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fE: [ 8 9]SCl i@ if (sodium channel 1) % % RN —F & o) & F 818, A A £ —FF I L7
A kA 09 AY Z 3R, RBF R AL IE RS- E ¥ Rhopalosiphum padi %9 SC1 @838 K B, 5+41 9 447
HARGRA AL SCl £l R4 B FlE B RIS S FREtX R, [ 5]
A RT-PCR # AR, S0 T RA-4% ¥ SC1 KB 269 408 34 A A £ 0 & K2 & PCR K,
SR SBETRFERRNRENSHARAPEATT SCl AR AKX T, [ER]KEFT L
54 % SC1 AR W (4% A RSC1) R H4 I1 7% 1 i 42 ( GenBank & %5 % KU640190) , 3L K 6 687
bp, %75 2 228 AR HAB ., RSC1 B4 SC1 iBid 692 M4 4E, A — N R B T 0 R 114244 & F 18 i e
W R V4545 B T8 8 69 45 2k DEEA A84K (motif) , R AL AT LR Z = ,RSCL 5 R ETTI24 5
T8 8 2 R — AN BEACH, R T 4545 B T8 2R, 5 SN — AN AL, SCL B R I 3544 B Tl i A
B LA FEGARR KR, FHEKTE PCR ML REN,LC;, LCyA= LCy 3 #r A 269 FH &L
ARAFAEGLI O h 5, RELE N RSCl KRR AL ZAA TA KA B EH TR, KL 255 A
FB450.57,0.82 Fn 0.78 4553 A A 20 S A AR AF B 24 h )5, R 54 %3 RSC1 AW £k
BRI A 2.19, 1.33 2 1.19 4% 3t LC, (0. 1484 mg/L) frit F RSC1 AWy 2k 5 2 F
LA, [45£])SCl K@i 5w R 425 B T8 E AR R LA 26X A, RSCL @8 7T 46 2
B ARAH B RBEIeAF, BT RSC1 Fm ARRARRAEET YRS ¥, AEshdhh KR AN
Z AR, B iX K8 T AR AE A TR AT AL A& R A 69 AY 2 ¥ AT

KW : RELEH; RSCl i ; AW urk; 544, Rkir
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Molecular cloning, characterization and induced expression analysis of

ion channel gene RSC1 in Rhopalosiphum padi ( Hemiptera: Aphididae)
LIN Fang-Fei, ZUO Ya-Yun, ZHAO Qi, DUAN Xin-Le, LI Yu-Ting, CHEN Mao-Hua" ( Key
Laboratory of Crop Pest Integrated Pest Management on the Loess Plateau of Ministry of Agriculture,
College of Plant Protection, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract: [ Aim] SCI (sodium channel 1) is an important ion channel in arthropods including insects.
It is considered as a possible new neuro target. This study aims to investigate the SC1 gene from
Rhopalosiphum padi, and to analyze the primary biological functions of the gene and the evolutionary
relationship of SC1 channels with voltage-gated sodium channel and voltage-gated calcium channel.
[ Methods] RT-PCR technique was used to clone the full-length ORF of RC1 gene from R. padi. After
R. padi adults were exposed to different concentrations of A-cyhalothrin for 6 and 24 h, respectively, the
expression levels of SC1 were analyzed by real-time quantitative PCR. [ Results] The ORF of RSC1
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( GenBank accession no: KU640190) is 6 687 bp in length with the deduced amino acid sequence of
2 228 residues. Structural analysis showed that the RSC1 has the typical structural feature of SC1
channel, and contains a unique DEEA motif, which is different from the motif of sodium channel and
calcium channel. Phylogenetic analysis indicated that RSC1 and its orthologs from other animals consist of
a sub-group, which is more similar to the sodium channel family. In R. padi adults exposed to \-
cyhalothrin for 6 h, the expression level of RSC1 gene significantly decreased to 0.57-, 0.82- and 0. 78-
fold that of the control, respectively, while increased to 2.19-, 1.33- and 1. 19-fold that of the control,
respectively, after 24 h insecticide exposure. The expression level of RSC1 significantly increased in R.
padi adults exposed to \-cyhalothrin at the dosage of LC (0. 1484 mg/L). [ Conclusion] The SCI
channel family are evolutionarily closer to the voltage-gated sodium channel family. RSC1 is the possible
secondary target of N-cyhalothrin. Since RSC1 gene and its orthologs have been found in invertebrates but
not in vertebrates, these channels can be used as neurotarget to develop novel insecticides.

