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Peptidoglycan recognition protein (PGRP) as an important pattern recognition receptor, which is found in both
invertebrates and vertebrates, play an important role in antibacterial immunity, due to its prominent ability in detecting
and eliminating the infection pathogen. However, PGRPs mainly have been identified from Drosophila melanogaster
and Bombyx mori, and there were few reports on other agricultural insects, epically about their functions and mechanism.
In this study, a short — types PGRP gene named as GmPGRP-SC has been identified in the Grapholitha molesta, oriental
fruit moth (OFM) based on analysis of the transcription group database of OFM from our laboratory and the National
Center for Biotechnology Information (https.//www.ncbi.nlm.nih.gov/). The GmPGRP-SC contains a highly conserved PGRP
domain and has the closest genetic relationship with the PGRP gene of Leguminivora glycinivorella according to sequence
and phylogenetic analyses. The real-time PCR method was used to analyze its expression pattern in the developmental
stage of OFM and in different tissues of the larva of OFM. Finally, the relative expression levels of GmPGRP-SC gene in
OFM were analyzed after infected by different treatment of Beauveria bassiana. The results showed that the total cDNA
of GmMPGRP-SC was 3 221 bp, and the coding regions was 2 268 bp, encoding 756 amino acid residues. The expression level
of GmPGRP-SC was the highest in pupal stage of OFM, meanwhile in different tissues of OFM, its relative expression was
higher in epithelium and hemocyte, while other stage and tissues were relatively low, and with little difference. The expression
level of GmMPGRP-SC was significance different when the spore suspension of B. bassiana was 10° conidia/uL infected after
48 h. And when the spore suspension of B. bassiana was 107 conidia/liL, the expression level of GmPGRP-SC was also
significance different. All these results lay a foundation for the study of the role and functions of GmPGRP-SC in the innate
immunity of OFM, and also do contribute to the further study of the molecular interaction between OFM and B. bassiana.
The research results can help to find potential target molecules, and provide scientific basis for the development of new
biogenic pesticides and the realization of Green Pest Management (GPM).
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Introduction. Insects lack the acquired immune system | molecular patterns (PAMPSs), by pattern recognition receptors
and mainly rely on their own effective innate immune system | (PRRs) (Kang et al., 1998; Ochiai & Ashida 1999; Werner et
for defense against the invasion of fungi, bacteria and other | al., 2000). Peptidoglycan recognition proteins (PGRPs) are
pathogens. Insect innate immune response is induced by | the most important PRRs in insects, which can recognize
the specific recognition of common components bearing | the Peptidoglycan (PGN) on the surface of pathogenic
on the microbial surfaces, known as pathogen associated | microorganisms and activated the Toll and IMD pathways.
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Then this can trigger the production of antimicrobial peptides
and play a crucial role in the innate immunity of insects
against microorganisms (Hultmark, 2003; Beutler, 2004;
Lu et al., 2020).

PGRPs as an important part of recognition receptor in
insects, play an important role in the immune defense signaling
pathway (Toll and IMD), which are natural immunity molecules
found in insects, mollusks, echinoderms, and vertebrates, but
not present in nematodes or plants (Kang et al., 1998; Dziarski
& Gupta, 2006; Gerardo et al., 2010). Nowadays more than
100 kinds of PGRPs in insects and mammals have been
identified, PGRPs can be categorized into two types: long (L)
types and short (S) types based on their length. At present,
there are nearly 100 members of PGRPs family have been
identified, 6 long and 6 short types have been found in Bombyx
mori, 6 long and 7 short types in Drosophila melanogaster,
and 4 long and 4 short types in Anopheles gambiae 4 PGRP
genes in humans and musmusculus (Kang et al., 1998; Tanaka
et al., 2008). At present, studies on PGRPs mainly focus on
Drosophila melanogaster and Bombyx mori, and fewer studies
have been reported in other Lepidoptera insects. In our
previous study that the transcription analysis of oriental fruit
moth (OFM) reduced by Beauveria bassiana, GmPGRP-SC
was up-regulated (the transcriptome data will be published
later). So, we hypothesize that GmPGRP-SC gene plays
an important role in the anti-fungal immunity of OFM.

