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RE S Tl 0k 795 & 51 & i 2 901+ H Nosema bombycis DR INEYL %[5 < 7=
PEIRSZ DI A D A AR RN F B2 RA L TV D E D & i~ 5 R A7 —
AT, B M L7 A . IR BEs S D,

BIE, AARENOZ K OFBERF TIL, 5 3 [BIA OBERTE TOHH (10
HRIRRED) (3. IREE - WREEDNE PR S 4L, TR E R A MR © & 2 MR LR H AT C
LFREFAEFTEZIT-oTEBY , ZOMIZALERZHND Z ERL 0, HFEERF TILIEHE
DIESERTTAA 7 22T B> T 4 i bERETOEFT LM L. 12~13 HHfRE TS
Esh SR 2 BIbA S5, HoRBIGADNS 10 B RIRRE CRiOBME T, M Z L ICXBIL
TRIZAIL, BORTHFITHATT 2, WA ET 5 &0 HoARBAA D 2~3 @R T
RRAASPUET B3, fE DR D & OB ELRITHE X 22N 2T TR RO
PRI &0 LoD & 15 % S AL CRASMIE S 72 < 72 D 7o o0 (BEEFE TR Z AL S8
2 L3 R TISTH I bICBRSFIC LY a2 iz S, WEOmmER L, i
WBRAELDZ Lidhen, o, BEREF I REMELZIEAL CTHET 2720, 81D
fibiewn (X8),

CPELETT U B e S RO T >
£583 || amEcomE ) (R R E LAY
E T T EIN f
MW E TOHE HOWH
—RAEEROWA f
HOKR (REL)

8. —MRMLTEFRDRN

FROFBTRECF TR, JESCHEBERZOFEFICL>TRRLIN, L x
RS IRICIRBWTIE 5 A Bf2D 9 A TR E TUERM 4 RIOEE 217 2 Ha 2 (X
9), BESIRTMCHETTO Y U ap i AR & i+ 5 &, KEY (BEH) ofkd
DICHIZ RIS 2R & 7 U a i B ORENERLGE LERLRWEERH S (K
9,
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(B WES (I|INN) uUav

M9 HEETOIMIDHABTRHALITIBBORERHNLEOLE FIRISE)

(3) AEZH R OAERERRL
A EARRRM

A AOINIRALE L3 mm, EE 1 mm, JEE 05mm < 5 WVDOF2WNFEHIE T, SMil
EEWIFR TR EN TS (R, 1995), HARRET LFIC LEIL R E# Y KRS
IUARIRT 2 LABMERAE & | 2 FIHEAR A M0 K3 2 (bPERHE, IRER Lo THAR A 4 0 K
TEMERER DD (AARERTFE, 1992), 1 AKPERFER 2 (LIERFEIIE B G100
OFFEREOFH, 2E: UIOMEERZTE) 72 £ Ko T, WHERE A A 200 I8 AT 6E
Th D,

WHE 4 E ORI 2R T, Wbk 25 AMBRECERMT 5, TO%, WoH Tl
T 2~3 AL TR RIS 72 D (FR. 1995), TEImAY 72 EIRCH B RIS ORBIZL -
TIE W L0 1ED 7220 3E O RFEEZ DR ICHIZ R 2560 HD . 20X SRl A
o SR L RS (BZRTOFIIREEZ THR) LS\, 3EIH OB D% O 4 i Fofk
fih & 7o TEDRITHC 2D Z &), —IRED 4l (BkoShhM) XEwE o
A D 4HHAL Y BEBELS N, 1954), @FOIA 2 481 HOBLL DT
FRE L TOWAHIMIC, ZIRBIIREZERETL72OICEKRZENT 20, BHICHRATE

HIcHER S5, BIETIE, AR EZBERFECHET 256101%, 3k E TR
JERCIRENEBE S N g CA TR 2 52 CECHZ L CHEZRESE TR, =
IRENECDZLITZDOOTHTH D,

W OISR L0 Bx T, FEMAL « (BRI - R 70 B3 d 513y, 2 AL B3 1D
Dl ZEEALEM L H D, MOBITHENRZ VN, RFICL - THE - Af - ikl
N> D,

A I THERNCPETHEDO 7 U azlifb L THEEbLENTEB 2N TEY,
BITEITEERME DR D TIME L TV D, 728 20, SRR < o THLIBE RGN D
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SMIHID 2 EMpnTed | BEREF TIIAERRICE LT LI L RIMAFEL TS, %
7oy BHUSIEH D53, R KENZ &ORAMH BTN =D, PUTT=< 2 &IFTETH
REZ LT TERWVAARBUIA AL RO T DT = v ® &AM 5 &M
EPITHBNTHRET 5, KBBEO A AR BRI TN 2B SHEINT D, A AR
FEDNS D& Z G~ T2 & 2 A R 18 om LANIZ 85% DR & EA Tz (A B 2014)
FERRFEICB O TUIWAEL 2D TE TV 72O E LI AR S HTZ b
WHEHZ N, WA 2T T aD k) RIEEITEIZ T 52 LR KELHAD LD
PIEE L ETHREAD R BRBER T CRAREDHMEBEN LI EFHMN%E K> T
%o BHEOAETFHMIE, RBEWVWRK T AMEoWERH L (B L5, 2010),

ek, 7 U aDEARHFHEIZOWTIIRIG 1 250,

7 ARXIIABWREREREOSM

MHPUIREDO A ZER L CRE L, R —U0ER - flukz{ThR (HAT RS
2. 1992),

I A A OEGFARERIRERAIT R BRI L > TR, BBLRT~40CTHY
FEHRIEET TEHDIT20~30CTH D (fRH, 1979), WMEIL, & &5 &IRIRMAE
PRFELRLT 20 | KT ED LRERENCTRD, o, 1 TIHZENEE
L<. 5 HiClEd 2RREDOHBEREEN LWV, WIFIZ L TH, 90%LL X 50%LL KD
WETEFTICAES THS (RH, 1979), SEONFMHTEFTORIVICEEL, BIT
16 FERE, 5 C 8 KR ICT 2o kv (M, 1979),

A FEARMIZEN THERICANTHE SN TV D, FERSRL. 5O H O
BUC R o TR D, 2 OBBEREFZTIX B m M EESH+ ecm &2 v,
AWz 0 (5F) 252 TREFABEEZTo TS (K10), BEEF CH®E
EEIET 286, MERZ AT D720, MERRIITEELT LI L1320, BEREFK
TO 1 EIOfGEEIT 10 HEAREEE A ERIMTZ 0 KB /e 88 F Tl 1 [B1Z 30
EEFEET 560055, fEI o TEL 2REEDFRBEREDEIT, fF AR
HiIFIZ L > THEHET 528, 12,000 SHAfH L7256, 400 kg FREDNAE L 5,

10. FRICKDDMAIDKELRABTRADORIFZDH
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A A AL R OEENEIARD TS | B (F2E) R < o THHREET, FORWE
WTHEHF CTE D, LI /R - R (1960) 1%, 1ZF O R ROEE (K20
BB B) SRR E BB R CH R OTEHFAZ T TV 223, BENOM
BHRIFHOIMTE BD N D Z & id o T, £, HOMIED 55\ ARIZEIN D3
BHZSBRAZENTH, RFEICIVELSICETT 5,

S ORI A TR T D81 (ER]) IR Z L U TTEINERICRY . |k
T ~OBENE BT 20, RO AR EWMEIEL Z LN TEDRGICEIET S L, 22
TBE#ZOO AR T 5, BEERZ T, M LE KON RE (E50L) 2%
HoHAE U2 RspE IS A B O T2 EL R 5 FIER— R Th D (K 11),

11. [EERrRD B
LEPDOOA PRV LAIZBET EHE. ENEATHENEEZRT 5. YR
ENBIEITKY., AL L2RIIHFICHAL, IREICIET DEMEED,

WEOBRERFIZB W TITMOBRPE T T 2720 mAAEL D Z &idkn, £z,
FBETDHA 2DIZE A LITEHORFEEZ LB L CTED R TH Y —HOEEE
FONH DEARE (JPERE) 972 2 L1370 o BRBFE TR A A U ST Z L iER0n,
JEZED S M SRR, B A MR U CRBIRAET 2 72 IR T35 T (YR
HTMARSEDL L) SN0, WP OMIZMR BRI DANCT R TR L &2
Do BCRITHAITH D05, A D ENKEUL L TNDH Z EEIZ LD BIRESEZ &n
TET. EHEZHNTHITT 52 & TREIT 2,

A 2D HRIE, AROEENMTEENRODEIMNIE SN D &, & ED 2 L A7R
W, BETHD 7 VICHET L ENTE RN, £, BWERETHS 7 U apdih
TR BREOT- D DOERESCEEZ RNTEY FERBIZE-> TR Z &b TET,
SEYS « M A2 R D B CREIET 5 2 & CHRUCEREET AITEh L IAL N2 e Enn | S
RERICHEOIIHEISND (IR 4), BATHALBRELTEH, REZ 12
TERWIED, BENTZ GV D A ZARRBIZEET 52 N TET, AARBNRAET T
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HELNCT VEITHBEISND Z D=0, ZE - FEIIT AT E A S0 (B
w4,
k. 7 U aDABTAT AREREBEE OSLMEICHOW TR 1 & 2R,

5 N HEMSUIFEME

= EFESUIMFADOREN

HA TG Lo TECTINN D RAET D HMEAEMEZIT ),
10 72> B ORIl (BEROFE) IFFRIPICEE 5 (k. 1982), ®EMIESEREO:
DI A 2%/t U TINE R D BRIE, P LR R 2 PR O 9 BICRRIE, T
B OBERUCONT THEIISE 5,

AZRBFEHELEEE, BHO 7zl bE7cn®y (Rrea—L) &
REHITHEH L CTARARRBZ DT 5, AT & RS ENRE 72 TE AW
15 e, T = m A LT A ARCRIEARN T A AR AT, P U 7o iRk th &
—REICRBMCAN TR & AARBIFTZE DI T = v 2R LT A ARHRICEE
T L CRBERRGT 5, &&JBDEAL LTe T ITIEERNNZ BN S8 TT iR LT
BHEAELH D,

R AR S RIT. ABANCEIZ Mz 2052 &) L, EIHOMO LiZ
20 A AR BV CREIN A Bl S 5, FEINTEIESR T I EDHE L H DD, £ D
LA T, AR 255 HURICEKE 2D UMD, 1962; &R, 1969), %
HBD A ARLBIIFEEIVH DD E2 & e d B2 ORRICINE (75 S ¥ THEINT 5, A ARk
1 O EEIIE TR R X% 500 A% TH D (FR, 1995), 7ok, EE OBBEZF TO
Rl AE PRI B WO T AT e O SR TH5% Clli 2 W08 S il 2 3772l g2,
25 FIOMRARMEIE, EARIREE T LARIC 1 [ LR 2 48 0 IR S FUMAIR T 5 1 (b R#E,
2 [A AR 2 0 T 2 AP SRAE S OMRHR L 722 W CHEAR 2 0 K3 2R & 5 (H
AR, 1992), BUE, WAEEDOT-DICEE S5 OIT bR UL 2 bR
TH D, MRS 2 PRI B SR LI O PREIRE OE BRI R I k- T
WEALIE 2 N BRIICHIE TR T 2, —EMMLA_ LMW IRAE L7RIRIR % 25°C CIRIR
30 T 5 &, 10~14 AFEREE CIMb3 5, FERBRINIZPE T4 10~14 H FFRRE Ckd 5,

LTIV HEARENRELZENH Y REZED A AR EIN L 7= Rk
GRZ fgiE LA T, 10 AICP b L7z A A pk i 150 BH23 FESR L 7249 49,800 fll O AR5%
FEIR A AR F EhkiE Uiz & 2 AFFIZ 132 51 (0.27%) 23 L7=f1<°, 6 APk
L7z A AR 621 BEASEEYR L 7249 120,000 fH DO ARZHEII 2 HARD EE s L7z & 2 A%
35 Iz 22 58 (0.018%) 23k L7=fAsiE STnad (JITE, 1934),
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A 2FE DO THRECEELENZRERTHY SRIFER 2L RoTHITL AL
BEET, BRATTRS Z L3 TE RN L BEIRE) 238D TRV, RFRIREIZ i 2 T AL
THGIT AR L TBEIT 22, B RwmOM 7 EERMICHE LS biud, oI
EEFED, T, BAMNCKTET D Z Lid < BANVTAEFUTBIE T X vy (B4t
TOHA ADELFIZOWTITHIR 4 B, £/, BINIB T DA 2 ORI 2 &
Iz OV T, BIERS 22 H),

BREF CAREEOTDICHE T 2 FEAMFELE L CiL, 2 FEORE A 550 L 5
DAL D ZIARMERESC, 4 O FREN S 2 By O REL A R TS H LD T A MERE 72 & D
—RMELR VWO TEY . Zo®EME (OF) IXIBEEFZNA DIELOTIERL ., HD
WHRGEEENEEL, BEEBZIIINABALTEHEL WS (@WH, 1979),

¥, MO ERTIEY 4 V3% 7 EOIAEME OREGZ L0 | MRE ANFEERE T
TEITERLBRDGEVR DL ZENME SN TV LR A BN TITZD L H 72
WL,

70 2 QOBHE S IHFE O DWW TR 1 2 S,

(A4 =& UatoMosioiert]

