
In NaPPI, a joint infrastructure of the uni-
versities of Helsinki and Eastern Finland, 
plants are measured and analysed auto-
matically. The operation of the infrastruc-
ture and the data produced by it can be 
organised from the outset so that it is al-
so compatible for the use of other Europe-
an research organisations. This is a good 
goal because, until now, every laboratory 
around the world has collected data on the 

genome, phenotypes and environmental 
factors of plants in their own way.

The Viikki Plant Science Centre (ViPS) 
of the University of Helsinki is a research 
cluster with 36 groups studying plants. The 
research topics range from adaptation to 
a particular habitat and climate change to 
plant stress tolerance and plant breeding.

The activities of NaPPI (National Plant 
Phenotyping Infrastructure) focus on plant 

research and breeding. The aim is to pro-
duce comprehensive phenotypic data from 
a large number of plants. NaPPI provides 
the technical possibilities to combine the 
information on plant genomes to pheno-
typic data.

The phenotype of a plant is jointly pro-
duced by genes and the environment. The 
phenotype can take a very different shape 
due to the impact of the environment.  

Better Harvests on the Horizon?  
Data Will also be Collected in the Future

Plant growth and physiology are analysed with imaging methods, generating enormous amounts of 
data on the genomic and environmental response of plants. The aim of this is to improve the pro-
ductivity of crops, allowing food and raw materials to be produced for the growing human race in an 
ecologically sustainable manner.



Plants have a much wider capacity for 
non-hereditary variation than animals. 
Plant growth, for example, can be effec-
tively influenced in various ways, including 
nutrients and light.

People have been cultivating plants for 
thousands of years due to a desire for bet-
ter food. This has been done locally, and 
the information collected on plants has not 
been recorded systematically. A good ex-
ample is the numerous varieties of grape, 
with more than a thousand in Europe alone. 
The origin of all the varieties is no longer 

The plants in front of Kristiina Himanen are about to enter a phytoscope. A phytoscope is an imaging device that analyses plant growth and physiol-
ogy. The plants are measured and images are taken of them automatically, after which the computer calculates the height, width and, for example, 
the surface area and shape of the rosette based on the images.

“The introduction of a single 
gene in plant breeding will 
become easier because the 

amount of work involved in the 
analysis of a single plant will 

become more reasonable.”

Turnip rape plots in Viikki. Researchers are investigating whether the dwarf gene can increase the 
productivity of turnip rape by reducing the biomass of the stem in relation to the seed yield pro-
duced by the plant.



known and that is why the origin is being in-
vestigated through genetic engineering.

“The data on plant phenotypes has not 
yet been standardised. Various research 
groups have been producing and catego-
rising it in their own laboratories”, says 

Kristiina Himanen, Research Coordinator 
of the NaPPI infrastructure from the Uni-
versity of Helsinki.

The plants in front of Kristiina Hima-
nen are about to enter a phytoscope.  
A phytoscope is an imaging device that 

analyses plant growth and physiology. The 
plants are measured and images are tak-
en of them automatically, after which the 
computer calculates the height, width and, 
for example, the surface area and shape of 
the rosette based on the images.

Studying plant architecture  
is important
The aim of the NaPPI infrastructure is to 
enhance and specify the collection and 
analysis of the data from plants with new 
imaging technologies. The infrastructure 
uses imaging devices that analyse plant 
growth and physiology. The plants are 
measured and images are taken of them 
automatically, after which the computer 
calculates the height, width and, for exam-
ple, the surface area and shape of the ro-
sette based on the images.

“The size, growth and form of a plant, 
i.e. plant architecture, are important in agri-
cultural production,” Himanen emphasises.

“Plant architecture can affect the yield 
or cultivation characteristics. As dwarf va-
rieties of rice have been produced, they 
do not become lodged as easily anymore, 
and this affects the harvest. Genes can in-
fluence plant architecture and hence the 
quantity and quality of the harvest.”

What happens when a dwarf gene is 
fed into the genome of turnip rape is being 
studied in Viikki. Tarja Niemelä, PhD (Ag-
riculture and Forestry), and partners are 
investigating whether the dwarf gene can 
increase the productivity of turnip rape by 
reducing the biomass of the stem in relation 
to the seed yield produced by the plant.

“There is a huge amount of genom-
ic data available, but you have to be able 
to combine it with other data. We want to 
link the phenotypic data that we produce 
with imaging devices to genomic data. Ulti-
mately, of course, we are interested in how 
the information obtained from genomes 
and phenotypes can be transferred to 
plant breeding.”

According to Himanen, the volume of 
plant research will increase thanks to new 
imaging methods.

