40 AbdEES RERBSRE BT S

HIFE A DNA FHik

b3 EWHED 57 - ALE N B RRET £ 0%
VIE~HAT 5 DH5HB 2 DNABRETH 5, 7T b
*FTRREROFBEOFHCREOER L ECL»5F
EE AW REFERSRENLL 72 (Oeller 5, 1991), 7
AFZBWTH 2 BETHAROWINELHTHE
ETh3,

NRBEFEEYCERLAT AL LTRE, v
7 bRy — a gk (Fromm &, 1986 ; Nishiguchi
%, 1987a, 1987b . Rhodes &, 1988 ; Shimamoto &
1989), RV xF v 7Y a—nik (Krens 5, 1982 ;
Hayashimoto &, 1990), /$—7 4 2 A4 Y& (Klein 5,
1987, 198‘9, 1990 ; McCabe 5 1988 ; Fromm &, 1990 ;
Tomes &, 1990 ; Gordon-Kamm 5, 1990) %z ¥43%6 1,
—HTANARIEREO—EThr 7 ans 7Yy
LEFENETIFZAI PELBHELTREE o
(Horsch &, 1985), 23 &, 770,527 7 U v Akl
R CIAL AU TV 3 BETFEAETHEOD
T, WFEEYTH L7 AF BT HHHTELED
hb, KETII Agrobacterium tumefaciens % Fv>1zift
CFEARERIT 200, 7, #F<4 v oms
=F (NPT I OBAEE 21TV, TREFHALT a-7
25 —¥A Y —ETF («AD) ODBARRAT:, %
1z, A. vhizogenes & & 2 TEBEEEOEL b L 12,
25 | B3 Agrobacterium tumefaciens |Z & 3 W&

IR IEH

A. tumefaciens ZHEMCRBR T2 ETI7ZAIFE
@ T-DNA RS SHEYHRR BT L, BEEydizogy
AR END. 2O LS % T-DNA OfEMHINE~

DR L Btath D HAH Tt T-DNA W DR E -

FOLTBBERDO TR { T-DNA O H 2 25
R b 5 72 BERES, Ti-75 2 % F LD vir (vir-
ulecence) FEll i ¥ OB TFHBLET, LIS DE
REFIOMC BN L T 2ARBETO /05 — %1
ALTT 7]y 7 )0 s e Bl hig, BEEEEY
EERT B2 3T 5 (ATH 1989),

I, KEITIX Agrobacterium R F| B LT NPTII
BEFOEAERL.

MR UFE

1) g3

FZaNs T )y AR RR S BAMER & LTI

BN REF S ¥ &0 LR E Bvwic, Zhosot
FBORBAERE 1 ELRLTH 5,

MBIV EYa TR, ANVRYavAXRUI LAY
AFTrEM,

2) B

ARSI MS 5T H D, LIBRI ORI, T4
bb, 7X& EEHOA >4 ¥ it 2 R2HHB
RTIONRZT )7L ERRS L HERER O,
RUAF=A v CEE L EHEOHRELUTICE
T '

R 7 Saxz 70 7L R B RREREHIZ
MS EA&BEHI 20g/8 SV T —ARHEM LKL E Y
7Y — OB E Wiz,

& FIRESE R b O RFRE IR MS AR
12,30g/8 v afE, "RNMEYELT0.06mg/ BAP L
<X, 2mg/8 BAP+0.1mg/8 NAA, 1g/8s4% 3/
&%, 8g/tER®HMLI,

BREGREHIZ, MS EAEHINC, 30g/8 ¥ a4, 8g/0 &
Kz 500 mg/8 A —~=1) >, HL<IE, 500mg/l 7
2737 VERML, ®VEYERITRER X Rk
L7ze

SREEHNIE, BREESC 50 mg/l B v A ¥ BRI
L, BEEHR 1 »ABRY =Y ) % 250 mg/l T
A AR

%7z, WRENLTREFORIRARE LTz MS #
AIEHIC, 20g/8 > afEE 50mg/l A=A ¥ U REI
L, seri3dEmlissroi,
3y TZunsF VI LARBKRU SIS AL R

ER L7 7 a2 7Y v 443 LBA 4404 (Bevan,
1984) T, T-DNA fEI %Rk, vir SEEEZHEBEL T
5 Ti 77X 3 F (PAL 4404) #FEDONA F D —RT & —
YATATH D,

w77 A 2 Fig, pBl121 T T-DNA Q&R & i
VREE DNA NOHBARCEBER@ X 2GT 256
HEHRES (25bp) %5, ZOEFIOEYF <
MBI+ TH 5 NPT ILEEF & GUS (-2 v
=¥ —¥) BETFE2HO2bDTHS (Fue—9—8&
V¥ —33—4%—i3 Fig. 3-1 L), GUSEETF
(Jefferson 5, 1987) W KB &HEBEKORBREFTHE
(4-methyumbelliferyl glucuronide) ®*KIGX ¥ 23 2k
i, BEFHEBRLTCONTENME T TIHEERT
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%, LictS> TRISIZ & o TH U 4-MU % #HAEHE
BHTHET 2L IV GUSEETFR2ERLTE
5, 78, EHIBWTIR, 1FLAYZORREEIE
BinkWwioBERIAIETE %,
4) 77anz 7 )7 LAORBRSGE

T7asy 7Y T LAQRRI SEIEOBIMEICES
TEEFIROBEN % Fig. 3-2 128 Lz, FI4EYHE (50 mg/¢
kanamycin, 20 mg/¢ rifampicin, 125 mg/@ streptomy-
cin) % & ¥ LB &% #h (10 g/€ Bacto-tryptone, 5g/¢
Bacto-yeast extract, 10g/¢ NaCl, pH 7.0) T—RE5s

BT 70,77 75 LBA 4404 230 L, g%
RIE 7Y —O MS BIFEEHICEBE L 72, £ OBEK
10 mm I L BRI R R L TR s g, B
WeRDn77ans 7 ) v AzERE, EidheERE
My »r—r %D 15 RERL,2CHEETT2~4H
RIS ER Uz (Plate V-5A) , Z D% L@ % 5 —~=
V) VESUEREETRERE, REEIICY y—1v Y

vkﬂ%t015$%ﬁb,%@,&%0Mx?1ﬁ%ﬁ§

L7ze RiCAHF A SRR BEL, £iK
PEEIA L Tr, BIFEEH F ORI FREF TRV E

CaMv
35S-pro

NPTl (KmR)

[4 NOS-pro.

NOS-ter..

GUS NOS-ter. —-1

rel |

Pst/ «
2.02kb

H.e

Pst/ J

Fig. 3-1. Construct of pBI 121 plasmid used in this experiment.
Nos-pro and Nos-ter: Nopaline synthetase gene promoter and terminator, respectively.

NPT II: Neomycine phosphotransferase.

35S-pro: Califlower mosaic virus 35S promoter.

GUS: g-glucronidase.

RB: Right border, LB: Left border.

epicotyl

l

asep‘tic plant

" inoculation of Agrobacterium
for 15 min

e

cocultivation for
two days

500 mg/€ carbenicillin

D0

\ selection on kanamycin
TR

4

regeneration

Fig. 3-2. Scheme of transformation mediated by Agrobacterium tumefaciens.
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7V —HEHMTHEEI RS EEBRIBEELE, 208
&, HRBICIY 7 2 OHEER (¢ 55 mm X110 mm) %
BTz, . '

5) NPT IL &EFO#KS

£ DNA ORHFREE, 7754 ¥ Vit@EEo
EEWFRL, ZoMEE I TE (50 mM Tris-HCl, 20
mM EDTA) #8f17 = / —\ %1% 12,000 rpm T 5 43
MmO LTz EC 72/ —vEZ0ubfv A2 5EE
ELIBEREMZ GELL, IR 2EEEVERL, #
OEBCIMEEEEF + Y v A 100%DTY /) — LR
Z,—20°CT30AMHEBEL7ce XWOTHELL, UES
0% LY ) —VTHiRFE, HERY 7 TR L TERX
7z, ZH TE /0% DNA 2B s €/, & 542,
RNA ®2rET 57: 912, 1pg/ul RNase 2 &4 TE %
Mz, 55°CT 1 REHIR G & ¥ 7z, RIGHE, 20% D PEG %
Mz 0°Cc 1 B fEkiE Lo % D% 14,000 rpm, 10 £3-F5
EOLL, (hBE 0% Ly ) — L THkE, BEsY, 2
h% TE ML,

Y Tayvi A4y BECLEGFREY A7 A
(T=yv bV vN0ft) 2R L, EEBFRT7 <
Yy ADTOba—pZLizdiofz, Thbb, HHL
J: DNA % $IBEER Pst | THRE 0.8%D 7 # 7 — 2
TEIEKB LT, KBET A OV AV TSV T 4N —
WSV RT77—LTze Z4N0F—3NA TVE 4 ¥—
Yar®T20~0IEIvNATY IS4 ¥—varl
Ttk B EE7HCS—AFVS—FrR) IFL
YA S VEAE) EERLE 7o — T RNz, 42°CTH 16
BN A 7Y 54 U=y 3 > BT 5 12, 16 B 2 3t
BLIFERNCERSL A o —-T2RELE 740
7 —RREREC 1 HHBR LK, 7405 — L ER
BE7 4 VEEBRTEFEN I A€V ARG & 2HfEx
EPEAIET, IhERHB LI, &, Fu—TLLT
277 Z 3 F pBI 121 & EEH % vz,

6) GUSBIEF ORI

FEEREOE®Ilysis/ty 77— (50 mM
NaHPO,, pH 7.0, 10 mM EDTA, 0.1% Triton X-100,
0.1% sodium lauryl sarcosine, 10 mM g-mercaptoeth-
anol) TW@% ZHit#, 1 mM O 4-methyl umbellifer-
yl glucur?nide (MUG) 2i0z 37°CT 1 BfSIRIC S ® 72,
1 BR#12 1M 0 Na,CO, 212 CEBERKIE 2481 L
2o TORIGHEEEIMATENT 3 2 Lic k> T GUS
DEBERE LT, COYAT ATREETHSRELT
CHIEREEIREE  EEERT 2.

