRT EGFP #5813 %,

SV40 polyA (SV40 ¥ — I %
— % —)

0.3 kb

V2T A IV A 40 (Simian virus40) &7/ A H
KDL —IRx—H—, EEKEEHET D,

Fof (7 72y arBERE ABT13995 D—Ef)

piggyBac R

0.8 kb

A Z XU (Trichoplusia ni) HE DL
BRI+ piggyBac DARRES] (Cary et al., 1989)
HA 2l ) h~OIFNEE LT, piggyBac 15
SR ORBFES & LC@i<,

piggyBac L

0.7 kb

AT 7YX TN (T ni) HROEERE T
piggyBac DARGHLS (Caryetal., 1989), H1A =
27 ) D~OIFANIZER L C., piggyBac Bafb 4 D
FORRAL Y & LTE <,

ABEREIR (REETHEEZD

A 2% ) ARTIEEELRD)

pUC ori 0.7kb | KB (Escherichia coli) MDD 77 A I K
ColEl DERBALEN, KT T A I R&KIGE T
THIET 272D DRI TH Y | KBTI 2
A 2DY 7 LHFITIFFRA S L7200,

AmpR 09kb | HFiAEWE T v BV Y kT Bt E s T, A

TITAI REFORBHEZRKT D7D DR
FITHY, KBIETHEEZTA DT ) AHRIC
[ECE YNV WA

TSRO S B, AR S TORWERZIZOW TR, AHEIEZ A 22BN T

GRVEZ-SUANS 7 Ty JESSPANAN

20




AU LAy R0 - Do EE

AmpR -

piggyBac R

EcoRI 8103
pBac[3xP3-EGFP]_HC-mAG

10339 bp

Sall 8070 3xP3 promoter

piggyBacL Sall 2383
Sall 7194

EcoRI 7173
EcoRI 7077

EcoRI 7043

EGFP

R BETERNT

(HC-mAG 55 mAG BIEFOER ) SV40 polyA

Fibroin H| palyA

HC-mAG BIEFREANEV]

EcoRI 6782

Sall 6655 Fibroin H promoter

RT-PCR{ #H

HC-mAG

6. HC-mAG BZFEAIZAL =TS X 3 K pBac[3xP3-EGFP]_HC-mAG (i
BREZROBHERUVUEEICOVWTIEER 12838, Y onNns I E4€E—3 2 RATO0—T0
HERUVEGCFREDLTEMEHRT 51-HD RT-PCR DEFHHEZERT,

MHR A D ETIZE ONBREEX 718 T, £3, E&IK T piggyBac % pUCIS IZ
AL TIHEONT- p3EL2 (Caryetal, 1989) |2, ~—H —&Ia BV & >~ b (3xP3-EGFP)
AT D & & BT, piggyBac IR E R 1D ZFR%E L T pBac[3xP3-EGFPafm] % {E
#L72 (Hornand Wimmer,2000), ZAUZ, fkEENEHT N H—7 4 7 aA o HE@AE ¥
YR BBETRIAIE Y N (HC-mAG BI5T53BLE® v b) Z# A LT pBac[3xP3-
EGFP]_HC-mAG % /EfL 7=,

21



CESTPRPEE]  mAC e
(=R

HC-mAGERTHREROE ~ |

v

HC-mAGEIZTFREHE » +

T-H—BmEFERIE b+

pBac[3xP3-EGFP]_HC-mAG

D, B

T

puc1s
2}
BA ﬁﬁﬁiﬁhﬁ? B
pUC ori

EGFP | I
SVA40 plyA

K7. HC-mAGEEFNDEAIZAL:TSR I K pBac[3xP3-EGFP]_HC-mAG D{EH! A%

I memzezr N >
%% W FpiggyBac

ANVNR—FF IR

R —7FF 2 3 KD piggyBac R & piggyBac L \ZERE T~ BIGEI A B A =/ ) ApcHE
AT B0, BBEBEROBE NLEL 72D (K 5), ZOEBEREZMGT 272012
=TT A3 K pHA3PIG Z1ERLIL C, R —7F A RERETHA lEA L,
Z D= A R pHA3PIG ORI OFERR R OB KA 2K 2 [TRd, Fio, WA
FZ B 1112, R DA %X 8 127”7 (Tamura ef al., 2000) ,
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£2 ANIWIN—TFRXI FpHAIPIG DIERER L. HEK. #EE

BRER

YA X

H1 3R & OVBERE

A3 promoter GIIfRE T 7 F >

Bl F7rE—H—)

0.7 kb

A AFROMPVET 7 F o+ 43 BInTOT 1
ET—F—, HRxEMCTEETFEZRBISEL 2
LN TZ % (Mounier and Prudhomme, 1991)

piggyBac transposase
(piggyBac ¥rfs 3R B 51)

1.8 kb

AT 7HF TN (T ni) HROEBRET
piggyBac DYEFEIER (Cary et al., 1989) , piggyBac
D 2 DODORIGEH| DN HE E LT FH & 8] H
LT, o> DNA FIZHAT HHEE 2 F5,

piggyBac R

1.1kb

AT 7YX TN (Tni) HROEBIK T
piggyBac DA HELS] (Cary etal., 1989), 711 =
) B~DIFEANICES LT, piggyBac SrfsBESE O
RRRELS & L CEI<,

AmpR

0.9 kb

FUAEWE T e ) ST B s, A
TITAI RERORBREZEET L7120 OR
FITH Y, KBTI A 27 21T
FAS R,

pUC ori

0.7 kb

KIGE (E. coli) HKDTZ A3 K ColEl D
BBALAN, AT T A I REKRGED CHEIET 2
TeODEHNITHY | KBIEFHBZ A 27
AHIZIEFEA SR,
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A3 promoter

pUC ori

pHA3PIG
6160 bp

piggyBac transposase

PCRD FiE

piggyBac R

B8 AJL/IN—TSR 3 K pHA3PIG DHEiE
BREROBRRUBEICOVTIER2 2SR, NA—TS5RI FOREUEHERT 5120
® PCR DEHEZETY .

7 HERER OREE

® HEBEROERER OB

[HC-mAG &15T)

HHEIEFTh D HC-mAG BIn 11X, IA amk7 4 7aA o HEZ X7 EROTH
Y>3 (Galaxea fascicularis, RN - 16 0f) HORRREEOE Y VX7 BIZT R R
B EANL TRE LTchkEaot 2 /87 mAG (i 10) OG22 X7 Bxa—RL
TWa,

T4 uAr H#EIT BREMERT D EERMMEY NV ETh D, AEBAT LERR
FITIE, 74 7 uA » H$EBIRFORBLHE T 5 LifiEED S, mRNA ~DEE 245 1k
SHDHH—I X —HF—E G Pk E TORKEFANTW S (Takiya et al., 1990; Kojima
etal., 2007),

faEE 2 L7 B (mAG) IXH AL Z S Tk A 5T 2 2 v/ BT
BB~ ——% L LTHWO LD, SFEHAWZOEX, HERTHEEELIHET D L 51—
DT 2 EEEY % & L7 mAG (monomeric Azami-Green) T %,

6xHis IX, E AF VU B 6l NS> NLHIZRAR Y RTF RThHY, BEIELF X
JEONKELIZCRIMMTLZLICRY, =T NVECLDT 7 =T 4 KRS 572

WZHWb RS,

HIE R & Lz HC-mAG Bin 1%, 7« 7 aA > HEBEEFORREEREL, b
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DIZ mAG BIn A2 A L TERI L 72,
mAG ¥ > 87 B R Y 6xHis 28, BERIOT LV EHERIOT R BEESE AT 5008 D
D, T LV 5 — 4 ~X— A (Food Allergy Research and Resource Program Database (FARRP) .
ver. 20, http://www.allergenonline.org/) (2%} L C EfEDRIME% 0.1 & LT FASTA BRZR & 1T >
T A, BEET VLS b 8T X ik AGEE T B DESNERE D b o Tz,
ZOFEBLE Y NI BEORORAR LS EHEEITA L TR0y,

