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Abstract

Receptorlike cytoplasmic kinases (RLCKSs) are essential fomaiteommunication irplant cells.
Multiple examplesof RLCK#hat functioning downstream of receptor like kinases (RLKs) and receptor
like proteins (RLPsre known However hardly anything is knowabout the possiblefunction of
RLCKs downstream of tiRPCt4. It is known that SOBIR1, a RLK, constitutively interacts with Cf
for downstreamdefencesignalling and structural support. CST, a RLCK, has been found to interact
with SOBIR1 and is required for development yet no RLCKs required for defeheeQiiSOBIR1
complex has been describedhis study focuses on the role of RLGigegificallythe well described
RLCHKBIK1and itshomologs, in the CG4/SOBIR1 complex. We performect@immunoprecipitation
(ColP) of BIK1, with SOBIR1 to determine whet BIK1 constitutively interacts with SOBIB4 it
doeswith FLS2An immunoprecipitation was performed of GFP tagged BIK1 or SOBIR1, they in turn
coimmunoprecipitated HAagged SOBIR1 and BIK1, respectivéllyis indicatesthat BIK1 is
constitutively @sociated with SOBIRNext to that a subset of 18 BIK1 homologsNfbentlamiana
wasselectedout of 49 candidates for virdeiduced gene silencing (VIGH.VIGS fragments &1K1
homolog were successfully cloned andsed to silence the target genein Cf4-transgenicN.
benthamianaby means of VIGS he silenced plants wesaibsequently induced with th€. fulvum
elicitor Avr4 to investigate whether the RLCKs play a role in the hypersensitive respen&iK1
homologs showed a reduced HR comparedhi® GUS silenced plants whichNbS00045149g0002
showed the most reduced HRThe initial putative BIK1 homolog inN. benthamiana
NbS0004285490003appeared not to be involved in Avgelicited HR.We propose that
NbS00009691g000¥ the N. benthamianaBIK1 homolog.This study has set the basis for a better
understandingon the functionof BIK1 homologdownstream ofthe Cf4/SOBIR1 complex.

KeywordsBIK1 co-immunoprecipitation hypersensitive respons®LCK, RLRIP, SOBIRIVIGS



Table of Contents

AADSTIACT ...t e e et e e s e e e i
LISt Of @DDIEVIALIONS . ....ceiiiiiiiiie et e s iv
I 1 (0T [0 o 1T o PP PP P PP PPPPRTPPPI 1
1.1 RLKS @NA RLPS...cciiiiiiie ettt 1

I e ISy (= Tol=T o (o g oo ] o] (=) PP 1

R @2 7 A Tt =T o) (o] g ot o 11 ] o] 1)U PPP 2

R o I O T PP TP PP 3

1.5 AIM OF STUAY. ..ueieiiie e e e e e e e e e e e e e e e e e e e e e ra e 3

2. EXPerimental PrOCEAUIE.........uue i e e e e e e e e e e et e e e e eeaaaaaees 5
2.1 Agrobacteriuntransient transformation assay (ATTA)......uuuiiiiiiiiie e 5.

2.2 CalmmunoprecCipitation (CAP)............uuuiuiiiiiiiiie e e e e e re e e e e e e e e e e e e e eeeesaaaenne 5.

2.3 SDPAGE and WesStern BIOt...........oocuiiiiiiiiiiiicci e 6

2.4 BIKL MO e 6

2.5 CloniNG OF VIGS ... oot e 6

2.6 Virus Induced Gene Silencing (VIGS) .....ccuuuiiiiiiiiiieieieie e 8

A = 3 = O = PP UPPPTR 8

3 REBSUIES. ettt e e e e e e e e e a e 9
3.1 VIGS of BIK1 homologsNinbenthamiana.............cccuuviiiiiiiieeiiiiiiieeeeeeeeeeeee 9

3.2 BIK1 cémmunoprecipitates with FLS2 and SOBIRL.............ccoooiiviiiviicceceee e 12

N B [ Tol U 3] o] o PP TP PPOPPPPPPP 14
4.1 VIGS of BIK1 homologshnbenthamiana..............cccuviiiiiiiiiiiiiiiieeeeee 14

4.2 ColP of BIKL @nd SOBIRL........coiiiiiiiiiiiiiiieiie ettt s s s a e e e e e aaaaaaaeenennes 16

4.3 CONCIUAING FEMAIKS. ...ttt e et e e e e e e e e nr e e e e eeaeas 17
BiDIOGraPNY ... e e e e e e 19
ACKNOWIEAGEIMENL. ...ttt e e e e e e e e e e e bbb e e e e e e e e e e e e e aaanns 22
SUPPIEMENTAI DALAL......eeeeiieieeeeee et e e e e e e e e et et e e e e e aeeeeee e e e s e e nnnnnreeees 23
SUPPIEMENTAI TABIES ...t e e e e e e e e e 23
SUPPIEMENTAI FIQUIES. ...ttt e e e e e e e e e e e e e e e e e e e s e e aannnes 26



List of abbreviations

ACIK1
ATTA
BAK1
BIK1
BRI1
ColP
CST
DTT
EB
FLIM
FLS2
FRET
GUS
LB
LRR
MAMP
MB-SUS
NRC1

0OD600
o/n

PDS
PRR
PVPP
rBiFC
RBOHD
RIPK
RLCK
RLK
RLP
RPM1
RTFPCR
SOBIR1
TRV
VIGS

Avr9/Ct9 induced kinase 1
Agrobacteriuntransient transformation assay
BRI1 associated kinase 1

Botrytis induced kinase 1

Brassinosteroid insensitive 1
Colmmunoprecipitaton

Cast away

Dithiothreitol

Extraction buffer

Fluorescencdifetime imaging microscopy
Flagellin sensitive 2

FOster resonance energy transfer

i -glucuronidase

Lysogeny Broth

Leucine rich repda

Microbe associated molecular pattern

Mating basedsplit ubiquitin system

NBLRR required for hypersensitive respossociated cell
death-1

Optical density measured at a wavelength of 600nm
Overnight

Phytoene desaturase gene

Pattern recognition receptor
Polyvinylpolypyrrolidone

Ratiometric bimolecular fluorescence complementation
Respiratory burst oxidase homologue D

RPML1 induced protein kinase

Recepbr like cytoplasmic kinase

Receptor like kinases

Receptor like proteins

Resistance t®seudomonas syringge. maculicolal
Reverse transcriptionPCR

Suppressor of BIR1

Tobacco rattle virus

Virus nduced gene silencing



Introduction

1. Introduction

For many cultures worldwide Solanaceous crops are of extreme importance to ensure nutritional,
balanced diets andultural usage. Potato, tomatoSolanumspp.), chilli/sweet peppersGapsicum
spp.) and tobaccoNjcotiara spp.) are such cultural important crops that are constantly threatened
by abiotic stresses like salinity and droudghit also have tcendure biotic stresses like pests and
diseases.Plants have a diverse set of receptor proteins anchored inithmaembrare that can
perceive those stresseScientists try to understand how these receptors function to utilize these
properties for breeding programs to develop stress tolerant or resistant cultivars

1.1 RLKs and RLPs

Plantreceptorsperceivethe extracellularspace for the presence of microbes, environmental stress
signals and own molecules like hormor{€&ow & McCourt 2006; Zipfel 2014)icrobial associated
molecular patterns (MAMPS) are recognized by so called pattern recognition res¢pRR). PRR
proteins are distinguished in two classes, the receptor like kinases (RLKs) and receptmtdikes p
(RLPs)Receptor like kinases comprisé an extracellular domain, a transmembrane domain and a
cytoplasmickinase domain(Robatzek & Wirthmueller 2013)The extracellular domain of RLK
proteins corsistsof severaleucinerich repeat (LRR) matifa lectin motif or a lysine mot{Macho &
Zipfel 2014)The LRR domain ispalymorphic part of the protein specialized dietection of specific
regions from peptides (Chinchilla et al. 2006; Zipfel et al. 2006pctin and lysine motifs are
specialized in the detection arfiter aliaextracellular ATP or microbial carbohydrates like fungal chitin
or bacterial peptidoglycafChoi et al. 2014; Miya et al. 200B)pon recognition, the kinase domain
transphosphorylates downstreaimteractingprotein for initiation of immune responsg€olcombet

& Hirt 2008)

RLP havean extracdlular domain and daransmembrane domain like RLKs, but lack the cytoplasmic
signalling domain. In order to initiatelownstream signallingthe RLP needs a recepiite
cytoplasmic kinase (RLCK) or an @adamolecule for signal transductiodn RLCK isorphologically
similar to anRLK but lacks the transmembrane domain and is therefore completely cytopl&Shiic

et al. 2004) RLCKs are required for intracellular signallshmwvnstream of both RLKs and RLPs.
Examples of RLCKs involved in immune signalling are Botrytis Induced Kinasel (BRRM&nd
induced protein kinaseRIPK (Liu et al. 2011; Lu et al. 201@daptor molecules interact with RLPs
for signal transductiosuch ashe LRRRLIS Suppressor of BIR $QBIR}landBRI% associated kinase

1 (BAK) (Bar et al. 2010; Liebrand et al. 20183 described abovend&LK can function as a receptor
or in association with a receptor. The prexi®le cannot be elucidated with regard to their structure
or their evolutionary history of RLKBardick et al. 2012)

1.2 FLS2 receptor complex

RLKs and RLPs can perceive different ligands like MAMRslstudied example of a MMP is flg22,
a conserved 22 amino acdbmainfrom bacterialflagellin FIg22 interacts with the LRi®omain of
the RLK flagellisensitive 2 (FLS2) irabidopsisthaliana; hereafter referred to asArabidopsis
(Figure 1A). Bacterid genera asAgrobacteriumand Rhizobiumhave a divergence in the conserved
flg22 domain and therefore do not induce a rapid immune respons&rabidopsisor tomato cells
(Solanum lycopsicun) (Chinchilla et al. 2006; Felix et al. 1999; GéreErimez & Boller 2000f-LS2 is
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associated with BIK(Lu et al. 2010; Zhang et al. 2010pon reognition of flg22 by FLS2 the -RR
RLKBAKIforms a complex with FL$€hinchilla et al. 2007; Lin et al. 2014; Lu et al. 2010; Zhang et al.
2010) During FLSBAK1 complex formatigmBIK1 is first phosphorylatday BAKIand subsequently
BIK1 transphosphorylates Wotintracellular kinase domains of FLS2 and BAK1l. They in turn
transphosphorylate BIK1 again, followed by dissociation of BIK1 from the complex for downstream
signalling transduction to accomplighmunity.

