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Abstract: Exogenous double-stranded RNA (dsRNA) can affect the gene expression of plant nematodes through

RNA interference (RNAi) to achieve the purpose of pest
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control. The use of bacterial expression system for dsRNA

preparation has high production efficiency and low cost,

% T H (21422012329) which is the preferred strategy for large-scale preparation of
VEE N AR (1992-) , 4o, TALHEER A, B-HRF A, FEM dsRNA. In order to explore the role of bacterial dsRNA ex-
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elechoides besseyi, in this study, the trehalose-6-phosphate
synthase genes AbTPS1 and AbTPS2 of Aphelechoides bes-
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seyi were used as target genes to design and construct bacterial expression double-stranded RNA ( dsAbTPS1 and
dsAbTPS2) vectors and transform Escherichia coli HT115 (DE3). The induction expression conditions and extraction meth-
ods of dsRNA were optimized, and the silencing efficiency of dsRNA expressed by bacteria on target genes was determined
by fluorescence quantitative PCR, and the control effect of dsRNA on Aphelenchoides besseyi was evaluated. The results
showed that when the concentration of isopropyl-B-D-thiogalactoside (TPTG) was 0.5 mmol/L and the induction time was 6
h, the dsRNA yield of the AbTPS-14440 expression vector HT115 strain constructed in this study reached the maximum.
The yield of dsRNA extracted from the expression strains using Trizol method and formamide method was significantly higher
than that obtained using ethanol-sodium chloride method. After treating Aphelenchoides besseyi with dsAbTPS1 and
dsAbTPS2, the expression levels of target genes AbTPSI and AbTPS2 were down-regulated. The survival rate of Aphelench-
oides besseyi under low temperature of 4 °C , high temperature of 40 °C and dehydration and drying conditions was signifi-
cantly lower than that in M9 buffer treatment and dsGFP treatment. In this study, the bacterial dsRNA expression system
targeting ADTPSI and AbTPS2 of A. besseyt was successfully constructed, and the obtained dsRNA exhibited obvious RNAi1

effects, which provided technical support for the use of RNA-based pesticides to control A. besseyi.
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1.1 ZHESR

AW TR FH KRG ARk dURP e B 43 5 A 7T
TVE KR KRG R J5 76 K 8 A FL B (Botrytis cine-
rea) AR L4 BRE 5% . TG K YRR Al itk A 728 i
Wt I 100 pg/mLE EH R 50 pg/mLEHR
B R 100 wg/ mL7 P2 2 A0 T 15 RO LA AT I

16
.

1.2 %k H RNA $ZEUHI cDNA &5

WA T 1 B G 0 2 b W R R i TR GHU BT S
3, A 1 mL Trizol 35 ( 3% E Invitrogen 23 A& ;=
an ), F8 BRIGR S U 45 217 2 H RNA $2 500, A
1.2% B G FL K &% Nanodrop 2000 4356 5% B 1T
(FE[E Thermo Scientific 23 &) ;= &) Y 0D,/ 0D,
F1 AHARETAHSY

Table 1 Primers used in the study

(260 nm #1280 nm I IEIE L) JEAT RNA Jid
A=A, . SR TransScript uni one-step gDNA re-
moval and ¢cDNA synthesis superMix 35 & (b 50 4
KB EYEARA PR F 75 #E47 cDNA 58,
1.3 HiRRERYE

FIKRE T Ik du it e bE-6 W 1R & UL A cD-
NA J7 51 (AbTPSI: NCBI % 3% KY661388; AbTPS2:
NCBI %5%5 KY661389) 1% siRNA target finder %3
( https://www. genscript. com/tools/sirna-target-find-
er) , BEBEKFETREH (A, besseyi) ML , 5H
4 KA EIRTE siRNA Y81 A5 305 PP 510 23 A
& H Primer3 plus ™ %5 (http://www. primer3plus.
com/ ) BEiTH 9, 3 Primer Blast ®3f (http://blast.
ncbi.nlm.nih.gov/ ) #FATRE VR 505, ZHEA T.( 1
i) AW TR A FRA R AT G 8, 20 LA |
Yy AbTPS1-F/AbTPSI-R Fl AbTPS2-F/AbTPS2-R 41
AbTPSI 1 AbTPS2 ¥ 5 F Bt , T i % & pMD20-T
A0 P TE A 1 R 2R A TR UBORE, TS SR 5E
ABEFE T HIG TS K 1,

