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The Gene-for-Gene Model of Plant Immunity
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Agroinfiltration

* [lpoowplvn Ekdppacn Twv MPwTeivwy (transient expression)

b
EUkoAQ,
avaAuon MoAAwV SelypatTwyv
Ypnyopa,
0€ EAEYXOUEVEC OUVONKEC aohAAeLoL

Xwplc tnv enidpaon tng B€onc oto yovidiwpa



MeBodoAoyia
1. Avarmtuén dutwv (Nicotiana benthamiana) ota 8 pUAAa

2. Avamtuén tou Agrobacterium tumefaciens
LLE TO eTLBLNTO Yovidlo OAo to Bpadu

3. Edappoyn dtalvpatoc tou Baktnplou pe cuplyya
oTNV KATW TTAELPA Tou PUAAOU TOU PuTOU

4.’EAEYXOC TWV CUUMTWUATWY ota GUAAA o€ 2-3 NUEPEC
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Jeffery L. Danglandjanathanﬂ G. lones
Nature 411, 826-833(14 June 2001)
doi:10.1038/35081161
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EveEpyonoinon TnG HETAd00NG ONHATWYV

- Meipaya: NPoocwWPIVN EKPPACT O PpuTa kanvou (transient
expression in N. bentamiana) peraAlaypévwv NB-LRR npwreivov
(xwpic Tnv LRR nepioxn)

- = MpokAnon HR (avTidpaon unepeuaiocdnoiacg) anouaia Tou
naBoyovou-JieyepTn (Avr) o€ NOAAEG NEPINTWOEIG

« H NB-LRR nepioxn CUHHETEXEI oTn HETAdoon onpatwyv (signalling)

« H diaypa@n TnG LRR d&v 0dnyei navra ornv npokAnon
UNEPEUAITONOIAC anoucia Tou JIEYEPTN

« AANAayec o€ Aiya apivoéea (point mutation) ornv LRR ngpioxn
odnyouv o€ NPOKANON UNEPEVAICONOIAC anouaia Tou SIEYEPTN

- H LRR nepioxn CUHHETEXEI oTNV EvEpyonoinon (activation) Tng
HETA300NC TOV OCNHATWV



Evepyonoinon TnG HETAd00NGC CNHATWV

- NMeipapara pe TNV Rx (NpwTEIivn TG NaTaTag yia avroxn orov 10 X)

- MpokAnon HR (avTidpaon unepeuaiodnoiac) anouacia Tou
na@oyovou-dieyepTn (Avr) HE TN XPNON EVOC THNHATOG TNG
npwTEIvNG: TNG NB nEPIOXNG

- H ARC1 nepioxn «avaykaler» Tnv LRR nepioxn va aAAnAemopa pe
TO AMIVIKO aKpPO TNG R NpwTEivng

« 2 H R npwTEivn anoucia Tou JIEYEPTN NAPAHEVEI OE adpaveia AOYyw
TNG «avaykaoTIKNG>» aAAnAenidpaong avapeoa oTiC NnEPIoXEG ARC
kai LRR

- H avayvwpion Tou dieyepTtn (Avr) aAAalel Tnv aAAnAenidpaon
avapeoa oTiG nepioxeEc ARC2 kai LRR

« > H ARC2 nepioxn €ival 0 SIGKONTNG NOU «ANEAEUOEPWVEI> TIG
avachmeéc; nmes'l'vméc; aAAnAenidpaceic kai svspyonmsi ™Tv
NPWTEIVN yia v’ akoAouBnoEl N HETAO00N TWV OCNHATMOV HECK Tnc;
NB nepioxng



Meradoon onuarwv: Pto-AvrPto

- H oxéon avapeoa ora yovidia AvrPto, Pto kai PrfanoteAei KAACIKO

napadeiypa yia Tn HETadoon CNUATWV OTNV AVvToXN TWV (PUTOV

 H Pto sival gia npwTteivikn kivaon (protein

kinase) Tn¢ Toparac nou avayvwpilel Tov

€101k0 O1eyepTN AvrPto Tou Pseudomonas

syringae pv tomato

- Mia eminAéov NBARC-LRR npwTteivn, n Prf,

gival anapaiTnTn yia Tnv ekd0nAwon avroxng

oTo P. syringae nou PpEPEI Tov AvrPto

11
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Metradoon onuarwv: Pto-AvrPto

