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TrEF, LB E»S/NFRFEREDS LXK EICE D HER
MOHLHAHTRORED L ETEZLOBEBRERN SV, Mk AW EIRIE
Mok E B (&, 1998) TIix, o E ko &k T/ L, RFAMH,
BER, MiiRmHE L S0, MPER 23 E2ABHILTVWD. Zh
ORI ZARERIEL & LY, ERSOBMEEBIEYR, EAMD,
BEAMDBLOHRKERERS G EN, HEEDERISKEAEICOR
DYVBHARDODXNLICH OS2 bDOTHLZ EBRRENTWD., —F,
EEREOCTEMESHREZTY, BERERZFERMICHEL TV
O DA A E LT, TAEAMOZHEMEICTHE T %5 5%HK (Convention on
Biological Diversity; CBD : 1993) ] MBIt 3, 4 & Bl CHEI
NERERNORAOENEEDLEMSHEEZOE 10 B0 E < ®E
(Conference of the Parties 10; COP10: 2010) (X EicH L. Z D
FT, ) B EBROER R A &R A5 (ABS: Access and Benefit
Sharing) ICBE T 2 EHEM BB AOKRE, 2) EMEZRENKDN
HMEZ 2010 F ETICHWAIFELILLDO (2010 FHEE] OMGE &
Hiz/g TARADN2000F B OREFNEm SN, B OBEMLER
FIHIZOWTEHBLIHAFBMLSLRESINLDIICTE->TWVWD., 206 D1
Brag, ENOMBEYERICOWVWTEZEOEEENILICHEE
S>TWsEE R L.
WEBEEYWEREE=FA ~ERBRZHEL T~
BREBERVY Yy FTFT =27 v 27 (BERER,2003) 2X25&, ER
BRI AAMOmMEEICAE L, K&l A2 S 5, RS HEK 270
km ALK 600 km IC K S 2 b kkx RAEMEFROEFE L S bh T
WhH, BTIZEIFWMBICOMMEN 5 BRME, JLRMER X OEAHE
MWL b, WK 3,100 %2 30, RSB AEBMEY A
B eAFTr2hHEESN TS, Zhbohicix, £V =v X



NIV —ooRERFETHD "I T I H7 o, =V HREZEM
MORXMH EELTHVWLHENLTE LT y Ry 2 RFE MY, UF
2R EEND. £, HEBELERIEALE LTESFHIATH
L7 N0AYYVE, PR LGBEEBR™ITHoN (A, 1919),
ZTORKITIEBEY Y CEHEEINLD (AHE - /K, 2008). & 512,
BIERERMEAE LTHBENLIBEES Y7 T T O0FTHERARR
SN2 mEHEORMERICIT, BETHERIZEANLIEALE
X 7T AP RAVLATE L. o koI, BIEOMK X 2 REE MM
ODRMEBICERERZLRICIMOBARSLBE AT H WL HLTE
7.

— 5, 2011 EBLIE, IR E R O R EEDRIT 4,000 EMH %28z 2
EH4friofE L (BRERBBE,2012), o ARk s L CHH
F=—RAZRHW L LI LETIT R 230D, b~ ZBRR
FofBEEaRY, IRLEEOHRER] KL TWVWD (BEBREK
#,2012). £, REEMBEOIMM BRI IT, SE 57%, B 41%
Lo TEY, FHEEMIBWTYH Y~ AL E, YU XLV, K, &
HE R, BEEZOMELIT, 2FH oMM E SED 0D (ER
BREEE,2012). 26 oM B LT, EEEDWHEIZE (R
) oG EEREHEHELZR LM, K, EEHE, THSOKRE, R
BMETCIXRMEELZEZOD LM ELRELZED, EFEEDO RRBHEL
Mg ESEOmVWERMEOFHREZK > TWD.
NRAFFo/0P—0FR

ZokHM, ZRBEHGELEEEABRICBY AL ETT T
YOG HERDL D, EFELIHMBEMEYERORER, HEE
WMo EL, BLXOERLER L I2BEMHMKBRESE 2R L, EHM
MEizBR T Lk, chbofEfiogohtsEZiELE. £,
BARMTEOE K &2 HRE LT, §hHHEKESHES A ES IO TH



AL, Y AT ALERZELREMEEMSMGAGICEIY, 2ETOHEE
zEB L .

AWM TEHTBEREEROZHKRMBMEMER O NN AT 7 /0¥ —
R Lo2FERTENEMEME LT, BEBRTTRERRAIAZE T N
TIRBEORS M X2 EROER EIEM, M@ o %L
gz R HLEEREEZMEY O KRRMAEIH EICI 2 HEBEERBEDOHR
ENTFBEREA~DOIEH, BIOA A v E—LBHICLDERERETM
DM EED ~DOBEHIZ >V THRFLE., b2, ZTOFETH
L7 HaEo2ERBE~OFEK, BEL, BXOZ O kKK
COWTATEHMB AN HHER L.

B1IETIE, e Ao A"TREMED A, BESBRTTERILL
E N TRFEOR N 2@ L T, HEDEROER LIEH
COoOWTHRFELE., e A"TRBIFTEEEE 2 ERESPOMLE L,
LS 2B L COMAEIRRLEEHEMN LR - MEH S X &
ML THoMmERRLEMKEBEROmMBELH L5 (FEH,1998) . BIELE
WTricEZzomENBET LI NG, U ANFTRBRMEY MO
KoM LEEAD. CNLOPOHRZHICEIY BAELLHEO KR
AT L, AE B R RO R B R oo B A A & R MEFE B AR I T 7 Bl
DB I E2AT o T2

2w T, FEMEMOSEREEAMBICEHR L, MY L MEE
OHARFHZ A LMK EREDICR T 5 EY KO KRR AL IS &
PDRFBLIVCZoFELZE TFHEAABR A EINR~CHL, XA F 77
Y=l BTLOMAEYOFEHEIC OV THER L. $i2, s
A HA LR EESCHS OB, MWK Ky@EE CTKRREEZ

LB RBIE T T 5. 2o X5 REIC LT, M@EeEMEE

(Shetty &, 1995) ZiEH L, ZOENR D LN DL HEEKICTM X,

FRRONREZ RTEHKOBEBZAIT W, KiRR(LEIBED R 2R L 2.



o, BHELAZBEOMDAPICB T2 EAEMCE TH®IH O K% ]
frL, EFHECTOEMO TREMEZ G UK.

VY VRBIZOWTZIOETIE, BABXEYY Z /708 Th
5 = =T X BV TCHEG M Ao B & AT
W, RAMERBEBRBEEDOMBEER FIEL L THINOMKSL 2 B L
7.

BI3IETHE, BFERKOBFB LYV A XA -2 FBIHMICHE
L, KBWERZAXNZ PLEBWERERHEOLNLDIA A B — A RS
(Tanaka ©,2010) ICEFEH L, WX 27 20 ICREBEEIHEEDITE T D
A Fre—szxz Ml ERERFEE (KE, 2003) &, £ MHE
BRACH T ZEMBHEBEIC OV THRFALE., REBEEBEAEDIZTOVTH
FHROEARAIRMICL 2D, FIRKREBEEEIED LIV Y v A F
RV P FEOSE, WFEE KRS T SRR T~ B0 RO
EENPL, RHMICOELI@E-FR T 77 08 FE I TWD.
TOROBRKRBEHMEWIZONWT, KHELZLELLZVWEELROD
FHEELT, BB T2 I OM, KEBRBHREICLDIEZREREF
HERAZXTohd., bk, RO ME/RELMER L, Bichf
etz T TCHHARFETHLL. LrL, EFAL L
ODERERMAELZGE LI LOICIE, RHEBFTEEL FEREOEKHH» S R
KBTI ERORVIEREREBRETFEDILETH D . RAETIX,
B2ETHRBELEMBEREODR{LICHEH T2 M A2 LML L, 51
BEOMABMEMSEE R m AL R, EDNAEORKE~OFHEZX 5
b, AOLRBREKTFEORRBICLY, X7 EAMEOFT K%
WL TA ALY E -2 BHEOFEENFHIEOHNLIZO W THRIFTL 2.

BABETHE, AMRICEVERLZBF 7 b Eo S K - BH%
Mo ETHKREHEORELESMEARAREL D, 22T, &
@M DNA~— I —OBREOM, KEBFERMBEOHFHE L AT LR
Mt Am zRaT L, BRAEOE R E2ERBBEICOVTH L.



£, BEREBRLEGBFRABZICEMBEERIT, EANICHKR
miE L 52D, BREAEZAFEL TRV HEIZ DWW TIEAE
RFROMZLTERVWEWVWIMEINDD. £DO LI 25H OIS
KELTRMAEXLEoEE - LFEICHODNTHRFL .

K XL OWRBERENPOREZLZ TIL, MIKHEDEROER & IEH
ORI FEFELTERGBREFEAEED TZMHEH ) 20D BT,
oM 77 o L ToRRBEELRM UL, £, XHERBICE
JTANAEFEOFMAEZREL, BF2EmOoME L O ABEKRIC K D HE
BEM EOM, = R7 74 MEOBEEMSMICOVWTHLEEZ. &
blo, /1 FAvyvv—2sBHFICL2F70o0hmEEKREZEL T, 14V

— AL EREREFRELEAKZOERICOWTH L.



F1EHWEHENERORRLEER
—ERBERTTHRREIhLEAVNTEHEORILBRHEMELT—

WY ERICITIED AR s KRICEDY, BAENIZAAEL
TWsb0o0fft, NOFIZXvbiebash, EFLEREL L TF
ET2b0 b8 EENhT0d. A< EMEOCBEHRZIZILD, &K
RCHELEHABLOCLEEBE LT ELIN, BAZES LIEEY
ThoH. HEFZLIFRRICHKRES 2L FH I, B85 CTHEIC
L HEARKESEICENY, 2L OHELE2K > TEEEENDL L (H
TLEEOoF WL EEM, 2005) . F o, 2EKH OB E IS
T e e E, R, EMELTERL, BRMEHLE LT
JRS o 7= (BT, 1994) SR TWad. ATk, HIMEY &E RO
Hrb e T ANTFEHICEZOHERREEHICODWTHE L k.

Lycoris @i ® ix, P E ™S BRI CISEIFE DML TEBY,
EoaEICEsSsEIABEDL LT YEEAL TS (Fig. 1-1-1 A-E)
M TCHLERBRTIEIEERAEAEN AL, WbiX Lycoris J&#H
o ZwkpLHE o THWBE TR, ZOoXHICHE W T, HL
WERHEEEbN D 2 MEEO Lycoris 28 L Sz

b, MKRE KK (BRESEWREHET) NEKNO Lycoris B
ZUILE L@ E L, A RS L. traubii Traub., (¥ 3 7 &% X
A1ty o&RMEELELT A RAI7 & " R=HY<’ L) i
L TCTHRINDICES T WD, fLAFATENHES THEE N RLE T
bV UINNDOTERENZZR1TIFEAERDL NV (Fig. 1-1-1 F, G).

FHELITRANZLSERSCHABELERERE, NP EERYEMHEOD
JEW B R WLWJIET Zh o & LZHRICREL THALTWDS Z & a D
L, IblZxoRE, EAaK, EhRMERSIOEM ST ED
A I, MEA PR - EROMRM, D% VD L. sanguinea Maxim. (3



Y3 YY) L L. traubii oM X b0 Th D EHTE L -

(BFH 5, 1978; LB 5, 1983)

ARKIFERTIEH, ZhbDOKRN % FEFET H7®, L. sanguinea & L.
traubii ® AN 230 e Z ATV, WMBHEE Z 0 2 ZFH D Lycoris, 7
LBRICHONTERERAEAICOVWTHEZN, MLFHN 2B 8,0k
WM 2 4T o 7. F£ 7=, L.sanguinea & L. traubii ® H R KM D ] #E
VxR DIZD, MEO AL RICHMAERHIZO O WTORES bbbt
TIT » 2.

RB,RKBMTITHLWVARIKE DO LycorisZ 2L F L.sp.tRrd Z & & L,
16 8 28 B f4 (straw colored)® J5 % L. sp. A, K#L 4 (vermilion)® J7 %
L.sp.B & /"9 Z & &9 % (Fig. 1-1-1F, G). £ 7, A h(1953)F
27X XA A& % L.aureaHerb. o R L TW5H 2, BHARELJEHE
DB N F EBFE L L7 Hayward (1957)D I/ » T, ¥
a3 UFXF XA DO EL X, L traubii o4 A L 7=
HHEBLUVAFE
1 XHEER

Lycoris traubii {2 X % A A% 2n=12, 13 B L X 14 ® 3 FEE N M 5
TV 5 M (Bose, 1958; Bose-Flory, 1963; fgff1li, 1953) , IR B
BTobolXiEeA N 2n=13RThHy, L<EEFT L. E7,2n=12
BXUO2n=4BoREMBFATHhs 1HEEOEE, ¥ 2bbaidn
SVHIR B, #% F 2 AVH3R B OB+ 2 4 U 5 (Wi, 1953; 774,
1962) LN TWVWL. ZoBICH¥EL DL 2n=13 B X 5VRL L 4V RO
mrrzdbbEboEZxon, #RIC2EHOERZHHEL S D
TEMD, RHEHEL T 2n=13 B o L. traubii = A\ 7.

% 7=, L.sanguinealx 7 A ~8 A LA ICBAAE L, L.traubii X 9
A ~THICHET 272D, EBAEHIC 22 AE0WERD L. £ 2
T, L. sanguinea it H & T 2L A%, BAAEHICEL EZHE L,
T =4 = (VAT NMAY) BTEIREEE, -20C O KR KM



TTHBRLEZLOZZMICH L. 2RISR LT, L traubii 2 £
HELTHWALIEAIE, P o L. sanguinea B #H L < o0 -
O TINnNERARE L., T XD L. sanguinea IX, 1981
FLUBEEZELORECTCHINFT L SEMITHT CTOoMmT 52 & 0N
LN olbD T, FICEREBREOOS OIX L. traubii & B 1E
MERZ BT 50, FfELiEBICLI2RXMERATRETH - . 72
B, tHoBRBITFMOEBLZERBT 720, KHET A1 T O H K
BLOBAMOEFRZROFTIELZLIVFAELLZ., T bbb R —
VT T AR (I a— R 10%, BR 1%) &0, ZEBK%E
LM P L BicEmE £, i LZWKET200C, 24 e EEE L
THBmEOME LR 258 L.

RMEITBERBERED 2 AL L, HIEEZOBGATICERBEL, =
MBIV T 2T, ZH I~150 A%, BEMNBEAL2 2L 7E5%
ML oW R TERE L 2.
2 BESW

R de Bk o BlE2 03, MIsAATLHEE LT 0.05%2/LEF UK
Wiz 6 BRI {RIE L, [E & 912 IN-HC1 T 60°C, 60 & [ fi#g B L 7= %,
e At L2 LOELE (HYP -8, 1961) 12 X VAT 0,
Tr (1961) OREICHE > TEM M 217 - 72
BRBLUER
1 MBABEEL sp. OBRHE

Lycoris sanguinea (£ 22 K O & 4 A (& (rod-shaped chromosome)
ZF L, 2n=13 B ® L. traubii £ 9 A® VvV B % & (K (metacentric
chromosome) & 4 KOBREAEKELZ L D> TEY (Fig. 1-1-2 A, B,
Table 1-1-1) , Z A IiX A #r b (1953), Bose (1958), & X " Bose-Flory
(1963)D | E L FEkTH - 7. i, L. sp. OB KK, #HAD
L.sp. A 2% 2n=17, KR# A D L.sp. B 2 2n=18 T, BIiFOZA T 5K



O VY EKE LD SVHI2RM, Fo, BHEOZTIT 4RO VY
Bk %t D 4V+14R B T H - 7= (Fig. 1-1-2 C, D, Table 1-1-1)

Ao X 512, Lycoris BAE® @ 5> L HEME R IC L 0 g2 L 72 &
L Tix, L.albifloraKoidz. "% 2. Z Of O M X 5V+12R B T &
52 &b, 22R B @ L. radiata Herb. ver. pumila Hort. & 10V+2R !
O, L.traubii Bl o B AZHIC X v BAELEZL O L HE S (R ML,
1931, 1932,1953) , ERICHEZRMET D LICL>T, ZDOFKAE
B A EGE S iz (A, 1962) . T 72bb, ks OE, 22R
B @ L. radiata ver. pumila (X 11R . @, 10V+2R B ® L. traubii I%
SVHIR oM r+2znzhb o2 &b (FAFL, 1953) , i f&
DR HMEFE T EE O BB O Fn, >F v, L. albiflora & M D 5V+12R
MOBMELS>Z L2 d. ZOFICHELTEX DL, 9VHR A O
L. traubii 2> & 1T E# 5 # 12 LV SVHIR & 4VH3R 3 1:1 O E & T T
5. TN L. sanguinea 22 H OEME F IR EZHEICH T D &,
MEFE X SVHI2R B & AV+UUR RO A 2 b HDZ Ll d. FEH LN
BELEZ L spO 2 MEOERIX, Z0FE2x0ES L2 /RE LTV
D
2 TR

Lycoris traubii # f: A& & L L. sanguinea Z {E ¥ 8 & L 7= 22 M 1
1981 4 9 H 2, 7= L. sanguinea # R A & L L. traubii Z# {E B #H &
L7222 M0 1983 9 HICAT W, M XM CHMER F25 2 2 LB TE
72 (Table 1-1-2). 7t ¥, W R H T 1T 5 #%E£ 31X, L. sanguinea * £
KELEHAD 301%ICH T, L. traubii 2R E LS AT 7.3%
ERBUEEIZIEK o2, ZOEWE, BEAR L L 72 L. sanguinea @ # FE M
2 L. traubii o FZ N L vEmnwZ ticERTLIELEZLND DN, TE
o #fiE S 0% Vv, $ 7225 L. traubii X L. sanguinea ® ¥ & 1% % 3#
R 60%FEE O IF LW 2, F 7=, L.sanguinea XL. traubii ® % & X

FIHER 96 5%D MM EH WV LB ELTWELEEZ LN A.



WFRIZLTY, EFXHETHTFASELL, REFoRET 25T
HO DMK NS DN 2 L (Table 1-1-2)01%, i fE 1% 22 M 9 5 #
FEZONFT IR TS RMEL, MERXAELDZLE2FZBLTWVDS.
3 R¥EELEDNBRE

Lycoris traubii ® FEAEWFHITELN LAV, EEP PR TIKL, KA
M oO#ELZ L TEDY, L sanguinea O E/AEMITEELE N L, EEIX
—E THIRDOEE L TW D (Fig. 1-1-3). Z O X 9 72 i fE o 5 %1%,
BRIERE O I b RAR TR O b5 (Fig. 1-1-4). Z 03 », HEH,
EONRBILOUOER EEEEREMOFREEHICBWW TS, FEEH L
BRAERE O B 1Z [ © T & - 7= (Table 1-1-3). ZHh & ® Z &% Lycoris
B OLE, BECHTL2BEIMEHORICEI > TEDLR N
EEEW®RT L.

OXFWE, EHNFOXHEIZBWTHELNLEZMEEEIL, £F O MK
I H OMEZRS EEEBNREAMEZTEILAERD LR -
oo b oL, KoL BENE 2 W B L. sanguinea & L.
traubii ® F M E 2~ L TV 7= (Fig. 1-1-3). Z 1 iE Fig. 1-1-4 {Z
A L7 Losp. OBAGERBKTHD. &6, REDOHEH, Eox
W, EXRORBLOER ERLEREOBEOREEIL, L sp. OF
NEIFER L TH » 7= (Table 1-1-3). Z 6D Z L iF, L.sp. A B X
" B 2% L. sanguinea & L. traubii ® XMl X » THELEET D EH
LOWRMAEEMNTLHEDOTH D .

4 THEREORE

Lycoris traubii XL. sanguinea O fl & ¥ o/ b= EE DO NIRRT,
SVHI2R A 5 K, 4V+14R A 3 il {&, SV+I13R B o B H K 1 fE 1k,
BEOAVHIBR+IT BRI T I ADOHBREARII K KZELC TS O 2 HIK
T & o 7= (Fig. 1-1-5, Fig. 1-1-6, Table 1-1-1). Z vz x L T, L.
sanguinea X L. traubii ® A" 51,21 MK DOELENEG L LD,
ZOILRAKEBELEZOIFT 4BEETHo . 20D DA L H

-10 -



R, SV+I2R B 11 fH K, 4V+I14R B 1 K, & L X 4V+Iv+I12R
BMTCIARO VRGO IRICKRKEZA TS O 21K TH o 7= (Fig. 1-1-6,
Table 1-1-1).

Il e, BONTERMEEEDOTITE, BHES O
P AN KK L CQRGERBEF 22 LEBEMES, HAELZ 25 FKF
SR Q0% ENRVFHWVWHETALNLD DD, ZHUHITEFTNE
LH>TWVAHZENPLAARRATIETWHBELEZEZZOND . Z L T,
INOLDORMENSEARMIZIT L. sp. ABXOB ERBED 2EEDE
B(SV+I2R B L OV 4VHI4R AR A U D5 2 E R EFESI L.

5 MBEOY T EREH

LB ~7 X512, L. sp. A L B L. traubii & L. sanguinea
DRERMEHLREALHEY, AMPEBIOEMRS - L, Mo
AR Lo THIZLEETHFEHELORAENIFINTL Z LIZ
L7, MEETWMEO ARBAAEN N KIE\EICER AT, WEoB LN
MWD, EZT—HL, CORIREBTEHRRMENITOILT DD,
MR TCHLSL., £ 2T, ERRLEEREIITLRAMNITE T D L.
traubii & L. sanguinea ® 73 A, 726 RITHAEIHITH W T ol E %= &
Wi, TOME, MIBFEF-RICHEOEND KO, FIZhMoOEEE
Ry, RICBERBERTZZE>MHL, BEHTIARTA~THD
e x CTh o 7= (Fig. 1-1-7). Thnilcx L, F XN oI ~FFH o
WHEHMcEZnwboo, BERERTTE -—KRICES» L mBILR
HAL, ToMEMNT7TAFA~8A LAOEKETH - .

L2 L7aMn5, Fig. 1-1-71 R L7ZX 9T 1982 FICE > TEHEHED
X RE AR R ER BE B A B AT (a)ds KL OVE IR R 7E H A AR & T REET (b) T, B R
BIZ X E B X @ L. sanguinea I3t A EE b B v, ket (9 H
EA~H AR E) L. sanguinea D HFEMEEZ AL . & 6 Il A %
HHZ LIk, EEKIEAN ARV OO, ZRITERER
TICbkATWD ZERHMLE., BARMIZIE, 1983 FICEIREH

-11 -



B E R (c)d X OVIL B k0 B BT (d) T, B 1984 4R IT (X fE AR (LI AT
()TESHICEBKREOKKE RH (I AFAH~THBKES) NHEDL L
CIHERFOERICHEBEESNL WD O ZRHLE. HIZL sp. AB X
B BN RBEIZ oA T 5 WA Rl ) T ABE = o L. sanguinea 28 A H &
N, LI OEROEE CIEEol TNNEHEI Do 7.

IHnb0ZLiF, s bCICHAEH O WT NS TH, BRE
B OB REMHET T, FICHEEYS KB WO L) BT A — 4 <l
DOHBERZHENBZY, HLWHMO Lycoris " BAE L Z & & RE
THELDOTH - 2.

6 BOHSEITOVWT

/ANFA IR (1961) 1% L. traubii @ ERAB IR A L T Wiz KA @ Lycoris
TR avux T oL A TRAL TS, 2O Lycoris 2
DWT, kA (RE) xfEfA, Emfetts X OEA 2 5 L. sanguinea
& 8VH6R ML o L. traubii & O RZHMIC X W AU MR &M L, L. X
rubroaurantiaca Komatsuzaki”® % 4 T, /Nl K & 12 H o % *
EATHO>TE T, E2AN, MIGFRDEERIZE LRV, Z0
Lycoris ZFEERXICH & L TRRINDZWVWEEFBEICE> T D.

— 5, kE TR ERXRICHEL L THEEREINL TR WD, L
“cinnabarinam” & V» 9 Lycoris A 51 T W 5. I XX ATl o
Lycoris & [AEkIZ, B A2 L #m A L7 L. traubii ® ERR O F 2R L -
TW7= b O T, Williams (1983)(% Z @ Lycoris (2 D W T, £ 2 &AL
BTN AVI4R BT H Y, EHRENER W &6, AL H
£ 2 L. sanguinea & 8V+6R % o L. traubii & O &Mz L v 4 U 7= M
MR LTV, HEHRLEOELL NBNRZHECTH A
S EWHmELTWVD.

IneoZbtnhn, THARawvxT Lk L. “cinnabarinam’
OMBEIXRILBDOWEGEEZ S D AVHIAR T O L. sp. B LA — & E 25
hWd., £k, ik “FAAHRI7 L ‘R=%Y~<’ X, ThEh L.

-12 -



sp.A L B THDLIN, ZTHHIE L.traubii &K FELE L THIF 50z
ML THY, ZThOHIOVWTHERAEE L TCORRIRINT
AN A

IO Lycoris AT h b LTRSS TR
HoOOEDE, YLK~ X512, L sanguinea & L. traubii ®
PREH S RIS, BARARMOWMEMELZBEVWEE LIS TV
ZLICERTS. Lo, sido k) CERERT TWAED
HAZHEOMEEDBD TEWI ERR®BI, L2rb, WEOA
BT HENPLBELNTEEEIT,Lsp. ABLXOB ERER N —FH L,
BrEHICHLEL T2 b0 Tho7m. UEORKENLHEB T 5 &, L.
sp. (X FKBE X @ L. sanguinea & 9V+4R B @ L. traubii & @ H 88 % M 12
TV, BREERTCHAELELELEBZDIONRLEZYTH A .

INLORENSL, BLEZOH L WERH O Lycoris (X L. sanguinea
& L.traubii & O B AR ZHEIC L 2 MMEEJL oM, L. Xrubroaurantiaca
CLTEHBRATOER — L=V (e XFTJEONE:
http://www5e.biglobe.ne.jp/~lycoris/taxonomy-3.html) T # B L, #k
e = M @ L. sanguinea (22 W T & Bk BE & M @ 4y A # (taxon) & 5 %,
KFROFERPAMENDICTE > TW D,

KE T, HBEYWER L L e Do RNTBEYZ O ICERE R
T TH R I Lycoris BH O MHZ P LI C. — &I
mMH5NTWDEe H o NF (L. radiata Herb.) X 35K T, 1T & AL
METDHDIERLSHHRICIVHERICHM T 52 b, HEKHE
BERL, BmtEHELTADFICLIV DA EIRLE L O L L
S, ZRICKHLTHE TS EHE T 5 L. sanguinea |X 4 [# o (I B
2, L. traubii XM HEEE DS VMoK EIHICHAROBAMEE L TH
MLTEBY, L.sp. ABLXOBIIWBFED A OENTHAEL .
BERERAOZIALDET AN T REEYWZNELLZHRE -REROE
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BEMHkE, BERERMERXMITR oM KMERTIIE, 22 TRy E
Frm2Boe o N"NFTE2ED T, BTN FTBRY ORI AL ENT
bhTwad., £, AREACTCEBEELEZEEFr»bEEEZEHERL, H
bl z®E L TCHREEE L TAEERENITOATEDY,
ZHoEEStor e 7 I KV AEHICKEESATWDS. 20 K9
e A ANTRBREDTHIEMEYER S L CIEMA S, ML oK
MELTHHEIADIZES,TWVD.
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E #

B BRI T A RO S ML RS, ANOFICXD b S
N, ERELLTESFLEZLOREHZSEETLTWVWD. 2HE M
ODEEMESEMICHMm T e oo NFiE, AH, EHELTEXRL,
HMFEEMELTERN272bD LI TS, K TIE, HIERE®DE
BWomhobeH o ANFEFIZEZORERRE/EMICOWTHI L.

BERERTCTCERINEL 2EEOE N U NTREHEBICONT, F
R RERESCRAKOER S N6 ¥ a v x XA & (Lycoris
traubii) & ¥ Y x4 2 Y U (L. sanguinea) O X MM LT L, *
OMBEEBEZOND 2EOMM M, MERLEDOERE, REKS
Fr, MO SAAEB LOCRAEMOFEZIT 72, TORAE, L. traubii
X L. sanguinea 3 X ' L. sanguinea X L. traubii ® 1E i# W J5 O 23 3 7>
b o -HERHEADRETImMBEOFMAE AL "L, L. sp. A
BLOBLE—-—HLTWE., £/, REELE0REAKER L OIZEE
X, Lsp, ABIXOBEENEN —FHT 5 5VHI2R A & 4V + 14R B
THo7c. & HIZ, L. .sanguinea ¥ L O° L. traubii ® 534 72 b V2 B
EHOTMEN S, KW &M D L sanguinea ® fF7E Z R L, £ IZ L. sp.
ABEIOBMNREIZ oM 2 EEE R LJIET R T, B2 %42
i — %3 % L. sanguinea & L. traubii X ATAICH AT D I & % K
BLlE. ZhoofAnrb, BERBERTTRRSIAZ 2EEO LA
PRFTRBEEWIL, vaUuXx AL EMKETY R NI VI ODOHA
KRZXMIZCLIVERBRTFTTORAELEZIEEZERL L.

BAE, LEo®EEZEIC, 260 T T &Y IEH R EIR
oL THEIh, BREBRE KM THRREENTODALTW S .
F, AIRECTHEONEEENLBHE LEFLRME S 5D T, #
Watton e 7L 2EICKRTE S, HECHEYE RS R L
DEMELTHHAIADIIZES> TV D.
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Fig. 1-1-1 Characteristics of Lycoris species in Kagoshima, Japan.

A; L. radiata (2n=33), B; L. albiflora (2n=17), C; L. squamigera (2n=27),
D; L. traubii (2n=13), E; L. sanguinea (2 n=22), F; L. sp. A (2 n=17), G; L.

sp. B (2 n=18)
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Fig. 1-1-2 Serial arrangement of the somatic chromosomes at

metaphase of Lycoris species.
A; L. sanguinea (autumn flowering type. 2n=22=22R). B; L.

traubii (2n=13=9V+4R), C; L. sp. A (2n=17=5V+12R), D; L.

sp- B (2n=18=4V+14R)
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Fig. 1-1-3 Comparison of leaf shapes among seedlings of L. traubii, L.

sanguinea and their inter-specific hybrids.

A; L. traubii (2n=13), B; L. sanguinea (2n=22), C; L. traubii x L.
sanguinea (2n=17), D; L. traubii x L. sanguinea (2n=18), E; L.
sanguinea x L. traubii (2n=17), F; L. sanguinea x L. traubii

(2n=18).
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Fig. 1-1-4 Comparison of leaf shapes among the flowering-size plants

of L. traubii, L. sanguinea and L. sp. A and B.

A; L. traubii, B; L. sanguinea , C; L. sp. A, D; L. sp. B.
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Fig. 1-1-5 Photomicrograph of the somatic chromosomes in root tip

cell of inter-specipfic hybrids (L. traubiix L. sanguinea ).

A-1,2;2n=18=4V+14R, B-1,2; 2n=18=4V+13R+1r. Arrow indicates

very small rod-shaped chromosome.
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metaphase of hybrids between L. sanguinea and L. traubii.

A-D; L. traubiix L. sanguinea , E-G; L. sanguinea x L. traubii.
A; 2n=17=5V+12R, B; 2n=18=4V+14R, C; 2n=18=5V+13R, D;
2n=18= 4V+13R+1r, E; 2n=17=5V+12R, F; 2n=18=4V+14R, G;

2n=17= 4V+1v+12R.
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Fig. 1-1-7 Geographical distribution of L. sanguinea and L. traubii on

the island of Kyushu.

m; L. sanguinea (summer flowering type), o; L. sanguinea (autumn

flowering type), ©; L. traubii.
a; Sagara village in Kumamoto prefecture, b; Takachiho town in

Miyazaki prefecture, c; Kagoshima city in Kagoshima prefecture,
d; Chiran town in Kagoshima prefecture, e; Yamagawa town in

Kagoshima prefecture.
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Table 1-1-1. Chromosome number and karyotype of Lycoris.

