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Evolution into a world-leading plant research centre

The history of Umeå Plant Science Centre (UPSC) and its two components,
Fysbot and Genfys, is remarkable. It is a story of development from a new
university starting from scratch, and a tiny group consisting of just one professor
and three eager students, to a major institution with a global reputation. Today,
UPSC has about 200 researchers of 47 nationalities. These scientists publish results in the highest-ranked journals, and many of their innovations are marketed
for both commercial and social benefit.
The unit was formed in 1999 by merging research groups from two universities:
the Department of Plant Physiology at Umeå University (colloquially called
Fysbot), established in 1967, and the Department of Forest Genetics and Plant
Physiology (Genfys) of the Swedish University of Agricultural Sciences, which
started a decade later. Over the years the two departments have maintained tight,
fraternal connections and acted more as siblings than competitors.
This is the story of 50 years of plant science research in Umeå.

Some key events in the history of UPSC and its two departments.

Initial steps
The 1960s was a period of rapid restructuring of Swedish education,
science, industry and economic strategy. The number of students at higher
education institutes rose from 37 000
in 1960 to 124 000 in 1971. Science
was recognized as having key roles
to play in solving complex problems
related to welfare, security and the
environment. The decades after World
War 2 have been called “the golden
age of higher education”. Numerous
new educational institutes were
established or upgraded both in
Sweden and globally. The only Swedish
universities before this period were
Lund and Uppsala, but institutes in
Gothenburg and Stockholm were respectively awarded university status
in 1954 and 1960. Then, in 1965, Umeå
University was inaugurated as the fifth
university in Sweden, and the first in
the northern part of the country.
Initially, Umeå University was established to meet the society’s needs for
highly educated personnel in northern Sweden, such as dentists, doctors, teachers and social workers. The
university was also intended to be an
engine for regional development.
Its establishment coincided with a
trend to establish open, flexible and
more dynamic facilities than the rigid,
stuffy, old, conservative and elitist
academic institutions. Thus, Umeå
University was not supposed to copy
the structure of the 500-year old
southern universities but to develop
more freely as an open academy, with
collaboration and interdisciplinary research as integral parts of its DNA.

Science should be useful

The current policy at that time was
that science should help society and
be of practical use. This was particularly relevant to plant science.
Previously there had been a strong
emphasis on the traditional fields of
botany: morphology and taxonomy
(strongly rooted in the contributions
of the great Swedish taxonomist
Linnaeus). However, from the start
it was decided that plant science in
Umeå would focus on physiological
and ecological aspects that could
help attempts to solve real-world
problems. Moreover, the problems
should be addressed experimentally
rather than by descriptive approaches.
This shift was part of broader trends,
as “modern biology” and “new biology”
emerged in the early 1960s. Molecular
research was rapidly developing. The
Nobel Prizes in both chemistry and
physiology in 1962 were awarded for
milestone efforts in molecular biology: elucidation of the structures
of haemoglobin and myoglobin by
Kendrew and Perutz, and the structure of DNA by Watson, Crick and
Wilkins. The Swedish government
saw both possibilities and a need for
Sweden to engage in modern biology as an arena where the country
could productively compete in the
international science market.
The links between molecular biology
and the practical problems biologists
were supposed to address were far
from clear at that time, but more
understanding of plant physiology
was clearly required. Thus, several
strong advocates, e.g. Nils Fries and

Pioneer period 1967-1973
Arne Tiselius (respectively Professors
of Botany and Biochemistry at
Uppsala University) championed
a focus on plant physiology in Umeå.
There were also stout defenders of
classic taxonomic botany, but following an intense debate “new biology”
triumphed, and it was decided that a
Professorship should be established
in plant physiology.

Per Halldal (1922 - 1986)
Professor at fysbot 1967-1972

The first holder was Per Halldal,
docent and lecturer at Gothenburg
University. In 1967, he started to establish a plant physiology group as
part of the Department of Biology,
thus forming the main root of the
Department of Plant Physiology and
UPSC.

Starting from scratch, but with generous and permanent grants together
with great freedom, was both a dream
situation and highly demanding. The
first classes in plant physiology started in the autumn of 1967, and everything had to be set up quickly by the
small group headed by Professor
Halldal. This little group – initially one
Professor, three graduate students
(Gunnar Öquist, Sune Linder and Örn
Taube) and one lector (Karl-Ragnar
Sundström) – had to unpack and install
all the laboratory equipment, take
care of the first undergraduate students and start the experimental
research. Öquist, Linder and Taube
all became doctors, continued as researchers and subsequently became
Professors.
The group’s research focused on
photosynthesis, an interdisciplinary
field where physiologists, physicists
and chemists were striving to understand the mechanisms involved in the
light-driven transformation of carbon
dioxide into plant biomass. This
seemed an obvious starting point for
a new collaborative group seeking
to extend knowledge of plant physiology, given its fundamental importance. So, they examined various aspects of photosynthesis, for example
adaptation to different light levels in
cyanobacteria and responses to UVdamage in green algae. Sune Linder
later moved on to larger organisms
and started to measure photosynthesis
and transpiration in Norway spruce
and Scots pine.