« 270 i010 XpwHOoWHa, oTnV idia opada (cluster) pe To Pto BpiokeTal
TO Yyovidio Fen, nou npokaAegi evuaiocdnoia oro evropokTovo fenthion

- MapoAo nou Ta yovidia Pto kail Fen eival CUVOEPEVA, NEIPAHATA HE
HeTaAAGEeIc angdei€av oTI N avroxn HECW THG avayvmpiorn Tou
AvrPto ano 1o Pto gival ave€apTnTn ano Tnv euaiodnoia oTo
fention

- O1 NnpwTEIVEG Fen kai Pto exouv 87% opoioTnTa oTnVv aAAnAouyia
TWV AMIVOEEMV TOUG (1994)

 Kai o1 duo npwTeEiveg Fen kai Pto xpeialovrail Tnv Prf yia va
AEITOUPYNOOUV (1996)

- H Pto AsiToupysi wg puBuIoTIKA unopovada TnG Prf kai

- H Prf cupgBaAAel oTn AsiToupyia avayvwpiong Tng Pto (2006)  ;



The changing of the guard: the Pto/Prf
receptor complex of tomato and pathogen
recognition

Current Opinion in Plant Biology
Volume 20, 2014, Pages 69-74

T umend Cormecn 11 Rlant Biclor




Model of sensor and helper kinases.

Prf

Pio sensor
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Ntoukakis V, Balmuth AL, Mucyn TS, Gutierrez JR, Jones AME, et al. (2013) The Tomato Prf Complex Is a Molecular Trap for Bacterial Effectors
Based on Pto Transphosphorylation. PLOS Pathogens 9(1): e1003123. https://doi.org/10.1371/journal.ppat.1003123 b
https://journals.plos.org/plospathogens/article?id=10.1371/journal.ppat.1003123 ‘@ PLOS | paTHOGENS



https://journals.plos.org/plospathogens/article?id=10.1371/journal.ppat.1003123

MeTadoon onpatwv: NB-LRR

- Kanoia R yovidia dev kKwdIKonoloUVv NpmTEIVEG avayvwpeiong, aAAd
NPWTEIVEG Nou cuvepyalovral HE Eva R-Avr (eUyoG NPWOTEIVOV

« H NRC1 Tou kanvou (N. benthamiana) eivai jia CC-NB-LRR
NPWTEIVN

- Bp£EOnKE OTI €ival anapaiTnTn yia TNV EKPeaocn TnG avridpaong
unepeuaiodnaoiac (HR) nou npokaAeital ano dia@opeTika R yovidia
HETA TNV avayvepion Avr NPOTEIVOV (SIEYEPTEC)

- Eival evélapEpov 0TI AuTO NAPATNPENONKE YId NPWTEIVEC HE EEW-
kutTapikn LRR nepioxn (Cf-4, Cf-9) ka1 evdoo-kuTtTapikEC NB-LRR
npwTEiveg Xwpic TIR nepioxn [Rx, Mi-1, Prf(Pto)]

* Qo1000, N CC-NB-LRR npwT€ivn NRC1 BpEONKE OTI GUHHETEXEI OTNV
avroxn orov TMV peow TnG TIR-NB-LRR npwTteivic N

16



MeTadoon onpaTwv: £€va yovidio-rnoAAEG NPMTEIVEG

« AIQPOPETIKEC NPWTEIVEG ano 10 id10 yovidio - npoiovra
evaAAakTikoU patiogartog (alternative splice products)
HMOPEI VO CUHHETEXOUV:

- 0€ CUUNAOKA anapaiTnTa yia Tnv avayvwpion n/kai tn Heradoon
ONHAT®V N
* TN) pUOBHION TNGC EKPPACHG TWV YOVIOIWV AVTOXNG
- To yovidio RPS4 Tou Arabidopsis thaliana pnope&i va napayei
NEPICOOTEPEC ANO Hia NPWTEIVEG OTAV EVEPYONOIOUVTAl HNXAVIOHOI
apguvag
- Alaypan akopn Kal EVOC E0wWVIOU Tou RPS4 enEdpace apvnTiKa

oTn AsiITOUupyia TOU, ANOJEIKVUOVTAC TO POAO TWV SIAPOPETIKOV
NPWTEIVOV NOU NapayovTal ano auto

