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Abstract
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tionship Between Scientific Advancement and Innovation. Doctoral Thesis No. 148, Depart-
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Today, a general policy and investment recipe for economic growth and innovation, on both a
national and an international level, is to base commercial ventures on novel scientific solu-
tions. From this perspective, scientific research is seen as an untapped source of innovation,
and the ambition is to make new scientific knowledge more easily transferable to business
settings, where it is supposed to generate direct economic benefits.

Since the instigation of the Human Genome Organisation Project in 1990, which set out to
map the entire genetic composition of the average human being, great expectations have been
put on biotechnology, and it has been viewed as the new gold mine for both scientific and
business advancement. Through research it is expected to deliver new scientific knowledge
primarily about previously untreatable illnesses and, as an industry, it is expected to produce
new technical solutions realising this knowledge. This expectation has directed large amounts
of investment capital to biotechnology in the pursuit of capitalising on new scientific discov-
eries through their commercialisation.

This investigation is an empirically based process study of one such innovation process.
With a network approach, focusing particularly on resource combinations, this study aims to
create a better understanding of what is involved in trying to achieve innovation based on new
scientific solutions. The specific case of the commercialisation of pyrosequencing, a new
method for the analysis of genetic material, demonstrates the difficulty of making a scientific
breakthrough into a useful business resource. The innovation process is investigated from
several perspectives. By looking at the development of something new, at its large-scale
production, and widespread use, this study shows how these aspects represent vastly different
economic logics. It also demonstrates how great a challenge it can be for these to function
together in the attempt of achieving successful innovation.

Keywords: scientific research, commercialisation, innovation, use, biotechnology, economic

logic, resource interaction

Malena Ingemansson, Department of Business Studies, Uppsala University, Box 513,
SE-75120, Uppsala, Sweden

Printed in Sweden by Universitetstryckeriet, Uppsala 2010.



Acknowledgements

As | am putting these words on paper, | cannot believe that carally at
the finish line. Have | really finished my thesis at ?aéfiter five years of
work, it is quite a strange feeling and | cannot help but wondé&eietis
something in my thesis that | could have done better, put differentie-
veloped further; the answer is, of courges. But at some point the line has
to be drawn, it is simply time to finish this part of my @ash journey and
move on to the next one, whatever it may bring.

| have truly enjoyed these five years, but getting to thetpdihaving an
actual thesis in print was not easy, and there are qtete people to whom
I wish to show my appreciation for helping and inspiring me alongvthe
First of all, | must give my deepest thanks to the persoo made me inter-
ested in pursuing research studies to begin with, the p&vkon during
these years, has always believed in me, encouraged me, pinddnse to
stand up for who | am, both as a person and as a reseantiyesupervisor
Alexandra Waluszewski. Without her, | probably would not have become a
PhD student in the first place and the research journey watlHave been
the same; it would certainly not have been as much fun, or dbwinle.
Thank you, Alexandra, for always showing great enthusiasm, forngeadi
and for inspiring.

In order to carry out a thesis you depend on others to read and comment
on your work. People who have given their time and energgégimg my
text at different stages of my work deserve a specalktilyou. Debbie Har-
rison did a tremendous job of scrutinising my work for my final semi
Her perceptive and rich comments were very helpful, and madakaany
work to the next level. Nina Wormbs, who was asked to be migtass
supervisor not too long ago, has meticulously scrutinised my watifet-
ent stages, which has enhanced the thesis’ quality and preciiorthis |
thank you, and | hope we can continue our interesting discussions oumsvari
concepts and research issues in the future. Hakan Hakanssosdasadl
and commented on my text on more than one occasion, and his commitment
to both empirical and theoretical issues is always a sourdespiration.
Also, Enrico Baraldi has, even when not directly asked, repeatealtymy
work and provided me with insightful comments; this is nothegs Ithan
fantastic.

| also want to thank Sven Widmalm for research inspiration fanena-
bling my semester at Harvard University — a stay aresaarch experience



which | will never forget. lvan Snehota, thank you for many irsténg dis-
cussions, for making my subsequent semester at Lugano Univansity
Bocconi possible, and for always keeping “the door open”.