The Grapholitha molesta, OFM is a fruit pest all around
the world except Antarctica (Natale et al., 2003; Kong et al.,
2020). At present, the main method for controling OFM in
orchards mainly relies on insecticide and mating disruption
(Kangaetal.,2003). Due to the damage of larvae is concealed
and resistance to chemical insecticides, it is difficult to control
it. Even mating interference has been gradually declined
(Benellietal.,2019). Meanwhile with the further enhancement
of people's awareness of environmental protection
and pollution-free, the development of effective biogenic
pesticides presents a broad application prospect. Due to
the extensive use of antibiotics, modern medicine is faced
with more and more crises of antibiotic-resistant bacteria.
The introduction of each new antibiotic is accompanied by
the emergence of antibiotic-resistant strains. In contrast,
innate immunity provides the host with immediate protection
from infection and has maintained its antimicrobial effect for
millions of years without the frequent emergence of drug-
resistant strains (Zhao et al., 2017; Zhang et al., 2019). Then
the concept of biological control based on immune system
has been put forward gradually, therefore, it has a great
significance to study the immune defense response of OFM
for biological control in the future. Then GmPGRP-SC
gene is a highly conserved pathogen recognition protein,
which plays an important role in the resistance of OFM to
pathogenic microorganisms, such as B. bassiana. The
B. bassiana is a widely used Entomopathogenic fungus
and biological control agent against many kinds of including
OFM (Saranraj & Jayaprakash, 2017; Sarker et al., 2020).
But there was no report on the interaction between B.
bassiana and OFM, especially on molecular aspects.
PGRPs as the recognition protein plays a key role in
pathogen recognition, activation of Toll and IMD pathway,
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and regulation of immune response in insects, and study
of it is the basic for studying the molecular mechanism
of interaction between B. bassiana and OFM (Du et al.,
2011). The study of GmPGRP-SC gene is helpful to elucidate
the function of GmPGRP-SC protein in the immune system
of OFM and reveal the mechanism of the immune system
to recognize pathogenic microorganisms. The research
results can help to find potential target molecules, improving
the control effect of B. bassiana and provide scientific
basis for the development of new biogenic pesticides
and the realization of green pest control.

Materials and methods. Insect rearing and main
instrument

Insect rearing. The insects were kindly gifted by Dr. Zhang
Huaijiang from the Fruit Tree Institute, Chinese Academy
of Agricultural Sciences. Eggs were reared on Fuji fresh
apples until the fifth-instar larvae emerged from the apple.
The emerged larvae were reared by artificial diet, adults
were fed with 10 % honey solution. The whole developmental
period was in artificial climate chamber at 26.5 °C, 75 %-80 %
relative humidity, a photoperiod of 15 h light and 9 darkness
follow the methods of Du et al (2009).

The main reagent and instruments. Cham Q Universal
SYBR real-time PCR Master Mix, HiScript® Il Reverse
Transcriptase, RNAprep Pure Tissue Kit, Taq DNA
Polymerase (Vandesompele et al., 2002; Nolan et al., 2006)
and other domestic orimported analytical pure reagents were
used. The main software and instrument used in this study
were DNAMAN, MEGA 7.0, Bio-Rad PCR instrument (Lin &
Yao, 2012), Eppendorf 5425 R small high speed refrigerated
centrifuge was used (American), ABI QuantStudio5 Q5
(Bustin et al., 2009; Pavsic et al., 2016)

Primer design. The complete sequence of GmRP-SC1
gene and the conserved region were obtained from
the transcriptome analysis data of our laboratory, the primers
were designed by DNAMAN, and the synthesis of the primers
was completed by Sangon Biotechnology (Shanghai) Co.,
Ltd (Table 1).

Table 1
Lists of the primer sequences (Pantty et al., 2003)
Primer name Primer sequence 5 —3’
PGRPF TCAAGTGCGGAGTGACCAA
PGRPR ATGCCATCAAGATTGTCGG
EF-1aF CATCACAGTAAAGGACGGTAAG
EF-1aR AGAACAAGACCAGAGCATCC

Sequence analysis and evolutionary tree construction.
The complete spliced cDNA sequence of GmPGRP-SC
was analyzed. ORF prediction and protein translation were
performed by DNAMAN. Protein physical and chemical
properties, structural domain prediction using proteomics
ExPASy was done online (http://web.expasy.org/protparam/
(Artimo et al., 2012) with the help of SignalP-5.0 Server
(http://www. cbs.dtu.dk/servi- ces/SignalP/ (Armenteros
et al., 2019) and SMART (http://smart.emblheidelberg.de/
(lvica & Peer 2017) analysis. NCBI Blast Network Server
was used to search the homology of GmPGRP-SC gene
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amino acid sequence of 16 species of insects, including
Leguminivora glycinivorella and Bombyx mori (Geer et al.,
2010). The phylogenetic tree was constructed by Neighbor-
joining method (Telles et al., 2018), and the phylogenetic
relationship was analyzed by using the biological software
Mega 7.0. (Sudhir et al., 2016).