[kt Z o X7 s 1)

AIEAR ML Z T A = OB IL, BTk EO 2 v X7 'E (EGFP, 7 v 7 v 7 1)
DIRTOIRBLAZFH LT,

~— N =T UL OB TG, AV 7 T (dequoreavictoria, RIFREH)
f - & Fehf) mkofktd ity v 7 ThY | EBinrRi~—b—& LTRELS A
HRTW5

3xP3 YT —4 —%, IRTOBGFEIADTZDICANLIICAK SN HERSTH D
3xP3 12, ¥4 v a vy a v T (Drosophila melanogaster) MRDE o v 7 X LR 7 g
hsp70 BInfO7 v —4 —%fEAE L TELGNTZ, Z® 3xP3 et —% —(3fkx B ho
HIRSCHEIRICB W GEIE 72 B S5 (Shengetal., 1997; Thomas et al., 2002) , 7235, 3xP3
7T =X —OIEEICIFEA Y 3 v 7 I K DFEIIARETH D,

SV40 ¥ —I X —H—FX, VI TV UA AL ) AEKD X — I 31 —F—T, mRNA ~
DG 2 S5,

SEA AR Z VRIS, BEROT VL EEEPOT R ) BRESERT DN E D
M, T LIV T — A ~_— & (Food Allergy Research and Resource Program Database (FARRP) .
ver. 20, http://www.allergenonline.org/) (Zxf L C EMEDRIE% 0.1 & LT FASTA MR 21T~
e ZAh BEEmT LV & 8T X Wik A C— 8T HBEANITRRD b o T,

ZOFBIE Y M, BEORORIRELIIELHEITAE L TR,

[~ =TT %3 K]

A= TF T A ROVERUZ B T- > THE, 2 DOREHID H HD 1 SZHIBRL T, A
SHROMINE T 7 F o A3 I FDO T uE—F —ZfEA LT, ZHUCE Y, A 2ol
W C piggyBac FrfEBER N FEBL L, RIFFICIEA LT R —7"7 A X RO piggyBac KUl S D
B d 2 BB T30 A 207 ) AFIFHASN D, —J7, ~A3—7F 23 FERIER
WklS & 1 DKL TS, BA 3Dy ) AHFICHASND Z &30 (K9),
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(2) _7F—IZBT5EH

A HHRUHER

AR TR Z T A 2 DAEHIZH W=7 Z — 3R Escherichia coli 130 pUC18 T
b5,

¥R K+ piggyBac % pUCI8 IZHA LT p3E1.2 M5F 55 (Cary etal, 1989; X 7), R
— 77 A X N pBac[3xP3-EGFP] HC-mAG (%, p3E1.2 (Zhktaus it & Ry BB &
HC-mAG B 1T RBL 2y FEBALTELNE (K7),

RF—=7"FZI RO 2 DORIMGELSN R O ONMZ ELetEZ 1A 27 ) LMTHAT S
7o ZORIMGESNEZ R L T A 25 APITHAT S piggyBac SRR G T D~
W=7 A3 K pHA3PIG % VT % (Tamuraetal., 2000; [X 8), pHA3PIG (FHIfE T
7 F v A3 BIG T 7 0T — X — D& T piggyBac BnfERESE & 3B X B 5 A3, Kkl D —>
ERBIETNDHD, ZRAEMKIIIA 27 7 2piid3diA sz ny (K5),

=S S

O 7 ¥ —DOEELE R CHE IR

pUCI18 DI FEHUE 2,686 bp, HEFEELSNIXT 7 & v 2 a &5 L08752 5,

pUCI18 |Z#5R R 1 piggyBac %4 N L7z p3E1.2 OEHELIL 5,958 bp, LRSI, B 10
=B,

R —7"7 2 2 K pBac[3xP3-EGFP] HC-mAG D FE¥3 10,339 bp, H A fn 1 X FLAD
FNERIIR 10 =5,

IR —=T"F Z 3 F pHA3PIG DHEFEHIT 6,160 bp, HIEACHNITHIA 11 2 S M,

@ FREDOHEELZHETIHERFIND 2HEIX. T DOME

pUCI8 (TI%, MEMR TRy ¥ — %2 BT HBEO®RK~— I — &L LT, 72U Ui
HERAT LB FREEND OO, KB FAHBRA A 2D 7 AHPIZZ ORI FIX
BAIN TR,

p3E1.2 1213, piggyBac TR R BAR - K OV O WA O K EGEL S 7~ 5 722 5 858 K - piggyBac
DEENBEEND,

R —7"7 2 2 K pBac[3xP3-EGFP]_ HC-mAG (28 TiX, p3E1.2 /5 piggyBac Brfbl%
B TFRBREIN TN D,

~IR—=TF Z X K pHA3PIG (21X, 774 2 ORI T OBIS T HEL A BLIE T 2 MIE T 7
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F v A3 BRI RE—F— L DO TIRICH SV piggyBac BB BERBIR T B END

(K 8), 7B HT- > TiL, 2 DOKMEFND 5 B 1 S&EIERL T, B A = fHROMAE
TIF A3 BT ae—F—%FHA LTz, ZHIZEY ., B A adfiiasd T piggyBac ¥ix
BRI BB L, FFFZEA L R —7"F 2 X RO piggyBac KimBlFORIZH 5 HBIE
BABHA DT ) AFITFEASND, —FH, ~3—T7 T 23 RARIIRGELSZ 1 DX
HLTWDID, WA aD7 ) AFITHASID Z En72n ([5),

@ R F—DfpYet - WREOFEE Motk - WEEZH T 5B AL DE FIRICEH
T HHER

AT B —DARYEE - PR,

(3) BinTHH R EWME ORBTTHE

A BENCBASNIZREERDORE

R —7F % 3 K pBac[3xP3-EGFP] HC-mAG T HE5EERE DL B DONLE K& O [
ONTHI PRI SR (2 K D UIrEBAL &2 X 6 (2R, 2 DD piggyBac RYGHECHIDMIZ, #ik~—7
—Tb % EGFP BInTOFRBA L v b & 4OCHARDEREZ BN L LT HC-mAG &5 O
FHHH Ty FBFFAINLTND,

Ry B~ ORI OFFATEOE R Z K 71277,

7 BEERCBA SN BEROBAT L

RF—7"Z Z 3 K pBac[3xP3-EGFP] HC-mAG (X 6) %~ /L 3—7"7 Z I K pHA3PIG (X
8) L& HITEIEIN (B) ~FIEAT DL ETBALE (K 9), ~ =7 T 23 R
piggyBac O 2 DORIGHIND 5B 1 D& KBP L TWDHT=DIZ, ZNBEEKR A 27 ) L
IR 2 2 L3, 77 A REFEAINIZO O EFEIIRST piggyBac W%
FBIHNTHERZEEDN A 27 ) LPICHEASND & TOROMR TEIZFHHZ 7 A
IERKTHIENTED (M9),
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RF—7"7 2 3 K pBac[3xP3-EGFP] HC-mAG &~/ 83— A 2 R pHA3PIG % BAIE
A ST RGN O L L2l (Goy 9 KT 10) ZpiETHE L7z, ZOFEF T
HARIR R & 22> TREHEFF OAEN/KE WD, 20 Gz F/C Rkt L R+ 5 2 &
(2 & o TRIRMEDSZHEIN 21572 (G, X 10), BARFHEHL 2 B IR Tl Bk o & v
NG ERBT D Z L n, AT SR 2 SORTAMET TR L, IR Tl o
WeH LRI EEFBLL QO A ERERE LT,
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@ FF—7F 23 FIZBWT pigeyBac EBBRBIETRRIEL TS 2 L ORER

