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violeCculias que manipuian ita tur DNV IA € [ U Ura celular del nospedadaero paraia
infeccidn o que disparan o suprimen las respuestas de defensa del hospedero

. COMO LOS OOMICETOS CONSIGUIERON
LOS EFECTORES PROTEICOS?
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Barreras
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(defensa inducible)
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Pathogen
Effectors

RXLRs?
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Glucanase
and protease
inhibitors

Amplitude of plant defences

PAMPS Effective
GP42 Resistance
CBEL Threshold
Low Elichors PRRs R proteins R proteins
Elicitins R3a k » Heini I., Gilroy E. M., Amstrong M. R. and Birch P. R. J. (2009).
NLPs Rpsib Uwnewn Mol. Plant Pathol. 10(4): 547-562.
CiNs RPP1
SCRs RPP13 Keller H., Boyer L. and Abad P. (2016). Mol. Plant Pathol.

17(4): 475-479.



Host cell(s)

Oomycete(s)

Wawra S., Belmonte R., Lobach L. et al. (2012). Current Opin. Microbiol. 15: 685-691.



Haustorium Apoplastic space
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Plant-derived
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Cytoplasmic  Cytoplasmic effector target
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Kamoun S. (2006). Annu. Rev. Phytopathol. 44: 41-60
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Kamoun s. (2006). Annu. Rev. Phytopathol. 44: 41-60
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Targeting

147
Function

o Signal peptide

OO Kazal protease inhibitor domain
O RXLR motif
‘ Effector domain

Kamoun S. (2006). Annu. Rev. Phytopathol. 44: 41-60
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effectors O O
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Schornack S., Huitema E., Cano L et al. (2009). Mol. Plant Pathol. 10(6): 795-803.
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El MOTIVO RXLR-dEER ES SUFICIENTE PARA LA TRANSLOCACION
AL CITOSOL DE LOS EFECTORES DE PATOGENOS

avr3a K7-Avr3ainc (SP-RXLR-dEER) (RxLxE)*

ATR13(SP-RxLR)

Pentland
Resistente

Bintje
Susceptible

Groffaud S., van West P., Avrova A. O., Birch P. R. J. and Whisson S. C. (2008). Microbiol. 154: 3743-3751



RXLR and RXLR-like
effectors

RGD motif
proteins

Toxin entry y,

Oomycete or Fungi

RXLR and RXLR-like Cagh type IV Integrins O i
25 Vesicles
@ Prdins-3-p A effectors U effectors . ¢

@= Ptd-Serine @ Crinklers A shiga toxin ) RGD motif
i effectors Caveolae
@#m Glycolipid () CHxC effectars /] Cholera toxin

Shiv D. Kale S. D. (2012). New Phytologist, 193: 874-871



Daylight
DAPI, PI

Raices de soya
y Avrlb (N-1-50 aa
Daylight +

Avrlb (N-1-50 a3
Con RFLR>qFLR
DAPI, PI

Tyler B. M., Kale S. D., Wang Q. et al., (2013). Mol. Plant Microbe Interact. 26: 611-616.




A B
PR1, 30-AvrM-A -mCherr
AvrM-A - Melampsora lini 1-30 106-156 Y

128 106 156

/\

PQPEFDRGFLRPFGAKMKFLKPDQVQKLSTDDLITYMAEKDKNVRDLAIK

PR14.5,-AVR3a,, ;-mCherry

AVR3a - Phytophthora infestans
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overlay

signal peptide 'translocation’ or fluorescent protein
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AVR3a,, 5

Petre B., Kopischke M., Evrard A., Robatzek S. and Kamoun S. (2016). BioRXivbeta. The preprint server for Biology. Cold Spring Harbor
Laboratory. doi.org/10.1101/038232.



P. capsici
scaffolds

P. capsici
ORFs
o oRN . FL with signal peptide V -
BLAST Hmmsearch FL w/o signal peptide
Non FL CRN
e
C
: P. capsici P infestans P ramorum P Sojae
remove redundancies Genome Size 64 240 65 95
total genes 19805 17797 14451 16988
FL CRNs 84 196 19 100
pseudo CRN 153 254 41 102
total CRN 237 450 60 202
annotate MicroArray D
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Putative expressed ! = = o (= ~ ~ f=al faal ~
RT PCR

Stam R., Jupe J., Howden A. J. M., Morris J. A., Boenink P. C., Hedley P. E., Huitema E. (2013). PlosONE 8(3):e59517. doi.10137/journal.pone.0059517
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P capsici P sojae

