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INE A R A R BT R E B B 4T
K HIfgERIE

(RTRTRHE S BE VIR S HRBE4 B, 372 453003)

HE: A T MK ES W Sitobion miscanthi s M5 7 & 7| feirfe Kt A0 £ ) KR 12 B R L 2
RRE BB FOR O, i@t 45 40m] Bik h ARV A A2 iRk e A X A W 5F R
A 3% &€ 2 PCR o RNA FHA AR Bag S A AR K R B AT akieie, R B =, 23K F
5% kA Fe AT fe R AR X R B 3744, b £ 3BT AR A LR KA R WA 129 A, CAT-3.
CYP6A413-2.CYP4g15-2 F2 nAChR a2-3 X V) /£ 3 8 25 35 . T 30 i, 3 Fo 0 3 R ST AR A 69 R 38 2 0L
FE VRN R A FTH R F LB, GSTI-1 B fE 385 3 o 30 s B4R R 09 FA IR 18
VIR N RA TR E LR, ES R385k Lk koI5, CAT-3.CYP6A13-2.CYP4gl5-2%n
GSTI-1 #) %5 3 R % L, M nAChR a2-3 ¥ % X T 2 % T, WK CAT-3. CYP6AI3-2.
CYP4g15-2 % GSTI-1J& ¥F % A vtk SRobk 0 LR 38 o | 70 03K nAChRa2-3 )& 3 3 % vl ok ok g S80S B
MK, R B CAT-3 .CYP6A13-2 .CYP4g15-2 .nAChR 0.2-3 F= GSTI-13X 5 A~ B 35 7T 48 5 3K 3 5 W &F
xSk 89 FOME AR X

KB KELMST; R4, A RN Fetfrta X AR MAiaX AR ; KAEZFPCR; RNATIL

A

Analysis and functional verification of the genes related to insecticide resistance
in Indian grain aphid Sitobion miscanthi

Zhang Mengyuan Hu Guilei Jiang Yutai Hu Shuaifei Ai Chunwang Zhao Weizhong Zhang Baizhong"

(College of Resources and Environment, Henan Institute of Science and Technology, Xinxiang 453003, Henan Province, China)

Abstract: In order to understand the genes related to insecticide targets and metabolic resistance in Indi-
an grain aphid Sitobion miscanthi and their expression changes at different developmental stages, the
genes related to insecticide resistance and differentially expressed among different developmental stag-
es based on transcriptome sequencing were selected, and the functions of five selected genes were veri-
fied with fluorescence quantitative real-time PCR and RNA interference techniques. The results showed
that 374 genes related to insecticide targets and metabolism were obtained, and 129 genes were up-regu-
lated in the 3rd-instar nymph. The expressions of CAT-3, CYP6A13-2, CYP4gl5-2 and nAChRa2-3 were
significantly up-regulated in the 3rd-instar nymph, apterous adult and winged adult compared with in
the 1st-instar nymph. The expression of GST/-/ was significantly up-regulated in the 3rd-instar nymph
and winged adult compared with in the 1st-instar nymph. In addition, the expression levels of CAT-3,
CYP6AI13-2, CYP4gl5-2, and GSTI-1 were significantly up-regulated, while n4ChRa2-3 was signifi-
cantly down-regulated in the 3rd-instar nymph under imidacloprid treatment. Silencing CAT-3,
CYP6A13-2, CYP4gl5-2 and GSTI-1 resulted in increased sensitivity of aphids to imidacloprid, while
silencing nAChRa2-3 resulted in decreased sensitivity of aphids to imidacloprid. These results indicated
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that the five selected genes are most likely related to imidacloprid resistance.

Key wards: Sitobion miscanthi; transcriptome; insecticide target related genes; detoxification enzyme

related genes; fluorescence quantitative real-time PCR; RNA interference

HA, 5 F o 2 Y ny i oA 327, 3%
E 3= BH Fk A W Sitobion miscanthi KA 45
WF Rhopalosiphum padi FZ <& WF Sitobion avenae .77
T XL ¥F Schizaphis graminum F17Z JC WS B Acyr-
thosiphon dirhodum 55 , Sk LA WU 2 R [ 4% 22 IX 11
of AP, 73R [ 8 R e R A2 KA I (G SC A
£ 2019; Jiang et al.,2019; Zhang et al., 2020) . *
UPF I R /N I R L NG i AR T
JEAVEY) I RE A% 7 B %5 1 (barley yellow dwarf
virus, BYDV) , 5| 2 /N2 BB g Wi A7 (38 057 5%,
2006) , FHEUN MR TRIE PR, LB 2R
T, i /N ko™ |, i ELSE R /N 22 i 5T (Zhou et al.,
2013),

KLk F I 22 87 1 B A i LA B iRl
F=, 8 MR F AR EREE AUER U RS s
T2 TR 28 45 b 2% 2% H177) (Chen et al., 2007; Lu &
Gao,2009) . EIR IR KRR R AN BRAEHT, i
A WF P A2 T 22 B K, AR
R R, 3 A W R TS ORI 7 AR T e b
(L E 24,2004 ; Zhang et al.,2020) . BRIk
1N S TR A AW B I N R 1K e e T W)
otk 4, AT SRR DU AR R R o
HEH I M E % (Dang et al.,2017) . A HGF AT PASE
M) & AR PR 47T 2 1 A S 3L PR A 3k, DA T2 i J22
P& B, AR RI, AL i di gt 5
20O (53R P40 FE DN A aad 8 SR ARG, Ak F Myzus
persicae XF M AL BHRFITEE HY G S5 00 A 28 2% 2L 700 77 AR T
P I B JLIR Y CYP6CY3 JE [ b 3% 35 TS B (Puin-
ean et al.,2010; Peng et al., 2016) ; &+ Bt H K-S ¥ %
il R T R DR R 1) b I B S B0 O A Rl
1 7= 4 (Vontas et al., 2002; Lumjuan et al., 2005;
Cheng et al., 2018) ; Bk WF Myzus persicae .77 — X 1f
e K E\ Nilaparvata lugens "R TR T B HE A o /5%
T8 0] 3 53] R 3 e 5 AT AL 24 R | R IR R 2
2R ANELBR e SR ERSE 24 70 etk 7 A= A ¢ (Heming-
way,2000; Kwon et al.,2009; Li et al.,2016) ; Z ik AH
B 37 A 5 rh 2 R 1) 98 A8 5 B O i A A2 2
AR E SRR THEARDC (FP 4 2545,2018)

