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Abstract
Tomatoes are an essential part of the human diet worldwide, and their production has been restricted by fungal disease. 
One of the most common fungal diseases of Lycopersicon esculentum L. is Sclerotinia stem rot, caused by Sclerotinia scle-
rotiorum. In this work, overexpression of the chimeric chit42 gene from Trichoderma atroviride with Serratia marcescens 
Chitinase B C-terminal fused chitin-binding domain (ChBD) in tomato was reported. Thirty independent transgenic lines 
were regenerated and adapted to greenhouse conditions. Five transgenic lines was selected for subsequent molecular and 
biological analysis. RT-PCR analysis of transgenic plants showed different expression patterns in independent transgenic 
events. Young leaves of  T1 plants challenged with S. sclerotiorum revealed that expression of chimeric chitinase enhanced 
plant resistance against sclerotinia stem rot. A radial diffusion assay showed that transgenic lines with constitutive expression 
of the ChBD gene inhibited S. sclerotiorum growth significantly. Lesion sizes of transgenic tomatoes caused by S. sclerotio-
rum were significantly reduced compared to non-transgenic tomato plants. This is the first study reporting the evaluation of 
transgenic lines of tomato harboring Trichoderma chitinase (chit42) with chitin binding domain (ChBD) gene for resistance 
to one of the most important fungal diseases, S. sclerotiorum.

Key message 
The chimeric chit42 gene with the Serratia marcescens chitinase binding domain has been expressed in tomato. The resist-
ance of transgenic tomatoes to Sclerotinia stem rot has increased.

Keywords Tomato · Chitin-binding domain · Fungal disease resistance · Antifungal activity

Introduction

Tomatoe (Lycopersicon esculentum Mill.) due to its nutrient 
value such as B-carotene, lycopene, and vitamin C, are a sta-
ple ingredient in the human diet (da Silva Santos et al. 2022). 
Fungal diseases reduce up to 30% of total yield limiting the 
productivity of tomato in some crucial crops (Chanda et al. 
2021). Scleractinia, Alternaria, Aspergillus, Fusarium, and 

Verticillium are some of the fungal species that cause severe 
damage to monocotyledonous and dicotyledonous crops, 
including potato, tomato, cotton, caster, and chickpea (Malik 
et al. 2022). One of the most destructive diseases of tomato 
is Sclerotinia stem rot (SSR), caused by Sclerotinia sclero-
tiorum. The fungus is soil-borne infecting stalks through the 
midrib/petioles of the soil where the leaves contact (Mazum-
dar 2021). Transgenic technology has immense potential for 
resolving biological issues associated with the improvement 
of crops resistance to biotic and abiotic stress (Nalluri and 
Karri 2020). However, breeding resistance against S. sclero-
tiorum has historically been difficult due to a lack of major 
resistance genes in tomato germplasms (Wang et al. 2019).

Chitin is the second most prevalent polysaccharide in 
nature which is found in the cell walls of many fungal spe-
cies. As such, continuous expression of chitin’s degrading 
enzyme—chitinase, in plants have been suggested as an ade-
quate protection approach against fungi (Ghorbanpour et al. 
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2018; Chhikara et al. 2012). Chitinase is a biodegradable 
and safe biological agent compared to the use of traditional 
fungicides (Berini et al. 2019). Chitinase is a small patho-
genesis-related proteins (PRs) with low molecular weight 
(LMW) secreted from the cell and transported across the 
plasma membrane via diffusion. Although a small protein, it 
is resistant to proteolytic degradation by proteases and could 
be fully soluble in low pH solutions. The cell wall structure 
of mycelial can be hydrolyzed by Chitinases through cata-
lyzing the b-1, 4 links of d-glucosamine chains, inhibiting 
fungal growth (El-Sobki and Ali 2020).

