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39 48 - elicitin - % 5 7



ABSTRACT

Recognition of microbe/pathogen-associated molecular patterns (MAMPS/PAMPS)
by plasma membrane-localized pattern recognition receptors (PRRS) is the initial step to
activate PAMP-triggered immunity (PTI) in plants. In addition to PRRs, other
leucine-rich repeat receptor-like kinases are known to play important roles in PTI,
including BRASSINOSTEROID INSENSITIVE1-ASSOCIATED RECEPTOR
KINASE1 (BAK1), BAK1-INTERACTING RECEPTOR-LIKE KINASE1 (BIR1), and
SUPPRESSOR OF BIR1-1/EVERSHED (SOBIR1/EVR), which interact with the
receptors to regulate downstream defense responses. Recently, tomato homologs of
SOBIR1 (known as SISOBIR1 and SISOBIR1-like) are known to mediate plant basal
defense against Phytophthora parasitica. Furthermore, they are involved in the
signaling of ParAl, an elicitin of P. parasitica. In this study, coimmunoprecipitation
(co-IP) and mass spectrometry were performed to identify SISOBIR1-interacting
proteins to find out how SISOBIR1 mediates ParAl signaling in Nicotiana benthamiana.
A total of 157 SISOBIR1-interacting proteins were identified, of which 25 of them are
associated with SISOBIR1 only in the presence of ParAl. GO term analysis indicated
that three biological process terms were specifically enriched in response to ParAl
treatment, including cell communication, response to endogenous stimulus, and
response to stress. To uncover their roles, we silenced 11 of the 25 genes by
TRV-mediated gene silencing, and then expressed ParAl by agroinfiltration.
ParAl-induced necrosis is compromised upon silencing of NbArcA2 and NbGBLP
(guanosine nucleotide-binding proteins, G protein), NbPDR1 [ATP-binding cassette
tranporter (ABC) transporter], NbPR10 [pathogenesis-related (PR) protein], NbOligoA
(Oligopeptidase A), and NbrbohB (NADPH oxidase), with silencing of NbPDR1
showing the most prominent effect.

Key words: coimmunoprecipitation, elicitin, interactome, PAMP-triggered immunity,

Phytophthora parasitica, receptor-like kinase
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1. EFPEFE

B AL NREA SRR > R TE P HFRTA XL L - F ik
AP ER D RESFHE O BT A EFEE T ER o doll T (wax) ~ & B K
(cuticle) ~ m®z k2> 1 2 FF A 4 il 2§ 47 7 (antimicrobial compounds) # ezt
FRE > B T - %6 0 H T PR P 0 I ARF B Y
F ORISR P B e

11 #% 4L X £ £ (Plant innate immunity)

Gl EMA PR R AR o EF R - A R LS L
% ¢ % (plant innate immunity) (Jones and Dangl, 2006) > & & ¥ % 4 % & & & = »
¥ - i A {4 2 & G o0 pattern recognition receptors (PRRs)& — 2 iy 5
BB 2 # ¥ 1 4 @ pathogen/microbe-associated molecular patterns
(PAMPS/MAMPS) » i&m 514 PAMP-triggered immunity (PTI) » 3 $gicd £ » &
B o Ao 8RR 75 48 4 e effectors » e PTIAp B3 L3242 & ™ P5F J& o
i s B Fie S R . ﬂ}f.%:]}%b?l & e effectors - e B I % - I
#4411t 0 resistance (R) proteins» H 7 y42% effectors» 14 gz effector-triggered
immunity (ETI) - ETI ¥ i % 514 #5c42 5 Ji (hypersensitive response, HR) » i& & 5
B r 2ot Peig v =0 A5 A R Ak sa (necrosis) 0 ik FUR R 2 B R
(Boller and He, 2009; Dodds and Rathjen, 2010) - B = § #)4 zig-zag-zig model % ##
o4 2 d 20 & GF 1 ars b B 72 (Jones and Dangl, 2006; Hein et al., 2009) -

12 PTIpEF R

T PTE BTI 818 i B8 e 5 50 7] 2 45 4 > £ 5 P Fop 7 51 & w2
% % @ (Hulbert et al, 2001) o A& > o > ETI efpado 2§ 3 R & - & ¥ >t
FHom T BpE b FlmRE R %M 4 5% Tt it & % PTI %= § p A€ & (Boller

and He, 2009; Lacombe et al., 2010; Monaghan and Zipfel, 2012) - & 4= 7+3¢
1



PAMPS/MAMPS {s » i kx> PTIAp R 7 5 Ji & 35 mP2 g3 jnd (ion fluxes)
&1 F ~ 3 (reactive oxygen species, ROS) % # ~ *¢# & 7L % (endocytosis)
mitogen-activated protein kinases (MAPKS) ~ i - 7 @2 F] > v 2 ghpi - 4p M v &
(Greeff etal., 2012) ; ¢ b fe d2 ian (Arabidopsis thaliana) @ 2 % ehd & &4 & PTI
Fobs fs £ & T p5iR A o (Zipfel, 2013) - @ PTI RS 2 ApMEF oo 3204 § § R
pE % # (callose deposition) 2 %~ 4 & #r|> — 4 i difc PAMPS el | P2 15 A
i BORIT] 0 ¥ w4 Ecp 2 A (Boller and Felix, 2009) - p = B2 2% © By [ e~ F|1 R
PAMPS/MAMPS §kcts fmPe @ 3 4 cnsg it > 2Rm > 3% PRRS £ 4t PAMPS/MAMPs

6T R R L @ L L AT E R AR 0

1.3 PRRs (J£.4~ 7 PAMPS/MAMPs 2_ % %)

%E%%g d fm%e W+ 2. PRRS 7% PAMPS/MAMPS 12 515 PTle — 4% i Jx m % p
kinase domain % f 3% PRRs 4 % & + #f : receptor-like kinases (RLKS) %
receptor-like proteins (RLPs) (Afzal et al., 2008) » H ¢ RLKs 2 #ch < » afef o)
AT 610 BT A R et R T R A G 44 BAEE 2 ¢ leucine-rich
repeat (LRR)-RLKs ¢ ¥ 40% > 5 #& B % chfdsg - 143 & 714512 %- LRR-RLKs £
% 4 5 13 B I #g# (Shiu and Bleecker, 2001) - B % #7 3 #UF » en B e iR
PRRs » FLAGELLIN-SENSING 2 (FLS2)%* EF-TU RECEPTOR (EFR) » % 4>t
LRR-RLKs - FLS2 % % - ®## M PRR » H #2 ¢ *1‘#&: 7 28 B LRRs > f F 5
o IS 2 T MR R R 7 flg22 0 BT i 4F¥ LRR XII (Gomez-Gomez and
Boller, 2000) - EFR § § y##- @ EF-TU 2 My g B o5 elfl8/26 - 7t
LRR XII» a8 #z *h 4 & & 5 21 i LRRs (Zipfel et al., 2006) - ¥ ¢ » FLS2 14 %
EFR z_ C =4 % serine/threonine kinase domain- ¥ ‘¢ &> 22 4| RD kinase (non-RD
kinase) (Dardick and Ronald, 2006) - & #X non-RD kinase % j& 4~ & #* 3 L %48 71 ik e
VbR K 2R @ 0 poa @ ae /2 RLK #8 2. PRRs % /&> non-RD kinases: #.F? non-RD
kinases fy¥3# MAMPS/PAMPs + # ic & 3 40§ «0& & |+ (Boller and Felix, 2009) -

RLPs % fmPz 5t ¥ — #73 & e PRRs > H v RLKs I # & 5 ## *t LRR domain
™ % H - % transmembrane domain » v&— % F 5 RLPs %2 p f;“;fg ¥ % Z 3 Kinase

domain g = @ motif - 4 #= (Solanum lycopersicum) Cf-9 3 &4 & & 42 %
2



LRR-RLP » H 538 & 5= & s /& Cladosporium fulvum 4 iz 2 avirulence (Avr)
proteins Avr9 {sfxdsiactEx B 0 518 e ke (Jones et al., 1994; Rivas and
Thomas, 2005) o izdx Cf-9 2 "= Af R 7|4 » #Hd NI CH%L 5 AL G
domains > ¢ #& @ signal peptide 2 FgB| % & (domain A) ~ = 3 v 2. N 23 %
(domain B) ~ & 3 27 i# LRRs motifs 2 % #* (domain C) ~ % F& domain C # domain
Ez | # &M/ 7] (domain D) ~ /] * Rz A @ A 7] (domain E) ~ 7
¥ B (domain F) o 12 2 e — ] BEORIAL R 7] (domain H) o B oW e den d gk
RLPs % £ Cf-9 2 3—v i4piT » f£5 ‘Cf-like RLP’ (Fritz-Laylin et al., 2005) - ¢
7z % #v Ve proteins 2 ETHYLENE-INDUCING XYLANASE RECEPTOR 2 (Eix2) -
RLPs % 5 5%t I dlge et o 7 a4 R Eg T ka2 25 (Yang and
Sack, 1995; Nadeau, 2002) > d ** H tmre ¢ 2 Z 5 # 5 /& domain 2 motif» — S48 3%
AL FEAL O A4 T IEH > A B G kBT 2k fehae 4 (Liebrand et al.,

2014) -

1.4 BAKL 2 PTIHFER 4 ¢

BRASSINOSTEROID INSENSITIVEL1 (BRIL1) % #& j< & 4 F f% %8 = F

ol

brassinosteroids (BR)z. receptor-like kinase > &g 4 L B F T FE & & 4 > §_
B 5 A et RLK (Wang et al, 2001) - BRI1 4t BR fjcis » ik 3 &2
BRI1-ASSOCIATED RECEPTOR KINASE1 (BAK1)#j = heterodimer » :&m fx#
4 B & & (Li et al., 2002; Nam and Li, 2002; Russinova et al., 2004) - % 5 71| 4%
4+ » BAK1 %>* LRR Il somatic embryogenesis-related kinases 3 (SERK3)=t 7 #f %
(Hecht et al., 2001) -

BAK1 % TAREFAESFEL LS > FARESF PTIE G £&# a0 FLS2 &2
EFR & w] 3%k flg22 2 elf18/26 s - '# -1 3+ 22 BAK1 25 = heterodimer (Heese et al.,
2007; Chinchilla et al., 2007; Roux et al., 2011) ; #* ¢t » BAK1 7= it &2 H 5 PRRs % 3
T > BMH T EE R 4 5 & 7 PR AR DK 8 R 2 damage-associated
molecular patterns (DAMPS) Pepl %2 Pep2 z. PEP1 receptor 1 (PEPR1)¥ PEPR2
(Postel et al., 2010) ; 2 2 § § 743 & 2 f] Trichoderma viride #7432 PAMP

ethylene-inducing xylanase (Eix)z Eix2 (Bar et al., 2010) -
3



1.5 SOBIR1 %2 LRR-RLP #r#3 422 PTI# 5 @ ¥R T

ffe iR 7 B 0 2% BAKL-INTERACTING RECEPTOR-LIKE
KINASEL (BIR1)# e kel i F B4 % » R P Efmre 7 = end fic F|pt 5 7 &
Moo= @52 f AR AT BB HFEFT] BIRL R FHRERDRAF > FRRF
PHYTOALEXIN DEFICIENT4 (PAD4 ’ SN Toll-Interleukin-1
Receptor-like-Nucleotide-Binding-Leu-Rich Repeat domain class resistance protein) st
e w4 BIRL R #tkenldk (Gao et al., 2009) ; » % % SUPPRESSOR OF
BIR1-1/EVERSHED (SOBIR1/EVR; - #& LRR-RLK)i¢ #r+] birl-1 % k7% B2
R dmre = ek > T SOBIR1 5 BIR 4p i fmre 5+ = 2T 2. 0 A4 A %] (Gao
etal., 2009) ; ¢ ?b » % % SOBIR1 7 # 3% {2 4~ ¥ Pseudomonas syringae 2. s i
T o P SOBIRL & i $HmE R T 2 B EE A

% #v (Solanum lycopersicum) & 5 = @ F# 4= 4% SOBIRL 2 f iR {E L ] > & %
% SISOBIR1 (Solyc06g071810)% SISOBIR1-like (Solyc03g111800) (Liebrand et al.,
2013) > = iﬂ*éf& il BB iE 72.9% W s 22 #cfd LRR-RLPs & 2 < 3 &% »
#4e Cf, Eix, Ve proteins % - Cf proteins § # 5% % 302 s & C. fulvum & 56 2
avirulence (Avr) proteins 1 fx# T P57 ' F JE 0 3¢ = fmfz v = (Jones et al., 1994,
Rivas and Thomas, 2005) ; Ve proteins & %z Vel 2 \Ve2 3-v - & ﬁ iR % iE 84%
oA Vel %4 scdil Fm & Verticillium dahliae snfps 84 (Fradin et al,
2014) > i7# ¥ T Vel i 38 Fea Avel i ™ 25 acii F & (Jonge et al., 2012) - #
% SOBIRL iR ik Flendk & ¥ & ¥ ¥ 3 Cf-2/Avr2, Cf-4/Avrd 2 \Vel/Avel
ATl enfmre 7= %o @ "8 X § 4o SISOBIRL 2 SISOBIR1-like eh4 B #3k § ir
% C. fulvum 4= V. dahliae ¢t ™% > # ¢ 2 SISOBIRL A 745 Be i3 & s SR
~ » &757 SISOBIRL b & Jienst v 2 5 £ & (Liebrand et al., 2013) - "éf LI
16 i LRR-RLPs #F » SISOBIR1 %2 SISOBIR-like » £ -4 £ % 5 2. LRR-RLPS 4r
# 302 CLAVATA2 (SICLV2)2 TOO MANY MOUTHS (SITMM)F 2 3 &% » & fr
FLS2 ~ BAK1 2 CLV1 % LRR-RLKs #riz 3 % 3 i* (Liebrand etal., 2013) - 2*
b @ SOBIR1 # 7 422 FLS2 sk flg22 kx# PTI g 4% (Zhang et al.,
2013b) -



HEARBEFLASKET > RE ARLPI0 FR{Ly & £ 528 Hm R
Sclerotinia sclerotiorum z. PAMP SCLETOTINIA SCLEROTIORUM ELICITOR-1
(SsE1)eric 4 - i — 5 2 SOBIRL % % #RiBl:# - # I % % SOBIR1 *# i< AtRLP30 #7
B peenpr B4 0 B SOBIRL 4#7 AtRLP30 3%t SSE1 fxés PTI ehk Rig s
(Zhang et al., 2013b) ; # ¢ » [P = i % 22 RESPONSIVENESS TO BOTRYTIS
POLYGALACTURONASE-1 (RBPGI) i 735 2 5] PAMPs endopolygalacturonases 2
PRR > 7= 2 — LRR-RLP » % % SOBIR1 75 % i< RBPG1 #%:% endopolygalacturonases
T3l enfm e 2= 5 ZP SOBIR1 7~ %7 RBPG1 #1347 e 4~ |7 84 4] (Zhang et
al., 2014) - § 4% > SOBIRL & RBPGL & 39 A = 7% £ *,a S R
B> SOBIRL e 5 &% » H g £ 22 LRR-RLPs 2 3 (8% » ¥ fdid w7
I Fm R BF iR €& &£ 4 (Liebrand et al., 2014) -

2. HFRRTH

R AR F A R AR F o T S B aEs E HR (Fungi)
TE R RREIIEEHEG A FIRPFHEN R RRE LG M RGP
TP s R Red B/ (Chromista) (Baldauf et al., 2000) -

21 F iz 488
P EA R f ORBER AR R A ko B S R A

AAE S AT R E R F 2 g5 R ) (Kamoun, 2003, 2006) © i & £+ B ¥ 474 0

P F5E R R @ 7 B ) Phytophthora ~ /i # 7] Phythium % 2 5 7] Peronospora,
Plasmopora % Bremia % » # ¢ x 2 80 4487 7 % 100 A8 fh 7@ & g 3
B 5 fc& (Goker et al., 2007) -

TREFRERAL S RAF L OERLE S P RBEL DR H BILIR
BB TN FILIAG AL ek EeE RS KETERRYFY > Aed 2
mre A A XA S R R PFAS IR kA BT FHF AT L 0 FFR
B FA g A faeRELE 7F 4 > e AL B2 R BFHT S
BEFFLAC ARBRIGELLP S PRHERRAT SE A LR S

5



FHAAAS PRI UNEEFRR BB LA ERFLBE LT - S

S

h
s

(Lamour and Kamoun, 2009) - “F 2 § 2+ H A R B BRTBE RKHF B FTF A

T AL RIS 5 Iz I g 4 A R R }?—}F} FHgER M HEREHET o2
FEIEE - S AR FARBIFE T LRE DL R S 2 - (Judelson, 2009) -

B # Phytophthora
BRF TR AT ER TR RERE B LN AR BRI EME L
(hemibiotrophic) » & % & # f>+iE 1% 24 (biotroph) » 4 fef w5 EP & 4 5 @
B Ao g S 4 3] (necrotroph) v i@ = E e dm e = o IR ] et A B
A B 4 (Munch et al., 2008; Lee and Rose, 2010) - p 70 2 IR+t 7 BT
F oA & A fe.47 5 /& (Thines and Kamoun, 2010; Kroon et al., 2012) » 7 I+ 1~ f&
PRFHFEFARNFLER > ARTALA G F- AL FAENFLE
- 14> 4oL % s ) Phytophthora infestans i & g % 5 4% (Solanum tuberosum) %
> gedhioft iv4~ (Nowicki et al., 2011) ~ + & & 5 f7] Phytophthora sojae 1 £ & 3%
£ (Glycine max)% > #ceh32 5 & (Lupinuts species) (Tyler, 2007) ~ 2 %% % 5 f]
Phytophthora fragariae i & g 4 ¥ % (Fragaria ananassa)% % 2 &+ (Rubus species)
(Scheewe, 1994) ; % = %% Jp 0¥ 1 BIRI# 5 A iL > bl4c Phytophthora capsici
(Lamour et al., 2012) £ Phytophthora parasitica (Kamoun et al., 1993) » {$ i" VR4 en
EFFigdEp ¢ T 2R FZA P2 LF fwfi‘:i‘ ' e
LR IipE LR HE e fs R # (Erwin and Ribeiro, 1996) -

2.2.1 &}‘% ?r']"i PAMPs

RBHETF 5 hie g o b Ry SR e R B U
L FixfEsy > 7 LR €518t 7 EF & (Gijzen and Nurnberger, 2006;
Heinetal., 2009) B & & 5 ] © Avenvhind fod 1 & & 53 < 3> ¢ 7 cytoplasmic
effectors % apoplastic effectors - Cytoplasmic effectors & 3 #skerteflfe A 71 > 7 3¢
4;::53‘,;;—]” WISE N fE e N o RIRAFG A EFHEE R A A B A0