In addition, | want to thank Handelsbanken for financing the largeopart
my PhD studies and CIND at Uppsala University for givingtheefunds to
take those extra months to finish and fine polish.

Sofia Wagrell, | have not forgotten about you. As my colleague and dea
friend, Sofia has made my doctoral years eventful and trubyahje. Being
enrolled as PhD students at the same time and facing mang ofallenges
of research studies together, we have shared both ups and dowmglyit si
would not have been the same without you. Among many great agdkeag
and friends at the department, | also want to give speaakshto Ase,
David and Tommy for your friendship and for interesting discussadasit
research and life.

Thanks also to my dear friends llka, Tatjana and Sara for youogupp
and friendship. However, if there is anyone who during these yesiisaaa
to listen to my anguish, despair and ecstasy, it is my partnde i&lias
Hakansson. The fact that we have both been PhD students ahtedise
has led us to have countless discussions of academia anttheSdeese
have been a great support to my work, as well as to my confidéhank
you for always being there. And for your family, who have alway®retk
me on.

Last, but definitely not least, | want to send a big kiss jofamily.
Thank you mum and dad for raising me to believe in myself, angoiar
support. To Jennifer, for being the sister | never had. And thank you Marcus
for being the most loving and supporting big brother that arlg Kister
could ever ask for.

Uppsala, August 2010

Malena Ingemansson



Contents

] oo [ 1 ox 1o o H PSP PO PP PPRRPPRRN 9
1.1 A New Biotechnical Solution in the Making: Success as Science,
BUrden fOr BUSINESS? .....uuiiiieee e 9
1.2 The Dream of Reading DNA..... ..o, 10

1.3 The Difficulty of Achieving Innovations — An Empirical Viewpoint13
1.4 The Vision of Successful Innovation Processes — A Model Viewpoint

.................................................................................................................. 18
1.5 Scientific Invention Suited to Business Innovation?.................c........ 21
1.6 Biotechnology Within Scientific Research and Business — Heavy
Interaction or Easy 10 TranSfer? ... ... 23
1.7 ReSearch QUESTION .......ii i e e e e et eeeeees 24
1.8 OULIINE Of STUAY ...vvveeeiiii e 26
2 Theoretical APProach.........coooviiiiiiiii 27
2.1 Innovation as an Interactive Process — The Importance of Use ......... 27

2.2 The Innovation Process in an Interdependent Business Landscape ...30
2.3 Three Related but Different Empirical Settings Which Any Attempted

INNovation NEeds t0 SUIVIVE .........cooiiiiiiiiiiiiiiieee e 33
Using New SoIULiONS ..., 34
Producing NeW SOIULIONS .........euiiiiiiiiiiiiiieeee e 35
Developing New SOIULIONS ........coiiiiiiiiiiieeeee e 37

2.4 Developing New Scientific SOIUtIONS ..........cooooiiiiiiiiiiiiiieeeeeeei 38

Science as a Social Practice — How New Knowledge Becomes

S BNTITICT ..t 38
Embedding Scientific Solutions in a Business Setting .............cccc.vuue. 41

2.5 An Interactive Perspective on Material and Immaterial Resources ...44
The Development of a Research Tool to Capture Interaction ............. 44
The 4R Model - Catching the “In-Betweens”..............cccccvvviieiiieeneen. 46

3 The Research Process — Method and Methodology ..., 49

3.1 Why Study PYroSequUEeNCING?......cccoeeiiiieeeieeeeeeeeeeee e 49

3.2 The Research Tools or the Embedded Research Process................... 51
An Interactive Interpretation............oooovviieriieiiiiiiiieeeeeeeeees 51
UsiNg the 4R MOEL.......coooviiiiiiiieeie s 52