DX8
DO
DN7-DN10-DFC P infestans P capsici
DFB
DPA-DCC
DM-DXX
DML-DXX
DML-DXX-DAB
DHA-DXX-DHB
— DXW-DXX-DXS
XN1-DXX-XN3
XN2-DXX
DXX-DG

Stam R., Jupe J., Howden A. J. M., Morris J. A., Boenink P. C., Hedley P. E., Huitema E. (2013). PlosONE 8(3):e59517. doi.10137/journal.pone.0059517




LA LOCALIZACION DEL EXTREMO C- DE LOS EFECTORES CRINKLER
FUSIONADO A GFP ES EL NUCLEO

Nicotiana
Benthamiana
Exp. Trans.

DHA-DXX-DHB¥*
— s L P —

DPC-DCC

Stam R., Jupe J., Howden A. J. M., Morris J. A., Boenink P. C., Hedley P. E., Huitema E. (2013). PlosONE 8(3):e59517. doi.10137/journal.pone.0059517



DIFERENTE SUBLOCALIZACION NUCLEAR DE LOS
EFECTORES CRINKLER

GFP-CRN CRN-FIB MERGE -~

LV

Nicotiana
Benthamiana
Exp. Trans
2 dpi

Stam R., Jupe J., Howden A. J. M., Morris J. A., Boenink P. C., Hedley P. E., Huitema E. (2013). PlosONE 8(3):e59517. doi.10137/journal.pone.0059517
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Stam R., Jupe J., Howden A. J. M., Morris J. A., Boenink P. C., Hedley P. E., Huitema E. (2013). PlosONE 8(3):e59517. doi.10137/journal.pone.0059517




Batrachochytrium dendrobatidis (BACRN13) from chytrid fungus pathogen of amphybians

AeCRN13 from Aphanomyces euteiches, an oomycete pathogen for root legumes

Ramirez-Garcés D., Camborde L., Pel M. J. C., Jauneau A. et al. (2016). New Phytologist 210: 602-617.



COGFP [OAeCRN13
3k

I AeCRN13

[0 GFP [CBdCRN13

Lesion size (cm?)

BAdCRN13

COOGFP OCRN79-188

Did not enhance
susceptibility

—
o~
=
<
=
el
==
@
=
=
7]
>
|

CRN79-188

Ramirez-Garcés D., Camborde L., Pel M. J. C., Jauneau A. et al. (2016). New Phytologist 210: 602-617.
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Ramirez-Garcés D., Camborde L., Pel M. J. C., Jauneau A. et al.
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Ramirez-Garcés D., Camborde L., Pel M. J. C., Jauneau A. et al. (2016). New Phytologist 210: 602-617.
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Ramirez-Garcés D., Camborde L., Pel M. J. C., Jauneau A. et al. (2016). New Phytologist 210: 602-617.




APLICACIONES BIOTECNOLOGICAS DE LOS
EFECTORES CRN EN PLANTAS



M Freshweight(g) ©

pRAOOOON

WT GFP #8 #14 #25 #29 WT GFP #8 #14 #25 #29

% Localizacion subcelular
De GFP-PsCRN161
s

Rajput N. A., Zhang M., Shen D. et al. (2015). Plant Cell Physiology, 56(12): 2423-2435.



Lesion diameter (cm)

Survival rate (%)

P. parasitica E

plugs
4days

2.0+0.1**

Phenotype

17.0% 47.0% ** 40.0% ** 37.0% ** 38.3% **

Rajput N. A., Zhang M., Shen D. et al. (2015). Plant Cell Physiology, 56(12): 2423-2435.
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Rajput N. A., Zhang M., Shen D. et al. (2015). Plant Cell Physiology, 56(12): 2423-2435.
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Rajput N. A., Zhang M., Shen D. et al. (2015). Plant Cell Physiology, 56(12): 2423-2435.



Oomycete or Fungi
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Oz Pdins-3-p

@ Modified Ptdins-3-p
AR Degraded Ptdins-3-P

RXLR and RXLR-like
effectors

Sacreted Ptdins-3-P
binding proteins

. Secreted Ptdins-3-P
modifying enzyme

Secreted Ptdins-3-P
degrading enzyme

O

1,31P2 chemical
or peptide mimic

Vesicles

Shiv D. Kale S. D. (2012). New Phytologist, 193: 874-871



b) Aplicado

Desarrollo de tecnologias para inhibir la asociacion de efectores a PtdIns-3-P



vViuChnas gracilas:::