RXLR effectors 2 Crinklers (Stassen and Van den Ackerveken, 2011; Kamoun, 2006) -



RXLR-effectors 2. 3% N =54+ 7 signal peptide % 34 i effector & » 7 2 2
RXLR-motif (R: Arginine, X it % iz i@ 4L A&, L: Leucine, Arginine) » pt ¢k » 3@ F R
+ 3 dEER-motif (d: glutamic acid, E: aspartic acid, R: arginine) » X m > B w0 B ¢
RXLR-motif # effector # » fe 3 m%e 2 4% A T » DHFeEe- HFE T HETF
(Whisson et al., 2007; Dou et al., 2008; Kale et al., 2010; Tyler et al., 2013) ; RXLR
effectors 2. 3=v C =3 5 % B & $i % « effector domain (Haas et al., 2009) - ¥ — < #g
z_ cytoplasmic effectors = Crinklers (CRNs) » # #-¢ N =3 % signal peptide » i ¥ £
7 ¥ CRNs & » 454 oz 4p B 2 LXLFLAK-motif - LXLFLAK-motif 2 t¢ » &
DWL-domain %2 HVLVXXP-motif (Haas et al., 2009) ; CRNs =13-v C =3 p| e
RXLR-effectors 4p ¢ » % st £ B #& % 9 effector domain (Schornack et al., 2010) - ¥
- #gehiniid-d L apoplastic effectors » #d B E i fi b wre oo A
& e g 20 e B M 4ot GP42, cellulose-binding elicitor lectin (CBEL), Nepl-like
proteins (NLPs)% elicitins & » ™ L4 w4 % GP42, CBEL 2 NLPs > @ elicitins
Pl ™ — $2Emh i o

GP42 % Ca®"-dependent transglutaminase (TGase) » ¥ — A& £ 7 %%t P. sojae ‘m
PekEZ_FE R0 > TGase ¥ 3l @i K > 7 8o F & GP42 22 13 B i~
Mol pe B 7] (Pepl3) it £x#> PTI (Nurnberger et al., 1994) ; “f 7 514 PTI> Pepl3
IppFs 4= TGase /14 % chE & izl pé i 7] (Nlrnberger et al., 1994; Brunner et
al., 2002) - ¢ ** Pepl3 &R fF " & F FT L0 T S B - iR o Fp
& PR F Y B & & 25 PAMPs (Garcia-Brugger et al., 2006) -

CBEL # & 7 P. parasitica var. nicotianae #&# 5.» 2 » 3+ ¥ ¥ 5 34 kDa’ &%
i ‘1;%]"“‘ £ % % & %<4 (Mateos et al., 1997; Gaulin et al., 2002) » CBEL it £ 48 4+ ‘m
*z % o 2_ cellulosic substrates & & » 7 — W2 k2% & F=v (Gaulin et al., 2006) - *
o BRAFAT AL ERES A o FRA TP EATZ ARE
(Mateos et al., 1997) - 4 % % CBEL #-v 2 & i i% = {+ 1 cellulose-binding domain
(CBDs) » B2 3l %t 4 17 F Jiu » ¥ 332 CBEL ot 2 v 4 4 ‘m ¥ i3 & chiy 4
(Gaulinetal., 2006) - & -+ CBEL ¥ it % 7 514 54~ I# @ F & 5 PAMPs o

NLPs & % 4 33+ 5 @5 & Fusarium oxysporum 2 3% % % (Bailey, 1995) - #

1

ER R RSB RE R PE 5 - <19 25 kDa 2wt EEip B G-
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(Gijzen and Nurnberger, 2006) - B 7] P. parasitica, P. sojae > % P. infestans & & 5
NLPs (Fellbrich et al., 2002; Qutob et al., 2006) - # 3 % -1 P.sojae 2 P. infestans
PP~ AR NLPs A% > &7 NLPs ¥ it 2 7 4 biotrophs # 4% 1
necrotrophs i 427 B (Qutob et al., 2002) - 4p B #= 3 & o1 - "# i< Salicylic
acid-induced protein kinase (SIPK)2 NbWRKY2 z_ & 3. & » &> NLPs % 2. ‘w
7= o Bt NLPs #4 2 mre 5= & MAPK 2t 4 @ik /c4pm (Zhang et al.,
2012) - #8@ » NLPs L_}}%E? rﬂﬂ}}%4 2 HFE R AR TR R T RS
#Fie- #4321 (Heinetal., 2009) -

3. Elicitin

Elicitins & % 7] (Phytophthora spp.) % i f# ] (Pythium spp.)#74 is chg-d >
NFHEIAEIES 0 ¢ 5 Nicotiana sp. 2 2 EAHF B AR L FEES L
1+ F J& enelicitors (Ricci et al., 1989; Kamoun et al., 1993, 1997) -

3.1 Elicitin 2§+ 2 & 3§

Elicitin 2 »~ 3+ 2 ¥ 5 10-kDa 2 hjed-d » & = {8 8 -0 4772 s o
d AR F 2 K RE&Z P L sterols @ elicitins A L % & sterols i
Ao T ARG T o AP R A TR B LB sterols (hE & 39 (Mikes et al., 1997,
1998) -

Elicitin 28+ AT 55 3 A 42 Ry B2 FEAITH F AR F
B F # A2 elicitin & % = 3 (Ponchetetal., 1999) » & % M B 8§ ficd f £ 40T 1 %
|35 > - # 23 98 BoRpAf A 7] > < % g sochelicitin ' Fet 853 > R 9 &
e g & 5 Ta 2 I3 AP capsici 2. capsicein, P. infestans 2. INF1 2 P. parasitica
2. ParAl # &> lo > # pl i&- #2145 ; Phytophthora cryptogea 2. cryptogein /&
IR B pl Eg 3 7.5 - A 3 0 B Al 2 AT F s o % 1 F 2 elicitins
R I ACH S ISR & & B 5 P ocryptogea 2 Phytophthora cinnamomi
2_ hyperacidic elicitins ; % Il 3 % elicitin-like proteins » & #& P. infestans z_ ¢} ;& 3~

v INF2A % INF2B (Kamoun et al., 1997; Liou, 2001) -



32 Elicitin i #2 E$ P IEF B2 F BRRE

Cryptogein 2 INF1 3 # 3 # i % »~ &0 elicitins = % N. tabacum m? g2
cryptogein %2 3 Bt 0 7 e Ca?" #< & |2 Serine/Threonine protein kinase Fr#|
FpE o 514 ROS enA A€ > Bmmiez Ca® % v BV Rz ey L1
respiratory burst oxidase NtRbohD (NADPH oxidase, ROS & & c14 & = F-v )11 x>
ROS # & &5z £ & +2%F i (Simon-Plas et al., 2002) - ¥-v Bifs i Kk ik 2 s &
% BPROS 2 LAk PR G PTI TR o ¢ § 0 e Ca?jmds ~ &
i* MAPK cascades (Lebrun-Garcia et al., 1998) ~ # #— % i* § (nitric oxide)z_ # &
= (Lamotte et al., 2006) ~ F& &+ Jk & *% i<:g = 2. w¥e %4 4& i (Pugin et al., 1997,
Wendehenne et al., 2001) ~ glucose (Glc)@%“]%’ *3 (Bourque et al., 2002) » % Fr]
H*-ATPase /# |+ (Garcia-Brugger et al., 2006) % 4p B & Jis » 2% @ > P w0 & 7 7 ¥4
cryptogein z % BB > F]pL g 4 5k cryptogein M Echs T SR BE K 2 A3 ] i i
- AR

¥ - 25 o INFL 97 7 &t > A F]# 2 Nicotiana benthamiana 2. NbRbohA
% NbRbohB (Yoshioka et al., 2003), heat shock proteins Hsp90 % Hsp70 (Kanzaki et

al., 2003), ubiquitin ligase-associated protein NbSGT (Peart et al., 2002), NbBAK1
(Chaparro-Garcia et al., 2011)- vz 2 lectin-like receptor kinase NbLRK1 (Kanzaki et al.,

2008) » ¥ & B INFL 313 2 i At F & o ¥ b > 12 INF1 &2 Nicotiana tabacum
fm¥e o i 3 ¥ 12 E4p B 2L F) phenylalanine ammonia lyase (NtPAL)!Z %2 pleiotropic
drug resistance (PDR)-type ATP-binding cassette (ABC) transporter homolog (NtPDR1)
+ & + 2 (Sasabe et al., 2000, 2002) - ¥ — * & > 12 protein phosphatase inhibitor
fd2 > Bl ¢ NtPAL 2 NtPDR1 & A Flen& 8 F 2 > &7 NtPAL 2 NtPDR1 4
FlE RS v B 2 TR o R 0 s AT A elicitin FE2 g IR R

Fenk & v iE- BETT o
4. SOBIR1 %¢r ParAl # %2 3 4 @ #R T

*F % % £ 0 TRV-mediated A %] #F 2 3 v % 4 3v SISOBIR1 ¥

SISOBIR1-like £ 714 313 % 3§ 404 P. parasitica z_ ™ "% » 12— #3033 N,
9



benthamiana # % # 13 SISOBIR1 % SISOBIR1-like 2. & &= % % %% » ¥ 11 P,
parasitica 5 4_3¢ + & & > % W A f " w7 i 1 2 SISOBIR1-GFP %
SISOBIR1-like-GFP & w2 "= ji 'wm % N # # - 2 B f& P. parasitica i =
SISOBIR1-GFP 2 SISOBIR1-like-GFP # # =11/n #]»> 3£~ # 12 P, parasitica 2. PAMPs
FJ2 0 3¢ 3 ParAl (# 5 P. parasitica z elicitin) it % - 43 % SISOBIR1 %
SISOBIR1-like # #: - ¥ ¢} » ¥ 4 N. benthamiana z. SOBIR1 F /& 1+ & %] NbSOBIR1
% NbSOBIR1-like 2. % 3. & & » B ¥ " M ParAL 31 enT 5 8K > ¢ 7 0" 1%
ROS B & ~ R G § RPERHE ~ 1T PTI AT LML > 122 78 AT
MFE i~ cndmfe B I o ¥ - 2 5 0 72%7 4 IR SISOBIRL ~ SISOBIR1-like 12 2
NbSOBIRL *t 4 Fl# 2 3 & » % i 5 4F ParAl 31 cn ™ P51 i F i > 2P § ive
# 3% 2. SOBIRL homologs % ParAl 3 ¥z s & @R /md > 53 hfiz it

# 5c (Peng et al., unpublished) -

10



5. Py

ol BBFARMATY 2 PR RS SR PRREEF2L T 5R B L2
£ & A4 4 5 ¢ § BAKL BIRL, SOBIRL ¥ - it 3 474k 7177 7 258 RLKs g
22T F N R0 R P EFTHE TE RLKS 3 08 o7& k> F LT AP
A LR zw&%ﬁw&ﬁ%%‘rg BN &R A 1T RLKs 22 2 3 8% Fod > T 4R34 8
Bfed 2 AR ety 0 B9 IR BRILAPM UL @ E 2 f8 T § G 77
~ (Tang et al., 2010) - @ ffedr b 1} > r2 B Uk e R4 17 EFR 44
elf18/26 is F-v 4§ & %8 fe = 2. % 1* > 3 TR % elf18/26 fd2 p% - BAKL (SERK3) 2 BKK1
(SERK4)2 EFR A 4 % 3 i¥* (Rouxetal., 2011)« F] » 14 B 2 % A 45 PRRs 2 3
 RLKs 2.2 3 (£% 3v » R fa4hdr ¥ RLKS U4 @ #is menf »c 582 - o &
PR ;ﬁd B UAK¥E e B ¥ R 4 47 4F 3t P parasitica elicitin ParAl 2 N.
benthamiana p# SISOBIR1 z_ = 3 i®%* F-v {48274 5 » 118 - By f2 SISOBIR1
581 ParAl o 2 @A F i 2 che 3 )

11



AR 7 & - -

=

1L HFHERLEES
# % (Nicotiana benthamiana)$* #& = ;% 5 #-f8+ H A REBE R > 5 FE
FHEFIELNLY > PELTHBEILEATOCARL RAR=L L) > X REN

25°C~ k¥ 5 12 | PR @ /12 | Pk PRt ERBE Y o

2. &+ SISOBIR1-GFP £ SISOBIR-like-GFP 2_ 4 i = %

2.1 R FiLsiz (Agroinfiltration)

# # 3 pK7TFWG2:SISOBIR1-GFP (Peng et al, unpublished)
pK7FWG2::SISOBIR1-like-GFP (Peng et al., unpublished) # & §* %8 5 R & 7
(C58C1)3: &>t 7 3 2.2 % 100 ppm spectinomycin f= 12.5 ppm tetracycline 7 LA
¥ 35 & 7 (1% bacto-tryptone, 0.5% yeast extract, 1% NaCl, 1.5% agar) » & &% & !
feo P H FE R A 7 3 #2 £ 100 ppm spectinomycin 2. LB (1% bacto-tryptone,
0.5% yeast extract, 1% NaCl)- >t 28'C 3 % 16 ] P i #-33 % Fie &2 MMA[10 mM
MES, pH 5.5 (90 mM sodium phosphate buffer, 7 mM ammonium sulfate, 1.5 mM
sodium citrate, 1 mM MgSOs, 0.2% glucose, 0.1 mM CaClz, 10 mM MgCl», and 200
mM acetosyringone] % %8 4% ;2 £ - 12 6000 rpm & 5~ 451k d LB ¥ 2 dd &2
e F oo & F 2 1l mL MMA R FFHE > T B EF I G F kAE(HES
pK7FWG2::SISOBIR1-GFP, pBIl121-ParAl % pBI121 "ﬁ % ODe00=0.3; #%
pK7FWG2::SISOBIR1-like-GFP —“‘Ff % ODe0o=0.5)18 » i1 53t 4 < e B 5 o

22 M g HFH &K ¢ KB &4 (Laser Scanning Confocal
Microscope)fL 2 ¥ £ v A # = §
VR AR D B ARE > N RPERRYERETES I &

# K ¥ LB Acs (TCS SP5II, Leica, M= 4%+ SR LFREFRE? <) 56

i

12



40x/1.25 ¥ 63x/1.40 ;¢ 4 (HCX PL APO lambda blue) » jg3 -k 4 £ 488 nm % 48 47

kg £ 505-530 nm - BB Gk e AR A AL wmieiha in g o
3. M iv SISOBIR1-GFP 2. % 3 1% 3¥-v

3.1 B > 0
SRR 4 A SR E YR AR (5 22 R e E
YRR AR AT R -80C B o pEfEd > Bd B N E B R

ﬁ'\&
..);.

# pl(2mL/g £ % £ )4 ~ lysis buffer [50 mM Tris (pH 7.5), 10% glycerol, 1 mM
EDTA, 150 mM NaCl, freshly added 1% protease inhibitor cocktail (Sigma-Aldrich),
1% IGEPAL CA-630 (Sigma-Aldrich), 10 mM DTT, 1% polyvinylpyrrolidone, and 1
mM PMSF] (Roux etal., 2011) ; 5 7 #{ 4% dv 2 B AR » T 4C L3 ARy
% (Branson ultrasonic, PC-600, USA)Z 7 #-v e dd ¥ o EF > #-3% % 2 13000 rpm
(AC)4w 20 ~48 > PR T Aede2 > Fv o FiE- # 1% Bradford i &7 3
v ¥ B¢ @ F-v ple A 5 Coomassie Brilliant Blue G-250 (Bio-Rad, Hercules,

CA USA) » HF P> E ofedh 39 87 LAWK v AL T o

32 E MK

fedh A EE S > k9 g (045 pum, Millipore Express PLUS Membrane
Filters, Millipore, Billerica, MA, USA)iE g is » =% 39 2 £ 10mg 2 g% » 4c »
% %8 4% 2 dilution buffer [S0 mM Tris, pH 7.5, 10% glycerol, 1 mM EDTA, 150 mM
NaCl, freshly added 1% Protease Inhibitor Cocktail (Sigma-Aldrich), and 1 mM PMSF]
& {7 AR 0 1L lysis buffer @ 0/ G E AR R 0 £ 40~ 15 uL GFP_TrapA #3k
(50% slurry, ChromoTek, Marinsried, Germany)=*+ 4'C % % 7k i 7 {5 > *>4°C 12 2700
rpm 3o 2 A 4s e B~ IR 20 14 4 1 mL extraction buffer & 5@k 2 3w o 4ot £ 47
5 = Mikd gkt LR - ML a5Ev o FHF e~ 30 uL 2X sodium dodecyl
sulfate (SDS)-polyacrylamide gel electrophoresis (PAGE) sample loading buffer (1X
sample loading buffer: 50 mM Tris-HCI, pH 6.8, 2% SDS, 10% glycerol, 1% 14.7 M

B-mercaptoethanol, 12.5 mM EDTA, 0.02% bromophenol blue)*+ 70°C 4c %t 15 4 43 >
13



12 2700 rpm s o b oFie G

i
b
w
&l
¥
[
_\g_

33 & * #&# ;& (western blot)

12.5 % SDS-PAGE %} %8 % Tris-glycine buffer (25 mM Tris, 250 mM glycine pH
8.3, 0.1% (w/v) SDS)® 7 /& 25 V g% 50 min > & F 1% L5750 kv wiF 4
(Bio-Rad, Hercules, CA, USA) #-%v A SDS-PAGE # % 7] PVDF %i8 » >> 3 8T
B e g [5% skim milk in PBS buffer (3.2 mM Na:HPOs, 0.5 mM KH2POq, 1.3
mM KCI, 135 mM NaCl, pH7.4)] 40 »~ 4&> 1 fp 2k 225 - M2 &k F |+ ﬁr% 2500
% 2_ anti-GFP (anti-rabbit-eGFP diluted with 1% milk in PBS) it * 1 -] p#>4]% PBST
(3.2 mM NaxHPQO4, 0.5 mM KH2PO4, 1.3 mM KCI, 135 mM NacCl, 0.05% Tween 20,
pH 7.4)ife= = » & = 10 4~ 45 o ¥ ¥ 4o » f-## 20000 % 2 rabbit anti-horseradish
peroxidase (HRP)-linked antibody = = =48 » i¥* 1 | pF-» £ 2 PBST /&&= =x » &
10 & 450 B 6 4 » HRP 2 5% Z B ECL (Millipore) i * — 4 4t » 14 Fiji Super
RX-N & 5 1 p|2n B o

