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Interoduction

Abstrcat: Brassica napus is an important oilseed crop and the yield loss due to
fungal disease stem rot caused by Sclerotinia sclerotiorum is a serious problem
in cultivation of this crop. The pathogenesis-related (PR) protein, glucanase,
hydrolyzes a major cell wall component, glucan, of the pathogenic fungi and
acts as a plant defense barrier. In this study, a -1,3-glucanase (bgn13.1) gene
was isolated from the biocontrol fungus Trichoderma virens-10 (showing the
high B-glucanase activity) and cloned in pUC19 cloning vector. The cloned
fragment was confirmed by molecular analysis and showed to contain two
short introns, 52 and 57 bp and an open reading frame coding 761 amino acids.
The bgnl3.1 gene was over-expressed under the CaMV35S promoter in B.
napus, R line Hyola 308. Transformation of cotyledonary petioles was
achieved by pBIKH1 containing bgn13.1 gene via Agrobacterium tumefaciens
LBA4404. The insertion of transgene was verified by the polymerase chain
reaction (PCR) and genomic DNA Southern dot blotting in TO generation. RT-
PCR analysis indicated that the transgenic canola plants were able to transcribe
the B-1,3 glucanase gene. Also, we used transgenic over-expression approach
in order to investigate antifungal activity of expressed Bgnl3.1 on S.
sclerotiorum. The heterologous expressed Bgnl13.1 of line # 7 and line # 10
compared with other lines showed stronger inhibition against hyphal growth of
S. sclerotiorum with inhibition rate of 35.2% and 32.8%, respectively.
Keywords: bgnl3.1, Brassica napus, glucanase enzyme, Sclerotinia
sclerotiorum, transgenic plants, Trichoderma virens,

involved in the mycoparasitic process

Fungal disecases are rated either the most
important or the second most important factor
contributing to the yield losses in many
important crops (Wang et al, 2003).
Contribution of the fungal diseases towards the
total yield losses in some important crops is
about 30% (Adams, 2004). Various fungal cell
wall degrading enzymes, including the chitinases
and different glucanases or glucosidases are
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Trichoderma (Chet et al., 1998). Among these
hydrolases, B-1, 3-glucanases are attractive
molecules because they have strong antifungal
activity against a wide range of fungi (Stone and
Clarke, 1993; Walsh et al., 2000; Lorito et al.,
1994; Lorito, 1998). These hydrolytic enzymes
catalyze the degradation of B-1,3-glucan and,
since this compound is abundantly present in the
cell wall of many filamentous fungi (Wessels
and Sietama, 1981), they are thought to be
capable of inhibiting fungal growth.

Canola (Brassica napus L.) is one of the most
important sources of edible vegetable oils,
industrial used oil, and protein-rich products in
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the world. Like many other crops, the production
of this crop is challenged by phytopathogenic
fungi. Extensive use of chemical fungicides,
which have drawbacks such as environmental
pollution, producing residual poisons to the
human beings and animals, and expensive cost,
is the conventional method of control of fungal
pathogens. Therefore, it is desirable to introduce
the foreign fungal-resistant genes into the
important crop plants. Theoretically, the foreign
genes can be transferred into the genomes of
plants without altering any other agro-
economically important traits (Chang et al.,
2002). Since p-1, 3-glucan is a structural
polymer in the fungal cell wall, among fungal
resistant genes, the glucanases which are
potential antifungal agents through their glucan
degradation activity, are excellent candidates for
controlling of fungal pathogens development
(Lorito et al., 1998).

The aim of this study was to amplify and clone
the  B-glucanase gene (bgnl3.1)  from
Trichoderma virens-10 and transform canola (R
line Hyola 308) by bgn13.1 via Agrobacterium-
mediated transformation. The inhibitory effect of
the expressed Bgnl3.1 in transgenic lines on the
Sclerotinia sclerotiorum growth will be evaluated.

Materials and Methods

Plant material

The rapeseed (B. napus L.) R line Hyola 308,
was used as receptor, which was kindly
provided by the Oilseed and Development Co.
Tehran, Iran

Microorganisms, plasmid vector, and culture
conditions

Trichoderma virens-10 was identified in our
laboratory as a high producer of the beta 1,3
glucanase enzyme (Bahramsari et al., 2005) and
used for DNA isolation. The stock culture was
stored on agar (1.5%) slants of MY medium
(2% malt extract, 0.2% yeast extract,1%
maltose). For chromosomal DNA preparation,
the spores were inoculated in the liquid MY
medium and grown for 2 days at 30 °C with
shaking, and the mycelia were harvested by
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filtration (Takashima et al, 1998). S.
sclerotiorum was kindly provided by H.
Afshari-Azad from Iranian Research Institute of
Plant Protection, Tehran, Iran.

