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RNAi fIEN AR mf/KkFEEALE YA ZiE
FUHEIEEINREERRENERIN

FOERE, X EET, FARAA

(PR BRI PRI AT T BT, R O E LY E R E S, Jbat 100193)

WE:. [B¢] 24 RNAI ZIRARE &4 K G G F & & Sogatella furcifera % 47 B AL B 4
(multicopper oxidase 4, MCO4 ) 3k F 4 & ik £ F 4= iﬁfﬁ] FA VA A iE A R AR AT AR
R, [ FE]@d Az aFERT Eomad «a MCO4 K B 64 8 A= B L8R 5 7) 5 ) )
RNAI BARREK G H A3 #2269 MCO4 KB, B EH E AR ke R, FRiE ik
Ak FHhETaR CAIBERFEERNY ;87 & é&ﬁxﬂzﬂl AR ARG RA 24 h 5, K
73 RT-qPCR #-m| 3E4k )3 MCO4 A B &k 309 AL, it h &, [LR)0F LA MCO4 AH W
B P ) A% 2166 bp, 4 721 AR ILE Efiﬁii%ﬂ‘)%kﬁ‘ MCO4 % B # RNAi 7T &3 i %
aH kE MCO4 AW, BB ARG THRE, MCO4 A R4 RNAI B EOH WA 3 itk
HERREIMRTEF Z R0, HRAARMGE X SAF TN A9k, BRA K4S & 47 [R26 49 % &
MCO4 LB ZXZTEENm, AR EARETRERMK, [E2R)EMEHETAEF TG T LA
MCO4 3 B g fik . % MCO4 AH &% ka3 B2 ke 4554 25 %R, KA1 MCO4 &
HAeaH ARG LA ZZWER,

FEIE. 9F A ik ; SARAALEE4; RNAL; Ra0EH®; ARk

RESES: 5433 NERERIRAD: A XE4HES: 0454-6296(2019)12-1351-08
Differential expression of multicopper oxidase 4 gene and biological effects
after RNAi and feeding on different rice varieties in Sogatella furcifera

( Hemiptera: Delphacidae)

JTIA Hao-Kang, LIU Yu-Di*, HOU Mao-Lin ( State Key Laboratory for Biology of Plant Diseases and
Insect Pests, Institute of Plant Protection, Chinese Academy of Agricultural Sciences, Beijing 100193,
China)

Abstract: [ Aim] The study aims to analyze the expression difference of multicopper oxidase 4 gene and
the biological effects after RNAi and feeding on different rice varieties in Sogatella furcifera, so as to
provide a theoretical basis for fundamental function research of this gene. [ Methods] The nucleotide and
amino acid sequences of MCO4 gene were analyzed by bioinformatic methods. The MCO4 gene in the 3rd
instar nymphs of S. furcifera was silenced by RNAi, the silencing efficiencies of microinjection method
and feeding method were compared, and the effect of RNAi of MCO4 gene on the survival rate of the 3rd
instar nymphs was studied. After feeding on rice varieties with different insect resistance for 24 h, the
changes in the expression level of MCO4 in S. furcifera adults were detected by RT-qPCR, and their body
weight was detected. [ Results] The full-length cDNA of MCO4 gene is 2 166 bp, encoding 721 amino
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acids. RNAi by microinjection method successfully silenced the MCO4 gene of S. furcifera, with much

higher silencing efficiency than that by feeding method. The survival rate of the 3rd instar nymphs with

silenced MCO4 was significantly lower than that of the normal nymphs. Compared with the adults fed on

the susceptible cultivar TN1, the adults fed on the resistant variety IR26 had significantly higher

expression level of MCO4 and significantly reduced body weight. [ Conclusion] Microinjection method

can more efficiently silence the MCO4 gene of S. furcifera. Silence of MCO4 gene has significant effects

on the survival rate of S. furcifera, and we speculate that MCO4 plays an important role in feeding of S.

Sfurcifera on rice.

