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Abstract A rice chitinase cDNA (RCC2) driven by the
CaMV 35S promoter was introduced into cucumber (Cu-
cumissativus L.) through Agrobacterium mediation. More
than 200 putative transgenic shoots were regenerated and
grown on MS medium supplemented with 100 mg/l ka-
namycin. Sixty elongated shoots were examined for the
presence of the integrated RCC2 gene and subsequently
confirmed to have it. Of these, 20 were tested for resis-
tance against gray mold (Botrytis cinerea) by infection
withtheconidia: 15 strainsout of the 20 independent shoots
exhibited a higher resistance than the control (non-trans-
genic plants). Three transgenic cucumber strains (desig-
nated CR29, CR32 and CR33) showed the highest resis-
tance against B. cinerea: the spread of disease was inhib-
ited completely in these strains. Chitinase gene expression
in highly resistant transgenic strains (CR32 and CR33) was
compared to that of a susceptible transgenic strain (CR20)
and a control. Different responses for disease resistance
were observed among the highly resistant strains. CR33
inhibited appressoriaformation and penetration of hyphae.
Although CR32 permitted penetration of hyphae, invasion
of the infection hyphae was restricted. Furthermore, prog-
enies of CR32 showed a segregation ratio of 3:1 (resist-
ant:susceptible). As the disease resistance against gray
mold was confirmed to be inheritable, these highly resist-
ant transgeni c cucumber strainswoul d serveasgood breed-
ing materials for disease resistance.
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Introduction

Cucumber belongs to genus Cucumis and is widely culti-
vated in many areas of theworld, especially Southeast Asia
(Esguinas-Alcazar and Gulick 1983). Many cultivars of cu-
cumber have already been bred, thereby enabling thisgenus
to be cultivated under various conditions. The availability
of highly disease resistant materialsis essential in breeding
programs of disease resistance. Because agricultural yield
tends to be reduced constantly by various plant diseases
which are generally caused by phytopathogenic fungi, bac-
teria and viruses, breeding for disease resistance becomes
one of the most crucial objectivesin cucumber cultivation.

Breeding materials which exhibit resistance to Fusar-
iumwilt (Komada and Ezuka 1974), virus disease (Barnes
1961) and angular |eaf spot (Shifrisset al. 1942) have been
found and used to breed disease-resistant varieties of cu-
cumber. However, it isvery difficult to find desirable ma-
terialsfor the breeding of resistant cucumber against other
diseases. Of particular importance isthe disease caused by
gray mold (Botrytiscinerea), whichisconsidered to be one
of the most serious diseasesin cucumber cultivation. Gray
mold infects many kindsof crops (Verhoelf 1980) and gen-
erated new isolates resistant to fungicides in the 1960s
(Akutsu 1995). Due to the unavailability of breeding ma-
terials resistant against gray mold, to date disease resis-
tance breeding hasnot progressed well. Inthiscase, atrans-
formation technique seems to be a useful method to pro-
duce novel breeding material s because this can make good
use of isolated genes from a variety of species.

Disease resistance genes have recently been isolated
(Martin et al. 1993; Jones et al. 1994; Mindrinos et al.



160

1994), and their functions analyzed using molecular biol-
ogy technology. For exampl e, one disease resistance gene,
Pto, against Pseudomonas syringae pv tomato was intro-
duced into tobacco, resulting in the improvement of dis-
ease resistance in this crop (Rommens et al. 1995). It is
known that plants have defence systems which involve
pathogenesis-related proteins, e.g. chitinase(Legrand et al.
1987; Nishizawa and Hibi 1991) and f-1,3-glucanase
(Kombrink et al. 1988). Chitinaseand 3-1,3-glucanase cat-
alyze the hydrolysis of 3-1,4 linkages of the N-acetyl-p-
glucosamine polymer, chitin and -1,3-glucan, respec-
tively. Several works on transgenic plants harboring these
geneshave already been published. Thetransgenictobacco
and canola which have been engineered with bean endo-
chitinase gene were shown to exhibit resistance to Rhizoc-
tonia solani (Broglie et a. 1991); the transgenic rice inte-
grated with rice endochitinase driven by the 35S promoter
also showed enhanced resistance to sheath blight (Lin et
al. 1995); and the transgenic tobacco harboring rice endo-
chitinase gene (Nishizawa et al. 1993) also possessed in-
creased resi stance agai nst powdery mildew (Erysiphecich-
oracearum) (Akutsu et al. 1997).

