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Abstract: Tomato 1s the second most important vegetable cropnext potato in Egypt and all over the world.
Tomato attacked by several serious diseases, Fusarium oxysporum cause wilt disease and Rhizoctonia solani
casu tomato root rot. Six bacterial and ten fungal isolates were isolated from different parts of infected plant with
root rot disease and plant thizosphere as well. Both of bacterial and fungal 1solates were used for antagonistic
activity test against 7. oxysporuwm and R. solani. Only one bacterium and one fungal 1solates revealed a hugh
activity against the two pathogenic strains. For the highest antagonistic microorganisms identification both
of 165 rRNA and ITS genes were amplified and sequenced, sequence analysis revealed that the bacterial isolate
1s Bacillus subtilis and the fungal 1solate 1s Trichoderma viride. On the other hand, Fusarium oxysporum and
Rhizoctonia solani were 1dentified by microscopic examination. The efficiency of B. subtilis and T. viride on
the plant defense against wilt and root rot diseases was examined when both organisms applied on tomato
plants infected with F. oxysporum and R. solani. In pot experiment, B. subtilis and Trichoderma viride were
effective in reducing tomato wilt and root rot disease incidence. The used biological control agents induced
plant defense system moreover: The bioagents 7. viride and B. subtilis activate pathogenesis-related proteins
synthesis before the pathogen invades the host plant which has a direct impact on decreasing the ability of

pathogen to cause wilt and root rot diseases.
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INTRODUCTION

Tomato (Lycopersicon esculentum L.) 13 considered
one of the most important economic vegetable crops in
Egypt [1]. Montealegre et al. [2] reported that tomato
plants are subjected to attack by several soil borne fimgal
pathogens, which cause serious diseases as root rot and
wilt. Plant diseases, especially root-rot diseases, cause
significant losses in agricultural production every year.
These
poorer-quality of agricultural

losses can result m reduced food supplies,

products, economic
hardship for growers and processors and, ultimately,

higher prices [4, 5]. Diseases caused by Fusarium spp.

are important limiting factors in the production of tomato.
Several types assoclated with these
fungi have been identified, mncluding
Fusarium wilt, foot rot and crown root rot diseases [6].

of diseases
pathogenic

One of the most damaging soil-borme pathogens of
tomato 18 F. axysporum Lsp. radicis-lycopersici (FORL),
which causes Fusarium crown and root rot (FCRR) [7].
Fusarium root rot has considerably increased in Egyptian
soils. Tt causes severe and high damage in tomato plants
especially those grown in old soils. Also, R. selani which
was gained the reputation of being a widespread,
destructive and versatile plant pathogen capable of
attacking a wide range of hosts (250 plant species)[8],
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stem canker,
disease [9].
Biological control of several phytopathogens i1s based
of suppressive
microorganisms

causing seed decay, damping-off,

root rot, fruit decay and foliage

on the presence solls  where

several  biocontrol belonging to
Trichoderma, Pseudomonas and Bacillus genera are
detected [10]. Trichoderma spp. has proved to be useful
1 the control of phytopathogens affecting different crops
[11].

In this regards, tomato plants treated by Bacillus
subtilis only and/or Trichoderma harziamum have shown
biocontrol activity against damping-off and root rot
diseases and gave high vield of tomato [12].The beneficial
effects of biological control have stimulated research on
this topic and also the commercial use of several
Trichoderma species for the protection and growth
enhancement of a number of crops. Seed-coating of broad
bean with Trichoderma viride and Bacillus subtilis
effectively controlled the Fusarium root rot caused by
F. [13]. The

