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The objective of the present study was to construct plant expression vectors containing chitinase genes and root-
specific promoters for resistance to phytopathogenic fungi. Chitinase genes with a signal peptide sequence, such
as Chi42, syncodChi42-1, and syncodChi42-2, were used in this work. Chi42 is a wild-type gene of Trichoderma
asperellum SH16, and both syncodChi42-1 and syncodChi42-2 genes are derived from Chi42, which have been

optimized for the use of codon for plant expression. Methods of molecular cloning were applied in this study. The
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plant expression vectors pNHL20 containing chitinase genes, pNHL20.1 for Chi42, pNHL20.2 for syncodChi42-1,
and pNHL20.3 for syncodChi42-2, were successfully constructed and transferred into Agrobacterium tumefaciens
LBA 4404. Bacteria 4. tumefaciens harboring the chitinase genes are ready for genetic transformation to peanuts
(Arachis hypogaea L.) for subsequent applications.

1. INTRODUCTION

Chitinases are enzymes that break down chitin into soluble and
insoluble oligosaccharides of low molecular weight [1]. Chitin is a
long-chain polymer of an N-acetylglucosamine, a glucose derivative.
Chitin is known as a characteristic component of the cell walls of fungi,
the exoskeletons of arthropods such as crustaceans and insects [2].

Because they produce a diversity of chitinases, many fungal species of
Trichoderma genus are effective mycoparasites and are employed for
biological control of fungal infections on agricultural crop plants [3].
However, certain chitinase genes from Trichoderma or other species
such as rice and tobacco have been incorporated into various crops
to aid them against fungal infections [4-10]. To date, there has been
no record of chitinase gene transfer from 7Trichoderma, especially
Trichoderma asperellum, into peanuts (Arachis hypogaea L.).

Peanut is a legume that is native to Central Brazil and is now widely
grown worldwide, mainly for its edible oil and seeds. However, it is
also one of the susceptible crops to serious diseases such as stem rot,
root rot, and pod rot caused by numerous soil-borne pathogens such as
Rhizoctonia solani, Aspergillus niger, and Sclerotium rolfsii [11-14].
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The objective of this study was to generate pNHL20 plasmid, a plant
expression vector containing the chitinase genes, and conjugate it in
Agrobacterium tumefaciens LBA4404 to serve for gene transfer into
peanuts in the next studies. Chitinase genes used for this aim include
a wild-type gene Chi42 from T. asperellum SH16 and two synthetic
genes syncodChi42-1 and syncodChi42-2 derived from chi42 have
been optimized for the codon usage in plant expression from our
previous study [15]. The chitinase genes are controlled by the peanut
Asy root-specific promoter [16], and the chitinase enzyme will be
secreted extracellularly by a signal peptide fused in front of the gene.
An expression cassette designed as above promises to enable chitinase
transgenic peanuts to resist soil-borne phytopathogenic fungi that
cause root rot.

2. MATERIALS AND METHODS

2.1. Materials

The root-specific Asy promoter (NCBI: JQ780692) (562 bp long) was
synthesized with two overhanging ends, Hindlll and Xbal, and cloned
in vector pUC19 by PHUSA Bio-Chemistry Co., Ltd. Plant expression
binary pMY V719 vector [Figure 1] (about 12 kb long) was provided
by Professor Yang Moon-Sik (Jeonbuk National University, Korea).

Genes encoding chitinase 42 kDa, including Chi42 (NCBI:
HM191683.1),  syncodChi42-1 ~(NCBL:  MT083802.1), and
syncodChi42-2 (NCBI: MT083803.1), with two Xbal and Sacl
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Figure 1: Construction diagram of the plant expression vector pPNHL20. (a) pMY V719 vector, (b) pMY V719/pAsy vector, and (c) pNHL20 vector. LB and
RB: Left and right border of the T-DNA region, NosP: Promoter of nopaline synthase gene, NPTII: Neomycin phosphotransferase II gene for kanamycin resistance,

NosT: Terminator of nopaline synthase gene, pAsy: Root-specific Asy promoter, Kozak: Consensus sequence to ribosomes recognize and initiate translation,

CTB: Gene encoding cholera toxin B subunit, L: Sequence Gly-Pro-Gly-Pro, S1D: Epitope region S1D, SEKDEL: Maintenance signal in the endoplasmic

reticulum, dp35S: Duplicated CaMV 35S promoter, SP: Signal peptide sequence, and chitinase gene: One of three genes Chi42, syncodChi42-1, and syncodChi42-2.

overhang ends, and a signal peptide located at 5’ end (about 1.3 kb
in total length) were also synthesized and cloned in pUC19 vector by
PHUSA Bio-Chemistry Co., Ltd. Chi42 is a wild-type gene from 7.
asperellum SH16 [17], while syncodChi42-1 and syncodChi42-2 are
synthetic genes generated from Chi42 that were optimized for codon
usage for plant expression in our previous study [15].

