7 B 274 Chinese Journal of Applied Entomology 2021, 58(4): 846-855. DOI: 10.7679/j.issn.2095-1353.2021.082

REIRFHRBERASMEIREEX
EAEENETE

EFHET MR TT BRIHETT TRR®
Eo#? ward B-%°

(1. WSROI RE, RS RE 0100205 2. i E bR B 0 JEWF 58 i, IPANE+F 010020,
3. FRAmARI AN R, KK 075000 )

 E [BHA)] ZRERFEHIE Zele chlorophthalmus & # i iE Loxoste gesticticalis gl R E B KTz —, A<
T30 Ao ) 8 o M P P0G fl A e SR AL B o, B L 5 WL A DG I B T I, A BT 4 1) R T o IR 98 i e
TR IR B I A P e R LBk E . [ A& ] DL lllumina Novaseq 6000 i #3534l %
S HR B S W Ml £ A SE DR B A T 2 SR AL e . 4260981, DA R SE A A B A OIS Ao, T X R HIR A 3 e
fil A AR SCPRBE LRI S 2 i [ SER ] LA E SR T8 e S B 2, B 5 Hh Y unigenes 17
5112 65 228 5% ,N50 >} 3 882 bp. fili F§ BLAST {414 £ IR 28 F 4 fis /1 unigenes 74145 1 Fil Pfam ., Swiss-Prot ,
NR. COG. KEGG. GO BUEE FEHATXT L, If-58 AL I D REAH G RE, I ERSENECh 18 662 4%,
di B 28.61%, i, NREURZESBMERRE, & E5W 24.61%, 4 15863 %%, KEGG HiiE ik
BEERED, N 9612 4% (14.91%) , HAKYK K Plam %t 2 B % 12 164 4% (18.86% ) . COG
BRI T B 15 584 4% (24.17% ) . GO S5 1 #% 11 634 4% ( 18.05% ) , Swiss-Prot 54 5 TEBAF] 11 634
%, ABEN 18.86%. i Bl GO FdE FEXT unigenes BYTERE, HUBEML AR = K2, WLIgNS 49 M3,
FEALFETIRE . AL 5 LS At AR 38 et v PR R D) RE X WRUBE AR S 3 R A5 0, 3R B 151
SRNIRSEA SCR R 3L, A04h 3 MRS M T IR (I SE R L 22 B T RISZ AR Y | 23 ANBRGESZ R IE A |
83 MIKAZARIEA | 6 MEFRZ LA | 14 MRS EAIER . [ 48] WahldE T IR A%
i £ 0 SR AL A DGR, X5 MRSE AR S A B P E AT 288 AT, IR A 9 35 IR T i B it 2 —F B o {3
WA

KER RIRFEAE; AR A; SEE T, BRI, MGG

Transcriptome sequencing and identification of the Zele
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Abstract [Objectives] Zele chlorophthalmus is an important natural enemy of Loxoste gesticticalis larvae. Constructing
the Z. chlorophthalmus antenna transcriptome database and mining this for olfactory-related protein genes provides a
theoretical basis for optimizing the potential of this species as a biocontrol agent. [Methods] The Illumina Novaseq 6000

