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TÍanscription factors in roots and shoots oI Árabidopsis iln\olved in
rhizobacteria-induced sysaemic resistance
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^lxlrrct: 
tla.rs tossess induciblc resisldce nechsnisN tbÍough which thcy can Íegul.te (hcÍ

dcf.lsc rcsp.nsc lo pathoAs aÍa.k Colonizrtion of,1/oátdopris r/,a/n/,a r@1s by rcn,paÉogenie
Pttudon.nas .íhbrcy e.s WCS4lTr bacter'a triggcrs a jasnomte- ard crhvlene dcpundd induccd
syíenric r6srm.e (lSR) lhar is clIccrivc aeanN ! hmd RDge of lblar palhose.s h rh{ rers, rlr
transcnprional nctivrry of a iargc number of g€tr.\ s alrercd upon .olonlzation by WCS,1tir. To

'nlcstiglle 
ihc rolc ol Wcs4l?F.esponsive, roor spÈilic g€nes ir tSR signaling, sc screened T,

I)NA nNstion Inrcs ol a subset ol these gdes tsioassays relerled that ,1rMIrZ, ! tra.scnphon
l-aclor gene spccillcllll nduced n rlre rools upon coloniTarion by WCS4I?r. is essenrint iof aclivalior
of ISR. thc 

'rrT 
\nckoul null.l was incaplblc of nou inq WCS4I7r-ncdiÍc! ISR aeaiNt thc

challcnging patho!.ns Preudono"6 s.rrinppe p k nrto [X:3OU) 
^ntJ 

ltyotoperono\po,o Nreitur,

^íalysis 
01,1lMlr7] gene expression rcldlcd rllll clhylcnc is an ihpondr rcgutatd of,4rMlr7.1

'fhis was supponcd by rhe finding thal ATMYB?2 r'as found ro physically inte.act Nirh rhc ethylcnc
regulatory prol.ir ItlL3 iràyeàsr rwo-hybnd assay. Transcnpr prolilÍrg revelled Umr ISR-erpresiq
lclves are primcd lbr rugDmted exprc$ion of nrcdomrÈntiy iasnronare dd elhylcDc resposive
8eD.s. PÍomoter lnalysis oflhcsc prm€d gdes showed ovneprcscnratior of a! ,4|,VAC-? bindrng
n!'til sugg6tng a regulatory rolc for this ranscriplion fador nr ISR Fuíher cvrdencc for thc
mvolvcment of/rrtlIc? in ISR ,ros. lion bjoíssryJ shosing that /r,VTC? tn€kou durets we.e
not able to sho{ ISR aher root colonialion by WCS4l7r, while rhcn lclel oI basl rcsistd.e wás
.ohpafublc to rhlr of wild,tr?e col-o

Ket vorns, Arubidopsis thaliona. l,tcr.lododr llu.ns..B, induccd syíchjc Èisllncc, rnnsc.iptiot
ttcroí, ÁtlrlYRT2. 1tMI C2

Inlroduction

Thc direll slrounding of plànt rools, óe rhizosphqe, is , vcry nut imr flch habitat rhlr
prov'des a niche to nucrous mido{r8anisms. N€xt to pathogms, also natry tung1 .nd
bactcrià with propslies bo€llcial for theplant are preseÍtÍ. Mrcothi.anl Rhi.obia aÍe sell
known cxamples of orgdisms lhal slimulate plant growlh, either by enlarging lhe suÍàce lir.
nulrient lptakc. or by enbancing thc availabihy of nirrc8€n, respeltiv€ly- OtheÍ beneficial
micro'orgdisms lclp thc planb in tbeiÍ dctcDse, eifier by hmpdng Arowth md
developmenl of palhogens due to e.g. compctÍion for nutrienls or thc s@ÍelioD ofutibiolics.
ór by íinuling the resisleEe mechanism oflhe pldts thcmslv€s (Van Loon et al.. 1998).
Sclective, non-pathogoic, species ofPr"r/rho"as de a well known crmplc ofa goup of
orgaDisms that lcad lo this stalc of jnduced sysremic rcsistancc (lSR) ol the plani rlter
colonizalion of the.ools.

Resedch on mutob of,jraàidoprd r/'rlk,a sbowed rhar rBponsilcncss to thc planr
homoncs €thyleno (ET) rd jasmonic acid (JA), sd a functional NPRI prorein (non-
cxpressor ol PR-proiei$) are essenrial for ISR (Picrerse et al.. 2002). To idcntiS, 

-gcn€s 
rhar
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alc associatcd wilh lSR, haDscriptome analysis of both ro()r and foliar tissues of planrs of
which rhe roots were colonized by Ps.udonont Íuores..,r WCS4I7r w6 ldíomed Dsing
Affyrnclnx Cencchips ud olnpaÍcd to tissus of sDtrol-irarqj planrs (Vcrfiagcn ci al.,
200.{). This approach led to the identifisrion ofa MYB ranscíiorior í.clor h rhe Mrs aíd a
MYC tresoption factor in thc ststmic iissue that both sem ro play a kcy rolc n ihc
transduction ofthe ISR signalrhat 6 induced upon roor colonizalion.