3.3 Investigating Pyrosequencing...........ccccceevviviiiiiiiieeeeeeeeeee e 54

THE Pre-StUAY ....covviiiiiiiiiiiiiiiii s e e a e e e e e 54



Studying Pyrosequencing from a Resource Interaction Point of View54

3.4 DAta SOUICES.....cciiiiiiiiiiiiieee ettt bbb naeenae 57
Primary SOUICES........ooiiiiiiiiiieeeeieeeeeeeeeees e aenanes 57
SECONTANY SOUICES......uiiiiiiiiiiiiee ettt e a e e e 60

4 The Scientific Development of Pyrosequencing............ccccceeeeviieeeeee e, 62

4.1 The Use of an Established Method Resulting in the Development of a

NEW OBttt 62

4.2 GeNEtiCS IN REIOSPECT.......uvviiiiiiiiiiiiiii s e e 66

4.3 The New Method to Be —Standing a Chance?..........cccccccovvviivrnneennn. 70

4.4 The HUGO Project —Influencing the View on How to Sequence....... 71
The Project INation ...........oooiiiiiiiiiiiiiiiiieeiiiieeeees 71
The Challenges of HUGO —Science, Technology and Society ........... 72

4.5 The Development of the New Method at KTH ..........ccooevvvvviviiiiiinnnns 74
The Difficulty of Being Alone — Development Stands Still................ 74
Further Development Through Additional Knowledge....................... 75

4.6 Development Support from One of the World’'s Largest Suppliers of

Biotech Tools and a Scientific Breakthrough...............ccccooiiiinn 78

A Growing Research Group and the Need for an Automated Method 78
Development Collaboration with Pharmacia Biotech — the

Pyrosequencing Method'’s First Encounter with Business .................. 79
4.7 The Technological Development within HUGO — Setting a Standard
fOr SEQUENCING.....oiiiiiiiiie e 82

The HUGO CONSOItIUM ....ccciiiiiiiieee e 82

The Race of Finishing the Sequencing Task ..............uuvvvvvvvvivvieinininnn, 82

The Gains of Knowing the Human Genome .............cccccccvvvviievviennee, 83
4.8 The Research Focus at KTH After the Founding of Pyrosequencing 85

“Science as Usual” - Improvements and New Ideas..............ccccceeeeeenn. 85

Pyrosequencing as a Commercial Product Within the Developing

1= 1] o o TP PP PPPP 86

Conflicting Views on the Commercial Solution..............coeeeeeeeiienennnn. 87
4.9 IN SUMIMIATY ...t e e et e e e e e e et s e e e e e e eeeaba e e eaaeeennes 90

5 Embedding Pyrosequencing into a Producing Setting...........cccccceeeeeiinnes 92
5.1 Pyrosequencing Within an Established Company -Pharmacia Biotech
.................................................................................................................. 92
5.2 Building a Producing Structure Based on the Pyrosequencing Method
.................................................................................................................. 94

The Start-Up COMPANY .......eeiiiiiaiiiiiiieeee e 94

The New Production System and the Construction of a Product......... 95

Establishing a Company and a Product Based on Venture Capital —

Focus on What is Achievable NOW ...........cccceevviiiiiiiiiiiiiiiiee s 98

A Company and a Product Based on the Pyrosequencing Method — A
Positive Financial OULIOOK .............ccooeiiiiiiiiiiiiiiiiee e 100



The Venture Capital Firm - Odlander, Fredriksson & Co. ................ 100

Investment in PYroSEQUENCING ..........cvvvvvviveriiieiiiiiiieeiieiiieeennennnnennnnnan. 103
5.3 Mergers, Acquisitions and Divestment- Radical Changes in the
Producing Structure around PyrosSequencCing ..............eevvvvvvvivnninnnennnnnnnn. 107

A Financial Upswing —The Result of Economic Tightening and the
Involvement of a New Actor Interested in the Pyrosequencing Method

