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TH D, LSRR 2 PRI B SR CIR O PRGEIRE OB B REE R LI k- T
TAALIREH 2 N AR HIE R RE T D, —EWIHILL EMERIRAF L 72ARIRIR 2 25°C CIRIR
T 5 &, 10~14 AMFE T LT 5, FERIRDPITIEE T4 10~14 A MFLE TIMET 2,

T FTIEOHLIDHELEBENEZ DL END Y RERBD A AR DBEIN L - R
PRz fiE L7284 T, 10 HIZPHME L7z A A UKD 150 SAASPEIR L 7259 49,800 {E DA
Ol E HARO EEKE Lz L 2 ABEIC 132 55 (0.27%) 2L L7=#=e. 6 APk
L7z A AR 621 BHASEEDR L 72#9 120,000 fH DO ARZHEII 2 HARDO EE M L= & 2 A%
Iz 22 58 (0.018%) 23k L7=fAsiE S hTnad (I, 1934),

A FTEDLD THEICEHZMCEINTCERTHY BTN R 2o THIEEAE
BEIET ., AR S Z LR TE RN L BEIGE /A8 TR, FARREIC i 4 FERR
THHEAERL CBEIT 503, BRSO AL O EICHE L2 Sia b, 0%
EEFED, TR, BAMNCKTET D Z EiEn < BANVTHESUTBIA T X vy (944
TOHA ADELFIZOWTITRIR 4 2, £72, BINIEB T 50 A a OEIERI 2 &
B OWNTIEL, B S 22 M),

BEBFE CHAREEDT-OICHE T 2E ML LCIL, 2 FEO ML 220 L TR
DD ZIuAHERERC, 4 FRERDJFAED D 2 B O AZHL A 1% TR B AL 5 IUT R MERE 72 & D
—RHEEFENHNONTRBY . Zo&EME OF) 1IIBEBRZENA DIMELZOTIERL, B0
WREREEENEEL, BRBEZIIINEZBALTHEL TS (fWHE, 1979),

B MOERTIIY 4+ /"% T FEOLAME ORI LY | M E AR AT
TEITERLSBRDEAEN DL EBRRESNTVDIN A BN TUTZTDO LS 7
WEITR,

27U a2 OBHE S IHFE O DWW TR 1 2 S,

(A4 =2 &7 UaloMos o EEN]

7 Ul A aDRMEERDPINTHREINTE VO WMETRVVR WAL s T
IIABINCARZHE ST D Z N TE | HONTERMER K OEDBRRITITESELH 5, 72
EXIE BNTORBIZE N TL, [ F £ CRAEEE LIRS R E S TnD (R
. 1927; R - K, 1939), F7-. FL OB ERBIAOEBEOIBIAE L, o
FOLHBEINT IV VaBEOREORI L OBRELRWERETER LI L ZAH 2Dk,
B DOFAEDFEGR S, BELE S RO o AENBE I (IR 8),

HA LT T AREBRNRE T = v E AR LA RSB AT L AR
% (Kuwahara et al., 1984), 11 =& 7 U a OB OAEFEIEEE, 72 b AT REME DR
JERRDT-DIZ, EHENICHA a7 T aDfhrs A TRESEZRETIEH. DL
THZRIIREONT_T OEIGIE, A2 (RRA) XA =2 (FA) TiL100% (10
RTFRTC), 773 (AR) Xr7Ua (FR) TiE8I% (A7 X7 H42X7), HA =

11
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(AR) X7 Ua (FR) TE21% A8 XT7H2L7) Lph, 7Ua (XAR) XAH
{3 (FR) OMAEGDOETIIZRBKL L7 (PR S, 1997), [FHEIC S 548
WTORRIZDOWTHAE LR OHE TIE, A 2 (RA) XAA 2 (FA) Tid 100%
(20 X7 FRTC), 7Ua (AR) X7 Tz (FR) TiE85% (20 <7 H 17 7).,
A2 (AR) X7 Ta (FAR) TIE45% 0XT7H9RT), 772 (AR) XHA
2 (FR) TEO% 207+ 0X7) Thote (HF - 1794, 2007), B A 2 DA R
RIS Z LR TEARV (FR, 1995) Z Linb, 7 U ad A AR PME L7zt
T2 BB LR OEIEL TWD E ZAICEIET H 2 LILTE RV, £,
T aADARKRE DA DA AL E S HENICANTZBEOITEIZBIET 28 77
TIDARARKEBBIT R E BICHA aDOFARALVIERTH DO, A =
DA AFRRPRZROT=OIHEL T D L7 U ad A AR E) & Bl > TRRREN AL L7
NI ERHE SR TWDS (FAS, 1997),

N )8

~ FEWEOEAM

kF ZofMmoFHR

[1EE L LTHWRSEOBIL - 2558 - IRIRSG O]

KBEFHMEEZ A 22 EHT D IChlcso THERLEELAETH DS H 137 RO
MCS4 (%, EF ORMIE L FEE, 4 BIOS BB O%, 5 naii&iins LT, ek T
RIS 72D | IRIRIR & PET e,

[FENTZONT | RAIFEOBH AL ORI D ATRelE]

BEBFRICBN A A EL G ERBME L UL FEEO A 2/ IR
= Blepharipa zebina, 7V =¥ KU N=x Exorista sorbillans, %7 A =/ 7 I ¥ =
Pediculoides ventricosus 28 & %5 (A AR F2x, 1992), £Ofch, 77 av FUA
T Exorista japonica (Z X D FAEC, NI AVHE, A~ Ru~H, v~A A, N3 H
7 VA DV T T AT T VIS L DR b STV D (B11,1929)

BT 2 EMEORBEICET 5 EH
Z TR AR T A 2 OIEE O 72 DI W T BRI OV TREHT D,
LIS D | WEAESE S OBEREF TR L T BAn R ANEDO RGOV TREET
12
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Do

AREAL AR Z T A 2 DAEHNITIZ BB (R T VAR Y V) D—D>Tdh % piggyBac
\Z X DBAEFEAEE V-, piggyBac I, 1 7 7 ¥ 7 U N (Trichoplusiani, E
Wl Fa v H) ORI TN-368 [ZHKT 28K TH Y, DNA ETHIY HE
NEVFASNTZY THMHEEZRM L Tk 2R CEREFEAIAVWLEA TN D

(Cary et al., 1989; Handler, 2002) , piggyBac I%. $sfSl4EEn 108 2 DO REREIFIZFk
ENTHEELFF> T\ 5, piggyBac DIEBEER A FBLIE 5 & Z OIRBEEE Y K
Bl R RAOICHRE A L COIr L, 810 S 47z piggyBac 2 EES /) AHIZT U2 AT
HASND (K8), 7=72L. ZDFE % Tl piggyBac H 1K) 53 BLT D EaiBEESE Ol
IZE 2T, 7/ AHOMOGEFTICER Lz Kbhic ) T2 AleeErnd 5, 2T,
piggyBac % WA L7 BB T EARB NI L 725,

A NLZEMNEBIE T 2B AT 572512, piggyBac Z kL L= 2 fED 7T A 3
RztsghbETHND (K 9), —2if, BBBRELETFORDYIZ, BALLWA
HIBRFEZFA LI R =772 R T, b 9 —DiF, piggyBac DAEGESID 5 HD 1
D RPSEIZANNR=T T A FTH L WBHR G T o~ =TT 2RI,
A OREGELIIA KB L TN D72, THBEKIEID A 257 2RI A ST, FIKHZ
BALE R —7F 23 FRORERINHEENTERZ TV ML THA 257 L
IHASED ZENTE D,

FISELH RimEF
&5 B E FpiggyBac <_H sBEFEEET | >

<> (@)

yﬁ"m‘ii‘ﬁ'ﬁtﬂﬁf’ﬁ L TE&#

.-llll
A\ 2
‘0
L 4
.‘
anmun®

8. EL#E[AF piggyBac DEE

13



<L EBEREET | =

- EBBREGTORE =35 & FpigqayB - KiRERS 1 DERKRE
- BREETOBA PR TpigayBac
| BiEET Py EBERAGT

ANN—FSZX2 K

FFr—F5Z3F

g B
.......................................................................
e

FEALERDOEEMRERIITDS / L~DEA
R =N mﬁﬁ%?&@%ﬁ

- 2 DD KRIHERF
ST ZmiinE

RIS 1 DEHBOT
EBET. xbN3.

\\¥ N4 LADEA 4//

ST h

FALEROBRTRY ) —=2F

9. BiEFHA N A IDEHE

RF—=TFZAIREANNVNR=TFAI REhA THEATLHIIE. 2 20T T AR

5 IR TH A IZEINCTMIEAT 2 HEE D, ZHUTK Y ~AX—=TF A K

UG SNBSS OB X T, HIEB AR DA a7 ) AP AS LD, BIEA

L7 B DO TIE—HOMI 7S TN Z O HIBER FE2RF>Z L &2 0 b L, I T

(270 D EFEMIRY T Z OABEE 5 & A LI2RO RO PN | BRFHEH 2[5

EKBAEL D, —H, ~NWR—=T"F 2 RAKRITH A afifarf CITHEE Lewo T, B84

10 DI A CHRIFE DN 2 D12 L7z o Tl 1 &7z W ICE D5 F OB Lz

DoafESNTZ) LT, BRI b D, £ ORER. ZENICHIRE 2R O8IS
FHUHAZ A 2 FHT 5 2 &R TE D,

(1) LEERICEET51EH
15 A HEERERUHBEEROHR
RF—FFAIF
AR THHBZ T A 2 OAEHIC WV S 7= Bt 5R%0E O RER & ORERREESE O sk & %%
LITRT, Eo, MORAM A 10 12, BB OE RS 2 BIE 10 1257,

14



=1

HEBBOY A XE, HE, HEE

RER

YA X

FH 3R & OB RE

747mALy H#HROFEAEEY VX7 BORMEY VRV BRBETRBREIEY b
(HC-Sirius BinFRHLE > )

Fibroin H promoter (7 + 7' | 1.1kb A alfk7 47 vAr HHEHEBRFOToE

A4 H#EELE T rE—H —H—, T4 7 uAr HEEG PR 5%

—) ERRESR R COBIB T DOIRE % JHET % (Kojima
etal., 2007),

HC-Sirius (HRE(E T Td | 24kb | U7 Z /% (Aequorea victoria) HI Rkttt

57 4704 HEKOH FURTEICT I BREREZEAL THEL

BRI H N T EORE S = HE S /37 4 Sirius2 (Tomosugi et al.,

YR ERIRT) 2009; AR 10) &, BA FHKT 4 T EA 2 H
B2 N EO—EICER LG S N
Bxa— N1 2861, BRENERFSOT7 47
aA Y (fEfkMEY X)) 2EDE 5, CK
(Zide AF P06 [l b R LEdAIZ 22— R4
% 6xHis 23 nE T g

Fibroin H polyA (7 ¢ 7 | 03kb | o k7 ¢ 7 uA > H SR FOX—3

v H$EELGY—Ix—H
—)

F—H—, EEKEEZBET S (Kojima et al,
2007),

FXV=VB{LBERELT (v—V—8fzF) EBHVEY

A3 promoter (FHIaE T 7 F
YAIEBIEET T RE—X—)

0.7 kb

HA aHEOHINE T 7 F > A3 BlnfrD7 o
& I CEIE T ERE Y S 2
L 23 C& % (Mounier and Prudhomme, 1991)

T s,

KMO (% X L = gk
BisT)

0.7 kb

A 2RO F X L= kS EE T (Quan
etal., 2002) , A3 promoter Dl F CRE IS
&1 RO ENEEERT D5 N5, 1
Wi CHBAEFHMBZ VA a2 RET D720
D~x—A— L& LTHND

SV40 polyA (SV40 % — 3 %
— X —)

0.2 kb

I T A )LA 40 (Simian virus 40) & A
HkD s —Ix—4%—, BEKFEEZHTET D,

15




FoM (727 %y va &S AB713995 D—H)

piggyBac R 02kb | 4 Z 7 %X U N (Trichoplusiani) kD
% IK piggyBac @ Akl (Cary etal., 1989)
A 2l ) B~DFFANIZES L. piggyBac fixf%
B3R DFERECS & LT <,

piggyBac L 03kb | A7 %X v DA (T ni) HEDOEBET
piggyBac ® Ayl (Cary etal., 1989), 511 =
) I~DFFEAICES LT, piggyBac fi5f s 0
FERACLE & LT <,

NEREIR (REBEFHEBRIIA 25 ) AFITIFEELRYD)

puUC ori 0.7kb | X#5EE (Escherichia coli) HkD 77 XA I R
ColEl DERPAMER, A7 T A3 Fa RIBET
THIET 5720 DB TH Y . KRB F-HLHE R
AA DT ) ZHIZITFA S RN,

AmpR 09kb | BUAEMET v v U KT DI ERIA T, A
T ITAI NERFORBGEZRET 5720 0"
FITH Y, KELFHBR A 2 D7 ) WHIT
ESCIVNY (RA N

16




AmpR

piggyBac R
BamHI 1352

puUC ori
SV40 polyA

pBac[A3KMO]_HC-Sirius
10424 bp

KMO

piggyBac L

[T-n-lEFRENCIE

Fibroin H polyA BamHI 2866
(HC-Sirius 3% Sirius2 HEFDER )

(HC-Sirius 5% 6xHis DERH)

A3 promoter

HC-Sirius {BEF RENEYH|

Bl 6300 Fibroin H promoter
YN FEA - vavAFn-7 > HC-Sirius

10. HC-Sirius Bz FEAIZAL=TS5 X = K pBac[A3KMO]_HC-Sirius D&
piggyBac R : piggyBac SsfSEERFBHAL = &L piggyBac KimEc 5!
T—h—EGFEEREIEY

5 A3 promoter HBRETOFUOBRFIRE—2—, EETOEEEZRTE,
KMO ¥ XL UEBIEBERERTF. ERY—H—& LTHIA,
SV40 polyA UETUIAIAR AT LBEEDE—I R—F—, RERIELTHRE,