ERLL 7= K —7"F A X K pBac[3xP3-EGFP] HC-mAG |25\ T piggyBac a5 iR B (s 1
DFEL TN & &, Y%7 7 A I ROERESIFEGHIC L DR LT,

@ FFr—FFRIFCBIIBEEABTYANVAY ) AOWH OB E

ERL L 7= K —7F A2 X K pBac[3xP3-EGFP] HC- mAG (28T, =K1 piggyBac D
7 a—=27 OiaFE T, AcNPV (dutographa california nucleopolyhedrovirus) @7/ AIZH 3K
T 5 FPBL T (&K 642bp) @ 5 Il (340bp) & lef9 Bin v (&K 1,548bp) @ 5" il
Wrh (469bp) 235> T bH, WTFNDWR Y. piggyBac KEalcHOIMANZ Y | A =
J LHUTIIRA S R0,

@ ~NWN—TFFZ2I FOBRGFHE

AR THHEZ 1A 22 (GNT )k ON GCSTs. [X110) O 5 finsh % EER M S i L7~
/ 2 DNA Zg & L C, IBREREE O % PCR ICX Y #IE L7z, PCR ICHW=
T A ~— LIRS DR OALE &2 X 8 1T, BERDAER GNTs LU GCSTy D7/ 2 DNA
26 piggyBac B IR RIR T OMIEITFRD b oz (IR 12), 2D &b, KER

THAZ A 2TIFANN—=T T 2 ROBSIDFERSF L TORND LR TE T,

® AEMSEMEPZETMCLERERLZNET 5% TITHAV DN RROBROREE

AR TFHIMZ A 2%, IH - REEAEWEIEEAT (B - R (235 T w-1 pnd ~D
AR EAIC L0 R Ui, AR S 28 Aok it Y 2 o 3BT OV il 20 ok £ 8 Y % o 3
REREL, G AL LTHEKR L, WIZ, EHSFEDH 603 5K TH 604 5 & 5 LASHL
HEITV, BNBETFZFESEOICEEK L TGONT 28 . L=, —FH. G & FEH LD
1604 5 & O 511 5 & QR L, BREIS 28> & 91258k L T GCST &ML L7z, Mifd
BREA DR A IE ST 5720, GN7 & GCS7 L ASHl L. [GN7XGCST]Z B Lz, & 5HiZ
GN7 ZH 511 5 L AR L72[GN7 X H1 511 =], GCS7 % H 604 5 & AZBL L 72[GCS7X H 604
FlEENENERK LTz, BRI 10, BBRICHWIZRE R O A R 3 1277,

(4) MIEANIZBA LIcBBROFERER CYEERRIC X S TWERBO L EMS

14 BAINBEBOBREYPFET LKV —K
IR THH X 114 = (GN710. GN712. GCS710. GCS712 X TYGN7XGCS7]12) K OFEEAR
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THREHEZ A 2[A 604 5 X H 511 5D 5 Ensh %I & 5/ 4 DNA ZHhiH L,
PPN TV EA = g ARICEVEASINTEE T2/ L7, £72. inverse PCR 1k
IZ& o T, HASNT-EBIEFDF ) L EOFEAGERTZ 8T LT,

TN TV EA B2 3 AR K DTS, GNT1o TlZ 4 2D REfgti L7z 2
EDD, FAREFTL4 O THD 2 ENRBZ b (BN 13), &KIZ, inverse PCR {EIT K 2 i
Pt b 45D ROFEAEITIE, 52, #24 et fRIcThZn 1 7B 5 13 4
BREIZ2 T CHDZ ENHBI LT (B 14), GCST10 TlL 4 DD/ K (475 10kb
D2 OO RPEET 5720, BRUKENCL 530 ML 3 Dlcilx %) #RiliLizZ
EMG FAREFTITZ4 OTHDLZ ENEZ N (B 13), KRIZ, inverse PCR {EIZ K 2 i
Hrinb, 2B 45D RO S B 3 OOFAEINIL, 5 6. & 13 LU 20 Jeafkicz
NENL i THLZ ERHTI LT G 14), 550 D 12D/ ROMARERIZ B 2 HE
FERLHNS T B E OB AR Z R Lc 72, Qe EOMEITFFE TE o T,
[GN7XGCS7]12 TlE, 8 DD/ RZERINTHZ ENTE, ZNHDNY ROYA XTF
T, GN7 X OVGCS7 TR L7enNy Ry A XEFRCTho72 (BIR 13),

LEDZ &b, GNT N GCST O a2 B —HUTZZE4 4 O, [GNTXGCS7]D = & —4L
L8 >Th B,

o BAIN-EBROGRYOEEMRICRT 2BEEDRENE

PHP N T Y FA = a URFTORER IR 13) 775, GN7, o TR L7z 4 DD =
—H GNT12 THRBRICHRI TE 72, F£72, GCSTio TR L7z 4 2D 2 B —#53 GCS71, T
HIEERICHRIE CE 72, T O, [GN7XGCS7]TiX, GN7 KT GCST K DT X TH/N R
iR LT,

PLEDZ s BN LB E AT BB W TLEEMIBZEI N TV D S Lz,
B, A A ) AT, piggyBac HHLIE S HIEM A FOBISR £ o — N4 58E
T OIFETHRE I TV,

N BASNIEBROBEY OREER XK OHAR CORERROL EME

BA SN OERY )5 HHGER TN REMICRILIND 2 & 2T 570, #
BT Z 1A 2 (GNTn, GCST11 Fe OGN7 X GCST7]n) K OFE#E s T 2 1 A 2 [H 604
X511 S0 5 ESh RO REAR) B4 RNA 2R LT, HC-mAG EisF %+ % RT-
PCR 21T o712 & 25, G TFHBZ A 2 OLEEGEM 2 Uiz, £7-. £ ORHEIT,
WL AR Z DA aOZ CREE Th 7= B 15, —F, BBz aT
1% HC-mAG BI5 1 DEEMERH Lo 72 b R 14 2128V TH
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HIER TN ZERNCHEBLL TV D Z & 2R LTz, £ ofh, AT & TRiDHOLZ MRS L T
I/\éo

(5) BIEFHAHEZ AEWME ORI K ORI DOHIEI T Th b DRE R O

P oNA TV EA =3 ARCK D (IR 13) 1IZB8WT, 2 pg D57/ . DNA
J % AlkPhos DirectKit (GE ~/V A7 748 2 W5 Z LI L0 | BRI EEER & < |
T REEOBRAFERE1GD Z LN TE D, B, IR THMZ U A 2 Tik, FERERA 72
WU RRVTFANRRDOINRNT &b, KB MR A 2 & IERE I A
Az XRHARETH D,

(6) BEEXIFEDORT H25FF LOEL OHEE

14 BAINEBOERY ORBIC L 45 ST ABRFR SUIARFER R

AR TR Z A 2 CTlE, BASHR @AY XV E—7 47 a4 H @G ¥
YRTEEIR TR, 7478, v H#HBEE T 0T —2 — Ol T T IROBEBMERRT
RESE D, EASNIREINT NI E—7 4 7 aA  H @G 7 37 BITNTENE
D74 7uAry HBEERATHIEND, ZOBEABRGT 2R OARG B A 21X
HEENETRT DX NV B EGURREEAT D,