BR

59, A BERRET 301 LEEO

Table 3-1. Effect of kanamycin concentrations on
callus formation from epicotyls

Color of Frequency (%)
explant on of callus
Km medium® formation?

Kanamycin  No. of
conc. (mg/8) epicotyl

0 20 green 100
25 20 pale green 100
50 20 yellow 5
75 20 yellow 0

100 20 yellow 0

1) MS medium containing kanamycin.
2) Frequency was counted 2 weeks after transfer to the
Km medium.

TIAYryEeNTIBEHEITOWTHRFL R
(Table3-1), ¥ 72bb, MSEHhich + <4 v %
0,25, 50, 75, 100 mg/@ FHNL Fz 35tz LR % 3 v —
Ve D 10 KT DEK L7z (Plate V-5B), 34l
25°C, 3,0001ux (16 RefiiAR) & L, 2%k ERE
DELANAHRELZFAE LI, &6, FEERIZDOWL
T2y —VFO>HEA L ZhICE 3 E,25mg/L Tit
ANVAEREDOOTRIFEAEDF <4 ¥ DFEN A
>hY, MEX LA 100%0OERETHY, LD
BLRTHol, 50mg/l TRANAHERIZS %R
EXET LI, 26k T5mg/l A ETIROR ER ST,
IhsDOEFHMOBREKSEBICELL TV, Lk
35T, R S HRE TRIERT L L
FHTE2BENBDHZDT, AT A OBELLTR
50 mg/8 2335y & Bbht,

Ric7 7oz 7V AQEERMZ 5, 10, 15, 30
BELTAINVABREFLBHELERR2HEL
(Table 3-2), ZNVAERFEWTRORXTH 90%HIE
THEL, BERMICL 2ZRESHTR AP, 77,
TEFOFERILVEY a7 XTI 15 R3O
KLY b@OBHMEERRLI AV R Y a v XTI 10
e 5 G0ENBROATH>7H, 103KDAETH
EFHRENEERE D o2, F70, BRI E TR
Resl:ORMBAEE D 50KOHTH . IhED
FR» BB L L TR 15 98B Y L Ebhiz,

Rz, 77ans 7))y A52BRET 30 00EWE
OWTHERLUTER%S Table3-3icmLiz, 2hic &
3 EREREHOMEME L LTS5 7+ kD bh—
RV Y UERAOWIES, TVEYavL, ALATA4
T I OWGHE BV TAREFHERENE WE -
o BORA—REZVY VERHOIEY, FEFERIC
Hy 2HMNEL, g/, 544 Ui BIT 3
FRBRIMAEL bFEARD -7,
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Table 3-2. Effect of inoculation period on the callus, shoot and root formation on the selection medium"
Rooting medium?
0,
Cultivar Inoculation No. of g;i(;l;]elilscy (%) No. of
period (min) epicotyls . shoots No. of Rooted
formation plants plants
Erimo-shozu 5 50 88 3 - —3
10 50 90 8 6
15 55 100 15 6 1
30 50 96 6 - -
Hatsune-shozu 10 50 80 14 6
15 50 95 10 6 1

1) MS medium containig 50 mg/¢ kanamycin.

2) Rooting medium was MS medium containing 50 mg/¢ kanamycin, without plant growth regulators.

3) Not tested.

Table 3-3. Frequency of shoot and root formation on the selection medium containing kanamycin"

M_ Frequency (%)  Frequency (%)
Cultivar BAP NAA Agrobacteruim® Antibiotics? Acetosyringon  of shoot of root
(mg/ 2) formation formation
Erimo-shozu 0.06 - - — 50(15/30)® -
+ Claf. - 16(12/76) 10(1/10)
+ Claf. + 16(12/75) 20(2/10)
+ Carb. - 28(25/90) 20(4/20)
+ Carb. + 29(25/87) 28(7/25)
Erimo-shozu 2.0 0.1 - — — 40( 4/10) -
+ Claf. - 35(23/65) 9(2/22)
+ Claf. + 43(33/76) 13(4/31)
Kamui-dainagon  0.06 - - - 45( 9/20) 000/ 7
+ Claf. - 35(19/55) 16(2/12)
+ Claf. + 44(24/54) 7(1/15)
+ Carb. + 45(25/55) 16(2/16)
Kamui-dainagon 2.0 0.1 — — — 33( 5/15) 000/ 3)
+ Claf. - 4( 2/50) 0(0/ 2)
+ Claf. + 11( 5/44) 00/ 3)
+ Carb. + 34(24/70) 13(2/15)

1) pBI121 was used as plasmid vector.

—: Explants were not inoculated with Agrobacterium.

+: Explants were inoculated with Agrobacterium.
2) Claf.: Claforan, Carh.: Carbenicillin.

3) Number of shoot-forming explants/No. of tested explants.

4} Number of root-forming explants/No. of tested explants.

H—R= Y PIEHRT T T T RGBS CHE
BT BYIFNEMoT, 77747 YDEENHEMT
RVECYOERFHET ALV EYa v EBLT
0.06 mg/8 BAP 2 HWBET, Sz, A LAFA4FT
IZBWT0.1mg/8 NAA & 2.0mg/f BAP 2w/
BETTEFERENEDL > 72 (Table 3-3), &8, #—
R=V ) rCEBRENITEFCHRIZ 745028

UEMTHR S NETEFOEBENSL MBS 5N
Tzo LEOER G OHAEMBEE L TR, A—R=v Y ¥
OFBBELTwE BRI,

T/, TVEY aVATE, vir BEFOXEBEHRT
537X+ ¥ I URHRMU A CHERE L &,
2577 v RUI—R=V Y YOTEYMERENTH
EFh T HEMTHEEL, REBERCRZTZIR T
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Bliz, CRICZEBETE MYV v T DFE NI
THIEFRER LB AT EFEHRT 5 & CORIRISS
Eh o 7o bs, TRERICHED A SNF, Ti, FAREH
BT BN F A Y VTEREEC bETEH TS
b, Fl, AXATAFIVCR, 77747 VDS
DHBTH 7288, 7 by ) oI RHEML ST
HEERL TOTEFSERT 5 & T ET 2 M
BHSNM 0Tz 2, 0.06 mg/¢ BAP ORE#TIR T Y
Y 3V XOBE £k, TESHRECEERER 2
BRABoT. ZABIZED, 7MY YT ORR
RIS TR VDS, FARRIR I ORBRESBTABIRY
ROEHEICH D, HEEREEEHIC I OMEERML
FRL EBbhi,

TZany 70 AOBRERME 1551 L TREY
HEA—R=YY 2 U OBEERIE SR Lz O
Table3-4 TH 3, 77/ 0/v2 7Y 7 AQFEBER Tk
PEFHERENL) £ a3 VXTI 8%, NYA¥ay
AT BB THoTze TOREFRHF <A PV 2B
BRI 2 TR 10 EBELE £ 22, LIRd i
Y, FEFOERDIELAL BN G (Plate

V-5C)e 77 ONIF Y ARBREETHF ALY

TRIELEETRIYEL a7 XT63%, NV AT 3w
X THIBDFEFBRKE Nz, FOREL % FARKEH
CBELLEZST) £y 3y X T8 EKI8%), Y
A a v XT6MEE (20%) IFIRL 72,

& 51 NPT IEETFOBAXHERT 27291 LD
TV ES 5 VXL DERICEAL 6 BEORED 52 DNA
BRI L, ThoREIREER Pst] YN LT pBl 121
ESO—FLLTHYFYNATY I E—v 3 v 5{To
72 (Fig. 3-3)s L, NPT I BEFHEASLTHRIE
Pst I Wik o 2.02 kbp DAIBIc N4 7V ¥4 E—v 3>

V7 OHBRSHR S e SEBCREEES 1, 2,
6 TEDY T FANBTH oIz, LicBoTIns 3
#HiciE NPTILBEFHREAINIZEF L TL v,
NPTII CREE#HE Lz ) Ty 3 v X 3EEZR
FWCHH LT LT, WEEREEONBEREILEE DT X
FLIZIZEFTHY, BELT, BEEEAL, 3EED
ILOBEL 2{EEL S DBEFIZONT, AF7A Y
VRSt R (50 mg/8) THRIRFERETWL, 24y
i ® 7z (Table 3-5)  MS I Ta v b u—n1 o
TYVEYa VAL LB REBHNICHRIF S, ER5~6

Fig. 3-3. Southern blot analysis of kanamycin resistance
gene.
Total DNAs form both kanamycin resistant
and control plants were digested with restric-
tion endonuclease, Pst I. and hybridized to pBI
121 as probe.
M: Size marker, C: Control, T: Tomato leaf.
0O-5: Resistant plants.
2.02 kbp: Size of NPT II gene.