A B C Figure 1: The hypothesised compositi
of receptor complexes. The receptors
integrated in the plasma membrane with 1

A ¢ o LRR domain extended in the apoplast anc
flg22 Avrd Brassinosteroids kinase domain in the cytoplasmA)(The FLS
A ¢ 0 receptor complexn which FLS2 constitutive

interacts with BIK1. Upon flg22 percept
BAK1 is recruited which subsequently trigt
immune responses.B] The GH# recepto
complex in which SOBIR1 constituti
interacts with the RLP € It is hypothesise
B that an RICK constitutively interacts with t
y kinase domain of SOBIR1. Upon
¢ ¢ — ¢ perception BAK1 is recruited followed

immune responses leading to HRC) (The
Immune responses/ Development / BRI1 receptor complex in which B
iR Physiological processes | 0. otitutively interacts with the RLK B
BIK1 negative regulate BRI1. Upo
) brassinosteroid perception BIK1 is dissoci:
LRR domain { BAK1/ — Suppressionoffunction | from the complex and BAKL is recruitec

SOBIR1
{

FLS2 Cf-4 BRI1

Immune responses

BIK1
SERKs RLCKfs the complex to enable developmen
processes(Figure inspired byiebrand et a
2014

Kinase domain

& Recruited for function

1.3 Cf-4 receptor complex

Besides M\MPs there ae alsoRLP and RLK proteitigt canrecognize pathogen effectors. Effectors
arerace specifiproteins secreted by the pathogeand essential for virulenc€Thomma et al. 2011)
Cladosporium fulvunfvr4 is such an effectoAvr4 binds to thechitin in the fungal cell wall to
protect the chitin against chitinases produced by the plaftan den Burg et al. 2006)he wel
studied pathosystem tomatc&. fulvumhas shown that G4, a tomato specific RLPspecifically
recognize Avr4Figire 1B)(Thomas 1997)Cf4 is constitutively associated with theRLKSOBIR1,
which enables downstream signalling apebvidesstructural support to G#f (Liebrand et al. 2013)

Upon recognition of Avrd by 4f BAKL1 is recruited to the -@fSOBIR1 compleR¢stmaet al. 2015;

article send for review). This complexght require an additionalprotein that mediates downstream
defence signalling which is not jet identified is hypothesised thaasthe FLS2/BAK1 complex, an
RLCK likBIK1might be recruited for phosphorylatioaf both BAK1 and SOBIR1 kinase dom&ks.
4/Avr4-induced defence responses result in rapid local cell death known as hypersensitive response
(HR).

In contrast to G#, SOBIRL1 is not only present in tomato but appears to be present throughout the
plant kngdom (Liebrand, van den Burg, et al. 201Ajthough BAK1 and SOBIR1 bdiave aute
phosphorylation activity and an@volved in planimmunity, they belong to two distant cladd$eslie

et al. 2010; Seamoto et al. 2012; Schwessinger et al. 2011)

Besides playing a role in immune related responses, both BAK1 and SOBIR1 are also involved in
developmental processes. Approximately 10% of brassinosteroid insensitive 1 (BRI1), the main
brassinosteroid regetor in Arabidopsis forms a heterooligomer with BAKIn the presence and
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absence of brassinosteroi@icherl et al. 2013Model prediction suggests that the BAK1 increases
the magnitude of BRI1 signalling after brassinosteroid perception and that only a small amount of
BRIEBAK1 complexes are required for brassinosteroid signdliaig Esse et a013)

Leslie et al. 2018ypothesisedhat SOBIR1 (in developmental processes referred t\6SRSHEB
associated with the LRRLKs HAESA (HAE) and HAESAR (HSL2)receptors tha control floral

organ abscission and fruit developmenfthey also described thaknockout mutants of
SOBIR1/EVERSHREBrabidopsigprevents premature organ abscission in fruit development.

1.4 RLCKs

The earlier mentioned RLIKsd RLCKBelong to the lage RLK/Pelle gene family and play a role in
plant development and defencéShiu et al. 2004 Arabidopsis for example, contains merthan 600
protein kinasecoding genes andice has double that amount The RLKPelle superfamilycan be
divided in two distinct groupsthe RLCKswhich have a cytoplasmic configuratioand the RLKs
which have a transmemhne domain. InArabidopsisthe RLCI§roup compriseof approximately

200 genesThe RLCIgroup can, based on their structural properties, be divided in 13 different
subfamilies. It is thought that multiplemembers per subfamilyhave overlapping functios
(Yamaguchi et al. 2013¥hanget al. (2010 demonstrated that BIK1, PBS1, PBL1 and PBL2, all
belonging to the RLCKVII subfamily, constitugiweteract with FLS2. The RLCKVII subfamily contains
46 members irArabidopsiof which most are Mnyristolated N-myristoylation is the attachment of

a fatty acid to an amino acidt the N terminal side of the protein and é&ssential for membrane
targeting. In the presence of flg22, all the above mentioned RLCKs dissfrmien FLS2. Knockout
studies indicated that mainly BIK1, and to lesser extend PFBE11 and PBL2, are required $anal
transduction which results irmmune responses. Besides playing a role in defence related pathways,
BIK1 is alsonvolved in developmentaprocesses. BIK1 is a negative regulator of BRI1 in the
brassinosteroid pathwga(Figure 1C)Lin et al. 2013)BRI1 phosphylates BIK1 upon brassinosteroid
perception resulting in the dissociation of BIK1 from the receptor com@leabidopsishikl mutant

plants show brassinosteroid hypersensitive phenotypes resulting in early flowering, elongated and
curling petioles and raetced primary root elongation.

Cast away (CST) is AmabidopsisRLCK belonging to the RLCKVII subfamily. CST s, just like many
other members of the RLCKVII subfamily, membrane associated by meamsyoistblation(Burr et

al. 2011) CST interacts with SOBIRVERSHEAN is hypothesised to be involved in cell separation
signalling; idicating that it transduces SOBIR1 signalling. Transcriptomic studies and knockdown
studies identified that theN. benthamianaRLCK ACIK1 is required for @&fAAmediated
hypersensitive responséRowland et al. 2005)Arabidopsishomolog of ACIK1 is RIPK, with 75%
amino acididentity. RIPK is an-Myristolated RLCK that phosphorylatRIN4 which in turn activates

the resistance proteimesistance tdPseudomonas syringge. maculicolal (RPM3J (Liu et al. 2011)

1.5 Aim of study

So far it is unknown how the RLRACiediates danstream signalling upon Avr4 perception. It is
known that SOBIR1 associateith Cf4 and that BAK1 is recruited upon Avr4 recognifipostma et

al. 2015, article send for reviewAlso theRLCKACIK1 plays a role in Avr4/€&mediated responsn

the C.fulvum/tomato pathosystembut the exact location of ACIK1 in the downstream pathway is
unknown(Rowland et al. 2005Furthermore, CST interacts with SOBIR1/EVERSHED but whether it is
also required for defencsignalling isot investigated.lt is hypothesised that BIK1 is constitutively
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associated with SOBIR1 and that upon Apetception by C#4, BIK1 is dissociated and initiates
defence response#\ studyneeds tobe doneto identify whether BIKbr other RLCKarerequired in
the Ct4/Avrd-mediated downstream signallingimilaras is describefor FLS2/flg22To provide an
answerto this research question, multiple experimeritavebeen performed.

