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ZHEI A BRO E FhikE L & Z ABARIC 132 51 (0.27%) ML L7611, 6 AP
b U7z A ARk 621 BH23PESR L 7249 120,000 fll O R 4GS A AR DE EE L2 & 25
BARIC 2281 (0.018%) 237 b L7=fiavilis v T (1A, 1934),

DA IZEDLDOTEREICESCEINTZRATHY, HIRITEHEN R 2oTHITEA
EBEIET, RBIEIRSEZ ERTE ARV E BEHEN S TRV, R % T
T BT AR L CREIT 52, FE RSO R EERICHE LSl b, 0
WZEEED, ZOH, FAMIKTET D Lid <, A TEFITBIETE 20 (B
HNTDIA TADAEFFTOWTITRNR 4 2, £72. BINTIBIT 5 A 2 OFTER 724
BEWICOWTIE, BIRS 2#5H),

BEBFE THEREFEOTOICHETT 2 FEAMMEE LT, 2 EOJRELZ AR L THE
DD ZIUAHERERC, 4 TR D JFHRE D 2 B FE DAL A 1 TS B 2 I oA HERd 72 & oD
—REFENHNONTEY , ZO&EME ) IBEERZEDE OMEDLOTIERL, EH O
WRMEEEVNEEL, BEBZIIZNEZHMALTHEL WS (fWHE, 1979),

2RE, MO R TIED 4 /S T EOHAME ORI L0 | MIE RRIA TR A T
TEBEITERLBRDGED DD ZENHESNTVDEN, A 2ZBWTIED LD
S S E AN

70 2 OEBFESUIIFE OB SV TIEHIR 1 2 B,

(A =& Ualofosoiert]

702l A aDRMEEENTFNATHRALINIZE W) WET W, hA 2L sy
IANBINCKZHESE D Z LN TE, BENTHEEE R ORI R H 5,
7oéz2IE, BENTOEBTIZEBNTIE, X R £ TRAEE LIRS HRESI TV D
(BE, 1927; Rt - K5, 1939), 7o, FL OPhhZzBAOMWEOZBIIKEL, &
RNTFPOHREENT V7V aEOBEORREDHFEADRVGFUHETEHRLILLE Z A,
Z D%, RO EDHER S L, BHELE LB R ORAEDNBIE I (IR 8),
HA L7 T FEARRBERR U7 =0 E o2 L TAHARREFE L, KR
9% (Kuwaharaetal., 1984), B A 2L 7 U aDMOAGEEEE. 3 72b AT ert o
FREZRDLT-OIZ, SDHFENICHA a7 UV aoiz AN TRREIEHfHAETIE, 4
L CHZEINRELNTAAT OEIGIE, IA 2 (AR) XTA 2 (FR) TIE100% (10

11
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RTFRC), 773 (AR) Xz7Ta (FR) THEI% (47 XTH 42 7)), A=
(AR) X7 Uz (FR) TIE21% (18 XT7H 2X7) L, 7Ua (RAR) XA
A3 (FR) OMAEOETIIRRDE Uo7z (PG, 1997), AfkIC S 55
WTDOIRZRIZHOWTIHAE LIZROWETIE, Ao =3 (AA) XIA = () Tk 100%
(079 R_RTC), 772 (AR) XZUa (FR) TiE8% (20717 X7), &
A3 (AR) XZ7Ua (FR) TiE4s% Q0 XT7HIXT), 7Ta (AR) XA =
(AR) TIE0% (20 X7H 0X7) Tholo (B - 1794, 2007), B A TDOF AR
HIIRSEZ EBEL TERY (R, 1995) Z &b, 7T ad A Ak a AP b L k
THEZ7 =z LB OHIEL TS E ZAIZEET L Z LiFTE Ry, £z,
7T aDRAARBENA ADF AR E X LENCANTZEOITBZBET L, 7
T aDRAAFRBBT ) A &L I A aDF ALK L VIERTH D7D, A
DA ARKRNZREDTZDICEELT D E 7 U ad A AR E)E Bl > TREBO AL L
RN ERREIN TS (PR, 1997),

AR R

~ FHEWEDOEAN

b ZOMOBER

[F3e LTHWEERMBEOB « 2208 - KIRFOME]

KIBBEFHBZ A 22 EHTDIChHT > THEA L72BAETHHH 514 5K OH
515 Fi&, WF O L FER, 4 BIOL BB D%, b linzmfiime LT, aftT
FREICZ2 D | IRIREEZ PELe,

iy

[FAENTRNT | XX IFOWALEY D DI I D ATRENE]

BEBFEIZBW A 2l EE 5258 E LA, FEEOIAA 2/ oY
s\ Blepharipa zebina, 7 U =-¢ KU N> Exorista sorbillans, 1 =2/ 7 I ¥ =
Pediculoides ventricosus 736> % (A AZ A&, 1992), TOMIZEH, 7T ay FUA
T Exorista japonica |2 L 2 A/ERC, NI AV, I~ KU~ U~ A, 1D
VA LV T VT AT T VBRI L SR b STV D (B11,1929)

B 2 A% ORISR+ 158
Z I T, KRB A aDEEO T DI AW SRR I OV CEldE T
12
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Do FAUTIALD | MERRELFRF ORRES B L T, BB FEAEDOREBIZ OV TED
#HT D,

AR FAIRZ T A 2 OIEHITIT BRBR T (R T 2R Y ) O—>Tih % piggyBac
\Z X DR 8 AEE V2, piggyBac 1%, 4 7 7 $F > w7 U 3 (Trichoplusiani, EH
M. Fa v H) OREEMIE TN-368 (CHIRT 8K TH Y. DNA LTHIY Hahio
DIFEASNIZD TOMELZFMA LT, Fkx REBRAE TR FEACHWLORATWD

(Cary et al., 1989; Handler, 2002), piggyBac %, HafBEEREIR 1-2° 2 SO KimhdFIZ 5k
ENTEELFF> TV 5, piggyBac DIEBEEERE A HBLIE D & | Z OISR D Rimkd
FNCHFRAICHEA L CUIkr L, B0 i &hiz piggyBac 2ME 17/ LAHIZT v & MTHF
ANEND (K8), 7=77L, Z D% £ TldpiggyBac F{EH & FEE 4 2 EBEESE D) & 1T
EoT, 7/ LAFOMOBETICER L0 Kb 55 alfEEndH 5, + 2T,
piggyBac # A L7 BB FEARR NI L 725,

A N ZEMNCEBIE T A2 HAT 572012, piggyBac ZikZE L= 2 FEED 7T % 3
Rzt hbE TS (K 9), —Dld, BBERELTFORDYIZ, BALLWA
HEEFEZHALIZ FP—77 2 R T, b 9 —D2I&, piggyBac D AKIHHESID 5 HD 1
DEREBSELANNAN=TFTAIFTH LD, BRGSOV =TT 2R
X A OREESIA KB L CTND72D, ZUEIRIEIA 27 7 ARICEASILT, [H
RRZE A L7 FP—72 23 FHOREGRSNICEE N REZ T L ThA 25
LPICHIASED LN TE D,

FiREH KiHELH
&7 & T piggyBac < EEEsET H >

—<im— @)

yﬁﬂﬁﬁﬁ'ﬁtﬂ&'ﬁbfiﬁﬁ

‘--lll
A\ 4
’0
<
.‘
samun®

8. Ex#5[AF piggyBac DEE

13



<_H BEREET >

#5738 FpiggyBac - RinERH 1 DERE

- EBREBRELRTFORE
- BREGFOHEA

o .

| BEET (P LRRREET

KFr—F35 X2 F AIR—TFRE R

o
. o
......................................................................

. Ty

FEALEERPOLEREMERIITDS / L~DEFEA
2R =R mﬁ%ﬁ%iﬁw%fﬁ

2 DO XimERS &
AW L TER

RTINS 1 D DT
GBET. Abhb,

\ AT A~DEA J

Simgmmy  SAlmmny LBy

SEgry S

EALEROBRTRY Y ==y
o BEFHEBRZNCIOELE

RF—TFFZAI REANVR—=TFTAI REDA ZEATHITIE, 2 2DFFAIFR

5 IR THA aZREINCHEMIEAT D HIEE D, ZHUTE ) ~A8—=T T2 R

LU SN IEBEEOME <, BB TAIA 27 ) APICBASHD, BMEA

L7 RO CIE—EHOMAIZT A Z O BB FE2FF>Z L 2720 0 b L, IR T

(272 2 ARSI T Z OFANEE D & IEALTZROMERO I, B % (H

KREL D, —F, ~R=T T2 REERIIN A afifas TIEgE L nwo T, 384

10 DEA THIIEL S X DS LI C, M 1 DH72 0 ICEEND 0T ORI L

20 RS-0 LT, BT bid, ZORE, REMIC BINER &Rl
BRI A a2 BT 5 2 LR TE D,

(1) BtEERRICBET 51EH
15 A HBERKUOEREROHR
FFPr—FF2IF
ABAG TR Z 1 A 2 OERICH W DT 5 EEBE ORER N ORERR EHE O sk & %
LITmRd, Fo, RO A K 10 12, BIEG O EES 2 B 10 1277,

14



=1

HEBBOY A XE, HE, HEE

BRER

YA X

F 3R & U RE

HET7 47 uA Ly HEBETEEAT R

v b (%% Fibroin H Bz FREEHIEY b)

Fibroin H promoter (7 1 7' 1
A~ H BT rE—X
—)

5.0 kb

NA k7 47T H EHEETFOT0E
—H—, T4 70 HEEGFNEIT D%
HARIR COBB T ORETEHET 5 (Kojima
etal., 2007),

4% Fibroin H (HAYE{ST
ThHhHIRE 747 A H
BBIET)

1.8 kb

A k7 4T aAf v HEERTOI B, 7
Vv -7 I=viEEETHER LESI A 2
— R OIZET RTE, 7Y rBIW
TG I UEFICELT I BES e 2 —
R 26 MEBERFICER LSO (B 10),
ARG EMZED D (B 19),

FibroinH polyA (7 ¢+ 7 u A
v H8EE Y —IFx—H
—)

0.8 kb

HA a7 47 Ar H#EHERFOX—
X —, EAEEZBIET S (Kojima et al.,
2007),

AB779767 D—iF)

EHNF N BT (=W —8BETF) BEIEY N (TI7RYVa VEF

3xP3 promoter

0.2 kb

IRTOBEBTREDOZDIZATHIZAK I L
THEIESTHD 3XP3 &, FAMrvavds
73 (Drosophila melanogaster) FkZE T =
7 & N7 8 hspl0 BinT D7 1 T— & —THE
HI¥TrE—4—, BEFOIRTOEE L
HiE$ % (Berghammer et al., 1999; Thomas et al.,
2002),

EGFP (i fktaat & v

7 E8fsF)

0.7 kb

AU 7 7% (Aequoreavictoria) F DU Ak
BHEN T N HBIET (v Ty TR
Yangetal., 1996), Efx 7#H#E X A 2 A 3T
LoD~ ——EnT & LTHWS, EiRtlc
Bifot L 7= 3xP3 promoter D@ L AbH T, &
a2 70 A 2 DIRT EGFP 23819 %,

15




SV40 polyA (SV40 % — 3 %
— =)

0.3 kb

I T A VA 40 (Simian virus 40) & A
KDL —IRx—H—, EEKEEHTET D,

ZoM (727 &y a &S AB713995 D—E)

piggyBac R

1.1 kb

A Z 7 %X TN (Trichoplusiani) HsED#R
IR+ piggyBac O FKinldsl (Caryetal., 1989),
T A ) B~DOFFANIZES L C. piggyBac fixf%
Fi# SR OFBFRELS & LTl <,

piggyBac L

0.7 kb

A F7 %X U (T.ni) HEDEBIKNF
piggyBac D A5l (Caryetal., 1989), # 1 =
77 ) B~DFEANICES L. piggyBac #5f8%sE D
S E LT <,

SRR (REETHEZ

HA Ak ) LARICIXEELRWY)

puUC ori 0.7kb | KJ%E (Escherichia coli) HIkD 77 2 3 R
ColEl DERPALG M, AT T A Fa KGE
THIET 272D ORSITH D | ABs 1A%
AA DG 7 DHRIZIERFRA S L7200,

AmpR 0.9kb | HIAEWET v v ) KT DMERE T, A

T T AI REFORGEZERT D20
FITHY ., KBELTHBA A 207 ) LI
A SRV,

16




Mspl 13746

Mspl 13504 Mspl 48
Mspl 13394 Mspl 82
Mspl 12889  Mspl 13327 § HH N P - BP0 - Jo s
Mspl 12699 “\Mspl 13293 3
Mspl 12673
Mspl 12526 | Mspl 1950
; Mspl 2104
| Mspl 2161
MSD| 12037 pUC on %%m.ﬁgm pfgg}.rﬂac 1= M8p| 224;-2‘ MSp| 2401
Mspl 11948 S Mepi 2411
¥ 2
- Mspl 2451
|| Mspl 2514
piggyBac L || I oo Mspl 2574
Mspl 11076 | F-h-BEfHERe]
Mspl 11027 ‘ Mspl 3105
Mspl 10777 SV40 polyA
pBac[3xP3-GFPafm]_FibHmod
Fibroin H polyA 14199 bp
(EHZE L fEsE)

Mspl 4235

Mspl 4323

Mspl 4354

Mspl 4761

RT-PCRM ¥ _—
[BRE Fibroin H B FERMEY | Mspl 5080

e Fibroin H
Fibroin H promoter

Mspl 8712

Mspl 8572
Mspl 5560

Mspl 7127 MsP! 6866

B 10. 2% Fibroin H Bz FEAIZALVZz TS5 X = F pBac[3xP3-EGFPafm]_FibHmod D #&i&
piggyBac R : piggyBac (nf8EE R AAL # & piggyBac KimBEc 5l
Y—h—EBEFERBEAEY b

5 3xP3promoter :3xP3 JOE—4—, BRTHEEERTE.

EGFP  RERKEHNEE VNV EELRTF. ERY—H—& L THA,
SV40 polyA VR TFTUIAINARAT ) LBAXRDA—S 32— —, GREREEHRE.