« AKOUN O1A(POPETIKEC NPWTEIVEG EiXav SIAPOPETIKN oTAOEPOTNTA

« > H AsiToupyia Tou yovidiou BpiokeTal kAT ano NOAAANAO EAEyXO
- HNOopPEi N dpAcn TOU va CUVTOVIOTEI HE HEYAAUTEPN akpiBela 17



MeTadoon onHAaTwVv: £€va Yovidio-noAAEC NPWTEIVEG

« To yovidio NTou kanvouU napayel OUo S1aPOPETIKEG NPWTEIVEC
(splice variants) nou anarrouvTal yia TNV avroxn orov TMV peow
avayvwpeIionc Tou JIEyEPTN

« H ouykevTpwon TnG OEUTEPNG NPWTEIVNG auEaveTal avaAoya HE TN
CUYKEVTPWON TOU OIEYEPTN

18



Mn Tunika R yovidia

* H nAsioyn®pia Tov R yovidiwv K@OIKONOIEI NPWTEIVEC NOU HNOPOUV
va Karnyopionoinéouv

« AUTO ENITPENEI TOV EVTOMNICHO OHOAOYWV R yovIdimV Xwpic va givail
YVWOTO Noia oXEon yovidio-npoG-yovidio diEnouv

« YNnapxouv OHwG Kai R yovidia nou kmdIKkonoioUVv NPWTEIVEG NOU J&v
GVNKOUV OE KAaMia «TUMIKN>» KaTnyopia

19



To Hm1 yovidio Tou KOAQUMNOKIOU

 Eival To npwTo R yovidio nou anopovmOnke (1992)

- Aivel avToxn oTov ackouuknTa Cochliobolus carbonum tnG uAng 1
(CCR1), nou napayeil Tnv €E€101keUHEVN yia Tov EevioTn To&ivn HC-
toxin

« H To&ivn €ivar anapaiTnTn yia Tnv naboyeveon

« H Hm1 napayei yia HC-toxin reductase (avaywyaon), n onoia
anoTo&ivwvel TNV To&ivn Kal kabioTa £Tol TN PUANR 1 TOUu HUKNTA BN
naboyova

20



Baktnpia (Bacteria)

https://www.youtube.com/watch?v=gpLUQzaduWw



https://www.youtube.com/watch?v=gpLUQza4uWw

Host membrans

Host cell wall
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Review: Type I ein secretion mechanism in mamwmalan and

plant pathogens. Biochimica et Biophysica Acta (BBA) - Molecular Cell
Research, Volume 1694, Issues 1-3, 11 November 2004, Pages 181-206



https://www.sciencedirect.com/science/journal/01674889
https://www.sciencedirect.com/science/journal/01674889
https://www.sciencedirect.com/science/journal/01674889/1694/1

EKKPITIKO povonaTi NPpmWTEivwv Tunou III
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EvaiocBbntoc EevioTtnic

AnotéAeopa:
* MNoAAamAaoclacpog

Effectors target host components
in distinct subcellular compartments

Baktnpiwv
* Epdavio
Central questions: ud) n,
* What are the host substates? OUUTNTWHATWYV
= What are the biochemical ,
mechanisms of TTSS effectors? ° EE,CXT[)\(A)O' n tov
* What is the mode of action? '
noBoyovou
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AAANAEMOPACEIC PUTWOV - 1DV

(Plant — virus interactions)



H povadikoTnTa TnG pUonc TV IOV

- O1 10i Eival UNOXPEWTIKA NAPACITA

- EMIBiovouv HECa OTA KUTTAPA TWV EEVIOTWOV TOUG

« H avanapaywyn Tou 10U €ival AUECA EEAPTWHEVN Ano TO KUTTAPO
TOU &EVIOTN TOU

« 0 10C NPENEI va XPNOIHONOINCEI TO HNXAVIOHO «HETAPPACTNGC>» TOU
KUTTAPOU-EEVIOTI YIa Va CUVOECEI IIKEC NPWTEIVEG

26



Avanapaywyn TOV IOV

« H peyaAn nAsiopneia Tov 10V £xouv RNA yévopa kai ol
NEPICCOTEPOI ANO AUTOUG OETIKO, HOVOKAWVO (sense, single-
stranded) RNA (ssRNA).

