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Analysis of transcriptome and resistance-related genes induced by beta-cypermethrin
in the grasshopper Oedaleus asiaticus (Orthoptera: Oedipodidae)
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Abstract: This study aimed to identify resistance-related genes and metabolic pathways in Oedaleus
asiaticus in response to beta-cypermethrin stress and elucidate the resistance mechanism of O. asiaticus
to beta-cypermethrin. The 3rd instar nymphs of O. asiaticus were treated with beta-cypermethrin (LD, =
0.008 pg/mymph) for 48 h. The transcriptome sequencing was performed on pre- and post-processing
samples by using the Illummina Hiseq 4000 high-throughput sequencing platform. Functional annota-
tion, differential expression gene (DEQG) analysis, and metabolic pathway analysis were performed us-
ing bioinformatics tools BLAST, edgeR, and Trinity. The results revealed 743 DEGs in O. asiaticus af-
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ter treated with beta-cypermethrin, including 208 up-regulated genes and 535 down-regulated genes.

Among them, 168 DEGs were significantly enriched in three functional categories (cell components,

molecular functions and biological processes) in the GO database, while 162 DEGs were significantly

enriched in 20 different metabolic pathways, which were mainly involved in the metabolic pathways

such as ribosome, carbon metabolism, glycolysis, and amino acid biosynthesis, with several metabolic

pathways related to insecticide resistance. Further analysis identified 47 DEGs related to insect resis-

tance, including glutathione S-transferase, alcohol dehydrogenase, cytochrome P450 gene family, heat

shock protein, carboxylesterase, mucin, multifunctional oxidase, and carbonyl reductase. These genes

play a role in the resistance of O. asiaticus to beta-cypermethrin stress.

Key words: Oedaleus asiaticus; transcriptome; beta-cypermethrin; insecticide resistance; differential

expression

1E ARG e U MR R Ko iR ey
At B LE YRR RO PEAR R A MRS AN  A 1
BRI A RE L, ™ B R A T AR A A 7 4 |
LV G TS B2 & (Basset et al.,
2012; B EEE,2021) . WM/ NGNS Oedaleus asiat-
icus @ T H I H BB RL /NG5 JF Oedaleus , &
FE AL )7 7L RN AR PO R DA P iz — , %2
O T NS R L RGS 155 48 X (4248, 20075
Cease et al.,2012) o Y /N 4 i S — Fp 2% £ P 5
W, B85 Stipa capillata  KEB2 T HE Cleistogenes
squarrosa ., = Y. Leymus chinensis #1153 & Artemisia
frigida 55 12 B R ASFEFN P85 BORE ) (R 2R FH R 7K
HK, 1994 ; Huang et al.,2016) .

H i, FeFE S 2 HITT 1 22 Fhh i ot e i Ay 4
LM/ INGE R ABAT) F AR AR A 2 AR 25 A T B (U e
$55,2020) 0 R RCE UG HRE ) e JEE BT R
FHA A 22—, PO EA R | R8orn S v 4540
A (i RUEZ A, 2015) , B80T 2 T T 27 st e
PN/ NG PR B SRS Calliptamus barbarus VI X
T WS Myrmeleotettix palpalis 55 0 B 16 (B 22 18
4520215 Zhang et al.,2022) . #Rifi, i Tk 2y
ORI INEY TN xR o G T eiT e LIPS
W 2, BT BN LA SR T =LA A . e NS
W EIA X (RIFRN S ) Shnke e | 07 F i GE
THE RN} IR U020 3 H I 4 1l DX ARSI P /)N Z B e Xof
R AR A IR AR S A BRI PR B T T 2 2 4%
(Dong et al., 2016) ; 2010 4F 1 2013 4F K H 2 3 st
Epacromius coerulipes %I f=y %0 5 528 g A5 344 T
AIBLPEAR LM 5.52 (7 Rl 4. 24 AT T 9.41 4%
F18.04 45 (47K 85, 2021) ; ENEE AN CLRERTIA A 1249
A% A E Diaphorina citri FRHEXT R 25 g 1 PTTEAST
$ 15 39.8~107.1 15 (Naeem et al., 2016) ; FHEE A UK

Spodoptera exigua X — 5 A A FR | 5048 g A0
K EF AR BT PERE B 55 3 522.9 75 1669.7 15
12 737.245% (22 7R 4255,2006) .

