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Analysis of the antennal transcriptome and olfaction-related genes of

Eocanthecona furcellata
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Abstract; Focanthecona furcellata is a kind of natural predator which plays an important role and
potential in biological control. Antennae is an important organ for insect information exchange and its
olfaction-related genes are an important molecular basis for regulating insect predatory behavior. The

objective of this study is to establish the antennal transcriptome database of E. furcellata. The antennal
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transcriptome of E. furcellata was sequenced using an Hlumina platform, analyzed bioinformatically and
identification and expression of olfactory related genes. In total, 67 843 unigenes with N50 length of
2 300 bp were obtained. After annotating for unigenes in gene function database, 27 686 unigenes
obtained functional annotation. Information 33.33% unigenes were annotated to the NR database. E.
furcellata unigenes had the highest similarity (64.2% ) to those of Halyomorpha halys. 14 258 unigenes
were divided into 42 branches and three categories ( biological processes, cellular components and
molecular function) using Gene Ontology (GO). In the KEGG database, 7 703 unigenes were assigned
to 282 known metabolic pathways. Among these, 11.50% unigenes were involved in the signal
transduction pathway. By further analyzing transcriptome data, 134 olfaction-related genes of G.
mellonella including 10 odorant binding protein (OBP) genes, 32 chemosensory protein ( CSP) genes,
156 odorant receptor (OR) genes, 48 ionotropic receptor (IR) genes and 6 sensory neuron membrane
protein (SNMP) genes. By comparing the transcriptome of 5" instar nymph, female and male adults,
7 324 differentially expressed genes were identified. The results showed that there were more differentially
expressed genes between 5" instar nymph and adult, but less differentially expressed genes between male
and female adults. In this study, FPKM value was used to analyze the gene expression of OBP and CSP.
It was found that the gene expression of OBP and CSP had no significant difference between male and
female. Most of the genes were up-regulated between male and female adults except a few of them were
up-regulated in 5" instar nymphs. This study acquired the antennal transcriptome data of E. furcellata
and identified olfaction-related genes. The results provide a foundation for the further study of the
molecular mechanisms and chemical ecology of insects of olfactory reception in E. furcellata.

Key words: Eocanthecona furcellata; antennal transcriptome; gene annotation; olfaction-related genes;

differentially expressed genes

M5 Eocanthecona furcellata J2&:— i HE EL )
et REE R, X3 H Lepidopteran, i3 H
Coleopteran FI°f:3# H Hemiptera )3 H HAT 1R 4f 1)
BEE M, HJE ¥ ¥ H Hemiptera 1% #
Pentatomidae 75 3% V. Bl Asopinae, | {Z 431 T iy
5t BETENSME A Y 2R e CREDT,
1990) . HELIAE (HIERERAE, 2001; 2= 3CHR4E,
2015; PRIRSE, 2015; FEEAE, 2019; B4,
2020) . ME R ( R F SR, 2020) . R AR (Ho
et al. , 2003) . filfAEEINEEH (Zhao et al. , 2021)
SEITEEAT T ARESE, B H TR WA R IR
PR 7 T AESE .

B M 32 B i A R R A LR IR, T
1] Y A R P 80T el AT kA 3R R Ry
AT J30 ) R % 52 45 ok S0t L A S b J8 6 %
A R SE 288 (BHIWIAE, 2005; JAIEAE,
2012; Brito et al. , 2016), fH¥) - M TEE B -
R 57 22 () 1 A 2 i TR 32 0 e B e
FSERL (WERS, 2012), fRfAEEN A .
SRECHS  T0 A 5™ OS5 R RE 2R A S AT fE b 2y

KIEHBEAEA (Becher et al. , 2012), HEIUFR
Hh I B H R TR ) et A — R 2 A 2R R )
HZhH, FEA, SRR S EA
(odorant-binding Proteins, OBP), #£%  %5& . iz
f ) RE MY 1k 2% J& A2 2R 1 ( chemosensory proteins,
CSP) , TG UK 2 1 T RE B WL 38 52 4K (odorant
receptors, OR ) Ml B F H 5% 1K ( ionotropic
receptors, IR), ##BI OR HIIREEZ A TCRE H
(sensory neuron membrane proteins, SNMP) . K
SR 53 T D) RE 1Y AU BR [ % 8 ( odorant-degrading
enzymes, OD) %5 (Leal et al. , 2013; & X%,
2018) . HIFMUEHHCE MR RARZ, TIRERA
ZRETE, T ZAR W R AR, IR Lo
BEfl, TR ZE LS8 AH OC A e 45 B e B v
YER (221485 2006)