X BTG A DG LR T HLER R A ST
Al RE N E RPTAPEIR B UEA SRR R A R

g S 2HLI P B R RE A% ] I 88 T B vy P SR
AR SRS, A AT 7 P 9 85 1 (X
R7N4E,2019; K4 ,2021) . Zhu JY et al.(2012)
I e 38 2 Sp 2H 0 P R A H R s U
/WNa&& Tomicus yunnanensis HU 25 AR G SE R AT T
YeoE IR 21941 3L [H . Zhang YH et al.(2012) i
TSR Y K B, 28 35 ORI AR B S o TG B R
Cryptolaemus montrouzieri PR PN AT 993 AL R % =
AR B I DR 2 RN SR AL Y B R FE A
T R AR ARG T AR DGR, X6 T B AR AR
ARSI N 2 5 R A B AR e R A 2R .

EL BTG PEAH DGR A s i 5 R B B B
YIRS, JE T 1 AT S 1) Ko 55 24 P A O 1) 5k B
FE(ZEINRAAE ,2021) o ARYEHE SRAVBE T4 2R
RS 5 R W AEING 3 Sl dE A S S A
B X PE A X6 H FR 8 bR 2 17 T 48 (Wang et al.,
2011) , 3K A Ak R4 IO e A5l W M 3 A B I R
B o AR FH e 3 I 7 AR AR R4 D)
ANTE) & B B B 0 sl b A5 0 ) a2 O o
PCR (fluorescence quantitative real-time PCR, qRT-
PCR) Fll RNA T4 (RNA interference, RNAi) F7 A %
PR PT 24 PEAR OGS I T D) RB IS E , DAY )2
Bk A P S A AR i PR B B
1 MRt 57F%
1.1 R

BT H S AR LAY X p e L R R A
B R B R W S SR IR R A
J 18~25 °C HIXHEEE 50%~70% SEFWIL 17 h:D 7 h,
I K 35 22 R A iRl 3 T35 U v (B HORE A A
iK,2007) . /NZE ARy 22 18, i p BH B/
AW PRt K U R = 2 i A H .

25 A2 ) B AN AR ¢ 95.3% ik BBk (imidaclo-
prid) , TIN5 BeAn A R 7 . TRIzol 7] 2%
Y652 7 PCR 444} Platinum SYBR Green qPCR Super-
Mix-UDG Kit, Dynal Beads Oligo (dT)25 1 MEGA
script RNA1 {7 & , 2 [E Invitrogen 4 7] ; LA Tag
A B .DNase I, 2% 54187 & PrimeScript 1st Strand
cDNA Synthesize Kit. 1% 2 44 ¥} Genecolour™, 3t 5%
S5 AW AR A BN 7 5 parafilm B, PRI 2 [ 5§



448 iR/ AN S 50 4%

B R w5 HAh a0 3 R B 7= 43 sl Ap-
plied Biosystems7500 qPCR System, 3¢ [E Applied
Biosystems /\ A ; Mastercycler Personal PCR 1% , fi
Eppendorf 2 & , Power/PAC 3000 % 8, yik 1% , 55 [F
Bio-Rad /A 7 ; NanoDrop 2000 43 )¢ 3¢ J& i, 35 [
Thermo Scientific /3 #] ; Agilent Technologies 2100
Bioanalyzer, I A IR A R A A
1.2 FHiE
1.2.1 & RNA IR

FEARFELS I 1 S 3 0845 10 | TG B A A
AT 4 K E B B A B AR ATRA, B
MK 303K, R 3K, T-80 CHAF. KHAZS
HE TRIzol 257 Ui W] 5 £ HC A RNA, 4 Jir 45 5 i
RNA ¥ T22 DEPC AL BRAY /K 1, 21 RNA 5 R 4L
{EAL T 6.7~7.6 Z 7], OD,,/ODyy ,,, [ELFE 1.85~1.99
Z AN DU B2 SR 2 oK . A it R B0
L AR A BR 2 W] RE & 24477 00 7 #0401
Agilent Technologies 2100 Bioanalyzer £ jll] RNA £
v ) JBT o
122 MR 2K

{8 FH 74 Reads 2H 24K A Trinity X 5% S 2H Sk 24
o SR Trinity B4 B AT — € KB Overlap
(1Y) Reads % B B Y v B, i 463 1 Reads Overlap
KRG R % BL(Contig) . #RJF 8 Reads LE X [A]
Contig, i it} Paired-end Reads ffj %€ 2k H [F]— 5% St A
AIASN ] Contig ) 23X 46 Contig 22 [8] R 25, 5% )5 )
FH Trinity ZE#F X 48 Contig 3% 78—t , 15 3] P i A
AEFHE K B 7 41, B Z 4 Unigene (Grabherr et al.,
2011) . B2 2545 ) 1Y Unigene 25 T0AY FlidE— 20 B
F2 IR 5 PR S P AT [R) P AR 2 15 3 i
2 Unigene
123 AHEEFSH

il 1 NCBI H' BLASTx ¥ Unigene 341 5 % 4
K04 5 Nr  Swiss-Prot ,KEGG Fll COG #EAT L X (E-
value<1x107) , Jf-il 1 BLASTn } Unigene S5 iR %k
P B Nt 47 H X (E-value<1x107) , 15 1| iR 45 &
Unigene H A7 2 = J7 51 A UM B 28 1, AT 45 21
Unigene 198 F D168 1E B & (Pertea et al., 2003; Ye
et al., 2006; Kanehisa et al.,2008) . A8 Nr i Bf=
B, fii ] Blast2GO 6.0 #4153 Unigene 1Y GO {1 ¢
{7 B, (Conesa et al.,2005) . 5|45~ Unigene ) GO
RS, F WEGO 4%} FIr 7 Unigene i#17 Go LI HE
ARG, NI TR P Fh i 3 X D g 43 A
fif o [T Q20 A1 Q30 {E , Q 4y Phred ${f , J&: ]

