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Preface

This proposal for the national research agenda is compiled by a working group consisting of professors 
Torbjörn Fagerström, Claudia Köhler, Ove Nilsson and Sten Stymne,  Associate Professor Jens  
Sundström and agricultural consultant Knut Wålstedt. All members are either current or former  
employees at the Swedish University of Agricultural Sciences. Torbjörn Fagerström and Jens Sundström 
were the principal coordinators and writers. Cajsa Lithell was responsible for artwork and layout.

At a workshop in Stockholm March 12, 2014 (Appendix 2), the working group gathered the thoughts 
and visions of a large number of stakeholders from academia, industry and government. These have 
largely been incorporated in the text, and are the main inspiration for the figure on page 16. 
We would like to thank all participants at the workshop for their valuable contributions.

Important contributions were also provided by Bo Gertsson (Lantmännen Agriculture), Mats Johnson 
(SweTree Technologies) and Björn Sundberg (Stora Enso), who together read and commented on all 
or part of the text and suggested relevant clarifications and additions. Many ideas and formulations have 
also been taken from a study about biotechnology compiled by Torbjörn Fagerström and Peter Sylwan 
for Mistra a few years ago, which later resulted in the research program Mistra Biotech. Peter Sylwan 
has thus indirectly contributed to this agenda and is hereby acknowledged. 

Finally, the working group would like to thank VINNOVA, Energimyndigheten and Formas for the 
grants that have funded the development of the agenda, and for valuable advice during the work. 

Alnarp, Stockholm, Umeå and Uppsala in October 2014 

For the working group

Torbjörn Fagerström     Jens Sundström

“An increasingly warmer climate craves new knowledge of 
plant disease resistance; otherwise there will be very few 
products to meet the future demands”

 - Christina Dixelius, professor in genetics and plant breeding at the Swedish  
 University of Agricultural Sciences.
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In the vision Horizon 2020 detailing how  
Europe will become a smart, sustainable and  
welcoming society, the EU Commission stresses that 
Europe should take the lead in the transition to a 
sustainable, bio-based economy. An important part 
of such an economy is the development of industrial 
processes based on renewable raw materials and end 
products that have a high content of advanced  
technology and hence high-value.

Europe could take the lead in this development, 
through our strong scientific traditions in key areas 
such as plant physiology, molecular biology and plant 
breeding. Unfortunately both research and innovation 
are hindered by aggressive and unscientific  
propaganda against genetic engineering (termed 
GMOs). This propaganda creates negative sentiment 
that spills over to all biotech research and, in most 
cases, beyond the applications purely in the medical 
field. 

Add to that the total lack of a science-based vision for 
the development of agriculture and forestry among 
both agricultural politicians and stakeholders related 
to the green sector, and the picture that emerges is 
competence drain and loss of industrial opportunities, 
rather than innovation and trust in science.
 
It is against this background that we propose a  
national strategic research agenda for a sustainable 
bio-based economy beyond 2020. This agenda will be 
based on the conviction that modern plant breeding 
and biotechnology is crucial to the transition to a 
sustainable, bio-based economy, and it should not shy 
away due to the negative sentiment that is currently 
present. On the contrary, we believe that Sweden can 
have a leading role in the development of a global 
bio-based economy when the political deadlocks are 
released, if we today can show the rest of Europe the 
way with a forward-looking research and innovation 
agenda.

Introduction and 
vision

Our vision

Research in life sciences will have equal importance for society in the 21st century 
as research in physics, chemistry and electronics had in the 20th. We will introduce 
biological production systems, which are ultimately driven by the sun. These will give 
us not only fuel and food, but also a multitude of novel products including a  
sustainable flow of raw materials to many industrial processes. This will be achieved 
by putting science and technology in its rightful place, in order to reach its full  
potential.

“Genetic engineering and modern plant 
breeding are fundamental for society 
and far too important for humanity not to 
be used.”
 
 - Sten Stymne, professor in plant breeding,  at the Swedish  
 University of Agricultural Sciences.
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The Swedish agriculture and forestry  
industries are among the most advanced and 
productive in the world. This is in part because large 
areas of the country have excellent natural conditions 
like fertile soils and favourable rainfall. Mostly,  
however, it depends on factors such as an in depth  
knowledge of practitioners, advanced research and 
training and well-integrated environmental  
considerations. It is not certain though that these  
industries will continue to primarily base their  
production on food and fibre.

During the Cold War agricultural policy was a key 
component of a national self-supplying objective, 
linked to a number of mechanisms (including price 
regulation) to meet this goal. Today there are no such 
goals, instead there are extensive subsidy schemes 
under the EU Common Agricultural Policy CAP 
(Common Agricultural Policy). This is, as we know, 
strongly questionable and there is every reason to 
expect that agriculture in the near future must be 
entirely conducted under world market conditions. 
Agriculture is struggling today with profitability 
problems in several sectors and imports of food and 
feed are continuously increasing (the EU for example, 
imports more than 70% of protein animal feed).

Swedish forestry has always worked under world  
market conditions, but like agriculture it will  
encounter rising problems within traditional  
production and product areas, declining prices, 
changes in demand and increasing global  
competition. The Swedish forest industry is therefore 
faced with a radical transformation, where new and 
high-value products from wood must replace large 

bulk products such as newsprint.

No one knows with certainty which production 
changes will dominate the future of the green  
sector, and what changes, if any, will be forced by 
the increasing competition from other countries. We 
know however, that the natural conditions for  
efficient agricultural and forestry production will 
still be present, and that the knowledge of how best 
to take advantage of these will be refined through 
research and technology development. If, for  
example, the Swedish pulp mills were eventually 

Reasons and  
motivations

We must prepare for a  
future where products 
from agriculture and  

forestry not only consist 
of food and fibre

forced to close due to world market competition 
there would be a huge amount of raw material  
available from the forest (at least 100 million cubic 
meters of wood annually) - our most available and 
comprehensive bio-resource. Likewise, of course, the 
fertile farmland production potential is still there  
regardless of whether or not it is profitable to  
produce food.

The main vision behind our proposed innovation 
agenda is to prepare our research and innovation  
systems in the green sector for a future where  
agriculture and forestry are not only, and perhaps 



1110

interest is thus shifting from technologies to enhance 
productivity in general to a bio-refinery concept, 
where many different commodities are extracted 
from the raw materials. Here we see the opportunity 
for a more active tree-breeding program where new 
technologies give us an opportunity to set up new 
breeding goals in order to cultivate “tailored” trees 
with an ideal wood composition for specific end uses.

Taken together this motivates the optimism that we 
want to reflect through our proposed innovation 
agenda. Biotechnology innovations will not just  
increase profitability and reduce environmental  
impact in Swedish agriculture and forestry. These 
innovations have a world market and the Swedish 
plant biotechnology has the potential to develop into 
a leading global high-tech industry, with multi-billion 
Euro revenues with large spin-off effects in biological 
research and education.

The life science sector is an industry of the future, if 
we can harness the power of modern research. In the 
following sections, we provide in-depth examples.