King Alfred and the Plant Stress Meter to study photoinhibition
From an early stage, the development of instruments was a
hallmark of Fysbot and the first
Professor, Per Halldal, was the
initial instigator. Even during its
first year, the department recruited
an instrument maker, a technician
and an engineer.
A fluorometer and a spectrometer
were developed, as well as equipment for automated algae culture
Örn Taube measures photosynthetic action
and appliances for 14C-based
spectrum on “King Alfred”
measurements of photosynthesis
(the Shimshi method). However,
the most advanced instrument in early stages was a spectrophotometer that
delivered the same amount of photons at each wavelength between 400 and
750 nm. This instrument crowned the work, and was therefore named King
Alfred. Naturally, with these accomplishments, Fysbot acquired a reputation
for high competence in building instruments.
Many other instruments were also built. Part of the group established Umeå
Instrument AB to commercialise the inventions. The FM3 fluorometer and
QSM 2400 Quants spectrophotometer were produced under subcontracts,
and in the mid-1970s this business was taken over by Techtum Instrument AB.
This company is still active and successful on the national level.
Another important instrument was the Plant Stress Meter, developed to
measure fluorescence associated with photoinhibition and (thus) plant stress,
as described in the “Broadening period” section.

The plant physiology group’s research portfolio March 1968
Photosynthetic action spectra • Prof. Per Halldal

Studies of B1 synthesis in Exobasidium • Fil. Dr Karl-Ragnar Sundström

Investigations of the differentiation of Dictyostelium • Fil. Dr Kerstin Gezelius
Studies of photosynthesis in pine and spruce • assistant Sune Linder
Studies of fluorescence in plants • assistant Gyöngyér Nilsson

Algal synchronisation: effects of ultraviolet irradiation • assistant Örn Taube
Adaptation of photosynthetic machinery • assistant Gunnar Öquist

Measuring photosynthesis requires
specialised instruments, many of
which are not commercially available.
So, inventing instruments was an important part of the daily work, which
subsequently resulted in patents and
commercialisation of various technical
devices.

Nitrogen fixation and air pollution

In the early 1970s, Karl-Ragnar Sundström extended research on key biological fixation processes by studying
nitrogen fixation in free bacteria, and
later lichens. New methodology based
on acetylene reduction, enabling
activity measurements of the crucial
enzyme nitrogenase, was heavily
exploited in these investigations. In
addition, Kerstin Huss-Danell was recruited as a PhD student and moved
on to studies of nitrogen-fixing bacteria of the genus Frankia and grey alder.
A topic that was high on the political
agenda of the time, and required urgent attention, was air pollution. So,
another recruit (Jan-Erik Hällgren)
addressed its effects on lichens, and
these studies were subsequently expanded to examine effects of fluorine and sulphur dioxide on pine.
Thus, the pioneering time was characterised by research on fixation of
carbon (photosynthesis) and nitrogen, supplemented with increasing
attention to effects of environmental
stresses on plants.

Publish or perish

Per Halldal stressed the need for international cooperation and publication,
asserting that work is not complete

until it is published, and it should be
in English (although researchers in the
1960s often wrote their dissertations
as monographs, often in Swedish). He
also organised annual trips to plant
physiology institutes throughout
the Nordic countries. Halldal’s ideas
about publication have guided the
teams ever since. The guidelines have
even been tightened, and now each
scientist strives to publish in the most
highly-ranked journals such as Science
and Nature, as described in the section
about UPSC.
In 1972, his first students graduated as
doctors, and Per Halldal moved on to
his Alma mater, the University of Oslo.
Karl-Ragnar Sundström became acting
Professor until a permanent successor
was appointed, marking the start of a
new period in which plant science at
Umeå rapidly grew and matured.

Maturation period
1973-1982
Lennart Eliasson became the new
Professor and leader of the plant physiology group in 1973. His research
extended the group’s studies from
plants’ acquisition of biomass (through
carbon fixation) to the internal controls
of their growth and development: their
hormone physiology and the mechanisms involved in regulation of their
life cycles. Particular interests, which
seemed natural given the importance
of forestry in Sweden, were the roles
of hormones in root and bud development in trees.
Arne Dunberg and Göran Sandberg,
at that time PhD student, joined the
hormone group, which was to expand

over time. However, Lennart Eliasson
still strongly supported the established work on photosynthesis and
nitrogen fixation. Indeed, at this time
the photosynthesis research, led by Gunnar Öquist, was moving on from single-

Lennart Eliasson (1925–2009)
Professor at fysbot 1973-1981

celled algae to trees (an important
project, Photosynthesis mechanisms in
conifers, started in 1973). Plant physiologists at other institutes were more
inclined to work with simpler model
species, such as spinach, and few were
attempting to measure photosynthetic
parameters in trees in the 1970s. This
was to change in the 1980s, but by then
the researchers in Umeå already had an
important head start.

The practical importance of
physiological understanding

The importance of physiological knowledge for understanding fundamental mechanisms of wood production,
and addressing related problems,
was becoming increasingly apparent. Sune Linder, who had moved to
the Swedish University of Agricultural
Sciences (SLU) in Uppsala, played a
leading role in a giant project called

Barrskogsland-skapets ekologi (The
ecology of conifer forest landscapes).
The project involved field measurements of gas exchange and carbon
allocation, through intensive collaboration with Fysbot.
Moreover, forest decline and acidification had risen on the political agenda in
the late 1970s and early 1980s, so more
financial resources were allocated to
efforts to address these environmental problems. The Fysbot group were
deeply engaged in these efforts, notably in studies of the effects of sulphur
dioxide on photosynthesis in Scots pine.
The investigations of trees in the field
(rather than simpler plants in the laboratory) also raised major challenges
and needs to develop new equipment.
A pioneering advance was the development of cuvettes that could be used
to measure gas exchange rates of
complete branches.