UTJLAER, Bl BT — AR e B AR F s 20
MrEORM R L e, © A M4 2 158X 252k
2 B R G AE G P EA T S E AR 28,
%% Arma chinensi ( OBP 38 /~. CSP 1 />, OR
340 IR 12 A, GR 3 A~ SNMP 3 4~) (Wu
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et al. , 2020); &M B8 4% Yemma signatus ( OBP
30 1>, CSP 144, OR 66 1>, IR 1. SNMP 3 )
CRHAFE, 2019); BB AKRITHMIEE Corythucha
ciliata (OBP 26 />, CSP 14 4~, OR 77 4~, IR 11 />,
SNMP 2 1) (11, 2018); AL Riptortus
pedestris (OBP 8 4~. CSP 4 4~, OR 188 4~ IR
24, SNMP 4 4~ (RHT%, 2017); ZEY%
Apolygus lucorum (OBP 38 /~F1 OR 110 1~) ( Yuan
et al. , 2015; An et al. , 2016) %5 XELHFFERE
RIS B R IR B AL B T kAl

VAT AATTXE S A s i fih £ 2 57 2 % ML AH DG
FEPR B BRI F 2 Dk S D s 1) IR
W ARGEHATRAME TS A B T B fioh A 7RI R A
BENL LRl N S R P R AR T, A b e A
I DR A 42 SUAR D i A O B9 1 AL A B E A
S, A S S X S A g i Y ik A s 2H kAT
AEWE RS A, R S D i R R OC ) fE
P, O s o3 5 AL AR R AR BRI R, W
AR F AR 25 2R 5 v B A b R A% A i AT AR W B
PSR LI

1 MBRERHE

1.1 BERXESREARF

SUSR U N R H o B A DT TL R IR TR % N A H]
Wy L Tenebrio molitor ( Coleoptera: Tenebrionidae )
T FR ST S AR
1.2 & RNA #R5FE®

SRS 0y 2 ) 5 ) A BRE 1) LA D s 5 e R
IR 2 d NRHE . BRERHLAS 300 Sk, BT AR
FER S 0K fi fry I JCBE R 43 89, IR 7 B A TR
HRAE, SR HL, M, MERCRACEE 3, Rl
1100 Xf, HT -80°CHH,

2 B8 Trizol TEERILIAKE AL RNA, RHT 1%
LB B EE I HIL VK RN Nanodrop 2000 43 6% B 43 H7
RNA [ fift f2 B A4l BE, i ] Qubit RNA Assay Kit
XF RNA ¥ B F 4785 0 19 2 &, FH Agilent 2100
( Agilent Technologies, CA, USA) Kiill RNA 5¢
Bk,
1.3 cDNA XEHZESNF

L5 pg BIRBTR-EAR IE RNA FE G S
JE . A Oligo (dT) M9REER & 4 B ALY
mRNA, Z J5 Fl i fragmentation buffer F Bt fk
mRNA, Pl mRNA H #Jr BB, (7S 2 B

HLEI¥ (random hexamers) &l cDNA 55 1 4%,
Bifi J5 in A 22 vh % . DNA ., dNTPs. polymerase I Fl
RNase H & B cDNA 1955 2 %%, £ H AMPure XP
beads Zlifb X 5E cDNA, 4lifb )5 B9 3 5E cDNA i
FIRuE S, I A BRI He 0 e 4% Sk, R0 ]
AMPure XP beads #1777 Bt R/, @it PCR 3
B4 HF1 AMPure XP beads #iifk PCR ¥ 15 3| £z 25 1)
cDNA 3L f5 Jm K A 55 5 M 19 cDNA ST A
Hlumina HiSeq illJ7°F- 5 L4 TF . cDNA SCFEH
AR h AL st AR BOR AR AR BRHECA PR #
PrEh S

1.4 HRABENINGEER TR

T A5 38) 14 e e 0 8 ok A B 2 R e 0 4k |
ploy-N FIMIE it Reads, K75 i & AY Clean Data,
FFIH Q20 Q30, GC & B A7 A H KK, 3k
e ot i BN P $ s 2 05, AU Trinity Bo0F 64T
%G, K 2EAS Y unigene f FH BLAST #4-7E-L
KEHE . & AP E % (NCBI non-redundant
protein sequences, Nr) . 1% ¥ 5] 5095 )% ( NCBI
nucleotide sequences, Nt ) . SR AR
( Protein family, Pfam ), & A AR ( Gene
Ontology, GO), AR N S5 KA TR &
( Kyoto
KEGG) ., Swiss-Prot £0#& % ( A manually annotated
and reviewed protein sequence database, Swiss-Prot) |
HAFFEFKEFE (Karyotic Ortholog Groups, KOG/
COG) HEATIEXS, MIMTARATF I BEHE R RS L
1.5 BREHEXEENEESFISH

MR 1. 4 AR50 NR B 2 v e LS 2 P i
RAER (BEHIIRefR MRS ), ik (B€) T
RS LG8 A CSEF (OBP, CSP, GR, OR, IR
1 SNMP) , FFARHEAT B A TERAR E, XF IR AH ¢
BER B T4 . TEIEREMNZE, AF R unigenes U1
BPAEE—2 NR FERBE B, WXL unigenes
Fe a2 AR A ) — 2 B PR AN ) 4 DL, 9 ATk
HIECH .