Limited growth of different plant fungal pathogens 
(Rhizoctonia solani, Colletotrichum Gloeosporioides, Alter-
naria alternata, Fusarium oxysporum) has been reported 
through in-vitro overexpression of chitinase (Jambhulkar 
et al. 2018). The expression of chitinase has been promoted 
resistance to fungal plant pathogens (Zhang et al. 2021). 
Chitinase-encoding genes from Trichoderma species, in 
particular, have gotten a lot of attention since they have sig-
nificantly better antifungal properties than their plant coun-
terparts (Tien et al. 2021). Antifungal activity of chitinases 
from different Trichoderma species have previously reported 
(Kowsari et al. 2014a; Solgi et al. 2015; Loc et al. 2020). 
More than 75 different species, including Trichoderma spe-
cies, have been utilized in biocontrol and biofertilizer for-
mulations, as active agents (Marra et al. 2021).

Chitinases have a strong chitin-binding domain (ChBD) 
that functions as a tunnel-like structure that permits tight 
interaction with the polymeric substrate and N-acetylglu-
cosamine residues in addition to a catalytic domain (Salas 
et al. 2015). ChBD is usually connected to the catalytic 
domain which improves chitinase binding to fungal chitins, 
allowing effective chitin breakdown (Vaghela et al. 2022). 
To increase the disease suppressive aspect and biocontrol 
efficiency of Chitinases, genetic engineering has been a gold 
standard method. This is especially important in the case of 
Trichoderma as Trichoderma chitinase gene (chit42) does 
not have a chitin-binding domain (Li et al. 2018).

Chit42 is a Trichoderma atroviride endo-chitinase with 
the ability to biocontrol against phytopathogenic fungi (Xia 
et  al. 2018). Kowsari et  al. (2014b) integrated a ChBD 

fragment to the chit42 gene, enhancing the ChBd’s binding 
capacity to insoluble chitin. By fusing Serratia marcescens 
chitinase binding domain (ChBD) to Trichoderma atroviride 
Chit42, Matroodi et al. (2013) constructed a chimeric chi-
tinase with a better chitin-binding capability. When com-
pared to the native Chit42, the fusion of ChBD to Chit42 
enhanced the affinity of the enzyme to colloidal chitin as 
well as the enzyme activity of the chimeric chitinase which 
proved to function more efficiently than the native form 
of the enzyme against Candida albicans. Chimeric chi-
tinase (Chit42-ChBD) genes were overexpressed in some 
important crops, including canola (Aghazadeh et al. 2016), 
tobacco (Badrhadad et al. 2018), Brassica (Zarinpanjeh et al. 
2016; Zhu et al. 2021) resulting in an increased tolerance of 
transgenic plants to fungal diseases. Even though, antifungal 
genes from other crops have been used for improve tomato 
resistance to a fungal pathogen (Nuwamanya et al. 2022), 
in our knowledge, there has been no report on overexpres-
sion of the chitin-binding domain fused chitinase gene from 
Trichoderma atroviride in tomatoes. In this article, we report 
the expression of a chimeric chitinase gene of the Tricho-
derma atroviride linked to ChBD from the C-terminal of 
Serratia marcescens Chitinase B in Tomato for enhanced 
resistance against S. sclerotiorum.

Materials and methods

Plant material, fungi, bacterial strains and plasmid

In this study, Agrobacterium-mediated transformation was 
carried out utilizing the ‘Germeze kamrang urmiya’ tomato 
line (Lycopersicon esculentum L.). The seeds were provided 
from the Agricultural and Natural Resources Research and 
Training Center of West Azerbaijan (Azarbaijan, Iran). The 
Sclerotinia sclerotiorum strain was obtained from the fun-
gal collection of Tabriz University (Mycology laboratory, 
Plant protection department, Faculty of Agriculture, Tabriz 
University, Iran).