Hormone group moves to SLU

The 1970s was a transitional period
for the hormone research group. The
group (including PhD students Göran
Sandberg and Per-Christer Odén,
who worked together with Arne Dunberg on growth-regulating hormones
such as auxin and gibberellin) was
transferred to SLU’s Forestry Faculty
in 1978. This greatly diminished the
hormone physiology research at Fysbot, which stopped completely when
Lennart Eliasson left for a Professorship in plant physiology at Stockholm
University in 1981.
The period 1973-1981 can be summarised as a maturation period. The
researchers developed techniques

to study detailed aspects of photosynthetic processes, from subcellular
levels to entire plant and tree levels.
An impressive array of laboratory
equipment was purchased or developed, and Fysbot had a growing international reputation.

Broadening period
1981-1999
By the time Lennart Eliasson left
Fysbot, much had happened. JanErik Hällgren and his group working
on tree physiology had moved to SLU,
as well as the hormone research
group. What was left was the photosynthesis group, led by Gunnar
Öquist, the enzyme research under
Kerstin Gezelius, and nitrogen fixation research headed by Kerstin
Huss-Danell. Gunnar Öquist was formally appointed Professor in 1982,
and had to decide Fysbot’s future
orientation. The chosen strategy was
to broaden and deepen the established research on plants’ adaptation
to their environments.
Capacity to investigate more physiological aspects and components
of plants was extended. Notably, the
recruitment of Eva Selstam enabled
studies of lipids and their roles in
photosynthetic membranes, photoinhibition and the associated fluorescence (a hot topic at this time).
A device was developed for measuring fluorescence and calculating the
photochemical exchange of photosystem II. Following recognition of its
utility for measuring stress in plants
this was further developed, then produced and commercially marketed as

the Plant Stress Meter (PSM) by High
Tech S.C.I. AB in Malmö, and subsequently Biomonitor in Umeå. About
80 instruments were produced and
sold between 1988 and 1994.

Molecular biology – gearing up…

Structures of DNA and several proteins may have been elucidated in
the 1960s, but more than a decade
passed before techniques were developed that began to permit dissection of the links between specific DNA
sequences and physiological processes. However, Gunnar Öquist fully
grasped their importance, as such
techniques were emerging during
a sabbatical year at Carnegie Institution of Plant Biology, Stanford, in 1980.
Molecular biology was going to massively expand possible avenues of research, and Fysbot had to be involved.
Petter Gustafsson was initially recruited to lead these efforts, in studies on
genetic regulation of photosynthesis
in cyanobacteria, which led to three
doctoral dissertations between 1986
and 1988. The studies culminated in
the 1990s with Rishikesh Bhalerao’s
revelation of genes encoding the
light regulation machinery.
The importance of plant molecular
biology was also recognised by the
funding bodies. In 1986, grants were
given to Umeå’s first Professor in the
field, Petter Gustafsson, and molecular techniques were extended to
studies of more complex organisms
when Jonas Lidholm and Stefan Jansson started to analyse the Scots pine
genome. At this time, Fysbot and
Genfys at SLU were in the forefront of
plant molecular biology in Sweden.

DNA sequencing from Sanger to Illumina
Techniques to identify genes have rapidly developed in the last
20-30 years. One of the earliest was the Maxam-Gilbert method,
developed in the mid-1970s, but the Sanger method was used by
researchers at fysbot in the 1980s. In 1986, when Stefan Jansson
started his PhD studies, the first goal of his project was to obtain
the sequence of ONE gene in Scots pine. Nowadays, one run with
a modern high-throughput instrument (like the Illumina systems
used during the spruce genome project) generates much more
sequence data in a second than a student produced during an
entire PhD project in the 1980s.

… and scaling up

Following these early stages, Fysbot’s
genomics activities were soon scaled
up (although the term genomics
was rarely used until the late 1990s).
Petter Gustafsson’s group moved
in to new and better customised
premises, a post-graduate course
in plant molecular biology attracted
new PhD students, and the research
was extended (particularly in the
1990s) to two model systems: Arabidopsis and Populus.
Building up the infrastructure and
personnel resources for successful
molecular biology research requires
money, a lot of money. Fortunately,
this was a period, again particularly
in the 1990s, when research councils and foundations increasingly understood the potential of genomics.
The Department of Plant Physiology
became a leading institution in this
field, and attracted large donations
from foundations such as the Knut
and Alice Wallenberg Foundation
and Kempestiftelserna, as well as
grants from research councils. See below for more details about the funding.

An integrated part of plant physiology

At first, there was some resistance
from traditional plant physiologists
to the modern molecular biology.
For example, Gunnar Öquist suggested that the journal Physiologia
Plantarum (published by the Scandinavian Plant Society) should actively
invite articles on molecular biology.

There were protests from those who
wanted plant physiology to be a pure
field, and thought that molecular
biology should be regarded simply
as a suite of technological methods.
With time, however, molecular biology and genomics have been accepted as integral parts of plant physiology. Fysbot played a leading role in this
process in Sweden, and Physiologia
Plantarum has provided an increasingly important platform. Fysbot has
also played a major role in the development of this showcase, as two of its
employees have been editor-in-chief
(Per Gardeström from 1998 to 2006,
and Vaughan Hurry since then), and
Stefan Jansson has been president
of SPPS, that owns the journal, since
2015.

