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The antifungal mechanism of mycoparasitic fungi involves fungal cell wall degrading en-
zymes such as chitinases. Trichothecium roseum is an important mycoparasitic fungus with
significant antifungal ability, but studies on chitinases of 7. roseum were poor. Here, we
report a novel chitinase cDNA isolated from 7. roseum by PCR amplification based on
conserved chitinase sequences. Southern blot analysis suggested that a single copy of the
gene exists in the genome of 7. roseum. The deduced open reading frame of 1,143 nucleotides
encodes a protein of 380 amino acids with a calculated molecular weight of 41.6 kDa. The
fusion chitinase expressed in Escherichia coli has been purified by single-step chromatogra-
phy. It has a pl of pH 5.4 and expresses a thermal stability, but is insensitive to pH in a
broad pH range. According to expectation, E. coli efficiently yielded a high amount of active
chitinase. Remarkably, the fusion chitinase offered high antifungal activity.
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Introduction

Biological control of plant pathogens is a poten-
tial alternative to the use of chemical pesticides
(Chet, 1994). The famous biological control agent
Trichoderma is a rather specific and effective my-
coparasite of various soil-borne plant pathogenic
fungi in greenhouse and field conditions. So far,
the extensive studies exploring the mechanisms in-
volved in biological control were performed. Gen-
erally, the classical mycoparasitic process involves
five aspects (Carsolio et al., 1994). Among them,
the production of cell wall-degrading enzymes,
such as chitinase is very important. Chitinase pro-
duction of mycoparasites is correlated with biolog-
ical control of some fungal diseases (Schirmbock
et al., 1994), because chitin is a major structural
component of cell wall in many plant pathogens.
To date, more than ten chitinase-encoding genes
have been cloned and characterized from Tricho-
derma spp. (Hayes et al., 1994; Kim et al., 2002).
Furthermore, transgenic plants containing the
chitinase gene (ech42) and transformed Tricho-
derma strains carrying multiple copies of prbl
showed a higher resistance to several fungi (Flores
et al., 1997).

Trichothecium roseum is another important my-
coparasitic fungus and has been used as a potential
agent for controlling a number of plant pathogens.
The first report was on its biocontrol application
against most plant pathogens causing storage rot
of onions (Rod, 1984). Since then, several studies
on its biological control ability were reported. For
example, Urbasch (1985) and Huang and Kokko
(1993), respectively, isolated 7. roseum and tested
its antifungal activity against plant pathogens such
as Pestalotia funereal and Sclerotinia sclerotiorum;
Kumar and Jha (2002) isolated T. roseum as well
and designed trial controlling soybean rust by us-
ing the fungus. Exhilaratingly, they obtained a very
successful biological effect. In addition, effective
inhibition of plant pathogens, like Fusarium oxy-
sporum, Bipolaris oryzae, Alternaria spp., Gano-
derma spp., Rhizoctonia solani, Curvularia spp.,
and Pyricularia oryzae, has been studied for 7. ro-
seum as well (Balasubramanian et al., 2003). Cul-
ture filtrates of 7. roseum have confirmed the ef-
fective inhibition of a broad spectrum of plant
pathogens, though substances in the culture fil-
trates are very complex and unclear.

Chitinases from 7. roseum, in comparison with
Trichoderma spp., were poorly studied, though in-
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terest has slowly increased due to the potential
role as control agent for plant pathogenic fungi.
The studies on characterization of purified chitin-
ase from 7. roseum have been reported recently
(Li et al., 2004). A high level chitinase activity ap-
peared in a broad range of pH 4.0-7.0, at 40 °C.
Just as ThEn-42 (De La Cruz et al., 1992), it of-
fered efficacious inhibition of some plant patho-
gens tested, particularly of Verticillium dahliae.
However, it is difficult to develop further studies
of this chitinase for two reasons: firstly, the expres-
sion of T. roseum was poor and inefficient, and
secondly, the purification procedure was very com-
plex and tedious. Therefore, cloning and over-ex-
pression of the chitinase gene are urgent. Here, we
describe the cloning of chitinase from 7. roseum
and expression in E. coli. Properties and potential
application of the fusion protein are evaluated.

