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Abstract

The glycosyl hydrolase p-glucanase elicits plant immune responses against pathogens and
enhances plant immunity by activating signaling pathways. The specific functional domains
responsible for disease prevention remain unclear. In this study, transient expression of
B-glucanase significantly increased leaves resistance to Botrytis cinerea in Nicotiana bentha-
miana systemic leaves. Through sequence alignment and similarity analysis, five conserved
motifs in the amino acid sequence of -glucanase were identified, and five deletion mutants
were generated to investigate its essential regions further. Notably, the N-terminal amino
acid sites 5-54 deletion mutation of f-glucanase decreased resistance to B. cinerea infection.
These results indicate that N-terminal amino acids 5-54 (N54) are crucial for B-glucanase
induced N. benthamiana defense response and for enhancing resistance to B. cinerea. Fur-
ther analysis using real-time quantitative fluorescent PCR (qQRT-PCR) revealed a signifi-
cant reduction in gene expression within the N54 region compared to that of unmutated
B-glucanase. Additionally, there was a notable reduction in the relative expression levels of
FRK, CYP71D20, WRKY7, WRKY8, ACRE31 and PTI genes. Therefore, the first 50 amino
acids at positions 5-54 within the N-terminal domain were essential for triggering plant
defense responses and enhancing resistance against B. cinerea infection. This study pro-
vides an important theoretical foundation for systematic investigation into key functional
domains within B-glucanase that trigger defensive responses in plants against B. cinerea.
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influencing local responses and helping initiate sys-
temic defenses that protect the plant from disease,
thereby protecting the plant. Bacillus velezensis 1]J02
produces elicitor proteins that enhance signaling
pathways and increase plant resistance to pathogens

Introduction

Botrytis cinerea is a serious pathogenic bacterium in
the world, which causes gray mold after plant infec-

tion, resulting in huge economic losses (Dean et al.
2012). Botrytis cinerea is a necrotrophic fungus that
commonly grows and infects damaged or aged tissues,
eventually resulting in tissue death. Therefore, the pre-
vention and control of B. cinerea are critical (Xiong et al.
2019). Bacillus velezensis can encode immune pro-
teins that the plant senses in response to pathogens,

(Hu et al. 2022; Li et al. 2022).

Plants use their immune systems to defend against
microbial invasion. Pathogen-associated molecular
patterns (PAMPs) can be recognized by pattern
recognition receptors (PRRs), thereby initiating
pattern-triggered immunity (PTI) (Ho et al. 2020).
Generally, signaling mediated by PAMPs plays
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a crucial role in combating pathogens through the ac-
tivation of multiple defense-related genes (Heese et al.
2007). For example, CYP71D20 and ACRE31 were
previously believed to be rapidly activated following
PAMP treatment, which triggers PTI signaling path-
ways (Tunsagool et al. 2019). PTT is characterized by
bursts of reactive oxygen species (ROS), protein kinase
activation, expression of defense-related genes and
mitogen-activated protein kinase (MAPK) activity
(Pi et al. 2022). MAPKSs have been identified as prime
candidates for enhancing signaling pathways in plants
(Xing et al. 2015; Buerstmayr et al. 2021). Specifically,
WRKY transcription factors are regulated by MAPKs
at both the transcriptional and post-transcriptional
levels of defense-related signaling pathways (Dagva-
dorj et al. 2017). PTI is a basic mode to restrict the
growth of pathogens. The release of pathogens effect-
ing factors into host cells inhibits PTI reaction and
promotes the growth of pathogens (Shoresh et al. 2010;
Zhong et al. 2018). The occurrence of pathogen-in-
duced systemic acquired resistance (SAR) is triggered
by the local activation of the PTI response, accompa-
nied by the cooperative activation of defense genes
(Pieterse et al. 2014).