Key words: Rhopalosiphum padi; RSC1 channel; gene cloning; induced expression; insecticide target

AR He A TR & — S T S AL A R 24, PR X I
FLAYREE T )2 H T AN B A B By
Bz, HAE bR O B HUr e 45 B e 1 e
(voltage-gated sodium channel, Na,) ( Picollo et al.,
2005 ; Davies et al., 2007 ) . KB K& Hufd FH4I5 B
IR IR, B & 30 2 B o ny Bl e i E AR
PRl e A= 578, DT R A [) F 40 B3 L 4 T 288 4% o 5 7
A= T PiZitE (Dong et al., 2014) o [HH, BIFFEH 14
HORREAR XS TR 24 9 TT A LA S 3 s e 2 M 3
HABTEER A X, DSCI1( Drosophila sodium channel
1 #%, sodium channel protein 60E ) & —Ff 144 B -1
TEAR ALY B 3800 , HAE 2 B U P 4 A7
TE ABFEEHES P i R e IR 4 1238 08 Y R ]
W, TS 38 W] RE B BT R R B R R A A
A BRI 2B H7 (Cui et al., 2012)

DSC1 7515 18 JE K e ) N FR I R Drosophila
melanogaster DNA C JE W 43 B 45 3] ( Salkoff et al.,
1987) , ARZ W58 & B, DSCl 52 13 18 5 oL s [ 145
BB I IE NG R TR SAR AR AL, ER AL 4 4>
HE MRS, 25 & 6 NMESIRIX
WAWFFEE NNy, DSCL 32 35— A i R T T4 B0 g
F-iH 18 £ 7 ( Catterall, 2000; Kulkarni et al., 2002
Zhang et al., 2011) , Liu 4§ (2001 ) 55 [ T {8 = /N
Blattella germanica 1) DSC1 [R)JEIEN , Ay 44 7 BSC1
FIFJEE Xenopus laevis B 41 il 2 48 70 B & WL,
BSC1 Ff-3F B (1 Hi s |45 B0 5 3 18 35 PR, JHG 0
Ca® " AR A RBP4 BEL I
FI K 3 & (tetradotoxin, TTX) A FE ] BSCI,
HCAH R, BSCL v R F— i R [ 14 FH
30 38 L R F 5 5L (Zhou et al., 2004 ; Zhang et

al., 2011) , Zhang ZE(2013) WFET RN, Al LI R
B DSC1 B PA 5, % HOXT UL 1 2 g A% He 70 58 oy
B

KRG E W Rhopalosiphum padi JEAH 143012
O3 E LN T A, ORI NI, R BUNE A
REVE IR BOFPRLAN R , I3 B TR 8 TR, W] A% 4
KFE NN 5 (barley yellow dwarf virus, BYDV) , 4
SRR I/ NAE HE P R B 2R (Simon et al., 1991)
228 RS BA AR i W 225 s B R
AR R R B2 3 AR BT 2P ( Chen and
Han, 2006) . TEX} H 4™ 5 AHTHE R &, 38 D75 20T
BN T RAS G W 25 g R AR A s A2 25 1
o ARG WESE I LAY DSCL [R] AL 1 ik = AT
Foo AWTERIGHETLEF Acyrthosiphon pisum FEIH 41
(1) DSC1 [R5 P B3 1), ik 1 R4 4 i F
B DSC1 [a]JR £ RSC1 (R. padi sodium channel 1
gene) SERE T SEAE , #4 4 RSC1 [ Ho[F] P4 SC1 3
i ( sodium channel 1), H &[] 445 & 1 # 18
(voltage-gated calcium, Ca,) . Hi [ [ T35 40 B T8 18
ARG R B, 20 b SC1 i i S AL AL I FFH qRT-
PCR R, 4387 RSC1 BERITE S8 s B 5 5
IR A, AT T3 — 20158 RSCI JiiE
TEARA 4 B P 2451 7 A R AR T, A SR T RSC
AN A AR T A BT 1R 12 R B 24 B85 B

