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Birch as a new model system:
Past and present signatures of molecular adaptation using Big Data

Nature Genetics 49, 904–912 (2017)
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• Population level data (700 Gigabases)
• During the last Ice Age > eastern and

western groups, mixing in Finland
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• Duplication of important genome parts
• Gene flow between the species still going on >

Hybridizations
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Deep-time evolution with population bottlenecs

•66, 34, 14.5 and 1 Mya

•Historical effective population
size using reference genome,
phylogenetic tree, mutation
rate estimations and
generation time
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Candidate genes for development of birch phenotypes under
changing environment > Breeding

•Candidate genes (900 genes) have been identified e.g. for

– changing temperature and precipitation: cold and drought tolerance

– light environment, photoperiodic control: growth cessation, development
of cold acclimation, induction of senescence, flowering time

– defence against fungal pathogens

– wood formation

•Breeding can focus on these key genes when developing new birch
lines for biotechnology purposes

– further breeding is quite fast - birch can be made to flower within less
than one year!
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Betula pendula, silver birch: common garden experiments
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Limits for acclimation/adaptation in Italy (Firenze/Ugnano):

Growth, Chl content, herbivory and pathogen measurements

12 Nov 2018
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Movement of southern population to north (Punkaharju)
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Photosynthesis Stomatal conductance Water use efficiency
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Monitoring the effects of warming on a subarctic treeline ecosystem

• A heating system in Kevo
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Monitoring the effects of warming on a subarctic treeline ecosystem in Kevo

• Impact of warming (infra-red heaters) on plant growth, competition, nitrogen cycling and herbivory with
four native Betula species (Betula pendula, B. pubescens (including the northern sp. czerepanovii) and B.

nana)

Kevo warming experiment

- twenty field plots, with a
2×2 factorial set-up
consisting of warming and
herbivory treatments (n = 5)

- plots with ambient vs.
+ 3 °C “leaf” temperature
(infrared heaters)

- plots with normal vs. reduced
insect herbivory (weekly
insecticide sprayings)

- cloned offspring of northern
Betula populations planted
on each plot

”Leaf”



In field plots, all
Betula species had
positive responses
to warming, with
growth rates
increasing
by 20–60%.
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Hyperspectral imaging techniques
http://www.uef.fi/en/web/spectromics/
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Fluorescent stress compounds Chl fluorescence Water, nutrient status

Hyperspectral imaging -
spectromics
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Plant biology, field and laboratory
experiments, environmental research

Imaging applications

Heavy metal (Cd) accumulation, plant
chemistry

Mapping photosynthesis

Seed
quality
screening

Plant stress
treatments,
acclimation to
environmental
change
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With spectral imaging, one can see hundreds of colours (different

wavelength bands) instead of the three in an RGB image
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Each plant possesses its own spectral signature, which depends on the internal scattering of
light and its chemical composition (such as chlorophyll, carotenoids, water, cellulose,
proteins)
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North

South

Central

Spectral signatures-
identification of
different birch
genotypes according to
leaf chemistry or other
leaf traits (thickness,
water content etc)

Combining spectral and chemical data:
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Developing method for seed quality screening

• Availability of high quality of seeds is essential for
forestry, agriculture and horticulture

• High quality seeds

– lower nursery costs

– improve plant quality

– increase success in forest regeneration methods
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Materials

Norway spruce seeds (Picea abies) divided in three classes
based on X-ray image:

I. Filled/viable seeds

II. Empty seeds

III. Infected seeds with larvae

(Megastigmus sp.)
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Thermal imaging

• Dark room conditions

• 3s light pulse with two 150W

halogen lamps

• Thermal decay with

FLIR SC7600 (3000 – 5000 nm)

• 200 seeds at the same time – fast
technique



UEF // University of Eastern Finland
5.3.2019

Hyperspectral imaging

• Pushbroom system designed by Specim

• VNIR camera combined with imaging

spectrograph covering 400 – 1000 nm

• SWIR camera with imaging spectrograph
covering 1000 – 2500 nm

• Six 35W halogen lamps for

illumination
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Outcome

• Thermal measurements: It is possible to separate the three classes with 99%
accuracy (using 30 features)

o but challenging for high-throughput production line

• Hyperspectral imaging: The maximum reflectance at 1310 nm, 1710 nm and
1985 nm (SWIR), with 94% classification accuracy

o more convenient for industrial production line (a conveyor belt)

• Automatic seed detection and feature extraction would be necessary

• Differences between the seed classes due to composition of the endosperm
(content of oils, proteins, carbohydrates and water)

• 1710 nm band: methyl/methylene groups, associated with fatty acids, chitin

• 1985 nm band: proteins, asymmetric combination of N-H, influenced by water
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Other potential applications

• Agriculture: Nutrient imbalance, fertilization maps, precision
farming

• Early detection of pathogen/pest infections and damage in situ

• Identification of species (e.g. lichens) – environmental
monitoring, maintanance of biodiversity

• Phytoremediation

• More specific phenotyping > Plant breeding

• Biomedical applications: dental diseases, cancer tissue etc.
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Environmental monitoring

Timo Kumpula

Finland

winter pasture with lichen

summer pasture
without lichen
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VNIR SWIR MWIR
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Separation of lichen species with HSI cameras

– Cladonia arbuscula (Valkoporonjäkälä)

– Cladonia rangiferina (Harmaaporonjäkälä)

– Cladonia unicialis (Okatorvijäkälä)

– Cladonia stellaris (Palleroporonjäkälä)

– Cetraria islandica (Isohirvenjäkälä)

– Stereocaulon sp. (Tinajäkälä)

– Flavocetraria nivalis (Lapalumijäkälä)
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Before ozone exposure （0 hours)

Slide14

ozone exp

visible RED 59 hours

ozone exp

4 hours

⊿NIR had remarkable change in parts where visible damage occurred

invisible NIR
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• The plant was infected and kept at 32°C for 29 hours to allow the spread of TMV

• The plant was then shifted back to 21°C

• Two and a half hours after the temperature shift a thermal effect emerged.

Thermal imaging for early detection of TMV infection in tobacco

8 h 8 h

122 h 122 h
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Plant phenotyping (NaPPI project, Univ Helsinki)
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