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BACKGROUND
As the speed of environmental change tests the potential of forest species
to adapt, the conservation of their genetic resources becomes both a
necessity and a challenge. Several questions need to be answered, most
importantly:
(1) Will populations be endangered by habitat shifts and gene
conservation units (GCUs) affected by projected climatic change? (2) To
what extent the current network of GCUs encompass the future
distribution ranges?
(3) What are the geographic levels of extant genetic (neutral and
adaptive) and phenotypic diversity?
(4) Which are the main genetic groups within species?
OBJECTIVE
A synthesis of the answers to these questions with the aim of
characterizing the European conservation effort in 12 forest tree species
and offer a perspective on the future approaches and strategies for the
comprehensive conservation of their genetic resources.

Case study: Spatial analyses for Abies alba and gaps in the European conservation network

Spatial distribution of tree height variability representing
the total tree height variation, i.e. the sum of the genetic
and plasticity maps

Standardized map including GCUs (from EUFGIS)

Definition of zones indicating targeted future selection
for new GCUs for Abies alba (light green areas),
based on the spatial prediction of the distribution of
the variability in height.

MATERIALS AND METHODS
Species distribution modelling was used to identify populations
endangered by habitat shifts focusing on: understanding the nature of
quantitative intra-specific variation, quantifying the relative importance of
phenotypic plasticity and detecting adaptation lags. The existing GCU
network was examined under climatic projections and future species
distributions. In 10-20 populations/species (25 trees/population),
phenotypic data were collected, and genotyping was carried out using
exome capture sequencing or single primer enrichment technology
(SPET) to produce around 25,000 single-nucleotide polymorphism (SNP)
markers per species. Genetic diversity parameters relevant in view of
conservation and monitoring were estimated. The major genetic
groups/species were identified based on current and literature data.

Case study: Genetic variation in Fagus sylvatica based on exome capture sequencing GenTree data
Fagus sylvatica
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(a) Expected Heterozygosity (Hs), deviation from
the mean – A decrease in hetorozygosity levels
moving from the Southeast to the Northwest
(b) Genetic differentiation (Fst) – one population
compared to all others – Shows several points of
main gene pools around Europe
(c) Principal Component Analysis (PCA)
Shows 4 main clusters: (1) the Greek population
(GR_FS_10), (2) the Norwegian (NO_FS_22), (3) the
French (FR_FS_05) and the Italian (IT_FS_07)
populations (4) all other populations
(d) Admixture – Similar to (c) but with an extra gene
pool including populations ES_FS_01 & FR_FS_04

(d)

Case study: Genetic variation in Abies alba based on SPET GenTree data
Abies alba
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RESULTS
✓ The identification of adaptation lags by species distribution modelling identified
populations most potentially endangered by habitat shifts, and species
differences in survival, plasticity and local adaptation.
✓ The representativeness of the GCU network is thus assessed, highlighting broad
regions where GCUs are lacking, are numerous, or may become threatened by
projected climatic changes.
✓ The evaluation of neutral and adaptive genetic diversity parameters, the
assessment of gene flow in selected species, the evaluation of within-species
genetic groups and the magnitude of phenotypic variation provide vital
information at the population and species levels.

(a) Expected Heterozygosity (Hs) - Higher heterozygosity
levels in Central European populations, reducing scalably in the
marginal populations
(b) Principal Component Analysis (PCA) – Shows 3 main
clusters: (1) one Spanish population ES_AA-01, (2) the Greek
(GR_AA_11) and one Italian (IT_AA_09) population, (3) all other
populations
(c) Admixture – Similar to (c) but with a further clustering
among the rest of the populations sharing common gene pools:
(1) populations CH_AA_13, CH_AA_14, and FR_AA_03, (2)
AT_AA_02, GE_AA_18, FR_AA_05
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CONCLUSION
A comprehensive characterization of extant phenotypic and especially neutral and potentially adaptive genetic
variation is available for a large network of natural populations of 12 European species. This information is valuable
for assessing species in situ conservation status, prioritizing future genetic monitoring and ex situ conservation
planning, evaluating the need to establish new GCUs and contributing to the long-term strategy for the conservation
of European forest genetic resources.