An acknowledged department

The Federation of European Societies
of Plant Physiology (FESPP) held its
1990 congress in Umeå, which was a
major accolade for a university outside the capital cities that normally
hosted the event. The staff at Fysbot
organised the meeting, which attracted about 1000 participants. The
congress was a success, and Umeå
was strongly recognised as an important centre of European plant
physiology.

Department of Forest
Genetics and Plant
Physiology 1977-present
The collaborator that eventually
merged with Fysbot to form UPSC, is
SLU’s Department of Forest Genetics
and Plant Physiology, Genfys. SLU
was formed in 1977 through merger
of the Royal College of Forestry with
the Swedish veterinary and agricultural institutes. The old premises in
Stockholm had to be abandoned and
the forest scientists were transferred
to Uppsala, Garpenberg or Umeå.
The rearrangement led to a split in
the botany and physiology group.
A plant physiology team was formed
in Uppsala, a genetics group was
installed in Garpenberg, and some
researchers accepted movement to
the new Forestry Faculty building in
Umeå, colloquially called Skogis.

Cultural clashes

Research at Genfys initially focused
on various aspects of forest genetics,
seed science, plant resistance to
stresses (biotic or abiotic), and plant
physiology. The first head of department was Professor Dag Lindgren.
The research was to a large extent
applied. The forest sector had high
expectations for science, believing
that it could (and should) deliver
powerful methods to increase forest
growth, improve regeneration, solve
environmental problems and boost
the efficiency of forest operations.
Since Skogis’ staff included both
graduate foresters and biologists
from Umeå University, there were

frequent cultural clashes regarding
the view and purpose of science.
Many researchers with a forest background thought their mission was
to solve practical problems of the
forest sector, so results should be primarily presented in Swedish, often in
monographs. In contrast, the newly
recruited researchers from the
universities advocated publication
in international media, and believed
that science should provide deeper
understanding of how forests, trees
and ecosystems worked. Plant physiology was considered an auxiliary
subject by the practically oriented
researchers at other departments
of Skogis.
So, from its inception, Genfys addressed both many practical topics
(such as provenance research, tree
breeding and genetic contamination)
and fundamental aspects of physiology related to seed treatment and
seedling production.

New researchers

Researchers from Fysbot were recruited to Genfys at an early stage. The hormone group, with Arne Dunberg and
his students Göran Sandberg and PerChrister Odén, moved into the new
premises in 1979. Other notable entrants included Anders Ericsson, who
helped to implement a new critical
thinking about fundamental aspects
of tree growth and regeneration. He
was recruited as a plant physiologist
in the giant research project Barrskogslandskapets ekologi, which
fostered a new generation of forest
scientists.

Jan-Erik Hällgren joined Genfys in
1982 when a 6-year docent position
was announced. As already mentioned, his initial research focused,
inter alia, on acidification and atmospheric pollution.
The genetics efforts at SLU were
mostly based on quantitative methods, and there was a focus on biochemical genetics, which heavily relied at the time on isozyme analysis.
Geneticists and physiologists at the
department were initially reluctant to
apply molecular genetics techniques,
although some methods were implemented in the mid-1980s. There
was cooperation between Genfys and
Fysbot in the sense that some PhD
students had supervisors at both departments, but no greater efforts were
made to collaborate in their research.
Around this time biotechnological
possibilities began to be discussed
at SLU. A large donation from the forest company STORA (celebrating its
700th anniversary in 1988) provided
foundations for a genetic centre.
However, the centre was in Uppsala,
and only a small proportion of the
funds came to Umeå.

Plant physiology solving practical
problems

Despite some internal conflicts,
Skogis was an open research environment with few burdensome academic
traditions, and many young, curious
researchers. Cooperation between
Genfys and staff engaged in the more
applied disciplines such as silviculture and ecology gradually improved,
particularly during the 1980s and 90s.

Progressive forest researchers saw the
need for physiological measurements
to understand trees’ responses to
environmental stimuli. Gas exchange,
fluorescence and light absorption
measurements were increasingly
used in their studies. Techniques
for testing trees’ low-temperature
hardiness helped tree breeding and
regeneration research efforts. Analyses of water stress in trees and other
plants required measurements of other physiological parameters, such as
stomatal conductance and water potential. Nutrient uptake was another
field where physiologists added new
insights. Notably, Torgny Näsholm’s
doctoral work on amino acid uptake
and nitrogen metabolism provided
new avenues for both nutrient acquisition research and practical fertilization of plants.
The research funding organizations also acknowledged the links
between applied research and fundamental understanding. Young researchers, including those with forest
education, saw the blind alleys in the
old “trial and error” approaches, and
sought deeper explanations. Kempestiftelserna played an important role
in promoting the department’s evolution by providing support for new
projects and equipment. They also
sponsored a Professorship in conifer
physiology, awarded to Jan-Erik Hällgren in 1987. Skogs- och Jordbrukets
forskningsråd (SJFR) supported the
development too, for example by establishing a Professorship in genetics
and physiological regulation of morphogenesis in conifers, a position
awarded to Göran Sandberg in 1989.

In the early 1990s, the research and facilities established by Göran Sandberg’s
group were world class. However, not
everyone saw the advantage. A leading
representative of the university called
their efforts “a giant waste of money”.