- H avanapaywyn Toug anaitei Tn dpaon RNA eEapTtwpevng RNA
NOAUHEPACTG NOU NAPEXETAI ANO £vd CUMNAOKO, ONOU CUHHETEXOUV
NPWTEIVEG TOU 10U Kal Tou EevioTn (ouvTopoyp. RARp)

 AvTifsTa o1 UTIKEC RNA EapTwpevec RNA NnoAUpEPAOEG
ouppBoAilovral RDRs

- AuTa Ta CUPNAOKA avanapaymwyng oxnuartifovral Kovra oTig
EVOOKUTTAPIKEG HEHBPAVEG NOU TPpONoOMNoIoUVTal WOTE vd
oxnuartifouv £va EUVoiko NEPIBAAAOV* yia THV NAPpAYWYN TV KOV
RNA kai mRNA

« ¥ EAAX10TN EKOECN OTOUG HNXAVIOHOUC EAEYXOU Kal AUUVAC TOU
(pUTOl'l 27



Mnyxaviopoi avroxnc (YEVETIKA)

- MaénTikoi YNYaviouoi avroyxng:

 'EAAEIYN NnapayovTwv Tou EEVIOTI NOU Eival anapaiTnTol yid Tnv
avanapaywyn n HETAakKivnon Tou 10U

 Mapouoia PuoIkmV Epnodinv HOAuvonG (EQUUEVIOA, TPIXEC,

KUT. TOIXWHATA) NOU KATAPYOUVTAI EITE HECW HNXAVIK®OV
NnANywv, €ITE HE EVTOHA-POPEIG

- EVEpPYNTIKOI unYaviopoi aguvagc:

« AvTidpaon unegpevaiodnoiac (HR) — o 106 nepiopileTal oTa
KUTTApPA nou HOAUVE apyIKa

28



‘EAAEIYN NapayovTmv avanapaymyng

- O1 10i TOU YEvoug Poty kai aAAol (+)ssRNA 10i (pEPOUV NPWTEIVEG
(VPg: virus protein genome linked), o1 onoiec npenei va
aAANAEnIdPACOUV PHE CUYKEKPIHEVEC NPWTEIVEG TOU EEVIOTN YIa vd
Yivel n peETagpaocn Tou IikoU RNA o€ npmTEivn

- Ynapyxouv unoteAR 7 yovidia o€ @uTta (KkaAAIEpYOUHEVQ,
Arabidopsis) nou kK®OIKoNoIoUV NAPAAAAYHEVEC TETOIEG NPWTEIVEG
nou dev aAAnAEMOPOUV HE TIC VPG NPWTEIVEG TWV IOV

- duTa nou eivail opoduya yia 1o r yovidio ival avolekTIkA, kKABWG
gunodifouv TNV OAOKANPWGON TOU KUKAOU {®WNC TOU I0U

29



HR

- AnotéAeopa TnG aAAnAenidpaong yovidio — npog - yovidio

- 'Eva yovidio (ouvnOwg kupiapyxo, R ) Tou pUTOU ENITPENEI OTO PUTO
va avayvwpilel kal va avTidpa eEe10IKEUHEVa o€ Kanoilo nafoyovo
(nou PEpel To avTioToixo Avr yovidio)

« To NnpwTO YOVidIo pUTOU yia avToxn o€ 10 nTav To & ano Tov Kanvo
nou Jdivel HR-avToxn o€ OAEC oxed0V TIGC (PUAEC Tou TMV

 To yovidio N kwdikonoiei pia TIR-NBS-LRR npwTteivn
 EI0IKOG SIEYEPTNG Eival N NPWTEIVN Avanapaymyng Tou 1ou
- Ta NEPICOCOTEPA YOVidIa AVTOXNG TWV (PUTWV OE 10UG KWOIKOMOIoUV