Table 3-4. Transformation by A. tumefaciens harbouring pBI 121

Frequency (%)

Frequency (%) Frequency (%) of

Cultivar A. tumefaciens of shoot? of root? plants having
formation formation NPTII
Erimo-shozu -2 88(90/102)® 000/10)#
+ 63(63/100) 18(8/45) 50(3/6)®
Hatsune shozu - 78(80/102) 0(0/10)
: + 51(52/101) 20(6/30)

1) Fre::quency of shoot and formation was counted on the selection medium containing 50 mg/# kanamycin.
2) —: Not inoculated with Agrobacterium, +: Inoculated with Agrobacterium.

3) Number of shoot-forming eplants/Number of tested explants.

4) Number of root-forming explants/Number of tested explants.

5) Number of NPT II-having plants/Number of tested plants.
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Table 3-5. Root formation from control plants and transgenic progeny plants on the Km medium

No. of No. of
Km conc. No. of . .
Plant tested (mg/0) plants rooting not rooting
plants plants
Control
Erimo-shozu #1 0 10 10 0
Erimo-shozu #2 50 10 0 10
Transgenic progeny
ET1 50 6 4 2
ET2 50 8 5 3

cm < HVETEBFTEELE, S0mg/LDAHF=A v
LETRMICIE L THICRERE T 2 0E 12 B
Ltz 3, a>ba—NOTVEYa AT, 7
A VU ESER O T 100%FRBE A28, 4
VAV VERUEM TR AR LU Ar oz, THCH
LET1 (E&4&S1) £ ET2 (B#AE%S2) OHEE
RT3, #aFh4{@iEE S{EESFHBRL, BOO2ME
e 3EKTRELFEB Lo, LMo TINS
OFBEFTEETL £ ET2 @EA Sz NPT 1123
BEiEsE L TRRNEEL EBbhus, HERERLDS
Dixp ot D TEHBERARICBIT 2 NPT I @4 BELE X HE
TR e NIEFRIRMEGE T bbb A+ <4 v 52
HEGESEEL LoD EHETI LET2 K
BRENZFANPTI 21 2 8 —FDBEA SN T W ATHE
HEHE,

FHERLLET1O55 1 HFEOEEZT D ODRELTHE
YEdHEL, w4 70F 2—T7WNTZ oMY & MUG
ERIGERT, RIBBRDA T4 70F a— 7 %EH
BEeHE L CGUSEBETOEER2ALEIS Y
O — NMZHATHEED VVIizED & 5 1, GUS #BiEF
DOFEEHHER sz (Fig. 3-4),

28 A rhizogenes (2 & 3 B EIRFEDIEH

T EEME A rhizogenes DRI 5 R 3 Fehod T-
DNA »tapgakic il s £ h 2 g, B
A. tumefaciens DTIi 77 A FOBELREIKETH
7, BRAEBA 25 BRBELEL S 2 EBHEHRTH 2
(Tepfer, 1990),

ERBOFRECHS T2 BRBEEERFIHELT
ix, 7ol (rootloci) A, »0IB, 70IC, KU r!D (D OFF
HELRORIZ7AI N bH2) BPRAZEN TS (K
&1L, 1993), Z OFRMBEHEY RV € 2 F £ R VEE
#h T b AROIZEES E AR & MR U 28 & TEF8 0380
L, ZO¥EMEFIAT 2L RRALBZINTHRE,

KRR AERE L TREDORCRENICEES NS
RRHWEDERDRAAL DD 5,

g1z, BRRD SHEPEIEMET 2L bAoNT
B0, BEPFCERCHEDEIHEELLY, HYFRVE
RNDEET CHRMEOHMLT 258085 5, IR
By o OFESulEdE i —R I EifE SO % - THIEL, 3§
DRIAC - CHFT DR Y, EROEEICR Sz
&I BERRECEENHET 5,

TRAFREZBOTIRINE T A. rhizogenes 12 X 5THH
EHHORER PO T, XETE, 7, 4
rhizogenes i & B ERIROFE & BRB» 5 DFESL
ROMELERATz,

MERUE X
1) #EaH

A. rhizogenes 2B & ¥ B4 £ U TIFEENI
B LAY 2y 37X, BEKNE, RUA LA T4
F >R FIETEE v,

2) A. vhizogenes DEE

AEERIZMEER U Te A. vhizogenes D A5, Al3 #RiZ T3
IR sRERE, KF95AFER L (AR AFERTH)
OREEZIT I, INHGRATCRPEESELELD
HEEI N TH B, %8, TNOOHEOEHRT 248
4, SFEECVETH S,

3) Ky

W& iR 2 R R S ¥ 2 I R E T
D—D MSEHIA~30g/0 v afFE g/l EREHML
7z b DE MV, BRERHE LT 2 500 mg/e o —
Ny 200mg/l Ny a4 Y ERMLIZLD
w= vz,

Rk & - BRROFBEMEEEHIC &, MS BEAR I
30g/L > akE, S8g/LEXR, RUKRNVEYELTNAA,
BAP, #4 27>, €7 F ¥ 2EML I E T,
4) 77any T )T LAOEESNE

A. rhizogenes DI H 513 A. tumefaciens DIFE I




46

Fig. 3-4. Detection of GUS activity in transgenic plant
under UV irradiation.
Leaf extract was reacted with MUG.
Left: Transformant, Rigtt: Control.

-

Histidine
v

imopine

Mik

H M C E L

Histidine

Mikimopine
J

>l

H C M T

Fig. 3-6. Detection of mikimopine in hairy roots
which were induced from epicotyl and
primary leaf inoculated with A. rhizogenes.
H: Histidine marker.

M: Mikimopine marker.

C: Control.

E: Hairy root from epicotyls.

L: Hairy root from primary leaves.

Fig. 3-7.

Detection of mikimopine in trans-
formed plants from hairy root
clones.

H: Histidine marker.

C: Contral.

M: Mikimopine marker.

T: Hairy root of transformant.
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¥ 25, O % Fig. 3-5 2R LTz, A. rhizogenes
% YEBi:#th (1g/8 Yeast extract, 5g/f Beef
extract, 5g/8 Bacto pepton, 5 g/f sucrose, 0.492 g/8
MgSO,, pH 5.8) C—Hiis#E L, W% 20g/8 7 va—
AEET MS BRI EEL, Z0BRKIC3IHED L
REI A E IEZETIR & 15 SR s €7, 2 HME
25°C DRSET THIFEE L - BBRE L, RS iz
R BT 2 BRI L, 34 ARMERIEREL
2. %D 3 A ABRCHEME & & Ry~ R L7,
5) EWRB» S OF ML
FRBRFALVEY 7Y —D MS EHICHIEL &, B
MU ~BR Uz (€ BRI Table 3-7 22
), LU RRF R ST T Y —0 MS §it %
SUEBRRCBHEL CET SR, ALA454F7T0
BE o RV E > ®2.0mg/¢ BAP4+0.1mg/8
NAA CEEL TERROD 7 u—VHlIE R EFOH ML
TR L,

6) IFEYORH

ERBHSD I FEL ORI N Refark (¥
VYRZBORBRG) AW, Thbb, BE1IHRE
DER TERME, BLLUTLEEEAHMICARY L,
TD24% 450V T 2 ~ 3B, EXIKE) Yy 77—
5 %¥EE, 15%mR, pH1.8) Ui, kEiE, LR
TR AMIT 1 %BANVT 7 =)VEEL b % HEHERS UV A
DERRAKEBEL, BUERS ¥, 8515, 15%
RERF PV U LARBEE L, SFECVBERILTY
NIIBHRE~FKEOARy b ELTHREZ T,

