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ARTICLE INFO ABSTRACT
Article history: The rice leaf folder, Marasmia exigua (Butler), is dangerous pests and negatively affecting the rice produc-
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Revised 15 August 2021
Accepted 9 October 2021
Available online 21 October 2021

bivores. The present study was performed with two protein elicitors, Hrip 1 (extracted from Alternaria
tenuissima) and PebB1 (from Beauveria bassiana) to study their efficacy against the rice leaf folder.
Three different concentrations of Hrip 1 (68.88, 46.69 and 28.44 pg/ml) and PebB1 (56.66, 39.76 and
32.62 pg/ml) were assigned to evaluate the developmental time, survival rate, and fecundity of M. exigua.
. Both elicitors were applied to the three-leaf stage of the rice plant where newly emerged adult insects
Plants resistance R L . . .
Protein elicitors were released. Bioassay results showed that after the application of protein elicitors, the life cycle and
Rice leaf folder survival rate of the rice leaf folder were prolonged, while fecundity decreased. The concentration of pro-
Signalling pathway tein had a significant (p < 0.05) influence on ontogeny. In addition to ontogeny, the expression profile of
jasmonic acid, salicylic acid, and ethylene associated with signalling pathway, which indicated that
exogenous application of both elicitors produced a significant up-regulation in all the genes associated
in signalling pathways of the plant. The plants treated with elicitors produced resistance against M. exigua
(as compared to the control). This in vitro study invites new research into Hrip 1 and PebB1 as having
prophylactic potential against rice leaf folder, and suggest that both protein elicitors can be used as a
novel biological control tool for M. exigua.
© 2021 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Peer review under responsibility of King Saud University. agronomic practices and high yield varieties, rice production is

steadily increasing, but it is at risk because of a group of lepi-
dopteron insect pests in general and rice leaf folder in particular
5 (Ye et al., 2003). The excessive use of synthetic fertilizers, espe-
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outbreaks (Graf et al., 1992; Punithavalli et al., 2013). The pests are
distributed widely in all rice-growing areas of the temperate and
tropical regions of Asia, Africa, and Oceania. In some rice-
growing areas, three different types of rice leaf folders, viz.
Cnaphalocrocis medinalis (Guenée), Marasmia exigua (Butler), and
M. patnalis (Bradley) are often considered as the major pests. The
morphological and biological characteristics of the rice leaf folders
have been studied by several researchers (Khan et al., 1988;
Barrion et al., 1991; Bale et al., 2002; Huang and Chi, 2012; Yang
et al., 2015) for control of these insect pests. The impact of temper-
ature and ecology-related information remains scarce because
their development, survival, fecundity, and population parameters
are still unknown (Maffei et al., 2012).

An elicitor is a chemical or biological factor used by the plant
after being attacked by insect pests as a signal molecule to enhance
systemic resistance against herbivores by activating numerous
defence-related pathways (Alborn et al., 1997; Garcia-Brugger
et al., 2006). Microbial Associated Molecular Patterns (MAMPs)
and Herbivore-Associated Molecular Patterns (HAMPs) have been
considered in microbial control of insects, such as Lepidoptera,
Orthoptera, And Diptera (Garcia-Brugger et al., 2006). Some elici-
tors and eliciting components lead to resistance against insect
pests by acting as resistant protein- and nucleotide-binding factors
in plants (Smith and Boyko, 2007; Botha et al., 2006).

Different types of elicitors have been isolated from fungi, bacte-
ria, viruses, and herbivores (Paré et al., 2005; Zhao et al., 2005;
Sharathchandra et al., 2006), and their chemical nature (include
proteins, glycoproteins, lipids, and oligosaccharides) have been
identified (Veit et al., 2001). Defence pathways are activated by
protein elicitors, proteinaceous inducers from microbes, and
induced systemic acquired resistance (SAR) in plants (Shao et al.,
2008). Various types of protein elicitors have been identified from
various fungi, and some researchers have reported different types
of elicitors, for example, Pep-13 of Trichoderma and endo--1, 4-
xylanases from Phytophthora as well as bacterial elicitors such as
flg22 from bacterial flagella (Dean et al., 1989; Felix et al., 1999;
Brunner et al., 2002; Mao et al. 2010). Alternaria tenuissima is a
common plant pathogen that causes disease in a number of plants
and produces some toxins harmful for plants, animals, and human
health (Gannibal et al., 2007). A heat-stable and acidic protein,
PeaT1, was purified from the mycelium of A. tenuissima as a new
protein elicitor (Mao et al.,, 2010). Recently, Sokea et al. (2019)
reported that Hrip 1 protein was also obtained from A. tenuissima.
These protein elicitors had played a tremendous role in controlling
plant pathogens but their role had not been elaborately studied in
controlling insect pests (Basit et al., 2019).

