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|ldentification of major genes involved In rapeseed quantitative resistance
to Leptosphaeria maculans by an innovative effectoromics approach.

Camille Rabeaut?, Sébastien Faure?, Audren Jiquel* and Isabelle Fudal
LUR BIOGER, INRAE, Université Paris-Saclay, 22 place de I’Agronomie, Palaiseau 91120, France

2 Innolea, 6 Chemin des Panedautes, Mondonville 31700, France
L. maculans is a phytopathogenic fungus responsible for stem canker on rapeseed (Brassica napus). Its infectious cycle Is going through an ‘early’ phase of leaf infection and
a ‘late’ phase of asymptomatic colonization of the stem, finally leading to stem canker. Genetic resistance Is the main way to control this disease, with several qualitative
resistance genes recognizing avirulence genes mainly expressed during the ‘ecarly’ stage of infection. We opted to focus on ‘late’ effectors expressed during stem colonization
as we hypothesized that those effectors could trigger quantitative resistance in the stem, which would exert less selection pressure on the pathogen and be more durable.

Ea o INRAS BS

FRANCAISE

Liberté

e
innolea
Fraternité
v v /'-l;” R .";‘ z '.

Journées Jean Chevaugeon -

L L.maculans’ life cycle ] LNGW resistances recognizing ‘late’ effectors ]
N (- . ™)
[ ‘Early’ effectors ] ‘Late’ effectors ] Avirulence |_ate effector
o (" st ) _gene promoter gene
n l etablishement (wave % necrotrophy
- Q 1) transition (wave 4)
Biotrophy (wave 2) k Stem biotrophy .
(wave 5) Screening on
IPC IPC IPC IPC
cotyledon petiole stemhme Tﬁid‘““ cotyledon petiole stemhme IE:HIdlIEE Stem necrotrophy COterdonS
57 91215 714 &7 810 0 357913 : 7 91215 714 67810 035 70 13 (wave 6)
o S:;ondary‘i;;ection e v _
~ by pycnidiospores . {Transformatlon}
All  known D e
avirulence T ENDOPHYTIC of L. maculans
genes belong :)nr;g:;iirgn ::nu:tgearlngrowth B Resistance Bl Susceptibility
to  wave 2 N P Eight waves of effectors Q / . . \ g™
(biotrophy). - expressed during the life New resistance genes in B. napus recognized S g0
/ ( o\ sidlle @t L realens b two ‘late’ effectors (LmSTEE6826° and g =
Ascopores - ‘y : ' ' LMSTEE98Y) from L. maculans. These 2
Early effectors are . e . 3 20
released ‘ / overexoressed in the first resistances have been identified using an S
stage OF} the infection while Innovating phenotyping method in cotyledons. o3 0P oY ot Wt 0d Y et P
) ) 7 ) 7S N SR S s % S
‘la?e’ Sffectors e To identify additional sources of resistance, FFEEEFLFEEE
. . we characterized the most complete set of R v
NECROTROPHIC|  gyerexpressed during petiole . ¢ 8T dd e
Stem canker and stem infection potential L. maculans ‘late’ effectors for - _ ~N
Bt Y | / various characteristics and compared them Yudal shows a resistant
>urvival and sexual chose of ‘early’ effectors. / phenotype: it carries RINMSTEE98
reproduction \_ J
\_ Adapted from Rouxel & Balesdent 2005 2, and Canola Council of Canada (BioRender) ] y
L Genomic context of L. maculans’ effectors genes ]
| ™)
e . \( . ‘ , o . . .
| AhT | Gr? /AT isochores © 1/3 of the\ Presence of transposable elements within 2kb Association of ‘early’ and ‘late’ effectors with histone modlﬁcatlon]
e e w—wm | genome, rich in  transposable of the effector gene for 75 early effectors (up) |\
elements. and 76 late effectors (down) )
| " | GC Isochores : 2/3 of the |
\ genome, rich in genes (95%)¢
é 27% H3K9me3 -
Genomlc location of 75 predicted effectors from waves 1 to 3 I o
(left) and 76 predicted effectors from waves 4 to 6 (right) =
73% H3K4me2 + H3K27me3 - Late
No TE within 2kb e

GC 1sochores while ‘late’ effectors are essentially in
GC isochores. y

elements In their genomic surrounding. In addition, late effectors are mainly
9 assoclated with H3K27me3 methylation mark.

23%
41% TE within 2kb o
. GC H3K27me3 -
B O rder ll) 2I0 4I0 GIO BIO
) H3K4me2 : Dimethylation of lysine 4 of histone 3 - euchromatin mark
55% 45% H3K9me3 : triméthylation of lysine 9 of histone 3 - heterochromatin mark associated with AT isochores
H3K27me3 : triméthylation of lysine 27 of histones 3 - heterochromatin mark associated with GC isochores
| 4 . .. ™\
‘Early effectors are equally distributed between AT and | Unlike ‘early’ effectors, a large majority of ‘late’ effectors have no transposable

\ \_

Effectors conservation in Leptosphaeria genus ] L Conclusions and perspectives ]

To 1dentify additional sources of quantitative resistance, we
characterized the most complete set of potential L. maculans ‘late’
effectors for their expression Kinetics during rapeseed infection, their
conservation within the Leptosphaeria genus and among fungi, their
location In the L. maculans genome and thelr enrichment In
epigenetic marks

We then selected six new effectors :

Conservation of effector genes in three L. B [ Conservation of effector genes in three L.
maculans brassicae isolates (OMR19, WA74 biglobosa isolates.

and NZT4) and one L. maculans lepidii isolate
(IBCN84). y
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- 2 3 4 5 6 The selected ‘late’ effectors will be used to identify new resistances
- _ N ~| [ In B. napus genotypes that could be introduced into modern cultivars
All effectors are well conserved in L. All effectors are poorly preserved in L. : .
maculans brassicae isolates. Their piglobosa isolates. adapted to the agronomic context in France.
conservation in IBCN84 is highly variable. |\ / . ,
. / " aRouxel & Balesdent, 2005 (MPP) DOI: 10.1111/J.1364-3703.2004.00282.X A
g . L ‘ : . . o | | bGayetal., 2021 (BMC Biology) DOI: 10.1186/512915-021-00989-3
There 1s no main differences between ‘early’ and ‘late’ effector for their conservation in ¢ Jiguel et al., 2022 (Plant Direct) DOI: 10.1002/pld3.435
Leptosphaeria genus. d Jiquel et al., 2021 (New Phytol) DOI: 10.1111/nph.17292
\ 2/ |_¢Rouxel et al., 2011 (Nat Commun) DOI : 10.1038/ncomms1189 )
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