4. MLE# &4 47 SISOBIR1 £ & & itk v

41 39 ?.*373*-;‘-';' i K

Rp AL E SR 3133 2 WA FHRAITTE R AR LRIUK
pF oo B~ 15 mL F-v % B~ 2 dilution buffer [50 mM Tris, pH 7.5, 10% glycerol, 1
mM EDTA, 150 mM NaCl, freshly added 1% Protease Inhibitor Cocktail
(Sigma-Aldrich), and 1 mM PMSF]:i& = ﬁrﬁfﬁ » & 4 » 60 uL GFP TrapA 3£ 4C
R AAEICHK o ¥ P 0 12 1 mLextraction buffer 2T =t 0 # ‘ﬁfi ko 1Al

F R SR -
42 K R 5 AL

4.2.1  On-bead trypsin digestion

o B ST S qT B 2 B3k 4 1 mL PBS (3.2 mM Na;HPO4, 0.5 mM KH2PO4, 1.3
14



mM KCI, 135 mM NaCl, pH7.4)i5% & = > figkied 7% F 2 F & B8 0 BphaR
EL Rz o A% E Y 4~ 50 uL denaturation buffer (2M urea, 100 mM Tris, 10
mM DTT, pH7.5)* % 8 27 20 #» 48 > £ 4c » iodoacetamide % ¥ )k & 5 50 mM >

Far 2P BF 1044804 F 0 4 » 1.2 pg trypsin (sequencing grade modified trypsin,
Promega, Madison, WI, USA)&E?E%@%;E’JJ ffdF-v0 o & ] FF{s > 12 4000 rpm
B 4 sdk o PRI ARG SIBSE LR IR 0 208 0 30 WABRK
PR E LE UMk 9 o £ X 4 » 50 pL denaturation buffer >tz BT B 5 A 45
v 4000 rpm Hres 4 A& R TR P FR T EE - b FiREH Y
B bR dor 0.4 pgtrypsin s £ 37°C 1% MEEEA R 2 B2 §rReE Y B o

B p o 4e ~ 10% trifluoroacetic acid (TFA): % k& 2 05 % TFA 2@ 1 F Jigeo B fs o

rE 7 gges ¥ (Heto Maxi Dry Lyo, Allerod, Denmark)# 5z &5 » & %15 *+-80°C 12
T E R e T

422 #H3d A9 Il

1260 pL 2. 0.5% TFA w73 & 7 524 chtk & 4% ¥ 12 C18 Stage Tips (Thermo
Scientific, Waltham, MA, USA)Z # > # ¢ wash buffer 5 [5% acetonitrile (ACN),
0.1% TFA] » #{¢ % "=4#12 20 pL elution buffer (80% ACN, 0.1% TFA)* # » % "x4&a
7 #&% £ 2 miVac DUO concentrator ( Genevac, Ipswih, UK)E 5 555 » B {8 # 5 *x

B 32 0.5% TFA ¢ 5 e (7 15 4 s A 47 -

423 RApkAre BRI

Nano liquid chromatography (LC)-mass spectrometry (MS)/ mass spectrometry
MS)~trd e -2 B2 L2 L AFHRIHRTEGE T * 2 ki LTQ
Orbitrap XL mass spectrometer (Thermo Scientific) » + #§* Dionex Ultimate 3000
RSLC system (Thermo Scientific) 3% »zi % 49 & 47 & S22 nano-ESI 7 vf JE 3+
oo HEH X g 414 23 Reprosil C18 meterials (3 pum, Dr. Maisch, Ammerbuch,
Germany)z_ spray tip (150 mm length x 100 pm LD., 5 um opening on the tip) °
Nano-LC z_ 4 5563 % & 3% 15 223k 2w 52 500 nlL/min > % *x4&12 95% buffer A

(0.5% acetic acid) %3 » #4¥ - £ M= [F £ 7 k& 2 buffer B (80% acetonitrile,
15



0.5% acetic acid)* % ¢ 11> 4 %] & :5-10% B in 5 min, 10-40% B in 60 min, 40-99% B
in 5 min > % F Y e spray voltage X i 2.4 KV o T RIA 0 1Y
data-dependent acquisition mode 27 3% fA P Bt FiE A 47 (tandem MS) - 7 A # #t
=+ (precursor ion)# Orbitrap # € 4 7 % (FWHM 60,000 resolution at m/z 400) (& 4%
to & 17 0 e o 5 miz 300-1600 - 4% » #-* 33 F 4 (precursor ion scan) @ ¢
FAELE AP L 10 2 35 i~ # 12 collision-induced dissociation (CID) 0 3% #

B Fe5 g+ Lo Linearion-trap FE AT At TR H AR S TR -

4.3 FH R As

43.1 TR $

{1 * Discoverer (Thermo Scientific)#- MS 4 47 #7 {8 e 45> #cdp & 4% 5 Mascot
Generic Format-> £ 1 * Mascot (Matrix Science, Version 2.3.02) 12 Sol genetic network
(SGN; http://solgenomics.net/) z_ # % (N. benthamiana, Niben. Genome. v 0.4.4,
proteins) % # s=(Solanum lycopersicum, ITAG2.3_proteins) 3~ & 7| i% & FHLE » &
7 F=-v ¥ o g% _-Mascot & $73% Z 4 Fragment ion mass tolerance: 0.60 Da, parent

ion tolerance: 7.0 PPM, fixed modification: carbamidomethyl of cysteine, variable

modifications: oxidation of methionine 12 2 phosphorylation of serine and threonine -

432 ¥v ’p,"-é/ ARy

41 * Scaffold (version Scaffold_4.2.1, Proteome Software Inc., Portland, OR, USA)
445 MASCOT #% 2. MS/MS-based % *x4a% F-v 2. 17 & - H ¢ Scaffold 4%t %
PReaen o g MR 5 95.0% probability (Peptide Prophet algorithm with Scaffold
delta-mass correction) - ¥ — * 6 > Scaffold ¥ 3¢ £ » gz &5 - > 255 (1)
>95.0% probability (Protein Prophet algorithm with Scaffold delta-mass correction) %

(2) at least 2 identified peptides -
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S. 2 FAF & 47 SISOBIRL & & & ik -9

5.1 A FlLfa

#- SISOBIR1 * # % ik 3=v & 7% » Blast2GO (BioBam Bioinformatics,
Berlin, Germany) # % > 134 NCBI non-redundant 7 #L & i& {7 Blastp (Blast Expect
Value=1.0E-3) » #F 1345 5 7| v 5 % 2 7 A F3Lfz 4 47 ©

6. SISOBIRL # # £ /Tl Fvv 7 i 4 47
6.1 TRV-mediated & F]#

6.11 AF#FR{HEAR

TRV-mediated 2k 73 2973k % 2 448 5 TRVL (helper virus)¥2 TRV2-pYL279
FRHEA Lt 40T 0 g A 12 DNA A 503 SGN i& 7 blastn 4 45 » & # A 51
APk R % > 60%: R 7] > f* Clustal Wi i7 % B 72 74 47 > 4% DNA B 71 4p
e & B > 95%2 B 7] WA FIE BRG] S $ > vy 300-500bp £ & - 2 R o
FI+ B & prédady F A 5 DNA 7 B0 1% QlAquick Gel Extraction Kit (QIAGEN,
Hilden, Germany)3 2 DNA » # i 95 pCR8GW/TOPO TA Cloning Kit (Invitrogen,
Carlsbad, CA, USA)zE 3% 424~ & DNA % £ 3x ~ pCR8 vector » £ #& 3] » E. coli

(DH5a) 5 # % 17 50 ppm kanamycin LA Bt 3: % A8 {7 &5 » PHE L 12 ;;]tg .
F P48 DNA i 7 T4 4 1715 > §1* LR clonase 11 enzyme (Invitrogen) ** 25°C &
LR F & #p 7 ST TRV2-pYL279 48 - & i -5 B4~ @1 E. coli
(DH50) » 12 100 ppm spectinomycin LA F k33 % A 7 & E > FEis & D8 0 1
colony PCR Fz .48 78 tk o
612 R %ﬁﬁf_ﬁ_

AT ERL 2P R A F 4 &~ L F Agrobaterium

tumefaciens (strain GV3101) - F S /w42 = © #-F % DNA fr B & %% 2 e
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(GV3101)323 iR fr> % » e ii § 30 f/fs 4 ¥ > 37C-kig 5 A4 & F 4~ 1mL
DYT (1.6% tryptone, 1% yeast extract, 0.5% NaCl, pH 7.0)** 28°'C & i # % 2-4 -]
PE o 12 8000 rpm g 5 ik ¥ b iR o M ERTRES 0 % 4F20 7 50 ppm
rifampicin 2 50 ppm kanamycin LA Hii & A7 HER 2 > FE R L {1

colony PCR Fx 348 78 tk ©

6.1.3 R FRE %2 (Agroinfection)
(7 A B pE > b TRV2-pYC279 € e il ez b4 TRVL ehfh 4% B33 &
) W

G

** 7 7 50 ppm rifampicin f= 50 ppm kanamycin LA F &3 % & FRE & 0
f32 £t 7 4 50 ppm kanamycin 2. LB i fi3s % L % 28°C 4 £ 16 /| B5> #32 £
722 MMA [10 mM MES, pH 5.6 (90 mM sodium phosphate buffer, 7 mM ammonium
sulfate, 1.5 mM sodium citrate, 1 mM MgSOs, 0.2% glucose, 0.1 mM CacCly,), 10 mM
MgClz, 200 mM acetosyringone] & #8 ## /2 & » 12 6000 ppm s 5 24523 LB ¢ 2
A FERT > BF Y IMLMMA RFFAS - T3 FER 5 ODeo=2 15 > %44
TRVL §448 ¢ TRV2 & e R ch 5 iR £ 104 FiL st s i chd

L
RATE Y - BRIz 8o
1. RNA £ 3R & & 7

7.1 3} B3FH RNA

*~F % i * plant RNA extraction miniprep Systemic Kit (Viogene, Sunnyvale,
CA, USA) > tn M 3 S Zx e I 2 R IT AR - F % ¢ . PHYTOENE
DESATURASE (PDS) Fl4 B4tk it 4 4B 2 > JcE A FE B ek iz H E
RoMATE T R EFAEI R RRISE » T 4w F {54 » 450 uL RX buffer
FRFTIEI O i BIR Aot e 48 @) ~ shearing column p > 12 13000 rpm #tes 2
LA ] e BAs B2 bR 0 &2 230 pl 100%FpE 32 3 R {og &~ mini column
¢ > 12 10000 rpm e 1 4 48 0 518 4 » 0.5 mL WF buffer 12 13000 rpm &< 30
#y— = » £ 2 13000 rpm &t 30 5% & 0 1o iﬁ—l‘,% g e o B fs £ 14 13000 rpm

18



oo 3o 4 “f A ¥ FPF 0 B 18 1 50 pL RNase-free ddH20 # /% mini column
Z_ RNA -

7.2 ## cDNA

1.4 RNA 12 TURBO DNA-free kit (Ambion, Huntingdon, UK)ix % TURBO
DNase & 3% 2_ 4 T/ A2i8 (7 2 “,f DNA- z_{& » B~ 1ug DNA-free RNA 12 SuperScript
I11 Reverse Trancriptase (Invitrogen, Carlsbad, CA, USA) #+ 55°C = » it % 2 ] &
BTE

73 i R &g F B (quantitative real-time polymerase
chain reaction, gPCR)

TR EREAF R F BT ik E 5 StepOne Real Time PCR System
(Applied Biosystems, Foster City, CA, USA) » & * 2_ F J&:#% = Power SYBR Green
PCR Master Mix (Applied Biosystems) - T & 2_§ ¥ & frif 4F & Jis & 17 £ 44 3L 71 #
B A T4 (- ) FRGER S 0 95°C /10 min, 96°C /15 sec, 60°C /1 min >
£ 40 B JEI o H MR R 15 0 & 17 melting curve (95°C /15 sec, 60°C /1 min, 95°C
/15 sec)~ 45 o #dy ~ 7 12 N. benthamiana ELONGATION FACTOR-/a (NbEF-Ia)i®
% internal control & 7% L > ¥ 27 TRV $tEe? 2 RNA 2 B2 744 E

(AACT) 73+ & -

7.4 ParAl g2

BAEE Y AR ParAL g 2.2 LR R RS2 0 457 pBI121-ParAl 2
B 4% F3 K 5 ODe0o=0.1 0 A& F13F Be4e ph P4 s % BdF ez 7 F ¥ 2 (7 ParAl ‘& df

2ROBIZLEFEIERPEe BRI LN 1 2L DR RBET L

N

T ParAl > &>t % I 36 ] PRI BRI E 5 necrosis #F A HA 0 EoiRdpiL R B
2 e 7 R AR TIPS 1 e 3 B 0-20% VX~ 6 ff, 20 dem e
7 &I 20%-80% i » & A 0 3 3 et § IR 20%-80% i & ff 5 s34 4T
F * Wilcoxon rank-sum test (*P<0.05, **P<0.01) -

19



1. £ % 3 ParAl ¥ 3* SISOBIR1-GFP =z
SISOBIR1-like-GFP & & 4~ tm %  #3 #

~F B3 A ParAl AJ2Z N. benthamiana ¥ % pF » SISOBIR1-GFP %
SISOBIR1-like-GFP ¢ o ‘w5 fmve N 5 #5 o 2 4R jc b F 2 18 (7 LR TR 2

EPEREE S AT A R AR RS 2 e i+ 20 N benthamiana E 5 £ % 3 (1)
SISOBIR1-GFP # ParAl ; (2) SISOBIR1-like-GFP £ ParAl ; gt ¢ » ¥ 12 (3)
SISOBIR1-GFP £ % §* 48 (pBI121; EV)2 (4) SISOBIR1-like-GFP £2 EV 1% % %t &
o T AFRFIVEIRFILRENNY FHFH 2 FLERERR - S5 FR
BAs st 21 ] pEis > TP A A AR ParAl 2 R [% i (3) ~ (4)]ELiR] 5
SISOBIR1-GFP 7 SISOBIR1-like-GFP 4 # *tfm®e vz 4 k28 (Fl-): 3 % 23
/| B » SISOBIR1-GFP ¢ SISOBIR1-like-GFP 2. % k2t 854 4c P &F - Apdterrs 5 &
% 7. ParAl P& [#if (1) ~ (2)] » SISOBIR1-GFP % SISOBIR1-like-GFP &3t % 21
JOpEDILE CEUEL AP E AR F N e i a A H T e po 2 fok i
(Bl- » % & =r7) 2 ¢ 12 SISOBIR1-like-GFP crfs #+ I % £ H P &g ; 3 & 23 /|
P& > SISOBIR1-GFP £ SISOBIR1-like-GFP i sk 21 553% jbrjk 53 (B]— ) o ot b > &
Z % ¥ Rhi#E% ¢ o SISOBIR1-like-GFP % % 2n %5 % 1+ SISOBIR1-GFP - i3t 4
S ET o R EILME LR ParAL s & ¥ ) ¥ L SISOBIR1-GFP
SISOBIR1-like-GFP & ‘m® ¥ fm¥e ] 4585 > (e &% 23 ] P& & K BLIE bk 33
FI (ST LRI SRPF 0 R 22 PRIT L RS b R R

2. Mg wEA #SISOBIRL-GFP 2 SISOBIRI1-like-GFP
RiEF P 2T FF Fou

& F2% SISOBIR1-GFP % SISOBIR1-like-GFP 2 £ 34525 » & 7 Bk K4 w0 it

T BB 00 B AR F (S 22 ) PRI A fod KR (T LRSS AT o

# o ParAl AR e @ 3502 B 4% FiL sz 4 R 1 (1) SISOBIR1-GFP 2 ParAl - (2)
20
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SISOBIR1-like-GFP % ParAl ; A g2 & 3% ¢ (3) SISOBIR1-GFP %2 EV - (4)
SISOBIR1-like-GFP 2 EV ; pt# » 5 12 (5) GFP 2 EV 4 (6) GFP %2 ParAl i* i
Hiee PR LRSS 2 2E - gl e it (1), (2, Q)2 (AL F Y
anti-GFP & {7 L A& e & A 47> & e 30w 90°C 4o #fe 5 3 L i {7 SDS-PAGE-
# ;% 1 p 3] SISOBIR1-GFP % SISOBIR1-like-GFP &3t 51 » fe -4 £UR B "5 K 2
J7°Crvec L PG e MAERELS T LRI Ty [FHQ)IO)NEEET 0 &
> % SISOBIR1-GFP [# it (1)% (3)]2 SISOBIR1-like-GFP [ it (2)% (4)]= # &
oo % ¥ A 4pd >t SISOBIR1-GFP % SISOBIR1-like-GFP g #f »~ + € (100 kDa) /&
WPl fEEL . 2R @ 55,43 2 35kDa f ¥ IILZEIEEp i EL B ¥ A S It i ()
A B)Hmetks (B- A)-

- H B e [FiE(1)E (6)]2 T84 % F=v > 12 anti-GFP beads & % ik
£ £ {7 SDS-PAGE - "} 44 ¢ % % &7 > &%= 4 I SISOBIRL-GFP £ ParAl [#
i (1)]2 SISOBIR1-GFP 2 EV [# it (3)] % ¥ (|3 # &35 » 3+ £ (100 kDa)
Z2_ SISOBIR1-GFP 3-v » 7X@ 72,55,43 kDa /¥ 258 s » H B A IR
4R e & [#i (B)2 (6)]; AP Eh % 4 7 SISOBIR1-like-GFP ¢ ParAl
[ (2)]& SISOBIR1-like-GFP £ EV [+ i (4)]> &8 4~ + £ (100 kDa)%r;2 %

FEHpEL s £ @ . 55kDa Audi - A B iEF (Bl- B)-2- ARFALAIRELEZ B
% BT 0% 7 fdp 2 SISOBIR1-GFP % SISOBIR1-like-GFP 37 & + £ fiik] 17 3
55 ¢b> ¥ 30 72,55, 43 kDa it AR Hp g H R K Mt R e [9 ik (5) % (6)]
B (Bl B)eka o o3 Fketis [0t (1) (4)]% > 30kDa fe B3] -
B UL Hergtpew [whar (5)2 (B)|# &7 WRIFIHGFP &~ E4pf 2 B ¥
it % SISOBIR1-GFP % SISOBIR1-like-GFP *# iz *i## 412 GFP- = =% € 4§ :%5% % %
g ot 0 ParAl rd2 e (1), (2% & a2 = (3), (4) 2 GFP-beads it {7 d & itk #7 1% e
fAh & Uhk v > & SDS-PAGE T ABHY L5 LRI Vb WA 2
G730 & % % > 4278 SISOBIR1-GFP 2 SISOBIR1-like-GFP &7 it £2 3% 5 %% 235 5%
PR Ehe ¥ - 20 T E2fF k8§ LRmK % IR SISOBIRL-like-GFP
GfEF Y hg-d R4k R 430 SISOBIR1-GFP» 7 = i (- )l Bip % 150t 2
¢t > Liebrand (2013)45 1 SISOBIR1 ttidr 7 @413 iF 1 & 4 ¢ > s 7y &