Trichoderma spp. and the

mteraction between
pathogen called
mycoparasitism. Trichoderma spp. is antagonistic to or

solani direct
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hyperparasitic on a wide amray of fungi and effectively
reduce diseases caused by several soil-borne plant
pathogens [14]. Mycoparasitism is considered to be an
important mechanism of biological control and probably
depends on the production of lytic enzymes including
chitinases, glucanases and proteases. These enzymes
often have antifungal activity individually and are
synergistic in mixtures or with antibiotics [15, 16].
Chitinases from Trichoderma inhibited in vitro spore
germination and tube elongation of a variety of fungi,
which contain chitin as a major cell wall component [17].
Moreover, the correlation between the production of
chitinlytic enzymes and the suppression of fung:
contaiming chitin as the main cell wall constituent has
been demonstrated for many Trickoderma species [18].
The fungus T. virens (Gliocladium virens) was reported
to be a mycoparasite of the cotton seedling pathogen,
R. solani Kihn [19], 7. lignorum as a wheat-bran
preparation, conidial suspension, or seed coating greatly
decreased the number of infested seeds by R. solani as
well as damping-off percentages and hence controlling
the fungal disease [20].

The main objective of the current study was to
evaluate the Egyptian isolates T. viride and B. subtilis as
biocontrol control agents against wilt and root rot
diseases of tomato and examine their effect on the tomato
plant defense system.
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MATERIALS AND METHODS

Isolation of Microbes Used in this Study: Fusarium
oxysporum and R. solani were 1solated from root rotted
and wilted tomato plants cultivated in Alexandria,
Beni-Swiff, El-Dakahlya and El-Fayoum govemnorates in
Egypt. They were microscopically identified on the basis
of cultural and microscopic characteristics. Pathogemeity
of the Obtained isolates to induce rot and wilt diseases of
tomato plant was estimated according to Sneh et al. [21]
under green house conditions. The 1solate was maintained
on PDA medium and stored at 4°C. Trichoderma isolates
and Bacillus spp were isolated from tomato plant
rhizosphere and identified microscopically. All microbial
1solates were 1dentified using and. All microbial 1solates
were 1dentified using different molecular techniques
RAPD PCR, 165 trRNA and ITS gene at the Molecular
Plant Pathology Department, Arid lands Cultivation
Research Imstitute, City of Scientific Research and
Technology Applications, Alexandria, Egypt.

Fingerprinting for the Tested Bioagents Bacterial and
Trichoderma Isolates: Genomic DNA bacterial 1solates
was extracted from overmight culture using the Wizard
Genomic DNA purification Kit (Promega, TSA) according
to the manufactures instructions. Also, the fungal
genomic DNA was extracted using Wizard® DNA
Punification Kit (Promega, USA).

A) RAPD-PCR Analysis for the Bacterial Isolates:
4ix random primers were used for typing bacterial isolates.
The primer sequence illustrated in Table 1. RAPD-PCR
reaction was carried out ina 25 pl., 2.5 ul. 10 x buffer with
MgCl,, 2 uL. 2.5 mM dNTPS, 1 pL. of 10 pmel primer, 50ng
DNA template and 0.2 pL (2 umits/pl) Tag DNA
polymerase. The PCR amplification conditions consisted
of denaturation at 95°C for 5 min, then 40 cycles as
follows: 30 sec at 95°C for denaturatior, 1 min at 30°C for
annealing for 1 min and 1 min at 72 °C for elongation.

B) For Trichoderma Tsolates: Six random primers were
used for Trichoderma isolates. The primer sequence
illustrated in Tablel. The reaction mixture and reaction
conditions as previously mentioned.

Cluster Analysis of RAPD Assay: RAPD banding
patterns of the bacterial 1solates and Trichoderma 1solates
were examined and the bands were scored, with the data
coded as a factor of 1 or 0, representing the presence or
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Table 1: Primers sequence used in the amplification of 168 rRNA gene and