Key words: Sogatella furcifera; saliva; multicopper oxidase 4; RNAi; microinjection method; feeding

method

H KEl Sogatella furcifera J2: 1G5 7K 7 1Y B 2
A s A R BRI A A E
KA, I BEALHE ZFOK R R , 25 /K R A 7l K
ORIy T80 2%, )™ 1 i 4 3 1 A 7K R A 7 (T
MRS, 2003) o LA 2GR, AN
T REPTZG PR WG 5, 10 25 PR ok T ELLAL
I, A RNA 03 s o — M, oy
HIRBIBTG TAET R A

L5558 fL T 4 (multicopper oxidase 4, MCO4) 7F
¥y AEY) ATE B TP EA A . 2 AR
JGAUF5 M (Loera Corral et al., 2006) \JHZLZR % Ak
il ATCUA I PR A8 T Tl R — 804 T e AL ( Ye et al.,
2015) . Z4AALREAE B i AL AN 254 1 R4S
HEVEM, JEHETRYOTSE, R (laccase ) £ R 2
FE R 1AL ( Andersen et al., 1996; Kramer et al.,
2001) (AJ5T 3 A J57 J2 R 1 14 B A ( Hoegger et all.,
2010) . B 8 A5 52w ( Gregorio et al., 2001) DA K
W b AR oA T AR PR AR ( Dittmer er al.,
2004 ) K A5G HEAE M o B LR S AL Bl 2 Al 2 1
B A B 0 B 7 ) B 2 Ny, AE R R S A
W BEAE R RS EEAEH . HRT7EH G m
Nilaparvata lugens FAF5T H A W H3 I D2 b 44
T2 E AR HE KA T A, 23 )& MCO1 - MCOT
(Ye et al., 2015) , Htf MCO1 Fl MCO2 {557 5t
K, MCO1 TE4f CEUR Z B Zh £k, MCO2 F2 %L
TER B P aR5R TR Je 0138 3] 338 & W s MCO3 TE
JIG LR L R R S 3R 3k s MCOA T A U Y it 1)
BAKRBFH B35 MCOS FEAE 4 45 iy
BRI s MCO6 5 MCO2 (kXA H:
TR E5H CE MW A % Pk & (Bento et al.,
2005) 5 1lif MCOT FEZEAE i 8 A5 FRAE 2R3k (Li et
al., 2016) . A S5 = A K I 45 2R A& B MCO4
BEATE S REV A R B B B B e M i v

SARIK, T UMM A R R IR RNA A2
ORIy, AT 135 T B8 RE MCO4 R i 4 Ky
51| ( GenBank % 535 . KU764431) (Li et al., 2016) ,

RNAi W5 H D RE A 2 T, F T 32 2l
FE 9077 12 A B W00 1 IRk R B i
(Zhang et al., 2010) . TR B AR KEH
B B L SR R 2R 2, AN TR 4007 2 9 T Rk
REAERIZES . WG AT AR YR,
AW 5T 1k £ 1R IRk MR RO B 5 A MCO4
dsRNA & A [ 5 A 5 125 A 0B ASCR L ke MCO4
ST PEE 0 1 R RS SR A2 [a] i ik —
AAEIN T AR EUIBCE S [ A BT ROK A b S
MCO4 Jik PR R 38 ) 52 0 F1 A= W) 22 8000, AR R £
B A ARG RE N 1 AR Yy 22 T RE, 9 H T REU A S B
hiRtE%,

1 RS

1.1 il ER5HEk

Aseg At R T R EUR 2015 AR SR AR
TIVE A AR R B R A RS S A5 3, 7E 80
H B (50 em x50 em x 50 cm) PN 4 BE /K
e (TN BEA T 72 1 AN TS (IR 27 £ 1°C,
FHRHREE 75% ~80% , G 16L: 8D) rh, 1] 57 10
ARAE o A S50 R FH A4 7K R i A kg Ja e it B TN
IRz 470 SRR TR26 1 TR36 2k 3 4N Fh it 43 BE 7K
o
1.2 FZEi{H

B RNA 42 B3k 7] & Trizol Reagent ) H
Invitrogen 2\ W), S0 5 1 Ay [ 7= 3 A 48, S 3
I & Fast Quant RT Kit Il T RARE L BHEA R
] Bk UK & Axygen 23 W] 7 i, dsRNA
A K 7 & MEGA Script T7 Transcription Kit fy
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Thermo Fisher Scientific 2\ &) 7= i , 7K 40 A1 By 18 T4k
USSR IR AT PR 7]
1.3 BEE MCO4 %IE’J S5t
T Z AR E A MCO4 RN 1 2 K7
%1 ( GenBank &35 . KU764431) (Li et al., 2016) ,
# i SignalP 4. 1 Server (http: // www. cbs. dtu. dk/
services/SignalP/ ) il MCO4 & [ 15 5 Mk S VI %
{735, J§ TMHMM Server v. 2.0 (http: // www. cbs.
dtu. dk/services/ TMHMM/ ) 2 2K 1 A 5 i X 3sf 3k
AT¥ . 3 5 ExPASy ProtParam Tool (http: // web.
expasy. org/protparam/ ) Tl &5 [ A4 43 T & A1 45 H
wo I 19 % A9 Uniprot K48 J%E (http: //