M NCBI %038 7 T F 2 40 ¥y B\ Bemisia tabaci .
¥ K B\ Nilaparvata lugens., %% H W Apolygus
lucorum ., )8 LR B ¥ Cyrtorhinus lividipennis ., JK &
M\ Laodelphax striatellus 1 H #F & Bl Sogatella
Surcifera %528 H B 2L # OBP W R F 5, R H
ClustalX #4727 5] X, FIH MEGAX B 440 %
7% (neighbour-joining method) OBP R H A H
# (bootstrap =1 000) ,

Encyclopedia of Genes and Genomes,
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1.6 ERREEEDH

fifi 1 Salmon X unigene Y 3% ik fi /K F i 47 4
1, FIFHEE 2% reads B54 %A (transcripts per
million, TPM) J1H7E RNA th S A% SR A (1) L
%, {fH DESeq2 {7 3L N FRib 2 504, &
£ FDR /NTF 0. 05 H 27540 (fold change, FC)
KF2 M AESFRILERN, BIE FPKM 1H
TBTools %= il 1k K 2 ik i FA &, fd 1 topGO X 25 5+
FIRFELNFHAT GO BT, i clusterProfiler #F
T KEGG & H KOG 232 F1 5 £ 43 HT

2 FHRE5HMH

2.1 HRAFIISFAALE

FIA Mumina P75 F 07, K007 3845 09 )57
TR UG EE 5 Ak o 17 50 B8 . B RE AR A Bl
6.02 Gb & Bt & £ 45, HEA GC & = 4EFF- 78
37.23% ~41.61% Z i), RAFEA NS E I Q20
¥IKRTF97.00% , #dFE Q30 HH AT 92.00%
FEOAI P45 52 = R Y, nT A TR 225047,
A, 2333515211 clean reads 7] LA T /a0 A0
PrZdL LY G B 2B 00T,

FIH Trinity BAEXT Fr 3845 79 clean reads #E4T
:Hﬁi, TP EE 3R A5 1 unigenes SR | B e
it. A5 139 819 ML EA (wanscripts) , JF5
HHEIAF] 195 318 142 bp, XK E K 1 397 bp,
N50 (735 50% Fr A A% 11 18 1 i K7 51 S R
) KR 2 300 bp, FEF AR (transcripts)
fillh it — 20 20 25 3K 45 67 843 4% unigenes, KN
74 194 665 bp, N50 KN 1 720 bp, K EEM
1 kbf¥J unigenes £ 20 751 %%, 51£30.58% (K1),
2.2 EEDhEEFRE

Unigenes 7F-L K045 H Blast L X152 ) fig
HERAE R . 4258751 unigenes 7F £ /D— A5
FRE BRI RIA 27 686 45 (40.80% ), TERTA %L
e PR B E YA 3 401 2% (5.01% ), Hir,
NR B unigene 1% 22 617 (33.33% ), ZJ5
W & Pfam 14 259 (21.01% ). GO 14 258
(21.01%), NT 12 826 ( 18.9% ). SwissProt
11797 (17.38% ). KO 7 273 (10.72%); &
KOG 4l v B, B 6 097 4
(8.98% ), MILECHYFIEIE AT (KI2), 5%
W% Halyomorpha halys () unigenes AHLIE ey, 15
BT 64.20% , HIRSIEHAE Cryptotermes secundus |
WA B W Cimex lectularius . #5 & B\ Nilaparvata

2 10000

es

5000

i Number of unigen

JFFI K% (bp) Sequence length

Bl 1 X SaTnE AL 52 unigenes KA
Fig. 1 Length distribution of unigenes in the antennal

transcriptome of Eocanthecona furcellata

A5 M I
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Lasius niger

KL

Nilaparvata lugens

Ty 5L

2.40% Cimex lectularius
2.30%

1.60%

Cryptoterme.\' secundus

Other

Fig. 2 Species distribution of unigenes in the antennal
transcriptome of Eocanthecona furcellata

annotated in the NR database

lugens . AW Lasius niger 28R P30 L )59
A 4.90% , 2.40% . 2.30% . 1.60% ; #4h5
HoAt b R IR B FE N 5 24, 60%
2.3 EEIhEESTH

SCFA DTk ik Ff B SR 4L o i A 29 656 4%
(51.29% ). 15 526 %% (26.85% ) Fl 12 631 4%
(21.84% ) unigenes #% GO ¥ B 2 4 ¥ % o &
( Biological process ). 43 ¥ ZI BE ( Molecular
function) F1 4f ffd 21 43 ( Cellular component ) [
S5ANUIRENE (K 3), Y rid Ik ilg,
W23 AR K, 40 2 ( Cellular
process) (7 996; 26.96% ); Rt #E (Metabolic
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process) (6 628; 22.34% ); AW (Biological
regulation) (3 168; 10.68% ), HATE 3 000 4%
IR, - FIIREZEA ) 7 146 5% (46.02%) %u
5240 % (33.74% ) unigenes 73 B ¥ B B HE A 45
& W M ( Binding ) I f# 1k 3§ ¥ ( Catalytic
a2, iR ZE%iEE
(Transporter activity ) HYJ unigenes (i i5 3] 1 132
&, XSRS RTIRERTT

