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ExE"” F85 EERHK ARAF FTEA A OEXT

CEE A KA R 2408, FE A 210095 )

B E [HM] A LIOCR AR FE R LR AS R R A S 5K Fr) i B 2 2800 s e 1
F, JFNIT ISRV T T, [ Ak ] s Xl ik i% Riptortus pedestris JUELHIT /G 19 K &
B R LCB T, PRI T 4 A R SR URY i e B2 LR HL2 R AN [ 154538 Bk 1) R S M AT S TN
Hrp Gm2 255 HEH . Gm3 2 5AERKKMG AN . Gme 2 5% F 5B Gm8 25 KAk A4
%%b&co FIHI PCR 94 4 DI )R 377 919 2 pGreen-LUC 244 1o A4 E s i 20K L 3R
JoAF B b, PR AR AT B T SR TR AR O B e 5 2k il ST A R T . Hak, TEAHE I 7 b2k i e 4
ﬂzﬁ{ PERNT 12 h 5 PRI 3R R G0 i BRI X I 3R W I8 16 M (0 52 M SR AT 5 3801 1)
Uift. (4650 ] BUIRMEEER LIk A FIEN] T PCR I 1Y T 4 NHUMEAHSCHER I E 3 1 FOLRBEHR
B RGN | b S TS A LA S Western Blot $6IE 1 4 N3 PR 3l 7 e MR FE ) B ik o B R
BB AL B MeJA Kb FREGTE 724l & R GEHY AT AT o 55 FFHZ O 1A R X O A R M 5 RO 1 3EAT 1 O
B, FR IR 9 A ISR T 4 AR R A FA A AR R [ 8638 ] RIS T IO
BRI Al AT 14 5 e G A0V R BT MR R A R T O T R SOV, 1 A R R T 2, ELRAT R
PREMRAE T 2 S5 A, O oAt B URRON 7 IO TS 4R 8L 1T R
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Establishment and application of a new screening system
for Riptortus pedestris effectors

LU Wang-Shan™ LI Ji-Fen DONG Yu-Mei SHEN Dan-Yu DOU Dao-Long XIA Ai™™
(College of Plant Protection, Nanjing Agricultural University, Nanjing 210095, China)

Abstract [Aim] To develop a new screening system for Riptortus pedestris effectors that target different plant resistance
related pathways using luciferase as a reporting gene, and apply these it to the study of R. pedestris effectors. [M ethods]
Four resistance-related soybean genes that are highly upregulated after R. pedestris damage to soybean plants, and that are
involved in different soybean signaling pathways, were selected after comparative analysis of two soybean transcriptomes from R.
pedestris infested, and non-infested, leaves. The four genes were, Gm2, which participates in the isoflavone metabolism, Gm3,
which is involved in the auxin and glucosinolate metabolism, Gm6, which is related to immune signal recognition and Gm§,
which is involved in the biosynthesis of jasmonic acids. All promoter sequences of these four genes were amplified with PCR,
then inserted into the pGreen 35s-LUC vector. Successfully constructed vectors were transferred to Escherichia coli, and then
transiently expressed in the leaves of Nicotiana benthamiana using the A. tumefaciens infiltration method to establish reporting
systems. After each R. pedestris effector had been transiently expressed in the leaves of N. benthamiana for 12 h, the reporting
systems were expressed in the same area of each leaf. The function of each effector was determined by observing the impact of
each gene on the expression of luciferase. [Results] Agarose gel electrophoresis and gene sequencing confirmed that four
promotors of soybean resistance-related genes were successfully amplified using PCR. The luminous intensity of the luciferase
reporter gene and an enzyme activity detection assay using Microplate Reader and Western Blot, demonstrated that all four

promoters were successfully expressed in the leaves of N. benthamiana. The results of a feeding assay, mechanical plant
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damage, and treatment with methyl jasmonate (MeJA), confirm that this new screening system is reliable. The system was

subsequently used to screen R. pedestris effectors and indicates that nine R. pedestris effectors have different regulatory

functions on the expression of the four reporter genes. [Conclusion] A new screening system for R. pedestris effectors, using

luciferase as reporter, was successfully developed and used to select R. pedestris effectors. This new screening system is easy

to operate, efficient and fast. It provides a novel approach for research on other insect effector genes.

Key words Riptortus pedestris; luciferase; promotor of soybean gene; insect effector; signal pathway; transient gene