www. uniprot. org/) T Il HJj BE O 51 DX I8 11 4] 45 5 Aor
o JH NCBI BlastX ( https: / www. ncbi. nlm. nih.
gOV/)XT MCO4 FERZ IR T 9 AT R R, SR 5
I ClustalX2 %44 8 47 17 9 AH AL P 43 Fr e R
MEGA 5. 0 #&k 4 F] F3 £ K 4K $22 ( neighbor-joining,
NJ) %, Bootstrap {15 # 4 1 000, ¥4 ## Z 45 i 1L 44
(Tamura et al., 2013)
1.4 S|t REH
HRAE T RIS R EE e MCO4 R 1R
JP3, A PrimerS. O 8 {311 MCO4 JE A 47 44 5
Y, RT-qPCR F1 dsRNA 514l B TAEMA IRA
AR ).

®1 AHRFAASIMER

Table 1 Information of primers used in this study

BN FIFHI(5"-3") PR (bp) JHi&
Gene Primer sequence Product size Purpose
MCO4 F. CTTCATACCTCGTAGCGGATT 1452 LR Pt
(250-F, 1702-R) * R: GTTCACAGTGTTGGTCATTGG Gene amplification
F: CCCTTCTGGTGTACACGGAT
Mco4 199
R: CCCAATGGTGCCAACTGATC
F: CAAGATGAGAGCCGTGTA
L9 142 RT-qPCR
R: CGAGTTGGTAACAGTGAC
110 F. GCGACTTCATCCGTTCCA 121
R: CACTCTAGCCACTGTTCCTT
MCO4 F: taatacgactcactatagggAAAATGGTATGGGAGGGTCTA 582
R taatacgactcactataggeGCAACTGTCTTCGGTTGTGTAT dsRNA 5%
CFP F. taatacgactcactatagggGGAGAAGAACTTTTCACTGG s64 dsRNA synthesis
R: taatacgactcactatagggAGTTGAACGGATCCATCTTC
“ 5 YITE RS H )7 E Location of the primers in the sequence. /N5 FREF IR T7 J3 3T 7451, Lowercase letters stand for T7

promoter sequence.

1.5 c¢DNA &R

fii FH S RNA - $2 B0 50 & 32 B 3 K mL A
RNA, ¢DNA 25 1 £ (9 & n 4% B8 S % s iR & Fast
Quant RT Kit 55 & 453817,
1.6 B CE MCO4 £ F YT B K RE

FIH MCO4 JE A 14 51 Py g ik A 4 1<, IR LA
195 KE cDNA SHidR , (175 K& MCO4 dsRNA FiI
GFP dsRNA f{k 4 & W = W MEGAscript T7
Transcription Kit A &R w B Bt T, I H 1% /9
DR WEBE e FL UkoX) dsRNA EA T HE K RN

T AR RS R RN TARDBEE SR vk I AR
3 em K5 em P Y7 B B B 45, % B B 45 1Y)
— i ] L2 Parafilm® M4 , T E Y 55— i
W B RS A 50 3k 3 I HL 4235 FH RS Parafilm M
WA 2, I WAR TS 5 mL N T RL, #1155 — h
Parafilm® M B 72 i A fm ok BB B0, H#E

AR IS, 7y Rl 3 i RS
N AR — i o 3 5 4871l T N A4 v
(IR 27 £ 1°C , MIXHEE 75% ~80% , ¢ JE ] 16L:
8D) , %24 h i 1 APk, b T RS TR AR 1Y
BAEREL, R 5 0.5 pg/pl dsMCO4 A
TAk 2, 4,6 M8 dFIMHT Kl 3 #1443
%L R PUAIR & dsGFP N TARRI R F R EL 3 i)
A HUOXT A