ITS region.
Primer Primer sequence 5°-3 Annealing (°C)
168(F) AGG AGG TGA TCC AAC CGC 58°C
168(R) AAC TGG AGG AAG GTG GGGAT
A9B7T GGTGACGCAGGGGTAACGCC 28
Bacteria ATA TGA CGT GTC TGCTCC 30
D2 TAC CGT CAT TAT CTT CCC CAAA 32
D1 AAA GAT GGC ATC ATC ATT CAA C 28
188 CTT CCG TCA ATT CCT TTA AG 30
ATALO AGGAGG TGA TCC AAC CGC 30
1 CGCTGT CGC C 28
RRPD10 GAGAGCCAAC 30
ITS(D TCCGTAGGTGAACCTGCGG 54°C
ITS(D TCCTCCGCTTATTGATATGC

absence of bands, respectively. Cluster analysis was used
to produce dendrograms showing estimates of the
distance values and to analyze the genetic relatedness
among the bacterial isolates and Trichderma isolates. The
dendrogram based on the similarities was derived from
Unweighted Pair Group Method using Arthemetic
Average (UPGMA).

PCR Amplification of 1658 rDNA and ITS Region:
For the bactenial 1solates 350 bp of the 165 rRN A gene and
600 bp for Trichoderma ITS regions were amplified using
the specific primers. The primer sequence illustrated in
Table 1. 25 pl., 2.5 ul. 10x buffer with MgCl, 2 uL.2.5 mM
dNTPS, 2 L of 10 pmel forward primer, 2 pL of 10 pmol
reveres primer, S0ng DNA template and 0.2 pL (2 wmts/pL)
Tag DNA polymerase. The PCR amplification conditions
consisted of denaturation at 95°C for 5 min, then 35 cycles
as follows: 30 sec at 95°C for denaturation, 1 min at 30°C
for annealing for 1 min and 1 min at 72°C for elongation.
The PCR reactions were performed under the following
conditions: 34 cycles of denaturation at 95°C (5 min),
ammealing temperature for both 163 and ITS illustrated in
Table 1 and extension at 72°C (Imin). A 350-bp product
was amplified using the following primers.

Screening of the Efficacy of the Isolated Bioagents
against F. oxysporum and R. selani: The antagonistic
effect of the tested biccontrol agents against F.
oxysporum f. sp. radicis-lycopersici and R. solani was
examined. Trichoderma species, R. and F.
oxysporum were cultured on Plates containing sterilized
PDA medium for 7 days at 28-30°C. Then, a disc (0.5 cm
in-diam.) of the antagonistic fungal colony was cut and

solani

placed opposite to the colony of the pathogen. Similar
feature was carried out for bacterial test, a streak of the
bacterial strain was placed on PDA plates at 30°C for 24h
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and then a mycelial disc (0.5cm) of the tested fungi was
placed onte PDA plates at 0.5 cm distant from the
bacterial colony. Three replicates were prepared in each
experiment. Inoculated plates were incubated at 25°C until
the fungal growth of the control plates reached the edge
of the plate. The growth and reduction in mycelial growth
of the pathogenic fungus was calculated [18].