expression in Nicotiana benthamiana

JMeZ 0% Riptortus pedestris siEJE T-2F#8 H
( Hemiptera ) BkZxI%EF} (Alydidae ), H#FRHA
D5, RREL A M EENZEEE
W, IR 200 280, WAEEZNED L.
KT KM ERSE, B faFRMAGRRE (&
T, 2019 ), SR, s M2k ik A Y A 2
K, Bis, 010, &ROMSGEHSELTRY, &
] R T ) L A o = R — (RS
%, 02020 ), KEITFIELEIERT, Kk s i 5%
B B B AR G, R ER X 0 2R A 4
i (Lietal., 2019; EFHE, 2021), AL
HEWIE KT G, 2% 8 G IEI e H WL
RBES (HZEASE, 20215 Jinetal., 2022), K
ORI 32 FEAEMRACTT M . FPRDE R s 3
BERRR “FEMIARSE BIRG “RET T (ZE3CHLAE,
2020 ), VTJLAE, HiSgEsRIKRE “AEE”
L 20 0 B I Vg M X B K R () 8 4 A P s L T
FEM, HEA R, RIERE X EIER
R (EFE LA, 2019; SEMAE, 2019 ),
4N, 2018 AETEIT A I B Hy A e 2 i e 3 32 1
HREHE ik 46.9% (GRAEOR X HSE
2019 ), SMEZIERR T B E WAL
FRZ B DA AR SR D, AR VE D A 7k ke (1422 15 3
(Kimuraetal., 2008; Lietal., 2021 ), KM,
MR ZE S E T E R A ERERE A
JE, T IR G [ RS A =, R S e Y
BiiG AL RS (ETA, 2019 ).

SRR B TR I EUR AR B R L Al
B 36 A ) B 36 A2 A i 25 AR B it ( 5K A
FIXUET-, 2019 ), fEREAEFI, WLk
WE HUPK | RN 2 I A A 2= 2 R AR AR R R | EPBR
REEWARZ; ROGWOGRIG , 15 R PRI (4R &
FlR 45, AT A0, RIS RL

I, IR B R s RGBT, THFRZE
FFEF A IRMEY) S SO i R A 3 (B
SR, 2023 ), HEETER BORON T SeAE R B
B S EAERITE AL, T B SR 6B 1R
BRI E B, B, PrEHAFEY) NLR
B IR 2 i A LA ) B (Kloth et al.,
2021 ) AR ) B U0V AR 1Y RNA interference
(RNAi) B R ARZE (Groveretal., 2019 ), M
RONL T A5 T-IRFHT Y U S iR B A SR 2
BT ) — A~ 5 . Huang 4% (2021a) i3
3 BT 1 B8 5 M T AR 8, 1) 2 AR S L BSCH T
BT 136 My 1, Horf 5 56 - RpSP10.3,
RpSP13.4, RpSP13.8, RpSP17.8 #1 RpSP10.2 7£
M 2R 08 5 5 R A0 M AL T TG MR k. i
(2021) “FWEEBKAEMER I, 45T 68 1
(E30 A RN NI TIPS 23 9= =22 3 737 % JVAS 8
TERYI DI RERF

B 1 AR T 1 G 1 AR AR 48 T AR e D A
ROV, F R T BEAAR R, 32 B A R Rk M
U5 S 40 1 BT T R 9 R G g 1 AR X
( Pathogen-associated molecular patterns, PAMP )
PRI AE T AR N I e R 2 (Mutti et al.,
2008; Maetal., 2015 ), {HLER A FH LA R i
TE 8O0 F A= />, 1 Huang %5 (2021a)
M 136 4> s SR IR P R T S NS
HHE AL AE T (1 3L 550% -, Dong 45 (2022)
M 200 DR P ESER] T 4 A R EIE U T
RNAi H KT 0 T B %0 1 D) RE
IRFSE, WNARF Bl Bemisia tabaci Armet il Bt56
RO RNATILBR S 5200 T Ay EUAY A T
4 (Xuetal., 2019; Duetal., 2022 ), {H RNAi
Hid TR A 808 LA B U0 T Y ZhRE
AN T RN T w5 . HABBIFTE 7 k] an e
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FERM YR S7 ( Zhou et al., 2021 ) FI CRISPR-
cas9 FLH AL (Chen et al., 2016) %5, Tk
RENT IS R S A5 [ B AN
T B HUON - ORI 6 o DRIt , A D)5 B
ST R AR TR IR R

FIH 2 6 2 Wl AR e 15 B 292 v
T AL HA DRI, IEH T AT B R o2
F PR30S AN 7 B9 0 € ( Bagehi et al.,
2016 ), DEIGCERBESEE R R Ge RPN H T I
ROV T HIWFSE . 40 FRKI J3 30 T35 F i1l e
IR WS FE P T2 FRK1 (5L
MWF (Mang etal., 2017 ), K, ARBF5EHIEE T
ISR BE 5 3L, HME AR YIS
10 fi 1) o5 M R N, TR e TR R, [RIE FH T
SRR RN TR RS . 25 RBH, RIER
BRAER A 25 FOEE BRI, T iz
TR AN TSR

1 #MR5ERE

11 HiEYwNER

5 A= UK G AR Nicotiana benthamiana # - #11
K& Glycine max F+ i i stk K2+ A8 5 5%
B OAE I % R o PR R 3G 95 45 1 34
Hp: AHXHEEE 60%-80%, R (25+1) °C,
JEFWIA L : D=16 : 8, A KMIEFE 14 d 17T

B, BRSHEKR 28-42 d TS, K&
MR B — A H R #7525

SIS T 2019 4FE TR LM FF= BE K
TS R, A IS E SR IRE S A
LRI FEAE 50 cmx50 cmx50 em U258 T HL,
PR 21-28 d R EAERE (Wiliams 82) DL JZ
KGRI 58 HLVE R s e 20 () Bk}, SR R
ZEIAERHEE H 60%-80%, RN (25+1) °C,
WA L 2 D=14 : 10, BBS W20 0% L A 7
S RISk Spodoptera litura % HL R R AR
Al R 2E B T I MR I SE 30 s B i, H/INEE
JUR 25 R0 8 A BB T ARDRHE Ry RS0 3k 1
Bk, IR NAHXHEE R 60%-80%, 5%
g (25+1) °C, JGHRRSIE] 14 h 5 2EEEEFE] 10 h
SRS . B 2-3 IR RIS IR G B I

