Evidence for adaptive translation in S. sclerotiorum

e Codon
substitution matrix

Hosts: Wheat (1 species)
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14 571 coding SNP/isolate
Source: Croll et al. Plos Patho. 2013
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Codon adaptation correlates with host range in Fungi

Adaptive translation at
the genome scale
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Why is adaptive translation stronger in generalist fungi?
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Conclusion: Adaptation to multiple hosts at the codon level

Local host
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Transcriptional plasticity
and host range expansion

Ingredients:
Transcriptomics (RNAseq), comparative genomics

36



S. sclerotiorum transcriptome: one pattern fits all hosts?

% reads mapped Differentially expressed
40 50 60 70 genes (DEGs)
upreq. downreg.

Eﬁ’ 27 84D 73
o-Eﬂﬁ 630 D 483
- RNAseq on hosts from
6 botanical families
‘-’-H, 320 (D 66
_ Strong variation in
ﬂ‘u e DEG number
according to host
% 166 @ » 20

qﬁ] -0 860 D 22]

P vulgaris

Fabids

. communis
Hoslds

EA thaliana .
-0 _ %H annuus Ir
Asterids

—Q

S. lycopersicum

Superasteridae

B.vulgaris B

37



1

S. sclerotiorum host-specific transcriptome
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Generalist and host-specialized genomic clusters

in planta induced genes

AntiSMASH clusters

Co-expression clusters

Local expression correlation

Inter-host expression variance
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S. trifoliorum genome assembly

e S. trifoliorum is non pathogenic on Brassicales
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S. trifoliorum genome assembly
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How does S. trifoliorum respond to Brassicales phytoalexins ?
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S. trifoliorum

S. sclerotiorum
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with expansion of Sclerotinia host range
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host-specific cues activate plant responsive genes in S. sclerotiorum
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S. Sclerotiorum host-specific genes are well conserved
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Cis-regulatory variation & host range expansion

Motif in promoter of S. sclerotiorum
host-specific genes
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Host adaptation through regulatory variation
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Division of labor supports
the colonization of
resistant plants

Ingredients:
Transcriptomics (RNAseq), modelling
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S. sclerotiorum forms heterotypic colonies in planta

Hyphae diameter (um)
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Kabbage et Ji 2015

How is this reflected at the molecular level ?
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S. sclerotiorum transcriptome reprogramming
during plant colonization

Apex

————

Center —8

-----

-
------

in planta
apex

1

in vitro
ce nte
in vitro

apex

197

580 (51.2%) genes are area-specific
627 (55.4%) were induced in planta only

e Co-existence of 2 distinct transcriptional states in planta

Dim2 (23.9%)

—10=

Individuals factor map - PCA

in vitro
center

()

(=]

in vitro Sﬂ
apex

in planta
apex

1 1
-20 -10

] ]
0 10

Dim1 (53.7%)

e Host colonization triggers highly divergent reprogramming of fungal cells
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Local reprogramming of S. sclerotiorum colonies in planta
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Analysis of major cell functions performed locally
with a genome-scale metabolic model
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Metabolic heterogeneity in S. sclerotiorum
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Division of labor (DOL): a solution to optimization problems

DOL = different tasks are executed by specific and specialized modules

"a‘t,. (c) Photosynthesis/N, fixation
N, Ny
% l CO2 l

<€—— Carbon —_—
Heterocysts in cyanobacteria \ Nitrogen ————3» <—— Nitrogen

Muro-Pastor and Hess, Trends Micro. 2012

Subversion (S)
Virulence (V)
Detoxication (D)
Storage (S)

e Center cells ‘feed” apex cells  asimiation
to afford the cost of effectors o
production

Is there a selective advantage of DOL in S. sclerotiorum*?



DOL enables the colonization of resistant hosts

DOL: - + -+ -+ -+ -+ -+ -+
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Cooperation promotes host colonization
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The gain from cooperation is higher on resistant hosts

* Disconnection from center reduces the e Plant more resistant (eg At vs Nb) =
colonization of A. thaliana and N. benthamiana Higher gain from cooperation
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Conclusions
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Take home: both generalist and polyspecialist

E

Generalist Polyspecialist

v

lu PATTO

Adapted to a wide niche Adapted to multiple niches

Molecular

e Adaptive protein translation bases? e Host-specialized gene clusters

e Division of labor and cooperation

motre...?
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The whole is more than the sum of its parts

e A 3-component system e >>3 outcomes

Protein 1 Protein 2 Complex
(function = yellow) (function = cyan) (function = green)

+

Green=
. Emergent property

Protein 3
(function = magenta)

Sometimes yellow + cyan # green

Complex
(function = blue)
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The whole is more than the sum of its parts

e Mapping the multiple states of the system

A never-ending task ?
What is ‘green’ doing ?
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The whole is more than the sum of its parts

e Inferring global patterns from

e Testing for
un-anticipated
Molecular functions

e Emerging property at
high-order

> Effect on organism
physiology/fitness

Maths models reveal phenotypes emerging from molecular events
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Get the slides here: http://qiplab.weebly.com/tools

Late questions: sylvain.raffaele@inrae.fr
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