2.2. Construction of Plant Expression Binary Vector

The approach for constructing a plant expression vector is described
in Figure 1. The Asy promoter (pAsy) was excised from the pUC19
vector using HindlIl and Xbal and ligated into the pMY V719 vector
at the location of the dp35S promoter (pdp35S), which was removed
from the pMY V719 vector using the same enzymes, using T4 DNA
ligase (Thermo Scientific).

Xbal and Sacl were used to isolate chitinase genes from the pUC19
vector. Plant expression vectors pNHL20 were generated by removing
CTB-L-SD1-SEKDEL sequences of around 1 kb from the recombinant
pPMYV719/pAsy vector with the same enzymes and replacing them
with one of the chitinase genes.

The ligation reaction mixtures, pMY V719/pAsy and pNHL20 vectors,
were transformed into Escherichia coli TOP10 (Thermo Scientific)

by the heat-shock method [18]. The transformants were then selected
on LB medium supplemented with 50 ug/mL kanamycin. The cloning
efficiency was checked by restriction digestion of recombinant vector
and electrophoresis on 0.8% agarose gel.

2.3. Triparental Mating

Three bacterial strains were conjugated (triparental mating) on LB
medium, including 4. tumefaciens LBA4404, E. coli TOP10 carrying
the plant expression vector pNHL20, and E. coli TOP10 carrying
the helper plasmid pRK2013. They were subsequently grown in the
same medium but supplemented with 100 g/mL spectinomycin and
100 g/mL kanamycin. Screening for colonies of A. tumefaciens on the
medium confirmed that the vectors pNHL20 had been conjugated [19].

2.4. Polymerase Chain Reaction (PCR) Amplification
The colony PCR method was used for transformed E. coli cells [20].

Plasmid DNA of A. tumefaciens LBA 4404 from triparental mating
was prepared according to Kamble and Fawade [21].

PCR amplification was performed with specific primers of chitinase
genes [Table 1]. The composition of the reaction consists of template
DNA (20 ng of plasmid DNA from 4. tumefaciens or E. coli colony),
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Table 1: Nucleotide sequence of specific primers for chitinase genes [14]

Primers Nucleotide 5°- 3’ Expected size of amplicons (kb)
syncodChi42-F GCGCICTAGAAAAACTAAAAGTAGAAG (27 mer) ~1.3
syncodChi42-R GCGCGAGCTCTTAATTCAAACCAGAT (26 mer)

chi42-F GCGCTCTAGAAAAACTAAAAGTAGAAG (27 mer)

chi42-R GCGCGAGCTCTTAGTTGAGACCGCTT (26 mer)

The nucleotide sequence of primer binding regions in the genes syncodChi42-1 and syncodChi42-2 are the same, so they share a pair of primer syncodChi42-F and syncodChi42-R.
TCTAGA and GAGCTC are recognition sites of Xbal and Sacl, respectively
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Figure 2: Cloning of the Asy promoter and chitinase genes in plant expression vector pHNL20. (a) Restriction digestion of the recombinant pMYV719/pAsy
vector by Xbal and Hindlll. M: GeneRuler 1 kb Plus DNA Ladder (Thermo Scientific); 1: pMY V719 vector is about 11 kb long and pAsy promoter is
about 0.56 kb long. (b and ¢) Restriction digestion of pUC19/chitinase vectors by Xbal and Sacl. B1: chi42, C1: syncodChi42-1, and C2: syncodChi42-2.
(d1-d3) Restriction digestion of pMYV719/Asy vectors by Xbal and Sacl. (e) Purification of pMYV719/Asy vector and chitinase genes. 1: pMYV719/Asy
vector and 2—4: Chi42, syncodChi42-1, and syncodChi42-2, respectively. (f) PCR amplification of chitinase genes with specific primers from transformed
E. coli colonies. M: GeneRuler 1 kb DNA Ladder (Thermo Scientific), 1-2: Chi42, 3-4: syncodChi42-1, 5-6: syncodChi42-2, PC1: pUC19/Chi42 vector,
PC2: pUC19/syncodChi42-1 vector, PC3: pUC19/syncodChi42-2 vector, and NC: Nontransformed E. coli. (g) Restriction digestion of derivatives of pNHL20
vector by Xbal va Sacl. M: GeneRuler 1 kb DNA Ladder (Thermo Scientific), PC1: linearized pMYV719/Asy, PC2: Chi42 gene, and 1-3: pNHL20.1 for
Chi42, pNHL20.2 for syncodChi42-1, and pNHL20.3 for syncodChi42-2. (h) PCR amplification of chitinase genes with specific primers from A. tumefaciens
containing the derivatives of pNHL20 vector. M: GeneRuler 1 kb DNA Ladder (Thermo Scientific), 1-3: Chi42, 4-6: syncodChi42-1, 7-9: syncodChi42-2,
PC1: pUC19/Chi42 vector, PC2: pUC19/syncodChi42-1 vector, PC3: pUC19/syncodChi42-2 vector, and NC: wild-type A. tumefaciens. (i) Restriction digestion
of derivatives of pNHL20 vector by Xbal and Sacl. M: GeneRuler 1 kb DNA Ladder (Thermo Scientific), 1: Chi42, 2: syncodChi42-1, and 3: syncodChi42-2.
Chitinase gene is 1.3 kb long, and pNHL20 vector is 11 kb long.
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10 pmol of each primer, 1 uL of Master Mix (Thermo Scientific), and
water to a final volume of 12 uL.. The PCR conditions were as follows: a
genomic denaturation at 95°C for 15 min, followed by 30 cycles of 95°C
for 1 min, 55°C for 1 min, and 72°C for 1 min and a final extension at
72°C for 10 min. PCR products were then analyzed on 0.8% agarose gel.