JIi A5 unigenes Z83F KOG 548 4 1) 6 Ft i) F1 53-
2, XTI bR SR A 6 097 /) unigenes 15
R, I 26 4~ KOG 2 (Kl 4), HipH
H— M6 (General function prediction only, R)
[ unigenes %, N1 107 55; HREFSH
S ML ( Signal transduction mechanisms, T) HY
758 4%, %%t (Transcription, K) HJ 699 2%, &5
Bk m Wi, &0 ks a7 6
( Posttranslational modification, Protein turnover,
Chaperones, 0) 9622 5%; HAET 600 4.

¥ BT A 19 unigenes HXT 5] KEGG Bidf g
B/RF 7 703 4% unigenes KX LA 7 427 4% unigenes
Z 57 5 KA HE B, 4 3R (Cellular
Wi {5 B4 (Environmental information
AL {E B AL ( Genetic information
G (Metabolism) A VLR G
( Organismal system) (5), PFEBEHEZH 3 1
M E B 4 0 A R T B S 0l B8 ( Signal
transduction, 886 £%) . B A4 ( Transport
and catabolism, 566 £%) Ml &R CH ( Amino
Acid metabolism, 561 %),

activity ) ,

process) ,
processing) ,

processing) ,

—_— —_ [N}
(=) W (=}
T T T

W
T

5 T A Unigenes3X HAUE 43 1L (%)
Percentage occupying all unigenes

ACBEDGFIHKJMLONQPSRUTWVYXZ

8000 6000 4000 2000

AL FE Cellular process

FRIHLFE Metabolic process

AW Biological regulation

AL BRI Y Regulation of biological process

JallAL Loca lization

XY IS Response to stimulus

{55 Signaling

Byh ] A AH B AR Interspecies interaction between organisms
ZANAATFLIR L Multicellular organismal process
KJEJIFE Developmental process

A AW R 65 Negative regulation of biological process
ZH L B Multi-organism process
HH Reproduction
AL R TE [ I Positive regulation of biological process
BH 1 Reproductive process
g ZGEM AL FE AR Immune system process
AWK Biological adhesion
iZ5f) Locomotion
114 Behavior
A Growth
7 Detoxification
572522 Rhythmic process
AW ALAEH Biomineralization
74, Pigmentation
USSR Cellular anatomical entity

B AN Intracellular
FATER T A W) Protein—containing complex
#EAL Virion
FERLS I Virion part
fras Binding
HEALITE Catalytic activity
ﬁ'lziﬁifﬁlaﬁ Transporter activity

C 5K 53T P Structural molecule activity

9

%%UJHLJ 1545 Molecular function regulator
HSEIRT T A5 PE Transeription regulator activity
3 FARBESFIUTETE Molecular transducer activity
BHIZE L AR M A5 2R B9 15 201 Translation regulator activity
PUEAL AT Antioxidant activity

/J\’}Tfé’nk {351 Small molecule sensor activity

Cargo receptor activity

%%ﬁkmh%/ﬁ [ Molecular carrier activity

B3 U DT s unigenes [ GO 433
Fig. 3 Gene ontology (GO) classification of assembled
FEocanthecona furcellata unigenes
E: A, AW B, T4 C, 7T Ik

Note: A, Biology process; B, Cellular Component; C,

Molecular Function.

NAEI’U][]T*MAl ifi RNA processing and modification
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L7 45K A5 117 Chromatin structure and dynamics
%ﬁ& H’J%L%ﬂ%ﬁﬁ"ﬂﬂﬁj Amino acid transport and metabolism
i JE I Cell cycle control, cell division, chromosome partitioning
KA S WIS A Carbohydrate transport and metabolism
F| AR 0Y 2 AR Nucleotide transport and metabolism
1] JE %32 FACigt Lipid transport and metabolism
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1 fH‘IHﬂLZj] fi Cell motility
O U A . s i
Secondary metabolites biosynthesis, transport and catabolism
P THLE F4%12 518 Inorganic ion transport and metabolism
S] IHHEARHN Function unknown
—JEINBETI General function Lredl( tion only
] QHH@.WE’JWL UK IIZ T Intracellular trafficking, secretion, and vesicular transport
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JE&GE Z 58 Sensory system