Spectral and fluorescence  
imaging produce a lot of data
Turnip rape plots in Viikki. Researchers are 
investigating whether the dwarf gene can 

A phytoscope is an imaging device that analyses plant growth and physiology. The plants 
are measured and images are taken of them automatically, after which the computer 
calculates the height, width and, for example, the surface area and shape of the rosette 
based on the images. 



increase the productivity of turnip rape 
by reducing the biomass of the stem in re-
lation to the seed yield produced by the 
plant.

In addition to plant forms, the NaPPI 
infrastructure equipment is also used to 
analyse the physiological state of plants. 
The Spectromics Laboratory located at the 
Joensuu Campus of the University of East-
ern Finland is the first research environ-
ment in Finland that focuses on the spec-
tral imaging of plants and other biologi-
cal samples. Spectral imaging consists of 
images taken at different wavelengths of 
light with their own colour channels. The 
Spectromics Laboratory is developing op-
tical methods especially for the study of 
plant stress responses.

The human eye or a conventional cam-
era sees colours as combinations of three 
wavelength bands (red, green and blue). 
With a spectral camera, however, it is pos-
sible to detect up to hundreds of different 
wavelength bands. It is also not limited to 
visible light, but is capable of taking imag-
es in the ultraviolet and infrared ranges. 
A separate image may be formed of each 
band and each pixel contains a complete 
spectrum.

“Spectral imaging enables very precise 
separation of colours, but it also multiplies 
the amount of data produced”, says Profes-
sor Markku Keinänen from the University 
of Eastern Finland.

“This, in turn, requires complex com-
putational approaches in image analysis. 
So spectral imaging is, to a large extent, 

computation, and the images illustrating 
the results are not produced until the final 
stages of the analysis.”

When plants are analysed with ther-
mal and fluorescence cameras, you can see 
things that are not visible in ordinary light. 
Fluorescence is visible light of a certain 
colour that is generated when the atoms 
of a plant are excited due to, for example, 
invisible ultraviolet radiation. Thermal and 
fluorescence cameras can be used to cal-
culate, one pixel at a time, the size of an ar-
ea of a different colour in the plant and to 
study, for example, infections in the plant.

Standardisation of data reduces 
redundant work
The Finnish ELIXIR node offers efficient 
capacity for the processing and storage of 
data. Since the data collection of pheno-
types has been automated and digitalised, 
according to Kristiina Himanen, it is now 
possible to also start the standardisation 
of data.

“Data must have the same format. The 
Excelerate project is developing standards 
for phenotypic data and metadata. There 
are 22 countries involved. Although every-
one has their own infrastructures, their 
operations are now being harmonised.”

In practice, researchers have access to 
information about the plant’s genome and 
phenotypic data on growth conditions and 
other environmental factors. Once both 
data sources have been combined, it be-
comes possible to create comprehensive 
databases and the laboratories across Eu-
rope can avoid doing redundant work and 
divide data collection in a sensible way.

“The introduction of a single gene in 
plant breeding will become easier because 
the amount of work involved in the analy-
sis of a single plant will become more rea-
sonable.”

Going forward, the Viikki research 
groups will produce image-based data to 
which genomic data is linked. The Finnish 
ELIXIR node, in turn, is figuring out how to 

analyse and standardise the data and how 
to hand over the metadata to ELIXIR for a 
cloud database. The division of labour be-
tween the NaPPI infrastructure and the 
Finnish ELIXIR node CSC is a good exam-
ple of how genotype and phenotype data 
on plants should be produced for research.

Ari Turunen

“Genes can influence  
plant architecture and hence 

the quantity and quality  
of the harvest.”

FURTHER INFORMATION:
 
NaPPI

NaPPI is part of a cooperation network 
with the Spectromics Unit of the Univer-
sity of Eastern Finland (www.spectro-
mics.org) and several other Finnish plant  
research institutes. Partners from the 
universities of Turku and Oulu and the 
Natural Resources Institute Finland are 
also involved in the cooperation.

Viikki Plant Science Center

https://www.helsinki.fi/en/research-
groups/viikki-plant-science-centre/
about-vips

CSC – IT Center for Science

is a non-profit, state-owned company  
administered by the Ministry of Educa-
tion and Culture. CSC maintains and 
develops the state-owned, centralised  
IT infrastructure.

http://www.csc.fi 
https://research.csc.fi/cloud-computing

ELIXIR

builds infrastructure in support of the bio-
logical sector. It brings together the lead-
ing organisations of 21 European coun-
tries and the EMBL European Molecular 
Biology Laboratory to form a common 
infrastructure for biological information. 
CSC – IT Center for Science is the Finnish 
centre within this infrastructure.

http://www.elixir-finland.org 
http://www.elixir-europe.org
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ELIXIR FINLAND

Tel. +358 9 457 2821   ●   e-mail: servicedesk@csc.fi 

www.elixir-europe.org/about-us/who-we-are/nodes/finland

ELIXIR HEAD OFFICE

EMBL-European Bioinformatics Institute 
www.elixir-europe.org