Plasmid  pBISM2 (Fig. 1) (Chimeric chit42 from T. 
atroviride with a S. marcescens ChiB C-terminal fused 

Fig. 1  The T-DNA region of the pBISM2 construct is shown sche-
matically. RB stands for right boundaries. Nos-T stands for nopaline 
synthase terminator; NptII stands for neomycin phosphotransferase 

II; and Nos-P stands for nopaline synthase promoter. Chimeric chi-
tinase (chit42 gene + ChBD (chitin-binding domain)); LB stands for 
left border
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chitin-binding domain) (Matroodi et al. 2013), was used 
for plant transformation. Sub-cloning and plant transfor-
mation experiments were carried out using Escherichia 
coli DH5a and Agrobacterium tumefaciens LBA4404, 
respectively.

Agrobacterium‑mediated transformation of tomato

The tomato seeds were sterilized for 15 min with sodium 
hypochlorite 2.5% (v/v) and rinsed with sterile distilled 
water three times in a laminar airflow cabinet. Tomato 
seeds were sterilized and cultivated on the MS (Murashige 
and Skoog 1962) medium (0.6% agar, 3% sucrose, and 
100  mg/L Myo-inositol). The 7-day-old cotyledons, 
excreted from germinated seedlings, were used for the 
transformation of tomatoes.

The  pBISM2 constructs were mobilized into LBA4404 
strain by the freeze–thaw procedure (Sambrook and Rus-
sell 2001). The recombinant A. tumefaciens were grown 
on LB agar medium complemented with 50  mg/L of 
Kanamycin and 25 mg/L Rifampicin. Complemented LB 
liquid medium (10 mL) was then inoculated with a sin-
gle colony of LBA4404 and kept on shaker at 28 °C for 
48 h. Following the inoculation, 500 μL of the bacterial 
suspension was added to 50 mL of fresh LB media, sup-
plemented with 150 μM acetosyringone (AS) and the bac-
teria were grown overnight at 28 °C to raise the bacterial 
 OD600 to 0.6. The bacterial culture was centrifuged for 
15 min at 4000 rpm and finally resuspended in infection 
media (IM) for explant inoculation (Zhang et al. 2016).

Cotyledon explants pre-cultured on regeneration media 
(RM) with 2  mg/L BAP (6-Benzylaminopurine) and 
0.2 mg/L IAA (Indole-3-acetic acid) for 2 days in plant 
growth chamber with 2500 Lux, 16/8 h (dark/day) photo-
period and 25 ± 2 °C. The explants were immersed in pre-
pared bacterial suspension and were placed on shaker for 
10 min, the surface was briefly dried on sterilized filter 
paper and transferred to co-cultivation media (CM) for 2 
additional days at 25 °C in the dark. After co-cultivation, 
the explants were washed with sterile water containing 
200 mg/L cefotaxime (Duchefa). The explants were put in 
regeneration media (RM), supplemented with 200 mg/L 
cefotaxime and 10 mg/L Kanamycin. After shoot initia-
tion, shoot induced explants were transferred to shoot 
elongation medium (MS medium containing 0.5 mg/L 
of BAP, 0.2  mg/L IAA, 10  mg/L of Kanamycin, and 
200 mg/L of cefotaxime). The 2–3 cm length shoots were 
excised and cultured in MS medium containing 0.2 mg/L 
IAA, 10 mg/L of Kanamycin, and 200 mg/L of cefotaxime 
to root induction and recover the whole plant.

Extraction of genomic DNA and polymerase chain 
reaction (PCR) analysis of putative transgenic plants

Genomic DNA was extracted from the leaves of putative 
transgenic  (T0 and  T1) plants according to a modified cetyl 
trimethyl ammonium bromide (CTAB) method (Rogers and 
Bendich 1985). The presence of transgenes in randomly 
selected some putative transgenic plants was confirmed by 
PCR using transgene specific primers (Table 1). The follow-
ing thermal cycle program was run for DNA amplification: 
5-min initial denaturation at 94 °C, followed by 40 cycles 
of denaturation at 94 °C for 1 min, annealing at 58 °C for 
minute, extension at 72 °C for 1 min, then a final extension 
of 10 min at 72 °C. PCR products were separated on a 1% 
(w/v) agarose gel.