7 Ul A aDRMEERDPIINTHRAINTCE VO RETRN A 2L T
AL HESED Z LN TE, LN MR R O OBRICITIEEN S 5, 12
EZIE BN TOFBFICBO T, Fa° Fy £ TRAEE LIRS HmE sn<Tns (7
., 1927, R - K, 1939), F72. FL O RERINOWEEOZBIHE L, &N
FNLMBEINT 7V aLOBEORREDOHALRWERETER LI L2 A . ZDK,
R DOFAEDFEGR S i, FELE S RO oRENBE I (IR 8),

HA LT FIARRBANRE UM = 0 F o 2 L CA AR B EFT L SRT
% (Kuwaharaetal., 1984), 1A =& 7 U adB 0L, 372 BA M REME DL
EERDLT-DIZ, EHENICHA a7 T aDhrs A TRESEZRETIE DL
THZFINNBTONTAT OEIGIT, A7 (AR) XAA = (FA) TiE100% (10
RTFTRC), 7Ua (AR) X7 Ta (FAR) TL8% (47 XTH 42XT7), A=
(AR) X7 Uz (FR) THE21% (18 X7H2X7) &2, 7Ua (AR) X7
A3 (FR) OMBEDLETIIRRNRIL Loz (PAS, 1997), FRkICE 5
WTDORZRIZHOWTIHE LIZRO@METIE, A4 =3 (RR) XTA = (FRX) TiE 100%
(20 XTFRTC), 7Ua (AR) X7 Tz (FA) TiE85% (20 <7 H 17 7).
AT (AAR) X7 Uz (FA) THEas% 207 9X7), 7T (RR) XAA
a (FA) TE0% (20 X7H0X7) Tholo (HUF - 1794, 2007), A 2DFA
RIS Z LM TE AR (FR, 1995) Z &b, 7T ad A REBIPIUE L7
FE T 2o B AR LAROEIELTWD & ZAIZREGET HZ LIXTE 0, £z,
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T aADARKRE DA DA AR E X LENICANTZEOITEABET L .77
aDAARBPIHEATH RN E DI A aDAAKB L VIERTHDH72DIC, hA =2
DA AFRBENRZROT=OIHELT D L7 U ad A AR E) & Bl > TREN AL L7
WZ ERE SN TS (PR, 1997),

A R

~ FEWEOEAN

Z DD IFEHR

[fEEE LCTAWEMLFEOBR « 25 - KIRGOMHEE]

ABIL TR Z A 2 ZEH T DIChHTe> THEA L&' SFETHDHHIC, H 137 =,
3146 5, H 603 5, H 604 5, MCS202 KT MN202 |%, @#H DALl L FEk, 4 8]
DOHHBWLE D%, 5 A ok s LT, MiafTldize v | IRIRIFZ pETe, w-1 pnd
1L, FEIRIRDRZ BELe S, ZOMO RIFMMOSMFE LR LU Th 5,

[FENTZONT | RAIFOBHAEEMI ORI D RelE]
BRBREICBNTHA HEL G2 D2 FE2BWE LU FEMO A2 7 DDA
T Blepharipa zebina, 7V =¥ KU /N> Exorista sorbillans, %A =/ 7 I ¥ =
Pediculoides ventricosus 23d& % (H AZE R, 1992), £Oftlich, 772y RUA
= Exorista japonica (2 L 5 FAERL, NI AV, I~ Ry, U~A A N H
VB AI LV T VT AATE. T VEICL AR IE STV D (B111.1929).,

BIn 82 AMEOTHREICET 5 F®

Z 2 TIEAEE TR A 2 OEH O T2 DI W T GBS I OV CRE T D,
ZAUTHNL S | AT OBRESEICBE L €, BB FEANEOREBIZ OV TRi T
Do

ARBILFHILZ A 2 OEHITIT EBBR - (F 7 o RAR Y ) D—D>Th 5 piggyBac
\Z X DB FEANEL W, piggyBac i%, A 7 27 ¥ U N (Trichoplusiani, E
Wi - Fa v H) ORFEMIE TN-368 (ZHK T LB K FTHY . DNA LTHY &
NIVASNIZ) TOMWE AR L T kA 2B BB TRETFEANIHNLEATVD
(Cary et al., 1989; Handler, 2002) , piggyBac |%, $EBEEEEEIR 108 2 DO KEGEISIZF~

ENTHEEE - T\ 5, piggyBac DEBIERE Z KBS 5 & Z OIRBEESRE IR
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BOANC R BRI RE S L COlr L, 919 H &7z piggyBac 23 £/ LI T & AT
BASNhD (X12), 77U, ZOF F Tl piggyBac H K0 bR D EESE Off)
XL o T, 7 AHOMOEGFTIZHEERE Lo Kb 5 EEndH 5, £ 2T,
piggyBac & A L 7= BIn FHEARDBME L 72 D,

A NLZEMNCEBIE T2 HAT 572512, piggyBac Z ik L7- 2 EO 7T A 3
RZ#AabETHWD (K13), —2id, mBEREaFOPp I, BALLZWAH
BB FZALT RF—77 2 R T, b 9 —D&, piggyBac DRKEGALFID 5 HD 1
D KB SHIANAS=T T A FTH L mBHERE MG o~ =TT 23 NI,
A OREGELIIA KB L TN D72, THBEKIZT A 257 2RI A ST, FIKHZ
MALTE FF—7F 23 FHOREGESNHEENTZERZT D H L ThHA 27 ) L
IZHASHE DL ZENRTE D,

FiRERF RiREL S
857 E FpiggyBac < W sEzctEzT | =

<> (@)

yﬁﬁﬂiiﬁftﬂ%ﬁ L T&#

guummEgm
’0.
0.‘

12. #x#FEF piggyBac DEE
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<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

13. BEEFHEBI DA 3 DEHE

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, BT b D, £ OfER, ZENIC BRI -2 R 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, MORAMAZ X 1412, BHIGEEFOE RS 2 BIH 10 1257,
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HEBBOY A XE, HE, HEE

RER

YA X

FH 3R & OB RE

747 uA4ry H#EROCEERARILY 7 BOMES 7 BEREFREAIEY b
(HC-mKO Bz FHBEHIE Y })

Fibroin H promoter (7 + 7' | 1.1kb A amik7 47 v A H#EERTFOT T
A4 H#EELE T rE—H —H—, T4 7 uAr HEEG PR 5%
—) ERRESR R COBIB T DOIRE % JHET % (Kojima
etal., 2007),
HC-mKO (HHJBIs TS | 23kb | A apk7 r 7mA 2 H 7 R BED—
747 uAr H#EE O A2, B 7% 7% 74 (Fungia concinna)
WAL R BEOREG S MRS G Y X7 BICES LI@G 2 v
AVAE (S0 RO B a— T L8, BEELEROT
47 uAy (BilHEy 7 E) 2ELE D,
ALl amie s v R EEE 7/
BHAMZ b TV (Karasawa et al.,
2004),C RiTiT e AF T d 6 [Alfk 0 3K LES
Z a— K92 6xHis Mg
Fibroin H polyA (7 t 7w A | 03kb | A aafik7 « 7w A H BB DOF—3

v H$EELGY—Ix—H
—)

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

sty N BB F (= —BfBF) EBVEY N (TR V3 VEF

AB779767 D—HR)

3xP3 promoter

0.2 kb

IRCOBEFHEADIZDIZATHIZER I
THIERISTH D 3XP3 &, FArT a v Ve
723 (Drosophila melanogaster) H3KEA = v
7 B X7 E hspl0 Ein 1O 7 v E— & —ITHff
B3I eE—F—, Bz FORTOET%
HET 5 (Berghammer et al., 1999; Thomas et al.,
2002),

EGFP (&Rt s N
7 Ei& s )

0.7 kb

*v 2 Z /4 (Aequorea victoria) Fi3k D2k
BHL K R ERE T (V ey Ty 7 phi,
Yang et al., 1996) , AR AL X T A = & 384k

19




LoD~ —1—Efn & LTHWS, Rt
Pfge L 7= 3xP3 promoter D& & &b T, &
{BFHAHLZ 71 A 2 DIRT EGFP Z5H1 5,

SV40 polyA (SV40 # — 3 *
— 5 —)

0.3 kb

T A IVA 40 (Simian virus 40) 7 A
HkD s —Ix—4—, BEKEEZHTET 5,

FOM (727 %y varFEE AB713995 O—H)

piggyBac R

1.1kb

A 7 7 %X U3 (Trichoplusia ni) H 2Dz
IR piggyBac DK umkidsl (Cary etal., 1989),
A ) B~DFFANIZES L. piggyBac fixf%
BER OFFKALSN & LTl <,

piggyBac L

0.7 kb

A 77X U (T ni) HEROEBIAT
piggyBac M A fihcF1 (Cary etal., 1989), # A =
7 D~DFFEAICES LT, piggyBac g D
ORI & LT <,

HAERER (RELTFHEBATA 257 DPITITFELRY)

puUC ori 0.7kb | KiZ® (Escherichia coli) HkdD 77 X I K
ColE1l OHBBHMEN, ARNT T A K& KGR
THAME T 72O DEHTH D | AB s 1-HH#R 2
HA aDF ) AFZIFEA S R,

AmpR 09kb | HiAEWE T v U KT DM EE T, A

TIAI REFOKREHEZ®RIKT 572008
FITHY, KBLEHBZ A a7 ) A
VIR A S0,

20




Hindlll 399

pUC ori

Hindlll 2218

pBac[3xP3-EGFPafm] HC-mKO
10315 bp

3xP3 promoter

|? —H-BEFERM | EGFP
piggyBac L
(HC-mKO @35 mKo BIEFOERI)
SV40 polyA
Fibroin H polyA Hindlll 3387
[HomKO SBIEFEI N | Hindill 3440
{HC-mKOQ 3% 6xHis MERST) Hindlll 3646

Fibroin H promoter

HH N IVEE - RI0-2 HC-mKO

Xhol 5025

RT-PCRO H3H

14. HC-mKO BEFEAIZHW=TF R = K pBac[3xP3-EGFPafm]_HC-mKO D#&i&
piggyBac R : piggyBac Exfs B %R EML = & piggyBac RimEL 5!
Y—h—EEFREI LY

5 3xP3promoter :3xP3 JOE—4—, RTHEEFRTE,

EGFP C WERBERNLI VNNV EELRTF. BRY—H—& LTHAA,
SV40 polyA CUETFTUIAINARAT ) LRAXDI—S 31— —, BREREFHRE,

HC-mKO Bz FHBEH v k
Fibroin H promoter : 74 A4 ¥ HEBEFOTOE—42—,
10 BREBARIRTOEREEHE,
HC-mKO 74 TRAVHBEONRNVELBEREAY VAV E (MKO) OREERT.
B#IEEF .
FibroinH polyA: 74 784 Y HEHBEFDI—IF—42—, BERBEZRE.
piggyBac L  : piggyBac nfSEE R IR ELL # & T piggyBac KimED 5l
15 SAERMEE (ha 3%/ LPICIFFASALL,)

puUC ori . KIGE CHaed & B BansEE,
AmpR T UED UitEETF.
RT-PCR & I BEFREODEEMZEET 510D RT-PCR D #iH
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UMHMRZFD ETICE BRBREZ X 1512737, 3 858K 1 piggyBac % pUC18

(AL T b7 p3EL2 (Cary et al, 1989) (2. fkfd ity v XV ERE I v b

(3xP3-EGFP) Z i A+ 2% & & &2, piggyBac B EEFEEIn D —#A2KREL T

pBac[3xP3-EGFPafm] % 1EHL L 7= (Horn and Wimmer, 2000), Z U2, 7 4 7oA > H

5 RO EHEN S R EOME 5 7 BRI FRE I v & (HC-mKO BisFFEH
¥ b)) &AL T pBac[3xP3-EGFPafm]_HC-mKO % {EH L 7= (lizuka et al., 2013),

74 7010 HEEET

BREN S SO ERET P — D oxis

HC-mKOERFRBRHE - +

v

Y- h—EETERDE I HC-mKOB =T REANEZ »

pBac[3xP3-EGFPafm]_HC-mKO

L o 1

T

4 | szmsazr ) >
' pBac[3xP3-EGFPafm] ' i % HTpiggyBac
D,
puc18

EBBEREERT ObE

'R [mpR {puc on
3XP3 promoter

. I
E«:x:»j m
]

15. HC-mKO Bz FNEAIZAL=- 7S5 X 3 K pBac[3xP3-EGFPafm]_HC-mKO D&%
10

A

ANVNN—TFFAI R
K+ —7Z A3 R piggyBac R & piggyBac L 121X & 7z BEIKZ B A 27 /) A
HFICHIAT D 72DI2I1%, BBEREOBENNIEL 2D (K13), ZOBESE & i3
D72, ~NN—=TFF A2 FpHASPIG #FfI LT, FF—7F2AI RLBEETHA
15 DIUTIEA LTz, TDOA~R—TFF 23 R pHASPIG Ok & O B3R O sk % 3% 2
T, Eo, RO Z K 16 (2777 (Tamura et al., 2000) .