Materials and Methods
Fungus strains, plasmids, and culture conditions

Trichothecium roseum s24 isolated from Shan-
dong cotton filed is part of a native strain collec-
tion held at Jilin University, Changchun/Jilin,
China. In order to extract genomic DNA and total
RNA, this strain was inoculated (10°-10° conidia
per ml) in medium according to Schirmbock et al.
(1994) (0.68 g KH,PO,, 0.87 g K,HPO,, 0.2 g KCl,
1g NH,NO;, 02g MgSO,-7H,0, 0.2 g CaCl,,
pH 5.0) supplemented with 1g glucose. Mycelia
were grown on a rotary shaker (200 rpm) at 25 °C.
After 2d, 30 g colloidal chitin were added to the
broth medium. Incubation was continued for an
additional 6 d. Then, mycelia were collected by fil-
tration, washed with sterile water, frozen in liquid
nitrogen, and then stored at —80 °C. Strain JM109
of E. coli was transformed with recombinant plas-
mids and cultured in LB broth to select transform-
ants. pET22b (+) (Novagen) was used as the clon-
ing and expression vector.

DNA/RNA manipulation

Total genomic DNA from 7. roseum was ex-
tracted followed a standard method (Hohn and
Desjardins, 1992). Total RNA from T. roseum s24
was extracted according to the method of Jones et
al. (1985) with a slight modification. In order to
synthesize cDNA, poly (A) mRNA was isolated
and purified by using mRNA Purification-Kit
(Stratagene). DNA probes were labeled with Ran-
dom Primer Labeling Kit (TaKaRa).
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Cloning of the chitinase gene cDNA from
T. roseum

A pair of degenerated oligonucleotide primers
that code for conserved amino acid sequences was
designed as follows: 5'-(C/G)CA(G/A)(C/A)(T/
C)(C/G)(A/C)G(T/C)TC(C/T)(T/A)(T/C)(C/T)
TC(A/C)CCAACTGG-3'(Up), 5'-(C/A/T)(A/T)
(G/CIT)GTA(G/C)(C/T)CCC(A/G)AA(T/A/C)
ACCGTTCT(C/G)CCA-3' (Dp). PCR was carried
out for 35 cycles (1 min at 94 °C, 1 min at 50 °C,
and 2 min at 72 °C) with total DNA fragments as
templates. The PCR products were sequenced.
Based on the DNA sequence and as comparison
to the endochitinase gene cDNA (ThEn-42) from
Trichoderma spp., Al (5'-CCGCTGAGAAGAT
CATCCTCG-3'), S1 (5'-TACGCTGGAGAAGG
AGGACCA-3’) and A2 (5'-GAGGGCAGCTGG
GAGAACGGT-3'), S2 (5'-TAGGTGTCACCGC
TGTAGAC-3") were designed as two pairs of
RACE primers. The two end sequences of the tar-
get gene were obtained according to the RACE
method of Frohman et al. (1988), but with some
modifications. First-strand cDNA fragments were
synthesized according to manufacturer’s recom-
mendations by using an improved oligo-dT11
primer [5'-CAGTGCT11 (A/G/C)-3’,5"-end-phos-
phorylated]. 5'-End Full RACE Core Set (TaKa-
Ra) was used as follows: synthesized cDNA (hy-
brid DNA-RNA) was digested with RNase H
(DNase free). Subsequently, circularization of sin-
gle-stranded cDNA was carried out with T4,-RNA
ligase. First PCR products were obtained by using
the circle strand cDNA as template and Aland S1
primers. DNA amplification by nested PCR was
performed with A2 and S2 as primers. Two ends
of the nested PCR products were sequenced. The
ORF fragments of chitinase cDNA were amplified
by using RT-PCR with a pair of specific primers
(OF, 5'-acgaattcg ATGTTGGGCTTCTCC-3"; OD,
5'-gtctcgagAAGTATGAACAGCGG-3' the italic
small letters mentioned are convenient for the
next DNA manipulation). The PCR products were
completely digested with EcoRI and Xhol and li-
gated into pET22b (+) digested by using the Ec-
oRI and Xhol too. The ligation product was elec-
troporated in E. coli JM109. Transformants were
selected in LB agar supplemented with ampicillin
(100 ug/ml).