Expression analysis

RT-PCR analysis of the transgene transcription was done 
for  T1 plants using gene specific primers (Table 1). Total 
RNA was extracted from the powdered leaves of transgenic 
and control tomato plants using the RNX Plus kit (Cinna-
gen, Iran). The cDNA synthesis package (YTA) included 
M-MuLV reverse transcriptase and the oligo (dT) 18 primer, 
was used to make first strand cDNA.

To examine the relative transcript levels of transgenic 
tomato with defensive genes Real time PCR analyses of 
the gene was performed in an ABI PRISM 7500 Fast Real-
Time PCR System (Applied Biosystems, CA, USA) with 
the program as follow: 50 °C for 2 min, 95 °C for 10 min, 
45 cycles of 95 °C for 2 min, 62 °C for 30 s, and 72 °C for 
30 s. To normalize of expression data, the ubiquitin gene 
of Solanum lycopersicum (ubi3) (NM_001346406.1) was 
employed as an internal reference gene. The quantification 
of transgene expression levels was determined by  2−ΔΔCt 
method (Litvak and Schmittgen 2001). All reactions were 
performed in three replicates, with P-values less than 0.05 
considered significant.

Table 1  Primer sequences used for PCR confirmation of the trans-
genic plants

Names of primers Primer sequences (5′–3′)

FchBD1 GCT CTA GAG CTA CGA CGA CAG CCA GC
RchBD GCT CTA GAT TAC GCC AGG CGG CCC AC
35S GCG AAC AGT TCA TAC AGA GTCT 
CHIT42R CGC CTC CGT TGA TAT AAG CC
CHIT42-QF CGG ATA CGC AAA CGC TGT CT
CHIT42-QR TGC TTC TGA TAA TCG GCG TAG 
VirGF ATG ATT GTA CAT CCT TCA CG
VirGR TGC TGT TTT TAT CAG TTG AG
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Chitinase activity assay

Young leaves of putative transgenic lines and control 
tomato plants (i.e., not transformed) were frozen in liquid 
 N2 and milled into a fine powder. The soluble proteins were 
extracted in 50 mM sodium acetate buffer (pH 7.0). Chi-
tinase activity was measured in the reaction mixture (total 
500 mL) comprising colloidal chitin as the substrate (3.8 mg) 
and the crude of transgenic plant enzymes (200 µg/mL). The 
reaction was performed for 1 h at 37 °C and then centrifuged 
at 6000 rpm for 5 min. The supernatant was boiled in 100 
µL of potassium tetraborate buffer for 3 min. Three mL sam-
ple of DMAB reagent (10 g di-methyl aminobenzaldehyde 
in 100 mL glacial acetic acid and 10 M hydrochloric acid) 
was added to the reaction. The supernatant was incubated at 
37 °C for 20 min, and the quantity of N-acetylglucosamine 
(GLcNAc) generated was determined using the technique 
published by Zeilinger et al. (1999), using GLcNAc as a 
standard. The amount of enzyme required to catalyze the 
release of 1 µmol GLcNAc in 60 min at 37 °C was defined 
as one unit of enzyme activity. Each assay was replicated 
three times.

Fungal growth inhibition assay

The fungus was grown at 22 °C for 24 h using a medium 
of potato dextrose agar (PDA) (potatoes, infusion 200 g/L, 
dextrose 20 g/L, and agar 15 g/L) (Ayers et al. 1976). The 
concentration of total soluble protein of  T1 plants was quan-
tified using the Bradford method with bovine serum albumin 
(BSA) as a reference (Bradford 1976). A modified radial 
diffusion approach was used to conduct an in vitro antifungal 
activity assay (Broekaert et al. 1992). The pathogenic fungi's 
agar discs (5 mm diam) including, S. sclerotiorum, which 
was produced from fungus in active growth that had previ-
ously been grown on PDA, were mounted in the center of 
Petri plates (100 × 15 mm) with 25 mL of PDA. Following 
the forming of the mycelial colony, 5 mm holes were drilled 
1 cm away from the colony around the rim. To extract crude 
protein from transgenic plants, 50 mM Tris–HCl (pH 8.8) 
was employed, and the wells were filled with equal aliquots 
(55–60 µg). As a control, non-transgenic tomato plant crude 
protein was used. The plates were incubated at 28 °C for 
48 h, which during this period the hyphae began to extend 
outwards from the center. After treatment, hyphae inhibition 
was monitored regularly. The following formula was used 
to measure the inhibition rate (%): [(the distance between 
the borders of the control hypha’s and the middle of the 
hyphal—the distance between the borders of the treated 
hypha’s and the center)/the distance between the borders of 
the control hypha's and the center] × 100%. Each sample was 
subjected to the assay three times.