12 XRERHERBESEITFISH

U TR AT A 0 5 s S R B ) AR JIE R
SR R FERRBCE. RNA, 5345 T K
I R SR B o T S X R N SR 4 B Y L
BOYHT, Bk T s S B IR S R R
IRV i IR 3 A i — 25X i 2 - 33 P 1Y)
KEGG pathway 7381, MH#kiEd T 4 M= 54
[R5 53 s i R T SE R, Z Sl 44 Gm2,.Gm3,
Gm6 Fl Gm8 (£ 1), it S54RI IT Y [F] YR 5L [
Oy M B AH SRR, & B Gm2 b SR B il ,

F1 AXERHEHEXERER
Tablel Geneinformation of insect resistance genesfrom soybean

DR T IR I A . IR %
g ey DPTTIREN SRR L fieix
. Arabidopsis . . Fold change of
Gene ID Accession no. Functional annotation .
homologous gene upregulation
Gm2 Glyma.07G150900 AT5G05600 ﬁ/ﬁfﬁ[ﬁ”ﬁiﬂj‘ Isoflavone metabolism 44.421
(JOX2)
Gm3  Glyma.l1G197300  AT4G39950 i (A S JR¥% by msIvk-3- 2 B fl5 (AR KR AT 20 67.961
(CYP79B2)  #1ygiik )
Convert Trp to indole-3-acetaldoxime (IAOx) (a precursor
to IAA and indole glucosinolates)
Gm6  Glyma.14G048100 AT4GO08850  4ghth—Fhts s (AN i = 5 AL A: Wy A By filae 12.601
(MIK2) Encode a receptor kinase involving in abiotic and biotic
stresses
Gm8  Glyma.13G239000 AT1G17420  DJ o-WWBKER MR A A 13S-Fad 8 W fF IR 16.101
(LOX3) Using o-linolenic acid as substrate to synthesize

(13S)-hydroperoxy-(9Z,11E,15Z)-octadecatrienoic acid




- 52 - o B 3244 Chinese Journal of Applied Entomology 61 %

Z 535 FBACH =9 & B ( Hernandez-Vega
etal., 2017 ); Gm3 4ufid4ifii(a & P450, =54
KR ARARE P a AR A T 196 L (Hull
etal., 2000); Gm6 Hwfih—MZIKiKl, =5
A AAEA= Y8 (Rhodes et al., 2021 );

GmB Mg A A 3, ML RFITRA YA B —
RN, UL o-ERRER R & B 13S-Sad &0
JiM2 ( Biirger and Chory, 2019 ), RG45AC K

FHKE Williams 82 I HAH s ( https://
phytozome-next.jgi.doe.gov/info/Gmax_WmS82 a4
_vl), FRIT 4 NI E 37 R

1.3 XEMEHEXEERZ3TH PCR I i

RARRELM R 7R R PR, R A B
WS % HL 8 WHE , BIFBS Jm O AR A 4% IR Plant

Genomic DNA Kit {7 & ( RARARHE (Jbnt)
AHBRAT, $8%5: DP305) AYULHHHR R T3 A
41 DNA JFHRE TR - 80 °CUKA & . LA
KGH A DNA Bt , DLk 2 e silfEs
14519, FIH] Phanta® Max Super-Fidelity DNA
Polymerase 1Al &2( B S IAMEREA IR R A R
oAl 85 P505-d1) #EfF PCR. PCR 4%
4 95 °CHIAEYE S min, 95 °CAEME: 155, 55 °C
Bk 30s, 72 °CHEM 2 min, &3 32 AN A
72 °CIEMf 10 min, fJE7E 16 °C PR, PCR
S 7 0 ) B R A e a2 A T R YK 4 5 o
B E 3k R A4 5T, K s 1 0 H
B DK HL Uk 2545 5% H FastPure™ Gel DNA Extraction
Mini Kit i & (B8 st MERe A PRk e B
N, RS DC301-01) #EATHIEE I .

