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3 NiF LeATPf EERISEER H RNA T
HIFIFIE NFHIB AR RS

k ET OEeE OB AT KB #AR' FEZ

(1. Bl Bl b A SHE AT, L 2014035 2. FiM 4G KA BRI Foe, 1 201201)

# E [BfY)] EBE% M Lipaphis erysimi (Kaltenbach) 1) =®§RIFH & £ WH ( ATP synthases
subunit f, LeATPf) [, JFHIA RNA THHAMEZILF TR, /4 ER RNA THRFIXTE N BFpiiG
BOR, MEZILL RNA TG E R aEmER . [ FE] FIHFEE RS ARG S T LeATPf
SR 4K cDNA, it RNA FHH ARG A 5 SR AR I AS TR v B 14 52 i RNA 500 %
NIRRT RNA TP 8 N g A s O s SR A e B AR . [ &8
8] % i LeATPf 3L 43K B4 324 bp 9 cDNA ¥4, 5HE 5 gl iy ATP 3[R EME7E 88%
Vb, H LeATPf ZE[H FZAE 2 ¥ % M rh3Rik; Wil RNA THR TGRS LeATPf BFEIRL, H
R RNA THE5 (200.00 mg/L ) X2 N IFAY 2 N A RUSCR Stk Aok b 20 TE i 22 5% (P>0.05) ;
7EMERRE T, H O RNA T3 (50.00, 100.00 F1200.00 mg/L ) 7EALFRSES 3 A% 7 KT8 b
UPF £ H 11 YRR BN B VA SR S L A B TE R 22 5 (P>0.05) , [HZEARIR)E 14 d X% R B Fs
R FIBIAROR B3 m Tk kb AL (P<0.05) o [ &€ ] EHxT LeATPf BRI Fic i ) o i vik B2 11
RNA FHEFAINTE NG BT R8RS oA >, (RO 2 RRr S e A Tk dambk s LeATP JE 2T & 3 |
IgF RNA il 7 1) B A3 AR 5L

KA RNA THE; 25 bf; BRI G M £ MG, Hiliksy

Cloning the LeATPf gene of Lipaphis erysimi and evaluating the
effectiveness of RNA interference knockdown of this gene
asa meansof controlling L. erysimi
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Abstract [Objectives] To clone the ATP synthases subunit f gene of Lipaphis erysimi (Kaltenbach) (LeATPf) and assess the
effectiveness of RNAi (RNA interference) as a more environmentally-friendly way of controlling L. erysimi. [Methods] The
full-length cDNA sequence of the LeATPf gene was obtained using the reverse transcription technique and expression of the
gene silenced using RNA interference. The effect of exposing L. erysimi to a residual film of the RNAIi preparation was
measured under laboratory conditions, and the effect of spraying the RNAi preparation on L. erysimi in the field was measured
in a field experiment. [Results] The cDNA sequence encoding the LeATPf gene is 324 bp in length, and is more than 90%

homologous with the corresponding gene in another five aphid species. The LeATPf gene was mainly expressed in 2nd instar L.
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erysimi. Spraying aphids with the RNAIi preparation effectively inhibited expression of the LeATPf gene. The corrected

mortality of L. erysimi following treatment with the RNAi preparation (200.00 mg/L) was not significantly different to that

following treatment with 70% imidacloprid after 1, 3 or 5 days (P<0.05). A field experiment indicated that the rate and

magnitude of a population’s decline following treatment with the RNAi preparation (50.00, 100.00 or 200.00 mg/L) were not

significantly different from the result of spraying 70% imidacloprid after 1, 3 or 7 days (P<0.05). However, the rate and

magnitude of population decline using the RNAi preparation were significantly higher than that achieved with 70% imidacloprid

on the 14th day after treatment (P<0.05). [Conclusion] The effectiveness of medium to high concentrations (50.00, 100.00 and

200.00 mg/L) of an RNAI preparation (dsLeATPf) to control L. erysimi was equivalent to imidacloprid, except that the effects

of the RNAI preparation lasted longer than that of imidacloprid. The LeATPf gene is a good target for developing an RNA

interference preparation to control L. erysimi in the field.