Transgenic plant resistance bioassays

The transgenic line’s resistance bioassays were carried out 
using detached leaves, as stated previously (Yang et al. 
2019). Briefly, S. sclerotiorum was grown on potato dex-
trose agar (PDA) at room temperature, and the inoculum was 
made up of 5-mm mycelial plugs from the active develop-
ing tip. Inoculation was carried out using young completely 
expanded leaves from a 4 weeks old wild-type (WT) and  T1 
transgenic plants. A standard expanded leaf of normal color 
and shape was chosen for inoculation from each plant. Each 
leaf’s inoculation site was located in the center of the leaf 
and incubated in the dark at 25 °C for detached leaf assays. 
72 h after inoculation, necrotic lesions  (cm2) were monitored 
and photographed according to Cunha et al. (2010). Every 
transgenic line was inoculated with three detached leaves.

Experiments and data investigation

The whole experiments were carried out with three replica-
tions in Completely Randomized Design (CRD) and One-
Way ANOVA method was used to assess the significance 
of the variations. The analysis was performed by the SPSS 
(v. 17, USA) program using Duncan’s Multiple Range Test 
and SNK test. Significant differences were described as P 
values less than 0.05.

Results

Transgenic plant transformation, selection, 
and regeneration

The recombinant construct, assigned as  pBISM2 (Fig. 1) 
was mobilized into Agrobacterium tumefaciens and used 
for transformation of 500 cotyledonary explants of tomato. 
Results indicate 56% of explants with shoot regeneration 
on a selective medium containing 10 mg/L Kanamycin, and 
up to 36% remained green and developed stems in selective 
medium (Fig. 2).

Stable integration of transgene was confirmed in ran-
domly selected putative transgenic plants using gene specific 
primers (Table 1). Amplification of a 900-bp fragment of 
chimeric chit42 was shown in 22 putative transgenic lines 
(Fig. 3a). A set of virG primers (Table 1) were employed to 
detect Agrobacterium contamination of the putative plants. 
Vir gene fragment was amplified only in Agrobacterium 
genomic DNA supplemented reaction (data not shown). 
Existence of the Chitin binding domain (ChBD) (225 bp) 
was confirmed using transgenic specific primers (Fig. 3b).

The transformation efficiency was estimated to be 20%. 
All transgenic plants had a typical Lycopersicon esculen-
tum L. phenotype in terms of morphology and growth 
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characteristics compared to non-transformed plants. A 
total of 40 elongated shoots were successfully rooted in 
kanamycin-containing root induction medium, followed 
by a transplantation to soil after a brief hardening period 
and allowed for blossoming and seedling in the greenhouse 
(Fig. 2d–i).

Expression analysis of the chimeric chit42

RT-PCR was used to validate the chimeric chit42 transcripts 
in randomly selected five PCR-positive transgenic plants. 
RT-PCR analysis confirmed the presence of the specific 
transcription of chit42 in  T1 transgenic tomatoes plants 