14 Fx FIMFFI(5'—3")

GlE7 )b

AbTPSI-F TACATTGATGATGCGTTCTC H bR Bk
AbTPSI-R GACAACAGACATGACTTCTT

AbTPS2-F CGATTCTCCTCATTGGAC

AbTPS2-R AGTGCTGTGAATATGTGTTG

dsTPSI-F GTGACGCGTGGATCCCCCGGGTACATTGATGATGCGTTCTC RNAi gt
dsTPSI-R GTCGACGGTATCGATAAGCTTGACAACAGACATGACTTCTT

dsTPS2-F GTGACGCGTGGATCCCCCGGGCGATTCTCCTCATTGTTAGAC

dsTPS2-R GTCGACGGTATCGATAAGCTTAGTGCTGTGAATATGTGTTG

dsGFP-F GTGACGCGTGGATCCCCCGGGCCAACACTTGTCACTACTTTC

dsGFP-R GTCGACGGTATCGATAAGCTTACAAACTCAAGAAGGACCAT

qAb18S-F TGCGGTAATTCTGGAGCCAA qPCR
qAbI8S-R CCCGTTAGAACCATGGCAGT

qTPSI-F GCATTCCAATCCGAGCACAC

qTPSI-R TTCTCCTGCATGTCCGTTCC

qTPS2-F TACAAGATGCAAGCCGTTCG

qTPS2-R TTGGTGTTGTCGTCGTTGAG

FE9 T RIS AR R 5 R st A A BRI PR N VT8 Hind TLA Sma 1 BIEBYIOL S

1.4 |AREEEHE SRR E A S, DL B 1.3 I IF Y B
L RNAL 244 14440 £ 507 5 750, %1t ZH 5 R B PCR 9734 TPS 5 %1, 3 LA pCam-
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bial304 i {&K DNA MMk PCR ¥ 34 4¢ (296 6 2 1
(GFP) A Bt, PCR WK Z 50 wlL:2xPhanta Master
Mix ( B 0 ME 8 A W BB A AT PR w1 77 i) 25
pL, EFHF5 147 (10 wmol/L) 45 2 L FURIARAR (10
ng)2 pL.ddH,0 19 pL, KW RRFIT .95 C HiAL
P£ 3 min;95 CASPE 15 5,58 CiB K 15 5,72 °C ZEf#
455,32 NEI; 72 C 4T AE A S min, R
ClonExpress Il one step cloning kit ( Bg 50 i MEHE A= 4
PHEBA AT PR B 77 i) 548 bR i B4 3 Hind 11
1 Sma T XUEFVI Y 14440 4K, 54 1L % RNase
Bl FE B KA FT B ( Escherichia coli) HT115 ( DE3) B
B, I 6 U 1B 1 5 AL T PR R PR
1.5 #BtR dsRNA @ERIEMIFSRFSEZEMRL

¥ &5 A AbTPSI-14440 T 41 Ji K i E. coli
HT115( DE3) oAb+ Rl # AR FL L1+ 1 000 %% fin &
SERFEHEBEZ 100.0 pg/mL JIFFE 12.5 pg/mLHY
LB AR 35 5L 180 r/min 37 CHR%HHEF 16 h, W
B 0.2 mL B3R HE WM E] 20 mL & FiR$PiA KK LB
B RS S 3% EXTEUE R I (0D, =0.4) A
IPTG ( 5% N #&-B-D-fi A 2 2L ¥ 1, i Sigma-
Aldrich 23 /] 77 i) #4715 % . A WAL AR dsRNA
YA PR I B 4, AR E 0 wmol/mL
0.1 wmol/mL.0.5 wmol/mL A1 1.0 wmol/mL 4 >
IPTG WRJE 43 iR 15T 4 h, W EARE PTG ¥ &
T H) dsRNA 7=, LR 38 B 1Y IPTG 5 S
JFTE 0.5 pmol/mLAY IPTG ¥ T, 4 MR %15 S 2
h 4 h.6 h .8 h Fl110 h, & A [FF5FEE] T A dsR-
NA F=it DU#f 2 fe A S i), A Ab Pk 3 4N
=,
1.6 ZHERIE dsRNA $ZEX