........................................................................................................... 109
The Termination of Pyrosequencing Within Biotage ..............cc....... 110
5.4 Scientific and Business Resources in Conflict.............ccccceveeeeennnn. 112
551N SUMMAIY oo, 113
6 Embedding Pyrosequencing into a Using Setting...........cccccvvvvvvviviiinnnn. 115
6.1 Successful Embedding of Pyrosequencing Among Users —Four
CUSLOMEr EXAMPIES...oiiiiiiiiiiiiiiiiii s a e e e e 115
The Department of Genetics and Pathology at Rudbeck Laboratory 115
The Department of Medical Biochemistry and Microbiology........... 119
The Department of Evolutionary Biology ..., 121
The Clinical Chemistry Laboratory at the Orebro University Hospital
........................................................................................................... 123
T TS 10T 0] 4= U P 125
6.2 Unsuccessful Embedding of Pyrosequencing in the Using Setting —
The Example of New York Blood Center..............eevveiiiiiviiiveiiivneennnennns 126
Introducing New York Blood Center ...........cccceeeeiiiiiiiiiiiieeieeees 126
Wanting to Offer More to the Donors — the Need for Sequencing....127
Trying to Embed Pyrosequencing Part One: Genetic Screening....... 128
Trying to Embed Pyrosequencing Part Two: Blood Typing ............. 130
A Regulatory Environment — a Hindrance to the Embedding of
PYrOSEQUENCING ..ottt 131
IN SUMMEIY ..ottt 132
Epilogue - Pyrosequencing Re-Embedded Within Business...................... 134
Introducing 454 Life SCIENCES.........ccooveeiiiiei e, 134
Pyrosequencing — a Functioning Component? ..........ccccooecivvivieeeeeennnnns 135
Building a Sequencing System —Embedding Pyrosequencing............... 136
Continuing Development of the 454 Product and Company.................. 138
IN SUMIMIATY Lo e e e e e e e e e e ee it r e e e e e e eeanees 139
T ANAIYSIS .. 140

7.1 The Interfaces Within Scientific Research as a Developing Setting 140
Summing Up: The Making of a Scientific Resource Through Physical
and Organisational Interfaces in the Developing Setting .................. 144

7.2 The Interfaces Within Business as a Producing Setting................... 145
The Interfaces Within the Established Producing Setting — Pharmacia
BIOTECN ... 145



The Interfaces Within the New Producing Setting — The Start-up

L7011 = 0|V 147
Summing Up: The Making of a Business Resource Through Physical
and Organisational Resource Interfaces in the Producing Setting.....149
7.3 The Interfaces Between Scientific Research as a Developing Setting
and Business as a Producing Setting ..............ueueueeeeiimmiiiiiiiinaaaaeee e 150
Summing Up: Scientific and Business Resources in Interaction....... 152
7.4 The Interfaces Within the Using Setting ..............cc.ccvvvenee, 153
The Mixed Interfaces Within the User Contexts in Which the
Commercial Solution Became Embedded ............cccccceeeiiiiiiiiiinnnnnnn. 153
The Mixed Interfaces Within a User Context Where the Instrument
Was Not Embedded ... 156

Summing Up: The Making of a Useful or Useless Resource Through
Physical and Organisational Resource Interfaces in the UsiriggSett

........................................................................................................... 158
7.5 The Interfaces Between Business as a Producing Setting and
Scientific Research as a Using Setting ..........cccceevviiiiiiiiiieiee e 158

Summing Up: The Making of a Resource Which was Useful in

Scientific Research but a Burden for BUSIN€SS..........cccooevveiieeiieeennn. 162
7.6 The Interfaces Within Scientific Research Between the Developing
AN USING SELNGS ....vvviiiiiiiiiiiiiiiiiiiiiiii s e e e e 163

Summing Up: The Making of a Scientific Resource Through Physical
and Organisational Resource Interfaces in the Developing and Using

