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Abstract
The regime of climate change we now face causes global shifts in environmental pressures at an extent and pace which are impossible to characterize using in situ sampling alone.
Remote sensing approaches allow the rapid and repeated characterization of these changes, and of species’ responses. It is the genetic diversity of populations and species which
determines their adaptive potential, i.e., the frequency and distribution of adaptive traits as well as the degree and nature of trait plasticity. We are developing approaches to
describe intra-specific variation using remote sensing. In particular, we aim to connect variation in remotely sensed leaf optical properties to genetic variation, and also to identify
optical signatures of stress responses or stress resilience within a species. We focus on Fagus sylvatica as an abundant, ecologically and economically important tree species
ranging across Europe. We draw on many years of environmental and remote sensing data from study sites in Switzerland, and aim to include several sites across the range of F.
sylvatica. In parallel, we are interested in using model species to help identify genetic variants with altered leaf optical properties which can be measured using remote sensing.
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Fig. 2. Percent contribution of six parameters in the PROSPECT-D model to
explaining leaf reflectance, including pigment interactions. Figure 9.10 from
Jacquemond and Ustin, 2019, Leaf Optical Properties.

Fig. 3. Point cloud from terrestrial laser scanning. We conduct measurements using
airborne and terrestrial instruments. Figure from Morsdorf F, Kükenbrink D, Schneider FD,
Abegg M, Schaepman ME (2018) Close-range laser scanning in forests: Towards physically based
semantics across scales. Interface Focus 8(2). doi:10.1098/rsfs.2017.0046.

Combining spectroscopy and laser scanning

Fig. 1. Range of Fagus sylvatica and planned flight and sampling locations. Map by C. Stefanini and E. A. Czyz, using ArcGIS
and mean annual temperature from http://worldclim.org/version2 and F. sylvatica range from http://www.euforgen.org/species/fagussylvatica/.

Literature review and meta-analysis

Field campaigns and database

We are conducting a literature review and
meta-analysis to establish the state of the art of
published knowledge on ecological genetics of
F. sylvatica and its geographic variation.

We plan field campaigns in 2020 to collect
aerial imaging spectroscopy data at sites
across the range of F. sylvatica including
monitored forests and experimental plantations.
For trees at a selected area within each site
(max 60x60 m2), we will also conduct laser
scanning and sample sunlit canopy leaves for
leaf-level spectroscopy measurements, genetic
and chemical analyses. Data will be used to
generate an omics database on F. sylvatica
(genomics, transcriptomics, metabolomics,
spectranomics).

Research questions
What is the existing knowledge on
• Genetic variation in F. sylvatica and its
geographic distribution?
• Genotype x environment interactions in F.
sylvatica, especially regarding stress
responses (e.g. drought)?
• Geographic co-occurrence of environmental
stress and genetic variants which may be
stress-resistant?
Approach
Literature databases (PubMed,
ScienceDirect, Research Gate)
Search: (“Fagus sylvatica” OR
“European beech” AND
“geographic distribution” OR
“genetic variation” OR “genetic
diversity” OR “environmental
stress response” OR “genomic
differences” OR “genomic
variations”)
51 articles published
1982-2018
Summary table
R Metafor package

Summarize per study
• Geographic source/site
• Genetic approach used
• Phenotype investigated
• Effect size and variance

Publication

Open questions
• How to summarize different genetic
approaches?
• How to include important current advances?

Research questions
• Pattern of genomic variation in F. sylvatica
across study sites?
• How to estimate genomic variation from
aerial imaging data?
• Is there variation in specific biochemical
pathways underlying spectral variation?
Approach (see also right side)
• Aerial imaging spectroscopy: AVIRIS (NASA)
• LiDAR laser scanning: Leica BLK-360
(ground-based) and UAVs (aerial)
• Leaf-level spectroscopy: FieldSpec 4 SR
• Flash-frozen samples for low-quality genome
sequencing, transcriptomics, and
metabolomics, with reserve tissue for
laboratory spectroscopy

• Leaf optical properties reveal information about
leaf structure and chemistry.
• How are these associated with genetic vs.
environmental differences?
• Which other approaches (excitation, other
wavelengths) will be informative?
• Laser scanning reveals plant structure and
spatial arrangement. This can be used to map
individuals, including in aerial spectroscopy
data. These structural traits may also reveal
genetic associations.
• Imaging spectroscopy and laser scanning data
combined can be used to map trait distributions.

Trait distributions

Fig. 4. Remote sensing maps variation in several functional traits. Figure from Schneider FD,
et al. (2017) Mapping functional diversity from remotely sensed morphological and physiological
forest traits. Nat Commun:1441.

Connecting genomes, “spectranomes”, and environmental responses
Genotype effects and GxE analyses

Metabolite profiling

• Seed families collected from field sites and other
sources will be used for common garden
plantations:
1) One large plantation, ca. 100 seed families
2) Several small plantations, ca. 10 seed families
across an environmental gradient in Switzerland
(collaboration with WSL, CH)
• We will determine 1) genotypic effects in a common
environment and 2) genotype x environment effects
on spectranomes and associated phenotypes.
• The large experiment will be used for GWAS on
spectral variation, supported by transcriptomic and
metabolomics data. GWAS will also be attempted on
field measurements. We will develop approaches
based on a study in F. grandiflora (Ćalić et al. 2017),
and Random Forest methods (Brieuc et al. 2018).
Field samples and common gardens
Fig. 6. Metabolomic analyses reveal variation in foliar chemistry.
Figure from Sedio BE, Parker JD, McMahon SM, Wright SJ (2018) Comparative foliar
metabolomics of a tropical and a temperate forest community. Ecology
doi:10.1002/ecy.2533.

Genome-wide association studies

Open questions
• How to combine data types? Case studies
are underway in F. sylvatica and model
species.
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Fig. 5. Variation captured in field measurements will be compared to variation
measured in common garden experiments. Figure in upper left from Asner G et al.
(2017) Airborne laser-guided imaging spectroscopy to map forest trait diversity and guide
conservation. Science 355:385-389. The term “spectranomics” is from G. Asner. Photos
by M. C. Schuman (upper center) and F. D. Schneider (upper right). Lower panels,
schematics of replicated plots with different phenotypes.

Fig. 7. Structure-corrected GWAS reveals gene-phenotype associations. Figure
from Korte A, Farlow A (2013) The advantages and limitations of trait analysis with
GWAS: a review. Plant Methods 9(1):29.

Outlook and acknowledgments
Remote sensing technologies at higher levels, i.e. canopy and landscape, derived from airborne and spaceborne instruments, are increasingly being used for forestry applications as
well as ecosystem monitoring. The fast acquisition, spatial resolution, and repeatability over time allow for monitoring changes in forested ecosystems . With the potentials to link
remote sensing, genetic diversity, and ecological consequences, such technologies may also offer possibilities to study the underlying mechanism of ecosystem resilience.
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