%% Fibroin H Bz FHRBRHE Y b+
Fibroin H promoter : 74 J0O4 Y H#EBEFOTAE—4—,

10 BEFRRIRTDEEEHRTE.
W% FibroinH : 24704 HEEGFO—HOEEENEREL-LD,
BrEEF.

FibroinHpolyA: 74 784 Y HEBEGRFDI—I r—42—, BERBEEZHRE.
piggyBac L  : piggyBac nfSEE R B AL = =L piggyBac KimEz 5l
15 SERMEE (WA a5/ LRIZIFEASRLEL,)

puUC ori : KIGE THRE T SE WM EE,
AmpR  TVED UttEEEF
RT-PCR D% BEEFREOREMEHRT 50D RT-PCR D i

17



W 2155 £ TICE b2 XK 1112”3, 3 i K ¥ piggyBac % pUC18

I A LTS 7= p3EL2 (Cary et al, 1989) (2, FEfadty v X7 EREA &~ b

(3XP3-EGFP) Z A+ % & & b2, piggyBac B FEEIn D a2 REL T

pBac[3xP3-EGFPafm] % {E&L L 7= (Horn and Wimmer, 2000), Z 2, K& ~7 4 7 A v

5 H & 3880 b (&4 Fibroin H Bz 387 &~ b) %4 A L T pBac[3xP3-
EGFPafm]_FibHmod % {E# L 7-,

O >

R Fibroin HBI FRIBH - |

v

v—h—BrFERbE oY% Fibroin HEfR RN |

pBac[3xP3-EGFPafm]_FibHmod

I, B

T

J e
D
| puc1s I
A m&?@ﬁf
=
I ]

B 11. 2% Fibroin HEEZFDEAIZAHL-T 5 X = F pBac[3xP3-EGFPafm]_FibHmod M 1
10 ®A&E

&ﬁ@?prggysac

NIVIR—=TFFAI R
RF—77 23 R piggyBac R & piggyBac L (21X S /= HAOGEKZ A 247/ &
TUCHRAT D 72DIC1E, BEROBEBLNEL S (K 9), ZOBEEEZ G
15 L2, ~WR—TF A3 K pHASPIG #/EL L C, R —7 T A RLRETHA
TPNTFEA LTz, 2D~ 3—TF 5 2 X K pHASPIG DAL & ORERLEESE O k& 3% 2
WRT, Fo, ORI %X 12 127773 (Tamura et al., 2000) ,

18



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

HRLE R YA X | HERKROHRE

A3 promoter (HEfE T 7 > | 0.7kb | BA afikoMinE” 7 F > A3 BIin O 1

Bl 7aEt—4—) T —, A CEBIE T 2R IEDH
LA T& % (Mounier and Prudhomme, 1991)

piggyBac transposase 1.8kb A5 7YX TN (T.ni) HEOERK T

(piggyBac H=fs 36 s 1) piggyBac Dz % (Cary etal., 1989) , piggyBac

D 2 DOORIGEFN O BN N T fEIk 2 81 0 H
LT, ftho> DNA FIZHRAT DHERE 2 FFD,

piggyBac R 1.1kb AZ 77X 7T (T.ni) HEROERRKT
piggyBac O K imkl sl (Caryetal., 1989), 4 =
7 ) A~DFFAIZEE L C. piggyBac #nf5E%ESE D
FRRRELA & L@ <,

AmpR 09kb | HIAEWET v B2 ) KT DHERE T, A
TIAI REROKIBHEZIBIKT 5720 DR
FITHY, KRB THEZ A 25 7 AT
ECY NSV A AN

pUC ori 0.7kb | KIFE (E. coli) H3RD 77 A K ColEL O

RUPAAE S, AT T A2 K& KIGE T CHIET 2
T2ODESITH Y . ABIn T2 A 27 )
LHNZIEHFRA SR,

19
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A5 promoter

PHA3PIG
6160 bp

piggyBac transposase
PCRD $5H]

piggyBac R

X 12. ~NJL/S—TF5 X = K pHA3PIG D

A3 promoter WA IHERMRE7VF ASEEFIOE—F—,
FRRIGHEBTDEREZRE,

piggyBac transposase : piggyBac ¥ xiSEE KRBT

piggyBac R : piggyBac EnfSEE R EREER i1 = & T piggyBac KinEc 5l

puUC ori . KIGE THEE T SR KRR

AmpR T UED UitEIEF

PCR D #EE CANWR—=T SR FOBRFHERERT 50D PCR DEH

v EEREROBEE

D HEEBOBREROBRE

[ YZE Fibroin H i#&451-]

HHE(S T Th 58 FibroinH a1, ARtz mo s Z L2 & LT,
WA ARKT 4 7 vAr HEBIETDOI S, ZV vy -7 I=rat T D1k LA
FlZ a2 — RT5HBROIZETXCE, ZV VU BIOIAVE I VBgERICEHELT I/
BEBCS 2 20— R 5 A AGEE FICER LT\ D  (BIE 10, 19), 42 Fibroin H i&{& 1
ZFRBT DB B T A 2N DGO NT AR TIIREHEREE > TWND 2 &5
P CEAE WA < 2o 72 (AR 19),

T4 7uA Ly HEIT BREENRT D EERGHE S RV ETh D, SEBAT S
BIAFIZIE, 74 7 uA »r HEHER T ORI ZHE T 5 LR 5. mRNA ~0i
BaAFI SE L4 — I X —F — &G FittaE TORKZEZ VTS (Takiya et al,
1990; Kojima et al., 2007) ,

Ta7uAy HEIHA LT SIS, BEmoT Lvr sy PO T I ik
BlF BT E D0, T LT T —42~—2Z (Food Allergy Research and Resource

20
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Program Database (FARRP). ver. 13, http://www.allergenonline.org/) (25}t L T E fEd B
# 01 & LTFRASTA MR ZAT o7& 2 A, BEMT L7 L 87 X ik kg ©
BT HEANTFRD bR o T,

ZORBRI Y MI EEOROREREZBISEDWEEITA L TR,

[REtad ot & o 7 Eids 1]

ARBUL MR T A 2 DBPFNIT, A H /7 E EGFP DR TORIAFIH
L7,

~—X—Tob EGFP X7 (rur7rvy 7)) X, AV 27 7% (Aequorea
victori, FIfaEhM - & Fo b)) BOROFKEEEY LB THY | BIn F B~ —
A—& LTRSS Wb T D,

3xP3 ' E—X —i%, R CTOBGETHREADTOIZATIICARKR S NI EIERS T H
% 3XP3 1T, ¥ A 137 g /3 (Drosophilamelanogaster) HIkDZE = v 7 &
NI hspT0 BT O mE—X—%FEE L EbNZ, 20 3xP3 Yo —X —

Bk 2 72 B O BRSO IRIC B W Tl T2 3Bl & % (Sheng et al., 1997; Thomas et al.,
2002), 723, 3xP3 V' E— X —DIFMEICITEA Y 5 v ZICK DRI ARETH D,

SVA0 #—I X —HF—X, VYIT U UANR L0 T AHROEY —I X —F—T,
MRNA ~DERB 25 Ik S5,

EGFP 23, BEMIODT LT v EHRIOT X VBN E /T2 E S, TVAT T
— 4% ~X— 2 (Food Allergy Research and Resource Program Database (FARRP). ver. 13,
http://www.allergenonline.org/) (Zxt L T EfEDEfEZ 0.1 & LT FASTAMEK 2 To72 &
A BT Lv ol 8T X Bk G RE T — B D RANIEER D b e o Tz,

CORERRI Ty NI EEORONEREZELSEDMAEITA L TWh7Ru,

[~ =75 %3 K]

AN =TF AL FOMERICH T2 - T, 2 SORIGELSID 5 HD 1 S&HIERL T,
A AEKOMET 7 F o ABBIE O at—¥—%fHALZ, ZHzkv, A
2 O H T piggyBac Fsfe iR S R BL L [RIRFIZHEA L7e R —7"7 2 I RO piggyBac
KIGEFI ORI & 5 BIBIR T3 A 2 DS 7 AHRICHAS D, —J7, ~W/3—TF
A2 FEEKEIREILSZ 1 DOREBLTND2D, IAady ) sficfiAsisd 2L
B (X9),

(2) _7 Z—IZBAT5ER
A HHROHE

KBz A a2 OEHIZH W=7 % — T KI5 Escherichia coli Hi sk o
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pUC18 TH %,

HL R+ piggyBac % pUC18 (Z4fi A L C p3EL.2 235G 545 (Cary et al, 1989; [X11),
RF—77 A 3 K pBac[3xP3-EGFPafm]_FibHmod %, p3E1.2 (Zfkass ey v /R0 B3
Bty b EWE Fibroin H BB FRE Y MEALTELRE (K11),

RF—=7"Z7Z3I RO 2 DSORGB K OE O Z S TefEllkz A 257 7 JZHA
TH2, ORI EZFE L ThHA 247 LRI AT 5 piggyBac HrfsRE S % it
HWT D~ —TF 2 K pHA3PIG ZH\\ T\ 2% (Tamura et al., 2000; 12),
PHA3PIG [Tl E T 7 F > A3 s 17 1€ — & — D) & T piggyBac xR 2 58
S DH, KIELSN O — D& KPS HTNDH7D, THEEKIEI A 25 ARIZIEFA
Shipun,

el
O R ¥ —DEEK R O EE S

pUC18 DI FEHE 2,686 bp, MEFEELYNIXT 7 & v 2 a &5 LO8T52 & S,

pUC18 |ZHx[K 1~ piggyBac ZfF A L7z p3EL.2 OHEREET 5,958 bp, HEAEAISIX
piggyBac Website (http://piggybac.bio.nd.edu/) %2,

R—7"7 2 3 K pBac[3xP3-EGFPafm]_FibHmod DG EHE 14,199 bp, H HIi&E(s 1
DOEFEFFITRHITR 10 2 S,

~I—T"F 2 3 K pHA3PIG O 3% 6,160 bp, HEAERSNIIHITE 11 25 M,

@ REOWELFT HEEEFNH 551, £ O

pUC18 |ZiX, MM TRy ¥ — %W T DB OREk~—H—L LT, 7V
VI E BT D BB T REEND OO, KEETHRBZIA 20T ) AFIZZD
B FIFEAIN TR,

p3EL.2 (21X, piggyBac #5RIEFER 1 L ONE O MM O RKIEGELSID 6 72 5 5 K 1
piggyBac DK Z £ D,

KF—7"7 Z X K pBac[3xP3-EGFPafm]_FibHmod {235\ Tid, p3ELl.2 725 piggyBac
SR RE T ARESN TS,

A~ —T"F 2 3 K pHASPIG (21, I A 2 ORI TOME BB &2 ET 2 Mg
TI7Fr AB BT rE—F—L TONRICHEER S - piggyBac EAB IR EIS T
NEEND (X12), ERIZHT->TIE, 2 2OKMESID S HD 1 O%FHIFRL T, &
A AHROMILET 7 F v RBBEFOTrE—F—%ALlL, ZhZXY, IA=
OHIfEH T piggyBac #EMIEE S FEBL L, FFHCIEA L RF—7F 23 RO piggyBac
KIGESIORIZH D BB BI04 207 ) APICHEAINDS, —H, ~X—7F
A2 I RARIERERSZ 1 DKL TWDH, IA 205 AFICHASNDL Z &

22
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15

20

Ny (4 13),

@ X7 ¥ —DEERMY - WEEOFER MY - WEEZ2ET 8B 0B IR
BT A 1EH
R B —DARYE - JEEEE R,

(3) BT EVEOFRSE
A BERNBASNTEBREERDOER

RF—7F % I K pBac[3xP3-EGFPafm]_FibHmod PN Tk G kZ 0k DR 255 DAL E K
O R ONC BIBREESE 12 & 2 SIWFR0 2 [ 10 15T, 2 20 piggyBac A5 iz,
Bk~ — W —TbD EGFP Bz FOREI v &, HHEIET TH 5% Fibroin H i&
BFORET Ty FBRFHASILTND,

Ry B =~ ORI O A TTED B &K 111277,

o fFENCBAINEBROBATIE

K+ —7F A I N pBac[3xP3-EGFPafm]_FlbHmod (X 10) %~/ 3—7F 2 I K
PHASPIG (¥ 12) & & bIZxgIN (I8) ~BEAT 2 2 TRALL (K 13), ~box
—7"Z 23 Rid piggyBac @ 2 DDOKRMAHID 9 H 1 D& KB L TWDH72DI, THHEK
DA AT ) LRI T 5 2 &1, 77 A REEASI TR H O L FEKRE R
¥ C piggyBac BafSEEFE MBI THEGHEIR N A a7 ) AHICHAS LD &, Z DR O
RCBLEFHEBR DA 2 Z2BETHENTED (K13),

S &% FibroinH EEEEART || >
F+r—TF5R3 K ALK—TFRE K
i pBac[3xP3-EGFPafm]_FibHmod pHA3PIG

SEA LBk DR 2 RS TO S/ L~DEA }_\
CPEL mﬁﬁﬂéoﬁéﬁ

| |\ =
DFRIFECH F
S TET TS ik L ciss -.

AL (G, l haabs s LIZiEBA K|

KIEIIA 1 S EHEDT
=X s Q&EDD. Y gmmed. aphd.

@EE;‘»‘&JJ%E /
ey
Moy, AL RORR (G) TRYY—Z2Y
ﬁm ﬁm ﬁm (RTOBBEENK)

13.  FEGEFHEBA DA IOEREE
23
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N BT EMEO TR OZR
O EEBIBASINIEEORIKRDOGE
KJF—7"7 2 3 K pBac[3xP3-EGFPafm]_FibHmod & ~/L/x—7"Z 2 I K pHAS3PIG %
BAMUEA SV REIN DI L 72 sh B (Go, X113 TN 14) Z i E CEIE L., Sk
R AAT > CRER S BT, B TR A EIRIZIR ThrEaEt 2 o 7 B2 BT 5 2
LMD FAETEIT S ETC M A OB TRIZE L, IR TRkt 2 X B2 RBL L
TV DR E 8k LTz,

$h5145
EETEA |
Go
REEAICEHRI—=2 T O
G1 )

Q

G2

Q

G3

Q

G4
¢ - GCS500

F515% G5
| |
| Q
h5152 Geé-2 G6
| |
. Q
5155 G7-2 G7
| |
. v
5158 Gs-2 ~
| |
I
HEBE1ROH _
E1EER O REk3xER

14. KEGFHBZ DA ODOBRRAE L HRATES
ABEOXMRIL, 5158 & GCS500 #XFLE-RHE 1 KDAK
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K3 EMEHRUEZETMDELFRERETS 5HITT > =35
(HHKBESEH 14 2580)

RS R AR TR/

R IE H Gs Gs G G2 Gr-2 Gs-2

2010 2012 2012 2012 2014 2015

BA LB s R EN
(B W i dT)

O O O

~ILX—DFTE (PCR) O

BT ORBLREE
(RT-PCR)

(SDS-PAGE) O

A BRAERRe I
(Shh DR H)
(PEIN%D)
(fb=R)

(h Hh D)
§=1 B9

(il )

o o o o O O O

(o JeE L)

(i~ OV D) O

O

(ShhD1THE))

(PEINATED) O

A EYE OPEAN O

@ FF—FF 23 FIZBW T piggyBac EsBERBLR T HRRE L TWVWHZ L ORER
ERLL 7= K+ —7"7 A X R pBac[3xP3-EGFPafm]_FibHmod (233 T piggyBac #ixfs
FRIETHHEEL TN L&, HUiL7 T A I ROEEBSIFEIC LD MR LTz,
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@FF—7FFAI FIZBITDELABIRUANVAT ) AOWH OFE

ERLL7= R+ —7 7 A X K pBac[3xP3-EGFPafm]_FibHmod (23T, #&E N T
piggyBac » 7 1 —=1> 7 ®OiaFfE T, AcNPV (Autographa california nucleopolyhedrovirus)
D7 DTHFKT D FP &1 (2K 642bp) @ 5 {7~ (340bp) & lefd i&fn 1 (£
£ 1,548bp) D5 MIKTH (469bp) M- T\ b, WFHOW . piggyBac Kt 51
DAMNZ DY . A 257 AHITIFFA S 7R,