B 0 % U 7 AR T SR — P PR 3 0 R
%, B AR NAETE S P02 PR DGR B P S 4 il A4 o
T AR FH SR A 2455880 1) A DG % ( Brattsten
et al., 1986 ; BFRTET45,2015) . FHBHLZGTEAH CIE A
S S DN I B PR T 2 P 1 B S, 2 i
EiEZ5 TRANPAES R, QMR
P450 (cytochrome P450, CYP450) .45 bt H Ik S-54 %
fiff ( glutathione S-transferase, GST) \ JRFR i i ( carbo-
xylesterase, CarE) , ATP 4% & & #% 12 /& (ATP-binding
cassette transporter, ABC) L) ) #4i# & FH (heatshock-
protein, HSP) &5 . W5 HU470 2414 1) 7 A 3 B A 22 il
KRWGES5 , W R R R, I E B2
1Y IRARRE 0 Jre it e 25 PR I SR BRiR AR .
AESR BB SE R, YRS R AL B O Y TR Locusta
migratoria PN GST J& K 51 FE 25 - %58, Hi LmG-
STd1 KA P REAE CE 25 HEAIL i T e 450 E 2]
(Qinetal.,2011;2013;2014;JouBen et al.,2012).,

RNA il ¥ (RNA sequencing , RNA-Seq) & —Ffi
SR FH v 38 0 7 AR B RNA 8% 5% i eD-
NA SCPESEATIN T 4R | e 7 e 20 21 sl 4t g
T 4 S e SR AR 11 e 3k SR R LR R KT (R BILAE
2019). HAT, ZBRC NN Z T R BT 25 1A
K HE R B B 9T A, an 4 % B\ Nilaparvata lugens
(Wang et al., 2009) . X8 ¥} B\ Bemisia tabaci( Wang et
al.,2010) UL N #7 — XL WF Schizaphis graminum ( F. "%
SRAF,2023) 45, i KA E TS5 R itk
7oA ) SCHR R PR Al A, i — B IR AT R
L2 £ 711E2% Y Raa o[ B SN 71T i R w2 W e 1 e S
(Diao et al., 2011) . AW 5% F| A Illummina Hiseq
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HOEWN TR N BRI E (2542) °C/(21+2) °C..
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245751 R B AR - 98% 2 54 S F 45 T (Beta cy-
permethrin) it 2 , 0] b ] /R 28 245 0Mb A7 BR 2 F
Eastep® Super Total RNA Extraction Kit, 3¢ [& Pro-
mega 7~ H) ; Hieff NGS Ultima Dual-mode mRNA Li-
brary Prep Kit for Illumina, 2! 35 A Y87 (i) J1E
A7 FRZA 7] Qubit™ dsDNA HS Assay Kit, 55 [F FE 2k
AR B A 7] 5 2xTag PCR Mix , TIANgel Midi 1%
1R i Ak &, RARA AR (A 50 A BR A Rl M-
MuLV S % 5% i . DNA R A/, B TAY TR (L
) e A5 BR 2y 7 5 2xSYBR Green Go Tag® QRT-
PCR Master Mix, o8 A 1% £ YR A R A ]
Agilent 2100 DNA 1000 Assay Kit, 5 [E % $E(E R4
A BR A HoAh a5 3 8 B 7= 0 Afr 4l . Eppendorf
5427R B O, 78 [ SEATE By 24 v s ETC811 7Y
PCRAY, 7R 2L B2 A 45 A BR 23 7 5 Agilent 2100
W A, 26 B L2 FE AR B A PR 7] 5 Naodrop
2000 B i o3 6O T, 36 I FE R R /R BHE 2
F] ; Tllumina Hiseq 4000 {3 38 £ 0 J5F- 5 , 92 [ Tlu-
mina /A 7 ;50 cmx50 cmx50 cm P FE HL5E , A

12 FHiE
1.2.1  F /s & 32 cDNA A M An bt T 20m 5

Z RS TLA(2003) T a3l . K maEi s
B TR IR 2595 T PR v E I AR 4.59% B, SR e
PRI E 2.5 uL WG & LD, >~ 0.008 pg/k (155
A TR XTI /NG 0L 3 i et g i S A T A T Ak
B RN AR F AT 60 Sk, DS A5 i Y A AL B
XFRR IR 3 A A . AhFHS 1Y 3 08 s Al 7
50 cmx50 cmx50 cm 20 37 B N ARSI 3%, TRl FE 4%
PR 1.1, 48 h5 3 AT LR, B A )
53 S Mg R iR A\ R AU R, 1 Eastep®
Super Total RNA Extraction Kit Z: [ 15 B 4543 1 #HL
HSRNA, BTSN T-80 CIREE .

| F Hieff NGS Ultima Dual-mode mRNA Li-
brary Prep Kit for Illumina 2 B8 {5t B 453351 73F 9 /N4
15 cDNA [ SCERG 2, 48 4 5 1Y) SC P8 i) Qsep-400
D7V BEAT BOA: , AR i E Q30 35 2 85% A
¥ , ] Qubit™ dsDNA HS Assay Kit %4 #% ) cDNA
SCPE ) A 0 B R A RS M o, DA DR SO T 6
M Sk ANy TAE 56 T A B I 7 (sequencing by
synthesis, SBS) £ K , i#fi i [llumina Hiseq 4000 /= i
T - 5 %6 cDNA SCEESEATIN 7, Iy TAEZHE
W HIEEEYRH A RA T SER . XTFR 2
Jer B A R4 T B R I (R G+C B s Rl
BRIARE S B TS e 00 o B 1R [ 4 45 s reads
I 23k LS5 [ e 4 sk AV o e (A L 3K
1505 it reads , RV 20k -
1.2.2 T/ F 22 55 R A0 B RAE A R A 2