F7o, B~ — D —L LT, 3xP3 7 rE—F Ol F ChERGR AL I ED
BIRTARBELESELZLICL0, B0, B, R OIR CYRARIRAE LA E L S D,

REENF NI E—T T aA v H#EHME 2 R EIE, i R EThD T
TaAr HEEERT L NTETHD mAG X U RXTEORE X LRI ETHY . Wt
DENRTEHBMOYWEEEASHED L) REREEEZG L TWRNI LN, HEDOR
ORHRE B SHEDHRELZ AL TV RWEEZ DD, £, ARG X VB
LENF LRI ETHY, MOWEEELSED KO RBERIEEEZA L TN Lk,
BEORHONHR LS DML AL TV EEZ BN D,

AU OV T, RETARZ A 2 LIEEORT 5% o
L oMoEE

EAR T A =1 [GNTXGCS7] KR OIERIE TR 2 A = [H 604 75 X 1 511 4]
DRI R O REAIEE 204 - bk U7z, ShihoofKE, MEL OB E, ) iR,
S OFTRY, FESPATEN K OBEINEROFHA I, MR (1 #7225 3 #5) & N Lfakc, L&
B (4.5 ZFRETHET L, TS OFEICHENTIL, A FRETHE L, i
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. VEBES I E A o 75 R A L LCL Bl SN CRIE LRI S L.
R OEFRITE), WERT 8GR EE2l~ (K 11),

Caly plca - )
[on7x acer | | Re0as » #5118 |

X 11. £EHPH - FEZMEFEZLERT 2R

Mz T, BaTHH#Lz A 2 (GN715. GCS715. [GN7XGCS7]15. [GN7XH 511 5] 15 L
[GCSTX H 604 5]15) KOFEEISFHHLZ 14 = (H 604 5, H 511 %5, [H 604 5 X H 511
FIMONH 137 5 X 3K 146 7)) OAEBFR R OVEREFRIRHE 2 I 5EIC 36 10 2 5 fifl H %
&L THIE S =& T CTHRE LT BABBFORERMIZT TR AT rRROA
PR R OVERE SRR E ORI 21T 5 720 BINERBR 21T o 7= (AR 29)., PEIR%L. WL,
S, B, R L O EO PR T, EEnch 0 ERETETE Lz, BRI
W IEBAE TR X 7 A 2D 4 ZflE, BRI A 20 5 Rt & FRRIC R & fE
THY, H604 5, H511 5, H 604 5XH 511 ik, L%l HW B s TH# x 7 A

BRI, B 137 5 XK 146 SIEHELFE L ST TWD 720, thilgktge s L
THW-,

. ‘GCS7><EI60477‘ — 5\5604%><q:511%\§
\GN7><EP51177~| : :

\ E|137ﬁ><i146ﬁ\§

12. HEHEPH - E%%"—E‘J#%’I‘i&ttﬁsz?‘%)J_bﬂsi\‘..%ﬁ@?d%
O FERDRE
[$h (k]

—RERBRAE R S AR X I A =2 GN7. GCS7 K TONGN7 X GCS7] DGE
HHROEE OO OBRANMAKELZFHE L2 Z A, GNT TiX 1 #ie 5 ORENIE
AR TR DA 2 L0 b o7 (BIER 16, P<0.01), GCS7 TiE 3~5 D RE S IEH
LA 2 X0 b EN-T- BIFE 16, P<0.01), [GN7XGCS7] TIiL 5 MOKREN &S
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T A a XY N2 (BIE 16, P<0.01),

IENERER SR GN7. GCS7. [GN7XGCS7] . [GN7XH 511 =] M OGCS7X H 604 5] D

NE

B2 DA aOSNBROEREITHIE L TWeWnWn, fFE I8 LBz
HA ADTXTORBEOHROKE ZF, BB B A 3L KREREVIZR O
nolz,

(e - R = - i fa)

—RERBREE L B TR X A = : GN7. GCS7 KX ONGN7 XGCS7] DA
WE (W2 E0moER) KOWEE (M) bimk OB &Y RV -ERE) 23E L
LA,
* FHEIZOWTIEL, GN7 KU GCST 1FIFRIS M Z U A = & EH PR A B AT
Bivieinotz (BIER 17, P >0.1) 23, [GN7XGCST7] (3 & & (I s T-#AH 2 1 A
aLVE)NH-T (P<0.01),
CREEICOWTL, TR TOBMBFHHIRZ I A 2B W IR TR A 2 L'
hote (BIE 17, P<0.01),
BT, BRI A ankrt, FERE B DA aPRABTHY ., MEIXED
HHiEMNTH -T2,

IENERERFE S GN7. GCS7. [GN7XGCS7] . [GN7XH1 511 =] M O[GCS7X H 604 5] D

Nia

M (hZEeMoER) AL LA,

CBIR TR A 2RO 5 B GNT MR HIZ—FRMEAE R L7y, IR 2

BRI THDHH 604 5L ORIZHEEITRO bR o7,

- [GCS7TX H 604 3 HERE L HIZ—F@mUMEZ R LT3, A 604 75 X1 511 5Ol & 1%
BEEITFEO NP oTo, « ZOMOBIRFHEEZ 7 A 2 %2/IX, T b O

EThHoT,

Mg () SR OWLEGR A T PRV ER) i Lz 25,

B TFHHEZ T A ARHED 5 B, GNT OEMERE L HIC—F< | BRI 0

A ADTRTORMBOM & A FRRABENRD bl (BIE29),

- GCS71E. H 604 5O1f L ITABEENBD HLeho T, ZOM L ITEEZENTED

ni-,

+ [GN7XGCS7] . [GN7 X H 511 5] M ONGCS7X H 604 SNCEIL Tl IE&EMmHH#x
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T A A FZRFO T HARVME & @mVMEDRIZA -T2,
« GN7 X° GCS7 [F#aI gt < 72 DAHANZ S o 7203, Bin TR X B A 2 DOASHERE I,
BT A o b KR&EEWI R -T2,

Wil T DN T BAR FAHI R 0 A A DTN TORGUTFRE DM, RS TRV A =
DRFITIACDOFEMN Th o7,

AR OBEETRE L CTAB SN TV D R HRIC LD & M EOR/IMEN 0.85g,

BARAEN 2.44g TH Y | BfE EITHR/IMED 9.7cg (0.097g) . f KAEAS 63.4cg (0.634g) TH
D, Fio. ZARERME LT, WE g, WlEE 100cg (1g) B2 2 RMOIME SN TND
(NG - 114K, 1980),

ABE TR Z T A 2 OFERAER TIL, MEOR/IMEZ, GN7 @ 1.47+0.15g (FHfE =+
ERERZE) C, ROKMEZNGCSTX H 604 510 2.39+0.21g TH o 7=, ABfn Bz A =
DREIL, RS EBRBG CHEMA I, EMEZHREOEELKITT LRV EBEZ LN LI
BAR AR T A 2 OB OHHNICA->TEY | MERNWEB X b,

fiJE EICOWTIE, R/AMEAY GNT D 0.27+0.04g THRAMEAN[GNT X 1 511 5] & [GCST X
H 604 51D 0.42+0.04g T 5, RNBIETHEZ DA 2 OMEEIT, B EBEBIL CHEM S
. EMSZHNEDOREZRITTZ L DRV EEBI LN LIFRIEFHBZ I A a0&ELFED
HPFANIZA-TEBY, fERWEEZ BT,

@ AEFOFRHE

UFe - Sh i H ]