The spatio-temporal expression models of GmPGRP-SC
gene in OFM. The samples of RNAwere extracted at different
development stages (first instar larva , second instar larva,
third instar larva, fourth instar larva, fifth instar larva, pupa,
and adult) and sample of different tissue were extracted from
the larvae that second days after fifth-instar larva, including
hemocyte (70 to 80 samples were taken from each sample,
and the hemolymph was collected at 4000 g/min), fat bodies,
epidermis, malpighian tubules and midgut, according
to the method of RNAprep Pure Tissue Kit. RNA purity
and integrity were checked with Agilent 2100 bioanalyzer
(Fischer & Siedler, 2004; Rufer A., 2010).

Real-time  fluorescent quantitative PCR. Then
the samples were performed to reverse transcription by
the kit of HiScript® Il Q RT SuperMix for real-time PCR
(Soohyun et al., 2011). The first strand of sample cDNA
was used as a template, and each sample was repeated
for 3 times. PGRPF and PGRPR were used as primers
for fluorescence quantitative amplification, and Ef-1a
were used as a housekeeping gene from the reference
gene selection experiment (Cao, 2015). The real-time
PCR was calculated by relative quantitative method follow
the instructions of ChamQ Universal SYBR real-time PCR
kit. The instruments were ABI QuantStudio5 Q5 (American)
real-time PCR, the reaction conditions were as follows: pre-
denaturation at 95 °C for 30s, 95 °C for 10s, 60 °C for 30 s,
a total of 40 cycles, 95 °C for 15 s, 60 °C for 60 s, 95 °C for
15s for recording the dissolution curve (Nolan et al., 2006)

Effect of the expression of GmPGRP-SC in OFM after
infected by B. bassiana

B. bassiana culture and conidia suspension preparation.
B. bassianaBNCC 111705 was from BeNa Centure Collection,
and cultured on potato dextrose (PDA) plates at 28 °C, 95 %

humidity in complete darkness. Conidia were collected
form the plate incubated for 5-7 days. Then the surface
of the mycelium was scraped and filtered with sterile gauze,
washed with ddH,O for third times, counted and adjusted
to 1x10% conidia/pL, 1x10” conidia/uL, 1x10° conidia/uL
respectively with hemocytometer (Liu et al., 2014). Freshly
prepared conidia were used for all experiment.

Sample preparation and treatment by the infection
of B. bassiana. The fifth instar larvae with consistent
growth were selected and used for infection. The treatment
groups of insects were soaked in the spore suspensions
with different concentrations separately (1x10° conidia/pL,
1x107 conidia/pL, 1x10° conidia/uL) for 10s, and the control
groups were used as ddH,O for the same time. Then
the water on the surface of the insects was drained with
sterile filter paper, and the insects reared separately in each
dactyllethrae with artificial diet. Each assay was repeated
three times. After treatment of 24 h, 48 h, 72 h, the samples
of treatment groups and control groups were immediately
frozen in liquid nitrogen. Total RNA extracted and reverse
transcription by the method of 2.4. real-time PCR validation
and analysis were the same as 2.5.

Statistical analyses. The relative expression of the gene was
calculated by the method of 244 _AACt=—(ACt. g-ACt. ab),

— Ct represents the number of cycles the target
amplification product under went to reach the set thre shold,

— ACt means difference of Ct value between target gene
and housekeeping gene

— g means target gene (GmPGRP-SC is in this
experiment)

— ab means housekeeping gene (Ef-1a gene is in this
experiment) (Livak et al., 2001).

All the results were analyzed with Student’s t-testin SPSS
19.0 software (Wang & Wang, 2011). Significant difference
was indicated by *(P < 0.05), **(P < 0.01) respectively. The
data was presented as meant standard error (SE).

Results. 3.1. Sequence analysis and phylogenetic tree
of GmPGRP-SC. The complete sequence of GmPGRP-SC
gene was obtained by analyzing the data of the transcriptome

data in our laboratory, and it has been submitted
to NBCI GenBank. The GenBank accession

Fig 1. The cDNA and encoding amino acid sequence of the GmPGRP-SC.
(The underlined signal indicates the signal peptide sequence;
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the double underline indicates the PGRP domain,

and the start and stop codon are indicated in the boxes)

number is MW773839. The results shows
that the full length of the GmPGRP-SC cDNA
sequence is 707 bp, the length of the open
reading frame (ORF) is 621bp, and it encoded
206 amino acid residues. The predicted signal
peptide is located between 1~33 amino acids,
the transmembrane region is between 7~26
amino acids. The molecular weight is predicted
to 22.75 KD. Total number of negatively charged
residues (Asp + Glu) is 15 and total number
of positively charged residues (Arg + Lys) is 21.
The instability index (Il) is computed to be 26.60,
and this classifies the protein as stable. The
theoretical pl (isoelectric point) is 9.19. The Grand
average of hydropathicity (GRAVY) is -0.1.

