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Establishment of gene derlivery system by Agrobacterium species

Yoshinori MATSUDA**, Hideyoshi Toyoba*, Kayo HIGASHIGUCHT*,
Teiji Horir* and Seiji OucHI***

Synopsis

In this situdy, we established a gene delivery system for tomato by the use of Agrobacterium
rhixegenes and A. tumefaciense. pBI121 and pRGUS/pTRA415 were transformed into A. rhizogenes
by tripatental maiting method and. transformants were used for infection of tomato leaf segments.
Hairy roots were more efficently induced from younger leaf segments than mature ones. Gene
integration into hairy oot chromoseme was confirmed by PCR with rol C gene primers and GUS gene
primers. Expression of GUS gene in transformed hairy roots was detected by GUS histochemical
analysis. The results indicated that the gene delivery system established in this study was useful for
introducing forigen genes into torhato plants and for easily detecting infroduced gene expression in the
hairy roots. MAT vector was also found useful for gene delivery method into tomato plants.
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1. Agrobacterium N FEBRIZTFDHERA
1) KO HER

FRER (Escherichia coli) H B 101k~ 7
523 FDNAOEAR T, BARMET
£ LTiE, Fig. 1IC7R L 7zpR-GUS/pTRA415% 1™
$ X UpIPTS. pNPI132, pNPI130, P35S
pGPTV-BAR%Z @/ L, Mandel and Higa® &
ErBWwW{, RIZEFEAR{To 2, 7uh
J)—SDSEYNL-TIF9AI FDNA%
MH L2, KiZ, MELADNAZ 1%7TH
U—27 Lz H-TESKE L. HB1o1#
AOHRRIETF TSI AI FDNADOKA %5
FL, '

2) A. tamefaciens™~ ORI O A,

FIRTLYF - A—F 4 v T
X 2 TA. tumefaciensLBA4404 ¥R~ DH R 1K
EFOXAERA I EARETE LT,
pR-GUS/pTRA4153 & UFpIPTS. -pNPIL32,
P35S pGPTV-BAR % H L 7z (Fig. 1) 9.
INAFY =Ry ¥ —%EALIE coli HB101
EANIS—TF A3 FpRK2013%F T BE.
coli HB101% # 1% 1 ml®L-Broth (23 b
FYFRY 0g/ L, A—RFZFRAFSZ
F S5g/ ¢, NaCllog/¢) “T37C, 18dR &

; pBI121

; PR-GUS/pTRA415

; p35S pGPTV-BAR

: pNPI132

; pBIMAS

Fig.1 Vectors used for transformation of bacteria and plants.
GUS; p -glucuronidase gene, NPTII; neomycin phosphotransferase gene
ipt; cytokinin synthetase gene, R; recombinase gene, BAR; bialaphos resistant gene
RS; recombinase recognition site, RB; right border, LB, left border,



RHE - = - O EH - KR Agrobacterium BB X B SR RIZ - MAFEORET 61

SISz, T/, LBAMOS % 1 mlOHE
L-Broth (/S M U M0g/é , 1—R
PLFXbS& b 5g/8, Nacl 5g/i) T

30C, 1~28iRE HEEL, BOR-3E

DHIBRERE T FNI00 T OHEL-
Broth” V' — F(1.5%agarose) LIZA 7L v &
—THVTERANEEIIE{ITREL
WCT3AMaryVasrf—=3a rauig,
71— M2 5ml? 10mM MgSO,2MX. A7
Ly ¥—CREBEL, O -EHY 10mM
MgSO, TEREERL . HHE100. ¢ 2L
BB RSN B L-Broth BRI H IS L —F o
YZLT3CTIHEAKEELL. HohlH
—In0=— T RAROMEYEEIMIEL-
BrothERE®H T HWT, B—ano=—-0H
WEBRVEL, ARBIZFHFEANINLA
tumefaciens¥ = L /oo BIRICHEH L -804
WL U Tid, pR-GUS/pTRA4151Zi3100 ¢
MmOy 77 Y EL B IUE pg mDF
F4 4 7)) . pIPTS5. pNPI13233 X UP35S
pGPTV-BARIZ{Z100p g imlD ) 77 » ¥ >
BIUSOug/mlDAF=4 L 2ERALLE,