1 #R5ETE
L1

111 PR . SRR 44 5 O % 9 K 1]
FERITE TR AR A B S >R A B PG A ¢ 1) TG 3 A
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g RS N R/INAE (bR ol /M 22) By iRl 3R . 7R
ARG B0 T B TR 22 = 1°C X
60% ~70% JEFIH 16L: 8D By N T ARAH 55
1.1.2 F RG] : Trizol-RNA fili #2308 &0 T RAR
AR BR 2 7 5 S s eDNA 5 s 77 & il
pGEM-T Easy #i{A&lg [ Promega 2\ %) ; DNA Jii [=] 4k
WO G TAE T A TR (L) By A7 R 7 5 Tag
ity Sz HoAt PCR AHOCIEFIG B TaKaRa 23 7] s KB
Escherichia coli Witk DHS o AR SLBG EARME; 96 6 E
FHRHI 6 B BT Roche AW, 52966 5E i PCR
¥ Bio-Rad iQ5 F1 C1000™ Thermal Cycler PCR {¥ It
F3% [ Bio-Rad 24 F]. 96% fay A% S 9 24 R (\-
eyhalothrin ) 2B FAT AL A5 6 TATRA 7.
1.2 RAEGEH RSC1 EETIE

BENLZE IO [l IR A 4 8 0 ) JTI E 15 3Kk (2
30 mg) . FLHE Trizol 1277 & LR 342 HUE RNA, B
0D,/ ODy fEAE 1.8 ~2.0 Z[A]AY RNA, HU1 pl A%
RNA Akt , $42 18 HiSCIipt® Ist Strand ¢cDNA Synthesis
Kit S 50 SR U 5 cDNA,

MR A5 598 2 8% 1 B4 5 F- 3 1 SC1 JE A ( GenBank
oS XM_001943495. 3) Bit 9 X Re L5 ¥
(R 1), LABHE 519 cDNA Sy#itl , PCR 4B R4S 4
Bl SC1 KLH . PCR Pyl 4ifbf5 , 5 pGEM-T
Easy 8014 % #, I % 46 3 )& 2 8 K A A DHS o
Hh, 2K I BETRT , BEALPRIR A R TR R R
PR 2 I AR TR AT U DU, A5 1 e 91 3
1 BLAST FEXT, B ARATH 14 5 [ P 81 2 75 D AR A5 4
BPEE SCT . I AR A 9 H AR 2k 81
DNAman 3 9F 80 52 2 0 e 91 Ja , AR 418 i 3145 1
K7, it 3 X ORF F/R 5|#i#E17 RSC1 K[
TEBCRERERAIE (£ 1) , SRAF RS 4 B SC1
W4 RSC1
1.3 RELEY RSC1 EEF ISR

ffi ] ORF finder 73 4fr RSC1 K& PR ¥ 51 14 I 75 )
BEHE K2 8 BT 81 5l BLAST X Al BLAST P #1758
NCBI A% 1 R Fl AR 1 o 800 T, AT AR 48 44 5 F
RSCU KPR Fp S ARABIE 73 B S S B O < 1 3000 5 P
Clustal X2. 1 #F7EFE8R 51 He Xt ; #1FH MEGA 6.0
H AR B R R 4R 5 ( maximum likelihood, ML) i 47
1 000X T & (Cui et al., 2012) , ¥y 73 RSC1 5 HAth
Pyl T 145 B B - R0 AT B85 3 JE R 7 41 1Y
RGEIEALRE 3 (fi 1] ProtParam {4730 4fr RSC1 & i
T (9 R 1y 91 28 SRR B PR 5T 5 A1 TT Expasy B
Hf) TMHM-M-2. 0 F2 Fp 234 2 1 50 91 i i X