In the study reported here, wetried to produce novel re-
sistant cucumber against gray mold (Botrytis cinerea) by
introducing the cDNA of rice endochitinase gene RCC2
(Nishizawa et al. 1993) into cucumber. Disease resistance
of transgenic cucumber against gray mold was examined
by infection with B. cinerea, and the inheritance of the re-
sistance against gray mold to progenies was also con-
firmed. Finally, we discuss these transgenic cucumber
plants as novel breeding materials for disease resistance.

Materials and methods
Plant materials and vector

Cucumber cv ‘ Shimoshirazu’ (from Genebank, MAFF, Japan; Ac-
cession no. 35976) was multiplied by artificial self-pollination and
used in this experiment. Peeled cucumber seeds were sterilized for
15 minwith sodium hypochl orite sol ution containing 1% activechlo-
rine and then rinsed three times with sterile distilled water. These
seedswere sown on phytohormone-free M S medium (Murashigeand
Skoog 1962) containing 30 g/l sucrose and 2.5 g/l gelrite (Wako,
Japan), and cultured for 1 day at 25°C under dark conditions. Coty-
ledons from partially germinated seeds were separated, and cut into
four pieces and used as explants.

A binary vector, pBI121-RCC2, was constructed to replace the
GUS gene of pBI121 (Clontech, USA) with the cDNA (RCC2) of
the rice chitinase gene (Nishizawa 1993). pBl121-RCC2 was inte-
grated into Agrobacterium tumefaciens LBA4404 (Clontech, USA)
by tri-parental mating and used as a vector.

Transformation and selection of transformants

Cotyledon explants were dipped in a tenfold diluted suspension of
Agrobacterium overnight culture for 10 min. These explants were
placed onto shoot induction medium (M S medium containing 2 mg/I
BA, 1 mg/l ABA, 30 g/l sucrose and 2.5 g/l gelrite) and cultured for
3 daysat 25°C under dark conditions as co-culture. After co-culture,
explants were rinsed three times with sterile distilled water and cul -
tured on shoot i nduction medium containing 200 mg/| claforan (Pfiz-

er, Germany) for 7 days to eliminate Agrobacterium and promote
shoot organogenesis. The explants were then transferred to shoot re-
generation medium (MSmediumcontaining2 mg/l BA, 1 mg/l ABA,
30 g/l sucrose, 2.5 g/l gelrite, 25 mg/l kanamycin and 200 mg/| claf-
oran). Regenerated shootswere separated from explantsand cultured
in vitro on phytohormone-free MS medium containing 100 mg/I ka-
namycin and 200 mg/I claforan to select transgenic cucumber plant-
lets. Elongated shoots were propagated by cutting and maintained on
phytohormone-free M S medium containing 100 mg/l kanamycinand
200 mg/I claforan.

