Terre&Clte

T PLATEAU DE SACLAY =

gro P<] r |\Tech

D s Biodiversité, Agroécosystémes,
Société, Climat

avenir =

.» | FACULTE wnterrey
universite  DpesscieENces France-Walonie-Vissnderen 2222 | UNION EUROPEENNE| ... e <
PARIS-SACLAY | D’ORSAY E\I')EEV
¥k fledeFrance ¢

Understanding the impact of climate change and
pest outbreaks on fruit trees: towards a
sustainable conservation of wild species

relatives to domesticated fruit trees
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Evolutionary processes
shaping diversity in ecosystems ?




Evolutionary processes shaping diversity and divergence?

Varieties, populations, species
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Evolutionary processes shaping diversity and divergence?

Divergence histories among evolutionary lineages?

Role of natural
selection?
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Evolutionary processes shaping diversity and divergence?

Divergence histories among evolutionary lineages?

Role of gene
flow?
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Evolutionary processes shaping diversity and divergence?

Divergence histories among evolutionary lineages?

Role of gene
flow:
Barriers to gene

flow?
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Evolutionary processes shaping diversity and divergence?

Divergence histories among evolutionary lineages?

Role of gene
flow:

Or/&
introgression?

---------------------
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Evolutionary processes shaping diversity and divergence?

Divergence histories among evolutionary lineages?

Role of gene
flow

selection? (barriers to GF &
Introgressions)?
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Evolutionary processes shaping diversity and divergence?

Divergence histories among evolutionary lineages?

Role of gene
flow

selection? (barriers to GF &
Introgressions)?
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Domestication: a very good model to unravel
evolutionary processes at play during divergence




Domestication: a very good model to unravel
evolutionary processes at play during divergence

r Recent divergence process j

Selection for agronomic traits Gene flow

crop wild




Domestication: a very good model to unravel
evolutionary processes at play during divergence




Crop parasite adaptive divergence

by host shift during plant domestication




Crop parasite adaptive divergence
by host shift during plant domestication
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Crop parasite adaptive divergence
by host shift during plant domestication

PARASITE PARASITE

1. How changes in selection associated to domestication have

affected the coevolutionary dvynamic and genome structures?




Crop parasite adaptive divergence
by host shift during plant domestication

PARASITE PARASITE

1. How changes in selection associated to domestication have
affected the coevolutionary dynamic and genome structures?

2. Have these changes led to
the adaptive divergence of the parasite?




Adaptive genomics of apple-aphid interaction
in the context of domestication (i.e. recent divergence)

W Malus sylvestris Malus baccata
B diameter: 1-3 cm diameter: 1 cm

Malus baccata

Malus sieversii

A"‘,‘: PR Vialus orientalis Malus sieversii
P {3 @ diameter: 2-4 cm diameter: up to 6 cm
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Adaptive genomics of apple-aphid interaction
in the context of domestication (i.e. recent divergence)

+ Malus domestica
The cultivated apple



Adaptive genomics of apple-aphid interaction
in the context of domestication (i.e. recent divergence)
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Dysaphis plantaginea

The rosy apple aphid



Important secondary contribution
of the European wild apple tree M. sylvestris to
the cultivated apple tree M. domestica

Cornille et al. 2019 Trends Plant Science
Cornille et al. 2014 Trends Genet.




Conversely, frequent introgressions from the
cultivated apple tree M. domestica into the wild
European apple tree M. sylvestris

Crop-to-wild
introgressions

M. sylvestris

Major secondary contributor
to the cultivated apple
(Cornille et al. 2012, PloS Genet.)




Five main genetic groups for
the European wild apple

Important to take into account when replanting wild apple trees

\>&)

Cornille et al. 2015, Evol. Appl



Conservation and experimental orchard
of Malus sylvestris at University Paris Saclay
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1800 wild apples : October 2019

Genotyped for 26 microsatellite markers
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October 2020
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Nov 2020: Orchard now planted on the Saclay plateau!

