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 EERHI DEATONRNIEFH VS VICBWT, Agrobacterium rhizogenes 2~y 2 —HET BH
FEETFEAOTRME S L. B8R LEL L RERBOTRERENS 2BAHEAEL, EFEER TR
BEOYWEICH VADHHFE L. ChOORERER VEY 7)) —0 MS EicBELE 5,
ERICHE, SETAEMEON. ChdOBREEALER (NAA 0.1mg/l+zeatin 5. 0 mg/l #in MS
) G LECAANAE QIRBOBREL, PR TEHOREFSHE L. BREUCREFLLOD
ZHR1Z IBA 0.1mg/l D MS B BiEd 5 C & TEBIKB LN, BELUCEMKRD 320 2 3IE
BIEAR LSS LBk Ron. BERRERKEBRICI O BEEYERPOA /1 Y DREE
otk T AERIBHED 4 BiEOBFEEYKD 3EEOENI b~ v/ €V PRHSNEERBRIESTS

7z.

1. ##

aEFH v 5 v (Brassica oleracea var. gemmifera)

m

124 v X (Brassica oleracea var. capitata) M
NEMFEEUDOEAEB LU E 2 I VEOSERNE
<Y, hiffa —v v N TR EEIEES UTERICHS
NTW5. BRICBOTOEFALOEZRL, BRI
PN E LR EEL LA CHFENET VDD H 5.

IEFAVIVEMOF Y EICHSN, £ O R
ORFEHNEL, WEEPHAELSEOBTENENL T
BV, FCTHEHRE 2R LRELEBEOEENEENS
P, EROTHMBERETEREEARSEL L, HMiads
BECTRERBEDADHEARE L.

—%, 75 2t ENETH D Agrobacterium D
Ti 7523IFP R 73R FRRNI2-RETS
BERBETFOEAENOL D2 OBXTHRIFINT &
72379, BIE T A. tumefaciens ZANT + = + T
Bacillus thuringiensis O HREHDBEFDEAICEK
hUTeEDH 5. 775 FREY (F+~xv, B
757 —, ~NKZ V) TlL A. rhizogenes [T & 5 E
BAEHR ORI HE SN T BT,

AHETREELDZVEATHRVIEF Y SV
B TS A. rhizogenes %~ 2 —RE T AHHE

EFEAOTREREES 0D COFOE~DRY, EIR
BOFREL XUERED O OEHEOBEEIC DO THRE
U7cEReR~5, BBRERREOHRIZA /1 YD
HROEECEDBRE L.

2. MEBLUFE

Z o vERRKHED Agrobacterium rhizogenes (Ar
M-123)" 2P BERE — + R EREH R+ 0.5
%, BERE T & 2 0.5%, *7 v 1%, & 0.1%,
MgSO4 0.1%, pH 6.8, X 1.5%) T2/ L3H
R (28°C BREEMAT) LERICHW .

HEEYE UORIR L a = F 4 v 5 v (Brassica
oleracea L.. var. gemmifera Zenker, “BETH") %
Ao, AZE2720 L SKREERDBRWZRZ ORAIOEE
OELMER U, BERREEERS ) v aBKk &
PEIEFR 0.7%) 1c 10 4fRET 6 C & TV, €0
BWEKT 2 ERE LEERRICHER Ui, ORI
lmm %2 XTHEEL, BINCEOYWEICER
HELUCEPERE L. £0%trE Y 7 ) ORI
BEEE LI UTERNICEA L. (10 F#HEE). OK-
RIREEEBEETICEL DY, Bk MS oF
EimEsIEE, $8'C Ringe and Nitsch D% I ¥
JUOBMBERPEZMA U $ FHEE 2%, EXREEO0.8%,



pH 5.6 & U7z BLATICHE 2 B I @& v
= VPSR T RTRBEE Uk, $312 28°C 3,000 lux 16
BEEATTT -7 XE1 % SEEXTRIEESZ
BLUTHEHhcEOBESED bk, B2 8L R
B icEmEig 5 &, ENERER BRI
D DB ORE LSRG & 7S > 7e.

RICT LAWY (carbenicillin sodium 500
mg/l) AND QEHICEE L. \EREOIRK &R
Tt DTBERBORA D0 TREROHITES
5.

FREIEF,H © a-naphthaleneacetic acid (NAA) 0.1
mg/l, 1. 0mg/l i zeatin 5.0 mg/l 244D EH
i, 6730 L Tmm 5l LAcBIRBEBRE LA VRO
R E REFOMEERE L.