@O~NNR—TFF A NOERFMHE

Gs R DBIRTHH X 7 A = (K 14, £ 3) O 5 lsh OB RME St L7
77 I DNA Z§l L LC, IBEERER 7O —#% PCRIZL Y HHIE L7, PCR IZH
W T T A~ — EHEIET D ONE A 12 1R T, BREBROREE, Gs o 1-4#
Wz 1A 2D 7 2 DNA 75 piggyBac SR8 REFR B AR 1 D IRILIRD HAvZeho 72 (3l
W12), 2O Enb, KRB FMELZ I A NI~ VR —=T T Z I RORHIDEFE L
TWRWNWT LR TE T,

® EVSHRMEETLICLERBEREIET 5 E TITHAV BN REDEROKE

PSR OB E (P1A) THEE I A 22 B L, IRTO EGFP (&~ —7n
—) OFBBRD LNDHRME R LT, TO%, WHKREIZ LY . BSEETZ2 R
FEH R GCS500 % {EH L, BIfEE T PIA TOfE « KR L 0 R a2 MR L T D,
BRGRRE A X 14 (2, RERE FEhE L2 A R 31TR T,

(4) MBEANICBA LIZBOFERER ORI L 2 ERBAORENE

1 BAINBEBOBEMPEFEET HHHR T —K

BT 2 71 4 = (GCS500) & IEBIn AR U = (F1514 %) & D FREAEA
Bl LC. WIS F CONEER S ROBR TORREINIC IV AE L7z & 2 A, BiEERE
PEVEMEARD 3L I L7 D BASNEBIE 3k izl a v —fAShT
WD LML (BIER 13),

7 BAShERBOBRY OBEEMRICE T 2EREOREM

B SN OGN L ENARE S LD Z & 2R T 5720, AR TR Z
B A ADEHEOWHNR L OIERE TR X T A 22O T, 5 g R O%EER RS &
J LADNA ZHIH L, VYo TV E A B = a v 2{Ton b 24, Az
A APBIETRTR A XD KRB LARE TSN IZZ b, EALLER
FIHIA 257 ) DTZEINIMERF STV D Ll L7z (B 14),

72k, A Ak ) AT, piggyBac A HREE S IR A OB E A 20— NI 58
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FOFEITHE STV,

N BASNTEBROGRY) OEER R UM CORERROLEMSE

B SN OBEEY S BB TN EEMICREEIND Z & 28T 5720,
AR AR T A 3 OB DA OIER S TR Z A A 22O T, 5 s DA
B2~ 542 RNA Z 4l LT 22 FibroinH B 728+ % RT-PCR 21T >7- & 25, #
B OB TR X ABA CRIREEICER G FED DR S, — 07, FEBRS TR X (B R Tl
Moz Z D, RBIETHBEZ T A BT HNEE DR EMICHEE L
TS Z DR TE (B 15), F£72. EGFP IC X DIROFREE LA VT O T
BEELTHEL TWDLZ EAMERLTWD, B, METONRET + 7a A HE#EHY
VNI EORITNENRED T 4 7T A HEEE /X7 H DD 200 430 1 FREE Th > 72 (5l
75 16),

(5) BsTHHEZ EWE OB R OB OFHEL N Eh b ORE R CERE M
BR1AITR LYo TV A A B =g 280 Kl a2 A 2 D%
OMARLEARTRGED L T F L%/ ENTE D, B THBRZ A 2 TIEFHIZY
TFNABESNIRN T2 2052 ng D7 ) ADNAZHANWSZ LICky RERL,
Do BHEICEEME OB WA ) AFF g TV XA P — g B2 k0 | s T
FHHR X R E KA LC, RBEBTHBZ A aZ2 35 Z ERETH D,

(6) BEXIEEDORT 20EF LoTELE OHEE

A BAShEBOBRY ORI LV 5 S/ ABEN T AR

AR TAIEZ DA 2T AROREMEEZFED D Z EEZ AN E LT, BAINI®E
Fibroin H s 4. 7«4 70 A » HEBE 7 v E—2— O T T iR
TR D, FEEINZSE FibroinH % U 87 BIXWNEED 7 4 7 A v HE E S A
THZEND, ZOENEE T 2R OARBS TR 2 T A 23 Fibroin H % L /X7 &
EETRREEET D,

Flo B~ —F—& LT, 3xP3 7 uE— X —Oflfl F CThtau ¥ v 37 & (EGFP)
DBBTERBAIEL T LITLD, B HR, i, AOIRTREMLEZET ST D,

% Fibroin H % VR 78 1E, X VXV BETHY | thOWEE BN SE D L D 7ot
FEMEZBA L TWRNZ LD, BEOFORHFRELEILSELERBEZA L TN
Ez bbb, £iz, EGFP b &MY VXV ETHY | thOWEE LS H 2 X O elERIg
PEEZRELTWRWNWZ & [HEEOFRFORHREZ(L S ELOBELZ AL TV RNEE R
Sy LR
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v AP SOIAERZHNREEICOVWT, BEFRBAVA 2 EE0RTIHER L
O L O DOFEE

ABREER N OVERE 2RO 2 AT 5 72010, FEEIG T2 I A =% [ 515 =)
LR AR Z T A 2 RiHE [GCS500) & DAHEFETdH % 11 515 75 X GCS500] &, FEiE
TR 1A 25548 T 515 5 & (5145 L ORMRTH D [ 515 5 X 1 514
B ACOWT, JBEERAE - i L7z (X 15), STROEKE, ShiofTE, EIMTEH LD
FEINB OB TIX, HERY (L# D 3 2 A TR, HEY (454 2%
WG L, TRLAOREICB O TIL, 2z RETHE L,

—|— [st55] —l— [estam]
| 5155 x aessoo | <::> [5155 x #5145 |

= 423

(4 15. 4EZPH - AERFHFEZLERT SR

O wrERORKMHE
B DOKEH OY O OEEANAEZRAE LT L 2 A, 2 BN ARER Tz
A IIEAR TR X 7 A 2 LD KRB L | FEEHA R A EENRD bl B
17, P <0.001), Z OOl CIIHMEHFRIZRAEZITEO b o7o G 17,
P>0.1),
iz F e OE S (ME) KOWHE BAGSABRWZM7ZTORES (WEE) % ik
T 5D, KRBTSR A 2ORE 65 fH (XA 351, A4 301fH) &IEEMETH
Wz A DR TTE (AR ATE, A2 30MH) 2., ThEhE Lo TEREZHAIL
Too TNEZNENLOEBETHI T 1 HHY OEXRHERELE LTHKRLZE
A, MEIIABE B A a RO REFHHBZ VA2 TEBLE 2199 &
7ol WEEIIABMG T A 27C 04279, FEBE FHHLX 1A 27T 0443 ¢
R WEEIIABLG BRI A 20NN E ol (B 18),
R SRR N IAE AR TR 2 4 =2 C 1.35 d, FEEmFHax A 2T 154d TH
V. KB FAIEZ DA a0 MEFFRNRAEZENRO bive (B 19, P
<0.01), A= R DI I AR THAB X /A 22T 5,14 g/d, A THAB X A =2 T 4.89
9ld THY ., A#fs I Z DA 2DIH 5%E< . HEHERAEBEZEDPRD b
(AR 19, P <0.01), AAROFREIL, BHEOMN L5k Z £ & D T—EDH
BEZ72 2 K 9Tk L7z ECRAAIT 2, ARIOFHANC V72 27 d AR TiE, 45k
1 ARY 720 OfE O AR IARE TR 2 7 =7C 200 R, FEBE 7B Z B
AaTIUEARTHY, KBEFHEEZ A DTN 14%Z N2 LD, €5 T,
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ABIETHUZ A IO PAEROMENE N E LTH, Mk 1 A7 0 TiIshE
PR 2D B2 BN,

WL, AREEHRZ A 2 bR E R D IFE B A 2 A Th 5,
MZIZEE L BFEMNTHD,

RO ONWTE, =X I FHE 770 L5 TREBLIEEATYH,
ARTEIE AR Z T A 2 DIFPIEIZTAHAMEZ I A 2T L MRS, L o<
FFoTWz BEL19, EH58 P<0.01),

@ HEBORMHE

ZHEIND S5 LI RBFLT H2EETHLIMMESEERE L L 24, AT
Wz A 213 91.2%, IEETFHAMZ I A 2L 96.6% L 72 V) | FFHFA A B 22137
oo Te (3R 20, P=0.053),

S & LT B b BIC B ORREE AT > T D | MIFERBIAAIC - ThafE %
FIET 2 ETOMBARELZL 2 A, RBIETHMHEZ I A 21222 B, FFEETHH
WA AT 23 HTHY, KBEBE T DA 205N 1 BE -7 (BE 21),
IpE. A HBZ A 2 ROIERAR R X 7 A 3O TS EREREEZIT,
GF - Sy df - BRADO KB AR D,

ABB TR 77 A 20, R & 7 DIFRAR TR X I A = & RIRR, FdE TS
EEte NLETEZ Sh N R U ClRE T 5, 485 i bid, MBI EOm E
K OEED 2 2 MEROT=DICEEABREIE L ERHENTH Y | R, B
TEEDORELBEZDFFBICEV I HBEMTE 5, 2ok, lAUTERE HHK BT
DR,

@ LN

4 S DN S EANED £ TICE S - EROBEA THHEMEEL LD & A
R THREH X T A )Y 97.5%, FEBIS TR X 1 A 273 96.6% CTh o7, WTHITE
WTHBRFTECT 2EEITDT N TH D | 2 3B THEEN G EZITED b
otz (BIEs 22, P=0.40),

@ EZhees

SRR T D FPH A Ll 5 72 H4E 18em O HJE OO HLLNT 5 #nsh A 1
AT OE X, 12 BFMBICTTONLE D D OFEREZ FHEI L7z, A& SRRz A 20
FEIE 2.9em (BEWE(RZE 2.5 cm) | FEEAR FHEHLZ T A = O FEIX 2.9 ecm ([ 1.7 cm)
Lpo T, MEMFHIRARZTEO b o7 (Bl 23, P=0.97),
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® FrEiR

T A A IEPEATEC X0 BHET 5,

AARLH LAY 7 0 OPEIRE A i3 5 72 88 18 cm D OFED HLNT, &L
Ak A AR % 1B D 24 RFRTEW CREIN S 2 A LTz, AER R A =
OFF)E 531l (FEHERZE 179 ) . FEEIsFHAHL X T 2 DFH13 736 & ([F] 168
) &7eoT, AL THMBZ A A a0 TR0 | Bt RN A BADRD bz

(B 24, P<0.001),

A AR FEIN T 2 #iPH & LT 5 7260, FEIREOFAEIC G T, EAMIT B
7290 1T O H LoD OFEEE G L7z, 28 18 cm Ok TREELEHA1H
SO BEEEOEEE T Z X TERD S TR Ozt L= & 2 A,
AR IE A2 T A 2 & I TR A = & TSR DRI R B
ZITRD B o7z (BIEs 25, P =0.085),

® Wi - KRR - KIRSE

ABIGE T Z A 2 L IEBIG R A 2 LSRR ORI 4 B TH -7,
Fio. RBETHBAZ A 2FL, IEBE TR DA 2R L2 T 5 ERIRINE
PETe LA ED Z LD NGWSRARLVE » OFIERERE I BV TR Wb D L EZ B,

@ 7ValoREEDREEME

A AR FEINT DFPHZ TR & 2 A, KRB A2 7 A 2 13£8 16 cm LA
WIZ 91% DI % FE A, FEIBIR THHHE X 1 A 21248 16 em BANIC 89% D IR % FE A T
BY ., ABGETREZ DA 2 LI G TR D A 2 & CEINOHPAIIE D22 h
o= (BIR25), F/o, EIERNT L 2 A, RBE T2 P A 2 3IEEE T
Wz A 2L bdlenole (BlRk24), B bAE GBI 20) CohhioiERES) (3]
R 23) IITEWN e oTz, Flo, KB HZ I A 22358819 %% Fibroin H
BN TERDN EGFP WMET7 = n B OEMERE LY, 7T a L ORRED R
PEPPEINI A RO 1= 75 LB Z oW, LLED Z &0 n | ERIR M X T A
TR TARBIE BRI A 237 U a L RET DS HEINT 2 rTREMEITRE O
BIVT. Fio, AU DRMERN L I o7 | RHHERD AR R E 2720 T 5
AREPEIE 2N D EE X B,

IR

A AR MDA LU TREMEEZ R T 5 &0 o #miEIERv, 7o, AEE T
Baz A aPPEAT H A Fibroin H & BB IXHkHEY > X7 L L THRET 2 H DT
HY., WEEEET LI EIEEZONR, T2, KREE TR A aBFEET D
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®

EGFP WNJiFMEZ AT 5 LW o 70\, Lo T B TR Z I A )M
DOEMTH L TRIEMZAT 5 L1TE 2 R,

BEYMEOEEM

ERIEZ BIMNIERE LIZGAIT, £ I ENDIARAEIG FAHIEZ T A 2 DFES
FEARDNE B2 52 D R[REEDN H DM E I M, T ry a ) —DFIFE - AFIZH 2

HWBERE LI A, RBRE BRI A 2 LB TR A 2L ORI
ZIIRD bR o7 G 26), FERIZ, TIRBAMICE 2 2 BIZ OV THlA
Lic& ZAh, KBInTHBAA D A = LIFBIn FAHIRZ U A = L ORIZEITFRD b
ehote (R 27),

ASEAG TR Z T A A PEAT HEZE Fibroin H % > X7 EI%, xR0 E
HoHT7 4 TuAy HEL U RITEO—ROT 2 BESELE LD THY, &K
B LTI OWT, BEROFHm X 7B ERUOT X VBN ERET 50 E D
7>, Toxin and Toxin Target Database (http://www.t3db.org/) C FASTA iR &1T-7-& =
A, ORS8N0 EEPORINIEES biviginoTz, o, BT Ly
VEHFERIOT R BESEGE T HMNE Dk T VLS T — % ~X—2Z (Food Allergy
Research and Resource Program Database (FARRP) , ver. 13, http://www.allergenonline.org/)
(ZX LT FASTA R 21T o728 24, BMZEZARICB WV TRIE FHl# X RO
BEET LV S & OMFIMERZR OFEE & STV 2 8 77 X/ MRSk EE ORI %
RTESNTRRO G o T,

F72. EGFP I3k 4 ot n M 2 B 2@ U, ZROMEMEE AT 22 37
BThHY, AEWETH L L OWMEITRV, AR LMEZEZ T2 7B L
FEHE SN TE LT, @RAENT OB FHHEZERHAOX v SRTIREALTWD
o fags o 7B EEUOT X BES2A3 202 5 %>, Toxin and Toxin
Target Database (http://www.t3db.org/) T FASTA BB & 4T-o7=2& 24, BEMOAEHX
R B EHERORINIFRD DR ote, Eio, BT VL s LB T
BRlis 2 HIHmE I nE, T LILF T —4~—2 (Food Allergy Research and
Resource Program Database (FARRP). ver. 13, http://www.allergenonline.org/) {Zxf L T
FASTA R AT -T2 & 25, BT L4 v LEROESNTERD bk -1z,