The domain structure was analyzed by
SMART software online. The result shows
that the PGRP domain structure is located
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Fig 2. Multiple sequence alignment of GmPGRP-SC with the homologs of other insects based on amino acid
sequence (The PGRP and correspond GenBank accession numbers are as follows. Bombyx mandarina PGRP:
XP_028043866.1; Bombyx mori PGRP: NP_001036836.1; Drosophila melanogaster PGRP-SC1A: CAD89163.1;
Glleria mellonella PGRP-SC2: XP_026759339.1; Helicoverpa armigera PGRP-A: AHK59818.1; Leguminivora
glycinivorella PGRP-SC1 AXS59124.1; Manduca sexta PGRP-1A: AA021509.1; Operophtera brumata PGRP-SA:
KOB63145.1; Ostrinia furnacalis PGRP: ABZ81267.1; Papilio machaon PGRP: KPJ06010.1; Papilio xuthus PGRP:
XP_013170473.1; Papilio xuthus PGRP-SA: BAM19609.1; Plutella xylostella PGRP-1R: QCS60952.1; Plutella xylostella
PGRP-S2: AUI41055.1; Samia ricini PGRP-A: BAF03522.1; Trichoplusia ni PGRP: XP_026737257.1, amino acids with
100%, 75%, 50% identity are in black, gray, and white box, respectively.)

between 35~177 amino acids (Fig. 1). Blast search results | by BLASTX search. The results showed that the amino
showed that the amino acid sequence of GmPGRP-SC was | acid sequence of GmPGRP-SC and that of Leguminivora
highly consistent with that of other insects. These features | glycinivorella PGRP-SC had the highest consistency more
indicated GmPGRP-SC belong to the PGRP-S family. than 93 %, and with that of Papilio machaon PGRP, Papilio

The amino sequences of GmMPGRP-SC protein | xuthus PGRP, Papilio xuthus PGRP-SA were more than
and other 16 species PGRPs of insects, including Bombyx | 79 %. Furthermore the consistency with other 12 insects
mori PGRP-S and Plutella xylostella PGRP-SC2 multilinked | were more than 50 % (Fig. 2).
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An evolutionary phylogenetic tree was constructed with
the amino acid sequences of the remaining 16 insect species.
The results showed that when it had closer the genetic
relationship, the homology with the GmPGRP-SC amino
acid sequence was higher. For example, the Leguminivora
glycinivorella PGRP-SC forms a branch with highest
homology, and the confidence coefficient is 100. Meanwhile
the amino acid homology of GmPGRP-SC with insects
such as Glleria mellonella PGRP-SC2 and Drosophila
melanogaster PGRP-SC1A are very low, and the genetic

relationship is relatively distant, which forms to different
branches (Fig. 3).

3.2. The developmental expression pattern of GmPGRP-SC
gene in OFM. To characterize the function of GmPGRP-SC,
we first analyzed its expression pattern. Samples of OFM
at different developmental stages were taken, and Ef-1a was
used as the housekeeping gene. The relative expression
of GmMPGRP-SC gene in different developmental stages of OFM
was compared. The real-time PCR result showed that in different
developmental stages of OFM GmPGRP-SC gene was all
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Fig. 3. Phylogenic tree based on amino acid sequence of the PGRP from
Grapholitha molesta and other insects (Scale bar indicates the genetic distance,
the numbers on the branches means confidence coefficient)
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0 l.l 1 |-| I
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Fig. 4. The temporal expression level of GmPGRP-SC gene
(Data in the figure are mean * SD)
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Table 2