Confirmation of RCC2 gene introduction

The integrated RCC2 gene was detected from kanamycin-resistant
shoots by polymerase chain reaction (PCR)-Southern hybridization
and was also confirmed to be present in plantlets that exhibited re-
sistance to gray mold. Total DNA of transgenic and control plants
was extracted as follows. A small piece of stem (ca. 100 mg) was
frozen using liquid nitrogen and ground using a mortar and pestle.
Theresulting cucumber powder was suspended inamixture of 200 pl
TE buffer (10 mM Tris-HCI and 1 mM EDTA, pH 8.0) and 200 pl
saturated phenol solution and shaken vigorously for 1 min. Follow-
ing centrifugation (15,000 g, 3 min, 4°C), 200 ul of supernatant was
transferred to anew microtube, and added with 200 pl saturated phe-
nol and 200 ul chloroform were added. After centrifugation
(15,000 g, 3 min, 4°C), the isolated DNA was purified by ethanol
precipitation. Precipitated DNA was dissolved in 50 ul sterile dis-
tilled water, and 1 pl was used for PCR.

The integrated RCC2 gene was detected by PCR using two oli-
gonucleotide primers, RCG2SPE1 (5'-TGGATCCAGCGGCTCGT
CGGTTG-3) and NOS-3' (5'-GTATAATTGCGGGACTCTAAT-3)),
corresponding to the sequences of the RCC2 and NOS terminators,
respectively. The standard PCR solution (20 pl) was composed of
1 pl template DNA, 1 pl of each primer (20 uM), 1 pl dNTP (5 mM)
and 1 unit of Tth polymerase (Toyobo, Japan) in the buffer recom-
mended by the supplier. PCR was carried out in athermal sequenc-
er (TSR-300, Iwaki, Japan) under the following conditions: 92°C de-
naturing for 1 min as preheating, then 92°C denaturing for 1 min,
60°C annealing for 1 min and 74°C extension for 1 min for 40 cy-
cles, and another 72°C extension for 5 min. Amplified DNA frag-
ments were electrophoresed on 1.5% agarose gel (Agarose |1, Sig-
ma, USA) and detected by ethidium bromide staining. In order to
confirm the presence of the RCC2 gene, we transformed the PCR
product onto a nylon membrane (Boehringer Mannheim, cat. no.
1252365) and then hybridized it with labelled RCC2 gene isolated
from plasmid. The proceduresfor labelling of RCC2 gene, Southern
hybridization and visualization by the color substrate reaction were
carried out according to the protocols given in the DIG DNA Label-
ing and Detection Kit (Boehringer Mannheim, cat. no. 1093657).

Detection of the RCC2 protein by ELISA

Total soluble proteins were extracted from leaves of the T lines,
CR20, CR32, and CR33 and the non-transformant by homogeniza-
tion in 0.1 M sodium citrate buffer (pH 5.0) and centrifuged at
12,000 g for 7 min at 4°C. The supernatants from all samples were
diluted to 1:100 in PBST (8 g NaCl, 0.2 g KCl, 2.9 g Na,HPO,-
12H,0, 0.2 g KH,PO,, 0.2 g NaN; and 0.5 ml Tween 20 in 1| dis-
tilled water). EL1SA microtiter wells (96 well, Nunc) werethen coat-
ed with 200 pl of the supernatant for 2 h at 37°C. After resin wash-
ing with PBST, 200 pul of polyclonal antibody against the RCC2 pro-
tein wasadded in serial dilutionsto the wellsand coupled to the anti-
serum overnight at 4°C. Rabbit antiserum was produced using RCC2
protein translated in E. coli as antigen. After resin washing again
with PBST, 200 pl of an alkaline phosphatase-conjugated Goat anti-
Rabbit |gG (TAGOIMMUNOL OGICALS™) wasadded to thewells
and incubated for 4 h at 37°C. After resin washing, 200 pl of the
0.1 mM nitrophenyl phosphate eluted by diethanolamine, pH 9.8,
was added to the wells and incubated for 50 min at room tempera-
ture. After the addition of 12% NaOH, the absorbance was measured



at 405 nm in a microplate autoreader (IMMUNO-MINI, InterMed)
(Akutsu et a. submitted). The absorbance was compared to that of
the control after the absorbance of the buffer was subtracted.