Fig. 2  Transformation and regeneration of transgenic tomato plants. 
a Seven days old seedlings that have been grown at half strength-
MS media. b Regenerated shoots in MS medium containing 2 mg/L 
BAP and 0.2 mg/L IAA without selection media. c Development of 

putative transgenic shoots in a selective medium. d Plantlet with the 
elongated shoot and induced roots. e Covered regenerated plantlets 
in pots. f, g Acclimated plantlet in the greenhouse. h Tomato flowers 
and green fruit. i Tomato fruit. (Color figure online)
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(Fig. 3C). A single 900 bp sharp fragment was detected in all 
evaluated samples, similar to the positive control  (pBISM2). 
There were no amplified products in RT-PCR reactions in 
the negative control assays when wild-type DNA was used 
as template (data not shown). Different levels of expression 
of the chimeric chit42 gene were detected using RT-PCR 
in distinct transgenic strains. (Fig. 4). All transgenic lines 
showed a significant (P < 0.05) increase in expression of chi-
meric chit42 chitinase gene when compared to control with 
T10 showing the highest increase expression.

Chitinase activity assay

The chimeric chitinase activity was assayed using colloidal 
chitin as a substrate with crude protein extract from leaf tis-
sues of PCR positive transgenic plants. The specific enzyme 
activity of different transgenic plants varied from 4.79 ± 0.22 
to 6.02 ± 0.38 U/μg (Fig. 5). All five transgenic lines that 
showed different expression patterns of the transgene were 

evaluated for enzyme activity and result showed that the T10 
(6.02 ± 0.38 U/μg) had the highest activity flowed by T14 
(5.82 ± 0.36 U/μg), T22 (5.42 ± 0.36 U/μg), T11 (4.98 ± 0.74 
U/μg) and T15 (4.79 ± 0.22 U/μg).

Fig. 3  Molecular detection of putative transgenic tomato. a PCR 
analysis of transgenic plants to determine the chitinase gene. b PCR 
analysis of transgenic plants to determine chimeric chitinase (ChBD) 
gene. c RT-PCR of transgenic plants to determine the expression 

of the chitinase gene. M: 1  kb DNA ladder, line 1: positive control 
 (pBISM2), line 2: wild type plant, line 3: negative control (Deionized 
Water), lines 4–9: transgenic plants

Fig.4  Relative expression of chimeric chit42 obtained through real-
time PCR analysis transgenic tomato lines
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Radial diffusion assay for antifungal activity

A radial diffusion assay was used to investigate the anti-
fungal activity against the growth of Sclerotiorum sclero-
tiorum in the chosen five transgenic plants. Crude protein 
extracts from all transgenic lines significantly inhibited 
fungus hypha development compared to the wild type 
non-transgenic plants (Fig. 6). Similar to the expression 
analysis where T10 showed the highest expression level, 
radial diffusion assay also showed less redial extension.

Resistance assay to S. sclerotiorum in greenhouse

To determine the severity of disease caused by S. sclerotio-
rum infection leaf inoculation assay was used. The lesion 
region of the bacteria on the leaves was measured. The 
results revealed a significant difference in fungus lesion 
diameter between transgenic lines and untransformed 
plants. The lesion on the non-transgenic leaves progressed 
rapidly 72  h after inoculation with S. sclerotiorum but 
lesion extended slowly and lesion sizes was significantly 
smaller in transgenic lines. Consistent with the other results, 
T10 showed the smallest lesion (Fig. 7). In detached leaf 
experiments, consistent results showed that (ChBD) gene 

Fig. 5  Chitinase activity in leaf 
tissues of transgenic tomato 
lines (T) and untransformed 
control plant (WT). One unit 
of activity is defined as the 
enzyme activity catalyzing 
the formation of one µmol of 
N-acetylglucosamine  h−1 (µg 
protein)−1. Difference was 
significance at P < 0.05 using 
Duncan’s multiple range tests. 
Results represent the average 
and standard deviation of three 
biological replicates

Fig. 6  a Radial diffusion assay of transgenic tomato crude protein 
extracts against S. sclerotiorum.  T10,  T14,  T22,  T11 and  T15, the crude 
proteins from transgenic lines with high chitinase expression. (WT), 
the crude of proteins from wild-type negative control. b Growth inhi-

bition zone  (mm2) of S. sclerotiorum by crude extracts of transgenic 
and non-transgenic plants. Values represent the mean ± SD according 
to Duncan’s multiple range test (P < 0.05) of three replications
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expression increased transgenic tomato resistance to S. scle-
rotiorum (Table 2).