St A £ D e R v R ) BT A ) 2%k, Q20 AN
Q30 43| %7K Phred £ {ELR T 20,30 AYBRAE 4 S04
BB 43 e (R ZREE,2019)
1.2.4  FubEAR AR B i ik

i i Bowtie T ERE T A FE i il 7 345 1) Reads
5 s LR 3 81 FE 3547 EL X) (Langmead et al., 2009) ,
AT L XT 45 R Mapped reads, 9% J5 47T 2 ik = K F
fli %, F FPKM (fragments per kilo base of transcript
per million mapped reads ) &7 X 1 14 B R )7 471 3=
KR i EBSeq /4 %4> Unigene 25 M3
IKVEAT 43 M, R H Benjamini-Hochberg J5 2<% J5 A
R B0 A4S 10 (2 2 1 (P<0.05) 22 E AT IE
H i AR A AL IE J5 i 35 1k P AL, Bl FDR (false dis-
covery rate) , JAE A i 1k 2% 5 F A [H (differential-
ly expressed gene, DEG) [ ¢ 45 7 (Finn et al.,
2013) . 75 .2 22 S PR Ve R rh B PIRE 8] FP-
KM E A HAE R T3 T 2/ i e bt o
1.2.5 vt Skodkad SANA R A Fuid AR K R B RSk 69 e

FERE S I R 22 bk B 3B S i 8,38 P450 .
e H K S-55 AL ilF . NADH JIi S0 32 R TG Bt . AR B
R BERHRAZ 1A R S ALY A Tl NaJi 18 | 48 Ak
2N £ T RE BT T A OG Y 5 R, S B CAT=3 .
CYP6al3-2.CYP4gl5-2 . GSTI-2 Fl nAchRa2-3 1.4
22V R IR R A LC, 1y
Wbk 53 ) b B 1 U I 3 W I | IS A R A S
U7 40 B Bk AT I F , AGHI nEE s RS 3 5 4>
2 VRN 35 B AN [R] 7 I 2k R4 o S 44
ESYNi AT

FH TRIzol iR 2 I F IR [RIAF Al 9 5L RNA 4%
PrimeScript™ 1st Strand cDNA Synthesis Kit /2 % 5%
R & BRAE UL IS SR — 5% cDNAL Dl Actin fE R
N Z:FE K (Zhang et al.,2019) , X 3EHUAG 5L K 32
IKPHATINGE , BARS 15 Bk 1 s, a5l
W ZFCIRINAE T I K A A PR A 5 . LA eD-
NA WM HETT QRT-PCR B E . 20 pL qRT-PCR
AR Z :cDNA 1 pL ,SYBR Premix Ex Tag™ 10 uL .
10 umol/L I F 5[ 9145 0.4 uL, 50xRox Reference
Dye I10.4 L .ddH,0 7.8 pL. gqRT-PCR 7 Jif & 14
95 °C 1145 1% 30 5395 CAEPES 5,60 CiR K 30s,
72 CHEAH 2 min; JEFF 40 YK ;72 “CHEAf 10 min, F
ABI 7500 525 Y6 52 Ht PCR R G X} 98 6 1 o 5 ds
HEAT A3, 2R 2744 B 3 D gk R A I WA [m) e & e
Behi A SC KL D] (4 A X 2 3k i (Pfaffl et al., 2001;
Zhang et al.,2019) .
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F1 KKK ARSI

Table 1 Primers used in this study

IR R 7Y
FER 4 Gene 512K Annealing 51975 (5-3") K FHi%
name Primer name temperature Primer sequence (5-3") Expected  Purpose
T./C size/bp
CAT-3 CAT-3-F 5897 TGAAGTTGGGAGTGCTTTGC 110 gRT-PCR
CAT-3-R 59.03  TCAACCATAGACCGCACACT
CYP6al3-2  CYP6al3-2-F 58.70  GAGCCCAGATCATTTGACG 95
CYP6al3-2-R 5849  CTGCCCTACCATAACCCTCA
CYP4gl5-2  CYP4gl5-2-F 59.13 GTCGATGAAAGCCGTTGTGT 147
CYP4gl5-2-R 59.11 GGTCTTCTGTCTCTTGGTCGA
GST1-2 GST1-2-F 58.77 ACTTCACATGCACCGACAAG 150
GST1-2-R 59.62 TGGCCAGGCAGCAAATACT
nAchRo2-3  nAchRa2-3-F 59.04  ACTAGCACGGACAAGAACGA 114
nAchRo2-3-R 5890 CGAGGAACCGTATCTGGACA
Actin Actin-F 57.45 CCGAAAAGCTGTCATAATGAAGACC 231
Actin-R 5580 TAGTATGGGTGGTCATGGAGC
GFP GFP(T7)-F 69.70  taatacgactcactataggg TGACCACCCTGACCTAC 288  dsRNA VLER
GFP(T7)-R 68.80  taatacgactcactataggg TTGATGCCGTTCTTCTGC dsRNA-medi-
CAT-3 CA-3T(T7)-F 60.18 taatacgactcactatagggCAGTGTGCGGTCTATGGTTG 490 ated silencing
CAT-3(T7)-R 60.00  taatacgactcactatagggGCTGATCCACTCTCTCCACC
CYP6al3-2  CYP6al3-2(T7)-F 60.50  taatacgactcactataggg TCACCTTCTGGGGTCACCTA 499
CYP6al13-2(T7)-R 59.95 taatacgactcactatagggCTGCCCTACCATAACCCTCA
CYP4gl5-2  CYP4gl5-2e(T7)-F 60.21 taatacgactcactataggg TTCAGCCCTGAAAATAACGC 398
CYP4gl15-2(T7)-R 60.32 taatacgactcactataggg ACCTACAGCAGAGTGTCGGG
GSTI-2 GST1-2(T7)-F 59.46  taatacgactcactataggg TTTTAACGGCCATAATGCCT 500
GST12(T7)-R 60.18 taatacgactcactatagggGTAGCCTGTTGGCTGTTGGT
nAchRo2-3 AChR02-3(T7)-F 59.74  taatacgactcactatagggGCGATCTTACGTGGGCTTAC 489
AChRa2-3(T7)-R 60.33 taatacgactcactataggg TACCTATCGGTGGAGTGGGA

K/INEFEE T7 A8 F)¥5 . Lowercase letters in the table are the sequence of T7 promotor.

