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Abstract: To test whether the effector Hgl6B09, identified from the soybean cyst nematode (SCN), Heterodera glycines,
plays an important role in manipulating host defense responses, we used Nicotiana benthamiana to transiently express
recombinant Hgl6B09 plasmid, and different immune elicitors which can trigger defense responses (PTI and ETT). Then, the
effects of Hgl6B09 on PTI and ETI suppression were investigated by determining the reactive oxygen species ( ROS) burst,
hypersensitive response ( HR), and the expression of defense marker genes. Transient expression of Hgl6B09 in
Nicotiana benthamiana leaves significantly suppressed the production of hydrogen peroxide and the expression levels of
defense-related genes ( PTI5, WRKY22-A, WRKY22-B and ACRE31) triggered by flg22. The transcript levels of PTI5,
WRKY22-A, WRKY22-B and ACRE31 significantly decreased 45% , 61% , 67% and 61% in N. benthamiana leaves
expressing Hgl6B09 when compared to that in the control leaves, respectively. Hgl6B09 could also inhibit HR induced by
Pseudomonas syringae DC 3000 and an avirulent effector Rbp-1, which resulted in the smaller areas of cell death on the N.
benthamiana leaves. qRT-PCR analysis further showed that Hgl6B09 caused significant down-regulation of defense genes in
salicylic acid signaling during Pst DC3000 infection, and the expression levels of PRIa, PR2, WRKY51 and PII induced by
Pst DC3000 decreased approximately 67% , 71% , 48% and 81% in the leaves expressing Hgl6B09 compared to the control
leaves, respectively. In conclusion, our data indicated that Hgl6B09 acts as PTI and ETI suppressors to perform its toxic
biological functions during SCN-host interactions.

Keywords: Soybean; Soybean cyst nematode; Effector; Hgl6B09; PAMP-triggered immunity ( PTT) ; Effectors-triggered
immunity ( ETI) ; Defense-related genes
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R TE A8 3205 I ) A e I 23 080G A B 92 Bl
ARG, FEW LA 20 R v, 55— 2R
T 40 MO 35 T (Y #9532 K (Pattern Recognition
Receptor, PRR) PUjIJ 25 FA ] F) 55 JL i A= A X o
f( Pathogen Associated Molecular Patterns, PAMPs)
HET b % B — & B BTk S N ( PAMPs-Triggered
Immunity, PTT) , o SR PTI Sz by 4045 5 5 15 1
B TG AL 5 B N T5 2 4 (Reactive Oxygen
Species, ROS) Bt % . FBEAA T . MAPK 25 35¢ 3 (%
WG MR B A I R A R R R
VIR ALY S R 0 200 i PN — S B 5 T IR 46
BHME AR EEL XM ZIREEN
( Nucleotide-Binding Domain and Leucine-Rich Repeat
Receptor, NLR) 38 izt A7 880Ul i Ji 147 23 6 14 R4
A, HE O B 56 5 SN g FR O ETI( Effector-
Triggered Immunity ) "*! 7 ETI Sz 17 3 0 A 49 40
w47 AR K& ROS, IR S il 20 A B
( Hypersensitive Response, HR) , F 2 5| F 5 R4 15
eFRA B AN IR FE" o Ay XA A 9 5 % PR
1, R 2 A RS TR 244 PRR 52K 32 1A g
(Receptor-Like Kinases, RLK) B2k b1 A A = 4y
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cDNA SCJE K ey it et PP FOR B 485 3 400 2
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AEL 2 2 SCN v JIe 5 3= fouye B A S 2 E ik
R FEEREH . PRI, 7E5rF 2 R A f# T SCN 24
IO AR A BE PRI AR 2 4 R A5 A R B R A ) i