R

Table 3-6 = A5, A13 HEERIC & 3 BRBOFBERER
BRUE, Zhick 3k 3 SO LT, #14E3EE b
Btk 10 HED SRR & 1tk (Plate V-5D), %
BTRBRX ORI ZWOFE 2R S ERICHER
L, "AEYT7 Y —0O MS BT AR L 72 (Plate
V-5E), —77, HABRIZE TS _EIRHE F14EED» S
ROERE N0, ZOMBRIBESTHERHEIRS
hy, BRIEBOERELZHS IR > T,
HRIDROEEBRZOWTHDeNYR a3 v, &
SRS Tk A3 TEL, MMERFICRPEZEICHEL
T EFETEWERRA SN, i, AAATAFT
»TIRBOBRER, EhO A5 TE L, A TRIIE
BETHVWEREERL, LEO2 /B L IHFOEMT
botze FNTHOUER TR S LIROBEIZIL,
FERERAONLDO T,

INSDOEMRBEERLTC, ZOLEREEEAKE
KK Y, ST URBIZEIDIFEECORES
Folb s, NYAYay AOVEERRORPES
KWE O LEEHHEEOR» S ZR TR I FEE V03
Eiz (Fig.3-6) &/z, LA A F T OFEER
CEE#MBEROERBO S Z N PR FEE RS
., BRBSHESEEN, B8, avibte— EED
BT ool iFerrridgtianir»rols,
RiZ, "VAvavX, BEAKMSLIVFEEsH,
FEYYORE S L ERKIR%E 1mg/e BAP, 0.05
mg/8 NAA+1mg/¢ BAP & UF0.1mg/¢ NAA+2.0
mg/¢ BAP 2 8O EMEEMABEK LIz L 25, BRIR

hairy root formation

%, primary Ieaf . @

aseptic plant
l 500 mg/e carbenicillin detectlon of mxkxmopme
200 mg/2 vancomycin l

N\ L o fee] -

inoculation of A. rhizogenes cocultivation for 2 days

(A5, Al13) for 15 min

regeneration

Fig. 3-5. Scheme for induction of hairy roots via inoculation with A. rhizogenes.
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Table 3-6. Induction of hairy roots in the plants inoculated with A. rkizogenes

A. rhz'zdgenes

strain Explant - Hatsune-shozu Kogane-dainagon Kamui-dainagon
Control? P12 6 ( 1/18)® 13 ( 2/16) - 80 (16/20)
E. 93 (14/15) 81 (13/16) 89 (16/18)
A5 Pl 43 ( 6/14) 28 (5/18) 67 (12/18)
E. 45 (10/22) 100 (12/12) 58 (11/19)
A13 P.L 77 (10/13) 56 ( 9/16) : 59 ( 7/12)
E. 93 (13/14) 86 (12/14) 38 (6/16)

1) Control; Explants were not inoculated with A. #hizogenes.

No conspicuous branching was noted in roots from primary leaf and epicotyl of control.

2) P..: Primary leaf, E: Epicotyl.
3) Frequency (%) of root formation.

4) Number of explants forming hairy root/Number of treated explants.

Table: 3-7. Plant regeneration from hairy roots which were induced from primary leaves and epicotyls inoculated

with A. rhizogenes.

R medium?”

No. of No. of
Cultivar PGRY No. of No. of green roots
BAP KIN NAA explants calli spots forming
(mg/) shoots
Hatsune-shozu? Exp.1
1.0 35 33 10 0
1.0 0.05 25 25 13 0
1.0 25 3 1 .0
Exp.2
0.1 - 25 15 2 0
1.0 25 25 6 0
2.0 0.1 25 20 20 2(2)®
Kogane-dainagon® Expl
1.0 30 18 4 0
1.0 0.05 25 20 3 0
1.0 25 2 2 0
Exp.2
1.0 : 25 ' 25 ' 1 0
2.0 0.1

25 25 4 2(5)

1) R medium: Regeneration medium, P.G.R: Plant growth regulators.

2) Haijry root derived from primary leaf inoculated with A13 strain.

3) Hairy root derived from epicoty! inoculated with Al3 strain.

4) Number in parenthesis means total number of shoots developed from hairy roots.

EOANABHRENT, 1mg/l H42F v DEEN
BEHIT S ARG & Nz ts, RERED - 72,
ZOANAERCECHLI L5, SHDT) —
YARY PR EN, FORKRREINANYVAYaTX
TE<, 0.1mg/e NAA+2.0mg/e BAP Tiz 3+ ~T®D
ANATHERE N, BEBBE 3 2 AE» 5 TEEY
WE S D, 64 BBICE VT, RO O &
N V—VARY b ONY R Y a7 XTI 2EE

5 2k, BHEAME TR, 2WIA»5 5 EEOEME
Efk»3t8 57> (Table 3-7),

H2AMS oBFMuBGOREZ, Ss-oxh, £
RiEHLITLIcmBETHY, FRULICHBELE»-
720 BOWFERMEGREOMEELZAE RE-T
w/z (Plate V-5F),

AELATAF T ONER RS- BRIz Zh
ThAfEO 7 o - L UTHEREL, 207 o—r [k
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Table 3-8. Plant regeneration via calli from hairy root induced from primary leaves and epicotyls inoculated

with A. rhizogenes"

A. rhizogenes Clone of No. of NO'.Of calli No'.Of calli Frequency (%) of
. K . having green having .
strain hairy roots calli shoot formation
A spots shoots
Experiment 1
A5 E1? 25 6 0 0
A13 El 25 2 1 4
L1 25 4 0 0
12 20 2 3 15
Experiment 2
Al3 El 15 0 2 13
E2 20 1 1 5
E3 20 1 1 5
L1 20 0 0 0
L2 20 2 7 35
L3 25 2 3 12

‘1) Cultivar; Kamui-dainagon.
2) E: Hairy roots derived from epicotyl.
L: Hairy roots derived from primary leaf.

WHEAEES (2.0 mg/g BAP+0.1 mg/8 NAA) ICER
LIz ZBANADEREN, TOHINVALESTY —>
ARy P RUREESER SN, 70— rFlOoEs b
ik, Al3-L2 (FIEEHK) 70—t B THEHHMER
2 o 7z (Table 3-8) . BRARHVICIZ 18 EEHSFHHLL
72 2 D5 b 17 EEDOFEIR IO 2 REDBE L R
EIRR O D BELTBY, RESBL THRELER
THolo LL, B2 1EEOBEBRIER CHREDE
BEERLE, 8Z5<, ZOEEKTCRBEMEOMBETRI
FIAINRERELULIEELD S,

# 54 FAF T OERED SFHMEL - EEILER
DF7 XFIHERTROEFTSEBD CTEETH o 1208, %
OB 5 OFEYHH» S S FEEVRE XN, Thd
OFEMMEMHIZ RI 75 A § FSEA L - EERE
ThsZermERaEns (Fig.3-7),

FTIF a-TI73—FESILbEIY—BEFD
EA

7 X F V7 by (Callosobruchus chinensis L.) 137 X
FORBPCHE2RETI2ERTH S, ThE TS
FRAFTRIDT7AFYV VAVt 28tAERR
WHENTWLERY, 7XFY 7 AVvDHHRIE, BEDE
BTRFELEVS A APV I ATRAINCETS
BTEDTEETH DM, 4 V¥ o AT IS TELR
V> (Ishimoto & Kitamura, 1988), Z#id4 > ¥ =X
FErciz, TAEPREO7 5 —EEME2HEET S a
-TI7—¥A4 ey — (aAl) BEETZIEIRED

r#EZ5hTv3 (Marshall & Lauda, 1975 ; Powers.
& Whitaker, 1977), 2D ¥ /3283, KOS
YR7EO—ETHY, 4 TEIZ 45 kd(15 kd~18kd D
Y72z y oK 3) THD (Powers & Whitaker,
1977)

%7z, 20 aAlBETIET T2 Hoffmann & (1982)
DBRIEL TRV I F Uk N7 EREFERLSD
ThHBI LB AR EN TV S (Moreno &
Chrispeels, 1989), % 7=, Altabella & Chrispeels (1990)
i3, 20 dABEFE S /NIANHALT, ZORHER
ANTDEFTY VNI EERBEE, Thd Tenebrio
molitor (A XLV F~<Y) D7 37— CEREHAETS
ZEEHELTNS,

ERBRTR, ATy AOR/Da-T I 7 ¥V
EEy —BEFETAFAZAL, TXXV 7 LVEHR
HDOEARRHLI,

MERU B
1) fEEAFE

7AFOHBREBEL L TRV EYa T A, N"VHE
YavARUALATAFT D3 REER VT, SHE
FORBAEET7 oz 7)o A0BEAEEE 18
ERICTH- T,

WAL 7T R I FOBREERITT 57 0DETVE
B LTy N aDREERR AV, @BV LAY
T, ®KVEY 7Y —0OMS B HEERCREEL, BR
BARTET XY EYMEDOIESY A. tumefaciens 12 L D
BEE#EL I,
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250bp 750bp ) 160bp
l_ NOS-pro. NPT (KmR) | NOS-ter. pro. a Al coding region ter. —\
pBi121 ATG BB
l Himahl! £cor/
. el
L

;:Fig. 3-8. Construct of pBI 121-a Al which was used in the transformation experiment.
NOS-pro. and ter.: Nopaline synthase gene promoter and terminator (polyadenylation site).