The temporal expression level of GmPGRP-SC gene

Samples GmPGRI::-tSC gene Ef-1((x:?ene Relative expression level Average Standard deviation
22.466 24.091 1.236111073 1.029029912 0.230511995
first instar larvae 22.578 24.129 1.143529957
23.271 24,118 0.707448706
] 21.192 22.732 0.77343976 0.525177734 0.218540028
Sec%”rf’,;’ftar 22.005 22.078 0.440215823
22.288 21.679 0.361877618
20.093 20.260 0.592918174 0.666356378 0.085862331
third instar larvae 19.971 20.856 0.645391319
19.734 20.926 0.760759642
21.364 22.583 0.94619112 1.028119914 0.135108167
fourth instar larvae 21.352 22.247 0.954106178
21.040 23.046 1.184062445
20.979 19.596 0.252950515 0.303104737 0.072546125
fifth instar larvae 20.884 20.150 0.27007543
20.368 21.266 0.386288266
18.924 23.311 4.402813784 4.27639272 0.54896635
pupal 18.976 21.806 4.246502504
19.158 22.093 3.742982119
18.787 20.788 4.839693538 0.203418039 0.053216785
adult 21.855 20.660 0.177533198 1.029029912 0.230511995
21.934 20.661 0.168095488
Table 3
The relative expression level of GmPGRP-SC gene in different tissues of Grapholitha molestae larva
Samples GmPGRP-SC gene Ct | Ef-1agene Ct | Relative expression level Average 3;3?;?;‘;
18.80292702 19.15328789 1.236111073 0.965881618 0.029836818
head 18.88503456 19.19662666 1.143529957
18.87242699 19.35869598 0.707448706
19.99529457 23.17064857 0.77343976 10.6278559 3.975745188
epidermis 18.85653114 23.14433479 0.440215823
19.30094528 23.14778519 0.361877618
29.18466949 21.02428055 0.592918174 0.003568288 0.000828351
fat body 28.85754013 20.95024109 0.645391319
28.51244545 21.41017342 0.760759642
18.54099274 18.56934738 0.94619112 0.711292984 0.062598954
midgut 18.76748085 18.47967911 0.954106178
18.54175377 18.61497879 1.184062445
25.99302483 22.90022278 0.252950515 0.090309401 0.004558024
malpighian tubule 26.04649162 23.05208969 0.27007543
26.13798714 23.11437225 0.386288266
18.08861351 21.76060867 4.402813784 9.340752789 0.326496862
hemocyte 18.18934059 21.8168602 4.246502504
18.14170456 21.81087494 3.742982119

expressed, but with different levels of expression. Its expression
level was higher at pupa stage of OFM about 8 times than fifth
instars larvae, then in the adult, the relative expression was low,
nearly the same as the fifth instars larvae (Tab. 2, Fig. 4).
Differenttissuesfromthelarvaeofthefifthinstaratthesecond
day were taken, and Ef-1a was used as the housekeeping
gene, the relative expression of GmPGRP-SC gene in
different tissues of OFM was compared. The result showed

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

that the relative expression of GmPGRP-SC gene was
significant difference between different tissues of larvae.
3.3. The relative expression level of GmPGRP-SC gene in dif-
ferent tissues of the larva of OFM. The highest expression level
was in epidermis and hemocyte, and the level was as high as about
10 times in comparison with other tissues. While, it was barely
expressed in fat body tissues, and the expression levels of GmP-
GRP-SC gene in other tissues were not the same. (Tab. 3, Fig. 5).
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Fig. 5. The relative expression level of GmPGRP-SC gene in different tissues of
Grapholitha molesta larva (Data in the figure are mean * SD)

3.4. The effect to the expression level of GmPGRP-SC
in OFM after infected by B. bassiana. In order to analyses
expression changes after immune stimulations, we
performed real-time PCR to analyses the transcript level
reduced by different treatment of B. bassiana. The result
showed that the infection of B. bassiana can induced
expression of the GmPGRP-SC gene, this was consistent
with the results that PGRPs involved in the immune
function. The effect on the expression of GmPGRP-SC
gene was different when the spore concentration
and infected times of B. bassiana were different. When
B. bassiana was 105 conidia/uL, after 48 h of infection,
the expression of GmPGRP-SC gene was significance
between the CK group and Treatment group. But there
was no significant difference of the GmPGRP-SC gene
between 24 h and 96 h after infected with B. bassiana
(shown in Tab. 4, Fig. 6).

Wik

B Treal

i

24h 48 h .
Treated times

Fig. 6. The temporal expression level of GmPGRP-SC
gene of different time treated with 10° conidia/pL spore
suspension of B. bassiana (Data in the figure are mean

+ SD. The asterisks above bars indicate significance

between treatment and the CK determined by the
student’s t-test, respectively.
The same for the following figures)

The B. bassiana was 107 conidia/uL, after 24 h and 48 h,
the expression of GmPGRP-SC gene was significance
between the CK group and treated group. While B. bassiana
was 10° conidia/uL, there was no significant difference
between treated and control group, and the expression
of GmPGRP-SC gene was slightly down-regulated (shown
in Tab. 5-6, Fig. 7-8).

I

Tireated tinies

Fig. 7. The temporal expression level of GmPGRP-SC gene
of different treated with 107 conidia/liL spore suspension of
B. bassiana (Data in the figure are mean * SD)

4 r WK
35 F ATreat

24 h 48h 72h

Fig. 8. The temporal expression level of GmPGRP-SC
gene of different time treated with 10° conidia/L spore
suspension of B. bassiana (Data in the figure are mean  SD)

Discussion. Members of the PGRPs family, including

insects and mammals, are highly conserved. There is a PGRP
domain composed of about 165 amino acids at the C-terminal,