The life science sector is an industry of the  
future, if we can harness the potential of  
modern research

Potato shoots grown in vitro. Potatoes with increased disease 
resistance, improved competitiveness against weeds and better 
ability to exploit natural soil nutrients are waiting to make the 
leap from the laboratory to greenhouse experiments, and  
ultimately on to the farm.

not even primarily, producing food and fibre as we 
are currently accustomed to. Irrespective of what is 
grown in the future, the requirements for plants to 
more efficiently capture sunlight and turn it into 
commodities will rise sharply. Not only do we want 
to get more food, feed, energy, and biological raw 
materials from forests and fields, we also want to  
increase the value of the products as much as possible.

In both private and publicly funded plant breeding 
laboratories plants are being developed with  
characteristics that may contribute to a more  
diversified, profitable, durable and sustainable use 
of natural resources. Plants with increased disease 
resistance, improved competitiveness against weeds 
and better ability to exploit natural soil nutrients are 
waiting to make the leap from the laboratory to the 
greenhouse experiments and onto practical farming. 
These properties are equally important and essential 
for the transition to more sustainable farming systems, 
irrespective of whether the current crop is intended 
primarily for food production or other purposes. In 

current research we also see potential for crops that 
are exclusively designed to produce raw materials for 
the non-food sector.

This is holds true also for biotechnology-based  
forestry, which could contribute to increased  
sustainability through new products as it opens up 
completely new possibilities for diversification in 
forestry industry. 

Swedish researchers are world leading in both forest 
biotechnology and traditional timber processing. This 
competence opens the possibility to influence, change 
and enhance desirable traits and refine various tree 
species for different needs. These include customising 
forest cultivation for aesthetic, ethical and  
ecological parameters, and adapting new trees to a 
rapidly changing climate.

Interest is also growing in how to extract high-value 
chemicals, new composite materials, stronger paper 
and building materials, and bio-fuels from wood. The 

Swedish research holds a strong position  
internationally in both forest biotechnology and 
forestry.
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In this flowchart high cost products such as special 
chemicals, biomaterials, or feed and food ingredients 
with high commercial value are produced. The brown 
box includes new technology and processes such as 
purification and separation of compounds that are 
required to generate this value.

The input arrow can be the primary production of 
plant material in agriculture, forestry or aquaculture. 
The green box symbolises a vision of a future  
photosynthesis powered chemical factory, where  
expert biological knowledge and advanced biotech-
nology can be used to tailor metabolic pathways in 
the plants driving them in new desired directions.

Alternatively, the green box upstream can be fed with 
bio waste or crop residues that otherwise would  
either be lost, used for energy production or to  
produce products of low worth. In this case the 
upstream box is a bio-refinery, rather than a photo-
synthesis powered factory. Both processes, however, 
require new knowledge and technologies to enable 
the raw materials to be channelled into new valuable 
products.

The photosynthesis 
powered factory

One can consider a plant as a photosynthesis powered chemical factory, which converts 
water, carbon dioxide and nutrients into complex organic compounds in a sustainable way. The overall idea of 
how to utilise this to add value to the plant is shown in the following figure:

The photosynthesis powered plant gets its energy from the sun. The figure shows schematically how the plants can convert 
water, carbon dioxide and nutrients into complex organic compounds.

Photosynthesis 

The biological process that converts the 
energy from sunlight into chemical energy 
stored in glucose and other organic  
molecules. Performed by plants, algae and 
some bacteria.

Factory fuel - 
Photosynthesis

High value products

Biological production 
using molecular 

techniques

Recycling, purification 
and separation using 

new technology

”Increasing food production to keep pace with the growing world 
population will require universities to both conduct research that can 
drive innovations, and provide our students with a research-related 
education. Only then can we, together, realise and develop the role of 
plant breeding in today´s society’”.

 - Ida Eriksson, soil/ plant agronomy student och project leader for       
 SLU Student pool, the Swedish University of Agricultural Sciences.
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Knowledge of the genes 
and proteins that  
control different  

biosynthesis pathways 
opens up opportunities to  
create plants that produce 

entirely new products 
through genetic  

engineering

Developments in cellular and molecular 
biology give us greater possibilities to control  
processes of the photosynthesis-driven chemical  
factory and to select which end products it will  
deliver. Knowledge of the genes and proteins that 
control different biosynthesis pathways opens  
opportunities to create plants that produce entirely 
new products through genetic engineering. This  
technological leap is an excellent example of how 
basic research, often conducted on non-commercial 
model organisms, relatively quickly can be converted 
into new innovations of high societal relevance.

A basis for the agenda is that we do not pre- 
determine the techniques that should be used to 
achieve future breeding objectives. Plant biotech-
nology is thus defined fairly broadly and includes, 
for example, both genetically engineered crops and 
molecular tools to make genetic selection.  
Technology development in this area also escalates 
extremely quickly and it is therefore extremely  
difficult to predict what new methods will prove to 
give the best results.

As a direct result of this starting point, we do not  
exclude the use of any particular breeding method. 
The key point in this context is instead to promote 
the best available technology for the most efficient 
plant breeding. Another important aspect is that no 
breeding technology works in isolation from the  
others. If we are to achieve the agenda´s ambitious 
goals it will require a range of breeding techniques 

that everyone is allowed to integrate into existing 
farming systems. This means that the agenda´s focus 
is not on the choice of breeding technology but on 
the breeding objectives we want to achieve and the 
properties that we want to endow our crops and trees 
with.

Possibilities and 
Challenges

The breeding objectives are not entirely new, many 
have been central to plant breeding throughout  
history and are continued in today’s breeding  
programs. These include improving the plant’s  
qualitative characteristics, productivity and resource 
efficiency, which combine to strengthen agriculture 
and forestry production. The use of technology gives 
us the possibility to apply these breeding objectives to 
plant growth, including interactions with the  
surrounding abiotic and biotic environment.

In both cases upstream optimisation is required to 
enable increased processing efficiency of resources 
and to build new processes derived from inputs such 
as crop residues or wastes. A central part of our vision 
is that such optimisation may involve breeding to 
improve the raw material, such as better straw or 
wood quality. In the future, one can imagine that 
breeding programs for cereal crops or trees may have 
as a sub-goal to improve the straw / wood properties 
for further processing in a bio-refinery. These ideas 
are summarised in the following figure of the  
so-called biomass cascade:

Bulk chemicals and fuels

Bioplastics and polymers

Pharms

Energy and heat

High
value

Low 
value

Food and feed

The idea is that a whole range of products can be 
extracted from a given raw material. The underlying 
thought is that processing of this raw material  
begins at the top of the figure where the most  
valuable products are extracted first, continuing down 
to the bottom, where heat is extracted – today often 
the only product from the whole pyramid. There can 
be no doubt that a bio-based economy requires this 
mind-set, both to replace non-renewable raw  
materials with renewable, and to increase the value of 
the content of agricultural and forestry products. 

