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Table 1. Shoot regeneration® from tomato (L. esculentum cv. Fukuju No. 2) leaf-explant derived
callus tissues producing small green spots and resistance of shoots to fusaric acid.
No. of callus clumps No. of SH

Experiments Small GS Enlarged GS SH Rooting FA-resistant
A B (100 B/A) C (100 C/B) E (100 D/C) E (100 E/D)

1 345 235 (68.1) 208 (88.5) 197 (94.7) 8 (4.1)

2 428 377 (88.1) 369 (97.9) 351 (95.1) 5 (1.4)

3 288 212 (73.6) 200 (94.3) 186 (93.0) 6 (3.2)

Total 1, 061 824 (71.7) 777 (94.3) 734 (94.5) 19 (2.6)

2 Callus tissues were induced from tomato leaf explants and subcultured in MS medium containing 0. 01
mg/l IAA and 0.1mg// BAP (pH 5.6, 0.8% agar). A number of small green spots (GS) were
formed in the tissues within two weeks after transfer. Callus tissues were cut into small clumps so
as to contain one green spots and transferred to the medium for shoot regeneration (MS medium
containing 0.1mg/! IAA and 1.0mg// BAP). Shoots (SH) developed from enlarged GS were rooted
in the hormone-free MS medium and dipped in the aqueous solution containing 50 ug/ml fusaric acid

(FA) for examining the resistance to FA.

GS (E#& 0.5~1mm) HBER & N, Wiz, EbRod
HETH NV ZABNEEVER UTZ N 52X BN UEER
HolCToHE LT & T % 68~88% D 71 v Z/NBE DS GS %R
KEH, BiE10~20 B3, ThFho GS o
ROEEFEHMLDEE S o (Table 1).

2) FA EHMEBEEORK

YO - BEERIC BN TREEFIE L =
KT 2IEE, FOEEAENR RN L TEEEETO
BREAEDLH, ZOL5WNEERHESIL & bHE
WERICERSAES NI ETE2HES B 5% EL
¥ Shahin & Spivey!? 23+~ bERMR S0 752
Fird FA EHiR Bk Uk & 1 b BEHI%E P L
To X &4RALER R D BH 2 S It ER D syt ic kT LT
W3, ZCTHEESS, FA BRI THEE LHE
&% FA FINEESCHEEMICEBL, SORE FA

Table 2.

EFEEERS LN A bERENK. £7, XESEH
BHic Hm$ % FA OMROTREEZRET 5700,
10, 25, 50 3L 100 ug/ml @ FA % 3oLz B
TLEOEEEMUBEAREERE L. Zhicks &, 50
pg/ml PLED FA 2@{inLcEE, ZEOBREDE
By IERPEEI NI DT, DikoEEERICIZ 50
pg/ml OFA ZHWBE T Lic L. ZREEMUERE
FA $EfmEh O Bmssic® Ui & & OBk
4R %A Table 1 R L7cds, BoNTcBKSIRIT 1~4
%T, PROTUGEREOVWETRE T, £ T
FEHRNRALIOICA L E B D, /N GS 248H
WV ZKBR/INGE & FA (50 pg/ml) BN LHERE
THEL, ERMEEROSBERA . ZOFEOR
AL, GS A vRER W3 C & THEHSMLEEEET
U, »DZDEE - HMLBEfET FA It & 2 BREZS

Fusaric acid-resistant shoots® redifferentiated from tomato (L. esculentum cv. Fukuju

No. 2) leaf explant-derived callus tissues.

No. of callus clumps

No. of SH

FA-resistant

Experiments Small GS Enlarged GS Browned Whitened
A B (100 B/A) C (100/A) D (100 D/A) E (100 E/B)
1 338 103 (30.5) 204 (60. 4) 31 (9.2) 41 (39.8)
2 361 119 (33.0) 209 (57.9) 33 (9.1) 66 (55.5)
3 307 80 (26.0) 178 (58.0) 49 (16.0) 46 (57.5)
Total 1, 006 302 (30.0) 591 (58.7) 113 (11.4) 153 (50.7)

Callus tissues producing small green spots (GS) were cut into small callus clumps and transferred
to the shoot redifferentiation medium containing 50 p#g/ml fusaric acid (FA). In the FA-containing
medium, shoots (SH) were developed from enlarged GS. The concentrations of plant hormones added
to each medium were given in the legend of Table 1.
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Fig. 1. A : Fusaric acid-resistant shoot rediffer-
entiated from enlarged green spot (GS)
of callus tissues derived from tomato
(L. esculentum cv. Fukuju No. 2) leaf
explants. The callus tissues forming
green spots were cut into small callus
clumps so as to contain one small GS
and cultured in MS medium (0.1 mg/!/
IAA and 1.0mg/! BAP) containing 50
ug/ml fusaric acid. In this selection
medium, some clumps were browned (br)
or whitened (wh), where the shoot redif-
{rentiation was not found. Some of the
enlarged GS (arrows) were not browned
or whitened at one month after incuba-
tion in the selection medium. B : Root
formation of fusaric acid-resistant re-
generant in hormone-free MS medium
containing 50 #g/ml fusaric acid.