—RERBRAE R S A X U A 2 GNT, GCS7 KO [GN7 XGCS7] Oty

ZHEIND 5 BRI T HEIG Th 2 (bAE EER) Wb BRI DGR 21T
STMhE, WG E > TREFZEIET 5 £ TOHIM Th 5 5h i 254 L7z,

BB DV TIE, GN7 K O[GN7 XGCS7] TIFFEEMBTHMx h A 2 LK< (P <
0.01), GCS7 ITFFBIE B A 2 LV @mhotz BIR 18, P<0.01),

PRI ONTIE, BRI A aPIERE TR DA 20 E 1~2 BfE) -
7= (AR 19, P<0.01), 7233, MR THHL % 7 A 2 R OIERIE FHB 2 A 23T b 58
RIEREAATUN, JF - Shlt - i - RO KBREAE TR D,

ARG TR 2 A 2, Il TR D A 2 b AR, BT RIEE ST N TE%
SHEINEAE L TRET 5, B, REIFEELHKBITDAR,

BB S R B2 A = GN7, GCS7, [GN7XGCS7] . [GN7XH1 511 5] KX
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[GCS7 X H 604 5] DGE

A LB TABR A A 2RO T, b B eSS G 2R Lo R GCST(L
HE97.512.1%) Th o 7208, EOEITIEBInFHELZ T A 2 B2 OH The b @O bAAS
R LTERHTH D[R 604 5 X H1 511 S EAE:97.840.6%) L 0 HIKLS | oFEAEIE
O BT (IR 29),

P EHIFIZ OV TIE, [GN7XGCST7]28 22.8 H &b <. GN7, [GN7XH 511 5] Y
[GCS7X H 604 %5]1%23.0 H TH Y | BB A I A 2 LD 1~2 HIFEEEHAIZH
o7z (R 29),

® AETFREN

(= ]

—RERBRAE R s A X I A =2 GN7. GCS7 K ONGN7 X GCS7] DGE
ERREAFA LIz E A, GNT TIEIEEB FHB X VA =2 LK< (P<0.01). GCS7 &

NGN7 X GCST] TlIIEEInFHH 2 1 A = & ORI R R A EZ TR bR o -
(AR 20, P=0.65 & P=0.11),

IENEERAE R AR T X 7 A = GN7, GCS7, [GN7XGCS7] , [GN7XH 511 5] KN
[GCSTX H 604 5] DA

A L2 BIn PR Z A 2RO T, b @ VE R Z R L2 RHIL[GCSTx A 604
FICE W5E:95.5%) T > 7o H3, Z OEIZIEBIR X I A 2 RFOF The b MV VE R %
RLTZRMETH D H 604 S(EMIH98.0%) L 0 HIEWLDTH 7= (BIHE29),

@ HE#eeh

(SR E)E]

—RERBRAE R S AR X I A =2 GN7. GCS7 K TNGNT X GCS7] DGE

W b sh BB D HH & LT~ 57260, 8 10 em O Wk Ful iz gh 14 30
FHT DT 30 04RO O OBFREZFHII L7 L 2 A, IR TR B A 2 LIERE T
KM Z A 2 ERIFREETS o7 (BIER 21, P>0.25), [AERIZ, 2 @wshH% 10 B3 D& T 60
SBITHLN D OBEEAF L2 E 25, GNT OBRNIERIGTHIRZ I A 2T~ TBH)
FRED N o 72 (AR 21, P<0.01),

5 g B BT H P 2 el 272, R 18 em OB OO HNIT 5 linshh % 1 81
FTOEX, 12 BHRICTOMENDORREZFHIIL- L 24, Bz 0 = LIFE
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fLTHHEZ A 2 & ORINTHEFH R T EZITRD o 7= (BliR 22, P>0.08),

IENEERAE A AR TR X 7 A = GN7, GCS7, [GN7XGCS7] . [GN7XH 511 5] KN
[GCSTX H 604 5] DA

INHTRTOBIE MR T A 2 RFEOEERE )BT 23BRITAT > TWZRW A, il
BRICBELIZL 2 A, BIBTHBRZ A 2 DOTXRTORKEOL R, FEER)DEVH
T L F e | BRI A 2 OBEMEFICIL, FEEE I A 2 LEWITEED B
ez,

® FIEtRk

(PESIEL - PEIR % #iPH]

—RERBREE R S TR X A = GN7. GCS7 KX ONGN7 X GCS7] D

A AR B Y 7 0 OFEIIE A LT 572 PR 18 em OFIEORO LT, REH D
A AR 1 BET D 24 REREO CREIR S 2 F8A L 7=, GN7 TILIEE B THil#ex 1 = X b
i (BIFS 23, P<0.01), GCS7 M TNGNT X GCST|DPESI L., FEEIn FHMaz A 2 &
ONCHF N A EETRD b2 h o7 (BlER23, P=0.16 £ P=033),

A AR R PEIRT DRI A LT 2 72 FEIIE ORI AT, EAT BT 1
8 >D LS ORFEEZ FHH L7z, 288 18cm DK E TRIEE LIZBA N D > =720, [k
DVHMEZ T Z LI TE R -T2, L LARL, HEfONMEE Lz & 25, GNT,
GCS7 KU GN7 X GCSTi%, FEBEIn T Z DA 2 L0 HFROEEPHIZEIN L TR Y | &fs 1
FAHEZ T A =2 L IEBB AR T A 2 & ORI PR A EZITRO bive Gk 24,
P<0.01),

IENEERAL R AR R X I A = GN7, GCS7, [GN7XGCS7] . [GN7XH 511 5] KN
[GCSTX H 604 5] DA
FEIRELIZ OV THE,
“GN7 23 2435 ffl & e b /D70 < | FEBB TR X 7 A 2 DT X TORMOME & HidtF 72
FEENRO b (B 29),
* [GCS7X H 604 Z b -T2, H 604 5. 511 5B L O[H 604 5 X H 511 5]
LITAEEVNRO bivehr ol (BIE 29),
« EDOMOBRTHAMZ T A 2RI, FEBE TR X A 2R OR S =V OME &R E
OHFHEAZR LT,
UUBIZRY, BT A a0 RFERZORHFANTH S L EZ b GIE 29),
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® B - KHE - KIRE

—RERBRAE R S AR I A = GN7. GCS7 K TNGN7 X GCS7] DGh
ENERERAE B AR TR X A =2 GN7, GCS7, [GN7XGCS7] . [GN7XH1 511 5] K
[GCS7 X H 604 5] DGE

AR TR X A 2 R OFERIE TR 2 T A a2 OB OEEIT & I 4 BITH -T2,
F7o, BETHEEEX A 2FL, FERE B A 2R LA R T 5 EARIRIRZ FEA T2,
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BER3 7 U apgBORERRICET 5HE
GRXERBPEDRFERT — 2 ZET ORI E.)

98



10

15

20

25

Bl 4 BB BHROYHREZHREIIHRICFET L WEERODH S B - BRE

BAMZISIT D A 2 OBAER pffi B & LT, BERRAMET ICR W T2 A B o)

BRI RICHFET DI ENEZONLHEORE - REREZLITICZET 5,

S5
L7 R (BEIZLD)
h 7 A (BEIZLD)

b
A=) Rz (B, 1929)
70 ax RY Sz (#)1, 1929)
7Zvax KUz (B, 1929)
NI AR (B, 1929)

A~ Fo~<H (B, 1929)

U~ AA B (B, 1929)
NI AR (B, 1929)

T AV (B, 1929)

T T AT (B, 1929)
ARANTFH (B - 1754, 2007)
7 U (B, 1929)

ST - 779k R] (2007) BN 1T D A 28R T-HEE D vl RePERFA Tk 0O BA .

N=CX

S

(oA 2 B OPEERINC B T D L atERR A (T r Y =7 MFFERR T ) —

A 447) ,100-102.