S GO S B S0 Sk A a3 iy AL, R
TransferMan NK2 % i {5 51 %% ( Eppendorf , {5 )
4 dsRNA 33 55 1) A4 (1% 15 350 i e R0 e Bl 7 JE 1]
3Lk 1EST 50 nL dsRNA (4 pg/pl) ., & dsMCO4
A dsGFP 2, GG R 9 135 Rl 3 i H
BN T A A0 BT B 1Y TN KRS B 24
h HHF T =258, AR T AL ER F 7 RE
3 W B IR TAR R SRR o MRS CK 41, BT A
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MCO4 JURRGS R EAFE R AR

RNAi b ¥ )5 (175 € El cDNA A AR 1.5 45,
HIFH RT-qPCR A6 RNAi 435 7 K E MCO4 S
PRI 23R 7K1, S T ] W 3k B 8 A S 3 ) T 484K
B DA [ 19 (ribosomal protein L9 ) FllAZ% ¥l
{&REE H L10 (ribosomal protein L10) ZL[FA{E BN S5
K3k 17 RT-qPCR, RT-qPCR % J Jii 1A % : SYBR
Premix ExTaq™ (2 x ) 10 pL, 1E & [ 51 #% (10
pmol/L) £ 0. 4 pL, ROX Reference Dye (50 x )
0.04 pL, cDNA FEEAR (20 ng)4 ,J,L,ﬂiﬁé@ﬂ(%l\,@i 20
wLo RT-qPCR JZ W #2 % : 95°C 2 min; 95°C 10 s,
60°C 31 s, 40 PMFEIH,
1.7 MCO4 EEMEAEEE CAFEREN

& 1. 6 5 BFES dsMCO4 F1 dsGFP L) ok
AL PR CK M RE 3 W37 1 d 5% )
BRAY 15 Skl L 7% 2 2> BE Y TNT JKFS |, %
SEMEE T d, et R A BORBE T8, St v B
BTN ARSI B E A 3 1K
1.8 HeEmBAMBER/KERHEELT A MCO4
ERERRIEEKN

Ik 24 h N T R EUHE | E R dL 4% 10
S4B FE T IR26 Hl IR36 2 A4t K A% 5 Fh I
DA ST TN 7R Ut Pl b %) e il 1l A A S %o
MR BCE 3 A E, IR 24 h 5, A
TRIzol Reagent $2 U ) RNA , H F KAR S f% s
FEOR RNA [ %58 ¢cDNA, FI ] RT-qPCR A6
H#A ©mE R TR26, TR36 A1 TNT & J5
MCO4 }:H 1y F ik H., H FH ABI 7500 Real-Time
PCR System( Applied Biosystems, Foster City, CA, 3&
[E]) 677 42 G RT-qPCR #0310, RT-qPCR {9 F
fAZ: SYBR Premix ExTaq'" (2 x )10 wL, 1[5
¥ (10 pmol/L) £ 0. 4 pL, ROX Reference Dye
(50 x ) 0.04 pL, cDNA #&Hg (20 ng)4 pL, #H4fiK
M EZE 20 pL, RT-qPCR W F2F: 95°C 2 min;
95°C 10 s, 60°C 31 s, 40 MEH, SN a7 15
HZE 207, HEBR T 4550 PCR P54, i ABI
7500 Software v2.0.5 #f4:( Applied Biosystems, CA,
K PEATEAEIC KA o FH TR A Al K AR
cDNA BMRAEH 25 FIXT B 8 3 IRAEY) e di A .
PL L9 F1 L10 /£ NS LK HEAT AR i £
1.9 BemaMmEHKkERMEEE CEBBRE
HUE

Kb iy RE 1 e BE A 3 3k, 4

SRR IR26 A1 TR36 2 451 HUKFG i b b, DL4E
AP TNT KRS AR BB T RE 1 8 HpE ot
MBS AP 25 AN, 3 d T 1 koK
T, 2R A R R, 23 e s R e O e AR
1.10  #EHEsh

FIHT Cop AEARXT A8 #7515 MCO4 S5 P A AH X
Feih g KX IR 1 R EL MCO4 3t R 3 38 1 50l
B 1, HABAE i 2658 5 M 4 55 X0 HR A %) L) i A
O30T e FTA EE 3 BT AR SPSS 20. 0 4l 23 Bt 4k
7, R 2R 5 22 7308t (ANOVA, P <0.05) 47
I3HT. SEERAS R LI « bR (SD) 3o, R
SPSS #%/4- 7 Independent-Samples T 6 56 #1477 37 A
At KBy, P <0.05 KR ZEm B,

