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Abstract

We investigated several antibiotics including carbenicillin (CBPC), clavulanic acid/amoxicillin (CVA/AMPC), cefotaxime
(CTX), meropenem (MEPM), vancomycin (VCM) and doxycycline (DOXY) for Agrobacterium elimination during apple
transformation. The growth of Agrobacterium tumefaciens EHA101 was suppressed at 1,500 mg * L™! of CBPC, 750 mg * L™
of CVA/AMPC, less than 500 mg * L™ of CTX, 50 mg * L' of MEPM and 200 mg * L™' of DOXY, but growth was not
suppressed at 1,500 mg*L™" of VCM. In the shoot length, there was no difference among antibiotic-free, CBPC, CTX and VCM
treatments. However, the shoot length in the high-concentration treatment of CVA/AMPC and DOXY was significantly
shortened. However, the number of shoots increased as the concentration of MEPM rose. In CTX treatment, the shoot
regeneration rate from leaf segments was lowered in comparison with antibiotic-free treatment; however, the regeneration rate
was maintained to some degree even after high-concentration CTX treatment. The regeneration rate from leaf segments after
MEPM treatment was superior to the antibiotic-free treatment. After DOXY treatment, leaf segments did not grow at all and
finally died. These findings indicated that bacterial cell wall synthesis inhibitors such as CTX and MEPM were effective in
eliminating Agrobacterium.
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JWHIR A —FE, ZECPEEBER YT 5 %6, B
L T\~ % Kanamycin (KM) LMt oA E = H\ %
DED B 5. BT E ORI X > Tk, KM% H
WAEEE LY R D D v 2 — N LR E X O bR
DS T B ATREME D B B .

D ORI 5 7o DIV TP B & Bt i in
LICHE Dy = — F Fo bR cy [ EX 8, ozl
MTE2REBREMIT HLERDD. T THEEDI,
Vv I ORGP B T B AR Al A fE N7 3
5w BN, WHERRSRE . R & HEPE
HRASIR N E L ‘Greensleeves #F\T, ddT V) v I
BRI 2Rt Lic. KT, Agrobacterium BREE R BT
EWE O & OB FIC O THET B.

1. MEMEOELE L BEM Agrobacterium DRE IS KX
TRE (B

51 IR L e LW E 2RI L 7= Agrobacterium H57H
JAE s (20 g + L' Bacto trypton, 5 g * L' Bacto yeast
extract, 8 g+ L™ Bacto agar) 1T Agrobacterium VS¥E 30 uL
(ODgyo=1.0) &2 v 5 — R TEA L, 25°C OREEREMHT
FEL. ARE L CHAEWERRNK 2 #07e. S0E
KBz 42 v —VvafE L, Agrobacterium O IEFEREE %
BEIRER 4 JM B A Ure. T L 7B R Agrobacterium
tumefaciens EHA101 THh %.
2. MEMBEOEEEREN ) IEEY 21— MOEEL

HRICRITTHE (£BR2)

va— b OFEE, Bk OMRAS IC T ot
WEAEHML, B 80 mL 241 LK C¢fT -
7o SALIAEYWEHORE L RERE 2R IR L. Xt
e L THAMEBRIMOX Z30E Lz, & ORISR
BFECTHFL TV 5 EWK DOy a— b %40 ~50mm O
RXTEY Y, BERYCD 4 KFOMEIRAARL. 1A
B2 (8 va—1) MEEA LI B3 25°C fH{R, 16 IF
M HROREZE T, £FRAY 48H Q9 H) %, —
7 M (49 H) Biciif L.
3. CTX DBRENEYFOBNLICRIFTZE (K8 3)

CTX % 250, 500 %5 X OF 1,000 mg+L~" #shn L 72 MBNZ511
B (Maximova B, 1998) IZ ‘Greensleeves DIEY) A%
BEIRL, v a—bELc fugd CTX Oz A L.
X & U CHUAE BRI 2 BEE L e, B Sk 25°C
e, JCS&M IR RSE T2 MM, 16 FEIAKR D6 T2
HH, 0 16 K H R OmtAr ThiE L. ikl
PHI LT, 1, 28X 04 ARCHEX T T
¥, MBNZS11 85O 0E MS FoARB iz 30g- L7 v v
€ h—/, S5mgeL" (222uM) BAP, 1 mg+L™" (4.54 uM)
Fo7xuv (TDZ), HL W 1Img-L"' (537uM) F 7 %

