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OBEOA FITOEEIRETHL L&, ‘LLo» BL UV EXREE & Agrobactevium tumefaciens
2HAWT NPT Il BRFB LU GUSELETEEA LR, OBER, PEEREI VABLUTREFOFEHI
BT, WE BRLFENLL, ‘L0 & EXEE XD THEELNSBEERTEF G,
‘L Eow OEF» S OBERAEI NV ADIERIIBEWT, TRy Ty st A tumefaciens BETRIC
BELE, »VABEREMT 6 OMAFESET 2 L BESRE A L L. BEEREED GUS Eitx
X-Gluc 2 & D BESHEMLEHCHT L2 2%, GUS OREEIL, ETIRPFME, ERTIMHEE R,

BTCHERAITHEECE P o7,

L.#% B

baERBWT LA FTOFESRETLR TV SN
WEODFERE T L L0», WE BLUEZTEL
ThH5. INoDOFEIBREIE LA, ‘LD 1D
EAZRE, TE ZKREBC, EXREREERC
FNFNIFOLVIRERD L, A F T EOREEE
HEYIZET B xR D, REC X D R
OB *MFOSBICANT 2 DEETH 3,
L2 L, dEFHa N T3 EEFHEBZ ZiFTik, B
WeF2—DODBEFEMNMT 22 EBWETHY, K
BEREREMOBE & > TRIFCESTH S, 20k
I, B, oA F ITRBCERTFEEATS
BMiefELT 2 LE DB, ZOE, %< ONFERY
THWSILT v % Agrobacterium tumefaciens® % Fi\»
TRERREITI OMED L WEHMEREFAT 2 2
EOHIRE R B,

45 TOEB» S OBEROREIZE D H 22903,
FORGTEEEIRE W, EFSIF, HEOFER

ErEERNTRECHES €Y, Ths0EMABE S
VAL EE, 3L IEREHESELDIRIIL,
SH, ZESREEFERTAWTERE S 7T A
tumefaciens % BR S ¥, BEREMG W NPT I #iE5F B
U GUS &EZT2& T-DNASEHWEA SN Z &
BHERLIz:DTI ZWHRET 5.
2. M BEUVFE

EBEMCKENEL XIE, ‘CI0o» BLIUV'E
REAE DR L ERE AV X TR &S (MS
Hic s a g 3%, Y7370 (BA) 2mg/l,
BXU24-vrons )% B (2,4-D) 0.2 mg/l
ZERMUPHS S AEELL- D O) 1 HERE (100
25°C, EET) L, #EMB L A
tumefaciens 1k pAL/PC 2760 Ok T-DNA 851
Fe 4y yEPE (NPT ) #EFE B-Ivro=y
—¥ (GUS) @EFEHT 5 pBI121% 2 b U =T V>
INWALT 4 THEICEDBALIZ DRV,

rpm,
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(1) REMEEBEORET

B F<A4310,30,50,70,100 mg/l B L UH L=
1) > 100, 500, 1, 000 mg/! ZEI0L 72 A )V A GRS
(FN54 b 0.2% 2&D) WRKEMHEL&EA 5T
DER L EWFEEBRL, 60 BERO AV AERIZ DOV
THEEL.
(2) REBEBRAILZELIUTEFOER

BAER A =4 v 50 mg/l RERANL 72 YEB B2t
(A —RbzFR1g/lLAATFRA5g/, 7+ 5g/,
v g $E5g/l, MgS0,0.5¢/{,pH7.0) T—HiE L 5k
% (100 rpm, 28°C) L 7= A. tumefaciens D E K % YEB
BT 1/10 I FR L 2 10~30 i L THEREL,
HVATGEEM T 2 BMEFEEEL:. 20%k, BKE
Dbz H =) > 100 mg/] L BEIEEEY VAD
BHRO-HDIEHFA Y 0mg/l ZEHMLTz A VA
Bk e AL T, 8360 HRICH VAR D
THEL-. RiZ, BRUEA VA ZRRRAYER2E
ATBSMEE (O ABEEH» S 2,4-D 2Rz
bD) KL T 30 HREREER, TEFEERIZOWT
FEL .