NPT II: Neomycine phosphotransferase.

pro., aAl and ter.: Upstream sequence of Al coding region, a-amylase inhibitor gene and
downstream sequence of «Al coding region in the genomic DNA from

Phaseolous vulgaris.

RB: Right border, LB: Left border.

2) ¥y

7AFTROLSEOEIE, BIMERALUTS S,

FNaTIE, MSEBIE+BS Uy 3 2R L
T, 77unxz7 )y s8R L ORERETIE, &
WEYELTO0.1mg/8IAA+1.0mg/8 BAP % i1 2
oo &l2y AT =AY TRIRT 355 IE, 0.2mg/L
NAA+1.0 mg/8 BAP & U, Bt IR st 0
NEVEOBERVBER7 AXDBELEALTH 3,
3) 7/RNITF VT ADRMRUSTA LK

AL T7 S a2 7Y v Ak, LBA40ATHS,

77 A PR, pBI121 »5 GUS #EF %k s, 20
WO a7 2 7—¥4 > EEY — (aAD BETF 2HA
L7z (Fig.3-8), Z®iftfEF it Hoffmann (1982) D%
&Ll vy F Y RBET OBRERTI O—BEHWT 7S
A 7-—%?&% L, Polymerase chainreaction (PCR) ¥
CEDA VY V2 ABBOKESMB IV > 8 v % —
V25— OFET b S Hit L7z DNA O F- & HiE 5
3t Tru—=vrahlk, 7aE—%—RU
F—I3x—F — 2 OMERETHMO LTS X UTHR
D250 R—ARUV 160 R—ZATH ol %8, 47 o—
= v 73807 a Al BEFIE T I Hoffmann & (1982)
BHEL TV B V7 F U RRBET EEERT v LT
N%DHET Y —REL T FE, RER),

1) TIUNTF VY LOBRFE

TAFOFECIE LMOFEICE VBRE I,
7 UAHE TR W LR E T T 3 ~ 4 BRIATE#L
Yo (3 MS EAKSIC 0.1 mg/2 BAP ¥R b0
Hwiz,

FoNaDPER, EEEDEOTELH 1om @AY
WL, 77027700 AEEEIZRL TR S 4/,
RELBE 7 AF OHECHERL T2,

5) BETFORHE
Bty (FX¥, #83) e, hr<4 v o

HEEDEE» 55 1 #i L RO T & D £ DNA 2H
HL, BE% 100 ng/ul WREE L, o ALBEFOREY
&, PCREICEVITo7:, RIGHIE, L7 DNA1
ul+$EEWR (x10, PERKIN ELMER CETUS #, B4
TORELVRL)+HEL 2V VA 0.6 ub+7 54
v— (R U3) 0.2 ¥ DO+ E KG6.75 ul+
ANTPO0.2 u8+TagHV 25— 0.05L & L RGR&
B L EHE, 94°C1 4y, 55°C243, 72°C3BDORIG% 35
E#EDER Uz, 28, PCRICHER L 7-¥8E i1 ASTEC #:
PC-700 TH -7z, KGR, 0.8%7 Ho—AF V100
V, 20 2fEESIKEI L, kB, BAET T «ALBRET
DOEIBIZ DOWTRE Lz,

T4 =—@FUTOEY T, K, IRHFLE LI
a Al BERETFO—HT20 X7 VvAF R TH o7z,

5754 <— 5-ATGGCTTCCTCCAAGTTACT-3
3754 ~v— 5-TTATGCACTAATAAGACGCA-3
S '

aAlBEFRA VY~ 2ADRESEB LUy >~
FoX—U T —HRO2EHEEH, NIRFLUY
WAAT 27 E->T, 2o a Al BEFHFEAS R
T ZAIREFEOT /AN T YT LAE2EBID, EBR
BRECKESFHHEROBETF 2R/ O7ZAI R EAL
72o

INARBWTCEYRCEEDT7 a7 ) v ik
BRI E,50mg/L # <A v kU ABREK L2,
ZOMRER, AL 50YF DS 5 40§10 5 REHFD
s H Stz 1YIFICH K OFREFEBER S b3,
EFNoDH» o EFOERETESF 2 eE T 15 fEY,
AFTAVOEENBBHCERT S Lz X DRIR
REETo%. TOME 10 FETHER L RBIBHL SN,
IhoiZhr~A4 v rittEEE s Bbnls,

RETZAFECBWT LD N aDBPEERLT 7o
NI 7TV AL (FF7X2 FOpBI121 kU pBI 121-aAl
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Table 3-9. Frequency of shoot and root formation when inoculated with A. fumefaciens harbouring pBI 121-a Al
on the selection medium containing kanamycin®

Frequency (%) Frequency (%) No. of plants

Agrobacteruim Plasmid Acetosyringon of shoot of root having aAl
formation formation gene

~2 - -3 38(23/ 60)* 0(0/10)%

+ pBI 121 - 24(27/111) 15(3/19)

+ pBI 121-2Al - 23(28/123) 18(4/22) 1(1/4)
- - - 84(38/ 45) 0(0/13)

+ pBI 121-« Al - 87(52/ 60) 18(9/49)

+ pBI 121-2 Al + 79(59/ 75) 11(6/53) 1(1/4)

1) MS medium containing 0.06 mg/ BAP and 50 mg/# kanamycin.

Cultivar; Hatsune-shozu.

2) —: Explants were not inoculated with Agrobacterium.

+: Explants were inoculated with Agrobacterium.

3) —: No acetosyringon in the cocultivation MS medium.

+: 200 gmol acetosyringon in the medium.

4) Number of shoot-forming explants/Number of tested explants.
5) Number of root-forming explants/Number of tested explants.

Table 3-10. Frequency of shoot and root formation when inoculated with A. tumefaciens harbouring pBI 121-aAl
on the selection medium containing kanamycin"

Frequency (%) Frequency (%) No. of plants

Agrobacteruim Plasmid Acetosyringon of shoot of root having «Al
formation formation gene

~2 - -3 38(20/ 60)¢ 0(0/12)®

+ pBI 121 - 29(20/ 69) 12(2/17)

+ pBI 121-a Al - 25(29/116) 12(2/17)

- - - 55(18/ 33) 00/ 7

+ pBI 121-2Al - 77(58/ 75) 11(6/53) 1(1/6)
+ pBl121-aAl + 96(75/ 78) 11(8/75) 2(2/7)

1) MS medium containing 0.06 mg/¢ BAP and 50 mg/£ kanamycin.

Cultivar; Erimo-shozu.

2) —: Explants were not inoculated with Agrobacterium.

+: Explants were inoculated with Agrobacterium.

3) —: No acetosyringon in the cocultivation MS medium.

+: 200 ymol acetosyringon in the medium.

4) Number of shoot-forming explants/Number of tested explants.
5) Number of root-forming explants/Number of tested explants.

D) RAWT, EREBICEERREZ{To7. NV A
vay XDEER% Table 3-9 TR Lz, BEEFNBE3 &
Bz #hFh 20% DHEE CTEFIER S iz, E
D77 ALK CREHFERFRLEZASNE» 5T,
¥iz, T YU Iy REEEICRML K 2R
ELT, BMOFECHDL ST, TEFWRECKER
ERaohhdolz, TRNRFIFLRROERTH-
2o %72, ZORBRR COTEFHHEEIIAMEDOER L
DHEL, W8%HEIEE Zolkh, Thizarha—
(HF=A4 v rE2EE 0T LT §%) OREF
BRE» > AT, BEROT 7uNs 70 7 AORER

U LEEETH O EBEPREOREVICL 5 L Bbhiz,

ERSNIETREFEDF <A ¥ 2 FUEBTRIRR
B %17\, %k Table 3-9 IZR L1z, 2RI & % FARMA
HR1Z, 4 0BXT11~18%TH D, pBl121-a Al B
FEEDSIAIFPORTIR 19 EORKBEGEG X
B, 2 2—=NONY RYay A TRERLBEER
H OB DT,

) EYa v AOBPEBROER % Table 3-10 1R
Lize TV EYaVARLBWTHNYZYa v X LIEIR
FEDOTEFHREE R LIz, £z, FBEFERD 11~
12%TH D, 16 BORBEEER
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Fig. 3-9. Detection of Al gene in kanamycin resistant
" plants by polymerase chain reaction.
. 1: Transgenic tobacco.
2: Control.
3-6: Kanamycin resistant adzuki.
7: Plasmid pBI 121-a AL
! 8: Size marker A/Hind IIL

Rz, a Al BEFHBASNTOE L EL» 2HERT 2
Tediz, HF <A oftEEE» > DNA 2HE LT,

PCR IS ) a ALBETOMIESRA T £ DER, ~

VAYavAD2{EE, TVEYa v A0 IEEICBN
T, ZREN «ALBETFORE (#9890 bp) 14H4T 3
DNA WtF OB % 51, «ALBETFOBHAHFED D
b7 (Fig. 3-9), %7z, ARHCS /S22 BWBTH 2 A
FBICBE LT d AL BEFOSBA SR T,