Efficiency of two Antagonistic Biocontrol Agents under
Greenhouse Conditions: A pot experiment was carried out
to examine the in- vivo efficiency of bioagents against .
oxysportm and R. solani under greenhouse conditions.
Antagomistic effect of Trichoderma viride and Bacillus
subtilis on disease incidence of pathogenic fung: were
tested on tomato cultivar (Castle Rock obtained from
Agriculture Center Research, Alexandria, Egypt). A pot
experiment was designed under greenhouse conditions
using  plastic pots (15 cm diameter) contaming
reasonable weight of sterilized soil clay. Soil was infested
with F. axysporum and Rhizoctonia solani before tomato
planting. Pots were urigated for 3 days before tomato
planting and addition of biocontrol agents. The
expermment mcluded the followmng treatments: 1) non
inoculated soil (control), 2) inoculated soil (with
pathogenic fungi) (treated with F. oxysporum only, 3) soil
treated with a combination of F. exysporum + B. subfilis,
4) soil treated with F. axysporum~+ T. viride, 5) soil treated
with R. solani only, 6) soil treated with R. solani +B.
subtilis and 7) and finally soil treated with R. selanit T.
viride. To prepare virulent Fusarium oxysporum and
Rhizoctonia solani inocula for infesting soil, 50 mL of
sterile PDB medium in 250 mL Erlenmeyer flasks were
inoculated with 5 mm plugs taken from a PDA Petri plates
cultures (7days-old). Flasks were incubated without
shaking in the dark at 25°C for 1 week. Mycelial mats, on
the surface of the medium were then homogenized at 894
xg for 2 min in sterile water and mixed with the soil at the
ratio of 20 mL of the homogemzed mycelial mats to one
pot (15cm diameter), 3 days before tomato planting. For
inoculation of Trichoderma viride [T5] mto soil, prepared
by the same method and 20 ml. of the homogenized
mycelial mats added to pots, at tomato planting tune. For
inoculation of B. subtilis [Bl] mto soil, the bacterium was
inoculated into nutrient broth medium and incubated
overnight at 30°C with constant shaking at 200 rpm and
then 20 mL of the cell suspension was added to each pot
at tomato planting time. For each treatment, 3 pots were
prepared and three plants were planted with using control
for each treatment. Three pots containing three plants
each were used as replicates for each particular treatment.
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Table 2: Sequence of primers used in the real-time PCR.

Primers Primer sequence 37257 Annealing (°C)
Chitinasel (F) TTC GTG GAG TGC ATC GGT 60
Chitinase 1(R ) ATS TAC GCA ATA

ATA AGT ATT AGA
Cellulase (3) GAY GAR CAN GAR CAY’ 60
Cellulase (4) TAN GCN CNN NCC NGG RTT
Endogluconase 1(F) TCC GGG GTA TGT

TAT GGA AGA 60
Endogluconasel (R) CGG CGT CTG TTA

TGG AGG AAA
Defensin F CTT ATC AGA TCT

CAA TGG AGA AATC 60
Defensin R CAA TGT AACTTA

AAGTGC CTA ATT ATG

Check treatment were pots contaiming infested soil only
with either . oxysporum or R. solani as three replicates
for each. Diseases assessment and vegetative growth
measurements and Enzymes activity are missed. The
expression of some defense genes using Real Time PCR

RNA Tsolation and ¢DNA Synthesis: Total RNA was
extracted from plant tissue using GStract™ RNA isolation
kit * Guamdium Thiocynate according to the manufacture
method. Reverse transcription reaction was performed
using olige dT (USA). The 25 pL ¢DNA synthesis
reaction consist of; 2.5ulL (5x) buffer with MgC1,, 2.5ul.
(2.5 mM) dNTPs, 1uL (10 pmol) primer, 2.5uL RNA
(2mg/ml.) and 0.5 unit reverse transcriptase enzyme. PCR
amplification was performed in a thermal cycler (Applied
Biosystems (ABI), USA) programmmed at 42°C for 1h, 72°C
for 10 min (enzyme inactivation) and the product was
stored at 4°C until be used.

Quantitative Estimation of Cellulase, Chitinase,
Endogluconase and Defensin Gene Using Real Time
PCR: For samples analyzed, the RT-PCR reaction consists
of, 12.5uL of 2x Quantitech SYBR® Green RT Mix
Fermentas, Germany), 1 ul. of 25 pm/ul. forward primer
(Table 2), 1 pL of 25 pm/pL reverse priumer, 2 pL cDNA
(100ng) 9.25 pl. of RNase free water. Samples were spun
before loading in the Rotor’s wells. The real time PCR
program was performed as follows: mitial denaturation at
95°C for 10 min.; 40 cycles of 95°C for 15 sec.; annealing
at 60°C for 30 sec and extension at 72°C for 30 sec. Data
acquisition performed during the extension step. This
reaction was performed using Rotor-Gene6000system
(Qiagen, USA).