&4+ SISOBIR1-GFP & {7 L & ik & F 3% &k A 47 ©
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3. F1* LC-MS/MS #%: SISOBIR1 4 & * itk v

LB f32 SISOBIRL 2 3 (%% 2 vt B4 A F S L5 FASME £ 241 A
SISOBIR1-GFP 2 EV: B.SISOBIR1-GFP % ParAl; ¥ 12 C.GFP 2 EV {r D. GFP
3 ParAl {7 5 ¥R e 30154 22 ] PSR 5o e X F-9 % anti-GFP beads
@ﬁi&mﬁ’ﬁ¥ﬂ”ﬁﬁ%ﬁ$%$?ﬁULMyMSQﬁJﬁE%EWi
o B
Bed B R Uk v fEfE 5 5 Pk4d > B F 2 Waters Synapt G2 HDMS (&~ =+ i & % &~
é?ﬁ?ﬁﬁM?%EM%HLWWMSQﬁ’j%@ﬁ&%uMN%OHMmR
Science, Version 2.3.02)i& 7 }=v £ & #gog_0 Ra gt > % SISOBIR1-GFP %

\t

MUHR v o 387 LC-MSIMS & 45 pF > g A A* 2% - > 2 in-gel digestion

CBCLBEE T EY o 2R AR R IR A TR SRR 0 S 2
= @z & %P~ on-bead digestion i& {7 F-v F%f#> ] * Thermo LTQ Orbitrap XL (3 i=
~BEZEFAL R ATHRT % %) T LC-MS/MS 4 47 > F k2 MASCOT 4 47
Woblicdy - @730 A FT SR B THAITTE L LA K UK B
BBRLEE TS EEY 3B o

AR EHREEF I B A XBHR NI E A ABCEDe
AL T 39 ("Bl- ). 4%% » JI* Scaffold - # 4 & MASCOT v & 4
ko U TR L SrRAAZ Fov 2 A E R H P frkpahE
& #FE M HE % 95.0% probability (Peptide Prophet algorithm with Scaffold delta-mass
correction) (Nesvizhskii et al., 2003) ; @ Fv & o gz 5 = > LW 5 ()=
95.0% probability (Protein Prophet algorithm with Scaffold delta-mass correction) 2 (2)
34 2 L0 EFERiRE e (Kelleretal., 2002) -

S it & - M 2 SISOBIRL 2 3 i % 2. F-v » A42 7 12 Scaffold & % H
- EAR%HY C2 DETMEL LA R RY T3 4B %2 » ¥ 12 Venn diagram

A ¢ FIEl &+ (Bl= A, magenta circle) u#“f" it &2 GFP 2 2 anti-GFP

beads 2£-% - 255 & chdv - H - £4738% ¢ » 4~ 47 A 2 #7{ +7 SISOBIR1-GFP %

F UK F-v 12 Venn diagram ¥ § ¢ FIBl &1 (Bl= A, yellow circle) ; 47 B &
#7187 e SISOBIR1-GFP = ¢ itk -9 B[4 Venn diagram » &4 FlB 41 (B=
A, blue circle) - Venn diagram z_ % 3 I, II 2 1l 5 &% — 43 &2 SISOBIR1-GFP %
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fE e Re (B2 A)o | R % & EJ2 ParAl pF > SISOBIRL ¥ i sha 3 8% 3=
85 1 &7 % EE ST ParAL > ¥ 7 i 22 SISOBIRL % 3 8% thgv 5 I &~ 4 e
7 ParAl FF > SISOBIRL ¥ 4 e 3 (8% Jed o ¥ — 3 5 » B IV, V,VI R8¢
chg-v o 3 w7 SISOBIR1-GFP £ & % jilik » 7% I P ¥ BB ik (B F] > 22 5 2
Fttgenzih - 39 (B2 A)- ¢ 32 % AL ParAl i 22 SISOBIRL-GFP & #.%
k2% - e (IV) 7 % A_F g2 ParAl % &2 SISOBIR1-GFP & % ik
2 28 % - B3 (V); AJL ParAl pF2r SISOBIR1-GFP & % k2 2% — |4 Fv
(VI) o Bi8 o %t VIR A 08 Jb & 4R et 0] B end L UK o o
SERT o HRELZ XEAFE%KY A W RT] 327,323 2 241 12 - B
v (F= B,C,D)> #Am »BHmE » A9 %L HBEpF 391528 -
B M7 S HEY RS EARRY R L ORE S Pl Y HRES j ey
FRREE RIS - Ry o feff GFP 2k - R Lk
SISOBIR1-GFP = =t £ 4F %% ¢ 4 u| | ¥| 54, 104,55 4 4% £ /o 30 (B =

'ﬁ3

B,C,D) »Humg » 2:+{F75 157 B SISOBIRL ¥ it eh2 3 7% Fov (=) H
P25 Mgy WAt R A ParALl enfe P > B B F i 5 & AL ParAl pr o 3
W &2 SISOBIRL 2 3 (7% 2. Futi o gl ¢h» AFTF = X FaA 479 » 7 iR Bl
Be MEF ¢ SISOBIRL % 3 it* ehPRRs» ¢ 3 4 v Eix2 12 2 Ve proteins 2
Ja 39 (Liebrand et al., 2013; Fradin et al., 2014) (% =) - % -1 2 N. benthamiana %

Tk R LRSS B A 4T 5 4831 SISOBIRL % 3 % Fod e AT o

4, SISOBIR1 & # % itk ¢ % & Gene ontology (GO)2Z
ol PR ek )

L B i SISOBIRL 4.7 £ Tk v chwt i 1 AFT 7 4445 i 157 £ 356 F
#ig 7 GO terms ~ 45 o d >t N. benthamiana 2. A FIR FALE P = & A &2 GO F#d
B ~F %% Blast2Go #c48 > # SISOBIR1 & # + ik 39 % NCBI
non-redundant database i& {7 BLASTP 4~ 45 > I kg~ 78 & B8 2 A Fl2 GO
terms o

- BB fEA JZ ParAl pF > SISOBIRL 2 & & & Uik 39

\\\Xr

2 o

I
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‘biological process’ » & F 2k 44 & 3 T 41 33 ParAl &J2 e 2 132 i# SISOBIR1 4
FE ST 30 217 GO terms 0& & 4 45 0 4%+ Blast2GO Node-Score # % e 10
# GO terms i& {7 k3t~ 45 » i€ ¥ 5 ® combined graph (Blz A) - %% %71 > A
Fd2 ParAl pF > SISOBIRL # % £ ik 3-v %22 2. ‘biological process’” > i & &
‘metabolic process’ (% 2= - biological process GO at level 2)cr4 £ (65%) ; - *F »
# 7 ‘response to stimulus’ (18%), ‘cellular process’# ‘single organism process’ (9%),
‘cellular component organization” (8%):14 £ - & % ** ‘metabolic process’ =7 GO
terms ¢ 3 ‘biosynthetic process’ (15%), ‘catabolic process’ (13%), ‘protein metabolic
process’ (10%), ‘cellular metabolic process’ (9%), ‘carbohydrate metabolic process’
(9%) - 12 2 “nucleobase-containing compound metabolic process’ (9%) ; ¢ 7
‘response to stimulus’=7 GO terms & 4% @ ‘response to stress’ (10%) 4 % ‘response to

A

abiotic stimulus’ (8%) ; # 7z >+ ‘cellular process’% ‘single organism process’ 7 GO
term %  ‘single-organism cellular process’ (9%) ; # {¢ - ‘cellular component
organization” (8%)R| p % k& &= 2. GO term - iz % % 87 > A J2 ParAl pF >
SISOBIR1 z_ %% + itk v ¥ iv 5 5 ‘metabolic process’z_ 4p i 3~v o

L

=

¥ - 2w > 5BfE ParAl 32 pF > SISOBIR1L £ # % Uik 3-v %22 o%

|1

‘biological process’ » * § 4~ %+4F T 11 B> ParAl A2 e 2. 25 i SISOBIR1 4 %
£ THK F-v 217 GO terms 14 & A 45 0 £ 44%+ Blast2GO Node-Score # % e 10
B GO terms it {7 ko3t A~ 47 > T iE - ¥ g W combined graph (Blz B) - % % %71 -
ParAl g2 pF > SISOBIRL 2 & # % ik v % ‘biological process’® 1 & % & &=
2. ‘metabolic process’ (41 %)+ %2 ‘response to stimulus’ (40%) 4 & 5 gt #b > R
‘biological regulation” (9%)z. & &£ » 12 % ‘response to stimulus’, ‘cellular process’,
‘single organism process’, ‘biological regulation’, ‘signalning” (+ 10 %) - ¢ 3 3%
‘metabolic process’z. GO terms & 3= @ ‘biosynthetic process’ (10%), ‘catabolic
process’ (8%), ‘cellular metabolic process’ (8%), ‘nucleobase-containing compound
metabolic process’ (8%) > 2 2 ‘organic substance metabolic process’ (7%) ; ¢ 7 *¢
‘response to stimulus’z. GO terms B # 3 :  ‘response to stress’ (20%), ‘response to
endogenous stimulus’ (10%) » = % ‘response to biotic stimulus’ (10%) ; & 7 >t

‘biological regulation’ 5 ‘regulation of biological process’ ; & i - B E_& 3t 5 B &
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B = GO terms 4 i =7 “signal transduction’ (10%) -

i %% &1 > SISOBIRL 4 % & ik 3-v %4 <1 *biological process’ s & &
¥ it & 227 ‘metabolic process’s¢ ‘response to stimulus’=tp B F-v o 28 @m o ParAl

2 pE > & 7% ‘metabolic process’= GO terms & 65% "% 1 41% > @ & 7 3%
‘response to stimulus’ 7 GO terms +* &d 18% # = & 40 % &+ = % 3L ParAl p#>
¥ it & SISOBIRL &2 fufligc2 82 4phE 3ov A 4 23 0%% > |7 5K g
o

5. ParAl &Sz SISOBIR1 4 & £ /il 3¢ 2 GO term

enrichment 4 #5

B 27k ParAl /e 2 > SISOBIR1 ¥ it 2. 2 3 i % F-v ¢ GO terms ) 3L4f
FEFHFARM o A% % 2 4% 2 (Fisher’s Exact Test) - i& 7 GO term
enrichment 4 45 - 12 157 i SISOBIRL # % & ik v T 5 %% # 348 > 312 25
% ParAl m 2 pFe SISOBIRL ¢ % £ itk eh3-v & B3 ¥4~ GO term
enrichment 4 45 e % &t > £ LA L ParAL P& » 5 = 1 GO terms 1 JLA7 & &8 ¥ %
s @ 320 ‘response to endogenous stimulus® (GO:0009719), ‘response to stress’
( GO:0006950) > 2 % “cell communication’ ( GO:0007154) (BT )- # ¢ - ‘response
to endogenous stimulus’% ‘response to stress’ 'y = & &= GO terms ‘response to
stimulus’ &0 &~ £ > &  ‘cell communication’ p| k= p¥ % ‘cellular process’ %
‘single-organism process’sii4 £ o it % WP o 14 ParAl AL > &V a4 B 1
487 SISOBIRL 22 5 B ilsfcii B4R v 2. 3 i®* 3> m ¥ - GO term
‘cell communication’ &t FLAE 5 3 4c B &8+ > ParAl aJ2 P ¥ it & % SISOBIRL £ 42
AL ERBE T T 224 F0 0 T IEH A e

6. # % NDbPDR1, NbPR10, NbOIligoA, NbAraA2,
NbGBLP » & NbrbohB i *% ParAl i ¥ 2_ w3 >

5B f2SISOBIRL £ f & itk 3-v e ParAln S B 82 j52 &4 AT p o
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FisherInfo:GO:0007154

it 157 B F-v o RYp P R EHITPTIARM o F oo PE LU BAF %Y 3 Bk
AFELEFAFLEEFSTA (2 0 £22)e 54> {]* TRV-mediated gene
silencing #jisA W # 2 2 2 F1 4 N. benthamiana 2 A Fl4 R E » HF W40
ParAl *+ £ 714 3£ "% ¢ N. benthamiana ¥ 5 > ¥ 1% i g% ParAl 3% & 'w e Hop

RPPARR 0 PR AR 58 ParAL S BT F it E2 £ R o

6.1 HFATFHPEHS L

PRz e FEPE 1L BAF (Fw) T4 E A% & NCBI
non-redundant database & = BLASTP 4 45 #1 {8 % % 4c 11 & & o
NbS00012609g0009.1 /& >+ guanine nucleotide binding protein (G protein) B subunit
protein - % S. lycopersicum AcrA2 (NP_001233881) 1k /& t+ & F] > & & % NbAcrA2
(% =) ; NbS000009959g0010.1 ~ /&>* G protein B subunit protein > % Nicotiana
plumbaginifolia NpGBLP (P93340.1)2_ F i+ £ %] » #-H & & % NbGBLP (% =) ;
NbS000389999g0004.1 = N. plumbaginifolia pleiotropic drug resistance protein 1
(PDR1, Q949G3)2 k-4 F] > & % % NbPDRL (% = ): NbS00003881g0105.1 %
S. lycopersicum predicted protein wall-associated receptor kinase (WAK)-like 20-like
(XP_004252723.1) 5 f & 1+ # % » & % 5 NDWAK20-lke (% = ) ;
NbS0000834190001.1 % A. thaliana z_ receptor like protein kinase S.2 (048837.2) 2.
iRl > & & 5 NDLRKS2 (% =) ; NbS0001686690001.1 : Arabidopsis lyrata
alpha-glucan phosphorylase 2 (ATPHS2, XP_002877534.1)z R A % & % 4
NbATPHS2 (% = ); » NbS0000629490017.1 5 & 71 +* ¥4 >3 37 5 N. benthamiana
NbrbohB (BAC56865.1) (4 =) » ## = H H 7] 4 mLpF iy 2 & P. infestans elicitin INF1
513 2_ Pz 3 7~ (Yoshioka et al., 2003) ; NbS0001267090012.1 % S. lycopersicum
2_ predicted protein NAD(P)H-quinone oxidoreductase subunit M sk & & F]» & %
% NbNDHM (# =) ; NbS00013102g0008.1 % S. lycopersicum z_ predicted protein
xylulose kinase-like (XP_004250720.1)¢F Jhft A % » & & 5 NbXKL (£ =z )
NbS00061321g0003.1 % N. tabacum 2. predicted protein PR-10 type
pathogenesis-related protein (BAJ25770.1) e il £ F]» & & 5 NDPR10 (% =) &

s NbS00042478g0013.1 = S. lycopersicum 2_ predicted protein oligopeptidase A-like
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e L F o & L5 NDbOIigoA (% =) -

6.2 #AERAFIERE ParAl 3 FEARILF B2 # i (LRI

#-2 48 2L 712, DNA A 712 SGN (Sol Genomic Network) N. benthamiana
Genome v0.4.4 predicted cDNA Z T Ei& {7 blastn 4 47 1.5 % % 3 > NbXK1 -
NbPDR1 ~ NbArcA2 ~ NoNDHM ~NbGBLP ~NbrbohB 2 NbATPHS2 % N. benthamiana
PEET - BARR RS ORIRIEAT] (Rw) o L BB BRI R 7
2 SGN N. benthamiana Genome v0.4.4 predicted protein 5 7 #L & & {7 blastp 4 47 >
FRLBBAFEH B RPEATGIRARA SRR F A2 85% (A1) L L
e kB Flz 7 i 4k (functional redundancy) » B3 2 305 5 RIR Y R ILP A
Ffc - HERFEERATZERRERAT . A8 B3R AT ¢ 7 NDPR10
NbLRKS2 ~ NbOligoA > NbWAK20-like F17 £ 5 iR 8 ] > Flpt & & - [ egg e
AT BB - B AT AT PGE R TR SR BT ek
#- 11 B eE A %20 DNA A7) %& p 3t SGN ¢ 2 N. benthamiana Genome v0.4.4
predicted cDNA % database i& {7 blastn 247 > & F A & & 7|4p F & 3 3° 60%5
7> 12 Clustal Wigi7 5 BA| T 5047 {49 E 7B E RS DNA B3| (5
300-500 bp)z&k :+ & — 4515 % - H ¢ » NbXK1 ~ NbPDR1 ~ NbArcA2 - NoNDHM -~
NbGBLP ~ NbrbohB # NbATPHS2 822X E 4 2 # p A %] > e F]H &2 £ A FiRp i
Flen DNA AP I B 1B > FIR k- A T B 7 B> $43E 2 B P 1R 2L F14p 9 DNA
BAGE B e AFETMEADNARA TS xR0 E- B
2 P A T2 A FER S

By ES TSR KPR - B BT iF L P IRA T YRR
» TRV2-pYL279 {48 - x k7 » B4 § (GV3101)¢ > ¥ ¢ » 4 § 7 48
TRV2-pYL279 2. GV3101 iF % #Rle o &% » &3 3 E@E A Fl2 GV3101-TRV2
Z .E'_? 8 (GV3101-TRV2:NbXK1 ~ GV3101:TRV-NbPDR1 ~ GV3101:TRV-NbPR10,
GV3101:TRV-NbLRKS2 -~ GV3101:TRV-NbOIligoA -~ GV3101:TRV-WAK20-like,
GV3101:TRV-NDHM -~ GV3101:TRV-ArcA2 -~ GV3101:TRV-NbGBLP -
GV3101:TRV-NbrbohB » GV3101: TRV-ATPHS2) £ GV3101-TRV1 12 1:1 % § 4% 7 3

o flr BB AR % A4 L P A T2 N benthamiana A ¥ # 2 {5 &
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(TRV:nbxkl ~ TRV:nbpdrl ~ TRV:nbprl0 ~ TRV:nblrks2 - TRV:oligoa ~ TRV:wak20 ~
TRV:ndhm ~ TRV:arca2 ~ TRV:gblp ~ TRV:nbrbohb %# TRV:atphs2) > ¥ - = @& » {& *
B4 AR %4 3§44 (GV3101-TRV2)# GV3101-TRVL 5 stk (TRV) - st ¢ > {1
* 3 ¥4 2 PHYTOENE DESATURASE (PDS)z N. benthamiana {4k (TRV:nbpds)