Material and methods

Cu ieation oI ptqhs and íhdueíion of ISR
Cullivation of ,4/aà,7oë,r rloltdrd accèssion Col-0, rhe T-DNA-insertion knockour nlól?
Nd thc A|MYC2 m!Í^tjihl,? (Bcrgcr ct al., 1996), md Írduction of ISR by ron-pathog€nic
Pseudonoms lluorescens WCS4lTr ba.ieria wss DeÍforÍned as dscÍib€d bv pieleÍse €l al.
í199ó).

Bioassa's in which th€ virulot bácterial patJ,osen Pseudononas synnsae py. róhdtó
DC3000 (Pr/ Dc3000) was used for challmse i.ocularion. werc peíbmed ás d€scribed by
Pieterse ct at. (1998). Fot II))dloperonosporu pansiltca bioassays 3-weck-old AEbidopsis
Col-0 and nÉZ plants wer€ misted wiih a conidiosÍmre suEension ofH pdlarirt..
WACOg @nlaining 7.5 x l0'condiosporcs pc. nl. Inoculatcd plants were mainlained at
I 7'C ard I 00% Íelativ€ humidity lbr 24 houÍs. Subs€qu€ntly, hunidjly was iorvered lo 70%
lo rcducc dircct effects on plant devclopment ard to rcducc the chmce of secondary
infeclions by opponuisric prthoaens. Sev€n dals aftd challenge inoculation hunidiry once
.gafÍ w&s nised 1o 100'/ó lo mable H. par8inca to form spornÍgiophore. Disqsc
symptoms wqe s@.èd 9 days aRq in@ulation- Qumlification of ellose deposirion wd
pcrrormcd followins óc mcthod dcscíbcd byTon er al- (2005).

least teo-hrbi.l scrcen
a',nstruct., fd veasl tso-hybntl andly\is wc'c gcnftrcd u{ng v(lo6 pDFStwl2 )nJ
pD[Sl '''22 {Ínqtr_o€mr Fullienglh cD\A In.eís of ítY8'2 dnd /rfl/J $tre nroduccd
u' in8 CAILWA\'"  tehnolog/ ( lnvi t rogor.  lo l lowng mrnul icrurcn rnsrÍucÍ lons.  lhc
yeast lwo-hybrid soreen was pcrfonned essentially as descnbed by Jam€s €t al. (199ó).

R€sults rnd discussion

AtMyR72, a wCS1t7- rcspoítiw, too.-spzci|ic genê..q ftdtolISR
Anal)sis of chang€s in the tmnscnptome of Arabidopsis roors in rcsfDnse to @lonizarion by
IsR-indqcing WCS417r bacteria revealed 97 genes rhar showed a locatly alrs€d expression

'n 
rhe roots (Vqhagen et al., 2004). To investisat€ the possible involveÍnent of rhesê scn€s ió

ISR signaling, we srlrted to syltcmatically malyze knockout mutanh ofthes€ genes for rhcir
abilrty to expn:ss Wcs4lTr-mc{iated lSR. Olt of I I knockout mutanrs teíed, one knockour
murant with a T-DNA inscíior in rhc ÁtMyB72 Enq which is sisnificantly up-Í€gularcd in
lhe rools upon colonization by WCS4l7r, ws idotified as unable ro molmt ISR asainst prl
DC30n0 rn respunse ro @lonrzarion ofrhe @rs by WCS4I_r.

To investigatê wh€ther '1rMfr72 is hvolved i. ISR against orher pathogens as weu,
broassals wrth the oomycêie H. par6iti@ werc WrtoDcd. ARcr geflnination from sporcs,
ihis palhogen fonns an aprcssonum &om which a p€netrarion hFhae invad€s rhe l€af rissue
rn bdw@ €pid€mat cells. Successtul invasion allows tí prraririca lo colonize the leaf
Irssue and eventuÁlly form spo.angiophores thnt apped from th€ tqf surface. TÁbl€ I shows
rhat WCS4! Tr-mediated ISR againsr lí p.traríic. sisnificanrly r€duced dise$e slnprons in
wild-t)"e Col'0 plants. How€v€r, in Dl,á/.2 mutant plmts, ISR aSainsr lí p4f4síàu was
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compleiely abolished Induced rclsistance aEalíst H. pdnsitícu has been shown ro b€
associated wilh primins for €nhmced càliose d€posilion at lhc sir€ of penerration (Kohler el
al., 2002; Ton el al., 2005). IsR-€xpressing Col-o planrs als show an q Enc€d induction of
callosc fomalion. However! in mutart rryá72 planb, lhis eóancrd cállos€ foÍmarioí could
nol b€ derst€d. TogetheÍ rhesc resulls indicare thal AIMYBT2 is a corDonenr of lhe ISR
signalins pathway thal is essential foÍ the induclion ofISR against different pathogcns.

'Iablc I . WCS4I 7r-mediat€d ISR aginst It pdldririco is dxlished ií ntb72.

I The distÍibution ovq the dis€ale severity cláss€s wae significantty difie@t from th€ control io
Col-o, bul not inu]ó22 (Chi-squg€, a= 0,05).