Field experiments

Plant physiology also moved out to
the field. Jädraås had been a home
for the Barrskogslandskapets ekologi
project, and Svartberget Experimental Forest near Vindeln provided the
infrastructure needed to establish
practical field research close to Umeå.
The experimental forests gave SLU a
clear advantage over Umeå University
in the growing subject ecophysiology. One famous site at Svartberget
is Flakaliden, where Sune Linder established fertilization trials that have
been used in studies described in
more than 300 scientific papers and
over 50 doctoral dissertations.
The field experiments increased the
need for, and thus accelerated the development of, new portable devices
that could be transported to the field
and withstand rain, low temperatures and lightning. Instruments were
bought from the USA and Germany,
but also from the local, Umeå-based,
company Techtum.
The quantitative genetics efforts were
tightly linked to the organisation responsible for practical tree breeding
in Sweden, at that time Institutet för
Skogsförbättring (later Skogforsk).
Moreover, many of the doctoral-level
staff at Skogforsk were supervised by
Dag Lindgren at Genfys during their
PhD studies.

Molecular biology rapidly develops…

The links between plant physiology and
molecular genetics rapidly strengthened. In the late 1980s, Genfys had a
strong group of hormone researchers,
whose investigations included new
studies focused on the genetic control
of cambium development and wood
formation.
Genfys also made pioneering contributions to the genetic transformation
of poplars; model taxa with several
suitable features for genetic studies. Professor Olle Olsson, who had
moved to the department via Fysbot,
showed that transformed poplars
could be produced, initiating intense
efforts to apply genetic transformation of trees for diverse purposes.

…cooperation tightens

The links between groups at Genfys
and Fysbot became increasingly tight
in the 1990s. PhD students could
have supervisors at both departments, and many researchers moved
between the departments. Like Fysbot, Genfys had several researchers
who were among the world-leaders
in their fields. Further advances required cooperation with experts in
other fields, such as chemistry. The
Forest Biology and Chemistry research program started, and the
forest industry also recognised the
enormous potential of the research.

… and the results are ground-breaking

In the 1990s, Genfys wanted to accelerate molecular biology research.
The group headed by Göran Sandberg and Olle Olsson grew with re-

cruitment of high-profile scientists
such as Rishikesh Bhalerao, and several PhD students joined. One was
Ove Nilsson, who published groundbreaking results on flower regulation.
Ove presented his studies in Nature,
this strongly urged researchers at
Genfys to publish in the most highly
ranked journals, just as Per Halldal
had done 25 years previously at Fysbot, although at an even higher level.
This was far from the only breakthrough research published by the
increasingly united departments.
Another example (in addition to the
achievements of Fysbot summarised
in previous sections) is the study on
nitrogen metabolism presented by
Torgny Näsholm and colleagues in
Nature, showing that plants take up
amino acids from the soil, and molec-

ular analyses showing how they are
transported and metabolised. The
results led to one of many products
in SweTree Technology’s portfolio
(see below). Detailed analysis of the
genetic regulation of wood formation, presented by Björn Sundberg,
Göran Sandberg and colleagues in
Proceedings of the National Academy of Sciences, provides a further example of great practical importance.
This work highlighted (inter alia) the
key role of auxin in wood formation.
However, although there were close
personal bonds between Genfys and
Fysbot, they were still two departments, physically separated on the
campus, and with different administrative rules and cultures. More formal cooperation was initiated by the
next step – the formation of UPSC.

Populus – a model tree system

Populus trees (poplars and aspen) have several major advantages: they are
easy to clone by vegetative propagation, grow quickly and produce flowers
at a very early stage (for trees) in the greenhouse. So, they were obvious model
systems for molecular genetics. If Arabidopsis is the fruit fly of plants, poplar
is the Arabidopsis of trees.
One poplar was the third plant in the world to have its entire genome sequenced,
in an effort where UPSC researchers played a leading role. A Populus expressed
sequence tag (EST) program had already been started in 1997, before UPSC’s
establishment, in collaboration between Umeå University and KTH. Researchers
in Umeå isolated mRNA from the cambium of aspens and converted it to cDNA
stretches (ESTs) for sequencing at KTH. The initiative was successful, as more than
5000 ESTs were detected. Several known and assumed genes were found, but
also many previously unknown genes.
Analysis of aspen and other poplars has great potential to increase knowledge of
the genetic control of wood formation, resistance, growth rhythms and various
other processes. Thus, several projects are currently focusing on Populus species
at UPSC. Now, they also include analysis of natural variation as a complement to
the “biotech approach”.
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First scientific publication with UPSC in the address

Umeå Plant Science Centre
(UPSC) 1999-present
As already outlined, during the periods preceding formation of UPSC,
research competence increasingly
strengthened at both Genfys and
Fysbot. The Umeå University branch
Fysbot had high competence in gene
sequencing and genomics, while
genetic transformation techniques
had been developed at Genfys, and
the hormone physiology research
provided robust foundations for advanced research on plant growth and
development.
Both departments were strong, and
competing with similar environments in Uppsala, Lund, Stockholm
and Gothenburg. However, due to
the competences already described,
biotechnology (particularly forestrelated biotechnology) developed
more rapidly in Umeå than elsewhere.
Researchers in Umeå were quick to
apply model systems, starting with
Arabidopsis thaliana – the “fruit fly”
of plant genetics, in 1995. Populus
was the next step. The Poplar ESTproject, which kicked off in 1997, was
a nationally pioneering effort in the
exploitation of genomic research.
The two departments clearly had
complementary strengths, and discussions on more formal cooperation started in the 1980s. However,
despite investigations and formal
reports highlighting their synergies,
there was little further progress in
this direction until the mid-1990s.