BicHuk CymcbKkoro HauioHanbHOro arpapHoro yHiBepcureTy
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The temporal expression level of GmPGRP-SC gene of different time treated

with 105 conidia/uL spore suspension of B. bassiana

Table 4

. Student's t
sampies | TPORESC | Eriagmoct | RO | g | SIS ot PiCican
21.89202309 21.97925758 1 1 0.140738294
Ck-24h 21.53461075 22.09150314 1.281125969
21.71774483 21.95654106 1.128399756
23.12648392 22.68375015 0.693500568 0.680421291 0.026335 0.005268216
Treatment-24h 23.21970367 22.86681175 0.650107053
23.11786461 22.59602928 0.697656253
22.63484001 20.65943527 1.060431412 1.439278827 0.591494525
Ck-48h 21.63484001 21.57265854 2.120862824
22.53484001 22.10047913 1.136542246
19.61118698 22.82375336 8.340906511 8.155285513 0.194446749 4.83226E-05
Treatment-48h 19.64072418 23.00129509 8.171874155
19.67987823 22.54035759 7.953075873
23.95530319 24.68696785 1.799966838 2.693724964 2.693724964
Ck-72h 23.07602501 25.15373421 3.31095754
23.2326889 25.24067116 2.970250515
20.73429298 22.16456795 2.318965356 2.40994224 0.084880236 0.570824228
Treatment-72h 20.63336372 22.13929558 2.48700693
20.67047119 21.89069176 2423854435
Table 5
The temporal expression level of GmPGRP-SC gene of different time treated

with 107 conidia/pL spore suspension of B. bassiana

samples | CTEORESC | ErfageneCt | Co i Sever|  average deviation | OK and treatment
21.89202309 21.97925758 1 1 0.140738294
Ck-24h 21.53461075 22.09150314 1.281125969
21.71774483 21.95654106 1.128399756
22.28517914 22.68375015 6.762721597 6.012059955 1.168196308 0.001996064
Treatment-24h | 22.31871605 22.86681175 6.607328401
22.82055664 22.59602928 4.666129867
22.63484001 20.65943527 1.060431412 1.439278827 0.591494525
Ck-48h 21.63484001 21.57265854 2.120862824
22.53484001 22.10047913 1.136542246
20.07825851 22.82375336 6.762721597 4.580062879 0.300287135 0.001204667
Treatment-48h |  19.88920212 23.00129509 6.607328401
19.98667145 22.54035759 4.666129867
23.95530319 24.68696785 1.799966838 2.693724964 2.693724964
Ck-72h 23.07602501 25.15373421 3.31095754
23.2326889 25.24067116 2.970250515
21.23572922 22.16456795 2.27191037 2.315191159 0.300287135 0.529663554
Treatment-72h | 21.56582069 22.13929558 1.80727299
20.90040016 21.89069176 2.866390119

which plays a crucial role in the recognition of exogenous
substances. Different PGRP domains may be the mechanismfor
distinguishing and identifying different kinds of microorganisms
(Blanco et al., 2008). The results of GmPGRP-SC gene in
our study are consisting with this. The amino acid sequence
prediction results shows that GmPGRP-SC has a conserved
domain structure. This structure also finded in Helicoverpa
armigera, Manduca sexta and Tribolium castaneum etc. (Gottar
et al., 2002). We explored the evolution and conservation

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

of GmMPGRP-SC with other insects. The phylogenetic tree
shows that GmPGRP-SC has high homology and close
genetic relationship with Leguminivora glycinivorella. Except
when the data is missing, the PGRP sequences reasonably
generalize the tree of hypothetical species in each gene family
(Wiegmann et al., 2011).

The report about the Musca domestica and Drosophila
melanogasterhas the similar result with the gene MdPGRP-SC,
it is speculated that this gene may play an important role in
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Table 6

The temporal expression level of GmPGRP-SC gene of different time treated
with 10° conidia/pL spore suspension of B. bassiana

Samples | CTCICe | EFfageneCt | o ciiontevel|  Merage | eviaton | CKand treatment
21.89202309 21.97925758 1 1 0.140738294
Ck-24h 21.53461075 22.09150314 1.281125969
21.71774483 21.95654106 1.128399756
21.59008408 22.68375015 1.311036896 1.301804097 0.167356775 0.260578719
Treatment-24h | 21.43052864 22.86681175 1.464353353
21.80444145 22.59602928 1.13002204
22.63484001 20.65943527 1.060431412 1.439278827 0.591494525
Ck-48h 21.63484001 21.57265854 2.120862824
22.53484001 22.10047913 1.136542246
23.84972191 22.82375336 0.465275442 0.521271989 0.065653954 0.055704075
Treatment-48h | 23.49849129 23.00129509 0.593527824
23.73148727 22.54035759 0.505012702
23.95530319 24.68696785 1.799966838 2.693724964 2.693724964
Ck-72h 23.07602501 25.15373421 3.31095754
23.2326889 25.24067116 2.970250515
20.19152832 22.16456795 1.990094957 2.228339352 0.357441546 0.406331633
Treatment-72h | 19.78418732 22.13929558 2.639341944
20.14481926 21.89069176 2.055581155