A ©-immunopercipitation(ColP) was performed to observe whethAtBIK1 constitutivelynteracts
with AtSOBIR1n another experimentdifferent BIK1 homologs froml. benthamianavere silenced
in Ct4-transgenicN. benthamianaby means of VIG&nd subsequently infiltrated with Avréb
observe whether they play a role in Avr4 triggesggnal transduction
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2. Experimental procedure

2.1 Agrobacterium transient transformation assay (ATTA)

For the ATTAAgrobacteriumliquid cultures werestarted in Lysogeny Broth (LB) (10 g/L Bacto
tryptone, 5 g/L yeast extract, 5 g/L NaCl, 15 g/L agarose (when making plates)) containing
appropriate antibiotics and incubated for two days at ZJsee for Ist of Agrobacteriumconstructs
SupplementhDataTablel). After two days of incubation the ical Density (D) o0 Was measured

For the different experiments the amount of culture was calculated by the formula: final OD (Table
1)* final volume / OD of wture. During the CdP experimentAgrobacteriumcontaining the P19
gene wasusedto prevent RNA interference. For the VIGS experim@gtpbacteriumcontaining
pPTRV1(Sol5009)was used for successful gene silencing. Ghleulatedvolumes ofthe construct
combinations were pooled and entrifuged for 5 min at 3500*g The obtained pellet was
resuspended ithe final volumeMMAI (20 g/L sucrose, 1 MIESbuffer pH 5.6 5 g/L MS dawithout
vitamins, 200 mM acetosyringon&) obtain the specific ODThecultures were incubated for 12

hours at room temperature prior to infiltratianATTA for the GtP experiments was performed on

the most upperfully expanded leafef 4-6 weeks old wild typ&\. benthamianglants For the VIGS
assay, ATTA was performed oretB bigyest leafs of +2 weeks old-&fransgenicN. benthamiana
plants. The elicitors were infiltrated in each quadrant of theost upper fully expended leaf of the
VIGS plantsAll plant experiments were done in a climate room with set conditions.

Tablel. Final OD per Agrobacterium construct

Experiment | Samples Final Olgyper construct | Final volumes
ColP Constructs 0.66 10ml
P19 0.66
VIGS VIGS construct| 0.80 5mi
pTRV1 0.80
Elicitors NRC?* 0.1
BAX 0.5 50ml
Avrd 0.03
Avr9 0.03

2.2 Colmmunoprecipitation ( Co-IP)

An optimized version of therotein identification by mass spectrometry protocol described in
(Liebrand, Kombrink, et al. 201#)as used.The specific alterations are described in 3.2 BIKL co
immunoprecipitates with FLS2 and SOBIRL1.

Agrabacteriuminfiltrated N. benthamianaleaves were harvested 2 dpi and sAapzen in liquid
nitrogen. The frozen leaves were then ground in a, with liquid nitnogeilled, mortar and pestle
together witha & LJdzF FoBvin@pblypiutolidong PVPP)A total of 1 to 2 grams leaf powder were
mixed in a 1 gr: 2 mL ratio wittold extraction buffer (EB) (150 mM NaCl, 1GEPAYCa630 (NP
40), 50 mM Tris, pH 8.0) containing 1 tablet of protease inhibitor cocktail (Sigma) per 50 mL EB. The
samples were then thaed and mixedat RT 2 mL of leaf extract was centrifuged 15 min at 13000
rpm. 15 pL GFP beads per sample were washed 2 times with EB
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After centrifugation of the plant samples, 40 uL of supernatant was collected to use as input material
and 1.5 2 mLsupemnatantwas mked with 15 uL washed GFP beatlse samples were incubated for

1 h on the roller mixer at 4C. After incubation the samples were centrifuged 1000*g for 1 min at 4
°C The beads were resuspendddmL EB and transferred to a new 1.5 mL eppehtitbe. The
samples were washed 2 more timesth EB Supernatant wasemoveduntil approximately 40 pL of

EB + beads were left in the tubes. To both the IP and input samples 40 pL loading buffer (200 mM
Tris, 8 % SDS, 40 % Glycerol, 400 mM DTT, 0.2%@Brenol blue)was addedand heated for 10

min at 95°C. The samples were stored-20 °C or used immediately for SIPAGE.

2.3 SDSPAGE and Western Blot

To separate proteins the IPsamplesa 10 % SDS gel (2 miOH1.7 mL 30% acrylamide mix, 1.3 mL

1.5M Tris (pH8.0), 0.05 mL 10% SDS, 0.05 mL 10% APS, 0.002 mL TEMED) was prepared. The gels
were placed in running buffer (14.4 g/L Glycine, 3 g/L Tris, 1 g/L SDS) and the samples were loaded
on a gel. The SEFAGE an for approximately 2 h at 9020 V. Ater electrophoresisthe gel was

blotted on PVDFhembraneby means of Western Blot.he Western Blot ran in transfer buffer (3.05

g/L Tris, 13.8 g/L Glycine, 10 % EtOH) at 20oMmAafter which it was blocked for 1h at RT in TBS

Tween (1.21 g/L Tris (pH5], 14.6 g/L NaCl, 1 mL/L Twe2d) with 5 % milk. After the initial

blocking the membrane was stained witHRP conjugatetl Y G A 6 2 RA S & -H&Rohpg AHRR h DCt
in TBSTween5 % milksolution) for 2h at RT. Prior to imaging the blot, the membrane was washed 5
times 5 minutesin TBSTween To activate the HRFomainof the antibody 300 pL SuperSignal West

Femto Chemiluminesnt Substrate was pipetted on the blot and immediately afterwards imaged in
GKS . A2NIR / KSYAR20u®

2.4 BIK1 tree

The BIK1 trewasgenerated by Michael Seidtor the tree all protein sequence$tomato (Solanum
lycopersicurjy potato Solanum tuberosuinNicotiana benthamianand Arabidopsis thalianavere
extracted from and grespectively. Pfam software was
used toexclude sequenceother than cytoplasmic kinases by a manually determigatthering cut

off, as a threshold For Arabidopsis tomato and potato only the longest transcripts were used
therefore excluding smaller alternative spliced genekhis does not count fdd. benthaniana since

the genome wapoorly annotated and no striking cases of alternative spliced fragments were found.
Of the extracted sequences a phylogenetic tree was built containing thousands of kinases. The 142
closest homologs oAtBIK1 were isolated from ihtree and used for motif searchybmeans of
MEME suite software. 27ifferent motifs were identified and the final tree was built based on the
alignment of the sequences of the kinase domains to generate a maximum likelihood tree
(SupplementhdataFigue 1).

2.5 Cloning of VIGS

To amplifying the VIGS fragments frohh benthamianacDNA, specific primers were designed by

means of Primer3Plusnline software. The primers were designed with an Xbal restriction site on the

PQ AAGS 2F (KSanP@esh LISR RRBAZERI NEFRINAROGAZ2Y &AAGS
primer, reverse complemented. This way the VIGS fragments were flanked with specific restriction

sites needed for cloninnto the binary vector.The double restriction site will enable ttlone the


http://www.solgenomics.net/
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VIGS fragments in tandenAll the primers for the VIGS fragmenisth the restriction sitesare
mentioned in supplementadata Table2. Cf4/Avr4 induced cDNA dfl. benthamianawas used as
template for VIGSfragment amplification. Hot Start IHighFidelity DNA Polymerase (Thermo
Scientific, Illinois, USA) was used for amplification. The reaction mixture for PCR with Hot Start
polymeraseis described in the supplementdhta Table3. The program used to perform the PGR
described in Table;2he expected size of the PCR products is between2B&bp therefore an
extension timeof 30 seovas used

Table 2 . Used PCR program for Hot Start polymerase

Cycle step Temp. Time Cycles
Initial denaturation 98 C 30s 1
Denaturation 98 C 10s
Annea ling 60 C 20s 30
Extension 72C 30s
Final extension 72C 5m 1

12C hold

PCR products were analysed on a 1 % TAE agarose gel and were subsequently gel purified using the
NucleoSpin® Gel and PCR Clgarkit from MachereyNagel. The puriéid PCR products were then

cloned in the entry vector, pCR&unt IFTOPO®, via Directional TOPO Cloning; following a protocol
provided by our own lab (S@able §. 2 uL Of the TOPO reaction wasnsformed to electre
competent Ecoli51 ph  OSftfa o6& YSIya 2 FmadhineSatingéPACRNI (A 2y
Transformed cells were plated on LB agar plates containing kanamycin (50 upg/mL) and were
incubatedo/n at 37 °C.

To confirm whether the gene of interest was present in the entry vecto colony PCR was
performed. Those PCR reactions were performed with GoTaqg® G2 DNA Polymerase and the original
primer sets. The mastermix of GoTag polymerase is described in suppldmaetad abled.

The recommended GoTag program was used to perfornrPiETable 3.

Table 3. Used PCR program for GoTaq polymerase

Cycle step Temp. Time Cycles
Initial denaturation 95C 2m 1
Denaturation 95C 30s
Annealing 60 C 30s 30
Extension 72C 45s
Final extension 72C 5m 1

12C hold

Pacsitive clones were grown in liquid culture and subsequently plagpoidfied by means ofthe
QIAprep Spin Miniprep K{QIAGEN)The purified plasmids were sequendey Eurfins with M13-(

21) forward primersto confirm the correct insert After conformatiom by sequencing, the gene of
interest and the binary vetor, pTRV2 (Sol2672)ere digestedwith the Fast Digest®estriction
enzymes Xbal and Acc@bbth from Thermo Scientific, lllinois, USA); following a protocol provided
by our lab (SpTable 6) Thesamples were loaded on a 1 % TAE gel. The digested fragment was cut
out the gel and subsequently gel purified by means of the earlier described Nucleospin® Kit.