@PommierVerger




Yesterday: Pedologic pedagogic hole and fences settled!
y@PommierVerger

Cécile Quantin, GEOPS
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Conservation and experimental orchard
of Malus sylvestris at University Paris Saclay

Plantation of 400 trees
from the five
genetic groups

* Experimental stations for testing fruit tree adaptation to climate and pathogens
* Ex-situ source of apple seeds and/or scions
for conservation & breeding programs
* Training and divulgation center of agroforestery
for colleges of agriculture and for students from Universities




SYNERGY among local and national skateholders
SOON: REPLICATES in France!!!!l
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Responses of wild apple relatives to the
cultivated apple to climate changes?
= cenctique  COllab. Stéphane Bazot Eiogie
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Phenotypic plasticity and/or genetic adaptation (fitness, functional traits)?

logi
i, 3

&
¥ S
N N\

" Stéphane Bazot

Univ. Paris Saclay

Clémentine Vitte
Equipe GEVAD



Responses of wild apple relatives to the
cultivated apple to climate changes? ‘
Collab. Stéphane Bazot -
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Four sites belonging to
four genetic groups:

] / Done
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Ongoing project/team

Aphid-Apple coevolution
in 2 context of domestication

Rosy Apple Aphid Cultivated apple
Dysaphls plantagmea Malus domestlca

Anthony Venon, M2 (until june 2020)

ATIP
avenir

Sergio Vazquez, PhD

Xilong Chen, postdoc




Host-parasite interactions

Cycle of adaptation and counter adaptation = strong pressure

N
COEVOLUTION




Ecological genomics of host-parasite interaction ?

Cycle of adaptation and counter adaptation = strong pressure

A
COEVOLUTION

FEW EXAMPLES OF RECIPROCAL TRUE COEVOLUTION!!

What are the
ECOLOGICAL AND GENOMIC components?



Ecological genomics of host-parasite interaction ?




Ecological genomics of host-parasite interaction ?

1. How many and which genes are involved in coevolution?




Ecological genomics of host-parasite interaction ?

1. How many and which genes are involved in coevolution?
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2. Can coevolution ultimately lead to local adaptation, lineage
divergence, and ecological speciation, through adaptive divergence?




The rosy apple aphid, Dysaphis plantaginea

Source: INRA



The rosy apple aphid, Dysaphis plantaginea
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Sources: INRA, T. Ursu & A. Roman



The rosy apple aphid, Dysaphis plantaginea

Hatching
Female
funders ﬁ
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.7 ; Injuries
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Primary,

Winter secondary colonies

Female virginiparae

Winged form
, . Female
Migration on virginiparae
Plantago

Winged form
Return migration on

apple
Source: INRA



Aphid adaptive divergence during apple domestication?
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Aphid adaptive divergence during apple domestication?
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Demographic history in Eurasia/Europe?

De novo genome of Dysaphis plantaginea
Diversity of endosymbiotic bacterial community?




Demographic history of the rosy apple aphid in Europe?
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Demographic history of the rosy apple aphid in Europe?
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Demographic history of the rosy apple aphid in Europe?
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A North-Southern gradient of genetic diversity :
a recent colonization from Eastern Europe ?

" Allelicrichness
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Sergio Vazquez
PhD candidate
2019-2023

Vasquez et al. Under review. PCI Evol. Biol.



Weak spatial genetic structure in Europe:
Five genetic groups for Dysaphis plantaginea

Sergio Vazquez — @ P *
PhD candidate Coalescent-based modeling:
2019-2023 substantial gene flow during colonization

m) Shaped by scions exchanges?
GRAB

Groupe de Recherche
en Agriculture Biologique
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Aphid adaptive divergence during apple domestication?
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Surprisingly low diversity
with only Buchnera across
its distribution!

Vasquez et al. Under review. PCI Evol. Biol.



Aphid adaptive divergence during apple domestication?

GENOMIC DATA!!!
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Aphid adaptive divergence during apple domestication?
ASSEMBLING A NEW REFERENCE GENOME OF D. PLANTAGINEA

« 10X » genomics —
Chromium new technology + BioNano g
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Aphid adaptive divergence during apple domestication?

GENOMIC DATA!!!

0 200 400 km

, What is the demographic history
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Aphid local adaptive divergence [ TIP
during apple domestication? :L\;Gﬂ ir

[ Foness J cenowme [ exeression ]

The rosy apple aphid

2019-2021

Dysaphis plantaginea

The cultivated apple

Malus domestica
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