E BT, AHFBICEWTCIIEFEFRIEZ RIS DIV A a0z R 2 8L
TWDZenbh, BERIEICE ENTRINIEIREIND ATREMED & D A s FHHH
AAAAFTEDLOTHETHL LEX LN, FHEEMENHRET LI LICL AT
W DFCENTARE SR,
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N BETFHBZ A2 LEEDRT 25BF LORE L OBMBID T
AL A2 A FIRICRE ORI VX B ERBT 5 2 20D, s TRk
ANATEDXINIEG ThH D, £z, MIRUIRLEY oA TV A B—2a
ZE0 ., BB HABZ A 2 & KB LT, AR R X 7 A 2 2R R <R R Ok
BT HZENARETH D,

3. EBLETHEBAAEMEOEMFCETER

AHFEICBWTIE, &Z Fibroin H % L X7 B a2 G401 DR O « I TiEZ A -
W DT2DDOMBIEZHERT 52 & RO FEROBEEZR COME ZAE L TAEBRE
REORMEEITH> ZLEZHME LT, RBEB B A 2% BEEL CHETH7200
FRBERR B X 2B\ C 3 Ensh RBILIE N DO E CRET 5D TH 5,

(1) ERAZSORNE
MREEER S X EZ BT D5 RO E (3 Esh R ILIFED & B O £ T) WO D 2EFE,
PR, M. AIEALALEL K OSFEIE N Z SIS AT 2174,

(2) FERFDGIE

FREBIEART A X B OFTTEHY « FESS RS AL AT At 2326 2l 2

PRBERR T X D4 B« BEBIRAE R BN v & — W2 b A = T R A X

AR AGEH DR 333 AL HET

PRt Rl B XN O ik DNES : BN E D 2 ThREEERF X O figk NS K O A BB (Al

1)) ©o&EBhH T2,

e AfE il 7 X 1] D BEA:

1 Wi 2&MEHTLH L,

(1) HEEN~DESNEDSIAY 2Bk 5720, a2 7 A a2 l@E L TREET 5
T2 OBAR T Z 7 A 2B EXE (LT (MR EXE] Svo,) 2B R
roiceRR7 =2 (mS18m) ZREL T2,

(2 B THBA DA 2 ZHETHXRE TH D Z &, AT TN THD Z & R OE
HEEH ORA 2 WR LIz BT WETcEiT Tn s

(3) FREEE T XN D/ A 7Ny AR ITIE T L2 FHA T, WO 4mm BLLT)
ESMAID 7 4 VAT ZEITHE L T D, SMAIDO 7 ¢ L 2F, K, ZEmE K Ol 12
BHEARTBE 7Ry 3 b 2 28, WRIOREIZBARA L72svy (AR Z2BR< ),

M)@%@aE¥W®7VA7§§ﬁEﬁ\%\ﬁ&@%%ﬁi\%%ﬂ%ﬁ%\ﬁ(m
ANZERLS,) KOS OIZIX 4mm BELF O k> T\ 5

6)@%ﬁﬁ@@ﬁ®%ﬁ@ﬁ%ﬁ%ﬁﬁié%ﬁﬁf\i%%@(4ﬂﬂﬁﬂ?)T%
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W RIFERSMU A T 4 VA THEE L TV D, RINCHEZRET 28 (HS 0.9 m)
ZaxiE LT\ 5D,

(6) NELEETH WD mHE (—30C~—20CRXE) DOikElx, Bis iz EMmED
i DK X 2 M D ZERMEORERIZEIT 2158 (FRK 15 FIE/RE 97 7) 12K
O TR ES G T2 o THD RS IRBBHIEATED G U D e X &5,

2 R TDFEHAZBTTH &,

(1) BhcED HEZEZE (B 2) 1I21E 9,

@) BICEDHE=HY v IHlEICESE, T=4 ) V2 FEiT 5,

() EMBIRMEENET D2 BTN H D RO LN DIZW oo T2G AT BNTED 58
BREFTEFIC S & | eI HRHILT D,

A4 R OHK K ORRE OB E X
L 1 2508,

W

B[RS T X ERAR O HE
[C]

e e ) 5 I R R 0D 188 & 2

p={1

(3) ABERIT LI LT HHICIDFEERFDORBRICET 2HERNEDHE
=2 U TEHEEE SR,

(4) EMERERENET DB ENDOH 5HRICRIT 2EMSRIEFEEZY LT 570

(5) EBREECOMALE IS RBFEHERFEINTCWAEE L EEOBE COMER
FEORR
2l

(6) ESMRITBHERFICHET 5 HHR
L,
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BZ HE I L OAEMBREEEDOTM
1. BB @AM
(1) BELZZTHTEREEDOD 2 FLEHEDEORE
HA 2E, BARENICEOCH RMFEASORERENRH 58, ZhETICHARZED T
5 T A RPN LT A RS T CEHE L CW A HITHE STV, A 2id, A
FOEEAT E @RI E S D &
O BT HEE D ZERRL RETHL 7 VIZHET H 2 LN TE A0 (#.1995),
QWA TH L7 T a LT RO DORGECHAE RNTEY | S E -
TRNDZ b TET, B - M2 FD LI TR k325 2 & TRICERET 21781
10 RN L lnG BRRRIGESCHICHESND BIR1 KRKD4),
@A ABEBRAELTTH, REZ ENEL TE RN, BEILTZHITIZN D A AR RUZEH]
BT DI ENTER,
@A ARLRPELTTH, EWRNCT VEICHEIND Z L%, R - EINT WA
EAETR (B 4),
15 LU bDZ e, I A ap HIREMN T TALE - BT 2 rTaEEIE W,

Fio, BEEF UL THOBBAMTHL7 U a b b_TH, A 2k, ShhkrOBE)
BENDMEL . REIZE TSR TE RV, EBIT, 7T 3L ORREMED (P,
1997; iR - 1794, 2007) 72 &, BARSEM T TOEF - BB W TIARFI 2 MHE 2 A L
TWAHZENL, BEDIZ U AZXT 2HAICHB O TR Z R Z L1720,

20 KRB HAHE Z 1A =1E, S Fibroin H % U X7 B &2 fERICE e, ZOX X 7H
ITAERIR CRBLL TREZ M L7 Rtk 2 md 720 7272 e B+ 5109 &
T R OEEEE E O RIS A B L2 T 28 b2 b, H
A TADFAITBT DEMEEED D Z LT, £, BE TR EEORK~— b
—Td5EGFP b, SRR DIRICREAE AN ETDICTEST, VA a0EIcE
25  JHENMMEEEDDZ LT, EETHINA 2 GEEEFHEZ) & ARG 7k
AHA AL D THERFERRMEICOWTHE Lo L 2 A, ShiffkE (2. IR 17)
KOEIREL (IS 24) (\ZOWTIIARE S TR 1 A 2D IEEE TR A 2l
HARTHEFAICERIDNS <, ShlRE (2 IS, BIE 17) - PEIRGERE (B
25) - W bABG (BIVR 20) - EREs (B 22) - ShB TN (AR 23) IC DWW TR
30 EETHEEX DA 3 LIERIE BRI A 2 E OB THEEAITRRO Do T, ME
EHIBEIZ OV TN REIX TE RV, MEIIAEE TR Z B 1 2 & IEE
GFHHIZ A T TEON 2L, MEEIIARBLEFHEZ A 2DTN/NE otz (B
W 18), BRI 1IASE S 2 1 A 2 D SR RIS B IS~ 72 (BT 19),
BE O Dok U CTHE 280 2 724K ORI B AR TR X 7 A 22 O 5 D3 e
35 WCHEIZENoT BIR19) 23, ik LAY TIHRWEE X bz, ghaifico
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WTIEARBIR X U A 22322 B, FEBIE X U 22823 BT, 1 HOEWR
bole (BR2D), Ziud. WO TREFZIFIET D24 I 7% R/
TEIZEELOTHW LHERTH DD, MEHFHICHRIET 2 Z L IXTE R 072D,
RO ABREEDOZETH Y . A ORI & L TREOBRF TR LN
EMD. O ENKBIEAABEZ A ADOBEAITB T AEMEEZFZD DL EIFEZLLN
7200,

UEDZ L xEEFE 2, S OICARBEBTHBA T A 22 KBFEICBIT 2EEEHEICE-
CHRBES B Xl CEH T 2HAN T, HAICB T 2BAMEICER T 284217 5 W HE
YED B 2 B A Z T E SR o Tz,

(2) 20 AEHNEOFM

(3) BEOAELRT SO

(4) EMLRUERENET 5B EhOFEEDH| K
UEDZ EnD, RELR B A 22 KIS T 2 1EEEFHICHE > CTHRBEEF
B TR 2 #HN T, Bk T 2EAMEICEN T 2842 D iett0 & 5 B
IR EDRE SN T2 2 L b AR BN ET 2B IRV EE R
LT,

2. weEH
(1) BEEZTHAENEDH 2 FEBEYEORE

A T BN ABEN G2 DN IINLE B O A 2 HE LTl L, 4
LSO R R E L AT 5 2 L1320, Eio, A aghhoESRE )3 L <K<,
BN L CHEM AR | A TRELZBRL TAF LTI ETREShATY
R, S BT, RHRIFERESCHUKIT I LR,

ASEAG TR 2 7 A 21X, Sh N2k ZE Fibroin H % /37 8 % fE R IR B OVl % TR
T 21E, B~ — N — & L THROBEIRTEGFP 2 RBLT 27, 2 bDZ /37 HR
A AP OEMEZL ST VRN ZEDTZV T2 LB 6N,

UEDZ EnD, ABE BT A 22 KBFEICI T 2 EEEEICHE > ChREEREE

H CHEHAT 2HANT, ABMICE X BN RIEDIMNIR L CTERMEZ/RT Z L1372
<, RSN T S BB EZIT B ATRENE O & 5 B AW S I IR E SR ho T2,

(2) BEoBEEHNEOF N
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(3) BEDELRT IOFHE

(4) AMBRERENET 2B ThOFEZE YK

LEDZ EnD, RBIFHBZ A = 2 KHGEICIR T D 1E BRI > ThEE &
Pl T4 2 #EPHN T, I RIEISE R 2 282 T 2 ATaErE D &b 5 B A B 2
FRE SNIRPoT 2 &b EMBERIEZENET DB TchidhnEEZbhi,

3. HEWEOEAM

(1) HELZ\T 5D S 5 BABHENEORKE

HA 23X, PRAERM S BAERNTHE SN TV D, ZhE CHABEYSOAFIC
L MIET L O A EWENEASN TN D EOWEITR, 2, BFEEFICBD
TIE, BRI U D FEGEORIESC T A O3 - JeiR7e &% | BRI - 72 /X0l
ZBEFET D 2 LR RIITAT DI TV 283, 2D OPEt Y % 3 B A B % (2
ZHIHTEOHMEDL R,

ASEIG AR Z T A =13, 9 BT FibroinH 2 > 73 7 B % $B5R I CR BT 5130,
B~ — 71— L L TEGFP Z R THRIT HM, F /7 HELTORENLGZEZXTYH, &
BEP B LGB EMIC B E 5 2 5 LIZBE SRV, £, Alfs iz
B A 2 L IERR TR Z A A 2 OISR E FHEPICIREG L, M ORIE - A5 01K
AN G2 DR R BRI L 2 A, KBIRFHMZ A 2 LI 2 T A
a L O THFFEN R AREEITED Lol (B 26 KON 27), F72, AEs 1
oz A A NFEBI4 25 M2 Fibroin H % 2237 '8 R ONEGFP 1ZBFI D F L /8 7 ERT
LV LR RIICHREIEO & 57 X BRELAN R 7e 2 L&D | REIM D
BHLEZ B,

LLED Z LB ARBIZ THU 2 7 A 2 2 R FEIZ 31T D VEE BRI 1E - CRalte 5 X
W TEHT 2N T, BEWEOPEAMICER T 5 2 EE2 % T 5 A[REEO & 5 B A H)
TS TR TE S e o Tz,

(2) BEoBEEHNEOF N

(3) BEOAELRT SO
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(4) AMBRERENET 2B ThOFEZE YK
LEDZ EnD, RBIFHBZ A = 2 KHGEICIR T D 1E BRI > ThEE &
B CHEHT SHEN T, AEWEOEAMICERNT 228 23T 5 B AT 5135
EENRPoTZZ D EMERIERENET D BT ELbhi,

4. REEMNE

(1) HELZ\T 5D S 5 BABHENEORKE

A 3 L MR RE TR B AR S L CIXZ U ak A > K2 U 22 Bombyx huttoni 2345
SINTWDN, BREWNIZHAM L WD R, ka2 M Z8EETEELTND
79U apHTHDH (Hutton, 1864; FIEUAH, 1998; ££EF - fifkd, 1999; BIWs 1 K 1Y2), L7z
Do T, RHEMEICERK L TRELZ T L0 2B AW E LTr U ankE s
77

(2) HZEOBEHNEDFARL

NA 2L ZOEFFEMTHL 27U 2L DM T, ANBIICARE S EIUEAHEE KA
AT (JEUE, 1998), #“IUCBWTHME bR S TWaD (RE, 1927, R - K5,
1939; B 8), L7oid> T, ZHMEMEICRET 2 BARM 2B & L CId, AR TR X 7 A
2 RO Fibroin H 8151 O EGFP i85 123 Yk A MEE AR DD 7 T 2 OEFIZiR %
L. E&T D AMREMEDN B 2 B,

(3) BEBOEULSLT O

A L7 UaF, AAFEBNKEHTE2ET72vEy (Rrea—) BE—THY .,
EHLLDFAREBEL D7 20 AL TA AR ZERT S (Kuwahara et al.,
1984; Daimon et al., 2012; Bl 1), Z D72, AMOEEE FITEPIVTWZ A ap, )
—, BRERE N TIHE L TRHBRIZR S 7258121, A aD A AEAN KT 57 = .