Escherichia coli DH5a was used in all the
molecular  biological  experiments  and
Agrobacterium tumefaciens LBA4404 was used
for plant transformation. Bacteria were grown
in the LB medium at the appropriate
temperatures (37 °C for E. coli and 28 °C for A.
tumefaciens) with shaking (200 rpm). Plasmid
pUC19 (MBI, Fermantas) was used for cloning
of PCR fragment containing bgn13.1 gene and
sequencing and plasmid pBI121 (Novagen) was
used as a binary plant expression vector.

Amplification of B-glucanase gene from the
genomic DNA

For amplification of the beta 1,3-glucanase
(bgn13.1) gene from T. virens-10, two specific
primers were synthesized (Table 1) based on
the sequence similarity of the T. harzianum bgn
gene present in the database (X84085). To
facilitate the subsequent cloning of the PCR-
derived fragments, the Xbal/Sacl restriction
sites were added to the 5’-end of Fbgnl3.1 and
R’bgn13.1 primers, respectively.

Table 1 Oligonucleotides (primers) used in this
study.

Name  Oligonucleotides sequence

Fbgnl13.1 5°-GCTCTAGAATGTTGAAGCTCACGGCGC-3’
Rbgnl3.1 5-GCGAGCTCTTAAGTAGTATAACGGGCAACG-3’
F2bgn13.15’-AGAGCTTTCTTTCGCCGTAGCTATTAAG-3’
R2bgn13.15’-CTGAAGTTCTCAGCGATGTGATCCG-3’
virGf 5’-ATGATTGTACATCCTTCACG-3’

virGr 5’>-TGCTGTTTTTATCAGTTGAG-3’

Fungal chromosomal DNA was prepared as
described by Sun et al., (2002). Amplification of
the DNA fragments encoding T. virens-10
bgn13.1 gene was performed using the
polymerase chain reaction (PCR). The PCR
reactions contained 2.5 units of Fermentas Pfu
DNA polymerase, 1X buffer, 200 uM of each
deoxynucleotide triphosphate, 2 uM MgSO,4 and
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0.5 uM primers. The PCR reaction conditions
were as follows: initial denaturation for 5 min at
94 °C and 30 cycles with 94 °C for 1min, 62 °C
for 1 min, and 72 °C for 3 min, for followed by a
final extension of 10 min. The PCR products
were separated by electrophoresis on a 1%
agarose gel and the products were purified by
High pure PCR product purification Kit (Roche
Diagnostics GmbH). The purified fragment
digested with the Xbal/Sacl and cloned into the
same sites in pUC19.

General DNA procedures

Plasmid DNA preparation and electrophoresis
of the DNA fragments were performed by
routine procedures (Sambrook and Russell
2001). The restriction enzyme analysis of the
amplified DNA and the cDNA molecules
were carried out as recommended by the
manufacturer (Fermentas, Germany). The
bacteria were transformed by the heat shock
method (Sambrook and Russell, 2001).

Preparation of the explants and bacterial
strain for transformation

Seeds were sterilized by being submerged in
70% ethanol for 5 min and then in 0.1%
HgCl, for 8 min. They were then rinsed
several times with the sterilized water and
plated on the 2MS medium (Murashige and
Skoog 1962) under light for 5 days. After
germination, the cotyledonary petioles were
cut and placed on the MS solid medium with
3.5 mg/l benzylaminopurine (BAP) (CM) for
pre-culture. After 2 days, the explants were
used for transformation.

Single colonies of the A. tumefaciens strain
harboring the recombinant plasmid containing
the bgnl3.1 gene were grown in the LB
medium supplemented with 50 mg/l kanamycin,
and allowed to grow overnight at 27-28 °C with
constant shaking (200 rpm) to mid-log phase.
The bacterial culture was then transferred to a
fresh medium with the amount of 0.1% and
cultivated till ODgyp = 0.4 with liquid medium.
The Dbacterial cells were collected by
centrifugation and re-suspended in AMS
medium for use.
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Transformation and selection procedure

The explants were immersed in the bacterial
suspension for 1.5 min with constant shaking,
and then placed onto the sterile filter paper to
remove the excessive moisture, and placed on
the CM medium in the Petri dishes for co-
cultivation at 25 °C for 2 days.