SOIINGS +eeeeeee e et e s 164
7.7 Epilogue Discussion: Pyrosequencing Embedded in the 454 Device —
A New ECONOMIC RESOUICE ......ccoviiiiiiiiiiiiiiiie e 165
S I 070 o o] 111 (] o 1= PP 167
8.1 Investigating Scientific Solutions as a Direct Source of Innova€éan
8.2 A Developing Setting Making Scientific ImprintS...............cccvvveeee. 168
8.3 A Using Setting Requiring Specificity and Flexibility..................... 169
8.4 A Producing Setting Based on Standardisation and Economies of
SCAIE e 170
8.5 From Scientific to Economic Significance — A Matter of Creating
Benefits Through Different ECONomic LOGICS .......covvvvviiiiiiiiiiiiiiiiiiiinnnes 171
RETEIENCES....cciiiii et e e 175
[T = LU TP PPPPPTP PP 175
TechniCal REPOIS.......coiiiiieeeee e 183
F N a1 F= L =T oL} g K= 189
INTEINET SOUICES ...t e e 189
PALEINTS ..t 190
PUDIIC DOCUMENLS ...eiiiiieiiiiiiiiee ettt 190

APPENTIX I INTEIVIEWS ... 191



Abbreviations and Concepts

CpG-methylation methylation refers to the replacement of a hydrogen atom
(H) with a methyl group (Ckl in the DNA molecule. CpG refers to the
occurrence of methylation at a site where a C nucleotittdlasved by a G
nucleotide (see nucleotide below). Methylation is normal and oetus6-
90% of all CpG-sites in mammals. The interest of studyindnylegion lies

in its effect on the transcription of genes to proteins anslithtinfluence on

an organism'’s phenotype (its physical features).

DNA: Deoxyribonucleic Acid — which constitutes our and every living
organism’s genetic material.

Nucleotides- the building blocks of DNA which, through their arrangement,
constitute the genetic code (also calbedes.

PCR Polymerase Chain Reaction — allows exponential amplification, or
creation, of short DNA strands. It was first published in 1986 and
revolutionised all research within genetics.

SbS Sequencing-by-Synthesis — the methodological principle on which
pyrosequencing is based.

SNP Single Nucleotide Polymorphism — a type of mutation which ogours
one single nucleotide, and which can cause various diseases and conditions.






1 Introduction

1.1 A New Biotechnical Solution in the Making:
Success as Science, Burden for Business?

In the late 1990s, a new method IONA sequencingor reading genetic
code, was presented at The Royal Institute of Technology (KTH) i
Stockholm. The new technique enabled an automated procedure for
analysing short DNA strands with high precision. Being based on a
particular methodology which allowed for an extremely accurgte of
analysis, it became the first of its kind and was in due tiecognised as a
major scientific breakthrough, starting with a publicatiorbaience one of

the most prestigious journals within the natural sciences, in 1998y Bs a
result of these successes, the method ‘pyrosequencing’ waskeddo have

big commercial potential. This anticipation was also duethi® great
progress of the (then ongoing) HUGO project, an internationahtsic
endeavour which set out to determine the full genetic conteheadverage
human being. Together with a general view that the completidimeomnap

of the human genome would lead to various types of studies on human
disease and an industrial production of targeted drugs, thepatitci was

that this in turn would create a great demand for more decaralytical
equipment for DNA sequencind.The eventual results of the sequencing
project were thus expected to benefit both scientific resear¢erms of the
massive gathering of new research material, as wéllsigess, in an effort

to capitalise on the technologies which needed to be develapethd
production and analysis of this material.

When commercialising the new sequencing method in order to create a
widespread use of it, i.e. to make it into an innovation, thearebers
behind it got support from both academic and business collaboratdss. Ear
on, the company which was built around pyrosequencing to enable its
commercialisation and production, gained an image as a successfigissus
endeavour; it quickly launched a product, was introduced on thek st
market and received awards frdforbesand the Royal Swedish Academy
of Engineering Sciences (IVA) for its “focus on innovation”. However, just a
couple of years after these initial successes, the finalusaks of the

! Drugs designed for, or “targeted” at, specificiwidials on the basis of their genetic
material.



company were so severe that it was forced to mergeanitther company,
making pyrosequencing virtually obsolete within a new groupbpfpanies.
Thus, as so many times before, the expectations of the development of a new
product were too high and the costs of product and process development f
exceeded the sales earnings.