A so-called green bio-refinery that is already planned 
for commercial operation in Denmark illustrates the 
ideas of elevated content value of biological materials 
- in this case, beet tops and other green by-products 
from agriculture. Through systematic and methodical 
processing of these raw materials it will be possible 
to extract high-quality biologically active substances, 
such as vitamins, protein feed for pigs and cattle and 
optimised products derived from fibre.

Biomass cascade. The levels in the pyramid represent different 
types of products that can be extracted from a given raw  
material.
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Similarly, there are plants that more effectively take up 
nutrients, and therefore survive on less  
fertilizer. Swedish scientists have developed plants that 

The challenge for the future 
is to create production  

systems that are socially, 
economically and  

ecologically sustainable.

transgenic drought-tolerant varieties of maize. Other 
crops that have been designed to be grown with less 
water are soybean, cotton, rice, sugarcane and wheat. 
Furthermore, there are varieties developed that are 
capable of growing in soils with salinity levels too 
high for the “regular” varieties, or that can handle 
increased fluctuations in temperature, as well as  
average temperatures that are higher or lower than 
those normally preferred.

All these properties are of course also important 
when it comes to adapting our farming systems to 
future climate change.

gains in terms of productivity, in all forms of photo-
synthesis-driven production. It has, however, proved 
very difficult to achieve any substantial improvements 
using traditional breeding methods. 

With biotechnology’s advanced and more accurate 
methods the situation is now different. There are  
possibilities to alter certain parts of the photo- 
synthetic machinery. One example is a  
well-established project supported by the Bill and 
Melinda Gates Foundation and a major initiative by 
the International Rice Research Institute IRRI. The 
project aims to transform rice from being a C3 plant 
into a C4 plant, which is expected to raise the yield 
of this important staple crop by 50%.

Abiotic stress

In practice, agriculture and forestry can miss out on 
as much as 60-65% of the potential biological returns 
due to abiotic stress factors. These factors include 
high or low temperature, insufficient water supply, 
improper pH, elevated salinity or insufficient  
nutrients available in the soil. Results from studies on 
eight of the most important agricultural crops in the 
United States show that it should be possible to  
increase the yield considerably by increasing the 
plants’ tolerance to one or more of the major abiotic 
stress factors.

In many important farming systems access to water 
has decreased sharply, which requires both better 
management of water resources and development of 
crop varieties with improved tolerance to drought. 
Recently, several breeding companies have introduced 

C3 plants 
Plants using the most common form of 
photosynthesis in which atmospheric CO2 

 is used to build 3-phosphoglycerate; a  
sugar molecule with three carbon atoms. 

C4 plants
Plants using a form of photosynthesis in 
which atmospheric CO2 is fixed into a sugar 
molecule comprised of four carbon atoms 
instead of 3-phosphoglycerate; increasing 
the photosynthetic efficiency in hot and dry 
environments.

Several companies have introduced transgenic, drought-tolerant 
varieties of corn. Corn is an example of a C4 plant that  
generally has an advantage over C3 plants in hot and dry  
climates.

Breeding objectives adapted for a bio-based economy. In the circle around the plant, different breeding objectives are represented 
that contribute to increased productivity, sustainability and improved quality.

Sustainability and Productivity 

Too often the term “sustainability” in an agriculture 
and forestry context is decoupled from discussions 
about productivity. This is unfortunate as it is  
obviously not a problem to create production systems 
that are sustainable - in an ecological sense - if you 
do not have any requirements for them to be  
productive. If, for example, an acceptable return of a 
cereal crop were 500 kg per hectare there would be 
no need to cultivate the soil, add nutrients or employ 
pest and weed control measures.

Such a system would obviously not be sustainable 
in the other important dimensions of sustainability, 
namely, socially and economically. The challenge for 

the future is to create production systems that are  
socially, economically and ecologically sustainable, 
while simultaneously both environmentally friendly 
and productive. One of the central tasks in plant  
biotechnology is to meet that challenge.

Photosynthesis 

The total energy reaching the earth from the sun 
is about 10 000 times greater than the total energy 
supplied to all human societies in the form of oil, 
coal, gas, hydropower, nuclear power and biofuels. 
When this energy is transferred to biomass more than 
90 % is lost, with slight variation between C3 and C4 
plants. It has long been understood that if you could 
increase this efficiency there would be tremendous 

New characteristics:

N2 P

Better nitrogen and
phosphorus uptake

Water use

Erosion / 
soil quality

 Biodiversity

Less tillage

Less pesticides

Oils
Pheromones

Pharma

 

New products:

Longer
shelf life

Improved / 
changed

wood quality

More
applications

 New varieties

New crops

Resistance to biotic
and abiotic stress Resistance against

harmful organisms

Better growth during
harsh climatic conditions

SUSTAINABILITY

PRODUCTIVITY

QUALITY

Yield / input
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researchers, containing two resistance genes from 
Solanum bulbocastaneum, were carried out in 2006. The 
variety was planned to be marketed 2013-2014, but 
was withdrawn prior to commercialisation in large 

Research is conducted 
on a broad scale with  
the goal of providing  

various types of  
resistance traits  

to crops and trees

A potato infected with brown rot caused by Phytophthora  
infestans compared to a healthy potato.

due to the politically slanted approval process for GM 
crops here in Europe. This conferred a great loss to 
both farmers and the environment. 

Fungal diseases are also a major problem for Swedish 
forestry, where ‘annosus’ root rot and ‘Gremeniella’ 
canker cause the Swedish forest industry losses of over 
100 million Euros annually. These attacks are likely 
to increase with a warmer climate and the breeding 
industry must therefore try to counteract this.

Insects 

Insecticides are globally the most widely used group 
of agricultural chemicals. Despite the fact that the 
chemical control of insects in agriculture has been 
very successful, crop losses caused by insects in the 
field and during storage account for almost 25% of 

can assimilate nitrogen from manure more efficiently. 
This could allow selective fertilization that will  
benefit the crop but not the weeds, which is a  
significant advantage for farmers that do not use 
chemical fertilizers such as organic growers. 

Generally, research on nitrogen and water use  
efficiency are the most important areas for plant  
biotechnology companies today. Both these areas 
involve increasing biomass with less consumption of 
nitrogen and water, which is equally relevant to  
forestry as agriculture. It is not only important that 
the plants can absorb nutrients and water more  
efficiently, but they should also be able to utilise them 
more effectively.

Biotic stress 

Globally the losses from disease, pests and weed  
competition, termed biotic stress, are significant. 
On-going research against a broad range of biotic 
stress factors may confer resistance against several  
diseases that affect important crops and trees.

Viruses and bacteria 

It is often difficult to achieve satisfactory resistance to 
viruses with traditional plant breeding methods, and 
resistance is often controlled by several genes. The 
most common ways to prevent the spread and  
damage of viruses in crops include the use of  
insecticides to combat the insects that spread the  
virus, weed control, since weeds can serve as host 
plants, and the use of certified, virus-free planting 
materials. With modern plant biotechnology  
techniques, however, acceptable results can be 
achieved to produce resistant varieties. Currently, 
resistance against over 20 different viral diseases has 
been induced in a large number of plant species  
including tobacco, melon, squash, rice, papaya,  
potatoes and sugar beet.