A SCN SO AL RN BT X4 T & B b i 95 U6 1Y

Hgl16B09 s M\ SCN 4 5 F] 1) — > B M AL
EAL R REERBEGE R E T SCN (%5
I H % FE [ f£ Heterodera avenae ., Heterodera
schachtii . Globodera pallida 5 FE BN B AT
TARSEIE, WLk B AR BB oAb, itk
ik Hgl16B09 RE] Rl th 40 i ¥l B HE 1 1122 5%
R S B ARAE G B B I 2R3k, W57~ Hgl6B09 A fig
0 3 R MR 0 93 40 S5 R R 5 B SCN 5 jit 2 72
(B 5G TZRON ¥ 8 12 4B ) f 72 g 25 1 EL AP T i
AT, ASHIE ST AU R P A B A 5 1 00 B R I
IRk R G, UL 122 ME Rk 75 1 4 Hgl6B09
AR A L A AR I ROS F & L % B
THIAHC RN PTIS \WRKY22-A \WRKY22-B 1 ACRE31
IR, DA Hgl6BO9 Xof PTI J i i) i 15
YER . T BCERMIAT B Pst DC3000 & —Ffi ) 34
AITEMEE IS, BEUE (R Y Z R A, 2 F S Al
GBERLH 9 HI I R BFAE 7Y Pse DC3000 14 Fk
PRI 7 HopQ1 S8 %800 48 1, RERIME B ROBE UM,
WA Tl AR HR 22 . Rbp-1 & D44
i Ha 4300 ) TG RN AR, E ALY 40 L ) e
A R R P Gpa-2 PRAFEME ETI S0, 4n
St HR™Y Ik, A BF 58 #E — 2 DL IBE i 3 3k
Hgl6B09 [MHELI: R A1, 38 48 1 4 Pst DC3000
LBER IR e K Gpa-2/Rbp-1 RUARFT &, 7317
SRR 40 HR & A= J SA 3 44 B 180 AH G 3% [
PRIa.PR2. WRKY5I 1 PII 1 3 ik 18 &L, 3 UF
Hgl6B09 J& S Re M filAa Y % ETL S, 5% B 78
87 Hgl6B09 25 H 5 1k 1) 25 M AL il B2 Ak 2 3
it , W A AT SCN I BURALIE K T K200 F 255 B
PR MR AR

1 HR57®

1.1 ##

L1 #eaXAadh a9 A R 5 (Nicotiana
benthamiana ) H 4 S5 SARAE o

112 BHXEARARA  KIBHE DHSa JRZ A
AR B AL I E A R . Rk Gpa-2/Rbp-1 #H
(19 GV3101 AT B T bk i RS IR K2 E IR 2L B 4
it T R 5O Bk Pseudomonas syringae pv.
tomato DC3000 ( Pst DC3000) /iy A [ A b Bl 24 B 41
EUFST TR pJL-RFP-35S :: GUS A4 35 A #k ik
FHF 0 SR R, Y B8P K27 R 2Bt Tarek
Hewezi SE90 % it
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1.2 REigit

HRAE i 11 AL SCN w5 [ 5] Hgl6B09 Jk [H 1Y)
ORF ¥ 7', #y # W ¥ IF 1 9 & 41 4% 1k
Hgl6B09 ™ -RFP (R AL & {55 ik SP) |, Il He fb &
ARFFE GV3101 32 2540 i v, Fl 40 5 o e ik it

Hgl16B09 il il A4 PTI [ 56 iF i 46 : Pk K
P LS IR L0 e, — oM Sk AR A
R TS BSR4 Hgl 6B09™ % M4k 1A A AT
B KR E TR IR AL ER 24 b JE ISR 5T
SR BRI AT 6 h AR B, 5 Ab B
RS F 11222 (100 nmol - L™") ¥ ¥ FH i & 40 min,
B i SCHE A i, 43 ) e S H,0, i, $2 L RNA,
Itk I gRT-PCR 43 #7 Bjj 80 A 56 3% B ( PTI5
ACRE31 WRKY22-A WRKY22-B) [ FRiA . BRI
IR SETE G 48 BRAR B, AR AR R E DS 2 ot
T, H,0, &5 I %E Ml qRT-PCR 73 ik 1 15
3 EEE KA M EARES .,