22



£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,

23
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A5 promoter

pHA3PIG
6160 bp

piggyBac transposase

PCRiD #1[H

piggyBac R

® 16. ANJL/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-mKO iif= 1]

HESEIS T T 5 HC-mKO B F13, VA 2fk7 4 7 mA UV HEHZ 7| &
78 7% 7 A (Fungia concinna, W@ - JE ) HokRSEam LS 78,
KO ZAF 200 6 mfR LR O G % 7B a— RLTW5,

TaT7aAr HBIE BREHERT D EERMME S XV ETh D, ARBAT D
BEFIZIE, 747 8A v HEBEEFORIZHET 5 Ltk 5. mRNA ~Ds
BEFIESE L8 — I —F =% G ik E TOREZHNTW S (Takiya et al.,
1990; Kojima et al., 2007) ,

Rt # 2378 (Kusabira Orange, KO) Idfk AL %32 1 TRAEOE &2 384
D8RI ET, BETREA~Y— %L LTHVLNTWS, SEAW-OI, HE
KTHNEHKT D LT —HMOT I /% EH L7~ mKO (monomeric KO, [E#4M)F
WHFERT) DBIGT T %,

BxHis 1X, E AF VUM 6 HORN ST NTLHZRAR Y RTF RThHYH, BELIELHHF

24
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YRIBEONKELIZCRICHMTHZEICLY, =T NVFIZLDT 7 4 =7 1§
T H7-DICHLND,
HHJEIS & L7z HC-mKO s fi%. 7«4 7 rA » H #HEBLEFOTREAZREL,
RV IZ mKO EAE T ZA L CTER L 7= (lizuka et al., 2013),
mKO % > /37 Je O 6xHis 23, BEEIDT LA v RO T 2 RS &2 AT 5 )
ESd, T LT T—&~—2Z (Food Allergy Research and Resource Program Database
(FARRP) . ver. 13, http://www.allergenonline.org/) (Zxf L C E fEORMEE 01 £ LT
FASTA SR EAT oo L 2 A, BEET Ly v b 8 7 X sk iadifse ©— & HEd5Ix
CLY NV AWAY/EYCY
ZORBI Y M EEOROREREZBSEDWERITA L TR,

Ukt e & v 87 Eits 1]

ARG AR T A 2 ORI SR EEIE S /37 B EGFP OIR TORBLZFIH L
7=

~—A—ToHDHEGFP (/a7 v r7tt) X, AV 2 7% (Aequorea victoria, #ilfa
P - & Fe i) BHokofkaE ity 7 ETHY | BIEFRE~Yy— I — & LTIE
IR VBTV S,

3xP3 FmE—H—(T, IRTOBAGFHEIDOTZDIC A THNTE K S IR TH
% 3xP3 1T, ¥4 1 a v a3z (Drosophila melanogaster) DB 3 v 7 &#
N EhspIO BT DT o —H# — %A L TELGITZ, 2D 3XP3 7' 1 E—& —|Ifkx
7 BB OHIRCHEIRICB W TEIE T2 5Bl S 5 (Sheng et al., 1997; Thomas et al.,
2002), 72¥5, 3xP3 V' mE— X —OIEWEIZITEN 5 v Z IR DFHEIIARETH D,

SVA0 #—I X —H—X, YITVUANA A0 T LAHEKDOH —I R —H—T,
MRNA ~DEE (% 1k S5,

EGFP 23, BERIOT LT v EFRIOT X VBN EH T2 E S, TVAT T
— 4% ~X—2Z (Food Allergy Research and Resource Program Database (FARRP). ver. 13,
http://www.allergenonline.org/) 1Z%f L C EfEOREfEA 0.1 & LT FASTA MR A4 1To72 &
A, BT Ll 8T X Bk HaE R T — B 2 BANIEERD b e o Tz,

CORERRI Ty NI EEOROSMNEREEL S EDWAEITA L TVh2Ruy,

[~ —7F %3 K]

AR —=TF A ROMERLUZ B T= - T, 2 DDORESIDO 5> HD 1 SZHIFRL T,
A A ROMET 7 F > ABBInTFOTrE—F—%f AL, ZHIZLD, A
2 O T piggyBac SR EE A S EL L [FAIIRFICIEA L7z R —7"F 2 X R piggyBac
KIS OIS 5 BB TN A ad s ) ARIFEAI D, —J, ~W =75

25



10

15

20

25

30

35

A2 FEERIIREEAYZ 1 DKL TWALE=O A adF ) ARICHEASND Z &N
20y (¢ 13),

(2) Ry Z—1Z@THEHR
A AHKROHR

A2 A a2 OEBICH W2 ¥ — X KM Escherichia coli 3o
pUC18 TH 5,

HEB A+ piggyBac % pUC18 |2 A L T p3EL.2 3 55 (Caryetal, 1989; [ 15),
R —7Z 2 3 K pBac[3xP3-EGFPafm]_HC-mKO %, p3EL1.2 [Tk & o 787 B 5
Ay bE HC-mKO Ea 3 EIty FEfAL THELNE (X 15),

RFP—7Z A RO 2 DOREGES| K NE ORI Z G TR E DA 25 ) JTHREA
THI2D, T ORMEHNZ R L ThHA 25 ) AHICHiAT % piggyBac #AFERESE 2 fit
T~ X—7F 2 K pHASPIG Z# AW\ TuW% (Tamura et al., 2000; [¥ 16).
PHAS3PIG [ZHIEE 7 7 T A3 Bis 7 v — ¥ —DOfl & T piggyBac #5435 & F 5
SH DD, KIMESIO— 0% KPS TND72H, TREEKIEI DA 25 AT
RV AN

=R 2
O 7 ¥ —DEEKR O EES
pUC18 DI F:HiT 2,686 bp, HiLELHILT 7 & v a3 &5 L08T52 & SR,
pUC18 Z#sfE[K 1 piggyBac Zffi A L7- p3EL12 OHiI#kix 5,958 bp, HiJLAdsix
piggyBac Website (http://piggybac.bio.nd.edu/) % £,
K —7F % 3 K pBac[3xP3-EGFPafm]_HC-mKO D¥a 5% 10,315 bp, HHI&Es T
D ERHNTNES 10 22,
A~ —T7"F 23 R pHA3PIG D EHUT 6,160 bp, HEIEBANIIRI 11 25 M,

Q@ REROWRELET HREEIN D DEE1L. €O

pUC18 (i, TEM T TRy 2 —2 i+ DBROEk~— T — & LT, 7oyl
VA BT 2 BETREEND OO KBEFHBI A 205 7 AHIZZOE
BAITEAIN TR,

p3E1.2 (Ti%, piggyBac HifelE R Es T K O OO RImELYI A & 72 5 BB K -
piggyBac DAL E i D,

K —7"7 2 I K pBac[3xP3-EGFPafm] HC-mKO (23 T, p3EL.2 5 piggyBac
HEBRERER T RBRESh TV 5,

A= TF 23 R pHASPIG (21X, 771 2 Oflifla T OBIR TR %2 BLUET 2 Mg

26



10

15

20

25

T Fr ABBIn T aE—F—&  EO NRICHER S - piggyBac EABEER EIST-3
GEND (K16), {ERICHT-> L, 2 DORMGESID > HD 1L SZHIBRL T, IA
afROMRET 7 F 2 A3 B TOTaE—F—%fHA L, UL, I =2D
#Mfa A C piggyBac R EER S REL L, RIFFZIEA LT R —7"7 2 I RO piggyBac K
BN ORI & D BRVBIRF A 2 D5 ) ARICHAISND, —FH, ~WR—TF
I NBERIEIRGESZ 1 OREBLTWDTeD A 2Dy ) ARICHASND Z &R
v (17),

@ N7 F—DYt - REEOFER MY - WERIEEZ AT 2B 81X DEETER
ZBES B EH
R B —DARGEPE « JRIEPEIE R0,

(3) BT EYWEOTBSE
A4 BENCBASINZBREERORER

R —7F 2 3 K pBac[3xP3-EGFPafm]_HC-mKO W T D k5 kZlE O L EE3E DALE M
T A N HIBREESR 12 K 2 UIWRERAL & [X] 14 12783, 2 DO piggyBac AKimlc 51 DI,
B~ —H—ThD EGFP BB TORBE Iy M &, MNMBROEEZHNE LT
HC-mKO @& R FOREL £ v FAFAINTVND,

R B =~ OPE GO ATTEO B R % X 15 1277,

n EENCBASNWEROBATIE

KFF—72 2 I K pBac[3xP3-EGFPafm] HC-mKO ([X| 14) &=~/ /X—7FF X I K
pHA3PIG (X 16) & & HIZZREIN (IR) ~BEMUEAT L2 & TBALLE (K 17), ~v
R—=7"F A2 R piggyBac @ 2 DORIHELHID 5 H 1 DE KL TWH72HIT, £HH
BT A 2l ) AT 5 2 L1370, 77 A X RATEAN SV RO F1 o0 A5l i
5| C piggyBac HiREREFRE MBI CTHEGIEIES I A 27 ) AT IASILD & ZDROD1H
RCBEFHBZ DA 22T 52N TED (K17),

27



ERERERT

Kr—F523 K ALIR—TFFAZ K
pBac[3xP3-EGFPafm]_HC-mKO pHA3PIG

FEALEEFETIOLEREZRINTOY / LADEA
S48 F\!ﬁmﬁ@%ﬁ

S AR Z 2L TES .
HA 257 LITEA Y

FIFECHIA 1 DL FEDT
n <lt?-|:H>- " EBET. &DhG.

\ﬁéﬁﬁ‘t@&éiﬂ /

Seummy 4R EALEROBKE (G) TRYU—=2Y
{rgpmy  (ERTORERN)

17. REGFRBZ DA IDERFE

N BETHEEDZEOTROKR
5 O BBIBASINEEDOREKOGE

K9 —7F % 3 K pBac[3xP3-EGFPafm]_HC-mKO & ~/L/$—7F % I K pHA3PIG %
PR ST EINN S L7zl (G, X 17 KON 18) Ak ETHE L=, =
D F F TIHIHARIR R & 72 > TREAMEFFOBHER R E WD, 2D GoffkZ A/C Rt
ERBET D Z LT Ko TRIRMEDZREIN A 1572 (Gy, X 18), Ein L2 EARIZAR T
10 RO E NI BERREBLT D2 LD BAELEIT IR A WM TR L,

AR TRk & 7 H2HBL L TV SR % 3k LT,

28



5

B/C w1 Ipnd
G- E{ETEA
BREBHERLIZKDRY)—= T =
B/C G|1 G|1 MCS202
l |
MN202 G3-2
MN202 G(::%)-S
(%4 (%4
B1375 G2-5 %1465 G3-5
Gé)-e G(e:;s
B1375 Ga2-7 X 1465 G3-7
B137= X 1465
A6035 F6045
Gz¢ 10 Gz 10
G2(:->1‘I G:$11
G2-12 Gegz
G2-13 G3-13
GN2 < ¢ >~ GCS2
Ggf (|33¢'14 O REExE
|
62-15 G4_15 63-15
| |
G¢ | G¢
2-16 G4-16 3-16
| ]
v I v
G4-17
l | |
HEZ1KtOM
E1fEER

18. KEGFHEBMA DA IDEREBLERES

G HHDELS 2 EEMNDS GN2 & GCS2 B LTz GN2 DER TIE. Goo X % kR ER
GCS2 MBER TI&. Gaqo % Rk
AKEBEFOXRIL, GN2 & GCS2

LR o. BEABGFEREICHEDOLSICRER L,
RELE&RRAD G, EABGFEREITHEDOLSITRER L,
EXREL=RME 1 KDEK,

29



K3 EMEHRUEEZETMDELFERERETS 5HITT o> =HER
(HHKBESEIH 18 25 H)

i B LA & i H AR
?iﬁﬁﬁiﬁ E GZ-14 Gz-le G3-14 G3-16 G4-16 G4-16
2012 2012 2012 2012 2012 2014

HANLT-BEFORE
M O O O O O
(B BT

~ LN — D IF
(PCR)

B s O Bk e
(RT-PCR)

A BREERO R
(Sh DR )
(PEIIEK)
(L)

(%h Hh D)
(B =2)
(1 )
=

(Sh DA TE)

o o o o o o o O O

(PEINTTED)

O

HEWYE O FEAM:

@ FF—7F A I FIZBWT piggyBac EsBEERBER TR REL TS Z & DR
ERL L 72 K —7"F 2 2 I pBac[3xP3-EGFPafm]_HC-mKO 23\ T piggyBac x5k
RBIETBFEL TN L& YT T A I NOEEEYIfRGI XL 0 B LT,

@ FNF—FFAI NIZBIT DHBARIKY A NVAT ) LOWH OFE

ERL L 7= R —77 2 2 |’ pBac[3xP3-EGFPafm] HC-mKO 28\ T, KA T
piggyBac ® 7 1 — =17 ®OiafE T, AcNPV (Autographa california nucleopolyhedrovirus)
D7) KMZHFKT D FP a1 (2K 642bp) @ 5 KT (340 bp) & lefd (s 7 (&

30



10

15

20

25

30

35

£ 1,548 bp) @ 5" Il (469 bp) 235k~ T\ D, WITHOW A . piggyBac Kl 51
DOIMANZ SV . 1A 25 7 APIZIFFEA I LR,

@~ INR—TFF A I FOBRTEM

AR FAHEIR R 0 A 71 GN2 RAE (Gpga HEAR) I8 L TN GCS2 Rt (Gaaa HAR) (X 18,
#3) O 5 g OBERFERIR DR L7277 2 DNA 288 & L C, B En
T O—¥% PCRIZ X VIR L7z, PCRIZHW =TT A ~— LIRS B O E % X
16 1" d, RBRDFER, Gppa RIS LT Gapg R OBARFHAHLZ 1 4 =D 7 2 DNA
6 piggyBac $REEEFEE AT OMIRIXFRD Dotz BIR 12), 2D Z &b,
KB FAHIZ T A 2T~V —=T T 2 FORFIDFRAF L TWVRWN T L DR T
7,