Various microbes, including bacteria, entomopathogenic fungi,
nematodes, and viruses, have been shown to be effective against
various insect pests (Burges, 2012; Ruiu, 2018). Almost 750 species
of entomopathogenic fungi have been used as biological control
agents for insect pests worldwide. Genera of Isaria, Beauveria,
Metarhizium, and Lecaniciilum, in particular, have shown excellent
pathogenicity for many insect pests due to their residual activity,
high host specificity, and mammalian toxicity (Wraight and
Carruthers, 1999; Quesada-Moraga et al., 2006; Zimmermann,
2007). Rather than insecticides, developing and identifying bioac-
tive metabolites in entomopathogenic fungi that manifest (sub)
lethal effects against insect pests to cause a delay in life cycle
improved their toxicity (Hegedus and Khachatourians, 1995;
Ortiz-Urquiza et al., 2010). Some fungi have been introduced to
secrete various insecticidal and toxic bioactive substances as anti-
feedants in culture media (Quesada-Moraga et al., 2006; Ortiz-
Urquiza and Keyhani, 2013).

Numerous entomopathogenic fungi from plant tissue have been
isolated and exposed to plants to induce acquired systemic resis-
tance against different biotic and abiotic stresses in various herbi-
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vores (Jaber and Ownley, 2018; Basit et al., 2019). Recently, various
protein elicitors derived from fungi have been evaluated to evoke
systemic resistance and defence responses in plants against differ-
ent phytophagous insect pests and numerous pathogens (Thomma
et al,, 2011; Zhang et al., 2011). Plants produce resistance against
related attackers (insect pests and pathogens) at very early stages
through the plant immune system (Chisholm et al., 2006; Thomma
et al.,, 2011; Zhang et al., 2011; Basit et al., 2019). Through gene
expression and metabolic changes, all signal molecules might be
involved in regulating the downstream signalling molecule against
the defence system response (Vandelle, et al., 2006). After an attack
by insect pests and pathogens, the plant defence system is usually
regulated by numerous signalling pathways, such as salicylic acid,
jasmonic acid and ethylene (Chisholm et al., 2006). The SA and JA
are the most important signalling molecules that enhance plant
defence responses to herbivory and necrotrophic pathogen infesta-
tions (Thaler et al., 2012).

Keeping in view the aforementioned role of entomopathogenic
fungus the present in vitro study was conducted to evaluate the
putative role and molecular characterization of two protein elici-
tors, Hrip 1 (extracted from A. tenuissima) and PebB1 (from Beauve-
ria bassiana) derived from the microbial associated molecular
pattern against rice leaf folder. Furthermore, the expression of
key genes associated with SA, JA, and ET signalling pathways was
quantified by reverse transcriptase quantitative polymerase chain
reaction (RT-qPCR).

2. Material and methods
2.1. Plant and insect culture

Rice (Oryza sativa L.) was grown in pots under laboratory condi-
tions in a growth chamber. Three common species of rice leaf fold-
ers (Cnaphalocrocis medinalis, Marasmia exigua, and M. patnalis)
were reared on rice plants at 25 + 2 °C and a relative humidity of
80 % with a photoperiod time of 10 D:14 L. After the emergence
of the adults, 3-5 pairs were released on each plant, and leaves
were covered with insect cages.