1.2.6 < FE 5 R SFHbAR & L H 49 dsSRNA 4%,
¥4 CAT-3 .CYP6al3-2 .CYP4gl5-2 .GSTI-2 Fll
nAchRa2-3 3K v BT 9, B AE L 51 344 E-
RNAi (http://www. dkfz. de/signaling/e-rnai3/idseq.
php) &3t dsRNA 519, 353 IAE 51 ¥ 50w s T7
JashF I, Lhag a8 M (green fluorescent pro-
tein, GFP) & [/ Ry B X6 R, 4% 32 PRI et 1oz 951 420
W 1 fT/R . 20 uL PCR §" 3 /A& £ : 2xTalent qPCR
PreMix 10 uL. IE 2 [7] 5] #) 45 0.4 pL . cDNA 1 pL .,
ddH,0 8.2 pL. JZ W 4514 : 94 C 1l 2% 1 5 min;
94 CARME 30 s, #ie BN [A] 51 P i) 3R OB (3R 1)
Bk 30s,72 °CHEAH 2 min, 35 S E 2 5 72 °C 4k
SEAEF 10 min. FHVRIE 19 BB EE I FL TRz )
P ¥& =Y . PCR =W Ik 2lifb )5 , = 8 MEGA
Script RNAi {5 & 1560 A5 il dsSRNA

1.2.7  dsRNA 4R 3k 3 5 BF 2 H 450 ) 2
FRFLAS W S T P o T K 4 em AR
2.5 e WY B BE A8 . BEREAE — g S 55— )= para-
film [, B s TAEG I SIMT T IEYS 15 min, 85
75 parafilm i F /i A 100 pL & dsRNA A 25% 1)
FEWH I WL, dsSRNA ¥R J& 8 60 ng/uL, F181 |— 2
parafilm 5 13 FE0E 2 /N . F/ N EBERR
INFZ B P A R 1R A B A O e, e N B 3 A
A 30 3k, H2AUS FHIESE R AP E 4RE 9%
B 5 — i, B LRI o R AR Y B IR A
FNEF T B T IR 18~25 °C A X B 50%~
70% JCRMWIL 17 h:D 7 h &4 F F 77 B i 57
(Zhang et al.,2019) . T 24 h AR 16 L, I8 ot
qQRT-PCR $ ARG 22 Sk 5o fd 2 3L R A ek i AR
b, kS 125 iFE R ETURECE . DL dsGFP



450 i 7/ AN S 504

PRI AR AT 3 A 2 BRGNS
Hy PPAH RNAG SR F 9K R 3K 525 K0 I

OB U RS W RNA b 21 TR A REAERIROERS 17

24 h}ﬁﬂ’ﬂ{ﬁEXﬂ‘ﬂkkEﬂdﬂtE@ﬁi@@/}E%(Zhang et al., i’é%ﬁ{ﬁ'ﬂ?%ﬁﬁﬁﬁ,%ﬁiﬁ@@% 1 ﬁ%%ﬁﬁ iy
2020) . N HPHAD BRYE B H 2.812 me/L(LC, i) A W G I A S R 5 ] AR AT 41 408 186
BRI 30 S felt B (4 2k 5 25 I ef ok 22 1 1L 45 434 524 .46 031 088 F144 128 310 clean reads (£
TR 10 s SRIFET5 i 2 R2G00, B Trion 2 » B8 L 2 3050 NCBI SRA B 45 5 5y
X-100 4b B [ 5 155 1 g %o BE L 44N b 30 3 YR T A SRP182781, LIfgiEREL R R , 76 NR & 2 ik
24 h JE KA TR A WEAE T UL AN B R g sk A IR SR AL Unigenes 5 98 LU Acyrthosiphon
P UARMRSEse  RSB o sET JFiH e, pisum JNUAT S Tribolium castaneum . NHE IS E) FIIX

1.3 BUESHT Zootermopsis nevadensis . & 2 ffi Danio rerio . N2
% FH SPSS 20.0 # A4 HA AR AT S 0T Homo sapiens F1 ALY F 0 A5 BLEE 5351 K 84.6% .
FH Duncan FCBF 4 ST 22 5 B3 PR 0 12,29 .1.4% .0.6% .0.6% F10.6%.

®2 BRANFREITM

Table 2 Quality evaluation of transcriptome sequencing data

v Finpase SRR SRR R B GC &
i Sample Q20/% Q30/%
No. of raw reads No. of clean reads Clean bases/G Error/% GC content/%
1 #4751 Ist-instar nymph 43 391 678 41 408 186 6.21 0.01 97.69  94.06 39.61
3HAFTWF 3rd-instar nymph 46 529 906 45 434 524 6.82 0.01 97.57  93.92 40.46
JCIM 8 Apterous adult 48 024 928 46 031 088 6.90 0.02 96.52  91.73 42.29
A3 A F Winged adult 45 807 088 44128 310 6.62 0.01 97.81 94.33 38.05

Q20.Q30 43l &7~ Phred FU{E T 20 .30 AYHHIE 5 SARSEIL Y H 43 L . Q2 and Q30 represent the percentage of bases with
Phred values greater than 20 and 30 of the total bases, respectively.

22 HXBEREARREMRHREEEN TR EIEFFEUN . W50 AT L, 75 3 e BF
AT IR SR e o A 4 R s, S R BRI (3% P4SO L[N LI R B A 601>, T

(R P450 AL H IR S-S R BEFRTRIRREAHOCHE N WFRIKAY N 210 Hovb 30075 3 i 4 WF R A A

SrA 185,60 FI 104 o 5 1 I BEAIJCEAUIAAH Y PASO &R 97 S M IR Ak = A Qs il 5, #H 5C 1)

Mo, X SEREDITE 3 F h R 2R RIS T P4SOFEDTE 3 WA HA N AR A i Rk (3R 3) .