HC-Sirius BIEFHEBEH v +
Fibroin H promoter : 74 704 ¥ HEBEFOTOE—42—,
10 BREBRIRTOESEZRTE,
HC-Sirius  : 74 7OV HEZ VRV BELEFBHNS 2/ H (Sirus2) DREERERT.
H#E{EF.
FibroinH polyA: 74 704 v HEBEGREFD I —I #—4—, BEREZRE.
piggyBac L  : piggyBac (s EERFRHEL = 2L piggyBac KimAc 5l
15 S EREE (D435 / LPIZEFBAShLGL,)

puUC ori : KA HE CTHEE S S5 RBAA TR,
AmpR T UEDY UitEETF.
20 WMHERESD ETICE DR E K 11127, £3, i[K 1 piggyBac % pUC18

[ZHA LT Bz p3EL2 (Caryetal, 1989) 75 piggyBac BafSl% 81 D — 5 & bR
ELTC, v—V—@E\ETEAIEY b (ASKMO) %{ff A L T pBac[A3KMO, MCS] % {E

172 (Kobayashietal., 2007), Z#UZ, 74 7 rA » HEKRNFAELZ 7 ED
17



A N BB RB Ay b (HCSirius Bz FRB Ity ) ZFALT
pBac[A3KMO]_HC-Sirius % {EHfL L 7=,

7« 704 HEHET

LTS RDNPLENE | Sirius? | ’;ﬂ!ﬂ(—\ D oxtis
=8 A A

HC-Sirius BlFRBAHE » +

v

Y—hH-#BEFRERIE b HC-Sirius BlzFRRAE - +

pBac[A3KMO]_HC-Sirius

I, B

T

e
D
A ﬁ@ﬁiﬁiﬂ?@ﬁ% puC18
pUC ori
hj
KMO —
EDI:IH

5 11. HC-Sirius ;B FNDEAIZALV =TS X = K pBac[A3KMO]_HC-Sirius D {F 8 5%

| =zmzscre Y >
iz T piggyBac

ANVIR—=TFFAI K
FT~7?XiF@NwﬁmR&m%ﬁmLK@éiﬂkE%ﬁﬁ%ﬁ4ﬂﬁ/A
FUCHEAT B 720I21F, BBEEEOBEALE LD (K 9), ZOBEREZHGT
10 D72, ~NN—=TFF A2 FpHASPIG #FfI LT, FF—7F2AI RLBEETHA
IPIZFEA LTz, ZDOA~R—T T 23 R pHA3PIG O M ORI ER OB k%2 £ 2
W, F72. #ERORAIX A X 12 12777 (Tamura et al., 2000) ,

18



£2 ANIWNR—TSRI FpHA3PIG DERER L. BE., HEe

R ER A X | HRKOEE

A3 promoter GHilR’Z 7 7 F> | 0.7kb | A s kOMIRE T 7 F> A3 Bz D71

Biaf7oe—4—) ET—H—, AR CEBL T ERBEIES D
L2 T& % (Mounier and Prudhomme, 1991)

piggyBac transposase 1.8 kb A 7YX 70N (T, ni) HEDOERK T

(piggyBac #xf% R = 1) piggyBac DIEHEZE (Cary et al., 1989)., piggyBac
D 2 SOXRmESN O He E -8k 28] v
LT, fio> DNA HIZH AT D HRE A F5,

piggyBac R 1.1kb AT 7YX U (T, ni) HEOEERK T
piggyBac MKk S (Caryetal., 1989), 1A =
7 B~OIFEAIZEE L C, piggyBac BnfEESE D
FRERECY & LT <,

AmpR 09kb | FUEHMET v B2V KT DTSRG, A
7T A REFORBGEZ®ET 5720 DES
ThHO, KB HBZ A 257 ) 2R3
AZH720N,

pUC ori 0.7kb | KIFE (E. coli) i3k ~7Z A I K ColEL O %

BbE S, AT T A REKIGET CHEET 5 7=
DOEHNITH Y . ARG FHBAZ A 27 ) K
IR A S 720,

19




A5 promoter

plUC oni

pHAS3PIG
6160 bp

piggyBac transposase

PCRiD #1[H

piggyBac R

®12. AJL/S—TS5 X = K pHA3PIG DiEE

A3 promoter ChA OHEEMRE7 IV F Y A3EREFIAE—4—,
BRAGHEBTOERTEERE,

piggyBac transposase : piggyBac ¥ FREEF

piggyBac R : piggyBac R EE R IR 2 T piggyBac KimEZ 5

puUC ori . KIGHE THEES SERBAARMRE

AmpR T UED UitEEEF

PCR M #EE CANVIR—=T SR FOBRFEEHRS 571D PCR D#iH

B REEREROBE
O PEEMOBRERDHRE

[HC-Sirius itifx 1]

HHEEIS T Td % HC-Sirius AR T3, A 2HKT7 4 7oAV HEZ T E &
U7 7% (Aequorea victoria) KR Z LR BICT X BREBLAE AL THK
B LUI=F oAt v /375 Sirius2 (Tomosugi et al., 2009; BIlifs 10), KLU AF T D
6 [ LELHI DG % v Ve a— R LT 5,

TaT7aAr HBIE BREHERT D EERMME S XV ETh D, ARBAT D
BARFIZIE, 74 7 uA » HEHBE OB AHMET 5 LiEED 5. mRNA ~0x
Bl SEsr 42— I 3x—F—%2&te FitElE CO2KEZHNTWS (Takiya et al.,
1990; Kojima et al., 2007) ,

H A F /37 Sirus2 TSR CTE SN THFRE AR T L7 "7 EH T,
BARFRIA~—I—FL L THNLBATWD,

6xHis 1. EAF VU N6 HOR N> NTHRAR Y XTF R THY, BREIEDHH
VRIZEDONRKELIFCRIZMHMTLHZEICLY, = VEIZELDT 74 =T 48

20



FLH7=0ICHNBND,
HHJEISF & L7z HC-Sirius Bis 1%, 74 7 rA v H#HBELEFORREEZEREL,
RV I Sirius2 BIs - AFHEA L TER L7,
Sirius2 % > 37 B K O 6xHis 28 BEEND T L LA v LHLL O T 2 BB 2 AT 5 D
5 EIm. T LT T —H~X—2Z (Food Allergy Research and Resource Program Database
(FARRP) . ver. 13, http://www.allergenonline.org/) (Zxf L C E fEORfEE 01 £ LT
FASTA SR ZAT o2& 2 A, BEERT LV r v b 8 7 X ek iadifse ©— % HEd5Ix
PO BRI o T,
CORBEI Ty M EEOROMERE B S EDEAEITA L TR,
10
[ X L= mfeBsREis 1]
AR TAHH X A 2 OBRITIE, FX L= VB EEESR O RS TORBAFIH L,
V=N —ThHoHFX L= bEEEE (KMO, kynurenine 3 monooxigenase) (%, A1
TIRROFNIETHY FXL=Unph 3B RrF U X L= ~ORRKIG %
15 T 5, ZORIGE. YT R T 7 UG AE S v — AAFRITE D ES AR O —
iR 5 (M 13), MlET 7 F 2 A3 Binf D7 v ' —4 —0Oflill F T KMO %4
HTRISEL L AEI 0 —LEBROEHIZLY VA 20 1RO RE» 18 E 2 &
THZERMONTEY, BIEFHBRI VA a0BRE~—I—L LTHWLHNLTND
(Kobayashi et al., 2007; Quan et al., 2007) ., 7235, 2 ELAREOSh i CIIE A Btz 24
20 HZ L3 e BB BT A 2L DOXFIETE < 7% (Kobayashi et al., 2007)

FUTRT7Y
FUTRI7oAdFo5T—+E

| JALILFRLZY \
XRL=ZVTH LT SF—H

X L= UEEER (KMO)
[3EFRFLFRL=Y |

\ 2

‘T%7D—AE§|

X 13. ¥X L= UBILEER (KMO) DHERE

25 A3 T mE—H—% MET 7T ABBREFOTRE—F—ThY, A adfkx
TRk TR A2 RBLEE % (Tamura et al., 2000)
SVA0 Z—I Fx—H—F, YITUTANR A T AHKRDE—I F—F—T,
MRNA ~DIRE A5 1L SE 5,
KMO 73, BEEO T LV v EROT I BESNE G TN E I TVLT T
21
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— 4 ~— 2 (Food Allergy Research and Resource Program Database (FARRP). ver. 13,
http://www.allergenonline.org/) (Zxf L C EfEOREZ 0.1 & L TFASTAME21T-7= &
ZA BEET Vv b 8T R iR HEGEE T — BT D ESINIERE S b o T,

[~ =75 23 K]

AR =TFTZI RO S T2 - TiE, 2 DORIEEFID 5> HD 1 S>&HIERL T,

HA aHRKOMIRE T 7 F > ABBIn O eET—X—%fA L, Tk, A
2 O C piggyBac BB R ANV RHL L, [AIRFICTEA L7 R —27"7 2 X K piggyBac
KIGELH DORINZ & 2 BEBIR RN A 2D ) LRI ASND, —FH, ~ =77
22 FARIZRIGESZ L OKBLTWDETD DA 207 ) AFIHASND Z &R
72y (K9,

(2) R &—ICEHT2EH
A BHKRUHERE

=

KMz h A 2 OERIZA W=7 % — 3 KFHE Escherichia coli Hi 3k D
pUC18 TH 5,

H R IK - piggyBac % pUC18 (24 A L C p3EL.2 235 545 (Caryetal, 1989; X 11),
RF—7F 2 3 | pBac[A3KMO]_HC-Sirius i%, p3ELl.2 |Z KMO #fs R A& v k&
HC-Sirius Bz 38y FEFHALTHELNAL (K 11),

RF =TT ZI RO 2 DORGGELSN K O O Z B TefEkz 1 A 257 ) LTI
T 5720, ZORMALINZ TR L T A 25 AHRICHi AT % piggyBac #AREEESE 2 fik
T D~ R—=TF A3 K pHA3PIG Z VW T\ % (Tamura et al., 2000; 12),
PHAS3PIG ITHIE 7 7 T2 A3 ifn 17 1 & — % — Dff) % T piggyBac H=f s & 55l
SH LM, KHELHIO—D% R SHETWAHTZD, THUWEKIT DA 257 7 AiidffA
AR,

Rtk
O N7 & —OEEH K OHEEES]

pUCI8 DHiHAIE 2,686 bp, HELAIFIZT 7 v v 3 L& E L0752 % B,

pUC18 ZHsB[K ¥ piggyBac ZffiA L7 p3EL12 DAkt 5,958 bp, HiiAlsix
piggyBac Website (http://piggybac.bio.nd.edu/) % 2,

K —7"Z 2 3 K pBac[A3SKMO]_HC-Sirius D 541 10,424 bp, H Wi {s 1 DI
BFIERIT 10 2 S,

~ILR—TF 2 X R pHA3PIG DO FEHT 6,160 bp, HEIEELSIITRIIE 11 2 2,
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Q@ BEOCHWRELE T LIEERTINHDHEIL. £ OHRE

pUC18 [Zi%, MM T TRy 2 — & DR O®k~— I —L LT, 72
VIR RBT DB TR EEND OO ARBEFHMBER A 20T ) AP Z O’
BAIFEASN TR,

p3EL.2 |21, piggyBac #xBl% GBS 1 K OV OO RKEGELHI D> & 72 6B 1K 1
piggyBac DAL E i D,

K —7Z 2 3 K pBac[A3SKMO]_HC-Sirius {235\ T, p3EL.2 75 piggyBac $xf5l%
FRBLEFBRESNLTND,

~IR—=TF 23 K pHASPIG IZ1E, A 2 ORI T ORI BLZ HE T 5 il
77T A BIE T uE—F— L F O FRICE S L piggyBac SRR EESE B AR 1 8
GEND (M12), 1ERUCHT- > T, 2 ODOKMESND > HD 1 S&2HIBL T, A
afROMIIE T 7 F o A3 BIGFD T aE—X2—ZH A LT, ZHUTLD, A D
#lfa A C piggyBac BnEEER S RBL L, FIRFIZIEA LT R —7"F 2 3 R piggyBac K
IRELAN DI & 2 ARBEIRF A 2D ) DRI AS D, —T5, ~/R—TFF A
I FEERIIREASZ L OKIBLTWLTEH A 2Dy ) ARITFHEASND Z L7
W (1214),

® N7 F—Dtt - RWEEOFER Melutt - WEREEEZ AT 2B AII T DETER
BT A 1FH
R B —DARYE - JEEEE R,

(3) BEFHEBEZAMEORM ST E
A4 BENZBASINEREEOEK

R —7F A3 K pBac[A3SKMO]_HC-Sirius Tt 5 A% R O RE SR OALE K 07 [a)3f
N HIFREESR I & D UIWRERAL 2 [ 10 127- 3, 2 -2 piggyBac Rk DI, Bk~ —
N —Td 2% KMO BIaFDIRIL v b & SOERARDAEEZ HRY L L7z HC-Sirius @&
B FORED Y PR FHASH TV D,

N7 B =~ DGO T EOE R A K 11177,

2 EENICBASNIEROBALE

R —7F 2 3 K pBac[A3KMO]_HC-Sirius ([ 10) &~/ $—7F 2 I K pHA3PIG (1]
12) & EHITZHEIN () ~BEMIEATHZ ETBALL (K 14), ~VR—TF AR
I piggyBac @ 2 DOKEGELHID 59 H 1 DZ KB L TNWDHT2OIZ, ENAEKN A 2l
AHFICHEERE T 5 Z i3V, 77 A REFEA IO F OAFEME RS T piggyBac
ERBEER DB THE GRS T A 257 7 AHPICHA SN D & Z DR O MR TS -
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ANAaAREKTHZENTES (K 14),

................................................................................................................

EBERELT

FFr—F525F

- pBac[A3KMO]_HC-Sirius

pHA3PIG

.