2.2. Purification of Hrip 1

Yeast peptone dextrose (YPD) was used to express the Hrip 1
protein elicitor gene. Hrip 1 was cultured in 25 mL liquid YPD med-
ium with 1 % dextrose, 0.5 % yeast extract, and 1 % peptone. YPD
medium was shaken at 200 rpm at 30 °C overnight, and then trans-
ferred to 1 mL liquid medium of Buffered Glycerol Complex Med-
ium (Millipore,Crop., Billerica,MA,USA) (BMGY) with 100 mM
KH,PO4 and 100 mM K;HPO4 (pH = 7.0). The medium was placed
on a shaker at 200 rpm until its absorbance reached 600 nm. The
pellet was collected by centrifuging the medium at 5000 rpm for
10 mins at 25 °C. The pellet was re-suspended in a liquid medium
of 100 mL of Buffered Methanol-complex Medium (BMMY) med-
ium supplemented with 1.3 g yeast and incubated in a shaker at
200 rpm for 72 h at 29 °C. The protein supernatant was filtered
with a syringe filter with a 0.22 pum membrane pore size. The fur-
ther purification was carried out using a His-Tag Purification col-
umn (GE Healthcare, Waukesha, WI, USA). Three buffers were
used to elute the protein elicitor: buffer A (50 mM Tris-HCl + 200
mM NacCl) to remove the impurities and to bind the proteins in
the columns, Buffer B (50 Mm Tris-HCI + 200 Mm NaCl + 20 Mm
Imidazole) to balance the columns, and Buffer C (50 mM Tris-HC
1+ 200 mM NacCl + 500 mM imidazole) to elute the protein elicitor.
The obtained protein was then centrifuged using a desalting tube.
The desalting columns were washed three times with a buffer
(50 mM Tris-HCl, pH 8.0) to remove the concentrated salt.
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2.3. Purification of PeBb1

For the purification of PeBb1, B. bassiana spores were grown in
50 mL liquid broth (LB) medium (Millipore,Crop., Billerica,MA,USA)
and shaken at 37 °C for 4 h. When the optical density (OD) value
reached 0.6-0.8, 200 uM isopropyl B-D-1-thiogalactopyranoside
was added to obtain the subsequent recombinant protein. The pro-
tein was shaken at 16 °C at 200 rpm for 14-16 h, and then cen-
trifuged to obtain the pellet, which were re-suspended in buffer
(50 mM Tris-HCI, 200 mM Nacl, pH 8.0). Then, the cells in the pel-
lets were disrupted by ultrasonic sound and the combatant protein
was collected after centrifuging at 5000 rpm for 20 min. Purifica-
tion was also performed using His-Trap Hp columns (GE Health-
care, Waukesha, WI, USA), and the three buffers were used for
protein elution, as described above.

2.4. Characterization of protein elicitors

The concentrations of Hrip 1 and PeBb1 were checked by pro-
tein assay II using the QuantiKit from BCA, (Pierce, Rockford, IL,
USA). and then both were stored at —80 °C until further analysis.
The protein elicitors were diluted 25, 50, and 100 times. The char-
acteristics of the protein elicitors were observed at three concen-
trations: Hrip 1 (68.88, 46.69 and 28.44 ug/ml) and PebB1 (56.66,
39.76, and 32.62 pg/ml).

2.5. Effect of protein elicitors on the lifecycle of rice leaf folder

To check the efficiency of protein elicitors against rice leaf folder,
3 mL of Hrip 1 (68.88, 46.69 and 28.44 ug/ml) and PebB1 (56.66,
39.76, and 32.62 pg/ml) were applied at the third leaf stage of rice
and 50 mM Tris-HCI was used as the control. After spraying the pro-
tein elicitors, plants were allowed to dry for 12 h. Then, three to five
freshly moulted larvae were released on a sprayed leaf and
restricted with an insect cage. The larval developmental time of
each instar was recorded. Each treatment was replicated 10 times,
and the efficiency of the protein elicitors was assessed three times.

2.6. Effect of protein elicitors on survival rate and fecundity of rice leaf
folder

To check the efficacy of the protein elicitors on the survival rate
of rice leaf folder, three to five adults were released on the leaf and
restricted with insect cages. The adults were removed, but three
active larvae were maintained on each plant. The survival rate of
each larva was observed on a daily basis from 6 h post application
to pupation. Fecundity was regularly observed in surviving rice leaf
folder adults for seven consecutive days, and average fecundity
was then measured. Each concentration of Hrip 1 and PebB1 was
replicated ten times.

Table 1
Primer pairs used in the study.
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2.7. Isolation of RNA and cDNA synthesis

Total RNA of the treated and control plant leaves after feeding of
rice leaf folder was isolated separately using the plant RNA ER301-
01 kit (Trans Gen Biotech, Beijing, China), following the manufac-
turer’s protocol. The concentration of RNA was quantified using a
nano-photometer (NP80 Touch, Implen Inc., Westlake Village, CA,
USA). A One-Step cDNA Removal and cDNA Synthesis AT341-01
kit (TransGen Biotech, Beijing, China) was used for cDNA synthesis.