TERBREMAROHE : BB XD RELICRKES
SEALEGEDE 0.2g fw) 2 0.1ml © 0.1N
EBhTEOE L, BEL5EE (5,000 rpm) iChit L&
B 10 pl % JEHE (Whatman 3 MM-CHR) Fiz.x
Byt Uik, £ 0R%EFEERESKEE 350V, 18
)Y kXA, vO—FEThb<v /) ©VvOEEE
Tov ) -REERERI ST K D FE 01D,

3. i S

(1) EBRIBOFRE

B U RSO, 5 6 120 L 10 B
RS U7, SES 14 HE$Tic 80% DUEERERK
KENZEN2WNUAROBBRD O, BHEEEL
- TR OYIBE 2 DI B v X O B TR Ui
(Fig. 1). HAEULBEFRRESH 7200 8mm
BEULRHICYIDERD, 1ARTOHEHEAD O
LBRE L7z, RE3IEAUBRTZ2CKREIN 10 DR
eV ) —OEHICER L. 205 B 4EDE
RIERICHE, HEELDERIBORMEZR LIS,
OB METT R UL,

(2) TREFH4E

FNEVZ Y —-OREMT 35 HERBELEREIEL
%67Vl Tmm OEIT O LEMbEEM (2
X) kil L7z (NAA 0.1mg/l/+zeatin 5.0 mg/! X,

131

Fig. 1. Hairy root formation (right) from
Agrobacterium rhizogenes-inoculated
leaf cut surface and callus formation
(left) from uninoculated cut surface
(control).

Fig. 2. Adventitious bud formation (arrow)
and secondary hairy root formation on
the callus derived from a hairy root
clone. :

12 At B LU NAA 1. 0mg/l+zeatin 5.0 mg/l [X,
11 A#EL). NAA 0.1 mg/l+zeatin 5. 0 mg/l X TIIks
E 10 HEED S 1REEDZ T R T OBERED
SANZADPREL, BRERN20HTBY OHVvRPD
TEFOHMLBRYD o /e (Table 1, Fig. 2). —F
NAA 1.0mg/l+zeatin 5.0mg/l RTIZIFEAEDE
RIBRE A V2 TRELE UL L. $ERED
H WAL LT b DI DO TR RIS DK T 2 IkIBD3
EEEDk. .

Table 1. Effect of NAA and zeatin combination on formation of callus, secondary
hairy roots and adventitious buds from hairy root explants.

Adventitious

NAA Zeatin Callus Secondary Adventitious
formation haiiy root bud bud 2?:;]2?1? per
(mg/?) (mg/l) (%) formation (%) formation (%) - (Mean=SD)
0.1 5 92 75 3.4%£2.3
1. 5 18 9 0.5+1.5
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(3) MMkoFEE
REFEDEDOANAZDF-ETETHYED zeatin
1. 0mg/l ZETERIcCBIE L. 30°C TRAEEMMZ
LN DT 20°0C BRHEREAL) TERELZECA, X
DMEE USDIER S 3Mm Ui, 258/ X 5 1C zeatin
0.2mg/l ZETIEHICHEL, ZEOBEERE L. B
SNIHEMIRD 350 2 Pk (35 [k 23 @) RIE
B WAERTR L DS AE O 72 & ORBIL LI Bk S &
L (Fig. 8). LHL Ri 75 23 Fick 30 HEHR
HTEL RONZELSEIT OEER B -7z HELE

Fig. 3. Regenerated plantlets from a hairy root
clone. Normal looking plantlets (left
and middle) and a dwarf plantlet
(right).

M T, T, C

Fig. 4. Example of electrophoretogram for
detection of mannopine (evidence of
transformation). M : standard manno-
pine, T1 and T2: presence of manno-
pine (upper spots) detected in leaves
of regenerated plants from hairy roots,
C: no presence of mannopine (upper
spot) in the leaf of mother plant. Lower
spots in T1, Tz and C were unknown-
silver positive reactants.

TEFDI B2V USEARTT TIKHEBIBDON
7o, B0 OfEKIZ IBA 0. 1mg/l 2ETHEMICHEE L
& T AKEE 10 HEICIE 90% OEEKTRE L.