After co-cultivation, the explants were
washed with the sterile water containing 200
mg/l cefotaxime to inhibit the growth of A.
tumefaciens attached to the explants and then
transferred to the MS solid medium with 3.5
mg/l BAP, 15 mg/l kanamycin, and 200 mg/l
cefotaxime. After shoot initiation, the explants
were transferred to MS solid medium with 25
mg/l kanamycin, and 200 mg/l cefotaxime. The
regenerating shoots (about 3 ¢cm in length) were
excised from the explants and transferred to the
MS solid medium with 2 mg/l 3-Indolebutyric
acid (IBA), 25 mg/l kanamycin, and 200 mg/1
cefotaxime for rooting and recovering the
complete plants. All the above media contained
3% (w/v) sucrose with pH 5.8, and all the
explants, were cultured in a growth chamber
under 23-25 °C and 16 h of day time with light
intensity of 2000 Lux.

Molecular analysis of the transgenic canola
The leaf material from the transgenic and non
transgenic canola was harvested, lyophilized
and grinded into a fine powder for extraction of
genomic DNA by the method of Doyle and
Doyle (1990). PCR amplification was used for
initial evidence of the transgene presence in the
putative transgenic plants. The DNA fragment
containing the bgn13.1 gene was amplified by
PCR using the genomic DNA and specific
primers.

Expression analysis

Specific mRNAs of the transgene were checked
using reverse transcriptase (RT)-PCR. Total
RNA was isolated from the leaves of the
transgenic and non-transgenic canola plants
using an RNA isolation kit (Roche Applied
Science Gmbh, Germany). The first strand
cDNA was generated using the bgn13.1 specific
primer (R’bgnl3.1). PCR amplification of the
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above gene was achieved by using the first
strand synthesis as template with the specific
primers as described for PCR amplification of
bgn13.1 gene.

Southern dot blot analysis

The genomic DNA was extracted from the fresh
leaves of the putative transgenic plants and
untransformed control plant with the Cetyl
Trimethyl Ammonium Bromide (CTAB)
method (Doyle and Doyle 1990). The genomic
DNA (15 pg) was denatured for 10 min in
boiling water and chilled on ice. The denatured
genomic DNAs were spotted on a nylon
membrane (Hybond N+, Amersham), and
hybridized to Dig-dUTP labeled bgn13.1 probe.
A fragment (1200 bp in size) was obtained from
PCR amplification of the bgnl3.1 gene using
the F2bgn13.1/R2bgn13.1 primers and plasmid
pBIKH1 containing the bgnl3.1 as template
and subjected to the DIG DNA labeling (Roche
Applied Science Gmbh, Germany) and used as
a probe in hybridization experiments.

Bioassay of the transgenic canola plants

The antifungal activity of the crude extracts
from transgenic plants was tested using a
modification of the radial diffusion assay as
described by Broglie et al., (1991). Canola leaf
material (3 g) was grinded to a fine powder in
liquid nitrogen using a mortar and pestle. Two
volumes of 1 M NaCl in 20 mM NaOAc (pH
4.7) were added to the leaf material. The
extracts were then shaken for 1 h at 4 °C and
subsequently centrifuged at 13000g for 20 min
at 4 °C. The resulting supernatants were then
stored at -20 °C. The protein content was
determined against BSA using the Bradford
assay (Bradford, 1976). An agar disc (5 mm in
diameter) containing S. sclerotiorum, which
was derived from the fungus in an actively
growing state, previously cultured on PDA,
was placed at the center of Petri dishes
containing PDA. The plates were then
incubated at 28 °C. After incubation for 48 h,
50 pg of the crude protein was added at
different position at the front edge of the
fungal colony. Crude protein from non
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transgenic canola plant was used as a control.
The plates were incubated for a further 48 h
after which the inhibition of hyphal extension
around the crude protein was observed. The
inhibition rate (%) was calculated as follows:
[(the distance between the control hyphal edge
to the center—the distance between the treated
hyphal edge to the center)/the distance
between the hyphal edge to the center in
control] x 100. The experiments were
conducted three times.

Results

In this study, we isolated B-glucanase gene
(bgn13.1) from T. virens-10 which had
previously exhibited the highest f-glucanase
activity. To isolate the bgnl3.1 gene, the
oligonucleotide primers were designed based
on the related DNA sequences available in
the GenBank database. PCR amplification
was performed on the genomic DNA
generating the specific band of approximately
2.4 Kb which was cloned into a cloning
vector and confirmed by PCR. Based on T.
harzianum pB-glucanase gene sequence, the
cloned gene was confirmed by restriction
pattern analysis using Pstl and Bgll enzymes
and sequencing (data not shown). This
sequence was submitted to the NCBI under
accession number of EF426721.

Comparison of the cloned DNA sequence
with that of the bgn13.1 ¢cDNA (Raoufzadeh
et al., 2008) demonstrated that this gene is
interrupted by two short introns, 52 and 57 bp
in length. This gene contains an open reading
frame encoding a protein of 761 amino acids,
with the calculated molecular mass of 80.7
kDa. The consensus sequences, GT on the 5'
end and AG on the 3' end of the introns of the
bgn13.1 gene are also observed (data not
shown).