® EMSREREHICXERFREZINET 5 F TITHV N RBEDEROKE
PSR OEEE (PLA) THEE MBI VA 2% FMRL, IRTOEGFP (Sfk~—7
—) OFBLK QAR TO mKO (HRVEIRF) ORBLDBRO LD G AR ZEK LT,
D%, FMARMTHLH 137 5HE L DR LEZEFEZITUV, Goo HAVA SLRASEL L 72
B, BEMEEBE T2 REICESL 9 I8 L CEASZHGN2 & L, —F., G iit
D5 H GN2 DEFITIANT=D LT RR Dl Z AT, EHRBTH 53 146 5%
E DR LR EZATN, Gagp VA BRASHL L7280 . HIOBIE % R E IR
FOITEE L TEMSRM GCS2 & L7z, BIEE T PLA TOHE - B K U Rt & i
LTV, BRRGEA X 1812, 3B % i Lo i E & 3 1R,

(4) MERNICBALZBROFERER ORI & D ERBLORENE
A4 BAShEEBOBHYPHEET 2B N2 B —K

BIn TR A 2 (GN2) LIEBIE R A = (AIC) LD FiZ, IEEE T
Wz 42 (BIC) ZFELAE L T, W TOIEEZ Bk TO mKO 12 L B8 EGHEDR
BUZRVHFE LT L 2 A, BHEEER S BEMEERS LLICHBEL -2 &0, BASHTZE
BFEREAK L a e —fMASILTWD Sl L7z (B 13),

AR TR X 1A 2 GCS2 HRMIT DN T H FERICIEEZ TR 2 A4 = (AIC) LD

. FEBETHEZ A = (AIC) ZR LR L T, WRTO5HEA Rk TD mKO (2

L OREFNOFBUC L VRE L L 2 A, BHEER & EEEERS LLIZOBEL 722 &2
b, BAShEBEFIRAE L aE—fFASH TS LB Lz (IR 13),

B, oA TV XA E— 3 BT, GN2 Rkt & GCS2 At TR DA
RO/ R ST E 2 A0 D BB Z A 2RI E ek o s
RAMEIL, BASHICEBFRBRAINTND Z VL (BIR 14),
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KHEFEORIG L 705 GN2 24 & GCS2 R DAHEF —Tlx., BAI NI B3 GL
AR EDORLD 2DFHHHEASINTEBY  EHE5 ALY LA LOANT 0 AT
S TUWN5D,

o BAINEBROBERY OB MRITE T 2EEOZEME

BA SN OER N LZENNARE SN D 2 & 2R T 5720 AR n iz h
A T OBEFOMA L IR EFHBRZ T A 2O T, 5 g R OBRIEERIENS 7 L
DNA ZiH L PP o T U AP =2 a v 2 {Tolm b 245 EIG /M2 A =2 GN2
BT XTOMEENS T RTRE U A XD R LRI SNz, £i-, BIE 7
M2 J1 A 2 GCS2 RO T X TOMEEMN D, GN2 Rt & 1ZF DY A XD/ KAv 1
KRIZT &7z, GN2 %t & GCS2 Rt & & &/ LTI bALTe Fy 2 bITEIRAFE DS
RN 1LARPFORF 2 A BB SN, LD Z 20D BALLBEGFIIIA 27 ) MK
ERICHERFS LTV D ST L7 (BIR 14),

I, A G AT, piggyBac A A SEOIEME A OB R L o — T 51
(B DIFAEITHRE STV,

N BAShEROGERY) OME KRR OHIARE CORERBRDORENE
BA SN EEOER & B B G TN EENICRBL SN D Z L 2R T 5720 A
BRI 2 A 2 OB O ML OFER R FHHE 2 T A 22D T, 5 s - ORE R IR
2254 RNA ZhhiH LT, mKO Bia¥Z#itd % RT-PCR 217 ->7- & Z A, HEOEILT
KA Z B CIRIFR ISR G REM DS i i S, — 0, FEE AR TREHE X (B R CIam i S au7eh»
ST e ARBLRTHHEEZ A TITEBWTHENBLR I ORZEMICEIL TND Z &N
MR CcE= (BN 15), F72, mKO ¥ U 7B X DO AN TNOHMATE
ELTRIALTND Z L EMRL TS,

(5) BASTFHE¥Z AWE OB KR OFERRI DO FEE N Zh b DRREE R OE#EM:

BB ITTR LT o T E A B =2 g 2 kY, Kz A 2 OB
OMARERCTRIGED L 7 F N 2D Z LN TE D IR TS A 2 TIEHEIZT 7
FTABTOENRDSTZZENG, 2 ugD7 /) ADNAEZHWSZ LICLY, BERL,
Do, BHEMICEFME DB WA ) DYoo TV E AP = a L iRIc kv | EEET
R Z R & KB LT, RBETHEZ A 22325 Z ERAETH S,

(6) BEXZBEORTIH0EF LEOEL OE
4 BAIN-EBROGRYOFRBIC LV 5 S iz A0 I REFr e
K@z h A a Tk, BAIN/- HC-mKO Ein 4. 74 7uA v H#EERLT
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70— X — O N CHROBITRIR CRILEE 5, EE S HC-mKO % v /3
BIEWNENDO 7 4 7oA HEHESATHZ D, ZOEANEET & FFOARERR T
YAz A IR T RT DX T EeateRREEET 5,

Flo B —H— & LT, 3xP3 7' 2B — X —Oiilfill F CThkad e ¥ v 7 'E (EGFP)
DBBETFERRIELZLITLD, IBRSH, i, AOIRTRESEAET ST D,
HC-mKO # > /"7 E1X, it v "I EThDH 7 47l H#{ a2 v R0 8
HDHMKO ¥ RITEDOGE S T ETHY  WThOZ T EHMOME 2L S
DR REEREEZ AL TOWRWNWZ 0D HEOROREREE (LS oML A L
TWRWeEZbND, £/, EGFP bHLZ VRV ETHY | thomE A ZEs ¥ 5 X
O IREERIGEZ A L TN L b BEOROR#RE L ST HEEZ A LT
WEEZ Hib,

o ABEPZERNOIARENREICONWT, BETHBX VM 2 BEXORTINEFE
DL OFOEE

AP R OVERE IR 2 AT 2 72 O B s FHH 2 1 1 2 R TGN2) & TGCS2)
E DM T DB Z A 2 T[GN2XGCS2] &, B FHIRZ I A 2%
[H 137 5 & (32146 5| EORHFETH S TH 137 5 XK 146 7] IZ2OW\W T, JBE%
A - e U7s (1X119), ShihoRE, Shh o178, FEINTEN R OVEIRE OFREIZIB VT
(X, HERH (LED D 3D 2 AN LERC, HEH 4-58) ZFETHE Lz, LU
AOFREICBN T, BiERECHE L,

SRS
<:> [ B137% x %1465 |
Jud

19 £EZFH - FEPFHEFEZEET IR

O FwrOE
HIBDOERIOY D OBRAFNARELFE LI L Z A, Lih D 3 E TlIAEE
TR Z T A = & IR B TR X T A 2 & DR CREHEI A B ZEITR 0 b s
o7z (AR 16, P>0.25), 4 i3 JOV5 i CIIARAS TR X 7 A = | 3FEE IR TR
AHA 3 X EEDPELS | FRHERRABEENRD b (lEs 16, P<0.05),
Iz EtemOES (ME) SO E BEGRARWIZMZE T OES (MEE) 4 g
THI0, ARBIETHBZ A 2O 63 H (2 A 33fF, A= 30 #) &IEE=TH
Wz A 2D 56 1 (X Z 308, 42 261H) 2. FNEFNE LD TEELZIL
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T TNEZNETNOEBTEI > CLEHZY OMELOREEE S LTk Liz: 2
A IR AL R 7 A 2 R OFEBIR R 1A 2 TELHH 2069 &72-
7= (B 17), W8 E ISR TH 2 ( 2C 0471 9. FEEGE X A 2T
04009 & 72V | i@ BIIABEFHBZ A a0 FRRED T G LT),

Wi 813, AR FAEIZ U A A DSRE, iR & R DIFBIRFAEM A U A a N AAT
b5, MBIXELLLFEMN TH D,

@ EFORMHE

ZAEIND 5 LY AT DEIEG TH HWHELBEE A L & 2 A ARBS 7k
A I A 713 85.2%, FEBInFHHIEZ A 2L 96.7% & 72V | WEAHFHIR A BEEDTED
btz (Bl 18, P <0.001),

S & LT, b ISR A OREE 21T - TG | RIERBRIAIC - THafl %
EIET 5 ETOMMEEMELZE ZA KRB FHEEZ VA 2 b IERIn IR 2 T A
24 22 HCHY , mEWIRo7 (GES 19), b, AB R x T A 2 L OFE
BRI Z A TN T S TERERE ATV, IF - S - i R DB B AL D

AEALFHEHZ T A 21T, JHRE 72 2B S TR X 1 A 2 L [RIRR, SIETHR
oo NLEE Z S B R L ClET 5, 4 g b3, g Ui & o m
KOMREID 2 2 MEH D7 DICEBELBRIE DL ENFHTH Y | BT, BT
LEEORELGIDLFREBFICIV T NHEBTE 5, o, lABITEELHUK BT
SYANTAR

® HAEfFReS

A DRSO ED £ TICE S Tl OEE THAERERERH L. K
BT % B A 27 86.5%., FEE[s FHEHA R 1A 223 985% T V) . 2 FBHE THE
A BEENRD B (B 20, P<0.001),

@ EHRES

SRR BEENT D HFA A LT 5 720, 8% 18 em O OFED LI 5 g A 1
FHT OB &, 12 FBICTTONLE DD OFEREZ FHl Lz, BG4 20
WL 4.3 cm (BEHER 72 3.6 cm) | FEBAR T-HHHE X 7 A =2 D 1% 5.1 cm (] 3.3 cm)
Lo T, MAMFIRAERITRO b7z (il 21, P=043),

® FFER

HA IR LV EHET 5,
A AR LAY 7= 0 OREIIE A L9 5 72, 8 18 cm O I OO LM AL
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B4 D A AR Z 15D 24 B E O CREIIE A A Ls, Alis Tz b A =
OSEHIE 792 18 (FEHE(R 2 70.8 ) . FEBR TR 2 7 1 =2 O F-¥1% 820 8 (JH] 103
) &72->T, MEHENRAEETRD b7 (BIFE 22, P=0.33),

A AR R SEEIR T B R A BT 5 72 | EEIOREIC AR T ERAfT bR
729N LET OO0 D ORRREZ G L7, 428 18 cm DR E TRIZE LI2Aa 03 H -
foiz, BEBEOFEE T Z L ILTE o7, RO SR E B LTz & 2 A,
AR 2 H A IR AR X T A =2 K0 B EEPICEEIR LT\ C L R
FHRRAEENRD bz (B 23, P<0.001),

® Wi - KRR - HKIRE

AR FAHIR R T A =0 IR FHAHIR R 0 A 2 b SRR DEIT 4 RITH > 72,
Flo R Z T A 2 [At | BRI FHBRZ D A 2 F L2 2l 5 LARIRITZ
PETe, LA ED Z & B N WARBNE > OFERREEISE TRV D LB X BLD,

@ Z79UalDiHEDTREM

A AR FEINT D HPHE FAN T & 2 A ARBAR TR 7 A 128 16 em DAY
\Z 95% DIF% S, IEIBAR TR Z 7 A = 1T AL 16 cm LANIC 88% D IR % A T
0. KRB FHEEZ A 2 FIERI TR R DA = L0 SPROFEPHIZEIN L7z (Al
23), Fio, WS EGERERIZE 2 A, KB FHHZ 0 A 2 3IFRETHB 2 A A
a XV EoTe (B 18), —J7, PEIREL (AR 22) R OhdoE#EE) (AR 21)
ICITEOR e o Tz, IS, AlE TR A a3 845 mKO % 87 B K
OEGFP ME7 = 0B DOAREEE L= 7 T a2 & OO AREMECIEINE E &)
WV THETEZLNRN, LLEDZ 06 FEBE M 1A 2T TARE
BRI A a7 U a L RRT DB NN 2 aietbid@o ot £z, &
U 2 BHEER D2 < Te o 72 0 SHHER D EAF DR R £ 272 0 35 AIREMIE 2V H D
EEZDLIND,

® IR

A 2R, MDA U TREMEZ AT 2 &0 o Iy, £o, KERFHHE
Wiz A aPFEAT D mKO ¥ N7 E R ONEGFP Wi ZH T 5 LWV o #®iEL 72
W, LR T, KRBT A anhoEMIIx L TOREMRZHFT 5 L1352
DALY,

©® AEVHOEAMN

BRI Z BIMNCBEE LS, ZICE ENL KB B T2 A 2 O
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KO B E B2 DR S0 E D), 7ryal) —ORIF - AFICEZXD
HEEPE L L 2AH KBS IR A =2 LIFER X A = & ORI
RO ONZRD o7 IR 24), [FERIC, THEBEMICE 2 2 BIZ OV THRE L
& A KBIGFHBAR A 7 LI T A = L OIZEITRRD b
7= (Bl 25)