Data Analysis: Comparative quantification analysis was
done using Rotor-Gene-6000 Series Software based on the
following equation [22]:
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Ratio target gene expression (Experimental/control) =
Fold change in target gene expression (except /control)

Fold change in reference gene expression (except
control)

Statistical The
treatments was evaluated by one way analysis of variance
{ANOVA) that  all the
Trichoderma isolates had high significant antagonistic

Analysis: significance of various

showed bacterial and
effect (P < 0.001) on linear growth of Rhizoctonia solani
and Fusarium oxysporum fsp. radicis-lycopersici.

RESULTS AND DISCUSSION

Fingerprinting for the Bacterial and Trichoderma
Isolates Using the RAPD -PCR: With bacterial isolates
the highest amplification was with the primer 165 (R)
which generated ¢ monomorphic bands and 57
polymorphic bands m total 63 RAPD patterns with the
percentage of polymorphic 90.47% followed by the A9B7
which generated 6 monomorphic bands and 51
polymorphic band i total 57 RAPD patterns with 89.47%
polymorphic. The approximately size of the largest
fragment amplified was m the range of 1300 bp to 1200 bp,
that was the primer 16s (R) and the smallest easily
recognizable fragment amplified was approximately less
than 100 bp of the 1solates that was with the priuner
RAPD7. The obtained pattern for each isolate was scored
for the presence or absence of each band. The presence
or absence band among the isolates was called a band
polymorphic, while it 13 a monomorphic band if it was
present in all isolates.

Identification for the Most Potent Bioagnet Bacterium:
The 350 bp region of the 163 rRNA gene were amplified
for all the six bacterial 1solates used to study the genetic
differentiation between the six bacteria isolates.
Approximately 350 bp. was amplified using universal
primer 163F and 16SR. PCR amplicon with specific forward
168 rRNA (350) primers of the six bacterial isolates were
subjected to DNA sequence analysis. Sequence analysis
revealed that the obtained nuclectide sequence
Bacillus subtilis and the 1solate was deposit in gene bank

under the accession number GU393320.

is

Fungal Fingerprinting Using RAPD-PCR: RAPD-PCR
that used genomic DNA of Trichoderma isolates as a
template with the five primers showed constantly different
banding patterns with reproducible polymorphic bands
that variable in size and number. The highest amplification
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was with the primer RAPD 10 which generated 1
monomorphic band and 89 polymorphic bands in total 90
RAPD patterns with the percentage of polymorphic
98.88% followed by the A9B7 which generated 7
monoemorphic bands and 87 polymorphic bands in total 94
RAPD patterns with 92.55% polymorphic.

Identification for the Most Potent Bioagnet Fungal
Isolate: The DNA template of ITS regions (ITS31, ITS4) in
rDNA of the fungi was amplified by PCR using the
universal primers ITS1/TS4. ITS gene was amplified for
Trichoderma isolate which show high biocontrol activity
(Trichoderm viride T5). Approximately 600 bp was
amplified and subjected to DNA sequence analysis. And
the resulting nuclectide sequence was aligned in NCBI
gene bank and take accession number HQ438699.

Evaluation of Trichoderma and Bacterial Strains for
Antagonistic Activities against F. oxysporum and
Rhizoctonia selani in vitre: The antagonism in dual
cultures and the mteraction between the screened
Trichoderma, bacterial isolates and the tested pathogens
were the first explored points to evaluate their
mycoparasitic activity. Initially results of studding the
mycoparasitic activity using dual culture interactions
showed that most of the investigated Trichoderma
isolates were able to suppress the radial growth of the
pathogens agamst F. axysporum and R. solani on Petri
dishes containing PDA medium. Tables 3 and 4 show that
the Trichoderma isolates succeeded n reducing the radial
growth of 7. oxysporum and R. solani where 7. viride (T5)
was the most aggressive isolate with growth

mhibition reached (79.6%) and (76.6 %) respectively.