F| FHl Trinity 2.5.1 # {4 (Grabherr et al.,2011) %
12,1 g B 8 s g7 e 0 D S i e o i kg
RFRIE B S AR B 5 T it Y reads T R 38 1)
B Bax s/ i BORE A AR 1 e B, JF R IR 2
Bez Al H &SR B, S a5 T De Bruijn &l
()L FIN Y reads 55 8., R4 BAAE A h a3 iR
G SEAR A, e 245 5 unigene, 43l X SEA RN
unigene [ B BV EE (NSO T A SR R IR R
FERZATIRIT 0 50% ) FI- 3K ik T 401t . fdiH
BLAST %44 (Altschul et al., 1997 ) ¥ unigene I3+ 51| 53
5 4E 70 4% 2 5 31 (non-redundant protein se-
quence, NR) 4 P2 | 85 1 i B A B 7 41 (Swiss-
Prot protein sequence, Swiss-Prot) Z{ 3 2 | Jik R A {4
(gene ontology , GO) &4 [ | [F] IR 45 11 5 7% (clusters
of orthologous groups of proteins, COG ) ¥4 #& /% . H A%
H Z [R5 (EuKaryotic orthologous groups, KOG)
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B | [R]JE 2 11 3% (homologous protein family,
Pfam) £ 4f5 P2 | [A] 5 5 KB (evolutionary genealogy
of genes: non-supervised orthologous groups, egg-
NOG ) £ 7 5 3 PRUFN 56 [ 41 B4 5 (Kyoto
Encyclopedia of genes and genomes, KEGG) % 5 /%
BEAT HUXT, 2R E{H<1x107, fliH] KOBAS 2.0 #ff:
(Xie et al.,2011) i %15 £ unigene 7F KEGG % ¥ 2
HR Y [R]E 3, K] NovoPro 7848 T H: (https:/www.
novopro.cn/tools/translate. html) #ii il unigene (1 24 3t
2 ¥ %1 , {8 F§ HMMER 3.1b2 %k {4 (Eddy, 1998) 5
Pfam B4 B 247 LL X, 2K EH <1x107°, 345
unigene [ B(F B .
1.2.3 S /s 8 2 F KK R B 0G0 ik 54T

K FH edgeR 3.8.6 #f4: (Robinson et al.,2010) X}
ST /0N 2 g 2550 S 2 T A 3O 5 0 REURE ([ )
25 RN FE AT 430, AR 25 AR R N A . Gl
i Benjamin-Hochbery J5 2% J5 A B 52 A6 46 45 21 11
B EVE P TRCE , IR REE J5 1) PAH, BS54
% B (false discovery rate, FDR){E Ky 22 57 F 1A 5
PRI 15 1) DG BEER s , LA RSOGO o i PR ) e G (B i
TS gei R S R R B . TR AR
BT AL PN Y /N A5 14 5 PR R 7K P 500 BRI R A
FIRIK V1 22 5 A2 A A $k (fold change, FC) | i
FDR<0.01 H |log,FC|>2 % FE X 2 t 2 2= 57 3R 3k 3
o FIJH edgeR 3.8.6 F P (1 clusterProfiler £ %
2 5 223K H ¥ eggNOG . Pfam . NR .KOG , Swiss-
Prot ,COG .GO 1 KEGG i 2 it A 1A e
1.2.4 T s F g zh bEAR XK R o i ik

T A2 P PR 4 R A DG BRI O AR S 0 2 R AR
{180 SE P /N G L 2 S 2H 80U PE AT IR, I GST . &
T it & i (alcohol dehydrogenase, ADH) ,CYP450,
Zh7E M (mucin, MUC) . CarE . HSP . B 14 15 1% it (al-