LFETL R R A FIEE B2 2% o TRVinbpds #] PDS £ LB T etk 2 £ 5 ¢
v FH R Rk e B 0 T AR 4B TRV:nbpdsl fE R E 2 v it 2B E T A
FIFF B E B AFZ P E S S ILE o #F 0 1* gRT-PCR » 47 i-3# A Fl & AL 7]
Bz HRe TRNZAFZEESLRE 37 5 2 23 AR i mE L N
benthamiana ELONGATION FACTOR-/a (NbEF-Ia)i*® % internal control i& {7 & &
okt ) BARA FIE B £AFRE% 0 BT L 2B R T2 MRNA R R ¥
BETw (R»)-

2 1608 AL Fl4F B2 N, benthamiana # % 11 B & Fid &4 w85 A R
ParAl - & &' i< NbSOBIR1 2z # & ¢ ¥ & ParAl ?‘;?;’s;*ibgg.@_:ﬁ_:}};gai s Ty
TRV:nbsobirl i% i positive control> ¥ 12 TRV % 2 negative control-i% if +* #i ParAl

bt AFIERIERE TRV AF 2 BB phmag BA2R » AR SRAFLT 44
ParAL 3 B AT F 2 25 o F A 1295 ParAL 8 HoB M s and f AR % R
A StG ff 7 R A vk ParAL A5 SR Mopsa 2 B B ARR O R B A G =
BE s RA G U HOBREEG LN G fE2 0-20%, °2° 1 HoRdEmEoa ff
FiLor o ff 2 20%-80% 0 2 (370 MeBEmsao ff L~ & ff 2 80%-100% (B -
A) -

BF o Ry P HARE > 4w AR {E FULS ParAl {2 0 % 36,42,60 ] R
Bk A R TP ParAL R BpTr 5 B RA 0 X F AP AT RS
BT 0 A% FiL st ParAL t5 % 36 (it =)% 42 ] F¥(B= B) ParAl > NbPDR1 -
NbPR10 ~ NbOligoA ~ NbArcA2 ~ NbGBLP > NBrbohB z_ & F]# Bk 48 x5 | 3 c/m #e 3
AR AP TRV fE R ¢ B % T %% 5 2k @ > & NbXK1 - NbLRKS2 - NbWAK20-like -
NbNDHM > 12 2 NbATPHS2 2_ £ )4 Bk 48 $4 31 3 2_ fm¥e 3k 5 chfe & B 22 TRV 48 4
ANELR -3 % 60 - PF o ParAl = 304 chiiE A Flz # 2  k (TRV:nbxkl -
TRV:nbprl0 ~ TRV:nblrks2 ~ TRV:oligoa ~ TRV:wak20 ~ TRV:ndhm - TRV:arca2 -~

TRV:gblp ~ TRV:nbrbohb > 12 2 TRV:atphs2)£ TRV g k#7514 chlm¥e 5* = 2 & ¥ T
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FE %3 ARaA o A FF B R TRV:nbsobirl 2 2 TRV:nbpdrl i~ &g % 2 & ParAl
sl hmie B 2R (RBlZ) L SRET 0 AR RITPEDEERFY
NbPDR1 ~ NbPR10 ~ NbOIligoA ~ NbArcA2 ~ NbGBLP % Nbrbohb 2_ 2k F]# 248 $& B
B Fiastis % 36 2 42 | Pyl ¥Fud ParAl 51 chwmie sk Ae k> H ¢ o
NbPDR1 . %4 2k 48 $& B % ?ﬁ"}iéﬁr ParAl s % 60 -] P¥ (7 iy 2t % ParAl 514 2_ ‘m¥e

R S A
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B 3k

1. M3 F A 47 SISOBIR1-GFP %2 SISOBIR1-like-GFP 2.
B UK F-v

AR %R AT DOFE T FRE A IR ParAl st 3l % SISOBIR1-GFP %
SISOBIR1-like-GFP d m?z 5w fm?e p £ &+ - 12 TRV-mediated gene silencing "% i<
N. benthamiana # SISOBIR1 z_ /a4 2L %] (NbSOBIR1 homologs)é# & - it &
*# ParAl 3174 2 3 p (Peng et al, unpublished) o 2 B {% i1 &2 =4 £ R
SISOBIR1-GFP # SISOBIR1-like-GFP 4 iv W 42 # 2 NbSOBIR1 homologs j* >
ParAl 734 2 Hop i B § 302 # % 2. SOBIRL FiRIE 5 7'k % ParAl 3% &
Weop chk s > 2 3 —‘ﬁ’\ SOBIRL & 5 # iv F enif= {2 o sp B #7 7 A2 1 » RLKS
AT Ry BT AT AR S 0 Gldclr el BAKL R4 2
flg22 gx# PTI iz 4 (Chinchilla et al., 2007) » & F-v & = 8= 7 7 5 R fl922 A
i BAKL £ flg22 £ ® FLS2 2 4 < 3 i¥* (Heese et al., 2007) - #* “t BAK1
%8R4 2 B elfl8 {¢ gx#s PTI ehic 4 (Chinchilla et al., 2007) » @ elfl8 g2 s
BAKL + ¢ frelfl8 % ® ERF 2 3 f£* (Roux et al., 2011) » P #F 34 RLKs 2 %
I30E v SEREHSEF BRI G o FP o AT Y B LR TRE
fe B 3# & ~ +7 SISOBIR1 %2 SISOBIR1-like 2. % 3 f¥% F-d » 1r2i&— 9 £F34 ParAl
3% 3 N. benthamiana ¥ 5 ¥ & * £ SISOBIR1 2 SISOBIR1-like 48 B 2. F Jigik i< o

5B f2{c & N.benthamiana £ % & 7 L Btk 2 S EPRFR L AF7 7 1% B &
FliL8tiE e & < 0 N. benthamiana ¥ 7 + # & SISOBIR1-GFP % ParAl &
SISOBIR1-like-GFP 2 ParAl » & | * X §= & & pic 4 g % SISOBIR1-GFP 2
SISOBIR1-like-GFP #lim?z 2_ A& # 2 #5 & e o 5 % 3 M+ 4 IR ParAl2l /| p#is
SISOBIR1-GFP 2 SISOBIR1-like-GFP #£ = % 3 > ® B 4nd ‘wmPe 54 & 1 e p
(Bl-)> # ¢ SISOBIR1-like-GFP & # 4% 5 chIp % £ % P9 &g > 4B 7 & 2% %
SISOBIR1-like-GFP t fm e 1 3UBLHRSS » FIpb fmve ¢ el LBV fod ¥ ik
23] o £ 4 7 ParAl 23 | pF{s » SISOBIR1-GFP %2 SISOBIR1-like-GFP 1 % 21 5L
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#33 (Bl-) & ParAl 1%@“”% 7 ig = SISOBIR1-GFP % SISOBIR1-like-GFP #3
B F R REA A bwie d gikd AT A (Goh and Sorkin, 2013) - {345 & ¢ &
MG B RS S > 22 ) PFIFL 1 3y & A 47 cpF R EL o

T30 SISOBIR1-GFP 2 SISOBIR1-like-GFP e L) i 7 £ Uik 2 £
K& A 472 % % % 3R > SISOBIR1-GFP 2 SISOBIR1-like-GFP ¥ it 22 3% 7 *% f24)
SEFEFAE (B ) IR % 33 5 ¥ £ 2 RLPs & RLKs e5#7 7 #  (Jonge et
al., 2012; Liebrand et al., 2012; Zhang et al., 2013a) > % + RLPs 2 RLKSs #f € ® 3
AR T AL ARSI R B Y AR SRR T KA
£ 43 ParAl 2 SISOBIR1-GFP g SISOBIR1-like-GFP ** #k #]# 2 NbSOBIR1
homologs 2 ¥ % » ¥ w 4 # & ¥ s ParAl 514 2 3B 145 s (Peng et al,
unpublished) » % 7+ SISOBIR-GFP % SISOBIR1-like-GFP #t& 4~ %8 © 8212 7 [ 0°%
fRRfi s o B X 2 PEE A ParAL A F R F R DY hE i o AR L BT
SISOBIR1 #“4nE r;z—]’tt;ga; C. fulvum % V. dahlia (Liebrand et al., 2013) % #r ‘p«?]:f]is%
P. parasitica (Peng et al., unpublished) s & & & ¢ #. SISOBIR1-like £ & » F]pt {8
R R A 47 W44 SISOBIRL & (7 483 o

2. ME# R yF# SISOBIR1 2. 2 3 1% v

t % iv RLP Cf4 7 3 3 3R » 14 N. benthamiana % #4 » e L B w2
3 4 473 H ¥ endoplasmic reticulum (ER)-quality control (QC)4p B v 2 3 (¥
* » & 7 ! ER heat shock protein70 (HSP70) binding proteins (BiP)% lectin-type
calreticulins (CRTs) (Liebrand et al., 2013) - y* = 3 {4 41 * TRV-mediated gene # 2
ie— #4324 BiPs 2 CRTs tsk i} st iy 4514 » % L% 4 CRTs £ L %' Cf-4
FES Avrd 515 2. HR > @ A F]3 2 BiPsig s fafhr = m @2 8- H & 47 o 3p 1Y
N. benthamiana & # 3R % 3t e d Bk * F# 415 > 5 B f% RLPS/RLKs 3t &
B 55.14243_:7’:)3 LR o

hET G AT AT s £ 157 i SISOBIRL ¥ i eh2 3 iF % gen (&

) H P & 5 e wenSISOBIRL ® 7 iF % F-v 4r-Eix 2 Ve proteins % N. benthamiana

It

2_ homologs (Liebrand et al., 2013; Fradin et al., 2014) - = = SISOBIR1 % £ Vel #%
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3 Avel 513 2 a7 F & (Liebrand et al., 2013) » ®* # > BAK1 22 PRRs 5 #
Pzl A4 23 %% (Rouxetal., 2011) > SISOBIR1 £ Vel 2. % 3 it #
2 Avel 22 F & B (Jonge et al., 2012; Liebrand et al., 2013) - ~ # 7 % 7L ParAl
R F 34 B8 SISOBIRL £ ¢ it LRR-RLPs 2. 2 7 1% B %> 3@ SISOBIR1
22 LRR-RLPs % 3 (¢ % il (57 ii 7 § % $12 $ 1 fjcm e < %5 Eix 2 Ve e
it AF b Ay b3~ B E 5 LRR domain 3 SISOBIRL & & & iitilik 3o
(it -)- 27 s B 5 NbS00037616g0014.1 (NbSOBIR1a)* NbS00033954g0001.1

(NbSOBIR1b) - #_SISOBIRL fef# % @ ehie RiL A 7] > & F Wik pe i 7|2 4p i1 & 3
i£ 88% > & NbSOBIR1b 2. kinase domain 7 C =8> 7 - /| BIRi L/ 7] o d 3

SISOBIRL # % ¢ 25 = homodimer £ &2 SISOBIR1-like #} = heterodimer (Liebrand et

., 2013) » ]t 1 F 7 ¢ & N. benthamiana # 3 NbSOBIR1 # NbSOBIR1-like
£ AR AT AR E‘Ef]ﬁ{SISOBIRl-GFP’f?.QrTv d > NbSOBIR1a 2 NbSOBIR1b
22 SISOBIRL 84tk fe i 7| = » @ fded 2 FI W25 NbSOBIR1a %
NbSOBIR1b- 2 **# s 7 3 & 3 LRRdomain sPd & £ ik 3= » & z 2 B#a A
e LRR-RLPs 2 —  LRR-RLK o d *t ParAl &b ¥ ¢ ch BP o 5 AAREF -
HEF e 7 ParAl ch e 8- HIFd - R AN POFHL Y > B G &

3R ParAl £ SISOBIR1 + & ik » &g or SISOBIR1 # it i 3 £ ParAl s

)‘I a
W
“k
[}

% o %Rm » ¥ - &7 it 5 ParAl &2 SISOBIR1 75 = §-v 45 & #4815 > 5 d P2 5 1%
B iAo fidr A T R KE T S e A T 0 e ¥ ParAl i@
{7 ubiquitination % i3 &F i * 12 4 2 ParALl> F]pt R HE & e R A DR
FHodrEE & ParAl 2 2 X B2 SISOBIRL 2. FFen2 3 1% B th > MAREBEFE-
HE o F- 25 > 52 X2 F% A IE ParAl pF > § R3] - LRR-RLK
(NbS0003394690003.1) (*it % — )» & — & 4= i e F 19% LRR-RLK (AT1G14390)
Z e BB 20 A MR FIAR 00R K 5 62%-° d 2t p @ ¢ 4r2 SISOBIRL 2
iT* F-v » ¥ 5 LRR-RLPs» & 7 22 4 icf» &4p i c0 Cfs, Eixs, Ve proteins 12 2 & 4
£ 2 7 4p M 0 SICLV2, SITMM - ¢t » o3 9% SOBIRL 4% %2 LRR-RLP
RBPG1 ##:# PAMP endopolygalacturonases !4 3 chk g is? » ¥ & RBPG1
4 %3 iF% B & (Zhang et al., 2014) - SOBIRL 7 %7 LRR-RLP AtRLP30 5z

SSEl fx# ® 5 PTI I ik 4% > X > AtRLP30 £ SOBIRL e 7 ie % B i%
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¥ 2 AL@ P (Zhang et al., 2013b) - 2 AtSOBIRL-YFP # 5 k& (7 f % ik & 3
A 4% 3 - & For i 1 LRR-RLP AtRLP23 #2 SOBIRL £ f % /il 5 pdz ™
¥ % % 7. SISOBIR1 2 iz f» LRR-RLK 2 3 i¥% » p % FLS2~BAKIL 2 CLV1 % #

%3 &2 22 SISOBIR1 £ ¢ # /ti#k (Liebrand et al., 2013) » * @£ 9% SOBIRL #
%21 FLS2 33 flg22 #7fxds chk Jgig je ¢ (Zhang et al., 2013b) - izat 42 § B w -

SOBIR1 % i2.%-¥2 LRR-RLPs eF 2 j= - * % LRR-RLPs £ ¢t 3 18 % 3=
v (Liebrand et al., 2014) - k@ » ## 7 # 7 N. benthamiana * # + % LRR-RLK
(AT1G14390)2. FF ik k=% ¥ it ¥2 SISOBIR1L = 3 i®% o d 3t P @ & AFIRIT

LRR-RLKs 2. SOBIR1 % 3 1% 3-v » F]pt LRR-RLKs €_% %2 SOBIR1 3 #72
FREEEEE- HFADw o

d 3¢ elicitin >+ cysteine-rich protein » # 3=+ R4 5 5 = 5§ 42 P
&> F)p 2 % 2 E.coli i {7 4 3R % iv (Hofzumahaus and Schallmey, 2013) > gt ¢t »
v E. coli 4 iv 2 elicitin /B i< » &2 518 > % a5 PTl» £ 23 % ROS 4 & =&
e 1'% 1 (Chaparro-Garcia et al., 2011; Hofzumahaus and Schallmey, 2013) - ]
o AT ATH B4R FL 2 & £ R ParAl 2 SISOBIR1-GFP - 4731 ParAl a2 pr
SISOBIR1-GFP 3 3 fe% F-v | F@f|* X 2R3 '8 (EV)2 ParAl - £t %
Fid2 ParAl p# SISOBIRL e 3 8% Jev o B2 7R 10 2 g £ B Acs LR il & ik &
AATREREL R mB AR Y h kMAFRE S 2 B ES AL Rk o R
GBREEREES T T G FIL T A IEAREF RSP LEF ST
o0 o+ (XFEF I4p e e SISOBIR1L-GFP 2 ParAl ek ZLEAS » FIP ¥ 4t 453 =
SISOBIRI-GFP % # £ /Uil 3-v A AT & & EJT ParAl p¥ (g & 4F 11 e 7] (%
Z L) o R > 3 4 TR ParAl # f ok SLBesd = FF A 47 or i R3] ehdd L IR
M7 F o e f_ParAl edF 4§ & BV i @ SISOBIR1-GFP it # %7 {1l jgcervhe f§ »
Flot A5 7 s sur i1 Pl en SISOBIRL L £ itk 3-v > 7 ae & 7 BB 1 51t
53

s &3 s prdp 2 SISOBIRL-GFP = 3 1% F-v » 2R\ gkt Fv 2

pas

eniE i FR R R AL I AT EAFIRT 157 B SISOBIR1
Z_EE R I ITH Fod o L L UK 39 &2 bait protein 2. BT 3 - %05 AR
@3 i B % (Chang etal., 2009) » F] & ##3|chdo {37 & © .2 SISOBIR1 7

ZLE RN T ER o F)pt o 3 2 3 (7% Jod 22 SISOBIRL = 3 i8 % ehbf (%> (v f
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3. ParAl g2 pF SISOBIR]1 & # & itk F-v 9 GO terms
A

p @ k>t SOBIR1 2 SISOBIR1 % 3 %% F—v eff3d» T g E Y pE e
7% % (Liebrand et al., 2013; Zhang et al., 2013b, 2014; Bi et al., 2014) > @ 7 By f%
SISOBIR1 #_% W}%}}%E?ﬁ‘ Fem it H 3 E gt o AF S e 167 B
SISOBIR1 # & £ ik ¢ ¢ > 3 25 B F-v FH - J I35 £ R ParAl dyed® e
(3= M) > Feb 132 4 DAt A £ AR PaAL eEg2 e (22 & 1) 5 A4
17— 4Kk i 20 SISOBIR1 # # % itk 3-v %22 2_ biological process » % 3 -4+
it 132 B SISOBIR1 # # £ Uik $-v i {77 v » 17 8% % #F > A &J2 ParAl pF >
SISOBIRL # # * itk 3=v 2 GO terms ‘ ] & F 0 5 biosynthesis process
(GO:0009058, 15%) » H =t % catabolic process (GO:0009056, 13%) » P! A EJZ
ParAl p¥ > SISOBIR1 s> 3 i % F-v ¥ i % ¥2 biosynthesis %2 catabolic 4p i# - 4p R
FLdad o % MFEY SOBIRL kiREAFGLAME  S3 YL MAHTER 2
Cf-4 2 Vel 3—v A H & T " > & SISOBIRL ¥ & &2 LRR-RLPs 32 & = &t
LRR-RLPs 2 35 %% & 4p B (Liebrand etal., 2013)° %@ » p % & 7 i+ ¥ SOBIR1
i+ LRR-RLPs % ff £ "# M anfmi4] » Flp* SOBIRL £ 2 £FH 2 H &2 &
WA fAIPM B9 2 3 1T 5 i2h B8 LRR-RLPs e qgd chid 4% £ 1
¥t e