3) A. rhizogenes™~ DN ERBEFDEA

ARERITITA. rhizogenes MAFF 07-20001 %k
rEH L, BARET L LTI, pR-
GUS/pTRA4ISZfEA L., MERMEFOEA
MERDFUNRPLYFALA—F 1 7 FE
Laot, £, HEREFVFELSHLA
rhizogenes™EF L L LT, 2504 g /ml®
APV RRALLED pgmDT FSH A
2V yBITI00xg mIDT Y ELY TR
L - EL-Broth P = A L7z,

a)" BRI U 7 Agrobacterium 7 6 DA
EIZF ORI

'pR-GUS/pTRA415, pIPTS, pNPIIR2BL Y
P35S pGPTV-BAR %A L7-A. tumefaciens &
pR-GUS/PTRA415% & A L 7= A, rhizogenesk 11
N 3 mIDEFL-Broth IZHE L. 30CT—K
REEEL R, EBROTAMHYSDSEIZX
W79 A3 FDNAZHE LA, RIZ, pR-
GUS/pTRA415, pIPTS, pNPII32E X UFP358
pGPTV-BAR %A L7-A. twmefaciens 7GR
L7z7F A3 FDNAR2WTRGU SRETF

VR 794 <~ (5-TCACTCATTACGGC
AAAGTGTGGGTC-3, 5-AATTCCATACCTGTTC
ACCGACGACCT-3) %. pR-GUS/pTRA415% %
AL 7z A. rhizogenesh LB L7279 X3 FD
NAEDWCEHGUSEERFERENL T4
< —trol CREFUHRM G 7747 — (5-
GAAGGAGTCGTGGCTAGTTAAGTGC-3', 5-
AGCTACTGCCATCACTCCATTCCAAA-3") #
HWTPCR™EfTW, ARkBREFL
A.rhizogenes® T — DN ATRIRORE 28 A 72,
%72, A, rumefaciens? H I L 72pNPI13285 &
UPIPT5 22w i, p SR 1s2wEiRz &
bbbty bEFO-TE LY H NS
A ¥ -2 a it Lo TEARETFOREE
TFoale 72X FDNAREBESHS T/
%, BETT v 5 14 7% B(Pharmaciat
Vacugene) A L CHI 0 A Y7L rizigl
L. #F0OFA B2 207 LrEd7 R SR
(1.5M NaCl, 0.5N NaOH). P (1.5M NaCl,
Trs-HCl, pHS.0), 20XS8SC (3M NaCl, 0.3M &
I P T A) TIEKMHE LA, 5 XSSC
THNTBROEEREET2-E, A 7L AEK
ECeg sy, 5OMORNRMBEC LY 2
TV ZIZDNAREE S, Tn— Tk,
pNPI130% Hind I CHE L, BREKFZITo72
#. ipt&EFE RARSHAMROMMZ R
PeREHEy VESVPLBIMLTECLE
ETHEHRYATFLAC X > TERL, MBOT
AR ATLrENATY)FLE- 9 N
v 77— (Amershamit$) H-C42TC, 6057 FE -
RiEFIL, TnAPNFIE—L a2y
o, ERLATU -7 2 BRE0ng [«
LB EINTINATVT A —2arn
277 —iZNA, LTTREBFON, 7 ¥4

-t Ak fTol, TOH, ATV E—

KRR (GMIRE. 04%SDS, 75mM 7 .08
F MG L) TRT, 205Fo%kE 2@ T
7ot SHIZTKIEEHE (0.3M NaCl, 30mM &
ToBFRN)TL) CTER.SHAORER 2
BfFofze BREAV 7L V2 HRHFAEE
(Amershamtt ) OESHWIEEL. 1 7HK
S, X7 A NVACEoTHNATIY
AE¥—=arv el
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2. Agrobacterium Ik 3 2 FADOREF

WA

1) A. rhizogenesiZ k. 5 b < N BIRMO BN

AEBRIZE, P r (Lycopersicon
esculentum L.) @R > 70 - ¥ 5 BREHE
4OHM, KHEBTHFHL-ODEH AL,
A. rhizogenesttMA F FO07-20001 %% A L
oo B % HEL-Broth T30T., —MiBgE
EL. 5o R/ -AATERE R T8 R
BL., 251300 THRME¥E L - MEN %
HeT, V=071 A7l L )Ry
Ab, Thbb, b EETO% LY/ —
WAI308, T FRLI V2 SHREL T
EEREL, REATI @S LE, BE
AIVITHIemBEHFOKE S IR LT,
V=74 A2 Lz SO —T7F 1 R2
e LABOMETRIC 1 SHREL 2%, BREL
REMTERILEELHVEEX, 08 %OE
BRXFL— b ECERESEEIRL 2 O
L7z RiZ, 82 ~ 3emic U7 EHRR
TREH I VY THEL., 100k g /mDE 7
I FVAMERMLAMSHEHICEEL,
A. rhizogenesDBEBE %2479 L & B IZBREO
i—%% %1:]:9 7‘\_"0