kaline phosphatase, ALP) | £ 3 fi£ % 1L i (mixed-
functional oxidase, MFO) .ABC . & J& Jikfiti N (amino-
peptidase N, APN) . 4fl Jifl {2 Z %A 1L /if§ (cytochrome
oxidase, CYT) . H il B2 s % MR — 15 ¥ (glycero-
phosphodiester phosphodiesterase , GDE ) Fll ¥ JL 4 it
fiff ( carbonylreductase , NADPH ) 45 %) g i 3k [A] (48]
,2017) , #F—25 M\ 1.2.3 3K 1511 25 S Fe ik B PR v
15 BT AR DG A e L A
1.2.5 9/ F 2230 25 A 6 AL B 0 R AL ST iE
SRy itk — 2L W S 2 B A E R L DA 1.2.4 T
PR3 S P /N i 7 1 30 S A R A 1 25 S 3R
IR HE R R REALPRE 8 4>, A4 6 >R i PT 21
KAt S5 LR (HSP70 . CYP3A7 . CarE6 .CYP6DI.,
GST7 MUCI13) F1 24> N IR 38 BT 25 P AH S i 7
fiti 5 [N (NADPH2 . ADHIC) , i 1t qRT-PCR % A& ik
ATHAE . i FH Primer Premier 5.0 #{F 131 H 3L A
NSRRI 19 (£ 1), LA B-actin NS
SEH, WS YR RS | 9275 Zhou et al. (2019)
Wit rA s B EFedb o A iR AR R A RS
Al PA 1201 e A% S 2 T Ak B2 G IR 2
SV /N ZE AR I R Y cDNA VR AR , 21 RE
HAT AN AREE M3 DAY FER . 20 pL N
1K % . GoTag" qPCR Master Mix 10 uL . cDNA £ 47
1 uL.10 pmol/L b FF5 14945 0.4 pL . ddH,0 8 uL.
Z YR CXR 0.2 uLo W AR 95 CHASM:
2 min;95 CAEME3 5,60 CiR K 305,72 CLEA30s,
40, IEsf#INZR 195 CARME 155,65 CIR A 15 s,
95 CHEA 15 so SR 27 TL AR H Ay B R A %
Z% ik 4 (Livak & Schmittgen, 2001) , 43 #7 H. 15 #
5 [F] ] ] Sigmaplot 12.5 B H LD A AR X
FIR R log,FC, 5 H 5L 1) RNA-Seq 43 17
BT LA

*F1 IR AEEEPCRE|Y

Table 1 Primers for real-time fluorescence quantification PCR

FN 4 Gene name

1E M54 (5'-3") Forward primer (5'-3")

I 5147(5'-3") Reward primer (5'-3")

ADHIC TTTGGTGCCACTGTGAATGT CTCCACCAGTCATCTCAGCA
CYP3A47 CTGGAAACTTTGGCTGCTTC AGAATGTTCTCCTCGCCAAA
CarE6 ACCGTATTTTGCGAAGTTGG CACCAGAGCCCGTCTTCTAC
CYP6DI GCAGCAACTTTAGGCTGTCC GAGGCAACAAGACACCCATT
GST7 CCCGTCATCCTCTATGGAAA AATACGCCACAATTGCATGA
MUCI3 CAATCCCTCCACATCTGCTT CCGGTCTTTGGATGTCAACT
NADPH?2 TGATTAGCTCCGCAAATTTCT AACAGCCGCAGATGTTATCC
HSP70 TCCTTGTTGGAGTCGAGCTT ACTTTCGAGTTCCAGGCTGA
P-actin CTACCACAGCCGAGCGAGAA CCATCAGGCAGCTCGTAGGA
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1.3 HIRESH

18 FH SPSS 20.0 0 AF %t e K 26 35 1 AT S8 140
BT, RIS REAS ¢ K 360 1 10047 25 57 S B PEAG 56
2 ERE59H
2.1 TiM/NEReERANF REELER

52 WP /N W 6 AL S O FE S AL L £
15 3 ME TR N 3 X R, L3R5 38.48 Gb () JFfa
BoPn , 250 B B 215 3 6.10 Gb, Q30 ¥ 7E

93.26% M LA I, G+C & i 43 A 1E 41.74%~43.83% Z
(i) , VA BH 7 N 2 i 2 S 2F 000 e Jo e v, i vl
TIRE T (£ 2) . HEEFILARTT 102 341 e 5%
A, B FE R 149 048 834 bp,FHIK N 1 456.39 bp,
N50 K J&Eh 2 496 bp; L3115 58 276 5% unigene, &1
& 2R 65 210 605 bp, K FE A 1 119.00 bp, N50
KB 1980 bp(3R3) , s A Fllunigene A NS0 K B
PR TFHAEI R, i 4L RO Ay T T In 2k
5387

K2 BUKEFWEELEFIHM/ NIRRT AN FHRT ST R

Table 2 Statistical analysis table of transcriptome sequencing data of Oedaleus asiaticus treated with beta-cypermethrin

K5 Sample Read &.41 Read number BRI B (. Q30/% G+C & G+C content/%
AbFHZH 1 Treatment group 1 21789 777 94.18 43.83
AbFHZH 2 Treatment group 2 21010 905 93.67 43.18
AbPRZA 3 Treatment group 3 21 620 684 93.96 42.43
X} HEZH 1 Control group 1 22 586 528 93.73 41.74
Xt fE2H 2 Control group 2 20355203 93.26 42.24
X HEZH 3 Control group 3 21 103 655 94.04 42.92

A BRZH Sy w3 o 0 A TR R i 0 BRZH D R B RE A, 1.2 3ARERAE YA B 5 Q30 o il oo fE R Tl 2%
T30 BYBREL T 5 H 4 kL o The treatment group is treated with beta-cypermethrin and the control group is treated with acetone. 1, 2

and 3 represent biological replicates; Q30: the percentage of bases with a mass value greater than or equal to 30.