®2 XEEEBIHTFH LY

Table2 Amplification primers of soybean gene promoters

F N5 Gene ID 5'5|%) 5' Primers

359 3' Primers

Gm2 CTATAGGGCGAATTGGGTACCTTTTCTAC  ATCGATACCGTCGACCTCGAGCATGTTTGGG
CTGTCAATTTGGA AGGCCAATGATTC

Gm3 CTATAGGGCGAATTGGGTACCTTAACATG  ATCGATACCGTCGACCTCGAGGGCTTGGAAC
CGGCCGAGAAAGA AGGGTTTTTGAGG

Gmo6 CTATAGGGCGAATTGGGTACCCAGTCTTA  ATCGATACCGTCGACCTCGAGCAATTATCAA
CCAGAGTAAACCT CGAGTTGACTAAG

Gm8 CTATAGGGCGAATTGGGTACCATAAATTA  ATCGATACCGTCGACCTCGAGTATATACTTAT
GCCTGTTAAAATC GCTATTTGGCAC

14 XEEERIFFREBEHLESHER
R RiE

FH Fast Pure Plasmid Mini Kit iH] & (75
A MER AR R AR AF, 5
DC201-01 ) $2& B 5 2 BUA 1 H 7 9 % 2R Big i
T ILR ) Pgreen ZARTTRL, $2HUS 1Y pGreen #%
HECRA A Kpn T (EEPIfA GGTACC) Hi
BamH 1 (17 55 GGATCC ) FF PRI 1]
T 7] o ] 1) AH ] £ il e 4l Ak 19 R 2 36 DR S
TN TUIE K B S R 2k A BRI A E )
P ] ClonExpress® 11 One Step Cloning Kit

(R IEMERE E MR R A R A F], 5255
C112-01) FATRIVEE AL, HIg d ™= Py i 44
WO AR 7 X A KA AT T Escherichia coli

IM109 JE&z 2859 (Bt ELIRE AR A BR A ).
T8 o f o B Al O R TR A 1k B AR g AR AT
4 Agrobacterium tumefaciens GV3101( 5 51 . IF
YR ABRAE] ). FAb G P ARFFETE 28 CTHI
220 r/min FE55F 36-48 h, @i ELOICEELN,
VU 3 e B HE BT PR AE 10 mmol-L™' MgCl,
H1, K ODgoo THE 0.4, BRIER SR AP A AR
R, AT R Ak P R e 3 S 1 AR A e
R L R Rk

15 EHERKE Western Blot &7

B 0.1 g Rk HE AR MHE: o, FHATES
BL ( Tissuelyser-48 ) ( b5 L & R A BRA
A ) R AR . B R AR S 1 mL
2 A2 HGR ( BiC /7 - 948 pl HePes Buffer; 50 pl



14 B EEF

SRR

TR B A AR G ST R - 53

10% Trition X-100; 1 uL PI; 1 pL 1 mol/L) J&%)
Je BB VS W T e BB R A R N s IR
EERE LK ( SDS-PAGE) B AT, SRJE I
R 3| —H 20 pm 1Y R W B LM (PVDF ) Jl
FHEAZ R (& S%MAE UK ) TBST) 7E=
Ui . 40 r/min FEIREA 1 h, K anti-LUC A E
28 b, TEEIR . 40 r/min $ERIFE 60-90
min, F] TBST i ¥E 3 ¥k (&K 5 min ), RJ5¥
BES i Epr /MR (12 10 000, Bl 5§

n0.926-32210; Li-178 Cor) (75 5 % hgUh#)
) TBST 1, Z5iR. 40 t/min %% 45 min, WH
59058 TBST 183 3 I (BKE 5 min ), HL
1 mL SuperSignal™ West Pico PLUS Stable
Peroxide #1 1 mL SuperSignal™ West Pico PLUS

Luminol/Enhancer ( #E#R € /REHE A A, 125
34578 )1 : 1iRG o KR G W N = PVDF JiE |,
WEOGHE 2 min JF LA BIRIX (BioTek ) Hrif4T
SRR

16 EEMRBICEANE S RKEFENE

ARSI FH T A A 30 mg/mL D-Luciferin,
Potassium Salt D-2¢Y6 & (HiEh ) (g ik 4
YR A BRA T, $85: Y302A) ( TAEMRE N
30 mg/mL ) WEhEAE M EL I A R, EDOGHUE
5 min, KRR RS T IE AL (BioTek )

Reporter Assay Kit ( R 504 MERE A= Y RHE R0 A7
BRZNT], 525 DL101-01 ) K63 5] &5 i3 B 43 51
il LUC Fl Renilla Luciferase (RLUC ) [
WE, FHE L LUC/RLUC BYAMINS F(EAR E %
SCEBREME, FJa BRI A R T A AR
i 22 ) A TS 2 25 5

17 RYESIBINTIFEE RBRIE

FEAEABSEAE MR B CaM V35S 585 35 T8 A%
KGR 3 FHE A pGreen #4K (p35S-Luc)
FE7BHMEXTRE, DA pGreen %5 34K ( empty vector,
EV) YERBAPEXT B TR R A IIE . RHEUR K
B b BT il REEA IR IL 36 h 5,
FIFH 2-3 W RSO KA sUBCES [l — K i R 4
ME LB, BCEIESY 2 min, REHRE A
AR R X BE S MU 5 b B 15 R GE 3Rk 36 h
JEME 1 mL SRR S 2R e, AR R
Fi 2 BE ( methyl-jasmonate, MelJA ) kBt Jifa
400 pmol MeJA ( sigma-aldrich PU#% 3t B2 fi F 2y

( Bifg) RO ARAF, 555 392707), Wi
ddH,O fE X HE, Ab3E 2 h 5o R R I 1T
P P LEE

18 RSB FHIRIER FiE
IS5 28 B 1) A5 36 5 0 0 6 3 R R A 2

T BEAT RS A ORI IR . WAL B A R, 1] ?EP BEAILEE 1 9 A HL I RE M R AE R0
WFEE AL EEFE & o 2 J5 4% I8 Dual Luciferase T, W 3. FFEXEEIER A cDNAs 43514
R3 ABSEBYNTF PCRyESIMEERARS
Table3 PCR primersand genome ID of Riptortus pedestris effectors
RIS IE RN T S ' 5514 3514 SR H G