Key words RNA interference; Lipaphis erysimi; ATP synthases subunit f; pest control; new pesticide

% N Lipaphis erysimi ( Kaltenbach ) J& T
3 H Homoptera, ¥fFl Aphididae, F G
BN FSRMOMSEE T RHMEY), B
i) gz — (HBHSE, 2004;
Adachi-Hagimori et al., 2011 ), [Aif, B Nk
A DUALRE Z2 Bt S 10 , 38 B ™ Y 16 3
( EIESE, 2017; ZfEfeE, 2019). HEr, Xt
8 N UM NG, ARREEFE
Bt | REE S Yy | R 2GFR S I H s,
R PR FR Y AR B A 7 R (CSREK RIS, 2019;
sKREEFEAE, 2020),

RNA THEFIMBEFR A RNA P42 . RNA
AW, o DL ) 9 AR K R O R Y
dsRNA( Double-stranded RNA , dsRNA )z siRNA
( Small interfering RNA, siRNA ) A% HUiG ML
AR A R CHERISE, 2013), @il
ASMIEIF) dsRNA o siRNA XF#EARSE R 7
e, B mRNA JUBRSEARIER Y RIL, AEIXT
F P T RS ( B iE4E, 20195 Zheng
etal., 2019 ), RNA THFIEA R RS
Pl —PkoR . JoBE. JOBR AR, AR A2y
A RS SRR e (SRR, 2017
4%, 2019 ),

bl B DR 2 P H R R B A R, K55
WARK K E SKARPEAH S IE R A B, 3
A SR T R R AR, HESh T LA
RNAi %0 0 E iR HR I & (B lE
&, 2021). HAl, B KEEF Aphis glycines,
ST Harmonia axyridis, i KEE Ostrinia

furnalalis. # K& Nilaparvata lugens, 744 H
Helicoverpa armigera 15445 % 1 it Leptinotarsa
decemlineata % Z Fhf i 3 H i #EAR L I &
Hi2k (Wang et al., 2011; Zhang et al., 2013;
Guanetal., 2017; G IF4E, 2019; Yanetal.,
2020a, 2020b, 2021; Mehlhorn et al., 2021 ).
RNA AW 245 F1 S R AT 53 b —A> S B [
WA, M4 dsRNA Wik BBk e A
L ARSNGB A S A 3 R
1E4E (2019) I L4440 SR AN KA FF B HT115
(DE3) Wbk, T —F&ut. MR R
PREED] dsRNA & 07, WA WS TERE R
FEEBENE A AL dsRNA TR RR, $EBUR EE ek
PR AR RSN S HEEH (Mysore et al.,
2019 ), I anin% KAy Renaissance BioScience
Corp /A Fl3E i) & J& 1 B B4R F 1K dsRNA f] i
EHRR S L, RRAERS ML I R AR S B R E
1M FL S48 S B B R 58 98.3% ( https:/
renaissancebioscience.com/ ),
=W R ( Adenosine triphosphate, ATP)
Ve —Fidling, BAUCEIUARIERN, 7=
SRNARD . AT B AR AR AR
W, SRR REE ) E kR (Elston et al., 1998;
Senior et al., 2002 ), ATP it HA HEH R
ATP & /i ( ATP synthases ) =4, ATP & A/
7 1 2 A 1) DA R e B 1 AR A
YERDE R R, X —Z5 e i f A B v e
I3 N FAE K R R A R AR T SR E R AR
B RZELL (Spikes et al., 2020 ), ATP &
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SRR AR A Uy A A R R PP AR A BB, X —
FHERT & RNATL AR 20t R AR AL A AR

ARBFFELLE NEF ATP 5 B N S0AR, X HATE
N RNAQ YR ATAT IR T TS, BF5ESh
RXSTFIFRERTE MR A DAy, il
AL, B iR e i B o BT R

1 MREAE

11 #hd AR

2020 4F 5 H, B MEER A BT AR R X OEST
BEE N EHh, A ISEERE DL MEFRFIRE
25 °C. SEJEA 16L : 8D . AHXHEEE N 60% -
T0%IH G AR IR AR