Detection of resistance against gray mold
in transgenic cucumber plants

Non-transgenic cucumber variety, cv ‘ Shimoshirazu’, was used as
control. The leaves were inoculated with 1.2% agar disks (2 mm in
diameter) containing conidiaof B. cinerea (1x10° cfu/ml), 2.5% glu-
cose and 1 mM inosine, and incubated in controlled environmental
chambers maintained at 20°C. Susceptibility to gray mold infection
was evaluated in terms of lesion type, which was measured at 4 days
after inoculation in three independent trials. Observations on the be-
havior of the infection hyphae was continued until 10 days after in-
oculation. Susceptibility to gray mold infection was classified into
threetypesbased on therate that the disease symptoms spread. These
were as follows: non-spreading, disease symptoms were restricted
compl etely; weak-spreading, rate of spreading of the disease symp-
tomswas slower than control; and spreading, rate of spreading of the
disease symptoms was the same as control.

To investigate the infection behavior of B. cinerea on transgen-
ic cucumber plants, we inoculated the leaves of transgenic or con-
trol cucumber plantswith 5 pl of conidial suspension (1x10° cfu/ml)
of B. cinerea containing 2.5% glucose and 1 mM inosine. The leaves
were incubated under the same conditions as described above. Co-
nidia germination, formation of the secondary appressoria and pen-
etration into leaves were examined 24 h after inoculation.

Light microscopy of B. cineriainfection behavior

L eaveswere collected from each CR32 and non-transformed cucum-
ber plant at 1 day after inoculation. From these leaves, discs (diam-
eter of 10 mm) were cut out, fixed and discolored in FAA solution
(formaline:ethanol:acetic acid=1:1:1). After staining with methyl
blue solution, theleaf discswere observed under alight microscope.

Inheritance of resistance against B. cinerea

In order to confirm the inheritance of the RCC2 gene and to demon-
strate resistance against gray mold in progenies, we artificially self-
pollinated two transgenic strains (CR32 and CR33) that are highly
resistant against gray mold and examined their progenies. The RCC2
gene was detected by PCR-Southern hybridization, and resistance
against gray mold was also investigated by artificially induced in-
fection under the same conditions as described above.

Results and discussion
Production of transgenic cucumber harboring RCC2

Multiple shoots were induced from both explants infected
by Agrobacterium and control explants (uninfected with
Agrobacterium) on shoot induction medium supplement-
ed with 25 mg/l kanamycin and 200 mg/l claforan. Ex-
plants with multiple shoots were transferred onto MS me-
dium containing 100 mg/lI kanamycin and 200 mg/I clafo-
ran to eliminate non-transgenic cucumber shoots. The se-
lective antibiotic gradually slowed the growth of adventi-
tious shoots from the control explants and also bleached
them. Many adventitious shoots (more than 200 shoots)
from explantsinfected by Agrobacterium maintained their
green color and grew normally on MS medium containing
100 mg/l kanamycin and 200 mg/I claforan. These kanam-
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ycin-resistant shoots were assumed to have neomycin
phosphotransferase (NPT 11). From these, 60 elongated
green shoots were selected randomly and examined by
PCR-Southern hybridization for the presence of an inte-
grated RCC2 gene. All kanamycin-resistant shoots exam-
ined had the RCC2 geneand weredesignated as CR strains.
Transgenic cucumber plantletswere propagated by cutting
in vitro, then acclimatized in a closed greenhouse. After
acclimatization, transgenic cucumber plants grew normal -
ly, and therewas no difference between transgenic and non-
transgeni c cucumber plantsfrom viewpointsof growthand
morphological characters.