Strong cooperation had already been
established on personal, researchbased levels. The two groups were
seen, more or less, as siblings. In
1998, the Fysbot group was to be
merged into a new Department of
Genetics and Plant Physiology at
Umeå University, against the will of
the staff. This motivated intensify
discussions with Genfys. A management group was organised in 1998
with leading professors at the two
departments. In the autumn, plans
were concretized. The goals were
to create an internationally powerful
experimental plant research unit that
cooperated in provision of undergraduate and graduate courses and
research, as well as to move the staff
to the same premises.

Two departments, two universities,
one centre

UPSC was formally founded in March
1999. Initially, an external board was
established to broaden the Centre’s
perspectives, which included equal
numbers of representatives from
SLU and Umeå University. The external board was replaced in 2005 by
an internal one.
Creation of an institute affiliated to two
universities posed several challenges,
such as identifying the principal employer, and staff loyalties. It was decided that staff at the two departments
should become members of UPSC and
the address should be written “Umeå
Plant Science Centre, Department of…”
depending on the original affiliation.
The first scientific publication with this
address appeared in 1999.

Hormonal and genetic control of wood formation
At genfys, highly sensitive techniques to quantify plant hormones were developed by Göran Sandberg, Thomas Moritz
and colleagues in the 1980s, and techniques for ultra-thin
sectioning of trees’ wood-forming zones by Björn Sundberg’s
group. In combination, these techniques revealed highresolution distributions, interactions and roles of hormones
in wood development. The results indicated potential ways to
alter quantities and qualities of wood produced by trees, providing important proof-of-concept for forest biotechnology as
plant developmental biology became a hot topic in the 1990s.
Moreover, when the first genomics project was launched in
1997 the wood-formation zone was a major target. The first
description of gene expression patterns in this zone (in aspen)
was published in 1998, and when large-scale Swedish funding
of genomics began in 1999/2000, UPSC researchers already
had further proof-of-concept, in contrast to scientists working
with mice, fruitflies or humans, which was important for funding of the newly formed UPSC. Trees with modified expression of some of the candidate genes identified in the genomics programs have also been analysed in field experiments.
A comprehensive tree genomics program emerged from
these efforts, and the analytical skills developed to quantify
plant hormones provided foundations for development of
“proteomic” and “metabolomic” analyses (of organisms’ protein and metabolite profiles), and today UPSC hosts the Swedish Metabolomics Centre*, analysing samples from researchers in diverse scientific and medical fields.
* Metabolomics is the study of large fractions of the small molecules in
cells, tissues or organisms, which reflect their physiological state (e.g.
healthy, water-stressed, or suffering from a particular disease).

A formal management group was
formed in 2000, with Göran Samuelsson
as Director. Per Gardeström and Ove
Nilsson later succeeded him.
An urgent task now was to prepare
a building to house all the staff and
equipment. Should the unit move
into a new building at SLU, or a building on the university part of the campus? The cheapest alternative was
to use premises already available at
Umeå University, in the plant physiology building. Among other advantages, this was close to the chemistry
department.
Again, Kempestiftelserna and the
Wallenberg Foundations contributed
initial funding, and adaptation of the
building started in the autumn of
2000. In September 2001, the staff
began to move in, and the building
was officially inaugurated in the summer of 2002.

International unit

The staff at this time included some
125 persons of numerous nationalities. The working language was to be
English. Since 2007, UPSC has recorded rises in nationalities from 32
in 2007 to 47 in 2016. Thus, it is a truly
international unit.
Moreover, the international network
was already strong before the unit
was formed. Since then, the number
of post-doctoral researchers has increased, and several major cooperative projects have been established
with universities worldwide. Important
partners include INRA (France), Golm
(Germany), RIKEN (Japan) and University of British Columbia (Canada).

Grants and centres of excellence

In 2002, the Swedish Foundation of
Strategic Research approved an application to fund a Centre of Excellence in
Developmental Plant Biology at UPSC.
The grant, amounting to 120 million
SEK over a 6-year period, was a milestone for UPSC, enabling recruitment
of top scientists and the acquisition of
important technical equipment.
In the early 2000s, the Swedish research funding agencies focused on
providing grants for large strategic
projects, amounting to 10 million SEK
per year or so. UPSC’s success in attracting such grants has been crucial
for further progress. The Swedish
Research Council (Vetenskapsrådet)
and VINNOVA are among the most
important financers. UPSC became a
Berzelii Centre for Forest Biotechnology (2007-2016), and from 2016
a VINNOVA Competence Centre –
UPSC Centrum för Skogsbioteknik.
UPSC has also played leading roles
in two of 43 centres (Bio4Energy and
TC4F) supported by government
resources committed to strategic research in 2010. Obviously, the organisation of UPSC has been appropriate
for attraction external grants.
Private foundations, particularly
Kempestiftelserna and the Knut and
Alice Wallenberg Foundation, have
been equally important for the success of UPSC. As already mentioned,
these foundations had also supported the research at fysbot and genfys
long before UPSC was formed. More
recent contributions include a 75 million SEK Wallenberg grant for the
Spruce genome project. This was

used to sequence (in collaboration
with Skogforsk and the newly established SciLifeLab in Stockholm) the
complete genome of a spruce tree
included in the Swedish breeding
program. Publication of the draft assembly of the 20-gigabase genome,
in Nature in 2013, was an important
milestone in the history of genomics,
as it was the first map of any gymnosperm’s genome.