12 % PMF LeATPf EE RS

B 100 k3 MWF, {fi/H] TRIzol® Reagent
(Invitrogen ) #4175 RNA FUHEHL, ™S4 IR SL
B F MR AT, FRBUS RIS RNA A5, H
O E TR R SR, 1%35 A B A Hh Dk Az ]
& RNA JifE, - 80 CIRFFREH. fiHH &
ReverTra Ace® qPCR RT Master Mix with gDNA
Remover ( TOYOBO ) #4755, ™ kH T
WHEATEAESE UG, ISR RE 10 £, AlcETE
-20 °C& M. H NCBI £l % %) Primer 3 #X
BT 519  LeATPf SEH &K 5190 LeATPf F:
ATGGGTTTTGGTGATTATCCG ; LeATPf R :
TTAATGGTGCTTGTAGTTTCTA , LA % 515 3]
% NEF cDNA ARARHIT PCR 714, SOk
ZUNF : cDNA template 2 uL; 2xPCR Mix 25 pL;
LeATPf F 2 uL; LeATPf R 2 pL; Nuclease-free
Water 19 puL, PCR RN ARFH: 95 CHUEM:
1 min, 95 °CAE30s, 58 °CiBk 30s, 72 °C
FEMH 1 min, JFHEFT 35 NMEER, 72 °CRAGEfH
10 min, JWE5HJE, ¥ PCR F=#HEfZ4t L
TR 1 A e AR AT BR S BRI )

1.3 LeATPf SIS ARG H L DT

FIH SignalP 5.0 #4347 LeATPf BEH(5 %
RKFIMC http://www.cbs.dtT.dk/services/SignalP/ );
FIFH EXPASY 18 LeATPf & I K/ L 25 v 543

#r ( https://web.expasy.org/compTte pi/ ); #|H
TMHMM X} LeATPf JFEPH#EAT [l I a5 K 2 1
ot = Yk 45 44 1500 4 A ( http:/www.cbs.dtu.dk/
servicessTMHMM/ ); FH ClustalX % {4 5 #7
LeATPf JEH A9 75 —2 't ( Thompson et al.,
1997 ); 1 MEGA X #ff:, #4% NJ # ( Bootstrap
{H 1 000), #H1TRGEGAIHr ( Tamura et al.,
2011), WEHRG LK ERITHMTIILE 1,

1.4 LeATPf EERRIZIEST

G MBANF 2 BRI E NI iETT LeATPf
BB FRIE T N TIHRAEZES, SRS
AT 3 YR EE, BAERE W 30 kAR
WK RNA S5 51 cDNA SERiRG M. R
F7tE = PCR (qRT-PCR ) #17 LeATPf B[4
ZRIB T o JOWAKZR K : cDNA Template 2 pL;
SYBR® Premix Ex Tag™ Il 10 pL; Forward
Primer 1 uL; Reverse Primer 1 pL; Nuclease-free
Water 6 pL. KP4 7 #E1T RT-PCR ),
RMWARZRIT: 95 °C 30's, 95 °C 55, 60 °C
30 s, 40 MIEIR  LeATPf 3 i 35 /KF-1E ] 18S
rRNA (EF190265.1 ) 1E NS A K174 —1kAb
JH, LeATPfF: GTCCATGGACCGTACGATCC;
LeATPf R: CCCACCCATTCAGTGACCTC, Lel8s
F: TCGTACCGAGACGTTAGAGGT; Lel8sR:
TCGCCTTCGAACCTCTAACT NSZI BT IS 14,

15 RNA FHFIMEIERTFMBARDH

TVEHL LeATPf JEPH X BE 1T dsRNA Ak, fir
5181550 dsLeATPf F: TAATACGAC-
TCACTATAGGGCCATGGACCGTACGATCCTG;
dsLeATPf R: TAATACGACTCACTATAGGGTG-
AATCAATGGAGCAGCCGT i FH 4% (0,5 6 1 1
( Green fluorescent protein, GFP ) {EXfHf, &
i dsRNA 51¥)°~ dsGFP F: TAATACGACTC-
ACTATAGGGAGGACGACGGCAACTACAAG;
dsGFP R: TAATACGACTCACTATAGGGGAA-
CTCCAGCAGGACCATGT, dsRNA & L fii 1
MEGAscript™ T7 Transcription Kit ( Thermo Fisher
Scientific ) i{# &, @it PCR ¥ 1153 Hisy
A T7 R sh FIp sl B R BB, 2t
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FE VLA dsRNA 19 & R R R A %
dsRNA, {if X R it 1 fif B Al DNA FIFLEE RNA,
J{i H MEGAclearTM dsRNA ZlifbAE7E 100 pL
TG K% 2 B K v B o i A R B D A AR
( Eppendorf) & dsRNA K% (Ma et al.,
2022 ). $A L dsLeATPf 7 B4, 500 ng/uL 1Y
dsLeATPf {5 (% 2.5% SDS, 10%H3H, 5% B-
I ZEBE, 50 mmol/L Tris-HCI, pH 8.8), %)
WEFE R NI DA R AR SR T . BN A ELEAT 3 IR
T, BAEEARE 50 8 NSk, DI
dsGFP AW (% 2.5% SDS, 10%H 1, 5% p-#i
H 2, 50 mmol/L Tris-HCI1, pH 8.8 ) FIMijiih
IKARFREE NFFENXTRR . 5 d e, PRECHH 30
SKAgRR 1 TO M E , A R AE R AR RS, - 80 °C
A7, FTHI LeATPf JEN AR AR, 514
FESI 14, B E 3 ANEL,