the pupal stage (Werner, 2000; Gao, 2013). But Bd PGRP-SB1
is highly expressed in 3rd larvae and adults of Bactrocera
dorsalis (Zhang et al., 2020). All these three are belong to
Diptera, and the developmental expression pattern of PGRP
gene in Lepidoptera has been reported in Antherea pernyi,
but without significant change (Liu W., 2019). And in other
insects of Lepidoptera, there is no more report, whether it is
related to the developmental regulation and immunity, it needs
to be further studied. The expression level of GmPGRP-SC is
greatest in the pupal stage and in epidermis and hemocyte. But
in Antherea pernyi the ApPGRP-A, ApPGRP-B, ApPGRP-C
have no significant change. Epidermis and hemocyte is
related to its immune response, so in these tissues are highly
expressed. The result is consisting with that of Antheraea
pernyi, and the APPGRP-C gene is expressed in immune-
related groups, such as hemolymph and epidermal (Liu W.,
2019). In Bombyx mori, Bm PGRP-S4 is highly expressed
mainly in hemolymph, which may be involved in the systemic
immune response of Bombyx mori, depending on hemolymph
circulation (Yang et al., 2017).

The real time-PCR results showed that the expression
of GmPGRP-SC gene was up-regulated in different times
after infected with 1x10° conidia/uL and 1x107 conidia/pL
of B. bassiana. And 1x10° conidia/uL may inhibit the normal
development of OFM. In Ostrinia furnacalis, member of PGRP
genes was up-regulated when infected by B. bassiana
with 2x10° conidia/pL (Liu et al., 2014). The MxPGRP-1
in Manduca sexta was up-regulate after infected by
Escherichia coli (Sumathipala & Jiang, 2010). In Drosophila,
the expression of DmPGRP-LB, DmPGRP-SA, DmPGRP-SB1,
DmPGRP-SC2 and DmPGRP-SD were strongly up-regulated
by Bacillus subtilis and purified peptidoglycan (Werner et al.,
2000). The mortality became higher as concentration increase
when the OFM was infected with different concentration

of B. bassianaARP14 (Sarker etal., 2020). These are consistent
with the results of our study, but the function of GmPGRP-SC
gene in the immune signaling pathway needs to be further
studied. In this study, we also observed that when infected with
1x10° conidia/uL, the growth and development of OFM were
slow. But due to the small number of insects in our experiment,
it does not constitute ecological statistics. So, we supposed
that possible infection of B. bassiana with 1x10° conidia/JL,
affected the normal growth and development of the OFM, thus
leading to the immune function of PGRP be restrained. We will
further verify this in the following experiments.

Conclusions. As a major pattern recognition receptor,
PGRP plays an important role in the innate immune regulation
of OFM. In this study, for the first time we obtained and verified
the full sequence of the short types of PGRPs gene named it
GmPGRP-SC. Its GenBank accession number is MW773839.
The transcriptional expression of GmPGRP-SC gene was
analyzed in different developmental stages and different
tissues of OFM. Results showed some difference with other
reported PGRPs from other insects. Perhaps it relates with
immunity functions either at specific times or at specific
locations. It needs to be further studied, and we will use RNAI
method to verify this in the future. Meanwhile we have identified
the immune response reduced by B. bassiana, for the first time
it was studied the interaction between this fungus and OFM
on molecular aspect. All these results have provided a good
support for better understand the function of GmPGRP-SC
gene in OFM, and also made a foundation for finding target
genes and further prevention and control by molecular biology
method. This can be applied by interfering the expression
of GmPGRP-SC gene. The immune ability of the body to resist
fungus can be reduced, so to achieve an effective prevention
and control role. It is difficult to control the OFM, therefore, it
is one of the effective means to control the occurrence of it

BicHuk CymcbKkoro HauioHanbHOro arpapHoro yHiBepcureTy
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Hao XiwaH, acnipaHmka, CymcbKuli HauioHanbHUl agpapHuli yHisepcumem, M. Cymu, YkpaiHa, LlLikona pecypcig
i doskinns, XeHaHcbKul iHCmumym Hayku i mexHoroeit, M. KciHcsiHe, KHP

Lao Lj3uHby3roHb, dokmop cinbcbkoaocrnodapchbKux HayK, doueHm, LLikona pecypcie i 008kinns, XeHaHCbKul iHcmumym
Hayku i mexHonoeit, M. KciHcsHe, KHP