3. RESULTS AND DISCUSSION

3.1. Vector pMYV719 Harboring pAsy

Promoter dp35S was removed from the pMY V719 vector using Xbal
and HindlIIl. Promoter Asy was recovered from the pUC19/pAsy vector
by the same two enzymes as above. The pMY V719 vector without the
dp35S promoter was then ligated with the Asy promoter to transform
into E. coli TOP10. The transformants were grown to produce the
recombinant vector pMYV719/pAsy, which was then verified by
restriction enzymes Xbal and HindIll. As a result, two DNA bands of
approximately 11 kb and 560 bp were obtained, which corresponded to
the vector and the pAsy sequence sizes [Figure 2a].

3.2. Vector pNHL20

Chitinase genes (Chi42, syncodChi42-1, and syncodChi42-2) with a
signal peptide at the 5” end were isolated from the pUC19/chitinase
vectors to replace the CTB-L1-SD1-SEKDEL sequence in the
pMYV719/pAsy plant expression vector. Figure 2b-d show restriction
digestion of two vectors, pUC19/chitinase, and pMY V719/pAsy, using
the same enzymes, Xbal and Sacl. Chitinase genes are around 1.3 kb
in length, while the pMYV719/pAsy vector lacking the CTB-L1-SD1-
SEKDEL sequence is approximately 11 kb in length. The chitinase
genes and the pMYV719/pAsy vector were purified with the GeneJET
PCR Purification Kit (Thermo Fisher Scientific) before being bound
to generate the vectors pNHL20.1/Chi42, pNHL20.2/syncodChi42-1,
and pNHL20.3/syncodChi42-2 [Figure 2e]. The ligation mixture of
pMYV719/pAsy vector and each chitinase gene was transformed into
E. coli cells and the presence of chitinase genes was determined by PCR
amplification and restriction digestion of putative pNHL20 vectors
from colonies that grew in the selection medium [Figure 2f and g].
The current findings show plant expression vectors were successfully
transformed into E. coli cells.

3.3. Triparental Mating

A. tumefaciens harboring variants of the pNHL20 plant expression
vector, pNHL20.1, pNHL20.2, and pNHL20.3 were screened using
PCR amplification and restriction digestion.

As shown in Figure 2h, PCR amplification revealed that these vectors
were conjugated in some Agrobacterium colonies. Restriction digestion
using Xbal and Sacl confirmed these findings yet again; two DNA
bands with predicted sizes of around 11 kb and 1.3 kb were detected
on an agarose gel, which are compatible with pNHL20 vectors and
chitinase genes, respectively [Figure 2i]. These findings indicate that
A. tumefaciens carrying the binary vector is ready for chitinase gene
transformation into peanuts in the subsequent investigation.

Promoters are a critical tool in biotechnological processes to ensure
that the expression of a gene of interest is effective and well-
controlled. When the interest protein is not required for the entire
plant, the use of the organ or tissue-specific promoters that induce
and specifically control the expression of transgenes in organs or
tissue may be useful to prevent wasting energy and nutrients from
transgenic plants [22]. Because peanuts are sensitive to various
phytopathogenic fungi containing chitin in the cell wall, such as

Rhizoctonia and Aspergillus, which cause root rot or collar rot, the
production of extracellular chitinase in the roots is required to protect
peanuts against these fungal pathogens. To date, there were no reports
of the use of a root-specific promoter in peanuts yet, the majority of
transgenic plants using the CaMV 35S constitutive promoters. The
usage of constitutive promoters, however, results in unnecessary gene
expression, potentially interfering with other plant growth pathways
[23]. As a result, the goal of this work was to boost the antifungal
effectiveness of peanuts by using a root-specific promoter.

As is known, microbial genes are generally weakly expressed in plants;
therefore, the expression of heterologous proteins often requires
modification of the coding sequence [24]. For that reason, the Chi42
gene encoding chitinase 42 kDa of fungus 7. asperellum SH16 was
optimized for codon usage for expression in plants to two new genes,
syncodChi42-1 and syncodChi42-2, as in our previous report [15]. In
the present study, each derivative of plant expression pNHL20 vector
harboring one of three chitinase genes controlled by root-specific
promoter was successfully introduced into A. tumefaciens LBA4404.

4. CONCLUSION

The chitinase genes (Chi42, syncodChi42-1, and syncodChi42-2) from
T. asperellum SH16 with a signal peptide at 5” end and root-specific
Asy promoter were successfully cloned in plant expression vector
pNHL20. This vector was transferred into 4. tumefaciens LBA 4404 to
serve the genetic transformation into peanuts for resistance to root rot
disease caused by phytopathogenic fungi in further studies.
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