MEB LUHE

PR RS CHERF L T B B & ‘Greensleeves’
TH 5. ARG E LT, MS FAESH (Murashige * Skoog,
1962) 1230g-L" A7 5 —2, Img+L" (444pM) < v
AT I 7YV (BAP), XL U01mgeL" (049 uM) A
v F— EgiE (IBA) %Iz, pH % 5.7 ~ 5.8 ICHHfI L7214,
Bacto agar 6.5 g« L™ Iz 7B A (L 7. A D
MEFIT 4 8 S L2ty 40 ~ S0 mm SR Licy = — b
% 450 mL A ORFFEH (EA 80 mm, /&< 130mm) 12 1
Wte b 4 RO ZIAZL, 25°C HHilR, 16 BEHIH R OB
THiEE Lfc., R 4 8RR Lok e el L e, &
NTOPAEWEIREKIIEFL 7 4 v 2 —BE L.
LIcHUAEE O EHEIIL T O LB ) TH S,
Carbenicillin (CBPC), Clavulanic acid/Amoxicillin
(CVA/AMPC), Cefotaxime (CTX), Meropenem (MEPM),
Vancomycin (VCM), Doxycycline (DOXY)

Table 1

Effects of six kinds of antibiotics and their concentrations on Agrobacterium elimination.

Antibiotic Concentration (mg * L) Number of colonies Antibiotic Concentration (mg * L") Number of colonies

CBPC 500 * MEPM 1 *

1,000 50 5 319

1,500 0 10 250

2,250 0 25 2

3,000 0 50 1

3,750 0 75 1

4,500 0 100 0

CVA/AMPC 750 1 VCM 750 57

1,125 0 1,000 39

1,500 0 1,500 17

CTX 500 0 DOXY 25 100

1,000 0 50 91

1,500 0 100 11

2,000 0 200 1

300 0

*: Agrobacterium propagated on the medium full face.
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Table 2 Effects of six kinds of antibiotics and their concentrations on numbers of shoot and shoot length of ‘Orin’.

Antibiotic Concentration Number of shoots ~ Mean shoot Antibiotic Concentration Number of shoots ~ Mean shoot
(mg + L regenerated length (mm) (mg + L regenerated length (mm)
CBPC 1* MEPM 1*
0 10 253a 0 10 253 a
500 10 34.1a 1 11 34.1a
1,000 13 30.3a 5 13 329a
1,500 9 312a 10 13 285a
CBPC 2¥ MEPM 2¥
0 7 256a 0 7 25.6a
1,500 6 222a 10 8 259a
2,250 6 269 a 25 10 29.0a
3,000 5 16.0 a 50 10 309a
3,750 4 19.7 a 75 7 30.0a
4,500 4 172 a 100 9 32.6a
CVA/AMPC?Y VCM?Y
0 6 30.2a 0 6 30.2a
750 5 233 ab 750 6 284 a
1,125 7 172 b 1,000 7 242 a
1,500 5 18.8b 1,500 8 226a
CTXY DOXY?Y
0* 6 30.2a 0 7 25.6 ab
0* 7 25.6 ab 25 5 29.6 a
500 4 29.1 ab 50 7 149 ¢
1,000 7 28.2 ab 100 4 16.0 bc
1,500 5 199b 200 4 133 ¢
2,000 7 26.3 ab 300 4 14.8 ¢

“Investigated 49 days after planting on medium containing antibiotics.
Y Investigated 29 days after planting on medium containing antibiotics.

*Controls were investigated two times.