F72. mKO KUY EGFP I3k % 72 85 HIML X B A 8 U, ZHOMAFEEE AT
HLHUNRIETHY HEWETHD L OWE TR, LRI LR ZEZ 7
VAR LITREHE N TE LT, GFP [ oW TTIXER AT O s T-H 2 ER A
DF » MRHRENTWDBEHOFEES 7 HEFUDOT I BESZ G T 50
&£ 9 7>, Toxin and Toxin Target Database (http://www.t3db.org/) T FASTA #%E %17 >
el ZA B ES o7 B EFEPORINTED b ol o, BEmoT
VIV EEBOT X BRI EAT DNE I AR T LAV T — 4 ~—2 (Food
Allergy Research and Resource Program Database ( FARRP ) . wver. 13 |
http://www.allergenonline.org/) (Zxt L C FASTA MR & T & Z A, BERT L7
EFPLDOBINIRD b7z,

SOOI AHFEICB WIS BIRIEZ T DBV A a2 D2 RV R 2L LT
WD ZEND FEREICE ENTRIMNIEES NS WD & 5 A8 T HEH 2
A AFEDLOTHOETHDL LEALN. FHIMENHRET L LI O2AEWED
RBITIE SN0,

N BEBEFHRBZIIA 2 LBEEDORT 25EF LOEL OBBIDOFTIE
ABIGFAAIEZ T A 2 TR BRI aOE 7 o 7 B2 3B L IRICRk a0t 7
NIBEERET D LD, BRI FHHBZ A 2 L DXKINIES THD, £z, R
BRI T I HA =T a kY, IFEE R A 2 & KB LT,
ARBIEAAABZ T A 2 2R B R ORI 5 Z L3 TETH D,

3. BEETHEBAEVEOEASICETIER
AKHFEIZRWTL, BEEOLY UV EEGA T DA ORE - INTIELZ 4 - F5ET
LI2DDOMEIZHRT 52 L. KON FRROBERFE COMBE 2 ME L TEFREZR LD
BTETHZLEEHHME LT, RBR TR A 2% [REEL CEE T 572D OlREEEE
BXRECEWT 3 HLIEN S OB E CRET DO TH 5,

(1) EREDONE
B £ B DX 2 s 1T B S R DRI (3 s U LARE 7 B i DT B & C) A ONT Rl D L E
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B ER, AECLELR OBEFE NS 2 S ISATRE D47 2%,

(2) FERFEDGE

FRBIESR 5 DXIE O FTFEM - FERS VR ATHE it BT 2326 25 2

PRBERR B X O4 B« BER IRAES I ¥ —  Bis 2 0 A 2 fEE A X

it A« KGR H 22 HoFR 3343 I 31 HET

PR X BN O HEaR DN BINCED 5 TRl E K o fiiak N2 & OS2 25 i (AR

D LY &T 5,

W PR A 5 X ] D B

1 RICHET D REE AT L L,

(1) FEFRNA~OERINE DI kT 5720 Bz 7 A 2 ZFEEE L CHET5
Te O DB R T A 2 fiERAEXE (LT ThREEEEREXE ] &v)H,) ZH0 P
DEICeR T2 (BE18m) ¥ERELTWS,

(2 Bl A aZFHETHIRETHD Z &, HHFIIVIAZEIETHD Z & KOE
MBS ORA 2R L7z e VWit T g

(3) FREEE T BN DS A 7Ny AR THE T L D FHA T, AIOHE (4 mm HELT)
EAMAD T 4 VA TEEITHE L T D, SMID 7 ¢ v A%, KIF, ZEik K Ol I
BIEARTBEZR Sy 03 8 5 28, PNAIOMEIXBARA L72avy (AR ZBR< ),

(4) BREEEIE XEN O T LT RETRR, B T ROEE A, BAMAMRERE, 7 (1
AL EFRL ) ROHROIZIE 4mm HELFOMEEES> T\ 5D,

(5) FRBEER B XN ORI PLE I 1 K 2 EA T, 2% (4 mm BHLLT) THE

RHFSIMAZ 7 4 L D THIE L T D, WRICHEZRET 28 (S 0.9 m)
ZEREL TV,

(6) RIFALALPFECHWDMEE (—30C~—20CRE) DRI, B|is -z EWSE D
i S DIRHNC K 5 B O SHEVEOHERIZ BT S5 CERK 15 FIEHE 97 =) (10
DL FEHEIC S T2 o THD N EIRHBBHILFE D U D KB & T 5,

2 W 2 FHEABETFT 52 L,

(1) B ED H1EEZERE Bk 2) 1209,

(2 MNZEDDHE=F U U ITFIEFICEKSE, E=F Y 7 &2FE T 5,

() EMBIRMEFENET D2 BTN H D RO LNDIZESTEHEIE, BNTED 5 8E
FEFEZEICESE | BN 5,

A4 R OHK K ORRE DB E X
L 1 2508,
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0 [RRERE X EFRER O 3
Ies i Al 75 X TR B 0D R

(3) ABERIT LD LT HHICXOFEEHFDORBRICET DFERNEDTHIE
T=4 Y ThHEEZ SR,

(4) EMEREREPET 2B ENDHIHEITRIT DEMSRELELIET 5720
DIEE

(5) ERBETOMAEXIE—FEFASERTFTEINTWVWARE L EHUORE TCOFEH
FEORER
2L,

(6) BRI AHEHEICET 5158
7L,
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B HE I L OEMEREREOTE
1. BelCBT @A
(1) BEBL2ZT5AHEEOS 2 HEBEDEDORE

A 2, ARENICBWCHRHIBERASOREL R’ H 50, ZHETICAREED T

5 A aNEAMIHH L CHARSM T TER L TV AT ST, A 2E A
M OEBPITE RN WVESMNCRESND &

OIUL BEED Z LR R  RETH L7 VICERET 5 Z &N TE 220 (FR.1995),

QA TH L7 U a LiFH D | FEROTZO DRAHAZ RNTERY | FMHIE-

TR Z b TET, - WA FD LI CTHrk 92 2 & CHRIUCEET 2178 b

10 BN et BPRRBICHSLHZHESND GIIRL KD4),

@A ALBENBELTH, REZ ENREL TERWD, BENTZHTNCN D A AR HRIZE]

ETDHIENTER,
DA ZRBEBELTTH, HLNCT VFEICHREIND Z &%, K2 - FEINT DR
EAERW (BER4),

15 LDLEDZ &b, T A @i BREM T CTHELF - BRI 5 rTRetEITR Y,

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; iR - 1754, 2007) 72 &, HAREKMF CTOAF « BRI O UIAF M EE A L
TWLHZ e, BEDZ U T 2BAIZB W TR MEZ R T Z 137220,

20 AL TR A 2T, 747 aA > H #— ety o N7 BRa 2 78
(HC-mKO) Z#RICETeA . Z DX 37 BEITHAA MR O AR A st 240 59 512
TET, SR oOEEMEEZ SO BRI AME5 LT T2 L v R0 &b,
HA DA THEMMEEFmD D Z L3R, £, @8n 2 RO R~ —h
—Td 5 EGFP b, Ll BOIRICHREE AN 5T DT ET, A a0BEICBT

25  DHEMMEEZEDDZEIERG, BETHDLINA a2 GERETHEZ) ARG TR Z D
A 2 & O CAEBTPIREIZOWTRE LIz & 2 A SR (4 #inds L OV5 o, BT 16) -
PEIRGEDH (AR 23) < FEbAE OIS 18) - i (AR 20) [Z oW TR 2
HA 2O PIEEIE TR Z A TR THEHAICA BN S < ShilkE (1
5 3, B 16) - EEIREL (B 22) - Shih oATEhEEH (Bl 21) (2 OV TIEAREIR T

30 MR A 3 LIFBIB IR A 2L OB THEZREITRO bRh o7 E L EHEIC
DWTIEFFH PR RRE X TE RV M EITIAEE B T A 2 L IR R xS
A 3 TEVWPRL, WEEIABRG T A 2O BRE»o7= B LT, Shiiy
DWW TIEIARBE TR 1A 2 b IERBE M A 26 22 H Th - 72 (AR 19),
UbDZ & aEz SOICRBIE BRI A 22 KRFEICBT D EEEFEICHE- T

35  [REEEE X TR HEPHAN TR E IR T DENMEICEIN T 5 B A 5T D ATREMED
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& 2 B AR IR E S LR o Tz,

(2) & EEHNEOFLR

(3) BEOATURT SO

(4) AMBRERENET DB ThOFEE O K
LLED Z LG KBAR TR Z 0 A 2 AR FEIC BT D /RIS » TR T IX
8] T 2 ®HN T OB A 2T DENLIEITEEIR T 2 B A2 T 5 rIRetE D & 2 B A2 H)
A DRFE SN2 T2 2 b MBS ERPET BT Rnn e B2 bhi,

2. mWek
(1) BEE2ZT5WEEDH 2 FAMEYEORE

B A T BINANBINCE 2 SN RIEI N LEB O Z 288 U TR L S2E
NOREDCRBEEZTRT S Z L1372V, £72, DA IR OEBHEITE LKL, 5
ST U CEM D A CREZER L CABF LI E THESh TV,
E BT, BB ERHUKIZ T L2z,

ARG FHAMZ A 2%, SR HC-mKO # > /R 7 B % fE R IR OVl R CTRELT 5
EF, Bk~ —F— & L THROHIRTEGFP 2 RBLT 208, ZNHDOX L XIENRH A
G RO E B SRV HRRENZEDIZV T 5 LiEBx b,

LLEDZ &t REETHBZ A 2 2 RKRFEICIET 5 EEEHEICHE > ChRBEE & X
T AT RN T, ABIINCE 2 DI FIELSMTS L CERMZ R 2 L3k <,
TEMEICER T 22 %22 2 A[RetE D & 2 B A ZE I8 E SN T2,

(2) BEOEEHNEDOTM

(3) BEDATRT SO

(4) AMBRMERENET DB ThOFEZOH K
LD Z &b ARUR TR T A = 2 KHEEICI T D EEEHIHE > TR T X
B CHE 9 2 ®EPHN C I R PEICE RS 5 28 2 2T 5 TREVED & % B AEEEY 5 03 R i
SNRIPHTZZ Linh . MBI BN ET DB TR L EZ BT,
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3. FAEVHOEAM
(1) BEEZT VMDD 5 FABEDEDORE
A 2, PERR S AARERNTHE SIVTWDLR, 2T E CHAEDEYEDAF|
L RIET X5 RAEWENFELESN TS EoWEITR Y, £72, BEREZFICED
T, BB TICE CDEEEORES T A D3 - SR &% BIHINITH > 72 /Sl
ZBEHET 2 2 L M —RANITAT DI TV D03, 2 b O S A B AR B % R EE A
HL7eb T EDEWE LR,
AL Z 1A 2, ShBHIC HC-mKO % v 87 B 2485 I CHRIELT 5 1E0,
Yo~—71—& LTEGFP ZIRCTHRIET A, EHLL0HEF LV IES, 2 OAEHOE
LA IR GRIE~— =R EE L THOLN TN A LD THY F o s EE L

(i

TORENSEZ T, HRPITRA LIZ SISO B Z2 5 2 5 LITBE SR
W, Eo, KRB THBA T A 3 LIFRIn AR A 2 OSSR E HEPIZES

T DI - BRI EMIC 52 2B 2 R L2 & 2 A R FHlH 2 T A
T LIEBIn IR R U A =2 L O THREIHFRAEZEITRRD b d o7z (il 24 kY
25), S BT, AEIn TR T A A FEHLT D mKO & /37 KO EGFP [ ZBE DA
WY UNTERT LT ERERATHEED & D T X ) BEELAN AR R IR T LN D
A ~ORELE 2 LI,

LLEDZ & D ARBE FHBZ T A 2 2 KB RT D FEEHEICHE - CREHEF X
] Cfl 3 5 GuHN C A FEWE O EAMICER T 5 28 E 2T 5 ATREME O b 2 B B
WS TR E S h o T,

(2) HEOEBHANEOFHE

(3) BEDOATULRT EOFM

(4) EMZRERENET DB ThOFEEZEDHN

LLED Z &6 ARBIR AR 0 A = 2 RS IS T 2 MEEEFICAE > Tl & X
1] TR 2 #EPHN T A EWE OEANMITERN 2 28 2 521 2 S AR I3 E S
NI T2 T e D EMERIERENET DR ThidhnE B oniz,
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4. ZHEME

(1) BEBL2ZT5HEEOS 2 HFEBHDEDORE
A 2 & MR RE AT EF AR S LTI Ul 4 > K7 U 2 Bombyx huttoni 2358
SINTWD, BARENIZHAM L WA R B, AbEENS N 78 ETEEL TS
70 apiH T2 (Hutton, 1864; UM, 1998; £EEF - Hikf, 1999; B 1 K1 2), L7z
3o T AHMEMEITEN L CTRELZ T D ARMEOH 258 & L T2 U ankrE I,

(2) HEORAEHNEDFMR

HA 2L ZOIEFFEMTH L7 72 & O TIE ABINIARE S EAUZZMEE R A4
C (s, 1998) . #RiCk W TEME b GRS T g (R, 1927; A - K5, 1939,
B 8), L7zioT, ZHEMEICRET 2 HRR 28 b L Cid, Als Tz 71 =i
kD HC-mKO Ein - M O EGFP s 123 Yk AZMEEA D 7 U a pEMICiRE L. T4
T HABEMEDNZ 2 BTz,