A bacterial disease – Yellow Dragon Disease – causes 
oranges to remain green and fail to become sweet 
and threatens the commercial plantations in Asia, 
Africa and recently also in the US. The bacteria are 
spread by leaf hoppers, and oranges made resistant to 
these leaf hoppers avoid the disease.

Another bacterial disease has almost wiped out the 
American chestnut tree, which previously dominated 
the forests of the eastern United States. The  
bacteria secrete oxalic acid (the acidic substance 

found in rhubarb) that damages plants and allows the 
bacteria to spread. Many plants have the enzyme  
oxalate oxidase that degrades oxalic acid, but this is 
lacking in the chestnuts. Through inserting a gene 
from wheat, chestnut trees have been created that are 
able to degrade oxalic acid, rendering them  
resistant to the bacteria. This is one of the first  
examples of GM trees planted on a large scale in the 
United States.

Fungal diseases 

Virtually all crops are attacked by one or more severe 
fungal diseases, which are usually controlled  
chemically using fungicides. It is important to combat 
fungal infections, as many fungi produce toxic  
substances called mycotoxins, which we do not want 
in our food.
 
A plant disease that has long attracted particular  
interest is late blight (Phytophthora infestans) in  
potatoes. The pathogen, which according to the  
taxonomy belongs to the group Oomycete and thus 
is not closely related to the true fungi that cause 
many other fungal diseases, attacks the leaves first and 
then moves into the tubers where it induces brown 
rot. Almost all current varieties of potato are  
susceptible and must be sprayed extensively during 
the entire growing season to keep the fungus away 
and secure the harvest. It has long been known that 
many wild potato species in the Andes of South 
America are resistant to late blight. The first field 
trials of the variety Fortuna, developed by Swedish 

30 %

20 %

10 %

Wheat Rice Corn Potato All crops

Global harvest losses

Insect pests

Diseases

Weeds

The graph shows the share of world production that is lost due 
to disease, pests and weed competition. Source: Oerke, EC 2006 
1994.
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million hectares globally. The cultivation of Bt cotton 
with resistance to cotton weevil (Anthonomus grandis) 
is also extensive. The global total acreage in 2012 was 
almost 19 million hectares, mainly in India, China 
and Pakistan. 

Another way to provide insect resistance in plants is 
based on the introduction of genes that control the 
production of specific plant proteins that disrupt  
insect digestion. Examples are “Cowpea trypsin  
inhibitor” which stems from the legume black-eyed 
bean (Vigna unguiculata) grown in West Africa and 
South America, and a lectin from snowdrop  
(Galanthus nivalis) that confers resistance to sucking 
insects. 

A third way is based on influencing insect behaviour 
through pheromones. Synthetic pheromones are  
already used successfully for species-specific and 
environmentally friendly pest control, and are a 
viable alternative to conventional insecticides. The 
cost of synthetic pheromones is very high - from 600 
to 4,000 Euros per kg. This limits the use of insect 
pheromones in pest control to crops with high value. 
Researchers at SLU and Lund University have shown 
that it is possible to develop oil crops where the seed 
produces pheromone components in the oil. Using 
simple chemistry these can be converted to active 

pheromones at less than 20% of the cost of current 
cheapest synthesised pheromone. 

Many insect pheromones are based on substances that 
can also be synthesised by plants. The same research 
group has successfully introduced the synthetic  
pathways for insect pheromones in plant leaves with 
a combination of plant and insect genes. They have 
further shown that the pheromones produced in the 
plant are as, or almost as, effective as synthetic  
pheromones when it comes to capturing the actual 
pests in pheromone traps. In addition, an even more 
elegant method is within reach, where plants emit 
pheromones that confuse male insects so they prevent 
them from finding and mating with females. This 
means no eggs are laid and no caterpillars develop 
that can damage the plants.

Resistance to herbicides

Most broad-spectrum herbicides available on the 
market disrupt an enzyme that controls plant amino 
acid synthesis. The environmental effects of these are 
significantly less than those of older herbicides.  
Herbicide resistant crops have also enabled no-till 
farming, which is particularly valuable in areas where 
soil erosion is a problem. Here broad-spectrum  
herbicides are used after harvest to kill both crops and 

“GM plants are used as indispensable tools in basic research and can, if we 

are allowed to use them, contribute to a sustainable agriculture.”

- Stefan Jansson, Professor at the Department of Plant Physiology, Umeå University 

total world agricultural production. 

The pine weevil and bark beetles are examples of 
harmful insects causing losses for Swedish forestry of 
several billion Euros. It is feared that a warmer  
climate would likely result in more frequent out-
breaks of new or old pests. Consider for example that 
a warmer climate was considered to be the cause of 
an outbreak of mountain pine beetle, which killed 20 
million hectares of pine forest in western  
Canada (the size of the entire area of productive 
forest in Sweden!). There is no answer to the question 
of what to plant instead, since no resistant material 
is available. Many insecticides are highly toxic and 
major health and environmental benefits are obvious 
if these could be replaced by a strategy that is based 
on insect resistant plants instead of chemical spraying. 
Identification, isolation and transfer of genes confer-
ring resistance is a central focus within plant bio- 
technology. Plants that produce their own insecticides 
is another direction which has proved very successful, 
but biotechnology is also open to other, perhaps even 
more elegant methods. 

To date, most development work is focused on  
Bacillus thuringiensis (Bt), a soil bacterium that  
produces a crystalline protein that when broken 
down in the digestive tract of susceptible insects 
forms a toxic substance. The majority of Bt strains 
produce toxins that are specific to a group of related 
insect species. There are, for example, Bt strains only 
affecting butterflies and moths. Similarly, there are Bt 
strains that are specific to the beetles, meaning they 
are effective against severe pests like the Colorado 
beetle and cotton weevil. Other strains produce  
toxins that are specific to species within the order of 
flies and mosquitoes.

Genes encoding a number of Bt proteins have been 
cloned and introduced in, for example, tobacco,  
cotton, maize (also called corn in the US) and  
potato. Since 1996 maize with Bt resistance to  
European corn borer (Ostrinia nubilalis) has been 
available and in 2003 varieties with resistance to the 
beetle western corn root worm (Diabrotica v. virgifera) 
were introduced. Bt maize was grown in 2012 on 75 

The large pine weevil cause large losses for Swedish forest owners.
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plant. The idea behind Golden Rice is that by making 
it a vitamin A source it can combat the deficiency 
of vitamin A that leads to blindness in children in 
countries where rice is staple food. Despite the fact 
it is ten years since the introduction of Golden Rice, 
and new varieties with more than 10 times as much 
beta-carotene have been developed, cultivation has 
been modest, mainly due to extensive propaganda 
from anti-GMO activists.