Genomic Southern blot analysis of the cloned
chitinase gene

Total genomic DNA from 7. roseum was di-
gested to completion with the following restriction
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enzymes: BamHI, EcoRI, and Xbal, electropho-
resed on 0.8% agarose gel and blotted onto Hy-
bond N membrane (Amersham) using capillary
transfer. The cloned chitinase gene fragments
(ORF) above were used as probes. Southern blot
was performed under high-stringency conditions.

Production and purification of chitinase

E. coli IM109 was grown at 30 °C till the culture
reached an ODgy, of 0.4. Incubation was contin-
ued for 4 h after adding IPTG as inducer. Cells
were harvested by centrifugation, washed, and
crushed with glass beads. Total proteins were dis-
solved in solution I [20 mm Na,HPO, (pH 7.2),
0.5 mm NaCl]. A fraction of soluble proteins was
obtained after centrifugation at 4 °C for 30 min at
14,000 x g and was loaded onto a Ni**-NTA-aga-
rose column (3 ml bed volume). The column was
successively washed with binding buffers contain-
ing 100 mM imidazole, and then the immobilized
proteins were eluted with 500 mm imidazole. His-
tagged chitinase was dialysed against solution I
and stored at 4 °C for further use. Protein concen-
trations after purification were determined by us-
ing bovine serum albumin (BSA) as the standard
(Bradford, 1976). The efficiency of this purifica-
tion procedure was checked by SDS-PAGE.

Chitinase activity assay

Chitinase activity was evaluated by using 4-
methylumbelliferyl-p-N,N’, N"- triacetylchitotriose
[4-MU-(GIcNAc);] (Sigma). A total volume of 300
ul reaction system was prepared as follows: 250 ul
of reaction buffer, 30 ul of sample, and 20 ul of
substrate (0.1 ug/ul) were mixed and incubated at
40 °C for 4 h; the reaction was terminated by add-
ing 1 volume of 0.2 M Na,COj. Chitinase activity
was measured by the mean fluorescence estimated
in a Turner fluorometer (model 450; 340-nm inter-
ference filter and 415-nm cut filter). One unit of
chitinase activity was defined as the amount of en-
zyme required to release 1 umol of 4-methylum-
belliferone in 60 min. Specific activity was ex-
pressed as units per milligram of protein.

SDS-PAGE and activity staining of chitinase

Sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) was performed accord-
ing to Laemmli (1970): Samples were mixed with
an equal volume of 2 times Laemmli sample buffer
containing 1% Triton X-100, and the mixtures
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were heated at 60 °C for 5 min. The gel was
stained with 0.05% Coomassie brilliant blue R-250
for identification of the purified protein. In order
to identify the chitinase activity, another half of
the gel running in the mean time was transferred
into the washing buffer [1% casein, 2 mm EDTA,
40 mm tris(hydroxymethyl) aminomethane-HCl
(Tris-HCI, pH 8.0)] for the removal of SDS from
the gel and the renaturation of the chitinase. After
several washings in double distilled water and so-
dium acetate buffer (pH 4), the gel was covered
with 1% low melting-point agarose supplemented
with 0.2 mm 4-MU-(GIcNAc); in 100 mm potas-
sium phosphate buffer (pH 6.0). Gel was inspected
for fluorescent bands under ultraviolet light after
incubation at 40 °C for 120 min (Tronsmo and
Harman, 1993).

Effects of pH value, temperature, and metal ions
on the purified fusion chitinase

The optimal pH value of the chitinase activity
of the purified fusion chitinase was assayed by the
following buffers: sodium lactate at pH 3.0 and 3.5;
sodium acetate at pH 4.0, 4.5 and 5.5; potassium
phosphate at pH 6.0, 6.5, 7.0, and 7.5; Tris-HCI at
pH 8.0. The optimal temperature of the chitinase
activity was assayed in microplates placed at 20 to
80 °C in potassium phosphate buffer (pH 6.0). The
enzyme thermal stability was determined after
preincubation in the temperature range of 20 to
80 °C for 5 h without the substrate, then the resid-
ual chitinase activity was checked under standard
assay conditions. To determine the influence of
metal ion on chitinase activity, Mg?*, Cu?*, Ca?*,
Zn**, Mn?*, Ba?*, Fe?*, Hg?*, Co?*, or Ag* were
tested, respectively. Each metal ion was added at
a final concentration of 1 mMm in potassium phos-
phate buffer (pH 6.0). All the reaction mixtures
contained chitinase fraction and 4-MU-(GlcNAc);
as the substrate.