Hgl16B09 #ji il 454 HR F1 ETI S i 35 Uk i 56«
G354 Hgl6B09™ -RFP 825 44 (EV) YA T
BE K T R SR AR WG AL 3 24 b - AEAH A
UL B 0 B 5 Pst DC3000 I GV3101 14 i &
W, VAR AR G GV3101 b B AR A BHA: 0 B2, v
i MgCl, 2% i ( Buffer ) /E Jhy [ 94 X5 BEZH . 15952
S K R R R R O IR R IR A P gk gk K
3~5 d, WA R R B AR Y M SE T
B, 0SS RO AN A0, AT FL AR o4 45 b B
4 ( Buffer, Pst DC3000 + Hgl6B09 . Pst DC3000 +
EV) MR- 4, 2B RNA ] qRT-PCR J5 843 H7
B FEAF G 3L R ( PRIa PR2 \WRKY51 Fll PI1) ()3 1k
TGO BRI T 5 48 HRAN B , iR B 25 /D 7
G2 At R, AT 3 AN ST K5 . gRT-PCR
SINTIREE 3 MR EE 4 M EARER
1.3 7k
1.3.1 &afkesd RIEC T, FIHEER
P59 1EFT PCR, 3748 2515 5 Ik A9 Hgl6B09™ 3 [
R B, 3 d BamH 1 #1 Sac I(NEB {38 gk 77, &
BEEIEMN, SE D WEEVI T M B BEFA
pJL-RFP-35S :: GUS JJoki, Ik 4 d 21 it
AL K FF B DHS o B2 S 400, 76 & R R
FEF (100 pg-mL™") LB A b 07 i B4 v e, 287
7% PCR B53F J , Pk 8 BH 1k o B R 43000 % 3 3E
PRI 1IE A 19 Hgl6B09 ~™ B 41 JF ki , % FH 5 il ik
AL AT GV3101 B2 4, 76 & A KR

(100 pg-mL™") FIFI4EF (50 pg-mL™") LB 153
I [ ERE PHME R

1.3.2 48 m¥EL B S % Chen 7 )5
L PRBEA K 28 ~ 42 d A R A 5 R R
HZE AR 2 ~4 F it bric. F—uork
BESAEm: B 3R B R — /M 1 GRESR v ) | i
FHE S K #5 1 Hgl6B09™ -RFP 1¥ 23 444 ) 4R AT
BEW (10 mmol - L™ MgCl, ZE P FEE % 0Dy N
0.2) 7 A M R T o N8 R0 RG34 Hh LR IR 8
1% 24 h J5 F T Hegl6B09 14484 PTI F1 ETI
SO B E R

1.3.3  SegdphlRas  PTLREE . FHFTFLER (0.5 cm
FLARFTFLAS ) WA S 7 B AR i 4, TE 7K ik
3UIEIALEE 6 h, 55F2MH 452 1g22(100 nmol « L™")
VPR 40 min, WCEERE & 23500 FH 06 PR A 2l
TELLA RNA 425,

HR F1 ETI i % . % Noon 250" 1y 757 v 47
Pst DC3000 i % F Gpa-2/Rbp-1 % G402 HR
FETI )5 . #% Pst DC3000 B FRIGAL)E , # 5
AL EFIEF (50 pe-mL ™) A4 [C B Bi 3 28 C
TR SE  WCHE E AT ) MgCl, (10 mmol - L") Hi
% 0Dy M 0.02 & H. 746, K GV3101 &A1l ik
RS VTR RS FH MgCl, (10 mmol - L™") i & &
ODgoo 4 0. 2, FEHTFPKE A [F] ODgy 19 GV3101 B TR
L1 FMREI & . ARFFH A S Hgl6B09™ H 41
KA e 24 h S5, 26 AR R 5007 B o0 0] e
Pst DC3000 1 GV3101 AT B2 o
1.3.4 #4 RNA #2315 qRT-PCR &4 flss
FIHHEL I (0. 1 g) 7 &L 3 R Je B S ks oK, il
JH RNAprep pure Plant Kit 184 5 RNA $2 BUR5 &
(R $EHCE RNA #E5 . LL0.5 pg RNA J#if,
ffi i} K #R FastKing DNA Dispelling RT SuperMix
FastKing Kit 7% 583871 & (& LR FE K41 DNA) &
i cDNA,

