2020 42 (3): 583 -592 http:  //hjkexb. alljournals. net
Journal of Environmental Entomology doi: 10.3969/j. issn. 1674 - 0858. 2020. 03. 9

2020 42 (3): 583 -592.

230036; 2. 230601)
2019 1 20
( PBPs) 3 4
PBPs  ¢DNA SfruPBP1-SfruPBP4. 4  SfruPBPs
© N- N 6 o SfruPBPs
PBPs 4 SfruPBPs o 4 SfruPBPs
3 2 o 4 SfruPBPs
o SfruPBPI. SfruPBP2  SfruPBP3 SfruPBP1  SfruPBP2
SfruPBP3 o SfruPBP4
1 Q963; $433.4 A » 1674 - 0858 (2020) 03 —583 -10

Cloning and expression profile analysis of four pheromone-binding protein

genes in the fall armyworm Spodoptera frugiperda
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Abstract: The fall armyworm Spodoptera frugiperda is a major agricultural pest wordwide. This pest has
invaded and rapidly spread in more than 20 provinces in China by January 2019. Use of pheromone lures is
an effective method for population monitoring and mass—rapping of S. frugiperda. However the
mechanism of sex pheromone reception is not yet clear in this insect species limiting the development and
application of pheromone lures with high efficiency. Pheromone-binding proteins ( PBPs) play critical roles

in the recognition of intraspecific sex pheromones in most lepidopteran species including S. frugiperda. In
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this study four ¢cDNA sequences encoding PBPs were cloned from S. frugiperda and named as SfruPBPI-
SfruPBP4. The four SfruPBPs all contained complete open reading frames and the proteins encoded by
these genes all have the remarkable features of PBPs: The N-erminal signal peptides and six positionally
conserved cysteine residues. Phylogenetic analysis result showed that the four SfruPBPs were closely
and that the four SfruPBPs fell into different

branches. The four SfruPBPs all consisted of three exons and two introns with highly conserved intron

related to PBPs from Spodoptera litura and S. Ulittoralis

insertion sites. Moreover the four SfruPBP genes were tandemly arrayed in the genome of S. frugiperda.
SfruPBP1  SfruPBP2 and SfruPBP3 were specifically expressed in the antennae of adults; of these the
transcription levels of SfruPBPI and SfruPBP2 in male antennae were significantly higher than those in
female antennae while the variation in SfruPBP3 transcription between male and female antennae was not

significant. SfruPBP4 was specifically expressed in the abdomen of male adults. This study pave the way

for revealing the mechanism underlying pheromonal recognition in S. frugiperda.

Key words: Spodoptera frugiperda; pheromone-binding proteins; pheromone recognition; olfactory
communication
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Table 1 Primers used in this study
Gene Primer (5°3°) Purpose
SfruPBP1 Fw: ATGGCGGACGCTAGATG/ Rv: TTATACGGCGGTCATCAT
SfruPBP2 Fw: ATGACGCTCCGGCAGTC/ Rv: TTACACTTCAGCCAGCAC ;
SfruPBP3 Fw: ATGGGATCGTGCAACGT/ Rv: CTACATTTCAGTGAGGACCT PCR
SfruPBP4 Fw: ATGAAGGCAATCGTAGTG/  Rv: TCAACAAAAAGATCTTCTTAAG ORF cloning; RT-PCR
RpL18 Fw: CACCGAAGTCAAGTCTCA/ Rv: GAGCCAGCTGATCGAAT
SfruPBP1 Fw: GACGCTAGATGGAGGGTTGT/ Rv: CCTATGTTCAGCTCAGTCTTG
SfruPBP2 Fw: CGAGCTGACGAACATACAG/ Rv: CACTATCTGCTTCGCCATG ) PCR
SfruPBP3 Fw: CAAGCAGGAGCTAAACATGA/ Rv: GCTCCAGCTTCTTGCTCAT feal-time

RpLI8 Fw: GCTCTGCACGTTACCGAGA/ Rv: GCAGCAGAACGGTCTTGG

quantitative PCR
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Table 2 BLASTX best hit of four SfruPBPs
BLASTX BLASTX best hit
( aa) ( kDa) GenBank
Gene name pl GenBank accession
ORF MW Species and protein name E~value Identity
number
SfruPBPI1 164 18.7  5.56 Spodoptera litura PBP1 AIS72935 4e -103 87%
SfruPBP2 173 19.1 4.95 Spodoptera exigua PBP2 AAS55551 Se-111 91%
SfruPBP3 164 18.7 5.58 Spodoptera exigua PBP3 ACY78413 2e - 105 90%
SfruPBP4 206 23.5 8. 12 Spodoptera litura PBP4 AX077502 le - 108 78%
3 4 SfruPBPs ( %)
Table 3 Amino acid identities among four SfruPBP proteins
SfruPBP1 StruPBP2 SfruPBP3 StruPBP4
SfruPBPI -
SfruPBP2 44 -
SfruPBP3 51 45 -
StruPBP4 25 26 26 -
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Fig. 1 Alignment of the protein sequences of four SfruPBPs
6 1~6.
o o 1 2
o Note: Six positionally conserved cysteines in the protein sequences are highlighted with
grey color and marked with numbers 1 to 6. The lowercase letters in the grey boxes represent nucleotides while uppercase letters