Uxy XoHecisi, acnipaHmka, CymcbKkul HauioHanbHUl agpapHul yHisepcumem, M. Cymu, YkpaiHa; Llikona pecypcie
i Qoekinns, XeHaHCbKul iHemumym Hayku i mexHonoait, M. KciHcsiHe, KHP

BnaceHko Bonodumup AHamonitiogu4, 00KmMop CinbCbKo2ocrnodapcbKux Hayk, npoghecop, CymcbKuli HauioHanbHUl
agpapHul yHisepcumem, M. Cymu, YkpaiHa

MonekynsipHa ideHmucbikayis 6inka nenmudoanikaHy kopomkoz2o muny, GmPGRP-SC eid Grapholitha molesta

binok posnisHasaHHs nenmudoanikaHie (PGRP) € saxiiugum peuenmopoM po3iizHagaHHs mammepHis, skuti Micmumbcsi
AK y beaxpebemHux, mak | y xpebemHux. BiH eiliepae eaxnugy porb 8 aHmubakmepiarbHOMy iMyHimemi, 3a80sKu
ceoili nomimHiti 30amHocmi eusienssmu ma ycyeamu 36y0Huka iHgpekuii. O0Hak PGRP, 8 ocHosHOMy ideHmuchikogaHo
3 Drosophila melanogaster ma Bombyx mori, a wodo iHWUX CiflbCbKo2ocrnodapCbKux KoMax nogioomrieHb Maso fpo iXHi
GbyHKUiT ma mexaHism. Y ybsomy docnioxeHHi kopomkomunosuti 2eH PGRP nid Haseoto GmPGRP-SC 6ye ideHmucgbikosaHuli
y Grapholitha molesta — cxidoHoi nnodoxepku (OFM) — Ha ocHoesi aHanisy 6a3u daHux epyn mpaHckpunyii OFM 3 Hawoi
nabopamopii ma HaujoHanbHo20 ueHmpy iHghopmauii 3 6iomexHonoeil (https://www.ncbi.nlm.nih.gov/). GmPGRP-SC
micmums domeH PGRP i Mae HatimicHiwut 2eHemuyHuUl 38'a30k 3 2eHom PGRP Leguminivora glycinivorella, 8idnogioHo do
rocnidogHocmi ma hinoeeHemuyHo20 aHanizy. Memod l1JIP y peanbHoMy yaci 6yno saukopucmaHo O71sl aHasidy KapmuHu
020 ekcrpecii Ha cmadisix po3sumky OFM ma & pisHux mkaHuHax nuyuHku OFM. Hapas3i, 8i0HOCHO pigHi ekcripecii 2eHa
GmPGRP-SC e OFM 6ynu npoaHanizosaHi ricns iHikysaHHs1 Beauveria bassiana. Pe3ynbmamu noka3anu, Wo 3azasbHa
k[HK 6id GmPGRP-SC cmaHosuna 3221 bp (6a3osux, ocHO8HUX nap), a kodytoyi obracmi — 2268 bp, wo kodyromb
756 amiHokucnomHux 3anuuwkis. PieeHb ekcripecii GmPGRP-SC 6ye Hatisuwjum y cmadii nanedku OFM. BooOHouac,
y pisHux mkaHuHax OFM Uoeo sidHocHa ekcnpecis byna euwjoro 8 enimenii ma 2emoyumi, modi K iHWuUM cmadism
ma mkaHuHaMm rpumamaHHa ropieHsIHO HUX4Ya ma 3 Hegenlukor pisHuuero. PiseHb ekcripecii GmMPGRP-SC 6ys icmomHo
PisHUM, KOnu cycneH3isi criop B. bassiana cmaHosume 105 koHIdit/MK, iHehikogaHUX yeped 48 200uH. Todi, Konu cycneH3is
criop B. bassiana cmaHogumb 107 koHidit/mkn, pieeHb excrnpecii GmPGRP-SC makox 6ye pisHuM. Yci ui pedynsmamu
3aknadyms ocHogy 01151 aug4eHHs pori ma yHKYit GmPGRP-SC y epodxeHomy imyHimemi OFM, a makox cripusmumyms
rodanswomy 8us4eHHKo MosekynspHoi 83aemodii mix OFM ma B. bassiana. Pesyrnbmamu docnidxeHb MOXyms oromMozmu
3Halmu nomeHruitiHi Monekynu-mileHi ma 3abeaneyumu Haykosy OoCcHO8y Ons po3pobKu Hosux bioeeHHUX necmuyudie
ma peanisauii 3eneHoi 6opombbu 3i wkidHukamu (GPM).

Knrovoei croea: cxiOHa nnodoxepka, 8podxeHull imyHimem, Beauveria bassiana, bionoziyHa 6opombba 3i WKiOHUKamU.
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