No. of

Species and hybrids 2n Karyotype seedlings

examined
L. sanguinea 22 22R* -
L. traubii 13 9V’+ 4R -
L. sp. A 17 5V +12R -
L. sp.B 18 4V + 14R -
17 5V +12R 5
L. traubii X 18 4V + 14R 3
L. sanguinea 18 5V +13R 1
18 4V + 13R +1 2
L. sanguineax 17 5V +12R 11
L traubii 18 4V + 14R 1
18 4V +v" +12R 2

“ R = rod shaped (telocentric and acrocentric) chromosome,

¥ V = metacentric and submetacentric chromosome,

X

r = very small rod-shaped chromosome,

* v = metacentric chromosome partially deleted.
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Table 1-1-2. Result obtained by intra- and inter-specific hybridization.

No. of pollinated  No. of fructified ~ No. of seeds No. of hybrid

Conbination flowers flowers (%) obtained seed.lings
germinated

L. traubii self (2n=13) 16 12 (75.0) 78 -

L. sanguinea self (2n=22) 9 8 (88.9) 26 -

L. traubii x L. sanguinea 150 11( 7.3) 11 11

L. sanguinea x L. traubii 93 28 (30.1) 28 21
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Table 1-1-3. Comparison of the morphological characteristics among Lycoris species and their F, hybrids.

" L. sanguinea L.sp. L. traubiix L. sanguinea x
Characters L. traubii . -
(autumnal)  A:(2n=17) B:(2n=18) L.sanguinea L. traubii
Leaf:
Emergence early-mid. Oct. early-mid. Jan.  mid. Oct. mid. Oct. mid. Oct. mid. Oct.
Texture of surface glossy glaucous glaucous glaucous glaucous glaucous
Shape of apex acute obtuse attenuate attenuate attenuate attenuate
Length/ width ratio:
seedlings” 18.1£3.1 21.9 - - 28.1+1.4 30.8+2.7
flowering-size plant 18.6%+2.1 21.4+3.5 31.1+1.8 28.4+1.7 - -
Flowers:
Colour of perianth saffron yellow  vermilion straw-coloured vermilion - -
(R.H.S8.C.C.) (21-C) (41-A) (14-C) (41-B) -
* three-years old,

¥ The Royal Horticultural Society Color Chart.

-25-



2 EHREEICETIMBEREZIORRENMTIVEREADLRA

KEBEMEED TIT VA NVAT Y —bXERRMKOMEE G %2 H
e LT, XEHEBCID2HEMAIThbN TE Y, MkS & 8 EE
ICEBWTHIEO R LZEL TS EE a2 X PICEEMS P2 EHE
RHETH DL (KE, 1994) . £, B FHAAMIOLEEFTRE
NAFTT 7 /7y —2HVENHRERELCHBEFTRICE TS, Mk
BEBEONEASRERITIRDICES EERFEHLE VWD, L2 A0,
MEMEEBCEWTHEEDRNEERST CRSBEZ LRV KRR
ETLOIHAEPNEZLABDOLN, TOZLFTEFRAEFT LRI TIA
IEREHET, BEDEOERFICORN-TWVWE. 72, ¥BFZD
P U AIT) BT, ARXXATOFRAEAFTAETLIESOBE
LD 2N, ZELEHEEROMELAILETH 5. KA E TIL,
REBEIWMIEW 2 xS & LT, FWIEEOMEZ M W2 KRR E B
X DM REEORELBERE~OIEHH, &b RITx A T 34 (A8
WZ2W Tim U7z

BE, "M AT 7/ ay— 3@ X278 - BEHELX LA~
R - RBAE L, B KT LREE Vo Hx RS TIHHMNK
BTV, BEOHIZEVWTHLHEEMRITSCERE 2% ~0 s H
REEBM CTCOERACSLEEREG CORARIITLR

W, BB
TWs., ZokrsnEMELHEMNZMS ET, MlfEERODRLS
HEITEDO B LR D,

RETIE, £7, ZHEEEASAOIEWIEEME 2 R B L 728 k5 &
DR ERENLE BB E L T, ATCC (The American Type Culture
Collection) 2> b B O W 2 =N L, K2 KA B e 2 B FE L 72 .
WIS, SR LEMEOMMAENICE T S EEMLE Hitic o T,
RN O FEAF IS X 5 R & KRR AL 8158 4 fE & 45 12 12 WGk & AT
S, L, FEHMEOWHMEL LT, BRoERIEMHEL H W
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TZoOMEZRIEL, MYMHMEREXTCOEMMMEEZRFTLE. —
5, ZREEELAOIEFREEME WS A THE T 5, Agrobacterium
EHWTEBBEFHABRIORERBEARAREY ~O@EHzEL TH
BB H TOFEHICHOWTPFETHREF L.

F1H ZWEELAITBEMIICISIALIA/EBERICBTS
K&K AE H # &

KFWRL (T4 MYV 7 0 —va ) T, HEBEERBCII2ED O
7 — WM ETOBOEBRMNREE L > T b (Debergh &,
1992; Hakkarrt - Versluijs 1983; Kevers 5, 1984). /KiF KA b L 7= il
Miz, WELWRELZRD, PEHTHI RIS TVWRENS .
Kevers © (1984) I, Z OAHM 2 REN, EWEN O KB FE I
ERL, MBEOERIERZLABROBERTZI SR T LHME
W5, ZOXIICHBEREBPTOKRKBRAIT, HEMDOIELSESR
DIEFE LD D, BEDRETORRKE S5 (Bottcher
5, 1988; Phan - LeTouze, 1983; Sato o, 1993; Shetty 5, 1995;
Zimmerman -+ Cobb, 1989). #lfkEE P O KRR ZFH B L, 7 7 —
VHBIIB T O ELHE AN ESE DK LEL T, Bk ofEE
M o # M (Rugini, 1986; Zimmerman - Cobb, 1989 ), 153 f o M
JE 75 % (Sutter - Langhans, 1979), # /L L Al & £ © &% % (Bornman -
Vogelmann, 1984; Debergh 5, 1981; Zimmerman - Cobb, 1989), &3
I o KW (Bottcher ©, 1988), 3 X U8 Bacto Peptone X% @ 4y 1 &
Bl OB (Sato B, 1993)IC X vV & ELAMFT NN, ZOHRITIR
EWTHB 2 RICITEDL RN o T,

Shetty & (1995; 1996a, b) X, A L 4 / (Origanum vulgare)® ik &
BENEE»DL KRBIR(LZ B BT 2 ZHEHEESEOFRNZMEA
(Pseudomonas sp.) # Hi§f L 7. Z ® Pseudomonassp. # #fJ 5 =
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ClCky, MHMERBCLIYVRERTHIMEL, Z7e—fbLEHER
oA VLH7Ix LT, 10~15 BRIZIEKRKRALZEBEYS D Z &R
AT, EEEOMYEIT, KRRMELEEWK KL T, Ko
GEMETL, EHFBLIOKR) 7=/ -V EERBIML TEF L
AEHFEEZRLFE. £ LT, Z® Pseudomonas sp.-f% fli 5 1T & 5 KK
b E e RIT 90% U L&Y, VLT OEEFKRHTEORR T
RT&ERL. ZOFEZHVWL & T, REZEWMIEVDOERIZHR 22
FEILKRKRBICHIE T2 2R ERY, 7o —HIEY OIEAL
MELEZOBRDOAEBFTM LA THL EEZ LN

o X HIz, Z @ Pseudomonas sp. &ALV H J ORERKEEHH W
T, M EREBAEY (EBE) ©KIRIKIREGEZ RS HGES Lk
(Shetty ©H, 1995; 1996a,b). = 2 T, KRB TIEL, 7TA U I DY —
N T MO EEREAOHEREMELZ AFL, THLETOHRSEICE
SWTKRRIEORIBS R 2 HEST S22 Ik, HROEE LK
=2 ARAE @ 18] 58 2h R & RRGE L T2
MEBEIUVE &
1 $HELE-EE R K

AR TR T 2720, UTOMERKZT AV VT —v N7
(ATCC: The American Type Culture Collection, Rockville, Md.) 7 &
AFLE., ThALDORTITWVTN S LD HEE S L EFSIC
EHEZELATLOMEBRTH 5.

+ Pseudomonas mucidolens ATCC 4685,

« Pseudomonas sp. strain ATCC 31461,

- Pseudomonas stutzeri ATCC 31258,

« Beijerinckia indica ATCC 21423.

ERE4FZHITA VA O KIEBIRA B EEHE ) & 78 9 Pseudomonas sp.
strain F (Shetty 5, 1995) # (M & LTz, EBRICHLE. F 7,
B.indica T AR ZzELT MY LA LEMETH 5.
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Z X 5 Pseudomonas B HE ML, EHROWM KL BT D7D, NA
(nutrient agar; Sigma Chemical, St. Louis, Mo.) ¥ # & L < ¥ YMA
(yeast extract-mannitol agar; Golds 5, 1990) £%#1 T, B. indica &
YMA K #ft T 25°C, 48~60 R &%, 5SCTmmEmkFE L.

2 FLA/OEBEELEOKEE

AR T, aro A B (Shetty ., 1995) "o fHEbhizA v T/
DR FZAM O- 1% H T, HrxOoMBEBEONR AL LI L. B &M
1X, 1 mg-L' BAP (6-benzylaminopurine), 3% ¥ = ¥, 0.3% ¥ =
Z v 4 A (Sigma Chemical, St. Louis, Mo.) % & ¢ MS 5§ #
(Murashige - Skoog 1962) Tk EB A 1T o 7. B HiX pHS.8 IZFH
ik, 121C, 15SHpMTMEBRELEZ. MK EZERLEZY v — L
X 20°C HE LT (40 pmol-m™*-s') TH;#E L 7=

F L H 7 0-1%#mIE, 30 HMB THOMRLEY 22— 24810 5101,
MREEST D2 LICI VWM EMEREITo 2. MARKED 30 A%,
FVvH 01 FZHMOgK LZEXHBE G2 — M2 VIIRY, #
o SCTHRHELTCWVWEFEAxOARZ TV TOEKar = —(THH L
R e EMIE, HoEEEZIT o, BEELELY 2 — X, 1.5%
Oy atErEEAl 12BEO MSEEMICERKR L. FO0AHIT 1 >y
— bbbty 7TOo0va—bFEEKL, 4 RETITo7. LT, 30
AR E%IC, KERCCHEETLIABBMAZERLLT, Y 7=
Jo— v, ERFE, KFOEEBLIOHEYWEROAEAFTE L LI L 2.

3 KERIEEMEOCEEKIEE

KEBRMM L EBEMYELS L OMBEEZREEIC LY KR
LEgEERIcOoVWT, KUY 7=/ —VER, EHkFE
GRPBIOUHMEZNEL .

a. RY2z/—ILEE
AU 7 = /) — )& B, Chandler -+ Dodds (1983) @ &2 L v &

WAL % 9] ¢
é'\

&=, Ko

B L 72, HEEEK 50mg OEWEWHKEZ 2.5ml © 95% = & / — )b
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iR L, -20C T 48 W frfF %, &% Y 7% Tissue Tearor
(Biospec. Products, Racine, Wis.) THilr L, 13,000 g T 8 4y @ i=
LR EITo7. 20 EE AR Iml 2z BE (16 X 100 mm) 2 &0,
Ilml @ 95% =% /7 — )Lt Sml OFBEKEBRML CTHEHELL, &R
BFIZ 0.5 ml @ 50% 7 #+ VU &3 (Folin-Ciocalteu reagent) % /il 2
i L7.5 52%,1ml © 5%Na,CO; ZiRML, +o oLz,
60 wHFHELL. TORAGMKEZ 95% =% /) — V&7 77 LLT

57 J6 & £ B (Genesys spectrophotometer: Spectronic, Inc., Rochester,

N.Y) ZHWT, 725mmicB 2% EELWMEL L. REMARIT, W
ERFEIZ 95% = &% J — VIZUHEME L 7otk 2 70 R E @O gallic acid ® %
HENLHHBEEL VORI 7=/ —LEE (mg / g fresh weight)
rERMHL, bl oEgRICOVWTLObE CHEB L.

-1
Bkt #F A & 1%, Hipkins - Baker (1986)(2 K % %5 )¢ o E ik (2
WMELE. HEEYPOHBEEN S0mg OEL % 5-ml v 7L
ED, 3 ml ®100% A%/ —vEMz, Rz IET 5729
y AN — L THEEBRETFTTC2HEEMMHELE. &30 70T #

o

%, AZ 7 — K O%NE (650 nm , 665 nm) & |l E L 7= .

y
>

REREREIT, UTOXNTRITLOCAFXY /= 1 ml H2Y DOE

=

BETHHB L.
MEHFEZT =258 X Ago + 4.0 X Ay (ug-ml™")

I Hilc, ERFEEIL, UToXNTHRT LOIIC, &4MHEF OHE
B olghl-voBICHEL .
ERFEE=[(ERKBFE ug-28/—)Lml’") x A8/—)L3mlI]-(£E g ).
c. KNEBEEBLEMARDESE

Koo &, EEWEFAOULBRGSIC, FHHEE 150 mg OB H
M A& L b, 105CC2REMEE®, 77— % —H T30 %5 MM
L, WEZWETLE. 512, 1.5 BEBEOLBRAB/OEEICE
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ftonwz 2R LE. LT, UToXRIZED HEEE 100 mg
bl oKy EELTHEMBL L.
KngEa=(EE-EZMWE)-(EEF)']) x 100 (mg)

kO EBTIL, KEFCREKRELZBEAEALZTH Y, 1| BHkd
D OEZETRLIE.

d. B Ic&H4S5EE

UToOFIETEEMEY OIRILIE ) ZKREL .

MEEED 30 A%, KIRRIELEZEDOB X OMBEBEREEIZ LV K
EWRMLZE#HLZY2—MIZ2WT, AALECXZ7IV—0 1/2 BEOD
MS s ic B L, BRSEZ. 30 B%, BRLAEMEDEIT -
2T FICBBEL, SEE (100%) RKEZM#HFEITLI-ODEH T F
AF v I THE-o. 5 B, ROBWET I AF v 7 « HN— L H
DWEX, SHIC2HAMEBLEE, IAA—ZZFRICWMYBREVWE. £
D%, WK 25C, BE 80%T 16 Rl HE FOREBICHL L&
ENBEEICE V.

JEAL X & B Z L2 7T~1SEEEHRR L, & =2— FDKZIRA
BErBRBHRICLomBTSLEEBIT, EE 1HES LLIE3HEME,
WMEREOELMIZEWTAFL TV DEELZFRLEZ. i T,
HHEMAEOETEE S B (W, W, ZF /0, T, K- £ +, ++,
+++) TFEEAl L 7= .

BRBLUEE

MBEEEEICL Y MBE2Z2ERZOEMEOREIL, ENKREAT
AEBIZTRY, WERH D0k LT, EBOAHKXTIE, K, &
L, "7 2B Tkt ThYy, BMOAHXOERFEZTEIX, Kevers
5,(1984) B X U0 Shetty 5 (1995)A # % L 7= 600~ 700 ug-g' Kk
EREEZRTIRERELXLVERBEE CTH o> 72 (Table 2-1-1). £ 7=,
ETOMBEEMOLUIEX T, MOHBEFTO KRS EETELIEKX LK

T L 7z (Table 2-1-1). P. mucidolens & P. sp. strain ATCC 31461 #$#
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ffi X T %, P. stutzeri, B. indica, H L < A LV A4 /7 25 HEE L 7= P.osp.
strain F K VMM E P oK EEOMKTREE XD RN 2.

Kevers © (1984) ¥ X U' Shetty b (1995) X, Z O KOG EDOKT
23, KRIRAL 2 B EE L o E R E BICKHHETH D LR T
L. b, MHMEET oK ERIZTKRRKALLZHEBEEZTRT — 2
DEETHY, KEWICBIT ) 7=V AEKRLNLOKTFICH#ET
HtERTEELEBIC, BEAKSMEZEAL, MEMICKL D
L EORMEL .

Pseudomonas mucidolens, P. sp. strain ATCC 31461, ¥ £ O P.
stutzeri 8 LA LV AV OFRY 7=/ —vE &, HftfE— X
THEREMX O 1.8mg/g M5 2.6~2.8mg/g L7220, BMMMARD LN
7= (Table 2-1-1) . = L T, P.sp.strain F 3 X " B. indica % # f L
THHO30BHOKRY 7=/ —E B, 46~4.8 mgeg' LY
fit O ML E X X Y & H o 7= (Table 2-1-1). Shetty 5 (1995) 2% P. sp.
strain F 28 LEZBORY 7=/ — L EEIT, BEMHKX T 7.0mg:
g, XTI 102 mgrg!' THV, TOLRLLEHET D ERE
BRoKRY 72/ =N LXRXALVEFTEKNPoTZS OO, #Hi# (Shetty o,
1996a) LR ICERMICEA2ARY 72/ — AL EE2OENMNBRD LN
7.

— J5, P. mucidolens, P. sp. strain F, 8 &£ O' B. indica #f X ® &
U7 = /) — )& & (X, P.sp.strain ATCC 31461 3 L % P. stutzeri #
X LY, WEX—XTHEZICH L L7Z(Table 2-1-1). Z O &%
X, afkiCAKkRRIEEBELERBTCALT 2V OFRY 72 — VG
wEAmET S EVNIMEROHE (Kevers 5, 1984; Shetty 5, 1996a)
E—HTLHbDOTholc. ZTHUbLMMAxDOLEHEAME L HET D
RV 7=/ — VEREOBMIL, Darvill + Albersheim (1984) £ X
' Ebel (1986) N E L=V v ¥ —BIcXvEHIcBIT S kR
BEMEAE R NEMT 2 ELZLEHEML WD, £, Kevers b (1984)
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WA Lz K oIT, REROOKE R ITAKRKAA Z B L 72 #MHk I
5V 7= ARICKLERRY 7 —VRBOBHWHE L BE L LT
W EHEIND.

MEZEE Lo ERFTET, REEXIVHEML, P
mucidolens, P. sp. strain ATCC 31461, ¥ X O' P. sp. strain F 2l X ®
kK % A B L, P. ostutzeri B X OV B. indica #EX XV & o 72
(Table 2-1-1) . EFRFFZEOHEMIZ, KAEKEITOM LTSRN 5D
e, AEREBIOCR ML AMMICEE L, EEOEGFE
OmEICHE RS Z L& 7L TWDS (Table 2-1-2) . —JF, KPEME
XoGa, REMRZESELE KD E ED IAA (L F— LV EERE) %0
EHALELCLXALOERZEEILEAREBEREZE LN, 2 C
THZEINTI ) REREZMHEs T ERBL TS, &HIC
V7 =2/ = ARV 7= ERICHTH2RBED O KK Z D I,
ZORME, ERWRI 2, KEBE#KORKDDOETIZEL O L
ZEAxbD. Ekows TiE, REMKEL LB KRR L MK
E B L TR Y (Bottcher 5, 1988; Kevers 5, 1984; Shetty &, 1995),
AEBROMEAZEMR LA HAX TERETEOHMAED b LT
X, KRRMEICBTIMMmMICHK TR L L THLE.

Pseudomonas sp. strain F (Shetty &, 1996a) ® X 9 73 % ¥ 356 5E £
WX, KigWR{bxzREEST 2 —F<C, MWEoEFBLMHE L. L»
L7285, P. mucidolens ¥ & OY P. sp. strain ATCC 31461 % #Fff L
MR O AEFIEL, ZOMBIREN XD Do (Table 2-1-1).
SZTHWEMBEIE, WL bERBICXVESNEOEFT EZIMEH L
N, THRHIEHBIAELI 222 LcERLTEY, BMEOSKEIZKS
W NF I RBEEXLEABRECO-o. ZOo Lo, EFERHICHD
5, ROMREZBOBRIZ, UV 5T 2 5B HEH DAL T,
% ¥ PE £ @ P. mucidolens = P. sp. strain ATCC 31461 % # ff L /=
Y &, P.sp.strain F #ff & [T, + 0 2R L KRR % [H

4:‘.
“lo
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W2 RN 2R LTS, £ OB A, P.mucidolens B
L O P.sp. strain ATCC 31461 # 4 5 % &, ¥ K o £ F X Hi i
EOWH A P sp. strain F # L0 ESLH» T, WK OREEDES
b5 b, LV RERBENNZTD. Lo T, MEE TK
BB AT CTWVWHIEEZICEB W TS, P mucidolens ® P. sp.
strain ATCC 31461 72 & © & ff 1%, KB IR Z2 B & 8 85 0 &Kk
MAlfR L 2 &b, BHICK 2B OEE EF O MHFEE X
HHAZRET D2 LETOHRMNREELRDIEEZL L.

JI6 1k, %€ %% #> &, P. mucidolens, P. sp. strain ATCC 31461, ¥ X O® P.
sp. strain F O #Eff (T KRR ZMmEl L, MW AEOEEEZREST S Z
EMB, EHTH o 7= (Table 2-1-2). Zh b OMEFERIC L,
MFEOREBMY TIT) LI MW ABREESFOLMET T, BEARS
HAORBEICAESGICHEIETE, BRRERERHBHEZITOLEORN I &
MR S e (Fig. 2-1-1). 2T b ofFix, BECXH T 2% O JE{k
REAON, MBEOBEMEEEBEICHEEL TV END, BBERKTO
WWIX, SAMBRRECHRNICIEIRT 2720, 2085 kA7 ME
ZMLEEL, BEMEY CEIAETEESA MLV AMERNKRTNT 5 2 &
oL TWD.

KiZWRAZFE RS D720, AIEO XS ITHKERAx 2FERRAITINT
Then, fEIChmz, BFEOBKOHEBELZHEOLEE N LER N
L, BXOKBRAE#RDREROREELS, MESEEENRK L PR
e wnwxsd., £, KEBR TR L 7ZMEFE TIL, P sp.strain F T
5o kR (Shetty B, 1995 RO ENE LN, ZOHRD
FRESCEEMY OB R P ICHEMICLANTHEORMLS, ME
DEBEMEDNHER SN, #IZ, P. mucidolens & L < IX P. sp. strain
ATCC31461 # M L BT, R L-EOESEENHERE S,
ABFBORDIT 40~50%I2F & 72/ o> 7= (Table 2-1-1) Z &2z,
REHERXEAZEOHBEIGELND Z LICEY, HEROML TR D
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b, &bz, ZoAr v h /7 EMiEoMABERIE, KigR{ko
HKBENRA D =2+ 2N RFELLTEHEETHD, P.sp.
strain F (28 (] 5 # 5 (Shetty &, 1995; Shetty 5, 1996a) & [A £k, /K
EWRACOEEE ZFEEPEBEICES L TWD Z LR EHOEE TR
ST
Zokol, HEMICEIIAEAFIAMICIALGNDL T AY v MiX, ¥
MEXBET DL L THRBETE, KERAEBICLD X ML AT
FEROmENYHFETED LD, FEREM O S B EE LM
HaEMwoMEBEEEEDL, KRRIECOMEZBR ST 28070 FRL
Wz b, Ak, Z OME ML O HE O LK EERT
IThTl, REBRTRVWHRAZ 76 L7 P. mucidolens, P. sp.
strain ATCC 31461 B X O P.sp.strainFE 2 H W5 P ETHDH.
B, MBEEEICLI2HM KRR EXRLMET, HAELRO W L
MROLNLTWNWDE T AXRY —|ZOWVWTIE, REOH 3IH CTF O
AL .
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Fofi BEEFTEOMEICISIKEBKIL Hl #% OKEE

Shetty » (1995) 1%, A LV H J OEFMWIT K+ % P. sp. strain F
DFEMICEIV KBRIEZHBST DI FEEZHET 2L LB, Znb
DENR, SHEEEMLEBEHZEICHEE LTV L W LMICLE
(Shetty ©, 1996a, b). & O T Fi i TIix, HflE o % 05 E A - 2 E
FHWT, KERAOFEBEE ZO R A2 HRGEL, HEO@EMIKKIC
MR 21To7-. ZOME, ChoOZEHEEAME 2 M
L2 LXK, A VT OBEMY TITEMEEL 10~15 B BRE TKR
WAL 2B dE L, MHENEFAT 2L L b0, HghENmEL,
EREAMOWMAERICHEH IR THL Z & 2R L L.

AT, BIECITo RIS EHEAMBBEOEMICLD
AKARARAL O 8] kE S B 23, FERE 2T 0TI K B oM R E THER
ENDZ xR THLELEHIC, MEOCHMMWENIZEIT 2 EEMEE
AL L 72, ZhiC Xy, MRABEEHECHEREITLILELIRI LD Z
Emb, ENMAATOHMBMAKRIIRETZ2AEZ LT Z LA S
o, 36, BEMDOABTLHMBELZEZEE T 22k, FE
ML 2 48 U 7 il 5 B2 T VA O B GE & 4T o T2
HEBLUVE &
1T HELE-EERK

B2EE IEHICHEL D .

2 ALA/DHEBERLEOEERIUEELL-EREEDOMH &

B2WEE IHICHEL TITY, SEEEOMYIRIE, HFF - BHEO -
», 1 mg-L' BAP, 3% ¥ a2 #f, 0.3% ¥ =7 » H & % & T MS B it
(LN MS-BAP Hi i) THERET & 217 o 7.

FRHIZE, K EELTIOEAEERLZYy—L 2R b6
BPF>HWE. 30 8%, AF LEMLEMEBIKIZ SN T, KRR
CBET LAY AAERLELT, AV 7=/ — N, EHREFE, Koo
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GRBICEDEOAFTREAK L. ERELZME®KIE, 1 FA
DO, BHEM AT TIC MS-BAP B TRk B % L, 30 H KR
T8REEFTMHMALA., LT, KERMAICHEST L AEHRK T %% H
DMMABFFICHE T D L L bIT, RTEHXITHO W TH FEE O EEE
ATV, B E L., £, 5~8m oMk EL, MEORE
THWOLHN D YMA 5 H (Golds &, 1990) Licf#kft 3 28 FBMY O
va—bFEBEIRL, BEDILPOLMENLAET I LICTRYMEOF
fELEEMEZHEABL .

3 KERIEEMEOCEEKIEE

KERA LB EBMD AL X OME M EIC XD KRR % [\ 6
LR KICONT, H2EFB IEHERAKIZ, XY 7=/ —1
R, ERFRERE, SKEBIPEREZEKLE. B, o0z
RT, M LE3Y T 0o FEHETRLIE.
a. RYI7z/—ILEE

F2EE IHEHICHE LT TIT - 2.
b. ERESTE
B2EE IHEHICHE LT TIT - 2.

c. KN EELEMADESE

B2EE IMICHE L FIETITo 2.
d. IE1E &5 EE M

B2EE IEICHEL, BBEMDOMELE N EZRE L. MRAEE
D30 B, KRBWRMLLLZS DL ME#EMEEICED KERA Z B E L
EEAEOm G A2, BREBEME L TCHAALT U EEE R 1/2BE O MS
BErlcER L., ISH#%, BRFLRRZAEL, "—IF =274
F~BHELEEEMEDIT, EET 16 BEEAE, BE 85~90%D %
T lEAL L 72 .

lEA 10 H#& , BEPOAGBI B LEEEZLoPT TAEEFEL T
LMk EHBL, EBPEOREELEAEAFTEL S BEE (BRE %
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B2 L, 3mmBlF, 3~6 mm, 6 mmLL k ; £EFHE : f5%, Ei,
EFAN, O, K - &, e, ) TEEARL 2
BRBLUER

HEHEAEOMYIKIL, ZEEOMREEZL T, BHEMELL TKR
WAbkORIFENATE TCHo7. ZNOOMEWIKIT, Kk TArEN &
ol olzx LT (Fig. 2-2-la-¢c), KAEHE O BX CTIX, WY KR
fle< R L, 7 AETCHMKBEZEL TEBY (Fig. 2-2-1d) , KiER
BBl s 2L T, 7EFEB IO 8 B OMKMEHE L WM
MIEKIZS>WT, KERICBEER OB E2To7. TOKE, &T
O E LXK T, MAREKICEDS T, REMEORKX & LK
LT EENDEKTF L TV (Table 2-2-1).
BEHEXOF VT VBB TLZ2RY 7=/ —LEEIT, P
stutzeri &, FIEE—XATCHLLIC EH L, WHWEX—RXT
t, P.stutzeri &, KU 72/ —LEBOAERENARBD b
7= (Table 2-2-2).
HEEFEEA2TDOTIC 7 - 8 EOMKMREEELZHED KO IER
FEEIL, REMEOXIBREEKBELTELS Ko, AU 7=/ —
EE, RTCOBEMX CHREZTOMMIEICE T 5 ERER
X, REMBX IV &, P ostutzeri #ERX 2B &, HEX— X
THLHEBX OERFZREIL, FEICHA EL L (Table 2-2-3).
MK OEBTEZRAE LR, HHEMEZR LTI MHEOMNREER,
ETOHEX THEAEELZWEOW S N D LI (Table 2-2-4). =
DEI>CEBENME SN —FHT, 30 AKEROBBEESS X, WT
NOBEBEXICEW T REMOSHX LFRBE T, AF & OB IX
M EOMmBIICERN L Tz (Fig. 2-2-la-c). MK &I L 21
BT EO NI I VITH > 2 &b, Bkt bbb BEERSEL
LWz i, HMEREboRWI EZRLTWDS. o, £#
HoMBEXOMP KT, ABEECHEDEZEIY 505K, EL

10N %&

5
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ERfSELLST VORI LT, BEK2LELA MY IKRIL, ©
ey FTHAZERICEL®S T D Z LT, WEMENE L T
AN/

S~8moOMREEEEL, MOEE AN 7T U7 HO YMA K HIC & K
L, UUMrLZZ2XoREE»0F AN LAMHT LTIV BEREEOGFE
ZHeRR L 7= . P.stutzeri BRI TIX, MR ELE —HoMMIK T,
KEBRAOREBIZRIZIBEAIBD b, 20 X5 2EEIZ, YMA 5
HICER L, MEOMMMA LW b, MWIENOMERE
NIEWTFTLTWD EBZXILATL.

RKEBRT, ERX ERBEEOFBXIZE T DIMEAA 10 B & O EFR
L, ¥ 95% LLEE 85%L 0, WHKXOETRDLNLD B
DO, T0%DE G TKRBRBKRAGMEMK 2 5 REMX TH & W AEFE
R L 7= (Table 2-2-5). Shetty & (1995) O W& Tk, #HEKX & K #
X TARBRIELLTWARWEFRMEAEOH &I, T LN 90%LL k&
50%LL F &0, JEL 1 HEEOAEEFERIT, EFEEAORS L —K
LTW/e., ZoOEFEROEWIT, EAREZIEE 85%~90%D 5 #
OEEREEH Thomz itk b HEE I, — %, B. indica
BEREXTE, BERR2LORYMNAERICL TS, +OoRERMN
/o T, HEHWOEFTITMH S L (Table 2-2-5).

LEo X 51ic, koM EMFE (Shetty &, 1995, 1996a) & [Al £,
MEEEE CKRRICZEIRST 2 2 EDRATETHY, B0 FEMET
FHEEZLICEHMMRAKEORELZER T2 LR AR TCHL- 2. F
fo, KEBRMELTWZRWEFMEAEK T, MYWEOKSE RO NR
MR b b 2 & (Kevers 5, 1984; Shetty 5, 1995) , K i
Wbz mEEFTL2EET, AV 7=/ — VAR BIREREIND &V D
sk o o (Kevers 5, 1984; Shetty 5, 1995) , & 62, ¥EFEEE

OB ENEL RN H E9 D Z & (Shetty 5, 1995) 72 & @8 T — %
THRENBEONLIL. MAT, WMHEKOAEFIX, 8 B OMMALET
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mll s, BEMHPTORMBERICEKLI RN LD, B
IR DHEBEICHWDEHBITHAET, HBERIIETFTLR2R2o. £
LT, 2OXSRKBREECHALDLDERBEESLANY 7=/ — L
R EVEKOAEATERE, BLIOEBREE CHMBIZLY ZRRD 5N,
T OwEMLE M NS P.omucidolens 3 X Y P. sp. strain F O % f#
DR TH - 7.