*$?j/é;%éﬁ N(“,rvn‘ls Sys‘erﬂ

P RS0 Immune system

Hil R 58 Excretory system

ISV Environmental adaptation

W5 58 Endocrine system

THIL R4 Digestive system

K JE Development

TGRS Circulatory system

&4k Aging

A IR A AR Xenobiotics biodegradation and metabolism
BRI Nucleotide metabolism

I ZFZE AR5 Metabolism of terpenoids and polyketides
HAth 2 HEFR 1A Metabolism of other amino acids
TR 4E2E & A9 05 Metabolism of cofactors and vitamins
g BRI Lipid metabolism

BHIAEY) A AR Glycan biosynthesis and metabolism
AERFE Y HLIE Global and overview maps

BEHACIH Energy metabolism

KA PRI Carbohydrate metabolism

HABRAARE I 94905 B Biosynthesis of other secondary metabolites
IR Amino acid metabolism

HH1% Translation

Sk Transcription

Sl & & Replication and repair

18,431 MR Folding, sorting and degradation

5 %1 5y FIAH EAE ] Signaling molecules and interaction
{55 %5'% Signal transduction

JEri% , ME4%iZ Membrane transport

& H A AR Transport and catabolism
ANARETE -J54% 4 P Cellular community—prokaryotes
NS - B2 A ) Cellular community—eukaryotes

YREIZ SIPE Cell motility

A A FIBET Cell growth and death

5 10 15
HHE L (%) Percent of genes

Bl 5 XA DTk i s 2 unigenes [} KEGG 38 A
Fig. 5 Classification of Eocanthecona furcellata transcriptome based on KEGG
. A, did R, B, R FEEAM, C, mAEFEBEAH, D, R, E, AVLER%, Note: A, Cellular Processes;

B, Environmental Information Processing; C, Genetic Information Processing; D, Metabolism; E, Organismal Systems.

2.4 ERRIZEASH

A 5T K B S 5 0 M f 2L 67 843 AN
Feik, WEMER A A 90 AN JE R 25 ik MR
RS IR, Rk 22 ML 68 4~ MERLR 5
5 AR 6 510 NIEFE 2SRRI, MR
5, EERIA 3 059 MIRERIE 3 451 4y MERL
H5 5 g da a5 311 MEEE T K, B
HAg 5 il TRk 2 605 ML 2 706 1,

B ERRHEMEES LN RRE
(E6-A), ATLLR RS AS[A] b4 4 v) 22 53 56 X 9
B LRI 2 JLAS He 2l A 6 S A 1 25 5 3
W, HEEW, = g itamERENE
224>, WEMERGH LA MERL L S 1 AR
Har, MERCH S R R A A Y 22 R
BH6 A, 1988 4, 765 4>, BRI 1y 2k
F&H 19, 43, 481 4, Xt =HEfh 22 73 FER A
JZR BN ZL A FPKM HHE T R0 (K 6-
B), W] LA B i e =2 ] e PR ik it 22 AR,
FrR LA E S ORI R R e B EE R,

GO UIfe & 4Rt K B, MEMH 5 5 45 A
M2 RFIRFEH AT 108 4> (104 NEngeik) K
W SR R e I AR ) R 5 108 S (104 N
k) FEHWE KOs 2 AR % oy 1 D RE; 126
(117 ARk ) BERW SSRGS & FistE Ui Be
HMERLH 5 W47 AR L AT 88 4~ (85 M Rikik) 2k
PRV B ML B4 o ) AR )i B 5 87 A (85 A
Fik) FEHWE KOmv S22 AR 0E P4y - D AE; 103 A
(97 DEaRis) BRI LRSS G4 Fia I 6E,
T A i R S £ v e S R 1 MR R PR Dy S A
D PEMS B RS A B A M S e IR 4L TR S5 T B

KEGG ThRE & 5 & UM ol 2 a] 4 22 53 6k
B Z 0] K BV B A5 5 i S 138 I e 3 e AR
(Kl 7-A): AMPK f% 5 i@ #% ( AMPK signaling
pathway ) F1 PPAR f% 5 i@ % ( PPAR signaling
pathway) ; 5 5 #%7 HURH b 22 53 3R SE R FE
fBp AR g R E LW (B 7-B) . YR
- ,H\ﬁﬁﬁ( Drug metabolism-other enzymes) | 254
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Fig. 6 Wenn map and cluster heat map of differentially genes between male and female adults and 5"

instar nymphs of Eocanthecona furcellata

W A, EREFEFEFRE,; B, ZREBEFEIME, Note: A, Wenn map of the differentially gene; B, Cluster heat

map of differentially genes.