RULRERR (1929) ffh A AT SEE A, WISCH
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BIERS WA ahd AARAFHOBED 7 U atEM~DBEFRAICET 37HE
(HRXERTEDRERT—2 2L -DENFE,)
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Bk e BEBFEDTOIA L 7T apRME—ROBEZONVTOFREE

BREROBBETONA 2L 7 U aDRZHEO FREMEZ BHEICHREET 258 E LT, BER
FAT BN THREBE D AZHED I HEE A58 U UWMBATRIZR FIE T A iz fE L, 2 0JfEil
THAE L7277 U a OBE T ZffFT L7z (Komoto et al., 2016), 1A 2 & 7 U aDAHERF
—RIFHIA ZHEKDOI bar R TEFSZEnD, I hay RUT coxl BT O8BIE T
BT+ 5 Z &Ik, 7 U afHNOZHERE —ROFIG 2 EHENICH LT 2 2 L
NTED,

GEESWRFS)|

(1) 7VazsBETsr7=0Fr b7 v FTORE

TxrEY Ty 7L LT, HFRBEETEHAOMEREZER L, FolRE LT, FRL25
BT A 2O A ZARR 1~3 BT D, Tk 26 4F &R 27 FITAR 7 = nEy (Rrea—
V) Img ZRIN L7 T Lx v v 7 UHET 2 H e, JHEMIRIE, F 25 i3 6 A 12 A
225 12 H 24 BE T, W26 X5 H 26 B 12 A 23 HE T, FRk 27 4156 H 2 A
H12H 14 HETThoTe, BB 2 EENZ 1B, KEKEFITRE EBICT =T
N7 o7 aZWL T, SN UV and AR ERIT LT,

(2) i
AR & LIRS AT O BB OME AR 1 DL BY THY | ERICT = 1
TRy TERE LEAERORRIZE 20 LEY Th 3.

&1 FAEMEL-BERROFFTHRE (T 26 F)

JEF [ B B CRTR=TEE- £ B RE

A 99 J7UH 5[] 5 HA) 5 10 AHA
B 57 J7UH 4[5 5 HHA)15 10 A T
C 24 Jj9H 20\ 5 Hhfimne 10 H B4
D 60 J75 5[] S HHANPG 10 A T
E 7755 TUH G S HHAING 6 AHA
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x2 HAEHDKER

A EE AR A D BREE

Al A WARR 25~27 4F WEICHEE L CERERIEEZHRE L WA IGEETT
ST b MR

A2 A ARE 25 + 26 4 A A1 2> 549 2 km B 72 F /M

A3 A oRR 25 - 26 4 FHAH A2 725 F9 400 m BfEdL 7 Z A

B B WRR 26 - 27 4F WEICHEE L CERBERIEEZHRE L W AT
ZHT b ik

C C Tk 26 + 27 4F AR L7

D D Tk 26 + 27 4F WRIZHEE L5 (RE DITESE, MM, 7%

BREIESMN TN TN TV 5,)
E E FERK 26 - 27 4 BEFRTIZFR I 2 BEFE L T D Skl & A== T et

(3) BT RO
BELZ 7V aDF AER» o L=57 7 5 DNA 2851 L7 PCR T k2> KV
5 7 cox]l BInFO—EEWE LT, TDO—#A Lo TT A —R 7 ))VERKIKE TR LTz
%, B0 O—REHIREESE Ssp 1 THL L CT H e —AFVERIKEI 2170, Wi EZA0
DhA LU aBZ KR LTz, SEIZE U T PCR EEY) O EESNZRE LTl A 28l
L7 U Az X LT,

10 [#52R]

SRR 25~27 FEITHIE LT= 7 U a DA AR D 9 B PCR EMINE STz 3,750 fE{AR~<
TR U allchot- (F3),
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x3 AEMILEDRERER

A H TEHTEL EAT DFE F
ERR 25 A TRk 26 4F Rk 27 4

Al 75 HH 253 5H 188 5H FTRCr Ul
A2 119 58 542 §H — TRCr Ul
A3 128 §H 814 gH — TRCr Ul
B — 187 88 179 54 FTRCr Ul
C — 168 88 111 54 FTRCr Ul
D — 226 B8 112 88 FTRCr U
E — 426 §A 222 5A FTRCr Ul
[Z4]

AR TR, BAED 7 U aEHICHIAHEE RPN EC T L0 E D MERGEL TV D
HLOTHY, S bar RITH ) DEHRDL I & THREIHRHETE 5,

RO SR ILFTE 25 U 5 2 &7 < MO PRI IR 2 BE T - HER T 2 72
EL AL U aDiZEREER0TVRBAZEV LTS, FAED 7 U a MM
TEARDRLRITFED B0 Z Lnh | EEROBERRZF KR O O JEIL TRHEH— R E
U5 Z&iFRn, 223 TERTHD EEX bR,

Komoto N., Kuwabara N., and Yukuhiro K. (2016) Absence of hybrids between the domesticated
silkmoth, Bombyx mori, and the wild mulberry silkmoth, B. mandarina, in natural populations

around sericulture farms. J. Insect Biotechnol. Sericol., 85, 67-71.
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BT A2l UaDRHERROERIZ OV TORE

A =2 &7 T aDZHER K O DBRNADBIEIEZFFONE S i LTz,

5 [ 5]
WA= (P45 EXH1405) ODARL 7 TanF AL EHATRRIE, B
FEIND HWAL U7 2MER 1 RO % 3 Ensh i CEWNTEE L2k, #9250 BEZ =
(K1, 2) NOZBHIHER LT,
SERV-RE
r—f%;—fﬁ
10 Ty N !
1. WBEDHNE
AN I DOREIZHDHNINTINT, FROREIZESF-EHHASEAN-XE,
52m
3.2m
10m
7.6m
15 K2 FRALE-REOXREE

RPN, FeM2 5 KD D, FHOBRESEMOIEEDOEHZ 1 412 1 BT
W, ZOBIT, RMEEROBRRPEFLTND Z L AR LT,
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2008 EEICHEENITAZHESE | RO R A fla Lotk RO ENRHER Sz, 2D

%, 2012 FEICHEZEI L CRBRA K T 92 £ T, MR T CRHEMEKROZR DM
AL TWD Z L, FIC 1 ELL RS, 28, ENICIE., FERMREETH D
SERONFHIIELELTEL T, RMEEENHRE SRS BRI TR,

[#%:]
KRBT/ ONIAERIT, I A 2L 7 U aORHEEEKROZORRITEERH Y | iR
RHEAVDROVEMETHATHAGFTEDLZEERLTND, BENTOMEBEE LTUL, BE
(1927) A F £ T, B - K (1939) 2 F4 £ T, ZNEHRAEE ORERZ#HE LT
WhH, ZDOZENLL, A 3L U aDZHEER R O OBRITITEER & D 2 L D3
RTXD,

IREm (1929) FaE L BEOKZR. A BSMEE 21, 59-64.
RIETR « RIGIEH (1939) & L FE & ORZHFREITHNT. KEEH, 394, 71-82.