Many other projects are underway aiming to  
increase the nutritional value of various crops.  
Examples include sweet potatoes with a higher  
content of beta-carotene, “multivitamin-maize”,  
carrots with doubled calcium, tomatoes with 20% 
more antioxidants, and cassava with higher content 
of iron, protein and vitamins. A global project with 
cassava began in 2005 aimed at developing varieties 
with both higher levels of vitamins and minerals and 
to provide resistance to major diseases.

New products from agricultural crops and 
forest trees

Before the era of fossil carbon dependence the  
chemical industry was exclusively based on crop and 
forest derivatives. Rayon silk, celluloid, Bakelite,  
turpentine – there is a long list of products the  
chemical industry produced from biological raw  
materials. In Sweden, Perstorp AB played a leading 
role. Bakelite - or Isolit as the company named its 
product to comply with an international patent battle 
– was prepared with ingredients from a beech forest 
in the south of Sweden and became the company’s 
doorway into the plastic age. Cheap oil is  
responsible for the end of the green period in the 
chemical industry’s history and thus also for research 
on how green raw materials could be used. In order 
to be less reliant on fossil fuels, interest is now  
focusing again on research using green products.
An example is Borregaard outside Oslo  

“Basic research is the beginning of the innovation chain and is 
a prerequisite for applied research and development.”

 - Claudia Köhler, Professor in molecular genetics, the Swedish University of  
 Agricultural Sciences

weeds, after which a herbicide-resistant crop is  
planted in the stubble. In Europe it has been difficult 
to adopt no-till farming as it requires herbicide- 
resistant plants, but in other parts of the world the 
results have been good. There are over half a dozen 
broad-spectrum herbicides for which genes  
conveying tolerance have been introduced; the most 
common are Roundup (active ingredient: glyphosate) 
and Basta (active ingredient: glufosinate). In 2012, 
herbicide tolerant crops were cultivated globally on 
100 million hectares. The major herbicide-tolerant 
crops and regions are soy in Brazil, Argentina and the 
US, and oil seed rape and sugar beet in the United 
States and Canada. In all cases the herbicide-tolerant 
varieties constitute a very high proportion of the total 
area of each crop.

Researchers investigating the properties of rice in the field. The GM crop “Golden Rice” is designed 
to address vitamin A deficiency in countries where rice constitutes a staple food.

Quality traits

Nutritional Fortification

It is often argued that the use of genetic engineering 
in plants so far only has resulted in improvements in 
the interest of the farmers and major plant breeding 
companies. According to this view, there would be a 
greater acceptance of the technology if the  
modifications were of direct interest to the  
consumer and society. The reality, however, is quite 
different. One obvious example of a GM crop  
impeded, despite obvious consumer and societal  
benefits, is “Golden Rice”. This rice has the ability to 
synthesise beta-carotene (provitamin A) in the grain 
when it is usually only found in the green parts of the 
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transformation of the desired properties.

It is becoming possible to influence many tree´s 
properties through crossing and selection, including 
fibre length, quality, distribution, composition and the 
structure of lignin and cellulose. All of these  
properties are important for the pulp and paper  
industry but also for the use of forest biomass as a 
basis for second-generation biofuels. Strength, rot 
resistance and workability are characteristics that are 
important for the construction industry. The presence 
of oils, resins, terpenes and many other interesting 
chemical substances that can be used by the chemical 
industry may be affected by, and directed to, different 
parts of the tree using molecular breeding.

content. Swedish researchers have played a leading 
role in producing a variety of potato with tailored 
starch qualities. However the commercial cultivation 
of this potato has been discontinued due to the  
European resistance to GM crops.

Given the major role that the wood and pulp  
industry plays in the Swedish economy, the  
opportunities to use wood building blocks such as 
cellulose, lignin, hemicellulose for other uses than 
pulp and timber construction, or to give fibres new 
properties, is especially interesting. The global  
petrochemical industry originally derived their raw 
materials almost entirely from wood. The properties 
of the cellulose molecule affect how useful the wood 
is as timber or pulp. As more versatile cellulose may 
be produced using the new biotechnological  
technologies we envisage several novel applications. 
It will be possible to produce biodegradable materials 
from cellulose fibre that can match what we currently 
use in everything from textiles and food packaging to 
very strong and ductile composites used in the auto 
industry. Swedish research is prominent in these areas.

A big difference between forestry and agricultural 
cultivation is that forest tree breeding is still in its 
infancy, compared to most agricultural crop plants. 
Forest trees, however, have the same genetic breeding 
potential as the original agricultural plants had. Since 
the first Swedish seed plantations were established in 
the 1950s and 60s, our forest trees (spruce and pine) 
have undergone three breeding generations, resulting 
in a processing gain of about 10% per generation. 
Breeding in forest trees similar to that undergone by 
agricultural crops could mean a huge increase of  
biomass production from forest land. Swedish  
researchers have shown that it is possible to  
significantly shorten the time it takes for a tree to 
flower and set seed. This offers new opportunities to 
increase the pace of forest tree breeding (more  
generations per unit time) and greater use of modern 
molecular methods for breeding, selection, and  

(www.borregaard.com), the world’s most advanced 
bio-refinery for forest products. This company has 
functioned as a bio-refinery since 1886 and has over 
the years constantly changed its product portfolio. 
During the war they produced an impressive  
variety of chemicals from wood instead of oil and  
today they are one of the world’s leading  
manufacturers of vanillin. 

The production of oils, waxes and fats in plants has a 
great potential to replace current oil and coal derived 
products. Of the total fossil oil that we pump out of 
the ground about 10% will be used to produce  

familiar products from the chemical industry -  
plastics, paints, synthetic rubber, resins, oils, varnishes, 
insulators, plastic and so on. With increased  
knowledge about oil synthesis and transport pathways 
all these products can, in principle, be replaced by oil 
produced in plants. Swedish researchers are working 
with several different plant derived wax esters that 
could be used as raw materials for high-grade oils and 
replacements for various synthetic motor oils. There 
are primarily two species of interest, Abyssinian Kale 
(Crambe abyssinica) and Field pepperweed (Lepidium 
campestre). An example of the potential commercial 
value is a Crambe variant that has been refined to 
produce lubricating grade oils. Here it is estimated to 
produce 1.2 tons of high-grade lubricating oils per 
hectare.

Starch consists of two types of chains of glucose  
molecules; amylose and amylopectin. Small  
differences in the proportions of amylose and  
amylopectin starch granules affect the form, solubility 
and suitability for industrial processes. Starch  
amylopectin is in demand by the paper industry, 
while bioplastic manufacturing requires high amylose 

High amylose
content

High amylopectin
content

Bio-
plastics

Paper

The different uses of Starch potatoes. Potatoes with a high 
proportion of unbranched starch can be used for the production 
of bioplastics, while those with a high proportion of branched 
starch can be used in paper production.

Breeding in forest trees 
similar to that  

undergone by agricultural 
crops could mean a huge 

increase of biomass  
production from forest 

land.
“The debate about genetic engineering and plant breeding often  
circles around the risks and consequences associated with modern 
agriculture. But we often forget that what matters most is how it is 
used. Nothing indicates that genetic engineering itself is dangerous.”