TE VI I8 O3 B M S s 22 1], X BB [N

R3 PESMEFHERABABBRMRHEXHBIER
Table 3 The genes related to insecticide targets and metabolism in Sitobion miscanthi
3 s JCRMEEvs O s AREAEEvs AR vs
s VWEME 3IEME LEE O RES EW
o4y Third instar ~ Apterous adult Apterous adult Winged adult Winged adult

nymph vs Ist  vs 3rdinstar  vs Istinstar s first instar  vs apterous
Gene type Total instar nymph nymph nymph nymph adult

S o N 5 N o 1 AN % S w5 ANt N 5 N o - N ¥

Up Down Up Down Up Down Up Down Up Down
i L AU Catalase 5 3 0 0 1 2 1 2 0 1 0
LT NEHR R B Acetylcholinesterase 6 1 2 2 0 3 1 0 1 3 1
B A ALY AL B Superoxide dismutase 12 4 0 0 5 3 6 1 2 4 0
FRFRIETf Carboxylesterase 10 3 1 3 2 3 3 0 1 0 3
NADH it &i NADH dehydrogenase 51 24 33 10 13 8 26 5 13 18 9
LTEAERSAZ A Acetylcholine receptor 28 6 7 11 5 9 5 6 4 9
Na'iffiii Na* channels 11 0 2 3 0 2 4 4 0
W H K S-54F5 1i Glutathione S-transferase 60 18 18 7 23 10 24 8 21 11 8
il fifa 5,35 P450 Cytochrome P450 185 70 49 21 60 40 44 33 43 30 40
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B L0k 25 2 B N 91 5 A% R KOs o i AT
BLASTx FEXS 7047, Ixt 1% i i 2 B i 3%
IR HPTEG VAT CFE R T
5 VR B LE, 3 8 0F IR RIA R N e £, 1

R4 ELMEFH SR AT

Table 4 Information of genes expression related to insecticide resistance in different development stages in Sitobion miscanthi

ot (FE4).

LA,

EIEHFIRAY 129 A BRI v, 5 3RFLAS R R ] 41
[Fi] Y58 DG TC 85 e ey 199 6 D] 22 SR R T i A F L SR F T
117 AN LA i A R PR 5 A ol DG 52 1 ) R
SLIGFAN i R A A B BRE AR F Aphis gossy-
pii F(FR4),

X ERRNRIEER

S HEN A HALE(E R 51 B LR RGN R E |3J/I\E'1L.
Gene type Gene Expected Species Developmental stage of up-r.egulated gen expression
name value compared to 1st instar nymph

A AL A il CAT-1 1.40x107%  $i 5 4F Acyrthosiphon pisum 3 §445%F 3rd instar nymph

Catalase CAT-2 1.70x107"" BT WE A. pisum 34 3rd instar nymph
CAT-3 1.70x107° i i Wf A. pisum 3R TR AT S A

3rd instar nymph, apterous adult, winged adult

LT R i it ACE2 0.00x10°  ZF RS Sitobion avenae 3 WA, JCIH B

Acetylcholinesterase Third instar nymph, apterous adult

B A A Ak B SOD-1 2.70x10% HEKIEF A. pisum 3 #4449 3rd instar nymph

Superoxide SOD-2 4.10x107"7 BEEHE A. pisum 3 #4405 3rd instar nymph

dismutase SODI1 1.30x107° BiEHF A. pisum 3§47 3rd instar nymph
SOD-3 2.50x10" i WF A. pisum 3TN JC RS 3rd instar nymph, apterous adult

RIERTR CarE6-1  1.90x107%2 B WF 4. pisum 3N JC AT 3rd instar nymph, apterous adult

Carboxylesterase CarE6-2  2.90x107" BT A. pisum 3T JC AT 3rd instar nymph, apterous adult
CarE6-3  8.60x107%" Wi kiWf A. pisum 34 3rd instar nymph