Resistance of T, generation against gray mold

Acclimatized plantlets grown in aclosed greenhouse were
used to examine resistance against gray mold. The results
of our evaluation of susceptibility to gray mold infection
of 20 transgenic cucumber strains are shown in Table 1.
Three CR strains (CR29, CR32 and CR33) exhibited high
resistance against B. cinerea. One of the strains (CR33)
which showed the highest resistance is shown in Fig. 1.
However, there were some diff erences between CR33, and
CR29 and CR32. CR33wasclassified asnon-infected, cha-
ractarized by the complete inhibition of appressoria for-
mation and penetration of hyphaeinto leaves. On the other
hand, CR29 and CR32 were classified as a non-spreading
type, which permitted penetration of hyphae, they re-
stricted invasion of the infection hyphae within the first
two cells of the leaves, thus, completely preventing the
spread of disease. Nine CR strains (CR3, -4, -6, -17, -18,
-31, -34, -38 and -56) were weak-spreading types, mean-
ing a gradual proliferation of penetrating hyphae into the
leaf. These CR strains exhibited a higher resistance than
the control. Theremaining 8 CR strains (CR1, -8, -15, -20,

Table1 Susceptibility of transgenic cucumber plants bearing the
rice chitinase cDNA (RCC?2) to Botrytis cinerea infection®

Resistance” Transgenic cucumber strain

(T, generation)

Highest resistance group
Non-infected
Non-spreading

Intermediate resistance

CR33
CR29, CR32

CR3, CR4, CR6, CR17, CR18, CR31,
CR34, CR38, CR56

CR1, CR8, CR15, CR20, CR37, CR42,
CR55, CR57, Shimoshirazu®

Susceptible

2 The leaves were inoculated with 1.2% agar discs (2 mm) contain-
ing the conidiaof Botrytiscinerea (1x10° cfu/ml), 2.5% glucose and
1 mM inosine, and incubated in controlled environmental chambers
maintained at 20°C. Susceptibility toinfectionwasevaluatedinterms
of resistance in three independent trials 4 days after inoculation

b Non-infected, non-spreading: disease symptoms were restricted
completely at 10 days after inoculation; intermediate resistance: rate
of spreading speed of disease symptom was slower than control, sus-
ceptible: rate of spreading speed of disease symptoms was the same
as control

¢ Control (non-transgenic) cucumber
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Fig. 1 Comparison of resis-
tance against gray mold (Botry-
tis cinerea) between transgenic
and non-transgenic plants at

4 days after artificial infection.
C is non-transgenic cucumber
plants of var ‘ Shimoshirazu’;
33 and 20 indicate transgenic
cucumber plants harboring
cDNA of rice chitinase gene
RCC2-CR33 (non-spreading
type) and CR20 (spreading
type), respectively. Infection
was done by inoculating conidia
(1x10° cfu/ml) of B. cinerea
onto the leaves of test plants

-37,-42, -55 and -57) wereclassified asthe spreading type,
and their level of resistance did not differ from that of the
control. As the incubation period was extended, disease
symptoms on the transgenic cucumber plants of the weak-
spreading type gradually spread, while CR33 was not in-
fected by B. cinerea and 2 strains (CR29 and CR32) of the
non-spreading type restricted the spread of disease symp-
toms completely.

Table 2 Detection of RCC2 protein® produced in transgenic cucum-
ber plants by ELISA analysis

CR33 CR32 CR20 Control?
MVP 112 0.83 0.58 0.36
RV (3.2) (2.3) (1.6) (1.0)

@ Total soluble proteins were extracted from leaves of the T lines,
and polyclonal antibody against RCC2 protein was added in serial
dilutions to the wells and coupled to the antiserum overnight at 4°C
b Non-transgenic cucumber var * Shimoshirazu’

¢ Absorbance measured at 405 nm

d Relative value of RCC2 protein compared to control

Comparison of gene products and infection behavior
in transgenic cucumber

The amounts of RCC2 products from 3 CR strains (CR20,
CR32 and CR33) and the control were compared by
ELISA analysis(Table 2). Thelevel of gene expression of
2 resistant strains, CR32 and CR33, was 2.3 and 3.1 times
higher than that of control, respectively. On the other hand,
that of the susceptible strain, CR20, was only 1.6 times
higher.