- Anna Lehrman,  
communications manager for the project Mistra Biotech
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The development of plant breeding has 
largely been made possible by the advancement of 
methodology within the field of experimental  
biology. Applications of biotechnology in plant  
breeding thus follow well-trodden paths in which 
different techniques come together to form the tools 
available to the breeder. The first modernisation of 
plant breeding took place in the early 1900s, marked 
by Darwin’s theories and the rediscovery of  
Mendelian genetics. Through selection of specimens 
with certain characteristics instead of mass  
propagation pure lines were obtained, and through 
targeted crosses features for increased productivity, 
hardiness and resistance were combined into elite 
varieties. The majority of technological breakthroughs 
in genetics and cell and molecular biology have come 
during the latter part of the 1900s, which has affected 
the breeding methods used. Examples of techniques 
are cell and tissue cultures for virus-free propagation, 
chromosomal-doubling to enable polyploidisation, 
crosses of closely related species, somatic hybridisation 
to enable hybrid seed production, and  
mutational breeding using ionizing radiation and 
mutagenic substances.

The realisation that DNA is the carrier of the genetic 
heritage, which is a direct consequence of the DNA 
molecule’s structure that Watson & Crick described 
in 1953, has contributed to the development of 
molecular methods for the selection of quantitative 
properties (called QTL mapping), as well as methods 
for Marker Assisted Selection (MAS). During the past 

decade, advances in DNA sequencing technology, 
combined with the ability to handle large amounts of 
data, set the stage for large-scale methods to identify 
particular genes carried by an organism, and  
determine when and under what conditions the  
different characteristics are expressed. This technology 
is only in its infancy, and further development will 
likely provide increased opportunities to both  
understand and control various biological processes, 
and to use molecular markers to select for 
 increasingly complex characteristics.

In the 1980s, a molecular biological method to insert 
individual genes in a plant using a naturally  
occurring soil bacterium (Agrobacterium  
tumefaciens) was developed. This method makes it  
easier, compared to conventional plant breeding, to 
transfer properties between individuals within a  
species or between closely related species. In  
addition, this method enables gene transfer in cases 
where conventional methods are not applicable due 
to species barriers because Agrobacterium naturally 
moves genes from itself into the plant. Through the 
recombinant DNA technology (genetic engineering), 
it is possible to determine which genes  
Agrobacterium should carry over to the plant. Which 
genes to be moved are determined by the breeder 
and the set breeding objectives.

Other technologies that are expected to have great 
impact in the next 5-10 year period are different 
techniques for mutagenesis of individual genes. These 

The Need for Continued  
Technology Development
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Universities and colleges

Research in plant biotechnology is performed at  
several of the country’s universities, such as the 
Universities of Stockholm, Gothenburg, Örebro and 
Kalmar (Linnaeus University) but also the  
Royal Institute of Technology (KTH).  
University-wide centres are located in Umeå (Umeå 
Plant Science Centre, UPSC), Uppsala (Linnaeus 
Centre) and Lund / Alnarp (Plant Link), in all cases 
with SLU as one of the constituents.  A number of 
the larger projects are presented in Appendix 1.

Several of the research centres in Sweden are world 
class. Articles published by these centres are cited 
twice as often as the world average, making plant bi-
ology one of Sweden’s strongest scientific fields. The 
research often takes the form of large,  
interdisciplinary programs with a focus on  
sustainable use of natural resources and increased 
production of biomass. New products and materials 
are in focus alongside more basic scientific questions 
about plant growth, development, and interactions 
with other organisms. A number of projects are  
conducted in close collaboration with stakeholders 
from industry and / or relevant authorities.

Companies

Skogforsk (the Forestry Research Institute of  
Sweden) is an independent research institute, in part 
funded by the forest owners. Skogforsk carries out 
conventional tree breeding and research related to 
forest management, often in cooperation with  
university researchers. The research company  
SweTree Technologies has a clear focus on  
biotechnology, working with improved fibre  
composition and increased biomass of Swedish forest 
trees, and also with foreign species like Eucalyptus. 
Forest companies with interests in forest bio- 
technology include Sveaskog, Holmen, Stora Enso 
and Bergvik Skog. Forest tree breeding performed in 
these companies with the help of modern biotech-
nology concentrates on species not intended to be 
grown in Europe.

In the agricultural sector there are a few companies 
producing crops for Swedish conditions. Syngenta 
Seeds AB works with sugar beet, oilseed rape and 
cereals, Lantmännen Agriculture conducts breeding 
in winter and spring wheat, winter and spring rape, 
spring barley, oats, grasses, legumes, triticale, potatoes 
and willow. Findus refines peas, while Svalöf  
Consulting AB conducts breeding rapeseed. Up till 
2012, BASF worked with potato breeding for  

Plant Biotechnology 
in Sweden

include the CRISPR / Cas9 system that can be used 
to induce random mutations in specific genes, and 
ODM (Oligonucleotide Directed Mutagenesis) used 
to introduce targeted changes in plant DNA without 
the need for recombinant DNA. Examples of the  
application of ODM are in oilseed rape and maize 
that have been made insensitive to certain herbicides.

Without exaggeration, one could argue that the  
technological developments in experimental  
biology and its applications in medicine,  

agriculture and forestry are comparable to  
developments in computer science. It is impossible to 
predict which specific techniques that will dominate 
in the future, but the aim of the proposed agenda is 
to point out the possibilities and the importance of 
supporting a continued technical development of 
plant breeding based on the scientific discoveries of 
the1900s and 2000s. If we are to achieve the goal of 
a bio-based economy, we cannot stand back but must 
join the rest of the world.

Technological developments in the field of experimental  
biology are comparable to developments in computer  
science.
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“Valley of Death”

An example of a well-tested model for 
commercialisation of biotechnology research 
results, without the research and commercialisation 
resources of a multinational company, is Woodheads 
AB and SweTree Technologies, both based in Umeå.

Woodheads AB is a holding company owned by a 
group of senior researchers at Umeå-, Uppsala- and 
Stockholm University, as well as SLU and KTH. 
Woodheads is the largest shareholder of the research 
company SweTree Technologies that in turn has the 
first right to patentable results that the owners of 
Woodheads deliver.

For the people behind the two companies it is quite 
clear that the transition from the scientific phase to 
the commercial is extremely expensive and requires a 
large potential value of an innovation. Large  
companies have the financial resources to meet those 
costs and can therefore accept some risk-taking when 
it comes to the market value of the proposed  

innovation. For small operators, it is necessary that 
a particular invention can be patented early in the 
process from invention to innovation to enable it to 
complete the difficult passage to commercialisation. 
This passage, which is commonly referred to as the 
“valley of death”, is characterised by a negative cash 
flow due to large expenditure and lack of sales  
revenues. The figure below shows this “valley of 
death” in the three steps preceding product sales.