A fBn .ryrcltion ís tegulat dbtET
Using lhe El-ins.nsitive Inuta er?-/ (Guzrnán ed trcker, 1990), Kno€steÍ et at. (1999)
demonstÍatei ihal the induction of Wcs4l7r-mediatql ISR r€guires ÊT-sisnalinS at rhe sire of
applicalion of the induccr. To jnvesti8ête whether WCS41 7r-induccd expression of ,{rn,1lr72
in the roois is also regulated by ET, trdnscripr acluraulntion of this eme wÀs srudist in
WCS4I7Í rr@tcd €in?-1 plants. Thc óseÉ of indK€d,{r,l-tï872 mRNA levels iddicáred thal
ET indeed has a rcgulatory tunction ia ÁtMyB72 itiÁttctlon- Futh€Í evidence for rhc
involv€Íne of lhis hoÍmon€ in,4rMyr72 expr€ssion cmre ftom lhe obwation ihai,ídr'Ir72
lranscript levels àccumulat€ 0fter tre3tmmt with the ET precuNoÍ l-aminocycloprcpm+1-
caóoxylic acid (ACC).

Á,MIB72 ínt .0c,s 
-ith 

EILJ in irÍo
'IÏe y6t two-hybrid slstem is a f.equqtly us€d molecul& g€hetic lool lo study ir yÍro
prot€in-protein inlcractioís. Tb€ sct-up ot lhis s)€l€n enabl$ ycst to Blow on s€lective
mcdium only if rcpoíer-soes arc activáied by the tran$ription regulation prot€in cAt 4. To
do this, the DNA-binditrs dohain (BD) and the activation doÍnain (AD) of GAt4 ar€ rceded
in clo* proximity of€ach other. Fusing two protcins ofinleÍest €ách to a diÍIeÍcnt domain of
CAL4 will iead lo expression of dowNtream repoÍte. aencs only if lhe two domains are
brought tog€thcr due to inteÍaction of the two pÍoteins lo which they ate fus€d. Using this
lechnique AIMYBT2 was found to physically intcro.l witb the EÍN3like protein EIL3. EIN3
and its paralogs, the EIN3-lik€ Foteim EILI, EIL2 and ElL3, aÍe nuclear transoiption
làctore that bind lo the promoleÍs of ET-Í€sponsive s6cq such as ,RFr, and initiète a
tràn!.Íiptional cas.ade l@ding lo lhe Íegulation of ET taÍgel genB (Soláno et al., 1998).
These Ímlls again suggest a Íole ofthe gI signaling pathway in the regulátion of ATMYB2

fncrelsine dise.se Relanv dkease
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Pimíng aíJA4cp.ndent respo ses dring ISR is resulaí..|by AtMyCz
TraÍrscnpi profilinS of lsR,exprcssing ,{raóldoprtr leaves r€vealed thar the onser of tSR is
not associaaed wirh deÍetablc charges in gen€ €xp6sion. Howcvcr, upon pathoS€n ariack, a
larye set of predoininantly JA./ET-re9llaled gcn€ showed a porentiated expÍessim paíeÍn.
Evidently, IsR-expr6sins plants qre primed íoÍ ausmotql €xpÍession ofpathogen-inducibtê
genes, which might allow the plant ío react more eff€ctively to a bÍoad specrrum ofpathogcns
(Verhag€Ír et al., 2004). To turthcr eluci&te fis WCS4I7Í-induc€d prining-phenomenon lhe
pÍomoter regions of 966 óat showed an augdented expÍession ir .esponse to trearmenr
wiih merhí jasmoíate (MeJA) we.e scatned for the prcs€ncc of @tmon binding siles of
rcgulatirs hrucription factors. This dalysis led to tIrc finding that binding motifs for
A!MYC2, a tÍanscÍiption faclor pror€in known to be Í€sponsivc to JA (IrÍ.nzo et at., 2004)
were ovdepÍ€sented, suggesring that AlivÍYc2 plals e irnpo.tant rcle ií lsR signalins.

To filthcr investisÁte th€ role ofArMYC2 in IS& a Ínutant of ArMyc2,j'nl-2 (BeÍger
el al., 1996) was t€sted fo. its abiliry to show Wcs4l7Í,m€diated ISR acainsl pr, DC]O0O.
while wcs4lTFtÍat€d Col-O plsh show€d a sisnifi@r rcdudion irirhe percenrage of
leaves with sympiomq ./itl-? did not, indic{ring that _/M1-? is impaircd in irs ability to
express ISR. H€nce, AIMYC2 is of cÍucial impoímce foÍ ISR. D€tailed analysis of ,4rMyC2
cxpr€ssion h lsR-€xpr€ssing tissues revealcd thar IIMIC? mRNA levels are significanlly
high€Í in sFtcÍnic Ísu6 of wCS4l Tr-inducd plrnrs, suggesdÍg rhar enhanccd levels of rhê
AIMYC2 tÍdrucÍiption hctor aÍe r€spo.sible for the damenr€d erpÍeisioo ofrA-Í€s?onsiv€
gên€s as obsêÍvêd in tsR-€xpÍessing plets.
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