BCIPTG WS A B K 10 mL,4 C &0 0dE
BARTTEE , A 1 mL Trizol 1277 24 40 0 , 2 B4 14
RNA, BB B[R 2 1.2, K&l % dsRNA | [#
KA LA 3E— 2543 IR FH R IR 12 A 2 -4k
B (EtOH-NaCl) ¥ HEH0 RNA, F ke 72 42 B RNA
B AR 76 10. 0 mL B ITREH A 1. 0 mL 7%
98. 0% H WL 0. 2% % 3 B 0. 1% | bt It iR
£1.0. 5 mol/LZ e DU £, PR W $E B 5% vhi, iR e i
BT 60.0 °C /K 20 min i F AR 7550 24, B0
S BT W, IR O 5N -2 B L Al Ak RNATTY
- AL (EtOH-NaCl) I3 HL RNA 70T .
10 mL FH& 80 CHFHF 20 min, B FE IR TTE ,

W 75% & T (1x PBS 28 vl i Iic ) #1150
wmol/mL NaCl 52 B AUTHE , &0 WEE FiEw, 15
F RNA L2, f# ] T7 RNAi transcription kit
(B A E R A W BB IR 0y A B D ) A 3
RNA, % 20 pL RNA M2 INA 1 wL B2 2
ng/ LI DNase I il 1 >0/ RNase A, T 37 CIFFH
30 min LAV 1L5% B BA4% RNA A DNA, bk g
B RNA 5 1. 5% B BEWHEE RS 7K F Nanodrop
2000 436G E dsRNA B fa fi= o, AEAb B
W3NHEE,
1.7 RNA Fi#f

¥ 2 000 £54% HL 43 HZ M T 1xM9 22 /il 1
pe/ LY AbTPSI JEH dsRNA |1 we/pL 1 AbTPS2
LA dsRNA Fl 1 pe/pLAY GFP K dsRNA H1,25
CHEOGALFE 24 h, 383 9 E & PCR(qPCR) Fa
AbTPSI 1 AbTPS2 FEHVTERSCE . R Evo M-MLV
B si A R e (i SO e AR ) TR AT BR A HD
i) 4T cDNA A AR 4%, 1 SYBR Green Premix
Pro Taq HS ﬁt?ﬂjﬁ( s R AR TR A BR A 7
P70 78 LightCycler 96 PCR V-4 (1 E Roche 23 7
FEE) HEFT qPCR 208, DAZKAE T-4R4k . 18S rDNA
WS, 0 LR S qAbTPSI-F/
gAbTPSI-R Fl qAbTPS2-F/qAbTPS2-R # AbTPSI
FABTPS2 [AEXTFIEIKT o AHXT 35 Y 3 387K 13
i 27 AR S A R 3 DR DT R S K A
Tk HUX AR FolR A ) 7 R T, e HE SRk [ 21 ] 19
J7E %) RNA T BY7KFE TR U5 5| #5147 4 <C
IR (40 °C 77 i R0 I T R B K A B A0 FE 100
S 48 h B HUARE RS 2 SRR K T FE A
GRTAC G R S R DS Q2 N
“CrIB I I RN AR L R AT,
GG R )