The digested VIGS fragments were ligated in the digested binary ugctmreans of T4 DNA Lima
(Promega); following a protocol provided by our lab (Bable J. pTRV2 is a binary vectand
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contains a part of the Tobacco Rattle Virus (TgAome In combination with its helper plasmid

pTRV1, VIGS can be perform@gdRV2 is kanamycin resistghiu et al. 2002)The newly derived
vectors were transfor8 R (02 51 ph o0& YSIya 2F St SOGNRLERNI GAZY
antibiotics. The presence of the gene was confirmed by colony &C&escribed earlielThe binary

vector was purified using the earlier described Miniprep kit and was subsequeatigformed to
Agrobacterium tumefacienstrain G8CL by means of electroporation (standardachinesettings

EC2). CHal is tetracycline resistant. The transformé@djrobacteriumwas plated on LB plates with

appropriate antibiotics (tetracyclin® mg/mL andkanamycin 50 pg/mL) and incubated at 28 °C for

two days.

2.6 Virus Induced Gene Silencing (VIGS)

In total, 16 different VIG$onstructswere designed and cloned based on4fAvr4 inducedN.
benthamianacDNA. The different pTRWAGS constructs were <gnofiltrated with the pTRV1 helper
plasmid to enable virus inducegene silencing. 2 weeks old-EfransgenicN. benthamiangplants

were silenced with these 16 constructs. As a control for silencingl RVZ2Phytoene desaturase
(PDS3}ilencing construcivastaken along. To verify that the TRV does not give a phenotype a pTRV2
i -glucuronidase (GUS) control was included; plants naturally do not produce GUS. Siice Cf
transgenicN. benthamiangplants were used, also a pTRE24 control was taken along. For &y
sample a biological replicate was taken along. Preparations for infiltration went as described in
GAgrobacteriumi NI} Yy aA Sy G GNI yAF2NXIGA2Y | aaleédd ¢KNBS (2
control shows photobleaching effect and the plant® arf decent size, some leaf material of the
upper leaf was collected to conduct a Reverse TranscriptiorgPRER. The leaf material was shap
frozen in liquid nitrogen. The RACR was performed to verify that the targeted genes were really
silenced. At thesame time, leaves were infiltrated witAgrobacteriumcontaining Avr4, Avr9, BAX

and NRC®**™)(auto active mutant}o verify whether the BIKhomologs are required for @ffAvr4
mediated downstream signalling. The plants were screened for a HR pherthtggedpi and scored

from Oto 1.5 in which 0 iso HR, 0.5 reduced HRHRand 1.5increased HR

2.7 RT-PCR

Fozen leaf material waground in a 1.5 mL Eppendorf tube with a plastic potter. For the RNA
extraction the QIAGEN RNe&&s plant mini kit wasused 450 pL RTL buffer, with 1:100 2
mercaptoethanol, was added to the frozen powder and transferred to the shredder spin column. The
RNA was eluted from the column with 50 uL RNase free water. The concentration of the total
extracted RNA was measured vidanodrop and the quality of the RNA was determined via
electrophoresis on a 1% TAE delig RNA sample was subjected to DNase treatment to rerafive
over genomic DNAy means of the RQ1 RNaBee DNase kitAfter DNase treatmenthe sample

was heatedfor 5 minutes at 75 °Gt KS wb! gl a UGN} yAONAOGSR (G2 O5b! ¢
SupersblA LJin LLL NBEOPRBR as (pditbryietd CoNFtHelicDNAS with the primers
corresponding to the specific sampde Nb-actin primersfollowing the GoTadPCRorogramme. The
RTFPCR Niactin primers are described lriebrand et al(2013)
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3. Results

3.1 VIGSof BIK1 homologs in N. benthamiana

Plants contain ubiquitous RLCKs which are involved in protein activation and signal transduction.

investigate wich RLCKare involved in GA/Avr4-triggered signal transduction a VIGS agswas
performed. 14 N. benthamianacandidate BIK1 homologis genes, with motif similarity tothe
ArabidopsisBIK1gene, were selectedfrom the BlIK1phylogenetictree provided by Michael Seidl
(supplemental Figure )1 According to motif similarity NoS000285490003is the putative N.
benthamana homolog of BIKI(supplemental Figure )3 NbS00009691g0004as, except for the

spacing between the motifs, exactly the same motifs as the putative BIK1 homolog. Nevertheless,

NbS00001051g001is, based on the phylogetic tree, the closesthomolog to the putative BIK1

homolog. Sixselected RLCKs had in literature described homologs, all identified to be involved in

defence and/or development (Table4)Based on motif similarity, 4 daitional putative N.
benthamaina homologs of in literature desdred RLCKs were taken along the VIGS assay
(supplemental Figure 2)n total 18N. benthamianaRLCKs werselectedfor VIGS hereafter the
RLCKs will be named by their working c¢tgble 4 supplemental Figure-2).

Table4. Gene expression data of the M8 benthamiandRLCKs selected for VIGS.

Official ggnecode | Working Relative gene | Known RLCKs Literature
code expression homologs

NbS00001051g001| Nb1051 6.2 | APKla (AT1G07570.3 (Hirayama & Oka 1992)
APK1b (AT2G28930.1

NbS00020788g001| Nb20788 41.7 | RIPK (AT2G05940.1)

NbS000588809g000, Nb58880 7.2 | LeACIK1 (Rowland et al. 2005)
(Solyc069062920.2) 1

NbS00009691g000| Nb9691 -0.04| NAK (AT5G02290.1) | (Moran & Walker 1993)

NbS00029137g001| Nb29137 1.3 | NAK (AT5G02290.1) | (Moran & Walker 1993)

NbS00024800g000, Nb24800 -0.6

NbS000428549000] Nb42854 19.7 | BIK1 (AT2G39660.1)/| (Zhang et al. 2010)
PBL1 (AT3G5545.2)

NbS00045149g000| Nb45149 476

NbS0001655§0013| Nb16559 375

NbS00005787g000| Nb5787 -

NbS00001529g001| Nb1529 -

NbS00037085g000] Nb37085 0.78

NbS00028219g001| Nb28219 0.2 | PBL2 (AT1G14370.1)/ (Ito et al. 1997; Zhang €
APK2b (AT2G02800.1 al. 2010)

NbS00029131g000| Nb29131 -0.14

NbS00007877g0@&L| Nb7877 0.4

NbS00000608g011| Nb608 21 | NtACIK1 (Rowland et al. 2005)

NbS0001711g0016 Nb11711 103 | NtACIK1 (Rowland et al. 2005)

NbS00033699g000| Nb33699 0.5 | CST (AT4G35600.2) | (Burr et al. 2011)
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RNA sequence data of Avidduced GH-transgenicN. benthamianglantswere used to determine
the relative gene expression of the candidate geii€able4). Nb20788, Nb45149 and Nb16559
were, respectively, 41.7, 47.6 and 37.5 times up regulate@f4/Avrd-induced RNAompared to
the GUSnduced Ct4-transgenicN. benthamianaRNA control. Nb5787 and Nb1529 were not
expressed according to the RNA sequence datevéliees smaller thar0.6 timesdown regulation
compared to the GUS contraliere observed.

Alignmens were made usinghe protein sequencesand theDNAsequencs of the candidate genes.
The alignment of theprotein sequencesshowsa high consered regionin the middle of theBIK1

homolog sequences and less conservation at the N and C terminal sidetheofproteins

(SupplementaFigure5). An alignment of the lasepair sequences showedhuch lessconservation
within the BIK1 homologdata not shown)

For all target genegprimers were designed tamplify uniqueVIGS fragmentsf 150250 bp longin
silico amplified PCR fragmentsvere checked for specificity via the online BLAST tool of
oMost fragments were toshort and thereforead I @S 'y SNNEBNJ Ay RA Ol
% SNB TFragmérits@ear the 250 bp sizgave onlya selthit, indicating the specificity of the VIGS
fragments. When all the VIGS fragments were already cloned a major update of the site was
released. The update resulted in a more accurate BlraS§ilt. When all the VIGS fragments were
checked again for specificity byeens ofBLAST/ fragmentsshoweda continuoushalignment of at
least 21bp with an off target geneThis indicateghat the VIGS fragments in theory could silence
other geneqTable 9. Nb7877 targets a part of Nb29131, and vice veM29131 targeta different
part of Nb7877 Nb29137 targets a part 8b9691;the same holds the other way around. Nb45149

targets a part of Nb1l6559

Table 5 VIGS and HR assay results. however, Nb16559 targets only

SOL # | Gene name| Avrinduced | Double | VIGS itself. Nb608 targets a part of
HR Target | Phenotype 11711, and conversely Nb11711
5012 Ct4 0,69 targets a part of Nb608Nb5787
5011 GUS 1,00 and Nb37085 could not be
5534 Nb16559 1,00 amplified from de cDNA. Although
5535 | Nb9691 0,75| 29137 Nb1529 had no gene expression
5536 Nb29137 1,00 9691 according to the RNA sequencing
5537 | Nb28219 0,88 dwarf data, a fragment was amplified
5538 | Nb58880 1,00 from cDNA. The obtained PCR
5539 Nb20788 1,00 dwarf fragments were cloned into the
5540 Nb7877 0,88 29131 entry vector and subsequently
5541 Nb24800 0,75 sequenced. The N. benthamiana
5542 Nb29131 1,00 877 genome is poorly annotated
5543 Nb1529 0,88 therefore  some  unexpected
5544 | Nb42854 1,00 findings were observed when
5545 Nb45149 0,63| 16559 analysing the sequenced data.
5547 | Nb1051 0,88 Nb1051, Nb7877 and Nb28219
5548 Nb608 0,88 11711 were at least 50 bp shorter than
5549 Nb11711 0,88 608 expected Nb1051 was 14Bp long
5550 Nb33699 0,75 instead of the anticipated 236p.
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Nb7877 was 11Dbp long while 18p were expected and Nb28219 was 105 bp long instead of the
anticipated 158 bpSequence results of thehorter cloned fragments revealed tha small part
within the sequences wamissing, most likely an introNb42854 had4 point mutations in the
sequence and Nb20788 had 2 point mutati@equencing of other colonies of these samples gave
the same point mutationsThe VIGS fragmentwere clonedto the binary vector, pTRV2, and
transformed toAgrobacterium

Avrd NCR1(0481V)
A 1,200 pTRV2-Cf-4 .\\ ‘
1,000 ‘
pTRV2-GUS \ < ;
& 0,800 - —
1-4 X
-ﬁ 0.600 pTRV2-Nb9691 "\\ . S 4
8 | :
& 0,400 pTRV2-Nb24800 ‘ ‘
0,200 - -

pTRV2-Nb45149 l\ \e .
\

pTRV2-Nb1051 . .

pTRV2-Nb33699 ‘\ .

