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FKEES S RMMBEZ /NGF R
iTRAQ EARAZESH

ERET dER FEH FoF ITE4

(R Al BL 24 B2 MBS AT, AN 350012)

B OE [B®)] AU EEmFESEARCHR g3 ER (ITRAQ ) HiA , HRAH hHitEFRE (%
M2 ) SHUSFIE GREARIES ) Z/hatrt i Empoasca flavescens Z Bl 8 [ A 2: 22 5%, KA
Seo/ NP2 PR BB E FS Al . [ FE ] RAIBEHLE S SORES /NG, R AR (146
st xR U TR E . i iTRAQ ARICIR A &0 MR A AT IR S5 hRiC . i pH-RPLC
5 RPLC-MS HE AR L R 743 8 5 %5 . i3 GO 434T ( Gene ontology ) ik, XfESHEHWSTIIHE
Ay ok RN A B AT 0T . B3t KEGG Pathway M3, 25 58 (A 56 B8 384T 10 R ﬁL
STRING-DB $#fs g, %25 R (A EAR M0 e, 225 3% P G| (g4 T T 4047
., [£8] SEAREEREDR, SRSHUEMBRYSE AT R5N 728.23 pg A1 261.17 pg.
Pivk S HURAEEZ ], A 1399 MR A KA TR, Hb, IS FIEAE 1S 5L B SR 101
ANFI 218 40 GO AMMT4E IR, X 319 A2 REHBAE FAAEN . AUSRHA R AR R i
FEZH5EAME. WINPT R, EEOE TN 4R . BRI . KEGG
R ER, 319 M EREAFES SN AR EVEVEHE M. STRING 4R BoR,
319 A2 E L Z R AR AN A . BUMEARSCER AR B A R o, S 3 AR IK-S R
(GSTs) . 2 M4 a P450 F kR (P450) | 2 MRAILYELEE (SOD) 12 it A ks (POD)
KAETWHRAL, [4ie)] Ptk SHEEREEA MR EAAZSHE, 2REARAZMS TRk,
AR T AL, BUPERRREXT 24 700 10 A R i Pk 2 5000 T U R .

KR ZUNGEMW BUMERNRE; BUSREE; BOARYLF; M

ITRAQ proteomic analysis of insecticide resistant, and sensitive,
populations of Empoasca flavescens (Hemipter a:
Cicadellidae) from tea plantations

LI Liang-De” LIU Feng-Jing LI Hui-Ling LIJin-Yu WANG Ding-Feng

(Tea Research Institute, Fujian Academy of Agricultural Sciences, Fuzhou 350012, China)

Abstract [Objectives] To use iTRAQ (isobaric tags for relative and absolute quantification) techniques to investigate
proteomic differences between resistant (conventional drug management), and sensitive (unmanaged), Empoasca flavescens
populations in tea plantations, thereby providing a theoretical foundation for managing resistance in this pest. [Methods] E.
flavescens were collected in tea plantations using both random and multi-point sampling methods. Proteins were extracted and
quantified with a protein purification kit, then enzymatically digested and labeled with an iTRAQ labeling kit. Peptides were
isolated using high pH-RPLC and identified with RPLC-MS. The molecular function, biological processes, and cell locations

of differentially expressed proteins were analyzed using the GO ontology (Gene ontology) method. Metabolic pathways were
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annotated using the KEGG pathway website. The interaction network of differentially expressed proteins was analyzed with
the String-DB database. Finally, significantly different resistance-related enzyme proteins were further analyzed and sorted.
[Results] A total of 728.23 pg proteins were extracted from sensitive populations and 1 261.17 pg from resistant populations.
A total of 1 399 proteins differed significantly between resistant and sensitive populations. Of these, 101 were up-regulated
and 218 were down-regulated more than 1.5 times. GO analysis indicates that 319 differentially expressed proteins were
mainly involved in ion-binding, and in the composition of ribosomes and oxidoreductase. These proteins mainly function in
protein translation, material transport and small molecule metabolic processes, and are distributed in the intracellular
membrane, cytoplasm, ribosomes and nucleus, respectively. KEGG analysis indicates that the 319 differentially expressed
proteins were mainly involved in the carbon and ribosomal metabolism, and the phagocytosis pathway. The results of STRING
analysis indicate that the 319 differentially proteins regulated each other via multiple pathways. Analysis of resistance-related
protein enzymes revealed that three glutathione S-transferase (GSTs), two cytochrome P450 oxidase (P450), two superoxide
dismutase (SOD) and two peroxide dismutase (POD) were significantly different in sensitive and resistant populations.
[Conclusion] Resistant and sensitive populations of E. flavescens have significant proteomic differences. Differentially

expressed proteins have a variety of molecular functions and are widely distributed in different cell types. Detoxification

enzyme activity was stronger in the resistant population than in the sensitive one.

Key words Empoasca flavescens; resistant population; sensitive population; proteomics; detoxification enzyme

/g Empoasca flavescens J& 2 H
( Hemiptera ) "M#i%L ( Cicadellidae ) B2 H, J&
WL HAS B B S VA SR M X A%
bl H ) Sk 8 32 U R AR B, S 3K
R MZEFIRIE (RS, 20165 PRk
BAE, 2021 ), XA it o A o i ™ E S
Al AR R IE 33% AT IR (BREEMAE,
2019) o fe2E AR HA [ 5 . 28 AR
LA AR 1, RSBl 3 2/ Nt i 733
S350 W o R, A28 HUR RS & 2R A0
I, AR AR = P2 v, IR At T
KEIEbrAY (ZZRIES, 2016 ) o QIATHIHR
TE A5 /NG I W 7 A g AN () L DX e 2 1 AR ™
& (JERMHE, 2009, 2EF4%, 2015; Qietal.,
2015) .