Riptortus pedestris effector code 5' Primers 3' Primers Genome ID
RP36 ATGGTTGCCATATTCAAGGC TTAAGAAGTATTTTTGGTGC GWHPBAZH008699
RP382 ATGAAGTCGATTGTTATATT TCACAATGAACAAATCTCAG GWHPBAZHO001967
RP384 ATGGCCTCACATCTCCTACA TTACAACCTTCCTAAAATGA  GWHPBAZHO005043
RP369 ATGCGTGCCCCAGTCGTTCT TTAAATCGTAAGAGGTTTGC GWHPBAZHO013375
RP377 ATGCAACTGTTATTGGCTCT  TTATTTAGGAGTGAATGGAA  GWHPBAZHO012582
RP438 ATGCGATTCTCTTTGGTCAT TTAAAAAAGTCCCCAGAAAG GWHPBAZHO000271
RP400 ATGCTAGGGCCAACCATGGC TCATGCTGAGAAATACAGTA GWHPBAZH000256
RP401 ATGCTAGGGCCAACCATGGT CTAGCGAATCCCTCGCTGAG GWHPBAZH000260
RP403 ATGAGGCTCTGTCTGGTCAT TTAGTAAAGCCCAAAGTGAG GWHPBAZH000517

SN F 5 AT 38 0 2 R 4 45 AN Huang 55, 2021b SCRKSRERL

Effector sequences can be acquired from an article of Huang et al,

2021b.
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3 S5 % BUAT ) pCambia 1300-FLAG #4K I,
FEAR ERUH BRI 223K o RN T AEA FARI | bt 3%
ik 12 h JE RIS RS, 36 h ¥ T,
PRSI SEC R , B TGRSR o0
PR B EYTIRIE

2 GRS

21 XERHEERBERBIFFES PCR I 14

A 3 3 S i BT R LA S 2 s
PRIEH T 4 ARSI IR A BRI H

REZIERBFHREM
Infested soybean leaves
by R. pedestris

A
XA M A

Control soybean leaves

=5l
B |

i i
HERNARE ‘ HMRNAFZE
Total RNA Total RNA
extraction extraction

v
KRG 3 R P
Transcriptome sequencing of soybean leaves
’f?i‘{éﬂﬁﬁé}ﬁ¢ Analysis of transcriptome data

Phtk RSB IR S R B L IRSRIA B
Selection of highly up-regulated genes
after R. pedestris feeding

X+ EEE K FKEGG pathway /4T
KEGG pathway analysis of up-regulated genes
v

BaEAN RSP BAR R R
Identification of 4 genes related to
soybean resistance pathways

AR R 7 2 PR 2 5 SR BBURE SRR PR ) 3l T P51
Obtain the promoter sequences of related genes
based on soybean genome data

Z 5RRE S8 B K G HEAE D (Gm2,
Gm3, Gm6 #l GmB), FH&45a U kRN KE K
Y, ARICT 4 A HER IS 2753 Bl 45 4 pGm2,
me3 pGM6 1 pGmS8, UMK Tk 1.2,
A ILE 1 (A), 4 M KRGEFS SR
E?L%'j‘u@ 1 (B)o FIFH#EER R ZE 4
DNA 1ENBMRIR 2 PP sI7E 5149, PCR
PHET 4K EEEE ST, Bk s

K 4 ADFREEB G sh T B BLY 8 5 #9271 KN
S5 N—2 (F 1. C), E£HX 4 4 FEH
Ja S BT .

B

o~

4 Tryptopha
Effector CYP79B2

/ Scoop a-Linolenic acid 4|,

LIRS 6\- Jk\ LOX3  1a0x

Joxz.\,/\ a \

12-OH-JA IGL

%/

N

C

bp

3 000
2 000
1500

B1 XEnEEXERZEEEFFIE PCR H g

Fig. 1 Selection of soybean resistance-related genes and PCR amplification of promoter sequences

A REHUHEA I B BT 3 B. 4 D REZHUTHEA IR TE M AR Y vk B R PR 5

RAOH KR IR,

RO AR AR TR C PUPEAR RN R 3h o9 g sk A

A. Selection process of soybean resistance related genes; B. The roles of 4 soybean resistance-related genes in regulation of

plant immunity; Black arrow indicates positive regulation, and barred line represents negative regulation;
C. The gel images of amplified resistance-related gene promoters.