2 #R

2.1 B{EXE MCO4 EEMFEFISH

T CE MCO4 3 PG FF i ) B2 HE K 2 166
bp, #5721 NEILRREESL > T8 80.7 kD Y
B, % E A0S H S 6. 03, SignalP Al
TMHMM 4 15 25 2 & B, MCO4 & 1 2 A7 70 WA 5
SR, BT UL ST N 355 36 Fl 37 /> aa Z ], 1%
AR, K, ZE AR AR AT LY R
WArIWE M . ZEAEA 3 D2 a1 E B R X
WAL A A G (B 1) .
2.2 B KE MCO4 ERE LS

H 1 CEl MCO4 LA P 51 78 NCBI A% iR 248
ZEEFT BlastX FEXt, W Clustal X2 #4435 47 e 51 AH
RIS, FR 305 B % 35 PR AL EE 55 v 1 HAth B2
LR . 253 WoR, B 5 HAb R duy
FRRLEE 3 v, RGBS K EL MCO4 5 75 Kl
MCO4 {1 2 IR 7 51 — B0 3k 78% o I MEGA
6 B NI 7 T ORI H R B MCO4 1) R 58
KA NRG AR PRI LIAE B AT CEl 55 |
AR —32, PR R 100% (B 2) .
2.3 dsRNA BI& R

HR AT & A 5 & B MCOA Fi GFP A 1
dsRNA SR J5 4lifk, dsRNA [ B ] 48 48430 0 i
THRZI , 1525 V4 5 34 RNase-free H,O 7 ¢ 21| 75 22
MR o FH 19 1) B N B V5 Jig P K 2R A7 4G U, Fl Ok
SR BRI E] T X HEILH GFP (1) dsRNA (524
bp) FIF S KA MCO4 1y dsRNA (583 bp) 4% 5 5545
(P 3) , BVAT LU T e 425258
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actgctatcttgaatccactaaatgeatee

M S R T A T L NP L NG CE S E NV L L VLI I G I T L NTLHGUVYGAICG

aat gecaggegget tcgtageggatttggaggtgactgegagget t ttgt gtaccttcagectgat ttg gt
NEQNPPGGFIPRSGFGGDCEAEKKKLDPLSKYLQPDDIAS
ggaaaatatgattttcttacteegg tt tatg ttgcaagaggaatgatccgaaaatttgetactataagtttgatgtggategtttegetacaatggga

GKYDFLTPAPNSTLCTRPCKRNDPKICYYKPDVDRFATHG
ttgecttgecggaaatgecctaatecaatagageagtgtaacagageacattgtattgotgetgatggttttgaaaaatcaategtegtigteaateatetectgecaggtecttcaatt
LPCREKCPNPTIEA QCNR

caagtttgtgagggagacacaatagtagttgatgtgaaaaatggtatgggagggtctaccatcacaattcactggeatggtttgactcaaactggeacaccecatatggatggggtacet

atgatcacccagtgecccatattggagaaccaggttttccgttacactttcaaaccggacaaccetggaacgtttttttggeacteteattcaggactacagaagettgatggatttgaa

ggcagtctgatagtacg g8 tt tttatatgattatgatttgecttcacatattatcttcctacaagattggetacacataactgecgatgagtte
N Q Q HYRNLYDYDLTPS
tatcagggattgagaaataacceggtgggggatttacctaatacctatttgatcaatggaaaageaagatccaggaatectgacggtagegactatagtaaaacaccattcacagtatac

aaaatcaaaagtgattacagctatctattccacataattggtggtacttgtacggtgtgtecagtcagagtgcaaatagagaatcatcttatgacaataattggtgttgatggtagggat
YSYLFHIIGGTO CTVCPVRVYVQIE ENHLMNMTTITIGVYDSGTRD
acacaaccgaagacagttgcatctgtaacactggeagetggt t gttataataaatggaaaaaggacaccgaacaagtactacttctggatacatgeagtaceggtegst
TQPEKTVASVTLAAGERVYVRYIINGEKRTPNEKYYTFUWIHAVPVG
atttg tatat gtgetees ttctggtgtacacggatggeccccaageaccctetggacctatagactitgagactctigtgagaaagaaacaattyg
I CESILIEKNNVYVGEALTLYVW
gatccacccaagactagatttggtaatcccagegtageatgeactgggaaaagagatgeacaaggtattecttgaactatgetacaaacatttgagaggtgatcagttggeaccattggee