For cloning of the bgn13.1 gene in plant binary
expression vector pBI121 for transformation of B.
napus, R line Hyola 308, the fragment containing
the bgn13.1 gene was subcloned into Xbal/ Sacl
sites of pBI121 and confirmed by PCR and
restriction patterns (Fig. 1).
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The open reading frame of bgn13.1 gene in
pBI121 (pBIKH1 construct) which is between
the CaMV 35S promoter and nopaline synthase
terminator was confirmed by DNA sequencing
(data not shown).

The constructed pBIKH1 mobilised into
the A. tumefaciens (LBA4404) and
subsequently used for 5 days old
cotyledonary petioles transformation of the B.
napus, R line Hyola 308. The shoots were
regenerated from the cotyledonary petioles 1-
2 weeks after planting. Independent
transgenic canola lines were successfully
rooted (about 75%) on the kanamycin-
containing selection media and then
transferred to the greenhouse (Fig. 2). Eight
independent putative transgenic lines (1, 2, 4,

HindIt Xbal

Fbgn13.1
>

F2bgn13.1

-

5, 7,9, 10 and 12) showed to contain the
bgn13.1 transgene (a fragment corresponding
to the size “2.4 Kb” of the bgnl3.1 gene in
the lines tested) using PCR (Fig. 3). The
bgn13.1-specific primers did not amplify
corresponding bgn13.1 fragment in the
untransformed sample.

A set of virG primers (virGf/virGr) used
for detection of Agrobacterium contamination
if any that might have escaped the selection.
The PCR detection under various conditions
showed no detectable band wusing the
transgenic plants DNA as tempetale. Using
VirG primers an expected 738 bp band was
detected when the Agrobacterium DNA was
used as control (data not shown).
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Figure 1 Confirmation of pBIKH1constrauct containing bgn13.1 gene by PCR and digestion pattern.

A) Schematic representation of the bgn13.1 cassette with expected position of different primers and restriction
sites used for PCR and digestion patterns confirmation, respectively.

B) line 1, PCR pattern using the Fbgnl3.1/Rbgnl3.1 as primers; line 2 and 3, PCR product using the
Fbgn13.1/R2bgn13.1 as primers; line 4, PCR product using the F2bgn13.1/Rbgn13.1 as primers.

C) Line 1, 2 and 3 digestion patterns using ECORI/HindIII, Xbal/Sacl, and Xbal/EcoRI enzymes, respectively; M,

1 Kb DNA ladder.
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Southern dot blot analyses on the PCR positive
transgenic plants were performed and the results
verified the integration of the exogenous gene into
the genomes of all eight putative transgenic
canola plants (Fig. 4). No hybridization signal
occurred in the non-transgenic control plants.

Expression of the specific mRNA transgene
(bgn13.1) in the transformed canola lines was
proven by means of RT-PCR. The RNA was
isolated from the leaf tissues of these putative
transgenic canola lines for cDNA generation. The
expected size (about 2.3 Kb) of the amplified
cDNA fragment was detected in five transformed
lines (2, 5, 7, 10 and 12) (Fig. 5). Non-
transformed plant was used as negative control
and no transcript was detected. To ensure that the
amplified fragment from the transgenic plants is
the spliced form of the transgene (bgnl3.1),
restriction patterns of amplified cDNA was
compared with those of bgn13.1 genomic DNA.

E
Figure 2 Transformation and regeneration of transgenic canola plants.
A) Germination of the R line Hyola 308 seeds.
B) Shoot regeneration from cotyledonary petioles after transformation (1-2 weeks).
C) regeneration shoots in growth medium.
D) regeneration plantlet in the pot and acclimated to the non-aseptic environment; E and F, transgenic canola
plant flowers and pods in the greenhouse.
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Digestion pattern using the Pstl and Bgll enzymes
indicated that the amplified band from transgenic
lines is derived from bgn13.1 mRNA (Fig. 6).

In order to test the antifungal activity of the
expressed Bgn13.1 from transgenic plants on the
actively growing phytopathogenic fungus S.
sclerotiorum, total protein extracts from leaves of
transgenic and non-transgenic plants were tested
using the radial diffusion assay. Antifungal
activity was detected in extracts from five RT-
PCR positive transgenic lines. The crude protein
from line # 7 and line # 10 showed stronger
inhibition against hyphal growth of S.
sclerotiorum with inhibition rate of 35.2% and
32.8%, respectively, while transgenic line # 12, 5
and 2 exhibited weaker inhibition with inhibition
rate of 19.8%, 18.1% and 14.7%, respectively,
(Table 2). Crude protein from non transgenic
plant, as control, did not inhibit hyphal growth of
the fungal pathogen tested.
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Table 2 Characterization of putative canola transgenic
plants using PCR, Dot blot, Rt-PCR and fungal
inhibition rate.