YU R A R T2 MR, K2
DI il T A5 g 24585 R 5k BE PR ( Maximum
residue limits, MRLs ) BFR#AE ( BRoEME, 2001 ) ,
FEEE PR T R O T g R R R,
AT T 25/ Ner - B BT 25 PR AL, ST
2SR = Ba RN, DL BRI L 3
HAiy 1k, Z8E T2 PENLEE T T g0 oA
B, KECH 3 RS, B—RaEhit,
R A 3R B 235 TR, B0 AU 2R R Y
W MSCRNE 375 R P AR08, 2R 1 XF A% ORI R i S5

FIFOARES LA BT T] 5 58 R ARIBTE, DR 2Ly
AR B W o, 38 T X R HUR A R A e
(Bass et al., 2014) . Hr, ZIaeA LG
( Multifunctional oxidase ) . 4Bt H Ik-SH4 £ il
( Glutathione S-transferase ) FlHRMF ( Esterase )
S AR B B AR R T AT, 2017;
FRtAE, 2021) 5 5 = JRANARBOME, RPZG XA
b O PEREAC, W R ITEAE TaE
( Voltage-gated sodium channel ) FE[H [ R4E,
HOR BT HAR IS TE TR (BRREE, 2015; 2=
DHAE, 2021)
FHUS /N T 2 P 5T ke 18 1Y Ji
KA 22 o Ho— | 25/ INa i Wi i) HUREE /N 5 SR
HTICTT . BRER K Zy 6, T3 S P AN ) dl
e (ZBRES, 2016) 3 H—, BIHHG, FHxin:
WAREL L, Rl R 2R /NG, B T L AT T
Nk, N TOERE AN T8, H=, %™
M ARBFN BN, BFFE S /N W 245 PR L3R
PN W, AN FFB, REiH
TF R /N W ) 470 24 14 2 1 s 2~ o
iTRAQ( Isobaric tags for relative and absolute
quantification ) FEAE—Fh 2 IAR B 42 =
WA, SR Plutela xylostella
(Hanetal., 2013) . # Kl Nilaparvata lugens
(Zhaietal., 2015) Fl15<#: Bombyx mori ( Dong
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etal., 2017 ) EMANZ N EFIL, AR
Xof A LR AR T LU AT X A /N W AT T
FH TR A0, B 255 DX/ N i WXt B A 4 T 114 Bt
PEAEECH 16.81 F5F0 15.72 4%, XRESEBE 04T
PERECH 11.20 £5 0 8.89 1%, X mr A S i B U 44 i
FIPTPERECN 7.69 1550 10.13 45, XHR S B4t
VERSEOCN 3.44 51 5.56 1%, X wk bt e b bk
FEECH 3.27 4501 3.45 %, FBAZS /NGR4T
AR E (A RAEAE, 2020) o AW —
A FIA ATRAQ FARXS P 5 BRI REREAT T 88
FB A 22500, LA 4 J5 AP b I P 24 D
BER

1 RS

11 HHRIFERRE

A /NG WU R AR AE FIE 20 AFoR

MU FRAY SR 2R I, A AR 48 48 % T ( Fu-An,
FAWE & TR AL 119°78, 4% 26°95")
(F 1. gEf'E ) ftE &A% E ( Zhe-Rong,
ZR) HHEIHGME AR (28 119989, 6

N FE# Fujian

A

B 1 REFEEZ NG R A B R & i
Fig. 1 Different populations of Empoasca flavescens
were collected from different places

455 7 WYS, FA, ZR Fll AN 235tk 1l
R MR,
The abbreviations WYS, FA, ZR and AN stand for Wuyi
Mountain, Fu'an, Zherong and Anxi, respectively.

27°52') (F 1. #EAE) o PriEd AR
£ ASRF I BRI, 7 A 2R
B (An-Xi, AX) NEEHARAFEZR (285
118°18', #iJF 25°06") (& 1: Wi ) s
A RFITT ( Wu-Yi-Shan, WYS) Ak Z5nt
BB FEIZSEE (285 117°93, ZhF 27°64") (&l
1: BEAE) .

M-SR A S, TERATZ A EK
2.0m, B 1.0 m PYEURHEE, 2401 TP 204
i P Y5 28 TS L5 SRS, A ek e A
2R RAFE ARG R IR SRS 50 mL B0
o BER AR TG A i (B2 N, R AR v
WEMT UK ZRTARE ) N TR LY R %
A BT, 2 A T A I 7 R R R 1
XA R, ABFSEAS /NG WA R 3 4
o, 4 A IX BRI BENLZ s i Ty A TR AR
Fef Ml X TR B T2 3 000 3k (25050 g) o B¢
J5, ¥ FA 5 ZR FFHEATIR G, AR U
ZEEN OB HAT SN Sen-Ef-Mix ) , ¥ WYS 5
AN FPREHATIR G, Abitks &FEa Cl a4
A Res-Ef-Mix ) -

12 FERAIRLE

2D Clean up Kit #HZifbidHl & (175
80-6484-51 )Hl BCA & &#=ik 7 &( #75 : QPBCA )
W H Sigma AH]; #HHAMRC iTRAQ Reagents-
8plex Kit i & ( $95: 4381664 ) ) [ 3 [E ABI
NEL AT (1545 Sep-64) . = ILBRIR A B
ZZ P TEAB (185 T418) . A AN (585 .
306576 ) FIH R (135 : 516961 ) %504 | K H
Sigma A H]; 10 K HIEE (555 : OD010C33) |
JiRME (535 : V5280 ) . ZJiF CAN( 525 : A998-4)
FIHR (585 14265 ) %504 H 3¢ [# Fisher 23,