In the field of biological control, p-glucanase is
produced as a result of rhizobia attacking plant patho-
gens, and it is considered to be an inducer of the plant
immune response (Mishra et al. 2020). B-glucanase
exhibits wide distribution in plants, insects, and mi-
croorganisms, with various associated applications
(Shen et al. 2020; Sun et al. 2020). B-glucanase acts as
an inducer that induces resistance in plants and re-
duces pathogen infection by promoting the produc-
tion of a variety of defense-related chemicals (Prasan-
nath 2017). Overexpression of key virulence factors
of 1,3,4-B-D-glucanase in the endophytic bacterium
Bacillus Y6 enhances resistance against verticillium
wilt in cotton (Zhang et al. 2019). Immune function
depends on conserved structural domains, which play
an important role in the regulation of plant defense-
related genes. It has been shown that wheat yellow
rust resistance genes have atypical N-terminal BED
structural domains that are important for resistance
to wheat yellow rust (Marchal et al. 2018). Similarly,
knocking down the PsCPK1 gene encoding the PKA
conserved domain inhibited Fusarium infection, in-
dicating that the PKA domain was resistant to wheat
stripe rust at the genetic level of wheat (Qi et al. 2018).
NBS-LRR domain protein is a kind of immune sen-
sor which can play an important role in the process
of plant disease resistance. The NBS-LRR novel gene
ZmNBS25 of maize species responded to both patho-
gen inoculation and salicylic acid (SA) treatment, and
caused HR response in N. benthamiana. ZmNBS25 is
a valuable candidate gene for engineering resistance in
breeding programs (Xu et al. 2018). However, the key

domains for B-glucanase immune regulation are still
unknown.

In this study, B. velezensis L]J02 produces {-glu-
canase, an inducer of plant immune response. To de-
termine the key domain of B-glucanase, the amino
acid sequences of B-glucanase were analyzed, and
mutants with missing amino acid sequences were con-
structed. In addition, qRT-PCR was used to analyze
the expression levels of resistance-related genes that
express B-glucanase and mutants in the leaves of the
N. benthamiana system to find key motifs that are
critical for immune response.

Materials and Methods

Biological materials

Nicotiana benthamiana was planted in soil and cultured
at 25°C for 4-6 weeks in a light/dark cycle of 16/8 h.
Botrytis cinerea was routinely cultured on potato dex-
trose agar (PDA) at 25°C. Botrytis velezensis L]J02 was
a strain left over from an earlier stage of our laboratory
and was a source for the gene encoding p-glucanase
(Li et al. 2015). The prokaryotic expression vector
pET-28a, driven by the T7 promoter, is essential for ef-
ficient expression and purification of E. coli proteins.

Transient expression
by Agrobacterium tumefaciens

Agrobacterium tumefaciformis GV3101 was used as
competent cells. The target gene overexpression vector
and the corresponding empty vector were introduced
into A. tumefaciformis by the electric shock method
(Li et al. 2019). The positive Agrobacterium carrying
plasmids was cultured in LB medium supplement-
ed with appropriate antibiotics on a shaking table at
28°C until reaching an OD600 of 1.5. Subsequently,
the shaken bacterial solution was transferred to liquid
LB medium containing antibiotics, and incubated at
220 rpm for 16 hours at 28°C. After centrifugation at
4000 rpm for 10 minutes, the collected Agrobacterium
was resuspended in a solution of MgCI2 (10 mM).
The OD value of suspension was measured using an
ultraviolet spectrophotometer and adjusted to achieve
a required concentration within an OD600 range
of 0.6-0.8 before being left at room temperature for
2 h. Nicotiana benthamiana with similar growth pat-
terns were selected, and their lower leaves were infil-
trated with Agrobacterium suspensions while employ-
ing empty carrier control (Wang et al. 2016). Three
days after inoculation, the upper systemic leaves
of N. benthamiana were collected and inoculated
with mycelial disks. Three days later, lesion diame-
ter measurements were taken using a cross method
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approach alongside photographic documentation
(Jiet al. 2014).

In vitro evaluation for recombinant
B-glucanase antifungal activity

The previously described (Li et al. 2022) plate con-
frontation method was used to determine the in-
hibitory effect of the recombinant p-glucanase on
B. cinerea. A sterilized Oxford cup and B. cinerea my-
celium plate were placed on the PDA solid medium,
and B-glucanase purified protein was added to the Ox-
ford cup. The Oxford cup with protein buffer was used
as the control. If there is a bacteriostatic zone, a verni-
er truck to measure the diameter of the bacteriostatic
zone in the PDA medium should be used.