attttgaatccacccasagagtttaaaaatcaagtaatcattggtgttiggagagtacacttataacgataacattgacgaagettatectetegatggetecactaagatggeattcaat

ccaattgggaacattccaatgaccaacactgtgaacggtattgeatttgttatgecaccegtaccectgetgacacaatacgacgacgteccacaatgectgttttgetcatcaaataat

cctttcaagaggtggactaaaatcgaatattgtttgeacgtetttogggttgaatatecttetategttgagatggtictggttgatatagatecaccegatcacagtagtccaagaacg

ggaaggatatctcacccatggecacactcatggetatgaccagtacctggttgatcaaggattgttccagactgaggacateggeacagagetacagaatetgettggeaagttggagags

»
&

gaaatcgttecteccgatta tactgaaagatacgtggetggtaccatecggaggatatgtggtgatcaggatagtogetaataatecaggtttetggttcatgeactgteac

o+

ttcgectaccatcatgagagaggaatggeggctgtgetaaaagttgs: gact t tcccgattactt gt tacttggaaactccagaccta

HTTDNPPPPDYFPKCSNYLETPDL

gactaa
D_

Bl 1 3 KE MCO4 cDNA J351 Boff S 1 s SRR T 51
Fig. 1 ¢DNA and deduced amino acid sequences of MCO4 of Sogatella furcifera
JrHEN XI5 S K, B R X 48k 22 4 A AL B 1 XA, R RIZ635 00 AR B 745 A7 5 . The boxed region is the signal peptide, the shaded region

is the conservative region of the copper oxidase, and the underlined part is the copper ion binding site.

R R B IR Cul llens (ACG63789.1) .
_E LRI Aedes alm;wet;fl{’)gn:)f’gs 56; is‘ 8L.1) ] X3 B Diptera

611 L /N3 Plutella xylostella (XP 011555576.1) ] %% H Lepidoptera
100\ FRIMABHE Tribolium castaneum (EFA01166.1)

100 Ceratina calcarata (XP 017888023.1) ] #iH Coleoptera

59| _: & %K IR Wasmannia auropunctata (XP_011691334.1) 7]

FAM 8% Neodiprion lecontei (XP_014291986.1) fE#% H Hymenoptera
77 3k BRI Dinoponera quadriceps (XP_014471746.1)
B M M1 R B Ooceraea biroi (XP 011330014.1)
99 B R M Cimex lectularius (XP_017888023.1) -
I 2%39¥% Halyomorpha halys (XP_014291986.1) )
100 — @ ([ K&\ Sogatella furcifera (AQS60677.1) %38 H Hemiptera
L— 8% & Nilaparvata lugens (AKN21382.1)

0.1

K2 SRR AR RE T 2R P 5 AR R e MCO4 S I R SR F W
Fig. 2 Phylogenetic tree of MCO4 proteins from different insect species based on
the amino acid sequence by neighbor-joining method

33 B IEE RN 1000 YE S AMARAT A RIS E 4080 An RAOR BN K A 8483 . The numbers on the branches represent the percentages
of times that the species are grouped together in the bootstrap analysis for 1 000 replicates. The scale bar indicates the number of substitutions per site for

a unit of branch length.

2.4 {3 MCO4 dsRNA FHE XA MCO4 EFE 4, 6 f18 d i MCO4 JL[H 1y 3k 55 B4 AH LI 1%

HIRIEENTK ARETFH(EA) . R TSRS, KR
PEFE 0.5 pg/pl () MCOA dsRNA WRFEmIME 12 A ok

KA 3 WA B, RT-qPCR #6045 S22 1, 1R 2,
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M ds GFP  dsMCO4

bp
750 583
524

K3 i KE MCO4 dsRNA K GFP dsRNA & Rl Uk E
Fig. 3 Agrose gel electrophoresis of dsRNA synthesis of

MCOA and GFP of Sogatella furcifera
M. DL2000 Marker.

@ dsGFP m dsMCO4

%

dsRNA fj i K %x
Days after feeding with dsRNA

e o =
o »

mRNAHX] 5
<
~

mRNA relative expression level

o
)

]

K4 0.5 weg/wl MCO4 dsRNA AN[R|RKEUS

FHRE 3 #7570 MCO4 mRNA 57K
Fig. 4 mRNA expression levels of MCO4 in the 3rd instar
nymphs of Sogatella furcifera fed with 0.5 wg/uL MCO4
dsRNA for different days
B PR A P {8+ AR 2. DL dsGFP ([ FRIA B 2 I8 %
KHEZE N 1.0, Data in the figure are mean + SD. The mRNA
expression level of dsGFP is designated as 1.0. [& 5 [f] The same for
Fig. 5.