Moreover, B. subtilis (Bl ) was more active bacterial
1solate for reducing the radial growth of F. oxysporum and
R. solani with growth inhibition reached 63.16% and
76.195% respectively comparing with control from F.
oxysportm and R. solani. This result came in agreement
with the antagonistic activity of 7. harziamwn and T.
longibrachiatum in vitro against R. solani, the cause of
cotton seedlings damping-off disease, in dual culture and
found that all 1solates of Trichoderma spp. showed lughly
significant antagonistic interaction with R. solani [23, 24].
Also a laboratory experiment on the comparative
antagonistic performance of T. harzianum and T. viride
against Rhizoctonia solani and found that, T. harzianum
exhibited maximum (75.55%) mycelial growth mhibition of
R. solani followed by T. viride, which showed (65.93%)
mycelial growth inhibition of the pathogen [24].
Also, this is accordance with all the biological agents
include T, viride, T. harzianum and T. virens inhibited the
growth of Fusarium oxysporum f. sp. ciceris 1 dual
culture technique. Growth inhibition ranged from 14.8%
with 7. virens to 43.4% with 7. harziamwn [24]. Sinilarly,
the study of the direct interaction on PDA medium of
remote interaction between F. oxysporum, radicis-
Iycopersici and T. harzianum revealed that the latter
inhibited mycelial growth of the pathogen by more than
65% compared to the control [25].

Efficiency of two Antagonistic Biocontrol Agents under
Greenhouse Conditions: Antagonistic effect of B. subtilis
and 7. viride against in vivo growth of phytopathogenic
fungi revealed that B. subtilis and 7. viride have the
ability in reducing disease incidence and severity levels
on tomato plants (symptoms severity, number of dead

Table 3: Effect of bacterial isolates on the radial growth of Rhizoctonia solani and F. oxysporim

Identified the Linear growth Growth reduction Linear growth Growth reduction %
isolates from 1-6 (cm) of R. solani % of R. Solani (cm) of F. oxysporum of F. axysporum

Bl 3.37£0.57 76.195 3.70+0.26 63.16

B2 3.27+0.25 44.14 2.77+0.25 55.33

B3 3.67£0.15 50.23 2.83+0.29 54.49

B4 2.87+0.32 40.38 1.80+0.26 42.86

BS 1.57+0.06 21.76 1.70+0.26 34.69

Bo 3.07£0.15 41.44 0.80+0.26 19.05

Each value is the mean of three replicate + standard deviation.

All results are highly significant at P=0.001 using one way analysis of variance (ANOVA).

The statistical analysis performed according to the following equation:
R=[(A-B)/A] x100

Where:

R=percentage of growth reduction

A=Mycelial growth of the pathogenic fungus

B=Mycelial growth of the pathogenic fungus towards the antagonistic fungus
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Table 4: Effect of Trichoderma isolates on the radia growth of R. solani and F. oxysporum

Identified the Linear growth (cm) Growth reduction Linear growth (cm) Growth reduction (%)
isolates from 1 of R solani (R?) (%) R. solani (R?) of F. oxysporum F. oxysporum
Identified the isolates from 1 2.43+0.06 67.12 1.53+0.47 61.75
Identified the isolates from 1 2.90+0.10 60.81 1.40£0.20 58.82
Identified the isolates from 1 2.20+0.44 69.86 1.40£0.26 60
Identified the isolates from 1 2.23+0.51 50.44 0.17+0.21 62.25
Identified the isolates from 1 1.53+0.06 79.6 0.70+0.26 76.6
Identified the isolates from 1 1.63+0.46 77.36 0.17+0.21 62.25
Identified the isolates from 1 2.50+0.26 44.44 1.70£0.30 51.42
Identified the isolates from 1 2+0.10 72.22 1.70+0.30 51.42
Identified the isolates from 1 2.7+0.35 64 1.80+0.26 59.90
Identified the isolates from 1 2.20+0.36 65.8 1.53+0.31 56.28
M1 234 56M12”345767M123456M123456M12_345(2
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Fig. 1. RAPD-PCR for the 6 bacteria isolates using five different arbitary primers. Lanes, M: 1kbp DNA marker ranged
from 1000bp to 100bp. Lanes from 1to 6 indicated for the six examined bacteria isolates. Primer name asindicated

in the right corner of each picture.