RETEA [ e

EA L -BHEDOERERRIITOY / AOEA
Pt f‘\iﬂ‘%ﬁ%io)%ﬁ
l @ 2 DORIHESI £ [E]

.J"appgm. DELTES
A4 KT LIZEA 9

RIGEFIA 1 DEFEOT
. <IL’2-D[>. " GBus. &N,

Uaﬁﬁfmﬁr:ﬁ@ /

Simypmy  Salmmmy Sl
ClEymny S
W AE (< )

FEALEZROHK (G) TRIU—Z=Z2T

14. KEELFHRBA DA DERAZE

N BB EMEOEROER
O BEBIBAINTEEOREKDGE
N —7Z 2 3 FpBac[A3SKMO]_HC-Sirius & ~/L3—7F 2 3 K pHA3PIG % B
AN ST ZREIN DL L7=sh il (Go, X 14 KON 15) Z & CHIE L, ILRAHEL &
10 1T THEINS Tz, Bin FHEBEZEERIT L RO ER AL ET D52 L0, 1
HHEOREZBLZEL, BEar 2L TV DEREZZEK LT,
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MCS4
|
Go-=EzFEA

- JREBIZLDRY)—=2

G1 G1
H1375 |
51?7% G?-1 O
|
51?7% G?-z
|
(~ (342)-3 G(sl;)-s M
G(2>-4 G(s#-4
GN13 < G2-5 G3-5 > (GCS13
I |
I
G2-6 G4-6 G3-6
) |
— HEFE1RKOH _
SERA O RtkxE

15. KEGFHBZ A/ 20ERRZEBE L EKES
GIHHDEL S 2 EAMN S GNI3 & GCS13 B L 1=, GN13 DEM TIE, G R ZF KR
BELEEKLL, BABGFEREIZHEDLSIITERLZ, GCSIBMEKTIL, Gt ER
5 BRELE-BZANS, BABGFEREITHEDOELIICEIRL-, RBFEOXRE. GN13 &
GCS13 # XA L-XH#E 1 ROERK.

25



10

K3 EMEHRUEEZETMDELFERERETS 5HITT o> =HER
(HHKBFESEIH 15 25 H)

B E AR & A F AR
AR IE H Gysz Gss Gos Gss Gos Gs Gas
2012 2012 2014 2014 2014 2015 2014 2015 2013 2014

AL -E s
FDEENE O O O O O
(- #AT)

~NJLoN—D
747 (PCR)

BisF D3 H
IREE ()

Az B R

(Sh D IEH) O

O

(PEIIEK)
(L) O
(%h Hh D)
(B =2)
(1 )
=

(Sh D1 THE)

o o o O O O

(PEINTTED)

HEWE D
FEAEME

O

@ RF—FF A FIZBW T piggyBac EBER BT B RIFE L TWDH Z L DOFER
ERL L 72 R —7"F 2 2 I pBac[A3KMO]_HC-Sirius {235\ T piggyBac #ifg B35
FRHFEL TN &, Y377 A ORISR L0 /R LT,

ilig

S

@ FNF—=7FFAI FIZRITDESABIRTANRYT ) LOWF OFE
{ERLL 72 K —7"F 2 2 | pBac[A3KMO]_HC-Sirius (23T, #&f%[K 1 piggyBac &
7 a—=r7OiEfE T, AcNPV (Autographa california nucleopolyhedrovirus) @ 7%/ 2
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\ZHIRT % FP B{s1 (42K 642 bp) @ 5' {illkr 7~ (340 bp) & 1efd iE1{s 7 (42 1,548 bp)
D5l (469 bp) M- TWD, WO 4. piggyBac Al y DM &
0. A4 2b ) AR A SR,

@~ INR—TFF A I FOBRTEM

AR 2 0 A =1 GN13 SR/ (Gos HEAR) F6 L TVF GCS13 &t (Gag HAR) (14 15,
# 3) O 5 ROBEMEREN ORI L7257 & DNA #8581 & L T, I IRER
FO—E% PCRICK VIR L7z, PCRICHWET 7 A4 ~— LRI D OArE 4 X
12 12777, BBRDOFER, Gos RIS L G AR DBIEFHAELZ 1 A =D 5/ 1 DNA
25 piggyBac B EERIE A DOMIRITRD b7 BIR 12), 2D &b,
KB FAHIZ T A NI N—=T T A ROBFIDFRAF L TORWNZ & D3R
7,

® EMSREREEICXERFREZINET 5 E TITHV LN RBEDEROKE
S ROAER (PIA) THEIB MBI I A 22 FR L, S EEOBE KR O T
O Sirius2 (HAJEIE ) OFRBENRDO D G R Z B L L, Gaa VA AR L
B D, BBEBTEREICRF X 9 I2EE L TGCS13 & Lz, —J7, G itfkod
9B GCS13 DE MU AN =D LT R DR Z AT, EHRMTH 2D H 137 FDR
LABEZATVY, Gog HEARA LR ASHL L7220 6. HIUEBR T2 REICHR D L 9 1258k
L CTHEMARM GNI3 ZEH L7z, Wiith, BIEE T P1A TORHE - &BLUZ LV Rt
ZHEFRF LTS, BRI A X 15 12, BB A i L 72 a2k 3 1TRT,

(4) MERNICBALZBROFERER ORI & D ERBLORENE
A4 BASNBEBROBRYIPHEET IHBR T —

AR TR X B A = (GN13) LIEEETHfx B4 = (HIC) LD Fic, FEEE 7
x4 = (AIC) R LA LT, KIKTOIHER @R TO Sirius2 | GO A
FEWZLVRAE LI L A, BIEEERE BEEES LLICHBEL -2 EnD . BASNE
BRI AE Rl aE—fiASR TS &l L7z (AR 13),

BIR PRI X B A 2 GCS13 A/MIZ DWW T b [ARRIZIEAR T#HL 2 I A =2 (AIC) &

. FEEE A A 2 (AIC) 2R LA L T, WIRTOLBEA MR TD Sirius2
FEHOEOFBUT L V& Lo & 2 A, BIEEA & BIEEERDS L1ICHOBEL -2 &
NH, BASHEBEFIRREE Bl ae—ffASh T Ll L7z (3R 13),

7 BAShEROBRY DOBEHRITRT BDOZEM
BA SN BB OBRM N L ERNARES LD 2 & 2GR T 2720 AR Is 2
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A I OBEFO WAL OFEER TR Z T A 2O T, 5 g R OB RIEN S 7 A
DNA ZfitH L, Vg TV A A B =2 a v &iTolct 2 A, Bin ez 1A 2
GN13 %, GCS13 Zfe Kk DN/ D Fy DT X TOMEEN ST X THE LY A XD/ R
MAIRLETHRIE SN Z PO BA LRI A 37 ) DTZERNTHER S Tw
LMLz (B 14)

I, A Al LHRIT, piggyBac A AR S W OIEM AR OEBEERE L 2 — T 5HE
(B DIFEIFHRE STV,

N BASNIEBROBRY OE KR R OHAR COMERBEOLEME

BN SRR OBER )6 BB F PN ZERNCHEIR SN D Z L 2R+ 5720 K

EARTFHHIR R 0 A 2 OB DA K OIERIE TR T A 2T OWT R TOF EHCE

MR LIz 2 A, BROBGEHHEEZ RO T X THAMLZRBELL, —F, &R

FAUBE R DRIN TN S FEICZFE LR 7o 2 L b ABRFHME R T A =
BWTHRBGFRLEMICHEI L TWD Z R TE (R 15),

(5) BsTH¥EZ EWE OB K OMB O FEL N Eh b ORE R BN

BRI LT o T E AP — g N2 kY, KGR0 A = OB
DOHRAEK CRIZED S 7 F N EGH 2 LN TEX L B T A 2 TIEFITT T
FABELNRDST-Z D, 2 ngD7 / ADNAZHWSZ ik, RERL,
o, BHEINEHEIEDO B WA ) Aot T XA B =23 kIc kY, kT
R Z AR L KB L T, AR TR T A 2 2RI 2 2 ERATRETH D,

(6) BEXIBEDORT 2REFELOFEL OHHE
A4 BAShEEBROBERY ORI LV 5 S - AR AR Rtk

ARG A 2Tl A SN HC-Sirius 15 7%, 7 4 7 v A v H BT
70— X — O N CHHROBHERIR CRBLE 5, AL Z L7 HC-Sirius & v /37
BIINEMEO 7 1 7aA4 v HEESARTHI LD, ZOEANEREBE 2R OARELR 1
B IA IFOENERTDH 0BG ilkhaEAT S,

Fio, B ~—H—L LT, A3 7aE—X—OfIEl FTFX L= {tfERE (KMO)
DBEFEFRIEDLZLICLD . LS hORENEEEET D,

HC-Sirius % > /37 B, My v XV EThDH 7 4 7uAf v HEH L@y VI ET
7% Sirius2 # LRI BEORE X LRI BETHY  WTho X Lo B B OWE & 24k
WD L) RBRIEEEZAE L TV RN LD BEEOROSRHRE L ST HIEEZH
LTWRWNEZZ HND, KMOIZAA 2CHWIET DR THY . B/ m—LEaFRDE
BECRIZBNT, ¥XL=uvnb 3-8 RaXord XL =U BARRT 2 BIEMG % filift 3
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HZ LD, A3 T eE—X—Ofl T TEY THRIAIELZ LICEY, A ET7 a2 —A
BEOEREZEEL TS LEEZ HND,

o AP SOIERENREICONWT, BETHEBRI I 2 LBEORTINEFR L

DFE L DRIDFEE

AEBRIEI e OV BRI R E 2 SR A T 5 72010, B T X A 25%%E TGN13) &
[GCS13) & DOAZHERE T 2 AR {HHHE 2 74 = [GN13XGCS13) &, FEEAR 1-HHik
2AA = [A137 5] & IMCS4) & DORMFETH S [H 137 5 XMCS4] IT2OWT, B
B A2 - i Le (X16), ShihofRE, ShihofTE), FEIMTE) K OEIRE O FEIC
WU, HERH (LD 3 W) & A TR, S\ -5 2RETHE L,
AL OFHEIZ BT, Sl i SZIETREF LT,

o)) [
<::> [ 21375 x mcs4 |
HBEs

16. AIHEZFH - FRFHFEZLERT SHR

O wROKHE
RDOKEHOY O OB EANMAELRAE LI L A, L#h, 4EL O 5 #TIEA
AR TR X B A 2 & IEER TR T A 2 & O THREHENR A B IR b
7207 (B 16, P >0.40), 2 fin MO8 3 v CIIABS TR X 0 A = 3IEEIE T/
WA A = L KREPELS, BEHFRRAEENPRD b (BlE 16, P<0.01),
WA E e OE S () K OWH & BEGRA FRWCm7Z T oE S (MEE) % ik
T D70, RBETHIZ A 2O/ 60 18 (£ A 30fH, 4= 30#) &IEEETH
Wz A 2D 60 (X 2308, 42 301MH) 2. FNEFNELHTHEELZZIL
T TNEZNETNOEBTEI > CLEHZY OMEBELOEEE L LTk Lizs =
A, WEIIARBG TR 2 A4 2T 1.69g, &G Mz h A 2 C1.83g, HfEHE
IIAE S TR % 7 2T 0.3359, BB THAHAX 14 =27C 03989 L7820, FHiE -
MEEE IR B A 2D NS o7 B 7).,
Wi T AR TR X A 2 RO & 72 2 FEB 5 TR X 1 = & BT EIRE

DO FTIEABTH D, ABE THBRZ T A 2 OREITEIMNRZ R & L THEREOE
ZRT5H B 15), WEILELL HHEMATH D,

©® EBFORMHE

SHEIND 5 LIPS DEE TH LML E Z A L & 2 A AR ST/
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ZHA 2% 98.6%, I THHLZ B A 21T 985% & 72 V) | MEFHEIIR A EEITRD
bvZeno7z (Bl 18, P =0.66),

S & LT b IR OREE 21T > TG | BIERBRIARIC - CTHag &
T2 ETOMMZMAE LI ZA KRB A 2 b IFRIs /2 T A
a2 2 HTHY NI oz R 19), 723, KBS Z T A 2 RO
BARTFHIZ T A XTI S ERERE ATV, N - Shh - i - B O KB REZ 18 D,

KRIBEFHABLZ A 2%, TR & 72 DIFEAR R R T A = & ARk, FeBE UTRIE
Aot NTEE Z S IR U ClRE T 5, 48 i o i3, WU &omn L
K OEARID 2 2 MEO7ZDICRELBRIEDLZENFEHTH Y | BT, BT
TEFEORELHZDEFBICEV BRI TE 5, ok, ATER LHK BT
SYANAN

® H&TFRES

AR DRSO ZED £ TICE S TR OB S ThAEmMELRLH L. K
Bz A )y 89.5%, FEBISRHAZ A 2223 96.5% TH v ., 2 R EHE THE
SRR EEENRD O (BE 20, P =0.012),

@ EHRES

SRR BENT 2 P & B 572 44 18 em OFTZ OO HLIT 5 nsh A 1
FHT O X, 12 REFRICTTONED D O G L2, RBE T A 20
FEIE 2.2 em (R ZE 1.3 om) | FEBIS TR X 7 A = )13 3.4 em ([H] 2.6 cm)
Eipo T, MEHFAIRAEEN D Oz (B 21, P=0.036),

® FFERR

A IA MR L BhET 5,

AARLH LAY 72 0 OPFEIRE A g3 5 72 2 18 cm O OFD H.LIT | AL
Btk DA AR A 18T D 24 FEE W CREINMA A LTz, R8I FHMZ 1 =
D)L 628 1 (FEUE(R 7= 68.0 ) . FEEAnFHHIRZ 1 A 2 DKL 721 8 ([ 79.4
f#) LieoT, MEFFMRAEENSRD L (22, P<0.001),

A AR A FEIN T 2 #iPH & LT 2 7260 FEIRELOFREIC G T, EAMTIT B
7200 L ET O DL D OREEEZE FHE L7z, 8 18 cm OF £ TRE L2808 5 -
foiz, BEBEOFEE A T Z L ILTE o7, RO SR E I LTz & 2 A,
AR 2 D A TR AR Z T A =2 10 B EOEPHICPEIR LT T ReRE
FHIRAREENPRD Hvie (B 23, P<0.001),
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® Wi - KRR - HKIRFE

ABIFHIAZ A 2L IEBIE B DA b B R ORI 4B TH -7,
Fio, RBE A A 2FL, JEEE R A 2R L2 T 5 & IRIRIN A
PELe UL ED Z L s NGWRBIVE  OFRIEREIEIEWNZ RN DO EE X 6D,