3 SV EHEAIEFTM/NEIE unigene HIEL RGITR

Table 3 Statistical table of unigene assembly results of Oedaleus asiaticus treated with beta-cypermethrin

244 Parameter ;577K Transcript FASLAFR unigene
300 bp<LR<500 bp 31 558(30.84%) 25 027(42.95%)

500 bp<LR<1 000 bp
1 000 bp<LR<2 000 bp
LR>2 000 bp

25799(25.21%)
21 057(20.58%)

15 188(26.06%)
9 057(15.54%)

B Total number

K FE Total length/bp
N50 KB N50 length/bp
S Mean length/bp

23 926(23.38%) 9003(15.45%)
102 341 58276
149 048 834 65 210 605
2 496 1980
1456.39 1 119.00

LR %75 unigene AAN AL IX 8] 5 45 SR 7 2 7m ARV I JEE IX 8] A unigene B0, 455 PATAY F1 20 EE 2 AR 1 X 1] 7Y

unigene FT &7 LU #1]. LR indicates the different length range of unigenes; the values outside parentheses indicate the number of unige-

nes in the corresponding interval, and the percentage in parentheses indicates the proportion of unigenes in the corresponding length

interval.

2.2 W/NEREFERATRER

41 2245 21 19 58 276 A~ YH/INZE B unigene J7
%1 3 511 5 NR | Swiss-Prot, GO, COG . KOG ,KEGG ,
eggNOG Fl Pfam % 4f 2 17 LU XT , ¥ I BLAST 2
W E(H<1x107 I HMMER %4 E{H<1x 10" 0],
A5 27 964 AT FAE B 1Y unigene (2 4) ,
unigene & 47.99% . 7F eggNOG F 4 122 1 B A
1Y unigene % iE fx £ , i unigene B LAY 42.14%,

HJE MU AE NR , Pfam . KOG . Swiss-Prot . KEGG .
GO 1 COG 54l 13 B D) ) unigene £, 4351
unigene &\ X 1Y 40.25% ., 30.46% ., 27.30% . 21.49% .
17.00%.16.87% F112.56%(F 4) . {FFERLIIA unige-
neJFHIKFEETE[300,1 000) bp X [EIfUA 15 703 5%, K
JEFE 1 000 bp M Lh_EBIAT 12 261 25, Pa A A M
BAs 0RO A (R 4) o
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51%

F4 B EHEELIETMN/NEIZH unigene iEFEL R

Table 4 Unigene annotation results of Oedaleus asiaticus treated with beta-cypermethrin

LA/ LE 14 unigene $i JIT i LA 300 bp<tJE<1 000 bp K JF=1 000 bp
Database No. of unigenes annotated Percentage/% 300 bp<length<1 000 bp Length=1 000 bp
COG 7322 12.56 3159 4163
GO 9834 16.837 4528 5306
KEGG 9909 17.00 4146 5763
KOG 15912 27.30 7 760 8152
Pfam 17 751 30.46 8015 9736
Swissprot 12 522 21.49 5177 7 345
eggNOG 24 559 42.14 13 351 11208
NR 23 459 40.25 11 525 11934
A7 Total 27 964 47.99 15703 12 261

2.3 T/NFIERE RRIEEE S B 16822 RA SN W W AR B A A ) o

i R R S BRAL B AT BRZA I DhREANAE M2 72 3 OR339 Mg s e, Horr,

INTE MR 25 5 R S N SRS B 743 22 AR GR
KR, AL 45 208 A4~ b9 3 KA 535 4 R R A (&
D)o XF ik 743 422 Rk LR UEA T D e R R, 3t
H 522425 AR KL IR 8 KB e b i h 3145 T
RS B, R 7 eggNOG $0d e vE B 2 il 22 S 3¢
IR R R Z B 474 5, HLR U2 7E Pfam
NR . KOG . Swiss-Prot ,COG . GO 1 KEGG ¥4} & h
TR B 22 SRR B B , 4 AT 406,397,273
236,176,168 fil 162 4R 13 FEBE(E B o 75 NR 54
JE BRI Y N A T e R U A R e S 0
FRFGRIY 13 (K 5),

109 - ki - T - IEH
Up-regulation ~ Down-regulation Normal
8
A
s 07
>
&
2 4
|
21
0 4
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log,(Z &%) log,(Fold change)
1 BMEEHEECE R /NS 3 2
ESFRIFEERNLE
Fig. 1 Volcano map of differential expression genes in the
3rd instar nymphs of Oedaleus asiaticus after

beta-cypermethrin treatment

2.4 TFi/NZEH2 unigene B9 GO 533
M 25 5 3 3R R N AE GO B 8 1 & B 45 ok

BRI LE W ot BRI 164, T RS 41 Mo 20 435t 72
(A 134, BRI FOIRERYA 101 (E 2) .
2.5 EhEEERFIEEFENKEGG EEERES T

£ KEGG $0H iR A R 162 122 71K
LR 3w AR 3 20 R RN ARGE I, 2 K
TR B AR T A e e M S A R AR A
SR A BRI A S =R R E R A 2
AR AR % (& 3) .
2.6 TEM/NFEIERZAEHEXERFELER