FpdRZ T 525 B H - DIt E £ TR ParAl AU2 @ o0 SISOBIRL 4 £ £ Uik
F-v 1 GO term 4 17.% % & 7+ > biological process GO terms ‘* | & B 75 response
to stress (GO:0006950, 20%) » z {s R ¢ F response to biotic stimulus (GO:0009607,

10%), response to endogenous stimulus (GO:0009719, 10%), signal transduction
(GO:0007165, 10%) - 12 2 biosynthetic process (GO:0009058, 10%) » H ¢ response to

stress, response to biotic stimulus > % response to endogenous stimulus ¥ £2 & 3 F] /&
BEE 2PN ETF B3 B P SISOBIR1 + &t ﬂ@&}?ﬁ Ef]'f’* #3-v ParAl

PRI B A B M v h T IR s R a g T pEhp R i o d 3
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SOBIRL B iz 487 5 $ ¥t P R it & &> ¢ 7 wpF (Gao et al, 2009) ~ =
7] (Liebrand et al., 2013; Zhang et al., 2013b, 2014) ~ 5+ (Tenorio Costa, 2014) - 12
% r ;7] (Peng etal. unpublished) » F]p 42p] SOBIRL 7 ic Ate 4= ¥4 % F&:}?ﬁ}ﬁ( B
%% immune receptors 2. T P @K &> @ ¥ - A7 it 5 SOBIR1 # £ immune
receptors fim?e ¥ chg-d TR 0 @ B ﬁi’@)}% Jaengg 4 oo ptth 2 A IR
ParAl p% > £ signal transduction 4p i 2= SISOBIR1 # # & Uik 3-v 0 |7 % § >
P SISOBIRL ¥ i ¥ 4c 2 17 4R Bl 36 ch 3 (7% > X5 @R 4e i &, @ A
v N3 0 dm BT TR BoKRa ’ﬂf 7 4rig SOBIRL £33 5 LRR-RLPs
I iE* by p w7 B2 SOBIRL fofr K @ (T L5 His 23 (%% Fov o
Fpt % 3§47 31 SOBIRL “,% 7 LRR-RLPs m#h2 % 3 18% Fov > 5 B4 26 ¥ By f2
SOBIR1 %2 {8 4~ & & crie + 4] o

3.1 ParAl g2 p¥ SISOBIR1 & £ & Ttk 3¢ ¢ GO terms enrichment

A

% B % ParAl rJ2 pF SISOBIRL 4 # + itk 3=v 2. GO terms ) siag & & F %
FEFR AT 25 BHE PR E LR ParAl AJLE 2 Fv FRIERE
(test) » & 12 157 B SISOBIRL & % x itk 3=v 5 %P 2= (reference)» 47 enis % %
7> 3 1 GO terms & ¥ :< % » & 4% ! response to endogenous stimulus (GO:0009719),
response to stress ( GO:0006950) » 2 %2 cell communication ( GO:0007154) - ParAl
A Pl Ra o BEF B 2 GOterms Fri Kpuip 5 &2 p 2 gk
Rz APk o 3P ParAl 3 EiEactiz & B2 /&7 > SISOBIRL 4#7 ek ik iV
GRS REE S R P A BT 25F ik iS4 02 0 F7 7 B 0 SISOBIR1 A2F
FRAA B R ER A o Bl R RJER P 0N R T e ET
SOBIR1 # & ~ £ + 2 (Gonzélez-Pérez et al., 2011); ¥ - > & » REF L EOF
SOBIRL *% S {g a4 @k & 2 FLM I A h% L & (Hoveetal, 2011) > & & 4 &7
SOBIRL %2 {4 ¥ Fiid B criB 42 o F]pb » 4 do & 223 o 35 B & o P frdo
SISOBIRL #p B crik Jigig 45 > 14 %2 SISOBIRL #2447 2 2b4 Hr i85 P £ F kad 4p

e ™ 25F 0 ¢ E_E - IR AR o
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4. RHFATFIAESFPEF R PLF LA

5B f2 SISOBIRL £ ## ik 3-v f ParAl 2 L @ Hp /52 &4 > A5 12
TRV-mediated gene silencing # 2t p %2k F115 > 1% R 4% Fiisfiz A FHERE P
wdrd IR ParAl o T A FIERERE R e (TRV)? ParAl 514 8o |2
Jﬁaﬁii%ﬁ‘ B4R 1 &R 27 ParAl 3 % iBacttF B2 SISOBIR1 2 7 %% iF:if k-
B0 T AR ParAL o B AT R iR T2 e A F1 A WHR Rt o

4.1 G proteins

Heterotrimeric G-proteins % ‘m 2 %= G-protein-coupled receptors #-3t 4, & » ‘m?z
NEE R S e > 2 8d Gy~ Gp~ Gy subunits = B subunits & @ & o F
G-protein-coupled receptors £ 4 =< 42 (ligands)i & {& » #-% &3t G, 2. GDP # %
= GTP:gEm & it G protein: I fx - 'm?z p 4p B ek ik i< (Temple and Jones, 2007;
Chakravorty et al., 2011) - {& 4~ =» Heterotrimeric G-proteins 7= % £2 25 % biological
process z_ & &k s 0 & Z{ad £ % F & (Perfus-Barbeoch et al., 2004) - f# £ i % 2
148 &£ 3 — B Gq subunit (G PROTEIN a-SUBUNIT1, GPA1) ~ - & Gg subunit
(ARABIDOPSIS G PROTEIN B-SUBUNIT1, AGB1) - 2 %2 = i G, subunits
(ARABIDOPSIS G PROTEIN y-SUBUNITs, AGG1, AGG2 2 AGG3) (Temple and
Jones, 2007; Chakravorty et al., 2011) - 7 3 &7t > % % Gp % G, subunits # & [7 3 i
7 #= necrotrophic pathogen Plectosphaerella cucumerina, Botrytis cinerea, Fusarium
oxysporum % Alternaria brassicicola i # = "% (Trusov et al., 2006, 2007, 2009) ;
¥ - 25 > R% Gy subunit B i f@ 3 9% F Plectosphaerella cucumerina 2 FUP e
4+ om Gk I 422 PTI F B2 i (Llorente et al., 2005) > % % Gg subunit
% 14 flg22 % elfl8 314 2. ROS # & = (Ishikawa, 2009) -

i @A BIRL RSB EREGE w5~ hid k> B3 A AT 5iE&H5F
Frd| BIRL R # Rk e 5@ IR % BIRL #7313 endm?e 57+ = it 58 R % PAD4
34 w4p (Gaoetal,2009) ; ¥ “F i % % SOBIRL p# = > v 4% > &+ SOBIRL %
PAD4 % BIRL #irz i sv= ¢ » & 5% ek it/ (Gao et al., 2009) - 14
birl-lpad4-1 = # # > &:E 3 4 H Pk A F] > g 3R - Gp subunit R %5 = 2w 1R
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birl-1pad4-1 28 4 fm# 5 = 3k (Liu et al., 2013) » &7 AGBL %2 BIRL 2 43w
Pz = ik o m BIR1L R %77 ' 1 PAMPs flg22, elf18 % chitin 314 2. PTI [ &
F J& (Liuetal., 2013) - :£- #H# 7 &7 » AGGL 2 AGG2 % % thix iz flg22, elfl8
% chitin #1518 2. PTI B x5 77 "% > ® AGGL 2 AGG2 7 42 BIR1 3 - m%e
=2 F s s m R¥ GPAL R 2 B¢ i PAMPs 314 2. PTI & 14 2 BIR1
M2 wre = (Liu et al, 2013) - d 3> AGBl 2 AGGl % F & # 3" fmre W
(Adjobo-Hermans et al., 2006) » &g 7+ = ‘ﬁ‘ it & fmPe %2z RLKs SOBIR1, FLS2, EFR
2 CERKL % [ iv# »igm 2587 5 PTI - & (Livetal, 2013)- 7% @ yeast two-hybrid
% bifluorescence complememtation analysis (BiFC)+ & ;# i jp|¥] SOBIR1, FLS2,
EFR, CERK1 2 BAK1 z_ kinase domain £ = i G protein subunits 7<% 3 i®* (Liu et
al., 2013) > &2 5+ RLKSs £7 G proteins subunits 2. 2 7 % ¥ 50 F £ H 8 Fv ch% 82 o
SISOBIR1 # # % itk 39 = & 7z # B Guanine nucleotide binding protein (G
protein) beta subunit proteins (NbS0001260990009.1, NbS00000995¢g0010.1) » = F-v
TRERZ XL ERAAEPID (2 AR ll) EoRAMA AR R Y 74% > B2
EhApg iR, 23 H w4 47 TR T eo peptide ¥ 5 unique peptide > 1
HEIMAEF TS v Y it ¥ SISOBIRL = £ ik - 7 >
NbS0001260990009.1 £ S. lycopersicum 2z ArcA2 F % if 84%: "<k R 7| 4p 1
B o s #-H 4 2 5 NbArcA2 - ArcA (auxin-regulated gene from cultured cells)# %
FJE 4 E g (auxin)zo ¥ BY-2 fwfe ¥ 4 3R (Ishida et al., 1993) - 4p B A= 7 &F
7 auxin AJT st 3 ¥ ArcA 2 £ 3> phytohormones 2 CdCly sHEJ2 ¢ % 3% - ArcA
eh4 I (Ishidaetal., 1996) > #Am » P a0 3 K3 3 ArcA ajedr &5 F chfp b # i
¥ - 2 % > NbS00000995g0010.1 % Nicotiana plumbaginifolia ¢ £ - & & & 71| 4p
B B iE 91%:nk i L %] NpGBLP » ¢o#é-H & % 5 NbGBLP - 4] * TRV-mediated
gene silencing 1 B % FiL 472 & 3 ParAl - 4 A F]3 2 NbGBLP 2 NbArcA2
w'E M ParAl 31 2 3k (Bl ) 0 & om i Gp subunits ¥ %-#2 SISOBIRL #p B 2
ParAL 3% #3B & ik i< > 18t 2% 0 @R Gpsubunits 2 SOBIRL 4p B im s 7~ = 32
EdiFE & &4 b A7 WP Gpsubunits ¥ it 22 SISOBIRL = & % itk » 12— #
RN P ARE Gp subunits £ SISOBIR1 £ # # itk e0Bf % *b » Gp subunits £

SISOBIR1 2 % 3 (** B % EF 2L H B 3o 87> PR W APFuAalpE 3 i
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4.2 Pleiotropic drug resistance protein

ABC transporter 5 — #f e = chgene family > B iZ3 5 a2 2§64 ¢ > H Fv
A 5B k2 ATP i 274 T2 85w @iE (Higgins, 1992) « -kfax o ia
h & 2 5 A2 120 %< ABC transporters (Theodoulou, 2000; Rea, 2007) » # ¢
Pleiotropic drug resistance (PDR) proteins ** ABCG subfamily > Z {54+ 2 2 45
7 gene family (Crouzet et al, 2013) > m P M 2 RA&A FI & & 5 15
(Sanchez-Fernandez et al., 2001; Van den Brlle and Smart, 2002) %2 23 # PDR # 7]
(Jasinski et al., 2003; Crouzet et al., 2006) -

A gapm o it PDR AF] < £ 2R bldrddcd FpR o> ¢ 35 1A
brassicicola, S. sclerotiorum, F. oxysporum % P. syringae pv. Tomato DC3000 F# 7 -
“% AtPDR12 £ R E 48 % > @ 3 5 4p B 3 L @ ¥ 4 3 4o methyl jasmonate, ethylene
% salicylic acid 7= it #% % AtPDR12 2. % 3. & (Campbell et al., 2003; Lee et al.,
2005) - ¥ *F > 4248 P.syringae i$ #% % AtPDR8 (4L % PEN3)2 £ & » » [P .14
7 AtPDR8 % % 4%+ Blumeria graminis f. sp. hordei, Erysiphe posi 2 Phytophthora
infestans shdrup it # T " 0 BEon AtPDR8 @ if 4k F et i G i g R R £
& & ¢ (Glombitza et al., 2004; Kobae et al., 2006) - Nicotiana tabacum & /%3 % ‘w
2z Bright Yellow-2 (BY-2)z2 INF1 6 » NtPDR1 £ & #% % > @ /2 protein kinase
inhibitor &32 7 #r4] INF1 3% %2 NtPDR1 % 38 + 2 (Sasabe et al., 2002) : #p %t
57> i J2 protein phosphatase inhibitor R34 4 NtPDR1 2. % ## € > %1 #% = NtPDR1
B E 5 v e it 2.7 255 Ji (Sasabe et al., 2002) - @ N. plumbaginifolia 2.
NpPDR1 & #:4& Pseudomonas strains % 2 if 5 4p B 30 & @ 4~ 3 pF > 22 AtPDR8
+ IE o s\ piT (Jasinski et al., 2001; Stukkens et al., 2005) -

P 3 £ 4 I { Pleiotropic drug resistance protein 1 # it &2 SISOBIR1 £ # %
JUHR 0 A w5 NbS00038999g0004.1 (NbPDR1 - # = - 3 biological repeat, 1)
NbS00010523g0001.1 (% = > 2" biological repeat, 1Il) > & % # 2 DNA 4p B3
96% > @ AL FE B F 4P B 5 89% > 5 W £ ar LAR > AT 3 & TRV-mediated gene

silencing P¥— & #2cd A% 2% k7' M NbDPDRL AF 40 E (B~) &%
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1 FA S ParAL (5974 F2 B ek F (Bl- ) H 2 AR Fasis 60 | pF
ParAl 513 2 B+ P BT % (HH =) 57 PDRL %2 ParAl 3% #a o p +
PDR e#7 7 % B' U e B P 531 PDR2Z 2 I E » & A F @7 3 ¥t PDR
proteins £2 LRR-RLKS z_ B 554 » F| oL 12— # 0 f 235 NbPDR1 %2 SISOBIR1
2. % 3 iv* aaff % #b > SISOBIR1 kinase domain 2 71 2_F 22 5% NbPDR1 2. mRNA

}W —LZ\IR_. 7R 'E'J___g ‘}"};%‘; o

4.3 Reactive oxygen species (ROS)2 & = 4p i ¥-v

e Fle 2 gt > fado- @8 K > B Y o ROS 72 &2 548
PAAER DT R o 3RV LEEIFIHERE F 0 AR EARE iR
i £ & &4 (O'Brien et al, 2012) - NADPH oxidase & % 4 330 of 54 572 7
Pk AR e A B D gpolPt R p22PN o e g ve X A 1 S e
#2 %+ 5 NADPH oxidases ¢ £ sm® B N 5 i oo 4o pd7P"™, p67P"* 2 | & 3 G
protein Rac < 3 1% » i&Em &t I fxd T % & i (Bokoch, 1994) o 48 4 f 32
diphenylene iodonium (NADPH oxidase inhibitor){s » i = ROS 4 & = T "% » Rt
NADPH oxidase % 5 ROS # & = & & «3-v (Levine et al., 1994; Piedras et al.,
1998) - Py iR A FIME S 7 8 B £ 7 kb F ek Sz gp9lP'™ (respiratory burst
oxidase homolog [rboh]) A %] » H %222 F e 7 * 4 & ~ % 7 %2 54 4% (Torres
et al,, 2002) - %@ > *£ 7 G protein Rac b PR i XA B G p22PnoX) pa7enox z
P67P"* 2_ ke R |4 A ¥ (Dangl and Jones, 2001) > & 7w £ 4 NADPH oxidase # ¥~ ROS
2 EX 2T g SRR 3 = 24k (Torres and Dangl, 2005) o ¢t #F > jp
W# g o fEde rboh 3-v 2 Nz % 113 B EFhands > 2 5 £ 3 4585 2404 2 %

t2ig:d (Kelleretal., 1998) - 2k - fg4= 7 5 @ 403+ )k & ~rboh - 2 ROS
24 EAApM s F R FE- BT IR

5 4 % (Solanum tuberosum)£ # = & rboh homologs StrbohA % StrbohB
Phytophthora elicitor 2 SA z2 {é StrbohB £ 5. & ~ & + 2 » @ StrbohA | % % 2
8 (Yoshioka et al., 2001) - N. benthamiana = ¢ % & & gp91P"™ 2_ e R+ 2 7] »
NbrbohA = NbrbohB > #= % &% 14 INFL @it & — 4403 4c N brbohB 2 £ &

(Yoshioka et al., 2003) - 41 * TRV-mediated gene silencing *% i< NbrbohB 74 & >
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A INFL 315 2 3% - & o1 NbrbohB %22 INF1 51 % 2_iEaci ~ & (Yoshiokaetal.,
2003) - gt “t » F 2 NbrbohB L 7] » *% <75 i ;)& & mitogen-activated protein kinase
kinase (MEKPP » i ¥ 4 % it ™ % salicylic acid-induced protein kinase [SIPK] %
wound-induced protein kinase [WIPK] » 314 88 ) #7351 % 2_ B actt F & (Yoshioka et
al., 2003); ¥ - * & » #E & 4 31 MEKPP 3 4: NbrbohB 2. 4 3L > &+ NbrbohB %
2 MAPK Ap B 2_ i i2 @ B 4 & &2 MAPK Ap B & 2727 B (Yoshioka et al.,
2003) -

A9 % @ ¥ - ¥ i & SISOBIRL % 3 ¢ * 2 NADPH oxidase
(NbS0000629490017.1 » % = > 2" biological repeats, 1lI) > 2 % NbrbohB > N.
benthamiana ¥ # 7z - B 2 NbrbohB #p i B & 3 0 F k£ A 7]
(NbS00020089g0010.1) » & 7 ¥ & £ F|# it b A ¥ % dd A Tk PFaER ()
BEF R ParAl 3% 2 s (B - ) > &t NbrbohB 7~ %¥2 ParAl # # 2. i 4t
M F & o NbrbohB A>3 3-9 » ¥ %27 elicitin INF1 2 ParAl 3 # 2 Hop 2T 0 &
faplH 3 ¥ i feelicitin &2 {4 22 SISOBIRL 2 3 i® % > ied BT % ROS 2 4

o BT ke B oo “f - # %4 NbrbohB ¥ SISOBIR1 z % 7 i&% ¢ >
SISOBIR1 kinase domain cr/& 8 F BT 5 ROS 4 & = > 112 'z ¢ 4Fgp T k
A 7 SISOBIRL §r NbrbohB = 3 %% chff B ' @ (78— # 4£3¢