NCHFEBI SITHAED 7 U aDF ABRNBFK L KRBT D ATREMERE X B D, — T,

NAADFAFHRITE SRS ENTERWREBBIRINELILHD, SHEN
W27 T aDAAERENA DI A HRZ AN TARBO TR &2 fi A L7 BRI\ T
BBV LIRNZ D, WA TIDOFARENEFAED 7 T a0 A A HICEE L T
HARBREE T CRET 5 2 & I3AHE LG (9~10 ~—U S, k6, 1997; iR - 1T
9L, 2007), L7=28-> T, AT TiZ. HA 3D A ZRFKHRE 7 T adD A4 ARL RO TR
RDVE U DAl REMEICIR - TE T 5,

AHFEICENT, ABETHBZ A aDAAFRNEL T T aDdARRERZE
THAREMEN S D DIL, BENLEAFTREANEZZONDL Z LD, LT T, 2R
IZDOWTNRIZBEE T 5,
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FP. BENTRBGFHBBZ A DA ZALENELTZ U anFd AR EART
5 AHEPEICOWTELERT D, —OBREF TOEF DN A 2 OFRE L RIERIC, RPFEIC
BT, ARG BT A 2O HIT 3 S RGILIEN SO E TE LTS,
7o REAIUCT DRNCH () ZHEIC L RIRET 528 8 LTV 5I1E0, Shbfd
BRICHE L REVEEIZ -2 BICER BROD TR T 5 2 &, % b ERNEHER LT
BT R CTEM L CARIE T2 2L LTWnD 2 Enn, 7T ant AR &5l
FIREZR I A 2D A ARLANRTEENTEL S Z LT,

Flo, KPFEIZBNT, A I ZBEBIINAEERICEEZED . 7 LT &wmEIIH K
THBERLTIIIMAERD Z LT, AL 7 TV adDAd ABRNPRE L TIRATDH Z Lidk

ZIEIMBEL T Vb BN RHIAZTNTH, I aghh L3R R kB LD L
RVERDHoTHLEEE D ENA 2 LR THET L2 L0 BHICREALL TH
BT HENTED, FUKREIMNE LTIV IDMPFELIAEFN TS, A a2 L3R
RLHE R THDLZ LD, DA aDREIRFET 2 Z Li3n, FhiAEnizsvVao
BTN A TET I/ U aOF ARBABEENICELLELTH, LT L )
2. 2T O ARBIEFAIZ A TD A ZAFBNBEENTHEL D Z LT/ 72D, WHR
RRETDHZ Eb,

ZDET, Ji— BENTARBELB T I A IO RXAAKRE 7 U adD 4 ARk RDBIFAE
LCRRELTYH, KBIETHHELZ A 2D A AL RO PEINFIFE N IEE s -FfL 2 b 1 =
LIRIETH D Z & (s 25) R OARHFE CIEBAA R BE R BT FICH AR D 2 LD,
RN TEINT 5 ICEE T, KGR D A 20 A AR BIIRIRINZ ETe Z & | filF
ETRICII|EZTHRT 2 2 %05 INIIERTC TR L TR EIC X 0 Rig
bt 52 ENARETH D,

S BT, RUICEBENTRHEINDN SR L TH | ISR Wiew, £FET 5
ZEIFTERY, 2D BT, SO < \ZAHEF— RO LS B 2 Jifi 3~ 2 308 © b A4 A7
IR 6o (HE9).

UEDZ 0t BBNTARBETHEBEA DA 2 LB AED T U anRRE U TRMERE R
DECTZVEIN LI 752 LITRNneEEILND,

WIZ, FBEEREPICBWTABEB A DA 2D A ARENECTHAEDZ TV adp
F AR E BT D AREMEIC DWW TE LT 5, ARFEICBW T, FE FICRAE L7
B LO2 EOFEBFEEICONTE, BALTWD I A T ZED RO TS Hf
B2 LTV, MIIFRBERETORLEDOT TRV SEZ L TWNDLZ b, IR
DERS ZENFRETH D, MZAED 72 o ToiOM 2 /ED O BN TSRS, AE L i
THBEREIZIRA LT E LTH, MHEIC L DMPLEE T R THRTETHZ &0, AR
WAETDZ LTy (R 28), Lcin> T, fBHREDH CAREBIRFHEBZ A = &R
KL TELHEDY T apRRT 22 Eidian,
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BT, T, fABEEOFIIARBE FHBRZ A 2D X ARENRFEAEL THAD I U
DA AR ERZRLTYH, ABEEEO R £ 7213F O CREINT 5128 &3 (BN 25)
RHEE RO EPIL L CTHERBHCBIE L TAGFET L2 &F TR BIR9),

UEDZ Ens, RBIRFHBZ T A 22 KHBFEICI T 2 1FEEEICHE > CThRBEEE
X Gl I 28PN T, ARG 7 A a3k & 2o TEAMC i SN D Z &
F72 <, BRENICAERT 28 ED 7 U a L ZMET D AlEMET Vv e B 2 bl

ZD LT, i KEGETHHBZ A aDAAFREFED 7 T a4 AHRNZRE L
TARHMEBERNAEC T L LTH, MR R TOWZ Fibroin H % > 37 B ORI, R
T EGFP OB, HIREREE N COBGICBIT HEBIIEEZ S D L IXEZHEL, 2D
MEMEADN B A D 7 U S £ IV T BT 2 TREMEIR VN & B 2 b T,

kB, AEPOCEREBE TCORRSMTERE L7V a b A aDkkx R LT
SWNWT, 2 har RY T4 7 A0 coxl (cytochrome c oxidase 1) &fsF (7 U = 4,192 {#
K& B A 2 147 5%) OBIBIZTLE T LT 2 A BAED 7 T 2iZh A4 2D hayv
RUT 5 7 A05A LTDEBRNIFES HAL TV 720y (Yukuhiro et al., 2012, BIWS 6)

o, SHERIEZ MO TR RS D70 & KRB O M) IR & 7RV ME
TR FIETHA 2 BZfE L TV O ERERRFEOMILTHRE L7 U 212250 T coxl
R T OBIBIZ R fRNT L2 & 2 A, 2939 lIRT X THR7 U allThy | RHEFH
RSN oo, GIRT),

A ADFAFRITRESEZ LN TETEEEBEN LD 7T amx ApgH L [F
—ZERICEWT SRR LRV (10 XR—T M ik 5| 1997; #i - 1754, 2007),
ZOH, BRRETHA 2 b BAED 7 UV anRRET 501X, A 2D A AR
HWT7 B EHAED I T aDA ARRBPEA L TRKT 2HEICROIL. HA 20
AR E 7 U aDAAKRNIR L THE L DRMEFE I A 2B har R T
T LEFFOZ IR D,

ZEMEMER AN U 2 ATREME DS @ WGl T h 2 8 OB R EF O JEI T b RHER —RA3%
RENRoToZ Linh, 7o & AR B O MV I B 25 U5 2 & 7a < | BERNITRNTER
STV | FRRIEICA aMNREA LY LTH, RMEEIERET D Z N0, 20X
MOTENTHDLEEZEZDBND,

NBHNZ A ADAAKRE 7T aDF AR ZE HEDEIVUEIRRE L CRMEE R
ELDTENTRTHDICHNNDO T EEOBBBEFOEILTED L 5 72 FHIRR
HHENRNDIE, LTFO LS RERPHZR->TWVDL EEZBND,

B EZTIFS RO () ETULAEHEBE LRV B WOSEMET LARWE SIZ

AR R O FEAERTIZ i 2 A U CAVLIRIC K Vi E T 720, 7 7 aDF AR ERRE

FBEZR A D A ARLRDBAE U 5 AHEMENME (K 4),

- FERE ISR TREIMNCER SN D I A TEENEND 72 SAERRN R B & R
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ZENZ B BAMNTHTE A 2 08 Ok Bt o B BRESC SIS A S CE

1% (lisd),

A ADAAFRIFTRAT2N2D BT VaDFAHELZRE L THZDEIIC

PEINT DT & (B 25) . SMES — R OMHLE RSN BE L CAEF T 5 alhE
5 PEDMEV (3R 9) o

(4) AEMZFMRENET D BENOFEZ O W
PLEDZ Lt KBE B2 A 2 2 RKRGEICE T D EEEHEICHE > ChRlkfa s
X CEH T 2#EN T, ZHEMICERT 2 EMEENEEENET HBE TR N ESE
10 2 b,
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B= AEMEREREBOREHITAR

BEEORT D0 EOMTH D 14 2 (Bombyx mori) 1d, HAIZ U THRAERR AR,
RHNZ O 28HEFRRNH 2T, BRERE T ~OEECHEWEOEAMITRD b
U,

BOIZ I T HEALME

TEETHDLIA 2id, AMOEFEEPTONLWEFAMNIE D & RN AEIN T
BT 5 2 &R RIS E R B TEN 2 KN TV D Z & BEIRENDMENWZ L &b,
A7 - BHET HZ e, Flo, REZFRI UL TH2EBRB AR THL 7 UV a bbb THY)
O OBENRE N MR Z & & BAREKMET TAF - BIHICAN eMEZz /A L TS Z
Eb, BAEDZ U ATH L THAIZRIT DB Z R 2 T,

ASEAG TR A 2%, 22 Fibroin H % LR 7 & 485410 & F+, EGFP Z iR CHRIL
DN, TIVD DX R TEPRHAIZBT AEMEEED D Z L ideW, HETHLIFEERERT
KR T A = & ARBAS TR R T A = & ORITHEBE - ARRFIRFEIC OV TRRET L7z

Z A, SHRIRE Q) K OBEINIC SO TIARG R 2 1 A 2 O 7 SRR
AEINS WD, ShaURE (2 BiLSL) - PEIRELDE - BMEARE - Bl - 5 T EhEI P
(ZOWTIF EINCH BIRZED RN o 7o, BEIZOW TIABR FHHIEZ U A = L IR
LT A 2L TEONRRL, BEEICOWTIAREGE AL A 2D R/NE D
ST, BRI D WCIEASE R TR X 7 A 2 O 5 SHRHRICE BICHI o 72, B4R
FEZOWTEARBEIR FAHIR X 1 A S DI DEHFRINCA BISE > Te 3 ik 1 A%720 T
KL 2D LB Z BT,

UEDZ EnE REAR T A 2 2 KBTI T 2 1FEEFHICHE > THRBER T X
] CHE T 2HPAN T, BEA ISR DEAMEICER T 2 B2 %20 5 et H 5 B 4EH)
T ERRE SN -T2 LD, BEEIZBIT DB L D MR ER AL D
BZUIRWEEZ LTz,

Rt

BETHDINA IR AL E X ONTEREOLEZEBRET D, iz, WA adhh
DA TRIELERLZL TOLHIXZNETHRE SN TR, S5, AHRITER K OEoK
—gILen,
AEIE TR Z A 2, & Fibroin H 7 > R 7 B & fERICE P+, EGFP &R CHRELT
DI, TNDDH NI ENIA A RO REMEZ DD Z & 13720,

UEDZ EnG, RBRFHMZ T A 2 2 KBFEICB T 2 EEEFEICHE > TRRBESF X
W TS 2 #IH T, MEMEIOER T 2B L2 2T 5 ettt & 5 B AEBEYFE N FE S
NI TeZ &b, RIS L DEMEBHRMERENEC 2B ENIT RN EEZ 2 b,
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A EYE OREEM

HETHD A 2L, WERFRNS HARENTEHE S, BEEZFICBN L, METFIC
HEL DA aDFTFERE GTIRIEZ . BHINIZH - 72 RSB T 5 2 & i
AT RN TWAH R, T E CHABME DA ICEEELZ KT T L5 RAEMELE
AL TWD EOWREITR,

ASEAG TR 2 7 A 21X, SZ Fibroin H % > 87 B & fE50 R CRILT D43, ik ok
EYET LT THY , MOEMITEEL 52 5 L ITHE SRV, £, EGFP AR TR
By 208, 2 OEYOBEGETHMBZICBWTRE~—I—2 L LTHVWLNA TS G
DTHY, oI EORMENGEZ TH, THEPITRA LG EICMOAMITEL 5 2
D EFMES R, SHIT, B E HEPITRA LI L 24, YORF - AFC T
BEIAEMIZE 2 D8 %, RBEFHIRZ A 2 L IR THBZ A 2 & O THREHF
HINCH BERATRD bR Tz,

UEDZ EE REAR T A 2 2 KHFE I T D 1FEEFHITHE > THRBER T X
BT 28T, AFEWEOREAMEER S 2 8 E2 52T % aTRett 0 & 2 B A gy
ENRRFEINRDP T2 D, BEWEOEAMEIC X AWM ENET 2 BEN
LR &l L7,

SEHENE

T A =& ZRHERTREZR TR AEFE & L CHARBEMNIZ M L TWHRERIZZ TV adHhTHY ,

HEMEICHEEIR L TR A 2 et H 2 BABM & LT U alkiE S iz,

A 3L 7 TaiE, AARENMHT DT 20 U NRE—TH LD, HA 2D A AR
AT —HARRE T CRAELEZSGSE, 20720 0H SN THADZ UapA
AFREPRK L TRET D AREMENREZ DD, — ., I aOFALRITE ST RS T
ERTERNRE  BRIGENINE L L D7D, WA aOFALBRHEAED 7 U ad A AL

CHARBRE T CREL TRET 2 2 LIFE LG,

FEEPDERGE TCORAREHMTRELZZ7 V2O T, S har RITH L0
coxl BT DOBIBZR AT LI 2 A, WED I/ U aichfan hary RYT 57 )
LA LTEBNIERD HL7avy, £72, BUEBEZITR> TV D REDFN THED 2 U
aEMNCHA 2L 7 T aDRMEE—RITECTELT, D &b, BIE TR TV o B
DBIGZBNT, RN E TWRWN)D, OO TENRNTHDLIEZEZLND,

—IRDBERZE TOME DA 2ADHF RIS, KHFFIZBW TIARIS B A D
A A% 3 S RHILIEL SO E TRET 5L &b, MITmmic kv NiE T2 2
Eob, FRNE UTHIBAAET D Z 81372 < KBIm PR A 2D A ARk & B ED 7
T aDFARENRRET 5 Z L1320, H—ZD L5 REENREA L TH, AEE iR Z
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A 2D XA ROEINFEFHANIER IR T A 2 L RS THH b, BENTHE
I3 512 X9, I AT TR CTEI L CRIEL &L b IR =N TREEINN H 5
B L TH, FAHEIZRBHIIR WD, EFETDHZLIETERY, 20X HIz, BENT
KR TFAAHEZ T A A REAED 7 U 3 LR U CRMEIRNEFT 2 2 Liduy,

ZD LT, A Ty AREINMRRICHEEZIRY . 7 LT EEIIBMT 2807 120%
Waksd Z & TV anAdARBORAZY IE0, WERK THRICITEENZIER L T
R 2 TR TEIL L TARIE (LT 2 FO/HEIC L ARBIETHHEEZ A 2D X AR RO R4
EREFIZPHSZEE LTS,

B EHE TRIZAE L DEEHREICON TS, RO A 3 O B0, fiiZbRrE L TR
EbT 22 L2k, MERECHN TEEMMND Z 2B T52 L L LTS, il
T BRI A aDNRA LT FREABEICIR Sz & LT, fBEREIL NG 7
A DANIZ K et TR~ 2 2 ST K 0 B HBLEE U ORISR 572, BB U 5 ATEeE
372K, 7V atRRT DI LITTER,

ZD LT, i KB Z DA aDAARREFED 7 U abD 4 AHRNER L T
RMAEANA U2 & LT, MRIRSCRE R TOWZ Fibroin H # > )7 OB, IRTO
EGFP OFHL, HARRE T COBRGIZHIT 2BMMA ED D L I13B 2 # < T OIMEE K
INEED 7 U A BV TE ST 2 ATREMEIR W & B 2 b T,

UEDZ et RER BT A 2 2 KIS T 2 1FEBEFHICHE > THRBER T X
T D HH T, MM KD EMBHRMICBNET 2B TRV LB R BT,

L oT AT e LT, KBTI A = 2 KHFEIZR D MEREEREICHE » ThRi

B X0 CHE . RS, TEMR ML OB N 2 SIIET 5174217 5 ®ilH T, B AREWN
DA NS D BF IRV S S iz,
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% (KFf. 1950),