Z®» X 51, P.mucidolens X P.sp.strain F ® X 9 72 & ¥ 5 g /&
MEEZ —EB#EES S &T, BEMET DI LR LUICHMNEE CHER
Sh, KigRI{AEZE®RE L, EARRWM ET 252 0506, MikEEEIC
LT AEEBBICEN LA THLLZ R RSN

Ehlz, KRR EERL-ZEDERAKCIBENT, GBEOXRY
T x /)= NEEENRN—FFF - BIEMEITE I E L (Phan
LeTouze, 1983), fi *x O L HELMABEHOERIC L D2F Y 7 = /) —
NERBROBEMIE, =)y XL LTCoRBICL2MHENICET D
TR BEWO SR EIRET H Z L (Darvill + Albersheim, 1984;
Ebel, 1986; Dixon *+ Lamb, 1990), £ L T, Z# b ® Z & BN KRR
LiztEmEo) Z7=vaMeERY 72/ = LRBHEBEICEE L TW
5 Z & (Kevers H,1984) nfiHF N TWnsd. KREBRIZB W TS, #
HOBERICID KBRIEZEBLZEHAEIZ, XY 7=/ —LER
WML, ZEXLEOMMENBILINY 7 =& ko RiEICH DL
TEBRENT., ZOZEE, KRB EDSHMEOREET D ZHE
Moz U v 2 —2hRICL Db 0L H#HE S, iitFE S BB MR
OO =2 v ¥ =g R2EL LS @EEsRET L2 0ky, &£
MAAbicm i =2Em A28 5.

B, YMA M EOMMENTLEBE LEMESLAET Z LIICX
D, BERLEMEOCHEDANICE T D ESEMEEEHMOFRN LT
TE MR L. Perry B (1998) 1T, MENEET MWK 42 H AW
BCUBLBRET S EICED, KEBRIEXHER T L 2R L,
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MEOFEEKRIREPERICHEST S Z L 2RaEL L.

SH% CEMELEMEBEOEEMSLSLELEEZW L NICT 52D,
AR LM O R T B D A AR R AL B o oy AR DL & A SR
CHER T D & & bID, EAL TR R RIS BT D E AR B VE O #ERE
VETHLHEEZDLIT.
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F3f SARJ—DHEBEEICETIERBREADKZ K H
fih ix o A

I CHREOZEEELA LEME A H W, KR OB L Z
D REMIET DL LB, BEMZITOTICEHHE OMAEZE T
ME EZOMBEPMERINLD L 2mRAL L.

AT, EROFFEHERPO KRR EREDREZER ST W
% Pseudomonas sp. strain F (Shetty &, 1995; Shetty &, 1996a) % H
WT, BEXN—ATAERBINTWVD 4R2HKED T AU — [Tk T
D KA RAL B h B A MREE L, 2 o FE G B kA B B R IR o #L Rk B g
PEEIC BT DA M AR AR Y R % 9 2 @ M &M o 8E RIiZ o
WTRE L 2.

HEBLUVE &
1 HELE-EERK

F v © KR WKAG FEE R /1 # -8+ Pseudomonas sp. strain F
(Shetty &, 1995) Z EB(cfit L7=. Z ® Pseudomonas J& # # I YMA
B (Golds 5, 1990) T 25 °C, 48~60 FrM i # %, 5 C TH %
7L 7.

2 SARN)—DiEBEE

AREBRICHRA LT XY — (Rubus sp.) X,/ — A7 7 — A th
(Nourse Farms, Inc. Whatley, MA) 2"k %2 L T W 5 4 % #%
(CDH-92, GEL-20, Heritage 33 X O" JCR-FL)Z W7z . B EHE® I, 1
mg-L"' BAP (benzylaminopurine), 3% > =2 #, 8L W 0.3% ¥ = 7 ~
747 A (Sigma Chemical, St. Louis, Mo.) % & #¢ MS £ #1 (Murashige -
Skoog 1962) TN Z AT > /- . B X pHS.8 T %, 121°C 15
MERE Lz, iz Aty y — LT, 4 HOERZEZ DT
fevya—bz 1EEKELTTITEETSEKRL, 25C, 16 FH A KT
(40 umol-m™?-s") THHE L. MREHELZIT-o - 30 B, EIKL
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ERMARIE, WESBELEZO Y 2 — B ZERICHEMLEZ. 2
NHOTANY —FERERFIT, 30 BB TR LERKIEZY L 5,
MREET LI EICXVMERLELZ., 2L T, #MREBEERKFOLY L 5T
lova—bMae@EEMEBELE L THWE.

83 SJARNY—KEBEEYDICRTIMEOERE

M oM IX, YMA B H#i (Golds &, 1990) THE L, 5 C THF
L CTW7 P.sp. strain FOEE o = — |2, MAREEFRICO D H T
leva—boXYgMAL+EMIE, HOBBELZITo . EHEKEO Y
2— M, 1.5% v afizEd 12 BEO MSEMICERK L. &4
HEI1lvyry—VLbdby THEOEEZDO Y2 — F2EKL, &R
BrIUoR#EZ L4V Y —VEHOWKRELELE., £, AT —
CBT2MEERELZRELT D0, KUOBEROLEEZIT -7 4%
AL, B LI 30 HEBTCSEILU EOMAREREZITo. £ L
T, EWERROBEHEK IS L OREMO I BIX OMPYIKIZOWN T,
KERAICEBE T 2 EHMRERL LT, RY) 7=/ — b, EikH,
KyoGEBIOCMEYEHEOETEEZWEL 2.
4 KEKELEEOEEMIEE

30 0 T 5 E oMk B 24TV, P.osp. strain F 8 i % 0 K% 3%
EHHRBLOREFEONIBROEEENAKIZCOVWT, XY 7z —
NE R, ERFEE, KoGEBIUOHMBEELILRLEZ. B, &
ST RIE, MY L3 SO EHEEERERETRL, b
e b 2B OB RL .
a. RYZz/—ILEE

B2EPE IHICE L FIETIT- 2.

@

b. ERFRESE
FB2EE IHICE L FIETIT- 2.
c. K9 E=E

BHEXB I OREEX O 45 RZREOEM KL, 1/2 MS Tk L
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BEATV, WIEIO 30 HtE, BLTOHEZHEREE I 30 HHEE TS
[ OMRERSL, MBHEKOKSEGEEZRE L. ik, BEFHIEIZ
o2 1ML AT o T2

d. IREICEILBSEERBEOEICHEITHET

R 30 A%, REHONBEBLOEERX O 4 5% RKE 0D K
X, BEEZITOTICI/2MS ALEY 7Y —HBHICHMAEEL-.
30 HIT RS CREMEES B 24T vy, 3B H OMAREZ O 2 HMK, &M
Mix, "—IF2T7A4bM~BHEL, EHSTIAXAF v TEVEREL
RFF L. 7TH#%, 40cmX40cm O H N — |ZHEF 1cm O R A 9 {H B
W7 TAF vy 7 « IRN—ICBMOVER, 2 BRI AA—Z]D RV
oo Efe M ix, =R, 16 FFM A ESMET THEFR L 2.

JEfb o 1T HEHBS IO 7T EBZ, BEREOLE{OF TEFL T
WO ONEFB L., &b, SHEWEROEMNEZ 5 B (£

TR E D M, N, K -, b+, ) TEEAE L 72
BWEBLUEE

AT, AV H 5 EEEL - P.osp. strain F (Shetty 5, 1995)
M WT, T AU — @8R T D KRR b B2 R &
BREIEL7E. 2N ETCOMRBER»S, A VY ) OEEZEOEWIKIT,
Wikt CTARBEHICRY, MIMEND 201 L T, KREMEOXRITHK
SHEEL, a2 2 L TE Y (Shetty 5, 1995), HEHEHE L XL MK
W ERKBRIEDO M E SN (Kevers 5, 1984). A L 4/ & B
D, ZZTHRHRLEZA4ZHKDO T AR —0EFERXOMEY KL, K
oxtMX kLT, FENICHEZFLREALAIRB O LT, KESR
# D Heritage TlE, ERIZOWVWTHLELRB O LN o, L
L2 5, %3%FRM Heritage Z RV T, REBEMEO X MK 02 EH
X, BEXLVEEL, ¥7A{LTEBY, BEAEEZEL TV,
LT, BCORKEZHFBICKRIKMAREZFE L2/ R, XKEEM
& # CDH-92 3 X U8 GEL-20 Tix, #HEKX kBRI D L
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H OO, KIFT WAL = DAL VS E B IE R Heritage 38 £ 8 JCR-FL T
I, BREIC L S KRR EEERD R ITH IR & L ARy o 72 (Table 2-3-1).
JIE b 5K Bk 12 3 W T P.osp. strain F 28 K2 Kb o [B B2 20 SR AU I8 < 2
ERH LN ERD, REEMAHMN CDH-92, GEL-20 B X V¥4 1 T
X & %72 JCR-FL IT>W T b IE I Y o EAL 7 B % O 4 A7 R 3 L
L 7= (Fig. 2-3-1, Table 2-3-1). “Th L O/ FRIT, KERILEEFEHROD
Mo, BERYMBEEERNSDLI ZLEZRLTND. LT, £ 0
BB CIE—BMWICIEECEESE TEZL OREHME 2 LET S
(Kevers &, 1984; Debergh &, 1992) ®(Zxt L T, &8 &EE X400
BEICAHICEIETEL2Z2 L2l TW5.

INETAHLY ) ORBERL L, EREE MY K ITEKED M
VI DL bR 7)) - LEEBRERZFRELSTRX LIV &L
Mol TAXNY —OBA, B 30 B %O BER T GEL-20 B
£ Y Heritage RO Ko @ EBIFWDP LEebo o, o RgiEKsE
BOMADITRD SN o 7= (Table 2-3-2). T x L T, HEME
LI 30 BT SHMAEERZ T, LAXE2ETORMKT, K&
FOXHEEX I KSEENED L7 (Table 2-3-2). b Z &0 b
AEBRTHRALEZETORMT, KREMXOMEMWIK L LKL THE
EHEEEA LM EOKRSEEOR D DR LN .

TOEYIE, AV H I ERHEBELTTARY —DERRKEOSE
Pseudomonas (Z%f 7 2 KL ITEITHI TH D Z &6, Kig Rk Bl EE
DEEOLZDICE, BEEEZ2TOLORVWENMOMNREENLE L E
b, 2T, BEME2LIC30 HME T3 RIMgkMRESE L, EL
HBRLEABHOBER 2 A FBROBEEEICHONT, XU 7z /) —
NEERFOGREREIFAE L., ZTOME, CDH-92 O HEFEFIREIC
IR DOLNLAVLEOD, hOoRZHETHLEX 2 TOMEYIK T,
RV 72 /) —NVERELEERFZREED LA 2 M L7 (Table 2-3-2).

-45 -



FARY —THBEINTEA s RKBRACEEICEESTSRY 7 =
= NVEROEMIL, MMICBT L RRMEY O G RERETD
T Y ¥ & — % @ fl (Darvill -+ Albersheim, 1984; Ebel, 1980; Dixon -
Lamb, 1990; Dixon + Paiva 1995)& Ll L T W 5. Z O Z &%, KR
KL TWwWhwillfo ) ZF=vaRICBER, XY 7=/ —VED
D £ A Akl 8 (Kevers 5, 1984; Kevers 5, 1987) B E#E L T W5 & @

LEZ LRI,
EODIERFERE L, EFOMER A ML AWML X OCIE RO

M ElCHHETL2HAERDEFEOREICEHEL TSI EERLTWVD
(Table 2-3-1,2-3-2). REF O MK ICB T HIKERFIRE & & KD
GEIE, A—F YA NI A= R EEDALVE O EFEN R
ToNRTUANLALLIHETHY, TOZLERERELS &I T
LboLtEZDOND. SHIICIhHICEY, VIZ=vAIICH N o
FEBERBEDORB ZHMHE L, TOME, ESLEMRLIKS 2D,
RKREHMEBOKDHEREDOHEDICORND EEZ LN D . §EK OB
gk b, KREMKZFRE S KEBRAAMBEK OB #ELZRL TEDY
(Kevers 5, 1984; Bottcher &, 1988; Shetty &, 1995), KB TH &
NEREIE, 20X EMICBIT2EAKR L HESROMEN
ZEIRICAREBT 2O TH - 0.

ko X o, MBEEEETHEMEREICL > TERINIZEDIK
DIEFENRMEIE N B LIOCA ML AMHEOHEBICHKE LD Z R RI N
. Fe, FEEEBLCMHMERB BT 2AEAFTRMICH T IHE®RD
WL f# (Herman 1990; Frommel &, 1991; Pillay - Nowak 1997) % 3 £
T50THY, MHERBL L IIMEDENICHKAET DHMEO R
BB OMTICHHCTCE2AEENS L. 5T, KFERTIL,
BMERXR—ZATHEEINTWVWDE 7 XARY — O 5HEBEG 4% CHMEE
Mo RErERIECTELL LD, MEHMEEEEXICBT2EHANR
EHbL+DICHFETEL2/RTH - 2.
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BA4Hi NIV TFTTOEGFHRABABENOR R

Rhododendron & (Y Y PR Y Y P &) 1%, EHEIC & kMK
Wy Yy, SLICRABACEBRFI Y27 SRl Sh, $H %
Wz 58 MNFEMET D (Arisumi 1989). £ 7=, £ O H T R.arboreum,
R. catawbiense, R. ponticum, R. wardii,¥ X O R. yakushimanum 7¢ &
ODEMZMHICIVERSLZEHRAF Yy 7 773, W bEEHN
nBEMMEAELS, BEAEAL L CELSFMESN TE L (Arisumi
1989). g h > v 7 F 7%, BEOE I X2 REALL, KEREG
KiglnwarnsrnEeEbic, APLRAASLCEERAOAE TCORKE
L, WA, ALY, Brr, @BAZLTEHEETOKL 2FEEO A
AVWEELWHEZ KT D (Arisumi 1989). Z O Xk 912, & &kt
vy vl bIlEB Ny S, BBERIEAROR TR Y EER
TN —=TDODN0EDEFRD.

AREO O HELEF, SN0 EFRHINIEN &b,
EWBAET L. AFTHE, SARkBEFEMMEYD ~B AT 5 FIE
(Jefferson &, 1987) N Z < O TN S, MM CEBSM K
MOLENAREBER D TET., £, WS OPDODKRAKMEMEY CHEB
TR A ZOREDFPHRFRE N T DN, BIEHEKREICE T % #®
HiEX b T NI T v (Bajaj, 1999).

Rhododendron JEAE 4 @ Ml fk B & 2 L U, I (Fordham &, 1982;
lapichino &, 1992), % /b A2 (Economou 5, 1987; Harbage : Stimart
1987), {E 2 (Meyer 1982), B X O+ FE (Dai &, 1987)2 b HH ¥ K 2
/HohTwns., RRABROBMIZ, BlEAMEOCS WY v 7 757 OXE
IR MR T 28 Is FHALHBZEINNOME T, Bz FEAICX
DAL ELE, b LW FEmE NSO R Z#) 2k D
DHEEICKT DA EEELEGD THRFL 2.

VX 7T T OBEBFMABIERITONTIE, FELOMOBE
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(Pavingerova &, 1997) BN ®H 0, AKZEB CTiX Agrobacterium @ It 17 5
BPOLBEBTHABZEDEHEL EAERBTORBEZHRL .
MHEBLUAH &
1T HEMBEELIUERER

AR CIHFEAE Y ¥ 7 7 /% (R. yakushimanum Nakai)® % fid /i
L L THELINLTWD ‘Percy Wiseman” Z fliid L 72, M 1L X
TEREZBIZCXL > CTEFHIL L, 1 mg-L' Zea (zeatin), 1.5% ¥ = B, 0.2%
Y = 7 v #H A (Wako Chemicals Co., Osaka, Japan)Z & &0 7 v ¥ —
v E: Mt (Anderson 1984) THEMRE BAZITWVWRER L L THER L 2.
B pH 5.0 T3k, 121C 15 pMMERELEZ. b DX
#FZIX 25C, 16 F I HE T (35pumol-m?-s') TH &L =.
2 TEFFERSE

AEFFEOLD, Smm RICUW LEBMEMBD O =2 — & AE
EFHEEH (SmgL'ZeaZ BT X — Y U H) ICTEKR L LB
‘B2NAK, B, EWN, LT XoEMICELEZH ST, EBX
LEHFIELS, EMSXRIRLS 2ok, ZOBREMBEEZH LWV A E
FHFERBHMICBME L., 1~20 A%, ZOREMBKITAREF%2EK
L, H®E»EAL L.
3 #HEL-MERHK

B TrEAORED O 7T YT &L T, pBll21 (Jefferson o,
1987) % #H A iA A 72 Agrobacterium tumefaciens LBA4404 (Hoekema
5,1983) Rk A H W, 728, pBIl21 X CaMV-35S 7' 1 & — ¥ —
(cauliflower mosaic virus-35S promoter) & NOS % — I R ¥ —
(nopaline synthase terminator) (& X » % HH #l # & v 7= GUS
(B-glucuronidase) &fs & NOS Y1 & — % —F kL X NOS # — I *
— X — 12X Y il &+ 7= NPTII (neomycin phosphotransferase I1)i# 15

TN EE) L T\ D (Jefferson &, 1987).
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4 XEBR

A. tumefaciens strain LBA4404/pBI121 % 50 pg-ml' kanamycin
sulfate, 100 pg-ml' rifampicin 3 X O° 300 pg-ml' streptomycin
sulfate # & &0 2 ml YEB £ Hi (Vervliet 5, 1975) (2 & VW 29C T
1 B&EEE#E L, 5,000 rpm, 5 " OERLSEEICE Y N7 T U T % H
L., 727970 vy b 5 mg-L' Zea & 100 puM
acetosyringon # g e 7 U X — V UEMHICHB®B L, N7 7TV T 0O
JEIX SX10° CFUmIT ICHEE L. AEHFEFEOLOAIEEHE L, Zea
FEICIVAELONTEEEMRESE (4 mmH)E2 N7 7 U T &5 KB H
230 pMIRBIBE L. 20K, EHMEZER O ML RS ZREK
W AHBER TR ETE|Y, 5 mg-L' Zea & 100 pM acetosyringon & &
T o= U FEEEEM EICER L.

5 BiLEVHBLE

Kanamycin & % M BRI1%, 5 mg-L™' Zea & 100 pg-ml' kanamycin
sulfate # 50 7 X — YV UM, BIBERBICLVELATLEL LY
*XOoREMEEERL, 1 2HZOEFRENLHE L 2.

AR OLFEREESR, SELUEZIEES > 2 25 (5mg L' Zea,
100 pg-ml' kanamycin sulfate 3 & % 500 ug-ml' carbenicillin & & ¢
T =V M) B L, 2 EHE I & ITH LW IR IR L
L2 A%, REHEFEREHBD - EESZ2 HAREKE M (1 mg-L™!
Zea, 100 pg-ml' kanamycin sulfate 5 X O 500 pug-ml' carbenicillin
Eab 7T X — Y UEH) CBLE. SHICED2MA%, REHF
AR LIcHERESIE, REFPLOYa2—FHEOLD, BT F v
BEZ 01l mgL'"ICLAHAEEMMICBMELE. I~2 cm i E L 72
a— MEIEHLGOM L, BEREM (EHLT /I0REICHE L 2
MS B #1  (Murashige -  Skoog, 1962) {Z 0.1 mg - L' IBA
(indole-3-butyric acid), 100 pg-ml ' kanamycin sulfate, 0.7% agar %
Gh) WBEL L.
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6 4°/.. DNA O#iH

BEEMHOMBErRAKEZETCHAL, L THHLE. DY %
10 ml o ¥ #% {# (0.1 M HEPES pH 8.0, 0.1% PVP, 4%
2-mercaptoethanol) (Takagi &, 1993)% AL 7= 15 ml = LEFICKE L,
B % 15,000 rpm T 5 Sy EELOBL, EE - BINEIToL. %
DH, WEMICH L VWERKEZMZFREB L, ZL0EEGT 5H8EL
3EEVELT, KV 72/ —LBIOEHELRELLZ. %
OB o> 5 SDS #l i ¥E (Honda + Hirai. 1990) (2 X » 4/ & DNA
L 2.
7 PCRICKZBEM

PCR (Polymerase chain reaction) fE#HrI1Z X Y GUS s+ & NPTII
B FOEANZfHERLZ. KIS IZIE 10 ng DNA, 200 pM dNTPs, 0.5
uM @ % primer, 1.0 unit ¢ Taq polymerase (Promega), 2 mM @ Mg’",
F X " Taq polymerase buffer (Promega)x 1 X 7=. > 7 /L 94°C,
S5 MEE, 94C; 14y, 58°C; 24y, 72°C; 3 43 O Ik % 30 Bl #: V) K
L 7. PCR E®Ii¥, ethidium bromide 22 XL 27 v — A7 V&
R[UKBIZ LV SBELZ. GUSEREBEFDO 74~ —1%, GUS EIE T D
HOHEE % 300-319 & NOS # — I x — % — #E s 1+ © & K 5
1850-1871 [y E # g%t L, DOy —F7 A X TN LT 5-ATG TTA
CGT CCT GTA GAA AC-3' (Jefferson 5, 1986 ) 8 L ' 3'-GCA AGT
TTG TAA ACC GTT ATT T-5' (Bevan 5, 1983)& L /=. NPTII & 15 + ®
7T A4~ —I%, NPTII s ¥ OHEEE | 151-174 I L W 922-945 {if
HEL, TOY—F A X ENREN 5'-ATG ATT GAA CAA GAT GGA
TTG CAC-3' 3 &k O 3'-GCG GAA GAA CTG CTC AAG AAG ACT-5'
(Beck &, 1982)& L 7.
8 YU

77 I DNA % il [R B 3% BamHI & EcoRI THIWF L, TR IKk#IC L

DorBELT%, A4 mr 2 A7 L (Amersham’s Hybond N+) [T #5
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B L. 2L T, Y9 N IE NPTIL & s+ & GUS Bz +Wrh %2 7
n—>7 & L TiTo7. NPTIl s+ 7 v — 7%, 35S-NPTII/pUC18
7T A REIEF Vv F(Kosugi H, KFEF)D 1.1 kb BamHI W A
EL,GUS#Efz D7 r—71% pBI221 7 7 A2 FRifs 1+ (Jefferson
5,1986)D 2.1 kb BamHI-EcoRI W i % i \» 7= (Fig. 2-4-3). Zh b D
Iwa—T ATV EALX L%, DIGZ /L, CSPD &t
1% (Boehringer Mannheim)iZ X Y 4 L 7= .

9 GUS G &4

A Y o M kb7 /) GUS IE M o fE #r 1%, Jefferson &, (1987) @
J7 ¥ & %2 L 7= Murakami - Ohashi (1992)D K i L Wit - 7=, &
Y O X %E % 1| mM X-gluc (5-bromo-4-chloro-3-indolyl-B-D-
glucuronide) & 5 mM DTT (dithiothreitol)% /il X 72 50 mM U > & #&
% (pH 7.0) 12 37°C, 12 FFiR{E L, GUSIHEM & L 7.

F 72, GUS I M 1% 4-MUG (4-methylumbeliferyl-B-D-glucuronide) 47
Br % (Kosugi B, 1990)% &k & L, THOSO HPLC ¥ A7 A% T
FS-8010 Ot fmic kv E& L /2.

B R
1 BiREEYVHROBE

100 pg-ml™' kanamycin sulphate Z & & 7 » ¥ — Y VU K I & K L
T12A%, ERhHBRoEREMAKZIIBELMEELEL. XU HKD
EEME T, EEEIELRLDI b OO, fiAEAMEZELEM ETH
ft L (Fig. 2-4-1A), REHFOBRIZED b0 o7,

A. tumefaciens & @ £ fF 5 3% % 17> 100 ug-ml™' kanamycin sulphate
Ao BB T2 AEERZ, EXLXO 12080 5 5 198
TRBEHICAEFE 2R L7 (Fig.2-4-1B). #isE LM 2= L
7219 REHF D H B 9 3F %, kanamycin sulphate & 1 mg L' Zea % &
o7 X — Y U ETCHML, 2HEKEREK LT (Fig. 2-4-1 B).

% D% F K 5 kanamycin sulphate & 0.1 mg-L™' Zea % & ¢ B 1 E
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ThBERL, HRICHMBEMET D> 6 MOMNE LI REREL EHE L
7= (Fig.2-4-1C-D). # L T, O 6 MOMY L =% EZN1LDLEOL
723 =2 — bIiE, 100 pg-ml' kanamycin sulphate % & & 1/10 & E ©
MS 3 H 55 i T M L 7= (Fig. 2-4-1 E). &M K 1X, & E T IE %,
Bt == ~®B L 7= (Fig. 2-4-1F). 2O b DMK ITERERANIC
Tdh o 7.

2 MABAEDICETANPTHEGEFHELUGUS BEERFOMHER

W) & o> NPTII s + & GUS #f5 DO fM#RIL, PCRE &GV
YoenAg TV HE AL —va BT K VAT o 72 (Fig. 2-4-2, 2-4-3).
NPTIIEME FHRHEMD LT GUSERBETFREN T I A~ —Z2 H T
PCR #4795 Z LI LV, HIREEFR TRLIEL LRV pBII21 77 XA I R
HirT+&%7 7L —h&LT, 0.8kbiH LU 1.9kb D NPTII & 15 1
& GUS B FIC#Y T 28 B A2 ¥ IE S /o (Fig.2-4-2, Lane
5, LT, MA#HBIZEMWO DNAZT L —hE LA IR
O PCREMMNELNTZ. Thixt LT, HFBEHEEEHEILKD DNA & i
WA, WIEEDITE S LR o,

T RN D=, LBA4404/ pBII21 2 LM A 6 H 5
iz 2 fHRIC>WTS 7 A DNAZfIH L. I L5 7 & DNA
/%, EcoRI-BamHI {Z X v il REE F LB L, 2.1 kb ® GUS &Iz F W i
WA L7 2 E 1K o A M 2 Wi > & S L (Fig. 2-4-3B, Lane 2,
3),5-6 kb @ NPTII & 1x F Wr i 25 #& t & 41 7= (Fig. 2-4-3 A, Lane 2, 3).
L2LZ2ns, 1ECH >NTEMICH A XRS5 NPT #Eis 7
Wr 728 2 K & U (Fig. 2-4-3 A, Lane 2), T O A H 2 KT 3 2 &
— O NPT BB T2 E5ATWVWDL I ENRBINT. 72, LBA4404/
pBII21 Mo x5 3+ 2% v 7 F & LT, Fig. 2-4-3 Al " &ni=¥A
XD B FMAE RIS T DHZ T WwWZ &b, KET D
Agrobacterium I X 2 b O Tid e W &N R E Tz,
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3 GUS BEEREFORBERIT

BB ARICBIT 5 GUSTEMROR M & LT, X-glue Btz X 2%
A O XEL L ORICB T 2HMBILF 72 GUS Eis + D
RHAEMA L. 35S 7u®t—% — |2 XY GUS Bz FI1T#E, XB kX

O EV-s T2 ToMM BRI LK (Fig. 2-4-4 A-D). CaMV 35S 7
, 2L O WMTEIC BT DB XY O EE KAk
BRFRERAE T et —F—L LTELHWLATEBY, Yy 75T
BT HEEFRBIT,CaMV35S Yo E— &% — |2 L0 H# & GUS
BETFR, MYWEOLE CHEHBEMWIZEI T 2MAM 2B Y —
(Jefferson ©», 1987) & —FH L T W 7=,

0 e — &% — L

4-MUG o #rikic X9, CaMV 358 7 v € — % — |2 X% GUS i&fs 1
ODRBEEEZEELL. TOME, FEHEHBHETIHRHERALLT
ThodroIZxt LT, 6 HOMST LEEMHABAKTIETZENLZENIZER
%L GUS I&M % /v L 7= (Fig. 2-4-5). £ 7, TORAEMEIX, Kb &
W No. 2 fl A # 2 K@ 5.9 4MU nmols-min™'-mg' protein 7 5 i b K
VW No. 6 ¥l &~ 4 2 /K ® 0.5 4MU nmols-min'-mg ' protein & 72 0 ,
HH AR XD BB LU 1058 ER Ao T (Fig. 2-4-5).
B

A T, Agrobacterium #fE I X D2 v v 7 T OB T &
X BEIFOoMsLIZ oW Tawmam L., S EsgERICHEAL 2 120 0]
ADS 6MEOMSN LERBEROMABZED BN ELONTEZ LD D,
i 3 RIL 5% & K2 - 7= (Fig. 2-4-1). L, L, Y'Y TYREIC
O EERTIIZL O CCHESY SN TWD (Dai 5, 1987;
Economou 5, 1987; Fordham 5, 1982; Iapichino &, 1992; Harbage -
Stimart 1987; Meyer, 1982) Z & b, KRARICB T 5 Eis M & #H
AHEMIE, Y2 T X EELY Y RO EMLNE BRI KO A REMNEE
FRbbb¥Tky, HASLHEN L HELE O, %M 624
FEREAPMLVALCH T2 SO LECTHEHTREREEZLOLNLD.
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DAV I W7/ DRI > SR U R - S S iR N i )
Pavingerova © (1997) B E L THBV, YYTVREDO SHEIZHOWT
DHAFT~A T UMMEWEDOFAERILS5~79.5%TdHY, RERTH
bl S %ORBEBBHELY RIBICE»->7. LirL, HAEVE
MrEEEOEBERERAB Y —F T, ARBRTEELAELoTZX AT O
BEEZRBO TWVWD. ZhiE, VHRBEROERBETIEIARXBRD 1/5~1/2
BEOIF~A v TREKEZIToTEBY, FERERBMBENPIEANL
TboEEZ2onNd. £, R CTIHBEBBIK DMK IFIX 100 pg-
ml™' kanamycin sulfate # & &e 5 £ T, AT 2 O O T M
EL7Z & (Fig.2-4-1 A) 6, XESHRMABoOEKEBITEKEE O
N ~A I LB HREIRNETCHLI LA RLTEBY, BEHIEHR
R NIRAE T D ¥ A T A TIE, 100 ug-ml ' kanamycin sulfate Z &
et E O AEEMEMEEKE LTAFBTCELLDOEHEREINT.
ZL T, AEBRTE Y1208 25 198 THREFEE K = MR L,
BREEOY A N IA = 250 TCEZHEROARNE N 2 E MM &K
THZ LIk, BEWBIT 6 oML LB YR IK &2 5 - (Fig.
2-4-1). REHFZBHR LT 19U FICEFEF AT BNREL TVl gt
TH2b00, EEMNIZHELRT 6 MOBEBREKICK X TN EE
NTWRRhroleZl &3, "EFEEMHB LN EDE O REE Z 2
g, ZHEERBEREMRMEMEMECEID I AT EZNEDL L IFHERT
ElboEBE L.

PR AXFT AT OREERTIT, ExFEAMBOSEEBEEO
W, M AZRBET S (BN 2009 2, REEBEEWOHR TLEHE
CEWMZETIAAMEEHICE N, BET2&HBLEX AT 0O
BT Y LS xR\, £7%, Shinoyama 5 (2002) &, ¥ 7 OF
BEHEBERIIBWT, EANLOAREFFLEROLAE X X T OFKAEDN

LW, WEEBEBMBE D LA TEKTL2ZLICEVEELER

BB ARAZMLL TWVWD., 20X XA TRAOERIT, RiEHF
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s ZMsle LEEERTHD (KE, 1988) Z &K
THEZE LN DN, KRB Pavingerova H (1997)D #H & X W T
NbATEHFEBEOWMMEFTARZH Y TWVWD . KEBEHIEY T X A
THREBEBALBRVWEZELLERBEERRAZMHBY T 2720100, AHEBRT
AL L oI, BFEAOMMEBEME»DLEIEREREIZ XD IR
B ommesmel L, ZHFRICEXHEHBMEHESS T LITLDY
FATRICIBALZIHFEPEHIEBEMMWZ 28D L IXHERT 20N
boHEBEz L.