Woodheads / SweTree Technologies propose the 
following factors key to the success of the innovation 
chain:  You have to have excellent research to build 
on and there must be a strong research environment 
that holds critical mass in several key research fields. 
This provides a continuous flow of potentially useful 
research, while there is a high probability that these 
results are not simultaneously generated elsewhere 
in the world. It is important that the flow has critical 
mass, as it is relatively few discoveries that last all the 
way to the market.

The Innovation 
Process

Innovation chain showing how research will benefit society in the form of various kinds of applications - products, processes, new 
procedures, etc. The figure shows schematically how the research-based innovations developed in academia, through early patents 
and close cooperation with industry, can lead to complete products that meet market needs.

northern European conditions, but that part of  
company´s business is now moved to the United 
States.

Crop Tailor and the Scandinavian Biotechnology 
Research AB are two small biotech companies that 
specialise in oat breeding and lipid biotechnology. 
With a more favourable climate for plant biotech-
nology, they would be well placed to develop their 
business substantially.

Potential users of crops bred with molecular tools are 
companies involved in bioenergy (eg SunPine,  
Statoil), lubricants (Axel Christiernsson), surface  
treatment (Bona), and parts of the food and  
packaging industries. The Federation of Swedish 
Farmers (LFR) is open to import GM feed to be 
used in animal production if continued consumer 
confidence can be maintained. In an international/ 
European perspective there are several small and  
medium enterprises engaged in plant breeding with  

focus on biotechnology, for example, Brecon,  
OakLabs and Greenovations in Germany, KeyGene in 
Holland and BiMaC Innovations in Sweden. Within 
the pharmaceutical and food industries recombinant  
proteins are commonly produced in yeast or in  
bacteria. It is also possible to produce such proteins in 
plants but there are currently no companies involved 
in so-called ‘Molecular farming’ that operate in  
Sweden.

Organised collaborations between industry and 
universities take place in a number of areas. One 
example is the company SweTree that commercialises 
research ideas in forest biotechnology. Several research 
programs with a plant biotechnology theme such as 
Mistra Biotech and UPSC Berzelli Centre for Forest 
Biotechnology also have strong company support in 
their steering- and program committees, direct  
collaboration between individual research groups 
at the universities and specific companies occurs 
through joint industrial doctoral students, who serve 
as a model for educational cooperation.

”A well functioning innovation process is essential so that Swedish 
world-class research in plant biotechnology can be  
utilised. This means that the “valley of death” in the innovation 
chain needs to be bridged with a variety of good inventions that are 
given sufficient funding to reach the market. This is a very big  
opportunity for Sweden to build a new knowledge-based industry.”

 - Mats Johnson, CEO SweTree Technologies AB
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A Way Forward for 
Sweden

In the agenda, we have drawn a comprehensive  
picture of the challenges and the opportunities that 
can be addressed if we, in Sweden, choose to embrace 
the agenda’s vision of sustainable and productive  
agriculture and forestry. Central to our vision is a 
future agriculture and forestry that, in addition to fuel 
and food, also produce new bio-based raw materials 
for Sweden’s future green industries.

The agenda’s vision requires us to focus on the  
existing strengths, where Sweden today is at the  
forefront internationally and can contribute to  
international development. In addition, we must also 
prioritise certain key areas of specific relevance to 
Sweden.

Climate change is expected to lead to higher  
temperatures and increased precipitation in  
northern parts of Europe. This will extend the  
growing season and make it possible to grow new 
varieties of crops. Climate change does however, not 
affect the day length conditions. An adaptation to 
Scandinavia’s bright nights during the summer season 
is therefore a prerequisite for any new variety that 

In addition to the expected climate change, the 
largest effect on agriculture and forestry is the overall 
global increase in population and purchasing power. 
More people in absolute terms, as well as a larger  
proportion belonging to the middle classes in the 
most populous countries - e.g. BRIC - will lead to 
increased demand for agricultural and forestry  
products, as well as other types of biological raw  
materials. 

We must increase  
investments in excellent 

basic research and  
biotechnological  

applications

will be grown in Scandinavia. To adapt agriculture 
and forestry to a warmer but also wetter climate also 
requires an investment in breeding efforts directed 
towards abiotic stress and resistance traits.

The basic strategy to bridge the “valley of death” 
focuses on early patents and requires a high degree of 
responsiveness and opportunism in order to adapt the 
commercial strategy to the current technology and 
market conditions. It also requires the active  
participation of researchers to ensure that additional 
scientific studies can be implemented quickly if  
necessary, and that technical world-class expertise 
within the field is there in the adaptation of the  
original idea and understands the possible market 
opportunities.

Finally, it is required that there is indeed a real  
market need that is of sufficiently high priority so 
that the customer / industry is prepared to help to 

bridge the “valley of death”. Considerable investment  
projects are often necessary to take technology to 
the market, whether the current innovation is a new 
technology, a new solution to an old problem, or a 
new quality or characteristic of a commodity. Such 
investments are essential to reach the market, as early 
technology companies in general are under- 
funded and there is a need to generate revenue as  
early as possible. For technology companies, it  
becomes a balancing act between obtaining early 
financing from potential customers (which then also 
can provide input into how the technology obtains 
the best value on the market) but still retain control 
of the technology in order to create maximum value 
in the long run.
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This combined with the requirements for reduced 
resource consumption and reduced negative  
environmental impacts during production lead to the 
following equation: Maintained or increased  
productivity for tailored, multi-functional crops and 
trees must be accomplished with less inputs and 
greater environmental sustainability. This will require 
a lot of new knowledge and technology.

efforts are needed to support the innovation process. 
The model for bridging the so-called valley of death 
that SweTree Technologies adopted constitutes a 
model that can also be developed for agriculture.

Planning for new renewable and climate-friendly 
products from agriculture and forestry is a  
cornerstone in the construction of a bio-based  
economy. Sweden has strong research focused on a 
multitude of areas from renewable oils and fats from 
crops, to questions about how the waste products 
from agriculture and forestry can be utilised.

The agenda’s main message is that technology  
developments in plant breeding now give us the 
ability to customise the breeding goals of a bio-based 
economy so that they encompass the entire plant. 
This involves simultaneous breeding on traits for  
increased productivity and sustainability, as well as 
new qualitative features. It also specifies a direction, a 
way forward, where two traditionally separate  
industries - forestry and agriculture - work together 
to jointly achieve the goal of a bio-based economy. It 
will provide synergies not only between agriculture 
and forestry, but also with neighbouring industries, 
such as aquaculture (the cultivation of microalgae) 
and biorefineries. An investment in plant  
biotechnology thus represents a unifying force for a 
variety of industries, which ultimately will help to 
increase Sweden’s competitiveness.