[FEFES U a R OEES U 2]

By B8 OBEAL & B DBOTEREIZ DWW T, PIEPE - @EE - BAREZTNENLD I U 3
L ORI CHBRAEWVIZERD DIV, Pz >N Tix, FEEZ VansA ak
[fU2n=56, 8EME7 V2L HAREZ UV aTix2n=54 THsH 5L, 1998; Nakamura
et al., 1999; Kawanishi et al., 2008), HIEHPEY U aZfiE LIfER TiL, BAEZ V2 XD
BB NS, ERFFCHEE LTV &R ENREIN TS QR
1998), WEMEZ Va LA az NHINIZRSED &, EEOH 5 ML ET 505,
RMEME AR TR L2 A8 H L 72 G B ISR OFHMEENMER T T2 L ofER H D (PR 5, 1996),

(7 U 2 DABZER R ORI RE « AR RRE]

7 U adIBTER 1.2~13mm, FEE1mm < HWVOFEWFIE T, SMUTTER IR T
WENATWD (FFA, 1936; KAF, 1950; M, 1998), 1 TV AR DEHEIT
(2 2E30E 3 M (2 bMEXIE 3 kM) T, @A EmWHIEETIX 1 B (LeME) (2556
b D (A - e, 1958; B 3),

B E &M T COMETIE, L ThDBEIED £ TOShRMFIL 20 H~30 AfEE
o7z (KFF, 1950), 1ie~2 MEORIZBEMIZERT 22, KET 5120t TR~ OAIZ
BAETLHE912/05 (4F0, 1936; KFF, 1950), hHdifiifzoE¥lE 3 (ZIRE) 2%
N, 4ELH S (KA, 1950; #K - 17H, 1982),

RO REITHUESPER Z & OER R K E VR, JKEE D LEBG T, MRS 2 ik
& MEERER 2 (REG, REEES 5 REIICHAIRR 2B o 5 (44 Fn, 1936; £k, 1995), Z DX 972
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RENZB OB TV DM, BEFFLUMIMEIBE 2 (RS ez /b L Ciflk75 2
& TR D,

WIEA B ZIATL L DI L TCTEDORITIEL N, ZORE, B bERZEL TRTRESGE
fED ., ENEHRWE DT D (4F1, 1936; KAf, 1950), PUET 5 F TORHO IR IXE
BIZEDBONRKRELS, 20 A D L HRBRENS, RWSGAEIL100 BEL EE WIS Hlb & 5
(K%, 1939a; Kif, 1950),

FRHBIEA A « AR L BICTRAT D2 A TE S (FUH, 1998), A ARKHIIAZR K T
TOHETHIEL, BRI 2o 2 L THARREZFHEIT 5, A ARLBII AT
ZHIZHHIZRATE DIRATZD 20 IR L7 3D A AR ERET L LE 20D
(Sasaki and Jibiki, 1984) , A AR OAEFHIF E L TR b RWVESEIE 2L HTH D (K k
5. 2010),

(7 U aOAMTZE R OAERFRIRHE - AR IIEF fTRe e BREE D 5&14]

70 T BRIICEELZER L CORET 5720, ARSI Z U BNEX TOAGFTICIR
LAV, 7 UDNEET DAFTNRNEFT L2 LN TET, IPOBEA TS (F0. 1936),
IR Lo THEMIZ R AR 228, KEBMUTZIINDG, 7 UMNIERL 5 HEIZL R
fbL. 11 AXD 12 AICIZZOFEOREDOBIFAET L (A - ik, 1958; BIR 3),

i, A RWTY DOESHKAHIFECHIET 2 2 LN TE, I 2T TED)
PO IERICEN X [ 5, 1#~2 BEOMITERICIERT 528, MET D> TRMO

WERETDHL9175 (4, 1936, KAF, 1950), FABICEEL CIL, BiIRdH > THENX
B 57280, RawDBEZAH T, BCEBIET HUERH D,

WIEA B ZIATL L DI L TCEDORITIESL N, ZORE, B bERZEL TRTRESGE
TEV . ENRBEHRWEIZT D (4Fn, 1936; Kk, 1950), ARHLIEA A « AR & HITHRA
THLZENTED (JRMHE, 1998),

(7 U 2 QAR R OVERR R« BHH T O£k ]

70 A FEAGT Lo THEUTIID D RAET DA E1T 9,

W26 ORI (R OFEAE) X, FRIFICE & 5 &) wiE (RFF, 1950) 0, A D
PUEDSFRTTR 2 s, A ZAOPUERFH 2 TICEE 2 &0 D il (Kuwahara, 1984)
Wb,

AARBITPLE B ZOHBICE EED, BEHO 7 =m T BT cnEr (Roe

a—)b) HARKPICHE L TA AR Z#G] L Ta B9 % (Kuwahara et al., 1984; Daimon
etal, 2012), A ARKHITBATIET, HHICHRAT 2720, Rrva—Lrzfnicr =n®
YTy T TOF ARBOHETFRIT AL L 72 % (Sasaki and Jibiki, 1984; Kuwahara,
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1984), FRHUTIA A « AR & BITKBNAT KIZFHES SN DBIDRHRE SN TWDR, 7 TDF
HELTOZ Taopkre LT, HABRILTLLEHRNTIIRNESRL TS (&
Fo. 1936; K, 1939b),

AZRCHIE, LT, UTEE~10 BEFRE T o F L D TINZFEAL DT, LEHD X A
R RS EETR I DR KIT 250 H~300 EFLEE CTH D (KRN, 1936, Kk, 1950), HAREMET
Tl 7 UV DERBRIZESAMIT 2 Z EN—RNTH LR, 7V DIEIZAEZTWDL T
TR Y FICERT T H D (KA, 1950), fABESRME T TIE. A ARBEEZANRTND
HASOT T AT 7§72 EICHEINT S (PR D, 1999), B L7 A AkiiL, 1D H
LICHEINEKZ DB 2605 (KK, 1950),

AZ U CRIDI LT 28I T, IO T 2 kid—FICkE & 5D Tl
< A HENDIRE S T2 0AU RIZhlcs ThaITEE 5 (KY, 1939a; KFT,
1950), bRz, AREUET CREABICLIWELZZ T 20— E LRV, MESRET
TORLRITERBREZ VD, 2 80%RE & ity S TW\d  (RAF, 1950), FICAEE
AR FEINT 5 & . ARER L72 W T AN NI & 72 0 . ZO%A X, BEIND
510 AFRET—HICbd 2 (KA. 1950),

(27U 2 OARFR R OVERTFRREE « & - T4 S5 aTaEdE]

PO T a2k, IIORICIE, FAEBICE 2 EEZITD (AF, 1936), EOF/ER
TERCHATIC L > TRES BARD N, A TINEEZHZ Endbd (KFF, 1950), 4
HHNCIR, DA 20027 Tay RUARZRNEFET DI, T T AINRFIZE-T
WAESh, WHICIE, ETXEARF LT VT hanFREET LI L BHESh TN
(4 Fn, 1936).
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iR 4 BRIUTBIT DA aDEFERNCETHHRE

(R 714]

B A aBBIMTHEE T DIRAEZ B L T, Im U5 THEE 30em DR %, MNIATBIE N ¥
A IRATIERT (BRAE X ESLUFZE B S IE N R A G IR 70 T) Kb LK (RIS <iE
i) ORIMNIY . ZDOROPLNTH A 2 (CL08 FKME) DOLhHR TR B % E N THAFEE
A L7, SR AE GOIEEEL 1B LEIEHE Lz, MEITIG U T, RICHEROMEEZ 25
FC, MAMREACSHEICE2MREZIT L E L bIT, A aPNROBHD 2 & &2V,

[R5 5]

(1) 4 #Fsh e CTOF4A (2008 45 H)

412 H A O H 500 HAE V-, ABEEZHETE> TRELIZEZA, TIRYT LAY
WCRDHELEZT, 2 ARICRD L. AFERITE -7 <BIEINR) T, (KRS
#* 1)

(2) 5 lmsh B TR (2008 425 H 225 6 )

5kn (#Hn) 2 A H O M 100 BEZ E 2, NEERZMTE S TRESANT 72 EORAME
BN L DR YRR L7REETHER L72 & 2 A, ShRUSAIRICIZBEIE RO Pl &
EEoTWe, =TT URI T AU R DB AT 2N A 62 BRI & 72>
TUE) 7 (MEROSGH AR L CEEEIS 2 &) L., ROBLH~BET S b
DOHLBNTZ, EHICEO TR EHNTW R EIED Z L IXTE o7z, iz
fi - g & IR SN o T, (RS R D

# 1. 2008 45 75 6 A OFHAHIHEH OKRAEM (RRIT « 5 AXHEE)

ES \ e \
KIERIR &EXRE  CPHRE  BKkE )
AR (6F-18 ) ) s
(C) (©) (%) (mm)
fF)
520 [NiLE 14.1 23.7 79 57.5 5 WA - B
(D7)
521  [Jei 8.5 25.2 61
5122 [E%E 11.8 25.8 74
5/23 15.3 28.5 66 - 4 RS - BRAG
524  pELE 16.3 27.0 77 145
—RFR
5/25 & B 175 22.7 92 15.0 AfTHA KT (BED
5/26 K& 15.9 26.9 78 8.5
5127  jEEiLKE 13.4 26.3 66
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5/28 2 126 22.9 74 0.0 5 iR 2x - W TR BR 46
529 13.0 14.8 92 175

530 A 11.8 16.1 89 05

531 R--REA 121 13.9 91 8.5

6/1 i 10.1 226 75

62 A 136 22.0 80 0.0

6/3 i 141 15.8 92 21.0

6/4 ikl 14.4 21.7 77

6/5 Bk 14.4 215 87 1.0

6/6 I 17.9 28.0 79 05 5 IR - SR

6/7 R 16.4 25.0 70

6/8 A 17.4 236 82

6/9 R 16.7 23.0 91 15 5 IR - TR

(3) 5 hnsh i COFHA (2008 -7 A5 8 H)

52 B HDHHRE 2 5DIRIZ 200 EHTOEWZ, 1 ODORIFENE LN TT R TOH
BECLHDMEROEBLZBIEL, 9 1 DORITEKREMETE-S TT U722 EOPHEED
HRFICLDEEBLEE L, BOE LA, 2 ARICIEFRE LR L BIE S
Niginolz, BNE LI TSI RopNIcE 80 = iz 7 V0T AL 5K
BT, 8 RERITIE 97 BHANMIZ AL & BiAG Lo, IRAEHVICHERE CE /@il 5 8T, %
D F FgE L BB AT AN HER TE 2o 12720, IR 20 H B IC
AN L THEZ AT, 3EICOWTIZOTICH 5 5 BICiBn &b T, LI
PUE U7k A3f D H CIEA TWT, LEITPME L7 ATBENED & o 7 3= NI Ik I 2R S
nNignoie, (JGSME % 2)

# 2. 2008 47 A5 8 H OfREMIF T ORERME (KT - - )

R ] o i
BATRIR AR TERE ok )
AH  (6FF18 O LS
(©) (C) (%) (mm)
i3]
7125 I 23.0 32.7 81 00 &R
726 2 23.2 28.6 84 0.0
7 2 21.8 30.1 88 95 M- T (JER)
728 2 205 30.9 81 0.0
7129 W 21.3 31.1 76 0.0
7130 R g 20.6 29.4 78 0.0
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731 B 20.7 28.3 77 -

811 I 21.3 30.6 77 -
82 Rk 22,6 33.1 75 - BNA - TP RBR Ah
83 I 24.1 34.3 76 -
8/4 %l 25.3 34.2 78 0.0 BN - 5 (RS
85 25 23.7 26.6 90 0.5
86 1% 23.6 33.2 78 0.0
87 % 23.6 35.5 73 -
88 1% 24.0 34.5 79 -
89 I 23.1 29.9 76 0.0
8/10 & —F5if 22.1 26.9 73 0.0
8/11 24 23.2 30.5 78 0.0
8/12 240 23.6 30.7 79 -
8/13 AW« fiff 24.5 33.8 73 -
8/14  JEBLIE 23.9 34.3 77 0.0
8/15  JEBRLIE 23.0 35.9 73 -
8/16 ¥ i 23.4 31.6 82 36.5
8/17  {i K2 18.2 23.5 89 6.5
8/18 2Ky 17.3 27.6 78 -
8119 £ 21.3 30.6 86 25.5
8/20 WE%E 21.1 31.2 82 3.0
—IRF RN
821 fEfh R 18.6 30.2 81 420  BWA - @i EI

(4) 5 g coOFA (201245 1)
52 A A OYMZE 1 -D>DOIRIZ 200 SHE o, MR EICL BT LR o7z, BT AR
WEITWRPLER LI LA 2 HROPIIIELY RUVICKDMEDMEEY | K 2 FFH T
5 FTATHMRESN, TVICLbEBELBREN, (K& &3)

# 3. 2012 4 5 H OFEMIR T ORGSR (KEUT - > AXTHEE)

= e \
RIKRIE REXIE CEHEE BkE )
HH (6 IF-18 ) . ELES
(C) (C) (%) (mm)
)
5/24 R I 12.7 27.6 71 - AR AR
5/25  [N—MHE 16.0 22.1 83 125
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526 i 12.9 241 68 0.0 BT (BB

(5) 5 Hmsh i CTOFA (201247 1)
5fin2 B HDOSHZ 12D 200 SHEZ, 78 EICLDBNE Lieh oz, BT AR
5 WEITWRPOBIE LI LA, EEBIZT VICEDBENIGE ST, R ibd A =
(BRI e h o Tz, BRI, 3 BIEDS innh 4 B O E T T AN HEI L T
WAHRIZTRTW R o T, (RN % 4)

#F 4. 2012427 A OMEHIRTH OREEM (KART - S < EEEE)

KA \ e \
RIERIE REXIE CEEEE BkE )
AH (6 BF-18 TR
() (C) (%) (mm)
159
7123 R 19.5 29.0 80 0.0 SHA5 B b
724 2% 4 21.2 29.6 83 0.0
7125 2 22.3 325 78 0.0
7126 24 24.0 33.9 76 -
7127 HEH% 24.6 35.6 72 0.0 BT IR
— RS
10
(6) 5 #nshh CTOFA (2012 429 H)
S5#2 HEDShAAZ 1 5D/UZ 200 BHE W, MR Ik BT Lo 70, 72725BIC
T IVIZEDEEPMEE ST21F 0, ARANRTFIZL AR LBEINT, 4 BRIZIZTT T
72 lgo TV, (K]E5M: £5)
15

#5. 2012 4 9 H OFEMIR T ORGSR (KEUT - > AXTTHEE)

KA o e \
RIERIE REXIE CEEEE BkE )
HH (6 I7-18 ) . GRS
(C) (C) (%) (mm)
)
920 I 22.3 29.2 86 0.0 ARG
921 FiMEx 2 195 25.8 91 16.5
922 EWrxE 18.8 23.9 91 4.0
923 if 17.1 20.9 94 30.0
924 Wtk 16.4 27.2 80 - T (L)
IhF 2
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(7) B ToFA (201246 H)