ARER THWE GUS BB 1L CaMV 35S 7' v & — ¥ — |2 X - Tl
WERLTWDZeEnh, HMYWAKODEY TEBFRERT D L %20k
L7 (Fig.2-4-4). £, B OB EMEIT, BEEBRKIC
10 5L Lo ZNFE D L= (Fig. 2-4-5)7, ZhIiTE A I EE
FToOoav—HNBEBGMBKIZID RS> TWDHZ L (Fig. 2-4-3), b
LLBFERLIBRBERICEAISNTETBERETOMENRIZCLDI LD EF
Abfle. ZTOXHICHBEBEFORBE LV ALPNIEHEEBIKIZLDD KZ
KBRLDHZ s, AHELBTFOEADREIZ, 20K EGBREKED
2L HMICh s TERBELVLAXLVOMKEZRKTHILERND L Z &N
RN

monhlcEErFHA M EDIT, HL40emiTER L, EFEF
% U BAAE BE S\ & - 7= (Fig. 2-4-6). L2»L, —CERETCEHT 5K
B = CIRERREBH M AR, BAERCETES R0, 4%, f
WA IBBFRACREELZFEST 201 1E, HFEOMKRR
WO OMIBALABE N MLELELE X L.
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M oM@EEREPICHAEE Z2KRBRMALIZOWT, ZHEEAD
WA MEMEICER L, KRRKRKMEBBEICHDRZED TW D
Pseudomonas sp. strain F £ KX O ATCC R H © B &% o F » 5
Pseudomonas J& 3 X % Beijerinckia J@8 ® 2 J& 4 & o Ml & (2 > W T,
MEEEEBECL I KBRIEBEIBEODREZMIT L. 22X,
VT b BB L 72 Posp. strain F & [A AR S, L oo £ E B PE A IE R R
PEAIE ICB W T O KZREZF BT 2RI ED b, ZHEH
FEAEMICEIVERORBENAABTCHLLZ 2R L. £, HYK
—EEE LA, REBICITXELTCHREINL, Y
DAKRRIRAEDO BIEED R ITRBMEFER L. 202 i, #ELLZIKE
WIREMEOMMAEANICEB T2 EE®RELELEERT LD ToH o
7o, 602, MEEEEOEHAE@EMA O KA HIZ, P.sp. strain F
EARAKMERBEIEMEY TH DT AU — 2L, KIEIRALE B
RE2MAELLE., MEEEICEXYD 7 AXXY —0ORFBEIE 4 RHEIL, K
BRACEBESRICEND DL OO, BERELZMEITZE DM O
BIZXoThRFFIND &b, MPOIELERN EHRBIABD 5N
. TRk, MESEEEORDMEIC A, YRR EZEIS

BU2EHOMEEN RIS, Zhb0Z b, EHWOKE
WAL B BEOER D, BERIICEALAT H2ZHEBEEEHEICEKRL TWVD
xR TEEBE, AVT LR LEEKZ T TR, R
DR zRF ook KERMAERBECHNHTETHD Z L, 2
NODOEHMKPEMERNICEE LLEL TRESRDZ L, T LTI
DHEPHEDOR 22 -#HBETEMTETH D Z LRE, MEE
METEH#@EMENIELS, ERbiCmT 2™ TR TH L L a3
AE L 7.

IF

Agrobacterium tumefaciens #fiiEIC XV > ¥ 7 7 7 O B x 1 #H &
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oz W &2 /EH L7-. A. tumefaciens 1T/ R MEZ BV R Wiz N A F
Y —_27 X% —|Z X% NPTIl & GUS #E sz 1+ Dili 5% & >HRH T,
VX VT A ORBBEEDOEXERLEOLEEEEIT o BEHEO 3~4
A%, B ~A T U BESEBETCAEEDIRERIN, HOEIH
A L 72. NPTII & GUS iz FDOHEAIZ, PCRIEL Y F g T U X
A B —va VB Ko THRER S L. Mk /8 7 GUS IE M #F 47 2
5, MAEMTIX CaMV 358 Y m & — &% —IC LV, ETCoOMKTIHE
EMICRB T2 2B RENE. YYPVRBICB T 28 MR
AT o1, AL EBN R ERZE O, @[ 2% 62 %% R
FEARMLVZRICHTHDHBEISHEOREICTHEMNAIREEE XD,

-57-



Table 2-1-1. Average water content in control and bacterially inoculated oregano shoot

explants from clonal line O-1 30 days after treatment.

ATCC Total chlorophyll . Phenolics
(mg/g [fresh wi] mg of water in T——" T~ . Plant growth
Treatment goftissue) 100 mg of tissue ~ M&'8 ( Tesh w )o He'e (_ ry wt) o (biomass)
No. mean (STD) tissue tissue (mg/replicate)
mean (STD) mean (STD) mean (STD)

Control (No bacteria) 698  (56) 912 (0.9) 1.8 (0.1) 20.7 (1.3) 465
Pseudomonas mucidoler 4685 1,102 (42) 89.2 (0.4) 2.8 (0.2) 262 (1.9) 243
Pseudomonas  sp. 31461 1,040 (59) 88.5 (0.8) 2.6 (0.2) 222 (1.3) 264
Pseudomonas stutzeri 31258 888  (155) 842 (0.8) 2.8 (0.2) 17.7 (1.3) 159
Beijerinkia indica 21423 906  (41) 853 (0.7) 46 (0.2) 315 (L.1) 99
Pseudomonas  sp. F 1,048  (35) 85.9 (1.0) 4.8 (0.5) 338 (3.7) 130

Table 2-1-2. Evaluation of normal development and acclimation in soil of control and

bacterially inoculated oregano shoot explants of line O-1 60 days after treatment.

Treatment ATCC No. of % of shoots % survival after acclimation Plant vigor after
No. explants hyperhydrated 1 week 3 weeks asc;);/;eal;so(;f*
Control (No bacteria) 15 93 100 73 +
Pseudomonas mucidolens 4685 15 0 100 93 -+
Pseudomonas  sp. 31461 15 0 100 93 ++
Pseudomonas stutzeri 31258 15 46 100 93 ++
Beijerinkia indica 21423 7 0 100 100 +
Pseudomonas sp. F - 7 7 100 86 ++

* Plant vigor; + low vigor; ++ midium; +++ high vigor. Each experiment had about 15 plants / clonal line / treatment.
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Fig. 2-1-1. Surviving of oregano clone O-1 after 3 weeks acclimation following treatment with

various bacterial species to reduce hyperhydricity.

Control, uninoculated control; a, P. mucidolens; b, Pseudomonas sp. strain ATCC 31461; c, P.
stutzeri; d, B. indica; F, Pseudomonas sp. strain F. After bacterial treatment, the clones were
enclosed with a transparent plastic cover for 1 week before sudden exposure to room

temperature and humidity condition.
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Fig. 2-2-1. Shoot growth of oregano clonal line O-1 on Murashige and Skoog medium /

benzylaminopurine after the eighth 30-days subculture cycle without re-inoculation.

a and after re-inoculation with P. mucidolens, b B. indica, ¢ Pseudomonas sp. F.

d un-inoculated control.

_60_



Table 2-2-1.  Average water content in oregano (clonal line O-1) shoot explants after the seven

and eight subcultures following inoculation with various bacterial species.

Treatment Water in 100 mg tissue + [SD (mg)]*
7th cycle 8th cycle

Control (No bacteria) 89.3 (0.1) 87.3 (1.7)
P. mucidolens 85.9 (1.1) 79.5 (0.7)
Pseudomonas sp. 83.0 (0.9) 77.7 (1.3)
P. stutzeri 84.3 (0.4) 80.4 (1.2)
B. indica 82.6 (0.5) 79.6 0.0
Pseudomonas sp. F 83.0 (0.3) 81.3 0.0

* Numbers in parantheses indicate standard deviation

Table 2-2-2.  Average total phenolic content in oregano shoot explants after the seventh and

eighth subcultured following inoculation with various bacterial species.

Treatment Total phenolics
7th cycle 8th cycle

(mg/gFW)  (ug/g DW) (mg/g FW)  (ug/g DW)
Control (No bacteria) 2.5 *1 23.6 *1 3.0 *1 23.3 *1
P. mucidolens 7.5 *4 52.8 *4 6.6 *4 322 *3
Pseudomonas sp. 7.2 *4 424 *3 6.6 *3,*4  29.8 *2*3
P. stutzeri 3.5 %2 222 *1 42 *2 21.5 *1
B. indica 5.6 *3 322 *2 5.7 *3 27.9 *2
Pseudomonas sp. F 8.7 *4 513 *4 6.1 *3 32.6 *3

*1-*4 Means followed by the same superrscripts are not significantly different
at the 5% level by Duncan's multiple-range test. FW fresh weight, DW dry weight.
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Table 2-2-3.  Average total chlorophyll content in oregano shoot explants after the seventh and

eighth sbeultured following inoculation with various bacterial species.

Treatment Total chlorophyll (ug/g tissue)
7th cycle 8th cycle
FW DW FW DW

Control (No bacteria) 593 1 5.6 *1 709 *1 5.6 *1,%2
P. mucidolens 1,246 *3,%4 8.8 =3 1,326 *3 6.5 %3
Pseudomonas sp. 1,234 *3,%4 7.2 %2 1,340 *3 6.0 =2
P. stutzeri 937 *2 6.0 *1 912 *= 4.6 *1
B. indica 1,168 *3 6.7 *1.%2 1,434 3 7.0 *3
Pseudomonas sp. F 1,367 *4 8.0 *2,%3 1,321 *3 7.0 %3

*1-*4 Means followed by the same superrscripts are not significantly different at the 5% level by
Duncan's multiple-range test. FW fresh weight, DW dry weight.

Table 2-2-4.  Average plant growth of oregano shoot explants after the seventh and eighth

subcultures following inoculation with various bacterial species.

Treatment Plant growth (mg/plate)

7th cycle 8th cycle
Control (No bacteria) 983 *3 807 *4
P. mucidolens 253 %2 273 %3
Pseudomonas sp. 264 *2 198 *2
P. stutzeri 106 *1 237 %3
B. indica 122 *1 131 *1
Pseudomonas sp. F 271 %2 214 =2

*1-*4 Means followed by the same superrscripts are not significantly
different at the 5% level by Duncan's multiple-range test.
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Table 2-2-5. Evaluation of normal plant development and acclimation in soil of multiple
subcultured control oregano shoot explants from clonal line O-1and of explants inoculated with
various bacterial species, 15 days after growth on 50% Murashige and Skoog-hormone-free

medium and being transferred to soil.

% of survival

% of % of root .
No. of . (vigor)
Treatment hyper- formation
explants hydricit (length) after 10 days
Y Y £ acclimation
Control (No bacteria) 20 70 100 (++1) 85 (+H)
P. mucidolens 20 0 85 (++) 100 (++)
Pseudomonas  sp. 20 0 100 (+) 100 (+)
P. stutzeri 20 10 100 ( +) 100 (+)
B. indica 20 0 100 (-) 95 (+)
Pseudomonas sp. F 20 0 100 (+) 100 (+)

Root length: - no root; + short (<3 mm); ++ medium (3-6 mm); +++ long (>6 mm).
Plant vigor: + weak; + low vigor, ++ medium; +++ high vigor.
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Table 2-3-1. Evaluation of normal plant development and acclimation in soil of control and

Pseudomonas sp. F inoculated raspberry of four clonal lines, 2.5 months after treatment.

Treatment % hyper- % stvival % srvival after Plant vigor*

hydrated with 7 weeks after 7 weeks

shoot 10 days of exposure of exposure
CDH-92 Control 42 83 50 +++
Inoculated 0 100 100 +++
GEL-20 Control 44 88 56 ++
Inoculated 7 100 93 ++
Heritage Control 0 100 100 +
Inoculated 0 100 100 ++
JCR-FL Control 21 100 71 ++
Inoculated 20 93 80 ++

* Plant vigor; +- weak; + low vigor; ++ midium; +++ high vigor. Each experiment had about 15
plants / clonal line / treatment.

Table 2-3-2.  Comparison of average water content, chlorophyll, and total phenolics in
uninoculated control and inoculated raspberry explants from four cultivers with standard

deviation in parentheses.

1 month* 5 months* 2.5 months* 2.5 months*

Treatment mg water in mg water in phenolics mg/g total chlorophyll

100 mg tissue 100 mg tissue FW tissue pg/g FW tissue
CDH-92  Control 81.2 (L.1) 86.2 (0.4) 1.9 (0.6) 999  (124)
Inoculated 80.7 (1.9) 82.5 (0.4) 44 (0.6) 979  (156)
GEL-20 Control 83.6 (0.9) 87.1  (0.7) 1.4 (0.2) 729  (203)
Inoculated 774 (0.4) 809 (1.9 2.5 (0.1 1,483  ( 75)
Heritage  Control 85.0 (0.7) 85.6 (1.4) 24 (0.5 840 (182)
Inoculated 81.2 (2.6) 81.5 (0.6) 3.0 (0.4) 1,470  (159)
JCR-FL Control 83.1 (0.7) 88.0 (0.2) 2.2 (0.1) 891 (171)
Inoculated 83.5 (1.3) 83.4 (0.1) 33 (0.0) 1,113 (188)

* Months indicate the time on 1/2 MS (HF) medium with subculturing done every 30 d without any reinoculatio
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Inoculated
Fig. 2-3-1. Plant growth and vigor of raspberry four clonal lines after 3 weeks exposure.

Control; uninoculated control, inoculated; Pseudomonas sp. F strain inoculated clones. a;

CDH-92, b; GEL-20, c; Heritage, d; JCR-FL.
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Fig. 2-4-1 Regeneration of transformed shoots and production of transgenic plants.

A Kanamycin selection at 100 pg/ml (non-transformed shoot); B Adventitious bud formation on
selection medium (Zea 5 mg/l); C Regeneration and shoot formation on selection medium (Zea 1
mg/1); D Elongation of kanamycin-resistant shoots (Zea 0.1 mg/l); E Rooted plants; F Transgenic

plants established in the greenhouse.
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A B

primers

NPTII5-3' GUS-nos

Fig. 2-4-2. PCR analysis of regenerated plants.

A Detection of the NPTII gene. B: Detection of the GUS gene.
Lane M: 1kb ladder Marker. Lane 1: non-transfprmed control plant.

Lane 2-4: transformed plants with LBA4404/pBI121. Lane 5: planmid pBI121.
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: : : 3 & 2.1kb

6 kb : . - -

> : . - J
5 kb %* Y [, s'W

Hindlll  BamHI EcoRI
RB I-LI LB
B nos-pro| NPTII | nos-ter - 35S-pro GUS [nos-ter I pBI121
0.8 0.3 0.8 1.8 0.3
Xbal Eco BamHI EcoRI

RI
Hindll BamHI - BamHI ™ Hindill

35S-pro| NPTII | nos-ter 35S-pro
0.8 0.8 03 0.8 1.8 03

35S-NPTII / pUC18 pBl221 / pUC19

Fig. 2-4-3. Southern hybridization of DNA prepared from in vitro non-transformed and transformed
plant tissues.
A: Detection of the NPTII gene. The probe was the 1.1 kb BamHI fragment of 35S-
NPTII/pUC18 containing the NPTII gene. Arrows on left indicate estimation of 5 and 6 kb size
fragments. Arrows on right sow hybridizing bands.
B: Detection of the GUS gene. The probe was the 2.1 kb BamHI-EcoRI fragment of pBI221
containing the GUS gene. Lane 1: non-transfprmed control plant. Lane 2,3: transformed plants

with LBA4404/pBI121. DNA samples were digested with BamHI-EcoRI.
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Fig. 2-4-4. Histochemical observation of GUS gene expression in the tissues of transgenic
Rhododendron plants.

A: GUS assay of non-transfomed control (left) and transformed (right) shoot; B: Root; C: Leaf;

D: Cross section of leaf.
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GUS activity
(4MU nmols/ min/ mg protein)
w

No.1 No.2 No.3 No.4 No.5 No.6

control
transformants

Fig. 2-4-5. GUS activity in the leaf of transgenic Rhododendron plants.
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Fig. 2-4-6. Present status of transgenic Rhododendron plants. Bar = 10 cm.
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BI3E RAZREFEZAVEHNERECDOREBTRA~ADOREA
—HW ¥ IER ELT—

%M - REEB L Vo LBEER 2L T, FESMME
BEREOERTIZEICEIVERZECEEZEREL CiTLLDd. L
Lenb, WA F, XY, 27, A FIARET ) AHA
ANMRELRERBEETCREBEEHEEOEWOSL A, B LER
L, BH M z2zEHRKT 22011, Z2HOXEEZNR L K Z G
WIRT ZEtEFbbAA, BRRECEIDIZEMAEEER DL ~T B &
AOFHAEXY, RHMICHLEZL®REK - BRICE D MK RN SE
EhDH. EEE, PINUXECOSAEEERTOELEMBMAENLERKRT D
FHE7u 77 AR ERsLTEDY (EA, 2007) , & KAMGEEMEO R
BEMHMEHDICB T LI2HBELBREORBLELTHRELTWVD (EKR,
2007) . ZOXI)mRBERMERERHIEDEZ SO T, ZRIC LS
MWHBR RO FHELELT, BERETHABRISERELERETREN b
bhd. Zhbid, BRANLREXIABESSREEEZMEE L X £,
HlrlemErzMdNTcx 28 THRODTCHEHRERETFRE L VWX S, 20
e, BETFMHALBIEDORAIEZEEICI KL TEH Y, James
(2011) OW|EIC KD &, 2010 FHAE, HRAOEDRERERE 15
f ha ® 10% IZH 725 11& 4,800 5 halZZEL TWd. &AM, H
ATHBRFHALBZIEDICHT L -BRTRICBTH2HSW TR
i (PA: Public Acceptance) 2o CThk L <, EMHA MM L L THRE
RAEEHTI2RZEHOFMER X LD TH- TH, HATHEK
T A ZEDORFHEE I, 2000 FEBICB YT FEES T
720y (James, 2011). 2 DO X H12, ZHEOBEEIC L BB A 2
X2 B2t MmEiTo T, ERNTIIEMNLMELEL LT
ODFHPMGETCERN ENnG, TNICRDDIEFEREIELE L TERG
BIZELL2mHERBEOBRFT T B L2,
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RKETIH, REBEBREVDOLRRICEOARVWERERZFHLESA
iEe LT, A FvE—2ZHWEFEORFTZITo . IREW
ELTm¥ sz a2My, MHEERhodE, MARKEIN, AHE
EBREEN, BLTOHRHNICI2HILBREZMHRFT L, WX 27 EH &
HMOBRAZ2HEBLTC, A4 E—LBREOMNY 2B L.
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F18 MEBHBHRZAVEXIOZEEFTRLBAR B R Z T O L

* 7 [ Chrysanthemum x morifolium Ramat. ( Dendranthema x
grandiflorum Kitamura) ] (T, RIS EEZRMALZHHA TH D,
EREOETAEOIHEZED LS., BERBRIZEBWLTYH, &7 HIX
MVIEEDO D ICHID 55 BHORXEENEZ O T 2 L8 H
THhDH (BIREBRBEBW, 2012) . —®&lZ, EEHEIHFTEO D D
MENGFEND LD, AT L —F 7 IO W T, A
Zxbs Lefb - bR - RE O RS 2,000 FELL E oS HERF RS
nNTwns. L2AL, ¥F7HTHERLEZESAEESL TV LI AXEA O MW
x 7%, CEBHREREHALELTCHVYWOENRDAZ E B, HATYLH
CHh WX ERADILERNDL L. TOd, EEIND HEIERS
NTBY, 1990FRETCHOKWX 7 I FHOI)"OH - HFETO
MERERNFE TV, —F, EIC10~5 AICH T 2 Kiigx 27 4
Bk, MiACTHERLEZRIRLSAETREICENLD Z L2, 2000
FLUBIZIOFERENSBECTCHo FHFONZEEL, AERTAE
H—0mfE e TWad (Kk#, 2003). AFCTIx, “#ME &H 0
A F =25 MV ANBHRERERFRLEELREKROER - &
W I > W TR F L 7.

HEBLUVE &
1 HESESIUHMEHORE

Table 3-1-2 T/R$T LBV, fREFEE L THWE “MIE’ Offt 13
mEAERL, MY ERBFBAERBLOERBM OB 21T o2, WV
fEHicHE S esREoLR (FRAE) TLIFTETHLEL, 70%=T
) — NV TREREER, ADEFRE 1L0%OKERER®E T FY U A
KB CTIS o MMBEE L, BEKTI3EETRER, 2X4mm O Y] ;I
PR L, HHICEKRLZ.

ERFRFICERTLIEGEEE, #MEOAERAE 0.5 mm LT T
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MBI L, 0.0l mg-L' NAA (naphthylacetic acid) , 0.05 mg-
L' BAP (6-benzylaminopurine) , 3% Y a B L X 0.3% ¥ = 7
T a (FYefis) 2% ML, pH5.8 ICF#HE L 7= MS 5 #t (Murashige -
Skoog, 1962) (LL T, XTAH ELEM) CEKL, BEHEDWZ F KL
TEGREZOHORABRICHRAL 2.
2 EVMHRBERBLUEERE
REHFERBOFHARICOWTIE, MS EAEMHIZA—F L L
T 0.1~0.5 mg-L' NAA £721% 1.0~5.0 mg-L' TAA (indole acetic
acid) %, ¥4 F A =2 L TO0.1~2.0mg-L"BAP Z /ML, 3%
vakiEEMx,pHS.8ICHHEK, 03% Y= T 0 A THEILAREHE
FEEME L TCHWE., WFhogy 121C, 15 5o+ — b2
L—Z WXV MERERE L. 28, IAARME OIS A, 18R KE
LETAAZ A — b7 L—T7H%OERICMZ THERZ, BEE 9 cm D
WE Y vy — 12 25ml ¥ 2545 ELE
PELEAMEEE, AEFBEDEORELOTED, BEIKRT 5
TEOE MR mAE LmEicHE L, 1y —LH7=0 2048 K (47
X558 /) FOREFFEBEMICERL, 25C, 16 FHHIE, A&
WIS F (35umol-m™?-s™") THEHLLZ. 72, F#XEHL DAL L
bamory—LvaEHWw, 4XEE LR
REFRFEHEMICER LT 1I2HAEZ, EORF ECZHFERCEMRL

TAEHF 2 XHEELRMELO AT FAFREM (MS EH; 0.0l mg:

-

L' NAA, 0.05 mg-L"' BAP, 3% > a #,03% ¥ =7 > # L; pH 5.8)
CBELE I AR, AR LEANAMERAZELAEF 2 4~50%F L,
REHFOMEZMRT 2D MS A /LT L 7 U —HH 50 ml 247 L -
T A S00ml BEEAFICEN TN 10 U R E 2 EIK L.
ZHEKRFEICONWTIE, 2 mg:L' BAP BX W 3% v afisx &
MS RIRSEEHICEE MY oMl LcZXHIMME AN T, REESR
BEEITo7=. 1 DA%, 5 X SmmEEORETICHE L, AL
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Bk R T A2 LIcEy, 2FEEKEFE L. ZHEEIE,
NEVTZ ) —EEEMICBEM T IV ERXOMYIKE F AL
7= .

3 HEBRAUEIZKDKEK LD E
BHAFEKOKBERILZRBETZ ZEZ2ZHEMIC, FLVEVT7 U — 8

I BT 2RICHBLEZITo. Z2EHEEKOGEE, REEH DS
WoHL, 7Y =" FHNORKEEMRLET 20~30 45 @ &g L,

WA BREEZFMLE. Z20%, AALEY 7Y —EIEEMICEHE
LTHHEOHFEAZIT, BAEAMBMEONB L L KBRILEHE L 2.
ERBROREHFIZONTH R, A REVZIREOREF
A~SHEL, BEEMR LW, 72U -0 X FHT 20 5O
WE g%, AVvEC 7Y —EHEEBICBEMEL .

4 [ElEELEHE
AEHFZRNVEL 7Y —BHMICBMELZ 1 2%, B 5~10
CHELEZEHAMAEKEZES Scm O Y =2 — MICHTHEL . & HA

(T FI77muAay 7= VBEBEH) &EEBRH (1 F—
VEEBRIEA) 2 a RISy 2 — F&2 2 0MRIEL,ELICHWR.
7k, FEAMOBEITIRLOLEHICHE> THEL L.

N—=3IF 2T 4 b (28, WLHE) ICKEZMA, B (50xX36X
10em) IZHEFHEO, I ESLEebD & E-BBRK L L THWE.
W EROY a2 —FE 150~250 ABEMFL, FYUEKTEMALT
25C, 16 P B o EEE TRBREZMEL, 7T~10 A&, R H OB
EE L, Zhbid, hRoOFEBBICBMEZ, 1 22K Tk
BB CHHT»H LELLRBEEORETIICERELLE. EHEFOH O
B)—Mzrzmws-d, EHBATAERELEEO L Scm # 5B L, %
WAL, GOV EEBRBICEM L. ZEF AR LTEMRT &R
BROL RO IX, fER L0 3,000~4,000 fHIAE L, 11~12 B L 3~
4 AR 2 ERORBRZ EE L 7-.
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5 ZRFRLE

B MR, MY OEY R &2 2X4mm O K& SICHFEL,6cm
By —VOAREFEFEEM LIZ, EoFKihms Em 28— L
TA40 A EIR L. 72, Yy —L O LT, BWELEZY T 7
AL (RV - TaRKy) 20, RNT77 405 TEELTKIZHR
THRELBEZIToH. B, A4 —2BHI1E, ME 2 E%
XTI HMME2ET L2, ERFRLUBIIERFOKEEHN
Wik 3~5 H B ITIT » 2.

A & — A0E, MSLAT BE AN B KR ) WF 8 BE B R S IR B T
Ji I BEJE T O A A o BROSBF ZE i 3% (TIARA) ICRX S L7z AVF % A
s bt rMEBICIVBEBHRLE. 72, 4145 E—20101%, Bxx

R

JU ¥ —220 MeV £ 721 320 MeV D jRFEA A E— L% 0.5~5 Gy D
e (RBOEAZ 0.5mm & L CHREME) T, 50MeV £ 721% 100
MeV O ~Y DAL AL E—AL% 1~10 Gy O & THRH L. & X
#1X TRS-100CX (SOFRON #) % T, #MEHE 3.6 Gy-h''lZ kY
I~20Gy O EEZRKFLE. EHRERI DRI 2 KDY v — L
N ELTHWRE.

M %oOE I, REREREKRCERSELZ LmEicL Ty
¥Y—LH7O 200 (45 X581 /) ¥F259ecm ¥ v —LDOFLWLA
EHEFEREMICER L, 25C, 16 B HE, A@%%T F (35 umol-
m?s!) THEEHBELE., £, SLBEILOARLS LA KOV Yy — L &
K#EELTHWE.

6 BEBEKORBEAERERIR

ot AEBMBICEML S, 11~12 A B O ER T, &N
BoONT Z2RNT 16 FMARICAR D X5 LR Bric ks ERM
flEE L L, —oOREEH LT, 3~4 ABMEOMERTIZ, &
R M A RRIEE 15CT, W (ERAsAEKTL, RA®D
FHGEMHICEDs oM m) BIZTEMKIEE ISCTMRERL 2. B

-77 -



RF I SE IR O il 2F B o WA A M &2 I E L, TH AT % o B JE A %, ¥ BA
REOERIEABBSLOCEREORERELZFHAEL, BRMEAEKORK
AT o TC .
BRBLIUSEE

1 EWEDORE
MSLATEEANBRE - D EES B RFTOMEZR TH S5 AVF +
A7t liLdAF e —L2BHETIE, REA A B ZEREE
NRESH, EOHHIY L FALTIEHEMBPBIZ L > TA 4 v kN0
BFELRZVWELMBOXEW ST 58 A AL 5 (Tanaka, 1999). % D 7
D, BERFEMEELTCEEANRLS —ELTVWIEE LHERICIR
EL, MWK EBELEOEMEFEZRFT L. £, I ARKREOHFE
MM oOEE, BEPTOEARZAELL T WI L, W —ZRMEHK
ODHEAFMEIEHESE LN D TEENE VW &, WY IKE AR
MDD ERBIXOCMEWKBENALE T DI & (KE, 1988) 72
COMERBLZ b, REFIZLOIFARZFTLIIHERESLMNEZ
mat L.

BoviftHICERE SIS #E OfRBLOEFTZ, BEOR
7% NAA F72 X TAA L BAP 2l A & bW 7o A& FFH 85 i E R
L, 12 HBICAEFEREEZMRE L. TOME, S5mg-L'IAA,
Ilmg'L'"BAP 2 &5 L R EHFFEEM T, EHILZIS%NDOEKLEHWARE
FHEREZRL, FEFDOEZV I6MOARATEEZEKRLEFER, 1 K
DYy ¥ — LML REELT 300~400 HIKDOH LAWY NES N L
(Table 3-1-1). — J5, £ I%X, 1 mg-L"' TAA+ 0.5 mg-L"' BAP B k&
" Smg-L"'TAA+ 1 mg-L"' BAP O R EFFEEEH T, &b EHV 60%
BEOHAER ORIV I0BEOREFNLNLHKY, ¥y — L bz
D120 K IE E DM IKEDTE S L (Table 3-1-1).

FEIC ME 280 4BV T, WAL E VREL
HORLLLISEBEHOAEFFEEM TAEFICLDIBHLEDRE B
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L7, ZO®RE, T ZThkBEREOMEGE TAEFFAER 3
~100% & MmAEIC LD RESERY, ZRIECHFVHFEDERIZONVWTD
MM ZERNRO b (Table3-1-2). REFHEFROMKI o7 X T
L= 7 30 (=Y TR, ‘a7 =, Y F oY =) T,
M2 R RHEA TR 6~9 AMMEOENK Y A 7 Th 2. H U HEK
AT OWF 7 EE (T —FAVEEF LTS HE) SEKAFY
mflE (CEEOoOBYVOD, BEOVOIEL) THEVWHADRZ
Rl e, EKEZATORERISHEE ARNEFHAEAmRNPEH L
TWHHLIFTiERWw. 2L, ZThEFToRABRoOP T, BRI
— X I MEBICBIA2AEFHERTITNL LR (7T 4%
)., 2hid, EKA T L —X 7 0L L2 RELRENIRE S
, ThbooffEEBEICE B RERPIREINLTWND Z &I
ERT 20 EFE LN,

ERNPLXF I EXEEINOLOFNLBICHREMEZND 2 2 LXK £ <
OHEMNDH Y (De Jong 5, 1993; Kaul 5, 1990; #EH 5, 1987;
Ledger 5, 1991; B &, 1976; Renou 5, 1993; £ H 5, 1992; & ¥
5,1998; Urban 5, 1994), "L E L RNTF v 2944 MIKE L THWS
M omimictyvmEsbEOEWVWHESEEEZ A2 ) —=20 7 L,
FEBBERICHWTWS ., ZoR THLEEDL (1998) 1X, W% IEH

CETLIAHROEMEEERTOLEREBEL, IR ERB LR
WHBERA DL OREHFEFAEREH VTS, —F, Shinoyama b

(2002) &, AL ARBOFEIILREH VDL Z LITXY, XV IKH
R TEICH T AR ELLLEEBER RO EICKIL TWDS.

ARBICEBWT, LT 20O/ ERITHED D E &AL
o227 —=v 7 30O ETEMBICH W, —
M EICIE, a2 IR OMBER R VEEBEYD O ES %

IHWE., BEEYOEMNPES 6 nMICE#MDO R ) —=
T xATolld, MEBOMEMMPENKE, KEOHESMHETRHE
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BRaiTo N TE L. EEL, EXKAT LV —F 27 0 X5 REDMIK
BAZDERPMEWGEIZOWW TIE, AWK E T 2M8OZBR, XEM
REESZOBEBEREORMOM, DAL ARBAICE D HESIR O
EOFETCITY, BAEDFEOR EEKLILERD 5.