44 B iEARM Y 2 Hw

4.4.1 Pathogen related protein 10

14~ PR proteins & 3 T4 $ 2254 F flem + A MengFE > p o A & i
Py 3o FHo=FEMBE 4 % 14 PR proteins % 4 5 17 #g (Loon et
al., 1994; Sels et al.,, 2008) > # # > PR10 % - #f 2 3 Bet v 1 domain 2 3-v
(Midoro-Horiuti et al., 2001) - p # PRIOAAZF M L824 £ ~ = = N3 2 Fujied
ek ik j= (McGee et al., 2001; Zhou et al., 2002; Park et al., 2004; Hashimoto et al.,
2004; Liu and Ekramoddoullah, 2006) - &4~ & % 4p M § 2 & o7 - #c2 4 ~ 2 [ elicitor
2B T RJIPEE A3 PR10 2 2 %14 3 (Somssich et al., 1986; Walter et al.,

1990; Warner et al., 1992) » 28 @ » ¥4t PR10 tide 17 K R 7 ehrb a0 1L & #7588
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2 F ik iERr i3 2 (Xuetal, 2014) - sk (Capsicum annuum)4p B 77 3 &2 7 > &

&%+ WRKYb it &2 PRI0 2 fxd-+ 5 & % - 5z ™ 25 EF & (Lim et al,
2011) ; Yeast two hybrid (Y2H) -~ BiFC # Co-IP * %+ PR10 £ LEUCINE-RICH
REPEAT PROTEIN1 (LRR1, cytoplasmic LRR containingprotein » & 3 5 i# LRR
repeats) & § < 3 i¥* B % > & C.annuum % N. benthamiana 2 ¥ 7 i € % 3 PR10
WAl B E e iRt PR S LRRLZ L RE - 8- H hF SRl
s+ » LRR1 3 4« PR10 2 ribonuclease activity ® s #fc i PR10 > 5 fmPe 7= & iR
TP D B AT @ R AT PRIO/LRRL 30 4F & 875 i £ 3 P R 0K R
7 Pseudomonaas syringae pv. tomato % “r g5 Hyaloperonospora arabidopsis 2 LR A
4 &7 PRIO/LRRL 3-v 47 & M B0l Fr G2 i dl? i & & 4
(Choi et al., 2012) -

NE T H - 5 5 Betv1domain z PR10-like protein (NbS00061321g0003.1,
NbPR10 » # = - 3" biological repeat, IIl) » 12 TRV-mediated gene silencing & — 4.
s 14 NDPR10 2. % BB (Bl= )t % i< ParAl % 2 #%on (=) P PR10 42
ParAl 3 $iB AT F 2 F Big /T - 4p#>t LRR1 > SISOBIR1 7= % £ % 5 & LRR
repeats z. #-v > Tt %“gvﬂ - # & 47 SISOBIR1 ¥# LRR1 2. LRR domain =ik = 4+
B 7% 4> ¥ v ¥ L FT et B 2 PR10 & LRR proteins A2 2 2 3 (8% F 5| > X4 R
Hi 722 PRIO A4 23 7% 2. LRR proteins; 2@ » SISOBIR1 /& % d-v > H
LRR domain % X = ’mre %o¢h > F]pt SISOBIR1 2 PR10 ¥ iv = 3 8% chix } %

457@__ g—bgﬁgb‘“ 1 @ o

442  Oligopeptidase A

A~ 3 1R ¥l - B oligopeptidase A-like protein (NbS0004247890013.1,
NbOligoA » % = » 2" biological repeat, Il 2 3" biological repeat, I11) - NbOligoA %
e £ a7 Thimet oligopeptidase TOP1 (At5g65620) 2 F iR+ 2 F] » & R N
slgp i R % 2 85% o fP i TOPL % # homolog TOP2 ‘¥ />t zincin-like
metalloendopeptidases: = SA z. 2 7 {F% F-v > 22 SA & - (42 & (Moreau et al.,
2013)-TOP1 2 TOP2 ¢# SA % £ 14 »peptidase /& |+.*% <>k @ B % ¥ 7 BF % peptidase

AR AES LA ¢ a9 i (Moreau et al., 2013) - 12 flg22 m2 (8 > # B2 TOPL &
4



Fld I o frivik B TOP2 2 AP AR E > ¥ A FEF & ¥ #it2 TOPL, &
;+ TOPs ¥ it £ %2 PTIl 2_ ¥ i /% (Moreau etal., 2013) - gt #F » R gy 0}
TOP1 *% ™ Pseudomonas syringae DC3000 (Pst) avrRpt2 2 Pst Rps4 313 2. ‘oz 5+ =
(Moreau et al., 2013) ; 4p & 7> % % TOP2 P34 52 PstavrRpt2 % Pst Rps4 314 2 ko
%27+ = B TOPL % PstavrRpt2 2 Pst Rps4 #% w2 57+ = 2 j3 ¥ el B4 A 7]
@ TOP2 RG>t f 2 #-2 %] (Moreau et al., 2013) -

~# 7 % 3 N. benthamiana ¥ TOP1 2_ I a2 2k %] NbOligoA 422 ParAl # %
2 ok o "8 X NbOIigoA A F1&ILE » vzt ParAl FHpz A4 > Bt
NDOligoA = it & ParAl of $i ATl r oig /o9 hE Aip AT - A {50 &
4 NbOIligoA £ SISOBIR1 2. % 3 i¥* B 2% » LRR-RLK SISOBIR1 #_% %’%’E’ £

NbOligoA % 3 (£% &/ fad T 5 SA Mk RSB - HiFE -
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5. &

SISOBIR % SISOBIR1-like %-¥7 P. parasitica elicitin ParAl 3% #iEaTiEF B2

-\
o

F ik id > 2 ¢ SISOBIRL #if 2 & & ¢ o 2F7 5 1 4% wikis e LC-MS/MS 4
17 SISOBIR1-GFP z & # £ ik #-v > £ 3 157 # SISOBIR1 ¥ ic e 3 8% -
v o -4+ SISOBIRL 2o & & £ itk -0 i€ 7 GO terms » 47 en/¢ % Bt > ParAl e
79 %8 ¥ i 4v SISOBIR1 £ #4335 (GO:0006950, GO0009719) 2 34 ¥ te 4~ & h & 7k
B2 3 iv* (GO:0007154) % F-v = d & ik 5 > P SISOBIR1 #]J& ParAl
BJR o VB A i enden I 0T 0 B Fah R TSR o p vt o d

157 i SISOBIR1 ¥ it en% 3 1% % F-v P:E 11 B B384 5] » 2 TRV-mediated gene
silencing #5 fie B 1% Fi3i & ParAl & 3E %47 ParAl o $3%op F RS2 AT o

BEFH 6 BPEFAFNLRETERE > B ParAl F E3 B 0 ¢ 2 NbArcA2,
NbGBLP (G subunits), NbPDR1 (ABC transporter), NbrbohB (NADPH oxidase),
NbPR10 %2 NbOligoA (Oligopeptidase A-like protein)- # # *% 4 NbPDR1 % L& = &
L ParAl A E R kR F ST % f,éf, 7 %7 SISOBIR1 £ F i 3-v 2.
I IEH B Rh > H L3 i § F % 1] SISOBIR1 kinase domain & g 8> 12 2

HAame? 238 4 i 22 (5% % % 28— HIF 0 4 s st ;v

B ParAl it* 2j22 &4 o
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Table 1. Primers for the construction of vectors for TRV-mediated gene silencing

Primer SGN®# accession number
Sequence (5'2>3’)
name of target gene

NbXK1-F TCGCAAACGAAGAAGGTTCA

NbS0001310290008.1
NbXK1-R GTCCTTCCATGATTGTATCC
NbPDR1-F GGATCACAAGGTGCTGCTGC

NbS0003899990004.1
NbPDR1-R CAGTCATTTCTCCAATATGC
NbPR10-F ATTTCAGCCCCAAGAATGTT

NbS00061321g0003.1
NbPR10-R CCTTCTATCAATGTATAAGC
NbLRKS2-F GAGGATGAAGTTTTAGGAAG

NbS00008341g0001.1
NbLRKS2-R GTCTCCAATTGTTCATGGAG
NbOligoA-F TTCTTACTGCTAGGACTTTT

NbS00042478g0013.1
NbOligoA-R CGTTATGCCTAAGCAGCGGT
NbWAK20-F CTTATAAGATACGTTGCACT

NbS00003881g0105.1
NbWAK?20-R TACAAACTGGCTCCGGCGGC
NbNDHM-F TCTCAGTTTCAGCACAGCAA

NbS0001267090012.1
NbNDHM-R CAAACTCATCAGTAGGGTCA
NbArcA2-F GCCGGCTACGTGAACACCGTG

NbS0001260990009.1
NbArcA2-R GCTTGAGATCAACTTTAAGA
NbGBLP-F TGTCGCAAGAATCACTAGTA

NbS00000995¢0010.1
NbGBLP-R ACACTCACCCAAAGTGTTCC
NbrbohB-F CTTCTGTATTCTGCTTGGAAC

NbS0000629490017.1
NbrbohB-R TGGTGCGGATGATGATTTTC
NbATPHS2-F CTGCTAACAAGCAGGTATTAG

NbS00016866¢g0001.1
NbATPHS2-R TGAGAAACCCTTTGAGCCAG

& SGN: Sol Genetic Network.
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Table 2. Primers for quantitative reverse transcriptase-polymerase chain reaction

SGNa accession number of

Primer name Sequence 5'2>3'
target gene

gNbXK1-F CCCAGCTATTGCGTCCATTG

NbS00013102g0008.1
gNbXK1-R TACAGGAACGGTCTAGACAA
gNbPDR1-F GGCTGCACTAGAAAAATTAC

NbS00038999g0004.1
gNbPDR1-R CCAAGATCATCTACATCAAC
gNbPR10-F GCATAGGGTTGATGCTATTG

NbS00061321g0003.1
gNbPR10-R ACCTTTACATCCTCCATCAG
gNbLRKS2-F ATGATACAGAAGGTATGCAG

NbS00008341g0001.1
gNbLRKS2-R CCTAAAACTTCATCCTCACT
gNbOligoA-F TTGGGTCAGAGCAAGCCAAT

NbS00042478g0013.1
gNbOligoA-R TACAGCCTCCTTTATTTGCG
gNbWAK20-F  AATGGCAGCCACTTTCCAGC

NbS00003881g0105.1
gNbWAK20-R AAGGGACAGGAGAAGAGCCA
gNbNDHM-F TATGCAGCTTATATTGATCC

NbS00012670g0012.1
gNbNDHM-R CCTCATAATGATCAACAAGT
gNbArcA2-F TGCAAATATACCATTCAGGA

NbS00012609g0009.1
gNbArcA2-R GAGTGGACCTCAGCTTACAG
gNbGBLP-F AAATTGTACTCGCTTGAGTC

NbS00000995g0010.1
gNbGBLP-R GATCAACTTTCAAATCATCC
gNbrbohB-F CAGAAAGCTATTGGTGGTTT

NbS0000629490017.1
gNbrbohB-R TGGAGTTGCTAATGTAAATG
gNbATPHS2-F GACATGATGTTGTCTTTCCTG

NbS00016866¢g0001.1
gNbATPHS2-R TCATATGCAATAGCCTGTAT
gNbSOBIR1-F GTTCACTGGAAAAATACCC

NbS00037616¢g0014.1
gNbSOBIR1-R GTAACGTTTTGGAACGAAGTGC
gNbEFla-F TGAGATGCACCACGAAGCTC NbS00023178g0001.1
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gNbEFla-R CCAACATTGTCACCAGGAAGTG

&SGN: Sol Genetic Network.
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Table 3. Alist of proteins immunoprecipitated with SISOBIR12

Category in different

SGNP accession number Protein description® biological repeats®

1st 2nd 3rd

NbS000015869g0015.1 2-isopropylmalate synthase I I
NbS00003881g0105.1 wall-associated receptor kKinase-like 20-like I I I
NbS00059006¢g0010.1 Glutathione S transferase zeta class o o Il
NbS00026249g0019.1 Arginyl tRNA synthetase I I I
NbS000080369g0006.1 lysm domain receptor-like kinase 4-like o o Il
NbS00019265g0001.1 Chlorophyll a-b binding protein 7, chloroplastic I I I
NbS00022338g0002.1 Alpha glucan phosphorylase H isozyme I I I
NbS00007615g0209.1 gdp-d-mannose pyrophosphorylase I I I
NbS00025906¢g0010.1 Proline rich receptor protein kinase PERK1 I I I
NbS00037616g0014.1 Leucine rich repeat receptor serine/threonine/tyrosine protein kinase SOBIR1 I I I
NbS00005977g0009.1 Vacuolar cation/proton exchanger I I I
NbS00019983g0006.1 3-oxoacyl Acyl carrier protein synthase Il I I

NbS00001701g0106.1 26s proteasome regulatory subunit 4 homolog a-like 1 1
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NbS0001686690001.1
NbS00004638¢0012.1
NbS00001134g0002.1
NbS00016695¢0014.1
NbS00026116g0017.1
NbS00042462g0004.1
NbS00008028¢0022.1
NbS00013102g0008.1
NbS00032876¢0004.1
NbS00023195g0011.1
NbS00007615¢0210.1
NbS00013023g0001.1
NbS00047628¢0009.1
NbS00033260g0005.1
NbS0003997990001.1
NbS00017789g0029.1
NbS00006365g0017.1
NbS00047057¢0006.1

Alpha glucan phosphorylase H isozyme

DnaJ/Hsp40 cysteine rich domain

LRR receptor serine/threonine protein RLP (Eix2 homolog)

DNAJ chaperone

Rhodanese related sulfurtransferase
Alpha/beta hydrolase fold protein
Chaperone protein dnaJ

xylulose kinase

Glutathione S transferase domain protein
Vacuolar cation/proton exchanger
pyrroline-5-carboxylate synthetase
Aminomethyltransferase mitochondrial
Aldehyde dehydrogenase expressed
Glutathione S transferase domain protein

Mitochondrial carrier protein

Proline rich receptor protein kinase PERK1

Elongation factor Tu

Serine hydroxymethyltransferase mitochondrial

H H H B2 =2 B H H BH H 9

H H H B H H H H 4 49 45 H BH H B2 BH H

H H =5 B B



NbS00010213g0014.1
NbS00061418g0005.1
NbS0000809990224.1
NbS00022740g0004.1
NbS0000809990223.1
NbS00012670g0012.1
NbS00010241g0007.1
NbS00003163g0002.1
NbS00015167g0017.1
NbS000496619g0007.1
NbC26208175¢0003.1
NbS00033946g0003.1
NbS00019115g0001.1
NbS00021769g0027.1
NbS00023444g0014.1
NbS000334650001.1
NbS0005278290001.1
NbS00033954g0001.1

Cysteine desulfurase 2, chloroplastic
Cytochrome b6-f complex iron-sulfur subunit
probable glutathione s-transferase-like
Cytochrome P450

probable glutathione s-transferase-like
NADPH quinone oxidoreductase subunit M
ATP synthase beta subunit

Ribulose bisphosphate carboxylase large chain
Glucose-6-phosphate isomerase

glutathione S transferase

Cathepsin B cysteine proteinase

Receptor kinase

Aspartic proteinase nepenthesin |

LRR receptor serine/threonine protein RLP
Ethanolamine phosphate cytidylyltransferase
Cell division protease FtsH

LRR receptor serine/threonine protein RLP
Leucine rich repeat receptor serine/threonine/tyrosine protein kinase SOBIR1
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NbS0003254290014.1
NbS00046603g0005.1
NbS0001887290014.1
NbS00004472¢0004.1
NbS00002134g0112.1
NbS00007111g0015.1
NbS00000674¢0015.1
NbS00000164g0014.1
NbS00008187¢0001.1
NbS00000980g0006.1
NbS00000172¢0008.1
NbS00009106g0015.1
NbS00006322¢0005.1
NbS00012133¢0014.1
NbS00039716g0007.1
NbS00012577¢0009.1
NbS00003774g0005.1
NbS00028552¢0005.1

ABC transporter B family member 28

Acetyl CoA carboxylase

Acetyl CoA carboxylase

Serine glyoxylate aminotransferase

60s ribosomal protein 19-1-like

Acetyl-CoA acetyltransferase, cytosolic 1

Pyruvate dehydrogenase E1 component subunit beta
Pyruvate kinase cytosolic isozyme

NADP binding Rossmann fold

30S ribosomal protein
Mitochondrial-2-oxoglutarate/malate carrier protein
NADP binding Rossmann fold

Cysteine synthase

26S protease regulatory subunit 7A

Hydrolase alpha/beta fold

5-methyltetrahydropteroyltriglutamate homocysteine methyltransferase

GDP-D-mannose pyrophosphorylase
Rhodanese related sulfurtransferase
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NbS0001983090005.1
NbS00011168g0004.1
NbS0002282390015.1
NbS0000312890012.1
NbS0001987490005.1
NbS0002025990004.1
NbS0003755090004.1
NbS0000543090008.1
NbS0000875390010.1
NbS00007213g0011.1
NbS0000617990007.1
NbS0000328790001.1
NbS0000358690006.1
NbS0000869290009.1
NbS00051139g0006.1
NbS0000074990003.1
NbS0002170990005.1
NbS0001349690008.1

Rhodanese protein Fragment

26S protease regulatory subunit 6B
Delta-1-pyrroline-5-carboxylate synthase

Aspartic proteinase nepenthesin

Cell division protein FtsZ

Nuclear envelope protein

3-oxoacyl-Acyl-carrier protein synthase 2

ATP synthase delta subunit

Chaperone protein dnaj

DNAJ chaperone

3-ketoacyl CoA thiolase-2-peroxisomal
Mitochondria-2-oxoglutarate/malate carrier protein

probable leucine-rich repeat receptor-like protein at1g35710-like
Diacylglycerol kinase

Glucose-1-phosphate adenylyltransferase large subunit 3
Pyruvate kinase cytosolic isozyme

Aldehyde dehydrogenase family 3 member F1

Glutamyl tRNAGIn amidotransferase subunit A, chloroplastic/mitochondrial
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NbS0000358490003.1
NbS0002631390011.1
NbS0000971490008.1
NbS0000220190002.1
NbS0000648490005.1
NbS00011043g0012.1
NbS0001517490003.1
NbC25032573g0001.1
NbS0004354590007.1
NbS00031150g0002.1
NbS0000860790001.1
NbS00021169g0106.1
NbS0004262590013.1
NbS0000253790011.1
NbS0000303490107.1
NbS0002469390004.1
NbS0004783690002.1
NbS0001286590002.1