Y (RIS, LTD-JY96-IIN ) N T 2
AR B A RS w4 77 5 R R B O BILC LS
WY H2050R )Ry b it i B4 B A PR W A7
IEEET (RIS, 765Pc ) A BRI A
PR 2SRl AE 7= B RO g (B
Ultimate3000 ).Q Exactive i jif{X 1 Concentrator
Plus FLZ5 &0 W 45 ML 32 [F Thermo A A AE

Dionex
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13 REANRENEREAEER

TG, A A IR T I, KPR
A MAIFER R, I AR UV R S 24 AR M 0k o
BReE, TERFERRIIA 200 pL 245 RIPA ( it
J7: 50 mmol-L ! Tris-HCI. 150 mmol-L "' NaCl,
1% SDS. 0.1% Trionx-100 fl 1% SDC) , %3¢
SRR TR AR (FF/CA 0.8's, 20 W,
RIKED 10 TIRH#ATRE, LEE 6 k) |, 1M
Ja T EE.LAL (12 000 t/min, 20 min ) HRERE
WER Je WA b5 W o 4 BB R 1 4l A b iR & O B
i, XSSOl e SRR,
AT F—2EEnr.

BEANER, 2R BCA EHEEIRF &
VA, 2RI, 2. 4. 6, 8 Al 10 pg AL
¥ F 25 H ( Bovine serum albumin, BSA ), 575 nm
AT A SROGAE, E AR 2. &5, R
PEEEAE RO, S RbrEm L, 115
R RE S R R, PR AR S R
JE R AR R S AR T X I g B R

1.4 BRFABUIE ITRAQ XFIRID

WCEUR AN BT RO RERE B 45 200 pL, %88
iTRAQ Fricdikifl & (8-plex iTRAQ) HUfHi i
B, XEPIASBOEERE S A TR AR . PIRANE .
(1) WA 4 puL Reducing Reagent, 60 °CJZ
1 h, JTA 2 uL Cysteine-Blocking Reagent, = ifi
10 min. 7351 H 70% L BERZEKIEMES , 12 000 g
.0 20 min, FERIEW; (2) WA 100 pL
0.25 mol'L ' TEAB, 12 000 r/min &5.0> 20 min,
SRR . TR ISR, I AR 1
37 °Ci 12 h, W5 FAMINEERE, K 4 h,
(SRR i1

PIAFEERES Y iTRAQ iXFIbRiC, 23N
T (1) Bl - 20 CUKFRPRFE 8 Fr iTRAQ
KA A, EIRBCE 10 min J5, A EBIRFIGEE 2
ORI, /i &R A 150 pL %75
B, HATIRIENRY, MEHRELEER; (2)
SHIEL 100 pg BYPASFIEERERAR Y, 430
A ITRAQ 5, WlEdRY 10 T, RHELOFE S
EEIE, FW|Y 2 hJF, A 100 L #Hakik

Lk, BEERHE, O T, ®a,
O3 M ARAH U AN BE BT M PR IO AR 5, R TR
TRAER
15 F—#F pH-RP HEHE

SR FH 1R 1 R VRORE €8 15 ASORT AR A% A A ot 3
Cys WA 03548 ( Gemini-NX Cjg, 3'm, 110’ a, 2x
150 mm ) #HATHUST B ALPRANT : (1) % iTRAQ
FRICHIRE S B ETE 100 pL MW IR MR A
(20 mmol-L~' NH,HCO,, pHI10) 1, JFFHZJE-
HIREEZE i B (20% 20 mmol-L ' NH,HCO,
5 80% acetonitrile, pH 10 ) #ATEM; (2) LU
0.2 mL/min [JH, FEBAFEMLEME: o-
10%Z% 1 B, 5 min; 10%-20%2% & B, 10 min;
20%-45%Z% K B, 15 min; 45%-90%2% i B,
15 min, XHEAZIHTES; (3) AT
S UM I 1 Ay 214/280 nm, AR 4 750 1k ] 3
WCHCAS AN 5, XSTURHURE S S 50% = £ 1R
( Trifluoroacetic acid, TFA ) #H#fTIRE, EHaT
W R —2 0.

16 F_HRBEBEBREA RPLC-MS4#T

KH 0.1%H 2 ( Formic acid, FA) 5 2%<&
5 ( Acetonitrile, CAN ) ¥ 0 A i 2 (1 E
T, IR G e 347 % O B O
(13 500 r/min, 4 °C, 20 min) . WMiJFKF B35
MR bR, BTSSR E AR
Sy BRI BB G TS R GE, IR R Crs AR
(2 pm, 100A), RENTHHE AN 0.1%
FA, Fish#H B 4 0.1% FA 5 80% CAN, Ji# N
300 nL/min, FEAH453)5 AT E] SR 65 min,

FE it 73 18 5 0 IR B 42300 A B S GHE AT 7R
LA, — TR AT L (m/z) 9 200 ALY
Sy PR 70 000, FFShASAIRERE BT L (350-
1800 ) Hfi 5 YT 1A B 7547 = RE Rl 24 At
FHEFE RGN H 33 25 451 ( Automatic gain
control, AGC) Wk, X BAnfE#HITHIE. —
RIIEFEFAT L (m/z) S 200 Kb 4 HER N
17500, & #1482 = ( Normalized collision
energy, NCE) & 30eV,
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17 BBHEWMERES MG