PUEB HORLZRD A AR %A 1 DOUZ 200 BHEVZ, @72 SIC X BT LD
Too BT ABEEITORBLBIER LI L 24, BN D 5 REZIITIZ L A EOREERT Y
ICEDHEEZ I CTHRR M SN 57 8 L TR LTEY 7 BB AETFEE 2L
Ipotz, (RG5M:: %6)

# 6. 2012 4 6 H OFEMIH T ORGRM (KEUT - > AXTHEE)

KA o
KIKEIR mERiE FEHmE Bk )
AH (6 H5-18 AT
(C) (C) (%) (mm)
fE)
6/15 s 14.1 21.0 71 - ARG - KT
#£7. BATOIA 2 DAEFIZET DA
BN R BRLEEED L ] \ % AR
i £ BR s PR EA . AL B s AR
EEp s fEAR%x (7 FFRET%)
452 AH H 500 0 0 -
5632 HH " 300 159 0* -
52 HHE iz 800 0 0 -
D=1 i 200 - - 0

*PUL O RTRENEN B DY 1 E o0 7o SRR HIIER S 72 o 72,

(&%)

BRI D TUZH R (4 7 500 6, 5 lnd4FE 1,100 5H) CpkH (200 5H) A EW L 2 A, X
EFTRTRRBENT, TV, T LV RECHBIND Z EWRINT, 72720, ReR
A CHE - TREONT 22 ERAMEORHAEF ZHERT 2 & 5 &M F T 5 lnghh 1 880
BRI 72 o T2 FTREBME DS TR B AT,

A RICEWEBRICAEFER LIRS R Rolc L WIS, BEREICHESIND
ENIT, SRRSO A LM AREEDZ X b, L L, REEREZMOME CE - 728l
BTHETAMPICLDBIETH, AM~OBEIBIEE SR> T2, BIER O 720
EANERIC 2 DR L 0 ATIC, M TEDLRDL ST RN LHARNRL 2o DRI
ko lEZLND,

Fo, SEBRO—ENEF LU THRERIZAR>TH, BT U 2 SIS TS
HZ ENbhrol,
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PLEDFERNG  BAMI A 2t LTh BAED7 U = LZR AR KL LT 5w
REMEIZE DO TEWE D EEZ BN D,
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BIES BEAEBRHOYHHREZHREIIHRICHFET LWEERODH S B - BREA

BAMZISIT D A 2 OBAER pffi B & LT, BERRAMET ICR W T2 A B o)
BRI RICHFET DI ENEZONLHEORE - REREZLITICZET 5,

S
L7 RY (BEIZLD)
N7 2 (BEIZ L D)

b

A=/ ooz (B, 1929)
7 U ayx RNz (B, 1929)
T rvav R (B, 1929)
ANY I AV (B, 1929)

A~ Fo~<HF (B, 1929)

U A (B, 1929)
NI (B, 1929)
TNV (B, 1929)

T T ANFR (I, 1929)
ARANFHE (B - 17594, 2007)
7 U (B, 1929)

R - ATalIEE] (2007) BPAMCE T D 0 A 2B s IR O TREMERHT FiEOBHFE. &

(oA 2 M D PERERI N I 1T 5 LVttt &

X 447) ,100-102.

RRILARERR (1929) ficr B ASR SEE A, WISCH
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B 6 WA adbBAZHOBAED S U aEM~DOBEFRAICE T LHE
(EBSMEBIZ D EIEAR)
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BR7 BEEBFEDLDTOIA L 7T aDRBE—-ROBLEZONVTOFREE
(ERSVRBIZ D = IELNED)
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BIER8 WA=l VanHRROEMICEETSRE

A Al 7T aDEEE RN DBRRDIEIEZFFO0E D ha i LT,

5 [J5i£]
A2 (F145 5 X H 140 5) DAAL 7T ant AL EZHATRESE, GO
FEIRD DM U 72 2458 1 DS A 3 linsh i £ TN THF L2, #9250 B A =
(K1, 2) NOZRBHIHER LT,

10 S s
X1 WHEDSNE.
EENIDOREIZHMNTNT, FROREIZES AN SEA N -RE,

™.

A
52m
3.2m l/l
\ 4
v /
€ = 10 m
7.6 m
15 K2 FRALEFRBEOXKES

MENIZIT, M5 KD 5, THOBRRESLEMOWEFEDOE L 142 1 B2 ETV,
Z OB, ZBHEROBRBAEF L TND T E 2R LT,
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[R5 R ]

2008 EH TR NITAZHES LIRS i el L 7=, RABRDOFEDRHER STz, £ D
%, 2012 FE RIS A [ L CRBR A T35 £ ¢, MO P CMEER D% R Ak
AL THWDZEE, FIC 1L EEGE S, 2B, M=RNICIE, EERHRE THD
SERONFHIERELTEL T, RMEEESHE SO HBIE S TR,

[#%]

KRR TELNIZFERIT, IA 2L 7 T 3D R OZFOBRITHEEN DY | iR
RBEDR VR THIATHAEFTEDLZEEZRLTWVDS, ENTOREBEE L UL, BE
(1927) M Fs £ T, A - K3 (1939) B R E T, TRENRREABTOMEEHE LT
W5, ZOZEMNLYL, A 3L 7 U aDEEE KR O OBRRITITIEER & 5 Z & M3
RTE D,

IBEWRef (1929) F& L BEORR. A BSMEEE 21, 59-64.
RIL TR « KFIEH (1939) HAE L FARE OAZMRICRE T, KA ER, 394, 71-82.
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B9 BRICBITIDNA 2L 2T aDRME - ROLEFRENCET IHRE
(EBSMEBIZ D EIEAR)

95



BIES 10 B RYEIGF OHEERLS
(ERSYRBIZ D = IELEH)
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B 11 ~AR—TFF 2 I ROBEERFS
(ERHVFR =D =IENEH)
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B 12 BEFEAICHWZANVSR—FFZI FRBELTWARWNWT &L ORER

[J5ik]
Gs X (ZEMZERMER AN E X 14 2) OB Tz 7 = (GCS500 &) @
5 finsh i O%ERER IR D 2 7 5 DNA 24t L, 05 ug Z## & LT, KOD-plus & H\»
T30 %A 271D PCR ZIT\V, IR BER T O—EAHE Lo, BMIHRALZRT720, ~
NWN—T T A REEMEAIR L T L L7z PCR £1T7->72, PCR X 50 ul OFIGHR TIT
VEDIBS ul B 1%7 Hu— AV TESIKE L,
TIA 7 —OREEINILLTD LB,
pig-TP4868U25: 5’-TATATCCCAAACAAGCCAAGTAAGT-3’
pig-TP53941.23: 5’-CCACCTATTCGTCTTCCTACTGC-3’

[ ]

RIZ A A 27 7 Az 1 28— piggyBac S5 ER B DA SN TS ET5 &
A2 ) 505 pg ST 5~ NR—TFAI ORI 6 pg L7285, PCR DfESE,
ROLEY, THRSNBFA X (550bp) D/ KA, ~LA—FF 23 R04pg b bk
HT&—J7, KBz A 2D 7 5 DNAOS g HidmH SNtz b
MNH, KB BZ A NI~V N—T T 2 ROBHIDFERAF L TR0 2 & D3R
T&7,

M1 23 456 78 9M

(bp) =
2,000 — -
650 —
500 —
300 —
M NFEX—H—
1 ~NJL/S—DNA  4ng (A4 245/ LADNAO0.5ug TM 700 O E—4ITHEE)
2 ANJL/S—DNA 40 pg (7aE—5a)
3 ~JL/S—DNA 0.4 pg (0.07 3 E—%)
4 AJL/S—DNA  4x103pg (7x104aE—%5)
5 ~JL/IS—DNA  4x105pg (7x10¢a E—%)
6-9 : GCS500 %4/ L DNAO0.5 ug (FhEFnBIERK)
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BT 13 BASNIBBROBEMPRERIZ 1 a L —FET 5 Z L OB

[ 5]

B2 4 = (GCS500 &#4k) & Fidin /L A 2 (Hh 514 52468) & D FilAE
+A2ZR LT, KIS (F) TODBEZMRNT LT, 137 (X)) OIS b Lo
R 2 4 e RBRBEMEE CBIZR L, Bk~ — W —THh DOt 7 B DI O A 8 % 1
LT,

[R5 R

Fo AR OISt 292 BH> 5 & | IR Tk LA J8BL L T 28K 23 220 5 (75.3%) .
FELL TWRUWMERD 72 80 (24.7%) Th o7z, F HARTEM:~—H —Th D ikt %
FHLL TWAEERK 4 00D 3 ThHholzZ b, BABMLE 1L GCS500 RALDS / L
labv—ffAShTnsEE2LNS (CHEBRETP=0489),
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BHR 14 BASNIBBROBEY OBEMRIEBT 2 BEOREH

[J7i5]

BB AL 7 A = GCS500 RADBEH DAY (Gs AR KNGy HAR, A S ARV BT
il 14 ZH, LLFRIC,). GCS500 Rkt & s F#l# x I = (1 515 5%Ri#L) D
Fi (G2 tfR) ROIEEIS AL X A = (1 515 5 R#t & H 514 57D F1) 726 6 817
DIZONWT, 5 WS OBERERIR B 7 7 L DNA ZHItH L, 7 2% H g 70 24
Y- a v &iTol,

77 5ADNA % (2 pg) ZHIREESR Msp | TIHIE L7 6, 0.8 %7 Frn—A 7 L TEK
KBV 21TV, A a2 A7 L Hybond-N+IZ T A7 7 — LTz, Fu—71%, EWEEE
PRSI E R DX 10 (2~ K 9 1T piggyBac R IZF%E L, PCR TERIL 7= (691 bp), 7
TA~—OEHEBINILLTD LEBY Th 5,

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

557~ PCR FEY) % AlkPhos Direct Kit (GE ~/L 24/ 748 ZH\WTF~L L, CDP-
Star #FE & L TSR THRE LT,

GEED
BUZRT L IIC, BASHNIZBIZFIINA 25 ) DL EMICHER STV D,

GCS500 (Gs) GCS500 (G7)

(bp)
3,000 =

2,000 =
1,650 =

000 [rogeeppeegng—g——y ~ 1 TR 1 B

850 ==
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§1 515 S xGCS500 & 515 Sxf1 514 5
(Gr-2) (GFHB#R Z)

(bp)
3,000 =

2,000 —

1,650 =
- s e e e

1,000 —

850 ==
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B 15 BASNIBEBROBERY ORE KRR OHAR TOREZDOLEME

[J5ik]
BRI 2 T 4 = Th 5 GCS500 Kt (Gr #HEAR) . GCS500 Ffit & FifsF#i#HL 2 A A
5 = (1515 5%/#) D F1 (G hfR) | FEBIsFHBLZ U A 2 Th 51 514 Fft. H 515 %
& 514 BAHED Fr 2 FRNCEE LT, 22 3 EIRIZ OV T, 5 #insh % R4
754 RNA ZHiIH LT, 74 704 > H 808G ICfEA LW AER 2 s+ 5 RT-
PCR #1To72, RNAIZZNZIN L ng T 2% HV, Wi EREE AMV Reverse Transcriptase
XL (BT, A) IZL>TDNA ZEKL, DI HD 204D 1 #8A L LT LA Taq
10 (AT A4) TPCR Z4ToTz, 774 ~—ITEMSHEMEREFMED O 10 (2 [RT-
PCR O#iPH] & LTHIRL TWHER D ZHIES 5 X D ITRE L. £ OHERSNILLI T O &
BYTHD,
KS446: 5’-CGCTCTGCAGTATGTCGCTTATA-3’

KS447: 5°-GCGGACGTTACGACGAGAATAGT-3’
15

PCRIZ 10 ul DRUSHETITV, DI HD 3 pl % 2%7 v —A 7 )V CEKIKE LT,

F72. RT-PCROKRTT 47 ar hua—/L & LT, rpd9#fsy (VARY—Lx /7 HiE
fnv. 77y a &S NM_001098282) @ PCR H, 1177, rpd9 Efn D7 74 ~—D
20 HEEEBRANILL T LB TH D,

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

25  [#5%]

MoOEEY, TRINDLYA X (748bp) OLZEFEKO PCR FEMN, BI& THH X 114 =
TARCCRBEICHRI S, — 07, IB8E R I A 2 TR SR i -T2, £72. rpa9
BT EWOTNOMEEND g Sz 276 bp), ZDZ EnnDh, ARIOHFEICHWHE
(LRI Z 1 A 2R FETIE, BABB T DNLEENITHILL TVD 2 ERHRTE T,

30
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GCS500 514 &
< X X <
[ GCS500 F 514 & 515§ 515 & [
A (G7) (FEHBHR Z) (G7-2) (GEfE#z) 7

L]
!

(bp)
1,650

850
650
400

-—
—_—
——
-
——
—

i

222 Fibroin H

(bp)

500
400
300

200

- A A e R e e
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15

20

BE16 HET7 4T uf  HEF I BEOREE

[ k]

BRI T A 2 L IEEEFHBZ T A 2ITHONT, BED L v 7 E A2 BRIKE L.
BETHEZ A 2 CTRATLIUE T 17 uA v HEY XV EOEE, NWEED 7 47
A HEZ R EOREE Ui, MR (L#2 0 3 ) & NTEEC, HmH (4-
5 i) #ZIETHE Lz, RRFIIUTO B0 & Uiz (EMSRERETMmE X 14 0
Gs2) .