. X ra
silenced genes PTRV2-GUS . A ';.;j

Figure 2:  Silencing of different BIK1 homologs resiftsl0 case#n reduced Av-elicited HR(A) Average observed
in which 0 indicates no HR and 1 full HR. Erroidicates the standard error of the mean (SE) Infiltrated areaof the
silenced leaf with Avr4 or NRC1 and the subsequently triggered HR. Besides the two glantg silencedsUS and &4,
the 5 plants with reduced HR >Xn @re gepicted. Detached leafs were scored and subsequently bleached.

0,000 -

pTRY2-Cf-4
pTRVZ-GUS
pTRYV2-Nb16559

pTRY2-MboEa1
pTRW2-Nb29137
pTRW2-Mb7877
pTRW2-Nb24800
pTRY2-Mb1529
pTRW2-Nb42854
pTRW2-Nb45149
pTRV2-Mb1051
pTRW2-NbGE0S

pTRW2-Nb28219
pTRWV2-NbSESE0
pTRW2-Nb207E88
pTRW2-Nb29131
pTRW2-Nb11711
pTRW2-Nb33699

ATTA was perfoned on young CGA-transgenicN. benthamiangplants. All the VIGS fragments were
screened 2 times and per screen 2 plants were uBeak to time limitations all constructs coudahly
be screenedn dupla The VIGS plants were marked by their SOL numbetsathf theirgene
number for an unbiased approacfiTable5). PDS (SBD10) silenced planfsa positive control for
silencingturned whiteand had a dwarphenotypel0 dpi,which isthe PDS specific phenotypEhe
Ct4 (Sol5012) silenced plants had the same phepiotyappearance as the GUS (Sol5011) silenced
control plants; they both have the appearance & wild type N. benthamianaplant. Nb28219
(Sol5537) and Nb20788 (Sol5539) silenced pldatelopeda dwarf phenotype.Nb1529 (Sol5543)
had for one screen phenaype that resembles th&DScontrol plant The othersilenced plantdhad
no aberrant phenotype

21 Days after silencingplant material was harvested and subjected RINA extraction and cDNA
synthesis;due to time limitations no RPCR could be performedihe Il grown plants were
infiltrated with Agrobacteriumcontaining different elicitor genesC#4-transgenicN. benthamiana
plants shouldbe able toperceive the elicitor AvrdSol5014and subsequently trigger HRhe elicitor
Avr9 (Sol5015)was used a a negativeeontrol sincethe plants do not have &9 receptor for Avr9
perception. The elicitor BAXSol5018)was used as a positive control since it triggers apoptosis
(Lacomme & Santa Cruz 1998 cell death could be observddr any leaf areanfiltrated with BAX

3 dpi Gabriéls et al(2007) described that NB.RR equired for hypesensitive responsassociated
cell death-1 (NRC1js involved in elicitotriggered HR ilN. benthamianaThe auto active mutant of
NRC1,NRCIP*Y) (S0l5019),was used as a second positiventrol since it gives a clear HR
approximately 1.5 dpiThe Ct4/Avr4-induced HR wascored 3 dpiwith O (No HR), 0.5 (reduced HR)
and 1 (HR).GUS silenced plangavealways an HR phenotype for Avr4 aN@CRP**therefore it
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has anaverageHR sore of 1 (Table, Figure 2). Silencing of G4 resulted in a reduced\vr4
triggeredHR and not a complete lossdicated by theaverage HRscore of 0.69FoursilencedN.
benthamianaBIK1homologs,namelyNb969, Nb24800, Nb45148nd Nb33699showed a reduced
averageHRscoreof 0.75 andsmaller(Figure Band Table 5). Nb4514howedon averagdessAvr4
elicitedHRcompared tothe Cf4 silenced control plast Nb28219Nb7877,Nb1529 Nb1051, Nb608
and NHd1711showed also aeducedAvr4 triggeredHR of 0.88 compared to the GUS control. No HR
was observed for Avrar BAX. NREX¥*V had varying HResponsesin the samples and controls.
Silencing of the BIK1 homologs did not result somplete loss oAvr4-elicited HRAfter scoring the
HR, leafs were bleached in ethanol which clarifies the visibility of the HR.

Out of 49 different BIK1 homologs M benthamianal8 were selected for VIGS. 16 out of 18 could

be cloned in pTRV2 and were subjected to VIS. silencing of BIK1 homologsNnbenthamiana

resulted in a dwarphenotype for 2 constructsA reduced HR, elicited by Avrdias observed for 10
constructsof which4 K R I NBRdzZOSR |Iw a02NB 27F MNmélAPphadd2 Y LI N
the least HR elicited by Avr4.

3.2 BIK1 co-imm unoprecipitat eswith FLS2 and SOBIR1

Lu et al. (2010) demonstrated that BIK1 constitutively interacts with FLS2 and BAK1. To confirm this
interaction a CdP was performed. Initially,-@rminal HAtagged BIK1 (Sol5031) was transiently co
expressed with @erminal GFRagged FLS2 (Sol5030) and BAK1 (Sol5034) in wild Nype
benthamiana As a negative control for specificity, all tagged constructs wefxpoessed with GUS
(Sol5003) Immunoprecipitations using GRRp beads were performed on leaf tiss@edpi After
immunostaining of the blots only weak bands or no bands were observed (data not shown).
Optimisation of the protocol described lriebrand, Kombrink, et al2014)resulted in the detection

of bands. Fia tuning of the experiment revealed that-@xpression of samples with P19 (Sol5004), a
silencing suppressor, was required; that the leaf material could best be harvested 2 dpi and that the
addition of PVPP during grinding of the plant material resulteithénbest visible bands. The addition

of 5 mM dthiothreitol (DTT) to the extraction buffer did not give an enhanced result.

The optimized protocol enabled the detection of HGE2P and the eonmunoprecipitant BIKKHA
(Figure3A). However, an interactio between BIKHA and BAKGFP could still not be detecteamh

the IP blot while both proteins were present on the input b{Btgure 2. To rule out that the tags
interfere with proteinprotein interaction, different constructs with interchanged tags wesed. A

new CalP with Germinal HAtagged BAK1 (So0l5033) ande@iminal GFRagged BIK1 (Sol5032) did
not give a different outcoméFigure 3A)The same results were also described by Zhang et al. (2010).

It washypothesised that BIK1 is associatedhw8OBIR1 as it does with FLS2. To investigate whether
BIK1 constitutively interacts with SOBIR1, alfZavas performed. BIKHA was transiently co
expressed with P19 andt€rminal GFRagged SOBIR1 (Sol5021) in wild tyyrebenthamiana As
positive contols for proteinprotein interaction FLS&BFP ceexpressed with BHKIA and @erminal
GFPtagged G# (Sol5001) cexpressed with @erminal HAtagged SOBIR1 (Sol2753) were used. As a
negative control for specificity, all tagged constructs were-egpressed with GUS. An
immunoprecipitation was performed2 dpi All GFRagged proteins could be detected in the input
and the IP blotsKigure 3B)BIKEXHA could be detected in all samples on the input blot at around 45
kDa and cemmunoprecipitated with FLS2 ar8OBIR1FHgure 3B). Ndoandswere visible aso-

12



Results

immunoprecipitant for the GUS control samples ar@OBIRHA ceimmunoprecipitates with G#-
GFRboth as expected

To confirm that the tags do not interfere with the protepmotein interaction, a CdP of BK1 and
SOBIR1 with interchanged tags was performed. SGBRdcimmunoprecipitates with BIKGFP,
indicating a constitutively interaction between BIK1 and SOBHRfure 3B) The expected size of
SOBIRHA is 72 kDa however, the observed size duringGbéP with BIKAGFP was approximately
150 kDaAt least 3 independent experiments gave the same results.

After protocol optimisation ao-immunoprecipitationbetween BIK1 and FLS2 was demonstratsed
described by Lu et a{2010. No interaction betweerBIK1 and BAK1 could be detected which was
proclaimed by Lu et al. (2010) and disproved by Zhang et al. (2010). As was hypothesised, BIK1 also
co-immunoprecipitates with SOBIRL1. Interchanging of the tags did not result in a different outcome.