2.8. Reverse transcription—-quantitative PCR (RT-qPCR)

RT-qPCR was performed to quantify the expression profile of
the key genes associated with JA, SA, and ET pathways. The feeding
of rice leaf folder on plants treated with protein elicitors was con-
sidered a treatment, and plants treated with buffer were consid-
ered controls. For amplification of RT-qPCR, 12 gene primer pairs
(Table 1) were used with the Applied Biosystems, USA (ABI 7500)
system. All reactions were performed using the SYBR Premix Ex
Taq II kit ((TransGen Biotech, Beijing, China), in a 20 pL total sam-
ple volume (2.0 pL cDNA, 10.0 pL SYBR Premix Ex Taq II, 1.8 pL of
primers, and 6.2 pL of distilled deionised water). The qRT-PCR pro-
cedure was as follows: pre-denaturation at 95 °C for 10 min, denat-
uration at 95 °C for 15 s, and annealing at 60 °C for 15 s, with a total
of 40 cycles. Standard curves were run simultaneously.

2.9. Statistical analysis

Data were analysed using the Statistics 8.1 software (Analytical
Software, Tallahassee, FL, USA). Significant differences between
Hrip 1 and PeBb1 concentrations over time were found by one -
way factorial analysis using least significant differences (LSD) test
at a 0.05 level of probability. Gene expression analysis was per-
formed by comparative analysis of computed tomography CT (2-
AACT) (Basit et al 2020). The Ct values obtained from two different
experimental RNA samples were directly normalized to a house-
keeping gene and fold changes between buffers and treated sam-
ples were calculated using Student’s t-test at a significance level
of 0.05.

3. Results

3.1. Efficacy of both protein elicitors Hrip 1 and PebB1 on nymph
development time

Factorial analysis showed a significant differences in the overall
developmental time of rice leaf folder after Hrip 1 and PeBb1 appli-
cation (Figs. 1 and 2). The nymph development time was enhanced
by the protein concentrations of both the elicitors. In the control
experiment, the 1st instar took 3 d to become a 2nd instar. How-

Target Gene

Forward Sequence (5" — 3')

Reverse Sequence (5’ — 3')

LOC_0s12g37350.1 CTCCATGGTTGGTGGAACGA TAGGGGTACTGGCCGAAGTT
LOC_0s11g39220.1 GCTCACACTTGCGGAATCAC GGCTTTGTTTGGGGCAACAT
LOC_0s06g23760.1 AGCTCAGGTCACCGACTTTG ATGAAACGGGAATTCGGCCT
LOC_0s08g39850.1 GAGATGAGGAGTTCGCGAGG ACGGCAAGAAGAGGTCATGG
LOC_0Os11g15040.4 TTCAATGCAGGAGGGACGAC AGTCATGCATGCGGTTCTCA
LOC_0s01g56380.1 GCATCAACGTCGTGCCTTTC GATCGGAGCAGTAGACGACG
LOC_0s03g53200.1 TCTTCGACAAGAACGGCGAT AGGCCAAGAGAACGAGTCAC
LOC_0s05g41210.1 GCGACGGTTGCATCACTACT GCCTCAGTTGGGTTCTGACC
LOC_0Os11g08380.1 TAGCAATGGCCGCTTCAAGA CTTGAAGCTCGGGTAGTCGG
LOC_0s03g01130.1 GCGGAGCTGTACCTCAACAT CTTGGAAGACTCCGCTGGTT
LOC_0s01g10940.1 CGGAGACGTTCCTCTTCACC CTTCTCGTAGTCGACGCTGG
LOC_0s03g37710.1 TGAGAGGAGCCATAGGTGGT GTAGCGGCTCATGTCGAAGT

3
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Fig. 1. Efficacy of Hrip 1 on the nymph development time of rice leaf folder (n = 10) at different concentration.
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Fig. 2. Efficacy of PebB1 on the nymph development time of ice leaf folder (n = 10) at different concentration.

ever, after the application of Hrip 1, it took for 3.4, 3.2, and 3.1 days
(F1=0.31, p < 0.01) at the concentrations of 68.88 ug/ml, 46.69 ug/
ml, and 28.44 pg/ml, respectively. In the case of PebB1, the time
was 3.3, 3.15, and 3.1 days (F1 = 0.20, p < 0.00) at concentrations
of 68.88 ug/ml, 46.69 pg/ml, and 28.44 pg/ml. At higher concentra-
tion the larval developmental time is high and at lower concentra-
tion larval developmental time is low.