16 EMNHEM RNA FHRAXE MFHIRBRBR

RNA T2 g 2% RO R iR it
IE (CRYEFRSE, 2020 ), 38 AR IR ik
HIREVLE, dsRNA BRI E S R Wang %

(2011) B ECE, K5 dsLeATPf IR (7 2.5%
SDS, 10%H7H, 5% B-FikkBE, 50 mmol/L
Tris-HC, pH 8.8 )i B Ak 5 A~k BE( 12.50.25.00
50.00., 100.00 F1 200.00 mg/L ), %% AL N
IR RE, LUE/K A AIXTIR, RRAb PR 3
Wo AR S A BB S haort, 7ETHEK
KEET, HEEHNBRIET- S/ L, &R0
O B R R 2 50 S filt FE Y JORR BT, Bl A
Ief I RIRAZY W 10 s, SRS T IEARIM B2 4y
N, TSGR, BT (25+2) CHiFRA46 1,
T 1.3 F1 5 dJE e s AA0s ApE T iy i s 25 ()
BRI BRI, 2 AEEA S E TR
T2), IR IESET %, KIEFET K (% ) = (4b
PHAET - - XPHRBET R )/( 1 - XFHRBET- )= 100,

17 HEER RNA FHRAXNE L RO
1B 2270 M [8 BA A R

I T 2020 4F 9 A A ROV By B S
i (_RiEmZE B IXOEATH0) A9 S T, B
A PR SRS BIOK P — 2 255808080

SREBEALIX AT, Heake 5 NP 1 A4S 245705
B (70%0HE UK A3 HoRE ], FEER ) A1 ANE K
AEXI, AR 3 WEHE, BAPXKANN
10 m?, XL B A PR T o A FIE A/ IV 22 4
AN NS 10 R, B Rk A HBOR T AR
10 FR IR 15T T C B 245, dsLeATPF A 5 2.5%
SDS, 10% Hil, 5% B-3itkZBE, 50 mmol/L
Tris-HCI, pH 8.8 ) FC¥ 5 Wang %5 (2011 ) ()
B ML, dsSRNA HZ5 4 12.50.25.00., 50.00,
100.00 F1 200.00 mg/L, 7K & H 900 L/hm?,
i 0 H SIS AR RAe , TAEE T 45 Pa,
i L3 710 mL/min ) W§%%, AN FIE S B I
REENRNE, 2Bl THEZE 1. 3.7 114 d
PRI FRAT I OB, TR NI PR R
FBARCR o

HEERR (% ) = (AbERTH 4 - b3
Je R ) /7 CAEBRRT AT %) <100,

BRIARICR (% ) = (ALBEX H )8R 5 — Xf g
X AR R ) / (1 — SR IXC U8R R ) <100,

1.8 HEHHT

HRAE RT-PCR B4 15 1 Ze 1775 e ith £ 40 5 |
Yy, BdE TS IR 22T 384T (Livak and
Schmittgen, 2001 ), LeATPf JLK1E A2
FikE | Wi dSRNA J5 LeATPf JE[H ik, U
K ARE e dsRNA Kb FRJS 25 NI (AL IEAE T
2 FH () H s 2R A VA R A B (R] Y 22
R R B &R Oy 2250 0, JF ]
Tukey’s HSD 7474 B[] 1 22 57 35 PERG 6