22 REERARHFRIEREHHES K
HEL

PN pGm2., pGm3. pGm6 Al pGmS

PCR /¥y, FIH Kpn 1 #l BamH I At 2]
pGreen ZRAAR I, AR KN H 13 B4 AL,
HEWE 2 (A, B), I pGreen 2 1A %Ak
FNRIGFF REEZ A 40M b, JFAIH PCR AT
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- |

w
o
[
g

IS [e]
5 % pGreen I1 0800-LUC
6382bp

=

W R W) AP A

\ O% A g Spraying luciferase substrate Bioluminescence detection
S% é@& SE— | B0 -
KBS RFEASMENRS =
o Agrobacterium-mediated RRerereetetere
“ i i V] Y — 1y 3 N 3
Construction of plant fransient expression o Q@YM%?‘?W@E‘ B (ORI 5¢ 't 38 M 1
expression vector Incubating leaf with buffer ~Luciferase activity detected by
solution microplate reader
> O %
& o e
B CaMV-ter CaMV-ter C bp M QCb QG QO QC’
3 000
2000
CaMV35S MCS 1500
romoter 1
P Kpnl BamH1 000
JABTARANLE

B2 XREHHHEXEERBHFRIEZEHHEER PCR IIE
Fig. 2 Construction of expression vectors of soybean resistance-related gene promotersand PCR validation
A, HAREE BAKT A S RIBER KA LR B, RS P AGLLUR R & ks RIS 274 A AR,
{7 F LUC 2 FiF; C. PCR ¥ #7= i ik . M /R34 F ibrie,
A. Vector map and the experiment procedure of agrobacterium-mediated transient expression; B. The insertion sites of

promoters; Arrow indicates the insertion site of promotors, located upstream of LUC gene. C. Gel images of PCR products;
M indicates the standard molecular weights.

J7 X BHPE R AT A TR . 25 R EH, pGm2.,
pGm3 . pGmé6 Fl pGm8 [ PCR =45 H [l 555
K5, £ (E 2: C). I SeqHunter
W 755 B AR 50T X, g5 R EOR,
pGm2., pGm3. pGmé6 Fl pGm8 (K755 Hbx 7
G5t a—E NI, DL 2SR E, pGm2 . pGm3 |
pGm6 Fl pGm8 #i ) FRiB BRI 2

2.3 {HERRER I RIE N 0 I 4 R B9 IEE

231 FEEXRBIERESRSE HERBTR
AL FRALEIRITE GV3101 23, JFEA K
HHHP R IK o SRS FEMH L 7 R WD R
B RGP HATIO R BTEMEMEE (K 2: A),
LI pGreen 25 #/K ( empty vector, EV ) 1E A BAY:
Xt , DL pGreen 35S-LUC 1 BHYEXT R, &4

KL, BN BB pGreen EV 345 WAL 21|28 Y 2R fiff
K3, pGm2-Luc, pGm3-Luc. pGmé6-Luc #l
pGm8-Luc DI S FHEXT IR pGreen 35S-LUC Hfig

WMERBNZOCRMEAE (K 3: A), KB4 DEEH
JA BT UKL R AR RE IE H 5 . O T Rk
PLEZER, FRATT#E— 20 20 R B pT iR i
Western blot il 2 [ 1) RGN . L5 R Wos,
pGm2-Luc, pGm3-Luc, pGm6-Luc Fl pGm8-Luc
FEAIREBAEA A IEH £k (1813 B). &
Je s RUHBERACKT 4 RS R GERI DO R BTG 1
PEAFREI AT, S5IREBL, 4 R4S RGeS
MR FACE TG (K 3: C). LA L B8R ER
B, 4 A REGPHER IS 3 7y REE 44
REAEAH IR 3RI5 .

232 PNYRHENEFSHEERLARIE
pGm2. pGm3. pGm6 Fl pGm8 4 AE Bl i =3
BRI SIR IR JE T RIE, T RIERE RS
A RO, FAT T HINE S 2 1 45 3 At i ik 4
HEE T #3k pGm2-Luc . pGm3-Luc , pPGm6-Luc
F pGm8-Luc WA LCHANM | o DA pGreen EV /£
FH P XF BB Al pGreen 35s-LUC 1F & BH M X R
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55 kD-
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Kl KGR RR s Fiik s C. s RGNV R PRI

1: pGm2-Luc | 4:p35S-Luc (PH:XT AR Positive control)
2: pGm3-Luc | 5: EV-Luc (Xt HR Negative control)
3: pGm8-Luc | 6: pGmé6-Luc
2
¢ 2 0.020
o 8
0O 0.015 * %
=)
gg 0.010 -
=)
32 0.005 | il
= o
= > *
%3 0.000 = .
0 @ PP
R R R

1 245 Reporting system
B 3 KREHEMEXERERFREERNRIERIIE
Fig. 3 Transient expression of soybean resistance-related gene promotersin tobacco and validation

A. REHHEAEER G 3 F7EA KRB F ) LUC 1K HEWEL; B. I LUC #ifk Western Blot

BA % BB 5 EV-Luc FERYEXT I8y

P35S-Luc, & 4-K 6 [al, ** KR4 REHY 2SO0 RGPS BATE X AR L BA I B2 22 5% (P<<0.01),
RN RGP B RS B A L B R E R R (P<00.05 ),

A. Observation of LUC activity of soybean resistance-related promoters after expression in tobacco; B. Western Blot detection
of expressed soybean resistance-related promoters using LUC antibody; C. Measurements of luciferase activity in four report
systems. EV-Luc was used as a negative control and P35S-Luc as a positive control. The same for fig.4-fig.6. **indicates that

there is a highly significant difference in luciferase activity between reporter system and the negative control (P<<0.01). *

indicates that there is a significant difference in luciferase activity between reporter system and the negative control (P<<0.05).