&
RFEEIOWEELUTIZT 7 07 7 U % A%
LRETEAESLSARShTHE, < ARTR, ¥
Tiz Kohler & (1987) 12 & % V. aconitifolia ~® NPT
MREF (HF <4 v ome) OBA, Puonti-Kaerlas
5 (1990) WX 3TV RUADNg F o4y it
L FDHEA, Schroeder 5 (1993) i L 2 v F oADK
BAMMEEETO7 2 X7 1 / ANY VESBERET
(PAT)DHA, Hinchee & (1988) % U Zhou & Atherly
(1990) 12 & 3 5" 1 X~ NPT Il :BEFOBA KR £ 555
ExnTwa,

TXFTCIFEE K#ES, 1990) i2& v, NPTIHEE
F (B F A v Uit OBACTD TR L, 7z,
HHS (1992) bEHESOFRITERL, 7AF TP
IIRIVBBLLFEN) TS Y EY Y —BET

YA, 861, B, BELEA 7 VoA H
KT BTAFV Y LVIBRERETF (-7 27 —¥1 >~
Ly —8BEF) 2B EOT AFRER=F 1 F T
NEATSEILCE L, DX T XFOREE
BOHERB UL LSkt

FETHH, 777V v ArHOREETHAE
ELED a7 I57—¥A4 e LY —BIEFORARIC
DWITE LT,

B 1ETI, A tumefaciens = & 2 BEFEARORE
N xEH, NPTHEETFE27AFABATLIENT
&7z, ZORTIIBEFEACET 2 HHESHENE
Po7DT, SHRIBEIAERE L TEHPFERFOS
SRR E BV 3 ik (Schrammeijer, 1990 ; Davies &,
1993) BERDDWTHRHE2ED ZLENH S5,

B2 BT A, vhizogenes WL D 7 A ¥ OBE
AR S ATz, A. rhizogenes DRI X o TERBLE
RS niz-88, ZhhroFBlab Ui, BeEe
DOIEFEHOET, HEOEE BOBWERE, THRE
FORME A NI (KEF, 1989), ZD& 5 nEHE
DFEI|IC L T-DNA ED rol BEFHELBESL, h
SRBERIEEbS, Lo T, ThoDEREDGN
SREEFFASEREEEELCHET 2 Z L HRET
Hb, ¥7z, T-DNABHAEEAT M I U FACEAS
haDT, TheRLERBEFS X I7HHETHS
(EE, 1989),

AEEBRTRWIEER U R A. vhizogenes % Bl
IR LB, BREBERSN, ThhoFEHE L
WARRTHEDEEFMEI R D ENTER, &8,
HoMMEEEORM s I F2CrREIN- D TRE
BIETH B 2 LR Nize T OSBRI RS
BOFESTRILLTHY, BEERICETT22L, A
rhizogenes 12 X T HEBREDRMEE L Tniz, &
BB 70T, BEIFBES o7,

FRE L e (1993) i3, EREHORT FrFoh
VT A. rhizogenes 7 & ) BREHMEEETF (PAT)
EBALLY, Bohl- MMk CBRBRRSEMLLE
RETCERPoN, ZITCRILKRIC L T, BREH
M TERBOREE LB WEEEB TV L, Lz T,
A. rhizogenes LD RI-F T A I RR2Z ¥ —%BETF
BACHATEZLBbhs, SBETIFTbon3
FHEERS T2 LERHS 5,

EIMTRELIGMTHELLL T I unNs5 ) Thk:
BOT, AYF Y AnsBEERL a-7 § 7 —¥ 4
YEES— (@A) BEFE7AFABAT LI 2R A
720 8, IO aAlEFIZEEC Hoffmann & (1982)



ik % 7 AX*x (Vigna angularis Onw1 & OHasHI) DOHIFEEHE 2B+ 2 AT 53

DV IF Y R BERETFLEECEEFTHL I L
%% Moreno & Chrispeels (1989) 12 & - T RS h
T3, %8, Altabella & Chrispeels(1990) 1Z = @ a Al
BEFEI/NACHAL, TOEFHTHEBRIELS Y
N7 BH Tenebri molitor OF 2 7 —YiEH2HET 5
ZEEHELTRS,

AHEATIE, Hoffmann & (1982) DA ¥4 < XD
V7 FUBEFO—E% 754 < —12 LT PCR ¥ &
Dru—=v 7 UBEFERAY, ThET7XFAEA
L, BRENCA Y3y a v X TC2{EEK, m)VxyvavX
T 3 AL  ALBETF 50 Z & #EIT Lz, Altabel-
la & Chrispeels (1989) & #.,32% FlwTREOER %
FoTC, ¥ N AEFOPCREAZE aAl 5 2 /87 B

7y OREHREDT7 35 —YEUEEHEET S I L RHER
LTw3,

KEECIE, B ot Al BEFOY V2 BOSKE
BRESE T & I h o208, Altabella & Chrispeels (1989)
DEWIL T RAIFR#T7XFABALILELIS, =%
A4 F I HEOBEEROFEFH TS >3 7 EORENHERE
X, O a-73I5—¥A ey —FEHeFEoMHE
HxFl,

DEORERDS, dt Al BEFONECEIETAFV Y
LAVt REOBTRAKE (HELT, 4%, 20
FEFALTHOFRAREFOEADWT b BRI
EDBLEBDHD I,
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EAE B AR R

BEOMIEHD—Do & LT A EEREDRET
HY, PTLT AL, EERBLED 7% (1992 4)
BHHTWB,

TAFRITAXERBREBR7 V7 ICBOTEL 25
BB S TRz, SPHRANZEDE LTER 7254
R E R, 7XAFiE, BEL RBBRIKICS W
TOHERHER T3 TH S,

AT, TXXOBER, BEASFHCEEL:ZWD
WENRALT 7 /0Y—2ICABL THREETRZITI 2D
DEBHEET o7, Thbb, MR X 5 EEE
B EERL T, TEFAL CGREFEAXED
FEEENOEREERL 2.

7 X ¥ OMERSEE T 5 LSRR UCIEE ORI
BRI U7z BIE (1985, 1986), RUVEILS (1990) %4 ¥
W&, 70 b7 SOEMEOESMLICEL T
BERME,S 70 7T R b 2B L7 Koulin Ge
(1989) D& Iz 5o T, AFETRET, 7X+DE
FEflho & OFRALFEMERERIZL, X 5w LIRSS
RANART T b FT R & DIESEHMEIT b RTh
Lo %72, ThoOEMUEMEEREC SV THE
FU, ERRMETERET 2 L0 TELN, iy
Ax TCREVIOMEPI L S L3, LizdioT, MR
LHEEANLHT 2 ETORMRSRMETH 3 e BEME
DR ETELTE 2,

70 b 752 S DOFEMERIE, TV hORY—
Varizik 3BREFEAPHBEBECOEHTESD
T, EREFEED STHE, WHEESORE %7 X * 108
AT BRORBIOTHS S,

SHER 70 75 2 b 10 & BB 85 B i
KEL 2DEHT BB, UL DIERCH 2 EYH
BTHD, IV EDREERMETH S,

Mﬂm%brﬁ%(@ﬁwﬁvﬁ%énfnaiﬁ
@, BEFRC L VASHEBMBCESA SN,
EHFFTIET X% O LD S DB B TS
A F T RFEFTRESE L, LI VA b5 OF
HMETR, NY 2> 37 X CREFHRELS T D
R ohiz,

Komatsuda (1992) 135"4 X 288 S8 & B4 574 X
DRATELIIEL, TERMREEDR 27 ) —=> 7%
ol 22, MOBEMLEEER DS M XREE R VLT
L7z, if:, Va7 b YIBWTH Mendoza & Futsu-

hara (1992) i3, FERF»>OBEMEIB L TEERML
EHZERO, MEXBMOBEEERAERTHZ L
EREL TV,

BHMEE2XE T2 5—20ERE L THMEE v
LEVOWPL KRV ZDEFTEE L, 3612, ZOWE%
-1 BRERHENH TSNS, _

Kathal & (1988) i3, X0V IKBEWTELEHSDAE
FRRIE, ARI2EROKER L age BEARL Tz
EEREL TS, £/, Va7 by OEBEHRBOLLE
T ZDOREINVEETH->7 (Bajaj & Dhanju,
1979 ; Goel 5,1983 ; Singh &, 1985 ; Mathews, 1988),
BEURE &L TE— R IRB T ER o h 0,
HEOBMLENEWE SN TB Y, BET LB
BOEBHR RO IR T 2LERH 5 5,

EYHEOREIC BT 28HEMED, A —Fo vy
A MAA=ZVDEBHENNT VAL > TEIEEINS &
5% %21, Skoog & Miller (1957) @ % /v DEEMHE *
w7z RBREKR, EEN S E L TRBEL TS,
—F, ANVAFERELOIESMOCBELTHEH L OEwT
BA—FT VA M AAZVBRETHAHEENTY
%

LL, &FETHE, HTLULMEL bBBLETIRA
<, ¥4 b4 =20 BAP O HEBIIE T H %R L < HH
VEEBESMEE R T ENTE, i, A—FY VD2,
4-DEMTHHBEO L AN ERETE R, ZHOD
BREABEMERUBRAMEAE RV E > ORISR
LTwa LtBbhad,

7 Xx OBFMuc BERR&E 2R/ BAP ik, o
Vigna BOEBRTHRKTH -7 DT (Godbole 5,
1984 ; Eapen & Gill, 1986 ; Kumer &, 1988 ; Mathews
5, 1988 . Gulati & Jaiwal, 1990, 1992 ; Mendoza &
Futsuhara, 1990, 1992), BAP ix Vigna BOEHR I
HADORNVEZERbN S, 23, BAP L4 —F D
AEDEERAVE LBMEENTEE 2BELAONED
T, ISRHHBLEL Bbh, .