high-throughput sequencing platform, transcriptome sequencing and sequence assembly were used to sequence Z.
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chlorophthalmus antennae genes, after which bioinformatics research and analysis were used to identify associated olfactory
genes. BLAST software analysis of antennal unigene sequences was compared with that of authoritative databases (Pfam,
Swiss-Prot, NR, COG, KEGG and GO) and complete gene function related annotations. [Results] A transcriptome database
was successfully constructed. A total of 65 228, unigenes were sequenced with an N50 of 3 882 bp. A total of 18 662 genes
were annotated, accounting for 28.61% of the total. Among these, the NR database had the most (15 863) annotations,
accounting for 24.61% of the total. The KEGG database had the least (9 612) annotations comprising 14.91% of the total, the
Pfam database had 12 164 (18.86%), the COG database had 15 584 (24.17%), the GO database had 11 634 (18.05%) and the
Swiss-Prot database had 11 634, 18.86% of the total. Unigene functions could be divided into three categories based on GO
database annotations, which could be further subdivided into 49 branches. These categories were mainly molecular functions,
cellular components, and biological processes. Screening of olfactory-related genes by annotating gene function revealed a
total of 151 protein genes related to olfaction, including 3 sensory neuron membrane protein (SNMP) genes, 22 ionotropic
receptor (IR) genes, 23 gustatory receptor (GR) genes, 83 odorant receptor (OR) genes, 6 chemosensory protein (CSP) genes
and 14 odorant binding protein (OBP) genes. [Conclusion] The Z. chlorophthalmus antenna transcriptome was successfully
sequenced and antennal proteins related to olfaction identified and analyzed. These findings provide a theoretical basis for
in-depth study of the function of olfactory genes and the molecular mechanisms underlying olfaction.
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Tablel Overview of antennal transcriptome of adult Zele chlorophthalmus
Feign's R i 1 i it S RREL HHRE (%) Q20 (%) Q30 (%) GC [tfE (%)
Sample Raw reads Clean reads Clean bases Error rate (%) GC content (%)
clc 40 310 250 40 309 216 5 846 064 787 0.030 7 95.61 89.49 36.90
cJc2 43 557 242 43 556 540 6346 972 728 0.026 4 97.35 92.99 37.04
CJ C3 41646148 41 645 462 6 038 737 540 0.026 3 97.41 93.02 37.07
CI X1 43385178 43 384 556 6 305 125 157 0.026 3 97.43 93.05 36.98
CJ X2 42 177 574 42 176 942 6 134 068 913 0.026 0 97.53 93.26 36.73
CJ X3 44018528 44017 926 6 398 306 092 0.0259 97.57 93.33 36.74

CJ Cl, CJ C2, CJC3, CI X1, CI X2, CI X3 F/RLHEMRFEHIE M AN M b FAAEAR RIS . Q20: i {H =20 Al

BT Q30: JithEfH =30 BlAEAY 10 1L

CJ C1, CJ C2, CJ C3, CJ X1, CJ X2, and CJ_X3 indicates the numbers of the biological replicate samples of the female
and drone antennae of Zele chlorophthalmus, respectively; Q20: The percentage of bases with quality values =20; Q30: The

percentage of bases with quality values= 30.
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Fig. 1 Length distribution of all assembled unigenesin
the antennal transcriptome of Zele chlorophthalmus
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Fig. 2 Annotated diagram of the transcriptome
function of the antennae of the Zele chlorophthalmus
GO: GO ¥ifi AT H I TE R K ; KEGG: KEGG
HOE PEARATHE R E R BiRE ; COG: COG HU4is i 315 5
PRI ECEE s NR: NR £ ZE R R R Bt
Swiss-prot: Swiss-prot Z5 i 22 SR AL K3 BRI BUR: 5
Ptam: Ptam % ffs 4R 755 R B i
GO: The number of gene annotations obtained by the GO
database; KEGG: The number of gene annotations obtained
by the KEGG database; COG: The number of gene
annotations obtained by the COG database; NR: The
number of gene annotations obtained by the NR database;
Swiss-prot: The number of genes annotations obtained by

the Swiss-prot database; Ptam: The number of gene
annotations obtained by the Ptam database.
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Fig. 3 Speciesdistribution of unigenes of Zele chlorophthalmusin the NR database
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Fig.4 GO function annotation of antennal unigenes of Zele chlorophthalmus
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Fig.5 COG function classification of antennal unigenes of Zele chlorophthalmus
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Fig. 6 KEGG pathwaysin the antennal transcriptome of Zele chlorophthalmus
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3151 &, HP 5Bt 4 o EE 1 ( SNMP)
A 34, BFRZEK (IR) JEH 22 14, Ak

AR (OBP) R 144, Sk (OR) 3

831, MR (CSP) K 6 (£ 2)

®2 gREGEMARFIEAREEXERST
Table2 Olfaction-related genesin the transcriptomes of Zele chlorophthalmus

N .