Q& & &
A és (33 & & & B T & & Q& & ¢ Q
C @ gL O S AN A Y g
gL T K o O O O N N )
SO FESS o NS S o0
TS F&F &6 FFFL L &
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- - * - * - * BIK1-HA + - - - - +
BAKLHA v = = = = - SOBRIHA - - + - - - + -
155kDa «4FLS2 155KDa [ b <FLs2
IP| 100kDa — o 4 BAK1 1P| 100kDa <« SOBIR1
. » » -
WB:a-GFP|  71kDa | GBI ABIKL  WB:a-GFP | 71k0a W W s e | B «BK1
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Co-IP Co-IP| 71kDa «SOBIR1-HA
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Figure 3: BIK1 interacts directly with FLS2 and SORIRL not BAK1GFP trap beadsnmunoprecipitae GFl

tagged proeins which subsequentlco-immunoprecipitates interactingproteins. P19 was cexpressed with ¢
samples.(A) BIK1 directly interacts with FLS2 and SOBIR1. The tags used for detection did not intéhfehe
binding of the proteins indicated tswitchingthe tag of SOBIR1 and BIK1. Most of the proteins could also be de
on the input blot. CBB stained input blot shows the 50 kDa band of rubmtioatingequal loading. (B) BIK1 does
co-immunoprecipitate with BAKlinterchanginghe tags did not give a different outcome. Both BIK1 and BAK1
detectible on the input blot. CBB stained blot shows the 50 kDa band of rubisco, indicating equal loading.
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4. Discussion

4.1 VIGS ofBIK1 homologs in N. benthamiana

A study was performed to investigate which BIK1 homologs are requirecf4/Avr4-triggered
downstream signalling=rom the BIK1 tre&8 N. benthamianaRLCKs were selected for VIGEt of

the 18 VIGS fragments6 could be amplifiedrom cDNA. The cDNdsed as template for PCR is the
sameasused for RNA sequencing (Table ®e absencef RNA sequence data for specific genes is
not stringent for the presence of transcripts. It could be possible that the specifie igeranscribed

in a very low quantity. This could explain wihyvas not possibléo amplify Nb37085, while it had
expression data, and as possibleo amplify Nb1529, which had no expression ddfd. the 16
constructs, 3 had g in the sgquence thesegagps could bentrons. The shorterVIGSragmentsof
Nb1051,Nb7877 and Nb2821%ere still subjected to VIGS because sufficient DNA was present for
the formation of double stranded RNA required for VIEB et al. 2002)Nb42854 and Nb20788
VIGSfragments had point mutations in the sequenéince we observechese point mutations in
multiple clones of the same construct we assume tlthé mutations are single nucleotide
polymorphisms compared to the sequencidbenthamianagenome.

With the cloned construct¥IGSwas performed on GA-transgenicN. benthamiangplants. Due to

time limitations the whole assay is performeish Duploand ho RTPCR could be performed. This
means that we cannot conclude that all the VIGS targeted genes were silenced. We assume the
silencing was successful since the PDS control shiswdistinctive white phenotype and all the
silenced plants were slightly smaller than not silenced plants. That sailBCRTcould also confirm
whether the putative norspecific VIGS fragments, mentioned in Table 5, target multiple genes or
only themselves

Silenced plants were infiltrated with Avr4, Avr9, BAX and f¥&41 BAX was a positive control for
HR however no HR was observed in all the screens. We assume that something is wrong with the
glycerol stock of BAX. NR&1Vhad varying effect, imost screens it gave a clear HR but in others
not.

We found that10 VIGS plants score@n averagea reduced Avrdriggered HR compared to the
silenced GUS controrhe averaged HR was calculated out of 4 observations. For 6 silenced plants an
average educed Avréelicited HR of 0.875 was observed, indicating that 1 out of 4 observations per
sample had a reduced HRlore replications need to be performetd increase the likelihood that
silencing of the specific gene has an effect on the R 4 silence plants an average reduced Avr4
GNRA 33 SNBR | obseiddindicatig tat apléast 2 out of 4 observations per sample had a
reduced HRThis increases the likelihood that the silencing of the construct had an effect on the
Avr4-activated HR.

Slencing of Nb20788 resulted im dwarf phenotype (Table 5) Thomas Liebrandpersonal
communication found that ArabidopsiPBL13nutant plants showed a dwarf phenotypEBL13 is a
member of the RLCK VII fam{supplemental Figure 2the N. benthamianahomolog of PBL13 is
Nb20788.The observation that silencing of bo#krabidopsisPBL13 andN. benthamianaNb20788
resulted in a dwarf phenotypendicates that our data coincidesThomasLiebrandproclaimed that
PBL13 is a negative regulator for defence ahdt tsilencing of PBL13 results in a constitutive
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activation of the defence pathway, explaining the dwarf phenotygb20788 is highly upregulated
upon Avr4 induction (Table 4owever, no reducedAvr4triggered HR was observed. We can
therefore assume thalNb20788 is notlirectly involved inAvr4-elicited HRBased on the explanation

of Thomas Liebrand @vcan hypothesise that Nb20788 might function as a negative regulator of
defence to regainmmune homeostasisafter Avr4activated HR to prevent uncontrotlespread of

HR

Silencing of Nb28219 resulted in a dwarf phenotype. When infiltrated with Avr4, Nb28219 obtained
an average reduced HR compared to GUS of 0.875. It very well could be that Nb28219 has similar
function as Nb20788vhich would explain the dwéphenotype.A way to investigate whether both
Nb20788 and Nb28219 are negative regulators of defence is to extract apoplastic fluid from the
silenced plants and run this on a SBSGECompaltison ofthe protein pattern next to that of a

control might rewal bands of pathogenesis related proteimglicating constitutive activation of
defence.

Nb1529 had a PDS phenotype. Since it was only one screen in which this phenotype was observed we
assume it was contamination with PDS and not an effect of Nb152&sitp

VIGS fragments of Nb608 and Nbll7ddtentially target each other and no reduced HR was
observed for both samples in all screeb608 and Nb11711 are both the closest homologs to
NtACIK1Rowland et al(2005 demonstrated that silencing of ACIKINnbenthamianaesulted in a
loss of HR. They used the cDNANifotiana bbaccum ACIK1 for VIGS since the benthamiana
ACIK1 was not identified. BLAST results against khe benthamiana cDNA library on
reveals that the \GS fragment Rowlanet al. usedtargets 5N. benthamiana
genes sufficiently for silencing NbS00000608g0110, NbS00011711g0016, NbS00020788g0012,
NbS00043054g0002 and NbS00028192g000¥s could explain why they observed a loskiBfand
usnot. It would be interesting to silence all of these genes
The VIGS fragments of Nb45149 in thetaggets Nb16559vhile the VIGS fragment of Nb16559
targets only itself. Bth Nb45149 and Nb16559 are highly upregulated upon Avr4 induction. Together
with the obsenation that Nb45149 had the most reduced HR compared to the GUS cdhttolld
indicate that Nb45149 and maybe Nb16559 are involved in Awdli@Ediated signalling. Although
Nb16559 is highly upregulated upon Avr4 induction no reduced HR could be athgRMeCR might
give insight whether both VIGS constructs target both genes.

Nb42854 is the putativ®l. benthamianaBIK1 homolog. Silencing of Nb42854 did not result in a loss
of HR. We therefore suggest that Nb&2Bis not involved in Avrfiduced HR anthat Nb42854 is
maybe not the putativeNbBIK1 as we predicte@®LAST results of Bliddotein sequenceagainst the

N. benthamianacDNA library on reveals that Nb24800 and Nb9691 are the
closest homologs after INI2854. Both Nb24800 and Nb9691 show a reduced -figdered HR

Next to that, Nb9691 has exactly the same motifs as Nb428%d.cbuld indicate thalNb9691is the
functional BIK1 homolom N. benthamiana

Silencing of Nb9691 gave a reduced Awiggered HR of 0.75 compared to GUS (Table 5, Figure 2A).
The VIGS construct of Nb9691 theoretically also target Nb29137. One could assume that silencing of
both genes might explain the observed reduced HR for Nb9691. However, Nb29137 in theory also
target Nb964 while no reduced HR was observed for this sampleP@®F on both samples might

give insight whether both VIGS constructs silence both genes.
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Burr et al.(2011) described that SOBIR1/EVERSHED interactstettRLCK CSThdathat GSTis
required for negative regulation of cell separatioFhe cbsestCST homolog iN. benthamianais
Nb33699 Slencing of Nb33699 resulted in a reduced HR indicating that CST has a double function
and is required in both development and defence.

For the HR assapgrobacteriumcontaining elicitors were infiltratetty means of a syringd&he HR
assay is scored by eye and there is quite some variance in the observed samples with @Huced
4/Avr4 inducedHR(Figure2A). A more precise/quantitativapproachmight be toothpick inoculation

in whicha toothpick is dippedn an Agrobacteriumcolony and subsequently pricked on a leaf. The
pricked sites are all about the same size and a possible observed HR might be quantified with pixel
counting software, like ImageJ, fogaantitative approachio measure lesion size

Theobtained results of the VIGS assay show that RLCKs are involved inditdevi@imediated HR

For this assay we selected 18 BIK1 homologs of which 16 could successfully be cloned. However, the
BIK tree comprises out of 49 BIK1 homologdlobenthamiananeaning that no research has been
performed to 31 other BIK1 homologs. The VIGS assay, followed by HR assay, is a relative easy tool to
determine the phenotypic effect of the corresponding gene. Further research needs to be done to
this group of genewo obtain a complete view of th&unction in Cf4/Avrd-mediated HR

Proteins other than RLCKs migilso act downstream of SOBIR1. A mating based split ubiquitin
system (MBSUShppproach to screeBOBIR&against amrabidopsigdibrary might give insight in o#r
interacting proteins MB-SUS utilizes the same principles as standard yeasthad (Y2H) system
(Grefen et al. 2009)A physical interaction between 2 proteins initiates the release of a transcription
factor follow by activation of a downstream reporter gene. In standard Y2H system the interacting
proteins have to befully soluble and needatinteract in the nucleusor transcription of the reporter

gene Thisposes a problem foinsoluble membrane integrated proteins. MB-SUS utilizes the
complementation of a ubiquitin protein when the two target proteinsinteract followed by the
ubiquitin-degradation pathwayo initiate transcription of the reporter gene.

