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ABSTRACT

Plant genome analysis has disclosed that genes encoding defensins are highly abundant in most plant genomes. Maize
presents a good source for novel antifungal peptide-encoding genes. In this study, we isolated a defensin gene (MzDef)
from Egyptian maize (Zea mays L.) hybrid yellow single cross 168 for the first time with a size similar to the isolated
plant defensin-encoding genes. A fragment of approximately 245 bp in length was amplified by PCR. The sequence
analysis revealed the presence of a single 108 bp open reading frame (ORF), which encodes a signal peptide of 35 amino
acids. Furthermore, this sequence showed homology with the super-family of plant defensins in general and to the maize
in particular. Noticeably, the matching sequences mainly belonged to monocots. Phylogenetic tree showed the relation
with other defensin-encoding genes isolated from different plants. The sequence showed high homology with amylase
inhibitor-like protein and low molecular weight cysteine-rich protein. The ratios of identity and divergence between the
compared ORFs were determined. In order to predict the properties of defensin, its ORF was translated into amino acids.
Our analysis confirms that the isolated gene belongs to the family of plant defensins, further investigation is required to
explore its antifungal activities.
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INTRODUCTION

Defensins are a group of a small cysteine-rich
proteins present in plants, vertebrates, and insects. They
have a common tertiary structure and antimicrobial
activity. Most living organisms, including animals,
plants, insects and fungi have innate immunity and exert
antipathogenic effects. In plants, the immune system
comprises several components such cell wall-associated
defenses, oversensitive response, and antimicrobial
proteins (Sels et al., 2008). Antimicrobial proteins
include pathogenesis-associated proteins and
phytoalexins. Pathogenesis-related proteins include
defensins, the major class of cysteine-rich peptides (CRP)
with both antimicrobial and developmental functions
(Lay and Anderson 2005; Stotz et al., 2009). Plant
defensins are encoded by small multigene families, and
there are 300 associates in Arabidopsis thaliana and more
than 90 defensin-like (DEFL) genes in rice (Terras et al.,
1992; Silverstein et al., 2005, 2007; Stotz et al., 2009).
Despite the differences in arrangement, DEFL show well-
conserved cysteines involved in disulfide bonds, which
lead to the stability of their structure. The standard
assembly includes eight well-conserved cysteine residues
forming four disulfide bonds; however, defensins of

tobacco and petunia have ten cysteine residues (Lay et
al., 2003). Moreover, some plants DEFL genes encode
for small CRP (45 to 54 amino acids), in secretory forms
with an additional acidic N-terminal indicator peptide
(Carvalho and Gomes 2009; Salem et al., 2018).
Defensin-encrypting genetic factors have a couple of
exons of conserved size and a single intron of variable
length. The first exon translates entirely into indicator
peptide, while a part of the second exon translates into a
cysteine-rich peptide. In plants, antimicrobial peptides act
against many known pathogenic organisms, specifically
in flowers, seeds, and fruits. Most plant DEFL genes
reported, from plant organs and seeds (Lay et al., 2003;
Salem et al., 2019b) are involved in antifungal effects
(Lay and Anderson 2005). DEFL gene may have possible
roles in plant resistance against phytopathogens, studies
have indicated diverse roles for these plants DFEL genes,
and have proven that microbial pathogens induced DFEL
genes (Terras et al., 1995; Penninckx et al., 1996; Salem
et al., 2019b) and increased disease resistance via over-
expressing the heterologous DEFL (Terras et al., 1995;
Gao et al., 2000; Salem et al., 2019a).The aim of this
study was to find short DEFL DNA segments in the
maize genome, by isolating and characterizing of a
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defensin coding sequence from an Egyptian maize hybrid
single cross 168.

MATERIALS AND METHODS

Genomic DNA isolation: Seeds of the Egyptian maize
(Zea mays L.) hybrid single cross 168 were kindly
provided by the Maize Research Department, Field Crops
Research Institute, Agricultural Research Centre (ARC),
Giza, Egypt. Maize seeds were grown in the field.

Leaves samples were collected after fourteen
days of planting, and grinded into a powder with liquid
nitrogen in a mortar and pestle. Samples were stored at -
20 °C until further use.

