N

N

Evolutionary dynamics of virulence spread: effects of life
cycle, genetic determinism and host resistance
deployment
Méline Saubin, Clémentine Louet, Stéphane de Mita, Antoine Persoons, Axelle

Andrieux, Jérémy Pétrowski, Bénédicte Fabre, Pascal Frey, Fabien Halkett

» To cite this version:

Meéline Saubin, Clémentine Louet, Stéphane de Mita, Antoine Persoons, Axelle Andrieux, et al..
Evolutionary dynamics of virulence spread: effects of life cycle, genetic determinism and host resistance
deployment. Sex and Asex: The Genetics of Complex Life-Cycles, Jun 2019, Portland (Oregon),
United States. hal-03336443

HAL Id: hal-03336443
https://hal.science/hal-03336443

Submitted on 7 Sep 2021

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-03336443
https://hal.archives-ouvertes.fr

=== RACTIC AY, UNIVERSITE
=="= [\RA AR A1 INTERACTION I lech
=== I J JJ‘ B MICROORGANISMES :wgmo e e DE LORRAINE
——  SCIENCE & IMPACT |
Evolutionary dynamics of virulence spread: effects of life cycle, Clon
R genetic determinism and host resistance deployment. ISn 2D

M. Saubin, C. Louet, S. De Mita, A. Persoons, A. Andrieux, J. Pétrowski, B. Fabre, P. Frey, F. Halkett
INRA, Université de Lorraine, UMR 1136 Interactions Arbres-Microorganismes, F-54280 Champenoux, France

/ AVIRULENT (Avr7 VIRULENT (avr7 \
Context (Avr7) (avr)

Melampsora larici-populina is a basidiomycete fungus (diploid) C
responsible for poplar rust. This partially asexual organism has its sexual TT ccC g
stage on larch (Larix sp.) and its asexual stage on poplar (Populus sp.), A =
. . . . o O
ife cycle that amounts to cyclical parthenogenesis in insects. IC } } } ’ Co E

O
A poplar cultivar ‘Beaupré’ (R7) was selected to be completely resistant to 2 §
M. larici-populina and planted widely in northern France between 1982 1o ’ ’ ’ 3O
and 1996. A major resistance breakdown event occurred in 1994 when & 8 §
virulent rust genotypes (avr7) emerged (Xhaard et al.,, 2011). Beaupré
revedled to be highly susceptible to avr/ pathogen genotypes, and this A candidate locus for the avr/ gene was identified in M. larici-
rapid breakdown led to a replacement of the pathogen population by © populina (Persoons et al., in prep., Maupetit et al., in prep.). The
new genetic group (Persoons et al., 2017). virulent allele is recessive and there are two independent

causal mutations at the same locus: a single nucleotide
polymorphism (T 2> C) and the deletion of this locus.
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R Research goal: To study the dynamics of virulence allele fixation
g both theoretically and empirically, by
o 1) Modelin virulence fixation In different evolutiona
< before 1994 1995 1996 1997 1998 1999 (1) . J Y
S 1994 sCenarios.
5 (2) Tracing back the polymorphism evolution at the candidate
- locus before, during and after the resistance breakdown
K M ovr/ individuals detected No avr/ individual detected Not surveyed area ' ' /

/(1) Modeling evolutionary trajectory of a partially asexuql\ /(2) Experimental characterization of the polymorphic\

organism avirulence locus (Avr7) of M. larici-populina
Two principal models: with and without alternate host Detection of the recessive C allele at the candidate locus
] =) 3 + Rafio of fluorescence from two specific
/\ % = ~ 4 %' probes for alleles C and T, validated on
e N\ o g s 3 5 reference isolates.
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v S| 2 Detection of the delefion af the candidate locus
_____________________________________________________________ > o) . N . . . .
o 3 Relative quantification with a-tfubulin as reference gene, present in two diploid
b“e/‘]jg:sg%r(‘joor}'fyer o copies (4 copies) in M. larici-populina’s genome, validated on reference
- i isolates
reproduction 2] I5OIATES.
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First simulations were run with 1000 replicates using the library SIMUPOP B s S b o B 2 o o W e i B B
(Peng et al., 2005) on PYTHON, without the deletion: Reference S § = = 2 3 S 3 8 § ¢ £ E N £ N £ T
L . jsolates: W 3 8 8 8 8 W 3§ 8 3§ & 8 § 5§ @ &5 o
e Extinction of population =K. =10 000 = = 2| B g e =
e Fixation of allele T BT _ Temporal evolution of polymorphism will be studied by characterizing
e Fixation of allele C ~——Ks = TO000, Ke =0 000 -
ation ot 0 - Independence of \_around 300 isolates collected from 1988 o 2016. -/
o o | ‘ - compartment sizes on
© " = the frequency of fixation. i :
S _ o 5 [nefrequency of 4 Conclusions and perspectives )
o e C ) o o o . o o el
“,é E 600 o population but a slower * Larch plqys. a decmye r.ole in virulence flxahqn: |.’r INnCcreases both
= £ ' @ fixation of C allele the probability of extinction and the speed of fixation.
400 - . . o o .
£ g 2 compared to simulations  The heterozygous state is highly vulnerable, being affected by
S £ 200 % with alternate host. genetic drift only (not selected on resistant cultivars). There is still to
'*g‘, g—, 0 2 - Polymorphism is more enrich the modeling part by taking into account both SNP and
% s ‘ protected. deletion and investigate in parallel the empirical evolution of
= 10 : | o virulence alleles dynamics.
c %= 800/ s - ﬁﬁr?er f'xq"t'.O"i?f c o « Hypothesis: the combined presence of the deletion and the
g £ 600, g o noon ST mutation conferring virulence may have led to such a rapid and
= = o g PORUIANON. complete replacement of the pathogen population.
° c ' 3 - Strong influence of : L : :
> 04 g l» g compartment sizes on This hypothesis will be tested and our model results will be linked to
G z 2 the dynamics of fixation k’rhe effective polymorphism evolution of the studied population. /
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