The same letters in each mean shoot length did not show significant differences on Student T-test at P < 0.05.

v VRS (NAA) &Iz pH 5.7 ~ 5.8 I i L 7= RS
T, WEMRCIE25g LT A AT A R R
4. MEPM & DOXY BEHYIFOBMEICRIZTHE

(£5% 4)

HofeEEih e LT MS (B5) i (FHEED, 1997) % H
Wiz, MS (BS) BEHio# T MS MEREEE & BS R AR
DRIz 30g L' A7 v —2, 330mg+L™" (15 uM) TDZ,
F X093 mgL" (5uM) NAA &% pH 5.7 ~ 5.8 I3l
Hi LR, SR 3g- L'y A5 4 F A
7o, ARSI TR THDH. FEHICIE MEPM 28 75 % X
0100 mg » L', % 7213 DOXY %200 ¥ X 0°300 mg « L™
IR U7z, SR E L CHAYEERNK 23T L k.
MEPM % I0X, DOXY ¥RinXix 1 IRX bl b 75 G R
L7 RE - HErER3 LRETHS.

w R

1. MEMEOELE L BEM Agrobacterium DRE IS KX
ME (ER1
YA E O L RIE D Agrobacterium O YEREIZ KIE
BRI ROR LU, CTX RINX TIEMAE LT <To
& C Agrobacterium O 3EFE DGR D B i 7n b fo. CVA/
AMPC #EINX TiE, 750 mg « L' CE 24 mm O K & 7g—

opan=—%PR LA, 1,125F X 01,500 mg « L' 7

I Tl Agrobacterium DA RNz 5 Z LN TE . £

N4 CBPC, MEPM, VCM, DOXY TitEE DO EA L

Edhiwaa=—EK2n®4 L, CBPC #HINKX Tk 1,500 mg

L' LAk, MEPM #INIX Ti 100 mg » L' LA L, DOXY ¥

MK Cix300mg « L' L EDORECan =—DBEARD

Nichofe. VEMBEINX T 1,500mg« L' Th 2w =—

DR Mz Btk - T,

2. IEYMEOBBEBEN) IBEY 1 — MOEEE
HRICKIFITHE (K5 2)
PAWBEORBE L WRENY v I8y o — b DAEBICK

IFTHE AR 2RICR L. CBPCHRMX Tliy = — &

AR RETED > 1ohy, SREC DI/ > Ty a— b

DRE D Te e BEA DA DT GE 1K A).
CVA/AMPC ¥RINX Ti% 1,125 mg » L' DL_E CHRINK &

HEL Ty a— b RIEREIE > (BB 1K B).

CTX BRIy = — N B KIT BRSO\ T, 500,
1,000, 2,000 mg * L™ D &P &R OMEARINK & DI
FEZRD B 5 72, 1,500 mg « L TN TRy in
R THEBERELS o7 BB1IKO).

MEPM X Tl s o — MR L €, EIHRIMXF X
R BEMTHEREZIRED NS 00, FIRIKIX
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CBPC  3000mg/ |
16. Sep. —15. Oct

Cla 1500mg/I

6. June—4. July —

VCM  1500mg/I

Control 6. June—4. July

B FIHREA « BIEE— « ARG E - WERM - 5 3

AMPC/CVA 1125mg/|
6. June—4. July

oy
' MEPM  100mg/|
16. Sep. —15. Oct.

DOXY 100mg/|
16. Sep. —15. Oct.

-_._i_

Fig. 1 Effects of several antibiotics on shoot growth of ‘Orin’.
A: CBPC, B: CVA/AMPC, C: CTX, D: MEPM, E: VCM, F: DOXY.
Claforan (Cla) is a brandname in sanofi aventis of cefotaxime sodium (CTX).

MRIMK L DDy 2 — P ROVEL, BEOEAICED
o Ty a—bRNVELARBEANPED LRI ZOMME
REHEoOMECES boLHEEINS GEIRD).
72, ¥ 2 — M MEPM #RANC X - CTEEFRIX X b #ind
BEFNED b iLfe.

VCM Z i U7 S S I & Bt L T Fh o
EXTHEEREIREDON -7 E1KE).

DOXY #INXK CREE O EA s THEICY 2 — M i
EXMEIE . E72, 100mg« L7 DI EOEE i, 3E
DIUFR v 2 — L OBENRBD BN, v a— b U
miish->7z GE1KF).

3. CTX DRENETROBNMLICRIITEE (E5KR3)

RO DOy 2 — e, BRE 122 BT
EARINK 2333.3%, CTXHERMK Ti%250, 500% X 081,000 mg*
L AFRFH 294,287 5 L U024.8% & K& 71D 5
72, 20 H B EBIRINK T 843% EFE L\ v = — MBI

PRZE I NI, CTX HINEK T 250, 500 % X O 1,000 mg*
L' 2NERFH 324, 32.0 3 X 0825.7% & 4% L0 F o BEing
wEEEY, BEO EFICHS Ty 2 — b HSEENI TR
LEMSAED DI 40 A HO Y 2 — P BRI
T 88.2% & 2 H & L THI4% DI TH - T
—7, 250, 500 % X O°1,000mg* L KL h Fh

Table 3 Effect of CTX concentration on shoot regeneration from
‘Greensleeves’ leaf segments.