Plant No. PCR Dot blot RT-PCR Inhibition rate (%)

1 + + - -
2 + + + 14.7
4 + + - -
5 + + + 18.1
7 + + + 352
9 + + - -
10 + + + 32.8
12 + + + 19.8
WT - - - 00.0

The transgenic lines were phenotypically
analyzed and compared to the untransformed
controls and did not show any abnormalities
with regards to the growth, size or reproduction.

ant# 12
ant# 10
ant # 09
ant # 07
ant # 05
ant # 04
ant # 02
ant# 01

— = e e e e e e

2 R A AR AR AR R B S

2000

1200
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Figure 3 PCR analysis of putative transgenic canola:
fragment (about 1200 bp) was amplified using the
specific primers (F2bgn13.1/R2bgn13.1) and DNA of
the putative transgenic plants as template (1, 2, 4, 5, 7,
9, 10 and 12); WT =wild type; M, 1 Kb DNA ladder.

Discussion

With regard to the importance of yield losses due
to the contribution of fungal diseases, some
research has been conducted to develop transgenic
crop plants that have increased expression levels
of pathogen related (PR) protein genes in hopes of
producing fungal disease resistant varieties
(Lawrence et al., 2000; Vleeshouwers et al.,
2000; Gau et al, 2004).
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Our previous study has shown that an Iranian
isolate of T. virence-10 is a high glucanase
enzyme activity source (Bahramsari et al., 2005),
so in this study its glucanase gene, bgn13.1, was
amplified and used for transformation of canola to
confer resistance against S. sclerotiorum the
causal agent of stem rot in canola.

IQ..t
3‘ ‘

Figure 4 Genomic DNA dot blot analysis of putative
transgenic canola with the total DNA loaded onto
hybond N + membrane hybridized with a digoxigenin-
labeled bgn 13.1 probe. Al (plant # 1), A2 (plant # 2),
A3 (plant # 4), B1 (plant # 5), B2 (plant # 7), C1 (plant
#9), C2 (plant # 10), and D1 (plant # 12); C3, DNA
from pBIKH]1 plasmid as positive control; B3, DNA
from non transgenic plant as negative control

5

Plant # 02
Plant # 0

Plant # 07
Plant # 10
Plant # 12

WT

l

.

' &

-
-
-
-

Figure 5 RT-PCR analysis of transgenic canola
expressing bgn13.1 gene in plant No. 2, 5, 7, 10
and 12. WT, RT-PCR of the non transgenic canola
plant as the negative control; M, 1 Kb DNA
ladder.
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Figure 6 Confirmation of bgn13.1 ¢cDNA from TO transgenic plants in compared with the genomic DNA:

A and B, Schematic representation of genomic and cDNA restriction map, respectively;

C, line 1, PCR amplification of the bgn13.1 from genomic DNA using the specific primers (Fbgn13.1/Rbgn13.1),
approximately 2.4 Kb; line 2, bgn13.1 ¢cDNA amplification using the specific primers (2.3 Kb); line 3 and 4,
confirmation of PCR product of bgn13.1 genomic DNA, (1763 and 635 bp) and cDNA (1708 and 578 bp) by
restriction enzyme digestion using the Pstl, respectively; line 5 and 6, digestion of PCR product of bgn13.1 genomic
DNA (1374 and 288 bp) and cDNA (1374 and 233 bp) by Bgll enzyme, respectively; M, 1 Kb DNA ladder.

To study the bgn13.1 gene, in this paper, we
report the sequence deposition in the NCBI and
analysis of genomic DNA clone of the bgn13.1
gene, encoding beta 1,3-glucanase, from T.
virens-10. Analysis of the bgnl3.1 DNA
sequence demonstrated that it contains two
short introns which have also been reported in
other B-glucanases from Trichoderma species
(DeLaCrus et al., 1995; Kim et al., 2002; Gao
et al., 2006) while Donzelli et al., (2001)
reported a beta 1,3-glucanase gene from T.
atroviride containing no introns.

There are several reports indicating
transgenic plants expressing bgnl3.1 gene have
shown enhanced fungal disease resistance in
different species including apple (Bolar et al.,
2000, 20001), creeping bentgrass (wang et al.,
2003), and rice (Liu et al., 2004).
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In our study, under experimental conditions,
a similar improvement in resistance to stem rot
disease was demonstrated. The ability of the
introduced bgnl3.1 gene to enhance the
antifungal potential of transgenic canola plants
was studied by the agarose diffusion assay. The
transgenic lines were able to exhibit antifungal
activity  against  fungal  pathogen S.
sclerotiorum, in the in vitro assay. No inhibition
was detected in the presence of non transgenic
proteins.