(3) BEBEOAELRT IO

A2l Taid, AARBPHEMT L7 zmty (Rrea—n) RE—THY,
ELOLDFARRE ZOMET = mEZEM L TAAKRERERET S (Kuwahara et al,
1984; Daimon et al., 2012; BiR 1), Z D7z, ARIOFHE FIZEDITWZ A 33, T
—. BARBREE T ORI L TR R AR o 723558113, A 2D A AR BT 27 ==
FUCHEISNTEHAEDZ U ap A AR RRK L BT DR BZ L 6D, —,
A ADFARINTE ST TREZ LM TERWR EBERENINE LI HD S DHENIC
U aDAARRE A aDF AR E AN TRRBO A REMEZ A Lo BRiIcks T
SERPIIL LIRNZ LD A ADF AKEREFAED 7 T 2D A ZAKHBIZERE L THR
BRBE FCRRT D 2 LIHAE LR (13~14 N—U &M, k5, 1997; 815 - 1744,
2007), L7223> T, LARTIE, AAadDAARLHRE T T adF AxLH O [H TR HEE K7
AU D ATREMEICIR > THE LT 5,

AHFBICBW T KRBT A DX ZAEBNEC T U aoAd A H &R
DAREMED N D D DI, BENEFWFRIENNEZEZDOND Z L6, LN TR, £l
DWTIAIZ BT 5,

TP EENTARBRLB MBI IA IO ZALANEC T TV aDFARRELZRT S
AIREPEIC DWW T B LT D, —IKOBEEF COMEFE DA A aOfE & FERIC, KHFEIZE
W, AR PR T A 2 O 3 s B ILAE N DR OTERE TE LTV 5, £
7o BRSPS DR () ZMEIC k) RiE T 5 2L & LTWDIEN, ShlfEE
HZHB U 72 BREVEIRIZ 72 72 BICERY BTl 2 2 & I b BN A TER L TS
WX T _RTEIR L TR LT 22 E LTS 2 END 7 U ad A A h & 22/ rTREZR

42



10

15

20

25

30

35

A TDAAKRNEENTEL D Z &1T7R0,

Fio, RHFEIZBWT, 7 Ty 2BEIINMEERICHEEZRY | 7 LT EEITBRK
THRLTIIIMEED Z E T AHANL I U aDF ALHENRE L THRAT D Z Lidn,
ZHEIME LTI Vg BRFHIAENTH, WA I L TR R BEE L O L0,
BN CHBEEID R EH A 2 LT R DITEET L L0 FHITHE L TR
HTENTED, AL REMNE LT/ VDR FEbIAERTH, A 2 L3R D
R THLZ D, DA 2D ERFEIT D2 LR, FFHiAENTZZ T apghh
TR TET 7 T aDF ARBAREENICAELLE LTH, ETHlRR7ZL 512, £
HE O ARBEFMHIAZ A TDOAZFBANEENTAEL D Z LITRNWTEO ENRRT
AR SYATAR

ZDET, H—, BENTARBELBHBI A IORAARRE T T aDA AR RPHEAE
LTRREL TS, RNEIGFHHZ A 20D A ARLRITEERE MK | I8 IS R 2 7
A A TEIFEH N2 & G 23) KOARHGE TIEBHARTRE R B0 4 2HE %
D ZLEND WENTHEINT I0EE T, KBS FHBZ T A 2D A ZREAUTIRIRIP
REDRZ L FABER TRIIIEEZERT 2 2 LS00, INIIHLATIC 3~ TEIY LTl
BEICLORNET D ZENARETH D,

S BT, RUCEBENTRHEIIN SR L TH | TSRV, A5 5
ZEIETERY, 2O LT, FR O \TAHEF RO S th & fii 3 2 3BT b A 77
ERITFRO o7 (BIR9),

EDZ &G BENTAREBE AT A 2 LBAED T T aPnZ R U CRMEEED
ECTEVEIH LTV THZ LITRNEEZEZLND,

W EAEREFICB W TARBEG B DA 2D A AFRBECTHED 7 VadF
ARH L AT D AREMEIC DWW TEET 2, AHFSEICHWTE, fE IR AE LI EDR
AL O EOFRBERIEIC OV TIIRA LTV D I A 2 2 B0 BRUVTOs B L3
HZEELTWD, MIXEAERETORSLCEOT THAND>BZ L TWVDHZ LD, YR
ST EDWARETH Do WA NES IR TPl & (E D OB T Ay Rk & S Th
BEREICIRALIZE LTS, BIFHEIC X DML T R TRTT 2 2 L b il A
C5Z&iFpyy (Bl 26), L7chio> T, SEREDO T TABIR B 1 = LAk L
TETEHEDO I U anZRT 52 Lidhn,

S BT, ., FEREOPICARBE MBI A 2D A ZARLRDEAE L CHED I D
IDF AR ERRE LTS, MEREOF F 721X OEFHTEINT 2128 &3 (AR 23) |
SHEE— RO RBPHE L THRBICEE L TEFET DL Z LiTTERy BRI,

PLED Z LD ARBIRTFHABZ I A 2 2 RHPFEICIT 2 1EEEEICHE - TR E X
I CHE 3 2 #PHN © AR R TR A a3 kb &> TEAMT B S D 2 137z
<, BARENICERT 2B ED I U a LT DAttt e &2 b,
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ZDLET, i RBBTHBRZIA aDAAFREFAED 7 U aDAAKRNLZRE L
TRHEBEURRAE T2 L LTH, MR R TD HC-mKO % v /X7 B ORBIL, [RTO
EGFP O3HLY, HARREE F COBAICRIT ZEMME @D 5 L1358 2 #< . O
EREAD 7 U LIV TE S (LT 2 wREMEIMER W L B 2 b T,

2k, AHENCEIREE TCORRBEHTRE LI Val A aDiEx IR R/ift &I
DT, I har KU T4 7 LD coxl (cytochrome c oxidase 1) Efn 1 (7 7 = 4,192 {#
K& 1A 2 147 348) ORISR E I LT 2 A HED I T alZhA4 ap hay
KU T 7 DGR LTEBRNEEED 53 Cu7evy (Yukuhiro et al., 2012, 51 6)

o EHERIEZ SO ORI FERET D70 & FrBE D MR 1L HE & 5 U722V ME
TR FIETHA a2 fE L TV DB EBEFEOJEN THRE L7227 U 21250 T, coxl
T OBBHIER AT LTc & 2 A, 2939 ik _THR7 v aflchy, HEH—N
IR S ehotz, BIRT),

AA ADFARLBITIRS Z LR TETEEEBERNZ LD 7 T ad A ZXpH L [R—
ZEMNC BN T AR AL LRV (13~14 ~— VB, PAF 51997, % 174k, 2007),
IO, BRBRETHA 2 b HEO I UV angRT 501k, A 2D A AR R KT
HMET a2 HAEO T T adDF AERPE L THRET HIGEICR O, 1A 2D A
AR E 7 U aDF ARRBRAE)RE L TEL MR —RITVA 2o hary R 77
J BERFOZ LT D,

MR U 5 ATREME DS @ WGl T 2 il OB AR O JFL T b MR — A3
RENRIPSTZZEND, T2 & ARB DN ILREZ#E T D 2 L7 < BENITHINFE
S| FBEREICHA aBNBALIZD LT, ZREEMEENAET D Z ERNR0nh, F2X
MOTENTHDLEZEZDBND,

NEWNZHA aD A AR E 7T ad4 AR E HEDOEIIERE LTS U
HELDZLEBARETHDIZ LD LT EEROBRBRFZ DL TEZ D L 5 7 fl7358
BARNDIE, LTFDO XS RERNER->TNDHLEEZZBND,

- BEBEZFTIFS R OR () EFTL2M8E LAV B OMENMETL2RNWE ST

F B D FE AR & T L CRAEIRIC K0 G2 R 37200, 7 U a DA AR & R
REZe A 22D A AR A U 2 AEMEDMEVY (1K 8),

B REICHN TREIMIER SN D VA FEBENEND e EABN R R 2 /o2
EMZ\ L BIMNCH T A 2 O G OR B E o0 B R BB R ST T
% (s 4),

s A ADRAARRITRARIRNZD, BAN T/ UV adF AR ERRE L THZEDEIIC
PEIRS 21297 (3R 23) . ZSHEE—ARDIHE S AN BZ L CTAEF T 2 "lhE
PEAMEV Y (BIVR 9),
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(4) EMZEHEERET 2BZFNOEEBEDOH M
DLEDZ e RBLEHEZ A 22 RKPFEICEIT D EEEEICHE > TIRBERE X
BT 2 &N CORHEVEITE RN T 2 EM SR EN AT B ENIE RV EE 2L
i,
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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,

AR D BN

BETHDLHA 2iF, AMOBFEENMTON R WEAMIRE S NS & BRI T
BT 5 2 &0 BRIV E B ATE 2 KON TVD 2 & BEIREAMENZ L2 8 b,
A -BIHT HZ W, £, BREZFEI LS 2B AR THL 7 UV a LT Y)
BRI OBERE MR L L BREM T CAT - BIHICAF 2 EZ AL T D 2
EMB BADZ U TR L THEAICRIT DA Z R~ Z L ide

ARG Z A 2T, 747 uA 2 H#EH—BOIOLZ VRV EE X 08
(HC-mKO) #ZifRIZE A, EGFP Z R TRET D2, T bDX LRI BEREEIZEIT S
BAMEZ SO D Z LITRWVIEETH HIFEB R A 2 L KRB E B A 2L D
W CABSA « ARRPIRFEIC OV TR L& 2 A, ShlAE (4 ik L85 ) - P
#PA - LG - BRSO W CEIARE B X I A 2 Ol BFF2RICH RIS WIE
D, GHHBRE (1 E 6 3 lp) - IR - B R OATENEEFRIC DUV TR PRI A B 7R 2D
oz, MEICOWTIIABE FHBX VA 2 L IERIE TR A 2 & TEOLRZR L,
M EICOWTIEIABE B DA 2D FRKRED T2,

LLED Z Lt KR TR Z A 2 % AR5 I81T 2 EEEEHIIE - CIRBER & X
TEEHT 2#PAN T AT DEMPEICER T 5852 Z10F 2 TReME D & 5 B AETEY)
ERREE SN oTo 2 END HREIB T DB X D AEMS R EN AL L BEN
IThneEEZ 6N,

N

EETHDL A IHHRIICANBINCE X DN REOLEZEBRET D, £/o, A aghh
DEATRELERL TOLHIIINE THRE STV, & HIT, AT E R KOOk
—HBIL72 0,

AR Z 1A 21, HC-mKO % v /87 B & fRRIZE A, EGFP %R THILT 223,
INODE NI ENIA G ROHRMEZED D Z LI1ER0,

LLED Z Lt KR TR Z 0 A 2 % R FEZI81T 2 VEEESEIE - TRl & 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,
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T 24 BFRAILA BG4 2 2 &1 X0 ANEALT %, ANE L S L7t X OV R <TI0 T
FARHEE & L Ot L2V & 5 IS — IR BESEIUER R [ RFE L TR i &
L CTHEAMLEL S 5,

(8) FAEAFEDAEFTREDNA 7 (KB FHIZ A 2 R OZ N EFRRFICET LTV

LI TFHIAZ A 2z Ete, LUFRL,) MO E S IFRELHENIRA L2
U az R L2 aE. BRBEER T XEWN TR EBICHERT 20, (7) 1[26 > TRIET
L& LT, ZTORMEETLERT D,

(9) A&E (WEPRTLANEREIEL Lch) ORE42 BHE THEE L, 1RIRREL L

otz MW LA, AR ST 572012, ZOHD D HLIZTXTO R EHE (H
ERRESEDamE) ICBBIS T ERET 5, REOHIEGN 1 HIREISET DRNICHO
TR bR 7o Smid, MBI U CTEBNCER L CRICBBI S5, 2B, HEICB#hS
V%I A TER L2 B OEIG MENE, 2 BT TR EZRICBE S S A &
W EHBT SN AL, FOBOME TIE, 1 HBIXRELZRICBE S, 2 HHIZEY
DHRT X TEEIBE ST LEOHELHD,

(10) fh DIEARFHEHE Z 7 A = RHE & A CEEN CTHRFFICEE T 25813, Erb%& F Lz

A FFRITITR ST, FREEERE XEN TR BICHERT 20, (7) 1[28 > TRIET
LHELEBIT, TOREERRET D, B, BEIISCT, MU L2 A 224 4 mm H L
TOMTHES THZIESET&IT (7) 120> TREET 5,

(11) MZPR S RICIIFEENOERL AR ZHE L., WPmARE LS5 a13

T _RCEYL L., RS XEN T2 BT 50, (7) > TRIELT 2L L
2, FOREERLET D,

(12) BEXETICABR IR D A 2 2 REEE T X OSMIFF b HS D 2 & 2Bhikd

B2, HEBETEEEZIT OB, EHOEEEROCEMZEHT 5, FEBETOME
¥ T RTHRRIBRITIE, KREFEICHA aRFE L TR E&2JFAIE LT 2 ATH
HIZABCHRAT 2L LHIC, BEENTERZ., AlFEELOEY & A/ EENITHR
BT b, IHIC, BT XE2SH 20, FERICHECTHRT 5, 1A 235
L TWegaE, RBEESRE XEBEAN T bIcli& T 20, (7) IKiE> TARELT D L &
HIT, ZORMETLERT D,