The 2nd nymphal instar needed more than five days in both the
elicitors, while after treatment with Hrip 1, it took 5.6, 5.4, and
5.3 days (F2 = 1.24, p < 0.02), but with PebB1 it was 5.4, 5.3, and
5.2 days (F2 = 0.31p < 0.01). For the 3rd nymphal instar, after treat-
ment with both the elicitors, the time changed to longer than six
days: Hrip was 6.6, 6.4, and 6.2 days (F3 = 0.24, p < 0.00) but PebB1
was 6.5, 6.3, and 6.1 days (F3 = 0.58, p < 0.03). The 4th nymphal
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Fig. 3. Efficacy of Hrip 1 protein on the mean survival rate of the rice leaf folder (+SE; n = 10) at different concentration levels.
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Fig. 4. Efficacy of PebB1 protein on the mean survival rate of the rice leaf folder (+SE; n = 10) at different concentration levels.

instars took 7 d to become the 5th instar without treatment with
both elicitors, while, after treatment with Hrip 1, they needed
7.6,7.4, and 7.2 d (F4 = 1.3p < 0.02) and 7.7, 7.6, and 7.3 days
(F4 =2.87, p <0.05) for PebB1. The 5th instar took 4.1 days for both
the elicitors, while after the application of Hrip 1, it took 4.8, 4.5,
and 4.3 days (F5 = 1.15, p < 0.05) and in the case of PebB1, it took
4.6, 4.4, and 4.2 days (F5 = 0.6, p < 0.05). Maximum elongation time
was found at the highest concentration of Hrip 1 and PeBb1, while
the minimum was found at the lowest concentration (Figs. 1 & 2).

3.2. Efficacy of both protein elicitors Hrip 1 and PebB1 protein elicitors
on survival rate

The bioassay revealed that the overall survival rate of rice leaf
folder decreased in the treated plants as compared to the control
for Hrip 1 and PebB1 (Figs. 3 and 4). Significant effects were quan-
tified by the mean survival rate of rice leaf folder at different con-
centrations of Hrip 1 (F1 = 25.76, p < 0.00). The time interval
(F2 = 178.00, p < 0.00) and interaction showed non-significant



A. Basit, M. Farhan, M. Essa et al.

results (F1 = 0.43, p < 0.91) (Table 2). The survival rate increased
with protein concentration (Fig. 3).

PebB1 showed a significant effect on the treated plants as com-
pared to the control (Fig. 4). The survival rate was lower than that
of the control rice leaf folder at different concentrations
(F1 = 19.23, p < 0.00). However, the time interval (F2 = 148,
p < 0.00) and interaction showed no significant result (F3 = 0.46,
p < 0.90) (Table 3).

3.3. Efficacy of both protein Hrip 1 and PebB1 protein elicitors on
fecundity

After the application of both protein elicitors, fecundity was
decreased compared to the control (Figs. 5 & 6). Fecundity was
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quantified on a regular basis until the 5th day. After the application
of Hrip 1, maximum fecundity was observed at the highest protein
concentration, while the lowest was recorded at the lowest con-
centration, but fecundity decreased with time (Fig. 5). Analysis of
variance for time (F1 = 134, p < 0.00), concentration (F2 = 425,
p < 0.00), and the interaction (F3 = 11.93, p < 0.00) showed a signif-
icant result (Table 4).

Meanwhile, after the application of PebB1, maximum fecundity
was observed at the highest protein concentration and the mini-
mum was observed at the lowest concentration. The fecundity also
decreased with time (Fig. 6). Analysis of variance showed that time
(F1 = 85, p < 0.00) and concentration (F2 = 235, p < 0.00) produced
a significant defence, but the interaction (F3 = 1.06, p < 0.94) was
not significant (Table 5).