Transformation of R line Hyola 308 of B.
napus was mediated by Agrobacterium and the
cut surfaces of cotyledoneary petioles
containing the target cells. Results showed that
this target is a vigorous source of new material
leading to very rapid shoot development. The
origin of these shoots has been shown by
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Sharma (1987) to be cells located around the
cut end of the petioles.

The success of Agrobacterium-mediated
plant transformation can be a function of the
genotype of the species to be transformed, the
strain  (virulence) of Agrobacterium, the
selectable marker, the regeneration capacity of
the target cells and the accessibility of the
bacterium to the regeneration cells. Also,
CaMV 358 promoter used to ensure high levels
of gene expression in all tissues.
Agrobacterium-mediated transformation and
use of CaMV 35S promoter have been reported
by several research groups as effective
parameters (Liu et al., 2010; Kahrizi et al.,
2007; Cardoza and Stewart, 2003).

Since the B-1,3 glucanse gene contains two
introns. The results of fungal inhibition
indicated that the Trichoderma mRNA was
processed in transgenic canola. This result
shows similar splice junction consensus
sequences are present in the Trichoderma p-1,3
glucanse gene. Thus, our results indicated that
canola was able to recognize and splice out the
Trichoderma introns.

All the lines that gave positive results in the
PCR analysis were further confirmed by the use
of virG primers, which showed that PCR product,
resulted from stable T-DNA integration into the
canola genome and not from Agrobacterium
contamination.

This work demonstrates a successful
application of a single glucanase gene from T.
virens for controlling the causal agent of
canola stem rot disease. Meanwhile, the
expression of this gene had no deleterious
phenotypic effect on the transgenic plants. In
the current study, it was demonstrated that the
specific product of the bgn13.1 gene inhibited
the growth of S. sclerotiorum, an economically
important pathogen of canola plant, which is a
first essential step in disease control strategies.

Acknowledgment
This research was financially supported by the

National Institute for Genetic Engineering and
Biotechnology (NIGEB).

39

References

Adams, D. J. 2004. Fungal cell wall chitinase
and glucanases. Microbiology, 50: 2029-
2035.

Bahramsari, N., Zamani, M. R., and Motallebi,
M. 2005. B-1, 3-glucanase production in
Trichoderma isolates. Iranian Journal of
Biology. 18 (3): 261-271.

Bolar, J. P., Norelli, J. L., Harman, G. E.,
Brown, S. K., and Aldwinckle, H. S. 2001.
Synergistic activity of endo-chitinase and
exo-chitinase from Trichoderma
atrovireade (T. harzianum) against the
pathogenic fungus (Venturia inaequalis) in
transgenic  apple  plants.  Transgenic
Reserch, 1067: 1-11.

Bolar, J. P., Norelli, J. L., Wong, K. W., Hayes,
C. K., Harman, G. E., and Aldwinckle, H. S.
2000. Expression of endo-chitinase from
Trichoderma harzianum in transgenic apple
increases to apple scab and reduces vigor.
Phytopathology, 90: 72-77.

Bradford, M. M. 1976. A rapid and sensitive
method for the quantitation of microgram
quantities of protein utilizing the principle of
protein-dye binding. Anal. Biochem. 72:
248-254,

Broglie, K. E., Chet, 1, Holliday, M.,
Cressman, R., Biddle, O., Knowlton, S.
Mauvais, C. J., and Broglie, R. 1991.
Transgenic plants with enhanced resistance
to the fungal pathogen Rhizoctonia solani.
Science. 254: 1194-1197.

Cardoza, V., and stewart, C. N. 2003. Increased
Agrobacterium-mediated transformation and
rooting efficiencies in canola (Brasica napus
L.) from hypocotyls segment explants. Plant
Cell Rep., 21: 599-604.

Chang, M. M., Culley, D., Choi, J. J., and
Hadwiger, L. A. 2002. Agrobacterium-
mediated co-transformation of a pea B-1,3
glucanase and chitinase genes in potato
(Solanum tuberosum L. c¢. v. Russet
Burbank) using a single selectable marker.
Plant Science, 163: 83-89.

Chet, I., Benhamou, N., and Haran, S. 1998.
Mycoparasitism and lytic enzymes. In:



Beta glucanase in transgenic Brassica napus

J. Crop Prot.

Harman G. E. and Kubicek C. P. (Eds.),
Trichoderma and Gliocladium. Vol. 2.
Taylor and Francis, London. Pp. 153-172.