@ 79UaloREEDWREM

A AR FEINT D HPH & FAT & 2 A ARBARTHBLZ T A TR 12 em DAY
(2 2% DN % P, FEBIRTHAHL X A1 A =138 12 em LANIZ 83% D IR % FEA T
D ARBEETHBRZ D A IR TR Z A 2 20 B PROEPHICEIN L IR
23), F£7z. RBIRFHHEZ T A 2IIEEIR B R T A A TEIED D 72 <

(B 22) . S OITEYLBH A R o 72 (AR 21) . — 07, LR G ITITE WA e )
>7= (B 18), S HIT, AR X I A 233 BT 5 Sirius2 % >3 7 B R
KMO 2ME7 = v B OEMARELTZD, 7 U a & DORZRDOFTREMRCFEINE A =
20T IEBEZLNRD, LEDOZ 0D | IERIE T 2 T A 2T TARERG
FHAHEZ A AP U a L RRET HES NI 5 AR 6T, 70, U
2R Z < Tp o 12 ) AEEIR D AN R E -T2 0 T 5 AMREMEIT RN b D &
EZoiLb,

R

T A 2D AMOEWT U TRFEIEZ AT DS &0 ) iE ey, £z, ARarl
W x T A 23 PEAT D Sirius2 Z 237 B RO KMO 2NRIFMEZ AT 5 &) @ED
2, Lo T, Al s PR 2 1 A a Mo AEcst UCOREMIEEZ AT 5 &35
R HIVR,

BEWE DEAM

BRI Z BOMNIBERE LG A0 ZICE END KB m 2 7 A 2 OFE
KD B B2 DR S0 E D), 7ryal) —ORF-AFICEZD
WELPE L L A KB HBZ A 2 LIFEE X A 2 L ORI
RO BNIeh o7z (BIR 24), FRRIC, HEBAEDITE 2 2 EICHO W THRA L
& A KBIEFHBAZ A 2 LIFBIE A A =2 L OICEITERD b
7= (Bllifs 25),

Sirius2 # > 37 H X ' KMO A EWE Th 5 & O 37 < ERRRITH LRE
AEIT T H LTSN TRV BEMOA®E S N B EBHOT X g
BeS &9 575 E 9 2>, Toxin and Toxin Target Database (http://www.t3db.org/) C FASTA
MBEAT ST L ZAH BEHOFEHRS 7B LEUORINIIRD b ol £z,
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BEMOT VG EFROT X BRI ER T DM E D e T LT T = SN —
A (Food Allergy Research and Resource Program Database (FARRP) . ver. 13,
http://www.allergenonline.org/) 1Zxf L C FASTA SR &2 1T o72 & 2 A, BEmT L L7
EFPLOESNIFE D b ol

5 SO AHFBICBWTUIFEFRIELFEET ORI A 20z R R 2 E LT
WD Z NG FERIEICE ENTRIMIBERE S LD ATREMED & 2 AR FHHME 2
A AFEDLOTHETH L LEZEZ LN FHIDERHET L EICL2AEWED
RBITRE SN2,

10 N BETFHEBEIIA2ELBEORTIHNEFLEOE L OBAIOTE
AEILFAEHRZ T A T ITHEAR ORI ST Qa2 R EERBT 5 2 L0 IR
FHBA A 2 L DEINIBEZ TH D, iz, B UITR LY oA T Y XA B —
va ATk IEEE TR T A 2 L KB LT, AR R D A 2 a2 R R < R
F ORI 5 Z ENATRETH D,
15
3. BEFHEZAEDEOFEASCETHER
ARHFEICBWNTL, HORELY VAV EEER T DA ORME - INTiEERA - AF7ES
HIcDOMEEHRT 52 L KO FPROBEBEZ COME 2 E L CEFREZR D
EZITH)Z LA HE LT, RBE B A A 2% [REEL CFRE T 5 728 O bRk
20  EBEXEIZBWT 3 MHILIEN S OB E TRHET 55D TH D,

(1) FEREDOAE
PREEER B X 351T 24 O E (3 Wvsh LR & i O AL E C) W ON Ji DL FE
R, TR, RIELALEL R OBEEE ONC 2 SIS RES 217 5.
25
(2) FER%DHE
FRBESR & DX O FTAEM - BERS VLRI i L BT 2326 2 2
PRBERR B X O4 B - BERIRESR B 7 —  Bs 2 A 2 fEE A X
filf SRR - KGR A 2O ¥R 33FE3 A31 HET
30 [REEEIEXENOiERONE  BINCED D [ FRBEeEE X o s NA & OS2 FBSE (BT
D) LB ET5,
Bra AfE il 7 X 1] D B
1 KRICHEIT2REEHETLHZ L,
(1) BEREN~OESE DI 21T 5720, BIs TR 7 A 2 2R L TREE T2
35 7o O DBAR TR 7 A A FEREXE (LT IRREEEE XE] W )H,) ZH0

32



10

15

20

25

30

3

(31

rOICERMT 2 (FHE1.8m) ZRELTWD,

(2 Bl HEBA A 2 ZEHETHIXE THDH Z &, HAF TN THD Z & R OE
BEALE ORA Z WA LTS E RS TWTcie i Tn s,

(3) FREEE T XEIN D/ A 7Ny 2R ITHE T LD FHA T, AHIOHE (4 mm HELT)
EAMUD T 4 )V L THEITHE L TV D, SMIID 7 ¢V B, K, ZE K OMRIE I
BHEHATRE 225 e 3 8 2 23, NAIOMAIZBARA L 722 vy (AR & BR <),

@)ﬁ%@§E¥W@fVAf§§ﬁEﬁ BE FROEEEA, B RERE, 7 (H
ANZEERLS,) RO OIZIX4mm BELFOf%E-> T\ 5

(5) BREEA T X E N O FR B EL SR TS I K DA T, 2% (4 mm BELF) ©E

KIFSIMAZ 7 4 W D THEE L T D, WIS ZIRET 28 (mS 0.9 m)
ZEREL TV,

(6) RIEALAFETHWD B (—30C~—20CE%E) OREIL, Bin-H x A
filt & DB K 2 B DO LN ORECRIZBI T 2 158 (R 15 AR 97 %) (20
DB FEHEAEICY T2 o THD RS EBPHILHE 23 C iz Xl s 35,

2 WY HFEHAMTTH &,

(1) BlZED HAEZEEGE (BHE 2) 1IT1E D,

Q) MZEDHE=F ) v FHEEICIESE Fox ) LB ERT D,

@)é%%@T%é VETORENBH DL ERDOLNDICESTHEIT, BICED D BE
FEE T DE . HONIIHKLT B,

A FRR DMK K OFRE DELE X
WAL 1 22,

" (RS XERR O HE
[}

Bea e ] 5 DX IR BR 0D & 1 2 2

ANo

(3) ABEXRIT LD LT HHICL2FEERLZORBRICE T 2HFRNEDHIE
T=2 ) U TEHEEES R,

(4) EMLSRERBEPET I8 ENDH2BEITRT 2EMBREREEZIET 5120

(5) ERZETOMAENIFE—RBERENTFTESN TV IRE L BELUORE TOMHEH

FORR
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(6) EAMCHIT AHEHEICET H1EH
7L,
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B HE I L OEMEREREOTE
1. BelCBT @A
(1) BELEZT5FEEDH 2 FEBMEMEORE
A 2E, BARENICENTHREIBEASEOERE RS 23, ZRETICAARZEDT
5 A aRBAMNIEMN L THASRME FCTEHE L T A HIEERE S TW i, B4 =i, A
M OEBPITE RN WVESMNCRESND &
OhdUL BEED Z LR R RETH L7 VICERET 5 Z &N TE 220 (F.1995),
QA TH L7 U a LiFH D | FEROTZO DRAHAZ RNTERY | FMHIE-
TRhDZ &b TP, R iz 5 B CHik9 25 2 & CRICHRT 2178 b
10 Oz e BIRD elnd, BPLRBIGESCHICHBESNS (B4,
@A ALBENBELTH, REZ ENREL TERWD, BENTZHTNCN D A AR HRIZE]
ETDHIENTER,
DA ZRBEBELTTH, HLNCT VFEICHREIND Z &%, K2 - FEINT DR
EAERW (BER4),
15 ULDZ &G A 2is BIRSEM T TALF « BIHT L nlRethidfRu,

o, BEEZFRE UL $T2ERBAERMTH L7 U a L_TH, B4 2k, SO BHE
RENMELS ) BT E ST <KRATE RV, S 612, 7V a3t DRREMEN (FFE,
1997; 8% - 1784, 2007) 72 &, BREMET CTOAEF - BHICBWTUEAFMEEZ A L
TV Z e, BWAEDZ U T DA ICBWTEAEZ R 2 &30,

20 KRB IA 2F, 747804 H#H—FOIOEX RV E@AE Y 78

(HC-Sirius) ZAHRICETe S, Z DX L7 EITHR IR ORIl b &2 M 535
T EF SR OEENE A SO T EICIRARE ) 2T 5 L2 T2 2L b RN &b,
HA DA THEMMEEFmD D Z L3R, £, @8n 2 RO R~ —h
—TdHsKMO b, LI HOREZBEIZSEDLIZTET, 2MLEONROEEIXA

25  ACIEEML IR X A 2 L IXBITE 22 (Kobayashi et al., 2007), L7=43> T, A&ix
AR Z T A 2 b IERAE TR A = & FRRICRAN Cldfh o B VI K> TR S ICH
BaINbEBZ26ND BRA) T EEND, HIRSME T THLE - BHHT 2 REMEIFK < |
BEIZBIT BN EEDL Z LT, HETHDL A 2 GEEE ML) & AREIR
TR A 3 & DR TEZLHEIEIC OV TS L- & 2 A SRR (2 5 K O3 .,

30 BUES 16) - Shi o TENELRE (BIVR 21) - B (BIVR 20) - PEONGLER (AW 23) - PEIR%L (B
I 22) IOV TIIAEIE TR X 7 A 2O IR s TR 2 7 A 22 e~ TREHER
WCAHBIhS LS, ShlRE (1, 465, 588, BIVR 16) - #HbAE (BIR 18) (oW1 T
IIARBIE TR A DA 2 LIEBEBE TR A 2 L O THEEITRD bR o7, i
HEBEEICOW IR RREIT TE RV WIS ARBEE TR A 20);

35  MIEBEBTHEEEX A 2LV NI Do GIR LT, S HIRIZ OV TEARBE T
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HA 3BT A 26 22 ATH -7 GlEs 19),

UIEDZ & 2E 2 & OICARBIRFHHIAR T A 2 2 AKHGEIZI T DIEEBEHICE > T
B it £l 75 D ]9~ 2 #EPHN T OB A IS 1T DEALIEIC N 9 % 528 & 2 1 5 rIREMED
& 2 BB IR E S LR o Tz,

(2) & EEHNEOFLR

(3) BEDOATULRT EOFM

(4) EMERUERENET DB ThOFEZOH K

LLED Z LG KBAR TR Z 0 A 2 2 AR FEIC BT D /EEEFEICNE » ThEER T IX
B T3 2 #EPHN T OBt A (2B 1T BRI 2 8 A 52T % ARt & 2 B A2 H)
R EDRFE SN2 T2 2 & EMBRME BN ET D2 hidn e Bz b,

2. Wk
(1) BELZT 5D S 2 FABEDEORE
B A 2T BN ANZENTE 2 SN T RBEUINTER O H 28 /& L TR LS4
NORYCRBEEZHAT D2 L3k, 72, A i AOEBEENITE LKL, ¥
W L TR 280 A CRELZBR L TAB LIAILI N E THRE STV,
20 BRI ERHOKIT T L2,
ASEAE TR Z A 21, ShiR I HC-Sirius & > 737 B 2 #8508 ) OVl 4 TR HL 5
E0, Bk~ —H— & LTRETKMO Z23EB 508, 260X /7 ENA 2y
DEMEZZASEIZVHER I EZEOIZD T2 LIFB 2670,
VLED Z &t ARBAR TR A 2 % KRGS 2 (EEEREICHE - TIhRBER & IX
G AT A EFAN T, ABMICE 2 DIV FEELIMNCR L TR Z R 2 &3k <
TEMEICEK T 22 L2 2 2 A[RetED & 2 B A ZE I8 E SN T2,

(2) BEOEEHNEDOTM

(3) BEOAEULRT SO

(4) AMSRERZENET DB ThOFEZ O B
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LLED Z L KBAR TR Z 0 A 2 AR FEIC BT D /ESE IS » ThAEER T X
A2 #EIHN T Ul R IE SN 9 2582 21T D ATREVED & 2 B A EhEY S 2N R
ENRIPHTZZ LD EMBHRIER BN ET DB TR EE b,

3. BEMEOEEMN

(1) BEEEZT VMDD 5 FABEDEDORE

A 2F, WERRND BARENTEE SN THWD2, ZHE CHABEYFEDOAFIC
WAL NTT L0 R AEWENEASINTWD L OREITRV, iz, BEEZIZEN
TIE, EEHICA UL RIEFSORIECT A 2 O3 - Feike &% | BHINITHE - 72 705
\ZBEFET D 2 L D fRANTAT DAL TV D03, 4L & O PR 53 B AR B S5 | A E A
LoD T EOWME LR,

ABIR TR Z T A 2%, h BT HC-Sirius % > /27 E & L Tt # 737 5 Sirius2

ZAEARIRCHBLT 203, 2 < OEMOBIA B Z B W TR~ — I —72 &L LTHN
LTV GFP L7 XV BREMAEA LD THY , Z "I EE L TORMENDLE
A Th, HEPITREA LG ITMOAEME L 522 L ITES R, £, 8k
~—H—L LTERHETKMO ZHBLT 50, A azinH% < OBMICNIET HETH
0. Zhh HHEPITREA LGS ICMOAER R EL G2 2 LIIHES AR, 2, K
IR TR 2 A 2 L IEBIR TR X A 2 OFCHRE HEEFIZRA L, MY OFIE -
EEFRTIEMAEMICE 2 2B A G LT & 2 A KRB A =2 LIERIs T
FHZ T A = L ORI THEHERZRA BT o T GE 24 X 1U025), S I,
ARIEfE A Z T A 2 NRBLT 5 Sirius2 # > /37 B J O KMO (ZBERI O FH#E X v '8
RT LT ERRIITHREND & 27 X/ BRRS ZFf 2720 2 L5056 H B ~0
HELEZEZ LR,