2.5 B#E5 MCO4 dsRNA 5 8% & MCO4
EFEMBRIEZENTL

I RE 3 B dUE O ST MCO4 dsRNA 5,
52 K MCO4 ) F3A K1 i 2 BRI (P <0.01),
HAG X IR (IS GFP dsRNA ) 27. 72% , 3 Fift Ji:
YRR NTES G5 2 -8 R—EHf5%:, HoH
4 K MCOA mRNA )3k /K -k B Fe ik, HA X R
ﬁ%sswmﬁ@:Mamm%Lﬁﬂ¥§nﬁ%V

BB SRR ] AR 2 IEH A (E5) o

2.6 MCO4 HEFEMEEXAYE CAEREFTRMP
A

WK 6 Frn, S MCO4 dsRNA 2 d P, i T
SRR A AL A A , 4% 2 A PR T R B e s AR T S
4 d J5, ATE G AR AR T R R AR 2 R

@ dsGFP m dsMCO4
3
3
i §
g
g; 13}
z =
[o'=AES}
E
z
o
£
4 6 8
dsRNA Bl K5

Days after microinjection with dsRNA

5 WAES MCO4 dsRNA ARIRBUS HE KEl
3 W4 MCO4 mRNA (k7K
Fig. 5 mRNA expression levels of MCO4 in the 3rd instar
nymphs of Sogatella furcifera after microinjection

with MCO4 dsRNA for different days
PR R X ME = B2 A 1 XUR 5 30R BE K R ik i 7E b P4
5 (dsGFP) [ AEA 1 25 25 53 (¢ K%, P <0.01), Data in
the figure are mean + SD. The double asterisk above bars indicates
extremely significant differences in the gene expression level between the

treatment group and the control group (dsGFP) (i-test, P <0.01).
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Fig. 6 Effect of silencing MCO4 gene for different time
on the survival rates of the 3rd instar nymphs
of Sogatella furcifera
dsGFP (MBI IR o PRl b i P30 + B 22 , WU 5 R
AL B S0 R 2R (CK) A LG A7 36 AR W35 22 5% (0 K B, P <
0.01) , dsGFP was used as the negative control. Data in the figure are
mean + SD. The double asterisk indicates extremely significant

differences in the survival rate between the treatment group and the

control group (CK) (t-test, P<0.01).

dsMCOA REPRZHF HUAFIT R IR A 0 E LT dsGFP 2
( B XTHRAH ) F1 CK 2H (P <0.01) ,
2.7 BECERHRNRARKERMHE MCO4 &
FERIEZEWTL

RT-qPCR ARG I 11 15 76 mU H 40 1) B £ Je%
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AU Rl TND & 40 5B TR26 1 IR36 24 h 5 Hifk
P MCO4 S [H] 3R 3k i 1) 25 5, 45 51 7 B
IR26 5 TNI AL, A7 CEUS AN MCO4 JE[H
FIh i i TS (P <0.01) s B S IR36 J5,
75 REUS AR P 1 MCO4 J R 323k 19170 i 254
E(P>0.05) (&l 7).
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Fig. 7 Changes in expression levels of MCO4 in
Sogatella furcifera adults after feeding on the
susceplible rice variety TN1 and the resistant rice
varieties IR26 and IR36 for 24 h
AEHUET TN Y g (R B8 ) i oRE IR 3Rk 4 8 S 1. 0, [T P 8Sdl 7
I + bR A b XUR S 3% BE IR 33k e 72 AL B 5 T B 2 0] 77
N E2E S (¢ K, P <0.01), The gene expression level in
adults feeding on TN1 ( control) is designated as 1.0. Data in the figure
are mean = SD. The double asterisk above bars indicates extremely
significant differences in the gene expression level between the treatment

group and the control group (i-test, P <0.01).