Coatomer alpha subunit protein

LRR receptor serine/threonine protein RLP (Ve homolog)
Palmitoyltransferase

V type proton ATPase subunit H

ATP synthase subunit b

26S protease regulatory subunit 8 A

Hydroxycinnamoyl Coenzyme A shikimate/quinate hydroxycinnamoyltransferase
ATP dependent Zn protease cell division protein FtsH
Coatomer protein epsilon subunit

Vacuolar ATP synthase subunit D

Ankyrin repeat

premnaspirodiene oxygenase-like

Alpha-1 4-glucan phosphorylase-L-1-isozyme

Membrane protein

phospholipid-transporting atpase 9-like

LRR receptor serine/threonine protein RLP (Eix2 homolog)
Mitochondrial import inner membrane translocase
4-hydroxy-3-methylbut-2-enyl diphosphate synthase
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NbS00000247g0008.1
NbS00027146g0014.1
NbS00000877g0011.1
NbS00001524¢0009.1
NbS00045636¢0007.1
NbS00002425g0008.1
NbS00015946¢0010.1
NbS000267990005.1
NbS00006964g0008.1
NbS00021840g0003.1
NbS00004100g0004.1
NbS00040758g0005.1
NbS00031488¢0007.1
NbS00035448¢0004.1
NbS00005074g0009.1
NbS00042109g0018.1
NbS00008765g0022.1
NbS00030497¢0004.1

Plasma membrane ATPase

N acetyl gamma glutamyl phosphate reductase

Transcriptional activator protein Pur-alpha 1-like

26S protease regulatory subunit 6A
Rhodanese related sulfurtransferase

ABC transporter B family member 28

N-acetyl-gamma-glutamyl-phosphate reductase

S-adenosyl-L-homocysteine hydrolase
Plasma membrane ATPase 2 Fragment
26S protease regulatory subunit 6A
DNAJ chaperone

Mitochondrial carrier protein
Elongation factor Tu

Serine carboxypeptidase 1l 2 Fragment
Rhodanese related sulfurtransferase
Chlorophyll a b binding protein chloroplastic
ATP citrate lyase a subunit

Tubulin beta chain
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NbS0005891990010.1
NbS0005249690021.1
NbS0004489390007.1
NbS0000099590010.1
NbS0000467990009.1
NbS0001260990009.1
NbS0004381790003.1
NbS0001714290001.1
NbS0001938490017.1
NbS0000926690009.1
NbS0000629490017.1
NbS0002916790003.1
NbS0000048290006.1
NbS0000367590003.1
NbS0000834190001.1
NbS0001052390001.1
NbS0006204790006.1
NbS0000700790003.1

Genomic DNA chromosome 5 P1 clone MKP11/rubredoxin family protein
Formate tetrahydrofolate ligase

26S protease regulatory subunit 7

Guanine nucleotide binding protein beta subunit protein

Calcium binding protein Calnexin

Guanine nucleotide binding protein beta subunit protein

ATP citrate lyase a subunit

Isocitrate dehydrogenase

Bifunctional inhibitor/lipid transfer protein/seed storage 2S albumin
Acyltransferase

Respiratory burst oxidase protein

Glutathione S transferase protein

G type lectin S receptor serine/threonine protein kinase B120
NADH dehydrogenase protein

Receptor kinase

Pleiotropic drug resistance protein 1

Glutathione S transferase protein

LRR receptor serine/threonine protein RLP (Ve homolog)
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NbS00011572g0004.1
NbS0001835790005.1
NbS0001635590001.1
NbS0003224390025.1
NbC2410131290001.1
NbS0002605190013.1
NbS0006132190003.1
NbS0005015990001.1
NbS0003899990004.1
NbS0003287890001.1
NbS0002391690005.1
NbS0002448790013.1
NbS0003954390002.1
NbS0001997290004.1
NbS0000705190004.1
NbS0004247890013.1
NbS0000366590003.1
NbS0000523390108.1

Acetyl CoA carboxylase biotin carboxylase

Peroxisomal fatty acid beta oxidation multifunctional protein
Formate dehydrogenase mitochondrial

Cytochrome P450

Photosystem I reaction center subunit V

60S ribosomal protein L13

Major allergen, Mal d 1

Photosystem | reaction center subunit V

Pleiotropic drug resistance protein 1

6-phosphogluconate dehydrogenase decarboxylating
Phosphoglucomutase

LRR receptor serine/threonine protein RLP (Eix2 homolog)
LRR receptor serine/threonine protein RLP
Alpha-1-4-glucan phosphorylase

Cytochrome P450 NADPH reductase

Oligopeptidase A

Cytochrome P450

glutathione transferase 10
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Table 4. Alist of genes analyzed for their roles in ParAl-induced necrosis in Nicotiana benthamiana

Coverage DNA Protein

SGN? accession Homologoues gene
Gene name Gene description® ] o DNA/protein identity identity
number identified in SGN
(%) (%) (%)
NbXK1 NbS00013102g0008.1 xylulose kinase 1 NbS00029454g0022.1  85/99 96 89
NbPDR1 NbS00038999g0004.1 Pleiotropic drug resistance protein 1 NbS00010523g0001.1  96/99 95 89
NbPR10 NbS00061321g0003.1 Major allergen Mal d 1 - - - -
NbLRKS2 NbS00008341g0001.1 Receptor kinase - - - -
NbOligoA NbS00042478g0013.1 oligopeptidase A - - - -
NbWAK?20-like NbS0000388190105.1 Wall-associated kinase 20-like - - - -
NbNDHM NbS0001267090012.1 NADPH quinone oxidoreductase subunit M NbS0001834190002.1  96/97 95 85
NbArcA2 NbS0001260990009.1 Guanine nucleotide binding protein beta subunit protein NbS00044393g0011.1  100/100 97 90
NbGBLP NbS0000099590010.1 Guanine nucleotide binding protein beta subunit protein NbS00035737¢g0006.1  98/100 98 91
NbrbohB NbS0000629490017.1 Respiratory burst oxidase protein NbS0002008990010.1  100/67 96 90
NbATPHS2 NbS0001686690001.1 Alpha glucan phosphorylase H isozyme NbS0002233890002.1  81/92 96 95

& SGN: Sol Genetic Network.
b Gene description as shown in SGN for each accession.
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W - - ParAl ¥ SISOBIRI-GFP » {64 % § 2 $ )k g # &

Figure 1. SISOBIR1-GFP and SISOBIR1-like-GFP moved to vesicle-like structures in
the plant cytoplasm in response to ParAl treatment.

Agrobacterium tumefaciens harboring the ParAl expression construct [or the empty vector
(EV) as a control] was coinfiltrated with A. tumefaciens carrying the SISOBIR1-GFP or
SISOBIR1-like-GFP expression construct into leaves of four-week-old Nicotiana
benthamiana. At 21 or 23 h post-agroinfiltration (hpa), subcellular localization of the
GFP-fusion proteins was examined by confocal microscopy. Scale Bar=50 um. White arrows

indicate vesicle-like-structures in the cytoplasm.
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Figure 2. Immunoblot analysis of proteins coimmunoprecipitated with SISOBIR1-GFP
and SISOBIR1-like-GFP.

A. Immunoblot analysis of Nicotiana benthamiana total proteins. At 22 h
post-agroinfiltration for coexpression of ParAl [or the empty vector (EV) as a control] with
SISOBIR1-GFP, SISOBIR1-like-GFP, or GFP on 4-week-old N. benthamiana leaves, total
proteins were isolated and analyzed by 12.5% SDS-polyacrylamide gel electrophoresis,

followed by immunoblot analysis using a-GFP antibody. The arrow indicates positions of
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GFP-fusion proteins. CBR: staining with coomassie brilliant blue.

B. Analysis of proteins coimmunoprecipitated with SISOBIR1-GFP or SISOBIR1-like-GFP.
Total proteins was prepared as shown in (A) and immunoprecipitated by using o-eGFP
antibody. The precipitates were then analyzed by 12.5% SDS-polyacrylamide gel
electrophoresis (upper panel), followed by immunoblot analysis using o-eGFP antibody

(lower panel). Arrows indicate positions of GFP-fusion proteins.
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SISOBIR1 -GFP SISOBIR1 -GFP
+ParA1 | | +ParA1
C D
SISOBIR1-GFP SISOBIR1 -GFP

+ParA1 +ParA1
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Figure 3. Venn diagrams to show the number of proteins coimmunoprecipitated with
SISOBIR1-GFP.

A. A Venn diagram for demonstrating the representation of each category of proteins. Cyan
circle: proteins coimmunoprecipitated with SISOBIR1-GFP in the presence of ParAl; Yellow
circle: proteins coimmunoprecipitated with SISOBIR1-GFP in the absence of ParAl,;

magenta circle: proteins coimmunoprecipitated with GFP with or without ParAl treatment.
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The area marked with Roman numeral I: the number of proteins coimmunoprecipitated with
SISOBIR1-GFP in the absence of ParAl, exclusive of those immunoprecipitated with GFP
(1V); 11 the number of proteins coimmunoprecipitated with SISOBIR1-GFP regardless of
ParAl treatment, exclusive those coimmunoprecipitated with GFP (V); Ill: the number of
proteins coimmunoprecipitated with SISOBIR1-GFP in the presence of ParAl, exclusive of
those coimmunoprecipitated with GFP VI. VII: the number of proteins coimmunoprecipitated
only with GFP with or without ParAl treatment. B, C, and D: Venn diagrams to show the
number of proteins for each category from 3 independent biological repeats, respectively, as

demonstrated in (A).
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= nucleobase-containing compound metabolic process =carbohydrate metabolic process

u cellular metabolic process protein metabolic process
response to stress mresponse to abiotic stimulus

= catabolic process single-organism cellular process

m biosynthetic process m cellular component organization

m regulation of biological process organic substance metabolic process
® nucleobase-containing compound metabolic process cellular metabolic process
m response to biotic stimulus response to stress
response to endogenous stimulus H catabolic process
m biosynthetic process u signal transduction

W = -~ SISOBIRL &£ # % ik 3¢ 2 GO term 4 #7

Figure 4. GO term analysis of SISOBIR1-coimmunoprecipitated proteins.

A. Top ten GO terms of ‘biological process’ for 132 proteins which coimmunoprecipitated
with SISOBIR1 in the absence of ParAl.

B. Top ten GO terms of ‘biological process’ for 25 proteins specifically

coimmunoprecipitated with SISOBIRL1 in the presence of ParAl. The GO terms were filtered
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by their Blast2GO Node-Score, and the statistics was performed by using Blast2GO.
Percentages indicate the ratio of protein sequences associated with each ‘biological process’

GO term. *P<0.05.
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Figure 5. GO term enrichment analysis of proteins coimmunoprecipitated with
SISOBIRL in response to ParAl treatment.

Test: proteins that were copurified with SISOBIRL1 in response to parAl treatment; reference:
all SISOBIR1 copurified proteins. Statistical analysis was performed by Fisher’s exact test

using a one-tailed P-value (*P<0.05).
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Figure 6. Genes encoding SISOBIR1-associated proteins of interest are down
regulated after TRV-mediated gene silencing.

At 21 days after agroinfection of 2 week-old Nicotiana benthamiana for TRV-mediated
gene silencing, total RNAs were isolated and quantified by qRT-PCR. Raw data from
three independent experiments for each gene were normalized to NbEF-/«, and
presented as mean = SD fold change relative to the transcript obtained with plants
infected with the empty vector TRV. * P<0.05 by Student t test.
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Necrosis: 1 2 3

B
O1 o2 m3 NbPDR1 NbPR10 NbOligoA
* * *
100%
Pl
S 75% —|
©
o
G 50% —|
(1)
[1}]
G
= 25% ——
0%
K N
& & A 2>
s {@Qb «@ Q<\0 ’\Q. c}\§
& & &
a & &
NbArcA2 NbGBLP NbrbohB NbSOBIR1
* * * *
100% -
=
o 75% —
(o]
QS
o 50% —
(8]
(1)
[1}]
2 25% —
=
0%
= =) ) 9 <) N
& o é(}{} &Q- (‘\QC?Q <& &(Oé\ & ‘0.-,60\‘

B = ~ #2 NbPDR1, NbPR10, NbOligoA, NbGBLP & NbRbohB 2. # %] %
5 ParAl #r# ¥ 2. tw e Ho F35
Figure 7. Silencing of NbPDR1, NbPR10, NbOligoA, NbArcA2, NbGBLP or

NbrbohB compromised ParAl-induced necrosis.
87



A. ParAl-induced necrosis index on Nicotiana benthemiana leaves. At 21 days
post-agroinfection for TRV-mediated gene silencing, ParAl was expressed in the
systemic leaves of N. benthamiana by agroinfiltration and leaves were examined for the
development of necrosis at 42 h-post agroinfiltration. Severity of ParAl-induced
necrosis were classified into three levels. ‘1’, necrosis appeared on <20% of the
infiltrated area; ‘2’, necrosis appeared on 20-80% of the infiltrated area; *3’, necrosis
appeared on >80% of the infiltrated area. Bar = 2 mm.

B. ParAl-induced necrosis is compromised in N. benthamiana leaves silenced for the
expression of NbPDR1, NbPR10, NbOligoA, NbArcA2, NbGBLP and NbrbohB. For
each gene, 18 leaves from six silenced plants were agroinfiltrated on 4 spots. At 42
h-post agroinfiltration, ParAl-induced necrosis of each spot were scored as shown in
(A). Statistics were performed by Wilcoxon rank-sum test, which compared necrosis
severity on each silenced plant with the control plant with the empty vector (TRV).
Three independent experiments were performed with similar results and calculated in

one. *P<0.001 by Wilcoxon rank-sum test.
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Table S 1. SISOBIR1-immunoprecipitated proteins predicted to contain leucine-rich repeats?

SGNP accession number Protein description®

NbS00026313g0011.1 LRR receptor serine/threonine protein RLP (Vel homolog)

NbS0000113490002.1 LRR receptor serine/threonine protein RLP (Eix1 homolog)

NbS00024693g0004.1 LRR receptor serine/threonine protein RLP (Eix2 homolog)

NbS00024487g0013.1 LRR receptor serine/threonine protein RLP (Eix2 homolog)

NbS00007007g0003.1 LRR receptor serine/threonine protein RLP (Ve2 homolog)

NbS00003586g0006.1 probable leucine-rich repeat receptor-like protein at1g35710-like
NbS00052782g0001.1 LRR receptor serine/threonine protein RLP

NbS00039543g0002.1 LRR receptor serine/threonine protein RLP

NbS00021769g0027.1 LRR receptor serine/threonine protein RLP

NbS000339469g0003.1 Receptor kinase

NbS00033954g0001.1 leucine-rich repeat receptor-like serine threonine tyrosine-protein kinase sobirl-like
NbS000376169g0014.1 leucine-rich repeat receptor-like serine threonine tyrosine-protein kinase sobirl-like

& Proteins predicted to contain LRRs based on InterProScan.
b~ SGN: Sol Genetic Network.
¢ Protein description in SGN for each accession.
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Experimental Control

A B C D
35S::SISOBIR1- 35S::SISOBIR1- 35S::GFP 35S::GFP
GFP GFP + +
* + pBI (EV) pBI-ParA1
pBI (EV) pBI-ParA1
\ J

Co-agroinfiltration separately

l 22 hour-per agroinfiltration

Total protein extraction

|

supernatant

l

Immunoprecipitation
(GFP_trapA)

l

On-bead trypsin digestion

|

LC-MS/MS

W - - F#®RA L 230 SISOBIRL-GFP 3% 4 & # 2 F S it 425
FigureS1. Flow chart of MS-based proteomic anlaysis of GFP-tag affinity

purified SISOBIR1 protein complex.
Experimental and control groups are designed as shown. Soluble (supernatant) proteins
were purified by GFP_trapA, and subjected to LC-MS/MS.
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Necrosis: 1 2 3
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Figure S2. Silencing of NbPDR1, NbPR10, NbOligoA, NbArcA2, NbGBLP or

NbrbohB compromised ParAl-induced necrosis.
A. ParAl-induced necrosis index on Nicotiana benthemiana leaves. At 21 days
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post-agroinfection for TRV-mediated gene silencing, ParAl was expressed in the
systemic leaves of N. benthamiana by agroinfiltration and leaves were examined for the
development of necrosis at 42 h-post agroinfiltration. Severity of ParAl-induced
necrosis were classified into three levels. ‘1’, necrosis appeared on <20% of the
infiltrated area; ‘2’, necrosis appeared on 20-80% of the infiltrated area; *3’, necrosis
appeared on >80% of the infiltrated area. Bar = 2 mm.

B. ParAl-induced necrosis is compromised in N. benthamiana leaves silenced for the
expression of NbPDR1, NbPR10, NbOligoA, NbArcA2, NbGBLP and NbrbohB. For
each gene, 18 leaves from six silenced plants were agroinfiltrated on 4 spots. At 36
h-post agroinfiltration, ParAl-induced necrosis of each spot were scored as shown in
(A). Statistics were performed by Wilcoxon rank-sum test, which compared necrosis
severity on each silenced plant with the control plant with the empty vector (TRV).
Three independent experiments were performed with similar results and calculated in

one. *P<0.001 by Wilcoxon rank-sum test.
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Figure S 3.  Silencing of NbPDR1 compromise development of ParAl-induced
Necrosis.

A. ParAl-induced necrosis index on Nicotiana benthemiana leaves. At 21 days
post-agroinfection for TRV-mediated gene silencing, ParAl was expressed in the
systemic leaves of N. benthamiana by agroinfiltration and leaves were examined for the
development of necrosis at 42 h-post agroinfiltration. Severity of ParAl-induced
necrosis were classified into three levels. ‘1’, necrosis appeared on <20% of the
infiltrated area; ‘2’, necrosis appeared on 20-80% of the infiltrated area; *3’, necrosis
appeared on >80% of the infiltrated area. Bar = 2 mm.

B. ParAl-induced necrosis is compromised in N. benthamiana leaves silenced for the
expression of NbPDR1, NbPR10, NbOligoA, NbArcA2, NbGBLP and NbrbohB. For
each gene, 18 leaves from six silenced plants were agroinfiltrated on 4 spots. At 36, 42,
60 h-post agroinfiltration, ParAl-induced necrosis of each spot were scored as shown in
(A). Statistics were performed by Wilcoxon rank-sum test, which compared necrosis
severity on each silenced plant with the control plant with the empty vector (TRV).
Three independent experiments were performed with similar results and calculated in

one. *P<0.001 by Wilcoxon rank-sum test.
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