Commercialisation

Other private actors saw forest biotechnology’s potential to improve
wood quality and/or quantities, obtain faster-growing or more resistant
trees, accelerate breeding programs,
and increase regeneration efficiency.
Moreover, several of the findings
were commercialised.

The spruce genome – a major breakthrough
An article in Nature in May 2013 received enormous attention, from both
scientists and the media. For the first time the entire genetic sequence
of a conifer had been presented. In addition, it was the largest genome
ever sequenced. The Norway spruce has at least 29 000 genes, more than
humans.
The project started in 2010 with funding from the Knut and Alice Wallenberg Foundation, and involved collaboration between UPSC and SciLifeLab in Stockholm.
The technology for DNA sequencing had progressed quickly during the
early 2000s, and the researchers believed the methods were sufficiently
mature to start the gigantic project. When they started the sequencing,
using the modern equipment at SciLifeLab, they found they could generate more sequence data in a week than had been managed in 10 years in
the huge Hugo project on human DNA.
The first sequencing was restricted to the genome of a single tree, a
spruce included in the tree breeding programme supervised by Skogforsk. Today, DNA sequencing is a routine task, and an intention is to map
genomes of all trees in the Swedish breeding population (thereby closing
the gap that once existed between the operational tree breeding and the
molecular biology research at the two departments).

SweTree and Woodheads
Patents and commercialisation were
not novel concepts for the researchers at Fysbot and Genfys. Indeed, as
already described, an in-house company had commercially produced
instruments in the 1960s. However,
the upscaling of gene technology
research heralded prospects for
substantially greater future profits.
UPSC’s main research findings are
now commercialised by a company
called SweTree Technologies AB
(hereafter SweTree) and its main owner Woodheads AB. Woodheads is an
investment company jointly owned by
about 50 researchers at UPSC, SLU in
Uppsala, Uppsala University and KTH
Royal Institute of Technology.
Now (2017) SweTree is a forest biotechnology company with a turnover
of 40 million SEK. The owners, besides
Woodheads, include several companies involved in the Swedish forest
industry (Sveaskog, Holmen, Bergvik,
Stora Enso), Kempestiftelserna, the
Wallenberg Foundations AB and holding companies of Umeå University,
KTH and SLU.

that trees absorb nutrients in this
form in natural environments. Fertilisation with arginine (using a product called arGrow®) has several advantages, such as reducing nutrient
leakage in nurseries and improving
seedlings’ root:shoot ratios.
Cellutech markets innovations originating from the Wallenberg Wood
Science Centre, which aims to develop new environmentally friendly
materials based on cellulose.
Today, SweTree operates globally.
Two of its customers are StoraEnso
and Fibria in Brazil, where SweTree
is scaling up transformation of Eucalyptus clones.
Somatic embryogenesis is a method
for large-scale propagation of clonal
material. Such techniques have been
available for propagating conifers
for more than 30 years, but their automation has been lagging behind.
SweTree has developed pilot plants
to address this problem.

Why start a company?

The innovations currently marketed
by SweTree per se have applications
in poplar breeding, biotechnological
modification of trees and somatic embryogenesis. However, others with
applications in two fields are spun out
into subsidiary companies – SweTree
Nutrition AB and Cellutech AB.

Several of the researchers at UPSC
had felt frustration that the forest
industry did not acknowledge the
potential of biotechnology. They
had seen the rapid progress in the
pharmaceutical and agricultural industries since molecular biology was
introduced. SweTree was needed to
promote the new innovations for the
sake of the forest industry.

SweTree Nutrition commercialises nitrogen fertilizers based on the amino
acid arginine, exploiting findings of
Torgny Näsholm and his colleagues

A springboard for its establishment
was a meeting in 1999 with Göran
Sandberg, Mathias Uhlén at KTH and
Ulf Edlund at Umeå University. They

Gene modification – playing God?
UPSC was engaged in research involving genetic
transformation during a time of strong protests
against “genetic manipulation”. There is still strong
resistance to genetically modified organisms (GMOs)
in Europe, which has stopped not only commercial
cultivation but also scientific trials with modified
crops. The genetic engineering at UPSC involved
trees and lower plants, but there were still protests
against the establishment of the first growth chambers. Various UPSC staff members, not least Stefan
Jansson as head of the Fysbot, have tried to initiate
open dialogue about the matter.
When the safe laboratory was to be built at UPSC,
there were fears about environmental terrorists. In
other parts of the world, field trials and premises
had been destroyed by people who were afraid
of “monster plants” spreading. Moreover, in Umeå
“militant vegans” had burned animal transport trucks
and released captive animals. Partly for this reason,
the laboratory was built on top of the three-storey
university building in Umeå, with safety glass, to
minimise risks of people breaking in and ruining the
experiments.
A common misconception is that all transgenic trees
have genes from other plants or even animals. This is
usually wrong; in the most frequent applications of
transgenic techniques native genes are switched on
or off. Mutations with these effects occur all the time
in nature, but the researchers can induce them in a
much more controlled fashion.
At UPSC, most of the current research projects involve studies of transgenic trees, and UPSC has made
pioneering contributions to large-scale field studies
with transgenic trees. Many of these investigations
are designed to improve fundamental understanding
of tree biology (for which transgenic techniques are
essential nowadays), while others have more practical
purposes.

discussed the need to build a bridge
between the research community
and the forest industry. For a few
years, there had also been collaboration between Umeå and KTH in
the Poplar Expressed Sequence Tag
(EST)-programme.
SweTree’s personnel grew to eight
employees in the first five years, and
the companies Sveaskog, Holmen
Skog and Bergvik Skog decided to become partners. Today, SweTree can be
considered as being in an expansionary phase. The portfolio has increased,
and the number of employees has
risen to 30.