4.2 CoIP of BIK1 and SOBIR1

Lu et al.(2010 and Zhang et a{2010 demonstrated thatFLS2 constitutively interexwith BIK1.By
means of ceammunoprecipitation we confirm that BIK assates with FLSZA.u et al.(2010 and Lin

et al. (2014 proclaimed that BAK1 also constitutively interacts with BiKiang et al(2010 found

no evidence thaBAKL and BIK associatePerforming a GdP with BAK1 and BIKde were not able

to detect any association of BIKgith BAK1.The different research groups all performed their
experiments orstabletransgenicArabidopsiglants or transient expression #rabidopsigrotoplast
while we conducted our experiments idgrobacterium mediated transienly expresgd N.
benthaniana plants. Although Agrobacteriumdoes not trigger a visible defence responseNn
benthamiana it still might be possible thafgrobacteriumtriggers some sort of MAMRiggered
immunity whereby BIK1 dissociattem BAK1. Another possibility is thiite detergent agents in the
extraction buffer destabilize the interactidmetween BIK1 and BAK1 resulting in dissociation during
immunoprecipitation.We cannot exclude that there is no interaction between the two proteins.
Therefore an assay with Foster oeance energy transfer (FRET), observed by fluoresddatime
imaging microscopy (FLIM)r ratiometric bimolecular fluorescence complementation (rBiRtight

be an outcome to detect a weak interaction between BAK1 and BIK1 psaieitose proximity.
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Discussion

We observed that SOBIR1 constitutively intesagith BIK1, as ashypothesisedFor the CdP, Ha
tagged SOBIRL1 8f lycopersicuwas usedsince noHAtaggedArabidopsisSOBIRWas availableAll
the other constructs are fromrabidopsighaliana. Liebrand etal. (2013 described that there is a
high similarity between the coding sequence toimato and ArabidopsisSOBIR1Although the
proteins are from different origifrwe assume that the interaction is genuinéherole of BIK1when
associated with SOBIR&nNnnot be elucidated by the obtained results of the-lBo BIK1 might act as
anegative regulator of SOBIR1 addesfor BRI1, described kyin et al.(2013. We hypothesisehat
BIK1 mediatesmmunity after phosphorylation cS§OBIR1 during @fAvr4triggered defencesame
as FLS2/flg2figgered defencalescribed byLu et al(2010).

A followup studywill investigatewhether BIK1 dissociates from the-@SOBIR1 complex in the
presnce of Avr4 by means of @i®, same way as describedZdhang et al.(2010. Next to that,it has
to be investigate whether BIK1 is involved in defence signalkfigr Cf4/Avrd perception This can
be done by performingralP, after Avr4 induction orCf4-transgenicN. benthamianawith tagged
respiratory burst oxidase homologue D (RBOHD) astddy whether tagged BIK1 co-
immunoprecipitates as described Byadota et al(2014) RBOHD is essential for ROS bursvaiitin,
which is the initial immune response against pathog@ladota et al. 2014; Thomma et al. 2011)
RBOHUI@ssociatan a ligand dependent manner with FL&2adota et al. 2014Upon flg22 binding by
FLS2BIK1 is phosphorylated and dissociates from the complex. Suba#y, the phosphorylated
BIK1 binds to RBOHD followed by ROS burst activation.

For many proteinsother bands were observed besides the genuine barfisnolecular weight of
approximately 150 kDa was observed for SOBIRwhen cemmunoprecipitated withBIK1. This is
double the expected size of 72 kDa. An explanation for the different observed band m®uld
degraded proteins or post translational modified proteirike proteolytic cleavagéfor smaller
bands) or ubiquitination/glyceyation (for bigger poteins, like SOBIRA) Mass spectrometry on the
bigger or smaller band might give insightlie aberrantprotein bandssizes

The CdP of G#4/SOBIR shows that for a little amount of €F asubstantial bigger amourdf SOBIR1
co-immunoprecipitates. These results were also observed by Liebrand e(2@l3. The
guantification and the function of theraount of SOBIR1 in the-@fcomplex stilfemainobscure.An
rBiFC approach wita 2inlbinaryexpressiorvectormight give insight in the quantificatioiGrefen &
Blatt 2012) The 2inl vector utilizes the slit YFP complementation of two interacting proteins
together with a monomeric RFP protein in omector. Expresson of the genesunder the same
promoter, one could calculate the rationtec difference between the RFP signal and complemented
YPF signdbr quantification

4.3 Concluding remarks

In this research we observed by means ofIBdhat ArabidopsisBIKL constitutively interact with
SOBIR1. Next to that, we also observed that at |6&K1 homolog iN. benthamianaare required

for Avr4induced HR. And that without those BIK1 homologs HR is nabssluteas in the GUS
control. That saidwe could not finda reduced HR for thputative BIK1 homolog ifN. benthamiana
Nb42854Nb9691 had reduced Awtfiggered HR and exactly the same motifs as Nb42854 therefore
we propose Nb9691 as the néBIK1 homolog ilN. benthamiana

Silencing 6the CST homolog iN. benthamiana Nb33699, resulted in a reduced HR meaning that
CST s required iboth development and defence. Silencing of Nb45149 resulted ingahst Avr4
triggeredHRamong the sampled\ext to that,Nb45149is highly upregulatedipon Avr4induction
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Discussion

indicating the importance of this protein in-@fAvr4-induced HR. Although different BIK1 homaog
in N. benthamianahad a reduced HR upon Avilduction no complete loss of HR was observed. We
can assume that multiple RLCKs are weolin Ci4/Avr4-induced HR and that many RLCKs have a
mutual function Slencing ofa single RLCK therefore does not give such a strong phensigpe the
other RLCKs take oveFhese obtained results answer our hypothesis RRCKs are required in-Cf
4/Avr4-mediated downstream signalling and that BIK1 constitutively interacts with SOBi®1ole

of BIK1 in Avrdnduced defence responses in the4Z6OBIR1 complex remain obscure.
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Supplemental Tables

Sp. Table 1List ofAgrobacteriunconstructs.

Code Description Agro selection
Sol5534 [pTRV2-Nb165591 C58C1 kan/tet
Sol5535 [pTRV2-Nb9691 C58C1 kan/tet
Sol5536 |pTRV2-Nb29137 C58C1 kan/tet
Sol5537 [pTRV2-Nb28219 C58C1 kan/tet
Sol5538 |pTRV2-Nb58880 C58C1 kan/tet
Sol5539 [pTRV2-Nb20788 C58C1 kan/tet
Sol5540 [pTRV2-Nb7877 C58C1 kan/tet
Sol5541 [pTRV2-Nb24800 C58C1 kan/tet
Sol5542 [pTRV2-Nb29131 C58C1 kan/tet
Sol5543 [pTRV2-Nb1529 C58C1 kan/tet
Sol5544 [pTRV2-Nb42854 C58C1 kan/tet
Sol5545 [pTRV2-Nb45149 C58C1 kan/tet
Sol5547 [pTRV2-Nb1051 C58C1 kan/tet
Sol5548 [pTRV2-Nb608 C58C1 kan/tet
Sol5549 [pTRV2-Nb11711 C58C1 kan/tet
Sol5550 [pTRV2-Nb33699 C58C1 kan/tet
Sol5009 ([TRV1 Gv3101 kan
Sol5010 [TRV2-PDS C58C1 kan/tet
Sol5011 [TRV2-GUS Gv3101 kan
Sol5012 [TRV2-CF4 Gv3101 kan
Sol5014 [pMOGB800-Aw4 C58C1+ pCH32 |kan/tet
Sol5015 ([pBIN61-35S-Awr9 GVv3101 kan
Sol5018 [pMOG101-35S-BAX Gv3101 kan
Sol5019 [pMOGB800-NRC1(D481V) [C58C1 + pCH32[kan/tet
Sol5030 |AtFLS2-GFP Gv3101 riffgen/kan
Sol5031 [AtBIK1-HA Gv3101 riffgen/kan
Sol5032 |[AtBIK1-GFP Gv3101 riff'spec
Sol5033 [AtBAK1-HA Gv3101 riffkan
Sol5034 [(AtBAK1-mCITRINE GVv3101 riffgen/spec
Sol5021 [pBIN-KS-AtSOBIR-eGFP [C58C1 + pCH32[kan/tet/spec
Sol2753 [pGWB14-SLSOBIR-3HA [C58C1 + pCH32[kan/hyg/tet
Sol5001 [pBIN-KS-Cf-4-EGFP C58C1 + pCH32|kan/tet
Sol5003 [pBIN61-GUS C58C1 + pCH32|kan/tet
Sol5004 [pBIN61-P19 Gv3101 kan
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Sp. Tabl&. List of used primers for cloning.