Discussion

Tomatoes are an important global commercial crop used 
both in the fresh fruit market and in the processed food 
industry. The phytopathogenic fungus can damage the veg-
etative and reproductive parts of the plants as well as affect 
tomato growth and subsequently it’s yield. Plant genetic 
manipulation is an effective strategy in plant protection. 
Chemical control is replaced by biological control, which 
is the most environmentally friendly option (Abbas et al. 
2018). Several species of Trichoderma have been investi-
gated extensively against a variety of soil and foliar dis-
eases, including S. sclerotiorum, R. cinerea solani, Pythium 
spp., and B. fusarium spp. (Olowe et al. 2022). Previously, 
we have shown that overexpression of chimeric chitinase 
gene in transgenic plants induce systemic resistance against 
pathogens by affecting salicylic acid and jasmonic acid sign-
aling pathways (Eslahi et al. 2021). Here, we have intro-
duced chimeric chitinase of Trichoderma atroviride with 

chitin-binding domain and have shown its resistance to 
Lycopersicon esculentum L.

Chitinase is an essential enzyme present widely in plants, 
and it plays a role in physiological processes as plant growth, 
development, and immunity (Zhang et al. 2018). Transfor-
mation of some important crops with chitinase improved 
resistance against fungal pathogen infection (Girhepuje and 
Shinde 2011; Khan et al. 2014; Karmakar et al. 2016; Dowd 
et al. 2018; Tue et al. 2022). Overexpression of a Chitinase 
gene from Indica rice has enhanced rice resistance to Rhizoc-
tonia solani (Richa et al. 2017) and introducing the chimeric 
chit42 from Trichoderma harzianum to carrots reduced the 
severity of carrot rot caused by three isolates of Sclerotio-
rum, according to Ojaghian et al. (2018). To date, there has 
been no study on the effect of introducing chimeric chitinase 
genes into tomatoes on S. sclerotiorum. Given the necessity 
of developing new Trichoderma strains with improved anti-
fungal activity for agricultural use, Matroodi et al. (2013) 
used ChBD to create Chit42 with a higher chitinase activity. 
The ChBD binds to insoluble chitin-like fungal cell walls 
and boosts chitinase activity (Eslahi et al. 2021). The find-
ings of Wang et al. (2021) showed that overexpression of 
MdCHI1 (Malus × domestica), which includes the chitin 
binding domain and glycoside hydrolase domain, increase 
resistant of apples to Colletotrichum gloeosporioides and 
Alternaria alternata.

Following the creation of chimeric chitinase of Tricho-
derma atroviride, we detected the relative transcript levels 
of PCR-positive plants in five transgenic lines, and various 
levels of expression of the chimeric chit42 gene were meas-
ured in distinct transgenic strains. Moreover, the antifungal 
efficacy of chimeric chit42 extracted protein from transgenic 
lines was evaluated using a radial diffusion assay. The gener-
ation of five  T1 events was selected for subsequent analysis. 
The homozygous plants were challenged with S. sclerotio-
rum in the greenhouse assay. Five transgenic lines of tomato 
were evaluated for resistance against Sclerotinia sclerotio-
rum, which causes tomato white mold, one of the deadliest 

Fig. 7  Assay in a greenhouse to evaluate of S. sclerotiorum resistance level in  T1 generation and wild type plants. Wild-type (as a control) and  T1 
transgenic plants  (T10,  T14,  T22,  T11, and  T15) were infected with S. sclerotiorum and images were obtained 72 h later

Table 2  The lesion size of S. 
sclerotiorum on homozygous  T1 
transgenic and wild type plants 
after 72 h

The values represent the 
mean ± SD of Duncan’s multi-
ple range test and the average of 
three replications (P < 0.05)