2 L LE &

Bo2ETHENL LI, MBERCBT2EMAEFT LTV T,
KEZBRALTZERZRBEDOIEALALEFTOREEL 2D, AR REKT O
Kl & 72 5 (Bottcher », 1988; Phan - LeTouze, 1983; Sato ©H, 1993;
Shetty &, 1995; Zimmerman + Cobb, 1989) . Z hicx L T, K x 7
MBS TV DN, H®EE O KB (Bottcher 5, 1988) % % &
BT, HMBADMNLVAOMEIZX D KEBRACO R GEEZR ZBREF L 2.

XTHEHMWA Z 2mg-L' BAP & & #» MS K 1K B H 12 X 2 IE % 5% 3% T fik
REET DL LTI, XEXMMELRVWZIHFERE L THEFR - AR
THZENAETH-T-. LL, ZTOZHEKEKEFILELY T U —[F
BRI BM L Z A, FEMEKITETKRBRER . 22T,
COBRGERBTLIEOCHAKERTFOZIERERY L, 7 U —
PRUFNOBEEH ET20~30 0 ERZEL,FLEY T Y —
I CHMEOBHEEZITo-. ZHEEKOKSEREIT, 2055 O
BRI LD 3%FEE, 30 0 T S%RRER A L7z (Table 3-1-3).
ANANEUCTZY —BEHICBEBELCTI2A®R, Z2HFEEBO —HICHET D
AL G D B AT Ay, 20 53 [ Rz B AL PR X, B AR E AR O 80% R E A
KIFWRAL Z BB L ERFICAEF L (Table 3-1-3). F 72, ARFEB CTIX
Kimx 27 ‘FHEDON) BILTOENXFZ ‘“MMOE 2R L. W
i FlE D FL RIS BT 5 KRR R ITLEBL TRV, A HERH
ENLEVWbLO LRI, 22T, ZOFEEFHAV, REFF
OB AREHREBFREMNMILFRLE L 7Y — M ~BHEI 2 BT
B DR 24T o 7 & 2 A, KEWRAL L 72 8 AR & L2
D, WE LLIMEIEEN TR L 2o T,
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—RICEEMEY ONE T, BB TERLEBEEZGED 2V E S IZ
TEICRYHL, kETFLTHESTS. LML, Z0OFETIHEE
DEMESIENDL —ELZIHLTELIHRICREND DL &, BEASZT
DEMBETCEFROEAEANELS, RELDLRWVWED, £F O H W
BDHLTWZ A tMELEZ Y. T2, HEDIT - BERBEORF LK
L T/ K\ 2L, RELCELICLDIEREZLELE T 5.
ZIT, BEORXREEIMEFEMK, MLEZEHAICHMLAFL, HELE
WLEFEARNPDIEZFEICLIVEREE2/L L2 RFTLE. BEEARSR
NDOYa2—bFE2RI3I~5cm D ZA52, BRA(EF X,

(Y

200 f5ik, 4 v F— VEEBRIKAl, N4 = rmy TH 40 R) LRk
BAl (% =2 =—/v 1000, 10005k, 7 h7 27 mmr A Y7 %nr=F Y
NIBEIRA, < HbWLFELTE) ZRALEERICY2— % 245
MiRE%, BBROKDRHEZToTEANA—IF a7 FE2HEHED -
HAICHEL FUVETHEMALTRBE L. EMRHLLEZEMAIL,25C,
16 FEf BB (35umol-m?-s') OJEL=RICEEZ, 3 AZICERE T
KOG EITo T, TORKR, MLFEFEZT oL 2 — MTAETHE
M ey, —BEAETCHVWD LOREBEICM M NATiEE Lo
7= (Fig. 3-1-1) . 72 ¥, AR O WIKHAE OB O L LT DR
WA, KERIELLEY 2= B3 E%EGEENDE. 251X 0 FHiE
T, HMEBHRICID2BEREITZNVb OO, BRLRNI LENDLHEER
CBMEE S THE L. LarL, B4 IZEY KERRELEZY 2
—hMEIAELCRVWED, 2TOFEBEKEES I LERE & T 5
IR TE, ARBRTHELEFELIREBEAHOE S LTHS TH
HZEDHBEMNER ST

Flo, RKEBRCTHBLEZEBEMAHLEZITIBEDO N —
GOAKFEIEET, BB CIEEBRMICERL, KB RET D LIE
I S0%U FIRETFTLE (F—24&K) . 22T, "—IF%=27 A
FOAKSHEBEEZRANLE. TOME, KoM MREET THASE

/71
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1%y

Bh, WHERED 2.6~3.7/H 0K EWI L7 (Table 3-1-4)
LA —=IF a7 bEIASZEEAEEGETRAVED, =3I F
274 PEEORN2MHFEOKEZMZ S22 & T, @BKBICHIE T
(Table 3-1-4) . ZHicx LT, BHHTLIHAIL, L A— 3
Fagd A4 VEELRBEOKSZZFATHDLZ D, BAHT S
¥FaT74 FPEED 8~10%DKEZBMT 5 L2k, if/E
KGR EOFE NI ThH -7 (Table 3-1-4)

wIZ, Bon-EREE oG BEICHAFTE. 0B L
EHEITEEOREGEMICEBTAEHTIHEAEL, METDMEAEE 1,000
K 3~4 K THYV , IHEEFIL99.7%ELEL TWE(T— X HI).
XA TR, 2O0BEEX 2mm BEORBRE L, 1 2 AMBOFE TX
DRKEN —BHRFLCHAMHT2HFLBELEREDO4A~SmmICER L 2.
ZIZT, Z0%EHOScm A RBEL, BB EMMHOE &L THWE

1%y

N —

/11

(Fig.3-1-1) . ZO X oI CHREBMCTCAEE LEFHFLELZH VWS Z LI
L0, BESLEABTBRECLIARVEIHERL, ZEAFRELUENRICTB L
THEBRHEICEDLD AR EENATRE E 2> 7= (Fig. 3-1-1).

3 BHEMEUORE

W ¥ 7 BT, B (FRE) BHEFEOMEELELE T 2 EER
BE CThHDd (K&E,2003). 22T, BMELBRLZERT DD, X
7 CMET XS AEE L CHBEEELZITY, BAAMNICEL N HF
AEEICSONT, 3~4 ABREOER CHIEMEOL PR ZRAEL 2.
ZORER, Table3-1-5IC R Lk, BMBEERRNE LD R WVWET
Mok @ R Tk, FEBHAAEFRED 165.0 T, 151~ 190 £ @ &i B & 45 Ai
L. Thigx LT, BERhmkofdEMEZT, FHERED 162.3
BeT, 101~250 e FEPHIZIE < oA+ 228, XTHEA & FED 151
~ 190 e D EH K2 89.4%% H /-, £/, {EFH H KO FHAEMENKTIT,
FHEHBIOEFBRO HAMBMKE LT, FHLPHEDN 130.8 &
30 MR e <, BRI 190 K& LR D BRI FEEL RN o
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(Table 3-1-5). b Z &b, ko mAEMMKTIE, XHER
ERHBREEXERBPBLTLI2H ML H D EE XL
Nagatomi & (1997) 1%, o~ HERFICLIEADODERE V7 ¥
— O lERBEREICLVIATESHML, EALZRBEAEKEBTBY,
JRdfE CKET s "HEOBE 2E0D I0MEOALERNELE
BRLTWd., £z, AME KFE 2+ 24 48— 5B T,
BRWMAME LTERIVERZH VD ETHEBERRNEL D
ZeEnDL, ‘AFCONH FEL 6 MEAERIATHD (KE,
2003). 2O kO, EBEEREZBMETIHAEIE, BESME LT
ERLVERZAHTOIFRNERERTIEHY. L, " ME TA6
DX 27 Thy, EASLHEESO XA 2R LE-ZRF R 2 H
L TWnd., LR T, BEMMELTERIVERFEZFAT
DM EERHREEELZMEFELEAEREFRICHET 2B 20N 7.
4 AFVE—LBHREBRERIE

MR OEERMMOER E A EFEFEEMICERL T 3~5 H%,
b EBREME S LT, RFEA A (220MeV - 7CT, 320MeV -
2CT), ~NU T AA A (50MeV - *He?", 100MeV + *He’") 3B L Ok
XHMOMPFEITok., TORE, K X TIETHREDHMITHENRE
R BITEBRBICHE D L, 10 Gy TIHERK O 5%LL T2k > 7=,
IRE, X AT R ERAKEOBEHEKRMNBE TCHY, Nagatomi
5 (1997) WRLEAT Yy ~HOBERINE BT IHMRTH o 7.
TR LT, AV E -2 EIHRBECLIVHRERKISTERD DD,
MEOWMIZHE > TERSPEARATFEREBBA L, ToHkAaWIC
K F L7 (Fig.3-1-2). Zhix, 4 4 ¥ E— A% Arabidopsis (2 & &
L 7z % (Tanaka &, 2002) & — T 2b 0T, EHKFHR I =
INANF—=—DNEWA LT E—L2BHEO/EH®LE WS,
5 A XVE—LBHIZIIZERDER

-83 -



NEFEDERN X O 200 EICIEFTLE~NY 7 A A A2 (100

MeV) O 10 Gy M X TIX, HoncHAEMBMEKoOHLEE, 7%, &
RKIEORRE, B HRBICHET IR A REETERNINE D b
(Fig. 3-1-3). — 7%, @& LET (keV-pm': BT X /L X —) O RK#H
A A > (220 MeV, 320 MeV) HE X TIE, BMEOHEMIZHEV, L5
B A 3 5 B A (Table 3-1-6) L JE @ 5 & 23 8 09 5 B\ (Table
3-1-7) BDREDLENDILOD, TOHMESLESGITHRE Lo .
ZoHmELT, B0~V U AL F VX LET RRFA I LD IK
W & 25 (Tanaka 5, 2002) @M EO RN THAMELIHFELL D .
TORE, LB - HE, BEF - REI Lol mBWEBREEICLDY
XS L2EBRBREMEICOVWTEHOERZNIEL, Bl ELOEREE
BRNAELCREEZEALND. 2K LTE LET OA F 054,
ERETEMBICETEEA—UNRKREL DD, FAMEKIITSG
B, —J, [KMETIET DNA ORKXERSE O LR 2 NET
500, FHBICAEALCLI2EZROENPR LN D Z & 25 (Shikazono
5,2001), oM MEORFELTHERFLEELAEFTRITRBICARADLI LD EHE
b,

A A E—LICKDPERFREITOCHILY, K LET - & & MR
FiolvBEBHEEROMREMELZEY, WEFHROLOIZIE® LET - K
MEBEICLVERTFLVLRXLTOX A= U R DR, AR RN
MR LEEZREKZEST ILNEERSRBRILEZ. &5, AERT
ol RIT, koM EL KT DL IEFITEY (Tanaka &,
2002; Nagatomi 5, 1997). Z H ik, fth o &N -0 %K 2 B &5
MEE L, Z< EHEHOBICRFINDI DT LT, KERTIX
REEFEEMICERSE 3~5 B T ABEBMOEES EF L
BB TR L. o T, BMEBRITHT 2REZMED @B OM
MKt T 2ME LV EEY, KRETOLERFRELZTRICL T
LHb0DEEZLNT.
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6 ERFRVATLOBE

AREBRTIEIEEMY OE T ERBZ, — RO IR L F K
DEME 2G5 FETH I8E, B 2HEHEMGICEMERAALET DX T
l6~18 W ThHh-7-. ZTHNICKY, Fig. 3-1-1 TrRT Lo, 44
E— LI L ERFRIPOERKORKET, BLESNMPATET
TAHOERFR AT LANEHR L., 20O 27 AL, HEBESE~E
M3 2mICEEBEREMA 52T, AEABEROEFTEZR 25 2
ENTE, —ROGY WK &R EROFEEEHO D TRE YR
WEATHDZLENARETHDL. S8, UWRKRBFAEADERILEL TH
Lo, BRI LICESGHEBICIE L THREL, BEX T Y a2 —
WK BEELZRET DN TED. Zhicky, BRERTIX
NAFTT 7 /7un e RERERGE Y —EEMLEHET D
2T, ERLIZIE U 3,000~ 4,000 A& KA O 2 & A M IS ke E e
T O MM T RGBSR S o T
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B2 BEABMBIVEEREEEARALEREZERRMORR

Kiwmx 27 “HME X, MACTHEE HZX- - AFHECELD Z &

mH, RO FENME T “FHON ITHE DT 2000
FlLRAEEECEE —ORMBE R, L2L, 2o &METAED
FAENPNZL, RBEEBIZXVHEEPENLDD E Vo RAD B, &£
FEHG ML LEBN RO TS (KkF,2003). 7=, flF%
MArmy, HHFOMLBEL T EZ2ERTHwME 27 HETIE, ZomMF - fiEH
EERREFAEXEON 114 25D, MIKBEEDOZ W “#IE 0
A, BAERHICL > TIE 10 a by 120 FEOMERILEL 2D
(Fig. 3-2-1; K &,2003). = O, WELN D v [EAE M
M) OoOFMRIZ, MX 7 RKRRKROBEAEEL V-, THIWME TRV, 3
B, EWEm¥2s (6~9 ARIE) T, “A0BAE’, ‘71u—7LIE
FOBIWY Ko~ b o T AR MRS RER O EWR L o
TWwWa (K&, 2011).

O XS X ITBT D EMEB ML, Okamoto + Suto  (2003) (Z
FOVRBEGTFTCHENERT D EICEYBEAT L2 LN HR
NTHEY, ZofFtEzEmcEMNL, EXWmX 7 0OBREHNITH D
BEREEHEI BT STV D (A, 2000). 72, 24 b EAM
BeEmESCRERAEREBRE L TCHWEHMREOFER LI Z L R
b, ME oXZEBRACHEMBEELRELIHY A TS, T0OK
D,CMET O RO EREOR D EAEEDORKE DD N E L,
B KR (EEAROKPEE ShFE B SR 12476 ) B XV CH B OB (K
KPEAR MR E 15667 ) 7 ENEE - BRENL TS, Lo L,
AR OBALSLW Y IEEORM D 2 EREHEOLILRLES 2 &0
B, ‘MBS ofRBHEICIEA- T AWV, £, THAOMH LM
O BFREHSEIEHNE 20, FEEFHSIKIEYICH 2 5 Kim X
7 TlE, BAEMEEHMREOBTRIIHELLS, LABEEERTEA
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I/ LA RET, NEZOWHFXZHMM T 5 2 EU 0K
Mo my, BmMAEER B LI WEKEZEH L, M5 1%
ELTHERBL TV D.

— 5, KEHO —HEEESE»S, BEORWEEKLEZEET L2
kY, REEBICLIMMEEZEAEZ LIZS W “#MIE" 2 50
BRI, ERHEICLIHOR 2V b, BIETIEIAETIAL
HEIA TS, L L, KIEBHAEME TRIE I AE DD 20 RH
HOBFRIZIETE-> TV,

ZIT, ABTEBE LB CHELE IZERFRE AT L] 2N
L, REBEAEELEEREEE WS, HRTHIEREH TREAT DR
Rl 20T, ANANBRERFRICEIDOIEEEEZT VY, EHLHE
BRI M T o I B R 24T o T2
HEBLUVH &

1 HESESIUHMEHORE

Table 3-2-1 I R ER CHR L BEIL L ORHK O MK L FHEE R
Lz, “#E ofs, ERSERCRBEBRAEEME L MEER MK O
H£x2T, FRHRBHERICIVAEAFRERLSCHKEOO 2 M AL H ML
TWa. ZhbiIZiE, HFEFEPAZ ZEDY FEicm “MmE 1
T, KEBRIEEICERLD CME 25, R - HEICEND MWE
9-1-1 % #t 2 & 5 (Table 3-2-1). A FEH TIiL, Table 3-2-1 25 L &
S O3 RMAKMLTHF TS EELIC, FEREKOEKSR
RO E L THWR., o, ZERFRICHVDIHEBE, B 1
MlIcHELL CEXHNENPOBEMY Z ER L, T 0ELZHZABRICMHE
A
2 FEFSRLEDHKREBE

ERFRIZCHVDAA A E—L0F, F 1EHICHELT, MLITEIEA
BAR T OB EIBHEFRO AVF 4 27 b rmEdiRic L sk
T XL F —220 MeV £ 7/20F 320 MeV O RF A A BE— L% 0.5~5

@

\
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Gy o#E (REOEA%Z 05mm& L CHREFE) THRELEZ. &
X #1X TRS-100CX (SOFRON #) % T, MHEFE 3.6 Gy-h''lZ &
D 5Gy Ot EERK L.

‘HET o REFHAERIEZ, L 1IHICRLE LS, 5.0mg-L!
IAA, 1.0mg- L' BAP # 5L A EFEFEEMH 2 H v, WM ko F 4,
B, BLXOPEEIE, BE1IHOELBRFER AT LAICHEL TIT- 2.
3 BEREBEBICETIHREEH

X7 OmMAEEIT, EHET O BB EBEIC XY ¥EI I 5 (Okamoto +
Suto, 2003) Z b, FHEHMBEASEMICHZ D 8~9 A FHE - 11
~12 ABAMEMER CEAEMEORBK LT o7, BINE Y X T 16 I
MAERICRD IO CHEMEPHIc L 2BBRMEBIRE & L, — &5
B EITo . BAAERICEROMFL» O BAKELZHEST 5 L L
Lo, WA (BERMEIZETL, BREELLEBEHFCEDL - ZRKR)
HORMEEE, WHREOETRIEARBSLIOCEREORERELY R A
TH5ZLT, BREAORBKEZIT - 2.

RO EE X, EAFHHEIEEHMCHZD 12 HEHMHE -3
~4 AREOER T, EHEHMAELC T MEBLLILD 4~5CHK <,
KIKEE 10~14C L LEKBEFHREZIT O 2L THO % 0B EHE K
OB DOEMEL R R MEICEN DMK E SE L.

WE R ITIHE ORE D DB SR, RBEHMIC LD AL T ®
WHRME Ui, WRERE, BRAKIT, SBREHEDSTHELR 11~12 A B
FEOER ERIBICEBT 23~4AMED 2R CRMEOKRZITHD,
H M RIK EAT o T2
4 FILHYAMXDREELIUHZDOEE

¥ DNA E O Wl E1x, =4 =7 (1999) 5 X ' Yamaguchi 5 (2008)
DHEZE> T 7= A A =F2HWToHH L. AR DR
BEEAENPOSHRELZMEHORALE L, BIEHOBEOERELEZY A
ADEFEAALDIZDITH 62> U 24 Rl LI EHm R AT L2 J &K IZ
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SX1S mmICHEELZXF 7 OB L DNABOXHREY TH LY U
FEOERZRAIC3IKER, 1ml O HEE - P @K (10 mM Tris-HCI
pH 7.5, 2 mM MgCl,, 0.1% Triton X-100, 0.5% Na,SOy, 2 mg'L'l 4,6-
diamidino-2-phenylindole) H T#H I Y U A& A\ CHEBr L, 30 pm
DFA v XAy ya TEBLTSMFE®R, 70— 48X —%

(Partec PA, PARTEC) Z M W Tl E L. £/, HEE- - RORKRSD
YN0 - e mEIE, BB LoD KkEm L TITo .

% DNA BHlEDOHE LT 2I2BEMIT, 7/ 294 XABXFT7 0
Lo BRETZEL CHMEMNTREZM® AL L T Plant DNA C-values
database <http://data.kew.org/cvalues/> b G- E@W a2 Kic, ¥+ v
* v (Saccharum officinarum L. ¢v. Nil7) Z#Z&#&E L 7. 7 % 7
DK DNA BT, IBEWO L — 7 @& L THEMLED L —
7 hrE DB EE 1006E L CHERHB L.

BB, AFA - L BHPBICRETDIATEF O KB R Z ERT
Hle®, WEFOEYHF % 3~5 BHEICEY H L, B O N O U)W E
OMBEOEMNEBE L. EUFETEEETICHEMEEE L I VY
HIZEDEX 50~200um Iy L, sido 78w —H% A4 A MY —T
Hwnwizgefaig (=% - =4f0, 1999) ICRE L. EE% o
AL, FHEEBEMBE T CEHN - THOBIE ATV, Mk oMK E
MlgoRESBIOEOHEMAE L 2.

BRERBIUEE
1 BARMEROEKREGEEMR

A F -2 BHICE2MEHOENEZREL MR, 12 A B
DERICEBWNT, RFEA A E—25 (320 MeV) D 1~3 Gy BE 12
K0, WEFEEN 9O~16 EICH A LI EIER 45~12.5% 5647
ENG, MEOHEMICHWDRHFLOMAELEINT 2 Hm PR D L

e (Fig. 3-2-2).

141

(Y
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TOX ) MM EE G e LIER T, 2001 4 6,090 fE (K D
AFHRYNRPOEBERERLRFEROSRKZIToZ. TOMKE, EF -
KA ERER (UOIEE) FRELD 20 AL EHKL, BOLI-1-1~

B0O1-1-4 3 X 0" B0O1-2-1~B01-2-16 % #t & L 7= . & ® F T K 3F 234 &
LoEmMABEH ZER I, BRAEEEZFEDLHEFINDIBERIT, b
T 2 ER (BO1-2-14 38 X O B01-2-15) ThHho7=. Z D X 5,
EFEDPEFTLTVWARAVWERKOHBEHAEIIRD TRV OO, H
KOBEEDLVIZCEZ2ABRERER TGO o, K- H
EH BEICEN D WA B B K A S T X T

WA, REBEMICEIVHEML, $REMEEKLEZRZKEEL THRER

hattTol 2 A, ZEYEROFEHELZ IS AFLTVE., 20 X))
W, MR SEEL AR i, BEERMEAKOFATHENR NI L &R
LTWnd. &bz, MAKLEH N ME CEZ 276 iE, RHBHEMED
12 ABAAE o ER ¢ MMl A % 8 L (Fig. 3-2-3), T OR/FMERILE L
TW2 Z b, BO1-2-14 Rft & “Fr A" (‘Aladdin’; =K PEE &
FE X B 14118 5 S 5, 2006), BO1-2-15 Rk &= 4 4~
(‘Imagine’; J& AR K PEZE G0 Fl B 8 5 14119 5 ) & L T & L 7= (Table
3-3-1). 2B, THb 2damMEOJERER ML, Table 3-3-7 (275 L 72 &
20T, LA fE O ‘MIET LEZFOEXEARFMEESRL, BAEELIIER
SN TCHLLI NN D. Fo, ThHhH 2FMITME, 2002
R X 2 5 R A2 R 9 B02-1-1 R A 5 (Fig. 3-2-3),
K E OMMEMEKRFEE L CEARFRE AT ABNIEHAET
boHZ R TE LI, A F -2 BHICTED X7 B HE
WoZRRERFERmE] LT (M) R HFEEM e ILE TR E
FEE L7e (FFaF 2Bl 2004-321057)

2 EEFRTEE DR

Kimx 7 “#E OERICERFEE LTV, LFHHE B ICEKERIK
BT 3 AWML ERTHAMBMAEKORHMEREZFHEL 2. £ OF

%?}'

e
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R, W oOMMAEBESE (EREFREZKTL, BAEEXHFICED - Lk
MBI ELZETOEE) FRESHOKRBEIZ L > TR - T
W, REBTHWE R CTIEL, MUFHEES KT 2 & WG’
2 5 <9-1-1 Zf = “#E’ 15 ONE THAENEN DMK DDA DL
K L7 (Table3-2-2). ZTHiEx, FRMOMKIERAENEZ R IH & —
LTWwWad. £72, HORBETIEHLIFEHME < XHEEEYN=EHH
K ONETBAE N BN DMK DAL S 5IZH K L7 (Table 3-2-2).

HES oS, RBAEARYHPoOREEBICLVSELL, AL
BREZF SR ZFTZERMONATWVD (K, 2011). Z O FE LI
B RAEOKREHMEZ T TR, Bk, BOABBIOHELIFLZ
CoMHPLHEEOMBICHRET L Z AR EINLTWD (K#FH,
2011). &6, ETEERBICXLD2AV 7r 0 HiX, 2 OMEYHECTAE
BHEEBICRL2ZENAMLNLTED, HLFHEMEN & XTEFTHERE
REHEEESHIT, REBEEARPLAMAR~OU Y EbLY NEN, B
N ENLIBEEINEIN L EE X LN

— 7, XTEEENLRKIC, R B RMEE OB LR B ITELR <5
LR, BEOAESLHEEICL 2R EZITRD N2> T2
(Table 3-2-2). ZHIZx LT, WHIAH% IBEETICHLLEZ L Oz R
AR, I3EUBICHELEZ O ZBRATE LR G, REOHEMIC
o THAED BRBRICE DDA ERNEMT 28 m AR O 6z (Fig.
3-2-4). ZAH L, BEMED AR EHICIEALL, A%+ TFTTEHE,
HEEHEZIT>-TCWVWDHI I G, ZZTaRLEREARO P IZKIER
EHZ2RTEREREEINDERHHEINTL.

ERYR AR - BEXBIOEFRENEL, BAENELEL 2V
Ml ik ZE e L, fLULFHEMICEDREEMICELIDREE, RKEK
AT o 7. 3 ABMEAER CTRIK 3CORBEHZITo /R, WA
BOBMEDRITIKIEREEZESME 2 528 66 A, #E 1 528 75
H, 9-1-1 ZF N 77T B Tho7c. ZThicx LT, KIBRHEEMEIZLDY
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P L7 BO1-3-1~B01-3-18 @ 18 ZR# OB H HKix 63~75 H & 72
D, RIEHEMEOBENAIBTHDLI EEZEXZONTE (T —Z2HK). —
Ji, WAES T EM R O BOL-2-15 R (CAMT) o B A Kix 77
H, BO1-2-14 % (“HFM ) X 83 H &2, BRFRICHWVWE 9-1-1
FHOTTHERBENIOLIZENRD Z &6, RIBHAMEIZIMNEG S
NTWRWZ ERHALNERS T, S BIT, 21 b KiE B EM 3K
Fmta 12 ABRMAEER THRE LLES S, BAKELZ T REIT R,
A CIEREREE L ER SRR ITEBHR CE ok (F—4
W), 728, O XD 2 mAEESKIEB T, RBEMICKD
RMTHRAFESINLD Z DN “HMH FRoBRTLRINWTEDL (4
R 5, 2006), KRB AL M & BB M 2 OF B W AR OB R HAF
ST
3 AMAVE—LBHICIIBREDRLEE DNAEDE L

RS BLXOEMEMEERRFEICOWVWT, £ 5 HIK DO DNA
BEOWWEEIAToT. TO/MEB, ERFEFRICHVWEZELE “HE™ ©
9-1-1 Rt B L CEIEB LD “HIE™ 2 50O DNA &%, WTh
HERBET, RERE 1%RE O T DNAEOH E N WHE TH -
7z (Table 3-2-3). F 7=, JAMF O DNA &% 100%& L= G, MM
BHEERZEDO A 13 2%RE DNAEXHA L TCED, “H’
B XU B02-1-1 FZftiE, ZEFRICHWE “MWE 9-1-1 Tk & A F
®» DNA & % & L T\ 7 (Table 3-2-3).

MIREHICEY RABIOBABEKEZEELEL, FRHAX 10~16
il & > DNA & Z [l & LA R, BEREOWMIZH > T DNA & 72
2%LL EWA Ll o B ST m L = (Fig. 3-2-5). —F, R4E 0
35% B X OV AL R O 45%1F DNA E oA "D 6 iz (Fig.
3-2-5). I niE, BAAEPENLTZMEE DL ITDNAERED L TWD
TENDL, AFBOBERAFTEOR T I OEREOREN 2 R
EES (T XA bort#RINTL., LER- T, MEARKD
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BEZzHEFELELY VRS POWRICIE, EVMHRIE VAL L B
— 2 (Tanaka &, 2010) % I~3 Gy DKM ETHRHE L, 2oL R
FHHEREUAROF NG, EFEEOLLRVWERMBMAKLZEBR T O2LEN O
LHEEZLNIZ.

4 FASHEDEW
AEBRTHOWTWOIARAEHFOREBRZBER T 2120, Eowt
Yefo 2 X0 REFMICBLE L. Fig. 3-2-6 A, BIZ x93 X 52, HEY
HEAREEFEEMICERL TC3IA®ZTIE, MREROKE IOKICE
BIERO bR > 7o, 8 AHITITRE I VKM RE D
BEaABET2 2Mb LT 4@ (3MEBIEIN DI 1 EREMIC
Bh<Twnwsd) Ic¥EimL %« (Fig.3-2-6C, D). Zhix, Yu b7 7 A
RO R - RO HECTHIES 28 -4 @ic®my 288 (&
i, 1986) &l L TwWie. —JF, L THOMEEICK T 2H
BROBEOBEMIBEO Loz, I HIZ, ISARICIIERREICEE
LM s REEME T cB IR, oMk F—2RT
EREINLTHWDLI D, hofMlaEO 7 v ¥ LIS 501
2L KAl TE, XEHORMEEBRPIELULLZMHEBZEZELTH D
E#% z b7 (Fig. 3-2-6 E,F). 0%, ZoXRBBIZEELLEF—
AR OMBMBMIE, MxOREFLRVEDEIFA L., 20—
OBBRIT, REFORAEALECMEL —HLTBY, REFILHRE 8
B Nty D IO T AR S g e = I TR RN L el I
LRI, KERTIE, ERFORBEERAKE 3~5HAORE T
bold, WM REKERNOERFEIR LR > TS, Yamaguchi
5 (2010) O A LEERBI~4HBICHEHFLTVWDI Z EG, &
BTG, MeroZRMRAHMLERYR2 DML LEEREN
BonhlHEEInT.

— D ERICERF R 2T A, ZEFEYANRITRET D
R A - BET D0, M EICK D KRR (Shikazono

-93 -



5,2005), 1 W B L (Yamaguchi 5,2009) 4 L XA R E 7 ¥ —
LSOMMIKEAE (KE, 2002) KhoTRE2LEREKE2EHRT D, 2
niex LT, BURICEERFRERZITY, WK ZHET DL AE, &
TEOHLOMBOREED, BERFELURNPOLREORKN JTIETH
% (Yamaguchi 5, 2010). L 2> L, Shinoyama & (2002) X% 7 @
EURAPOARAEHERBTH LN B HEBRE O S, KA M <
M AR EEBEME N BEBET DA TINELFET DI EHRE L
TWd. ¥, REHFEIZMERESND (KE, 1988) Z & M»n
H, MRz ML DELERFTROL S B ERMAE MKy F A
ZELTRAETOIAEBERNEZ XN D .

Yamaguchi & (2009) [T FICHWH LR, KoxF X 712Xk 54
BERZBEHRE OV R LICLY i, MELTRBY, FHDLOK
FICHWMH LEMORER TR SF AT THLIHADRKRDOERFELERNRK
NELNZZEE KL TWE., ZhIZH LT, REBRTITT LY
JDAREFENPBO TENICHKETLIN, ZNHEFMYELEERT VL
B ERIKTHhHoT (T —XAM). £, KERTH L -3 KM
RITRBEEL-EAEB CHRENRZREZRN 2L, BFERLEL TV
e, O —HMIETREBRRICESTWD. 61T, “H™ o
b FE % B~ — & — (BT &, 2007; Shirao H, 2013) % H W #H & T
X, Bh2@8 8oL cRELE M TLE -OHE/KETH
> (AR L, 2007). 7ok, “#HM OFEYAF»LHFAEL L EKIME
KlizonwTd “H# tHE-—ThirEHEINSIHLTVDE (ARG,
2007) . A B ME AR IB B E O A REMEICE T 5 X A 7 CH RIS
LWwboon, FERTHELNLLERMBEETIE, REEMICLDPE
R~ = —OnEERBEBD LN rol. LEEBn- T, x OXE
BMICHERT ML LEEARAEERIHG O, FATHELRIIMZ D
Nz enn, ZRFELINRNTOLERBMEORKITIANETH 5 L5
bbb,
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B3 AAVE—LBRHICLIBRRRM O

ERNPOLERFRICAVLN TEZHMHERIT, Vo vBROXBRE
DEBEBHHRARPFPLCTCHoT2. Zhb iR LT, K TROAF
E—ABFRBICH > THEICHEZDZ X LT —, Wb bHET L

— £t 5 (Linear Energy Transfer: LET) 2 JEHICm <, R UM ET
H5H 1 Gy OBE T, Ho~<~HTIEL 2,000 A7 — ), [RFA 4 T
X 4 VT vz L0, MEENO DNA IZXF L CEBKHNROHE
FEOTXNF =PI 53 28 #2 &% (Tanaka 5, 2010) .
ZDD, WHROH B XMEHEBELT, EEERIEH, £R
AR PARKEN, REEROBEND RN LE WS> EHMKE -
TkV, ExOEPWRETIEHAK LN TWDS (Tanaka 5, 2010)

EHEOIILE2H TR LI L DT, 2001 FEE O R LR S R AL
PEEREEROREZIT, HE OEXEAWNRAEABREZHR D2V
HER R M SRR TR (RAROKEEE MM B EE 14118 5, SME L,
2006) B3 KO AT (EBAMRKPES M FEBEE 14119 5) 2 FR L 2.
L22L, Zo2;mflE, BEAKEEZ RIS bO0, “HE™ & REEICK
HREBICIVRAEREBEEST DX A bR >TWVWD. —F, AEOFIE
AW T B 5 (2006) I RUIBEMLERTAEFRL N, ZELKIE
MEBEHEDOEHBICITE-> TR W., Zo ko2, 1 B oOZERFERLH
TIE, BRI ECEREREEOWMEE ZF &R S>ZERIKOFRICIE
ELRMNo. £IT, BREKIHBEASAA - 2RBHET L5 L
CEVEBENALBEEITYIZLET, MEEEFERESMLEOF KIE
RE L 2.