R4 - 4l i 4 & (P450Drug metabolism-cytochrome
P450) FIAFBEH BRI ( Glutathione metabolism)
TEMR G A AR Gl B BB E . B
WM EAY AR, (Insect hormone biosynthesis) . 28
Bt 253 2 W A ¥ A& WL ( Steroid  hormone
biosynthesis) , M 5 5 W # HOAH L 22 S 5L R 7R
RS R E R (K 6-C) . MEBEfCHHE
( Pyrimidine metabolism ) . M % ¥ %} ( Purine
2 B 0E A A% H TR B A (Amino
sugar and nucleotide sugar metabolism) | £/ DU/ R
{1 (Arachidonic acid metabolism) . Vi & 1 15}

(Linoleic acid metabolism) ,

metabolism) |

2.5 REEMEXERME
S
TEARWE S, G FR e, HsE 134 4
WELEAH O L X, A4 32 b2 B 2R 1k
( Chemosensory protein genes, CSP, 23.88% ) .
MG FEAMEE (Odorant binding protein
OBP, 7.46% ). 21 A IR 98 % & J&
( Gustatory receptor genes, GR, 15.67% ), 48 /~I5
W% A ( Olfactory receptor genes, OR,
35.82% ) . 17 A~ & 1 52 4K K A ( lonotropic
12.68% ), 6 I IESEHH 28T I
FEHFEH (Sensory neuron membrane protein genes,
SNMP, 4.47%) (1),

% OBP EERZRE

genes,

receptor genes, IR,

®1 XARBEREEXER

Table 1 Olfaction-related genes in the transcriptomes of Eocanthecona furcellata

ML A DG R RERE dilt (%)

Olfaction-related genes Total number of annotated unigenes Proportion
b2 N B A 3. Chemosensory protein genes ( CSP) 32 23. 88
AIRGEAE A FER Odorant binding protein genes ( OBP) 10 7.46
WRGEZ AL Gustatory receptor genes (GR) 21 15. 67
W5 32 R LA Olfactory receptor genes (OR) 48 35.82
BT RISZRIL A Tonotropic receptor genes (IR) 17 12. 68
B2 TOIEEE 1 FE A Sensory neuron membrane protein genes (SNMP) 6 4.47
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Fig. 7 Classification of Focanthecona furcellata differential gene based on KEGG

T A, MERCR S HER; B, MEIS 5 WAL, C, S 5 R, VRO IE A PR, R O T O VY
LT, QEMNKNIANBERR, Q (HB/NIEGL, EA pathway & 125 57 5 F 20 F A K/ R IR
Note: A, Female vs Male; B, Female vs Nymph; C, Male vs Nymph. Longitudinal axis was pathway name and Rich factor for
pathway of horizontal axis. The size of qvalue was represented by the color of the point, the smaller qvalue the more red. The

number of different genes each pathway contains are expressed by the size of the points.

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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Hoh )4 % e B 10 MRS AE AN
(EfOBP1 - 10) {F 7 A~ EfOBP HAT 585 (1 FF 5 5]
TEHE, Hib EfOBP2, 6, 8, 9 HA 6 MESFIE
PR, FFEARES G E A RE (Cys-X15-
39-Cys-X3-Cys-X21-44-Cys-X7-12-Cys-X8-Cys 1, C1-
X20-66-C2-X3 -C3-X21-43-C4-X8-14-C5-X8-C6, X
REEE PR ), HIAE) OBP, HA& 3 4
4 Plus-C OBP (& 8 IMASFHY Cys) . KRG &
EARGRBEW A E X ADTENTA 10 4% EfOBP
JPHI I H Ay 6 Bl H B W 92 4% OBPs 351,
I3} 102 4% OBPs 2 EEMRIT5] (K 8) ., MEIA L,
XA b3 % EfOBP9 5 4 #5 Bl BlOBP6 2R 2 [A] — 45,
HY5JK KA LsOBP2 . 15 K&l SFOBP2, X ff1 /i i%

EfOBP1, 2, 3,5, 10 RAEF —K KH, LPX
6 A7 i I EfOBP SC R AR, Hapx 4 4>
EfOBP #4438, (HER 515 2 /0 55—/ Fk#E
E Ay OBP [FIJE IR R KTE — 2, HIFH—3Hh:
8%, fn. EfOBP7 F140#3 &\ BtOBP7, EfOBP4 Fil
L EY% AlIOBP4 | BJE 4 H 1% CIOBP1, EfOB6 Fl%k
Hi% AIOBP28, EfOBS FlIZkH 5 AlOBP24, Hikn]
UL ff 8% EfOBP4 | 6. 8 54 H1ERY OBP KL A
AR —3E, REXLRKRE; T r#E R
A AP A R U OBP LA, ot 3 — 2 i R 2%
KFRITMAE AR B 5L 22 A SE /N 53 35 [
—Fh L U AN ] OBP 35 PR 3R 25 56 R 38 40 Bt i
T ZAMSL NG

K8 ARHIEMH AL T UM DT 52 H R RS & A TRIF S R SR B

Fig. 8 Neighborjoining tree of odorant binding proteins from Eocanthecona furcellata and hemipteran

insects based on nucleotide sequence
TE: EBf, b7, B, MUFE; NI, # QE; Al, SE%; Cl, BEZKEE,; Ls, K KE; Sf, A1 Kl
OBP, SMKZEAHE M, Note: Ef, Eocanthecona furcellata; Bt, Bemisia tabaci; N1, Nilaparvata lugens; Al, Apolygus
lucorum; Cl, Cyrtorhinus lividipennis; Ls, Laodelphax striatellus; Sf, Sogatella furcifera; OBP, Odorant binding

protein genes.
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2.6 SHKREAZERERE (OBP) ShERZFEAR
EE (CSP) REEHMH