(4) BHEEBRADOHE

4 RKOBERBEROHAREGEOE LRV TREZRTT
o7, ZORRLBEERFIEURIP O~V EroigBE
1 (Fig. 4) BEHERSTHOUTH S CEBEID LN
oo BOD1EEBLUORBEE UTHOICEEOENS
B=v/ EVvoRIciERAESNIE LT,

4. E %

ARBEZETEIEFH Y S VICEAT BICIR A
tumefaciens'® & A. rhizogenes'” Ry 2 —FRET
BHENRDB. BiER Ti 7523 Fitk h HEERS
N7cMfe s EEMEMNRBELY 59 v T — v EERT 5
e, AF<A v v EEEEFREORIR—h—%
AR E D WEERREROENSE L. —F A
rhizogenes TiX Ri 75 23 FOESick D ILH iz
SNEASERBE LTHELAVE Y 7 ) —DEH
TERBETEZOTRASFEDEDRTN. Likh-T
AEBRTD, 2E2FH V5 VOVEGERELESL DD
Ng g —&LUT A. rhizogenes % EUEHRERBRZT-
7o, Z DR, BRICHEE, SRTEAESEDLN,
HigH U BRIBTH 2 RS NN, REBRTH
Wiz A. rhizogenes (Ar M-123) JRIEH IcL </
EYDAZEERTLCESHHALTHS., REBRTH 4L
AOERIBEROFEBEYAD 5 b 3 BRBAFZO @K
ho=wy/ vy Edhic. coZEhsbend 3
i Ri 777 23 FOERIC X D IEEEREDfTh e &
EBLoNhE. < v/ EVBREINGED - cBEEYEK
DN TIREZEDRTT T-DNA ZAMME O hOFE
THELHh T-DNA Fo<v/ ©vAREREET
DBBLEEEKPICA ST b EBEbNLET.

ERED CBEIN/E  OBEGHETIIENWIT - 72
b, BEBOTVRITIEENSLND T &S
NTNEY®. RERTIIELEYAS 350 2 OfEKkDS
EEKEBLLBED O3S0 1 TREEAE>F V&L
U7 Rk S A o7z, Uh LIS - 72 RIS
BLiEb-/. COXdkKa=E=FH YT Y TREEKEHE
EBEL, TH LR+ =29 ) THHREINTNEY,
F¥hAEFHVYSVERLT T FRONY 75T —T
HHELEREMED 320 2 DK TEESEELZR LUK
E6H5Y. NBAEB TRV IEFH Y7 VY TRE
EZA—DBRBEHKROFHANBYA TS EE#K]R (13%)
LR (B8R) DIBET A/ u—rhdHo7c. ZDL
&3, BRELLDOHNVADHELEETH S HhDE RN



HEUTEREDEZEL OGNS, L LEERNEHESD

L EEREZADED L,

AEFH VI UANOEETE

AITiZ A. rhizogenes %~ 2 —L UTHFTE A7
el RE N, 4112 R 75 23 FO T-DNA #4
KERBETEHE A ENTENE2=FH VSV
OFEBOERICENEFRELS EHFENS.

Agrobacterium rhizogenes (Ar M-123) Z4t5 LT
Wicrind, HRBRERRE, KEPERICEL RS
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Summary

Hairy Root Formation and Plantlet Regeneration from Brussels
Sprouts (Brassica oleracea var. gemmifera) Mediated
by Agrobacterium rhizogenes

Morihiko HAMADA, Takashi HOsOK1, Yasuhiro KUSABIRAKI and Tetsuya Kico

Faculty of Agriculture, Shimane University, 1060, Nishikawatsu-cho,
Matsue 690, Japan

A good delivery system to introduce speci\ﬁc certain DNA {fragment into Brussels sprouts was
investigated by using Agrobacterium rhizogenes.

Potential hairy roots in appearance were formed from leaf tissue whereas only callus was formed
from uninoculated tissue. After elimination of bacterium, some of these roots grew well on the
hormone free Murashige and Skoog (MS) medium. They produced callus and secondary hairy roots
on the MS medium supplemented with NAA 0.1mg// and zeatin 5mg//. Within 20 days after
starting culture, adventitious buds were induced from the callus, and the elongated adventitious
buds rooted well on the MS medium supplemented with IBA 0.1mg//. Two third of the regenerated
plantlets were normal in appearance, but the rest were dwarf. The presence of opines, which is
the evidence of genetic transformation, was analyzed by using the leaves of the regenerated plantlets
with electrophoresis. Three hairy root clones out of 4 clones were confirmed to be transformed
because these plantlets showed the presence of mannopine.