U bDZ &b AKRBIn TR X T A 2 2 KHFE DAFSEFEITAHE > CRRREET B X
T2 %N T A EWE OEAMEISER S 5B A 2T D et O & 2 B A B
WIE IR E SN o T,

(2) BEOEEHNEDOTM

(3) BEDATRT SO

(4) AMSRERZENET DB ThOFEZ O B
LD Z &b ARUR TR T A = 2 KHEEICI T D EEEHIHE > TR T X
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10T 2 #EPHAN T LA

EWEOEANESEN T 2 82 52 2 B EEEY % (3 E &

NIRRT Linh | EMBARIEEEDNET DB TRV EEZ b,

4. RN

(1) 22T 5V EMEDOH 2 FABEDSEORE
TA 2 L A RTRE TR B AERE S L CidZ U a k£ > K7 U =2 Bombyx huttoni 2345

SNTWDH, HAREMI

I LTV R R, dbEENS N IFIEFE TEREL TS

7 adHTH5H (Hutton, 1864; I, 1998; fEEF « thit, 1999; BIFR 1 KN 2), L7z

3o T HEVEICIEEIN L C

WEAZ T HAREOH LI AEEMLE LTI U afniEsn,

(2) EE0BEMNEOTME
A 2L FORBHAFETHD 7Y a b ORITIE ASIIARE SIS HEME A2 A

U (fJsihm, 1998) . &l

WS 8), L7icino>T, &

3 HC-Sirius Eis &

CEBWTHME bR SN TWD (RE, 1927; FHik - K. 1939;
MEMEIC RS2 BARAG 2 e 8 LTI, Az h A =i
A3 71— X —HlIH T D KMO a3 Y AR M A S 7 U

SOEMICREL, EETDHAREEREZ LN,

(3) HEDA LT IDOFHM

AL TaiE, AALEABKEHTLEEET7=mEy (Rrea—n) BE—THY,
ELOLDF ARG ZOMT7 2o F 2 L TAARRKRZBRERET S (Kuwahara et al.,
1984; Daimon et al., 2012; AR 1), Z D72, AMIOEE FIZED TN A A 2p3, T
—., BAARE T TR L TRBIZR S TZHAITIE, A 2D X ZARAR KT 247z n
FUCHES SN THAEADZ VaDF ARBERPREK L ZRET D AEEREX NS, — 77,
A ADFARBITE ST REZENRTERWREBHERNIDELLLHY  JHEENIC
T aADAARBE DA AOF AR B E AL TRBO ARt 2 A Lo BRIickBVnWTh
RIS LIRNZ LIS A a DA AR NREAED 7 T a0 A AR HIZEE L THR
B FCRRRT D2 SIFEE LA (9~10 N—U2M; k6, 1997, 5 - 1754,
2007), L7=Mo>T, AT T, HAadAARKEBE 7 U ad A4 A% RO CTAHEE R
AU D ATREMEICIR > THE LT 5,

AHFEICBWC ABG T A 2D XA ZRENEC T TV antAkh &2 RT
LAREMED B D DIL, BENEFBFRENNZZONDLZ LD, LN T, 2EniC

DNWTNEIZEET 5,

FPF EBENTABLGIHBEZ DA DX ZRARECTIZ U anFd Ak & RRET 5

ATRBPEIZ DWW T BT D,

—RDOFRBEF TOBE DI A 2 OEWRE & FKIC, AHFEICE

WL, ABARFHABRZ T A 2 DL 3 s MBILIEE N S OTERE TE LT D, £

T2y BRSPS S EiC i

(hf) ZHWIC LV RIELTDHZEE LTWDIEN, ShhfE
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HZ R U 72 BRI 72 72 B BRO TR 92 2 & I tE b =N & iR Ll
BT T _RCEIN L CARIF LT 22 L LTWE 2 EnE, 7 U ant Ak & AR HE7R
A TADAARBNPEENTEL D Z &idhen,

Flo, KRFEIZEBWNT, A Iy Z\EIINAEEICHEZRED | LT s3I
THESCTIIIMEZRED Z L TAHANL 7 U adA AREBRK L TRAT D Z &g/,

B LT U aghmpd i hiAENTh, B aghih L3RR ka2 H o2 L0,
D> CHEEEDREN A A LITRRDTIHNET D 0 BHITHA L THZT
HZENTED, ML REIMNEL T VadD@nFEbLIAENTH, hA 3 L8R5
IR THDZ LN, WA a0 EIRFAT 2 Z &1F720, FFHIAENTZZ UV angh
T AF L TET 7 UV aDA ARBRBRENICAELZELTH, ETRRZLH1C, &
HE LB RBIE IR DA IO AAFRPEENTELD Z LT W WERLRT
AR SYA AR

ZDET, H—, BENTARBELBHBI A IORAARRE T T aDA AR RPHEAE
LTRREL TS, ANBIGFHBZ A 20D A ARLRITEERE MK | IEB IS R 2 7
A T ATEEIRFEH N2 & G 23) ROARHGE TIEBHARTRE 2R B &2 2
R LEND BWENTHEINT I0EE T, ABRTHBZ T A 20D A AR HBUIIRIRIP
BT L B TRIIIESEZERT 52 L0, I 3 CTEIX L T
BHEICLONET D2 ENARETH D,

S HIT, RICTEEN TIHEIIN L RBRHE L TH, MHEICFE#IT WD, 5T 5
ZLIFTERY, 2O LT, SO ATAHEFE R OIS b A fidi 9 2 3BT b AL
fERIERD B oiz (BIER9),

UEDZ ENG BENTAREBE A A 2 LBED T T aPiE L CRHEEEN
HALTEVEIH LTV TDHZ LideneBExbhb,

WA FRABFRETIZ BV TARBB TR A 2O A AFRBECTHED 7 UV adF
ZRH L AR D AREMEIC DWW TERET 2, ARFEICRW TR, fF TITRAE LIZEDLR
%L OER E OB RIEICOWTIIBA L TWD I A T ZHLY FRUN T B L4
HZEELTWD, BITFEEERETORSLEOT TENY2PEBZ L TNDH I LD, Yk
ST EDVARETH Do WA NES IR Tl & (E D OB TS Ay Rk & S Th
BEREICIRALIZE LTH, MIFHEIC X DR T R TRTT 2 2 2 b, sl A
U5 Z&iEauny (BlR26), Lo T, ERED T TARBEFHMZ A 2 LKL
TELEHEDO I U anZRT o2 Lidhin,

S BT, ., FEREOPICARBE TR A 2D A ZARKRDHEAE L CHED I D
aDOAALRERRE LT, fAEREOH 72132 O CTEINT 5158 &3 (BIFR 23) .
SEHERE RO RDBPHE L THERBNCEGE L TAEFT L Z LT TE Ry (BRI,

VLEDZ Lt ARBARTHABZ A 2 % KRGS IT 2 (EEEEICHE - TRl B X
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] T A3 RPN COASE S TR 0 A a3 AR & 22 TEAMC I S D 2 &g
<, BREWNICAERT 2BAED I U a L MET D AlgEEII VW EE X b T,

ZD LT, RELAHBRZIA aDAAFREFAED I U aDA AR RNLZRE L
TRMHERNAE T T2 & LTH, MRIRSCHE %R TO HC-Sirius & > X7 B ORBC, &5 T
D KMO OFEELA, BIREE T COBAICRBITHEBMAMELZmD 5 L IXE 2 H< . TORME
BRI A0 7 U 2L M BV TE ST 2 FTRetRiRV & B 2 b,

B, AEENOEREE TORARSHTRE L7 TV a L WA aDfkx RRHE LI
DT, I har KU T4 7 LD coxl (cytochrome c oxidase 1) Efn 1 (7 7 = 4,192 {#
R TA 23 147 2ffk) OBEHIZH AT LT A BAEO 7 UV IIHAL aDI fhay
RUT T LA LTDEBNIFRD 57TV 7220y (Yukuhiro et al., 2012, B 6),

7o, FEREZ SO PO RETET 270 & FrB O MR I H A5 U 72V VE
ITHI2 FIETHA b ZfE L TV O BREEZOEIDTRE LT U 212201 T, coxl
AT OGS Z T LT- & 25, 2,939 AR _TR 7 U afThy | us—~
RSN -T2, BIRT),

A ADFARLBFTRESZ LN TETEHME LR LG 7T ad A ARkl & [R—
ZERNZE VT BB L2V (9~10 ~X—T &M, Hikt 5| 1997; % - 1754, 2007),
IO, BRBRETHA 2 b BHAED 7 VanLZRT DD, A 3D A AR T
HUT 2T EBHED Y T DA ARLBEPEAN L TRKT DLEIZR O, B A 2D R
AR E 7 U aDF ARRBRAE)RE L TEL LM —RITVA 2o hary R 77
J LEFFOZ LIRS,

ZEHEMERDNE U 5 FTREME DS R W TH 58 OB ERF OJEN T b M5 — 3%
RENDoT2Z Linb | 7o & 2 FrBEO MBS I 258 U5 2 & 70 < | MERNITHIN G
S| FBEREICHA I BNBALIZD LT, ZREEMEENAET D Z &N R0nh, F21X
MOTENTHDLEEZEZBIND,

NGB A 2D A AR E 7 T aDF AR E HEDEIERR LTS — A
AELDHTENHRETH DI ND LT | EEOBREREDFIDTED X O I FHIHR
LNRVDIE, UTOL S RERDER>TNDEEZHND,

- BEBEZTIFS R OR () EFTL2M8E LAV B OMEMETLRNE ST
Fi L DA AT i 2 AT U CEVZIRIC LV A T 72 7 U a DA AR & R ]
REZR 1A 2D A ARRHRDNE U 2 algtEAME (K 4),

SABERIEICHN CRIMNIEE SN D I A UIEFEBEND e CARNR BT 2R 2
ENZ B RBIMNTH T2 A 2 O ROk R o B BES BEICH AR S OGRS
% (R 4),

s DA DA AFHRITIRANRNZD, BA T/ UV aDA AR ELZRLTHLZORELIC
PEIRT DT & (BIFR 23) . M — R OMHES R A FBHBE L CTAEF T 5 THE
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PEDMEV (B 9),

(4) AYZFERERET D BENOFEEOH W
PLED Z D AEIE TR A 2 2 RHGEIZBT DIEEEREIZNE - ChaEkR F X
5 W THEATLEENT, ZHEMEICERT 2 EMSRERENET I EZNIERNEEZD
iz,
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B= AR EORA ARG
HEEDORT D08 EORTH D 714 2 (Bombyx mori) X, HAIZIU THRAERFR LIRS,
BN O 2EREEN & 5 H T, ARERE T~OESE A EME OEAMITRD b,

BAIZI T D EAME

BETHDHA 2L, ANHOEEMNThILeWEIMNIE S D & #enIiciif ST
BT 5 2 &0 BRI E R BERCATEN 2 KN TWV D Z & BEIRENDMEWZ LA 80k,
HTF - BHET H 2 E R, Flo, BREEFE UL THOBBAM CTHL 7 T a R THY)
O OBENRE N MR Z &2 & BT CTAR - BIHICAN2ME 2 L TnD Z
EMB BADZ U TR L THEAICRIT DA Z R~ Z L ide

KEILFHEBZ A 2T, 74702 H#—FORELE AV EMEL VR IE
(HC-Sirius) ZAHAICE A, KMO Z 25 THRILT 508, ThbD X U X7 ENFEEICET
DENMEEZ DD Z LRV IEETHLIFEE IR 1 A =2 EARBI A A 2 L
D CTHABRER - ARZHFFEICOWTRF LIz E 2 A, ShlRE (2 #& O 3 i) - Sk
OATENFEPH « B RER « PEIRGEDE « PEIRBUC SV TIIAE G FHH 2 1 A 2 D5 SHEEHEAIC
BREINIWVIED, bR E (L#, 48, 5#) - IMLBES IOV TUIMEFRICE B
DRI o Tz, R K O B LD T30 S AR IR T A 2 D3 IEE IRz A =
XV/hshoil,

LIED Z &6 ARBISTHBZ T A 7 2 KRFEICI T D EEEHITHE > TR & X
TEEHT 2#PAN T AT DEMPEICER T 5852 Z10F 2 TReME D & 5 B AETEY)
FEDNRE SNIRINS T T LD A ITET DEANEIC KD MR ENE L D2
X7V EEZ b,

N

EETHDL A IHHRIICANBINCE X DN REOLEZEBRET D, £/o, A aghh
DEATRELERL TOLHIIINE THRE STV, & HIT, AT E R KOOk

—HBIL72 0,

KIBInFHEHA R A 1%, HC-Sirius Z #8412 & A, KMO 228 THELT 5208, 2 b D
B RTENIA RO R ZED D Z Lt

LD Z et RKBR T T A 22 RKRFEICEIT D EEEFIHE > CRRRk S X
TERT 20 C O EMEICERT 2 L2 2T 2 ATttt & 5 B A S S FEE S v
Mmoo emb, MR X DEMSHRIERENREC 28RN EEZ BT,

B EWE DREAEME
BETHDLNA 2T, IVERFRS BAERNTET S, EEEFRICBOTE, SHFHIZ
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U DA ADOFEFENRE G TFREZ  BHINITHE > 72 FCOSABICBERE T 5 2 & B3 — I
TR TWDR, 2k CHABEMSEOATICEREL MET X ) A EWE &2 EEL
TWD & DHEITR,

AT Z A 21F, HC-Sirius Z R ICE T, < DAY OB LT Z 2B
R~ — I =R EL L THVWLNTND GFP 127 2/ BREREZEALZLOTHY, #
VRTEORHENDE ZTH | HEPITRA LTEGA MO AT E L 5.2 5 & 13E S
nia\v, £, B~— DT — L LT TKMO 2R8ELT 50, B4 2zihd< o
NETLHHEETHY , 2 b LEPIRA LG ICMOAEMIC B L2 5.2 5 LITHEE S
R, E5IT, ERERE LEPTICRA LIZE 2 A, M ORIE - ABFSHEMAEMICE 2
DR A L T 1 A 2 L IEER TR X A 2 & O] CREHRAICH B e 2R
OO T,