105



10

15

20

25

30

35

BERS HARIBIDZHA LU aDRMEE—ROEFENCETIHE

A TDAARBDREBINCAEL T UV adA Ak ERR L, S — RO hni b
L7e5 & OEFDOAREMEIZ DWW T, MENTOBILE TIE, figFED VRN b BARS
HERHEBR SN TR E WS RERH 7, €I T, WMENOFB AL U TRMESR
—ROWHES B2 e L, £ OAELFO REME A MGE L 72,

—

L EOWaRES |

RIS OBHINIC, tOF SN CTEB L TSRO EE 721358705 2 m
Bt -z, I = (A 1375 XK 146 5) &7V a (HERBCROEERKK) &K
MESE— RO & Bl L7z, 20 ARREERR I MR O A BIE LR O 3L | B o
B L CTHBECHOAEARA LT,

[ 2R]

2014 4 5 1T 3 A TEFF 150 B ZZHESR — RO L) i & St O T LIS L7z, 7
AT A EEABER S N <720 BfErIC 23 ARRICHESGE L7ZBRICiE, ShR b bR
ORI T,

2015 4F 6 AIZ 3 A THEF 626 BH, 2015 4 8 HIZ 3 AR THFF 2,338 BHDOARMEF — D
MEALsh i & 2t s 5 2 m B2 AN ARER L 7=, OB OB TIXAEFERITEIE Sh
T REAIZ 19~21 BRZICHEB LZBRICSH, Shi - L BICSEO bR o T,

[(&%]

AA ADAARBRBEINTI U DA AR E AR L TEINT 558 L L TAREMEN S
5 DEFRIEOT TH Y | PO R &2 R LT Th 2 BB L TnDd, U1
DA AR5 FANEEREN THEINT 5 O LR O bS) B2 i LT b il E THEMF
TLZENRL, AFOREMEZEOLT-OICHA TERIIHAE L THEL ol &
Mo, FBEREICHILTA IOAZPREIMIE T, RICHBFICLVHETT D Z L2l
PMELTOZ UV aoF AR ERRLIZE LT, RHEE R AEFT 5 AraetE i3 TR
WEBZ LMD,

k. METOMAE (IRT) TRMEE RPEFTETH T2 b, SEOMHE=E
N TORETEFTERP SO, MENITHEL TORWEBEORMAEE I L 58
LD boLHEESND,

Komoto N., Kuwabara N., and Yukuhiro K. (2016) Absence of hybrids between the domesticated
silkmoth, Bombyx mori, and the wild mulberry silkmoth, B. mandarina, in natural populations

around sericulture farms. J. Insect Biotechnol. Sericol., 85, 67-71.
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BIER9 WA al s VUaDRMERE RO X AOKEFFHERR
GRXBRBPEDRERT — 2 ZET ORI IE.)

107



BIES 10 HRYE{GF OHEEALS
(RNHBF EEARE D ER R AN o RSV EE)
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B 11 ~AR—TFF 23 ROBEERS
(KNHIBLEEIRE DB = b S SRV RK)
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B 12 BERFEAICHNWNZANNN—=FFZAI FREBELTWRWNWI &L OMER

[771£]

WA TFHHHAZ 7 A =2 (GNTg JeT¥ GCSTs) O 5 livsh D% EEA M S %/ 2 DNA %l
HL. 05 ugZA L LT, KOD-plus Z FH\ T 30 %A 7 /L®D PCR %17\, EnfEEFREIR
FO—EEEE L7z, MHEREZRT T2, ~R—=T T A REEBEARL TR E L
PCR %#47-72, PCRIZ 50 pul DGR TITW, TDIHIH S ul %1% 7 Ha—A 7 )V THE
UK L7,

TIA 7 —OREEINILLTD LB,

pig-TP4868U25: 5°-TATATCCCAAACAAGCCAAGTAAGT-3’
pig-TP53941.23: 5°-CCACCTATTCGTCTTCCTACTGC-3’

[ 2R]

RIZHA 25 ) LI 1 2 B —0D piggyBac B HERRIE AR HFAINLTWD ET 5 &,
AT 505 pglZiHYTHNNR—T T A FOEITK 6 pg & 78D, PCR DR,
DL, THRINDHHA X (550bp) O/ R, ~IX—T T ZI R04pg 1B bR
HTE7-—0, KB ZIA 2D ) 5 DNAO0S pg MHIFMHENR-7-2 &
DD, RBIEFHBRZ T A 2T~ T T A ROFHINRFEF L TR 2 & 23R
T&7,

M12 34567 8910111213 M

M D NFEY—H—

1 : A~JLX—DNA  4ng (h4 3%/ LsDNA0.5 ug TH 700 3 E—5} A )
2 ~JL/S—DNA 40 pg (7aE—%)

3 ~JL/S—DNA 0.4 pg (0.073E—%)

4 : ANJLWR—DNA  4x10°%pg (7x10*3aE—%})

5 ~AJLIS—DNA  4x10%pg  (7x10®aE—%)

6-9 :GN7%4/LDNA 05pg (ZhENZIERK)

10-13 : GCS7 #°/ L DNA 0.5 ug (FhEFhBIEK)
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B 13 BASNIBROBRY OBEOFHRARICEBIT HIoEOLEM

[J5iE]

R FHHE X B A 2 (GN710. GN712, GCST10. GCS712 L UONGN7 X GCST]12) DA AR 6
KT DIz, S g R OBEIARRN S 7 5 DNA 2RI L, o7 21 €
—va R K VIRAShIBIE FEmMIE LTz, 7/ A DNA Qug) ZHilpREEZE EcoRI &
Sall THILLT2D B, 0.8%7 1 — A7 )LV CESKIKEIZ{TV, 71 2 A 7 L Hybond-

T AT 7= Ui, Tu—T 3 EMSARIEREEHEE O 6 (TR K D I piggyBac
RITERE L. PCR TIER L7z (691bp). 7T A ~—DIFEREINILLTDOLIBY Th 5,

Rarm-5: 5’-TGTTTTATCGGTCTGTATATCGAGG-3’
Rarm-3: 5’-GGTGGCCTATGGCATTATTGTACGG-3’

15 5 17- PCR Y % AlkPhos Direct Kit (GE ~/V A7 748 ZHWTZ~L L, CDP-
Star 7&% & [/‘/C'ﬂﬁ%%éjﬁ:f*ﬁldj [/71:—0
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(5 2R
BB TR Z T A 2[H 604 75 X H 511 5] TiX, N> REBRH L7, GN7;p T
X, 4 2O REMRHE L7z, %8O GNT,, TIE, GNT7ip &RV A XD 4 DD K&
L7z, GCSTio TlE, 4 >D A Faf L (A XNAIZ 1 KO2 FARBLLTEBY | ®H
5 725), %D GCSTi2 Tl GCSTio LRV A XD 4 >R RER Lz, [GN7XGCST]i
TliX, 8 DDAV REfH L7,

GN7,, GCS7,, GN7,, GCS7,,

(kb) (kb)

12.0 — Sehss s 12.0—= ..
e L. T T - ——

50— &= av o as on o

50— o= e o s e o
o — -
3.0— ::: :-- 30— =-==-=
20— R RN ) 20— - e e W
1.0— 1.0—

[GN7 x GCS7],, [H6045 x F5115],,

(kb)

120 — EEEEEE
SEESE8

50— - —

.. SES22E8

. - -

10—

10
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BIEs 14 BASNTBERBROEREY) OQE K EOFEAERT DRSS

[771£]

PPN TV FA B = 3 GBI K> THRAINIZBEB T O REUE iR L7-% (3]
W13), BT A 2 (GNT19 O GCST10) DFE/3 ROFF AT % inverse PCR
THIE LT,

[ 2R]

inverse PCR T b7z PCR EWOMERSNEZRE L, WA 257 ) 2OT —HX—2R
[KAIKObase ver.3.2.2] (https://sgp.dna.affrc.go.jp/KAIKObase/) T BLAST MiZRZ 1T\, 4F
& L7 AT (inverse PCR T4F 54172 PCR FEM) O HE FERCH I ASFRRIME: % 7 L 72 #6FH) %X
\ZR T, GN7i & GCSTio (\ZFRA XN T T _TD /R RO ARG B4 5 YIRS % figi
L. Ok EOM@EEFEE LTZ, L L, GCSTio D 4 DOIAMEHTD 5 5 1 DIZBWT,
BpE T 23RBS 037 A EOBEEFTICHEMEZ R Lic/o o, Yl Lo ERZ2 A E X
FFETEholz,