x1 FHARFAASIY

Table 1 Primers used in this study

EILVE S1YIFH) (5" -3") 1Y A&
Primer name Primer sequence Use of primers
RSCI Fl GTCGTCCGCTGTTCGTTTATCC
RSCI RI  AAGAAAGACTGGGTGGCTGTGA
RSCI F2 ATAAAGTGAGCGTGTTAGATGG
RSCI R2  GAGCAAATACCATCAGACAAAAT
RSCI F3 CTGGCTGGATTTCATCGTCATC
RSCI R3 CCGAAGACAGTAGCACACCT
RSCI P4 TCAATCTGATGTTGGCTGTCGTCG s RSC1
RSC1 R4 TTGCTGCTGCTGTGGTGAAGTGT L B
RSCI F5 CAGAGCAGTGCGAATACCAGT  Cloning of the
RSCI RS CCGTGTCAGTAGAATCTTCCGTC — fragments of
RSCI F6 TGACGGAAGATTCTACTGACAC RSC1 gene
RSC1 R6  TCGGAGTATCTACTATCACGAGAGT
RSC1 R7  GTCTACACCACGAGCATCTACAG
RSCI F8  TGGCAGATGCTGTAGATGCTCGT
RSCI R8  GCTGCTGAAGTAGCTGGTTTTGC
RSCI 9 TGGAGGAGGTATCGGTAGTAGT
RSCI R9 GCTCCGGCGGTATAGCATAT
ORF F1 GGTGATGATGTGAGAATAGC
ORF RI GAGTCGTCCAGTGATGAAT RSC1 ORF
; . o 5 BAIE
ORF F2 AGCAGCAACATCACACTT
ORF R2 CACGAGCATCTACAGCAT Cloning and
T g validation of RSC1
ORF F3 TTGAAGGATGGATGGAAGTA ORE
ORF R3 GTCCGTTATGGTGATGCT
QRSCI F TTTGAGAGTAGTTCGCGTGTTC
HEHAE it POR
QRSCI R GACATGCCCGAAAACAGACATA B
in-F CTGCCGCTTCCACCTCATT Quantitative
B-actin- Real-time PCR
B-actin-R GATACCGCAAGATTCCATTCC

1.4 SHERBAHEXNREGETSHUNE

T HES % By RS (2015 ) 175 152647
TE i AR IR ARAT 4 B WF B .
I TN DR R RO SRR R I 2 T e, A
0. 1% i:ifi-80 Yz 1B /K BC il AL 10 o/ L pRER, P-4
BER S MR, 2, 1, 0.5, 0.25 1 0. 125 mg/
L, A 0. 1% mEii-100 19 28 18 7K % i, HH
30 Sk IR A i A W IS T A 2 v R I KT
BiFRILA 24 b5 e R4S 4 5 00 IR R I8 L
MR R R AR RS0 10 s 5 U, HT9E
AH Z RN 2, OF BT PRI IE AR 0 1 57
AR H F AR K 5 57 L TR 22 + 19C A
XHERE 60% ~70% e JA ] 16L: 8D Z A T (15 57
FMNSR, BT 3 k. 24 h 5k Arss il
SR B R ST , A RETS S LA SE T, JE 4L
TEAS [l B2 A PR AR A i I A 16 S5 P8 T 5
1.5 BHEARHEFSTRELEY RSC1 &
EREESH

RGP E A5 5 R A ML L LG,
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I LCys , B BHAE A I LCso o 280 S8 I U2 T Ak
RAT 4 56 W BUE , 43 I 7E 6 F 24 h Ji5 BRICAE I 14 1%
IgF , 4% B Trizol 177 &2 10 W] 5 2 HUEL RNA, JF 2 IR
cDNA & R & UL B HETT cDNA G, R %
e i PCR BRI T 1E B SR R A BR 5 5 TR
B4 s W RSCL e R BB, R xIa 1
cDNA A7 10 56 B, 1y 506 € = AR, 41>
BrEe 3 RE S, DAIE /K Ak B Y R 45 S 55 I 0 1)
cDNA fEhy23 T BRAEAR .

MR RSC1 FE B2 € s e 519, LA
B-actin FERVENSIERH (R 1) o DIARIREE R
AR T BRI R AT 45 8 W W 1 cDNA 5
#r,PCR 435 & RSC1 Hl B-actin 5 5 KK 7 91 1) 2%
i, %A pGEM-T Easy &, IF 0 ¥ 51k, L RSC1
M B-actin W JFORL ASAR , FRBEAL 1077, 107, 1077,
10 7°F1 10 7" 3£ 5 B EE, 43 ] 24 RSCL 1 B-actin
AbrEM 2k, {8 ] SYBRGreen 1 ik & %<0 1k k47
Real-time PCR ¥4 /2 Jif , % F 20 wL & & . SYBR
Green Supermix 10 L, ddH,0 7.4 plL, cDNA iy
1 pL, ETFHE5144 0.8 pL, Real-time PCR J2 Jij
Z4F: 95°C 10 min; 95°C 10's, 58°C 155, 72°C 15 s
340 ME#;72°C 10 min, Real-time PCR J W 45
WG, T8 I A e ot 2 W LR S o SR AR i
2 ~44%%E (Schmittgen and Livak, 2008 ) 43144 .
1.6 HFEHH