Expression and purification
of recombinant B-glucanase

The Bacterial Genomic DNA Extraction Kit (Solarbio)
was used to extract the genomic DNA of B. velezen-
sis LJ02. According to P-glucanase enzyme sequences
primer design (Supplementary: Tables S1 and S2), the
DNA fragment of B-glucanase was amplified by PCR.
PCR reaction conditions were: 95°C for 5 min., 94°C
for 15 s, 64°C for 15 s, 72°C for 1 min., 32 cycles, 72°C
for 5 min. After introducing the pET-28a-B-glucanase
plasmid into Escherichia coli (E. coli) BL21 (DE3), it
was subsequently induced with isopropyl B-D-thio-
galactoside (IPTG) at 16°C for a duration of 16 h, re-
sulting in a spectrophotometer at 600 nm (OD600)
value ranging from 0.8 to 1.0. The cells were placed in
dissolved buffer and crushed by ultrasound. The super-
natant was purified by Ni Sepharose 6 Fast Flow (Cy-
tiva) after electrolysis with 12% sodium dodecyl sul-
phate-polyacrylimide gel and staining with Coomassie
brilliant blue. Recombinant B-glucanase protein was
stained with Solarbio on 12% sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE).

B-glucanase activity assay

At three separate time intervals (24, 48, 72 and
96 hours), the enzyme activity of recombinant protein
B-glucanase was measured by quantifying the synthesis
of reducing sugar from substrate hydrolysis using the
3,5-dinitrosalicylic acid (DNS) technique (Sun et al.
2020). The enzyme activity was determined by analyz-
ing the reducing sugar produced in the solution follow-
ing the catalytic action of the enzyme on p-glucanase
(Amresco) as a substrate. At 50°C for 30 minutes, the
substrate stock solution (0.3 ml, 10 mg - ml™' B-glucan
in 0.1 M Na-acetate buffer) was combined with
0.3 ml of the enzyme solution, after which DNS reagent

(0.3 ml) was added. The color formed was monitored
using a spectrophotometer at 540 nm. Enzyme activity
was converted to units per milliliter (U - ml™). Three
replications of each condition were used.

Multiple alignment and phylogenetic
analysis of -glucanase

To further explore the key domains of P-glucanase
in the control of B. cinerea, we obtained B-glucanase
genes in several different species from the GenBank
database using the NCBI-BLAST (https://www.megas-
oftware.net/) tool. MEGA alignment was used to create
a phylogenetic tree of B-glucanase sequences (Sudhir
et al. 2018). The conserved motifs of the p-glucanase
sequences were analyzed using the MEME Suitev tool
(http://meme.nbcr.net/meme).

Deletion mutant construction
and agroinfiltration assay

To construct the transient expression of p-glucanase
deletion mutant, the specific primers containing Stul
enzyme cut site (Supplementary: Table S3) were de-
signed by software, and the fusion gene fragments were
amplified by fusion PCR. The fusion fragments were
integrated into transient expression vector by homolo-
gous recombination reaction linkage. The vector was
produced and converted into Agrobacterium GV3101.

Determination of resistance of Nicotiana
benthamiana induced by -glucanase
to Botrytis cinerea

B-glucanase was injected with N. benthamiana. The
experimental procedure was carried out according
to Wang et al. (2016). After 3 days, the upper system
leaves of N. benthamiana were carefully collected and
placed in a sterile dish lined with sterile filter paper.
The leaves were inoculated on a mycelium plate con-
taining B. cinerea and sealed around the plate with
200 pl sterilized distilled water. The inoculated
N. benthamiana was then stored in a moist incubator.
After 3 days, the diameter of the N. benthamiana lesion
was measured using the cross method and recorded by
photography (Ji et al. 2014). Each of the 10 leaves were
treated as a biological replicate and three biological
replicates were performed.

RNA isolation and real-time quantitative PCR

The N. benthamiana leaves were treated with prepared
recombinant Agrobacterium carrying the transient
expression vector pKGlu (WT) and empty vectors as
control (EV). qRT-PCR was used to detect the relative
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transcriptional expression of PTT marker genes FRK,
CYP71D20, WRKY7, WRKYS8, ACRE31 and PTII in
infected leaves. QRT-PCR normalization of N. bentha-
miana was performed using the actin gene, which is
highly conserved and constitutionally expressed in
N. benthamiana. The relative expression levels of some
marker genes were detected 1 to 5 days after inocu-
lation. qRT-PCR was used in 96-well plates using the
iQ5 Multi color real-time Assay System (Bio-Rad) to
analyze gene expression in infected N. benthamiana
plants. The sequences of the qRT-PCR primers used
in this study are shown in Supplemental Table S4. The
2-AACt method was used to calculate the relative gene
expression (Livak and Schmittgen 2001).