A /NG 2 S 2 i 55 00 25 PR A DG 118 2
A 75 SRTER N CYP450, 4 17 7R GST, A
60 21BN CarE, Hirh CYP450 JE R 5 He s i, i
TRIEAE S Y /NG 0 Rt e A S A R i R v o
HEAEA, 52 F BBy s uIEoc . IRiHE
B HE— 2L 288 B 47 22 SRR 5 /N
TR BTGP , A45 64~ CYP450 .54 GST . 14~
CarE .34~MFO.1~MUC .7~ HSP.23“{~NADH #lI
1/~ ADH,
2.7 ENNFEERERRIIEERNRIZEBEIE

SRy 555 I Sy 2 I AR A 14 2 S 35 R B sk
a5 BEHLEEE 8 1~ 25 5 Rk L 1T qRT-
PCR KiE, Horp 6 A3 A Lo 2 AN R 4550
T S5 EL , X 8 NI Ay Rk RS
RNA-Seq 73 #8223k 8 34— 2, Ui AR B0 54 S 41
745 Bl 45 . X% qRT-PCR %6 1F 04 5 RNA-seq
DU PP T i 2 P A, R R 2 B b AR 21 Y
GST7 3% ik 22 5 18 3% (P<0.01) , CarE6 .MUCI3
I NADPH2 W) 323k 1 22 5 i 3 (P<0.05) , HoAy 44~
2RIk HEN ADHIC . CYP3A47 .HSP70 1 CYP6DI
A EES AR E (K4,
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Table 5 Top 13 differentially expressed genes of Oedaleus asiaticus after beta-cypermethrin stress are annotated in the NR database

R i 2RO FDR Ak R

Gene ID log,FC Variation trend Annotation
¢130362.graph_cl 3.10 0.005 ¥ Up PWEH K S5 2 F Glutathione S-transferase
¢131609.graph_c0 -7.99 0.016 T Down MG Alcohol dehydrogenase
¢73151.graph_c0 -7.31 0.022 T¥Down gt S ML Cytochrome oxidase
¢108597.graph_c0 5.51 0.012 L Up A A Heats hock protein
c140819.graph_cl -5.40 0.019 TR Down JRIRMAMNE Carboxylesterase
¢141057.graph c0 5.96 0.008 A Up ZhHE H Mucin
¢130607.graph_c0 -4.66 0.042 TP Down Him#EAZ —Ma#EHR 8 Glycerophosphodiester phosphodiesterase
¢135877.graph_c0 -5.91 0.009 T Down JiFLIL A Narbonylreductase
¢122471.graph_c0 5.43 0.012 LA Up Ml {4 % P450 CytochromeP450
¢140986.graph_c0 -4.56 0.008 T Down RN Carboxylesterase
¢142017.graph_cl 5.97 0.010 FJHUp Z Y)he A LE# Mixed-functional oxidase
c74449.graph_c0 4.41 0.011 M Up ATP 454 & ;12K ATP-binding cassette transporter
¢74472.graph_c0 5.08 0.011 L Up TR PEWERR A Alkaline phosphatase

FDR: 1% & ¥ . FDR<0.01 H[log,FC|>2 # 4 i} 3 22 R 3R A FE K . FDR: False discovery rate. The genes with FDR<0.01
and [log,FC[>2 are identified as significantly differentially expressed genes.

100 W R Selected unigenes Frd 2K All unigenes 7168 19834

4083

FE A 1 43 b Percentage of unigenes/%
HEREEHE No. of selected unigenes
o
o0
745 3 BRI #0& No. of all unigenes

[172757 75767778 79 101112131415161718192021[222324 252627282930 31323334 35363738 394041424344 45464748 4950 515253

2233 F2 Biological process ZHff1ZH 5% Cellular component 43T Zhifi& Molecular function
L AR s 20 AR AR s 3. AR 4. LRSS 50 B 075 6: BB 5 7: AEMIRL ST AU AR R A 5 8: R 51508 s
9: ZANEAYSRE; 10: AR, 11 Zo0HLUSRE; 12 450, 13: AYMEE; 14 A0SR, 15: fEdE; 16: 8805 17:
RO 18: 1785 19: 4K 20: S 5AMMEB IS METI AR ; 21. WHEAE; 22 408 23 difId 5y 24 B 25 [
575 26: SrFEAY; 27: AR5 5 28 BRALFEINES 5 29: MIAMIX 5 30: MATFEEGY; 31: MIAMXA 55 32: il 33: #hi;
34: BPRIZH ST ; 35 SSMMLH Iy 5 36 ANMIEESE; 37: #U%; 38: HAWAMLIAR; 39: HAANURL 5 40: MEALIGTE; 41: 455 ; 42. %
BTEME; 43 5RO TR 44 (5 S ARIRGG M s 45 R TE ; 46: /- T-IIRBIRATHY s 47 BMRAS & IR 751 48:
R FEAARTEN: ; 49 BRI TFIETE, B OES A 50: Préa it S1: AR ; 52: SJEMBIEYE; 53 Bs s B FiE .