De La Cruz, J., Pintor-Toro, J. A., Benitez, T.,
Liobell, A., and Romero, L. C. 1995. A
novel endo- beta-1,3 glucanase, BGN13.1,
envolved in the mycoparasitism of
Trichoderma  harzianum.  Journal of
Bacteriology, 177 (23): 6937-6945.

Dongzelli, B. G. G., Lorito, M., Scala, F., and
Harman, G. E. 2001. Cloning, sequence and
structure of a gene encoding an antifungal
glucan 1,3-B-glucosidase from Trichoderma
atroviride (T. harzianum). Gene, 277: 199-208.

Doyle, J. J., and Doyle, J. L. 1990. Isolation
of plant DNA from fresh tissue. Focus 12:
13-15.

Gao, W., Yang, H. T., and Wu, Y. Z. 2006.
Cloning and expression of beta-1,3
glucanase gene from Trichoderma viride in
Pichia pastoris. Direct submitted to NCBI.

Gau, A. E., Koutb, M., Piotrowski, M., and
Kloppstech, K. 2004. Accumulation of
pathogenesisrelated proteins in apoplast of a

susceptible cultivar of apple (Malus
domestica cv. Elstar) after infection by
Venturia  inaequalis and constitutive

expression of PR genes in the resistant
cultivar Remo. Eur. J. Plant Pathol., 110:
703-711.

Kahrizi, D., Salmanian A. H., Afshari, A,
Moeini, a., and Mousavi, A. 2007.
Simultaneous substitution of Gly96 to Ala
and Alal83 to Thr in 5-
enolpyruvylshikimate-3 phosphate synthase
gene of E. coli (K12) and transformation of
rapseed (Brasica napus L.) in order to make
tolerance to glyphosate. Plant cell Rep. 26;
95-104.

Kim, D. J., Baek, J. M., Uribe, P., Kenerley, C.
M., and Cook, D. R. 2002. Cloning and
characterization of multiple glycosyl
hydrolase genes from Trichoderma virens.
Curr. Genet. 40 (6): 374-384.

Lawrence, C. B., Singh, N. P., Qiu, J., Gardner,
R. G., and Tuzun, S. 2000. Constitutive
hydrolytic enzymes are associated with
polygenic resistance of tomato to Alternaria

40

solani and may function as an elicitor
release mechanism. Physiol. Mol. Plant
Pathol., 57: 211-220.

Liu, M., Sun, Z. X., Zhu, J., Xu, T., Harman,
G.E., and Lorito, M. 2004. Enhancing rice
resistance to  fungal pathogens by
transformation with cell wall degrading
enzyme genes from Trichoderma atroviride.
Journal of Zhejiang University Science, 5
(2): 133-136.

Liu, T., Liu, L., Jiang, X., Hou, J., Fu, K.,
Zhou, F., and Chen, J. 2010. Agrobacterium-
mediated transformation as a useful tool for
the molecular genetic study of the
phytopathogen Curvlaria lunata. Eur. J.
Plant Pathology. 126: 363-371.

Lorito, M, Woo, S. L., Fernandez, 1. G.,
Colucci, G., Harman, G. E., Pintor-Toro, J.
A., Filippone, E., Muccifora, S., Lawrence,
C., Zoina, A., Tuzun, S., and Scala, F. 1998.
Genes from mycoparasitic fungi as a source
for improving plant resistance to fungal
pathogens. Proc. Natl. Acad. Sci. USA. 95:
7860-7865.

Lorito, M., Harman, C. K., Di Pietro, A., Woo,
S. L., and Harman, G.E. 1994. Purification,
characterization and synergistic activity of a
gulacan 1,3-beta glucosidase and an N-
acetylglucosaminidase from Trichoderma
harzianum. Phytopathology. 84: 398-405.

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

Raoufzadeh, S., Motallebi, M., and Zamani,
M.R. 2008. Isolation, cloning, and partial
characterization of bgnl13.1 gene of
Trichoderma virens-10 a biocontrol agent.
American-Eurasian J. Agric. & Environ.
Sci., 3 (1): 42-49.

Sambrook, J, and Russell, D. W. 2001.
Molecular cloning. Cold Spring Harbor:
New York.

Sharma, K. K. 2001. Control of organ
differentiation from somatic tissues and
pollen embryogenesis in anther culture of
Brasica juncea. Ph.D. thesis, Department of
Botany, University of Delhi.



Kheiriet al.

J. Crop Prot. (2014) Vol. 3 (1)

Stone B. A., and Clarke, A. C. 1993. Chemistry
and biology of 1,3 B- glucans. La Trobe
University Press, Bundoora.