2 HREHH

21 ¥ MF LeATPf EEMEESFEIISH

38 R B s R AR IR T 8 F X oA, FEEE b
I AR A — N Sk 324 bp YLK ¥4, 5 NCBI
Bl text, Zp s 5HEE Y ATP synthase
subunit f[¥J7F—EHPETE 88% LA I, Ff¥ Ham
N LeATPf, #4588 NI LeATPf 55 5 Fluf s iy ATP
synthase subunit f JEK #1722 & X007, 2558 i
R, FEARFEIF, 5 LeATPf 2K Y IR 751
— BB A e« BRI Myzus persicae 98%; #i
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I Aphis gossypii 88%; i = WF Acyrthosiphon
pisSUM 95%; # XEF Diuraphis noxia 90%; =42
IF Melanaphis sacchari 89% (& 1), & 1 4555
B, LeATPf 3:4wfith 107 MESEMRITH, TofF5 Ak
FEA, AR LR/ R 12.461 ku, 250855 9.95,
HE LR (74-96 aa) (1),

22 B MNF LeATP EEM RS HL S

FIFHMEGA XX g B H e 22 oA [A] R e
i ATP synthase subunit fFEK 17T R 4)
B, LRSS BETEF Parasteatoda tepidariorum

* 20 40
L. erysimi 2 XKH(

M. persicae
A.gossypii ¥
A. pisum SGIET
D. pisum ¥» :

M. sacchari P‘S':'l‘ 7 7 G
M GDY a YN KGHG TD ARYYGT DT

EIEEEEEEECE

G K G VT WVGRRNKS KA AG

ATP synthase subunit f FEK M, 458 BN,
AR ELH %) ATP synthase subunit f 3&[H 43 5| B4
TEPINARSZ b, 8 NI LeATP 521 H iR H
B S M IREE L b, eSS 2R EHE
HREN— KRS, BEHE . F8E . SGHE L
Kt B BRI R SR — S L, R XEHE R
I 1 FER K T Hermetia illucens 19 ATPE 5 4
i, REA—A/N L, migRE R SEMER
Hufy ATPE BRI, JRAETE—A/ I |, (HRA
H )% 1% Belonocnema treatae 5 HiAt T g B Hustk
WRREGT, W —3 (F2),

X
Q
Q
foy:
fo):
Q
Q

SRAYWRWSHKYV KR TAA AGSM Ya NYGK VHHRNYRYH

B1 ZrFLeATPI EESHERHRBEREANEERFFILE
Fig.1 Comparison of amino acid sequences of LeATPf protein in Lipaphis erysimi
and homologous proteinsin other insects

RO

AN—BINEILRIT Y, BOAFIREEEH; 3RS 10, 30, 50, 70 F1%8 90 MR

L.erysimi: % Nigf; M. persicae: BkIF ( XM 022321626.1); A. gossypii: FilF (XM _027987971.1);
A pisum: BT (NM_001126211.2); D.noxia: ZXEEF (XM _015511227.1);
M. sacchari: FZMF (XM_025344974.1 ),

The shaded dark backgrounds are common amino acids; Black horizontal lines are transmembrane structure;
The * represents the 10th, 30th, 50th, 70th and 90th amino acids, respectively. L. erysimi: Lipaphis erysimi;
M. persicae: Myzus persicae (XM_022321626.1); A. gossypii: Aphis gossypii (XM_027987971.1);

A. pisum: Acyrthosiphon pisum (NM_001126211.2); D. noxia: Diuraphis noxia (XM_015511227.1);

M. sacchari: Melanaphis sacchari (XM_025344974.1).

95 o ¥ NI Lipaphis erysimi
766’—: BkIF Myzus persicae
100 BT WF Acyrthosiphon pisum
#Z B YF Diuraphis noxia

31 4‘—‘: FREF Aphis gossypii
42 71 BRIt Melanaphis sacchari

Z5W¥% Halyomorpha halys

N
o5 —— R R W Cimex lectularius

70 XU Papilio xuthus
71 420,—: FEIRME Aricia agestis
11 WY Y Cryptotermes secundus

oK i Hermetia illucens
435(—': Hr R3S Anopheles stephensi
92 18 R AP Aedes aegypti
15 461: SESRSLUE Rhagoletis pomonella
74 W Musca domestica
N S48 Drosophila busckii
40 g XA HMR Drosophila ananassae
29 IS Tribolium castaneum
490‘—: TR E M Diabrotica virgifera virgifera
33 BB RIZH W Leptinotarsa decemlineata
ﬁﬁ% Belonocnema treatae