Key areas for a bio-based economy: 

•   Climate Change Adaptation
•   Basic research and new plant biotechnology
•   The innovation process
•   New renewable products
•   Sustainability and Productivity

Technological advances  
in plant breeding allows 

us to set up breeding  
objectives for the whole 

plant, which increases the 
potential for a bio-based 

economy

Swedish research in the field of plant biology is  
internationally recognised. Well-developed  
infrastructure and several strong research  
environments also constitute a breeding ground for 
new plant biotechnological innovations. An increased 
focus on excellent basic research and  
biotechnology applications within the field is vital 
to achieve the agenda’s vision. In addition, enhanced 
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Appendix 1 - Major Research Programs

UPSC Berzelii Centre for Forest Biotechnology

UPSC Berzelli Centre for Forest Biotechnology is a strong research centre that focuses on forest  
biotechnology. It is funded by the Swedish Research Council, VINNOVA and participating companies.  
The research has been organised into three focus areas:

• Forest growth and productivity
• Wood formation and wood quality
• Seasonal and age-dependent control of perennial plant growth and development

The research is focused on understanding the basic biology and chemistry behind important properties of 
trees. The centre, which is located at the UPSC, has six industrial partners - Sveaskog, Holmen Skog, Bergvik 
Skog, Stora Enso, SweTree Technologies and Syngenta Seeds.

Programme Director: Ove Nilsson
Website: http://www.upsc.se/berzelii-home.html

PlantComMistra

PlantComMistra is a Mistra funded research program intended to find new, more sustainable solutions for the 
control of aphids in cereals, specifically barley. The program is divided into three sub-programs:

• New methods of cultivation
• New genotypes
• Increased effect of aphids’ natural enemies

By combining insect ecology and plant physiology in an interdisciplinary way, and by including all stages 
from basic research to application, the program is unique even from an international perspective. The research 
is done in cooperation between four departments at SLU Alnarp, SLU Umeå, SLU Uppsala and Stockholm 
University.

Project Manager: Robert Glinwood and Velemir Ninkovic
Website: http://www.mistra.org/forskning/genomford-forskning/plantcommistra.html

Mistra Biotech

Mistra Biotech is a Mistra- and SLU-funded research program which focuses on the use of biotechnology 
for sustainable and competitive agriculture and food production in Sweden. The program is divided into six 
sub-programs:
 
• Plant biotechnology for innovative products
• New molecular breeding methods
• Ethics
• Consumer attitudes and choices
• Swedish competitiveness
• Centre for the Analysis and Synthesis (AgriSA)

The program is expected to contribute to development by creating skills needed to produce more quality 
food at a reasonable cost, with less effort, reduced environmental impact and with healthier crops and  
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BioImprove

BioImprove is a Formas funded research program focused on biomass and wood formation in hybrid aspen. 
The aim is to improve the processing of wood pulp for bioenergy production. The project includes research 
groups active in both chemistry and plant biology at Umeå University and SLU in Umeå.

Program leader: Hannele Tuominen 
Website: http://www.bioimprove.se

Bio4Energy

Bio4Energy is a research program with a strong research base aimed at environmentally friendly biorefining of 
wood and organic waste. The program covers both forest tree breeding and improved post-processing of  
biomass. Bio4Energy is funded directly from the Swedish government, together with SLU, Umeå University 
and Luleå University of Technology.

Program leader: Stellan Marklund 
Website: http://www.bio4energy.se

EpiFate

Epigenetic regulation of cell fate in plants is a five-year project funded by the Knut and Alice Wallenberg 
Foundation. The project studies the signalling and programming events that determine which paths a plant cell 
will follow. The goal is to develop tools that allow us to manipulate the initiation and progression of cell death 
and other events in the cell cycle, so that the yield of economically interesting properties of the plant can be 
improved.

Program leader: Lars Hennig
Website: http://epigenetics-slu.wix.com/epifate

Biological Production Systems

A program launched January 1st, 2015 by the Swedish Foundation for Strategic Research (SSF). It comprises 
the following projects:

Leif Bülow, Lund University
Production of Blood Substitutes

Marie F. Gorwa-Grauslund, Lund University
High value chemicals from lignin using biological processes

Ewa Mellerowicz, SLU Umeå
Forest production systems based on added-value trees

Jens Nielsen, Chalmers University of Technology
Bio-based production of high-value added ingredients

Rodomiro Ortiz, SLU Alnarp
Oil crops for the future

 

livestock. The goal is sustainable production systems, from an environmental, social and economic perspective. 
Researchers from SLU, KTH and Lund University participate in the research program.

Program leader: Sven Ove Hansson 
Website: http://www.slu.se/mistrabiotech

Samba

The research project “Molecular Plant Breeding of Salix” - SAMBA2 is acollaboration between the Faculty of 
Natural Resources and Agricultural Sciences (SLU) and Lantmännen Agriculture, and is funded by the Swed-
ish Energy Agency, SLU and Lantmännen SW Seed. The program is divided into five sub-projects:

• Genetic background of growth and resistance
• Increased growth
• Improved rust resistance
• Enhanced insect resistance
• Testing and application of markers in breeding

The goal of the project is to develop breeding methods for important and complex traits in Salix where 
traditional methods have failed to produce effective selection. Genetic maps will be constructed in order to 
study the genetic basis for disease resistance, tolerance and growth. The long term goal is to develop molecular 
markers for use in plant breeding and allow an early selection of promising individuals.

Program leader: Sara von Arnold
Website: http://www.samba-webb.se/index_sv.html

TC4F

Trees and Crops for the Future (TC4F) is a research initiative focused on the extraction of renewable raw 
materials from trees and agricultural crops. TC4F is funded by an ongoing major research program at SLU in 
Umeå and Alnarp, Umeå University and SkogForsk. The program covers four areas:

• Impact of climate and nitrogen on carbon dynamics in forests 
• Forest genetics and the next generation of forest trees
• Sustainable and adaptive forest management
• Other renewable plant resources and non-food crops

The program aims to build a scientific knowledge base and the necessary technology platforms to produce 
renewable raw materials from the forest trees and agricultural crops.

Program leader: Eva Johansson
Website: http://www.slu.se/sv/centrumbildningar-och-projekt/trees-and-crops-for-the-future/

ShapeSystem
 
Systems Biology of Plant Cell Shape (Shape System) is a five-year research project funded by the Knut and 
Alice Wallenberg Foundation, which aims to find out how plant cells find their form. The goal of the project 
is to understand, model and predict the molecular and cellular mechanisms that drive plant cell development. 
The project involves researchers in plant genetics, molecular and cellular biology, chemistry and physics from 
SLU and the universities of Umeå, Lund and Linköping.

Program leader: Markus Grebe
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Henrik Pavia, Göteborg University
Seaweed production systems with high-value applications

Henrik Stålbrand, Lund University
Biocatalytic functionalisation of hemicellulose from waste

Harry Wu, SLU Umeå
Genomic breeding of Norway spruce for new bio-products

For more information regarding the program, contact Jan Fahleson (jan.fahleson.stratresearch.se)

Appendix 2 - Companies and research  
centres that support this research agenda  

The following companies and organisations have participated in the design of the agenda for a bio-based 
economy and also support the Agenda’s main intentions. Attached is also an accompanying letter from the  
National Farmers Association (LRF), Lantmännen, Stora Enso Biomaterials, SweTree Technologies and  
Syngenta.
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