CC-NBS-LRR npwTeiveg

30



 To yovidio Rx TnG nararag divel avroxn ortov. 10 X (PVX) Tng
naTrarac

 E101k0G OIEYEPTNG Eival N KAWPISIAKN NPWTEIVN TOU 10U
« Ta yovidia 7Tm-2, Tm-22 TnG TopaTac divouv avroXn o€ (PUAEG TOU
TMV ka1 Tou ToMV

 E101k0C SIEYEPTNG Eival N NPWTEIVN HETAKIVNONG TOU 10U

31



H unoBeon Tou PUAaka — Guard hypothesis
 To yovidio HRT Tou Arabidopsis divel avroxn orov turnip.crinkle
virus (TCV)
- E101KOC JIEYEPTNC Eival N KAWPISIAKNA NPWTEIVN TOU 10U

« H kap1d1akn NpWTEIVN NPOCOEVETAI OE Evav napayovra
HeTaypapnc (TIP), woTte va epnodileTal n HETABACH TOU OTOV
nupnva

» Tnv npoodeon «avriAaupaverar» 1o ART nou «napakoAouBei>» To
TIP

32



HR - apuva
« O KUTTapIKOC BavaTtog kata Tnv HR dev eival anapaiTnTa avaykaioc
yia TV Aguva oTouc 10UG

- Kara Tnv apuva orov TMV pecw Tou yovidiou N o€ Kanvo o€
aTtpooPaipa xaunAou oEuyovou onou dev NapaTnPEiTal KUT.
0avaTog, 0 10¢ eEEakoAouBoUoE va gival NEPIOPICHUEVOC OTA KUTTAPA
TWV ApXIKWV HOAUVOEWYV

 MelpapaTika o KUTTAPIKOC 6avaToc Unopei va d1axmpeIoTEi ano Tnv
avToxn TOV (PUTWV OE 10UG
« CMV o€ KOUKIO = KUTTAPIKOG 6avaToc

- Mia aAAnAouyia Tou £181KOU JIEYEPTN NPOKAAEI NEPIOPICHO TNG
IKaVOTNTAC Avanapaywync Tou
« AAAN aAAnAouyia Tou £101KOU OIEYEPTN NPOKAAEI KUT. Bavaro

« O €101KOG d1eyepTNG p19 NnpwTEivn Tou tomato bushy stunt virus
(TBSV) npokaAei HR oTov kanvo

. MsmMaEn TOU vow6|0u p19 ENAYE va NPOKAAEi vstwan oTOoV
Kanvo, dAAd TO (PUTO NAPEHEIVE AVOEKTIKO OTOV 10



RNA oiynon (RNA silencing)

« Mnxaviopog nou anavraral o puta, {ma, aAyn, HUKNTEG

- O HNXAaVIOHOG Eival CUVTNPNHEVOC OTOUC 31A(POPOUC
opyavioHouc (ano diapopeTika BaciAsia)

- NAPOUCIACTNKE NOAU VWPIG oTNV EEEAIKTIKN TOUC NOPEIA

- MepiAapBaver Tn oiynon TnG EKPPAcNG EVOC YOVIOIOU HECK HIKPOV
TUNuAaTwv RNA (short RNA — sRNA) nou £xouv pHEyaAn opoloTnTd
(homology) oTnv aAAnAouxia HE TO OTOXO TNG Ciynong

34



RNA ciynon
HEOW HIKpWV napePBallopevv RNA
(short-interfering RNA-mediated silencing)

« Mnxaviopoc Twv (si) RNAs

 MpokelTal yia opadec ssRNA (21-24 voukAsoTidia Pkoc) nou
EXOUV anOAUTN 1| OXEOOV arroAuTn OUUNANPWUATIKOTNTA HE TNV
aAAnAouyia-oToxo Tou 10U

- Eival dpaoTikog yia RNA kai DNA 10U¢

- Evepyonoicital ano: dsRNA (oTadio TnG avanapaymyng TV ImV),
anouoia NoAU(A)-oupac, OnAiEc

35



The core of RNA silencing:
Dicers and Argonautes

RNA silencing uses a set of core
reactions in which double-
stranded RNA (dsRNA) is
processed by Dicer or Dicer-like
proteins into short RNA
duplexes.

These small RNAs subsequently
associate with ARGONAUTE

proteins to confer silencing.