*JH AceQ qPCR SYBR Green Master Mix iz 5]
£ CUEMERE ) 1596 Ik PCR (% [C LightCycler®
480 System) |47 qRT-PCR 4> #7. S ik & Hp:
2 x Super Real PreMix Plus 10 pL. 1F & 8] 5| ¥
(10 pmol L™ ") 0.6 wL .cDNA it 1 wL, &J5
ddH,0 % 20 pL. fE3 &M WA 95 C Frsk
15 min, 25 95 CHFLE 10 s, 38 K/ GE 1 60 °C 742
30 s, 440 MEF, PARE NbActind J&[H A NS5
SR 2748 g A A DG DR A AR R e 1k
(£1),
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Table 1 The qRT-PCR primer sequences

IR SIYFAI(5" -3") /i Z:7% 3k
Primer name Prime sequence (5'-3") Remark Reference
NbPRla_F CGACCAGGTAGCAGCCTATG Pst DC 3000 5% [31]
NbPRla_R TCTCAACAGCCTTAGCAGCC Pst DC 3000 %S
NbPR2_F GGGCTGTTAATTTGCAGTATCC Pst DC 3000 55
NbPR2_R GGTTTATAACATCTTGGTCTGATGG Pst DC 3000 55
NbWRKYS51_F CTCATCAGCTAGTTCATTTGATGC Pst DC 3000 %5
NbWRKY51_R AGCTCGGTCTTTGTTCTAAAAGC Pst DC 3000 755
NbPI1 _F CTTCAAAGACTATGGTGAAGTTTGC Pst DC 3000 755
NbPI1 _R CAGACTGAGACACATCAAGTTGC Pst DC 3000 55
NbPu5_F CCTCCAAGTTTGAGCTCGGATAGT 22 5
NbPt5_R CCAAGAAATTCTCCATGCACTCTGTC le22 S
NbAcre31_F AATTCGGCCATCGTGATCTTGGTC 22 5 [32]
NbAcre31_R GAGAAACTGGGATTGCCTGAAGGA fle22 5
NbWrky22-A_F ATCTCAACCACAACAACAGCCACC fle22 5
NbWrky22-A_R ACAGACAGAGACTGCTTGGGTTGT 22 S
NbWrky22-B_F CGAATCTCCGTTACAGAAATCGCCTC 22 S
NbWrky22-B_R ATGACAGGGATCGTTTGATGGGCT 22 5%
NbActinl _F GTTGCTATACAAGCTGTTCTCTCG NS [31]
NbActinl _R GTCAAGACGAAGAATGACATGTGG NS
1.3.5 H,0,4 =Mz =R Veljovic-Jovanovic ) EEENR
33 N =} ) SRS
1 M HL0,00 7. B0 1 g AR BN
_ i ),
£ 2 mL 1 mol-L™"f§ HCIO, (% 5% PVP)fE 4 ¢ 2.1 Hgl6éB0 MIHIMFHBEEES 122 TS
SR B S R AT 3, 12 000 v+ min ' S0 10 min PTI |2 iz

(4 °C) JWdE B35 A 0.3 mol - L™" pH5. 6 AYRERR
SR 100 L, I IS mol- L™K, CO, 3475 & pHS5. 6,
12 000 r+min "' BE.0> 1 min fFHIA 1 Mmol-min_leL%Iﬂl
FRAAALEEIF 75 10 min, SR A RALEE 0.1 mol - L™
Wila 22 vp W (pH6.5), 3.3 mol - mL™' DMAB,
0.07 mol-mL~"" MBTH % 0.3 pmol-min ' 5341k 4
fitg , A 200 wL H, 0,32 B0 5 2 5 iz, Wl it 595 nm
WA TR G(E, LA 10 ~ 50 pdmol-mLfl H, 0, E#n
HERT 2RI H,0, /9 & & .
1.4 HiEsH