2) b PEHOIMAZNIC L A ERBHER
DB

BT 1L A. rhizogenes M A F F 03-01724%,
MAF F07-20001%:. MA F F07-200028%:%
& L-Broth T—HiREEE L - MEE+ H
Wite T, BEELTRESONET CRED
LizbebrzHns, b EDELEED
LEIWETTETE, S45HE1056
MEZITLPUE, BIHELCEIRES
T EMEL LTINS L, kY —75
ARAZERED bv P EOEHOEIREH N
HEORH £ 7o 72,

3) TR MY T OEHEOKE

A. rhizogenes MA F F07-20001% 285 L.
V=7 7F4A7BEIIE o T b= MBS
2o $2bb, BHELLN -V F1 R 2% E
BOMBEZ 1 5BRE L2, 504 gml®
TEMADTo2BmML7208 YOFRE

BORERXLL— MIBEL. 7R MLy 3
T DERBOH SR Z T/,

4) BREGBEEED 72D OWEN T LT
WREEDRET

A. rhizogenes MAF F07-200018(- X b &8
BINLTERRE —CHMERL. EEA%
BUERROLRBH 3emE R L 72, B
WL -ERR B4 ORECREL- Y=
A M S B #ICER L. 26C 10
BEBRLT. 2OMETHNEL ., B
TMT DA 24T 7BEF, 0.1.5.10.20,
50.75.100ug/ml& L7z, /4, b= (RH
R FO—4) PEFBEINLHINRZDN
THRBRCRAEMA . T2bb, Mt
HELTRAFIA L BIUYTIHR%
AL, #ERER & LT, 0,1.5.10.
20,50, 100 ¢ gimIBH F<7 4 2, 0.1.2.3,
4.50gmIOET FHRAZFREMIZEML T,
27 DINAEBR L%, 26CT24
BEL T, FOMBEELT,

5) AgrobacterivmiZ X 2 b % O RR
(P e U _
PR-GUS/pTRA415 75 A & L 7/2LBA4404
BEHAWT P MDA REETORAL R
HTzo Y, FEORBREY. 0D*d0.25
B LI KBEKTHEFEL, V-7
1AV L BBIETFBARRA . MEH
R THRIRS )~ 7 FA R % T 4
P X IU50p gimlE IEINL 72BN E - 7
J-MSKXEBICBIRL:. 3 HBLAEE
BLLI-T7T1R2%, kB L7+ ¥
¥ 5200pg mlEEE b LR BiME
H (01pg/mlDdh AL RF, 1 pg mld24-
DE&Y) IIBHL, 2HAMITE ke
MZEYBE, BREETI L EBITHEELH®
L7z, %722 PRGUS/PTRAAIS ZA-A L7z
A. rhizogenes MAFF07-2000183 X UpBI121
A A B N7 A rhizogenes MAFF03-017244%
EonTERBIZIRRE S, SRRIEFIE
ASNIERBOELERLT,

3. ERGBRANIBLUERRLISOHR
RETFOHE
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1) GUS assay = & 2 fHHRAE L2008 H

PR-GUS/pTRA4IS T A L THLHNALH IV
ABLUERBICOVWTH, PR oE—%
—2omDFMPHTH L 2mMOF ) F VR
REMLAMSERE EC2 ~ 3 HEER
L. BRI NVABITERBERNT
GUS assay "% 1727 T b |HRAN X,
FRXRZGUSKRHABRIIZT, 245812
FL, GUSREFORRILIZ2A4A VIV IR
JCEBE L7z, T/, pBIRIOHEAILL ST
Boh-BRBCo2VTIR, BT
GUSEIZFORB Y L7