NADH Jiit = i Ndufa4-1 1.90x10°" BT HF A. pisum 3¥44F 3rd instar nymph

NADH dehydroge-  ngy9  1.10x107 B4 A. pisum 3445 8F 3rd instar nymph

nase Ndufa4-2  1.10x107° Wi 8 A. pisum 3#%#71% 3rd instar nymph
Ndufb2 8.70x107"* B IWF A. pisum 3#%#79% 3rd instar nymph
Ndufb9-1  1.50x107% BiGHF A. pisum 344U 3rd instar nymph
Ndufa3 2.70x107"°" B HF A. pisum 3TN A ALY 3rd instar nymph, winged adult
ND4 4.10x107 B GF A. pisum 3#%#71% 3rd instar nymph
Ndufa5 1.10x107 BiGNF A. pisum 347 4% 3rd instar nymph
Ndufs4 1.60x107"" BT WE A. pisum 34 3rd instar nymph
Ndufb8-1  1.60x107° Bi G f A. pisum 3P JC A 3rd instar nymph, apterous adult
Ndufb8-2  3.50x10™7 BiGWF A. pisum 3N JC RS 3rd instar nymph, apterous adult
ND3 7.30x107 FHKAFWFS. avenae 3T A AT 3rd instar nymph, winged adult
Ndufb9-2  5.50x107* Bi G HF A. pisum AT TC A 3rd instar nymph, apterous adult
Ndufb5 1.90x107" B G WF A. pisum 3  JC RYF 3rd instar nymph, apterous adult
Ndufvl-1 ~ 4.60x1072% B0 A, pisum 3TN JC RS 3rd instar nymph, apterous adult
Nduf3 8.40x10° Wi MF A. pisum 34U 3rd instar nymph
NDS5 5.40x1072 FKELAMF S, avenae 3T JC AT 3rd instar nymph, apterous adult
Ndufvl-2  5.00x10% BiGHF A. pisum WA T 3rd instar nymph, apterous adult
Ndufaf7 ~ 2.00x107"%° BEGHF A. pisum 34 3rd instar nymph
Ndufal0  1.30x107? Wi L0 A. pisum 3#%#71% 3rd instar nymph
Ndufs5 — 2.80x107* BiTWF A. pisum 34U 3rd instar nymph
Ndufafs ~ 1.80x107% BEKIEF A. pisum 344U 3rd instar nymph
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Gene type Gene Expected Species Developmental stage of up—r.egulated gen expression
name value compared to 1st instar nymph
L RREAZ A nAchRa4  2.50x107 BRIF Myzus persicae 3 #347%F 3rd instar nymph
Acetylcholine nAchRa2-1 1.30x107% FRKAEYES. avenae 344485 3rd instar nymph
receptor nAchRo2-2 2.00x107'% KIGHF Aphis glycines 3 %744 3rd instar nymph
nAchRall  8.50x1072%* BRI M. persicae WA A WA 3rd instar nymph, winged adult
nAchRo2-3 2.20x107" WeF M. persicae 3T TC AT , A7 R
3rd instar nymph, apterous adult, winged adult
nAchRa3 — 4.20x107'% BEEF M. persicae 3 ¥ 3rd instar nymph
B RE S-FER B GSTed-1 5.80%107' Wi WF A, pisum 3 #4770 3rd instar nymph
Glutathione GSTI-1 2.70x10™° WiGHE A. pisum 3 #4450 3rd instar nymph
S-transferase GSTed-2 3.30x10™ Wi W A. pisum 3 #%#4% 3rd instar nymph
GSTol-1 1.80x107" Wi WF A. pisum 3 #4458 3rd instar nymph
GSTed-3 3.70x107% Wi W A. pisum 340 3rd instar nymph
GSTI-2 9.40x107"¢ Wi W A. pisum 3 #7197 3rd instar nymph
GSTI-3 2.20x107 i 0F A, pisum 3 TCI AT A R
3rd instar nymph, apterous adult, winged adult
GST 2.30x10 Wi WE A. pisum 3R IR O R AT B
3rd instar nymph, apterous adult, winged adult
GSTI-4 4.90x107° WiGHE A. pisum 3 #4570 3rd instar nymph
GSTed-4 3.50x107% Wi W A. pisum 3 #4797 3rd instar nymph
GSTol-2 1.70x107" Wi W A. pisum 3 #4797 3rd instar nymph
GSTol-3 6.40x10™ WIT A. pisum 3440 3rd instar nymph
GSTed-5 4.50x107% WKL A. pisum 3444599 3rd instar nymph
GSTed-6 - 4.60%107 WiGHE A. pisum 3 #4450 3rd instar nymph
i {4 2R P450 CYP305al-1 1.30x107"? BT MF A. pisum 3 #450% 3rd instar nymph
Cytochrome P450 CYP4CI-1 1.10x10° Wi A pisum 3T 1F 3rd instar nymph
CYP6j1 2.90x107% B Aphis gossypii 3 #4797 3rd instar nymph
CYP4CI-2  3.80x107* Wi G MF A. pisum 3 #4797 3rd instar nymph
CYP6al3-1 6.90x107'% WiTHE A. pisum 3 #4405 3rd instar nymph
CYP305al-2 1.50x10™" B A. pisum 3UARETIF A% 3rd instar nymph, winged adult
CYP302al-1 9.00x107"* Wi W A. pisum 3 #4797 3rd instar nymph
CYP305al-3 2.10x107 WKL A. pisum 344440 3rd instar nymph
CYP4CI-3  2.20x107'" Wi G MF A. pisum 3 #4797 3rd instar nymph
CYP6al3-2 2.00x107*  BiGWfA. pisum 3R O R AT A
3rd instar nymph, apterous adult, winged adult
CYP6al3-3 1.80x10°"  BitiWf A. pisum 3R IR O R AT B
3rd instar nymph, apterous adult, winged adult
CYP4CI-4  1.00x107'* WiGHE A. pisum 3 #4450 3rd instar nymph
CYP4CI-5  3.70x107'" WiGHE A. pisum 3 #4450 3rd instar nymph
CYP6al3-4 7.60x107'® WiTHE A. pisum 3 #4450 3rd instar nymph
CYP6al3-5 1.80x10%°  Bitilf A. pisum 3R TR AT S A
3rd instar nymph, apterous adult, winged adult
CYP305al-4 1.90x107'* WiTWE A, pisum 344U 3rd instar nymph
CYP6kI-1  1.30x107'"7 Wi YW A. pisum 3 #4747 3rd instar nymph
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Gene Expected ) Developmental stage of up-regulated gen expression
Gene type Species .
name value compared to 1st instar nymph
CYP302al-2 9.00x107'" Wi A, pisum 3 #4450 3rd instar nymph
CYPI8al-1 1.30x107 Wi A, pisum 3 #4450 3rd instar nymph
CYP305al-5 7.30x107'" Wi A, pisum 3 #4450 3rd instar nymph
CYP315al  8.80x107%* Wi WE A, pisum 34 3rd instar nymph
CYP4CI-6  1.20x107'% WiIWE A, pisum 3 #4495 3rd instar nymph
CYP6al4  3.70x107%% WiIWT A, pisum 3 TCH A 3rd instar nymph, apterous adult
CYP4gl5-1 2.10x107 Wi GMF A. pisum 3 #%#79% 3rd instar nymph
CYP4gl15-2 9.90x10™% B S A, pisum 3B TR A R
3rd instar nymph, apterous adult, winged adult
CYP4CI-7 7.20x107'# BT W A pisum 3T JC AT 3rd instar nymph, apterous adult
CYP6kI-2  1.40x107'% B WF A. pisum 3FFIT T A A
3rd instar nymph, apterous adult, winged adult
CYPI18al-2 2.30x107% i T IF A. pisum 3T T AT A
3rd instar nymph, apterous adult, winged adult
CYPI8al-3 2.20x107¢ Wi T IF A. pisum 3T T AL A
3rd instar nymph, apterous adult, winged adult
CYPI8al-4 8.20x1077 Wi T IF A. pisum 3T T AL A
3rd instar nymph, apterous adult, winged adult
CYP6a2-1  4.10x107* Wi A, pisum 3WEAF A WA 3rd instar nymph, winged adult
CYP6kI-3  1.10x107'" Wi A, pisum 3 #4450 3rd instar nymph
CYP4CI-8  2.00x10 B WF A. pisum 3R TC LA A R
3rd instar nymph, apterous adult, winged adult
CYP4CI-9  2.10x107 BT WF A. pisum 3URATE TC LA A R
3rd instar nymph, apterous adult, winged adult
CYP4gl5-3 0.00x10° WG YT A, pisum 3 JC ALY 3rd instar nymph, apterous adult
CYP4gl5-4 2.90x107% WG YT A, pisum 3 #¥#79% 3rd instar nymph
CYPG6kI-4  1.80x10™" Wi T IF A. pisum 3T T AL A
3rd instar nymph, apterous adult, winged adult
CYP4CI-10 3.60x10™" Wi T IF A. pisum 3T T AL A
3rd instar nymph, apterous adult, winged adult
CYP4CI-11 1.10x107 Wi 0 A. pisum 3R T B AR
3rd instar nymph, apterous adult, winged adult
CYP4CI-12 5.40x107'% Wi A, pisum WA T A 3rd instar nymph, apterous adult
CYP4CI-13 4.00x107¥ i S WF A, pisum 3URATE T B A
3rd instar nymph, apterous adult, winged adult
CYP4CI-14 1.60x107* WG YT A, pisum 3 JC RS 3rd instar nymph, apterous adult
CYP4CI-15 8.70x107% BT A, pisum 3N JCALYF 3rd instar nymph, apterous adult
CYP4CI-16 1.20x107™ Wi A, pisum WA T A 3rd instar nymph, apterous adult
CYP6al3-6 5.00x107'# BT W A, pisum 3 JC AT 3rd instar nymph, apterous adult
CYP4CI-17 1.60x10™* Wi W A. pisum 3 #3444 3rd instar nymph
CYP4CI-18 2.20x107'¢ Wi GMF A. pisum 3 #4797 3rd instar nymph
CYP4CI-19 1.50x107%% BT W A. pisum 3 #4797 3rd instar nymph
CYP4CI-20 3.60x10™ BT WF A. pisum 3R TC LA A R