(13) FRMESRE X E TR L7 k-0ms Bd, MR TR, WA addfdE L Tnianl tx

A THEGE T 2 Z LI2 L0 BEREFITABIE IR0 A =2 D3 WREER & Xl O ST EE
HIHENDZ L aPIET D, A apf5E L TWTGEIE, BB E XN T2 HI
WS 27, (1) - TRE LT D & & biZ, TOMEaiiiRd 5, £2, WRiEEAE
I OANL D DA TEF TRELECIADR & FEED DIRELBLE A~ DR 2 52
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MSERNZ & T, FHEL R T XE P ITHAT DI A 25T 50 27 %
B sES (B 3),

3. FBEREDLE

(1) FBFRELZ SRED OREUH S| ERH T AN, SEENTHEMRICE Y Wk
WA 2 (GO 20 ER<,

(2) FBERED I B, FIZHoWTIEHRAE BT, HUADOESCIEE OV IS EHEICE
FIANTE BT, EIREED ZIENE B EB STe . MR A i 2 T E R T L E U LR
EI\EMT D,

(3) fFBEREZEM L-%1%., ToRK 1K 3) #HHETHR L, WAOTA =2 (4
R OME) DD TWIHEIE. RS EXBENTREEBITHZ T 52, 2. (7) 1210
STAHNET DL & BT, TORGELTLET D,

(4) PRSI CHEWR U2 BEREIL. EFEND 7 B USSP it 5 2
EIZED, EENTODREEMENR S D I A 2 OGP il 2 B LB L CRIE (LT 5, £
BIREOMHIE =—/ v — b BT, BB ZIEn & b7t B iRiE 2 B L
T, HEEITHIT 2,

(6) NIEFLMTE T LIl EREIT. FRBEER & XA OHEIDAR I U CHERE & L, BRI
AR X —NTHFEHET S,

(6) HEE~DREDOWA L S FIRIEDOBEITHI DO HIIT I,
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B 4
IS
GV
BT
B 8
B9
B 10
Bl 11
BN 12
IS 13
BT 14
Bl 15
B 16
Bl 17
Bl 18
Bl 19
Bl 20
Bl 21
B 22
Bl 23
BT 24
Bl 25
Bl 26

IR A b

A 2 &7 T aDAEBFN) R OVERRFERRME O bk
HAREWNIZBIT S 7 U adsmic B4 548

70 AR R ARSI BT S

BRI 5 H A aDAEFREICET 5 i#E

B B o b A A T I AT A RO B 5 B - B iU
A A6 AREHOEAED 7 U afi M ~OBEF I AIZE T 5 &
BERREFFALDTONA 2L 7T aDRHEFE—ROFEICET HHHE
HA & 7T aDHERROEMEICEE S 5 A

HRFUZBIT DA 2L 7 U aD MR —ROAFRICET 2k
H BB B 1 DY FEELS

AIR—T T A I RO IR
EARFEAZANTZAA—T T 2 RREF L TOVRN D & ORfE
BA SN BREOER PRI 1 28— F1ET 5 2 & DR

B ST OB OO TR RIS BT DimiEO R ENE
BN ST RZE DB M) DR IRRE K OF-F R M C O FBL D% E 1
B R O L

ol R R OV fegi £ D ELG

WA G O bk

Ly R oD b

R O g

B O TE O ik

PEIRE D EL

PEIRATEN D LEk

T DI FERCAEBITE 2 D B L
AT 2 D BB g

TP C ORI K B BB IR O RIE L O Rt
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B 1 A 3 é 7 UanAH2R Kk OARSEREMEO Hig
SRR BT M EOE—D 1. [EEXIIEFEORT LY ORI 215
\ZBET D HIC DWW T, 7 U a DTS OVERERA R E I DWW TOF#RA2 L D £ &0

5 5&&bIT, WALV anlialTORDLEEBY LY E LD,

F. WA LI TUaDRE

A =

7 va

F4

Bombyx mori (Linnaeus)

Bombyx mandarina (Moore)

EN OB RBREICB T 54
SSRINA

HARBREEIZ BT 5RO
AN

AevtEE, AN, DUE, Ju
WAL, MERIE N T 5
BETT, BERBLUMT
DU aOA&RFEKIT R
(R, 1998; {187 - AT,
1999; AR 2),

[E5h D B ARBRBEIZ BT D24
BRTL

HARBREZICH T BB DOH
e EA AN

AARDIED, FEAL,
BEE S BB RO =
TIRUEINC A B FeER D 8 5
(U, 1998)

RE HBZr VEBERT 5, K| R VEERT D, KL
BT RES L PR BER | RIERGA R PR ER
b L722w, b L7,

DA FRZ HARE CIIEFTTE R 7 U REEE DT TN D

Y,

(5 Anb 11 AE),

et (LEERICRAET 5
)

RFNZ LY LARVE, 2 1kPE,
ZLMER D D,

E& LT 2 erEIE 3tk
T, RS OIS T L
LR 256655 (1
A fEfR, 1958; B 3),

By d oD i B2 A1 45 WEILA4MET, 3ENCAR5Z | 3EBZVR4EEH D (K
Lbdh s, FF.1950; #&A-FrH. 1982),

By o EB)ME N2 o CHEERA | iR THEIEHE D,
MBAIMTHI 72,

Jik B D SE B AEH D PNIT ZLIET | REZENTE D,

TOLMMSZ LI TE
AAN
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SR o SRERIC AN KBt BBt (T,
1936).
5 O RET T L7y, RSS2 (K & e xR D
B CERIE L, BLCHERET
Do
kR A AT A 1A
R ARAEEPR L Ea—LE | AARBRR S Ea—L%E
FH U CTA AR AFES I | i LT AR 275517
B AARBIFHENT AR | B, FARRITRATA A
RRHIZHER T D, DNt Sling e
PEIN HR & 7RG 500 MEATE 2 RE | 19D U AE ~10 Kofd
Y42, BEFTOELOHTEINL, 1
FHD A AR R O FEIIEIE
250~300 i F2 FE (44 Fn, 1936;
K&, 1939b),

(B4 =227 UapbfR]

714 2 L JA U Bombyx J& (2L, BFAEFE S LCZ U = Bombyx mandarina 23 & £ 41, JERES
0, AR O AR AN S 1A 2R EO 7 VaTthb tBEZHNT
W5 (TJEA, 1998), TEO 7 U az &b L THh A apMEL NI OB THRTT, HE
DrUa (A a) EAROZ Tapsp b Lol X 0I5 0 UaioE a1 TH
HEEZ LTS (AU, 1998; Yukuhiro et al., 2002) , Yt fREUz >\ Cid, A 2 &
HEOZ Uamnm2n=56, HAOZ Tapan=54 LW I ERHDLN, WA 2L BHRDOI YU
T NAHINCAZR S D LM Z R OSSR U5 (U, 1998),

(7 UV aoENEOESNO | REREIZ
7 U aid, BA, mEARL, #IEEER. BB RO e o 7 RN a5 GRIEH,
1998), HAIZIWTIZ, AbifEE, AN, HUE, Julicoafm L, FERIZ N 515 £ TT,
BERBUMETOZ U apAERTEIER GTUHE, 1998; L8 - Rt 1999; Bk 1), 7
TapiflIs VoOREAEBRE L, FEZT IR WRIZZ IR AEE L TOWIUTAEET S
AR D D, LinL, BEAICERINZE T VR EMRICHITE THES N, 7
TapIibAE e & BICRESNAFREMNEE D 2 &0 D ARV 22D 2 & HER
LY

AT UNKET B0, 7 U A PEFTE DOIFENLHKICNT TTHY | JIT
A2 (4Fa, 1936, KA. 1950),

ESIPRALEHSE/NIA
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7 U aDRROFAERFHIZONTE, REFRRATTIX7 AP s 10 Ahao4 2 [k
FE (@A - Ve, 1958)  ZAMR- IEMRb L (& 20m) & BES R M HIT R/ (B
% 280m) TiL6 HEE, 8 AEMK N 11 H~12 HEO4E 3 [RIFLE (BN 3) . BB EEATN
(L (5 1,000m) TIE9 HEHOELFERRETH LS (R 3), U o Z &b Hulkic &k
HEWEIHL OO, BRENOZ U a2 TEI2, 142 2 B E D KT 2 bk £ 721,
A Z R Y KT 3 TH Y | EEE A E O HIR TIE 1 4RI 1 EHR A4 0 3K 1 el
RHZELHD,

PRI -97 2 5| & i Z 3+ th Nosema bombycis DEFAED 7 U 212 381) 2 YL RIL, 1941
FERKIZ 1.4% (216 B 3 8H) . 1942 FFFRIZ 0% (156 B 05H) Tho7c L DWHENH D (K
k. 1950),

(FEES U a R OERES U a]

5 BB i DB & A DD TG REIZ DN T, HIEGE - R[ERE - HARFEZ N Zh D7 U atE
[ D [ THIRRZE TR DAL WA, BRI DWW TE, MEEZ D aBn A a LFEC
2n =56, BEEFE/ UV a L HAESZ T aTlE2n=54 TH 5 (RJELH, 1998; Nakamura et al.,
1999; Kawanishi et al., 2008), H[EEZ U a #fE LI-MER T, BAEZ Va b ikl
Rt/ NE L, MR THLAEE LT W S S cng (A, 1998), H1E
PEI T bl A A NHICRRIED & D & 2 AR C 2705 2HEE RIR £
% B LT B IRIROFHEEDR T 5 L OoWERH D (FAS ., 1996),

(7 U 2 AR R ORI © AR K]

7 U aDINTER 1.2~1.3mm, HE 1mm < 5V OFEVERE T, AMIlEEO IR C
WENTWD (4T, 1936; KAF, 1950; fTJ5UAH, 1998), 1 4EITHk v kAR DEEITFIC
2 [E 30 3| (2fbME3UT 3 (kM) T, A E VRS TIZ LA (L) 1255 A b
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 & OERNBKE VA, KB A UERB G T, Mie 2 (k8 &
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 O IC L TEOMITIED D, Z O B HIEMEE L R TRE 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 DIRATE D 20 IR LN B A AR ARKE T 5 LB 2 65 (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 IR RIELER L TRET 5720 ERSFTEZ 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 AT 2 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),

AARHRIE, LT D, UTEE~10 2@ E T > F & o TIREZ EA DT, LIAD 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
TXXNEFTTF b H D CRF, 1950), 8BS FTIE, A AR Z ATV DR
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
FITERDPRE VD, 42 80%FRE & s ST\ D (KA, 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]

BAEOI Uk, ORI, FEBRICI2TFAEEZIT DL (BF, 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 E THZ B ANRF LT VT R annFNEET D ERRE STV D (&,
1936),
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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 (BEROEFTT R L CE#XEL 2 L) Z#BthL. ROBLH~BET L0
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 CHE A TV T LEIEPME L 72 FTREMEDS & - 7 DS S 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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oo (]G5 . & 6)

# 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 TmOITHEIZL D
LOEEZLILD,
Fo, SESBRO—HNEF L THRBIZR>TH, BT U 2 EICHBEINTHRTT
HZERLMhoT,
20
s
U EOFRERNG BINZ A a3 L Th, BAEO I U a L ZRFTRER A AE L 5 Al
BEMETEDLOTERWED EEZ NS,
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10

15

20

25

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 RBZ AN LT AED S - RIBHZ L TICET 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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10

15

[

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

100



Bl ~ =T F R I FOBFEEL
(ERSMRBIZ D = IELNBH)
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15

B 12 BERFEAICHWZANNSR—FFTZAI FBREBELTWRWI &L OMER

[J5i5]

Go14 RIS KUY Gapa AR VEMZARMER BTN X 18 2M) OB R Tl 2 1 A =2 (%
NEH GN2 &iftds LU GCS2 &) D 5 insh DR EFH RIS 7/ & DNA ZHliH L,
05 pug Z# L LT, KOD-plus % FHV T 30 %1 7 /LD PCR %47\, R EIn D —
EABIE U7, BRHRAREZ T 70, A~ R—T T A RAEPEARIN LT L L7~ PCR
$©4T7o72, PCRIL50 pl OISR TITW, D95 B 5 ul & 1%7 Ha—R 5 /L TERIK
L7,

TIA 7 —OREBINILLTD LBV,

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

(5 R ]

B H A 2% ) AT 1 2 B —0 piggyBac B EEEE R MR A SN TWD 295 &
A2 ) 505 pg YT —F T2 ROREITHKI6 pg & 725, PCR DfEHE,
MoLEFy, PHENDH A X (5500p) D32 KA, ~A—FF 23 R04pg 725 b
HT&7—J, NGB A 2D ) 5 DNA 05 ug oI S eno7z2 b
DD ARTBR TR X 1 A 2 IV R—T T A ROBFIDNFETT L TN 2 & AR T
=T,

M123 456 7 8910111213 M

(bp)
2,000
650

500
300 —

M SFEY—N—
1 ~JLsS—DNA 4ng (A14334/ LLDNAO.5 ug TD 700 a E—5(2HHH)
2 : A~JL/S—DNA 40 pg (7aE—%)

3 A JL/S—DNA 0.4 pg (0.07aE—%)

4 ~JL/S—DNA 4x10°pg  (7x10* 3 E—%)

5 . AJL/S—DNA 4x10° pg  (7x10° 3 E—%)

69 : GN245/LDNA  0.5ug (FhEFNBERK)

10-13 : GCS2 4/ LADNA 0.5pg (FhENBIERK)
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20

B 13 BASNIBRROBEMPRERIZ 1 a—FET D 2 & ORER

(7]