Concentration Number of Shoot regeneration (%6)
(mg+ L) leaf segments | MfAP* 2 MAP 3 MAP
0 51 333 84.3 88.2
250 102 294 324 48.0
500 50 28.7 32.0 38.0
1,000 101 24.8 25.7 28.9
“Month after planting.
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Table 4 Effects of MEPM and DOXY on shoot regeneration, callus formation and vitrification of ‘Orin’.

Antibiotic Concentration Number of Shoot Callus Vitrificated
(mg *+ L leaf segments regeneration (%) formation (%) segments (%)
MEPM 75 75 66.7 333 58.0
100 75 88.0 12.0 63.6
DOXY 200 75 0 0 0
300 75 0 0 0
Control 0 75 324 58.7 61.3

Fig. 2 Effect of MEPM on shoot regeneration of ‘Orin’.
Leaf segments were investigated 2 months after planting.
a: control (antibiotic free). Leaf segment formed shoot mass.
b: MEPM 100 mg/l. Leaf segment formed a large shoot.

48.0, 38.0 3 X 0r289% T2 H H & RRICEEERXIZE
voa— bR S e (BE3FR).
4, MEPM & DOXY BEYRFOBENEICRITTHE

(5£8% 4)

MEPM & DOXY YA B D v 2 — ~ OF5bic &
IE3THE A 4 RIR Lic. MEPM (X 75 mg « L %X
Dy a— N FGIEERD 66.7%, 100 mg « L' #iRANX T 88.0
% & xR D MERINK 32.4% 1 N TE W ES bR AR L
fo. EHRMXTHE MLy e — I 2mm DR D v = —
ML, FDREAEDR Y 2 — v AWREEL oo T
(52KA). MEPMBEINX Tldy = — k OHENEL v a2 —
b~ 2L L T BT IREARINX & g LT Te o 72
2K B). *t, Bob L@k r 5 AR MEHRM
X, 75mg e« L7 EINX, 100 mg « L7 HnK 41 d 60%
Wi TEN o7 (B 43K) . DOXY #HIN L i
BER L7 AL, 200 %5 X 08300mg« L' oWFh T
L EFETICHITE L.

z =

) v T OEERIASEER T Agrobacterium OFREICH %
BUAEYE X Agrobacterium O YEFE & RNz, Lo
Vv IDEBICADOEE R 2 It EFIDNEE L. S
PR LAY E D 55, VCM 11 1,500 mg » L OBE T
LR OEE ~OEEIRD LI O DORE AR
ETHHICD, Vv IOWEBEIIHEH TE R EE 2
b b, DOXY 1% 200 mg « L' Lh E DS T Agrobacterium

DA I T 2R TE B2, BEEphOEE
1350 mgeL™! T TIMERMK X » b, FEY) 13200 mge
L' mnis cad AFETIRMIELL. 2o &b
DOXY IZ 2\ T % U v TOPEEIICIIFEH TE o\ &8
Zbhb.

CBPC 1% 1,500 mg * L' LA LD EEE T Agrobacterium D
T 2R RARETE 5. EWEDOEE L 1,500 B
JO2250mg s L' DEEF T2 —bE, va—1 K
Bl D ERIX &L CE o, RO TR
VRSO 2 — N Fob @87 &2 fis+ 5 0EN
B5.

CVA/AMPC % 750 mg * L™ T Agrobacterium O ¥EHE % #)
w2 RN CE, BEEFYEOLE b EEMX LA
BEXh o, Ll L125mg « L7 DU L0 Tl
MEDEBNERBICE S ED 750mg « L U O
TEBICHHOTREM A EE L LEN B 5.