VLED Z Lt ARBARTHBZ A 2 % RRFECIT 2 (EEEREICHE - CIRBERE
TS 2 #PHC A EWE O EANMICER T 5B A T D TREMED & D B AEEEN %)
FrEShieh ol 2 Lo HEWEOFEANEC X2 EMSHEIERENET D BZ TR0
EHT L7,

ATHENE -

HA =& HETRE 7R TR AEFE & L CHAERNICOM L TWDRRIZZ TV adHRTHY |
ZEHEPEICHEIN L T8 2 2 A REME O H 2B 4B & LT U andfiE S,

AL 7T, ARARENBET A7 2T U NE—THHTEO, IA TDA AR
MR —HARBREE FCRAELESHAR. T 7 20 U ICHF SN THAD 7 Uant 2
R L CRRBT D ATREMENR B X bivd, — i, WA adDF ARITE TSRS &
MTERWRE BRI N E L LDT2D, DA ADOFAKBENETFED 7 T ad X AR Hh

CHARBREE T CEEL CRET 2 Z LI3HE LG22,

HREN SRS E TORAREHTHRE L7 V22O T, R hary RUITH A0
coxl BT OBBHZREZENT LTz A, WEDIZ T4 aDI har RU TS )
LA LTEBNIERD S ey, £z, BUEBRBEZITR> TW O REDENTHED 7 U
M A 2L 7 T aDZMERE RUITECTEL T, L &b, BETORL TV L ER
DHIGZBNT, RN E TWHRND, EDLDTENTHDLEZEZILND,

— DB JEFE TOME DA A OEE & RIS ARG CIARBRR /R 2 T A
2% I ES LIS N DR O E TRB T 5 & & BIC MEMmEIC L0 NELT 52 &
O FANE LTRRHBAET D Z L1372 < KRB FHHBA DA aDA AR ETF LD T a
DA AFRNRRET 2 Z E1F720, T—FD L) REENEAEL TH, Nl Tz 7 A
DA ARHUTIEBNRE /) AV | PEIRFIPH RN Z & D | BENTEINT 212X, P
IR T S CTEI L CARTEL S 112 B RICESEN TARHEIIN b A L Th | £
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IZEBNIRNTD BFT L2 EETERY, 2O K52, BENTARERRTHEIEZ T A
ANBED 7 U a3 & R U TAHMHERN AT 5 2 L3,

ZOET, NI ZBBIFINARRICHEEZRY | T VAT EEIIRBT 280512013
MWaED LTV and ARRDERAZY IEN FERK TRIITEENZER L TR
W2~ TEUL L CRTEL T 220 HE 12 & 0 AR G2 A 2D A AR B OREE S
RIS ZEE LTV D,

BRERE TRICAE L 2EEHREICON TS, FEEEDHNI A A 3 O B0, i ZkREL TR
T2 2 LIC kY| BEREICHINTEEIMNCHD Z L AT L LTS, il
FABREIC A aMBA LT EERELSEICH SN LTH, fEREIX LEND 7
A LN R TR 2 2 L2 L0 B U CRTE LT 5 72 sl 3 AE U 2 ArREME I
L PV AbLBRTHIEIFTERY,

ZD LT, T RBEFHBZ A aDARKBEHAED T T aDF A BMRRR LT
RHEERRNE T2 LTH, MRIROHER TD HC-Sirius % VRV BEORBL, 25 TO
KMO D3B3, HIREREE F COBAICB T HENMEZ R D L1352 < T O K
INEED 7 T IRV TE ST 2 FTREMEIR VW & B 2 b T,

PUEDZ Lind BB AR T A 2 2 RHGEICIS T D /EEZEITHE > ThRREER & X o
T 2HIPA T, MM X D2 AW SRS EERNET 2B TRV EB 2 biT,

Lo T RAEHE L LT, AR TR A 2 2 RE T 31T 5 M S5 - C Wl

B X CRE ., RE ., R OB NS Z B ITHET 21T A %17 O @i T, HAREN
DEMBINE BN AT DB LT L S iz,
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o (A - ok, 1958; BIE 3),

BB S T CORE TIE, WL L THHRiZ1ESD £ Coshh i 20 A ~30 A -
7= (KFf. 1950), 1 #n~2 EEOMITEMICERET 228, KET 212> TRMA D ITER
THROITARD (AFn, 1936; KAF, 1950), ShHNiEZOEEIL 3 [E (ZHREE) 2323, 4
mldd 5 (KFF, 1950; #A - 77H, 1982),

RO REITHUESPER Z & OERBKE VA, KBGO LERB G T, i 2 (ka8 &
REEREE 2 IRHT. IEERES 5 (REN SRR BE A b 5 (B F0, 1936; A&, 1995), Z DK 5 724k
ERFB ORI TV D il BRI LISMINTIE 2 (KEi S e a kb LI TRk 52L& T
I HEfe 4 %,

MITEEZBZAD L DT L TEOMITIED D, 2O B HIEMLE L TR CRE A F
D ENEDRNE DT D (B, 1936; KAF. 1950), PMEd 2 % Tl oo A 4
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ICEBEOAREL, 20 B S L 2HABRENS, BWEAIX100 L EEW I Fil b H 5 (K
%5, 1939a; KA, 1950),

FRHITA A « AR EBITRAT HZ ENTE S (fJFAE, 1998), A ARHIIRRDHE T
THETHIEL, BicHET7 = u®r 2 L CHARREFHS T 5, A ARBIIFRITHE2
HUMZ HHFICTRATE DAIRATE D 20 IR LN B A AR ARKE T 5 LB 2 6D (Sasaki
and Jibiki, 1984) . A A L DAL & L Tl b RV ELEkIE 21 HIFCTh 5 (K 1 5,2010),

(27U 2 OABFR) R OVERRFRVREE « AR ST B FTRE R BREE D 54 ]

70 2 IH RN RIELER L TRET 5720 EBSFTEZ URNEZ TOAEATICIRG
o, 7 UDNEET DAFTHANEGFT L ENTET, IICHAT S (%F1, 1936), Hi
IR L > CTHRENZ R A2 28 A2 L7900 5, 7 U EERL 5 AEICSh AL L,
11 AN 5 12 AIZIZZ OFEOKRZ ORRBIRET 5 (A - 28, 1958; BITE3),

Bhdug, EHE AVT7 U OESCH ZEICHET 2 Z LR TE, I A 2 TR
D <IEFICE XA D, 1HE~2 BEOMITEMICERT 203, BET 210> TRE D&
AT AL 917D (4Fn, 1936, KAF, 1950), fAEIZEEL CTid, fidH > THENX (A
D120, REOELZHO T, KEEIET 206N H D,

MITEEZ B XA L O IC L CEOMITIED A, OB, B HIEMZ @ L R TR &1
D ENEDHRNEDIZT D (4N, 1936; KFf, 1950), ARHTIA R « AR & HITHRAT
HTENTE D (AEUE, 1998),

(7 U 2 QAR R OVERRFHRE BRI O£k

70U TG Ko THE U B RAET DA EZ1T 9,

Wi D O (Bt oFE4E) X, FRIHFICEE 5 & H S ORRF, 1950) X0, A A DR
LRI Z RS, A ZRDOPUERFHE LIS E 5 &V ) #E (Kuwahara, 1984) 738
Do

AARBITIUER b ZOHICL EE 0 RO caE Uo7 2vEy (Rrea
—/V) & REHITH L TA AR Z§55] L TR 7 % (Kuwahara et al., 1984; Daimon et al.,
2012) , A ARHIIBATHET, HHICHRAT 2720, Rrva— i w7 zuxr M7
v T TOF AL R OEIL T2 H00 & 72 % (Sasaki and Jibiki, 1984; Kuwahara, 1984), ji%.
HIIA A« AR L BICHBITITKICHES SN RE SN TNDR, 7 TDOFRELTO
7 U apPibre UTUTKERITLT LB BIRITIH R0 & ST % (44F0, 1936, K5,
1939b),

AARLHRIE, LT D, UTEE~10 2@ E T > F & o TIRAZ EHDIF, LIHAD A Afk
HASPEL IR O RHIT 250 5 ~300 EREE TH L (HFn, 1936; KAf, 1950), HAREMT T
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X, 7 U OIEHIRIZEST T 2 Z N TH LN, 7V DELIZAZTNWD T TR
TXXNEFTIE B H D CRF, 1950), SHE SR FTlE, A A HRZ ATV 2SR
RTTAF v 7EREITHEIT S (TG, 1999), KR L7z A ARKBRIE, 1D S BT
PEINE X D LB 2 HID (KA, 1950),

A& L CHRICIET 2 BEIN TR IR DR T 2MEIE—F ICi & 50 Tl
<, 4HENDIHEST2NAL EIZhE > TR~ I E 5 (KI5, 1939; KAF, 1950),
AR, ARG T CIRFAKIC L 2WELZIT D720 —F L2V, fE RN T ToORL
RITERDRE VD, 42 80%FRE & s ST\ D (CRFF, 1950), FIZA AL ik
PEORT 2 & | IRHR L2 W TR AE DS L ANBHUEIR & 720 | 2 OBEIE, EINND 10 HFEEE
T—HFIIbd 5 R, 1950),

(7 U 2 AR R OVERR IR © iR - WS D AlRetE]

WAEOI U, ORI, FEBRICID2TFAEEZIT D (KRN, 1936), TOFESR
IFFERCHEITNC L > TRES B DD, K TIONEHZ DL LNHDH (KA, 1950), Fhh
WX, A2 o0 R U ay RUARZREETDIEN, TV FHAFICL - TR
ENVEHICIZ B THZ B ANRF LT VT FannFNEET D ERRE STV D (&,
1936),

Daimon T., Fujii T., Fujii T., Yokoyama T., Katsuma S., Shinoda T., Shimada T. and Ishikawa Y.
(2012) Reinvestigation of the sex pheromone of the wild silkmoth Bombyx mandarina: the effects
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JFAMEE (1998) 7 U b Ji A 2. SUEE R AR C B A B BRI 78 (A) (2)RFFE R R
(ol RS : 07406004
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B4 BRICBIT DA aDEFERNCETIHRE

[FR# 7 1E]

B A aPEIMCHEE T HRIEZ B L T, 1 m M5 TES 30cm DR A, AT TEIEN S
AERPEIEATSERT (BUE X E SLAFZE B R R N R IR 22 ) Kb LI (R RS <1
M) OEIMIIED . ZOROHFLIIAA 2 (CL08 &) DLhh XITp R & E W TEFHEE
A Lz, Sz @< HAEITEEL 1 A 1 REIEHS Lc, REIZIS U T, RICHEOME=E 2 505
BT, RAMERBRLBEIC L A2HBZEIT S L BT, DA anpbifis Z &2,

[ R]
(1) 4 #wsh oA (2008 45 H)

4n2 HHOH M 500 HAE V-, REREMTESTHELIZEZA, TIRTT LY
R WA=, 2 BRICeD &, AT E o7z BlE s e h oo, (REEM
#1)
(2) 5 s CcoFME (200845 A5 6 A)

5Hn (#) 2 B B OShH 100 SHA B -, N EEREMECTHE - CTRES T2 & ORI
I L DA A YR L7 RIE TR L7 & 2 A ghiud AR i3 sieFRofnic s »
FoTWe, =TT VRV T AUICRDBWBAZIT 203, ARl 62 NI L 72> T
TR T (BEROSFTT R L CE#XEL 2 L) Z#BthL. ROBDH~BET LD
BHNTZ, EHIZZO—EITRELEWTWEREA2ED Z LIXTEhotz, BKIIZIE
I - gl & BB SN o T, (KGR D

# 1. 2008 425 A5 6 H OfRAEMIF T O G&RT - > IEHHE)

KRR RIEKIE  mEXE EHRE BKE )
AR A
(6 F5-18 ) (C) (C) (%) (mm)
520 %= 14.1 237 79 575 5 s AT - Bk
(F %)
521 ek 8.5 25.2 61
5122 % E 11.8 25.8 74
523 i 15.3 28.5 66 - 4 i - BRGA
524 WthE 16.3 27.0 77 14.5
—IRERR
525 IR 175 22.7 92 15.0 4 WA T (FEIR)
526 i 15.9 26.9 78 8.5
5127  JEEAANE 13.4 26.3 66
528 IR 12.6 22.9 74 0.0 5 WA - TR AR bG
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5129 [ 13.0 14.8 92 17.5

5/30 & 11.8 16.1 89 0.5

5131  [—HE 121 13.9 91 8.5

6/1 I 10.1 22.6 75

62 2 13.6 22.0 80 0.0

6/3 [ 14.1 15.8 92 21.0

614 % 14.4 21.7 77

6/5 xR 14.4 215 87 1.0

6/6 AR 17.9 28.0 79 0.5 5 AR A - SEIK
67 R 16.4 25.0 70

618 & 17.4 23.6 82

6/9 A 16.7 23.0 91 1.5 5 Wil - SRR

(3) 5 s th ToOFRA (2008 47 H»H 8 H)

5Hr 2 HHOSHA 2 5D 200 BT SE W, 1 ODJ7UTENE LRWTT T O
BECLDMBEOEEBLBIEL. L9 1 2O/ITEEREMETE - TT V72 & OO
BEICLDEEBLEE L, BOE Lo, 2 BRICITATFRERAE LR LBER S
o ln, BWE LTI ROFNcE EE D —fIET Vv T AL L D W&
AT, 8 HIRICI 97 BRI R &2 BAG L7z, BfmICHR CX 72X 5 <. 2o
FEHE L CBIE AR TR ERTE R0 oo, BRGNS 20 H HIZkH %
[ LT AT~ T2, 3EICOWTIXR OIS 5 9 HITHIA DIV T, 1 I3
b U728 A3 O o CHEA TV T LRI E L 72 FTREMEDS & o 7o DS IS Ik I TR S
mholo, (REEM £ 2)