(3) 72 ITrokE

WEERREPHED LD, ‘L L0 OERBLUE
WE27E by )Ty %0 1mM B X005 mM &
te A. tumefaciens SIBWRI 20 5B E L T21E, A VA
Bt T4 HEH 5126 AMEESEL, LEELFE
BIREDE 280NV ATEREMCBEL /2. B8
60 BRI 7V ABEIZ D W THE L 7,

(4) W EERHEOHERDR

EESME UGB LY 4 v b0mg/l BE i 1/2
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MS iz BAE L, &0 W BIREMEOELERL,
4 - methyl - umbelliferyl - 8- D ~ glucuronide (MUG) &
TCTIHERES Y, ZORIGREEIMEZ 712
W, #ET B-glucuronidase (GUS) {2 H L7z,
g7, GUSHEHOHBREE 2@~ 20, B BN
BIUROTE %, X-Gluc (5-bromo-4-chloro-3-in-
dolyl- 3-D-glucuronic acid) T—EfEBL T7 N2 —)
ThHE%K", FeofaE cGUSEHEERZFML 2. &
iz, GUS EM#HERL, ZhehfiarcEsons: ‘L Xk
D O2EEE KE O 2@ EEHETL, T —
ZHEY, EEBIUVEIRI V> —HPHERT
vF—EHOBERC B 2R L UVEMRIOE L ERO
GUS @t % L0 B TE L7z, £/, REDERLL
Bl GUS &S Rk UTFHE L 72,

(5) WEBErifatdo) DNA QBB YR A4S —FHEH

Ri5(PCR) 12 & 3 NPT 11 Bz FO%R

B LU EROZEL 5 Edwards YO @I &
D DNA 2 U7, {HL, DNAMHEROBE <
7o, HHEEEZ 25 mM DYV F A AV A —VBER
7z,

Bon’ DNA 3 10~30ng 288 ¢ L, NPT II &
ETOFREB O 5 - RGO HERY] (5'-CAAGAT
GGATTGCACGCAGC-3) B & U I-KimI O MY
Eo%l (- GAAGAACTCGTCAAGAAGGCG-3) % ¥
D27 4w —%2HwTPCR%1T -, PCRI,
94°C « 30 BRROE, BHISC-308, 7=V 7
60°C-24y, MERKIGT2ZC-34% 45347 VREL
7tk T2°C T HRBOEHETITo . HEEDRE, 1
pugml T F P AT IR RS 1L.5% T =AY

Table 2. Effect of acetosyringone on the transformed callus formation of strawberry cv. Toyonoka.

Leaf discs Petioles
Acetosyringone  Co-culture period*! .
(mM) (days) No. of explants g)?;?:gtta%n%f_ No. of explants g)g;‘f:ggafggr noqf
examined ing callus examined ing callus
0 4 40 2.5 40 5.0
6 80 5.0 80 2.5
Total 120 4.2 120 3.3
0.1 4 40 0 40 7.5
6 80 0 80 45.0
Total 120 0 120 32.5
0.5 4 40 0 40 2.5
6 80 0 80 38.8
Total 120 0 120 26.7

*1 After explants were incubated with A. fumefaciens in the presence of acetosyringone for 20 minutes, they

were co-cultured.
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NTBZIRENC L DS, £72, A DNA % EcRI M1 2 3 4M
& Hindlll TERNMEL e —h —BETFE2RERRKICE
SkE L Tz,
3. RES L UEE

(1) HEEREERICEVIHEMEORE

Bon L HEEREEIEL GBIRT 2201, Y
B S THAWEOBRE 2RI L, &+~ A

ok 50 mg/l L EIRINL 7o BT g, SR ke 08 kb m——
HE 5 05 L AR T DR THD &g m- e,

7, HEALLEEOT TR, ‘Lo BRERELAFT

{ Yy DEEEZITHNATRESE S, B, B
MHDHNATBRERIZ, w1 w2 30mg/lEwminL
BT @b ool —H, A=y

S, D VATREIC A BEETUZ S B o b

Fig. 1 Amplification of NPTII gene
fragment in transformed straw-

1, 000 mg/l MK D A VA DEF 3L T OEETET berry by PCR.
%oz, 1,2 : Transformant
PEOHERLD, A FTOREEREKETY F~ 1 3,4 : Non-transformant
% 50 mg/l AL 72 Be b TIEIZ52 2 0 BIN T X B & % M : Marker gene
ZHN5,
(2) EEEHBEHILZABLUTEFORR WABELNICT Ehdr oz, B CERE BT