(Fl4: A) 500N, BRSO kA HBUE 5
#) pGm2-Luc . pGm3-Luc . pGmé6-Luc A
pGm8-Luc &t & B 2 5% T A g B nd 4
MH (E4: B-E). 8, AR fuqL,
N g3 B e ¥ BB B RE DR 8 pGm2 ,pGm3 . pGm6
M pGm8 [ 85 R ML P 1 3k .

2.3.3 #HHHRG ( #H4l ) iR EE R KR
B AR R R e AR rh 8 S X R A 3 AL
B, FRATRUM A (EFHL ) BT U
AT A . RS TR LA RS s 1.7
FE 5 (A), 5FER, RETHUM A0 LY
PR EEBAT I B 225, 1A MU A7 Ak B )
A R 4 R A D R A R R REEE Y
HnE, Z5RRY, MU FFEE Gm2. Gm3,
Gm6 H1 Gm8 MFaF3Kik EiM (E5: B, C).

2.3.4  HNIRIE HE S F1 B8 B B S 2 M 4R 2 B E Y
Rk AR P EE IR AR (Jasmonic acid, JA )
HE KM IR A, VR S 80 AH DG A ik
2, A S R B RO AL ROR ,
EAEY) e IR R K s (515, 2014 ),
AT Gm2 promoter-Luc, Gm3 promoter- Luc .
Gm6 promoter-Luc Fll Gm8 promoter-Luc 7EA G
M i 263k 36 h J5, RSB SEFTR H S
PASi ddH,0 fE R B, 403 2 h )5, BEiEses
R, W E TR BURACh#E T LUC %
Herm g (K 6: A), Z5RER, AR
TR P Ak B AN 8 ddHLO ADFR T & 2 ] I35
AR ZES (B 6: B), Z5HREY, FKFmH
P A5 K 2P HE R Gm2, Gm3, Gm6 il GmB
#ik,
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HEHEABRE
Agro-infiltration of
recombinant vectors

B pGm2-Luc
pGm2-Luc(CK) (after insect feeding)

pGmé6-Luc
pGm6-Luc(CK) (after insect feeding)

BlRE
Insect feeding

€K  Insect fecding

LUCHE

LUC fluorescence observation

pGm3-Luc
pGm3-Luc(CK) (after insect feeding)

/.,«"_9 T~

pGmS8-Luc
pGm8-Luc(CK) (after insect feeding)

. ~

B4 SoRBReFSREERN AR
Fig. 4 Up-regulation of reporter genesinduced by feeding of Spodoptera litura
A. RSB EE R BN R A W 01T B-E: RIS ECE 5 AN R 5 3 R A 2 o B A T
A. Experimental design of the effects of S litura feeding on report gene expression;
B-E. Fluorescence intensity detection of different report genes after feeding by S litura.

2.4  FOHGEA R LR T R S N T RIBE R

FRATT S 55 2 T IO 0T 0 e 5 s BRI O TR
TR AT IS, W BEECT 9 A i
G WU I 0 Wb 3 K 5 R RN, A BIE AR R
JEI ot 3k (DL GFP VERRTIR ), 12 h J57E
1 RN T 5 X I B 4 ARG
TR IR, 36 h JFEUR MR, 7RSS

MED R BHRY), 5 min J5 & TGRS bt
FrEE LUC %G i 45 36 1] RP377 .RP438,
RP400, RP401 £ RP403 #lii| K & HithFE N Gm2
f)2¢5, RP36, RP382, RP384, RP377, RP438,
RP400, RP401 F1 RP403 T & KEHPEFEH Gm3
Mk, RP401 IR EHiMEIERE Gm 1Rk,
RP377, RP438, RP400 il RP403 i K& itk
HPH Gm8 #Eik (Kl 7: A-E).
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LUCHEE M

HSTE A M
Agro-infiltration of ﬁ'ﬂ‘. LUC fluorescence
recombinant vectors Needle pricked observation
Needle pricked

: pGm2 -Luc
: pGm3 -Luc
: pGm6 -Luc
: pGm8-Luc
: EV-Luc

: p35S-Luc

A AW~

B 5 #HMHRGIEETXEREEXERMNRIE

Fig.5 Mechanical damage enhanced soybean resistance related gene expressions

A BB G i R GRS IR R R B SE e e B-C. LRSI A5 b P 42 15 5 PR ek Y2 e il
A. Experimental design of mechanical damage impact on the gene expression of report systems; B-C. Fluorescence detection
of report gene expressions after treatment of mechanical damage.