Woodheads – an employee-owned
company

As already mentioned, the investment company Woodheads is owned
by about 50 researchers, who permit
(as a condition of their ownership)
the company to exploit all their innovations. The capital they put up is
in the form of ideas and innovations
rather than money. The patent procedures are handled by SweTree.
A foundation of this type of commercialisation is the Swedish principle
of “lärarundantaget”, meaning that
a teacher, researcher or PhD student
owns the rights to his/her ideas and
innovations, and can freely patent
them without informing the employer. This principle is rare in other parts
of the world. In the SweTree situation,
however, it was decided that any future profits should be shared by the
researchers and the department, as
innovations could not have been developed without the expensive infrastructure provided by the universities,

Brave financers
Building a world-leading centre in forest biotechnology is not cheap. Fortunately, over the years many brave
financers have placed trust in the
future potential of genomic research
in Umeå. Particularly noteworthy is
the Knut and Alice Wallenberg Foundation, which contributed 500 million
SEK to the Wallenberg Consortium, a
cooperative initiative involving Umeå
University, the Karolinska Institute,
Stockholm University, KTH, Uppsala
University and Linköping University.
The Wallenberg Foundations have
also supported the purchase of various pieces of expensive equipment,
projects and scientific positions over
the decades.
The Kempe Foundations were early
supporters, giving grants (for example) for the long-term project Photosynthesis mechanisms in conifers. The
Foundations can be regarded as strategic and financial partners in the development of the plant physiological
research at both Fysbot and Genfys.
Research positions were highly important for establishing a relatively
permanent staff of qualified scientists.
Naturvetenskapliga
forskningsrådet
and Skogs- och jordbrukets forskningsråd (SJFR) was one of the councils supporting such positions. The Swedish
Foundation for Strategic Research is
another important source, which has
supported (for example) the Forest Biotechnology and Chemistry programme
in the 1990s, and the Centre of Excellence in Developmental Plant Biology
at UPSC.

In the early days of Fysbot, basic financing was more freely given to the
universities to spend as they wished.
This provided secure funds for research and much greater freedom to
allocate the money to research projects of internal interest. With time,
the degree of external financing
increased, thereby raising requirements for researchers to become
internationally competitive, which
was especially challenging for older
researchers. Research quality, manifested by publications in high-profile
scientific journals, became increas-

ingly important to attract money
from the research councils and foundations. Thus, the success of Fysbot,
Genfys and UPSC in attracting funds
is testimony to the institutions’ sustained research quality.

Memorables

1998

PM with suggestion of the formation of
Umeå Plant Science Centre (UPSC)

1999

“Cooperation will create plant biology centre”
Newspaper article

1999

“Millions make science bloom”
Newspaper article

2002

“Biggest grant ever. SLU and the University
gets 70 millions for plant research”
Newspaper article

Map of Umeå university campus with
existing and panned buildings

1967

Norge 1
Danmark 2
Tyskland 5

Kanada 1

England 2
Nederländerna 2
Schweiz 1
Frankrike 9
Spanien 4
Portugal 2
Italien 4

Peru 1
Uruguay 1

Argentina 1

På UPSC arbetar 35 nationaliteter.

Siﬀrorna på kartan anger antal personer från
respektive land. De representeras på bilden av
längst bak från vänster: Edward Musinge, Uganda,
Vaughan Hurry, Australien, Sergey Miroshnichenko,
Ukraina, Torgeir R. Hvidsten, Norge, Benedicte
Albrectsen, Danmark, Cuong Luong Xuan, Vietnam, Kathryn
Robinson, Storbritannien.
Näst längst bak: Lottie Jansson, Sverige, András Gorzsás,
Ungern, Christine Ratke, Tyskland, Adele Williamson, Nya Zeeland,
Lorenz Gerber, Schweiz, Rupali Bhalerao, Indien, Christina Ortega,
Spanien, Anna Petterle, Italien.
Näst längst fram: Naoki Takata, Japan, Rasika Lasanthi, Sri Lanka,
Hannele Tuominen, Finland, Bastion Brouwer, Nederländerna, Hannele
Tuominen, Finland, Tatiana Shutova, Ryssland.
Längst fram: Melissa Roach, Kanada, Joanna Lesniewska, Polen, Mathieu
Castelain, Frankrike, Gaia Geiss, Italien/Frankrike.

Sverige 92
Finland 4

2009

“There are 35 different nationalities at UPSC”
Map from newspaper article

Ryssland 3
Polen 8

Slovakien 1
Ungern 6
Rumänien 3

Österrike 1

Ukraina 2
Japan 2

Kina 3

Turkiet 1
Palestina 1

Pakistan 1
Uganda 1

Vietnam 2

Indien 8
Sri Lanka 1

Thailand 1

Australien 2

Nya Zeeland
Zeeland 11
Nya
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