1A Genes Numbe:jﬁf)?r,&o;ili?zicét%nffZ fed genes ﬁr&)ﬁ);r:i/(:)a
S W44 M Odorant binding protein ( OBP) 14 9.27
1k 24 % 2 19 Chemosensory protein ( CSP) 6 3.97
SR\ B 5% & Odorant\Olfactory receptor ( OR ) 83 54.97
BT 1314 lonotropic receptor (IR ) 22 14.57
k4% 3 {4 Gustatory receptor ( GR) 23 15.23
R 24U I ZE 11 Sensory neuron membrance protein ( SNMP) 3 1.99

3 itig

AHI 5T T S AR FE AU i f e S, RN
NR E5088 22 v DL S0 ) e RS 4 i S e fe
TR TE  unigenes X 54 T T A T B L
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JiE HR A T I | AL S DL R A
=R R A 53, 5 HA 25 28 e S 2 4
HEHIAZER, (Zhangetal., 2009) , £S5
R . N EAREAY . AYEE .
SRR 53 % VRS S 2 R A7 A W R A I Bl ) s
GRS o TEREE] COG %di 2 Y unigenes #
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RUEFZIEDIRE 3L R g fi 2, R A — Kt
BT RERE N AR 45 . KEGG i 5 unigenes
PRSI 6 KON R I, AL FGIABE(E B | ikt
1L f5 BACEELL K AR b, i e mT LA S 7E 8 5
(AR | 845 Wi 07 LA K & IS A0 I 7 A e LML e 1 7
g RS AR

A 5T AE WLBE A G B 1 3R PR S e B — R
B 151 4%, HAARRESGEE (OBPs) JLHEL
WO 14 4%, T IHAMER R OBPs ¥/

( Nishimura et al., 2012; Nie et al., 2018) .
X A] S 5 OBPs 7 4 R FE AUl il £ I 63k

HHEAET G RHALA LA % (Pelos et al.,

2006 ) . fbAERZE I (CSPs) FEHEE N 6
A, 5 OBPs DIREAH L . a5/ 1 i R v B
AL AN F L DI REZ R EMEZE S, S5
CSP 7 filiffi Kk 124K ( Zhang et al., 2015)
L MR FE A e foh oy vp 455 31 83 MIRLEAZ R (ORs)
FEH, DT R AR % (88 1~ ) (Ahmed et al.,
2017 ) M £ filya i i% (168 4~ ) o ORs JE A 1Y
$H (Zhangetal., 2009) , {H 3k #5455 f b
HREHE (61 ) £ (Nishimuraetal., 2012) .
ORs 5 K #E AN [R14 Fh 22 [a] 474 22 5 7] g 2 AN (]
Pl BT AE 3 (R RIS e 5 R I SR AT AR OG o
B4n , WA TR A5 B Z AR
5 HAT M AIA 25 A (Benton et al.,

2006) . 4t 22 TRz IR (IRs) LA,
P9 BA B R PR P o Rdgr IRs AT LAAL 3
WSS MBI G, IEX HA TR R 5
5% ( Grosjean et al., 2011; Minetal., 2013;
Hussain et al., 2016 ) . A#F57 %72 i 23 4~ GRs,
HARSFHR IRs 22, HYIF b2 78Rk, A
Bk 1E GRs JK7E B A HAA 2 g R,

Wi BA R Z AN ETIEE (Mang et al.,

2015) , GBIREZS . R . AR DL SR
EZHZE%IGE (Satoetal., 2011) , %5 R
2GR ( SNMPs) K4 34, JE AZE0E
Witk iz CD36 H:PH % r RIEEE K ( Vogt
et al., 2009) . HATHr & H SNMP 43K
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SNMP1 ZEM SNMP2 K, BHAANFEERE
0 (FESZBRAE, 2016) , (HHZFIAHLEE M A A
B, JE 3 AR RLBE A T HES ) I X0 20 B 2 A A 7
Br, UiB SNMP S5 T R[E WA BRAfb T

ARG | L5 R B T IR s 0 fih £y
Bl S d] (R B A 2 2R kB R A B A L T
ReA s it — 2R AT SR o I S8 I SER 2
i PCR AR, i Bl A MEL 0 AH OC 28 1 A D e A
H, @8 AR A2y, 8t E R misfe
2 TFBOR I I T Re 5T, E—2F B 5
FHC R e SR IR BE e e A S P OVE R, DU
U 1) R AR S IR B SO AE A= W B 6 T TR g

S Z 3k (References)

Ahmed T, Zhang TT, Wang ZY, He KL, Bai SX, 2017. Molecular
cloning, expressionprofile, odorant affinity, and stability of two
odorant-binding proteins in Macrocentrus cingulum Brischke
(Hymenoptera: Braconidae). Archives of Insect Biochemistry &
Physiology, 94(2): €21374.