GN7
GCS7

chr6:1656800-1656399
s < chr13:1232931-1233353

s —chr20:2385312-2384913
chr24:7895214-7895936 — w=

chr2:8472784-8472980 — W=

chr13:10668392-10668067 — g
chr13:11972024-11972423 — ™=

- —

X GrfR OO & FRIMEZ R LT,

113



10

15

20

25

30

B 15 BASNIBEBROERY ORE KRR OHAR TOREZDOLEME

[771£]

WA FHHZ A 22 (GN7i. GCSTi. [GN7XGCS7]1) KO R 7-#H x h A =2[H
604 5 X 11 511 B)DOFHAR 3 ERT DI HONT, 5 B OB IR S 4 RNA ZHH
L. RT-PCR {EIZ Lo T HC-mAG BI5 T OEGW A M LI, 1 pg ® RNA LGRS
AMV Reverse Transcriptase XL (% 5 734 4) ZHWT DNA 25 L. ED 95 HD 20 4y
D1 %A L L TExTaqHS (#1734 4) TPCR Z11->7, 774 ~v—I3EMEHENMER

HEEEFORK 6 12 [RT-PCR O#iFH] & LTIIRL TV AT EEIET 2 X 2 IZRE L,
ZOERERINIU T DO LB Th D,

KS446: 5°-CGCTCTGCAGTATGTCGCTTATA-3’
KS447: 5°-GCGGACGTTACGACGAGAATAGT-3’

PCRIZ 10 ul OISR TITW, DO HHD 3 ul % 2% 7 Ha— A7 )LV TEXIKE LT,

F72. RI-PCR DR YT 4 T ar ha—L& LT, mpd9iEfat (VR —LF 7' EiE
v, 77%& v arFES NM 001098282) @D PCR biT-o7, rpd9 BIn DT 7 A ~—D
WRERSINILL T O LB Th D,

ks13: 5’~-GGATCGCTATGACAAACTTAAGAGGA-3’
ks12: 5’-TGCTGGGCTCTTTCCACGA-3’

(5 2R]

HA T A 3ERT M L CEREIT o7, THRENDSY A X (1228 bp) D HC-mAG
BRSO PCR PEMN, B FHBAZ N A 2 TN TTRBEICHEE S, —7F, R8I FHE
Moz A a TIImE SN o Tz, £, 49 B IXWTOMEEN S HEE Sz (276
bp)e TDOZENGL, SEIOHFEICHWDBIS X T A 2R/ TIL, BABRBTFNLE
FNCHBLL T\ D Z 3B TE 72,
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650 —
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BIE 16 ShHAEEO LR

[75ik]
B TR Z T A =2 LIRBAR TR Z T A (2D T, bR M OB B % DA ER AT O %)
5 W (E#E) OREZIE L, HEDY (1 #2»5 3#) 2 NLEEHT, hEY 456 %
ZIETEHE Lic, fERFITLUTO LB & L (EMSRMERETmE X 10 23H),

Bin T A = BB A =
GN713 H 604 5
GCST713 sl 5
[GN7XGCS7ls [H 604 = X1 511 5]

LB DL RIT 40 HiA F LD TREAZRE L, 1 HdH72 ) OEREZFRI L7z, 2k,
10 BB THEEX A 2 ROFERBE THB X A 22O T, ZhEh 12 [T 280k LTz,
2HNEEIZ10HZ E LD THRELAZIE L, 1LY ORELZFHE L, Zhvkx, BT
FHE Z 1 A 3 e OFEB AR AL 2 1 A 2 ZHOWT, ZRZE4 20 BT8R LT,
3EEELIEIX, 1T OOREZ, Bin X VA =2 LI FHRA A 220
AU 40 BT OHIE LT,
15
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(5 2R

F O HEREITU T O OEY Tho7,

R L DEREOFEIME L AR UER . BRI X R & STIRO IR B 7 A =
R B LT t EORER 2R,

05~ P<0.01 P=05 P=0.58
i ED 0.4 - T E T
ﬂg 0.3 |
m 0.2 -
8§ 0.1
0 .
% 3 2 P=014 P 0.013 P 0.3:1
}HH.H 1
® 4
Y
0 -
50 - P <0.01 P =0.81
M w49 d P=0.14 I .
B 30 - I I
iq__ 1
& 10 -
0 .
s 5 220 P=063 P <0.01 P =0.042
2H @ 200 - : r
150 - : * :
&
& 50 A
O .
s~ 1000 1 P<0.01 P <001 F<0.01
- 800 - I 1
600 -
400 -
200 A

H604=
H5115

MHBAE(g)
o
]

H604% x F1515
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B 17T BEERVCHEBED LR

[ik]

AR TR 2 B A = & IEBIR TR 2 A 2 O LS 100 3HT D22\ T, HEmY (1
2 e 3 ) 2 NLEDEEC, w4 5#) 2FECHE Lo, oz 2L ER
1 DORIZAE ST E 72 &2 ROV TZIER 720) ([2OWTC, E (W2 ahmoES) LiE
(Ol & B E RV ES) 2RI L, HERRKIEIUTOoLBY & L (W%
RMESERHEE X 10 238,

R Z A = IR 2 A =
GN714 H 604 =

GCS714 1511 &

[GN7 X GCS7l14 [H 604 = X1 511 5]
[ 2R]

R OMERER O E & BRI T O®mY) Th o7,
e Z & OWIYE L AR S, BAR TR 2 R & RO FERAR T/ R T A = R/ &
Z R L7 t BUE DR R 7R,

* R AR

3.0 _ P <0.01
P <0.01 P=016 P=0.11

A0 A

0.6 - P <0.01
04 - P<001 P<0.01

- 'H 'H
0.0 -
z ¥k 5

Qo

WE (g)

 +
-+

P <0.01

P<001 P<001

wmEE (g)

GC

ap
o
#

H604

GN7x GCs7 [+
H6042 x th518 -
4
s7 |-
[
GN7xGCS7 [
H6048 x f1518 +
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BES 18 FHEB G O LLE

[ 5]
BT A 2 LIEEE M Z A 2O T, ZREIRD 5 B shh ik 5%E
5 A ThHAIMEBEEZHE LT, BT T DL B0 & L- (WS e hE
10 = &),

Bn Tz A = JEEE TR 2 A 2
GN714 H 604 5
GCS714 s 5
[GN7 X GCS7l14 [H 604 = X1 511 5]

R, RZREIRE 1L, ZAGINVERA ORI OB ANEED SR WIID = & FEIR &1,
10 TREI LD AENREE o0 L2 E 9,

GEED)
BUR TR A 2 LIRS FHABZ I A = & DR T BHEBESITAERITRD bz,

REH WiLsE HA—%
Rt o O BHEIN
B (%) B
GN7 2,457 221 135 2,101 94.0 P <0.01
H 604 5 2,895 98 143 4,654 94.9
GCS7 2,306 166 107 2,033 95.0 P <0.01
F 511 & 2,684 199 173 2,312 93.0
GN7 x GCS7 2,590 229 125 2,236 94.7 P <0.01
H 604 & x 5115 3,223 111 116 2,996 96.3

15

FBRaT BMEIE)  ((BE0 — (R32FEI%0) & LTRIEL TV,

N
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BIER 19 ShHR O bk

[ 5i£])
B A o L IEEE 2 A a0 bsh i 100 S5 Dlz o\, HERED (1
5 D 3 ) FTTIZALARIC, HEM 4.5 1IRETHE L. ShHREIB A2 ki L
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