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Quoting from the presentation of the
conference...

Diversity is one of the key elements to preserve the
adaptive potential and the capacity of organisms to adapt
to new environmental conditions

In the past decade genomics  has become a sophisticated
tool to decipher diversity at the most refined scal es
(genes and nucleotides) ... (to explore) ... the functioning
of ecosystems and their adaptation to changing
environmental conditions.

(These) research findings ... (have strong implications for
formulating) ... relevant policies and implement sustainable
forest management (strategies) .
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Nordic summer scenario (A1B, JJA 2080-2099):.
“Tropicalization”

= Increased heat (+2 to 4.5C) and rainfall
(+0.1 to 0.3 mm / day)!
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(Graphics on climate change are from

http://www.ipcc.ch/graphics )




European summer scenario (A1B, JJA 2080-2099).
“Mediterranization”

= Increased summer drought
(+3 t0 5TC,; -0.1 to -0.4 mm/day)!
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Climate change and forest trees

=> Significant and variable changes In
environmental conditions globally + local
uncertainty;

=> Significant and variable consequences
on survival and distribution of forest tree
species and ecosystems;




Climate change and forest trees

=> \We cannot keep using a business-as-
usual approach to forest management
and policy making

=> Significant changes In management
strategies




Climate change and management options for
forest trees

=> The ex-situ (oftener heard) option:
moving (/ introducing) populations and
species to fit their current ecological

niche with climate predictions.

=> The In-situ (lesser heard) option: rely
on (/ improve) locally available diversity
for increasing plasticity and adaptation.




Population genetics and demographic processes

- Insights into reproduction and dispersal ecology: effects on
the spatial genetic structure of natural populations in ISS
Ventoux.

Genomics and adaptation

- Exploring the signatures of selection in natural ecosystems:
a case study in maritime pine.

What does it mean for management and policy making
- Managing to maintain / increase evolutionary potential as a
response to environmental changes.




Insights into reproduction and dispersal
ecology:
Results from Evoltree - ISS Ventoux and Jera3 &
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Quantifying short and long distance components
of dispersal. the role of density and clustering

Beech plots on ISS
Ventoux
11 nSSR loci

Parentage analysis

~10 000 genotypic
data points

Pollen: d=28m, 63% immigration

Oddou-Muratorio et al. 2010 (FEM) - A. Bontemps, PhD




The role of density and climate on seed quality

Fir plots on ISS Ventoux
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Detecting signatures of selection in genes
associated to drought resistance in P. pinaster

Ecological gradient of
increasing drought




Detection of outliers and
SNPs in genes associated
to drought resistance in 10
populations of P. pinaster

(Eveno et al. 2008 MBE)




Detection signatures of selection in genes
associated to drought resistance in P. pinaster

Out of 13 drought resistance candidate genes, 5 outliers with
potential link to drought resistance (Eveno et al. 2008 MBE).

- Genes under homogenizing selection (heterogeneity Iin
environmental conditions year to year):
- Dhn-1, Dhn-2: dehydrins: protection against dehydration
- Lp3-1: stress regulation

- Genes under disruptive selection (local adaptation):
- Erd3: demographic effect? Function?
- PR-AGP4: cell wall properties

Adaptive effects remain to be quantified and tested




Detection signatures of selection in genes
associated to drought resistance in P. pinaster
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Detection signatures of selection: ongoing
Initiatives

Local vs regional scale ecological gradient for
drought, cold and fire resistance: Project LinkTree

Experimental sites

® Mediterranean pines
® Oaks
® Silver fir

Spruce

¢ o 5-6 replicates per site
o Hill top with well
[ RP,||RP,||RP;| |RP, |RPg draining sl
[
Temporarily
waterlogged

bottom-land

Sympatric tree species
(for pines and oaks)




Managing to maintain / increase evolutionary
potential as a response to environmental
changes

Some leads from genomics research




Genetic diversity Is highly variable locally, both
In space and time at the local scale.
Time and space matter!

=> Improve FRM at seed level: Harvest on trees at different
densities, and over different years. Mix populations within an
ecological region. Increase the size of provenance regions.

=> [Increase / maintain diversity in (conservation) forests: vary
management technigues (group vs regular vs random
planting) to vary SGS at regeneration stage.

=> Increase / maintain diversity in (conservation) forests:
allow regeneration to occur over several reproductive periods.




There Is local adaptation and dispersal Is
limited: what is present may not be what we
want in the future!

=> New plantations need adaptable FRM: Increase planting
density for selection to occur efficiently (e.g. purging of inbreds).

=> New plantations need adaptable FRM: revisit transfer rules to
Increase gene flow from other (better adapted) regions.

=> Conservation of marginal populations needs to be secured
(extirpation, gene flow prevention from plantations, protected
areas, conservation networks, etc.). Their genes should be
Included in breeding programs and assisted regeneration.




Genetic introgression from plantations of
unknown origin in the endangered Pinus
sylvestris var. nevadensis using CpSSRS

Plantations
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Relic trees immersed
into the plantations at
“La Cortijuela”

Overview of “La Cortijuela” from \ /

Trevenque (summer 2005) Relic native forest




Spatial distribution of genetic introgression at
seed stage in P. sylvestris var. nevadensis

Discriminant
haplotypes:
plantations vs
natural stands

O No introgression

@ Moderate level
O High level




- Sequencing still remains a challenge:
- Conifers have a large and hard to sequence genome
- Considerable bioinformatics work
- Genomic and marker resources still lacking in “non-
model” species (those where conservation is most
crucial?) — but see CRIEC initiative poster!

- Association studies to detect traces of selection require
huge sample sizes and common garden experiments
(expensive!): currently 500 samples and little explanation of
phenotypic variance!




- Understanding adaptation will require high throughput
phenotyping: variable genes are not necessarily adaptive
and not in all contexts.

- Genomics is not yet the study of “adaptive variation”.
We first have to find the relevant genes and prove that
they adaptive.




Genomic tools can be added to the already available
management tool-kit as they provide insights into adaptation
and demography that will become more and more easily
available:

- Genomic tools will be useful for tallored and more
complex breeding strategies needed under uncertain
environmental conditions.

- Genomics for fingerprinting populations based on
adaptation and adaptabllity (in addition to
evolutionary history) : monitoring, assisted migration,
extirpation, ...




Time, space, local adaptation and dispersal:
Strategic documents are starting to consider these
Important factors under global change

Bioversity International / IUFRO
2006 Climate change and forest
genetic diversity: Implications
for sustainable forest
management in Europe

IJUCN / WWF 2008
Adaptation to Climate
Change in Mediterranean
Forests Conservation
and Management

EFIMED 2009-2020
Mediterranean Forest
Research Agenda




Stakeholders’ Event - San Lorenzo de El Escorial (Spa in), June 10, 2010

Genomics research from Evoltree provides
valuable insight for “evolutionary minded” forest
management and conservation of resources

Thank you for your attention