©2) B fEDN A QMM

A. rhizogenesiZ X > THFE X LA-ERESB
X UTA. umefaciens /> & VIEEERI N H IV
A 76 Crode nuclear pelleti: % B VT, ROk
DNAZHH LA, 4. 0.1~03g0BEHRH
Bramekse, sighonoy—Rickasg¢
B L7, RiT, BREEZ Ty RV FPAVTF
2 — 7B L. 4,000pm.4C T 5 7[E&E L5
HEfS, BEREIMATILEZBELL:, 85
i, 2061020% SDSEMA. W MFL
72t&, 70CTISFHMMEL 2, 0%, 150
ul D75 MEEER7 = A %A, WL
7efg. AP TIOFL EHH L, 15,000rpm, 4
CTI0T M E LT EAT - Foo BADBER.
FRRICEROA VTN - AR METE L
REL., I57HRETHER. 8000rpm.4T
T 5 SR OOMEL 728, 36041 DTE/ Y 7
7—2MATHLREER L. RiC, FED
Tz - i EMITHELIEB#EL,
15,000rpm . ZR T 5 FHELTHE T2 70
BOLAREL 2B, KREFLLIy R NI
7 Fa—TIBL, 0p10 3 MEEEEF MY
Y AE1mlDIF 7 —FMA, 15000rpm.4
TG MECTBEL 4T - /2%, 4001 D

70% 2%/ —NEMA T, 15000rpm.4 TT

55 ME L GRER T2 KIZ, IEBEEZ
R L7 1R. 20ul~50ulDTE/Sy 7 7 — I
BTk DNABRE L

3) PCRER L ZNRMETFORE
RIEDERTHIE L ket D N A 285
ELTPCRER I AAREETFOREBZR

Aize Téhﬁ‘ A. rhizogenesIZ X - TEF&

CBNAERBOEBEDNAKDWTH, rol

CEBEZFTIHRENLE S FAT—%2HVWTPC
REZ4TV ., A. mumefaciens |\~ X AT HIER
HNADREBEDNAKDVWTIER, GUSH
EFIREN 2734w — %AW TPCRE
#4970 720 7. pR-GUS pTRA415, pBI121
TMALZERBOFBEDNAIKDOVT
iZ. rol CEBEFIHRN LS54 ~v—-LG
USRETIHRENLE T4 -2 HWTP
CRE®{T->

4. b7 FERRBDL S OBERESNERD

= '
AEBICIE, V- T7F1RAZEICL ST,
A. rhizogenes MA F F07-200018k % Bedfe 2 8,
FHLABRBERV, I, BYEER
HWE A -F T ELTA Y F— L ERER
(IAA) %, ¥4 A= TRy
N7I2FY (BAP) #fEEHL, #0¥
#10.0.1.0.3.0.5.1.0.1.5.2.0 x g/ mDOBEX
TERT, MELAASHYIEOOBERX®
MSEREHETERL>:, R, 2ERES
CERBOLEMH ScmFHENL, FRERX
OMSEFRERICER L T, BEEEOHFE
FERAT '

5. A tumefaciensicEZ2MATNT7 32— -
2 X5 Las D OB
R PADMATRY ¥« Y AT LD
I > T, ¥ TIIEBIBEIINTVS
YNNIV TEI X7 LADFBRBL T
v, FOFRAMCOWTHRETT A LI L.

1) AgrobacterivmBME 2B} 5355 71
T— 7 - ORBAEOHER

FEHEEYATIEER L2nE SN TWA3S
S FOE—F — ¥ Agrobacterium BHEIZ B
WTERTHIEFRESINTEY, £h %
ERET 7O DOBREREIT o/ Thbb,
250 g MDA ML T F2A 2 k50pg fm
DA T AL EEFCWREL-BrothiZ40 4 g/ml
AX-GlueFME =S~ r42EHL. 207
L — b EIZH&F TpNPI1132/ LBA4404 (p35
S-GUS) #E#ML. 30CT3 HMEEL ™,
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FFEE & L TiXpNPI132/HB101% B\, [FEH
WHER L 7.

2) i p tMEBETNIAT L FFMHEER
BECIVEFREL. MSE®BETER
BICHMW L% 92 (Nicotiana tabacam) L.
cv. ( Bright Yellow) 27 — 7574 A2 % H
WTaryrRr— N -N2F5—, pIPTHED
Wi T o, BEIBHBI NIRRT,
BREOLD MEWELE 7+ 7% A200ug
mEELRVEY 7T -MSEXEHICE
ML, BROBIRS 5% LA EF L2
B BE L CREBFRICHBE L2, SHIC. 88
THERL. VA4 A= 0BBERIC Lo
THFHEN-LRORLIBFERTELELL
#3346 (E S P . Extreme shooty phenotype)
&L MR AEEELhAEECHEREL
TV A EITDWTGUS assay 1T 2 720

3) MATWZ ¥ =2k 2% /30~DR{E
TEA .