AR THHLx 1A = 515 B X GCS500
SRR & 72 5 8 s TR 2 0 A = 515 B X H 514 =

KO T2 g 200 mg & 40 ml @ 8 M JRFEIZAILT 90C T 1 KfH]{EWV 72112, 8 M
RFEKOKTOWRE, =5 /) —/)LTORKERKRT, 80C, 30 /3 TSz, Hohici
¥t 80 mg & 2 ml OIFEMEHK (9 M LiBr, 10 mM Tris-HC1 (pH 9.0)I1Z AFLC 37°C T 3 K]
BTS2, Zh%, SDS-PAGE (Bio-Rad TGX Gel 7.5%) (Z7>F. ATTO EzStain
AQua THfL LT,

(i ]

MoOLBY , &ET7 1 7TaA >y HEY 7 GITEE BRI A 2 TORRH S,
SDS-PAGE TOWZET + T uA v H#H LRI ED L FOYAME, WERED 7 4 71
A HBEX P RTED 200550 1 ERRETH ST,

1Lb—2m 30 g 3 pug 03 pug 0.15 pg

JE # F M F M F M
fﬁﬂ{ﬁ%ﬂ?ﬁ%ﬂ#ﬁ‘fﬂ#ﬁ
oz B Z Bz B

Z

z z A

(kDa) <«NEMET74 7042 HEE

160=
110=
80=
60—
50—
40
30=
20— %

*HLET4TOC4 2 HE

< P25/fhx
P €5 Jnq4 L
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15

20

B 17  ShEEO LR

[J7i£]

B FAHIAZ T A =2 LIRBAR PRI Z T A 2D T, bR M OB B % D K ER RTT D S
h (BE&|) OREZAE Lz, #EY 1 #E»S i) 2 N LakEC, &Y 4-56) %
FEETHE L, BERBITUTO LY & L VEMSERIEZERHnE X 14 O Gra),

Bz 1 2 F1 515 2 X GCS500
KR & 70 B B R 2 T A = h 515 B X H1 514 &

ALIEZ O BIZOWNTIEL, 26 BHD 47TBHAE D THRELZREL, L¥HbH Y ORE
BEE L, 4 T A—TFFToORERIL,

2EAEIZOVWTIE, 10HZF L O TRELZIEL, 1SV OERELFHE L, Zh
. BIn PR A 22O T 14 1], IEEEFHEBA T A T O T 12 [ D K LT,

3B LAREIZDOWTIE, 1EHT ODREZ | BISFHMZ I A = & IR 7R 2 T A
IZER 40 BT OMIE LTz,

[#55]
EN 5 BEER 2 & 3R 4 BT 5 Bt
515 5 x
0.385+0.0452 4.66+0.199 30.7+£3.09 181+17.8 797+72.4
GCS500
f 515 5 x
0.391+0.0332 5.32+0.208 29.6+2.60 175+13.6 815+74.3
514 &
(AL - mg, P =R =)
P (t#&3E) 0.85 0.00 0.11 0.14 0.27
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Bl 18 WERCHMEBED LR

[ k]
BIEFHBRZ T A 2 LIBBEFHBEZ A 2OV T, A RECEE Lz, BiE
5 iz 1A 2O 65 fH (XA 35{H, AR 30#) &IFEME B A 2 ORE 77 18 (XA
A7, AR 30M) &, FNENELOTHWE (WM EZmMOES) LMEE (2o
iR PRV B S) ZFHI L, 2 08 S Z @ OE S CHl - Tl 185 O E & g E A H
MU7, WESSIE (MEE) / (WHE) = WESS) L LTGHRLTWD, R
UToEEsYy &L EMSERIERESHEE M40 Gra).

&

10
BRI A 2 515 B X GCS500
SRR & 70 5 FEE s TR 2 0 A = h 515 B X 514 =
[FER]
WE FEE WESE
(9) (cg) (%)
th 515 2 x GCS500 2.19 42.7 19.49
h 5155 xth 514 5 2.19 44.3 20.17
15

Wil B (TR AR R T A = LIRS AR 1 A 3 TIEWA R o7, MIEEIZ OV T
(LRSI N A 2 IHERE TR A 2 XD /NS Do Tz,
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20

25

30

BIAR 19 HEREB XL UAER DR

[J7i£]
B FAHIAZ T A =2 LIRB R R Z 1 A 22OV T, Rk T OV RO R i L
Too BRI T D & B Y & Lie (MR E 14 ® Ga),

B A 2 F1 515 2 X GCS500
KRR & 70 2 I8 s TR 2 0 A = 515 & X 1 514 =

AT Z T A 2 L IBBIGTFHBZ T A 2 O 10 321200 T, Kk 0 R (O
Z X FEE 1125 m) AW THURZ TR o7, BEEY 50 [H] (5625 m) I &IZfEAR A
MR D HLD A U CREE S 7%, IRJE 20°C, JBJE 65% T 24 FEEFE L T L& L
7oo ZOfEEBAE (F=—/1, d, 9,000m Y470 DEX% g T/ L7-HAL) ITHE L.
R 189D O SRR AR T,

58 P AR

R TR Z D A 2 L IR TR Z DA 2 ZNENOR G, MRE A B BhEsc (8
PEBBNEL, CT2 ) Z MV, IHMREEICHE L T, HAGEE 27d, %58 200 m/imin Tl
B UTAERERZ, 2, BREHZ XD 100 [EHEE S (B & 1125m 04R) 2/ER L,
IREE 20°C, 1BJE 65% C 24 i E L Tb T rvay (AU =r7 v 7 TRA-100) %
WVCHREE 2 IE L=, BB AW -30EHR 13 100 mm, ZE{H5HEE 1T 150 mm/min, 5ABRIEIE T
50 [E]& L7,

G pEaR

0T T ENENOYEE K 100 ml (28 LT 0.05% D%k 2 ER L, %
Rigs 2 VT 60°CE CRIBEME L 7=, = 212, SREERER & [MERIC/ER L 7= 100 [R5 4 %
AH, FBOITIREE LD S HICIREE B Cta LTz, Tk, b L7725 % T
KBEN LT B RGL LTz, B L CREIT AR AR (=03 /L% CR-400P) Z M
THE LT, MR LEEIES5EE L,
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GEED

HIRPE o & OV EE
R FARE (d) S (g/d)
1 515 & x GCS500 1.35 * 0.157 5.14 + 0.0744
5158 xth 514 & 1.54 * 0.0897 4.89 + 0.247
5 TR AR

WAL do K OV & & IS TR R 0 A = & IERS TR R 0 A = THREHFIN R A B =
B LI (EBH6H P<0.01),

10 Yetafk
n—& I Y
EX L& afé b &
& 515 & x GCS500 439 + 1.96 711 + 2.62 -9.29 + 1.42
515 8 x 1 514 & 53.3 *+ 0.698 709 + 1.58 -15.1 + 0.676
P (t#&%E) <0.01 0.89 <0.01
2L AR YRR
77 vy
EN L {E afé b {&
# 515 & x GCS500 828 + 0925  -15.0 = 1.55 95.8 + 3.49
515 8 x 1 514 & 87.7 = 0.743  -27.9 = 0.804 79.3 + 2.19
P (t1#&3E) <0.01 <0.01 <0.01
15 EE) AR YR 7

LAEITAETO () ~100 (F). affis b EITEAETO TEYA, afliZ7 7 2D KN
TR, A T AOF AT . bEIXT T ZADOFEITEG, <A F ADOHEILENMHL
2%,

20 P XIVPABIOT I EVREEL L THBEB BRI A aDERDH T L ER
<, BPFESTND ERD DI,
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BlES 20 FHEBE O LR

[ 5%])
Bz DA 3 LIEBEEFHEL T A ZIZDOWT, ZRIND 5 Bah i b9 2%
5 ATHAMMSE I LT, B RHITA T DO LRV & L (AWM 25 =
14 D Gr),

B2 1 2 F1 515 = X GCS500
KRR & 70 5 I8 s TR 2 0 A = 515 & X 1 514 =
10
RE. AREZKEIN X, ZREIIRRA OB OB A GRD B WIID = & FEIR & X,
ZREIX LTI AN E R oD L2 S 9,
[#ER]
15
N3 , , BitH4
EX B 20k 31 DR %k
IRk (%)
th 515 & x GCS500 2,482 522 172 1,788 91.2
m 5158 x$h 5148 3,216 74 106 3,036 96.6
PEBREE I (R0 — (R2REIE)) L TRILTWD,

A TFHHZ A 2 LI T A 2 L ORIT, BILAERICHEEZEITRD N
20 o t- (A ZFHETP=0.053),
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BlEs 21 Sh HEAR] O b

[ 5]
G Z A 2 LIEEE AL Z A 2 HONWT, DA ZIE T LT, SR
5 Al L7-, 4 CEEE A 200 BET O F A 2T, MRAKITILUTo LB L L= (&£
Wy AR B A 14 ® Gr.p).

Bz 1 2 1 515 2 X GCS500
KPR L 72 B IEE I 2 h A 2 515 B X 1 514 &
10
FRE . ShHEEIRE &%, L U U R DR EE AT - TS . BiTERR OBIEICEE - TR
AT 5 TOHMESE 9,
[FER]
% HR #ARS
()
th 515 & x GCS500 22
h 5158 xh 514 8 23
15

AR TR A T A 2 IFEEARFAEIA R T A 2T~ T 1 RN T,
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BIER 22 EREROLLE

[ k]
BIEFHBZ T A 2 LIEBIEFHBEZ DA 2OV T, A RIETHE Lz, 4 HilE#
5 THA%K%E 200 BICE A X CHIE L, B & 1E- 7o EikEk (RElath) 2388 Lz, fEmatcs
4 B CE ST EEZHRE L L, R FIEIUTO LB & L (EWSERiasT
it 14 D Gr2),

B2 1 2 F1 515 2 X GCS500
10 xfHR L 72 DBz 11 2 th 515 B X H1 514 =
[#ER]
4 EiE
EX 5 . EHMER
EEH (%)
th 515 & x GCS500 200 195 97.5
h 515 8 xh 5148 200 192 96.0

B A 3 LIEEG B A 2 & DOREIT, BRICEEZITRD b n
15 7= (A4 _FMRETP=088),

7B, MEEL R ST EERIZONTIE, ShEHTORTZMER LT,
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BIER 28 ShHDOITEID LLE

[ 5i£])
52 HEDON A ashhz, 48 18 cm OHE OO Y|z 1 853 & T 12 R A
5 L. ZNENDHA aNtDGFNG EDOL L\WOEREEAZBEN L) 2itikd 5, 555
WZLLTFD EBY & L (EMS RIS E 14 D Gr).

B2 1 2 515 B X GCS500
SR L 72 D IEB n R 1 A =2 515 & X 1 514 =
10
(#5521
BENIEEEO FHE (HHEME R (X, Bl Az 4 2T29cem (£25cm). &ML T
WLz 1A =2C29cm (£1.7cm) THY, EFROOLNLr-72 CRETP=097), F
7=, BEWEREZ 2cm 2L Db A RN T AR TE TFTRO LY IZR -7,
16 -
g8
~ 14 A
m 15155 X GCS500
12 -
O /5155 x 5145
10 -
8 .
6 .
4 .
- IT ﬂ
O . T T T T T - 1
0~2 2~4 4~6 6~8 8~10 10~12
(cm)
15
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BlEs 24 PEEIREL O L

[ 5%])
B2 A 2 L IEEE B A aFNFIL208HT DD X A& %2 - El5E &
5 Wi-t%, P18 em OHE OO HIIZ 1 BET D@ VT 24 R figE L CRESi S, =%
NWOPFEINS A LTz, SR MIILLTO LB & LTz (MM AR E 14 O
G72) o

B2 1 2 F1 515 2 X GCS500
10 xfHR L 72 DR x 11 = th 515 B X H1 514 =
(#5521

1S 70 OPEINBIILL T D LB Lol

¢ 515 & x GCS500 531+179
5158 xh 514 & 736+168

15
B2 A 2 OFEINEIIIERIG A X H A a2 DFEINE LV Doz GENRZ
W L BRI S L7 tBE T P <0.001),
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20

BlH 25 BEIRITEhOD HLE

[ k]

AR TR 2 A 2 L IR TR X A 2 ZNZE 20 BT DD A A A2 LR » FE S
Hi=tk, PR 18 cm O OFED iz 1 BETDE T 24 B fkE L CREIN S, Ji1 >
TODOF LS ORIk LTz, fERIILL T O LB & Uiz EWS Bt 8=
14 D Gr.),

B2 1 2 515 B X GCS500
SRR & 70 5 8 s TR 2 0 A = h 515 B-X 1 514 B0
(#5521

BAR TR X 77 A =2 LIEBAR AR Z 1 A 2204 20 BT DIC OV THILD 2 cm
T OIOHEAEAEF LT, ERNENOINOREIZKIT 2EEEZE A RN T AR T L T
DI oTe, B FHAZ A = L IFEAR R R T A = TREIMLE D3 A IO T
MEH PR B BEZITEO b ol (ENRWT & 2R & L 72 Mann-Whitney @ U
#7E T P =0.085),

0.200 1
m 15155 X GCS500
%)"] 0.150 1 075155 x 15145
2|
AN
= 0.100 -

0.050 h [
0.000 . T T T T T T
NSNS

N N A A G
LN N N N

ity AV D BEEE (cm)
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20

B 26 HMORFERLCEBTILEZIEEOUR

[ k]

MRRAT LT A 2 b s M E I3 B2 e L TR E L, Thve 1%RA L7
BolkEs 2 R LA (7.5 em £4) (2100 g oA, 17 vy al— (ke 1
30 Kz FETE L7z (FlBRIXIZHOWT 5 i), Z4x 20°C - BAOLOSRMFICE &, %
THTHEFELZMAEL, 2 M TH EMAREINL T, —#R4720 OFfFEZ A Lz, #Uk
BRI ISR T > TR0, BEERRFITBL T D B 0 & Uiz (RS ARk A=
14 @ Gr),

BRI A 2 515 B X GCS500
SRR & 70 5 FEE s TR 2 0 A = h 515 B X 514 =

[t 2]

Bl RT E30 BIFREM EHOERE HIZ, BRI A 2L dRERDIEER
BT Z A 2 & OB THREFHIRAEBZTRD bk hofz CBRE, 7 — X OIESLE,
SEAHMEC OV TIEW TR b A S L _

. RIFFR P=052 P=0.23
Do T, FEEHFRITOW T ELZS W% D - ]

100.0—= | .
t FRE BTV PAEIXSNHC 0.58, #T 0.20
75.0
Tho72.),
# 500
250
0.0

BHEH-UVOEE= P=0.99

FEHE (%)

0.090 ]
—_ P =0.10
[a)]
2 0.060—=
B [ ]
B 5030 II
0.000
Et T 3 T8
S 2@
LS 4
0 x v ox
w0 w0 o
' 5 ' 5
H H
b=zt #
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15

20

BIER 27 HEBEWICE X D EEBO LK

[ k]

IR L7201 A 2 5 lindh b E 72132 HOR i L TRR & L. BITRIC R 285 Lo
O+t (BEEHFEL TW2RW) I8 1%DOEIE TR L7-, 2015 100g IZHE 7K 50 ml %0
2RS¥, 25 C T2l ER Lz, TDO%, bg 2ME L T 45 ml OWEKERA LT
%, 102~108 5 7RI 2 1B L7z, SRIRE ISV TIE, 102, 103, 104657 KiE 200 1 %
Eff9cm vy —L DO —AXUHUREH BIZBA L, 26°C T3 HfEFE L%, 2 n=—
Baiit Lic (FRBRXIZOWT 5 )IE) ., M « AEREIZ DOV Tk, 104, 105, 108 57 R
200 plZEFE9 em ¥ — L@ PTYG B FIZ®AA L, 25°CC 3 HMEG®R Lotk, =
Ho—APHE L (FRBREIZOWT 5 KE),

HERFITLLT D LB 0 & Lie (SRR AN 14 D Gr2).

BRI A 2 515 B X GCS500
KRR & 70 2 IE8 s TR 2 0 A = 515 B X 1 514 &

[#:2]
BT & 350 T & AR - OB & b1o,
BETRURZ DA = & KR L AT ARECR P=010 P=015
7 — —

ZNA 2L DM THRHFN LB EEZITZRO LN
ol (EET P>0.05),

—# (x 107)

A
C=aNWh OO
[ &

&
3
S
i3
-
0
o
o
&
T
I
o
o
o

r

ZD:—ﬁi(x 10°)
—
— |

WILEE [

h515x 1514
F515 x GCS500
th515 x 1514
$515 x GCS500

&
iy
i
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BT 28 MFHE TORRNC X 2 FEREORELOKRE
(ERHVEBIZ D ZFELNER)
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