M12345678910 M12345678910 M12345678910 M12345678910 M 123 45678910

Fig. 2. RAPD-PCR for the 10 fungal isolates using five different arbitary primers. Lanes, M: 1kbp DNA marker ranged
from 1000bp to 100bp. Lanes from 1to 6 indicated for the six examined bacteria isolates. Primer name asindicated

in the right corner of each picture.

plants and growth rate) infected with F. oxysporumf. sp.
lycopersici and Rhizoctonia solani. But the disease
incidence and severity was detected on the tomato plants
cultivated in soil infected with F. oxysporum f. sp.
lycopersici and R. solani without adding the bioagents
B. subtilis and T. viride. Where T. viride and B. subtilis
stimulated the growth of tomato plants (the plant height,
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number of leaves, symptomless appearance and etc)
compared to the control of tomato plants infected with
F. oxyspoum f. sp. lycopersici and R. solani as a plant
pathogen and control of healthy plant. This may be due
to plants react to pathogen attack by the induction of a
battery of defense responses suggesting that protective
mechanisms may have complementary rolesin the overal
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Fig. 3: Antagonistic effect of the tested T.viride (T5) and B. subtilis(B1) on the linear growth of F. oxysporum (F1)and
R. solani (R2) in dual culture test on PDA medium after seven days of incubation at 25°C.
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expression of disease resistance [26]. Plant defense
response to non-specific facultative pathogens takes
place in four important phases. The first phase of fungal
infection occurs when the fungal propagule makes
contact with the surface of a plant structure (lodicules,
lemmal tissue and ovary base of the spikelets). Even
before penetration has taken place, signaling mechanisms
within the affected and surrounding cells detect the
presence of the fungus [27, 28]. When a breach in cell
wall/membrane occurs, a second phase is established,
where generalized stress response/infection recognition
occurs. These responses include activation of genes in
several pathways that can combat spread of the pathogen
[29]. Examples include the synthesis of phytoalexins, that
is, compounds that are toxic or fungi static and synthesis
of lignin to strengthen cell walls and consist of enzymes
that function to degrade fungal cell walls, including
$-glucanases and chitinases [30]. A defense response
in the plant is often mounted primarily in response to the
soluble cell wall degradation products which act as
elicitors. A particularly well-studied aspect of plant
resistance is the pathogenesis-related (PR) protein
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response [31]. PR proteins produced in response to
pathogen attack, as well as in response to treatment with
elicitors and a bhiotic factor. Real-time PCR, which
combines the advantages of conventional PCR with
quantitative capability [31] is, at present one of the most
sensitive and accurate method for the detection and
guantification of gene expression [32]. Its high sensitivity
allows the quantification of rare transcripts and small
changes in gene expression [33]. In this study real-time
PCR was used to detect PR proteins in response to
pathogen attack, as well as in response to treatment with
elicitors and biotic factors (Trichoderma and Bacillus).
Chitinase genes are differentially regulated in response to
development or by colonization of plant tissues by
micro-organisms [34] and as well as the cellulase gene.
Where the relative amounts of MRNA detected from target
genes (cellulase, chitinase, endogluconase and
defense gene) present in samples collected post
inoculation for each treatment by T. viride and B. subtilis
at time (4, 8, 12 and 24h) were compared with the amount
of mMRNA that in control of F. oxysporum f. sp.
radicis-lycopersici and R. solani and the results
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normalized to ITS gene (reference gene) show high level

of gene expression. Using 6 sets of arbitrary primers
combinations, arbitrary degenerate primers (cellulasel),
(cellulase?), (cellulase3), (Chi 15), (Ns2) and
(endogluconase 1F) were used in fingerprinting and
demonstration the genetic variation between the examined
bacterial and fungal isolates. The major observation was
an increase in genetic variations between control and
treated samples. In addition, many down-regulated genes
(turned off) and up-regulated genes (turned on) were
observed in both samples treated with T. viride and
B. subtilis when the samples collected at different times
after addition of bioagents.