28 S5 Y RS S0 FH B9 2 Protein
Pilot™ 5.0 #f (X #E Unused=1.3, LFRFR
ZERHLL “RRRRR” JFkH9ICsR, I AVG=
1.5 A LHEH, AVG=<0.67 N TFIHEH) ; 2%
SR AYIRET R, GO R HIAY R i
A http://www.ebi.ac.uk/QuickGO/, GO 4rZfrH
Y9 %4 A http://www.geneontology.org, GO & 4
BT BT FH 0 355 SR http://www.geneontology.org/;
2251 KEGG Pathway 437 H1 it FH 1 1935 1
3kA http://www.genome.jp/kegg/ (1% M vk &5t
A5l B A 2B 5 ) 5 STRING $idfe J
FE R A R 25 43 A i A 356 8 hittps:/
string-db.org/; #xJ5, 1T uniprot.org M ¥k sAT
T U AR Y 4T

2 GBR59H

21 REANRIKEEER

I AR A, ARAT T AH X U R 25/
YR A 4E Sen-Ef-Mix APt i RIUIR G H
Res-Ef-Mix , & H4lifbJ53K1% Sen-Ef-Mix 5
Res-Ef-Mix [ S AARFN 191.60 pL Fl 295.64 uL.
FEHE AR ER, A AREZL N
y = 63.072x - 5.863 LAZF IfLTE bn o Y 26 45 3 4545
Sen-Ef-Mix 5 Res-Ef-Mix W E LT E N
3.800 pg/uL 1 4.266 ug/uL. fx)5, #EGS
Sen-Ef-Mix 5 Res-Ef-Mix WZH & A& =N
72823 ug M1 261.17 pg (F 1) . ZEREES
W, WMARSEAEKT 200 pg, ATHTHZ
iTRAQ A A BT 45 .

1 WAFNMGHEERNSAEAEE
Tablel Total protein quantification of two groups Empoasca flavescens

SE BRI 2R

HAWE (pg/ul)

EA=E S HEHAEF (pg/ul) o . . BEA (ug)
Protein sources Protein volume (pg/uL) Quantitative standard Protein concentration Total protein (ug)
rotemn sou volume (e curve (ng/pL) p He
WU Sensitive group 191.60 y=63.072x - 5.863 3.800 728.23
YitE4H Resistant group 295.64 y=63.072X - 5.863 4.266 1261.17

22 EREASITHW

FAE A4 Protein Pilot™#HA:, 38T
Sen-Ef-Mix 5 Res-Ef-Mix P £H M-t 2 [8] 19 7&
WA E R BREW, 7E0FE ( Credibility
value ) 35 95% M H T, A 1399 MRAKLA
Tk Hodr, 4 FEAE 50 ku LLF L 50-100 ku,
100-150 ku, 150-200 ku AT 200 ku (1975 443
Wk 675, 438, 159, 42 F1 854 (Kl 2: A) .
S S TE/NT 4.5, 4.5-7.0 LLRRT 7.0 19439
BT 1.29%. 60.69%F138.27% (K 2: B) .

XEEATEAH 1-5, 6-10, 11-15, 16-20,
21-25, 26-30 il 30 LA Z KA A 0l A
1180, 118, 26,20, 10, 8 A1 37/ (& 3: A) .
W3k 2 S B T A 22 BRI B A T A, KB

(ZHEmE) 75T 5. 6-10, 10-15, 15-20,
20-25 FHE 25 B95390k 326, 3 149, 2 698,
741, 115 Ff123 4 (K 3: B) .

SHE, X 1399 ERE A E SR
ATV T o 25K, M Sen-Ef-Mix 41
(/NG Res-Ef-Mix ZH3EA 101 DMEAHMKE
ISAEHGEINT 1.5 5L o Horp, SRR m
1.5-2.0, 2.0-2.5, 2.5-3.0. 3.0-5.0 fI KT 5.0 f%
BN 61, 16, 9. 8 Fil 6 4~ 4k, Ik
A 218 NMEAMFRIAEETE T 15150, #&
ISR I 1.5-2.0, 2.0-2.5, 2.5-3.0. 3.0-5.0 #ll
KT 5.0 f5H %0550 90, 47, 28, 36 1 16
™ (ER2)

23 HEWMERESW

231 GOZEHBAIREEFRMAE k24014
A1, Sen-Ef-Mix 5 Res-Ef-Mix #f{tt, A
101 MEAREETT 1545, Lk 218 &N
T T 155, ik — 47X 319 DR R
)4 24 MR, AF5CRH GO 4341 ((Gene
ontology ) 77k, MEFM T IIHE ( Molecular
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250'A

1
200 o7
164 162

148
150 145

99
100

& [ % Protein number

85

#E H 4 F & Protein mass (ku)

B 226

200

150

100

E A ¥E Protein number

50

57 O
P

) N ‘o‘p

O 4% @ 2 S P O PP

M B ;%- ;b- 9 . 9- \Q. \Q \Q
A AT Y Y T & 7

ZEH 5 Isoelectric point
B2 WAZRMRHEHNESD FEMER SN
Fig. 2 Protein mass and theoretical isoelectric point analysis of two groups Empoasca flavescens
A. AT B BIREH AL

A. Protein mass; B. Theoretical isoelectric point.

function ) . Z 5 M AW ¥ &% ( Biological
process ) & [ 7E 4 Jd o 19 i & ( Cellular
component ) , F=ANABEM T HE—2P50HT .