Benton R, Sachse S, Michnick S, Vosshal L, 2006. Atypical
membrane topology and heteromeric function of Drosophila
odorant receptorsin vivo. PLoS Biology, 4(2): 240-257.

Du LX, LiuY, Wang GR, 2016. Molecular mechanisms of signal
transduction in the peripheral olfactory system of insects.
Scientia Sinica \itae, 46(5): 573. [#:320f, X, TEESE, 2016.
B AN LSS R GAE S AL DR . R ER A
B2, 46 (5): 573]

Du Q, 2015. Investigation of insect pests of lucern and their natural
enemies in kangbao county of Hebei province. Doctoral
dissertation. Hubei: Huazhong Agricultural University. [#17F,
2015. L RER L E R E U R EUIIE. 2 e S
WL Aol k2]

Grogean Y, Rytz R, Farine JB, Abuin L, Cortot J, Jefferis GS,
Benton R, 2011. An olfactory receptor for food-derived odours
promotes male courtship in Drosophila. Nature, 478(7368): 236.

Hussain A, Zhang M, Ugpunar HK, Svensson T, Quillery E, Gompel
N, Ignell R, Grunwald Kadow IC, 2016. lonotropic chemosensory
receptors mediate the taste and smell of polyamines. PLoS Biology,
14(5): e1002454.

Kang AG, Yang LJ, Zhang YH, Liu DJ, Zhao ZY, Zhang FY, Feng
LR, 2015. Species of wasp parasitioids and their roles in
regulating meadow moth, Loxostege sticticalis (Lepidoptera:
Pyralidae) populations in the agro-pastora ecotone of
northwestern Hebei. Chinese Bulletin of Entomology, 52(1):

215-222. [FREHE, Mo 7E, skEE, XIHRZE, B, SRR,
TSR, 2015, BELPGALACHOAE HE X MR A A e H AR AR
F. N FH R AR, 52(1): 215-222]

Leal WS, 2013. Odorant reception in insects: Roles of receptors,
binding proteins, and degrading enzymes. Annu. Rev. Entomoal.,
58: 373-391.

Li Q, Cheng YX, Luo LZ, Du Q, Jiang XF, Zhang L, 2017. Biology
and bio-control potential of Zele chlorophthalmus (Hymenoptera:
Braconidae), a parasitoid of beet webworm, Loxostege sticticalis
(Lepidopterac  Crambidae). Chinese Journal of Biological
Control, 33(6): 803-810. [4:fif, Fe &, FHLE, v, 1%
i, GKEE, 2017, SRURTE MR A W R B R R 4ol
YER. EE IR, 33(6): 803-810]

Mang D, Shu M, Endo H, 2015. Expression of a sugar clade
gustatory receptor, Bm Gr6, in the oral sensory organs, midgut,
and central nervous system of larvae of the silkworm Bombyx
mori. Insect Biochemistry & Molecular Biology, 70: 85-98.

Min S, Ai M, Shin SA, Suh GS, 2013. Dedicated olfactory neurons
mediating attraction behavior to ammonia and amines in
Drosophila. Proceedings of the National Academy of Sciences of
the United Sates of America, 110(14): E1321-E1329.

Nie XP, Li QL, Xu C, Li DZ, Zhang Z, Wang MQ, Zhou AM, Li SQ,
2018. Antennal transcriptome and odorant binding protein
expression profiles of an invasive mealybug and its parasitoid.
Journal of Applied Entomology, 142(1/2): 149-161.

