s Ceéreales-Agents Pathogenes

Problématique: comprendre les interactions a I'échelle moléculaire
pour construire des résistances plus durables des céréales aux champignons phytopathogenes

Magnaporthe oryzae
Pyriculariose

p l La pyriculariose ¥ L
12 P Principale maladie du riz i} S j
J :" Riz Emergent sur blé en Amérique du Sud
‘Blé Un couple modele pour I'étude des interactions

apports a un systeme d’importance économique
connaissances transférables a d’autres céréales

Clermont-GDEC

8/04/2015



ICAP: Contexte et questions scientifiques

Environnement abiotique 1éraux
(ex chitine)

i

Effecteurs

récepteurs
défense basale

Comment le pouvoir pathogene
se construit-il?

Axe 1: Effecteurs et cibles

- Quels effecteurs fongiques?

- Quelle contribution a I'agressivité?
- Quelles fonctions dans la plante?

rotéine R .. , .
P Axe 2: Mécanismes de résistance

- Comment les effecteurs sont-ils reconnus?
-Quels régulateurs en aval?

Physiologie Systémes
Développement de défense

| |

Résistance

Axe 3: Effets de I'environnement abiotique
Comment I'environnement affecte-t-il le
fonctionnement de ces systemes?

Sensibilité
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The yuanyang terraces, Yunnan

<" North
£ Korea

~ 6500 hectares

Acuce genotype for more than 110 years
Yield ~ 5-7 t/ha

Traditional varieties

No chemical fertilizer

High microbial diversity in the soil

No fungicide

Area close to diversity center of M. oryzae




The yuanyang terraces: diversity at all levels

10 km

Cao et al, 2012

| Pasture land

I shrub land

- Sparse woods Gao et al, 2012
B Paddy field
- Water area
B Forested lan
I Garden plot

BILI-1
BILI-2
BILI-4
BILI-3
BILI-5
HILI-1
HILJ-2
HILJ-3
HILI-5
HILI-4
Clzo-1
C126-5
Cl26-4

‘peIL

Cl26-3
Cl26-2
C127-1
C127-2

Cl27-3
C127-4
C127-5
HX22-1
HX22-5
HX22-2
HX22-3

X224
YLG-1
YLG-4
YLGS
YLG-3

uJapow

YLG 2

> 30 varieties
Mixtures
Glutinous and non-glutinous

LA

32Ny




Sampling Magnaporthe in Yuanyang terraces

A"

Year isolates GPS v‘ari'”ety
2009 116 12 7T

;_one
7

Image e 2014 Dn_:;ita' ,
, oS Googleearth
£ 2014 Mapabe.com § &

8




Microsatellite analysis of 54 YYT isolates and 10 reference isolates

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

wCH1185 2009 39 —

Specialized on qutin_o\l;1 ciso 2 3t — ||

Isolates found on

glutinous rice

o CH1195 2009 33
-e CH1189 2009 21

I o CH1378 2011 28

CH1191 2009 31
o CH1153 2009 31

———e CH1183 2009 39

group Il isolates
(n=44)

non-group Il
isolates (n=170)

l—‘—[__‘ CHITTT 2009 38
CH1181 2009 38

CH1187 2009 39
CH1197 2009 33
o CH1388 2011 21
® CH1376 2011 23
e CH1355 2011 17
e CH1387 2011 25
CH1178 2009 32
CH1174 2009 35 IV
CH1173 2009 35
- CH1357 2011 17
b CH1291 2011 28
e CH1383 2011 18
—| :vCHu& 2009 39
p CH1288 2011 25
¢ CH1339 2011 28
¢ CHN11S8 2 3
p CH1379 2011 23
CH1194 2009 21
ECHHTE 2005 25
CH1158 2009 33
p CH1375 2011 23
Found on d Chissa 2911 21
4
Not _al_ ed b CH1287 2011 21 T
) Ot specialzed Feres zom 2
B Glutinous