# 2. 2008 -7 A 8 A OFRAEMIR T OREEM (RET - > ITTHEE)

KRR RERE EEXiR CERBE BKkE
ERE! A
(6 518 FH) (‘C) (°C) (%) (mm)
7125 | 23.0 327 81 0.0 S b
726 2 23.2 28.6 84 0.0
727 & 21.8 30.1 88 9.5 B - 5T (BEIR)
728 £ 20.5 30.9 81 0.0
729 % 21.3 31.1 76 0.0
7130 2 alE 20.6 29.4 78 0.0
7131 EiLEE 20.7 28.3 77 -
811 B HE 21.3 30.6 77 -
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82 LK 22,6 33.1 75 - BINA - TR B LG

813 I 24.1 34.3 76 -
8/4  ELHE 25.3 34.2 78 0.0 BN - 5 E R
85 2 23.7 26.6 90 0.5
86 I 23.6 33.2 78 0.0
87 I 23.6 35.5 73 -
818 I 24.0 345 79 -
89 I 23.1 29.9 76 0.0
8/10 2B 22.1 26.9 73 0.0
8/11  Zi%hE 23.2 30.5 78 0.0
8/12 %M 23.6 30.7 79 -
8/13 i i 245 33.8 73 -
8/14  JEZELIE 23.9 34.3 77 0.0
8/15 %I 23.0 35.9 73 -
8/16 i liE 23.4 31.6 82 36.5
817 M2 18.2 23.5 89 6.5
8/18 2 —HE 17.3 27.6 78 -
8/19 = 21.3 30.6 86 25.5
820 IR 21.1 31.2 82 3.0
— RN
821 % —IE 18.6 30.2 81 42.0 FEE - i % AN

(4) 5 Esh i TOFAE (201245 H)

502 HE DS Z 12D 200 BHE V-, M7 EIC K D2BWNI L2 oTe, BT A1k
EETORNLBELIZE ZA, 2 HEOFICIZLAZ RUICL DB/ HAE Y, 2 BT
TRTPR I, TVICR2BEbBIZ SN, (KEEM: £3)

#% 3. 2012 4 5 H OBEMIR T ORGSR (KEUT - > ITTHEE)

KRR KEXKIE &exiE EHRE BKE )
HH A
(6 H5-18 HF) (©) (©) (%) (mm)
524 G 4 G 12.7 27.6 71 - ARG
5/25 [ 16.0 22.1 83 125
526 iR 12.9 24.1 68 0.0 “T FER)
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(5) 5 lmsh - ToOFA (201247 H)

502 HE DY E 1 DDIRIZ 200 BHE V-, M7 EIC K D2BWNI L 2o Te, ©F A1k
WEITOWRPOBIE LT A BT VICK ARG E S To ), KD A4 2
TSN o Tn, BEIIZIE, 3 BIEDA H0D 4 B OHE TET AN Hl L <

5 WAHHIZT TR oo T, (RE5HM: : &4)

#* 4. 20124 7 H OREHIRE T ORGSR (KREUT - - ITTHEE)

KR REAR RmAE PORE  BAR o
=

(6r5-18%)  (C)  (O) %) (mm)

7123 HE I 19.5 29.0 80 0.0 A BRAG

7124  Z%Er 4 H 21.2 29.6 83 0.0

7125 = 22.3 325 78 0.0

7126 Z1%EE 240 33.9 76 -

127 It 24.6 35.6 72 0.0 BT (FER)

— R

(6) 5 nsh i CToOFA (2012 429 H)

10 52 HHDHHMA 1-D20DIZ 200 BHE V-, #l72 LIS K 2BNI Lol 727E6IC
TVICEBDHENIRE >T21TZ 0, AXANRFICE AR BBLEINT, 4 HZIZIEZT TV
Lo T, (KRG £5)

#* 5. 20124 9 H OFEMIH T ORGSR M ([T - > ITTHEEE)

KA RIESE EERE CPHRE Mok .
(6H-188)  (C)  (C) %)  (mm) i
920 s HRE 22.3 29.2 86 0.0 FA PG
921 [ 2 19.5 25.8 91 16.5
9/22 R 18.8 23.9 91 4.0
923 ffi 17.1 20.9 94 30.0
924 Ik 16.4 27.2 80 - T (GEK)
IRf & A

15
(7) e ToFA (201246 H)
PUEY A ORIZRD A AL HE 1-DDRIC 20088 E V=, M2 SIc X B2 BAMI Lo Tz,
ETFIRREAITORB OBE LT L 2 A B 5 5 FFEZICITIZ L A EDEIERT VI X
DL T RN M S A7 E LTHRLE LTEY 7 RFREIZRICITAEFEES N oo
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# 6. 2012 47 6 H ORAEHIR T OXEEM (KREGUT « < ITTHEE)

P RIERIE EXIE FHmE BFRKE o
(6 R-18 IRf) (‘C) (‘C) (%) (mm)
6/15 i 141 21.0 71 - ARG - KT
5 £7. BATOIA aDEFITHET oA
BOO RO \ R
ik B B A R 44 AL % R AR
A i flE 25 (7 KefH#%)
42 H B Z 500 0 0 -
5452 A H ) 300 159 0* -
5#h2 A H e 800 0 0 -
PUEEH i3 200 - - 0

*PUL O FTREMEN 8 2 M A5 1A 527> o T2 SR BUTHERE S 780 o T,

[#%:]
AN O TUZH R (4173 500 B, 5 #ndOAFE 1,100 87) OpkH (200 H) #EWE Z A, X
10 FTRTHREECNT, TV, T AV EICHBEIND ZENRENT, T2EL, RAeR
Zfd TR TR T 22 ERAMEOT EH 2 JERT 2 & v 5 &l T TIL 5 lingh d 18K
HUT 7R o T2 ATREME DR D B LTz,
BB RICE W IZBRICAETFEER AR S R lpofe LW O G R CICHR SN DIF
AT, PR GE H AR S B 2 bivle, Lo L, REERZHOHE TE - 1o Blg
15 THLETFTAMEICLDBETH, BB ~OBEIBE SN2 72, MR O 72 (2 HEH)
DIEFIZ 72 DR L D LR CTED R DS T2 /AN BHRB N 2o mOITHEIZL D
LOEEZLILD,
Fo, SESBRO—HNEF L THRBIZR>TH, BT U 2 EICHBEINTHRTT
HZERLMhoT,
20
s
U EOFRERNG BINZ A a3l LT, BAEDO I U a L ZRFTRER A E T 5 Al
BEMETEDLOTERWED EEZ NS,
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BIES BEBEBHROYREZHREIIHNRICHFET L WEROH S B - BRE

BT IS 2 A 2 OBIEN R EEY & U RS RATE I W Tz A R odhh

A RIS HFET D ERBZ AN LT AEDO S - RIHZ L TICETS 5,

¥
L7 KU (BIERIZK D)
T AR (BERIZX D)

B HIH
A2 YT (BRI, 1929)
772y RUAx= (BEL, 1929)
7T ray Rz (B, 1929)
A AVHE (B, 1929)
A~ FU<% (B, 1929)
U~ A A% (B, 1929)
ANRT T AR (B, 1929)
I LV (BEL, 1929)
T HNTFH (B, 1929)
ARANTFH (B - 17594, 2007)
7 U (B, 1929)

R - 173 E] (2007) BPAMZISIT 2 A A =8 - Hai o> AT REVERHE ik O BHJE .

N=cX

B

o 2 A D REEERITNC B 2 ZEMMRREIE (T 0 ¥ =7 MR Y —X

447) ,100-102.

RRILARRR (1929) Foft H AT EE A, PISCE
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B 6 A ahbBAZSHMOBFAED Y U aEM~DBEFRAICET 2HE
(EBSMFBIZ D EIELAR)
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BR7T BEBFELTONA 2L 7T aDRME - ROFBLEICOVTORE
(ERSMRBIZ D = IELNBH)
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RIS I A=l 7V anZHRROEMICETSHE

A =2 & 7T aDZHER K O DBRNADPIEMEZFFONE D e Lz,

5 [J5iE]
A2 (F L4575 XH1405) DARE I TaDA AL ETHIATRRESE, HONT-%H
IR B U7 MRS LR DS A& 3nsh ik TENTEE L7-1% K9 250 BHZ M= (X 1,
2) NOZBHIHE LT,

10 < o
1. HEDIE,
LEMNIDOREIZHMNTINT, FROREBZE S F-BANSEIAN-RE,
R\\\\
A
52m
32m l/l
4
v /
<= = 10m
7.6m
15 H2 FRALERBEOXKES
MWENICIE, 2N 5 ADH D, FTEOBRESCEMOTEEOEHEZ 14E2 1R ETV, £
ORI, AHEEIR DB EFZEL TWDH T LR LT,
20
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[

2008 AF BT MR NI ASHERS 1 AR S 2 Jifthil L7 t% . (RO R A D3 ERB S iz, = D%,
2012 AEE IR 2 (Al L CRRBR 248 T 5 £ T, M= TRHEMIK D% R A kR A 77
LTS Z &k, FIZ 1P BER Sz, el WENITIX, FERMHAEE Th 2 HHEK
ONFHITAER L TE LT, ZHEEARPHE SN IR BRI TV RN,

[&%]

AR TEONIFERIT, HA 2L 7 U aDRMRERROZEDBRRITIEERH 0 | HR
BANROVRIETEHATHAEFTES Z L 2R LTV A, FNTOEE & LTIE EE(1927)
M F3ET, Rk - KIG (1939) B F £ T, ENENURMAEAFTOMEELHEL TWVDH, ZD
ZENDLL, HA 3L U aORMERKR T OBRMRITITEER S D 2 E PR TE D,

IEEeE (1929) FE & BEORR. A RSMEE, 21, 59-64.
FLRETS « RBTEH (1939) H&E L FHE L ORMMICH T, ANEEM, 394, 71-82.

94



BR9 BRICBITIDINA 2L 7T aDRMEE—ROEFENCET IRE
(EBSMFBIZ D EIELAR)
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BIFS 10 HAVEGF OB ARSI
(ERSVRBIZ D = IEAR)

96



Bl ~ =T F R I FOBFEEL
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B 12 BERFEAICHWZANNSR—FFTZAI FBREBELTWRWI &L OMER

[J5i5]

Gos RIS KUY Gag AR (EMZ MBI E X 15 M) OBIE A 1 2 (2
MZH GNI3 RifEds & T GCS13 %iit) D 5 fhinsh L DL E AR M5 7/ L DNA Z Al L,
05 pg Z#A L LT, KOD-plus Z VT 30 %1 7 /L® PCR %17\, SRR BT D —
ARG Lo, BMHERAZ RS20, ~8—F T 23 REBERAINL T4 L L7z PCR
HAiT572, PCRIL50 pl ORISHFTITV, 2D HH 5 ul 2 1%7 Hu—A5 )L TELIK
L7,

TIA 7 —OREBINILLTD LBV,

pig-TP4868U25: 5’-TATATCCCAAACAAGCCAAGTAAGT-3’
pig-TP5394L.23: 5’-CCACCTATTCGTCTTCCTACTGC-3

[ 2R ]

R A A a7 ) Az 1 22 B —o piggyBac st E i F0MEA SN TND &35 &
A3 ) 505 pgllHYTEH~NNA—FFT 2 ROEITHI6 pg & 725, PCR DfEHE,
HMOLEy, FHESHLHFA R (550bp) D3y KA, ~AS—FF 23 R 0.4pg H b b
HT&7—J7, KBIETHBZ A 2D ) 5 DNA 05 pg i ESnenozz L
DD ARBAB AR Z 7 A 2T~ —=T T 2 I ROBFIDRIEL TWRWZ & AR T
T,

M1 2 3 456 7 8 910111213 M

(bp)
2,000

650
500

300

M NFRI—NH—
1 ~AJL/S—DNA 4ng (H4 3%/ LLDNAO0.5 ug TD 700 3 E—5 2 H)
2 : A~JL/X—DNA 40 pg (73 E—%)

3 ~JL/S—DNA 0.4 pg (0.072E—%)

4 ~AJL/S—DNA 4x10°pg (7x10* 3 E—%)

5 : AJL/S—DNA 4x10°pg (7x10° 3 E—%)

6-9 : GN134/ LDNA 0.5ug (ZRZFNBERK)

10-13 : GCS13 4/ LADNA 0.5 ug (FhZEnBIER)

98



10

15

20

B 13 BASNIBRROBEMPRERIZ 1 a—FET D 2 & ORER

[J7ik]

AR TR X 7 A = (GN13 R/#E) LIFBIB MM VA = (AIC %R#) D F I, HIC
R E R LR L T, WK TOLBEE AT Lo, 17 (kX)) DI HHM L L 75 % fid
BLTHAESY, MOMEEZ SRS CRIZE L. AR TH D Sirius2 # 273
7B OB AL R LT,

F7o. BRI, BIs 2 1 =2 (GCS13 %ift) & IEBAR M2 1 A = (F/C Fifk)
& D FICHIC RfEZ R LR LT, RITOLEEE T L7z,

[

GN13 S%&iffs & FIC RHD FL Il FAIC Rfi % B LASHL L T BT/ 220 D 5 &, Fak
JeaFFOHON 111 H (50.5%) . WHAE =723 109l (49.5%) TH-o7-, RLAR
AR T, B~ — D —THhH I HEEENERBL TOLEERK R TholoZ L E
ANBEFILGNI3 RO S/ AHPIZ 1 a—ffAISNTVD EEZ LD (CHRETP=
0.89),

GCS13 Fft & F/IC RHLD FLIZHIC Rl A R LK L TR b AL2RE 206 fH D 5 b F
HEFFOH DN 101 (49.0%) . HILAFFZ72 0 vE O3 105 (51.0%) Thotz, RLR
AR C B~ — D —CThH L HEAENAE I L TOLEEIK R Ch o7z 2 Lnb | i
ANBBEFIXGCNI3 RO S /) LAHFIZ L at—ASINL TS EEX NS (CHMRETP=
0.78).