Results

B-glucanase improved the protective effect
of Nicotiana benthamiana to Botrytis cinerea

The leaves of N. benthamiana expressed with empty
vector (Control) and B-glucanase overexpression vec-
tor for 3days were inoculated with B. cinerea. After
3 days of inoculation, the symptoms of the control
group were obvious, and the symptoms of B-glucanase
infiltrated leaves were mild (Fig. 1A), and there was
significant difference in the lesion diameter (Fig. 1B).

B-glucanase had no direct inhibitory effect
on Botrytis cinerea

The expression vector pET-28a-p-glucanase was trans-
formed into E. coli BL21 (DE3) for expression, and the
cells were lysed and imidazole was imidazole eluted
over a Ni-IDA column to obtain the fusion-expressed

B-glucanase. The protein was then concentrated and
eluted by dialysis (Fig. 2A). The enzymatic activity of
the purified p-glucanase substrate was assessed at vari-
ous incubation durations. The most suitable incuba-
tion time was 48 h for p-glucanase (10.3 £ 0.5 U - ml™)
at 28°C (Fig. 2B).

To confirm that the purified P-glucanase pro-
tein had a direct inhibitory impact on B. cinerea in
vitro, it was infected with B. cinerea and the effect of
B-glucanase on B. cinerea growth and spore germina-
tion was determined using protein buffer as a control.
The results showed that B-glucanase protein at the
concentration of 0.05 g - I"! did not form an inhibition
ring near the Oxford cup. These results indicated that
B-glucanase had no obvious inhibitory effect on the pro-
liferation of Oxford cup mycelium in vitro (Fig. 2C).

Identification of conserved motifs
in B-glucanase

Considering the biocontrol effect of B-glucanase on
B. velezensis and the diversity of its sequences, NCBI
was used to perform phylogenetic tree analysis of
protein sequences and bacterial species (Fig. 3A).
The conserved domain required for disease resis-
tance action was selected using an alignment study of
22 amino acid sequences of B-glucanase. Compara-
tive analysis of P-glucanase amino acid sequences
using the MEME Suite tool to identify the five most
conserved amino acid domains was required to iden-
tify disease resistance activity (Fig. 3B). We described
five conserved amino acid domains, N5-54 N61-110,
N61-110, N112-161, N164-213and N215-243 for the
construction of transient expression vectors of deletion
mutants (Fig. 3C).
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Fig. 1. Overexpression of B-glucanase enhanced the resistance of Nicotiana benthamiana. A — disease symptoms of isolated leaves
after 3 days of inoculation with Botrytis cinerea; the leaves of N. benthamiana expressed with 3-glucanase overexpression vector
(B-glucanase), is shown on the right; the control, on the left; B — the diameter of the N. benthamiana lesion caused by B. cinerea

at 3 days post inoculation (dpi).

The error line is the standard deviation of multiple biological replicates; results are mean + standard deviation and the analysis of the

significance of the data was performed using the t-test; **p < 0.01
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Fig. 2. Expression of 3-glucanase and evaluation of its anti-fungal activity in vitro. A — SDS-PAGE analysis of the crude protein extract
of the recombinant cell lysate and the fusion protein $-glucanase which migrated as a single band; lane M — protein molecular weight
markers; lane 1 - purified protein. Molecular mass markers (M) indicated on the right from top to bottom were 35, 25, 20 kDa; B - time
effect on enzyme activity of purified B-glucanase; C - anti-fungal effects of $-glucanase against pathogenic plant fungi B. cinerea
under in vitro conditions. Botrytis cinerea, subjected to 100 pl purified protein treatment, is shown on the right, the control, on the left
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Fig. 3. Functional domain analysis for B-glucanase. A - gene phylogenetic tree analysis of 3-glucanase amino acid sequences;
B — comparison of the amino acid sequence of B-glucanase with those of its homologues in other species, analyzed using the MEME
Suite, different colors represent conserved residues in different regions; C - all five motifs are composed of long residues
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N54 is the key domain of B-glucanase against
Botrytis cinerea of Nicotiana benthamiana

To completely study the biological significance of
B-glucanase in the infection process, we created five
deletion mutants of P-glucanase and produced the
vectors created in N. benthamiana (Fig. 4A). Those
mutants, empty vector control (EV) and wild-type
pKGlu (WT) were transformed in N. benthamiana
by agroinfiltration. The ability to develop resistance
was discovered by inoculating B. cinerea on systemic
leaves, which allowed us to assess the biocontrol ef-
ficacy of B-glucanase mutants against B. cinerea. The
resistance of the N54 deletion mutation to B. cinerea
differed less from that of N. benthamiana expressing
the control (EV), and it was significantly lower than
that of N. benthamiana expressing WT. In addition to
N54, the resistance of the of the delecion mutations of
N. benthamiana was not significantly different from
WT but it was smaller than that of EV (Fig. 4B, C).
Hence, N5-54 identified as the functional peptide of
B-glucanase was indispensable to resist B. cinerea in
N. benthamiana.