F DPS #3530 e 5 R0 U3 T 1 2 ) [ )
TR (A y AHLRAE, « hE ) | JFT R ARG

20

fllrl(\[) Hﬁ
g?gzg@lzww 68/2112345
H.N

BB EE LCs, FNEEIE U FE LC,s A1 LC,5 1Y
(ERILEAFIX ], KT SPSS 20. 0 B AFHEATE %
YoMt , BT Duncan BT8R 22 106 AN TR e B2 v 2%
SRR T A [R) — I 18] 375 5 1Y R 45 i A 0 R
RSC1 N FRIK R AT 22 5 RE A I 70T 5 [ — IF.
EIEHE 7E AN [R] B 8] N HAR X kK 22 5 1 ¢
LR

2 H#RESW
2.1 RELHEW RSC1 EE R =EFEFE TS

BCEN v B A5 B R 43 4 4 1 SC1 R H 58 B 1Yy
ORF J#51), Kriz B fiv 44 RSC1, RSC1 Zi iy X <
6 687 bp, 4l 2 228 A HR. RSCI & [14) F it
A 252.97 kD, G5 L SR 6. 71, BRPE & LR 241 4,
R SUILNS 235 4, GenBank %32 KU640190.,

FIIH TMHM-M-2. 0 3 {455 RSC1 195 BE4544) 43
B, % PR ELAT B 1) 815 2 5~ B B -l 1Y — 2k
SERRRAE: B A AR 4 4 [R] UR 45 R
(I -IV), BAEEA 6 NI (ST -S6) (&
1) it 5 HA O B B o (BR8N, 74
J7 8 W Apis mellifera , 77U ¥s Tribolium castaneum
EN B Bk W Harpegnathos saltator, F& W& Bombus
terrestris , i % B 3Kk 5 3 W Camponotus floridanus , 1)
WY Acromyrmex echinatior J 86 5.0 ) W) 751 %t He &
B, RSC Al [7) 5838 308 25 19 76 4 A S5 AA 5 i
LKA — A HERR ) DEEA LA (motif) (& 2) .

[\

intro

BT RSCI K HCTa] 5 18 Fo 5 I 4544
Fig. 1 Transmembrane topology of RSC1 and its orthologous channels

2.2 SC1 (i@ES5 Na, 1 Cay, BEW RS H N
XE

PR3P 5I7E NCBI Hh 4T BLAST 8%, &k 3
WP Wi G WF SC1 A ( GenBank %5 55 XM _
001943495. 3) K PH % 1 IR 7 1 — Btk oy 93% , 5
HAtL ) b B 85 538 1 K 1 60E-like J7 51— 2 1 71
4% ~T76% ZJa], FAR KSR EE (maximum likelihood ,
ML) [ Jones-Taylor-Thornton ( JTT ) 5 % 4 7 RSC1

S ARG SCI | e 7] 4 55 15— 38 38 AT R T
P 1 B 25 0 T TR 1) 4 R T 91) 2R Gtk AR (
3) RN, BT Y38 18 2 B A 43 32, RSCL Al
HAb YRR SC1 [R)EY) Sl SR A AE — 43 32
55 R B 3 3 A — 435 T
R I 14565 1 F-3 38 4 % A — A0 3, BB SC1 2§
W TE 5 R s S A R R R A T Y
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Bombus terrestris NG SRUSHN 4 IIONe ]
Blattella germanica NiRGgRoIRRERSNGINSARY

I

MIFRILCGEWEEPLWDC|
[MVFRILCGEWINEPLWDC|

Aqﬁhmﬁ%onphum ————————————————— MIMIFRILCGEWEEPLWDC)

Acromyrmex echinatior
Tribolium castaneum
Apis mellifera
Harpegnathos saltator
Rhopalosiphum padi
Drosophila melanogaster
Camponotus floridanus