" non Glutinous

Isolates within one group cani

nfect several hosts

Almost no group Il and IV isolates found on glutinous

Most isolates of group Il are found on glutinous



Group II isolates show reduced virulence on Non-Glutinous rice

Glutinous Non-Glutinous

HPN NG XG LIG AZG | Acuce
— .
e,
o CHITEE 008 35 o
0 | cruos |
: H12
ACHIE 208 3 o criz0
T :
.
$CHITS 208 3 o I
' °
T T T
T e CH1195
8 CHITES 2003 31 o III
, : o CHITE 201t 2 CH1189
1 [ .:P“i;.'?‘%ﬁ;'}f‘i 20 CH1378
¥ willivy Y 'r'.
CHIEY 2008 3 I_I_t gk CH1193
. CHII
| 5'3}1‘27 %gug ‘g CH1177
AT e § CHI 1 P CH1197
tgmgﬁ @11
. o CHIEEE 291 11 CH1368
CHi8T 201 25g
T CH1387
T
T S I\
rires s vy WCHIZET 201 17 @ cHiLre
¢ CHIZS 200 B i 1 g CH1173
Hit
Eﬂ!?% %:ﬁ 3%_' CH1383
GHITG 28 T g CH1182
S CH1198
CHILTE 2009 36
CHite 2009 12 CH1176
CHITS 2011 23
bCHID 201 B g CH1322
chist 20 4
CH1367
2 CHIZO0 20N 2 g
CHIET 20
CRIZZ 201 28 CH1290

Group Il isolates resemble specialists
Group lll and IV isolates seem generalists

Glutinous rice is a universal host




Unbalanced situation between glutinous and non-glutinous rice

why do group Il isolates are not virulent on non-glutinous rice?

|Ut'”°“ rice difficult Non-Glutinous rice

a
PR RN
s \ s~

possible but...

why so few non-group Il isolates on glutinous rice?

[ i
S Criise 200 30—

[ mryiil gt gt

\_| slHmis ¥ —
—§
Specialized on glutinous *°77'F — I
I—|— — T
I




Group II isolates possess many Avr-genes

Group Il isolates ] ] ] ] ] . . . . _ Non-Group |l isolates

10

14 R-genes tested
10 R-genes different between group Il and other

o N B~ O o

- == === === =¥1= === | === == | === | = = | === = | == | = | = | =

average #AVR

P<1e-10

* %k %k

group Il isolates

non-group Il




R-genes deployed in Yuanyang terraces

Xiao Gu

-22 R-genes found in more than 50 varieties ) .
(non-glutinous rice)

-Pik, Pi-ta, Pib and Pi-a found with high frequencies 25 -
(%)
c
- o 20 -
°© O
g P 15 -
frequency of occurences (phenotype) £ 'g 10 *
mYYT mSP 2 %
100.0% A 5 - 3.90
: L
N 0.28
80.0% 0 + T |
Guy11+Avr-Pia control 1
60.0%
Avr-Pia reduces virulence
40.0% . .
K on non-glutinous rice
20.0% o] ..
- — - - "3_ | (5|m|.Iar results )
0.0% — o< [| for AVR-Pita and AVR-Pii)
Pia Pita Pi33 9 E
3s
.. 0.01 -
Transgenic isolates = 2 0.0072
a .Q 0.0033 1
O (7]
o9 poos - [
©
h -
5 J
v 0 : ]

Guy11+Avr-Pia control 1




Unbalanced situation between glutinous and non-glutinous rice

AVR genes

Probably because of R-AVR interactions
since group |l isolates have a large AVR complement

why do group Il isolates are not aggressive on non-glutinous rice?

IUti”OU rice difficult Non-Glutinous rice

B

A

possible but...

why so few non-group |l isolates on glutinous rice?

HYP: A large AVR/Effector complement is required on glutinous rice




Selection of isolate showing increasing number of AVR genes

8 CHIE0 2008 1
pr— CH1 2013

Gz 20 17 J|
CHI3S 200 1
CHIS i1 11

— . f—— . - : =
ST CH1208: Avr-gene: 2
1 AR
. —— S A CH1209: Avr-gene: 7
ACHIES 200w 1
— ¢ CH1205: Avr-gene: 9
o 10 Glutinous rice:
i Huangpinuo
= CH1195: Avr-gene: 3 Nuogeu
8 CHIES 200 3t — CH1189: Avr'gene: 1 s
e - R AL
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— iR g IV Nipponbare
T §ciiun e 3 < CH1173: Avr-gene: 4
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E.“;“ %?j « CH1176: Avr-gene: 5 —
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AVR number and disease severity on glutinous rice