Isoelectrofocusing (IEF) of the fusion chitinase

PhastGel IEF 3-9 was chosen to identify the pl
of fusion chitinase. The IEF procedure was carried
out according to the Phast-System User’s Manual.
Standard pl marker proteins (Pharmacia) con-
tained the following members: trypsinogen-9.3,
lentil lectin basic subunit-8.65, lentil lectin middle
subunit-8.45, lentil lectin acidic subunit-8.15, myo-
globin basic subunit-7.35, myoglobin acidic sub-
unit-6.85, human carbonic anhydrase B-6.55, bo-
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vine carbonic anhydrase B-5.85, f-lactoglobulin
A-5.20, soybean trypsin inhibitor-4.55, and amylo-
glucosidase-3.50.

Antifungal activity of the purified fusion chitinase

To check if the chitinase had antifungal activity,
several economically important plant pathogens
were selected: Alternaria alternata, Alternaria sol-
ani, Fusarium oxysporum, Magnaporthe grisea,
Verticillium dahliae, Botrytis cinerea. In order to
obtain enough spores, all pathogens were isolated
from newly infected organisms and grown in po-
tato dextrose agar (PDA). After sporulation,
spores were collected, washed three times using
sterile water, and then suspended in 0.1% (w/v)
glucose. To examine the effects on spore germina-
tion, spores could be used directly; to examine the
influence on elongation of germ tube, spores
should be preincubated in normal conditions, till
germ tube appeared. 50 ul of the fungal spore
(germinated or not) conidial suspension were
mixed with or without serial diluted amounts of
purified chitinase in the wells of sterile depression
slides, and incubated at 25 °C for 10 h. Influence
results were investigated under a light microscope
at 100x magnification.

Results and Discussion

A 977 bp DNA fragment was obtained from 7
roseum by PCR amplification following the exper-
iment procedures. Sequencing of the DNA (Gen-
Bank accession number, AY550119) showed that
it shares 71% similarity with the ech42 of T. harzi-
anum (Garcia et al., 1994). Southern blot analysis
suggested that a single copy of the gene exists in
the genome of T. roseum (Fig. 1). So, It was rea-
sonable to regard it as a chitinase gene fragment.

Fig. 1. Genomic Southern blot
analysis of the chitinase gene.
Southern blot hybridization was
done using a random primer
probe kit as a probe to DNA di-
gested with BamHI (lane B),
EcoRI (lane E), Xbal (lane X);
lane M contains a molecular size
marker (unit, bp).
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Based on the amplified DNA and the cDNA se-
quence of ech42, we successfully obtained the
cDNA information of two ends of target cDNA.
Thus, a pair of specific primers (OF, OD) could be
very easily designed, and we cloned the chitinase
cDNA with standard RT-PCR method. The de-
duced open reading frame (ORF) of 1,143 nucle-
otides encodes a protein of 380 amino acids with
a calculated molecular weight of 41.6 kDa (Fig. 2).
Remarkably, the method we used was different
from the classic RACE (Frohman et al., 1988).
From the result, this is an efficacious and economi-
cal way to clone cDNA.