N54-induced expression of PTI marker genes
was significantly inhibited

To further verify that the leaves of the N. benthamiana
system trigger an immune response under p-glucanase
treatment (WT), we examined the expression of PTI
marker genes. Empty vector (EV) treatment was used
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as a control. The expression of the genes WRKY7,
WRKYS8, ACRE31, CYP71D20 and FRK in leaves treat-
ed with B-glucanase was significantly up-regulated,
compared to the expression levels in EV at 3 and
4 dpi (Fig. 5).

Moreover we analyzed the expression levels of
WRKY7, WRKYS, FRK, PTI1, CYP71D20 and ACRE31
in control, N54, WT. qRT-PCR study found that the
gene expression level of N54 with deletion of WRKY7,
WRKYS, FRK, PTI1, CYP71D20 and ACRE31 was
significantly lower than that of WT on the 3rd and 4th
day (Fig. 5).

Discussion

The B-glucanase in B. velezensis L]02 is an extracellular
protein, which activates host defense mechanisms to
influence the spread of pathogenic bacteria (Ky et al.
2012; Yang et al. 2018). In this paper, the lession
diameter of B-glucanase was significantly lower than
that of control group at 3 dpi (Figs. 1A, B). In addition,
B-glucanase protein was purified in vitro (Fig. 2A), and
the purified protein inoculation did not produce an in-
hibitory circle near the Oxford cup (Fig. 2C).

The immune systems of plants have evolved to acti-
vate immune responses, known as pathogen-triggered
immunity (PTI), in response to pathogen-related
molecular patterns (PAMPs) (Chisholm et al. 2006).
This enables effective protection against infection by
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Fig. 4. Characterization of B-glucanase mutants in transient assays. A — line drawing of the deletion mutant context in WT, including
N54,N110,N161,N213, N243; B - the diameter of the lesion 48 h after inoculation with Botrytis cinerea in WT and transiently expressed
B-glucanase in Nicotiana benthamiana; C - disease symptoms of N. benthamiana caused by B. cinerea at 3 dpi. Columns with different
letters indicate significant differences according to Duncan’s multiple tests (p < 0.05)
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Fig. 5. qRT-PCR analysis was performed on transcription levels of WRKY7, WRKY8, FRK, PTI1, CYP71D20, and ACRE31 genes was
performed on RNA isolated from leaves harvested at 1, 2, 3, 4 and 5 dpi. Empty vector was used as a control. The gRT-PCR data were
reported and calculated on the basis of the actin gene using the 2-AACt method. Quantitative data are given as mean + SEM (n = 3).
Columns with different letters indicate significant differences according to Duncan’s multiple tests (p < 0.05)

various pathogenic microorganisms. When confronted
with external pathogens, plants’ transmembrane pat-
tern recognition receptors (PRRs) can identify them
and initiate immune responses that are stimulated by
the presence of PAMPs (Zhai et al. 2022). B-glucanase
can elicit an immune response to SAR and PAMP de-
fensive responses. To prevent further infection and
spread of pathogens, plants will stimulate cellular im-
mune responses such as MAP kinase signaling and
activation of defense genes (Zhou et al. 2021). Also,
it is an important factor in triggering SAR induction.
We studied some PTI-related expression levels in the
process of SAR induced by B-glucanase to investigate
the relationship between them. B-glucanase elevated
the expression of the gene ACRE31 and the putative