HMHEBLUFE
1T HERESIUHHORE

ANFEBRTIX, Table3-2-1Z/Rx L7 “#E° 3 %M, #WE BHko

WA DO H D HMT, A BRIOEMAAAMEERRK O BO2-1-1
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AL TR L ZREAROBESCERAKOFHE L THWE.
¥, FEFHRCHVIMEE, F 1EHCEL CEXHEERICL E
HEMZBFRL, TOESHZAB MK L 2.

2 ERFRLEDHRBE
BRFHFROLDOBMBABRIL, F 1HBLOE 2HICTEL TIT-
AT FEFERIT,E IHIIC R LEZ L H2IC,50mg L' TAA, 1.0 mg-
FFERMEN Y, EEo/BE, HEB LW
B

AT LICHEL TIT - 2.

L' BAP & & & A&
B, B 1HoLxR
3 HEEHLBRERFE

MO RE T, F 28HICHEL, 12 ABREOERTITV, fHE
B L F\EAAEHEEEZEELE L CEKE L., £, KIEBRMEED
BEHL, B2 H & FERICE M R oK AR AR I EROR B B 28 T RE
72 3~4 A BAEOAETL TAT W, K 3R BRI T R RR E 14C o R IR
HTETTHEL, HMAOBRBOBRMLBEE OO ELE L R WP EFRMEIZ
BN DK D RK 21T - 7=

BHRMBEAARIL, F2H EMARICKESLZ OK» L F I, KEEME
XV L TEEKERE L, KEE, REEHEDNATRER 11~12
ABRIEOEREKRIRICHEBET 2 3~4 AL 2/ER THRMEOHER
R 2T o T2

4 TILYAX0HE

% DNA &0 W EIX, B 28 IC¥ELC CHAEROBAEMBMBEKLS 1 K
TORBELRBRL, 70— A4 N2 —=FEHNTHHILIE.
BRBLUER

1 DNABEAFVE—LBERBRHFOTASE

AREBRTIE, “WE 3 FZHRICMA, #MHE BmkoasF v — A
RRHICLX VBT EMEEERETHS “HM, "4 IO
B02-1-1 R & X Bl L TR & L7 (Table3-2-1). = DR, il L
T RNRTOMME - ZHT, A A E—2BE%, ZAFREYROF
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AT L, HMT, AT B X B02-1-1 K &I RN & AT
SlHAEbRSEETH D HIET LRI E R R o 3K AT RE
H o 7= (Table 3-3-1). L 2L, 2002 & ‘S48 CHRHEFHLHFEL
7= 1,461 fEKIX, BMEMEELE S X0 ABHEESENL M
Kixm<, /B - BREICENDERMKITER TE R0 o7k (Table
3-3-1). ZThicx LT, “Hm® kXU B02-1-1 Rt & M ME & L
%A, BEMAENSE S (Table 3-3-1). T ik, “#Hm B
KO B02-1-1 R DO DNA BN R M TH 2D “ME’ LREBEBETDH
Slolzx L, A TIEE A LTz (Table 3-2-3) Z L IC 2/
THEZEZOLND.

JR G FE ds KON 2003~2005 FF o RF BN OGO N B AEEIKIC
DOWT DNABEZ L., TOMAE, Table3-3-2 12" L7 X 9T,
CH AR X MBS LB DNAERICEETARL, A TIEHARICH
L THEBY, Table3-2-3 LA TH -2, £/, “HH BLOY 4
I HEASA Ay E— 2R L, FOBEX S EEBIZ 20 /O H
AMEEZMIBLCHRELEZ. ZTOoME, ‘A8 Tk, BERFX®
REFIZID2BERZEH T 22 LICL T, BAEMK D DNA &
XA FE 2 A L7 (Fig. 3-3-1, Table 3-3-2). R#FEA 4+ > D 4 Gy R
HRTEIBRZBATL2ZEnG, "5 OFAMEKO DNA &
X, BEE2M@EAKICHZDL 95~100% T, WL “#E’ X vEd
L 7= (Fig. 3-3-1, Table 3-3-2). Z O Z L1, RFEA 4 BE T
DNA O K & s # &2 2 £ w73 v (Shikazono », 2001, 2003,
2005) Z & n, AWM TIES A0 RETREASEEE KT E
NAELC, F2L2O0ZEEPKRTLEKREEZ AN, HFRENE S
RWERKTHLEEZZOND., —FH, OO TR &EFED
B2 OLFEEDO DNA &2 #FLTWVWD “FH’ T, BRHEXO
DNA & Z AT, A B —2MHEHIZLD FEH T I%REE DNA &
2 L 7= (Fig. 3-3-1, Table 3-3-2). mifi TR L7z X oic, KD
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LFRTANOMERRKDIEERZE 1%RETHY, AR OFEHE
T1%D Z%*#AERICHETELIZ b, KEBRTHWE DNA ®E D
WEEIT 1%L EoEEzRHETE2EEE 2007, £ T, “H
DOBKHXOFAEMMAPIZOWT, 1%L £ DNA &R WD L 7= MK %
BHLEBRE, 20 A1 50%TH - 7= (Table 3-3-2). Z i,
XU M KT BT 5K DNA BOMME - ME IS T 25 KIE &
—# L TWwW7 (Yamaguchi &, 2010). £/, RFEA 4 BE % OE
BARKIL, DNABOWAD ZMES ZR LB EZ b WVWRERELROM
75 08 [A R IS fFfE 3 5 (Shikazono 5, 2005) Z & A I L TW 5.

T I L ZBRIC 50%D MK T DNA B0 A PR L
Nz lid, BEEFOREQABELELP R TRELELZILEZEK
T5. L ->T, DNA BOHDEZHE-> TR WVWIEKDFEOBL
TERIZONWTHLAREREREZZTDMOLIPOEREZNELTWVWD Z L
EaRABLTBY, AEBRTHONLLEHEBAKO RED A ERER %
GO R ERENEL TCVWDLEHRINE., 2o ik, £&

FRENELS, RERELRI ERAEAOBKEHBRFICLIELR
FRDARRAAS VE—L2D0BMEZRRLTWVWD. BFRFICEYFH
bR BEMAIE, REEMHICLY ZHEEL, REKEUKEOR KR
I HEEK L 72 (Table 3-3-1).

2 ZEWICEBHSBEREOREN.

A AZ RS FrT CIREBAEMEICENLD TMET 2 FITK
FAA e RE L, BRARMEZSS E L 11~12 AR AEER & KR
BfEME 24 L Lic 3~4 AR CTERFTELAROER ZIT -
oo ST o AR, 2003 FERHICIVESLATL 9,033 fHiKkD
ERFHRLANRPL, EFRLMARE - HEITEN, A KIE B E
PE & R4 87 B K & 3Pk L (Table 3-3-3, Table 3-3-4), 2005 £ £ T®
MG B2 b 141 8 o 8 58 k2845 b 17z (Table 3-3-1). 72, &
WM A EZ RT H OO DNAERMNE A L TV 2RW» B02-1-15% # 12 F
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MR ZITo72 L2 A, 2005 FFE L CO RGBT 1,742 HIE2 L
64 1 & 2K NS S = (Table 3-3-1). Fig. 3-3-2 12" L 7= &9
Z, H T B LN BO2-1-1 RIS A A E— L2 BRI L THELN
Te@EBEMMAE T, RSME “MET LB L CHAEREIRRE T, HIRE
FEEFTHEMLTBY, AP EBELLIBEETH - 2.

IO OERFRMKITE W T, KSR KREE 2 RSB RK
BT EMEMELEREO MBI HEZMA L2 (Fig. 3-3-3). Ji & ff
THo “ME’ 9-1-1 Ff TIiE, ZRFELMND 2001 4 12 7 B 1EE
BB T 2 EMAMEERITIIERT 26 OO B HEITIE» > 2 (Fig.
3-3-3A). —F, “HM CHERBRZEZIToRLEA, 2003 FEICHRE -

BRI ENEA S LRI E R T 87 H o 3 Bk & 2

% 5 7= (Table 3-3-3, Table 3-3-4). Z U D i M £ M2 % BLL 7

TR b bR ENEAET D 3 HBAMEERTRE L SLEEKNE
NoZenn, TN ERBEEMAKE L, 0 84 FHIZDOWNT
WAEFE, 2004 4 12 ABEER CoOMMF R ZFHE L 2. Fig. 3-3-3 B
CaRT RO, HM BMRARZFEOEMAERE, HM L FEE
2D BEEME R 448+ 15.7% T, “#E° L RERICERFE EIZ L0 EH
B ERNBIER L. & 512, 2005 4FFF B02-1-1 RHMICHBH L T
BonTEFTRMEICENT 56 %% #EK o M R % Fig. 3-3-3
CIZ/R L7z, BO2-1-1 Rt & AN AR A 80.4% T, 56 i3 4k i (K o &
AR 84.8+5.0% L 72, MAK MO LR ITIEKRT D DO D 9
BL b 2s M B 3R 80% & #E % D TR W\ M Al AL M A R L T2

EA S (2010) 1, “#ME ICHT2I2LEFTE TCITEMEEL RO
HBEHEN KW L2, W CHEEYEZSERLE ST L2 LI2XY,
WO R REZITo T 5. RERTIT, BA&LMED Ha
L B02-1-1 Rt & BHEME & 52 2 & T, MAAIMELERNGWVHE
THRELTCHLNE. £, KIF 7 T, XEBEZLXMEPIEF0H R
HMichblenr &, EBAKELRWSFEIZHE LEHMIAREETDH
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5 (7K #&,2011). B02-1-1 RAMIC K+ 2 FRFHRE TIEX, 2003 B L O
2004 FEJE O PR B 6 64 K2 B L 7228, WAEE O R EIK
Rp o 3 %1k 33 R IC B A Lz (Table 3-3-1). Z avid, M B
XV EPHEELL, HIMTERWEALDIEFEIEL DT, A
mCHBEROBENERMERLZEELOYHEE CHIKTE S Z L
AL TWD., £k, e CRFELESS, BRAEEDOR L DL
BREMPBEOLNLDLIZ D, BRFCI--THEFREABECADLDE L#E
EREMBA L XL A~AEBOICKBERATRERTHDL I L aRmL TS,
—J7, WEBREEIC OV X, EHEREARHBICKIERICHES
T23~4 AMMBERCTCRBICHAETI2ZEFRANRETREKLE. C
O OREMBMMAEBITRBEMICIVHEEL, Tt xR E LT,
WEED 11~12 ABRMEER L 3~4 AFREER A LE. £RGE
FEHRICBWTHEAEL XL TREKLEERFEEL, REZEDOFZRRK LU
TOREMEIZ DWW TR L. 2004 4 3 ABRE O FE ©, “#Ha’ 11X
BIAE & CIlCidr s 9l & 5 L 7= A%, M A T 8 LI o B AE A K
ZOEHR L. WRAEFE 2005 4 4 A BAAE 0 BRI T, 4T % o B AE #E K 2
ST 2 BE 9@, THAM X 121 BERDZIEEFBET T, B
RO IET 9~13 8 & 72 o 7= (Fig. 3-3-4 A). F 7=, JEWth % &
ARHMICEIEICHEB L2V 2003 4 12 ARBMEORE TIE, “Hm
KO RWHITH® 8 E R OB MEMEAEZRERK LI EITHLD, 2005 4F
4 HBRAEOIER T, HIT % OB AEE T 9~13 3 & 72 - 7= (Fig. 3-3-4
B). “#E° oOBMEREET, KEHEB L2995 (ERB~DH
B) MELREREIATWD (K&, 2011). £, hEAALITOD I
RREOKEHHMZ T TR, B, BaBRBIUOHFLEFEEFZNL LN
ERHMoORRELREEST I LA MEINLTWVD (kEH, 2011).
EHC, Lo TARLE KO, XTHEREELEY B kO FHAEFEK
WAEBREKICRY, BENEBET 22 & (Table 3-2-2) »» 6, ER
FRUROMBMERKEOME L, KEEMICL D WAL R HEIKE
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OB EILT L B Lo H,HmEELLNLLE., LL,
i (A s g p i RBIBREME D BREL 24T 9 Z L2 KV, R EELRICIX
LA O CFHMT KXV REEAMALAORKEA GO I &G, KRB
fEMHEORENAE THD EE X L.

3 FABMLERRELEZHER OFABEOER

2003 FE O MRK KB TIE, " #E 25X “HMH AR LR
& L, 9,831 fl & 7» 5 94 i {& & % $k L 7= (Table 3-3-3, Table 3-3-4).
2004 FEICIF AL NOHELNE 92 fae 2/FERTHKELT, £
ORI ERIEHEMAEEB LI CEMBEEZ R T 6 A2 EKL L. ZTh
B 6 KM AEE D T 2005 4F 4 7B KO 11 H B AEMER T FFE MM 2 AT
Sl TR, BB ELE 12CTEHER L 4 ABEER TIL, Table
3-3-5 - Lo, TMET 1 BRIV HMT FEREEBICLD
BAEEEIZ LD, BR85S HATR L7, 2Tl LT, (&
HEHIEMEICELD ME 251X 67THE 250D EE RS T, — 7,
IR BRAEME S B Rt o BIE B $oik, BO3-1-3 R “#E’ 25 XD
<, B03-2-2 % X OV B03-2-5 Rt (TR E T, T MM  #IE’
ROH AT X v BRWICBAE L 72 (Table 3-3-5). £ 7=, MM 2%
HLICS WASHMAEEH o 4 ABRMLERTIT, #HF - MERC
RERZEFIBRDO>ONL o, SHIZ, MHWEOAEFT & EZ 7T 8L
R90em UV EEICHTE - THICKDENFED S (Table 3-3-5)
N, THIFBEEBRERORBEICART LI D EEZ O, L
B03-2-2 2T B R KA EHNIZ L 2D bF, FLL 90 cm U1V
HEEIMRAKZ LTS, 2, REEHETTXOMESRE
BREHE N LRI 2 2 7L TEY, RIEMEMHEICOZDZ DS O L HE
ZINnT.

R ECME S B LT 11 A B AE/ER TIX, Table 3-3-6 (2R
Ko, " MES 15BL0 "MHE 250MFLEINI0OMTH D
(X LT, ST AR I 143 8 & L oL AR GR A O RO
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B03-1-3 R/ " LHEHEED® 13.0 H&xb P72 <, B03-2-2
RMUNITIR BT “ME Xodbholt, £, ZOERITE
J o EIE R I S1.4~54.1 BT, & - RHMEEIE 2.7 8 &S D
Sl ZThix, KECHEBLA2WERCERELES “ME LML
HHEICREREED 2N EEZRLTRBY, EFEREOHEEL 225 90
em Y)W AEEICEIEE D b o7 (Table 3-3-6). 7238, B03-2-2
FmIT ME 250K THY REHEEZ RT S D D(Table 3-3-5)
BHEZ IR MHE LY £ o/ (Table3-3-6). I H I, ZOHF DS
KM DWW TR ZHEE T 572D, 2006 4 4 ABEAAEFERICE
WT, EHBHEILEE CRIKEE 1I2CTHFHRLELEIZZHAL =
ZTORE, BRMHEZETUEB LMK 25 M0 %0 KR

HET 1L ER L@, BT 25N 9, “HMAT X 13 Th o
(7 — X% A W). Fig.3-3-5 C/oRTIHA 81 H & OB R W I, “#iE°
15 3 BAEH, “ME 2 5T AEBMEICHEWIRE, B X0 “H
Mmoo RETCHY, BBAEEEOECCZHEICE L TV, FHE
T LE S ZRBEOBMAERMI2 S, B03-1-3 83 X O B03-2-2 O 2
FRAIE CAMET 25 X0 R, B03-2-5 RAMAIEEEE T, B03-1-7 8
LU B03-1-21 @ 2 Ffkgid, “#ME 25L& 1 50FMEETH >
(Fig. 3-3-5). Z i, B L7 5 R OEEBHIEMERS “ME 1
TR LY M v EINLLIELEEZRL TE Y, Table 3-3-51(C
RLEMFEORELE KL TWWE., fidokric, TEFELYNRD
MEERICL 2 BEMRL, REEMICIV B L 2 REEHKIEOD
KB BB OMRLEEIT, P L —F Loz, L2L, ¥&
BRIV s e — U LEES CRESLCHBRICHE®R T 2 KER T
K AEBOIERL, FEZEET LI LICEY, HM Db HES
2 FLRAIBEORBEEHENATRELZZIMABEKR TEL. 206 DR E
o, EAMAECME L RIEMAEEOmMIEE MK E S L B03-1-3 B LW
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B03-2-5 @ 2 R fE 2 EKk, B S 4 (Table 3-3-5, Table 3-3-6), & D
etk o %2 @ N R T & 7.
4 AAXVE—LBHICLKIERABELSHFTM
B BH AE M & MER B ME A2 BHE ISR T BO3-1-3 R ALV E AT
O s L LT, CEHM2 OAMTEHEREEEIT oL (BAKKE
B F B 19096 ). T 0 “CHA 27 o %ML Table 3-3-7 2R
T RO THET X THMT CRERERMAREAREMHEILDL T, U1V
fEoMBEELAT HERLIEREITBWML, MK FHH Xv
Ehichel o, BAEDS (2010) 1%, mA&LZEOBRE/BE L L
T, “Hrp AR, AR 27 RV E M 2 R T MR & FEA
LTHBY, Zhb 2o BEBMEEOLEEPHERINLT WD
BER R EEREERE SRS (BREBREBM, 2001) X2
EL, X BBV TEEL»PLUVEAEL I OREEFHICE D
10 ado 720 OIEIC BT 5 257 R IT 1,050 & A S 65 TW
5. 0oL, i - MEMFEEICET D REBITI00KRMTRED Z L,
LEERBO3T%ICET H. FIC “#HE oA, MEENZL R
H11~12A BAEER TIE, 1AKH 7= 0 30~400 © f§ 2F # 17 9 (Fig.
3-2-3). L72M o> T, 120~1607 18 /10ad €7 Ml £ % i 2 I 5 &
ENHY (Fig. 3-2-1), fFICET 5 EE R IXATE O390K ] 2 k
5. ZoXH1, MEFERBEIAEESZOEERMEIND 2
Emb, R L CEMEESO%D EH s oA, I AE
R SEIREICRD. S5, BMAKEETIOND “Him2 ofF A
X, 3EIBEICEM T DI D, 200~2700 M 0 S fbiz o7 R
HI kD, Fie, ME R CHM oF4s, KIEEBICLYH
MENRBEST DL, AAEBELSI SEI SRV D O EE M
ELT, REREEZI4~16CTEHTILELRDH D (K&, 2011).
IR LT, RIEMEEICERLD “MET 25 TIX, BE LV2C
BWI2~I4CTOREEHENATETH D (KkiEF,2011). ERE

i
B

- 103 -



ERmEEMHEETESE (BERBRRBREM, 2001) X2 &, 2~3 1
L7 BN T, BEICKLERAEMOEE &1$8,000L7"'-10
AN AELOLN TWD. 200663 BRAEMERL © ‘M B X CH
ML BIEZEZ SR WIREEHEATOHAG, BERBEREEHICE
JoEBEHE R ONARE» DL ERBREIHEEE L L T9,000~9,500
L'10a'BREEINE (REE). —JF, REZHENSATRER B
25O E, MM ORI HEE E1X6,000L'-10a' 72, ER & /-
D 3,000~3,500 L"-10a ' OREFHH A ATRRLEAFB N T WD (CRFE
F). U Eo X o, WX 7Tk D MM E M & AR IE B O WY
DA HERTZBDLREE ORI N2 2 &R R TE L.

CETAR2T X, MERNKE K 7 O RS L AR &R R BY
feomBEEHE/Ro-ENHEELTERLE. LirL, K
JO(RFEHBMHE) ORZEER, BEBRAEESBRW LIZLD &SRO
BERWBMPARNETHLLI LR EOMEADRIHLNER s, 5
BN LAEERIHLS LTS, ZoMEEMRRT L0 H A
~DAF L E—LAFRFICEAIAKEREEODHKEDIED LN TEDY
(HZE 5, 2012), “#IE7 W kT 2 KRB LM & BAEMEZ K
PR T RERNREBEGREIN LA EEREIND TETH 5.

Lo Xsiic, AT “FHe A+ e —22mRET5
Lk, EBAKEMEBIOCKRERMEEOMEEZEMN L N TK
ETEXDHIENEFETEE., 202 LiE, 41 48— LBE NG X
7 OREHER R EATOR, A - L - EAFREICEL, HBITE
TR EMNETELHAT, BEALLFETHLIZERHALNE -
.ELIWE,DNAERBA L TCWVWAhAWERKEZRKT D> EITLDY,
COXOREREKEBEME L LT, BXOBMEBEBNICKRET
THZLEM RSN, ZTHIE, EROBMHFNBEERE TITITOLILR -
o, AF -2 BHIHFENRERFTEOHLWVWFIETHY, A

o
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FrE—LBMHICL2ERFTREELET- - TVIMOEYMEICE TS,
JRLSIE A RE it L ZE A b 5.
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E #

BRGEEEORBERMEY THLIF V7 HICOWVWT, 44 E— LA
AL 2EZRFRENOBLEAHE LT, AETIE, TS
RO, BMEAMBORBELS LA E—20RKRFHE - BREO KRG
AT o7, T O/ R, 10U Lo X 75 T80 EHLE & A kR
OEH T, 3,000~4,000 HADOERFRLYRNE, BFEBLOAES
FrtEIC K2 BERARMBMELZEBKR T OIEARFTR AT L2 ML 2.

COERFR VAT ATCHLNZERBMAEEIF A TIERNKLS, &
BFERYNRNTCOREPNATRE T, £, ABOKIm T 7 M5
F, AERCBTL2ENDHETH LN, Ao ENZ L, KIEHE
HWICKXOVBHEEDNENDIRADN DD, "WE R LA A
— ABH I L o T, MEAEEE R OB D MBS D 2
BLOY ‘S0 ZFLE. UL, MEAAE M S KIEREEME O M FF
ME e oL RBEEITIELN R 2o,

ZIT, AV E—LBEICLVELNERKICHELERGR
AT o0, TORE, A T — 22 HBE T 5L, DNA & 2§
A FBREOERKETHVVLILENOLLZ L2 L, BREIC

HDERFRBIOVERLZRAKOREMNMETH DL Z L 2 EFEL L.
Fl, B A F e —LszxzRE L, KEMEEORKEZIT D
Tk, EAKMEECIEKEMEMEORMEEZ TR OLEK N REK
T&, ‘M2 OBFRICE-> . 2 OEM[ M & AKE B AL MO M 4
HoffElL, BNV o) - Ka XA NEELZEBRTLZ2H0T
HbH., T, AFVE—LBRHEICLDIERFERIT, B OR
MHEEEBNWICKRETE2Z2LE2 LTS, Z0L0MAEX, fW¥
I OBMELBICELT, A AL E—LRBFICLIZZEFRICE VT,
IR BEH R CHIBRFELEZLOLNLD.

- 106 -



Table 3-1-1.  Influence of phytohormone combination on adventitious bud formation in

chrysanthemum cv. ‘Jimba’.

Leaf Petal
Additional % of No. of Plating % of No. of Plating
Medium substances (mg/l)  regeneration adventitious- efficiency regeneration adventitious- efficiency

frequency buds/ segment  [No. of buds/ frequency buds/ segment  [No. of buds/

NAAIAA BA — (g1p) (STD) plate (STD)] (STD) (STD) plate (STD)]

NO.1 B0.5 0.1 0.5 4 (25) 20 (2.7) 3 9 31 (16.0) 6.7 (2.5 46 (36.1)
NO.1 B1.0 0.1 1.0 I (2.5 1.0 (2.2) 1 (25 22 (10.9) 5.0 (0.0 22 (10.9)
NO0.5 B0.5 0.5 0.5 44 (23.6) 6.0 (2.2) 55 (33.2) 47 (14.2) 6.7 (2.5 64 (32.9)
NO0.5 B1.0 0.5 1.0 31 (18.5) 5.0 (0.0 31 (18.5) 48 (22.9) 83 (2.5 89 (55.6)
11.0B0.5 1.0 05 87 (12.0) 9.2 (2.0 174 (24.1) 62 (18.4) 10.0 (0.0) 123 (36.7)
11.0B1.0 1.0 1.0 74 (23.3) 75 (5.2) 148 (104.3) 53 (18.0) 9.4 (1.7) 101 (41.7)
15.0B0.5 50 05 90 (17.3) 13.8  (6.3) 303 (95.0) 55 (18.4) 89 (2.2) 103 (47.4)
15.0B1.0 50 1.0 98 (5.0) 16.0 (6.5) 368 (65.0) 64 (20.9) 9.4 (1.7) 125 (48.0)
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Table 3-1-2. Regeneration frequency of some chrysanthemum cultivars using adventitious bud

formation medium.

% of
Cultivars Explants Medium regeneration  Plating efficiency ’
frequency
Standard type y
'Jimba' Leaf 15.0B1.0 100 -
'Jimba' Petal 15.0BI1.0 64 ++
'Sanyo-ohgon' Leaf 15.0B0.1 100 ++
'Hohada-no-aki' Leaf 15.0B0.5 85 +
"Yumito-taisan' Leaf 15.0B0.5 83 +
'Floral-Yuka' Leaf 15.0B0.5 100 =+
'"Tokai-kimba' Leaf NO0.5 BO0.5 30 +
'Sei-un' Leaf NO0.5 B0.5 61 =+
'Sei-un' Petal NO.1 B1.0 75 ++
'Summer-yellow' Leaf 15.0 BO.1 100 ++
'Super-yellow' Leaf 15.0 BO.1 100 +++
Spray type

'Elias’ Leaf 15.0 BO.1 3 +
'Elias’ Petal 15.0B1.0 5 +
'Loire’' Leaf 15.0 BO.1 5 +
'Loire' Petal 15.0B0.5 9 +
'Southern-cherry' Leaf 11.0BI1.0 7 +
'Kana-no-orihime' Petal 15.0B1.0 85 +H+
'Kana-no-hikoboshi'  Petal 15.0B1.0 83 +H+

?No. of buds / plate. -: 0, £: 1-5, +: 5-50, ++: 50-100, +++: 100-200, ++++: 200<.

YI: TAA, B: BAP, N: NAA, 0.1~5.0: 0.1~5.0 mg-L™".
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Table 3-1-3. Hyperhydricity control in tissue culture generated chrysanthemum by dehydration

treatment.
Water content % of ﬁ% Survival % of shoots
Cultivars Treatnent of after after subcultured
treatment * dehydrate * for 1 month hyper-hydrated normal
(STD) (STD)

'Syuhono-chikara' Non-treated control 93.6 0.0 100 0) 100 (0) 0
Dehydration teratment

20 min. 90.9 2.7 85 ) 20 (9) 80

30 min. 89.2 44 81 ®) 16 (3) 84

'Nansyuno-mai' Non-treated control 92.7 0.0 100 0) 100 (0) 0
Dehydration teratment

20 min. 89.2 35 98 “) 21 (D) 79

30 min. 87.8 4.9 85 (@) 41 (1D 59

* mg water in 100 mg tissue,

Table 3-1-4. Water content of vermiculite for rooting and adaptation in shoots of

chrysanthemum.
Water content of mg water in 100 mg vermiculite (STD)
before after water
preparation preparation saturation
A new article 2 (0) 195 (1) 370 (19)
Recycling product 111 (1) 127 (4) 260 (%)
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Table 3-1-5. Frequency distribution of number of petals resulting from regenerated plants with

different tissue of chrysanthemum cv. ‘Jimba’.

Frequemcy distribution of regenerated plants from

No. of petals differrent tissue
meristem leaf petal
% % %
90~100 7.6
101~130 2.1 42.9
131~150 4.3 39.0
151~170 75.0 73.4 8.6
171~190 25.0 16.0 1.9
191~210 22
211~230 1.0
231~250 1.0
No. of investigated plants 11 325 371
Average on the number of petals 165.0 162.3 130.8
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Table 3-1-6. Effects of dose of irradiation on number of petals resulting from regenerated

plants with leaf explants of chrysanthemum cv. ‘Jimba’.

Plant matearial Total Percentage of variants to number of petals with regenerated plants No. of
Raddiation type dose investigated
line (Gy) ~150 ~160 ~170 ~180 ~190 ~200 ~210 ~220 plants
control Jimba'9-1-1  merstem 0 70 720 210 14
culture
regenerated 0 30 180 460 210 30 90 34
from leaf
220 MeV+ °C* Timba' 9-1-1  Tegenerated 2.0 10 60 260 520 130 20 89
from leaf
3.0 2.0 5.0 26.0  49.0 16.0 1.0 1.0 85
4.0 16.0 500 29.0 5.0 38
5.0 6.0 1.0 83.0 18
320MeV + 12" Timba' 9-1-1  Tegenerated 1.0 30 470 340 130 30 40
from leaf
2.0 40.0 440 9.0 2.0 5.0 43
3.0 100 420 290 19.0 21
Soft X-ray e , regenerated
(3.6Gy/h) Jimba' 9-1-1 from leaf 5.0 3.0 19.0 470 250 6.0 64
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Table 3-1-7. Effects of dose of irradiation on leaf shape of resulting from regenerated plants

with leaf explants of chrysanthemum cv. ‘Jimba’.

Percentage of variants to leaf shape with regenerated plants. No. of
Raddiation type Dose investigated
normal thin * abnormal ” plants
Gy % % %
control 0 88.8 10.5 0.7 401
220 MeV+ '*C** 0.5 81.4 17.6 1.0 204
1.0 86.7 11.5 1.7 347
1.5 79.4 18.1 2.5 243
2.0 58.6 315 9.9 111
3.0 80.2 17.9 1.9 106
4.0 36.2 57.4 6.4 47
5.0 41.2 47.1 11.8 17
320MeV - C** 1.0 85.9 14.1 0.0 447
2.0 87.0 10.9 22 46
3.0 62.4 34.7 29 418
5.0 45.7 42.9 11.4 35
Soft X-ray (3.6Gy/h) 5.0 91.1 7.6 1.3 381

“Leaf having deeply incised.

Y Leaf having different size and/or length/width ratio.
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Table 3-2-1.

Ecological traits and origin of chrysanthemum cultivars used in this study.

Cult1Yars Origin Mutation or selection Ecological traits Reference

and line

'Jimba' #1 'Jimba' Field selection Good sprouting -

'Jimba' #2 'Jimba' Field selection Low temp. flowering -

'Jimba' 9-1-1 'Jimba' Field selection Good flower quarity —

'Aladdin’' 'Jimba' 9-1-1 Ion beam Non-branching node  Imakiire et al . (2006)
'Tmagine’' 'Jimba' 9-1-1 Ion beam Non-branching node  Ueno et al. (2003)
B02-1-1 'Jimba' 9-1-1 Ion beam Non-branching node  Ueno et al. (2003)

Table 3-2-2. Effects of dose of irradiation on flowering periods resulting from regenerated

plants with leaf explants of chrysanthemum cv. ‘Jimba’ in March 2002.