B UEYE IR SE L R 2 6L R EosHE
T35, COERBHNMERCT TRANEL T, H
ZVIEREEGAETH L CHEE I N LD 2 DDAREM DS
Ezond, FHREROPICIRPEKER, BETE
R(RERCHIOHEIE, *Frbeste), B, b2
YRV T EOMIIERRER (Hil, 1990) »B&Eh



g % 7 X% (Vigna angularis Onwi & OnasHl) OMIfIEEI BT 2 BT 55

T3,

FHREBLTRE, BohlBMEEROBRRRE:
5EERIC b D ERRBREERL, BobEEd s
COERBHBECTHZ ERASIIT LI,

AHENSERA L LTaBYE, TrEs, EERE,
Wade &R, Kk, /M, RURGOERGERLETHY,
INSDERBEIT 0.4%~3.8%ThH D, HEROERE
BIv b ERLEbhi:, Gavarzzi 6 (1987) &, b=
MBI AERREBOREER, HBEE,SBMLSE
ek O A BETCERRE (EMS) E 2T 56 &
DYHESPICERTH oI EEREL T B, 2,
AR TR, BPCHEHRREN X& Fr—%) %
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Basic study of Biotechnology in Adzuki Bean

(Vigna angularis Ouwi & OnasHI)

by
Takashi SATO

Summary

Adzuki bean ( Vigna angularis Onwi & OnasHi) is one of the major legume crops in Japan. The cultivation
of the crop is limited to the Far East. Adzuki bean is cultivated almost all over Japan, and the main producing
district is Hokkaido. The breeding objective for adzuki bean is high yield, high grain qﬁality and resistance to
disease and cold weather.

To utilize so-called ‘biotechnology’ for adzuki bean breeding, this study was undertaken to produce a basic
system for plant regeneration from epicotyl, calli derived from epicotyl and from protoplasts in the adzuki bean.

A transformation system for this crop was established successfully.

1. Plant regeneration from cell and tissue in adzuki bean
'1) Plant regeneration from epicotyls

Fifteen cultivars were used as materials. Adzuki bean seeds were sterilized by NaClO. They were sown
in MS medium without plant growth regulators and contained 3% (w/v) sucrose and 0.8% (w/v) agar for
germination. After incubation at 25°C in the dark, primary leaf, root and epicotyl were cut into pieces and plated
on MS medium under 25°C and 16 h daylight at about 5,000 lux.

The explant suitable for culture of adzuki bean was the epicotyl among tested three explants. Shoot
formation capacity of epicotyl was high, when the length of epicotyl was approximately 10 mm and seven
days-grown epicotyl. Higher shoot frequency was obtained from epicotyl cultured in MS and B5 basal medium
than cultured in N6 medium. Optimal plant growth regulators for shoot formation from epicotyl was BAP and
cultured in the medium containing 0.1 mg/# BAP resulted in high shoot formation. There were genotypic
differences in shoot formation frequency, and a high frequency (92%) was observed in the cultivar Beni-dainagon.

Sucrose and glucose concentration, temperature of incubation and gelling agents on shoot formation were
also investigated. Thirty g/¢ sucrose was effective for shoot formation in Hatsune-shozu and Erimo-shozu.
More than 45 g/£ sucrose and glucose resulted in low shoot formation frequency. The optimal temperature for
shoot formation was 25-30°C and the optimal gelling agent was agar compared with agarose and gellum gum.

Shoots derived from the epicoty! were transferred to MS medium without plant growth regulators to develop
and stimulate root formation. Rooted shoots were under high humidity conditions for acclimation. After one

week, agar was washed off and the plants were transplanted in soil in a greenhouse.

2) Plant regeneration from calli derived from epicotyls

Aseptic epicotyls were cut into pieces about 10 mm in length and placed on MS medium containing 2 mg/¢
2,4-D. Soft calli were induced from cut ends of the epicotyls. The calli were transferred to the regeneration
medium containing BAP (0.1-10.0 mg/#). Green spots were induced on the surface of the calli and shoots were
regenerated from calli on all tested cultivars. The optimal BAP concentration of BAP was 1.0 mg/£ and the shoot
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formation frequency was 20% in Hatsune-shozu. When calli were cultured in medium containing only kinetin as
cytokinih, shoots were not induced from calli.

Also callus called “organogenic callus” was obtained. These calli were brown in color and contained a
green leéf-like structure. The organogenic calli were able to form shoots by subculture on MS medium without
plant growth regulators. In Hatsune-shozu ninety-two plants were obtained from tested two hundreds and fifty
calli. Furthermore, the regeneration frequency was increased by culture in the medium containing 0.05 mg/¢ NAA
and 10.0'mg/£ BAP and frequency was 36% in Hatsune-shozu.

Sucrose concentration (15 g/£-90 g/£), subculture times of calli and pretreatment of ABA to calli before
placing regeneration medium for shoot formation from calli were also examined. The optimum sucrose concen-
tration for shoot formation was 30 g/¢, on the other hand, a high sucrose concentration (90 g/£) was not suitable
for regeneration. As the number of subculture on MS medium of calli containing 2 mg/¢ 2,4-D increased, the
regenerétion capacity was decreased. Calli subcultured 12 times was lowest in regeneration frequency among
other subculture times. Shoot formation frequency of ABA-pretreated calli was increaséd slightly more than
non-treated calli. Thus pretreatment of ABA to calli did not affect the efficiency of shoot formation.

When calli were induced on the medium containing twelve combinations of NAA (0, 0.05, 0.1, 1.0 mg/2) and
BAP (1, 2, 4 mg/8), the shoot formation frequency of these calli was higher than when induced on the medium
containing 2 mg/£ 2,4-D. The optimum concentration was 0.05 mg/¢ NAA+1 mg/f BAP in Hatsune-shozu and
Kamui-dainagon, 0.1 mg/8 NAA+2 mg/¢ BAP in Erimo-shozu.

3) Plant regeneration from adzuki bean protoplasts
(1) Protioplasts isolated from epicotyls

Approximately 2X10° protoplasts were released per 1 g fresh weight of epicotyl treated by enzyme (0.5%
Cellulase ‘Onozuka’ RS, 0.05% Pectolyase Y23, 0.75% Driselase, 0.4 M mannitol, pH 5.7). Freshly isolated proto-
plasts were 999 viable based on the staining test with 19§ Evans’ blue.

Forty days after initial protoplast culture, the frequency of protoplast division was calculated. Protoplast
culture on the agarose-solidified MS medium (containing various plant growth regulators, glucose and 0.5%
agarose)-showed more frequency divisions than those in liquid medium. The protoplast division frequency could
be increased by adding proline and spermidine to the culture medium.

Osmotic pressure and plant growfh regulators (2,4-D, NAA, BAP, kinetin: 6 combinations) were examined.
The highest division frequency was obtained at a concentration of 0.3 M glucose compared than 0.3 M sorbitol in
tested three cultivars. When the protoplasts were cultured on the medium containing only auxin, the frequency
was low.. Protoplasts were cultured in 2,4-D and BAP, the frequency was highest among 6 combinations.

In a suitable culture medium, the protoplasts proliferated actively and small colonies were formed after
40-50 days. The colonies were transferred to the MS growth medium containing 0.5 mg/¢ 2,4-D, 1.0 mg/¢ BAP.
The grown calli were cultured on the regeneration medium (MS, TIAA or NAA and BAP, six combinations).

Shoots were regenerated from calli in the all tested media, but the shoot formation frequency was low.

(2) Protoplasts isolated from suspension cells

Soft calli derived from epicotyl were used for inoculation in 100 mé Erlen meyer flasks containing MS liquid
medium With 2mg/L 2,4-D. The calli were cultured at 25°C and maintained by inoculation of 5 mé from suspen-
sion cells into 30 mf fresh medium.