Lines Fungus lesion 
diameter (mm)

WT 21.53 ± 0.67f

T10 8.64 ± 0.65a

T11 15.33 ± 0.61d

T14 10.66 ± 0.88b

T15 17.65 ± 0.51e

T22 13.39 ± 0.63c
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diseases affecting tomato yield (Mazumdar 2021). Sclero-
tinia sclerotiorum infection behavior showed that none of 
the chimeric chitinase expressing transgenic lines nor the 
wilt type inhibited fungal penetration but, the fungal infec-
tion symptoms (necrosis) on the leaves was limited in the 
transgenic plants (T10 and T14) but not in non-transgenic 
plant leaf. The chimeric chitinase used in this work had a 
chitin-binding domain with higher chitin-binding capac-
ity, which improved chitinase activity and inhibited fungus 
growth more effectively. Hou et al. (2019) investigated the 
influence of ChBD on chitin binding and showed that remov-
ing ChBD from chitinase reduces the efficiency of chitin 
degradation significantly. According to Zarinpanjeh et al. 
(2016), the chimeric chitinase’s antifungal activity was more 
efficient against chitin than the wild-type enzyme, particu-
larly in its crystalline form. The conclude that Chitin binding 
characteristics of the chimeric chitinase were significantly 
higher (approximately twofold) than Chit42, owing to the 
inclusion of the ChBD, this appears to be due to the subsite 
structure in this enzyme's binding cleft. In-vitro and in-vivo 
studies of T. harzianum recombinant strains (containing 
chimeric chitinase) and wild-type strains against R. solani 
revealed that recombinant strains had higher biocontrol 
activity and contributed to plant health (Eslahi et al. 2021).

Compared to non-transformed plants, the results indi-
cated that constitutive chitinase gene expression might be 
sufficient to prevent S. sclerotiorum growth. The earlier 
reports of chitinase gene overexpressed in transgenic plants 
showed enhanced resistance against soil borne and foliar 
fungal pathogens. Several in-vitro inhibition towards Scle-
rotinia sclerotiorum, Sclerotium rolfsii, Fusarium oxyspo-
rum, revealed that chitinases could inhibit a wide range of 
fungal infections (Zarinpanjeh et al. 2016; Loc et al. 2020; 
Sharma et al. 2020; Santoso et al. 2022). Overexpression of 
chit42 gene in transgenic tomatoes increased resistance of 
transgenic plants to the fungal disease compared to wild-
type plants. Consistent with these reports, the preliminary 
study with this gene reveals the overexpression of chimeric 
chitinase gene in B. napus improved resistance against Scle-
rotinia sclerotiorum and disease symptoms was significant 
in B. napus control plants than transgenic lines. There have 
been numerous instances of transgenic plants producing 
chitinases alone or combined with other proteins, express-
ing chitinases enhancing resistance to fungal pathogens in 
greenhouse studies (Huang et al. 2013; Zarinpanjeh et al. 
2016; Yang et al. 2020). Enzyme activity of the chitinase 
in transgenic extract were different in evaluated transgenic 
plants. Chititinas activity of the extract from T10 and T14 
lines were significantly higher than others accordingly to the 
expression pattern of the gene (Fig. 4).

Chitinases have a double function: they limit fungal 
development by digesting cell walls and they release path-
ogen-borne elicitors, which cause the host to respond with 

more defense responses (Dana et al. 2006). Overexpressing a 
chitinase gene in plants improved pathogen resistance, likely 
accompanied by the activation of other defense-related sys-
tems due to their increased activity to degrade chitin.

Conclusion

The present work has demonstrated that expression of chi-
meric chitinase successfully increased resistance of trans-
genic plants to S. sclerotiorum. These transgenic lines 
show promise for developing a variety of tomato lines with 
improved resistance to S. sclerotiorum, as well as serving 
as a source of germplasm for enhanced resistance to other 
critical fungal infections. This transgenic line can also be 
manipulated with other resistance gene candidates to accu-
mulate the resistance to fungal disease.
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