Table 2

Factorial analysis of Hrip 1 on the survival rate of rice leaf folder.
S.0.V DF SS MS F-Value P-Value
Replication 9 4777.5 530.83
Time 3 3985.0 1328.33 25.76 0.00
Treatment 3 27665.0 9221.67 178.80 0.00
Time*Treatment 9 200.0 22.22 0.43 0.91
Error 135 6962.5 51.57
Total 159 43590.0

Table 3

Factorial analysis of PebB1 on the survival rate of rice leaf folder.
S.0.v DF SS MS F-Value P-Value
Replication 9 4777.5 530.83
Time 3 3985 1328.33 25.76 0
Treatment 3 27,665 9221.67 178.8 0
Time*Treatment 9 200 22.22 0.43 0.91
Error 135 6962.5 51.57
Total 159 43,590

Fecundity of Hrip 1

M 68.88ug/ml W 46.69ug/ml @ 28.44ug/ml @ Control

a

Percentage Fecundity

2 Days

b
fg

3 Days

Time Span (Days)

Fig. 5. The average of the fecundity after the application of Hrip 1.
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Fecundity of PebB1
M 56.66ug/ml m39.76ug/ml @ 32.62ug/ml M Control

1 Days 2 Days 3 Days 4 Days 5 Days
Time Span (Days)
Fig. 6. The average of the fecundity after the application of PebB1.

Table 4

The factorial analysis of Hrip 1 on the fecundity of rice leaf folder.
S.0.vV DF SS MS F -Value P -Value
Replication 9 27.35 3.038
Concentration 3 1462.93 487.645 235.19 0.00
Time 4 696.67 174.167 84.00 0.00
Concentration*Time 12 39.89 3.324 1.60 0.94
Error 171 354.55 2.073
Total 199 2581.39

Table 5

Factorial analysis of PebB1 on the fecundity of rice leaf folder.
S.0.vV DF SS MS F-Value P-Value
Replication 9 20.84 2.316
Concentration 3 2110.7 703.565 425.94 0
Time 4 885.72 22143 134.06 0
Concentration*Time 12 236.48 19.707 11.93 0
Error 171 282.45 1.652
Total 199 3536.19

3.4. Effect of Hrip 1 on the key associated genes related to JA, SA, and
ET pathways

To evaluate the putative role of Hrip 1 in plant resistance, we
quantified the expression of key genes that induced the defence
mechanism against rice leaf folder after 24, 48, 72, and 96 h of
feeding rice leaf folder (Fig. 7a). RT-qPCR showed that all the genes
associated with jasmonic acid (JA) pathway were slightly upregu-
lated. Two genes (LOC_0s12g37350.1 and LOC_0s11g39220.1) were
down-regulated after 96 h of feeding, while the other genes
LOC_0s06g23760.1 and LOC_0s08g39850.1 were up-regulated at

each interval of time. Maximum gene expression occurred after
72 h of rice leaf folder feeding (Fig. 7a). All four genes
(LOC_0s11g15040.4, LOC_0s01g56380.1, LOC_0s03g53200.1, and
LOC_0s05g41210.1) associated with the SA pathway were strongly
up-regulated at each interval of time. The maximum up-regulation
was observed 48 and 72 h after rice leaf folder feeding (Fig. 7b).
Three genes (LOC_0s01g08380.1, LOC_0s03g01130.1, and
LOC_0s03g37710.1) associated with the ethylene (ET) pathway
were also moderately up-regulated, except for LOC_0s01g10940.1,
which was downregulated 24 and 48 h after feeding of rice leaf
folder (Fig. 7c).
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Fig. 7. The expression profile of (a) JA (b) SA (c) ET associated genes after the application of Hrip 1. The blue colour shows the buffer treated sample while the orange colour
indicates the elicitor treated sample. An asterisk indicates significance between the treatments using Student’s t-test at p < 0.05.

3.5. Effect of PebB1 on the key associated genes related to the JA, SA
and ET pathways

Indistinguishable results were found after the application of
PebB1, in the key genes expressions related to the JA, SA, and ET
pathways. After the exogenous application of PebB1, the expres-
sion of all key associated genes in rice that were related to the
JA, SA, and ET pathways were different (Fig. 8a, b, and c). All the
genes associated with the JA pathway were slightly up-regulated
at each interval of time except LOC_0s08g39850.1, which was
downregulated 24 and 96 h after applying PbbB1 to feed the rice

leaf folder (Fig. 8a). All four genes associated with the SA pathway
were strongly up-regulated (Fig. 8b). A similar trend was found in
the ET pathway gene to the JA pathway. All genes associated with
JA, SA, and ET pathways were moderately up-regulated at each
interval of time of rice leaf folder feeding (Fig. 8c).Fig. 9.