Primer code |Primer name
THO1 Fw Nb42854
THO2 Rv Nb42854
THO3 Fw Nb9691
THO4 Rv Nb9691
THOS5 Fw Nb1051
THO6 Rv Nb1051
THO7 Fw Nb28219
THO8 Rv Nb28219
THO9 Fw Nb29137
THO10 Rv Nb29137
THO11 Fw Nb24800
THO12 Rv Nb24800
THO13 Fw Nb58880
THO14 Rv Nb58880
THO15 Fw Nb20788
THO16 Rv Nb20788
THO17 Fw Nb7877
THO18 Rv Nb7877
THO19 Fw Nb29131
THO20 Rv Nb29131
THO21 Fw Nb37085
THO22 Rv Nb37085
THO23 Fw Nb1529
THO24 Rv Nb1529
THO25 Fw Nb5787
THO26 Rv Nb5787
THO27 Fw Nb16559
THO28 Rv Nb16559
THO29 Fw Nb45149
THO30 Rv Nb45149
THO31 Fw Nb33699
THO32 Rv Nb33966
THO33 Fw Nb11711
THO34 RvNb11711
THO35 Fw Nb608
THO36 Rv Nb608
Fw M13

RvM13 RV M13 pENTI
Wo138 pTRV2 FW
Wo139 pTRV2 RV

Official name

Fw Niben044scf00042854
RV Niben044scf00042854
Fw Niben044scfo0009691
RV Niben044scfo0009691
FW Niben044scfo0001051
RV Niben044scfo0001051
Fw Niben044scfo0028219
RV Niben044scfo0028219
Fw Niben044scfo0029137
RV Niben044scfo0029137
Fw Niben044scfo0024800
RV Niben044scfo0024800
Fw Niben044Scf00058880
RV Niben044Scf00058880
Fw Niben044Scf00020788
RV Niben044Sc¢f00020788
Fw Niben044Scf00007877
RV Niben044Scf00007877
Fw Niben044Scf00029131
RV Niben044Scf00029131
Fw Niben044Scf00037085
RV Niben044Scf00037085
Fw Niben044Scf00001529
RV Niben044Scf00001529
Fw Niben044Scf00005787
RV Niben044Scf00005787
Fw Niben044Scf00016559
RV Niben044Sc¢f00016559
Fw Niben044Scf00045149
RV Niben044Scf00045149
Fw Niben044Scf00033699
Rv Niben044Scf00033699
Fw NbS00011711g0016
Rv NbS00011711g0016
Fw NbS00000608g0110
Rv NbS00000608g0110

Fw M13 pENTR-D-TOPO primer

R-D-TOPO primer

Sequence (5'Th o Y v
tctaggACCAGCCATTCTTTGTGACC
ggtaccactad TTCCGTCCGGATAGTGTGT
tctagstCTACCGAGTCAAGCAGGATATTA(
ggtaccactaddATCTCTTTCCTATCTGCCAC
tctagstGGGTATTGCTTGGAGGATGA
ggtaccactadfAGCTCCAAGAGCAACCTT(
tctageCCAGGTTTGGATGACGAAGT
ggtaccactadtAGCCAGAGGGTTTTCAAGGT]
tctagaTCAAATCAGCAGTCGCAAAC
ggtaccactadbAAAATAGCCCTTGGTGCTG
tctageaGGAGAGCATGGAGACAGACC
ggtaccactadAAGCAAGGATGGTGTCGAA(Q
tctagdAACCTCCTCAGACCCCACTT

ggtaccactagiCATGGGGAAGAAAAACCAG

tctageAACTGGTCCAAACCCTCCTT
ggtaccactadiTCCATGGGATTCCAGTCTC
tctagstCGTCGATGCAATAACCAATG
gotaccactacdAATTGAAGCCGGAAGGTTTT
tctageAGGTCACAAGGAGTGGTTGG
ggtaccactadcACACCAAGAGGTGGTTGTC(
tctagstGGTTTTCAGGGTCACAAGGA
ggtaccactadhCCAGGTTTGGATGACGAAG
tctagstCCATAAGGAGTGGCTGGTGT
ggtaccactagiCACCTTCCAAGCAGAATC(Q
tctagaTGACCAAGTTTGGATGACGA
gotaccactadf TGGATCAGGACTGGGTGTT
tctagaTCCTTCAATTGCATGAACCA
ggtaccactagTAACTCCAATGCGGAGAAC(
tctagsCATATCCAAACCCTCCCTCA
ggtaccactagfCCTGGCAGTGAGAGAAAA(
tctagaTCTGGGTACTCGCCAATTTC
ggtaccactadiGGGACATGCAGAAAATCAA
tctagstCCTTCTGGACCATCTTTTGC
ggtaccactagiTGCCGGTGAAACTAAATGA
tctagstGGCACCCACTACTCAATCGT
ggtaccactacdAGATGGCCCAGAAGGAGA]
CAGGAAACAGCTATGAC
GTAAAACGACGGCCAG
CTCAAGGAAGCACGATGAGC

Product size
162

bA
bTTTT
235

237

158

200

222

p

183

b

168

186

190

151

171

205

237

191

N

223

182

213

TGAACCTAAAACTTCAGACACG

Sp. Table 3PCR mixture for Hot Start lighiFidelity DNA Polymerase

Solutions Volume
H20 325>L
5X HF buffer 10>L
dNTP 1>L
Forward primer 2.5>L
Reverse primer 2.5>L
Template DNA 1>L
Phusion polymeras¢ 0.5>L
Total 50>L

Rest enz
XBAI
Spei-Acc65i
xBai
Spei-Acc65i
XBAI
Spei-Acc65i
XBAI
Spei-Acc65i
XxBAI
Spei-Acc65i
XBAI
Spei-Acc65i
XBAI
Spei-Acc65i
xBAI
Spei-Acc65i
XBAI
Spei-Acc65i
XBAI
Spei-Acc65i
XBAI
Spei-Acc65i
XBAI
Spei-Acc65i
XxBAI
Spei-Acc65i
XBAI
Spei-Acc65i
XBAI
Spei-Acc65i
XxBAI
Spei-Acc65i
XBAI
Spei-Acc65i
XBAI
Spei-Acc65i
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Sp. Tablet. PCR mixture for GoTaq G2 Dpblymerase

Solutions Volume
H20 125>L
5X Dream buffer 4>
dNTP 0.4>L
Forward primer 1>L
Reverse primer 1>L
Template DNA 1>L
GoTaq G2 polymeras 0.2>L
Total 20>L

Sp. Table 5TOPGreaction

Solutions Volume
Purified PCRroduct (~30ng) | 3.0 pL
Salt 0.25uL
MQ 1.75 uL
TOPO vector 0.2 pL

Incubateat least 5Smin at RT. Transform to competé&ntoliDH5a

Sp. Table 6DoubleDigestion

Solutions Volume
Restriction enzynme(10U) 1L each
10X buffer 5uL
DNA(1 ug) XL
MQ 43-XpuL

Incubate1h 37°C (depending on your enzyme(s), first chegk
Inactivate the restriction enzymes by heating &ir min 65°C.

Sp. Table 7Ligation (with T4 DNA ligase (M0202))

Solutions Volume
10x T4 buffer 2.0uL
Vector DNA 0.5 uL
Insert DNA 2.0 yL
Nucleasefree water 1.5puL
T4 DNA ligase 0.5 puL

IncubateO.N.at 4 °CTransform to competenE.coliDH5a
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Sp Figure 1.The BIK1 treas provided by Michael Seidl.phylogenetic tree built from different
motifs found in 142 closegtrabidopsiBIK1 homologfom potato, tomatoN. benthamianaand
ArabidopsisBIK1from Arabidopsigsindicated by the red arrow. Yellow highlighted gene codes are
the genes targeted ioVIGS. The blue rhombus motif indicates thenitristolation site.
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Nb11711 are connected via a red arc indicating that their VIGS fragments target each other.
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Sp. Figure8. Closeup of BIK tree. Bl. benthamiana&RICKs targeted for VIGS are highlighted in yellow. The gene name of in literature described RLCKs are
indicated on the right. BIK1 @éfrabidopsiss indicated by a red arrow. Nb9691 and Nb29137 are connected via a red arc indicating that their VIGS
fragmens target each othefThe blue rhombus indicates armyristolation site.
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Sp. Figurel. Closeup of BIK tree. 8l. benthamiandRLCKs targeted for VIGS are highlighted in yellow. Thengenes of in literature describelLCKare
indicated on the rightNb45149and NH6559are connected via a red arc indicating thia¢ VIGS fragments target each othér.this specific case only
Nb45149 targets Nb16559 and not the other way around. The red arc conndti@131 and Nb7877 indiegthat their VIGS fragents target each
other. The blue rhombus indicates aryristolation site.
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Sp Figure 5Alignment of the BIK1 homologs selected for VIGS. Amino acid sequences aligned with ClustalW online software, stangisrdlgttinent
was analysed with Jalvieanline software.Different shades of blue indicate the percentageidentity between the sequencedark blueindicates 100%
identity; lighter colours of blue indicate less percentage identity between the sequanué 90% identityBelow 90% identityhe sequences are white.
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