IS B HE K% SPSS version 17. 0 7R Z )5
220307, W Tukey’ s HSD 46 56 2 £ 47 %) 1R 2H 1 4k
PR 125 53 W VAT

5% HR Mock A, 1622 ARFRJS 1 525 2004 Y
MR H,0, & & BT T4 7 % (H 235K Hgl6B09
A HHE I b Hy 0, K AT T 2. 4 £5 (B 1A)
XFKW] Hgl6B09 Rl g22 57 ROS [y~ 4:
Jp T i— 2 5530F Hgl6B09 Xt flg22 55 PTI JZ i ()
HIVER , qRT-PCR J5 ¥ 73 Hr 11222 i 1 5 P 3% 5K
15 LA 25 5 S s, 1222 AbFE 40 min J5 fE WL E IS 25
AR 2 o B AE A OC 38 [ PTIS . WRKY22-A |
WRKY22-B Fl ACRE31 i3k, i 4 Hgl6B09 N
RN T 1922 XF 4 AP A 5L N 8 115 S
(I 1B), % B Hgl6B09 ] LMl i f1222 #7619
PTT 458 [ o
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A H, 0, B 4284k B. qRT-PCR 4} {1622 Wi 7 JE (R SR8 1 1] PP B8 O P 45 B bR e i 28 5 AN [R] 7 REROR

AR b FRLH 2 7] 25 5 i 3 (P <0.05)

A. The content of H,0, ; B. Quantitative reverse transcription PCR (qRT-PCR) expression analysis of defense marker

genes induced by flg22. Data are the mean x SE; Different letters indicated significant difference between different

treatments (P <0.05).

B 1

Fig. |

2.2 Hgl6B09 & T HMEEREFAFE Pst DC3000
FESH HR & MIGIE

S5 R R B, B A Buffer B & A 28 0K

GV3101 & #F B J5 JF & 51 & HR S B, T 4 Fh

Pst DC3000U) & 3% 5 5 40 Jifd 3K 3t JS % 78 i 5

Hgl6B09 H 4 i 4 (1) 5 v & & B HR, {H 2 Ff Pst

DC3000 J7 Hi7 51 HR (K {34 Hgl6BO9 T 2 3 i

DB 2A), GEit s g Rl Bon, Bl R Pt

A
Buffer

Hgl6
Pst DC3000+EV

Hgl6B09 33 flg22 S H,0, =& FEH & E R ERIHEHR
The inhibition of Hgl6B09 on flg22 induced H, O, production and defense gene expression

DC3000 7] 5|22 93% G s 774 HR g, {H7E
Hgl6B09 &3k /5 i1 Pst DC3000 5 5: 11 HR % [f
W LR % 35% (B 2B) . qRT-PCR %45 % s,
Pst DC3000 {2 Y« fig i 2 W16 SA 3% 42 B 48 2 ]
PRla PR2  PIl V) Jx WRKYSI I3k, {H % 4
Hgl16B09 5 4 FefrgF i 35k A1 1% 2 38 WU A [v) 5 82 Fg 417
Hl(E3) . DL il 45 SR 2 U], Hgl6B09 fig 42 1l il
iy Pst DC3000 755 HR # & FkEY) ETI 0 ,

=]

K HHR UL He

Infiltrated areas with stringer HR/%

A JHF R BRI 3 5 Hgl6B09 J7 Pst DC3000 5S40 HR 87 (1 2 RUBRAE 5 B. A& B 28 5 05 & 2k
HR SR 80 o5 S A R B 2 e ™ RN AR AR BRZ 22 [A] 22 57 0 2% (P <0.05) .
A. The phenotypic characteristics of HR response induced by Pst DC3000 after transient expression of

Hgl6B09 in tobacco leaves; B. The number of HR reaction in tobacco leaves accounted for the percentage of total

injection points.

indicated that there was significant difference between different treatments( P <0.05).