HBHTENTEEHRD D, FA FINEEHLFHEEE
T/NE GS A v A%HEE T 5 & (Table 2), 3%
BAIAH 1B T 60% O/NBESSBZE L, & 51T 10% D/
BT GS AamfbLT (Fig. 1-A), ¢ h 5 0ng

N o BEEOFHMUIIERINE oI, L LIS
5, D 30% O/ TIZ GS OER - Rk D S
N, BHILEDI LOEEDH L REEOENMEBEER
7 (Fig. 1-A). BonEERMEERKR (¥ 153
BK) oW T, XE FA FMRIEEH, BYo
ppE FA ERMFAERECE U CRBHEEL, %5
BB DOTIE, FRH%, BEHEXERNEE LT
FA (50 pg/ml) /KAEW T EBQEE U 7o, it O@EHEE
= 0#R~E Fig. 2 KR LW, Thickb &,
EEESCEREESE FA RNFIRELTER L
DICDWTIE, 76 fEikth 61 EEAIEEICHME L (Fig.
1-B), %EBE TR TTEEDS B FA EFRIIEHT 72
EHFAB L, 205 B0 59 @iEs FA KAKICERL
THIEHMH AR U, BRNCE 5 h e FA Ehido
120 fEiKICOWTIR, BET5 BEPHL Lck, BEOD
IR CHIE Uc L CARIFRABTPEZE I

Fig. 2 »o o073 L 5 i, £E - JBKLK GS
MO THEELFMELIENWED (Fig. 1-B) (Fig. 2
DATRT) HH0REELZFESMELUTOREB LTINS
@ (Fig. 2 DBEC) BENFNETFHEL LK. C
NOOHMIARPTH HH, WINDBEED, GS 2348
b (FreRafaft) ULeh, &5 0IREEFRMULERK
MELEHITELINBCEE b7, COXHNNEE
ERTLE, Choofkid, FA BREDESLCS
DD, EAUBEEICH D LORBEREREFR LI
HEHBEZ S

—7Jj, Fig. 2 ODTRLUCLIBEEKICD DT,
Wotch FA TEELZDH FA 7 ) —THRIBI®
H0DT, RBBICROMERIKIE FA It X 5 #BRE
BEBRINIREBICD -7z, T h 5 OfEAD FA 5
WAL LR E LTI, FA TOBEBICHS PO
“physiological escape” 34 UC—Hiy7s LR L
ob, BHAHOEEK X N A A2 BRI FA
B STEEL (§74bb, FA EHEHEE &2
MRS+ A FSIRETEEL), Zho0 FA RETFT
W LTS E DML LIciTREM S E L S 5.
B REO TR DO T, R U E ke
WTHBRAEMA L LENHY, UTOETZOHEL
WRARBCEicT 5.

3) TEBHEEAERD IECHITS FA B 0%

E

FHAMEERE BB L ES, FA SEELITOIR
ETENLERRET L CLiTns. #hwi, 1EEms
TTHIKFER SN AR BT, FA EHESE
CBEEINTOENE I P ERFT IMBELHLHD
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Fig. 2. Selection of fusaric acid-resistant regenerants at the stages of shoot (SH)
and root (RO) formation of tomato callus tissues producing green spots
(GS) in the presence or absence of 50 ug/ml fusaric acid (FA). A: En-
larged GS which did not redifferentiate the shoot. B and C: Shoots
which did not form roots. D : Wilting regenerant in FA-containing
medium, whose roots have been developed in hormone free MS medium
without FA. The numbers in the figure represent the regenerants selected
in each stage.

LEL N, 2T, EERICHE U7 30 Hikico
WT, TIEBREHRIS 1 AR U BERO R AR
ZYIOEY, FA KBHRICBEME Uc. 1272, 2ok
5 RO MEAIR T T i B 30~40 em it i L
(BRI 10 cm FERE), 5~6 MRERHE L T /DT,
FA [c g s BREREZRERIT L LIC L. T5b
b, 5o UOEHFELEOEFILER LIcREBHO
SRR SRR L, e OEE (10, 50, 100,
200, 300 ug/ml) @ FA KIEMKIC BiEL Tz 0 HHEE
BrfANl. ZOREE, 50 ug/ml PITF o FA LETIZ

BEALEEFRITDONT, F 7, 100 B L U200
tg/ml UERX T, BIE#%2~3HATEDOEE LELTD :
BENHN, 5 BRI ENECOTHICED & HERDS Fig. 3. Resistance of regenerated plant to

BRINEDATH-7z. LHLIEHDS, 800 ug/ml ® fusaric acid. At one month after trans-
’ plantation to soil, the upper branches

FA WEBKTH, TOMRIMAT, LR 6 METE were excised from both a control plant
MCREDEL, 10 BRICEZBAICHE L. 2ok (A) (from which the callus tissues were
SUKEFRDPDS, FA OBHMENL- L BEETH S originally induced) and a fusaric acid-
300 ug/ml FA ABSERE L, ZICHEEEED DT resistant regenerant (B) selected 1in