XF AR DTG 10 NSRS S B H R (OBP)
532 MEFIRZE A (CSP) #SHEARILRE
FPKM {E i F 7 ¥ — AL B , VRS R B, I
LR AR 32, 45 KFHRSr OBP 5 CSP Rk &7
eI E) 25 S AN K, A 5 5 A i PR A L 3 TR SR
EREZER (B9), H OBP2, OBP4 7E 5 i
P i # 3k, OBP1, OBP5. OBP6. OBP7.

A

%\\1\\ %&'{g;\e "%@
$ﬂ° Qer‘(\ W

OBP8 ., OBP9 £ M sl Ht s B ik, OBP3 {UAE
MR Fe ik, CSPI3 ., CSP22. CSP32 1 i 1
Bl AR R IR R, HERORERIN, MIAE S
0 il Ao B K P 3R 3k, CSP6, CSPIS,
CSP16., CSP18, CSP21 745 dih s #ik; CSPS,
CSP31 7EMER 5 5 83 b A &k, CSP20,
CSP2, CSP17 7EME R AL 5 5 % #5 A A i 3R 3k
HoAx CSP 7EMEUE R R ek

B g‘%’%e ’(\E%@r

NS N
${.@\\ e "\\‘b W

B9 DI g RS & E A -5 Bz 8 A RIS IR —F2 I8 FPKM YA T3 22 e 2R N g R ik i
Fig. 9  Expression profiles of OBP and CSP exppression profiles of genes were calculated based
on In (FPKM) of Eocanthecona furcellata
T A, ARG EA; B, WLENEN, Note: A, OBP; B, CSP.

3 iEiie

SUSf D i 2 — A B RE D AR SR B R R
JEHIEXS B H E BSR4 E B (B
WA, 2020) o ITAFSRA VA SR E X XU DT i
BEAT T RGERARIBETE, (0 H AT XA D i i
S HE N 7 T I FE R ILA ARG B iGE . A B 5T A
FH Mlumina 30775 AR S D3 i fk £ 9047 s 28 0
FPRIZESe oM, Fa s 1 ol £ T sre A A B AR e I AL
L, PN TAEEE | Trinity PFHZ | F5RAT)AE
TERESEL IR, A2 T fih A e S 2 A0 IRLBE R G 2R
FA o DM A5 0 A S A D7 i ik £ 5 DR B4 1 HC
RETEREAS B — 07 oA i — 22 1 o TP s fe it 1 58

SEFERN, o5 — 7 T R AR A A A AR I B AT 4R
TS set (Zhu er ol , 2017) .

VT LA B A e Y Y R R T, AREZ
FEASE B A TG 58 1T He SR AR SR R A g
BLZ A, fER BRI OSCEE M2 R
BRI G AR G RE R EAT T IR B A2 R, . IRE
H ¥y Bl Trialeurodes vaporariorum 2GR Uk %,
2020) . FEMUZE T T Agrilus zanthoxylumi ( YLZ5 5
4, 2020) . BRI Coccinella septempunctata (1%
FFAF, 2020) , R Cydia pomonella ( FH B
45 02020) , KSR Galleria mellonella (1 3% %%,
2019) . = BE K4 Batocera horsfieldi ( #51F 5 55,
2019) . HiE B % Adelphocoris lineolatus ( A
2019) &, ASURHIFGE 4 LA Dy s f o e Sk 4 19 DF
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AR R U, X unigenes #F 17 I BE 1 B & B,
27 686 7% unigenes W INIERE, HEBR N 40.80% ,
£ 40 157 %% unigenes AR #E MY ERE, JEH AT AESE
unigenes [ B o 0 5 PRI ) R 11 B 205 2R 32 3152 i)
FIES Ak P E BT AR X B 2 S BOZZ5 R (Hou
et al. , 2011; ZRFKSE, 2012)

AU FF A 14 258 unigenes B GO B
Yread e . 7 IhRE . Iy 3 g Ry 42 A
REE, HrhiEmaCs, 4, EOSan
PE . LA C I B R AL 225 KOG U4 P2 2 g Tl
Mo KRG Won, XM D7 i b/ e s LR
6 097 1~ unigenes 15 2|1 B, JF#5 4 26 1~ KOG
2, Wl E—RIRENEE R, A 1107 5%, W
M 2= A5 SRR, N 758 %; XL KEGG
BRI ERAS B, 7 703 2% unigenes {EBE S K
FAE e S, 282 AMRBbE T, PR R
TEfR S Mg RN &2, A 886 4%, M4
TR E B A 11.50% , X 5 HE M B8 8% Yemma
stgnatus fih 71 5% 57 2H BCHE A AL (KRH ﬁtgﬁf, 2019),
FerR BT il A 8 A D i WL U AT O R Y
AR