The case of pyrosequencing opens up various questions concerning the
successful establishment of an innovation: what does it talk@nfinvention
to become commercialised? What does it take for a commesedali
invention to become an innovation, i.e. to get a widespread useBuit amit
least, does it mean something particular for the ‘innovation jgurmieen
the commercialised invention stems directly from scientdigsearch? All
these questions also constitute the basis of this thesis. ldowiest let us
proceed by taking a closer look at the context in which thecpkt
invention in focus, the pyrosequencing method, was developed and how it
grew into becoming a sequencing technique.

1.2 The Dream of Reading DNA

Could it be possible to read, or decode, the entire DNA of a mieimg?

What kind of scientific and commercial breakthroughs would leeled to

find new opportunities to diagnose and cure previously untreatesigases

and conditions? Is it possible to develop methods which will produce
targeted drugs for each and every disease and individuatan Ibe said,
without overstatement, that such questions regarding our genes (and how
they are regulated and expressed through different cellularegz®s)
characterised developments within both the biomedical scienoes
business during the twentieth century’s closing decades. Thetopippto

read genetic code, or to sequence DNA, had been made possible mainly
through the construction of the so-called Sanger method, namedtsfter i
inventor, in the 1970s (Sanger et al., 1977). As the first sequematitpd

to later also become automated, which meant that most of itreatitf
methodological steps did not need to be manually handled, it rievioded
genetic research.lts automation, but also the intrinsic qualities of the
method, made it possible to scale-up and thus make it more timeosiRd
efficient. These qualities made it the only method that cowith great
robustness, read a great number of ‘nucleotides’ (the building blocks of
DNA) in a row, which in turn made this technique the focus of further
development within genetics and DNA sequencing.

2 Even though the tergeneticsin this thesis is used as a name for a singlerebearea, it is

indeed more of an overall name for the many biosee involved in developing new
knowledge in the fields of genetics and genomé@sneticsusually refers to the study of
specific genes, whilgenomicsrefers to the more complex study of genes as ardim

system.
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The possibility of embedding the new knowledge of DNA sequencing
into an automated procedure, made the vision of creating afnthe entire
human genome seem achievable. Even if there were those who ditngbted
likely success of such an enterprise, the general anticipa@gntivat this
map would create immense improvements in the diagnosis andergaim
previously untreatable diseases and conditions. This vision led to the
instigation of a vast international project, the HUGO projettich set out
to sequence and map the entire human genome — in other words, the full
genetic content of a human being, consisting of approximatelg thilleon
nucleotides® (Watson, 1990; Collins et al., 2003)

Even if the Sanger method created new opportunities for sdggenc
DNA, it also required a highly skilled user and thus put higmatels on
whoever was to manage it. One of the young researchers wh® wer
introduced to the method, while spending a postdoctoral year at Ggmbri
University during the 1980s, was Pal Nyrén — a newly-qualifiedoddnt
biochemistry at Stockholm University. In a general acaderegearch
laboratory in the mid-1980s, Sanger still had to be manually handhéch
meant that every step of the sequencing process had to be wioniegh
step by step.

To Nyrén, who was not well-informed about the sequencing procedure or
the DNA research area, it all seemed too complicated and mediately
started to think in terms of an easier way to do it. The ided¢hstarted to
work on was closely related to his own research area witbenbrgetics.
Instead of having a time-consuming and complicated procedurediigef
where there were many steps to be handled, Nyrén wanted te erea
formula where the whole sequencing procedure was taken cdrg af
enclosed system, and which produced straightforward end-resiies. A
several years of trial-and-error experiments, collaboratiity researchers
within other knowledge areas, and struggling for financial mehasdea of
a new way of performing sequencing finally started to neltsei into a new
method.That the method, namg@/rosequencingwas seen as a scientific
breakthrough, was first demonstrated through a publicati@ti@ence one
of the most prestigious journals within the natural sciences, 8. 199like