2 HERE

2.1 TPS $BERFF SR HEFI T 5E RNA §l &

HFIFH 14440 #AKTE E. coli HT115 Wh A5 4
HUFR dsRNA f7RFE UL I8 1A, 5T NCBI B & b
AbTPS1 F1 AbTPS2 ¢DNA #5549, PCR
P12 3545 358 bp 1329 bp B &&AT , 20 R 5
R A 5 T — 3, R [R5 40 1 53 0 K 54
) AbTPSI F1 AbTPS2 FHE % 14440 84K Ik =
HT115 BRE, 7 40 B A8 K 2358000 IPTG 5 % )5
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Fig.1 Preparation and electrophoresis detection of bacterially expressed double-stranded RNA
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PIE) T, 205 8 U4 7 A dsRNA 5t vk T 1) 728
a2 s, IWEIH AT LIE Y BEE PTG ¥ B
MY 1G I, dsRNA 5t & ¥ i 528 50 19 5 Y o 9,
0 pmol/mL, 0.1 wmol/mL. 0.5 pmol/mL A 1.0
wmol/mL IPTG 5 ¥ B T, 41 1 2% ik 28K = A4 1Y
dsRNA iy B 7350 4 2. 13 pg/mL 3. 11 pg/mL,

250 4
=
E
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13. 45 wg/mL &% 10. 67 pg/mL, B4 5 2 35 48044 77 4E
dsRNA BJiEH IPTG ¥4 0.5 wmol/mL( &l 2A) ,
2 IPTG HeFE R 0.5 wmol/ mLI , Bl 251755 i 1] 1y 44
T, A0 R A= A 1 dsRNA Jo 2 R 3 IR 5 S 4
TG H i5 F TR 6 h B 2018 2 1k 2 dAk
AR dsRNA vk Bk Bl i (11 2B) o PRI AN B
TR AR = 4= dsRNA [ 35 H IPTG ¥ N 0.5
pwmol/mL, 75 FHFE] A 6 h,

25
20
15

10

RNA [ 9K (ng/mL)

i i (h)

—e— HRNA; —m— dsRNA

A AR IPTG X dsRNA P25 95400 5 B AS[F1FE-S0F [ % dsRNA 7= & 195400

FEAE ) dsRNA iR % 25 57 3% (P<0.05)
B2 AEFSEGITEERIEHE=E dsSRNA REXRENF N

7] — [ PR R NG 5 B R AN A7 3 A P 1 R ik 4k

Fig.2 Effects of different induction conditions on the mass concentration of double-stranded RNA (dsRNA) produced by bacterial expres-

sion vectors
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[] R IR 245 21 9 HL Ik BT dsRNA. e S A1 3

Fi o AT LU H , Trizol 32, Y I 1k B £ -

NaCl 45 AT 3R 45 B — 25717 (18] 3A) 5 R H Trizol 55K

PR M v 4R AR 1) dsRNA WS B 5/ F 2
A M 1 ) 3

2 000 bp

1 000 bp
750 bp

500 bp

250 bp
100 bp

Trizoli%: WM LE-NaCl

PE-NaCl 72 , M Trizol ¥ 1 FH I e 12: 75 31 1Y dsRNA JiT
HWRELEE2ZEF(F3B), HTHBHEESRE dsR-
NA FFfs B9 AR A, BT LA K 342 7= dsRNA 1 £
JE o8 FEEE P e 2 B dsRINA J2 A 1Y

—_ 20*]3 sk

é ns '

=

% 15r S — s

%{

= 10F T

i:4

&

< v N
Trizol#: PRIt eI PN

TREUT

A : Trizol ¥ W Bl B £ 5 -E AL AN B BN 5L RNA |, 548 RNase A F1 DNase | 1HALJE BO K 18 ; M DNA 43 FHAr ;1.2 .3 23513 7R Tr-
izol ¥ WP IE 1k B 2, TE-NaCl B4R HR A9 404 44 RNA HLIKIE . B Trizol ¥ ke M2 2, 1-NaCl B4R IS 2 (1) dsRNA FRHRIE, ns. #+ 43

TR A B 2 R ) 3 N 22 HAl i 3 (P<0.01)
E 3 AEREAEBEIR dsRNA EHikBMRERE

Fig.3 Electrophoretogram and mass concentration of double-stranded RNA (dsRNA) obtained by different extraction methods