S FUIRE A HTEE R BoR, X 319 MR R
HET454%EA (Ton binding protein ) . 4 i#%
BE ( Structural constituent of ribosome ) . AL
5 Oxidoreductase ) . 5471 P4:( Structural
molecule activity ) I 52845 & H( Cytoskeletal
binding protein ) . AKEI% JJ ( Peptidase activity ) .
M BG B ( Protease kinase ) | 5 I f% iz

( Transmembrane transport ) . DNA 45425 4( DNA

binding protein ) FIIRTT —BERRHFTE 1 ( ATPase
activity ) THRE, 2084 92, 21, 20, 13, 11,
11, 11, 11, 10 F1 104> (& 4)

EYI AR R, 319 MEAT S
HEHBIE (Protein translation ) . ¥ iz %
( Material transportation ) . /NM3rF4Ri ( Small
molecule metabolism ) | 73fi#{ti} ( Catabolism ) |
Y AL &P ( Cellular nitrogen compound
metabolism ) . K/KILE P ( Carbohydrate
metabolism ) . 4HMIFE &M ( Cellular protein
modification ) . FIAAC WY FIRE & 09 77 2E
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700
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EH B & Protein number

200

100

900
800
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Bk B3 Peptide number

100

®2 MAFNFHMERREIZEANEREHSW
Table2 Multiple analysis of differentially expressed
proteinsin two groups of Empoasca flavescens

200 [

300

148
84

64

43 N
28192191_0143841_13132503131203l

12345678 91011121314151617 18 19 20 21 22 23 24 25 26 27 28 29 30 >30

646

587

i 456

764
696 703

640

Z KR Peptide number

214 235

138
96

58 50
A E2l121 155 9123

0
4 56 7 8 91011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 >30
BRBUFHIHCE Peptide sequence length

B3 WEFMRHEN S RHEMKEFIKES
Fig. 3 Peptide number and peptide sequence length analysis of two groups Empoasca flavescens

A, ZIREGE; B IKBUTIIKE
A. Peptide number; B. Peptide sequence length.

FakFA IR HEHANE
Expression type  Expression ratio Protein number
A 1.5-2.0 61
Up regulation 2.0-2.5 16

2.5-3.0 9

3.0-5.0 8

>5.0 6

IRLESSEN 1.5-2.0 90
Down regulation 2.0-2.5 47
2.5-3.0 28

3.0-5.0 36

>5.0 16

( Generation of precursor metabolites and
energy ) . fi 5% F (Signal transduction ) Fl4:
Y& 1L (Biosynthesis ) i F2/, 43l 4 28, 28,
27,21, 19, 18, 17, 14 fi 144 (K 5)

wJE, AP TiX 319 MEAEAE T A
W, R BRS 5 M AR (Intracellular
membrane ) . UM ( Cytoplasm ) . FHHEE
A& (Protein complex ) |, #HHA ( Ribosome ) |
AIEE 242 ( Cytoskeleton ) | 4HfifE#% ( Nucleus ) .
22 i 1A ( Mitochondrion ) . 4 i #PMiE ( Extracellular
membrane ) . WFM ( Endoplasmic reticulum )
Fgetafk (Chromosome ) 41ALH, 434 39.
26,24, 22,16, 10, 4, 3. 3F24 (Kl 6) .
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TR = BAIR B M
DNAZSE I ATPase activity, 10

DNA binding protein, 10 \
L

Transmembrane transport, 11

& R

Protease kinase, 11

K 71
Peptidase activity, 11

A ERESEA
Cytoskeletal binding protein, 11

GErb TG
Structural molecule activity, 13

Oxidordeuctase, 20

EERCCE G
Ion binding protein, 92

IR

Structural constituent of ribosome, 21

4 BMAFNFHEESEENS TS
Fig. 4 Molecular function analysis of different proteinsin two groups of Empoasca flavescens

RS
Signal transduction, 14—\

BB RIBE R A4

Generation of precursor metabolites and energy, 14

gl A= i
Cellular protein modification, 17

kA& AR
Carbohydrate metabolism, 18

HRACA DA

Cellular nitrogen compound metabolism, 19

AEYEIR
Biosynthesis, 14

EEAME

Translation, 28

Z)bees i
Material transportation,
28

TR
Small molecule
metabolism, 27

Sy
Catabolism, 21

E5 MAFNMNEHEEZREASE5NENFEESN
Fig. 5 Biological process analysis of different proteinsin two groups of Empoasca flavescens

232 KEGG Pathway RiHERKFE Mit—
HEREAS S T 2R A LA
EoSmie, MM KEGG Bis/EX ik 319
A LE N E AT 2. SRR,
HA 1 MEEEE I NULMEREA Hf,

Z 5k ( Carbon metabolism ) | A WEAACI
( Ribosome metabolism ) , ¥4 ( Phagosome )
RNA iz%ii (RNA transport) . ZIRFRIEYE
J% ( Biosynthesis of amino acids ) . “AfLWER1L
( Oxidative phosphorylation) . FFE MG
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5

Endoplasmic

reti/culum, 3 Jufafk

Chromosome, 2

2 A

Extracellular membrane, 3

LRk '
Mitochondrion, 4 Y A%

Nucleus, 21 L PN IR

10 Intracellular

membrane, 39
il uf = gy
Cytoskeleton, 16

HREAR
Ribosome, 22 Eiliala

Cytoplasm, 26

BEHRAAH®

Protein complex, 24

B 6 MAEFMRHEEREQEMABREERB S
Fig. 6 Cellular component analysis of different
proteinsin two groups of Empoasca flavescens