CTX 1% 500 mg * L™' D ELE T Agrobacterium 0 ¥EFH %+
SERElT A ERTRRTH D, v a—F DRIBIOK
b 1,000 mg « L' RIE OERE ¥ CERBMK L2500
Bhis\s. —J5, ‘Greensleeves DIEYIR 2B OFbIL
250mg * L' T I T 525, 1,000mg - L' @
FRE T 30N REDBE LR LRLT\\D. ZDOZ &h
b HMIEC TACRERACHERCE 2EMETH S
T EDPHEEI NS, CTXIINIAM &+ = — b TR (b O BILR
CTXDEYR B L0y 2 — MEBRIKIETHEECOWTO
AR AR T A LD .

MEPM (% 25 mg * L' LA LD T Agrobacterium O HE5H
INHIT DR RAIE TE 5. B O T BRI
KEFBREL RV Y 2 — M E, va— NEAKE b IR
MEOFPEENBERDWEEELD D, SHLIKETH O
va— PRI L T, BRI E LTy 2 — b
HOMEENEL, va— b OfMELHECC LS IR
¥, va—bwA T BT D D o LAV
L7 2. EMEOHRINC L > TY) v IDEER
T OHSEMEE X B & LRI AR OB A T
tEzZbND.

1. BMEMEOIEREF

Agrobactereium V¥ -3/ B T RN ARTA DS A I Ak o
ERZL S R F R W2 5 S VADY F el VAl AV
(crown gol) ZIEH L Ti ¥ F A 3 N &4 T % Agrobactereium
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tumefaciens & B (hairy root) ZIEH LRI 75 A I N &
AT % Agrobactereium rhizogenes 75 £, iR & e B R M
LA hpEINnD. SEEIARKE (Rhizobium) LT
TV v ¥v 2%} (Rhizobiaceae) BT % 7 7 2 &M IF&ME
HETH% (Allen » Holding, 1974). & EI DAL TILHEK D
SBUCHE - T Agrobactereium tumefaciens & FEF0 L 123, AT
4 Young B (2001) ¥ X OF Young (2004) (% Agrobactereium
BHEOEMTHHHREMIET 7 A I Ptk 5 2 L &xR
L, Vv e aBHTE T % Rhizobium, Agrobactereium 7 &
DT « JB12 2\ T 16S rDNA D HFS i Fo\ T
FHLUEL W5, T X % & Agrobactereium tumefaciens (syn.
Agrobacterium radiobacter) \YXfH/)N4 D radiobacter DYETEHE %
88 Rhizobium radiobacter 12, Agrobactereium rhizogenes 1%,
Rhizobium rhizogenes A X BEHL T2 2 LR IREL TH
D, TORENESRDLNDDHB.

4Bl DS T Agrobacterium BRES I b B RN A LT
CTX & MEPM (17 7 2 &Mt UCA  BLETEA 2R
THAWE T, Thick\THL) L HEZE X hiz CBPC &
CVA/AMPC 137 7 M e 3 2 HE A <7 + ik
CTX, MEPM (g XA e\, —J5, VCM 137 5 A&t
CIXBTETER 23 72w (R, 1996). o 5 O biEYE
VAR B R O R EE A A BRE 5 SIR M o B B
BTHs f-oT) vIOEBLAEERAOHENHN
hotebDlFEzbhb. —J, DOXY 117 7 BRI
R BHHE A7 AN CTX, MEPM & RIFEE IR\
(s, 1996), # v % 7 BaBBAEA TR T <18
FOV v INDOEBELHEREINS. DOXY OFEMTY v I
va— b B X OEY R 04 E A S R R DOXY D
BIRBUHEOKICH S EE2 DD, PAMEOERENE
VE, MR O MRaRE2e & OB IR T B S ER T 5
Btr, B - MR CREANDEEN I E N ARET
&5, —), mEMCL LA T x v R BEKR, BEBE
B, Al OEE A RE T 2546, & « A CE XM
BANDEENE G IND. 51 Agrobacterium FE FH Ot
B R BRFET 5, EPGEE O & MBS B E
DHTZ T AR & IFRERICIACE D28 T 554
WEERBT 5 DR EHER I N
Agrobacterium FRE R~ O A AW E I w5 Hi4
B8 D 5 % Timentin (CVA/TIPC) (% Cheng % (1998) »F
whik & ¥R 45 LT\~ 5. Shackelford « Chlan (1996) % CBPC,
CTX, CVA/AMPC, Erythromycin (EM), Spectinomycin (SPCM),
Polymixin B (PL-B), Cloramphenicol (CP), Methicilln (DMPPC)
¥ X O Moxalactam (LMOX) #f£3{ L, LBA4404 1213 CTX
75, EHA101 121 LMOX i b BB o 7o & LT 5.
%%, CVA/TIPC, LMOX, DMPPC (3 llffaBE & BHEH T,
EM, SPCM, CP i} % v %27 BARER], PL-B i:ilfziE
EREEHTH 2. 7 7 2R T 2HEA <27 b
DJR & & FEIRF ML D Shackelford » Chlan (1996) 2% CTX
£ IMOX 2N b &R & T AT EM TE 5. LMOX