Raddiation Plant matearial Total  percentage of variants on the number of weeks to flowering after lighting stop. ) NO', of
type line o ~8W  ~OW  ~10W  ~1IW  ~I2W  ~I3W  ~14W  14W~ meened

(Gy) plants
control 'Jimba' #1  vagitative propagation 0 333 58.3 8.3 24
control 'Jimba' 9-1-1  vagitative propagation 0 30.0 70.0 10
meristem culture 0 18.5 259 29.6 14.8 11.1 27
regenerated from leaf 0 6.4 23.8 23.0 21.7 20.7 4.1 0.3 391
220 MeV+ C  'limba'9-1-1  regenerated from leaf 0.5 4.1 11.7 28.6 21.9 27.0 6.6 196
1.0 42 20.8 24.1 19.9 23.0 5.8 22 361
1.5 83 19.0 234 183 18.7 83 4.0 252
2.0 12.8 27.4 23.9 10.3 17.1 5.1 3.4 117
3.0 13.1 18.7 224 20.6 17.8 4.7 2.8 107
4.0 17.4 6.5 19.6 13.0 17.4 8.7 17.4 46
320MeV + C  'Jimba'9-1-1  regenerated from leaf 1.0 0.2 2.5 16.4 19.3 16.2 30.6 10.3 4.5 445
2.0 16.3 20.9 11.6 11.6 18.6 14.0 7.0 43
3.0 5.7 213 235 16.0 22.0 7.0 4.4 455
4.0 133 20.0 30.0 10.0 26.7 30
Soft X-ray 'Jimba' 9-1-1  regenerated from leaf 5.0 1.5 8.3 25.1 26.9 14.8 17.8 44 1.2 338
control 'Jimba' #2  vagitative propagation 0 78.9 21.1 38
meristem culture 0 9.5 47.6 7.1 19.0 7.1 9.5 42
Soft X-ray 'Jimba' #2 regenerated from leaf 5.0 23 43.7 20.7 14.9 9.2 9.2 87
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Table 3-2-3. DNA contents of chrysanthemum cv. ‘Jimba’ and few axillary buds selected

lines.
Plant matearial DNA contents
line propagation % STD

'Jimba' 9-1-1 meristem culture 100.0 0.9
'Jimba' #2 meristem culture 100.0 1.1
'Tmagine' meristem culture 98.1 0.9
vagitative propagation 98.3 1.2
'Aladdin’ meristem culture 100.0 1.2
vagitative propagation 100.1 1.2
B02-1-1 meristem culture 100.0 0.5
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Table 3-3-1. The number of tested and selected plants, regenerated from leaf cultures irradiated
with ion beam from 2001 to 2005.

Cultivars Iraddiation Number of Number of Line Number of
: tested M;  selected ) selected Resistration
and line year selection ” -
plants * plants line
'Jimba' #1 2005 1,372 1 1 0 —
'Jimba' #2 2001-2003 4,535 44 44 7 —
'Jimba' 9-1-1 2001-2002 12,226 17 17 4 2x
'Aladdin’ 2003-2005 14,815 141 141 9 v
'Imagine' 2002 1,461 0 — — —
B02-1-1 2004-2005 1,742 64 33 4 —

“M, plants means ‘Mutanized 1st generation plants’. These M, plants were grown from November to
December or from March to April using a flowering cropping system.

Y Each mutant line was vegetatively propagated from M, plants. These mutant lines were grown from
November to December and from March to April using a flowering cropping system.

*These two lines were 'Aladdin’ and 'Tmagine'.

¥ This line was ‘Aladdin 2°.
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Table 3-3-2. DNA contents of tested plants, which regenerated from leaf cultures re-irradiated
by ion beam.

The number and

Dose  Number DNA contents % of the plants
Plant matearial ~ Raddiation type of tested of decreased
plants DNA amount”
Gy % t-test®> STD No. %
'Jimba' - - 10 100.0 - 1.0 - -
'Aladdin’ - - 15 100.1 1.2 - -
'Imagine’ - - 10 98.2  ** 1.0 - -
B02-1-1 - - 5 100.0 0.4 - -
'Aladdin’ - - 16 1002 - 0.7 - -
Regenerated 0 20 99.9 0.8 3 15
plants fromre-  320MeV - 2C*" 1 20 98.8 ** 17 10 50
irradiated 2 20 99.0 * 1.2 10 50
'Aladdin'* 3 20 98.8 ** 14 10 50
'Imagine’' - - 16 98.2 - 0.9 - -
Regenerated 0 20 96.9 ** 13 20 100
plants fromre-  320MeV-'*C*" 2 20 96.9 ** 14 19 95
irradiated 3 20 97.1 1.3 19 95
'Imagene"” 4 20 953 ** 25 20 100

* Means followed by the superscripts are significantly different at the 5% level (*) or 1% level (**) by
t-test.

¥ The plants decreased more than 1% DNA amount.

* Non selected regenerated M1 plants in 2003.

- 116 -



Table 3-3-3. The number of tested and selected plants in December 2003, which regenerated

from leaf disc cultures irradiated by ion beam, for selection of few axillary buds.

Flowering period Characteristec of cultiver (*) or
December number of selected plants
Plant tested Radiation Energy Dose Number of Number of % of % of nodes wothout axillary buds
tested selected seletion rate >80 >50 >30 >10 10> O
MeV Gy plants plants (%)
'Aladdin’ - - - 129 * *
C 320 0 445 9 2.0 1 2 4 2
Regenerated 1 1,364 12 0.9 1 2 7 2
plants from 2 1,323 4 0.3 1 2 1
re-irradiated 3 1,049 10 1.0 7 3
'Aladdin’ 5 194 1 0.5 1
sub-total 4,375 36 2 5 21 8
'Jimba' #2 - - - 44 * *
C 320 0 58 0 0.0
Regenerated 1 125 2 1.6 1 1
plants from 2 327 2 0.6 1 1
irradiated 3 288 3 1.0 2 1
'Jimba' #2 5 0 0 0.0
sub-total 798 7 4 3
Total 5,173 43 2 5 25 11

Table 3-3-4. The number of tested and selected plants in March 2004, which regenerated from

leaf disc cultures irradiated by ion beam, for selection of early flowering type.

Flowering period Characteristec of cultiver (*) or
March number of selected plants
Plant tested Radiation Energy Dose Number of Number of % of Number of weeks to flowering
tested selected . after lighting stop.
seletion rate
MeV Gy plants plants 7 8 9 10
"Jimba' 9-1-1 — — — 14 *
'Jimba' #1 — — — 15 *
'Jimba' #2 — — — 27 *
'Imagine’ — — — 33 *
'Aladdin’ — — — 163 *
B02-1-1 — — — 107 *
sub-total 359
C 320 0 217 3 1.4 3
Regenerated ! 109 0 0.0
plants from 2 705 6 0.9 4 2
re-irradiated 3 428 > 1.2 2 3
'Aladdin' C 220 1 569 12 2.1 1 11
1.5 1,519 17 1.1 3 14
2 752 8 1.1 2 6
sub-total 4,299 51 12 39
Total 4,658
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Table 3-3-5. Characteristics of selected lines in April flowering, derived from ‘Jimba’ or
‘Aladdin’, and these were mutants after ion beam irradiation.

April flowering croping system in 2005 *

Days to ~ Number Plant Weight of  Number of

Cultwvaror  °0 b.eam Flowering flowering of height 20 cmeut dis-
selected line 1rra;1;Ial‘ied date in short investigat & flower budding
P days ed plants em g node
'Jimba' #1 - 28-Apr 849a” 5 129.8a* 105.2ab* 32.0a”"
'Jimba' #2 - 14-Apr 67.2d 4 115.0 ¢ 105.0 ab 278 a
'Aladdin’ Jimba' 9-1-1 30-Apr 86.4a 5 1294 a 109.0 a 326a
B03-1-3 'Aladdin’ 7-Apr 62.5¢ 6 107.7d 79.7 be 313 a
B03-1-7 'Aladdin'  14-Apr 70.7 cd 4 110.5d 80.8 be 325a
B03-1-16 'Aladdin'  19-Apr 74.4 be 2 130.0a 9l.5abc 33.0a
B03-1-21 'Aladdin'  21-Apr 783D 5 116.8 ¢ 108.8 a 4361
B03-2-2 Jimba'#2  8-Apr 65.1 de 3 122.7b 110.7 a 38.7 ab
B03-2-5 'Aladdin’'  10-Apr 66.1 de 3 108.0d 72.0 ¢ 383 ab

? The plants were cultivated with at least 20 plants per line. Planting date: 2004/12/13. Lighting stop
date: 2005/2/3. Minimum temperature controlled at 12°C.

Y Different letters within columns indicate significant differences by Tukey’s multiple range test
(p<0.01)(n=10).

* Different letters within columns indicate significant differences by Tukey-Kramer’s multiple range
test (p<0.05).
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Table 3-3-6. Characteristics of selected lines in November flowering, derived from ‘Jimba’ or ‘Aladdin’,
and these were mutants after ion beam irradiation.

November flowering croping system in 2005 *

Daysto  Number Plant Weight of  Number of

Cs;l:;:: ; E;e 532(3223 Flowering ﬂowering . of . height 90 cm cut dis.—
date in short investigat flower budding
plant days ed plants node
cm g
'Jimba' #1 - 24-Nov 52.1 ab” 5 12141 75.4 ns 300c¢”™
'Jimba' #2 - 23-Nov 514a 5 126.0 a 69.4 ns 31.6¢
'Aladdin' ‘Jimba' 9-1-1 24-Nov 54.1b 7 109.3d 77.4 ns 143 a
B03-1-3 'Aladdin'  25-Nov 52.9 ab 2 120.5 be 73.0 ns 13.0a
B03-1-7 'Aladdin'  26-Nov 54.1b 6 110.5d 77.5 ns 16.8 ab
B03-1-16 'Aladdin'  26-Nov 54.1b 7 107.9d 76.4 ns 26.0b
B03-1-21 'Aladdin'  26-Nov 54.1b 7 1169 ¢ 73.1 ns 19.9 ab
B03-2-2 'Jimba'#2  24-Nov 52.3 ab 3 111.7d 78.0 ns 453d
B03-2-5 'Aladdin'  26-Nov 54.1b 5 109.4d 81.4 ns 24.0 ab

?The plants were cultivated with at least 20 plants per line. Planting date: 2005/8/18. Lighting stop
date: 2005/10/3. Temperature controlled at 25°C by ventilation and non-heating.

Y Different letters within columns indicate significant differences by Tukey’s multiple range test
(p<0.01)(n=10).

* Different letters within columns indicate significant differences by Tukey-Kramer’s multiple range
test (p<0.05).
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Table 3-3-7. Characteristics of chrysanthemum cultivars in registration form, derived from
'Jimba', and these were mutants after ion beam irradiation

NoZ Characteristics 'Jimba' 'Aladdin’ 'Tmagine' 'Aladdin2’
| Plant: lencth 06: medium 06: medium 06: medium 06 medium
- eng 120 em 120 cm 119 cm 120 em
5 Stem color 01: green 01: green 01: green 01: green
6 Stipule: size 03: small 03: small 03: small 03: small
7 Petiole: atitude 01: very strongly  01: very strongly  01: very strongly  O1: very strongly
upwards upwards upwards upwards
9 Leaf lenath 05: medium 06: medium 05: medium 06: medium
Lene 96 mm 101 mm 91 mm 117 mm
. 04: medium 03: medium 03: medium 03: medium
10 Leaf: width 60 mm 57 mm 57 mm 57 mm
11 Leaf: ratio length/width 1.6 1.6 1.6 1.9
13 Leaf: dep th of lowest 05: medium 05: medium 05: medium 04: medium
lateral sinus
3 Flower head: diameter 05: medium 05: medium 05: medium 06: medium
(disbudded plants) 140 mm 144 mm 138 mm 154 mm
Flower head: hight ) . . . ) . . .

35 (disbudded plants) 06: medium 06: medium 06: medium 06: medium
39 Flower head: density of ray 05: medium 06: medium to 05: medium 06: medium to
florets dense dence
Flower head: predominant . . . . . . . .

41 02: incurving 02: incurving 02: incurving 02: incurving

type of ray floret
Ray floret: . . . . . . . .
52 longitudinal axis 01: incurving 01: incurving 01: incurving 01: incurving
) 06: med-long 07: long 05: med-long 07: long
58 Ray floret: length 65 mm 67 mm 61 mm 76 mm
. 05: medium 05: medium 05: medium 05: medium
59 Ray floret: width 15 mm 15 mm 14 mm 17 mm
63 Ray floret: main color of No. 01 white No. 01 white No. 01 white No. 01 white
inner side JHSCC JHSCC JHSCC JHSCC
66 Ray floret: pattem of . 01: solid 01: solid 01: solid 01: solid
second color of inner side
90 Flower habits Oct.-Nov. Oct.-Nov. Oct.-Nowv. Oct.-Nov.
92 No. of lateral buds 06: medium to 04: medium 02: very few 03: few
many to few

“The number of characteristics in registration form.
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Fig. 3-1-1. Schematic representation of mutation induction of chrysanthemum

using ion beam breeding system.

-121 -



. 400
= A
=
£300 (220
2 -0~ (320
£200
5
5
<
= 100
2
g
Z 0 1 1 1 1
0 2 4 6 10
Irradiation dose (Gy)
400
2 B
o
2 300 [ —A—He50
z ——He100
2 200
=
2 \
5+ 4
ué 100 ?
2
£
Z 0
0 4 6 8 10
Irradiation dose (Gy)
400
2
="
= 300 -
o
B
2
2 200
=]
z
«g 100
2
=)
Z 0
0 2 4 6 8 10
Irradiation dose (Gy)

Fig. 3-1-2. Effects of irradiation dose of ion beam or soft X-ray on

regeneration of leaf explants.

The regeneration was number of adventitious buds/plate (plating efficiency) ,
as estimated from at least 80 explants (4 plates x 20 leaf segments/plate)
from segments of chrysanthemum cv. ‘Jimba’. A ; 220 MeV or 320 MeV
Carbon ion beam, B; 50 MeV or 100 MeV Helium ion beam, C; soft X-ray
3.6Gy/h. 320 MeV - C, 100 MeV - He and soft X-ray irradiations were three
times different irradiation.
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Fig. 3-1-3. Mutation of flower characters by 100 MeV Helium ion beam

irradiation on leaf explants of chrysanthemum cv. ‘Jimba’.
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Fig. 3-2-1. Disbudding in the chrysanthemum cultivation.

Number of
disbudding

B9~12

3Gy

@13~16

021~24

025~28

033~

0% 20% 40% 60% 80% 100%
Percentage of variants

Totaldose (320 MeV-C)

Fig. 3-2-2. Effects of dose of irradiation on number of disbudding resulting
from regenerated plants with leaf explants of chrysanthemum cv. ‘Jimba’.

These plants were grown under December flowering cropping system.
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Fig. 3-2-3. Schematic drawing illustration of axillary bud in chrysanthemum

cv. ‘Jimba’ and/or selected mutants.

These plants were grown under December flowering cropping system.
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Fig. 3-2-4. Effects of dose of irradiation on flowering periods resulting

Percentage of variants (%)

15 2.0 3.0 4.0

220 MeV = C(Gy)

from regenerated plants with leaf explants of chrysanthemum cv. ‘Jimba’.

The early type flowered within nine weeks, and the late type needed it until
flowering more than 13 weeks after lighting stop.
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Fig. 3-2-5. Effects of dose of irradiation on nuclear DNA content resulting

from regenerated plants with leaf explants of chrysanthemum cv. ‘Jimba’.

Relative DNA content is expressed as the ratio of the nuclear DNA content of

investigated plants divided by that of control plants maintained by vegetative

propagation. The early type flowered within nine weeks, and the late type

needed it until flowering more than 13 weeks after lighting stop.
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Fig. 3-2-6. Leaf segments of chrysanthemum cv. ‘Jimba’ during tissue culture.

A and B: after 3 days of leaf tissue culture, the visible light view (A) and UV
light view (B). C and D: after 8 days of culture, the start of cell
multiplication (arrows). E and F: early stage of adventitious bud formation
(arrows) after 15 days of leaf tissue culture. Bar: 500 um (A-C and E) or 200

pm (D and F).

- 128 -



S 102

% g o O O
c <o
g o 4 0.1.8.4.2
o 100 O 9

S o % pe

< <& § O <¢
5 34 8 < §181.¢1
> 098 @ 8 03 ro N I
= |

©

s é %0 %o §’§ g o g
2 O

g% " S ¢ ¢

2 ¢ g

Y Y ©

— N O

= o

S

C

_% 92 s

2 <o

B

S 9 +

C

(]

=

e 88 1 1 1 1 1 1 1 1 1 1 1 1
L.

Imagine 0O 1 2 3 4 Aladdine 0 1 2 3
320MeV-C ion beam irradiation dose (Gy)

Fig. 3-3-1. Frequency distribution of M; plants after C ion beam
re-irradiation measured by DNA contents resulting from regenerated with leaf

explants of chrysanthemum cv. ‘Imagine’ and ‘Aladdin’.

<>. DNA content of each investigated plant.

<@ Average of DNA contents of ecach treatment. Bar is standard.
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Fig. 3-3-2. Individual selection of few axillary buds mutants, which were
derived from leaf of Aladdin or B02-1-1, and these were M; plants after

Carbon ion beam re-irradiation.

. Aladdin, @ B02-1-1 . bar : 10cm.
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Fig. 3-3-3. Frequency distribution of non-branching node in M; plants or
selected lines, derived from the leaf of ‘Jimba’ or non-branching mutants after

carbon ion beam irradiation.

A: These 70 M, plants were grown under the December flowering cropping
system in 2001, derived from the ‘Jimba’ 9-1-1 line.

B: These 84 selected lines were grown under December flowering in 2004,
derived from ‘Aladdin’ after C ion beam re-irradiation in 2003.

C: These 56 M, plants were grown under the December flowering cropping
system in 2005, derived from the B02-1-1 line.

V¥: The mean point.

The number shows the mean + STD.
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Fig. 3-3-4. Comparison of weeks to flowering in individual / line selection.

A: Individual selected in March. B: Individual selected in December.

Individual selected plants flowered within eight weeks, and vegetative

propagated plants were selected by number of weeks to flowering after

lighting stop, under April cropping system.

-132 -



Fig. 3-3-5. Line selection breeding of leaf-derived M, plants after carbon ion

beam re-irradiation, which possess both non-branching node and low

temperature flowering characteristics.

A: ‘Jimba’ #1, B: ‘Jimba’ #2, and C: ‘Aladdin’. 1 ~ 5: selected mutant line,
1: B03-1-3, 2: B03-1-7, 3: B03-1-21, 4: B03-2-2, 5:B03-2-5. These plants
were grown under low temperature (minimum 12°C) control and an April
flowering cropping system in 2006, and the flowering after 81 days under
short-day condition.
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RBRoMARKErAORET S, LT, AERAG CoOXEENEZ
HErL, EV b O - B0 W0nd O EERY T3EA.
2 fEERBERESR : EE - WHEBEKE L LA, FHEE &L O E S
AV, fFV7-ndbo -0y 0xmfEICERET S.
3 B Rochbr 77 v — k¥ —BNEREFRLEDE
HETREAITY LD, MM LESEREIT .
4 HEHE THITINEOBERE TCH LR LHAMKTITV, EEEIT
BT 2MHMEEREZNEZITY. ZOFHLEHICE Y EAESE DR
OB RERD, MEAREOMEN L R D.
5 TR -£F : S AEYFICLLMEMEO R - BT IEL L
K0, AE-mBEBEFRENSALERYE, RIME - BRELHENEE S
Ns5Z2Enb AL —XICERT S.

Tokole, WEBEBMRMNSEE - RTETH —KILLZY AT A

:

- 135 -



THhHY, {ExHIIBWTIZA T L —F 27 2HmLic, BERBER
FEL LTCo0E 2220 MR EE -FHFEINLNTWALI(MEERET — X

Tjt
=
Eo

B % . http://www.hinsyu.maff.go.jp/). Z N HDOMFEOEFEK T TH D
BRI, RFEERKE & B IO E e R L,
ZJU—k v —hbrwELELZEAE®REIN TP ZEITX T, #
A OE R EEETAEEOHRF - IR RBHM O TE. ZORRE,
e OB E, 2000 IS EERAZMB L, 3 F % D20044 1218 4
O HEFR 2B 46 S 4L, 2006 EICIT IR A X 7 EEHF O 9 ELLEIC
ERTDHDENVWIERNRAE - RN TEHEEPLER AR OELIT H L
N T E .

MOHEFRICOWTH, XEAMICEFRBEOBTER Y 2T A& DL,
HERGSEE2MBICHAT 2 S lclBEETAECAR Y. L2rL, W
X7 MEOLA, sidoXs>icxzoHE»LEHIN D MHENRE
SNTHY, FTEEMTHLL2EFMBREMIBR CTHE T 2 8O H M
O PFERMIZERE S 22820 DF 0 @ X 7 HfEICOWTIE,
WERGDELZENAEAEICRELES S, BEL-METH- T M
ODEEELLBIC, BEOHFELLTHRDELONLDERMEZ S AT
H. 20k FHe oBE, RAEM (EEHR) DRI ~BE
Fa#xTHr> X 2EBEPHEIN, AEEZTLILDODOFRLELTEEHE
BRIC I O 72 Wi 2 O 2 ITF o 72

N

oty
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2 MREOREXEKRLEER

JREBRIZCEBT2MMBERIL, R RANAEAEZFRE L TE
e, 2EEZN G L LEHFHELsED LI DI, M EOER | & T2
ELEEis) PERELEZHMT. 22T, KH TIETEREHEOK
HEEREEHOB AN FRH L.

1 BEEZLCEHRERE

HFEHRBEEIEGIEICL - TFELNATEY, BAERKEOLDICEE
REWHE (WHEEREOHER) 2R OFNPLHFELHLILER S 5.
WO THEI—F—va r0F 7 CTREHE I L@ AMRDKET
BRI, SVIEDOENEEFARISD (BHRKEEZ K — L X—U
http://www.maff.go.jp/j/study/sin_hinsyu/index.html) 2%, Z X & %4
REDOE - Lol R BREE TXMNMAWTE TH - 2.

EIAN HM ofa, HUEHETRET LT CMED CHIES
EXBIZWETHLDL2 OO, “HMT X MET ORAKRRMEE MR L
T TH D, Leno T, BAL MBI LIS < WA E B2 M E
HORBEREORZLZM GNP IBAE LSS, BERET “FHm’
FHMICHEN T L2 L EFIEFICEHLY., TME IRELETLRLVWE
D, FHEBE T I AOFREE “MES PWAIALTEBY, ZOoH o —
I HAAT NREI o TV LTYH, TNERET DHI L ITNE
EODLLEDEEZEZLND. O, Bis L XL O SR B E
DB I B B EMENAET .

2 BEEFLRILOFZFESER

IHNETHR 7 OFE M T DNA ¥ E % & k50 Rl H L 72 6%
oo i, 2,000 M bEomERADHY, ALY A4 X (DNA
WRERSSOH ; A x=K 45E, A=301E, 7 =94 FEEX) BK
S MR LV EICERLTWS., £, EANICFZ 00
I REREETHEN L CE ey, TR EoMNERIILES LR
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Mol AV RLIMETCHNIE, UV IO ERMEN L B IS
HplTcx a0, “H ofd, BRAKGHOFESIL R - B - £
EOREESRHRLEODEVWETHI OO, ZALDORBEITHERE TL
b+ 272D, BFEUZRBEMNIIFNETHD. 51 DNA 2L L
TWZaWnZ b, ME LEEFLAXALTOENLEDTNEE X
bivd. I “HM OLERNEMRTF LT 2,000 HE oL R
CHRKRLTWnELE LTS, 94 E D 2,000 HHEDOEWIZT E T,
99.99998% %Al —TH H L WVWH Z &L ERLTWDH. L2LZA2NRDL,

A OB OMS DD, Z0b P e E SRR B
D~Y—N—ZRBETILILEND -T2
3 ‘sh®’ o &TEEA BN

BT EOLRMHFRICEIY, EHOF ) AP 2 EGFEET
LDREERIDO 1 ODTHLIEBEBR LV e T U ARY C2FHT 2
HiEx W, “HFHm L CHMIET WM T D A 2005 F
R L, TR EZHAFHET NS X7 Ak E] (FE 5,
2007; HFPH 2007-24433 %) & L CHRFHBELEZ. ZOoFEEZH WD
LI EoT, IVHEOESRIHER L b HBEHEZICIT “FHm b
LI “ME, L0000 THDrrEWEICHN T D &2 A HE
& 72 o 7= (Fig. 4-2-1; M ER &, 2007; A1, 2009). & 52, “Hm’
MEODURERBICHBIRHTE DL ENH S TNDOT, “HA O
BV EGZOLLRBEZIToLHGA MNP AR TH D .

Ik T, ERSToBERESZOWMAMEZH LT 2 2 &
MDTE, RETFHLEZTLEEZEILZLLTEETEDLI LR -
. BAE, REBREMEEZAMNGS L HM 2 oRmEBEN~—D—b
Bl c& CWwad (- B2, 2011 ; 58 2011-24466) . Z D X 5
iz, mAEEREOIT L CRERN Yy — -2 HEST L LT, B
REOBE PO THEHEM ARG, WEETHIELESZS.
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B3I HEEMBCATLOBELZERRAICAMTREAE

M OERIZHZ > T, ERMEEOLEL UG ITAEEDLENL
RMERFENPLOAAXROBETCHD. BERERATOEEICHL T
X, AEDCREMEZHRB LCRFEEZzKRMEERE LS RO T I U
— k=~ L, 2 CHIM LRSS RNER S
N0, ZHRIFZRANEERTFICRBRESND. OO, RIDAE
W TR o EE RS S L E L s, BAm TS O E
ks AR CTIELZ Z LT TE R,

— 7, —EHORBRERFZIIWHN (A P T7F) oMy EESR
fhlicE s EELZEL, UOMBEEOHZBAL TWLIHEND .
2T, BRBREIZTOMEEESALLFEOFHENEZHE O, B
BERMPOFRFEEOMB ATV, MG AESL TOHME HFEL 2.
ZLT, FHEEZZXTRLAEAERFIWBATCHMLELERESZBEAT D
EWVWS AEICH T EEE LS AT A2 ME L (Fig. 4-1-2). 2
nickv, BRRAZM DT, FELE2ZXTRLEERICHL TLE L L
BRMEN OMMG LKA CTE, RERBICWIT S RES BES .
1 2EERAORKR

20054 FE 2 6 ST R T RANFFEE OB SNEEIE 2 B An L, 20064 JE
WA ERZPOEOMME CTREI19R3I0L. Eo EERK &L O
R ZZD L TEY,201 14 B 7E O R B 7 i 42 E & B,
169fE, 2 L1591 & 720 Z O IT2006%F 22 5 20094 12 &I
B L 7= (Fig. 4-3-1). T X, “#Ha nNEMLMEIC 2 T,
BT XV RERBLEROMMAEM > TEY, YETHHEBR NI &
o, BEBERENEZILBEIVMEATLIEVWHMZHE VWD LE
bbb,

Ebhlc, ERBERBERERA Ly Z - XWTIE, Zh 5 HM
RO H BRI, M OREEERMF2FHEAEERIZHIT T, 1§ &S
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THrfm@iE ] L LCEELE. Zokoic, HEHFE, BEMas
LFOHEMREEZHAAAEDLDEZRBNL2EH~DOEREXET D AT
Lkl oTWD.

2 REXEEZE

ME R X 7 O x&BEE Lo EAE M & KIE B LM 2 OF R
D CEFM2 ThoHr, mMEEKE, KBHT (BRLBM) O RZEME
X, BRAKEMERBRN LTIV EBERHEEINETCH L Z LR EDM
BEDPHOLNE RO EKIRNOAEITHA L TV Do H B R
Thd. ZCOMEEMRT DD, FHH ~OA4 42— LFRH
X OKWIERAEREOK R AL HMAL TR (HZBE, 2012), “#HE’
Bk 2MEHENEEBAEEZ FRAHX CREERKRE L CH
MEROTE T ZMEICEZ TWVD.

T, TOLIBREREREFHEICIVERLAEHEIXIEREWFE L
LTlovbhsed, MEBIEREE LR OBEMLEZ S LT
L2 LEME N LN, BREHEEZbOME S L LR THEF K
ATV, BRLEFGAEOBEREHEZTTE > 2L L ARBTH D.
TR —ZVEE IHMRoOEE S TRAEE) BEREE LR
O, ‘“AOAR LXSEBAKEEKE Y 7 OoFENLRETHDL. IO
BA, BREBERAAGD ‘7u—FLEE 2b#EAD ‘Tn—3I
N EERT (RARKES MEBREE19569%) 2 FHRL, "7 1 —F
BE OFREHZES TRAE] LHFHERNEZMHALLE. TOAER
X, BEBRERNOFHITERSENFHL, B TRIER) BNE
BT L THEREHEOSHZK L2 BOT, ZOX)WEICTAY
y FEABLB T HTELRAFESLSEERRBALZE A2 ECIXIEELRS
KEF 2 XK.

ZokolE, EAhREORAN LR IIMEELE LT, BHEEE
ET OB MEOREZITY, MEEN~— I —DORBELMEALE D
A EHEZT-C, REL-EEH®RAAKAICLIYERZXNS.

@

‘
G

@
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O LT

FEERNDODE R ETCEDL —HOLYZAT L E L THET
SH%LERNAEZHEE L LW 7 0MEERCOM S B ~

Tk,
DIEHEZED T TFTETH D .
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Fig. 4-1-1. Flowering stage of ‘Aladdin’ (Imakiire et. al., 2006).
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- Kagoshima pref.

Application

« Breeding C> « Registration | MAFF i
. . . ) i, PlantVar. Protec. |
(crossing, mutation, selection) (Governmental office) \ J
Q Q Registration
* Propagation * Licensed management .
(Flower C) (Governmental office)  Propagation
(Indonesia)
. License
Supply Cultivation Supply
License
« JA * Production Group * Market » Production group

@ Supply

<> Contract

@Contra ct @Supply

Farmer

e Farmer

in Kagoshima

Fig. 4-1-2.
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outside

Flow of cultivation license and the nursery supply.




FE IRV ERMIE R

Fig. 4-2-1. PCR analysis of chrysanthemum cultivars (Abe et al., 2007;

Shirao et al., 2007).

