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Varieties, populations, species

Evolutionary processes shaping diversity and divergence?
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Divergence histories among evolutionary lineages?

Role of gene 
flow

(barriers to GF &
Introgressions)?

Evolutionary processes shaping diversity and divergence?

Role of natural
selection?

1) Reconstruction of 
divergence histories 

2) Test for adaptation
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Domestication: a very good model to unravel
evolutionary processes at play during divergence



Recent divergence process
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PARASITE PARASITE

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

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

?

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

Crop parasite adaptive divergence 
by host shift during plant domestication 



Adaptive genomics of apple-aphid interaction
in the context of domestication (i.e. recent divergence)
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+ Malus domestica
The cultivated apple

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

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



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

European apple tree M. sylvestris

M. sylvestris

M. domestica

wild-to-crop
contribution

Crop-to-wild
introgressions

M. domestica 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

-20,000 ya

Nowadays



Plantation of 400 wild 
apple trees from 

the five genetic groups

Conservation and experimental orchard
of Malus sylvestris at University Paris Saclay



1800 wild apples : October 2019
Genotyped for 26 microsatellite markers
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1800 wild apples : October 2020
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Nov 2020: Orchard now planted on the Saclay plateau!
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@PommierVerger

Merci à toutes et à tous!!!



Yesterday: Pedologic pedagogic hole and fences settled!
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@PommierVerger

Cécile Quantin, GEOPS



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

Conservation and experimental orchard
of Malus sylvestris at University Paris Saclay



SYNERGY among local and national skateholders
SOON: REPLICATES in France!!!!!



Responses of wild apple relatives to the 
cultivated apple to climate changes?

Collab. Stéphane Bazot

Carine Remoué
CNRS

Stéphane Bazot
Univ. Paris Saclay

Clémentine Vitte
Equipe GEVAD

Master 2, 2019

Phenotypic plasticity and/or genetic adaptation (fitness, functional traits)?



Armenian climate

Done 
Summer 2019

Spring 2021

French climate

Danish climate

Done 
Summer 2019

Spring 2021

Seedlings of four genetic group
confined in four climate ecosystems

Four sites belonging to 
four genetic groups:

RNAseq Photosynthetic
mesures

N & C 
content

Responses of wild apple relatives to the 
cultivated apple to climate changes?

Collab. Stéphane Bazot

Master 2, 2019
Micheline Khan M2 2019

Noémie Delprouve M2 2021
PhD project subm. ED SEVE 



Aphid-Apple coevolution
in a context of domestication

?
Rosy Apple Aphid

Dysaphis plantaginea
Cultivated apple
Malus domestica

Ongoing project/team

Sergio Vazquez, PhD Anthony Venon, M2 (until june 2020)

Xilong Chen, postdoc



Cycle of adaptation and counter adaptation = strong pressure

Host-parasite interactions

COEVOLUTION
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Ecological genomics of host-parasite interaction ?
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1. How many and which genes are involved in coevolution?  

Ecological genomics of host-parasite interaction ?



2. Can coevolution ultimately lead to local adaptation, lineage
divergence, and ecological speciation, through adaptive divergence? 

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

Ecological genomics of host-parasite interaction ?



Most damageable species of 
apple production

The rosy apple aphid, Dysaphis plantaginea

Source: INRA



Most damageable species of 
apple production

Sources: INRA, T. Ursu & A. Roman

The rosy apple aphid, Dysaphis plantaginea



Source: INRA

The rosy apple aphid, Dysaphis plantaginea



Aphid adaptive divergence during apple domestication?

SYL OR SIEVDOM

?



Aphid adaptive divergence during apple domestication?

Demographic history in Eurasia/Europe?
De novo genome of Dysaphis plantaginea

Diversity of endosymbiotic bacterial community?

Projet Emergence “POMEPUCEDOM”, 20keuros
2017-2019
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Demographic history of the rosy apple aphid in Europe?

Development of 36 SSR 
markers

800
aphid

individuals (65 sites)
on the cultivated 

apple host

Population structure & 
demographic inferences
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A North-Southern gradient of genetic diversity : 
a recent colonization from Eastern Europe ?

Sergio Vazquez
PhD candidate

2019-2023
Vasquez et al. Under review. PCI Evol. Biol.

a.

b.

Allelic 
richnessUS

Morocco

Spain

UK



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

Coalescent-based modeling:
substantial gene flow during colonization

Sergio Vazquez
PhD candidate

2019-2023
Shaped by scions exchanges?



Metabarcoding 16s

Ludwig 
Jardillier

Philippe 
Deschamps

Emmanuelle
Jousselin

Anthony 
Venon

Maxime 
Galan

Aphid adaptive divergence during apple domestication?

Buchnera 
aphidicola

Dysaphis
plantaginea

Laure 
Benoit

Surprisingly low diversity
with only Buchnera across

its distribution!

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



What is the demographic history
of the RAA in Eurasia?

(SSR dataset)

SYL OR SIEVDOM

?

GENOMIC DATA!!!

Aphid adaptive divergence during apple domestication?



« 10X » genomics –
Chromium new technology + BioNano

Jean-Christophe
Simon

Myriam 
Harry
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Joets
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Harry
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Fabrice 
Legeai
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William
Marande

ASSEMBLING A NEW REFERENCE GENOME OF D. PLANTAGINEA

Aphid adaptive divergence during apple domestication?

Assembly of the aphid genome:
-6 chromosomes

-400 Mb
-N50: 2Mb

+ Genomes of endosymbiotic bacteria

Benoit 
Barrès

Claire 
Mottet

Elorri Segura

2017, 2019



What is the demographic history
of the RAA in Eurasia?

(SSR dataset)

SYL OR SIEVDOM

?

GENOMIC DATA!!!

Aphid adaptive divergence during apple domestication?

Genome de novoLocal adaptive
divergence 
in Europe?



The rosy apple aphid

The cultivated apple

Climate
?

BIOTIC

ABIOTIC

?
Dysaphis plantaginea

Malus domestica

EXPRESSIONFITNESS GENOME

Aphid local adaptive divergence 
during apple domestication?2019-2021
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