HAREFELTpNPI1I32MAT
& —% %D A tumefaciense® V) — 7 F 4 A
PEIL X o THNOER RSP S8, B
LERICEEL, BORLREFO ) bRE
LTw330%2, HHENCERICHERERL
TWAFIZOWTIREHRIALE LTHRE,
EFDMOEDH LERBEHN LI VEDIIDNT
i, RIEZFEAGHE LTI IaEF L DD
KL, REbicBEL CHEEELT- 40
TREES L L-ESP*BIKL. 175
T BEET R RET -7, 8
EPICHELZTRFERZOEL . EF M
EERlLizva— Pi2o8EL TGUS assay &
fTo72. £/, BIEH TGUS assayz 7> 7-E
S P& & 3BT, Crude nuclear pellet iz & -
THREEDNA 245l L%, GUSRIEF I
BBRHLZISAR—2HVEPCRICEEST
R {ZFHIHFEET IGUSRIEFOREE
A&7z, '

RS SJUER

MRz DNABE#HZAWSSE - K30%
EFEAEIIoWTIRILY baf—L—3

avih,. A zo7a Y2 ¥ A NR Y=
FAYME, BEU=A 204 P2r3
YEEMHITORD, LAL. ChbOhRE
TREFRLLPERERMREOBHRE L UL
Heg D FCHE S L, o, £HEET
Bign7Trefr722variER
Agrobacterium BAHE SHEWH I ER L &
i HAMCHAETAT i HAHVWER I 7T
A FLEOT—-DNAFERSHYRGHEDN
ACHAAZThIHRBEFAHAL - O TH
%, FITEHEOLR—EIIAROTKERA
BA%18% & & A FE % Agrobacterium RS
RV 774 A7 EILL ARIEFEE
ZREROERIZ OV TR LI,

1. Agrobacterium R~ O EMEFD
BA L
Agrobacterium IS RBRIZTF 2 EAT HHELE

LTk, HENS &~k A F ) —R7 7~

EFRITOND, NAF ) —T»—Fik, T

i 7223 FLOT-DNABREBLEE»OHE

POREEDNANBITSE 2R EFHL

b DThi, Tibb, FRBETFICELE

REFA AR R TVRIE, SRBETLT

1 77RAIFREHAFLTWRLTH, T1Y

FAIFPFEOV I r WBIZE - THEBORE

HITEBDNAZMEBCHATII LT

Bo Fio. BENRY F =12k o THRERED

BORLERE, FEANY ¥ BT TEHEE

EHIFAERA DR EZ2\ED 2 2OBERICKE

THOT, A1) =Ry F—FEL2FAVwaEH

BEERDEI R, DEnZ ehd, AER

TRERERDFEOG AT ~R7 5 -5

rBeT, 77Ons T2 AORRERET

S R Iy _
ABEOFIIR, BAEREEIOTSIAS

F (AU R—FFAIF) 2FTH5L0%H-

T, BEELZHLTHORBEYT sy 7

VYL LESL, 73R FEEETLIIEN

TELLDNB A, ZORE, "NWII—FF R

I FUHNDOTIRAI FEF-> TR, £h3

Bl s B o LT b, T bbb, /N4

FN—=RYF— 2 EHTLRBEEANN—FF

- AIFEFTAEKEE pRK2013/HB101, 4 6

i2 Agrobacterium BAIE % RAET 3 H L F LH
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LTS L L, TFEAUNR=T T I KN
{F) =Ry 5 —% 4T DHK ”ﬁ“t%” =
D KE#HY Agrobacterium BAIH &5 5 &
ANWR=T T AL FOBAT ~HW>\/\4ﬂ-)~
N7 & =1 Agrobacterium BHIFH~NESH Z L2
hhe £2ZT, ZOWEEMMLA NIRRT L
> ¥ A—F 1 » 7 (tripatental mating)i%: (2 & ‘)
Agrobacterium &l & ’\(/')‘/brjmh\f DB A%

D72, TORHE, K4 "EWiMLTL
f?&éjtﬂi%ﬁﬁ%giut®(\'%ﬂ%ﬁlmj
DZ—IoWTH—-aun=—5iciro7 X
72, ORI a0 -5 75 A IR
DNAZHMIIL, ATAHLZGU b LI
W74 —BLU0r o | CELTHRNT
47 —%HWTPCR%T oﬁﬁ% B NTERS
NAHADNAHY A ZXD#IEL72DNADRKE S
72 (Fig. 2)o LLED#ERD? S, KEIZE > TH

M123456789M

Fig. 2 Agarose gel electrophoresis of DNA fragments PCR-
amplified from transformed bacteria.
M: Molecular weight marker.
Lane 1: DNA amplified from pBI121 vector with GUS
gene primers.
Lane 2; DNA amplified from pRGUS/pTRA415

isolated from LBA4404 with GUS gene primers.