Nishimura O, Brillada C, Yazawa S, Maffei ME, Arimura G, 2012.
Transcrip tomepyro sequencing of the parasitoid wasp Cotesia
vestalis: Genes involved in the antennal odorant-sensory system.
PL0S ONE, 7(11): €50664.

Pelosi P, Zhou JJ, Ban LP, Calvello M, 2006. Soluble proteins in
insect chemica communication. Cell Mol. Life Sci., 63(14):
1658-1676.

Renny N, Shiuan TW, Chih Y'S, 2020. Neuronal compartmentalization:
A means to integrate sensory input at the earliest stage of
information processing? BioEssays, doi:10.1002/bies.202000026.

Sato K, Tanaka K, Touhara K, 2011. Sugar-regulated cation channel
formed by an insect gustatory receptor. Proc. Natl. Acad. Sci.
USA, 108 (28): 11680-11685.

Sheng S, Liao CW, Zheng Y, 2017. Candidate chemosensory genes
identified in the endoparasitoid Meteorus pulchricornis
(Hymenoptera: Braconidae) by antennal transcriptome analysis.
Comparative Biochemistry & Physiology Part D Genomics &
Proteomics, 22(5): 20-31.

Tian XX, 2010. The wasp parasitoids and their regulating roles to
the populations of beet webworm, Loxostege sticticalis
(Lepidoptera: Pyralidae). Master dissertation. Beijing: Chinese



4101 T G

ST SR 2L A B LB AR S 5 1 D PR - 855 -

Academy of Agricultural Sciences. [ RS, 2010. Hi il 27 4=
U R R 2y ERPRERYAEBIAE . B2 g s, dent i
B BL#Be.]

Vogt RG, Miller NE, Litvack R, Fandino RA, Sparks J, Staples J,
Friedman R, Dickens JC, 2009. The insect SNMP gene family.
Insect Biochemistry and Molecular Biology, 39(7): 448-456.

Wang DY, 2020. Host selection behaviour of Zele chlorophthalmus
and its mechainsm. Master dissertation. Beijing: Chinese
Academy of Agricultural Sciences. [T}, 2020. L*HRFE AL
B35 ERPATNILRITIG. B2 5. deat R ERL
e

Zhang S, Pang B, Zhang L, 2015. Novel odorant-binding proteins
and their expression patterns in grasshopper, Oedaleus asiaticus.
Biochemical and Biophysical Research Communications, 460(2):
274-280.

Zhang S, Zhang Y J, Su HH, Gao XW, Guo Y'Y, 2009. Identification
and expression pattern of putative odorant-binding proteins and
chemosensory proteins in antennae of the Icroplitis mediator
(Hymenoptera: Braconidae). Chemical Senses, 34(6): 503.

Zhou JJ, Kan Y, Antoniw J, Pickett JA, Field LM, 2006. Genome
and EST analyses and expression of a gene family with putative

functionsin insect chemoreception. Chemical Senses, 31(5): 453.

skokokok kR ok koK ok ok koskoskokokokokokokokok kokok ok ok sk sk ok ke sk sk sk ok kR Rk sk ok sk kokoskokroskoskokokokokokokokok skokokok sk sk ok ok sk k sk sk ok sk ok kok sk ok rokoskokoskokokokokokokokokokok sk okokokok sk sk k ok

BN N TR

¢ :t'fﬁ Q”

4%
Gt mmmmf’

EHi[E %k Araneus mitificus (Simon)

gk S5 e300 ] Arthropoda k%49 Arachnida 1%k H Araneae) i) i i .

CRLHIR 2 ) A

IEFRRR (TR TR R Insecta) MM IR, [RIRFHL N A BE G 1 Wik S5 AH DG bt
TR R HRGE , R IHAR 22 ik 2 R A R o AR 309 ) 1T R R S BR BELE Wk Araneus mitificus (Simon) ([l

Bl Araneidae, ZEHX5HSEE YRR 2R,
BB ko A5 T et vl
H‘Kiﬁﬁ V %ﬂ:/ixf

SR EAAEIR A )
WG . TTARSE ., MERRIRIC 9-11 mm, IEE E SO A R AKES, 5
A 4 D BESCHER — B8
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