B HHZ A = (GN2 %) &IERIn Mz 1 = (HIC KK LD F 2, AIC
Rz R LA L T, WIRTONBEZfRIT LTz, 17 (RIX) DI Gk L 725 %
B LTHZESE, MOt 23t FABEME THE L, SABIR T TH D mKO ¥ /17
H OB AR LT,

o, FRRIC, BIn A I 2 (GCS2 Rft) L IFBEInFHH X I = (H/C RifE)
LD FICAIC R xR LAEL LT, IRIRT O B2 iRt L7z,

[

GN2 5%t & HIC /D FLIZ HIC /i % R LAHEL LT BV 123 [HD 5 H Bl
ZRFOL O 6L H (49.6%), HIEEFF-/WE O 6218 (50.4%) Th-o7=, R LAHE
T, B~ — D —ThIBEEEE B L TOARAEBFIER ThH o722 D BAE
BAIXCN2ZAHD ST ) AHFIZ 1L aE—fHASNTWND EE X LD (CHMRETP=0.93),

GCS2 %t & HIC HZAMD FLIZHIC Ffi & = LAEL L TR LR 142 D 5 b, fEfhg
HaFrob DN 75 (48.1%) ., @A Fi7l-72 b D73 81 (51.9%) Th-o7-, R LAHL
AT, M~ — I —THHBEEEE I L COBEEBIK L TH =2 b, EA
BEFIIGN2RMOS / APIZla bt —fHAIN TS EE X b s (CHMRE TP =0.63),
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15

20

B 14 BASNIBROBRY OBEOTFHRARICEB T B L EN

[J5i5]

IR AR Z B A 2 GN2 SRHE (Gpag HEANK Y Gogs AR, AWM ZEEMEREME X 18
S LUFRIC, ), BB TR % 77 1 =2 GCS2 (Gaqq AR KL TN Gaye HAR) . GN2 RiE & GCS2
FRIED Fy (Gaae tAR) K OFEBB FHAHL X 74 = (MN202 5%t & MCS202 S2HED Fy) 725
6 BT DIZOWT, b S DB EMEA NS S 2 A5 DNA ZhhitH L, 7 A oong 7
VEAY =g ZiTo7,

77 5DNA % (2 ng) ZHIFREESE Hind Il B L ONXho | THILL7=D b, 0.8 %7 4 —
ATV CEKKENZITV, A2 A7 L2 Hybond-N+HIZ N F VA7 7 — L7, Fa—
T, EMSHEME BRI E T O 14 1277 K 912 mKO IZ3%E L, PCR TIEfE L 7= (654
bp), 7T A ~—DHEIERINILLTO LB TH D,

KS436: 5’-ATGGTGAGTGTGATTAAACC-3’
KS437: 5’-GGAATGAGCTACTGCATCTT-3’

B 517~ PCR EM % AlkPhos Direct Kit (GE ~/L & 4 7 f#+8) 2 FH\ T 5~ L L CDP-Star
EREEE LR TRE LT,

GEED
BUIRT L OIS, BASHIZBIZ IV A 27 ) DML ERNHEFF SN TV S,

GN2 (G.14) GCS2 (Gs14)

(kb)
12 =

5.0 =
--‘----

3.0 =

2.0 =

104



GN2 (Gy.16) GCS2 (Gz.16)

(kb)

50 =

-
3.0 =—

2.0 =

GN2 x GCS2 MN202 x MCS202
(Ga-16) (e %)

(kb)

L et —

5.0 =

— - - P i
3.0 =

20 =

105



5

10

15

20

25

30

BI# 15 BASNIBBOBRY OEER K OFHREM TORBADOLEME

[J5i5]

IR AL X A 2 GN2 R/l (Goge AR, LW AR BSSEAT 18 Z/M. LARIH
C) . BAn T Z A1 1 21 GCS2 SR (Gage HAL) L GN2 AL & GCS2 AAED Fy (G AR |
R OERENC RS L7 FFE R /2 7 =2 (MCS202 %4 & MN202 B480D F) DOFNZE
3 EIRIZOWT, 5 insh OISR IR 54 RNA Z i L C mKO #Eiaf &+ 5
RT-PCR #1772, RNAIZZNETH 1 ngTo% v, Wiz 5E%3E AMV Reverse Transcriptase
XL(Z BT AF)IZE ST eDNAZER L, ZDH HD 204D 1 %288 & LT Ex Tag HS

(517 734 #) TPCR &4T 212, 7T A ~— X EW SRR £ D[] 14 (2 [RT-PCR
O#IFH & L TRIRL TV DEY ZHIET 5 £ ISR E L, £ ORIEESNIILL FTO L B0 T
H5,

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

PCRIZ 10 ul DISHTITV., FDOHHD 3 ul % 2% 7 T u— A7 )V CEKIKE LT,

£/, RT-PCRORYT 4 7 ar bu—Lt LT, rpd9iEtfnt (VR —bH 7' EikE
v, 77% vy a %S NM_001098282) @ PCR HiT-7=, rpd9 BIn DT 7 A ~—D
WRERSIILLTO LB Th D,

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

[ 2R]

KoLy, THRENDGT A X (1,204bp) D mKO B+ D PCR EMN, Ein-HlH %
HA AT RTCTRBEICHRL S, —7, BB A a TR S eh ol £
7o rpd9 B FIIWTNOMEEN S IE Sz 276 bp), 2D Z EMD, ARIOBGEIC
AW SEE B Z 1A 2 R/ TV BEABREBEFPLZERNICHBEL TWD 2 ERERTET,
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GN2
< X MCS202 %
| GN2 GCS2 GCS2 X |
jlﬂ (G216)  (Gsis  (Gaz)  MN202 7|J

(bp)
2,000
1,650 =
1,000

850

(bp)
400
300
200
100
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15
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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 & 18 D Gyae) o

BBz A = GN2 X GCS2
SR & 70 B IEE Rl 2 A = H 137 B X % 146 &

ALEZ ORI ONTIE, 30FHMND 4THAF L O TEREZJTE L, 1B OKE
BEE LT, 4 T N—TTOREHILT-,

2EILAICOVTIX, 102 L LD TREZIEL, 1LY ORELZFHFE L, Zh
o, BARHHIR R A FUTHOWT 14 [\l FEEUR R R T A 22OV T 12 [l R LTz,

3B LAREICDOWTIL, 1EHT OOEREEZ | BIS BRI A = & IR 72 T A
IZNEH 40 BHTOMIE LTz,

GEED

EN 5 [ AT=RE 2 B R IEER 4 & 5 B ®

GN2xGCS2  0.447+0.00998 5.97+0.135 40.1+4.01 221+24.6 951+127

H 137 & x
. 0.44340.00729  6.08+0.330 39.1+4.04 234+23.0 1056+134
% 146 &
(HANT - mg, ¥ YRR )
P (t#&%E) 0.68 0.27 0.26 0.02 0.00
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15

B 17 BERCEBED LR

[75i5]

BRI R T A = LIFBARFAHIR R T A 2T HOWT| Rl FETET L7z, Bin il
B2 A =D 63 il (A A 33E, A2 30 ) &IHBARFHAMEZ VA =2 D 56 i (A A
30M8, AR 26MH) #, TAENELOTWE (Hz3TMOES) CREE (M) oihs
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 18 D Gye) o

Bz A = GN2 X GCS2
SR & 72 DI TR Z 1 A =2 H 137 5-X % 146 &=

[#E5R]
RE EE MESE
(g9) (cg) (%)
GN2xGCS2 2.06 47.1 22.8
H13785x% 146 & 2.06 40.0 20.17

i T AR T A = LIRS AR T A A TEWD R o T2 g EICOW TR
BRI R 0 A IIERA AR A D A 2 XD b RE Do Tz,
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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
18 ® Gagp) o

BBz A = GN2 X GCS2
SR & 70 B IEE Rl 2 A = H 137 B X % 146 &
10
R, REHREINE 1L, ZREINEFA ORI DS CNED LR WIID Z & FEIFE X,
AL LN ENEE RSO 259,
[#5 5]
15
‘ 25 ‘ ‘ BitEHa
EX5 B , LI TE= 31t BR K
D%k (%)
GN2xGCS2 2,454 656 266 1,532 85.2
A 137 & x
% 146 2 2,390 90 75 2,225 96.7

e (MBS0 7 (BED — (R2FEI%0) & LTHRIEL TV,

B A 3 LIEEE T A 2 & DT, FMEBERICEBEENRD LIL-
20 (A —FMETP<0.001),
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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 18 ® Gaae) o

BBz A = GN2 X GCS2
SR & 70 B IEE Rl 2 A = H 137 B X % 146 &
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
(")
GN2xGCS2 22
A 137 5 x¥% 146 & 22

15
BRI Z T A = LIFBAR AR Z T A 2 OSBRI IE VTR o T,
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BIER 20 ERERO K

[75i£]
AR THLIH RN A 2 LIFRIRTHIRZ A A OV T, RlE FRETEHE L1z, 4 IHRE
5 THMZ 200 SHICTAXTHT L, MElEolclibt (s Zid L7, MM
& 4 WEERCH-TEEEBE L Lz, SURFIIUTO LB & Lis CEMS IR
BRI 18 D Gaae) o

EAR TR X A = GN2 X GCS2
10 xR & 7R 2R s TR U A = H 137 5 XX 146 7=
[ 2R ]
4 8 . EWE
EN G ‘ HEEHR
R2EH (%)
GN2xGCS2 200 173 86.5
H1375xX 146 5§ 200 197 98.5

BB A a b IEBR TR A 2 O T, BRICEEENRO LI (I
15 4 “FEMETP<0.001),

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

[ 5i%])
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 & 18 @ Gyip) -

G x A = GN2 X GCS2
KPR & 72 DI R AR X 1 A =2 H 137 B X % 146 =
10
[#553]

BENREEO EYE (MRS 1L, Bz A =2 T43 em (£3.6 cm)., B
THAHAZ WA 2 T51lem (£33cm) THY ., ZEIBOLNR -7 tRETP=043),
F7-. BEIWEEEZ 2cm 2L D A N T ALICHETE TRO L Y I2 -7,

. 14 -
]
=12 - —
B GN2xGCS2
10 -
o O0H1378 x %1468
6 -
4 -
2 | h
O I T T T T T T ._| T T .j_\
v ™ © » Q N ™ © ®
/ p P P N N N N N
Q oV ™ © - - - ’ ’
NN NGNS
(cm)
15
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20

BER 22 BESIER D LB

[ 5i%])

BAGFHHAZ A 2 LIEBGFHBAZ A 22N FH 20 T DD X A2 R « E5E &
Hi=%, PR 18 em O OFEO I 18T DE T 24 FEREfLE L CEIN S, 22
NOREINE Z A Lz, B HITLL T L B0 & Lz (AWMt B5 £ 18 ®
G4-16)o

Bz A o GN2 X GCS2
SR L 72 DI R 1 A =2 H 137 B X % 146 =
[AER]

BRI A 2D 5B 1 EHITDE (14 ) LEIRL T Rinololzd, Thaetk
FBEROZ, Eo, BB A 205 b 1A (72 8) LAEEINL Tuig
mololo, THHEFNDERW ., 1B OEINKIILITO LR Liaoiz,

e FHERERE
GN2x GCS2 792+70.8
H1375xX%X 146 5 820+103

B A o L IR A 2 TEIVICIIHE A EEZITIRD N
ol (ENRRNWI EEIRERGE L2 tRETP=0.33),
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15

20

Bls 23 PEEIMTEYO L

[ k]

BE TR A 2 L IERIETHUBRZ A 2 ZNEN 2L T DD A Ak AR - HIE 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 &
18 @ Gyi6) -

Bz A o GN2 X GCS2
SR L 72 DI R 1 A =2 H 137 B X % 146 =
[AER]

BRI A 2D 5B 1T E (14 ) LEIIL T iRhholclodh, ZhaktE
SRR\, £, BB BRI a0 b LEL DK (T2 ) L2vEIIL T
MoTolzd, THHERN LR\, BIE A T A 2 LIEBE X 1 A 22 ZE
20 BT DIZHONTHLS 2em T EDIIDHZGF L T, TN TN DINDREAZR 5
BHEEARADNTTLIERT ETRO X DT ol IR TR T A 2 TIERE R 2 0 A
T HEARTHUMIEVMZEIZEII L T e (ERZRW T & 2R L L2 Mann-Whitney
7 U f#7E T P <0.001),

0.300 -
0.250 - B GN2xGCS2
g@ OH1378 x 1465
| 0.200 -
AN
[ |
0.150 -
0.100 -
0000 = T T T T T T T T
A S I A N S BN T

Q oy ™ ) CbH '\9/ '\,)/H ,\/VH ,\{o/

b Hvi> D BEEE (cm)

115



10

15

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 KLz M L7z (BF#BRIKIZHOWT 5 i), Z4ax 20C - BAREOSRMCE S, fRfEE%
THTHEIFELMAEL, 2 M T EMARINL T, —#R4S720 OFfEE 2 iHE Lz, #Uk
BRI HEARIEAT > TR, BEERFIFLL T O LB 0 & Uiz (SR ET I E
18 @ Gyi6) o

Bz A = GN2 X GCS2
SR & 72 DI TR Z 1 A =2 H 137 5-X % 146 &=

[ 2R ]
PU T &30, BIFREM EHOERE HIC, BRFHBZI A 2L R ELRDIEER
BRI Z A 2 & OB THEHFIRABETRO Dol CRIE, 7 — & OIEHME,
SO ON TV TR B R S e

REE PTﬂW P|:_0-|13 Sf. RERICOVCEWEREBRED ¢
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