& 2

PETUF Parasteatoda tepidariorum

Rt aar (<B#i%E, BRMEX 1000)

Fig. 2 A phylogenetic tree analysis (Neighbour-Joining tree, bootstrap: 1 000)
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23 LeATPf EEEY MIARZERENE
A 4T

HFI ] qRT-PCR X} LeATPf % [H HE17T #3155
Mr, 45520, LeATPf LR fEE NI LB

12

—_
[e2] (=}
T T

FFE M FRAE
Relative gene expression
(=)}

B Rk, B AR T EZ AR, 2 1
LY LeATPf LR Rk EAHX e &, BE &
THAb R F W (P<0.05), T H At & & 0 i
() 5 H L B o8 W ) 3 3k A O IR AEL L A AR
£ (E 3,

4t b
b b
b b
0 1 oy 1 o 1 o 1 1
IR 20EW SRR MR RERYF AR
1st 2nd 3rd 4th Wingless Winged
nymph nymph nymph nymph adults adults
B N & H B

Different development stages of Lipaphis erysimi
B3 LeATPf EEEE MIAR L F B ERERIEE S
Fig. 3 Expression prifle analysis of Lipaphis erysimi LeATPf gene

M EFRA AR NGB R IR G T 220 WA 22 57 3% (P<0.05, Tukey’s K50 ) o FIEI[E
Histograms with different lowercase letters indicate significant differences by variance analysis
(P<0.05, Turkey’s test). The same bellow.

24 dsRNA F#t LeATPf EEX ERIAERIRIN

HLR T 22T B, it dsLeATPf 5 d 5,
B NIFY LeATPf JE R AR X ik i B (KT Wit
T K A 5 Wi dsGFP 2H( P<0.05 ). 5%t dsGFP
P8 NI LR, Wi dsLeATPf 41X LeATPf %k
AN 255 TR T 76.95% (&l 4), 2B RNA
F-HeF0F) B EHNH] T LeATPf SR Y ik .
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[\S]

a

I
oo
T

e
N
T

b

.

WEMERE K WEMidsGFP  WiMEdsLeATPSf
Water dsGFP dsLeATPf
AE4bHE Different treatments

B4 RNA FHITE NF LeATP! B FEHIHDHI1E A
Fig.4 Generepression effect of RNA interference
on LeATPf gene

HEAEXT RS

Relative gene expression

S

25 ZERHA dsLeATPf W& NFHRAKE
SR

BRI AR ER, eSS 1A
%53 K, i 200.00 mg/L RNA T4 8 g
(A% 1E BB T2 2% 55 it FH ik R ok 4 G e 2

(P>0.05), T 12.50. 25.00, 50.00 A1 100.00
mg/L 418 N R4S IEFET 3R 241K T it T b
WRZA( P<0.05 ) FEAL PS5 5 2K, Jiti FH 100.00 mg/L
1200.00 mg/L RNA FHHI4 % N IESET
A5G R T i 3 2 S (P>0.05), 1T il FH H:A
I RNA RIS MR IEFET R
FAR T kAL BRZH (P<0.05 ), XM T H ks
i RNA T47 (200.00 mg/L ) X+ 85 MR8 diik
S5 AL FRZH O 2 25 55 (P>0.05) (% 2),

2.6 RNA FHFAIXTE MEFRY R C6R 250 H g
Biia R

Xt 3R TR AR A BN 3R 5 22 Ir i SRR
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FE FH[E]E A dsLeATPf HIFI)E 1. 3 F1 7 d, Wi
100.00 mg/L A1 200.00 mg/L RNA F-H7I%} & N
AF 1) H T R R g ik e b b 3 A 3 TG 2 2 R
(P>0.05); FELGFIALIEIESS 3. 7d, Wi 50.00
mg/L RNA T-HEFIZL A8 i i 101 gl 3 5 Wi
nt kA TG 2 25 5 (P>0.05 ), TEALFR)S 14
d, Eiti 25.00.50.00.100.00 F1200.00 mg/L RNA
THCFILH A # i 1 0E Ry 3 T
MhibFZH (P<0.05) (3R 3 ). Xt HI[E ik