The fusion protein with more chitinase activity
has been purified to SDS-PAGE homogenous
(Fig. 3). The molecular weight of the chitinase is
46.2 kDa. 15.4 mg (total activity, 23,500.4 U) pure
chitinase have been obtained per liter medium.
IEF showed that the isoelectric point (plI) of fu-
sion chitinase was pH 5.4, but for the chitinase
produced by T. roseum it was pH 5.1 (Fig. 4). The
purified chitinase has an optimal activity around
pH 6, so it revealed the enzyme was fairly stable
in a pH range of 4.0 to 7.0 (Fig. 5A). Under stand-
ard assay conditions (pH 6.0) except for tempera-
ture, the maximum activity was observed at 40 °C
(Fig. 5B). After preincubation in the temperature
range of 40 to 45 °C for 5 h, the fusion chitinase
retained almost its full activity. Even temperature
at 55 °C, it also retained 65% activity. However,
the chitinase produced by 7. roseum almost lost
enzyme activity at temperatures above 45°C
(Fig. 5C). The result indicated that the fusion en-
zyme obtained a moderate thermal stability. Based
on the similar properties of both chitinases, we
think that they probably belong to the same one.
The difference may be caused by the pET-22b (+)
vector, if considering a redundant part of 4.6 kDa
in the fusion protein.

Addition of selected metal ions to the reaction
mixtures did not affect the chitinase (fusion chitin-
ase or chitinase from 7. roseum) activity apprecia-
bly, except Hg?*. The metal ion Hg?" inhibited
both chitinases activity by similar percentage (Ta-
ble I). This agrees with the results in related re-
searches on inhibition of chitinases, and supports
that chitinase inhibition by Hg?" is a general char-
acteristic of the chitinase group.

In our examination, spore germination and
germ tube elongation of the tested fungi were sig-
nificantly inhibited by the chitinase as compared
with the phosphate buffer control (Table II). This
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1 ATGITGEECTTOCTOREEEEE0GAGTAGCATGT CCATGGTCTCT T TGOCT AGT GNICAGCTONT TGCT TCTG3CAACTAI TAGCT TGNTOGAGYVIGA GRATCTGIGITG333 AT
1 ML GFLGGRVACPWSLCLVTSSVPSPQLVYSLI ENEDLTCWGF
121 COCATTGACTAACTGGAACTT TAGREGTATCTATGACCGCAACT TOCAGOCTGIEATCT TAIOAIIGNAAGH TTCTGAOCTACTE ACTCT TTOATGYCTGOGIB00ATGI AL
4 PLTNWNFRGI YDRNFQPADLPADKVSHLLYSFMNLRADGT
241  GICTACAGOGGTGACACCTACROCGATCT TGAGAAACACT ACCOCGAT GACAT TARGE GO TGO GEICTATGECTGIS TAAGDAGNT TTACMGCTOYAGAGBINC
81 VYSGDTVYADLEKHYPDDSWSDTGNNAYGCVKQI YKLKQAN
361 OGCAACCTCAAGGT TATQCT T TOCAT TGGTGECTGGACT TGETCTACCAACT TASCTGCTGCTGIT TAACTGN GIOAGIIBCTCTACCT TGO IO3IIE G TCATGYC
21 R NL KV MLSI GGWTWSTNFPAAASTDATRSTFAQTAVGF MK
481 CGATTOREEGTTOGATGGETATOGACAT TGACT GERGAAGTACOCT GCT T TCOGACGG3IA A CATGE CCTCCT TCTCOAGITATCIBIAGRGIT TR GACTTAATG3IX
61 DWGFDGI DI DWEVPCFPTRRPPTWSSFSSVSARSLTLNPP
601 CTTCAGEOCGATGECTACCACT TCGAGCTCTOCAT TACTGCTOCORCT GET GI30AGACTAGIACT TGCTORMGCTOEIATCTOE3AACT GCTORCTACS GAAGCTCATG3X
200 L QADGYHFELSI AAPAGPQHYGFLKLADLGNVLDYVNLMA
721 TACGACTACCOCGGTAGCT TCAGT GACAACT COGE0CACCAGECTAACCT CTACIIOAGINGE CTAACGICTGICTAACIIICT TOMCACONM GAGEINT UG TACATTGX
241 Y DY AGSFSDNSGHQANLYASESNPASTPFNTKQAVEAYI A
841 GGTGE0GTCO00GCTGAGAAGATCATOCTOGGTATGOOCAT CTACGGT OGOGCT TTAACTG3ACTGN GECTOE3AMGICTTTON I3 G UG N GERAGITGE3 GV A3
281 GGVPAEKI I LGMPI YGRAFAGTDGLGKPFTGVGEGSWENGEC
961 ATTTGEGACTACAAGT GRE0AGT GATAO0RE0EEECT OEEEEERECAGACGEOO3333 G CTTBICAATCCT TGIECT TAIIATCAT TATGENG ATGATOCT TGAGNGT G3I3AAT
321 I WDY KWAVMPAGSGGRRRPSLANPCACPSLSEYESFRVATL
1081 GCTGACTTCTGCCTGGRACCOGTGCAATAGTGACTGTGTGETCORGT TTOCACTGI TCATACTT