( Citrate cycle ) . W#AAVEH ( Endocytosis ) . HH
B%f# ( Glycolysis ) . NS £ FH BN T ( Protein
processing in endoplasmic reticulum ) I RNA [#
fit ( RNA degradation ) 3@, 4354 27. 19,
6.6.6.5 4.4, 4 33N (F£3).,
233 EHMEEIEA STRING MEHH ik
— B T il 22 8 1 (A A A A A LA 5 I

%, FHAYEE STRING $#i7%E ( STRING-
DB) , X} ik 319 4258 H 7 o 04,

R TP ZE R EAMEEMZ (K- 7) . mE
7 WAL A 100 A A 25 R AR DI RE K,
EASEAZMES 2T, IFf
5N AR KRR (B 7: iR M) . I
Ah, GATT TR E AR MEARE, H5%
IR AFAEHAER R

24 HEHEXERESH

SR itt— 20 T il 22 A it 24 A B Tl v 2R /B
WS LE I PTHENLE], 456 Dk R R AN RR
i o FOne . AR BN 2 GE i, X BTE A
K EAMIET TS 00 850 EH. g
3B K-S HE RS ( GSTs ) kA 1728k, H
1 GSTs-1 5 GSTs-2 3l LJH T 4.52 f55 4.28
¥, GSTs-3 NI T 2.84 f%; IH 2 MG E
P450 %A fLR (P450) kT 724k, P450-1 5
P450-2 435 EFH T 411 £55 3.88 fF; g 24
ALY AL SOD )& A T 7484k, Hi SOD-1
FTFT 3.82 4%, SOD-2 Ff&T 2.75 f%; LA 2
AN E ALY (POD) &4 T84k, Hirf POD-1
FRET 3.29 /%, POD-2 BT T 21245 (% 4) .

*3 E£REBOKEGGCESEBREERIESN
Table3 Enrichment expression analysis of differential proteinsin KEGG pathway

KEGG i %% KEGG pathways

18 % 44 Pathway name

FE %X Protein quantity

dme01200 WA Carbon metabolism 27
dme03010 AL Ribosome metabolism 19
dme04145 F A H Phagosome 6
dme03013 RNA iz fii RNA transport 6
dme01230 AW Y4 Y)4 ), Biosynthesis of amino acids 6
dme00190 F b WERR b Oxidative phosphorylation 5
dme00020 FrEERRIEIA Citrate cycle (TCA cycle) 4
dme04144 W& 1EH Endocytosis 4
dme00010 VEBEAR Glycolysis 4
dme04141 PN 5 W 25 19 SN T Protein processing in endoplasmic reticulum 3
dme03018 RNA F#f# RNA degradation 3
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Fig. 7 STRING network analysis of different proteinsin two groups of Empoasca flavescens
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Network nodes represent proteins, different colored lines represent different types of evidences. The line color of red,
green, blue, purple, yellow, light blue and black represents the fusion evidence, neighborhood evidence,
coocurrence evidence, experimental evidence, text mining evidence, database evidence
and coexpression evidence, respectively.
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Table4 Resistance-related protein enzymes analyzed from two groups of Empoasca flavescens
PE/ T P IRES
expression

A W H k-S54 7 il AOAT46LKY7 GSTs-1 24.85 4521
Glutathione S+transferase AOA1B6H3F7 GSTs-2 22.45 428 1

AOA1B6IWS55 GSTs-3 53.54 2.84 |
P450 AL AOAODG6A1C6 P450-1 57.90 4.111
Cytochrome P450 oxidase EOVCY6 P450-2 7721 3.881
A AL AOATB6KIMY SOD-1 24.06 3.82 1
Superoxide dismutase V5G5W5 SOD-2 21.29 275 |
UKl ) EOVMN9 POD-1 22.88 329 |
Peroxide dismutase AOAONOBH15 POD-2 17.42 2121

MUERER LERE, [REEATHEEL.

1 represents protein up-regulated expression, | represents protein down- regulated expression.

3 itig

FRE A/ NGB P O AR, IRAT
ffIZ P2 AL LA S R L, SR, 7E
RBRZ RS, IR R Z
T xR Z AR AR ST ( Qi et al., 2015 ),
R AR A A A AR XU A T 53T, A5 B
TIRZ AR Z R P25 PRI,

BafErhEdBhas 3 MR
N, BRI AU 2805 . BB SR AR
XTLHEARI A FAER (Boakds, 2015) o ARfarxt
X3 AN KT B RS AT 2 R AT 247 500 % B A 1)
FRT), BB EXAR AT (ERAE,
2021; R/DHAE 2021) o Hr, 25575 E Y
EBF RN, AR ETRE ) R R SR
H= APt i BRI (IR MESE, 20145
FEIRIAE, 2015 ) o R HAARIHR B a2 45 p
E=REW, AN HIK-SHEBE . 406
P450 S AL EE R FIE L —PERERS (ESTs) , =K
fitf 7 2L g R Gs, A AR R R
NS IKAEAE R, B A& R AR R 5 v T K IR
PR, JFRCHE RSN (A VR R AL
2021) .