ot B

ik

99



B 14 BASNIBROBRY OBEOTFHRARICEB T B L EN

(5]
BAR R Z 7 A =2 GN13 Rft (Gos HANK TN Gog AR, A ARM R TN £ 15
5 2, LLFHELC,). Ba /x5 4 2 GCS13 %t (Gas LT Gag 1HhfR) . GN13 %k
& GCS13 ZHED Fy (GapHAR) MOIEBEISFHIH A A = (A 137 755%#t & MCS4 B D
Fi) 725 6 BHTDIZHOWT, b linsh OBEEAIRN 557 5 DNA ZHhiti L. 7/ 294
UNATIVHA =T arwBiToT,
77 LDNA % (2 pg) ZHIREESE Bam HI THLL7=DbH, 0.8 %7 Ho—A 47 L TE
10 RIKEVEZATVY, A B AT LY Hybond-N+HIZ h T A7 7 — L7, Fu—71%, &9
SRRPER BRI Eh o01X] 10 (2773 & 5 1T Sirius2 ICR%E L, PCR TIERLIL 7= (717 bp),
TA—OHEIEBEINILLTD LB TH D,

ks113: 5’-ATGGTGAGCAAGGGCGAGGAGCTGT-3’
15 ks002: 5’-GCTAGCTTACTTGTACAGCTCGTCCA-3’

55 17= PCR FEW) % AlkPhos Direct Kit (GE ~/L & 4 7 #1#1) % T F ~L L, CDP-Star
EIE L L UbERE TR L,

20 [#55%])
B RT L HIC, BASHTEBIBEFIIOA 257 ) DMIEERNCHERF ST b,

GN13 (Gy.5) GN13 (Gy.0)

(kb)

12

5.0

2.0
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GCS13 (Gas) GCS13 (Ga)

(kb)
12 —
50 —
20 —
GN13 x GCS13 H 137 & X MCS4
(Gae) (FEHEHR R)
(kb)

12

5.0

2.0
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BIR 15 BASNIBEBROBEY OB KRR OF AR TORROREM

[J5i5]
BB AL /7 A 2 GN13 SRAHE (Gos AR TN Gog AR, A ARVERS BT AN & 15
5 2, LIFRIC,)., Bz 71 22 GCS13 %t (Gas At E Gap fhfY) . KOTRIKHIC
B H L7 En FHEH 2 I A = (H 137 5 RHEL T MCSA Rk 12OV T, RiOF B0t
LT,

[ 2]
10 HoOrEBH, BRI 2O TOAFOEENEESNTE, 202 b, Al
DHFEIZHANW DB TR A 2R TILEABB TR REMICHE L TWD Z Lok
MT&ET,

H 137 5 GN13 (G3.5) H 137 & GN13 (G;.5)

H 137 5 GN13 (Gy.) H 137 & GN13 (Gy.)

MCS4 GCS13 (Ggs) MCS4 GCS13 (Ggs)

MCS4 GCS13 (Gze) MCS4 GCS13 (Ggzse)

15
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10

15

20

BIE 16 $hHEE O B

[75i5]

BARFHZ T A = L IEEARFARIA X T A T OV T 1R M O B2 % D #a BRI O ) H

(&#&) OFEEELWE Lz, HEY (1#Ers 3#) 2 N LAk T, H&EY (4.5 2%
WETEWE L, HECREIZIU T DO LB & Lic (SRRl & 15 D Gyus) o

Bin iz A = GN13XGCS13
SR & 70 B IEE Rl 2 A = H 137 5 XMCS4

BHALIEZ DRI ONTIL B0 30 A £ & O THEREAWE L LHHZ Y OFRELZEFHE LT,
6 7 N—T7ForEFIL,

2EILAEICOVTIX, 10FZ L LD TREZIEL, 1LY ORELZFHFE L, Zh
o, BAA AR Z 1A 2 L OFEBE X DA 2ITONW T, ZNEN 12 EF S80I L
77

WP LUREIZDOWCIE, 1HEET SOEREZ | BB THBZ A = & IR T2 T A
3 ZNE 40 BT ORIE LT,

[AEE]
N [ AT=RE 2 B R IEER 4 & 5 @it E
GN13 x
0.377+0.0137 6.08+0.251  33.3+3.11 179+15.2  728+66.1
GCS13
B 137 & x
0.370+0.0100 6.67+0.363 35.842.98 179+13.7  739+61.0
MCS4
(HANT - mg, ) YRR )
P (t1#&R3E) 0.40 0.00 0.00 1.00 0.44
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10

15

B 17 BERCEBED LR

[75i5]

BRI R T A = LIFBARFAHIR R T A 2T HOWT| Rl FETET L7z, Bin il
2 A =D 60 il (A A 30 B, A2 30 ) &IHBARFHABEZ VA =2 Df 60 i (A A
30 M8, AA30ME) ., TAENELOTWE (HzITMOES) CREE (M) oihe
Bip ik a PR S) 2 L, 2 O S 2 @i OfE % CHI - Tl 185 O R e & i g & 5
L7z, MEser (WEsE) / (WE) = (WERE) S LTERL WD, MR
UTDEEY & LTt (EWSARIE BTN E 15 ® Gus)

Bz A = GN13xXGCS13
SR & 72 DI TR Z 1 A =2 H 137 5 XMCS4

[#E5R]
RE EE MESE
(g9) (cg) (%)
GN13 x GCS13 1.69 33.5 19.86
H 137 & x MCS4 1.83 39.8 21.82

i B OV DT AU DWW T H B a2 0 A 23 FEE s T 2 A =2 K0 &/
Mmoo,
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BES 18 FHEB G O E

[ Fik]
Bz A 2 EIEEE X A 22OV T ZEIND 5 BRI b 5 E&
5 ThoHaMbBEZE L, ERHITLULTO LB & Lz (S ERmE
15 @ Gasg) o

Bin iz A = GN13XGCS13
SR & 70 B IEE Rl 2 A = H 137 5 XMCS4
10
R, REHREINE 1L, ZREINEFA ORI DS CNED LR WIID Z & FEIFE X,
AL LN ENEE RSO 259,
[#5 5]
15
. T2 . ‘ [ ey
EX5 B ATk 316 DR %
D%k (%)
GN13 x GCS13 2,187 93 29 2,065 98.6
H 137 & x MCS4 2,521 389 33 2,099 98.5

e MBS0 7 (BED — (R2RE%0) & LTHRIEL TV,

B A 2 L IEEG A A 2 L O T IHMEBRSICHEEZITRD b h
20 o7 (A ZFEMRETP=066),
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BIES 19 $hHREAR O bk

[7iE]
BRI R T A = LIFEAR AR R T A 2T HOWT, 22 ZEETERT LT, SRl
5 ZHE L7z, 46 CEEZ 200 BH T DIZZ A x o, BRI T LB & Lz (£
SEZEiRZ Sl 15 @ Ggg) o

Bin iz A = GN13xXGCS13
SR & 70 B IEE Rl 2 A = H 137 5 XMCS4
10

725, S IR &, WMk L= sh ISR WO 21T > TH D | BT OBAIC L > T
B ZfFIET 5 ETOHMEZE o,

[ 5]
%h R EA R
EN¥ 5
(")
GN13 x GCS13 22
H 137 & x MCS4 22

15
EAR TR T A = & IRBAR TR 2 T A 2 DS BRI E VTR o T,
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B 20 ERROLE

(7]

BRI T A = LIEBARFAAB R A 2O T, a3

HETHTB LT, 4 s

5 THEfZ 200 BHICZ AR THEE L, MalEo it (RimizmE) zild Lz, Rz
Z 4 WEERTH Tz ERR L Uz, #EREIZLTOLEY & Lic (EMSHity

BEANE X 15 D Gue)o

Bin ez A = GN13XGCS13
10 xR L7 DIEBIa 2 11 2 H 137 5 XMCS4
[#55]
4 . EE
EX50 ‘ EEER
EEH (%)
GN13x GCS13 200 179 89.5
H 137 & X MCS4 200 192 96.5

EAR TR T A 2 LB AR 7 A 2 L DT, BERRICEEENRRD O (U

15 A1 “FEHRETP=0012),

B, WEES RS TR OWNTIE, S TORT 2R LT,
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BIER 21 $hEDITEID bl

[ 5]
52 HEDN A ashhz, 4% 18 cm OB OO HF Y 1 BETOE VT 12 BERE:
5 L. ZNENDHA MmO FINHs EDOL WO BE) Lo E2itekd 5, R
WILLTFD LB & L (S 25 & 15 @ Gug) o

B AR A = GN13XxGCS13
KR L 72 DI BRI 1 A = A 137 %= XMCS4
10
(5 R ]

BEEEEEO I (AR ZE) (X, BRI A 2T22 om (£1.3 cm), FEEs
TR 1A 2 T34cem (£2.6cm) THY, AEEPBEO LN tHETP=0.036), %
7=, BEIEEEAZ 2cm T DL A N T ALK T ETROL S ICh-T,

15

14 -

B GN13xGCS13
10 -

0 B1375 X MCS4

y ]

0~2 2~4 4~6 6~8 8~10 10~12 12~14

(cm)
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BER 22 BESIER D LB

[ 5i%])
BAGFHHAZ A 2 LIEBGFHBAZ A 22N FH 20 T DD X A2 R « E5E &
5 7=, P18 em O OO FYRZ 1 BHET OE VT 24 BEEGE L CREIFS ., =<
NOREINE Z A Lz, B HITLL T L B0 & Lz (AWMt B5 £ 15 ®
G4-6)o

Bin ez A = GN13XGCS13
10 xR L7 DIEBIa 2 11 2 H 137 5 XMCS4
[AER]

TEHE 72 OEIEIIUT DO EBY Lixolz,

e FHHRERE
GN13 x GCS13 628+68.0
H 137 § xMCs4 721£79.4

15
B 2 A 2 OREIREIIIERIE R 2 0 A 2 DFEINE LV D 7o 7= GEN RN
L ARG L L- tHE T P <0.001),
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10

15

Bls 23 PEEIMTEYO L

[ k]

BE TR A 3 L IBRIE AR Z I A 2 ZNEN 20 BT DD 2 Ak &R - HlE S
B, 42 18 em O OO Tl 1 BT OE T 24 REfEE L CHEINSE, i1
FTODOF LD OHBEE TS LTz, fERRIZLL T O B0 & Lz (SRt s in &
15 D Gug) o

Bin ez A = GN13XGCS13
SR L 72 DI R 1 A =2 H 137 5 XMCS4
[AER]

AR TR X B A =2 IR TR 2 A 22 E N 208 T DIc oV CTHL2 b 2em &
EDOIIDOHEAF L T ENTNOIIOREICHT 2EEE E A RV T AICET & FRHO L
NI o To BB TR 2 1 A 2 IFEB B AR X 1 A A THUTIEWLE I PEIR L
TV (ENRW T & IR & L 7= Mann-Whitney ¢ U #i%E T P <0.001),

0.400 -
B GN13xGCS13
?g 0300 1 0 B1378 X MCS4
£
=)
0.200 -
0.100 -
0.000 - ﬂﬂﬂﬂﬂﬁ
NN N N

Vv ™ © i)
N " N ¢ A P A P P

Fib oD EEEE (cm)

I»%
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10

15

20

B 24 HMORFERLCEBTICE X DEEOUR

[ k]

WA LT2 A 2 5 g B E 213 ABGRZ LTk e L. 2ha 1%IRA L2
BORES T AR P LA (7.5 em £4) 12100 g TOAN, 1 RICT7 vy 2 ) — (fkhE) 1
30 Wiz R L7- (FalBRIXIZHOWT 5 i), ZHE 20°C - BAOCORMFICE &, Bk
T HTHEIFELAMA L., 2 BHE T EE A RN L TR 2 Uc, BRI M ke ie X
ToTWRN, BERITLLTO LB & Lz (EWSEMERETMNE X 15 D Gu).

Bz A = GN13xXGCS13
XHHR L 72 DI TR 1 A =2 H 137 5 XMCS4

[ 2R ]

PUZRT &30 BIFRLHM BHOEME & b2, BEFHHBEx A2 e oIE
BAR AR R 0 A 2 & ORI CHGHAIZRABZITRRO b RinoTe G E, 7 —F DIEM
P, ESHPEIZOWTIIW TR bR SN0 o7, BHFRICOWTIWIEREHRLEL D t
BUE BTV PAEIZSh RC 0.99, #T0.50 Th-o72,),

REHFEE 5 _(g7 YR
100 - T |_| P=054 25 4
75 | 2.0 ‘I‘
2 €15 |
9 50 =
il B 10 |
] 25 4 1
05
0 0.0
iy o 2 o 2 B » 2 H 2
=4 QO @9 O 0 = A »m O 0
B =38 =8 E 9 =3
X X X X X X% X X%
1 e @ 11 e 2
N Z S = 5 =z S =z
20 20 20 20
m m m m
R # R -
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10

15

20

Bl 26 HESAEWICE X DB O

[ k]

R LTe A 2 5 Endh b 72132 B L TR L L. ATRICR 283 Lo
Ot (HEEEL TH2RWY) 12 1%0FEIEG TRM L., 2015 100g IZHE 7K 50 ml &0
A TS, 25°CT 2 HWEREE Lz, £D1%, 5g Z2MEL T 45 ml OREKELEE LT
#%. 102~106 {57 B 2 1Bk L7z, SRIRBEEIC DWW T, 102, 103, 104 F577B0K 200 1l %
B 9em Y — LD — AR HUEH FIC@BAA L, 25°CT3 HIEIREE L%, 2 r=—
A dRA Lo, ME - BOREIC OV T, 104, 105, 108 {54k 200 pl ZEE 9 cm >
¥—L®OPTYG 5l LIZ¥#A L, 25°CT3 HRESE L%, an=—KEH& L7,

HERFITLAT D LBV & LTe (SRR AT 15 @ Gug) o

Bz A = GN13xXGCS13
SR L 72 D IEBAR TR X 1 A =2 H 137 5 XMCS4

(R
BURT &R0 RIRE & MR & b2, B FHIRZ T A 2L IR E 7 5 IR A
ANA 2 L O THEHFERRABEITRRD bivenoTe (tHET P>0.05),

P =0.07
30 - 50 -
S 1L S 40
> x
\_/20' S—r
ﬁﬁ P=0.83 %30
II:Il P =0.49 [ ||:|[2°
10 -
i 1 m
10
0 0
B <t ™ <t ™ B <t o™ <t o™
g 3d8a 8o 2 8o 8o
B 28 3 B =8 3
X X X X X X X ¥
o © o 9 e 2 LN
5 2 5 2 S Z 5 =
20 20 0 0
m m m m
R -3 R £
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(ERSVRBIZ D = IEAR)
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