Fig. 2 Alignment of partial sequences of SC1 loop connecting S5 and S6 in the pore regions of the domains I — IV from 9 insects
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LALEQVATFEGWME VM]e]

LALEQVATFEGWMEVMEN
LALEQVATFEGWMEVMEN
LALEQVATFEGWMEVMEN
LALEQVATFEGWME VMEN
Latfovate: ol
Laciovaretomends
Latfouate: curmvi
Laiflouate sy
LatBovare: cmEvl

JEFLIX Pore region
B2 9 FhEHLSCI 2R 1 - IV 25yt fLIE X %45 S5 I S6 fHJ3 loop P1F 51 X

E 2 o il DEEA #i{&, DEEA motifs are indicated in red.

v

2.3 BUSEEHEBENREEEUSHON

S5 R, B A RUR A TE R R A 4 5 W 10
IRy =1.9174x +5.5521 , BHE Pk (LC,)
435174 0. 5153 mg/ L i 250 5 FBU T4 TR A R 43 i 4
UoF OF 19 LC,s MR B2 0. 1484 mg/L, LCy K JE Ny
0.3244 mg/L,
2.4 RBHBEW RSCl EEESYN SRS HEEH
STRIEHEST

i qRT-PCR 4347, RSC1 FE P AT N 2 3L K 1Y
P IR IR 100% 45 fife 1t 2 32 8y BRL0G | AH IV A
e 26 1) B AR G ¥ 7E 0. 995 DL |, gRT-PCR
4558 ,LC,5 (0. 1484 mg/1) L.Cy (0.3244 mg/L)
P BOEUR B2 FIBE ik i 1.C,, (0. 5153 mg/L)
F14) o R30S T 2 TR Ak 3R 4 4 A I L, 6 h S
RSC1 JE R Feik o5 %t A 0.57, 0.82 F10.78
5,3 AV BE Ak B % 8 A 0 AR T I KO BRZ
LC; (0. 3244 mg/L) F1 LCy, (0. 5153 mg/L) jifi 24 4b
A ik g 22 A0 E s 25740 B 24 h J5 RSC1
FE R ZRAR S AR T 7K 6 BRAL A 1R ¥, 3Rk
SO AT IR 2,19, 1.33 1 1. 19 i, Horp LC g
(0. 1484 mg/L) it 24 A0 R 2H 3k 1t I 25 o THIi /K 6
HE41, 1., (0. 3244 mg/L) Fl LCq, (0. 5153 mg/L) jifi
AP R S K B R A R E R AR E
(Bl 4),

3 g

DSC1 J IR g5 -3 3 BE R 140 20 D e 9T
AAE B E R i ( Kulkarni et al., 2002 ) . HH 2 77 i
Heliothis virescens( Field et al., 1999 ) 1% [E /N ( Liu
et al., 2001) . #5 K\ Nilaparvata lugens ( Cui et al.,
2012) %4 Bombyx mori( Cui et al., 2012) FIFg4:45