BIEH K-S HE R (GSTs ) B—HK LIk

fEFEIE AR , 1K 2R T2 B A AR S R A Y
AALNE B, S 5525 . AP RIA ML
AREFGHIE K (22 REESE, 2020) o AWF5EA
W, PUrEFREEAS/NRE 3 N B H K-S
EREME (GSTs ) KA T W EAR L, FRillJE GSTs-1
EFT 575 £, X E5FEETEE (2016) iAW
GESRMST. BN, GSTs-4 FRET 2.84 1%, AlfE
Z 5 THEBEEANTBEEN . difitER
P450 AfLER (P450) , ER KNS HEZFH
PIRPEAL A9 5 MR BRI EE R R
H AT T AN R B P450 05 6 KRG, P450 [l i
PR B ) AR T R O A TR 2R R LA
R AR R (RS, 2014;
RVURBRENE, 2021) o ABFFEABL, HUrEmt
Z/NGRIF WA S PASO TR B T, 5
ZEE T (2016 ) HRAE S5 FARLT

ARG R I, PUHEFPREAS/ NG ) b 4E A
R g, @EAY B SOD-1 ki,
X—ZE R AT (2019 ) ARF B HALIRE
A BRI A58 25 AL o PRI R 2% /NS i
fid ALY R POD-1 FIHR %, 5 H %
(2009 )7E Fi =327 1 Spodoptera exigua i 1) 45
RMFF. 2i b, AW iTRAQ HiA, Xk
TR RS A P 5 5 I Ak el /N gk Y AR A



- 752 - R B H1 244 Chinese Journal of Applied Entomology 59 &

, RIHEREE GSTs. P450. SOD Hl POD
ﬁi{ﬁgﬁﬁ?ﬂi@ﬁﬁ, S AR PO R HEXT AR 24517
HEPURE 10 T HUSFI B

S &30k (References)

Bass C, Puincan AM, Zimmer CT, Denholm I, Field LM, Foster SP,
2014. The evolution of insecticide resistance in the peach potato
aphid, Myzus persicae. Insect Biochemistry and Molecular
Biology, 51(8): 41-51.

Chen B, Xian JP, Qiao L, Zhou Y, 2015. Research progress in
sodium channel gene mutations and their association with
insecticide resistance of insects. Acta Entomologica Sinca, 58(10):
1116-1125. [BRu, SEMGAS, 7742, JA53, 2015, BN Tl
TE B TR e 7 B H S R B X R BT . B AR,
58(10): 1116-1125.]

Chen LL, Chen P, Wang Y, Ma X, Lin JK, Zhao ZH, 2019. Cover
crops mediate abundance and egg density of tea green leathopper
(Hemiptera: Cicadellidae) in a tea plantation. Journal of Plant
Protection, 46(5): 989-996. [WR2hk, BF, EAL, SiH, e
Bl BUEEAE, 2019. A5 RIVE I REAL IS 45/ INag - g a2 A
F. AR 22, 46(5): 989-996.]

Chen ZM, 2001. The progress and prospect on the investigation in
the field of pesticide residue in China tea. China Tea, 23(1): 3-4.

(R, 2001, FEZ M AR 25k B ATt R S R 2.
FE 45, 23(1): 3-4.]

Dong WT, Xiao LF, Hu JJ, Zhao XX, Liu JX, 2017. iTRAQ
proteomic analysis of the interactions between Bombyx mori
nuclear polyhedrosis virus and silkworm. Journal of Proteomics,
166(17): 138-145.

Han PF, Jin FL, Dong XL, Fan JQ, Qiu BL, Ren SX, 2013.
Transcript and protein profiling analysis of the destruxin
a-induced response in larvae of Plutella xylostella. PLoS ONE,
8(4): e60771.

Li HL, Lin NQ, Guo JX, Wang SJ, Wang QS, Zeng MS, Wu GY,
2016. Effects on small green leathopper and its natural enemy
mymarid in tea plantations with intercropping of green manure
plants. Chinese Journal of Biological Control, 32(1): 50-54. [Z=
W, MR, SEEIME, EKk4, ERAR, EUIRK, ROLL,
2016. <[l [} AR LR ALK AR /NG v 30 B FCR B2 N F 1
o E A YIBA SR, 32(1): 50-54.]

Li JY, Shi MZ, Fu JW, Wang T, Zhang ZK, 2016. Activities of the
detoxifying enzymes and synergism in the bifenthrin-resistant

and susceptible strains of tea leafhopper, Empoasca vitis.

Journal of Tea Science, 36(3): 323-329. [ZRFEE, HEAT, 18
HHE, T, skARRE, 2016, ASAR /NG BAGTIGCR 45T T
FRMHUR i 2R AT B 1 SRS VR ARG ZEM R, 36(3):
323-329.]

L

—

JY, Shi MZ, Fu JW, You, Zheng LZ, Lin T, Yang XW, 2015.
Monitoring and regional differentiations on insecticide-resistance
of Empoasca vitis. Fujian journal of Agricultural Sciences,
30(10): 989-992. [Z=ALTE, SAAT, (HEKS, Wik, KRNI,
WA, /e, 2015, FSABRIR /NG - g A W) B A ) 3t DX
RS2 5. ROl 244, 30(10): 989-992.]

Li LD, Liu FJ, Wang DF, Wu GY, 2020. Effects of bifenthrin and

—

indoxacarb on the midgut cell structure and hemolymph
detoxification enzyme of Ectropis oblique Prout (Lepidoptera:
Geometridae). Chinese Journal of Applied Entomology, 57(3):
667-675. [Z=RLAH, XIFH, T, ROCIE, 2020, BRGNS
5 BT H X 2 RO i 0 T 2 A MO A T O S . oL
FHE WA, 57(3): 667-675.]