cytochrome P450 CYP71D20 in N. benthamiana.
Their expression levels have been shown to increase
considerably following PAMP treatment (Mishina and
Zeier 2007; Xin et al. 2012). PT11 is a serine/threonine
protein kinase with significantly increased gene ex-
pression at 3 dpi and is involved in disease-resistant
pathways (Fig. 5). In addition, WRKY7 and WRKY8
relative gene expression was considerably greater
in leaves treated with P-glucanase than in control at
3 dpi (Fig. 5), which is essential for inducing de-
fense-related signaling pathways by interacting with
the MAPK cascade. PAMP is a hydrolyzed protein
(Ma et al. 2015) and P-glucanase can be involved in
PAMP-triggered immunity. SAR is fundamental to the
control of cellular defense responses in plants during
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pathogen challenge (Mishina and Zeier 2007). Bacte-
rial production of PAMP can potentially activate FRK
expression, which increases when the SAR response is
activated (Hu et al. 2022). These findings support the
possibility of a close relationship between SAR and
PTT activation. It was found that qRT-PCR further
verified the reduction in the expression of several host
defense-related genes due to N54-induced impaired
resistance of N. benthamiana to B. cinerea (Fig. 5).
PAMP signaling plays a key role in resistance to patho-
gens by activating multiple defense-related genes (Ma
et al. 2015). To explore the biological control effect of
B-glucanase against B. cinerea, we studied key domains
of B-glucanase conserved sequences to reveal the im-
mune function mechanism of this enzyme. In the
amino acid sequence of P-glucanase, five conserved
motifs were discovered, and five deletion mutants
with conserved amino acid domains were constructed.
Compared to WT, N. benthamiana treated with N54
in B-glucanase showed reduced resistance to B. cinerea
(Fig. 4B, C). These findings show that N54 loses the
resistance of plants to B. cinerea diseases.

MAPK is a key element of the PTI response, and
it is involved in the convergence signaling cascade in
plant immunity. In defense-related signaling networks,
MAPKs regulate WRKY transcription factors at the
transcriptional and post-transcriptional levels (Ishi-
hama et al. 2012). In N54-induced systemic leaves,
WRKY8 gene expression decreased at 2, 3, and 4 dpi
(Fig. 5). Furthermore, PTT is considered a potent in-
ducer (Mishina and Zeier 2007; Dempsey and Klessig
2012). In the current understanding of the plant im-
mune system, the PTI response can initiate a long-last-
ing and widespread SAR in unvaccinated plant tissues
against subsequent pathogens, which is referred to as
organism-triggered immunity against microorganisms
(Mishina and Zeier 2007; Dempsey and Klessig 2012).
Following stress-induced responses, the resistance
response is systematically enhanced through induc-
tion by infectious agents (Verma and Satyanarayana
2012). Pathogen or elicitor induced SAR involves lo-
calized activation of the PTI response accompanied by
synergistic up-regulation of defense genes. Early de-
fense signals and SAR activation in plant leaves were
detected, along with the up-regulation of the Flg22-in-
duced Receptor Kinase (FRK) defense gene (Asai et al.
2002; Block et al. 2014). Pathogen or elicitor induced
SAR s alocal activation of the PTI response, accompa-
nied by a synergistic activation of defense genes. Along
with the up-regulation of defense gene FRK, early de-
fense signals and SAR activation of plant leaves were
detected (Asai et al. 2012). We found that N54 reduced
FRK expression at 2, 3, 4, 5 (dpi) (Fig. 5), and SAR
activation was blocked due to reduced expression of
defense-related genes. The disease resistance defense
response may not be triggered. As a protein elicitor

released by LJ02, B-glucanase can effectively stimu-
late host defense mechanisms and prevent pathogen
growth. This study provides an important theoretical
basis for the systematic study of the key functional do-
mains necessary for B-glucanase to develop defensive
response resistance to B. cinerea in plants.

Conclusions

B-glucanase stimulates plant immunity, thereby
enhancing the resistance of N. benthamiana against
B. cinerea. In vitro experiments revealed that B-glu-
canase did not directly exhibit antibacterial effects
on B. cinerea. Additionally, B-glucanase can activate
PTIL, ETI, and SAR pathways while also upregulating
the expression of defense-related genes. Notably, the
absence of 5-54 amino acids at the N-terminal re-
duced the disease-inducing resistance of B-glucanase
to N. benthamiana. qQRT-PCR further confirmed that
N54 induced PTT marker gene expression was signifi-
cantly inhibited, suggesting that N54 expressed N. ben-
thamiana could not trigger the typical PTI response,
including the expression of defense genes. This study
provides fundamental insights for further analysis on
how B-glucanase activates plant defense responses
and highlights the value of our research framework in
identifying key functional motifs for B-glucanase.
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