3rd instar nymph, apterous adult, winged adult
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Gene type Gene Expected Species Developmental stage of up-r.egulated gen expression
name value compared to 1st instar nymph
CYP4CI-21 4.10x107'2 i G A, pisum 3 #345F 3rd instar nymph
CYP4CI-22 1.70x10™® WiGWE A. pisum 3 #4505 3rd instar nymph
CYP4C1-23 2.70x10% Wi A. pisum 3UEAFEF  TC NS 3rd instar nymph, apterous adult
CYP4gl5-5 1.70x107" WiTHE A. pisum 3 #4459 3rd instar nymph
CYP30lal 1.80x107 WiTWE A, pisum 3 #4495 3rd instar nymph
CYP303al 1.80x107 WiTTWE A, pisum 3449 3rd instar nymph
CYP4CI-24 3.20x107% WS WF A, pisum 3 ¥ 0% 3rd instar nymph
CYP4CI-25 1.00x107 B A. pisum 3R TC N A
3rd instar nymph, apterous adult, winged adult
CYP4CI1-26 1.90x107" BT W A. pisum 3T A AT 3rd instar nymph, winged adult
CYP6kI-5  2.10x107 Wi W A. pisum 3 1#%479% 3rd instar nymph
CYP4CI-27 5.00x10™* Wi W A. pisum 3 ##%479% 3rd instar nymph
CYPG6kI-6  4.90x10™" Wi W A. pisum 3 1#%479% 3rd instar nymph
CYP6kI-7  5.00x107 Wi W A. pisum 3 #%#71% 3rd instar nymph
CYP4CI-28 1.70x107' Bi W A. pisum 3#3%79% 3rd instar nymph
CYP6a22  7.00x107* Bi W A. pisum 34 3rd instar nymph
CYP307al  1.00x107" Wi WE A. pisum 3#44714F 3rd instar nymph

qRT-PCR 45 5 7R , CAT-3 78 1 B AR N i 26
IR IR A, 7E 3 W0 | TR A A S B A P 1)
FIR B, AT R VIR RN R IR R 1Y 2.32 45
1.83 f%113.70 £i5 (P<0.05) ([ 1-A) . CYP6A413-2%E
1 A IR N A FRA R A, 76 3 A1 JCHI ot il
A AR P Y R BT AR L I RN
FIRE Y 2,19 £%5 3,11 £%5 1 2.23 45 (P<0.05) (& 1-
B). CYP4gl5-2 78 1 i WA B F kAL, 76
3R | TCIH RN A R R AR P ) e R
A3 R IS A AR P 3R Y 2.00 £ L 3.25 15 I
220 % (P<0.05) (1 1-C) . GSTI-27E 1 {45 5 G
8 A R Rk ARG, A 3 A W AT R R
TR B FRIR I, 0 e 1 IR RN A 1 1Y
222 f5H12.26 £5(P<0.05) (K 1-D) . nAChRa2-3 1E
1S AR PN A 3R 8 S I, 78 3 A5 I TG 3 g
FIAT S8 BRI FGE A R, i LI AR 2
AR 2.26 4% . 2.51 1% F11 2.50 £% (P<0.05) (K 1-E)
ANTA) 2 B B B ) 3k AR I 28 LC,, 1) bk H b ik 2
J&i S FIFEDRIFE 3 U85 WA VR PR ) 2R84 S5 0 i 25 5
% (P<0.05)(E2).,

RNAIZRE/R, H CAT-3.CYP6A413-2.CYP4g15-2,
GSTI-1 }2 nAChRa2-3 3£ [H 1) dsRNA T I 3 i 25 tf
S5 e S KO U AR dsGFP (1) 3 38 45 95 43 S AT T
50.9% .52.0%.50.7% .46.7% J% 52.4% (&1 3-A) . H