1: Metabolic process; 2: cellular process; 3: single-organism process; 4: biological regulation; 5: localization; 6: response to stimulus;

7: cellular component organization or biogenesis; 8: signaling; 9: multicellular organismal process; 10: developmental process; 11:
multi-organism process; 12: reproduction; 13: biological adhesion; 14: reproductive process; 15: detoxification; 16: locomotion; 17:
immune system process; 18: behavior; 19: growth; 20: presynaptic process involved in chemical synaptic transmission; 21: rhythmic
process; 22: cell; 23: cell part; 24: membrane; 25: membrane part; 26: macromolecular complex; 27: organelle part; 28: membrane-
enclosed lumen; 29: extracellular region; 30: supramolecular complex; 31: extracellular region part; 32: synapse; 33: virion; 34: vi-
rion part; 35: synapse part; 36: cell junction; 37: nucleoid; 38: other organism; 39: other organism part; 40: catalytic activity; 41:
binding; 42: transporter activity; 43: structural molecule activity; 44: signal transducer activity; 45: molecular transducer activity; 46:
molecular function regulator; 47: nucleic acid binding transcription factor activity; 48: electron carrier activity; 49: transcription fac-
tor activity, protein binding; 50: antioxidant activity; 51: protein tag; 52: metallochaperone activity; 53: translation regulator activity.
B2 SMEEFEEMEE LM/ LS 3§20 unigene 19 GO 53 K E

Fig. 2 GO classification of unigenes in the 3rd instar nymphs of Oedaleus asiaticus after beta-cypermethrin stress
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- REBRA B Beta-alanine metabolism | HEHE
% 8195 Toxoplasmosis | Gene number
S ABEBRLL Oxidative phosphoryation : ) 198
B Ribosome | : 27
BEAEEE D {5538 % Phospholipase D signaling pathway | o 36
B H® Pertussis | -
H il BERRAAE Glycerophospholipid metabolism | - q value
BEBRAEYA R Lysine biosynthesis | = 1.00
FAH2 FHER Lishmaniasis | 0.75
2 P450 S AMNESIR 4R Metabolism of xenobiotics by cytochrome P450 | 0.50
GnRH {5 5@ GnRH signaling pathway | 0'25
AREBRAERA Glutamatergic synapse | | ’
REBRAE B8 H B4R ¥ Choline metabolism in cancer | . 0.00
TR Carbon metabolism | .
FERAHE RIS Arginine and proline metabolism i
HER. REEBRAAEBRNU Alanine, aspartate and glutamate metabolism |
MAPK {55 &% MAPK signaling pathway |
RS FR(E 5@ Insulin signaling pathway
FEBLAR/ BSR4 Glycolysis/gluconeogenesis : .
FEBRAEY)E R Biosynthesis of amino acids | ® . . '

0 10 20 30 40 50
B4R Rich factor

AR A 30 B SRR, B R U W FE T s P i e 3 5 i Oy 22 5 AR DR 3 AR B ) Qi
Horizontal axis is the degree of enrichment of the pathway, the greater the number, the more significant the pathway in
the research data; vertical axis is metabolic pathway significantly enriched by differentially expressed genes.
B3 SHSEHEEE M /N LS 3 5124 unigene B E = £ HIAT 20 L KEGG @R
Fig. 3 Top 20 of KEGG pathway analysis of unigenes in the 3rd instar nymphs of Oedaleus asiaticus after beta-cypermethrin stress

5 -
BN GRT-PCR
41 [ RNA-seq
% 34
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(5]
E 2 *%
o' *
2
& 1
il
i
m 0 T T T T T T T
:B: GST7 CYP347 HSP70 CarE6 MUCI3 CYP6DI
)
-14
,2_
ADHIC L
5 NADPH?2

FH Gene

El4 TN FESMREH B REFRRA R ERFIEEFE R RNA-Seq Il F £HEF qRT-PCR I E L #E
Fig. 4 qRT-PCR validation and RNA-Seq sequencing data of differentially expressed genes between transcriptomes before and after
beta-cypermethrin stress in Oedaleus asiaticus
P B 0y - R LR o * R 35 R ST AR K B K 96 2 57 .3 (P<0.05 1 P<0.01) . Data are meandSE.