HEFELZToLBORBIEHMETHLVABRIES SLBRTIVABEL L, Q& CEEKRLZER
REOS D WE HFEOLFELL, BRLIGIMERD D 3B.6% »osrrxrBons, BERLULZIMER H72
55 20% LLE» s v AwB o (Table 1), —75, DOBME LT EFRY W ¥ E»ol, "L ED
Mo 2 BRETRBERLUIMER DS B 0% LIT» 54 »BLVEREE S bEELNSFEFENES N

Table 3, g-glucuronidase activity in the leaf position and root of the transgenic plant of strawberry cv.

Toyonoka.
Leaf position (New Old)
Plant Sample Root
1 2 3 4 5 6 7
Mother plant Leaf —* 4+ 4 4+t +
P Petiole - - + + + + ++
. Leaf — +F At A+t At b+ +++
Primary runner plant .
Petiole — — + + + ++ 4o
Leaf + A+ ++ e+ +++
Secondary runner plant .
Petiole — — + + + ++ ++
Leaf
Third runner plant ea‘ ot oAt At Tt
Petiole — + -+ +
Leaf + ++ ++ +++
F h 1 .
ourth runner plant Petiole _ i n n
Leaf
Fifth runner plant ea. oot A T+
Petiole + 44+ ++
Leaf ti
Sixth runner plant ea. + * no rooung
Petiole +  ++

*1 The leaves were numbered from young one to old ones in each runner plant.
*2 Score for relative intensity of blue colour after staining with X-Gluc.
—: negative, +: low, ++: high, ++ +: very high.



7. EERBEWAOREREMIZ, R OTEFRRICE
WL 20 SR EETH o 7 ds, ‘L LDy kTR E
A CIRBEREC L 2 238D 5 ke 7z (Table
1), EE L REZEE D T4 ¥ 2L T2 RIRRE
HCBRT 5 LEBEEIRLIC o, ThiEAF~
4 ¥ I B A4 F T OROBRRED OB LS
WZrikkreEZOND, AFTAVVHEEFTA S
TOFREFOFRBRENPFI 25 I L2 0» T,
Nehra 59 b EBELERZIREL T3,

(3) 7 )rTrnphR
BEZREPE SN IPEOEL L IO Do
TR7 2 v ) T ORMRE AN, EREIME
EYLT, 7 b¥)rarzatr A tunefaciens &
B 20 SREENE L 725, ALV AR T 6 B HH
FEBEPT RO L, HophPRESEVWEZIN
AN ARGER LT AMER DEIFREICEIML72. Lo,
R OBE I AV ATERLMIE] & 417z (Table 2),
PLED#ER X James 50 OEBER & IZIZEHFETH -
7z,

(4) GUSFEHIC & 3 EExiRE R & BRESD

=

HFwA Y EREUEMTHEMLLIEAEFIZOVT
MUG #BwT GUSiFiERmL LIz L 25, ‘®RIE T
FHESMLL 2 I8 EET IS EFET, ‘&L T2
Ak 8 EME T, EXEL TIXI0FEEF 7T@EET
GUS E st a e, —ANEE L TRV IERE
EfE TR ThEESRE SR DT,
GUS E\ER R 2h s OBSLERSEERRETH
3 EDER S NIz, R EERRASSHER & iz B
ZoWwT X-Glue #taiz L H GUS HEENRD 65N /-0
BELERICB L TEREEERT, RCBVWTRER
BEETEWEEPED s he (Fig. . Ziu, Jef
ferson &' Terada 6WHEHE L T35 X H 2, S
B CaMV-35S Yus—¥ — 3@ TCOBE CTHIRT
B8, ERICHELSEIMTHN TV S0 CRICFERD
My b MBS ESE2 D D, Nagata 50958 T v
2 k3 iR phase WIREL TWwWa37-0TH 3
rEzZoh,
BOEEELRDOX-Gluc s EBE LTHREL -
GUSHEMHIE EW BOoHBocgwERTH >
(Table 3), L» L, ‘W& BT GUS {EESIRICIE
B BRI i,ﬂﬁ\b) Lo 1EEED sz, i,
‘L Lo O2EFETCEHMOBERRERTREINS &
3, BFHBT—EE GUSEREE TR, —H oM
oA FEEPEEINF AT EHEEN, 20X,
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Beh-EEREERO GUSIEMOMR S & FBEE{IC
FEEIZ L > TERES D 572, Zhid, Araki 5%
Stieckema &9RE L T3 X 5 CHEABLGTFOME
BEPAY —HOERECL LD THLEEZOND,
EREBOBEWER B L U2 DERO GUSIHEE:2E
BN ROBEREIVFDT v F—oIRELIET
HESRE L7z (Table 3), HREE 1 RS - —EHDOZ
e Tk GUS EMEEy s e o708, &S ?ﬁ(? g
F—ELBEOEDZ NS TRIFENTE® o,
m7y%—mm6%4w77+—m®§%ﬁ&@%w
ETEEE0ATGUSEEVRED s, ZORIE,
CaMV-35S 71 & — % — BSERICHRES S TONT
W BERSTEHC I O X v 3 S TOHRE 2 L i