Lane 3; DNA amplified from p35SpGPTV-BAR
isolated from LBA440 with GUS gene primers.

Lane 4; DNA amplified from pIPTS isolated from
LBA4404 with GUS gene primers.

Lane 5: DNA amplified from pNPI132 isolated from
LBA4404 with GUS gene primers.

Lane 6; DNA amplified from pRGUS/pTRA415 i
solated from MAFF07-20001 with rol C gene
primers.

Lane 7. DNA amplified from pRGUS/pTRA415
isolated from MAFF07-2000 with GUS gene
primers.

Lane 8; DNA amplified from pBI121 isolated from
MAFF07-20001 with GUS gene primers.

Lane 9: DNA amplified from pBI121 isolated from
MAFF07-20001 with rol C gene primers.

WNZAE ALY Agrobacterium JEMF 1 ZE A
SN BRI,

2. A.rhizogenes \Z& 3 b7 FADBERFEA
A. rhizogenes IR 12 & Gx L | Z'U)‘}'“ﬁ.ﬁ\
DNAIZCT—DNAfMAMAALZ &I
%mrmﬁiaov®#u%ﬂm¢ﬂ
(EEETEADKA % HE| N L/ RN/
T&hLEZIONL, £2T, REBRTIL,
i%ﬁ#bvh«m%*@ﬁT®% IZH)
ThbELEz, B8 ANIREEEMTr R
HEBZEiCL, T, V=771 Ak
12 & V) A. rhizogenes MA F F07-20001 %% ©
v MIRESE, BRROFELRAAT, K
VAN U—7fo7%1mﬂgmmﬁ7¢
X LRFEIMLAMS B mICER L7
E XA BIRBOFBITEE SN Do 7295,
Bgeth, V=T TFA A EFERTL— I
EIR LB EI21E, BIREAFEI N, 2

~ 3emlIfff L 72 BIRIEE 100 g/ mID+ 7
+ 5 F T L EOMS EREIZER L TK
HOBRRELHE 1o, BEZ#RLIZLE IS
{Iﬂﬂciﬁy“ (2 % Fil) 72(Fig. 3-A)o 2D
ZinL72M S [

FEEID, LT Y FIL

Fig. 3 Induced hairy root of tomato and transformed

regenerants.

A; Hairy roots induced from leaf segments of
tomato by A. rhizogenes.

B; GUS staining of callus cells transformed by
A. tumefaciense with pRGUS/pTRA415.

C: Multiple shoots of tabacco transformed by
A. tumetaciense with pNPI132.

D: Regenerants from multiple shoots induced
by pNPI132.
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EEIEERROBRICTE S v Z L H
Lt of, e bRLERBOFEHT

BEL ol T, KIZ, BRROFEICHEL

2R MEHORSC OV THRFAETR
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Fig. 4 Agarose gel electrophoresis of DNA fragments
PCR-amplified from transformed callus cells and
induced hairy roots.

M; Molecular weight marker.

Lane 1-4; DNA amplified from RGUS/pTRA415
transformed callus cells with GUS gene
primers.

Lane 5: DNA amplified from pRil724 with rol C

primers.

Lane 6; DNA amplified from hairy roots induced by

MAFF03-01724 with rol C gene primers.

Lane 7; DNA amplified from hairy roots induced by

MAFF07-20001 with rol C gene primers.
Lane 8: DNA amplified from hairy roots induced by
MAFF07-20002 with rol C gene primers.

Lane 9: DNA amplified from pRi1724 with rol C

gene primers.

Lane 10: DNA amplified from pBI121 with GUS

gene primers.

Lane 11; DNA amplified from hairy roots transformed
by pBI121/MAFF03-01724 with rol C gene
primers.

Lane 12; DNA amplified from hairy roots transformed
by pBI121/MAFF03-01724 with GUS gene
primers.

Lane 13: DNA amplified from hairy roots transformed
by pRGUS/pTRA415/MAFF03-01724 with
rol C gene primers.

Lane 14; DNA amplified from hairy roots transformed
by pRGUS/pTRA415/MAFF03-01724 with
GUS gene primers.
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Fig. 5 GUS staining of transformed
plants by pIPTS.
A Leaf tissue of tabacco
transformed with pIPTS.
B; Non-transformed tabacco
leaf tissue (control).
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