Infection behavior was compared among 3 CR strains
(CR20, CR32 and CR33) and control variety cv ‘ Shimo-
shirazu’ (Table 3). More than 95% of inoculated conidia
germinated on the leaves of all 3 strains as well as on the
control. Interestingly, the frequency of appressoriaforma-
tion was different between the highest resistant strains,
CR32 and CR33. Restricted formation of appressoria and
no penetration of hyphae were observed in CR33. Most of
the infection hyphae in the leaves of CR32 was restricted
within an epidermal cell, and resistance against gray mold
was observed (Table 3and Fig. 2A, B). On the other hand,
elongation of infection hyphae on the leaves of CR20 and

Table 3 Infection behaviour of

Botrytis cinerea on transgenic ~ 1'ansgenic  Germination Formation of Penetration Percentage of invasion of

cucumber plants (T,) bearing cucumber conidia® (%) appressoria® (%) infection hyphae into leaves

the rice chitinase cDNA strain (To) (%0) . ;

(RCC2)? 1cell 2cells'  >3cells?
CR33 97.2 0.9 0 0 0 0
CR32 100 36.3 54.7 81.3 18.7 0
CR20 100 46.3 48.7 0 9.1 90.1
Control " 95.5 135 265 0 0 100

3 The leaves were inoculated with 5 pl of the conidia of Botrytis cinerea (1x10° cfu/ml) in 2.5% glu-
cose and 1 mM inosine, and incubated in controlled environmental chambers maintained at 20°C. Co-
nidiagermination, formation of the secondary appressoria, and penetration were examined 24 h after in-

oculation

b Percentage of conidia germinated relative to the conidiainocul ated

¢ Percentage of conidiaforming secondary appressorium relative to the conidia germinated

9 Percentage of hyphae penetrated into |eaf

e 1.9 Ratios of infection hyphae penetrated into one cell (), two cells (f) and more than three cells (g)
of cucumber leaves, respectively, to total infection hyphae counted

" Non-transformed cucumber var * Shimoshirazu’



the control was not restricted, resulting in the spreading le-
sion type (Table 3 and Fig. 2C). Because more B. cinerea
conidiawere applied by artificial infection than by natural
infection, clear symptoms of gray mold disease were ob-

Fig. 2A—C Symptom on the transgenic cucumber plant (CR32)
4 days after inoculation of B. cereria (A) and infection behavior of
B. cinerea on leaves of the CR32 (B) and non-transgenic cucumber
plant (C). Dark-blue lines and faint-blue lines mean hyphae are
elongated on the surface or the inside of the leaf, respectively. IH In-
fection hyphae; A appresorium; C conidia
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served at innoculation sites on the CR32 leaves (Fig. 2A).
However, these symptoms did not spread out even if the
incubation period was extended.

Different mechanism for resistance against gray mold
was postulated from our current results. In CR32, appres-
soria formation and penetration of hyphae into the leaves
were observed; however, elongation of the penetrating hy-
phaewasrestrictedtowithinthefirst two cellsof theleaves.
On the other hand, both appressoria formation and pene-
tration of hyphaeinto leaveswererestricted in CR33. This
phenomenon has already been observed in transgenic to-
bacco plantsin which the RCC2 gene has been introduced
(Akutsu et al. submitted). The reason for this difference
has not yet been clarified. The production level of RCC2
protein as detected by ELISA analysiswas not remarkably
different between CR32 and CR33. Antifungal substances,
e.g. phytoalexin, which can be analyzed by thin-layer
chromatography were not detected from both CR32 and
CR33 strains under the present conditions (date not
shown). Constitutive expression of chitinase might be re-
sponsible for the stimulation of the plant defense system.
Although chitinase does not degrade the coat protein of vi-
rus, PR-3 protein (chitinase) can beinduced by viral infec-
tion (Brederode et al. 1991).