%1 ADFCLDRCNGDT CVVRFPLFI L

Fig. 2. cDNA sequence (ORF) and deduced amino acid sequence of the 7. roseum chitinase.

M 1 2 M1
974 -
-
66.2 — -
43.0 — oo -
3.0 — e - . . ..
Fig. 4. Isoelectrofocusing of the chitinase
- protein. 1, Purified chitinase from 7. ro-
2001 oo a- seum; 2, fusion chitinase expressed in E.
= coli.; M, pl marker (the pH value of differ-
14.4 — o o ent members is indicated in Materials and
KDa A B Methods).

Fig. 3. SDS-PAGE of purified chitinase of 7. roseum s24
and fusion chitinase. (A) Coomassie brilliant blue R-250

staining. (B) Activity staining. Lanes: M, standard
marker proteins; 1, purified chitinase from 7. roseum; 2,
fusion chitinase expressed in E. coli.

antifungal activity is consistent with what we have
studied on 7. roseum. Therefore, the over ex-
pressed fusion chitinase is promising to be utilized
in practice.

T roseum is a very useful fungus, not only in
agriculture as a biological control agent (Balasub-
ramanian et al., 2003), but also in medicine for the
treatment of human diseases (Sesan, 1986). At the
same time, it is also a notorious fungus for associa-
tions between the first trichothecene isolated from
the fungus (Freeman and Morrison, 1949) and out-
breaks of human diseases caused by mycotoxin
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as the substrate (C). Solid line, activity of the fusion chit-
inase; broken line, activity of chitinase from 7. roseum.
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Table 1. Effects of metal ions on chitinases in potassium
phosphate buffer (pH 6.0).

Metal ion Residual activity of chitinase (%)
Chitinase from Fusion chitinase
T. roseum
Phosphate buffer 100 100
Mg?* 95 97
Cu?* 101 98
Ca?* 108 103
Zn?* 98 96
Mn?* 87 91
Ba?* 92 96
Fe?* 94 88
Hg?* 58 60
Co** 100 99
Ag* 97 93

The values are means of data from two repetitions of
the experiment, with three replicates per treatment.

(Joffe, 1974). In addition, Lorito et al. (1998)
pointed out that a full-scale application of fungal
biological control agents in commercial agriculture
should be delayed because of the inconsistent re-
sults obtained by introducing these complex mi-
croorganisms into the dynamic environment. Util-
ity of antifungal substances isolated from 7.
roseum is a significant aspect in biological control,
but the yield by mycoparasites is relatively not
enough. As a result, expression of chitinase gene
from mycoparasites is a good way. Moreover, the
fusion protein, with properties of a broad range of
pH value and a moderate thermal stability, has a
significant antifungal activity against a number of
plant pathogens (data not shown). So further stud-
ies will open up at both aspects: (i) application of
the fusion chitinase, (ii) in vivo analysis of biologi-
cal function by disruption of the chitinase gene.
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Table II. In vitro antifungal activity of the fusion enzyme.
Antifungal activity (%)
Germination Germ tube elongation

Pathogen 0.1 1 10 100 150 ug/ml 0.1 1 10 100 150
Alternaria alternata 8 23 68 92 100 5 34 52 87 94
Alternaria solani 17 27 56 81 93 24 57 83 95 100
Fusarium oxysporum 11 45 71 83 91 19 53 74 91 100
Magnaporthe grisea 15 38 64 73 83 30 67 87 93 99
Verticillium dahliae 22 56 89 100 100 43 73 93 100 100
Botrytis cinerea 16 34 55 68 82 25 35 69 84 89

The values are means of data from two repetitions of the
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