100

80
I

80
\

40

20
I

Susceptible
lesions (%)

Non-Glroup I Grdup I
5 isolates 2 isolates
~3 AVR ~ 8 AVR

Non- Group Il isolates

111 1 1 1 2 2 2 2 2 2 2 2 2
4 5 6 7 8 9 0 1 2 3 4 5 6 7 8

Same results with Huangpinuo

Group Il isolates

4 5 6 7 8 9




AVR complement and fithess

Huang Pi Nuo Nuo Gu Nipponbare
(glutinous rice)  (glutinous rice) (non glutinous)

S 2 2

.g 0.006 - R2 — 06122 0.008 7 R = 0427 0.008 - R = 0016

- & 0.006 - 0.006 3

? LE) 0004 1 /‘}§/§’ 0.004 ¢ 0.004 ’_.i?

oL 004 + 0% 1

< 0002 { £ 0.002 4 /g/f/#} 0.002 - * .

S

n 0 T 1 0 ’ T ! 0 I I
0 10 20 0 10 20 0 10 20

o »w 107 R2-0.785 100 1R?=0.719 100 1 p2-(417

W € 80 - 80 - 80 -

@ O

25 60+ . 60 - z 60 - .

@2 40- 40 - 40 - .

5L 0] ° 20 1 < 20 | .

a- o 0 . .0 . .0 : .
0 10 20 )0 10 20 0 10 20

80 7 R2=0.315 R2 = 0.539 40 1 R*=0.004

b bowf

40 1 ‘/i/i 40 - 20 1 L—f\i‘
\

20 A

S lesions/leaf

0 10 20 0 10 20 0 10 20

Number of AVR



Unbalanced situation between glutinous and non-glutinous rice

Probably because of R-AVR interactions
since group |l isolates have a large AVR complement

why do group Il isolates are not aggressive on non-glutinous rice?

IUti”OU_ rice difficult Non-Glutinous rice

228, 225
2 2%

possible but...

why so few non-group |l isolates on glutinous rice?

Probably because a large AVR/effector complement is required on glutinous rice




Which AVR-gene is the most important one?

group |l Non-group Il

CHIZ0T | CHISZ | CHI34 | CA18E | CA1183 | CHIZ03 | CHIZ08 | CHIZZZ | CHIZTE | CHITE CHIZ28 | CHITE | CH1138 | CH128T | CHI28E | CHIZE CHITT | CA13ET

¢ ¢ ¢

Usual suspect: Effector (as detexted by AVR activity) present in most Group Il isolates
but mostly absent from non-group Il isolates (VIR)

AVR-Pia
AVR-Pi3
AVR-Pi1




Number of
Susceptible lesions

(@)

lesions (cm?)

Surface per Susceptible

Effect of AVR-Pia on fitness

25

20

15

10

0.02

015

0.01

005

Huang Pi Nuo

Nuo Gu
(Glutinous rice)

%Glutinous rice) )5
J 20 - [
\ % %k
15 -
.
1
21.23 10 - 20.24
13.41 =
5 -
7.04
1 0 T
Guyl1+Avr-Pia control 1 Guyl1+Avr-Pia control 1
AVR-Pia increases fitness on glutinous rice
0'0-1r39 * 0.015 -
1 0.0117 0.0101
2 0.0097
o | ] :
0.005 -
T 1 0 T
Guyl1l+Avr-Pia control 1 Guyl1l+Avr-Pia control 1




How did AVR-Pia make Group II isolates more virulent on Glutinous rice?

group Il isolate
Non-Glutinous rice Glutinous rice

With Pia Y% Without Pia (HPN)

+
- AVR-Pia  AVR-Pia
! 1
!
]

susceptible | Partial Resistance |

O I

Non- group Il isolate



Conclusions and prospects

- Effector complement shapes adaptation to host

- Hypothesis: glutinous rice has a type of resistance
that forces adapted isolates to keep/acquire Effectors