Inheritance of the RCC2 gene
and resistance against B. cinerea of the T, generation

In order to investigate the inheritance of resistance against
B. cinerea, the progenies of the CR32 and CR33 strains
were obtained by self-pollination. The progenies of CR32
were examined for the presence of the RCC2 gene by PCR-
Southern hybridization and resistance against B. cinerea
by artificial infection. It was confirmed that 50 of 68 plants
exhibited resistance against gray mold. These progenies
were found to harbor the RCC2 gene (Fig. 3). The segre-
gation of disease resistance among the progenies was in
accordance with the predicted Mendelian ratio of 3:1 (re-
sistant:susceptible), as tested by x? analysis (x?=0.078,
P<1%). Moreover, theintegrated RCC2 genewas al so con-
firmed in 7 of 13 progenies of CR33, exhibited as resis-
tance against B. cinerea (x? analysis has not been done yet
dueto theinsufficient number of progenies). These results
proved that the RCC2 genein transgenic cucumber plants,

Fig. 3 Detection of therice chitinase gene (RCC2) integrated in T,
generation of CR32 by PCR-Southern hybridization. Lanes 1-8
Progenies of CR32, lane P plasmid containing RCC2 gene, lane M
X174/Haelll
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CR32 and CR33 strains, was transmitted to their progenies
together with the disease resistance against gray mold.

Efficient transformation systems for cucumber

We have produced many putative transgenic cucumber
plantlets that kept their green color and grew normally on
the M S medium containing asel ective antibiotic (100 mg/I
kanamycin). Our results demonstrated that all of the green
adventitious shoots examined were transformants.

Inthisregeneration system, 1-day-old cotyledons as ex-
plants and a novel shoot induction medium (MS medium
supplemented with 2 mg/l BA, 1 mg/l ABA, 30 g/l sucrose
and 2.5 g/l gelrite) were used. We found that the addition
of ABA into shoot induction medium increased the effi-
ciency of shoot organogenesisand induced multiple shoots
(Tabei, in preparation). We believe that this efficient shoot
regeneration system will contribute to the production of
many transgenic cucumber plants.

Previous reports on transformation of cucumber (Trul-
son et al. 1986; Chee 1990; Sarmento et al. 1992; Tabei
et a. 1994) described only the introduction of an anti-
biotic resistant gene and/or a B-glucuronidase gene as
marker genes. In this study, we have been successful in
producing novel transgenic cucumber strains that inte-
grated a useful gene for improving characteristics useful
in agriculture.

Three transgenic cucumber strains, CR29, CR32 and
CR33, harboring the rice chitinase gene (RCC2) exhibited
enhanced resistance against gray mold. Theresistance was
stably inherited in the progenies of CR32 and CR33. Since
breeding materialsfor diseaseresistance against gray mold
have not been found in genetic resources of cucumber,
these transgenic cucumber plants are expected to serve as
new breeding materials for the disease resistance.

Acknowledgements The authors thank Dr. E. Suto for improving
the English. We also thank Ms. I. Kawaguchi and Ms. C. Sato for
technical assistance. This work was supported in part by the grants
from Ministry of Agriculture, Forestry and Fisheries.

References

Akutsu K (1995) Style of disease development by grey mould. JPes-
tic Sci 20:187-192

Akutsu K, Nishizawa Y, Kondo K, Kaneko S, Kikuchi N, Kitade S,
Namaya Y, Hibi T. Expression of rice chitinase in transgenic to-
bacco plants enhances resistance to the powdery mildew. (Sub-
mitted)

Barnes WC (1961) Multiple disease resistant cucumbers. Proc Am
Soc Hortic Sci 77:417-423

Brederode FT, Linthorst HJ, Bol JF (1991) Differential induction of
acquired resistance and PR gene expression in tobacco by virus
infection, ethephon treatment, UV light and wounding. Plant Mol
Biol 17:1117-1125