LC,, FA T HUBBR AL B 24 h )5, DL CAT-3 ., CYP6A13-2 .,
CYP4g15-2 . GSTI-1 3£ [H Y dsSRNA 17 M2 Ji5 3 i 45 if
B BE T R 4 61.89% ., 75.05% . 61.93% . 58.15% M
15.48%, %% nAChRa2-3 A1, HoAtl Ak R A FE T R 1 ik
F = T dsGFP ] MW HU A BE T 3% 28.92% (P<
0.05)(&3-B), EHHRNAISFH CAT-3.CYP6AI3-2,
CYP4g15-2 ¢ GSTI-1 35 3 W47 WA Xt nit H obie 1 s
PEREIN, 1 RNAL S 1 nAChRo2-3 55 3 {451 %F

O, S AR P R R 1EE . 2 33¢ 5 /3R PR 15 9K 2 75
I Aot BB A
3 iTig

KRBT W SR /N ) F B R — | R
PRI 58 15 5 R Y2 R RE 4 2 e
()28 2 LA o RO SRR AT WA 1) B 32 22 by
Biiif, (A AL 248 HUR R & Rpg b i, )
& WE R Pt 2 1k In) B H ¥ ™ 5 (Zhang et al., 2019;
2020; Lu et al.,2021) , & HLI A% ORI 30 5 AN RE 52
AR BOEE R E . R, B E bty
PRI 40 241 A W R B R AR g AR HUR
WH ZSFRE N A EZEE L . AR, FER
AN KB B Bt A« B I U AR A KR 22 57 (.
U5 ,2016) , LA CIHBT G AR DG I E AR [l A K
KA BBy 2= R R, WA I hT 25 AL
WF9EBEE B A 1 Al
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457 A CAT-3 331B  cyp6aiz-2 a 307 ¢ YP4g152
4.0 a 3.0 )5
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- 304 ' 2.0
2 251 0 2.04
2 b 1.5+
g 2.0 1 1.5
Fi :3: c 1.0 1 1.0
Qo : 4
5 051 I 031 02
2 00 ; , ; 0.0 0.0
ks Ll L2 3 ALA
()
& 3.0 D GSTI-2 3.0- E nAchRa2-3
]
)
®
'
S

a

2.51 a 2.51
2.0 2.0
1.5 b 1.5

b b
1.04 1.0 4
0.5 0.5
00 = T T T 00' T T

L1 L2 L3 ALA L1 L2 L3

R E M B Developmental stage
L1: 1HYE0F; L2: 3 1F; L3 JoMAuf; ALA: A, L1: Ist instar nymph; L2: 3rd instar nymph; L3: apterous

adult; ALA: winged adult.
E1 REANTFARLX B MRS HERRRIEER

Fig. 1 Expression patterns of five selected genes in different developmental stage of Sitobion miscanthi
Pl P e briiin . A EARING T RER RN R A [ BER] B PR 3 1 i 28 Duncan [RGB 2 AR 22 154G 5626 5 1 3%
(P<0.05), Data are mean+SE. Different letters on the bars indicate significant difference in the gene expression level among differ-

ent developmental stages by Duncan’s new multiple range test (P<0.05).
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2 0.0+ 0.0 0.0 ; . ;
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& 2.5 a 084 b b Imidacloprid treatment
B 2.0 b
s a 0.6 b
’ a b b b ]
104 0.4
0.5 0.2
00 T T T T 00 T T T T
L1 L2 L3 ALA L1 L2 L3 ALA

R EHrB Developmental stage
L1: 10N L2 33807 L3 JCH AT ; ALA: A ALNF, L1: 1st instar nymph; L2: 3rd instar nymph; L3: apterous

adult; ALA: winged adult.
B2 MR iE S E A WEFfE S FhE E R RIEENX

Fig. 2 Expression patterns of five selected genes induced by imidacloprid in Sitobion miscanthi
P B - e br R . HE BN R)/ING T RER IR AN R A B]R] 28 Duncan [RGB 524K 22 K6 46 22 5 .35 (P<0.05) . Data

are means+SE. Different letters indicate significant difference among different treatments by Duncan’ s new multiple range test (P<0.05) .



456 Y R % i 504

>
S

1 Aa
o 1.0
>
2
iy § 0.8
N2 b b
o i b b
¥§§0.6 b
o
4'2.02» 0.4
5]
o 0.2
4
0.0" T T T T T
B2 2 3 9 v
% &~ o ) ~ N
v ~ ~ ~ &~ 3
SIS - G-
5 &8 & 3 3
&) 9] S
3 3 ]

o]

90 -
80 1
607
50
40 |
30 |
20 |
10

0_

dsGFP

FET- 2 Mortality/%
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A S ERYFER B9 SRACE AN ; B FHME AR MRAL T RNA 5 957 5 24 h fil9FET-K . A: The gene expression level
of five selected genes; B: dsSRNA-mediated mortality of aphids at 24 h after treatment with imidacloprid.
B3 FREA M3 EE Y54 B 5 EH% R E X R a1
Fig. 3 Sensitivity of third instar nymph of Sitobion miscanthi to imidacloprid after knockout of the five selected genes
P b Bl B bR R o A AR ING T RE R R AN [ AR BB 28 Duncan [T 5K 22 24640 22 57 i 3% (P<0.05) . Data

are means+SE. Different letters indicate significant difference among different treatments by Duncan’ s new multiple range test (P<

0.05).

U 28 B AR b A2 L DR 5 52 3k 4
BHUHEAR SRR ) R3A X5 35 Ui kb i A B I D)
I (JE3E ~45,2013) . Jone et al. (201 1) 5T K& FL,
TEHTIH HLmbk i) B 780 F1 Q YA K3 T\ Bemisia tabaci ',
CYP6CM1 FER e i HL B BEAY 2 1k 1k W35 i T DR H
FrHi] . Amenya et al. (2008) 5T 45 KR BH , 7E 9k
PN X EE I ¥ B0 Anopheles gambiae 3148155 HL 25 T it
FH, CYP6PY I A AL IR AL He B Be Xy f ik, i
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