Genomic DNA was isolated from leaf tissues
using CTAB method (Rogers and Bendich, 1985).
Powdered tissues were transferred into a centrifuge tube
containing 14 ml of DNA extraction buffer, and the tubes
were incubated at 65 °C for 30 min. Equal volume of
chloroform-isoamyl alcohol (24:1) was added to the
mixture and the tubes were centrifuged at 7000 rpm for 5
min. The aqueous phase was transferred to new tubes,
and an equal volume of isopropanol and 3M sodium
acetate were added and kept in the fridge for 1 to 2 hrs to
precipitate the DNA. The tubes were centrifuged at 7000
rpm for 5 min. The supernatant was discarded and the
DNA pellet was washed with 70% (v/v) ethanol. The
DNA was dissolved in 3 ml of TE buffer. RNase (10 mg /
1 μl) was added to the DNA solution and was incubated
at 37 °C for 30 min. The DNA was precipitated again
with 7.5 ml isoparopanol and 1 ml of 3M sodium acetate.
The DNA was dissolved in 200 μl TE buffer. DNA
samples were quantified using a Nanodrop 2000c
spectrophotometer and the integrity of DNA was assessed
by agarose gel electrophoresis. Samples were stored at -
20 °C.

PCR and gene cloning: Degenerate primers, forward:
5’-ACTAGCAKAYCTTCTTGCAGA-3’, and reverse:
5’-GATGGCKCYGTCTCGWCG-3’, were designed,
based on the putative plant defensin complete coding
sequence available in GenBank database, using
Lasergene MegAlign version 4.0 and primer select
version 4.0. Where defensin sequences from different
plants were considered with more focus on maize.

The extracted genomic DNA (1 µl) was mixed
with 24 μl of the PCR reaction mixture containing 1 μl of
ThermoPol Reaction Buffer (New England BioLabs,
USA), 200 μl dNTP (New England BioLabs), 1 μl
forward primer, 1 μl reverse primer, and 2.5 units Taq
polymerase/50 μl PCR; 1 μl of ddH2O was used as the
control. The PCR protocol included an initial
denaturation for 5 min at 94 °C, followed by denaturation
for 1 min at 94 °C, annealing for 30 s at 53 °C, and
elongation at 72 °C for 1 min, for 40 cycles. A final
extension lasted for 5 min at 72 °C.

PCR products were analyzed by agarose gel
electrophoresis (1% (w/v) agarose in TAE buffer) at 75 V
(constant voltage) for 75 min. Agarose gels were then
stained with ethidium bromide for 60 min, de-stained in
water for 60 min and viewed under a UV gel-imager.

The expected band was excised from the agarose
gel. Purified and cloned by direct ligation (A-T ligation)
in PGEM-T Easy Vector System I (Promega Corporation,
Madison, USA) according to manufacturer’s instructions.
The ligation reaction was performed by adding 5 μl of 2X
rapid ligation reaction buffer, 1 μl of PGEM-T easy vector
(50 ng), 3 μl of the PCR product, 1 μl of T4 DNA ligase
(3 U/μl) and 10 μl of ddH2O. The mixture was mixed by
pipetting and incubated for 1 h at room temperature.

The transformation was carried out according to
Hanahan and Meselson (1983). Clones containing the
recombinant plasmids were chosen by blue-white
selection.

The Recombinant plasmid was isolated from an
overnight grown culture of E. coli (5 ml LB medium
containing 100 μg/ml ampicillin). The bacterial cells
were harvested by centrifugation at 11,000 rpm for 1-2
min at 4 °C. The bacterial pellet was completely
resuspended in 200 μl of cell resuspension solution
without leaving any clumps. To lyse the cells, 200 μl of
cell lysis solution was added and the mixture was
incubated at room temperature for 5 min. The mixture
was inverted gently about 4-6 times, and 200 μl of
neutralization solution was added. The mixture was
centrifuged at 11000 rpm in a microcentrifuge for 5 min.
The supernatant (cleared lysate) was transferred onto the
barrel of the minicolumn/syringe assembly containing the
resin (Promega). The syringe plunger was inserted and
the slurry was pushed gently into the minicolumn. The
syringe was detached from the minicolumn and the
plunger was removed from the syringe barrel. The
column was washed with 2 ml of column washing
solution and the plunger was inserted again into the
syringe and the column washing solution was pushed
gently through the minicolumn. The minicolumn was
transferred to microcentrifuge tube (1.5 ml) and
centrifuged at 11000 rpm for 2 min to dry the resin.
Nuclease-free water (50 μl) was applied to the
minicolumn and the plasmid DNA was eluted by
centrifugation at 11000 rpm for 20 sec. Plasmid yield and
purity were checked by measuring the absorbance at 260
nm and 280 nm.