4. Discussion

The protein elicitors obtained from different types of fungi have
been evaluated to induce systemic resistance and defence
responses in plants against different phytophagous insect pests
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Fig. 8. The expression profile of (a) JA (b) SA (c) ET associated genes after the application of PebB1. The blue colour shows the buffer treated sample while the orange colour
indicates the elicitor treated sample. The asterisk indicates significance between the treatments using Student’s t-test at p < 0.05.

and many pathogens (Thomma et al., 2011; Zhang et al., 2011;
Basit et al., 2019). However, both protein elicitors Hrip 1 (extracted
from Alternaria tenuissima) and PebB1 (from Beauveria bassiana)
have not been studied, especially in controlling rice leaf folder.
The present research program confirmed the positive role of Hrip
1 and PebB1 in controlling rice leaf folder.

Proteins elicitors play a vital role in the plant signalling defence
system and have been evaluated as a novel biological tool for the
control and management of insect pests. Numerous necrotrophic
and biotrophic microorganisms, such as pathogenic fungi, are the
major sources of various microbial elicitors, such as MAMPs and
PAMPs (Garcia-Brugger et al., 2006). Hrip 1 and PebB1 were puri-
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Fig. 8 (continued)

fied with the ability to increase the length of the lifecycle and sur-
vival rate of rice leaf folder and decreased its fecundity. Further-
more, our two protein elicitors had the capacity for the up-
regulation of the key genes associated with JA, SA, and ET pathways
infested by rice leaf folder in treated plants. Our results concur
with those of previous studies that demonstrated the molecular
characterization of the protein elicitors that enhanced the life cycle
and decreased the fecundity of sucking insect pests (Basit et al.,
2019). Furthermore, the mechanism by which protein elicitors pro-
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duce systemic resistance in plants against pests is well described
(Garcia-Brugger et al., 2006).

The population of rice leaf folder treated with Hrip 1 and PebB1
showed significant differences compared to the control, which was
consistent with previous studies (Bostock et al., 2001; Cooper and
Goggin, 2005). Some studies have reported that elicitors produce
resistance against insect pests by quantifying the expression pro-
file of numerous protein inhibitors (Bostock et al., 2001; Garcia-
Brugger et al.,, 2006; Hamza et al., 2018). Protein inhibitors and
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Fig. 9. Heat map of key associate genes involved in the JA, SA and ethylene pathway after the treatment of both protein Hrip 1 and PebB1.

polyphenol oxidases have significantly reduced the occurrence of
sucking insect pests (Thaler et al., 1996; Cooper and Goggin, 2005).

SA, JA, and ET signalling pathways play a vital role in the induc-
tion of resistance against insect pests in plants. Our results are con-
sistent with those of previous studies (Thaler et al., 2012; Basit
et al., 2019 Basit et al., 2020) which evaluated different protein
elicitors derived from Botrytis cinerea and Bacillus amyloliquefaciens.
For example, NC6 strain extracted protein concentration dramati-
cally enhanced the life cycle of plants, decreased the fecundity of
the sucking insect pest, and was involved in the up-regulation of
downstream plant signalling pathways, suggesting its tremendous
impact on plant defence against herbivores (Moran and Thompson,
2001; Thaler et al., 2012). Our findings also showed the local
expression profile of the JA, SA, and ET pathway responsive genes
in rice leaves, although no systemic changes were observed in
the expression of these genes. Hrip 1 and PebB1 produced a signif-
icant up-regulation of the expression profile of all JA, SA, and ET
pathways related to responsive genes.

5. Conclusion

A series of bioassays was conducted to demonstrated the effect
of both protein Hrip 1 and PebB1 protein elicitors, on the survival
and developmental time of rice leaf folder was prolonged while
fecundity was reduced. The expression profiles of key associated
genes involved in JA, SA, and ET pathways were different. Both
the protein elicitors (Hrip 1, extracted from Alternaria tenuissima
and PebB1, from Beauveria bassiana) can be used as biological con-
trol agents against rice leaf folder.
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