Li LD, Wang DF, Li HL, Zhang H, Zeng MS, Wu GY, 2016. A rapid

method for determining insecticide-resistance of Empoasca
flavescens (Homoptera: cicadellidae). Acta Tea Snica, 57(1):
49-54. [Z AR, FoEwE, R, KM, B, ROLL,
2016. —FhAS e /NG - WA 24 1 PGy B SE . st
4R, 57(1): 49-54.]

Li LD, Wang DF, Wu GY, Zeng MS, 2020. Insecticide resistance on

five common pesticides of Empoasca flavescens in Fujian tea
growing areas. Acta Tea Sinica, 61(3): 133-137. [ERfE, F&E
B, SOGIE, EHIRR, 2020, FEE 3 AHUX A/ NI 5
P AR 2525k L. JRI2241, 61(3): 133-137.]

Lin MZ, Yang G, Wang ZY, You MS, 2021. Brochosome detachment
facilitates Empoasca onukii (Hemiptera: Cicadellidae) adults
escaping from spider web. Acta Entomologica Snica, 64(2):
213-222. [MRER, B, L2, LRA, 2021, FORAABLE
A B T2/ i kR bk . L AR, 64(2): 213—
222]

Qi W, Yu HY, Niu CD, Yao R, Wu SF, Chen Z, Gao CF, 2015.
Comparison of insecticide susceptibilities of Empoasca vitis
(Hemiptera: Cicadellidae) from three main tea-growing regions
in China. Insecticide Resistance and Resistance Management,
108(3): 1251-1259.

Qiu XH, 2014. Molecular mechanisms of insecticide resistance
mediated by cytochrome P450s in insects. Acta Entomologica
Sinca, 57(4): 477-482. [ERENE, 2014, AR P450 /K
FELRBU PR o> ORI, R AT, 57(4): 477 482.]

Ren NN, Xie M, You YC, Li JY, Chen WJ, Cheng XM, You MS,



41 7 BN ZRPA PR UM RS /NG LY ITRAQ 2 FH LA 2 0 - 753 -

2015. Fipronil-resistance mediated by carboxylesterases in the
diamondback moth, Plutella xylostella (Lepidoptera: Plutellidae).
Acta Entomologica Sinca, 58(3): 288-296. [{F-4kis, Wi, Judt
&, FEE, BRAZE, BYE, TR, 2015 RN 5
/NSRRI SRR BT, B HE AR, 58(3): 288-296.]

Shi M, Li GN, Zheng X, Liu FD, Zhao S, Cai M, Zhu Y, 2019.
Effects of dimethoate on the gonads and oxidative stress
response in the silkworm, Bombyx mori. Acta Entomologica
Snica, 62(10): 1186-1196. [f1fi, Z=5bh, A&, XIRSE, &
W, EE, RDE, 2019, SRARXFGATAE B MR S ARSI R R
F 224, 62(10): 1186-1196.]

Wang J, He BQ, Hua DK, Zhang K, Yuan JJ, Zheng XB, Xu BY,
Zhang YJ, Wu QJ, 2021. Identification of GABA receptor genes
and the role of FORDL in spinosad resistance in Frankliniella
occidentalis (Thysanoptera: Thripidae). Acta Entomologica
Sinica, 64(8): 943-955. [E5(, Ik, HLBF}, i, RITIL,
RMBOR, RE=, KEE, RFH, 2021, TifE6 L GABA 3%
TREEPYEE X FoRDL TEZ AR R IR, R,
64(8): 943-955.]

Wang QQ, Cui L, Wang QY, Yang HY, Rui CH, 2017. Mechanisms
of resistance to indoxacarb in (Lepidoptera: Noctuidae): The
synergistic effects of PBO, DEF and DEM and the activities of
detoxification enzymes. Acta Entomologica Sinca, 60(8): 912—
919. [EFFFF, i, EIH, MET, WEHK, 2017. MR
ST B HEDLIE: PBO, DEF il DEM MRS /R F K M

fignEPE. B H2EdR, 60(8): 912-919.]

Wu SY, Duan WB, Li F, Yang L, Wang H, Wang LK, 2021. Research
progress of insect sodium channels. Acta Entomologica Snica,
64(7): 862-874. [RAIE, BIICH, 55, Mk, EM, £
2, 2021, RRABAE TEE RO, B ACER, 64(7):
862-874.]

Zhai YF, Sun ZX, Zhang JQ, Kang K, Chen J, Zhang WQ, 2015.
Activation of the TOR signalling pathway by glutamine regulates
insect fecundity. Scientific Reports, 5: 10694.

Zhuang JX, Fu JW, Su QQ, Li JY, Zhang ZX, 2009. The regional
diversity of resistance of tea green leafthopper, Empoasca vitis
(GOthe), to insecticides in fujian province. Journal of Tea
Science, 29(2): 154-158. [FEZHE, (A, 75 R, 2T,

A, 2009. fREE AT/ MR IHTZVERY X 25 5. 2R
2, 29(2): 154-158.]

Zhou LL, Si SY, Wang ZX, Wang Y, Liu XM, 2009. Biochemical
mechanisms of beet armyworm (Spodoptera exigua) resistance
to tebufenozide. Acta Entomologica Sinica, 52(4): 386-394. [Ji]
Bk, ATz, ESME, BEH, X/, 2009, FSEAE T
BRI B AE AP, B 224, 52(4): 386-394.]

Zhu J, Qiu XH, 2021. Molecular mechanisms of expression
regulation of insect cytochrome P450 genes involved in
insecticide resistance. Acta Entomologica Sinica, 64(1): 109-120.
DRIT, BRI, 2019. B MBTZGPEMICANL (A3 P450 FEIH Y
FRPAFHLR]. RIRAAR, 64(1): 109-120.]