2.8 AT ENAERRKERMERREENTL

M REE BE IR26 R H EAURE, 576
A AKRR TNL L HCE &8 A 8 A H, 8 L B
H AR T i K T BB 4 (P < 0.05) , i 7 IR36
RE W R R S B AL A LT B 2 R
(P>0.05) (& 8),

3 it

MR TE P88 H L H i R ok P v R 43 T Y
YEHT, MR LA T 1 1 2 i B DA St TH AL T
MFE R (B A 55, 2007 ) o B R I Nephotettix
cincticeps 224 S AL EE i 2 5 MR 08 L K
(AL 400 %) 193 288 TR 2 R R I SR 1K e B S 19 19 0 5
LA B R R A BUCE 1T A (Hattori et al., 2005), H
T OCEURE A EAE Y AR MV R R T
FERIA/E A ( Cook and Denno, 1994; Hattori et al.,

|5~ @TNI mIR26 WIR36

B RH (mg)
Adult body weight

T R
Male adult

U R

Female adult

8 MUEK R A TNT FI4E Ll TR26 A

IR36 1) 175 K EUR HL A 2% 7
Fig. 8 Difference in the adult body weight of Sogatella
Jurcifera feeding on the susceptible rice variety TN1
and the resistant rice varieties IR26 and 1R36

Pl AR B S P 2 + ARt e B RS 30 R R T A Ab 2R 45 %o
B2 (R TND) (A7 AE 3 22 55 (P <0.05, ¢ £33%) . Data in the
figure are mean + SD. The asterisk above bars indicates significant
differences in the adult body weight between the treatment group and the

control group (feeding on TN1) (P <0.05, ¢-test).

2010) ,MCO4 J& [FIn] 5 % ¥ 45 fif 5 SR BT AR
HRYEF] ,MCO4 &[5 36 1 & I IR A 7T RE & 33
7 CE R b RS R & B K
B DA S BET SR 4 i (T KR, 2004) . 2
FIAFE 2] MCO4 JEPH7E (75 C MR IR 9 451 &
B BIA R, DS B RA B LR EES,
HHE AR B B B 5 0 oK R 0 7] Rz 35 ok 3R
BAERKE BT ESRYT (L et al., 2016)

RERBW S A H R R AR 2%
SALE RIS 2R, AR X 5 A4S H R MCO4 JE[H
ZEFAR, HAHERESECR (K 2), XATERE
T MCO4 JLH) Z fEfE T2 ME R, A H
ISt 5 ohhe, K\ EfL 53 MCOo4 JL 2
FPE i JC i % 22 53 (Perutz, 1983)  [a] —FH 4
REVFI Y CELE MCO4 SR —32, Rk R
100% (& 2) .

AR LA TS KA MCO4 5 A 4 FF ik el 4E Ky
HAEG A KB MCO4 dsRNA, T3 KEA
AR RE 255, LA dsRNA ZEE IR T &k
A — RS I R A A5 22 30 (R R I 2545 B2 T, ] PRI
RNAi A8 i ML AT CEE B MCO4 JE[H (1 3%
KK 4) . il R Bk A MCOo4
dsRNA J5 , #0FR 5 R g BR 2 4, 300 78 FH 25 1 &
B ) 2 A 2, T R HUA MCO4 56 R T R B
SAEAL PG 2 - 8 RAFLE B, B b S i
ST bR 35 DRI AR 72 7 3 5 A B M IS A 2118
AT S) . BEJG MCO4 LR () 61k 7K S B
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IR IR (BT SRS, A B A 1) 1T # 7K
oo HEIRE T A0 5 R dsRNA 7 4 5]
AR RS = AN Y e S e e 2
I MRV A, DT MCO4 JER 23k

ARMWFFE L5 F K I, MCO4 JEHTER J5 T 2 d,

T ORE 3 WA A AEIE S 50 B2 A L O e

225 M 4 K MCO4 JE T ER 5 HAT G R
fRT X R, R 3 o 2 22 5 (KD 6) |, DRI i (R ] g
JE A CEURE R I

EA IIRFSEIESE K RS b b TR26 X 48 & U A e
R EIEP, P AKCEARERE AP IR36 724
REFR R BR BT (RS2, 1980) o AHFSE A
RT-qPCR J5 4600 (1 15 & AU U 3 FP ok A5 i
Fff TN1,IR26 F1 IR36 & , HoAR P MCO4 3[4 i % 35
L. 45N AT WA BT KRS & Fl IR26
J& , SHBCE R AR TNT A Ee , MCO4 JE R B Rk &
ETRBENZM(ET), £IR26 FAERKEFNA
T REUS AR E R FHCE TNL XTI, 5
5 RETE IR26 [ (AR OCEE R (LB, 2013) #a
AL
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