Fig. 2 Hlstochemlcal staining for GUS

activity in transformed tissues.
A: Leaf. B: Petiole. C: Root apex.



24

FET S, Fi, RECBVTR GUSHEELRALE
FrRbehles, REOREBHBTERED Shkro
7z.

(5) PCRIz& 3 NPT II BInF-OEATER

WEEZERER» > BEEL 72 DNA 2 &R i L T,
NPT II 3B EFOBFRERD 5-KigEF 0 HERF & £
U 3- KRB OHBUEINI2R>7 74 v -2 T
PCR %21To7:. DR, pBlI2l 28 LHE L
[EKE 44 0. 8 kb o0 DNA W & »3#8ig = v (Fig. 2), &
h e OENMEEYS NPT I BEF 2R oBEREE
THBZ L oERE NI,

(6) £ &8

EFRITBWTIX, A. tumefaciens 2T, 45T

BEABOMR L WHEBRR R L. Zhidilkx
DT ERE U T2 RIRD LA F TEHMERY 2FA L
2k, BXUAFIAYY0mg/l DBENTIEZRS

BN TRETH T &k 5,

Nehra &9 % James &' A.  tumefaciens % Ff\»
T, %77, BEEVSZ A. rhizogenes & LT A F I
ONFEETFEACENL TS, Lrl, HEEERD
FESETH D T D ‘& L O» T A tumefaciens
ZHOT, $ELCHAERTEEAL 72 QK]
BDTTHL, WEEREIC S 2 EARGTFORRILE
BEERRELERDIEBPHONTVS, 5T, &
EE#%K%%?%%E?%@W&%E?%%KLT:

BREEARE LTHET 256, £37%< OREERR
%%me,%@¢@6%ﬁg@mm§®%§ﬁT5:
EOREY XD, IORDITREED L WEHERRR
BNETHBH, TITHRELIAFITOBEEERI
0L nEMcoRETEZbDLEZLN D,

# 3

BT HIz-T, HIEE - #HEBS ez EEszL

IEAEEEHOERBFEIERE EHOBEERL
=7,
X Bk
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Summary

Transformation of Strawberry Using Agrobacterium tumefaciens

Hiroshi AsA0*, Shigeru ARAI*, Takanori SATOU**, Masasi HIRAI** and Tadaaki HiBr***

*Nava Agricultural Experiment Station, Kashihara, Nara, 634 Japan
** National Research Institute of Vegetables, Ornamental Plants and Tea, Ano,
Mie, 514-23 Japan
***The University of Tokyo, Bunkyo-ku, Tokyo, 113 Japan

Strawberry (Fragaria X Ananassa) cv. Nyohou, Toyonoka and Houkouwase were transformed with
Agrobacterium tumefaciens carrying plasmid pBI 121 containing a Kanamaycin resistant gene (NPT II)
and a S-glucuronidase gene (GUS). All three cultivars produced antibiotic-resistant calli and shoots.
Among them ‘Nyohou’ was the most efficient, while ‘Toyonoka’ and ‘Houkouwase’ showed lower transfor-
mation efficiency. The antibiotic-resistant calli of “Toyonoka’ were efficiently produced from explants
when incubated with A. tumefaciens in the presence of acetosyringone and co-cultured for 6 days. High
activity of GUS in the transgenic plant was observed enzyme-histochemically in midribs of the leaves,

vascular bundles of the petioles and the root apexes.