0 3 A D i M PR U S 8 o A ) 22
FARIK OB, KBS DT W il A 67 843 A
unigenes 145 7 324 /) unigenes 7F MK A AR S
A= TR R IEIKE AR, RE (R E 5
RUERIAT DU B, 5 o Ha 55 ng e a] /Y 22 5 3R Ak (]
Bz, WEMER R 2 8] 22 Rk BRI D GO Tifig
B 5 MRS A G 1Y) Rk PR 22 B il v | AR
ik, AW DBILAAE S 1A R BRI, X
S S i e R S 8 Y ML R DG 3 PR T
RES MRS B R . BT NS, NIFZEM
YE SIS AL T AT BE (Leal et al. , 2013)

i R D RE T RS, AT 5T DA SUA D s fih )
HUETE AT 134 MBS AHOCIE A, f 4 32 4
fE2f RN B FE ] (OBP), 10 MSREE A 8 A2
(CSP), 21 PBRHEZARIEN (GR), 48 IRE
ZAREEH (OR), 17 MESTRZR (IR), 6 MK
WAL TC I 1AL (SNMP) AR F T oAl 2
B O ol A B SRR SRR L, AR RS BT 45 1 I
AL B TE S BEYE R, HAUIRES & 8 1 AL
wRL ) BN, BT E Y Adelphocoris lineolatus %%
S, KR 14 4~ OBP, 80 4~ OR, 12 4~ IR Al
4~ SNMP (4 /04, 2010); 74 % Apolygus
lucorum ¥ FH A, X ZF H 38 4 OBP ( Yuan

et al. , 2015) F1 110 4~ OR (An et al. , 2016);
TE/NE U Nysius ericae fill G sk, %808 28 >
OBP, 16 /> CSP. 83 /> OR, 12 4~ IR #I 2 4
SNMP ( Zhang et al. , 2016); 2% K J7# W %
Corythucha ciliata fih f1 % 5 4, 258 1 26 4>
OBP, 14 1~ CSP. 77 1 OR. 11 IR 12 4> SNMP
(A7, 2018) ; TEMEYE Arma chinensis fili 55 5%
M, KR 38 4 OBP, 14 CSP, 3 /> OR, 12
IR, 3/ GR 13 4> SNMP (Wu et al. , 2020),
Y58 Y OBP /0 1) JRLH bR 22 NCBI i 12 1 2
FFHECR AN, 0] R T AR R R
FRRIZEHEE N 45 FIRE R B8 8k 8 sz it
R R SR 25 & 1 5 4k 2 B B A TR 5
L R, B SRR, JFS A R
X5 Eb 43 BT JH Al R A R B R 2 43 2K LT Y fk
i ST 2H R R H R PR 24 v L A G 35 PR DRt — 25
PATRAE (FEIESE, 2020; DLEHIFEE, 2020), Ut
A, A DTS H Ay 6 Fll i B R A E# )
OBP R4 K FM AL, OBP8 54t i% AIOBP24 1if
FlAl—4r 32, AlOBP24 fighs 5% R W E &,
. B-5% =W, B-IRM: (XUfES, 2017); OBP6
L& H % AIOBP24 RAE— &, FMNE (2019) iE
I Sk U ALOBP28 iF 47 25 1) 15T I 11 T fE 56 ik
RIHI e 2 456 VAR B R 2 A 38 A ) 15
KW, HAEN A B REEEA, [T OBP6 if
5K KA LsOBP7 Ry [A]— K3, LsOBP7 figf%
PN -T2 WA R ( + ) A M 9 Bl 4 K A
FERY) (RFL, 2021) , PN S A i ok 4
R AT et AT 2L T

I FPKM %} OBP 5 CSP Jt:[N kT k&
i, RMHEA RN mL, HrhaEaEER
A4 OBP2, OBP4 ., CSP13, CSP22 fil CSP32 7E#¢
HorpiEg ek, MEME R Al AR b SRR AR, HE
AR, XHHAM K/ OBP 5 CSP 3 P 7 1 H
R RIE AN, ATAMF R R, —&E R OBP
F B R S b A v SR R AR S A U A R
Lo BAT N AH L (FBW R A, 2018; K1,
2019; Guo et al. , 2020) ; HA2AHIN A HEH A
A Sr T e Ry AR B T BB, N iE R IR i
Trichogramma chilonis RFOBP16 FE{E4 M A K K H
W B e 2R IR I 7 5 0% &) AURR I AR vh s BE 258 (Liu
et al. , 2018) , FiL R T WIMLT, WAF7EH:
it an. OBPA {7 M ¢ o rp iy 63K, CSP20 Al
CSP2 7EME S B 3k, CSP8 Ml CSP31 78 Mk A M
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