HSTERA R WS SR 1 R FF R LUCZHG M
Agro-infiltration of MelJA spray LUC fluorescence
recombinant vectors observation

B

: pGm2-Luc
: pGm3-Luc
: pGmé6-Luc
: pGm8-Luc
: EV-LUC

: p35S-LUC

A B WN =

B 6 FRARPABEAZMAENEEIERNRE
Fig. 6 Methyl jasmonate did not affect the expression of soybean resistance related genes
AL SRATR I E R R G 1 S g it B SRR T R AL B AT J5 A TRM - 6o B
A. Experimental design of the impact of methyl jasmonate on the gene expression of report system; B. Fluorescence intensity
of tobacco leaves before and after treatment of methyl jasmonate.
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1: pGm2/3/6/8-

. ) 3:pGm2/3/6/8- 4: pGm?2/3/6/8-
Luc+GFP 2: PG23/6/8 L uc+RP382 Luc+RP384
5: pGm2/3/6/8- 6: EV- 7: pGm2/3/6/8- 8: pGm2/3/6/8-
LuctRP369 Luc+GFP Luct+RP377 Luc+RP438
9: pGm2/3/6/8- . _ 11: pGm2/3/6/8- 12: p35S-Luc
10: pGm2/3/6/8
Luct+RP400 Luc+RP401 Luc+RP403
st
E pGM2 Up-regulation
[] i‘:%uﬁ
No influence
PAMS ) s
Down-regulation
pGM6
pGM8

AN\

& FFES

SN

S
ARV R R

B 7 FIFESL AR R S A e SR F AT 0 R
Fig. 7 Using established screening system to screen Spodoptera pedestris effectors
A-D. RSN F X K G HUHEAE I H FRIB B0 5 GFP /E X B ;
E. sUBZUERUN TR B Rk T I 45 R g

A-D. Impacts of R. pedestris effectors on report gene expressions; GFP was used as a negative control;
E. Statistical result analysis of regulatory roles of R. pedestris effectors on reporter gene expressions.

3 itig

AR, AR PR B A i 5
FE cafe Tk o N NV EREST L S0P 22 37
I TR 7R o BB 3 BV e S B A
W BT e R, P R
HEPTVEA (Schuman and Baldwin, 2016 ), 31
WL ST 35S B s FIKsh Y LUC MR A4
PR R BHME X R AT GFP R BATEXTIR, JESE T 4
AR RGUAEAR T P IE 5 Rk B e et
B AU FALRAL B S, S5, S ih
RSO R B DL KA FLARRE I T 2F B K
Gm2, Gm3, Gm6 I Gm8 (1) FiflFik, FIHHI
W X HR TR g = o DL R LR A5 BR B 1
LI ARHRA %) G 38 B B0 S5 7 o iy 3O 0F 5 3 A ML g X
P 5 H DA 2 Al 2 Oy U A, R ik
DA EUCE AT R 2 WA ) e 5 5 LA B0 49 1

M e 2 ( Bonaventure, 2012 ). B 28
R 2 T AR P R PO R B 4
M E Y, RIFER S L1, B
W5 R WA ) S P A5 5 38 5 B AN, T Y
B T3 2w AH{e) ( Erb and Reymond, 2019 ), (A,
AT AR SE T AR R 1A B

AN IRt A TR FH g, A IR FT R FH R AN 52
e 4 A R 5 5t o 43T SRR AT BN Gm2 . Gm3
F1 Gm6 Z3 il S EAC . A R A
M RLK fF5ghEE, A2 5REFREG K
AES 43, i Gm8 SEIRAEAHE 3, HImEE
DL - RRER N IR AL & L 13 S-St IR R
LOX3 #H, &5 JIA WA M F—4 ( Yang
et al., 2020 ). MK R FH IR 2 A R A4 K 1k
Wi, T JA {55 #E R Tl (Birger and
Chory, 2019 ), L, SEFIERH BR AN KT
YU Gm8 W3Rk, K, FMili MeJA A4
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S 4 AEEER IR Y Rk

T AR A IR R T 9 ASZH0
A R GE B W 2R AN T, Hod RP36 A
RP382 NRIVEILH , Jy8m AL, ksl Rk
] RP36 Fll RP382 #BHE T MK GhitkHEH Gm3
L, WSS KEMEAmEHET A
B, TR A 3 AN LD R WA R, TERH TR
{2 22 10 FH T 1 W 5% 0 A58 N7 T O 9 1) ] e o (IR
W PR 258 Gm2 F1 Gm3 167 FCUA Th i 2 i
FIRAKOT R, LGS A R R e I i % (5 il
HE RSN T 5 1 Gm6 AT Gm8 7E AR FC A H A AR
PRI, DO BEREES, WA A Ok i ik
VA AR 5 B A RN T o

ARSI B0 ST R 0N T 5 A 2R A B SRR
T EA T Z BN AT (1) MRS
FOARIE R 3 3l 7 A TR) W] LA 326 5% 1) A 420 AN [+
BT P B RO 5 (2) BN ) i
Al LAZEMEAF AR AT A A RIBR , ] dan a5 e 2%
Lo S NI (N B i =2y N 3PS [ AN Sy N
F, ANREFH TR Tk . i IR R AT LA
15 356 B R4 R M 1) s I 0 8 T B 1Y
B H S50 0 25 A 2R ) R A R 7 2 75| A
JZET- A0 PAMPs i & RANIESET, RElfiE
5 B B R AU RN T /> (Huang et al.,
2021a; Dong et al., 2022 ), AR ZRBEA RN H:
Ao R, A1 RNAI 7kt BRSO T D6E
FHEG, AR REERE i R L Re ki E 2
ANIESHREMAN T (Du et al., 2022 ), {HAAZR
WA JRRYE, ARRE @ SRR A EAE R
FEIRE RN F o
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