The relative amounts of MRNA detected from target
genes (cellulase, chitinase, endogluconase and defense
gene) present in plant samples collected post inoculation
for each treatment by T. viride and B. subtilis at time
intervals (4, 8, 12 and 24h) were compared with the amount
of mMRNA that in control F. oxysporum and R. solani and
the results normalized to ITS gene (reference gene or
house keeping gene). Where the highest level of gene
expression (gene copy number) of cellulase gene was in
tomato plants treated with T. viride than the other treated
with B. subtilis. Moreover, the level of gene expression
was high at the tomato plants infected with F. oxysporum
and treated with T. viride and tomato plants infected with
R. solani and treated T. viride where it was (1.921) and
(2.35) after 24 h, respectively when compared with the
tomato plants contain control Fusariumwhich was (0.208)
and control Rhizoctonia which was (0.31). Meanwhile, the
level of chitinase gene expression was high after 24 hr
post inoculation where the level of gene expression was
(1.932) in tomato plants infected with F. oxysporum and
treated with T. viride. Also the level of chitinase gene
expression was (2.76) with plants infected with R. solani
and treated with T. viride. While the lowest level of
gene expression obtained in case of plants infected with
F. oxysporum and treated with Bacillus subtilis and
Rhizoctonia solani and treated with B. subtilis was
0.567 and 0.587 compared to Fusarium and Rhizoctonia
control which was (0.394, 0.456). Also the quantitative
estimation of defense gene expression in plants infected
with F. oxysporum and treated with B. subtiliswas (0.623),
while the level of defense gene expression in plants
infected with R. solani and treated with Bacillus subtilis
was (0.53) these after 24h from inoculation of B. subtilis.
And the level of defense gene expression also increasein
tomato plants treated with Trichoderma viride where, the
level of gene expression show high level of defense gene
after 12 hr in tomato plants infected with Fusarium
oxysporum and treated with T. viride was (0.57). And it
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was (0.59) in tomato plants infected with R.solani and
treated with Trichoderma viride compared with Fusarium
and Rhizoctonia control which was 0.28 and 0.29.
Meanwhile, the quantitative estimation of endogluconase
PR gene were estimated where, the level of
endogluconase 1 gene expression was (0.63) in tomato
plants infected with F. oxysporum and treated with
T. viride and was 0.57 in plants infected with Rhizoctonia
solani and treated with T. viride after 8h. While, the level
of gene expression in plants infected with Fusarium
oxysporum and treated with B. subtilis was 0.53 and was
0.43in plantsinfected with R. solani and treated with
B. subtilis after 12h compared with F. oxysporumand
R. solani control which was 0.37 and 0.35.

From the aforementioned results, it could be
conclude that the dua treatment with B. subtilis and
T. viride has a significant and more feasible to control
root rot and wilt disease pathogens in vitro and decrease
the symptoms of the disease (data not presented)
comparing with the individual treatments, because of their
potentialities to produce plant growth promoting
substances [35, 36] and induce PR proteins in response to
pathogen attack, as well as in response to treatment with
elicitors. The plant systemic resistance was induced due
to the presence both of Trichoderma isolates and
Bacillus isolates as bioagents. On the other hand
many microorganisms activate pathogenesis-related
protein synthesis before the pathogen invades the
host plant [37]. The induction of plant resistance
mechanisms by different Trichoderma strains has been
shown to enhance the production of defense-related
metabolites in the plant such as enzymes involved in the
response to oxidative stress and pathogensis-related
proteins [38, 39].
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