@\ Liposcelis bostrychophila ( Jiang et al., 2013) £ 3}
IE W HU SCT S ¥ 3 3 Ak R AH DG BIF 5 oK WL 4
AWFIETERE T AR 4545 F RSCL X, 7 51 43 #fr %6
B, g i 4 2 1 BLAT DSC R[] 9 36 i g it Y
FRAE. M4 AR 4845 I RSC1 JE[H 7 41, A 53 4
Br 7 GenBank Ty i3 K41 )7 51, & BLiZ 751 H
JRI R TS 1Bl v, R AE W L 3 W A H AR AT HE S
F1 % B (Cui et al., 2012) , Zhou %5 (2004 ) i i )TV
YRR 4 2R ek B, 18 [/ Bk BSCL 58 3 ik [ X
Ca" AR m YRS M, UL BSCT BEPA 45—
X E B A TR Y B B s aE . AT Y
SCI1 il 5 L 5 [T 545 B 7 1 L s T 195 B s
T P Z R T A R G A R, SCL 2R E
B H 1) AR AR i e AR PR B O R AR
SCI1 Z&HIE TE 4 > 25 0 5 ) AL XA — SRk Y
DEEA {4, 51 & 5 FIBREF Myzus persicae F)4H 5T
W8 2 DENS 544 ( Dale et al., 2010; Amey et al.,
2015) , % 2% -3l 164 & B4 EEEE ( Zhang et
al., 2013 ), X —Fpik AL XA AT B2 SC1 26
B 9 — AN T E AR (Cui et al., 2012) , 3 H DEEA
B AT REYAE SC1 Sl iE it Pz i Pk
HoAhAH S B 5Tt W, SC1 3L R AT BE S UL bR
HAGREIE R R I R FEAR . Zhang %5 (2013) &
B, wclR R SR g DSC1 KL K J , DSCI J 38 J A i
LR He A T2 A HOR) | el R gl R S R SR ) AR
EEER DSC1 PR SRR 40 R HL 3 R 28 A%
FI T AU, X 10 W] DSC1 3 8 3 3 10 b 2 R 5
X AUARR HL A TR 2 A% R O N 2 o AREFE R I, R A
24 7 B AR AN TR R ) e RIS R AL B 6 F11 24 h
J& , RSC1 FEPI AR X R B AR . ALHE 6 h J5AH
X FIRE I E T, X U] RSCL B DA ] 8 42 5 4K
SRR A MR 0GR , FLRRAR Rk 5 m] LA Aot
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60~ Camponotus floridanus EFN62327.1

100 |- Acromyrmex echinatior EG169876.1
93| - Harpegnathos saltator EFN89067.1
Apis mellifera XP_395121.4
0 Bombus terrestris XP_003402087.1

100" Bombus impatiens XP_003493336.1
Nasonia vitripennis XP_001601254.1
Drosophila melanogaster ABF70206.1
Tribolium castaneum XP_975663.2

1()0|_— Bombyx mori JN619366.1
Danaus plexippus EHJ64356.1
Culex quinquefasciatus XP_001846633.1
W|_— Anopheles gambiae XP_308670.4

Pediculus humanus corporis XP_002425167.1

78

100

100,

Nilaparvata lugens JN619367.1
99 Blattella germanica AAK01090.1

[ Acyrthosiphon pisum XP_001943530.2
100% Rhopalosiphum padi

Daphnia pulex EFX89321.1

99 4|:Nemalostella vectensis XP_001627761.1
100 Exaiptasia pallida AAB96953.1

100

72

Strongylocentrotus purpuratus XP_001189610.1

499|— Saccoglossus kowalevskii XP_002736682.1

L.O(: Haplopelma schmidti ABH12275.1
Mesobuthus martensii AAQ84279.2

Acyrthosiphon pisum XM_001949613.3
Acyrthosiphon pisum XM_008185143.1
Pediculus humanus corporis BAC67159.1
1001 Apis mellifera NP_001159377.1
Harpegnathos saltator EFN86793.1
Nasonia vitripennis NP_001128389.1
Blattella germanica AAC47484.1 LLS
Cimex lectularius ACI43363.1
100 Culex quinquefasciatus BAI77917.1
58| 95 L Anopheles gambiae CAM12801.1
Musca domestica AAB47605.1
Bombyx mori NP_001136084.1
100\ Heliothis virescens AAC26517.1
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Fig. 3 Phylogenetic tree of SC1 orthologs, voltage-gated sodium channels and voltage-gated calcium channels based
on the amino acid sequence ( maximum likelihood method)
HEALR 23 32 - BUEFRIR 1 000 YAEERG 56 1) B 05 BE, 19 mifH > 50% R TERIAL b, fi T2#2 J5 H 8 %5, b RUR £ HEES . Numbers above

branches are support values (% ) based on bootstrap method with 1 000 replications. Bootstrap values >50% are showed on each node of the tree, the

GenBank accession numbers are behind Latin names, and the scale bar represent 0. 5% amino acid substitutions per site.
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Fig. 4 Relative expression levels of RSC1 in Rhopalosiphum
padi adults at different time after exposure to different
concentrations of N-cyhalothrin
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K86, P <0.05) , Data are shown as means + SE of 3 replications, and
those at the same time point followed by different small letters are
significantly different among treatments with different concentrations of
the insecticide (ANOVA, P <0.05). The asterisk above bars indicates
significance difference between 6 and 12 h under the stress of the same

concentration of \-cyhalothrin (¢-test, P <0.05).
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