* or ** indicates significant difference by independent sample ¢ test (P<0.05 or P<0.01).

3 iFig H 25 2¢ W, ForhH 2 Pk A B AR B IS B0 ) %
JENERRAR S E B ) — (A W45 ,2019) . HE

) HATH I A2 R BRIREDGFE R E vedy e dm s E R MO 24 A 77 32 53
PFE HEE KIS B R s 28, BRI R et R 2GR R B 2 W R TRZE K
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RS DL KGR MBS A 245 4 | i S 24 7] 3 LA
B HE AR A5, 832 T 8 B 3 (U e 2 4
2020) Bl T SEAERE SN P H R AT 2 2, E
Bz T 5 R AT 2 MR DG PR R A X 4%
RO 5 R (B e ® 45, 2020) , 40 K IR (Jiang et al.,
2012) %G A B Diaphorina citri (R BEIE4E 12023)
DA K 306 J2E BC Culex pipiens quinquefasciatus (I Hi
F5,2020) % FH . A5 i Nlumina Hiseq
4000 57 38 7 I )31 F5 X6 e A U T 44 T Ak B T S Y
WY NE R AT T 5 SN IR A T 5
UH/INFE BT 247 P A O P R A1 B 2 D 4%

AT S AG I ) 743 A~ 22 S LR LN AL 4R
208 ™ FIRFIRFEIN, 535 A P FRIAIEN , Hidh 5
PP /NG T 24 P A G 22 SRR L 47 1. GO
Uihe s L F KEGG & 438 BB i |, 76 743 4~
SERIBFL A 168 422 57 F 5 I A I 35 4 2
GO B 2 — RIfg s 2 mds Al E K A&
B E LR, A 162 R FR N E
1| 20 25 KEGG $45 74 5 /N [l i3 g, Herpph Je &2
A5 B A B 24 AH A9 AR 1858 %, 4 CYP450 X 4b
R0 I A 3 B, 2% B2 TR X R R
R B B A R VTR B2 0%, 2021) ¢

CarE . GST L) J2 CYP450 2% 5 B i 25 PEAR
W = KR R 8 T 255K G 5 1) 68 0 50 Tl
F B E BT AR D2 PE  JC BRI N (NI R A
2020; B = 45,2022) . HET, XI5 HO R BRI HUH
AIBTHERIF T AR AR, B M =5 030 o 1A 92 i 2 Tl
TP R B 3 ARURR R B R b 2 L I O
T, RHRIEAA #HAG Y5 HAK N CYP450 .GST #1
CarE [ F25 7K - AL TG M4 B T AR a
BEYI I 30, 4ERE AR & B R A7 (Bimbaum et
al.,2017; BEYIIEE4E,2021) . Horp e i 2y L
il o [R5 CYP450 HE K 3 58 LAY (Zhen &
Gao,2016;Khan et al.,2020) , F VK 2138 1+ 845 CarE
1 GST FEW R4 P (49 36 P R AR 0 3% A sl g bk,
TE/NEW Plutella xylostella WPTZGVEWFFE A, 18 13 U4
1 CarE Fll GST 17 MR B AR 0T 235 o 771 G o R Bt e
A ABURNE (Li et al., 2018) o AN o5 L0 6 2] 6 2% 2
i CYP450 AYFE R |5 Z54ifih GST By JEDH LUK 1 2540
15 CarE (L[, X BLIE R AT BES 505 T W/
Z BT i A58 S TR A TR 1) I 35 S g AT 2 Ay e A S
SRR L R VT R K (2021) HFFE NN, 38 5k 4
CarE .GST LA [z CYP450 = K fiff 25 B 25 K FEAR A% 1
FUAEEE T e RS AR R A Akt A O B i)

FURPRE A AF VAT ARG o R I e R R A TR
R, 25 5 ARk I N B AR B R AR T A A
St A SRR A W) A LA AR ) 2 B 3 BE D) RE AT
5 A 2 SR G RTINS e BT 24 1
U st B v n] B 4 T 22 K B B B 4 R 45 01 A Ay
sl

ARTIEFE 1) e ST 2EL I 7 235 SR B, 9 /) 2 e )
INF 4.5% e A0 A TR TP A B i L DY) 32 B 5 AR
PUPEAHIC , 8 3 L I ek TP AH O ik PR R 44 v it ol
I % 2% HUR R, DAAERE [ B AR IR AR 04 574
AN (7] H [B) S 9 /)N 26 B8 Fl B 4 N GST . CYP450,
HSP70 . CarE F1 MUC £ 5% ik &8 73 H: R 1Y) 23K & A7
FT Tt s, 5 A A AKX i 7 1 04 05 AR TR
FELE IR —F, TR RN 47 K 5Pyt M eIk
DR A] SRy 0 — A5 R AHIF 5% S0 I 78 st 5% 50 A AR
AT DL E AL SRR LA AR 5
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