Lane 1: 1 kb ladder Marker. 2: ‘Jimba’ #1, 3: ‘Jimba’ #2, 4: ‘Kirano-uma’,

5: ‘Kyokushin’, 6-7: ‘Imagine’, 8-9: “‘Aladdin’, 10: ‘Floral-Yuka’,

11: ‘Seiun’.
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Fig. 4-3-1. The licensed number of cultivation of ‘Aladdin’ and ‘Aladdin 2’

in Japan.
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REER

BAEE, EEHEI»POHEATORBEOL ETEHELLOBBEEEL H
D, BZOMBEYWERSBAOAESL X/ITHETRD VTN D.
—F, BHAOELGERERMBICOoOVWTEBELLHBEACHESI LTV S
O, ERNOHMBBEYERICOVTHEEERSISIIEET>TWV5S.
AECTHERBRAZMICHESED EZORHAIC VTR LS. B
WEETIE, B4 TR 27 -~ ZHBELOA A —VEY 2> T
B, TRK)ITRAL) TEEER) TENE (B0 TREF) TEZD
CJTEXITRIDE) 2L, e TR REET LS. ZHICKL
T, TA] OREKBELTIE, THhE20A] TREBRR) THEX] TH
Wl TLALKES TAWE) 2EnxrdFonks. Zok)RBER
Fr s dh i, mAEiC 600 km, P IZ 270 km TH M 2 F i, ZLICHE
MNEBENTERENAEAAHLEZELOLEE > ThbHEE TCEHER2. I
COBERBRERSCHEMMHFLET IBERBICE W T, BERR
ROMBEBMCTIX, K= FKUvE--=HvU - 4FT-BE
KB orxY U2y -7 - KETCHFEABRZIToTEY,
P hrhUyFE - YA FETETREREL T OICEKE N ITORLTY
o

1980 FFRRIC A > TARA T 7 T — AR E D, £ 458 R TR ¥E
Mot LE R DB I, BRESRTIX, Fk 2 F
(1990 ) ICF M2z X2 52BN EMBE L LT AL AT 7 /v ¥ —
WFIRFT MRS S e, 22T, MBFEREDE LSS L L T, M
BERBCIDIBERERFZOREZITVY, WHEX~OIEHASCE R T L N
VO ~RESETCER. 0 TH, EETFHEARAEZEMICOV
TIE, RBEICEILTICHELVWFEENMG TCE L FLEELTHEERL,
WRBABEEZITo C&E&. LML, AETEIELS FHAIBIEDIC
T L2 RFRTMABO THLWZ &6, ENOEMNMLME
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BRICH T BB FMHAABEIFEBBIZERL TV L2O00RB R TH
H., T, XA F T oY —FFEHLERERXE FELE LT,
BERFREMICERB L., Zom TRRBEARE L THHEATE
TeH v XBHELEIERARRT PARRERIEINDA
— LT, VY~ A4%, U RE, £ F T, FITBILOCVY
ZAWZOWNT, 2000 F b ZRFREABRZMMHLE. b, Th L
KRR ELERMEZ, AKFETRLEXZ O4&FRMALEMEOM,
YA EBEH R (Ueno B, 2002), F h U F I EHEHD
Bk % (Takenoshita ©,2010), 4 F F (TN #E o R (12 T 5,2009)
BIXOY I FaXxrsofitta4d (HZEBE, 2012) Th o/
TOXHIE, REEWMEDEPTLCEE MK E Y E IR OB R -
W, MOEREEOLE - R LHERRE~OIEH, 6124

FrE -l LR RERZAMMBLEEFESEIN & BMEFTRZ BRI L,

Mmx CHERMHEDEERG~0E K - BT T&k. £ T,
HIEYERZFAHLEINLLORNRFERETMIZO W THEEER
BT L2WMMER &L Tim C 7z,

1 MEBENEROERETEH

M EYERORE - HHE T, BESERTFTTHEAIALE S
YONT BB oW T, M RGM I R0 e Y AR o B R oy B 0 M [ AT
e, BX O omtHAERPoMAE2EL T, MBEERLE T 54K
DRANLRA 24T - 7. BAEE, FEH (1998) I X v B HH 2 F b
i, B AT REDOSEL, NAXMEEO MO ER & &L
AT EHIALTWDS., £, BERSGEHEKXMEITHRSL OB KM
BEECTIE, 22 CTHRY EFE-E 2o A "+ 2E50 T, BN
TRERMEYORBRAEE N TON, BAARKRHICITBCER & L THKS
NWTH OB ARy hELTHEHEN TS (KRB A — LA —

Y : http://www.town.minamiosumi.lg.ip/minami04/minami36.asp) .

- 147 -



¥, e AU ARTREEDEHICARBREZIT- LD, 22 CTHEER
IRESCKHE RS L ORAEKBESEDO FIEIZ, Tk, =0V IO
BXHEERBICIDDEREEKEYOFR (BAF, 2012) CEMT 5 K
Weihot., SBl, Z7u—H% A4 A —%—12LY DNA &% Il &
LAERKOBERLA A - LBHEICKDERFROKEME ML
e, TOXSRT LAY A4 X H DNA & HE LR KO HE
MDA ERAZ LR, MMM L2 RaEaRBEELEBL TBY,
W FEOEHNERANZEOLRERNLERELRE O RK Z1T O HEM#
Lo

— 0, BREBRIZEWT, MEMYERLZEENMH &L TR L
HEAZ Tz ° THFEE] R2EO0FRAYY~A4 0 H
L. InbiE, BT B CHEFMHMEL THREISN CEZEREDF »
b - BRREN (EFES, 2003), BERBRERLEEL L T4 5
WG S LT b O T (LML AR K PE A R Bk 6862 5, %K
MR RAROKES G 6863 5, ‘FFEAFEAT BN
KEEE M ERE 7085 5, 78 2 — L N7 BARKES M
B 07086 ), A EHOAEEICRE L THRERFHEELTWVWDH. 2007
ELLRE, R B R E &L A L, 2011 4 K T Hk 5 i B 1X 500 ha
iz, oKX B LB LR o, TAOLOMEIIRMEBKZIT -
oA NAT Y —HELTHBEIR (S RICBETHFERE, 2009),
AERSHREORZEMICHELS LTV D,

L2rL, 2TOUANVAT Y —HOHE - HBBOBKIZ, 2L 0MN
FIEINAHOBEGENFEK CHMEOR FORARKOMBRICE DM
R EAELTCWD (T—FEMK). ZoXk>nMEEZMET D20,
F2ETHWEMMAEANIEFET 2T IV ToBREELZISH LT,
N7 T VT HO LB#ERE (i) Mz AL, B OHEIHE
DHEEZEL YV N T U T 7Y —D@KZATY, FEEHEM - G0 %R

TEAb 247 > TW A .
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Zokow, MYBEREMBIRBICIEHNLEZEMZ R LE. BEE&E
BRORESLCHEFIHBRARKLE LR LTITbATWVWELDOD, 0K
DEFIZROENLTWD. Thid, HMIHFEDO T BEENRE S L
LZHAENLZ N EhBbELDHEEXILOND N, A%, BREICKDE
FENOmEL 6 RKEEOERICEDITHBABLO LRI IV, Hilk
ymERIEH S BRET L2 2L 2HFL TS,

2 EHBRICEISHEBERELZDRBENATIEEA~ADIEA

B2E T, ZHHEEAMBEOEREEICL Y, ZEOMYME T KRR
fboEBNATETHY, MHENCLEL CHRFENDZEERL
oo, HOEHICEIV DY) v E oL 7= A RS
MEINDENRBINT.

YA FTIEHRBEO XD ICEXTHEBRICHNAER OR AN EL
oM, EEETEICEHEDLDINAEBROHFAEDLIHL NIZR > TW5D
(Asis » Adachi, 2004). 72, BEHRKEELEDO T v v =27 M [H
BEMEOLEDOZ Y FT7 74 FOMBEMRKH] TiIX, A xHHEH %
Rl R7 74 8 (MW AENCTHRERNICTAET 2EH) OBEK
Rz EICAHALNDLI T EEHE EOMELE, £ L CTMtWH R MEEOKBE
RN EmR S, Yey=2 MMIEEKRRELTHRESATWS (7
7Y/ MFREE, 2002). ZTOF T, = FR7 74 FOHKAEIZEK
LM ESEMEELT, =V RFR77 A4 FOFEIZEID =Y v ¥ —
WREEZREODEIHHEL, T F—FBoXRBELZFEL DL
MRl InTWnd (Fryzry PFFERE, 2002). £/, 2 b0
ZLFAREETHY, HEFRREEZ AL THIEENBELEHK Z L
IRESNDD, MEMEZ S FT7 74 FOBAE, BFEEMNPKL, £
FEERLF T T —BAEAEREZ T T ORNHDLZ AWM E LT
L (Fwmvy=2 MFERE, 2002).

b0 b, MEMNERAZERBEERSXF - — B AE
BB, bl T ZxToMoOBEAREICEET LI LICLY, MEMET
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YRZ7 A4 NESBL, AFXNE, MKEEOERBEM LICH
EF 28 774 FPo@EBEPAREEEZLONLD. 61T,
HEZBRICEATLOINAFEIL, AL0MEEI I ERI A TWVD O
T, NEHODBENRES ThY, MEMDEFH L ToHHE O M
HMEOWEMM 2T ERAEZH LT 2280, EHNLME
e F7 74 bOBREINHTED. £, 2085 lEME=T
YRZ7 74 POBRBIZELY, BEOYANLAT Y —FHICHERE - ES
S, HMEAEOLZEASHIMMME R EAHMHFTED. £, KE
BIHMEEMEIAESHICHMATE T L2 b, MBOEHEDNEL WV
B, TOXOS Rz N7 74 Ve EE~Y——LLTHHTZ
IRy, HEEBICL2AERAELIE T, HESHRBEOMRER
EHMNALVIEHICEM TE 5L 0L E O, WMk 2R R EE
XL b T HHEHELZTOBGAEEE~OHEBRPIMHFCTE S,
— G, EB2ECIE, ME Lo AEBMBREFHL CEBETTEZE AL,
KA THDLIY Yy 7 F X Oo#ERTHABZEMZR L L. B
T BN, AN KRBRECCHERME LR L 0
TR rfmcEs, XA MLEE LRV ERZRO FHEE LT,
WMo CHHALRERETFEL VWD, L2L, sido X2 cHEPAEICE
WTIHLEEB AR IIEDICX T 22023 A M 23 Tk L
Wb, BENOEHMEERICH T ZHFERBEILTLHIER
ERWVWARVOoORBRTHDL. —F, B TMARERT Eis
T AT B Ay & i, B FORBELKEEMRITICXKS Z LD TE RN
EAXAFETHY, BRCBILIEBBEFLANLVOBHROM ~— I —
EICEKLLTWDS., £k, fidoxr F7 74 MZHOWTH, H
lhEEMEHENTE L THFEINS. L, ERAMLICHEZ > TIX
BETFLVLRXALOMBHAARATRTHDD, ZnboHilroRERkE @A
TOVMEME Y N7 74 PR EREHICEMNICEDY, AEBE TEM
SNDHZERLEERND.

s
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3 RARZEEEFEZAV-MEREEYOREERA~ADOGH

KW TAT oA A E— 2 BBFITH > Tix, (M) KaHiFA A
RHRB SO XBEE XA ZED THIEBAAHIEBEFE LD
BRI F—RHFEMEIRE - HIFHFELEHNL THREEZRBL .
COAF U E— L BHFICLLIERFTREWOMBELISH L LT, H
3ETEHm Y 7 MM “MES 2XRICEAINLOAEFKHOHFAE
FEMMALE TERFRIAT L] 2HELEL. Zhi2ky, 4
VE—LABHICEIERFREIT Y, EFABELE L CEMME LK
WM ICER LL&RKIZELY, EALMELTE e & 450
FEHERLE. S50, A A —20FBRHICEY, SETERBET
LEMEEECEREBEEBCIIBEMEEEZRBET LS L), KT D
BEHTELL2 0B EZUHERES “FH 2 2F/KL L.

CITEHEBLEWmX IO D EMEMELELIT, HIEEHBIC LYK
FoERESMEIEILL, BRESLHMLLEERO SEER KDL S
BMHETHL., Em¥ s ‘HFoaR OHBA, BIRAZ30C, KiR%
20CTHEHM T D22 LI X EBMAMENEB T 5 (Okamoto + Suto,
2003). RENEFoRIEY T, HE - WM IKIEYICH 2D E K
X7 TE, ZOX) hEAMEELDVEAEEICTEHL, REFHRD
BHAEREB S TWwWDd (AR, 2000). & Z AN, FESIKIEY,
HAE S R WS B e D KEm X 2 T, [ UIE B gk C M ] R MR Y 58 HL
L72%a, MEDHERLOBE LRV O, RO F K GHE D K %
LD

— 07, “RrART o HEM B B X, 120 BHAE O AER T50%% A
T& %A, Okamoto - Suto (2003) OHEEZZHZIZ, BRIROLEIR
FHOEMBEERIAOBERERLZHE L E Z A, BIR30C, KA 25C
THEMAESHORAENRO N (7T —XAM). £7, 200608 6 T
ArD SARHOEMBENPORMAMEREZFAE L L A, HMP
ORI D I E35.5C, FH28.9C, i IK24.8C o T, M AL L b

i
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BRroOMmME, RHEIEIE, ME 15 6%, “ME 2% :61%, ‘#H
0 67%, BO2-1-1%# : 96% & 720, Kt M T 80 kL R 2 2 »
RO EHIIC, Z0EMERIHEMELHEXT 2RI 5.
mEB, TIZTaRINTZT LI, KRIBHRERICEND “WMIE 251,
FwmPle Ha CEBREOEMBEERE T OO, 128 BAE
ERIC BT 2 WAL R IT20%FE T, EHLALO ML E L XS
W, 2O XS, Kim¥ BT D FEHN A AL X,
Do iEEEFOEMBERE, FHEFTOHMBEOMK T O2mMEE %S
MLIEBRENPMLELFT D,

EHomENMPcEKmYY V~—axu—" T, EALH
DHEEETEAMLEELZHFEZ2VWRETH L. ZomEITHO>WVWT, T
R A A E— ALK ERFREZALTLHR, B4AE L K2,000
kO ERFRLNRICEMUEEZ BT 2 BEEITFEEL R
(T —2EKK). 2o i, “#E »o@ERHEK L EMEELEENK
i, BAEELRRBIA T OIOREFTSCEKENELLE DO THDY, 44
e ARSI DR RFFEIR T, EMENEE R W A RS8N E
PRI 5 TERnwo &R TE. BLEIX, il o X 5 I A
FLEWIME LR LTEBRKEZIT > TWDH D, 4 %I, A MRS
RFEECELIEREREEREOCH IR EEOHERILELEZOND.
K, A F v e —20@FRHICLIFREZRFLELEZ A, &
Mkt & IRIEHEEZHFEFOAEOFKZBEL T, SLETO A &
CE—LOBEBRERBNICILI2ZRF RO Z EFELL. 2 2 TR
L7eX o1, BRREZITO 2DHICE, DNAER A L TV 4 R
KEHWLILERSY, EFRTE2EI BB FORE2HBEELT
Ea<, RERERICID MMEFELMERS Lo REEMSS DA
BRICRDIEDRINTE. S, “HiM o4, BF OFKE T 6
B rRAUCBLEAE CTHIESED L, BREESIHEREDS B’
LTy (AL, 2005), AF&E (WY IEHER) »ENT 5.
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ThE, ZEFREENROMBARRKEIC, EFHERRZERBEKZEK
LR boetEZ2oNnT. A A E—2BKETEREED
KHOFMOERRE T TEIRL, T UrARY R EMHEMLL, Bk
ERAEELZHL TS AEEN R I . B, “Ha o R
M~—h =N b b T ARY R ERICHEBETERLZ L (ML,
2007) b, ZOWREZEZXFHLTWVD.

UED XS, AR CEWTIwmX 7044y —sxd ik
BFREEWREMRL L., S0, EAMEOERZ®BE L T, A4
E— A EFROBMMEELEIET DI ENTE . BIE, “HMH OBF%K
EExHBALTWSD (HZ#H5,2012). £, ZnbxibHLT, A
FARLF P U XFEESGREREOREBEBRIEAEDIC OV T, & HGERE
kMU BREHED T D
4 BERLEFRABEOLZERBALAREE

mEOEFRSLE R EZITH> LT, "WHEOKRELEHBLIOLE L
HMEME o AT 20BERARARTH L. WMHEOKRE - B HITHES
BICX2BEREWE, BLXOLREBRN~ — I —BBICH T DR ES
ODHMPMEHICE S TR, MEOKEEEEME - &N TH
ZRIZ LY AaaEE D

BREBREZB LT 2L, A F L —2BHICEVBERLESEIC
OWTE, BRERLE (M) K7 hr e MO L EHEIC XY
ZTOBEREMESML TS, £, BREMEL FiZVHHEZF
T o5 AaC>0WTH, AIRO XS ICHFENIEE L4 E L TH&HFED
FEREEZHBHF LR FTOABICE ST, 20O X 5T, MM EHEIC
Mb2HEMOGREICHEILIATIXRTHDIN, A - IEHEZARE L
ETomE TR ITNRIFEAREIZZLL, RFOAEICEHEL Z & 1Z
LW, RERLBEOERICHTE > T, BRAFHEZ2ITOBEOR L K
TaMEE, REERN~y— OB CTChoT. A~ — o — (T
fEEEFEOLFMEICLIVBEETCE, MBOEHERNATREL o
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e, Wl — DB MEREEE R T DO RFRE T
DM BEMENBEALTFMET AL R ISR, T LT, BFOLL
FHBEICRLIREDO TEBEENEL P72 &b, BEBALFEI
HMm CRFEHBEL (FE S, 2007), “#FHd OF#HEE»OLMEY
DERTFOMMABE LTABT LI THMEOHENIKL L. £
D%, 2008%FFEN O RAKAKFESE DNAY —F » 71T K DR EEHHEA
Yo o> i - pE M CH] B B Al oo BE S ) (R & 5 1970) (2R S L, CH
M2 OGN~ = —ORBIZE->TWVD (2L -8E, 2011; 2
i %5, 2012; Shirao®, 2012)

IO X DT, F AL TE O A M PEME R O BLE 2 5 8RR~ —
N—ORBELFMER 72 BE, MBEEFHRODRZ B L LT,
BEFLXLVORE~— I —BHEINSE T TCERL WD, &k~
— A —OHMHTEFEOYEICHEELT, ERLMBEOMRN~ — I —

BTS2, 5%1F TMMER#E] CWH>EVOBAROARDLT, [
ODORE] FERATLIHTFALDELY —LELT, SHLIETHEETD
ML TS
5 £&BH

AW CIHBEREROMBMBYERZF & LT, Zb oM,
BREOXBRBIUCEFE~DISHZHRIT L, 44— RHIIC
DNANAFT 7 s m Y —FEHLEEMRMBEOER & EEBE ~ 0
FizowThbigm L, EAMHEOERICETLHBO 2K, &
RFRAR BT L2mBEORKICHDL. $h, REZWEEHOS
G, REOHME - RFEOBECEYEAITOKRMBEAERZERL TB
D, A—mHEL2H VL2565 THoTh, MEITERMEKZ &AM T
TEDNARRLEERE AR LA VWDILENDH D, T, 2E THES
NTWLIH Y~ EDO "“EHRI14%57 TIFH BT EIE L2k~ 2R AE
RMNTFET DL, BRXOARMETHWEZEwm T2 “ME OoL46
b, EMICEIVERFREROBEREIRPAERDI LW LNTDH
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BEREAKEZINEL, BEREZHKELELTBKT A LENBHBED T, 2
EBLOEIZECHLEI A TORBOHE 2 2 IR B %2 E

VEEDR RSN TS, BEERBIZE, KO45D JICHE T 5 84 EZDB
H A5

1. BHRLEERRKZMAVC, ¥ 272 RIBELERFREYNR T
DEHRZARICTOIERFR AT LziEHT 5.

2. FRFEYUNRNOBELY B LRAKEORMK, FHICLY £

LBEEOE - REENPLABTBREOL DR VWERKZEK T 5.
3. DNAEZHEBEICL@EKRICLY, EARAMR MHEEEZMERSL
EHRELORENTEE D
4. —BBEBICELCZEHRICLY ZFHREKREITH Z LT, M AE
ol EHKBICA LEE@ENATREE R D.
FRoOBEEBEZ ALV E—2BRICLDIERFREITO 2
Cicky, EHEEELABTEHNLMEIPERLTEL2HDLEE X T
L. EKE, HM BERUKE, AECTHKARBBESRLLE L TA A
E— WK RNITHbN TS (Tanaka 5, 2010) . L2 L, A& 2=
7 MAVBIEL,, BREPNGVWA LT E—LBHETH- TH, KEIZ
KO MmEERBEOLZRMEELERKIC, ZRFEREICH VDM ERR
HMOBEZEZITV, REBERELABREOCOETM - BRILOBK T, £F &
DELIRWVERRKERKTDZENLETHY, TR LICIETEM
MBOBFRICEELRNVEEZSZOND. 20 X5 RHEAE, BED
AF -2 RBPFICEII2ZEFRERABRICENIATEDY, 4% 356
I OERGBEERICOZND, [ A E—LFR] &L THE
THZILEEHELTVWS., £, ok MEERICH T 2 —E
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BERE BRI UM oM Ic @& L, ALK 600 km I &5 LD
HaxREMEROER CTH L. RFRTIT, BREBEREZH &L T,
MR EE 2 EREMNICIERA T 2720, MKEYEROBE LTV,
AW 2 M LR O S E - 2R &P E i o B3
LBRICA Ay E =LK D2REREREZFM L KR o5
FaiTole. SHIIC, ThboHiramMLEENLEOFKZ AT
W, BREMMBOLEEBRLG ~OEL K EAT O O, 4O RE NS
Mt ARl oV TR L.

Bl1ETE, BERERTTERIAL2EEOE N U ANTEEY
ZHOWT, BEBMREFEESSEAKOBEE O NDL Y a vx X4k
(Lycoris traubii) & %> x 2 # I Y U (L. sanguinea) O % Mt ff &
HEL, ZTOmMBEEEZ XN D 28O FMRH, HEEAEORRE,
Qe koo, MBHEOSMBLIUOHMEHORMELITTo72. 2 b D
MR, BERBRTCTCEALINE 2 EOE T N T EBHEWIT,
YavuFXFAA U EMBKRETY R NI VI OARLHEIZ LD E
BEBRTFTTEALEZEEZGEHL .

B2 ETIE, MPoMBEEETICHEL L2 KRRKILIZONT,
Z W EAE O R B MM E A B L, KRR R E AR
Pseudomonas sp. strain F & X O° ATCC fR A © B &% © # » &
Pseudomonas J& 3 X O Beijerinckia JE ® 2 J& 4 & o Ml & (2 > W\ T,
MEEREEICL2KERICE#HODRELZMST L. Zhicky, &
VT b BEEE L 72 P.osp. strain F & [A AR S, oo £ 0E R PE A IE R R
PEME LW THEDO KRR ZREEHETZ20RDZBO 6N, ZHEHE
FEERICLVEREOBRENAIBTCHLL Z Ea R, Fio, BEMEL
EIHBEEMEIEDAAN B TEEE ELEHE R LE. &5
(o, AM R B FEVE o M L PH o 95 K & H BT, P.sp. strain F & R &M
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BOLNE., ZhiCky, MEEBE NEDOR 28 2 2 ®@FA TH
MagThby, ZOFHEOEML~DOATERER TR I .
Agrobacterium tumefaciens #:fiJEIC XV > % 7 7 7 O B s 1 #H &
oz MW & VEH L 7=, A. tumefaciens (U5 B E &2 BV R iz N oA F
Yy —~_27 % —|ZX 5% NPTIl & GUS #Efs T DOl F % f& & > R#K T,
VY T S ORBERYOEXERLEORGFEZEEIT oL BEEO 3~4
MmHA®%, D ~A v BEBEMETCAEENER SN, HBERIF
A L 7. NPTII & GUS s FOE AT, PCRIELYHF g T U HF
A E—va kit THRABINL. MM EH 72 GUS IE M M@ 5 2
5, BAMEFIE CaMV 35S 7 n®—4% — 2LV, 2@ CoOMAKTIHE
WA T LI ERN REaNT. BEBRAEKOESFEIX S%E KM
SN, ¥FATEEFET, BABKRFOFME, BBIEEL L OB
ML OWHENS, BELEREBR R Tz, YYVRBICBIT D
BEFHABIEROMBNLICEDY, A ENRFEEKE O M,
Ml T P B S BRE A bV RSx5S ok &£ TE A Al EE
ZEZ bl

FEIETIE, REEZNSZWVWEEAMEO FIELE LT, WX s 4
B EMBICA A E L BHICEDIERFREMICOVTHRFL
. ¥, ¥ ATORENBRLSERFTRERNOEREORK &M
HMERDNAEALZRZR VAT AEBE L. S50, KIEMEN
EWmMBEECERL, TOLRFREAT L2V AA A E— A
S ICEy, " ME 2o EAKLED “He® & ST EHERL
. Zo2 R EITEMAEEEAESLEZb OO, KIEEBIC LY HE
2SIEIE L, MM CARIEBEMN D 2 o0 R E O RO L B AIK T
B CTE o, 2T, HM A E— L0 HRBY EIT
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W, RIEBREMEOREEITO Z LI LY, MK EKER LMD
FHEEZFEROLREKOBHENATRERE R, “FHMH 2 OFRITE-
L EBRKOBRKEITOR, TORNMEEKROM, DNA & 0 Hl &1L H
EThHY, FICHBRICLIEBORHEMEULR AT D5 AL, DNA
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FAETIE, BRMEICBT 2 mE®RN~ —F — OB & HEH i
MY AT LAEHBELL. ZhiICX-s T, MHEORH#ELEEHEL L OHE
WO EZEMLBEER L, EFEBG ~OF R UV IEEEDOR
Efb, S HICEREBREKRLDEOEE~ORMMNATREL 2o 7.
oL, MBEMEREZSZE LEAAATT 7 /v Y —ICH
bofke i ilE, R -EHICHEY, BMEHMS LOREET K
O L CHIEEEOBRBICH oW T E 2. E o, WM &I
WAEMAEIEHA T2 MEEEEIT, = N7 74 MEEOEEZ A3
L2 LIk, EMHEFRE B (IPM: Integrated Pest Management)
L, FHER~0REPIFFIND. EHI1C, 15 E—2HREIC
LOERFREREMICEI - TENMELFERL, EETOREICERE
TLHZENTEL., ZoREE, 2HO A4y —2FHE] OF
B oTWD., 206 DHENN, FHBOK L REYHEIRICE T
DAl E R, MM AR XM EEE S o RES
FRERYHNRIEHELTABZOMAERBICK LIS Z ERHFI L.
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Summary

Kagoshima Prefecture is situated in the southwestern region of the
Japanese mainland. It is a wide expanse of land stretching approximately 600km
from north to south. There are a large number of plant resources, because the
climate ranges from temperate to sub-tropical across many islands in this
prefectural region. In this study, a selective breeding technology for vegetative
propagation of beneficial plants is discussed and this advances technologies for
search and utilization of local plant resources. From this foundation
improvement plant resources through breeding combined with tissue culture can
be developed. Further this research has integrated use of microbial interaction
and mutation induction of ion beam irradiation as additional tools for plant
resource development. This has provided additional foundation for breeding of
new cultivars and cultivation in Japan.

Chapter 1

The authors had discovered in Kagoshima Prefecture, Japan, two new types
of Lycoris which have straw-colored (L. sp. A) or vermilion (L. sp. B) flowers.
Their morphological characters, characteristic karyotypes, and other characters
suggested that these Lycoris species might be hybrid between L. traubii and L.
sanguinea. In this study, inter-specific hybridization between these two species
was conducted and 32 offspring were analyzed to confirm the hypothesis. The
morphological characters of these seedlings were intermediate between both
species and the several leaf characteristics resemble L. sp. A and B. The
chromosome numbers of somatic cell in these hybrids were either 17 or 18, and
their karyotypes of chromosome configuration also coincided with either L. sp.
A and B. An extensive survey on the distribution of Lycoris species revealed the
presence of an autumnal flowering L. sanguinea in central and southern Kyushu,

and especially in Narikawa area in the town of Yamagawa where L. sp. A and B
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were found in abundance. L. traubii and L. sanguinea were growing side by side
and flowered simultaneously from mid- to late September. Based on their
distribution, morphological characteristics, and karyotypic similarities, we
conclude that L. sp. A and B are inter-specific hybrids between L. traubii and the
autumnal flowering form of L. sanguinea, and that their origin would be the
southern part of Kyushu.
Chapter 2

Hyperhydricity is a physiological malformation affecting clonally
propagated plants generated under tissue culture conditions. This malformation
is associated with excessive hydration and poor lignification and results in poor
regeneration of plants. We have tested hyperhydricity prevention in oregano by
several nonspecific polysaccharide-producing rhizosphere bacteria,
Pseudomonas spp. and Beijerinckia sp., prevented hyperhydricity and improved
acclimation of  oregano clones. It is clear that an initial
polysaccharide-producing bacterial treatment can sustain the unhyperhydrated
condition over multiple subcultures. These results suggested that
bacteria-mediated hyperhydricity prevention may be linked to survival of
bacteria in the stem tissues, which may be carried through the next subculture.
Based on this study we have tested hyperhydricity prevention in four commercial
clonal lines of raspberry (CDH-92; GEL-20; Heritage; JCR-FL) by bacteria
(Pseudomonas sp. strain F). Acclimatization was enhanced in CDH-92, GEL-20
and to some extent with JCR-FL. Such bacteria-treated clones adapted easily to
outside environment or greenhouse conditions without extensive acclimatization.
These results confirm the role of plant or rhizosphere associated bacteria, in
imparting enhanced vigor and stress tolerance in plants. Such knowledge should
be used for rapidly acclimating tissue culture-generated plant clones to outside
environment or greenhouse conditions. This has positive implications for

commercial applications. Subsequently subcultures can be maintained without
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re-inoculation.

Additional use for microbial interaction is the development of transgenic
Rhododendron plants using soil bacterium Agrobacterium tumefaciens-mediated
gene transfer. A. tumefaciens strain harboring a binary vector that contained the
chimeric NPTII and GUS genes was co-cultivated with stem and leaf segments
from Rhododendron tissues cultured in vitro. Adventitious buds were formed and
shoots were regenerated on kanamycin selection medium 3-4 months after
inoculation. Integration of the NPTII and the GUS genes was confirmed by PCR
and by Southern hybridization analyses. Histochemical GUS assay showed that
the inserted gene was expressed in all tissues with the CaMV 35S promoter. In
Rhododendron, the transformation procedure might have a fundamental role to
expand the range of genetic variation such as flower color and morphological
characteristics, and to strengthen tolerance to environmental stresses.

Chapter 3

In this study, we described effects of ion beam irradiation on cultures of
chrysanthemum. ‘Jimba’ is the most popular white-flower chrysanthemum
cultivar in Japan. However, this cultivar has many lateral buds, and this results
in delayed flowering under a low temperature. The objectives of this study were
to develop an effective method for obtaining mutations with ion beam irradiation
to develop non-chimeric chrysanthemum mutants possessing excellent flowering
and cultivation properties. More than 10,000 regenerated plants were obtained
and cultured in different cropping systems; for selection of fewer axillary buds
or lower temperature flowering line. From the screening of 10,468 M, plants
derived from the ion-beam irradiated of leaf discs, more than 40 visible mutants
were selected. Then, we have succeeded in the introduction of two new cultivars
of chrysanthemum with reduced axillary buds named ‘Aladdin’ and ‘Imagine’
using ion beam irradiation. However, the flowering in these two cultivars was

still suppressed under a low temperature. Therefore, many mutants were selected
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in M, plants derived from the ion beam re-irradiation of ‘Aladdin’ and B02-1-1.
In M, plants of ‘Aladdin’, DNA contents remained almost the same level as in
original ‘Jimba’. When we used the re-irradiation technique for plant
improvement, the goal was to keep original DNA content of the plant materials
or mutants used. These mutants showed favorable flower characteristics similar
to the original ‘Jimba’ cultivar. Further, we succeeded in the introduction of a
new cultivar from ‘Aladdin’, named ‘Aladdin 2’, in which both desirable
characteristics, few axillary buds and early flowering at a low temperature, were
combined. These two traits will contribute to labor and/or energy saving. Further
to breed new cultivars of chrysanthemum using mutation induction by ion beam
irradiation has good potential improving flower quality.

Chapter 4

We developed the cultivar-identification markers of ‘Aladdin’ and
‘Aladdin 2’, and made the system to increase these plant phenotypes in nurseries
to distribute them to growers. We also enabled protection and the management of
the cultivars, and the supply of the nurseries. This means that the farmers can
produce these cultivars not only in Kagoshima prefecture but also in rest of
Japan.

The bacterial-inoculated method would be able to use in these commercial
tissue cultures, because of enhanced vigor and stress tolerance in tissue
culture-generated plants. This mechanism is like ‘End Fight’ of plant associated
microbe, and it can be developed as a way to improve plant tolerance to plant
disease or stress and can be achieved by natural biological process. Furthermore,
we succeeded in the introduction of new cultivars, using ion beam irradiation
technique. This novel approach allowed mutation induction of other local plant
resources and is being termed ‘lon Beam Breeding’. Mutation induction,
microbial interaction and DNA analysis based on above biotechnology

techniques have been utilized in the agricultural production for plant resources.
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