Approximately 2X10° protoplasts were released per 1 m& packed cell volume of suspension cells in all the
genotypeé except for Erimo-shozu. Freshly isolated protoplasts were 989 viable based on the staining test with
Evan’s Blue. The days after the initial protoplast culture, the frequency of protoplast division was calculated.

When protoplasts were cultured on the medium containing only 0.1 mg/2 2,4-D the frequency was about 2%.
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When the BAP concentration was half of that-of 2,4-D in the medium, the frequency was higher. Furthermore,
when BAP was added at the same concentration as that of 2,4-D, the frequency was the highest. At a 2,4-D
concentration of 1 mg per liter, similar results were obtained. The highest division frequency of 30.4% was
obtained at 1 mg/#¢ 2,4-D and BAP in the agarose-solidified MS medium.

The effect of osmotic pressure and protoplast density were also investigated in terms of division frequency.
The highest division frequency was obtained at a concentration of 0.3 M glucose in all cultivars. In contrast, the
protoplasts failed to divide at a concentration of 0.2 M glucose. Protoplast division frequencies of Sahoro-shozu,
Hatsune-shozu and Akane-dainagon were higher than those of Erimo-shozu and Beni-dainagon, respectively.
When the density of the protoplasts increased from 0.25 X 105 protoplasts/m¢ to 5% 10° protoplasts/m¢, the division
frequency increased. However, when the densities were 2 X 10° and 5X 10° protoplasts per m¢, the protoplasts did
not grow and showed a brown color. The optimal cell density for adzuki bean was estimated to be 1X10°
protoplasts/mg.

Frequencies of division of the protoplasts cultured on liquid and agarose-solidified media were compared
using five cultivars. protoplasts cultured on the agarose-solidified medium divided more frequently than those in
liquid medium. The effect of agarose was conspicuous in Hatsune-shozu and Sahoro-shozu, but not significant.

The calli were then transferred to the regeneration medium. Shoots were induced from the calli after two
subcultures at four-week intervals on the same regeneration medium. In Hatsune-shozu, two shoots were induced
from fifty calli on the medium containing 1.0 mg/¢ BAP and 0.1 mg/8 IAA. The ‘organogenic callus’ was obtained.
In Hatsune-shozu, the frequency of organogenic callus formation was 10% on the medium containing 0.5 mg/¢ BAP
and 0.5 mg/£ kinetin+0.1 mg/¢ ABA.

The regenerated shoots were transferred to MS medium without plant growth regulators to grow further
and to stimulate the root development. Roots were formed within 10 days. After acclimation for one week, the
regenerated plants were transplanted to pots containing soil. These plants showed a quite normal morphology and

the plants grew well, normally flowered and produced seeds in all tested cultivars in the green house.

2. Field performance in plants regenerated from epicotyl and calli derived from epicotyl.

Plants regenerated from tissue culture have exhibited various morphological and biochemical variations due
to mutations which Larkin and Scowcroft (1981) termed somaclonal variations.

plants from cultured epicotyl and calli derived from epicotyl were regenerated in the present study. The
regenerated plants were grown in a green house and produced seeds. Morphological variation and agronomic
traits in regenerated plants were examined and their progenies (R,-R;s) were compared with parental cultivars A
(control plants).

Variant phenotypes were obtained in R, generations (next generation obtained from regenerated plants)
including chimeral albino, abnormal leaf morphology, long stem, dwarf, pod colour variant and sterile plant. The
frequency of mutant phenotype per R, plant was 0.4-3.8%.

In agronomic traits, from comparison of R, and R, somaclonal lines with the parental cultivar, the pods
number per plant and main stem -Iength and node number per main stem showed a wide range of distribution.

X-ray and y-ray irradiated seeds were cultured on MS medium without plant growth regulators. Seedlings
grown after irradiation by a strong dose mutagen were weak. Frequency distribution of the agronomic traits in
R, plants after regeneration from epicoty! derived from irradiated seeds showed wide range than parental cultivar
and did not show normal distribution. For example, pods number per plant of R, was three times that of control
plants and 100-grain weight was 5 g heavier than control plants in Erimo-shozu. Furthermore, the frequency of
variant phenotype per R, plant was 1.3-6.79% in the experiment.

In Erimo-shozuv and Hatsune-shozu R, lines, the distribution range of date of maturity was 10-20 days.

There were late-maturity lines compared with parental cultivar and some lines did not mature.
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Three lines were selected about 100-grain ih Hatsune-shozu. The 100-grain weight of three lines approxi-
mately 2 g heavier than that of control cultivar. One line with a light 100-grain weight was selected. 100-grain
weight df this line was significant differences compared with that of control plants. The three lines with heavier
were exéimined for yield. Yield in one year in some lines were low, but the average yield of these lines did not
decrease with control plants.

The field performance of these three lines was also examined in the field inflected with adzuki brown stem
rot disease. One line had shown a high disease rate compared with control (Hatsune-shozu was resistance for this
disease).. The yield of this line was decreased, so this line was considered susceptible to the disease. In cold
tolerance trial, 100-grain weight of three lines was slightly heavy and the date maturity was delayed in two lines. -

3. Transformation of adzuki bean by Agrobacterium tumefaciens and A. rhizogenes.

Transformation technique is essential for crop improvement. The following process was to produce a
transgenic adzuki bean.

First, to investigate the susceptibility of adzuki bean epicotyl for kanamycin (Km), epicotyls were plated on
a medium containing various concentrations of Km. The callus formation frequency of epicotyl on 50 mg/# Km
was 5% and the frequency was 09 on more epicotyl 75 mg/€ Km. Thus the Km concentration used as a selectable
marker for transformation experiment was 50 mg/#.

Epicotyl explants of adzuki bean were inoculated with overnight cultured A. tumefaciens (LBA 4404 harbour-
ing pBI 121-NPT II, GUS gene) for 15 minutes and cocultivated for 2 days. Explants were cultured on MS
selection medium containing 50 mg/€ Km, 500 mg/£ carbenicillin and BAP. After one month of culture, shoots
were regenerated on selection medium and then transferred on MS selection medium without plant growth
regulatofs. Plant resistant to Km were rooted on the medium. Total DNA was isolated from leaves of these
plants and prepared for Southern blot analysis. The presence of NPT II gene was detected in these plants using
a horse-radish probe for pBl 121. Transgenic adzuki bean were selected on medium containing kanamycin.

To detect GUS gene expression, cell extract of transgenic plants was inoculated with 4-methyl umbelliferyl
glucuronide (MUG). An assay can be made by placing the reaction tube on a long-wave UV light box and
observing the blue fluorescence, but that of control plant did not express it. So, GUS gene expression of
transgenic plants was detected by fluorescence of 4-methylumbelliferone.

Transgenic adzuki bean were raised in the green house to produce flowers and viable seeds. The next

* generation was seeded on the selection medium. Some transgenic plants were rooted on the medium.

A. rhizogenes grown overnight in the YEB medium was inoculated on cut of aseptic epicotyls and primary
leaves. About 10 days after inoculation, hairy roots appears at the inoculated sites of both sides. the hairy roots
were cut.off at about 10 mm in length and cultured on MS medium without plant growth regulators with 500 mg/@
carbenicillin and 200 mg/¢ vancomycin. The roots grew vigorously and showed extensive lateral branching on the
medium. Plant cells transformed by A. rhizogenes generally produce new compounds called opines. The pres-
ence of (fjpines, which is evidence of genetic transformation, was analyzed by hairy roots with electrophoresis.
Thus, thé; hairy root derived from epicotyl and primary leaf showed the presence of mikimopine.

Hairy roots were then cultured on the regeneration MS medium supplemented with 0.1 mg/8 NAA+
2.0mg/2 BAP. Calli were induced from the roots and shoots were regenerated from the calli. The shoots rooted
on a hormone~free MS medium. Regenerated plants were dwarf types and had a thin leaf. The regenerated

plants were confirmed to be transformed because of the presence of mikimopine in the root.

The adzuki bean weevil (Callosabruchus chinensis) is commonly known as a pest of the adzuki bean during

storage. 'But they can not be raised on the kidney bean (Phaseolus vulgaris L.) Kidney bean seed contains a
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proteinous inhibitors markedly suppressed @-amylase activities in the larval of the weevils.

To produce weevil resistant adzuki bean, the transformation of the adzuki bean was conducted. The
materials and methods were as described above. In this case A. tumefaciens harbouring a-amylase inhibitor gene
(aAl) was used. Shoots were induced from inoculated explants on the selection medium (50 mg/¢ kanamycin).
Total DNA was isolated from leaves of these kanamycin resistant plants. The DNA was subjected to polymerase
chain reaction (PCR) using « Al gene primers. The amplified DNA was electrophoresed in a 1% agarose gel.
Amplification of #Al gene was obtained with DNA from Km-resistant plants.

From the present studies, the regeneration and transformation system of adzuki bean will lead to a new

approach in adzuki bean breeding.
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