E 2 Hgl6B09 #i% Pst DC3000 F S 4% £ HR & M I6IF K 1E
Fig.2 The Hgl6B09 inhibits the HR response induced by Pst DC3000
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_% §o 8 a a :
26
b
24 ¢ c S c b ¢
0 T T
PRla PR2 WRKY51 PI1

B 3 ¢RT-PCR 4t Hgl6B09 3 Pst DC3000 % 5[ 1
HRXEERIEH M
Fig.3 The qRT-PCR analysis of the effects of Hgl6B09
on the defense gene related genes expression
induced by Pst DC3000

>
Hg16B09
.‘.-FGpaZ/R])p—l

He16B09

2.3 Hgl6B09 %l Gpa-2/Rbp-1 S H) ETI &
RZ G UE

WSR2 R Wos, Bl 55 GV3101 B 5 fig i
A5 IR E M & A HR{H7E 5 Hgl6B09 191y
SEDHTER GV3101 5, 41 A 14 IR 58 31 52 9k B . 41
Hil (E4A) o X3 AP T HR & AR i
TG BT, 45 R s (R s S S 2R
GV3101 [ & % A4 HR [ (14 He 61 29k 72% {5
1F Hgl6B09 1441 GV3101 iS40 & 4= HR 9 1L
BIREZ 13% (K 4B), DL B4R L, 500 & A
Hgl16B09 e AT M i 1 Gpa-2/Rbp-1 & 1) ETI
L o

B
£100
==}
|aa]
= & 80+
B3 ¢l
160
X =
£ 8§ 401
o &
&E 20
§20 f[’i
L:g

%@Q

A. Gpa-2/Rbp-1 7EXHEE 5 AR A A HR S Y SR BURHE s B. SR B0 R T 5T 8% 4 HR SV 9
BOH s SRS R E AL T RN AR 2 ) 25 55 2 (P <0.05)
A. Gpa-2/Rbp-1 induced HR response in tobacco cells; B. The number of HR reaction in tobacco leaves

accounted for the percentage of total injection points; *

different treatment groups (P <0.05).

indicated that there was significant difference between

E 4 Hgl6B09 ##lH Gpa-2/Rbp-1 #% i) HR & 7
Fig.4 The Hgl6B09 inhibits HR response stimulated by Gpa-2/Rbp-1

3 \.q_ \/b\

22 RN AR 1 A2 ) 2 D g 2 A AR i A
EALEH DRE B A, 2 B B R
R e B A8 ( PTL AT ET) W02 A 4 27 Az 4k T
SEIR AT RS — PR B A e Y BT, i
HET I R 38 R G, K AR L 2 PAMP fE
Vob U am e IR A& B R [ B 7 S Aoty GVAC  &
X PTL S W () 5 VR R 2 vk . AR5 i
Annexin 28N A 6 PTL A 5 38 B 1 5C 5 i il
NPK1 F1 MKKI1 fih % (%) 40 f 58 7= LA & 122 15 5
PTIS ACRE31 55 i 18 3 IR 3% ik HL A7t 2 310 4 1
1% Gr-VAPL (Hs-VAP1""" MiCRT"*' MjTTL5"*"
Fe Mg01965 " 46555k 1 2 11 fi B (28 40 461 PAMP 8 %

-l

Tl 2 ) ROS 7 Az B AR (A B 38 K% By i 1 TR )
1Ko A BIF 5T 8 o M R B I 2 8 K e e IE 52 T
Hg16B09 Al LI i flg22 35519 ROS 3 & Mgy 40
FL[H PTI5S \WRKY22-A, WRKY22-B ). ACRE31 1) I~
PRI . IZG R BE— LR IE T SERT Hgl6B09 FR il
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