Silencing

The Plant Cell



Mnxaviouog Tou RNA silencing
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Systemic silencing is enhanced by
signal amplification

4 N

A

Primary & | |
Silencing can spread beyond the site

siRNA LTI e
of the virus by production of l

secondary siRNA, which requires the D
g

action of RNA-dependent RNA
\polymerase (RARP). Secondary siRNA /

The Plant Cell




RNA silencing - overview

SIRNA-mediated peco 1 =
silencing via post- e \ A
transcriptional and ‘\ r

transcriptional gene
silencing
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« Mnxaviopog Twv (si) RNAs....

- AsuTepoyevn siRNAs pnopei va HeTaPpePOOUV O HEYAAN
anoortaon (€xouv BpeOei oTO PAoiWUA)

> mBavav n airia TS SIACUCTNHATIKAC AVTOXNC

41



Plants can recover from viral
Infection and become resistant

OLDEST YOUNGEST

a

Leaf inoculated Leaf inoculated
with virus with virus
Virus-induced cell No symptoms: No symptomes:
death recovery resistance

From Ratcliff, F., Henderson, B.D., and Baulcombe, D.C. (1997) A similarity between viral
and gene silencing in plants. Science 276: 1558—1560. Reprinted with permission from AAAS.


http://www.sciencemag.org/cgi/reprint/276/5318/1558.pdf

Viral resistance involves siRNA-
mediated silencing

DAY 22 — Inoculate

younger leaf with DAY 32 —Isolate RNA from
virus or water leaf inoculated on Day 22.
‘ @ Measure viral RNA level.
DAY 1 — Inoculum
Inoculate DAY1 Virus Water Virus
leaf with DAY22 Water Virus Virus
virus or
water Day 32
RNA

Low RNA levels show that the first viral )
infection has induced RNA silencing,
preventing subsequent viral replication.

From Ratcliff, F., Henderson, B.D., and Baulcombe, D.C. (1997) A similarity between viral defense and
gene silencing in plants. Science 276: 1558—1560. Reprinted with permission from AAAS.


http://www.sciencemag.org/cgi/reprint/276/5318/1558.pdf

Small RNAs are correlated with
viral-induced gene silencing

inoculated syst.
A small RNA homologous leaf

leaf
to viral RNA is present in . S 4 61d 6 10| pays after
inoculated leaves and Systemic leaf -3 inoculation
distal, “systemic” leaves,
but not mock-infected @
leaves.

Inoculated leaf

}

-.‘ ._244_

Hamilton, A.J., and Baulcombe, D.C. (1999). A species of small antisense
RNA in posttranscriptional gene silencing in plants. Science 286: 950-952.


http://www.sciencemag.org/content/286/5441/950.abstract

Virus infection causes systemic
SIRNA accumulation

Distal leaf




How does RNA silencing spread
systemically???

Under UV light, wild-type
leaves fluoresce red, from

chlorophyll in the A plant expressing GFP
chloroplasts. fluoresces green under UV
light.

Reprinted with permission from Kalantidis, K., Schumacher, H.T., Alexiadis, T., and Helm, J.M. (2008) RNA
silencing movement in plants. Biol. Cell 100: 13-26; (c) the Biochemical Society.



http://www.biolcell.org/boc/100/boc1000013.htm
http://www.biolcell.org/

Spreading of RNA silencing

| GFP | d49 |

To examine gene silencing,
GFP-encoding inverted-repeat
(IR) DNA is introduced into the
GFP-expressing cells.

Reprinted with permission from Kalantidis, K., Schumacher, H.T., Alexiadis, T., and Helm, J.M. (2008) RNA
silencing movement in plants. Biol. Cell 100: 13-26; (c) the Biochemical Society.



http://www.biolcell.org/boc/100/boc1000013.htm
http://www.biolcell.org/

Spreading of RNA silencing

— GFP | d49 |

When GFP is silenced, the red
chlorophyll fluorescence
becomes visible.

Reprinted with permission from Kalantidis, K., Schumacher, H.T., Alexiadis, T., and Helm, J.M. (2008) RNA
silencing movement in plants. Biol. Cell 100: 13-26; (c) the Biochemical Society.



http://www.biolcell.org/boc/100/boc1000013.htm
http://www.biolcell.org/

Silencing can spread locally

Often the silencing spreads over up
to 15 cells, probably by diffusion of
the silencing signal through the
plasmodesmata.

