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ADAPTATION OF FOREST TREES TO CLIMATE

HOW MUCH CAN WE LEARN FROM THE PAST
TO ADDRESS THE FUTURE ?
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DISTRIBUTION OpDNAHAPLOTYPES IN EUROPEAN WHITE O

L

> 3000 populations, 42 haplotypes

Petit et al 2002. Forest Ecology and Management 15&6&%
http://gd2.pierroton.inra.fr/



DISTRIBUTION OF HAPLOTYPES OF
LINEAGE

Petit et al 2002. Forest Ecology and Management 15&6%
http://gd2.pierroton.inra.fr/

Haplotypes 11 & 32

A




DISTRIBUTION OF HAPLOTYPES OF
CENTRAL (C)NEAGE

Petit et al 2002. Forest Ecology and Management 15&6&
http://gd2.pierroton.inra.fr/




Haplotype 5

DISTRIBUTION OF HAPLOTYPES OF
EASTERN (BINEAGE

Petit et al 2002. Forest Ecology and Management 15&6&
http://gd2.pierroton.inra.fr/




EVOLUTIONARY TRAJECTORIES DURING THE HOLOCENE
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KremerA. 2016 CR Biologies 339: 2537



CHANGES OF RANGE DISTRIBUTION DUE TO CLIMATE CHA

RANGE SHIFT EXPANSION



SYNCHRONIC vs ALLOCHRONIC EVOLUTIONARY RECONSTF

Paleaecology, Evolution Genetics GenomicsEcology

Paleogenomics
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EXPANSIORAPID MIGRATION

INTROGRESSION

LOCAL ADAPTATION

MAINTENANCE OF DIVERSITY
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OAK POLLEN ISOCHRONE MAPyé&aiintervalg

EPD, European Pollen Data base,
Université de Marseille

ON AVERAGE THE MIGRATION OF OAKS WAS EXTREMELY RAPID:
400 METERS PER YEAR Breweret al 2002ForestEcology& Managementl61: 2748

Gieseckeet al. 2017, J.Biogeography4: 14411456



Quercus11000cal EBP Quercus8000 cal.-BP

GieseckeT. 2016NewPhytologis212:1518



DISPERSION BY DIFFUSION
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Le Corre et al1997 Genet Res69 : 117125



DIFFUSION + RARE LONG DISTANCE DISPERSION (LDD)
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Le Corre et al1997 Genet Res69 : 117125



COMPARATIVE RATES OF DISPERSION
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Pliny the Elder (23-79)

«When the cereals become ratfegy dry the
acorns they shell them and grind them to make
a flour and finally to produce bread. Today,
even in théHispanias acorns are also part of
dessert>  NaturalisHistoria




INTROGRESSION
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MAINTENANCE OF DIVERSITY




WHITE OAKS IN FRANCE  quercus petraea

Quercus robur
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TIMING AND PATTERNS OF CONTACTS IN EUROPEAN WH

STRICT ISOLATION (SI)ANCIENT MIGRATION (AM) CONSTANT MIGRATION (CM) SECONDARY CONTACTS (SC

Time
|
=

ApproximateBayesianComputation (ABC) and Diffusion Approximation to the joeguencyspectrum(Jadi)

3524 SNPSwhole genomesequences

Post.Proba (SI) Post.Proba (AM) Post.Proba (CM) Post.Proba (SC)
*\/ % robuirvs <0.001 <0.001 0.067 0.933
St pyrenaica : . .
%SQ [f’e?ﬁc{evj <0.001 <0.001 0.009 0.991
’ ¥ petracavs <0.001 0.001 0.103 0.896
FVS! pubescens

Leroy et al. 201 NewPhytologis214: 86587



TIMING OF SECONDARY CONTACTS IN EUROPEAN WHIT]

SECONDARY CONTACTS (SC)

TsC $==-----8 B .

Time

Tsplit

Timingof SC Ts9 CI95%

ouvs .55 11970 [3,10040,500]

pyrenaica

roburvs * ’ 14,870 [4,30040,500]

petraea

petraeavs ’ ' 21,760 [7,700-62,400]
VS]

pubescens

Hubert F et al. 2018ystematicand Biodiversity12 : 405423
Leroy T et aI 201MewPhytoIog|51214 865878



EVIDENCE OF INTROGRESSION : SHARING OF CHLOROPLAST HAPLOTYF

Q.petraea(Sessil@ak) Q.robur (Pedunculateoak)
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Twooakspeciesharethe samehaplotypeswhenthey cohabitin the sameforest =
the outcomeof repeatedunidirectionalbackrossings

Petit etal. 1996PNAD4 : 999610001



DISPERSION QBERCUS ROBUR Q.petraea (Sessil®ak)

Q.robur (Pedunculateoak)



POLLEN GPUERCUS HYBRIDIZATIC
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RECURRENT ASSYMETRIC BACKCR!

Hybridization as a mechanism of
invasion in oaks

Rémy J. Petit, Catherine Bodénés, Alexis Ducousso, Guy Roussel and
Antoine Kremer
UMR Biodiversity, Genes & Ecosystems, INRA, 69 Route d’Arcachon, F-33612 Cestas Cedes, Franc

Petit RJ et al 2008ewPhytologist161(1):151164.



LOCAL ADAPTATION




Mean Annual Temperature (°C)
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Distribution of oak populations and tests within oak's climatic niche
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POPULATION VARIATION OF SURVIVAL IN RESPONSE TO TF
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POPULATION VARIATION OF GROWTH IN RESPONSE TO TH
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HEIGHT BUD BURST CROWN ARCHITECTURE SURVIVAL
IR RN | '
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e bopp
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Kremer A. et al. 2002 ForedEcology& Management 156: 787
62 TRAIT * TEST Significanprovenance variations
COMBINATIONS observedfor all traits

QstF 0.36 t0 0.53




BUD BURST




DIFFERENTIATION

range of mean spring
temperatures

Date of bud burst (DOY)

TEMPERATURE
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Vitasse et al. 2009, Canadian Journal of Forest Research 39: 1-11
Vitasse et al. 2009, Agricultural & Forest Meteorology 149: 735-744