2.4 RNAi HEFEM

FHZR TR 2215 B9 dsABTPS1 F1 dsABTPS2 132 71 4% Ht
24 h VR ERARICEE ADTPSI 1 ADTPS2 321k /K 1y
T MO ZE Mg AbFRN dsGFP ALFH (1K 4A K1 4B) . 7F
HR(25 °C) MR (4 C) iRk (40 °C) BBk T4
B M9 2P A FIFN dsGFP AbIRIKLE i A7 1% I
i 94% , MM EFEIAH) dsABTPS1 AFEAN dsATPS2 4k

150 A
sk
ns '
i L ! i
7 1.0
¥
g
= 05F
C ]
MOZHTR dsGFP dsAbTPS1
Qb2

FRAGZR AEHIR (25 °C) FIAEEH 550 75. 33% M
81.33%, 4 B F KT M9 28w AL BEAN dsGFP AhH,
TEARTER (4 °C) (W5 (40 °C) K ik T i 55 F,
dsAbTPS1 4b 3 1 dsABTPS2 Ak 3 Y £& i 77 7% R o
39. 67% ~62. 67% , . FAR T M9 2% v i AL BE AT dsGFP
W% 2),

L5r g
*
ns '

HIH L r 1
fH 1.0 f
Wﬁ T
= 05F

MOZE I dsGFP dsAbTPS2

AbER

A AbTPSI HIAAXT 357K s B AbTPS2 [ARNT A 7K. M9 % 0fif . dsGFP .dsAbTPS1 dsAbTPS2 43 3IF| ] 1xM9 Z% vk .GFP KX (1) dsR-
NA AbTPSI JEM Y dsRNA AbTPS2 ZEH ) dsRNA 23K AT TR B 24 h AbHE e | s 435I F R AL B A 22 5240 B 25 (P<0. 01) F & 5 B 3%

(P<0.05) ;ns F/RALIRM] 22 FoR 3

B 4 dsRNA SEXT/KFETRE R ADTPSI 71 AbTPS2 ¥BEFE FKA K FHIZME
Fig.4 Effects of double-stranded RNA ( dsRNA) treatment on the expression levels of AbTPSI and AbTPS2 in Aphelenchoides besseyi
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H AT, VEY% B3 D516 18 H s 27 25551 A
Yok el =t 255 it | (0 28 dUopg FE P i B = A %Gty
ARFBEE PRI . 5T RNAL $2R , W dsR-

NA FHeLk dt 5 B bR I R 1 2 38 7K, A 850 %A
s I 2 o B855I 1, ATk 3 R B e i H
123 R A dsRNA B i B 43 I e 5%
A HE X RNA FIFz L RNA JF51, 4R )5 1B KB
dsRNA R Bt , {H3Z 07 7 K 240088 s b Ak 1 iR &
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Table 2 Survival rate of Aphelenchoides besseyi treated with doub-
le-stranded RNA (dsRNA) under temperature and dehy-

dration stresses

A AHER (%)
pUBL

25 C 4C 40 C TR 1

M9 W 96.00+£2.00a 99.33+0.58a 98.67+1.53a 94.67+1.53a
dsGFP 95.00+1.00a 95.00+2.00a 95.67+1.53a 93.67+1.53a
dsAbTPS1  75.33%1.15¢ 43.33x1.53¢ 51.33+1.53¢ 39.67x1.15¢

dsAbTPS2  81.33+0.58b 55.00+3.00b 62.67+2.08b 53.00+1.00b

M9 22 i . dsGFP  dsAbTPS1  dsAbTPS2 VL& 4 1, [m]— 5 %48 )5
AN/ ING RN AL B 22 57 1 3% (P<0.05)
BUAS = B HOR AR 4%, AN v 5 B I R A
M ERZRE RS A7 dsRNA TR B AR Il AS
R EAE A dsRNA™Y

5E AL 14440 RNAi 24K E.coli HT115 355/
77 dsRNA [ 7= &, BLEF dsRNA J3 51 J 55 9% 5
HED L P ER A M T EE I B MLt
RNA (dsNIAKT) (5% R IRA R A BY IPTG TAE
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