Sequence characterization and analysis: Recombinant
DNA samples from different colonies were sent for
sequencing. The data were analyzed using the BLASTN
algorithm at NCBI
(http://www.ncbi.nlm.nih.gov/blast/Blast.cgi). Taxonomy
lineage was analyzed and phylogenetic tree was
constructed using the same algorithm.



Al Kashgry et al., The J. Anim. Plant Sci. 31(3):2021

803

Molecular analysis of open reading frame (ORF)
of the isolated gene and its alignment with other ORFs
were performed using the CLUSTRALW alignment tool
in MEGA alignment, DNASTAR software. The ratios of
identity and divergence between these ORFs as well as
the relation tree were determined by the same software.

To determine the properties of the isolated
defensins, its deduced coding sequences were subjected
to analysis. The predicted molecular weight, basicity,
acidity, hydrophobicity, isoelectric point, and charge
were assessed using the protein analysis tool in
DNASTAR software.

RESULTS AND DISCUSSION

In order to use as a template in PCR for defensin
isolation, total genomic DNA was extracted from
different samples of maize (Zea mays L.) hybrid single
cross 168. The concentrations and integrity of the isolated
DNA were assessed by agarose gel (Fig.1) as well as by
spectrophotometer.

The genomic DNA extracted from maize leaves
(2, 4, and 7; Fig. 1), served as a template for defensin
amplification by PCR. We obtained the amplified product
with the expected molecular size (approximately 245 bp;
Fig. 2) from 2 out of the three samples used. No product
was detected from the negative control.

The amplified product was cloned into PGEM-T

easy vector. After bacterial transformation, recombinant
plasmid harboring the defensin encoding fragment was
isolated from four different bacterial clones (Fig. 3).

The recombinant PGEM-T easy vector was sent for
sequencing to confirm the presence of defensin gene.
Sequence analysis showed the presence of a single 108
bp open reading frame (ORF), that encodes a signal
peptide of 35 amino acids (data not shown).

Sequences were analyzed using the BLASTN
program of NCBI (http://www.ncbi.nlm.nih.gov/blast/
Blast.cgi). Sequences showed a homology with the
superfamily of plant defensins in general and to the maize
in specific. Taxonomy lineage (Table 1) was generated
by the same algorithm, clearly distributed the homology
sequences over different plant species. Noticeably, the
matching sequences mainly belonged to that of monocots.
Most of the homologous sequences were from different
species of maize (Zea mays, Saccharum, Sorghum). Other
sequences were that of Triticum, Oryza,  Phyllostachys,
and Aegilops.

A phylogenetic tree was constructed using the
same algorithm (Fig. 4), which clearly showed the
relation and its exact location among other plant
defensins. The defensin coding sequence showed high
homology with amylase inhibitor-like protein and low
molecular weight cysteine-rich protein.

As mentioned above that our results showed that
the isolated defensin consists of a single 108bp ORF,

which encodes a predicted signal peptide of 35 amino
acids. We performed a multiple alignment using
CLUSTALW method in MEGA alignment, DNASTAR
software. The analysis (Fig. 5) revealed significant
identity with the compared sequences.

We further constructed the phylogenetic tree to
determine the exact location of the isolated ORF (Fig. 6).
The results confirmed that the isolated DNA belonged to
the family of plant defensins. The ratios of identity and
divergence between the above-compared ORFs were
determined (Table 2), which established the relation
between them.

To determine and predict the properties of the
defensin gene (MzDef) isolated from Egyptian maize
hybrid single cross 168, the ORF was translated into
amino acids. The analysis of the amino acids (Fig. 7)
using the standard genetic code revealed an expected
molecular weight of 3.77 KDa, with a total of 35 amino
acids; 5 of them were strongly basic (+), (K,R),  3
strongly Acidic (-) (D,E,), 7 hydrophobic (A,I,L,F,W,V),
and 15 were polar amino acids (N,C,Q,S,T,Y). We
recorded an isoelectric point of 8.007, and a charge of
1.729 at pH 7.0.