SR LR Ry 2240 A e R AR B, A )it
dsLeATPf 5 1. 3 17 d, Wi 100.00 mg/L F
200.00 mg/L RNA T & (R B a3 5
mp Ak A BEZH $4 T 1 2 25 S (P>0.05 ), FEANHE
J& 14 d, Wi 50.00, 100.00 1 200.00 mg/L RNA
TR BN S dF iy FH (] iy 96 380 34 e 2 e T
Mt ALk b HZH (P<0.05 ), X RUIEKEE ) RNA
TP b e ROGE # S S B E AR 2, (B 248500
SEMEEL TR (% 4),

&2 M RNA FHARE MFHWRIER T RSN
Table2 Thecorrect mortality of Lipaphiserysimi after using dsRNA

FEIEFET- (% ) Correct mortality (%)

RNA TH#5] (mg/L)
Concentration of RNAI preparation (mg/L)

Zija1d

1 day after treatment

25 5d

5 days after treatment

ZiJa 3d

3 days after treatment

12.50 11.71£4.09d 17.19+3.06d 24.60+2.79¢
25.00 13.88+1.78cd 27.43+4.94cd 37.22+7.28bc
50.00 23.62+0.74c 38.4942.15¢ 49.9043.44b
100.00 42.29+3.19b 55.3142.94b 73.02+5.16a
200.00 48.58+2.15ab 66.31+1.80ab 80.93+1.54a
XA (709 A ) 61.14+1.39a 74.36+1.89a 83.29+1.61a

Control (70% imidacloprid)

FPRAE N EARER RSV ER S AR A A RN RER IR G 22 0 M 22 5 B3 (P<0.05, Tukey’s K% ). T

%%Iﬂo

Data in the table are mean + SE, and followed by different small letters in the same line indicate significant differences by

variance analysis (P<0.05, Tukey’s test). The same bellow.

&3 Wil RNA FHFAIXTE b EF R CRIR 2 A R0
Table3 The population decline rate of Lipaphis erysimi after spraying dsRNA in thefield

W OWER% (%) Population decline rate (%)

RNA L5 &

Concentration of RNAi ZifE1d s 3d 2 7d 25 14 d
preparation 1 day after treatment 3 days after treatment 7 days after treatment 14 days after treatment
12.50 mg/L 12.90+0.92¢ 21.84+2.30c¢ 29.294+2.05b 6.54+4.04bc
25.00 mg/L 15.80+0.93¢ 35.76+3.90bc 51.9843.35ab 29.08+2.45abc
50.00 mg/L 36.77+£7.37b 53.21+4.44ab 64.67+3.50a 39.3243.48ab
100.00 mg/L 49.94+0.70ab 54.85+6.35ab 69.44+4.69a 54.07+5.29a

200.00 mg/L 61.26+0.94a 64.07+2.57a 77.44+2.76a 62.72+2.45a
0,
70A>|1.H:E|WIY } 56.13+2.87a 71.46+3.28a 83.41+5.58a - 5.05+5.61c
70% Imidacloprid
7K Water - 12.63+3.93d - 40.51+£6.21d - 86.22+14.88c¢ - 117.44+18.34d
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R4 RNA THFIXIE G HE B AR
Table4 The control effect of RNAI preparation on Lipaphis erysimi in the field

RNA T35

A BFIARCE (%) Control effect in the field (%)

Conc.entrationlof ZE1d 25 3d 5 7d %5 144

RNAi preparation 1 day after treatment 3 days after treatment 7 days after treatment 14 days after treatment
12.50 mg/L 22.4942.70d 44.24+2.07¢c 61.69+2.09¢ 56.70+1.89cd
25.00 mg/L 25.02+3.30cd 54.33+ 1.21bc 74.17+0.29bc 66.70+4.11bcd
50.00 mg/L 42.90+6.36bc 66.80+1.96ab 80.84+2.11ab 71.65+3.11abc
100.00 mg/L 49.94+0.70ab 67.39+5.83ab 82.97+3.95ab 78.75+2.18ab
200.00 mg/L 56.72+4.32ab 74.27+2.54a 87.62+2.18a 82.49+2.31a
7071 HL I 61.07+1.87a 79.66+2.36a 91.39+2.62a 50.97+5.10d