represent the deduced amino acids. The slash indicates the intron insertion site. The intron 1 is inserted between two codons while

intron 2 splits a condon.
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Fig. 2 Phylogenetic tree of lepidopteran PBPs
: 4 SiruPBPs o Four SfruPBP genes are boxed. 50 o Bootstrap values lower than 50 are not
shown. PBPs Species names and GenBank accession numbers of PBPs: Spodoptera frugiperda:

SfruPBP1 - SfruPBP4 ( MN541407 - MN541410) ;
Antheraea pernyi: AperPBP1 ( X96773)

ApolPBP1 (X17559)  ApolPBP2 ( AJ277266)
AtraPBP2 ( ACX47891) :
001083626) BmorPBP4 ( Vogt et al. 2015);
CsupPBP3 ( HM190253)  CsupPBP4 ( Chang et al.
CmedPBP2 ( KC507181) CmedPBP4 ( KC507185)
( AF416587) EposPBP2 ( AF411459)
HarmPBP2 ( HQ436360 )
(EU316186) HassPBP3 ( DQ286414) :
Lymantria dispar: LdisPBP1 ( AF007867) LdisPBP2 ( AF0078
MsexPBP2 ( AF117588) MsexPBP3 ( AF117581)
— OnubPBP5 ( GU826166 — GU826170) ;

2015) :
CmedPBP5
EposPBP3 ( EV811597
HarmPBP3 ( AF527054) ;

Plutella  xylostella: PxylPBP1 ( ACI28451)  PxylPBP2 ( A
nonagrioides: SnonPBP1 ( AAS49922)  SnonPBP2 ( AAS49923)
( AEX58642)  SinfPBP3 ( AEQ30020) ; Grapholita

GmolPBP3 ( AHZ89399) :
Ectropis obliqua: EoblPBP1 ( KT991348)
CpunPBP2 ( KP985228)  CpunPBP3 ( KP985229)
( KC783384) ; DhouPBP2 ( KF487588) : Athetis dissimil

MbraPBP1 ( AF051143)  MbraPBP2 ( AF051142)
( MH168090) : MsepPBP2 ( MH168089) :

CpunPBP5

Spodoptera

Chilo suppressalis:  CsupPBP1 ( GU321120)

Heliothis virescens: HvirPBP1 ( X96861)

MsexPBP4 ( Vogt et al.
Ostrinia furnacalis: OfurPBP1 — OfurPBP5 ( 1.C027678 - 1.C027682) ;

MbraPBP4 ( AF461143);

Agrotis ipsilon: AipsPBP1 — AipsPBP3 ( AFM36756 — AFM36758) ;
AperPBP2 ( X96860)
ApolPBP3 ( AJ277267) ;
Bombyx mori: BmorPBP1 ( NM_001044029)

AperPBP3 ( AJ277265) ; Antheraea polyphemus:
Amyelois transitella: AtraPBP1 ( ACX47890)
BmorPBP2 ( XP_012545845) BmorPBP3 ( NM_
CsupPBP2 ( EU825762)
CmedPBP1 ( JN867060)
Epiphyas postvittana:  EposPBP1
HarmPBP1 ( HQ436362)
( AY864775) HassPBP2
HvirPBP2 ( AM403491) ;
MsexPBP1 ( AF117593)
OnubPBP1

Cnaphalocrocis medinalis:
( KP975161) ;
)

Helicoverpa armigera:

HassPBP1

Helicoverpa  assulta:

Manduca sexta:

68) ;
2015) ;

Ostrinia nubilalis:

GH13203)  PxylPBP3 ( BAG71422); Sesamia
; Sesamia inferens: SinfPBP1 ( AEQ30019)  SinfPBP2
molesta: GmolPBP1 ( AVZ44710) GmolPBP2 ( AHZ89398)

Spodoptera litura: SlituPBP1 — SlituPBP4 ( AIS72933 — AIS72935; AXO077502) :
EoblPBP2 ( KX421383) ;

Conogethes punctiferalis: CpunPBP1 ( MH006604)
( KP985227) ; Dendrolimus houi: DhouPBP1
is: AdisPBP1 ( KR780029) AdisPBP2 ( KR780030) ;
Mythimna separata: MsepPBP1
littoralis: SlittPBP1 - SlittPBP4 ( Walker et al.  2019) .
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Fig. 3 Genomic locations ( A) and exon-intron structures ( B) of four SfruPBP genes

o Note: Numbers in parentheses indicate the size of introns.
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