= vitro and dipped in the aqueous solu-
RUEARERFLRLLLE S, TROMKICEN tion containilr’xz 300 pg/ml (;usaric acid.
T FA oBfkREERS NP -7 (Fig. 3). Toxic effect of fusaric acid was not

D EOWR NG, XHHEMIEE I8 < FA BR observed in the regenerant.
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Thid, FA EBHRBEEAKEHRIOBKRTE LM
REN, IbiC, EEBC FA 2% L B4, #BK
RPPUM LT 5 &b (FA HNK; 120/
1006 % 100=11. 9%, EFHEIX ; 19/1061x 100=1.8%).
UL LIEHin, FA HinssisE@ERO | iR > 72
OBV TRAREBE DS, o& 2id, BiR%RE
AVTEREAERT 254, BREXZRNLTS, &
MBERKOLEEB XY L1200 T, BRKEZOLD%:
IR BRTRITV, —0F, AV AR/NRO XS EEH
AT, FA 2ESE(LT 2MESEETLE/NMIEE
e 53 RTCOMBRSESIE TR &b FABHETTE
BTELHHEENEDE. COLHIREEERTLE, A
EEEOD L DI H NV ZNRBERWICRTE, FA KRS
EDXHIUBBETHFEIN, TEOLSLKEET FA
OERLEE/TIONEEOREE bEEL, Z0OK
BRIoBERTHIEELOND. ZhWi, Mgy
~T FAEBSLBBEBOMIcT 5 LD, BAERK
B % FA EHMBELNE LCERETHLEEL, C
DEICONT SEERF ZED TN S,

RIRBEHE AR E BRI O B & BRICET
LHtFE, Carlson'® OIMEVELIT, TORIIEEE
HE#EF (host specific toxin, HST) % {#F U 7o BIHH
DEFE INT?. KEEH HST 2HEET 5 YK
RicBWTiE, HST icxdd 2 EhikoBES, TR
E W UTEETHEhEIDERETEDT, Z0D
BIRRBESTOHOMRNTH -7 E0Z 3. LhLI
Mo, EYMOBEEREKZ DL S HST 5 LR
WHDHEL, BiIcEMRERELESERIN TV
DHEFECR UTE, SRNSESEEYOBREE
WL T B EDNABETH-Tc. TOXHIREEID, L+
BREEO —BETH D Fusarium BEDH HEHIEIC BRE
Uik, WMRNTHEET 2IEERNEDL + 9FR FA
WEH U, §18bb, FA @7 2Et 28K
RBEx O VEYMO Fusarium JRICBNWT, Dls L bz
DOFREOBRBICEII DS LI NI, B, RAED
BiZEss Shahin & Spivey!® itk » T &N, FA T=

WKL b= b7 B b7 520 FA ERBFEEKS X
2o EMEBRD, b= b ED & ARE (Fusarium
oxysporum f. sp. lycopersici race 2) [T LT bR
WERT C EnEEINT. Fusarium BEIC K % 1%
RER L= b PAOEBC BN THEAIT, & AFA
a VD BENE (F. oxysporum f, sp. melonis) 4 F
TEER (F. oxysporum £. sp. fragariae) 15 & ZH
DIRELZBT L ENTE5H, DEoERE, AEx
JSR UCEREEY 2B R T X AR A2 TR 550
EUTHRED. TTREESE, AnyPAFThv
2 5b FA EHREMIARE SBELTVWEDT, 4
BRINOSDEMICO W T & FA EHEAKE S
U, Fusarium SRIEFHEAHROBEREE SO
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Summary

In Vitro Selection of Fusaric Acid-resistant Regenerants from
Tomato Leaf Explant-derived Callus Tissues

Hideyoshi Toyopa, Yoshinori MATSUDA, Kunihiko SHIMIZU,
Hiroshi OGATA, Hisako HASHIMOTO and Seiji OucCHI

Faculty of Agriculture, Kinki University, Kowakae
3-4-1, Higashiosaka 577, Japan

Fusaric acid-resistant regenerants were selected in vitro by using the tissue culture system of
tomato. The callus tissues were induced from the leaf explants of tomato and subcultured in a MS
(0. 01 mg/l TAA and 0.1mg// BAP) medium. After incubation for two weeks, a lot of green spots
were produced in the callus tissues. The tissues were cut into small callus clumps so as to con-
tain one green spot and transferred to a MS medium (0. 1mg/! IAA and 1.0 mg/l BAP) contain-
ing 50 ug/ml fusaric acid. Fusaric acid-resistant regenerants were effectively developed from
enlarged green spots and rooted in a hormone-free MS medium. For examining the resistance in
regenerants at one month after transplantation to soil, their upper branches were cut and dipped
in the solution containing 300 #g/ml fusaric acid. In the branches of regenerants grown in the
absence of fusaric acid, the resistance was fully maintained and expressed.
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