Sun, C. B., Kong, Q. L., and Xu, W. S. 2002.
Efficient transformation of Penicillium
chrysogenum mediated by Agrobacterium
tumnefaciens LBA4404 for cloning of
vitreoscilla  hemoglobin gene. E. J.
Biotechnol., 5: 163-171.

Takashima, S., Iikura, H., Nakamura, A.,
Hidaka, M., Masaki, H., and Uozumi, T.
1998. Overproduction of recombinant
Trichoderma reesei cellulase by Aspergillus
oryzae and their enzymatic properties.
Journal of Biotechnology. 65: 163-171.

Vleeshouwers, V. G. A. A., Van Dooijeweert,
W., Govers, F., Kamoun, S., Colon, L. T.
2000. Does basal PR gene expression in
Solanum species contribute to non-specific

41

resistance to  Phytophthora infestans?
Physiol. Mol. Plant Pathol., 57: 35-42.

Walsh, T. J., Viviani, M. A., Arathoon, E.,
Chiou, C., Ghannoum, M., Groll, A.H., and
Odds, F. C. 2000. New targets and delivery
systems for antifungal therapy. Med. Mycol.
38:335-347.

Wang, Y., Kausch, A. P., Chandlee J. M., Luo,
H., Ruemmele B.A., Browing, M., Jackson
N., and Goldsmith, M. R. 2003. Co-transfer
and expression of chitinase, glucanase, and
bar genes in creeping bentgrass for
conferring fungal disease resistance. Plant
Science, 165; 497-506.

Wessels, G. H., and Sietsma, J. H. 1981. Fungal
cell walls: a survey. In Enyclopedia of Plant
Ph_ysiology, New Series, vol. 13B, pp. 352-
394. Edited by W. Tanner & F. A. Loewus.
Heidelberg: Springer-Verlag.



Beta glucanase in transgenic Brassica napus

J. Crop Prot.

Sclerotinia g, Jlio o UL gl5Ls cuscs ylo Cory I 35 I35 (LS o ,Bus culled

sclerotiorum

Y Yoo . *) . \ . .
QQJQGLCS @Lo)bo)..\m‘ &»@M‘G}QL@)W

Ol OIS sl Sy 9 S5 (gt he olRigly -

Il ohen i ogs oIS (55,58 0aSals 153,558 (555)5gn 09,5 Y
motalebi@nigeb.ac.ir :asle Jgiums o0dinusgi (g ,iSIl Cany

YYAY yoe Voihpdy VAN wiawl ) icdl o

&S oleaylom 3 S il oo (89, £l OLS e 5l S (Brassica napus) 135 reduSs
Sclerotinia  z,B8 lawg a5 ail oo adle Sawg glew 905 o0 55 Jaame jualS el
ailbgso PR) olp b b Lad o sloyniig 5l (S a5 5L 6lS o0 331 .05 oo oloxs| sClerotiorum
bl 1o 1y ol Lzl Jsho o 335 00108 S5 Lol szl 1 Sy o 5518 5500 U5
=B sboiel 5l oy dinb ade > Bas cdld s a8 wlesls (lis 53U oIS (slap ]
Jaie 13157 oL 4, Trichoderma virens-10 z )8 5l ool lam bgn13.1 5 asllas ol jo 0uil oo
2555 4 5 85 15 a0l 2)00 el an U Lo 5 lelid oad iS5 axkad el ouls
hls o5 ol a5 ols lis 59290 DNA slgdol 5 b ool ()slS dsad anlin 000 5 Jaie pUCI9
Syl oo 051 aie] al YEAL S 9 039 b Zax OY 5 OF Job a4y obisS 9,50l 9o
mor )5 ol IS e oS o Getisn cnl Ol Sl el nl oz Bal clld o)
4 csls 8 CaMV35S jgegp JyuS <o oS (pBIKHI) bgni3.l o5 sol> ojle shais
S3akisS sledigein, 4 g 2l PCR (55! 5l osliziul b 5 e Agrobacterium tumefaciens
63l 5 oalanl b vl cawoas w5 lalS aye,F Jiiwe R-line Hylola 308 g 1515 oL
S. 2B 4 LS (pl Cuwglin wyp Cgx audS E aul 3,56 RT-PCR 4 dot blot PCR
ols lad ygesl opl o ol Cavsdy gl a0 ,8 colaul radial diffussion yg051 ;I sclerotiorum
S S aslan oblg Cou )l GlS Koo b awslie 0 Ve gV o)leds oyl LS o)lac a5
olS g5 oyl lp (S losk cpl e a3l 1) S, sclerotiorum z 8 sedes 0y hlio ;o (5 e

asbge oy YYIA g YOIV ply o st ool

Sclerotinia sclerotiorum ¢z, Trichoderma virens Brassica napus bgnl3.1 :guds 55lg
Syl kS LIS 5T

42