BroglieK, Chet I, Holliday M, Cressmam R, Biddle P, KnowlIton S,
Mauvais CJ, Broglie R (1991) Transgenic plants with enhanced
resistance to the fungal pathogen Rhizoctonia solani. Science
254:1194 -1197

Chee PP (1990) Transformation of Cucumis sativus tissue by Agro-
bacterium tumefaciens and the regeneration of transformed
plants. Plant Cell Rep 9:245-248

Esquinas-Alcazar JT, Gulick PJ (1983) Genetic resources of Cucur-
bitaceae. International Board for Plant Genetic Resources Sec-
retariat, Rome, Italy, pp 1-101

Jones DA, Thomas CM, Hammond-Kosack KE, Balint-Kurti PJ,
Jones JD (1994) Isolation of the tomato Cf-9 gene for resistance
to Cladosporium fulvum by transposon tagging. Science 266:
789-793

Komada H, Ezuka A (1974) Varietal resistance to Fusarium wilt in
cucumber. Bull Veg Ornament Crops Res Stn Jpn Ser A1:233-245

Kombrink E, Schroeder M, Hahlbrock K (1988) Several “patho-
genesis-related” proteins in potato are 1,33-glucanases and chi-
tinases. Proc Natl Acad Sci USA 85:782—786

Legrand M, Kauffman S, Geoffroy P, Fritig B (1987) Biol ogical func-
tion of pathogenesis-related proteins: four tobacco pathogenesis-
related proteins are chitinases. Proc Natl Acad Sci USA 84:
6750-6754

Lin W, Anuratha CS, Datta K, Potrykus I, Muthukrishnan S, Datta
SK (1995) Genetic engineering of rice for resistance to sheath
blight. Bio/Technology 13:686—691

Martin GB, Brommonschenkel SH, Chunwongse J, Frary A, Ganal
MW, Spivey R, Wu T, Earle ED, Tanksley SD (1993) Map-based
cloning of a protein kinase gene conferring disease resistance in
tomato. Science 262:1432—-1436

Mindrinos M, Katagiri F, Yu G-L, Ausubel FM (1994) The
A. thaliana disease resistance gene RPS2 encodes a protein con-
taining a nucleotide-binding site and leucine-rich repeats. Cell
78:1089-1099

Murashige T, Skoog F (1962) A revised medium for rapid growth
and bioassays with tobacco tissue culture. Physiol Plant 15:473—
497

Nishizawa Y, Hibi T (1991) Rice chitinase gene: cDNA cloning and
stress-induced expression. Plant Sci 76:211-218

Nishizawa Y, Kishimoto N, Saito A, Hibi T (1993) Sequence varia-
tion, differential expression and chromosomal location of rice
chitinase genes. Mol Gen Genet 241:1-10

Rommens CM, Salmeron JM, Oldroyd GE, Staskawicz BJ (1995)
Intergeneric transfer and functional expression of thetomato dis-
ease resistance gene Pto. Plant Cell 7:1537-1544

Sarmento GG, Alpert K, Tang FA, Punja ZK (1992) Factors influ-
encing Agrobacterium tumefaciens-mediated transformation.
Plant Cell Tissue Organ Cult 31:185-193

Shifriss OC, Myers CH, Chupp C (1942) Resistance to the mosaic
virus in the cucumber. Phytopathology 32:773-784

Tabei Y, Nishio T, Kurihara K, Kanno T (1994) Selection of trans-
formed callusin aliquid medium and regeneration of transgen-
ic plantsin cucumber (Cucumis sativus L.). Breed Sci 44:47-51

Trulson AJ, Simpson RB, Shahin EA (1986) Transformation of cu-
cumber Cucumis sativus L. plants with Agrobacterium. Theor
Appl Genet 73:11-15

Verhoelf K (1980) Theinfection process and host-pathogen interac-
tion. In: Coley-Smith JR, Verhoelf K, Jarris WR (eds) The biol-
ogy of Botrytis. Academic Press, New York, pp 153-180