70% Imidacloprid

3 itig

RNAi Bl R je—Fa 200 . YFhre e
FRE B PIEF AR ( Price and Gatehouse, 2008;
Huvenne and Smagghe, 2010 ), 1fh—Fgrlsg
=) E BBHAFEAR , RNA ARG 5755040
AR 2GR G SORN S 6 T R EE A R LS e T
& (4%, 2019), RNA FHHI A AT L
LTI EAR AR R A S A ( Ma
etal., 2020 ), M (2019) it L7 ZG dsSRNA
I AR S AE R B T Acyrthosiphon pisum f&
W, R B Y £ I AR AR 3 N ApAChE
W 2 R ApC002 ., JL T Ji A B il 5 A
ApCHS FIfR4ITMZR 45 & B MK ApJHBP 5%
AN BE R Y R B i E ] (41.0%-99.7% ).
Zheng 55 (2019 ) fERGHF FES T —Fgkif
BT dsSRNA (RBEBE RS0, il T
FRFRE, B TR R E BB IAROR . Yan %

(2020a, 2021 ) | —FhBAAR SR 9 SLR PH ES
T REWE R E R R AR & T 2 Fl
dsRNA FRARLHIF], B WG 2] 320 d 2 1
KREAE L, R XK E 5 S5 5
ik 78.50%F1 75.22%. Gong %5 (2013) FIfH 6
A~ siRNA H [1] /N2 i Plutella xylostella f) £, ik fH
BREEAG LA, DA siRNA AFE M F ] /)N
Sk 2 WA, R HURIAE] 89%, HA RAFMES
Tl o X S AR ST FR AT B N I IR R R
B RNA 57 (B ) phiRCR (HiE

ks 2 80% A I ) Hzi, RIA T3 NEF LeATPf
FE PR —ANELA BT 1 0 RNAG ARk 245 11
PRIt

ATP A B SRR B 2 1 8 1) 5 HiE il
(Hong and Pedersen, 2008 ), HJ {Z4 T4
YA B 2 b A N A IS |, R 0 8l
H ADP FITCAHLBERRER & 1L ATP, APk fit
e CGRIESE, 2014), HET, XFReg g
Y ATP & A B4 2 (AXTT R ATP
B RTS8 8 /0 ( Younis et al., 2011), A
R RT-PCR AR ek TN 2K
324 bp, 4ih% 107 NEILFRIW S N IF ATP A Akl
£V LI N LeATPf, 1 T ATP & A3 K 7 A )
Re A M AE K R T B AR
FITER, PRI HAR B 25 & RNAI A4 25 e
FRIED R . B NI LeATPf LR — iy
() ATP & EEEEN, AEAN[R A a2 A &
[FIETE, MRS T LA RGBT LLE H
AR H R 5 i B Y 51— 2L
PEITE 88% LA I, H gl i AR AF i SR —N 4
Tz, [mlET 5 H T R A REE KL
o EA SRR LU, SRS DI A
AT Rk, A RIRIEH | X
— R AR A F T RNATL ZE 4R 25 AR TF & .

AR AS & RNA A 254k i ¢
R [ BT, 5 DR 2R ) 2 B AR B ) 1 LT &
AT, B, RNALBRTEF AL ia 4 i h
H I D) 5 B R AR A R ) 2 RIS 7 FH 1) 15
REHE A Li 25 (2019 )i A T —FEnsi.
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R A M H R B —RRAETREY, ¥
dsRNA 477 A RERE] 1.7 SEot/g; RER
Greenlight /A FlE i AN & R R, FF dsRNA
A IUSA P HIFE 0.5 F2o0/g AN, HlAE 4
5E 4 RE % WG 2 [B) KA AL 0 9 223K ( Taning
etal., 2019) ; S4FELUR, FREARA S 1T 41
2R RGP AARE dSRNA AYA BULA
HI7E 0.47 £50/g (Maetal., 2022) , HjEid—
HEEALT RNA TR SA . ARBFTE A
EEXTEE N dsSRNA BIASR T 1 9ot/g,
I S EOR B R, AT DA — 20 i
NI RNA T HE 700 00 AR, DT SE B R
A4 P ()4 R o

ARWFFE TR T8 MR LeATPf JE[H, 1A
FH RNA ARG TixIEH EE, LW
RNA THUHI T ARSI SR, RUTHAT LIE
i RNAL AW HFR LA . 2 #r 2 B
RNA FHCHIXT NG R B JRROR , A
FIVRE Y RNA THLIT 3 N B e 3R Sk
HORAR Y, (E R L2 RSO T sk, 25 1
Jirid, LeATPf SEREFF & 38 M RNA T4l 7]
() R A FEARSE R, R H(R) 8 | 0F ) e s 40
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