Reprinted with permission from Kalantidis, K., Schumacher, H.T., Alexiadis, T., and Helm, J.M. (2008) RNA
silencing movement in plants. Biol. Cell 100: 13-26; (c) the Biochemical Society.



http://www.biolcell.org/boc/100/boc1000013.htm
http://www.biolcell.org/

Plasmodesmata are regulated
connections between plant cells

e
| I".=
| CellWall
Plasma membrane
mnn Fal
ER
[* L= ") [=]

ER

Currant Brology

Reprinted from Zambryski, P. (2008) Plasmodesmata. Curr. Biol. 18: R324-325 with
permission from Elsevier. TEM image credit BSA Photo by Katherine Esau;


http://www.sciencedirect.com/science?_ob=MImg&_imagekey=B6VRT-4SB9SNV-7-1&_cdi=6243&_user=10&_orig=browse&_coverDate=04/22/2008&_sk=999819991&view=c&wchp=dGLbVzW-zSkWz&md5=fb1dcb36dfd10a01247299854255473a&ie=/sdarticle.pdf
http://www.botany.org/plantimages/ImageData.asp?IDN=14-003h&IS=700

Silencing can spread systemically
through the phloem

Injected leaf

Recent experiments have shed
light on the identity of the
silencing signal...

Reprinted by permission from Macmillan Publishers, Ltd: Nature Copyright 1997. Voinnet, O.,
and Baulcombe, D. (1997) Systemic silencing in gene silencing. Nature 389: 553.


http://www.nature.com/nature/journal/v389/n6651/pdf/389553a0.pdf

SIRNA production mutants are
more susceptible to viral disease

Double mutant of dc/2-

WT Arabidopsis inoculated ~ dcl4 inoculated with TRV
with TRV

Tobacco Rattle Virus
(TRV) silencing in
wild-type Arabidopsis
plants prevents
disease symptoms.
Mutants deficient in
Dicer activity are
unable to suppress
viral infection.

From Deleris, A., Gallego-Bartolome, J., Bao, J., Kasschau, K., Carrington, J.C., and Voinnet, O. (2006) Hierarchical action and
inhibition of plant dicer-like proteins in antiviral defense. Science 313: 68—71. Reprinted with permission from AAAS.


http://www.sciencemag.org/cgi/reprint/313/5783/68.pdf

A viral suppressor protein in action

Genes encoding functional,
mutant, or no viral
suppressor proteins were
introduced into plants
carrying a silenced GUS
gene. The plants were
inoculated with a virus
expressing GUS. Blue spots

indicate GUS expression.

The plant’s RNA
silencing efforts
are suppressed by
the viral protein.
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Anandalakshmi, R., Pruss, G.J., Ge, X., Marathe, R., Mallory, A.C., Smith, T.H., and Vance, V.B. (1998). A viral
suppressor of gene silencing in plants. Proc. Natl. Acad. Sci. USA 95: 13079-13084.


http://www.pnas.org/content/95/22/13079.full.pdf

NMPpWTEIVEC TWV IV NOU NepPIopiouv
TNV RNA ciynon

- MpwTEiveg TV 10V Nou nepiopifouv TV RNA ciynon (viral-encoded
suppressors of RNA silencing- VSRs)
 AiyEG NANPOPOPIEC UNAPXOUV YIA TO HNXAVIOHO SpAcNG TOUG
* Mapoucialouv EAAXIOTEG OHOIOTNTEC HETAEU TOUG

« ZUVNOWG EMITEAOUV Kal AAAEG AEITOUPYIEG OTOV KUKAO {WNG TOU
10U

- Mgpikoi 10i Napayouv NEPICCOTEPEC ano pia VSRs

54



HC-Pro

- Helper component/ proteinase (HC-Pro): 10i yévoucg poty (PVY)
« = EAEYXEI TNV IKAVOTNTA HETASOONG HE APIOEC

- = Eival unelBbuvn yia TNV NpwTEOAUTIKN ENEEEPYATia TNG
NOAUNPWTEIVNG TOU 10U

« > ZUHHETEXEI OTNV HETAKIVION TOU 10U
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