« FIHSEA « BIEE— « IAAREE « Zo800 - F HE

NI Z62(2002) b 283 THRME R R DTS, CP
IR 77 s R 2R 0, 2 v o s BARIEE
HTHHIDEETHLEMDEBT~DEENREI N
%.

2. &, Agrobacterium X UMEMEDHEER

S mEOFEERFER & Joung B (2001) DFER T, Agrobac-
terium BRE CTX %5 CBPC DEBE N AKX S Bt T\ 5.
F 7z, Joung & (2001) X VCM T Agrobacterium % FRE§ L
TW52Y, SROFEBETIE 1,500 mg« L © VCM T BRE
TEhote. VOM L7 7 2 &WE TH % Agrobacterium
IR P 2 NE T T, PDBINEL R FEToHe D
FERFERL T OMAAETEL T 5. Joung B (2001) 1%
Campanula glomerata O 3EY) i ICE& Y X & 1= Agrobacterium
% VCM Z s L 72 B CEREE L T % 25, S AU VEM 8
B % Agrobacterium BREICHI R EZ /R LD Tik7e <, VCM
DIINDMNEY D F AR B 2> DR % JUFE U T T D[R
AT 2 PR S fe EHER S M 3 053 IEA ThH 5. &
D Z L% C. glomerata DEEY) R 1 &Gs S B 1 Agrobacterium
ZERE T % O\ fe CBPC LD, HMANTEL 7oAk
D Agrobacterium BRERE L DV FEL BN bbb
HZEI N5, oEY T4 CBPC 1k Agrobacterium kB
PAmEE LUK ERASh W%, s FREED
Bzt & 232 500mg « L7 (Horsch 5, 1985), =< b
250mg * L' (Horsch &, 1985), L & % 250 ~ 500 mg * L
(Michelmore &, 1987), 7 7 5 +EHi4 500 mg+ L™ (Fry &,
1987; Radke >, 1988), % k7% ¥ 200mg -+ L' (RAF 5,
2002), T= /7 N7 HEO L =7 100mg+L™" (Aida- Shibata,
1995) T, \~F b 4 mD Agrobacterium BREEE X b 2375
DIRWCRECHEAIR TS, 2D &b CBPC, CVA/
AMPC, CTX, MEPM #ZH\ TV v ITHEY R ITE R I 1
Agrobacterium & BRE T 2856, SEIOKER X 0 (KRE CH
HTx 51 H 5. FEHIIC X Agrobacterium % &G
) v TEYRF ORECRITT S ENE OB L HF
BT A NN H 5. MEPM (X4 32 UNI| « =47,
2002) OHERB Y, ETOHIEIRI TS,

Stk BREAPUAEE E LT MEPM VT, EHICY
v TOREFEIHE,  Agrobacterium O &G H: ORIE A 1T\,
va— FESMEEROM E, BoLRH O I A TR %
T LT, AmTEICHE T & AR5 S M, Hygromycin B 72 &
OFEHAPUEWE T L IWEBERANESG T 2 & A iE
THENENDB.

wm E

Agrobacterium ¥V X % YV v T D EERIAAIEH ORI
AV 2BRERARAEWE OBRF 21T - 7. S LIchEWE
1% Carbenicillin (CBPC), Clavulanic acid/Amoxicillin (CVA/
AMPC), Cefotaxime (CTX), Meropenem (MEPM), Vancomycin
(VCM) % X O Doxycycline (DOXY) @ 6 fifHTH %. Agro-
bacterium tumefaciens EHA101 O #3513 CBPC %° 1,500 mg*
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L', CVA/AMPC 750 mg+L"', CTX 500 mg+L"' LA'F, MEPM
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