Maize is a good source of novel antifungal
peptide-encoding genes (Wang et al., 2011). In this study,
we isolated a gene (MzDef) with a size similar to most
plant defensins, from Egyptian maize (Zea mays L.)
hybrid single cross 168 in Egypt. The integrity of this
isolated DNA was determined, which confirmed its
quality to serve as a template for PCR. The amplified
PCR product had the expected molecular size
(approximately 245 bp). The analysis showed that the
isolated DNA consists of a single 108 bp ORF, which
encodes a predicted signal peptide of 35 amino acids.
This is consistent with reports on other maize (Wang et
al., 2011; Wu et al., 2016). Furthermore, sequences
showed homology with the superfamily of plant
defensins in general and with maize in particular.
Taxonomy lineage, clearly distributed the homology
sequences over different plant species. For further
characterization of the isolated defensin coding sequence,
the phylogenetic tree was constructed, which clearly
showed the relation with other defensin encoding
sequences isolated from different plants. Noticeably, the
results showed a high homology of the isolated sequence
with the amylase inhibitor-like protein and the low
molecular weight cysteine-rich protein-encoding
sequences.

The reported defensin showed high homology
with different plant defensins (Farrokhi et al., 2008;
Tavormina et al., 2015), so it is important to compare the
isolated defensin with some of them. The phylogenetic
tree confirmed that our isolated defensin sequence
belongs to the defensin plant family. The ORF was
translated into deduced amino acids sequences. The
analysis of deduced amino acids showed a molecular
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weight of 3.77 KDa, and 35 amino acids five of them are
strongly basic (+), which are (K and R), three are
strongly acidic (-) (D and E), seven are hydrophobic
(A,I,L,F,W and V), and fifteen polar amino acids
(N,C,Q,S,T and Y). The isoelectric point is 8.007 and the
charge is 1.729 at pH 7.0.

We observed homology between the isolated
defensin and 18 putative defensin genes from different
plant species. The high level of conservation in the signal
peptide-encoding region of plant defensin genes allowed
the isolation of the complete coding sequence of these
genes using primers from various sources.

Bioinformatic analysis of the deduced amino
acid sequences suggests that these peptides have the
fundamental features of a signal peptide between 35

amino acids and a mature peptide with 50 and 51 amino
acids (Terras et al., 1993). The analysis of the deduced
amino acid sequences revealed the presence of the
common consensus sequence of most plant defensin
peptides (Wang et al., 2011; Wu et al., 2016; Tavormina
et al., 2015). The peptide fractions isolated by the peptide
enrichment method, showed antimicrobial activity (Lay
and Anderson, 2005; Mirouze et al., 2006; Elgaied et al.,
2017). The analysis of the genome and gene expression
databases showed that cysteine-rich peptides can account
for up to 3% of the active gene pool of model plant
species (Silverstein et al., 2005; Silverstein et al., 2007),
which suggests an important physiological role for
cysteine-rich peptides.

Table 1. The taxonomical lineage of the isolated defensin with other plants.

Table 2. The phylogenetic relationship among the different members of plant defensins
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Fig. 1. Total extracted DNA from different samples of maize hybrid cultivar Gz 168, resolved on 1.4% agarose
gel. Lane 1, DNA marker, Lanes 2-7: total genomic DNA extracted from different samples.

Fig. 2. PCR amplification of defensin coding sequence. Lane 1: DNA marker, lanes 2-4: different maize samples,
where the expected product was amplified from samples 2 and 4, while was absent in sample 3, and as a
negative control sample 5 didn't show any detectable PCR product.

Fig. 3. Plasmid minipreparation of recombinant pGEM-T easy vector harboring defensin coding sequence from four
(1-4) different bacterial clones.

23 Kbp

268 bp
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Fig. 4. Phylogenetic tree constructed using BLASTN algorithm at NCBI showing the relation and exact location of
the isolated defensin encoding sequences among others defensins isolated from different plants

Fig. 5. Comparison of the nucleotide sequence of ORF for plant defensin isolated from different plants with the
isolated defensin. Conserved nucleotides are represented as dots, partially conserved residues are
indicated by color bars in upper panel. The sequences were aligned using the CLUSTALW method in
MEGA alignment, DNAStar software.
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Fig. 6. Phylogenetic tree constructed using the DNASTAR software to determine the exact location of the isolated
defensin ORF.

Fig. 7. The properties of the putative defensin ORF from Egyptian maize hybrid cultivar 168, using DNASTAR
software.
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Conclusion: Defensin gene (MzDef) was isolated from
Egyptian maize, which needs to be further explored for
its potential antifungal activities.
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