% The Human Genome Organisation project was ingtijin 1990 by the US authorities
through the National Institutes of Health and thep&@rtment of Energy and was officially
finished in 2003. It was an international endeayancluding more than a dozen research
laboratories worldwide that participated in seqummthe genetic material and developed the
technologies used to do so. The project's offigmlals were to: (1l)identify all the
approximately 20,000-25,000 genes in human DNA,d@&grminethe sequences of the 3
billion chemical base pairs that make up human D{@storethis information in databases,
(4) improvetools for data analysis, (Bansferrelated technologies to the private sector, and
(6) addressthe ethical, legal, and social issues (ELSI) thety arise from the project.
(Human Genome Project Information, http://genoreiesrgy.gov)
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Sanger, the automated pyrosequencing method could read short DNA
strands with high accuracy, which meant that it read everyesingileotide
present in the material — and with exceptional speed. Furtherraading

and analysing short DNA strands, mainly in the search for disekged
genetic markers called SNPs was, both within the sderaiid business
spheres, deemed to be “the next big thing” within the life seefdAs
several diseases and conditions already had been traced bazlexestance

of particular SNPs in the genetic code, there was a widesprkeifdthat the
future of diagnostics lay in finding and analysing these markers:

“Some SNPs may contribute directly to a trait asedise phenotype by
altering function. A large, well-characterized ealion of SNPs will become
increasingly important for the discovery of DNA seqce variations that
affect biologic function. Work is already under wd@y.] to develop a
catalogue of 60,000 or more SNPs. A recently fornmthrmaceutical
consortium will support the production of 300,000rm[...]" (Collins, 1999,

pp. 5-6)

“Drug companies [...] are collecting the genetic knbow to make
medicines tailored to specific genesan effort calledpharmacogenomicdn
the years to come, your pharmacist may hand youvension of a blood
pressure drug, based on your unique genetic profitéle the guy in line
behind you gets a different version of the sameionsel” (Brown, 2000, p.
50)

When it was made automated, the researchers behind the new ssguenci
method saw great advantages in using it for various types udiest
concerning the analysis of DNA; for instance in the searcimdar genetic
markers which might be useful for diagnostic or drug development pstpose
However, for pyrosequencing to not be only a scientificalpnificant
invention but also an innovation (in other words to become alwidsed
commercial solution), it first had to materialise into a produth a set of
applications, which in turn needed to become embedded in both a producing
and a using setting. With this issue in mind, we are now approadieng t
theme of this thesis, namely the transition from invention to irtimvaand
if there are any particular aspects to consider when theirevzagdvement
from both scientific and business standpoints. Before we learn aang
the context in which the method of pyrosequencing came about and the
efforts to embed it into a producing and a using setting, léaus a closer
look at what is particular about innovations.

4 Single Nucleotide Polymorphism.
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1.3 The Difficulty of Achieving Innovations — An
Empirical Viewpoint

The achievement dhventionis the attainment of novelty in itself; it is a
new idea or a new solution to a specific problem. Achieinngvation on

the other hand, implies that an invention, material or immé#tbaa become
commercialised and has gotten a widespread use. The innovatius ithe
inventionin use and as such it entails both the organisational and physical
structures needed to enable a general utilisation of the swdution.
(Fagerberg, 2004; Van de Ven et al., 1999) These structures andhdyw t
relate to the achievement of innovation will here be discussed.

Empirically based research produced during the last decadbsawit
process-oriented focus has emphasised the non-linear nature of the
innovation process and how few of the attempts to create befrefibs
engaging in innovation have been successful. (See e.g. Rosenberg, 1982;
Hughes, 1987; Van de Ven et al., 1999; Hakansson et al., 2009) From an
empirical standpoint, innovation is thus described as a difjocoltess with
a high failure rate. For various reasons, the potential innovatten dbes
not survive and thus becomes a so-called failure. (Tidd et al.) Pig5to
the nature of innovation, transforming an invention to an innovatidinom
the standpoint of such empirical observations, regarded a highlytaincer
and risky undertaking. (Kline & Rosenberg, 1986; Van de Ven et al9)199
Coming up with a new idea is one thing, establishing widespread itsis of
quite another:

“An invention or creative idea does not become rarovation until it is
implemented or institutionalized. Indeed by moanshrds, the success of an
innovation is largely defined in terms of the degte which it gains good
currency, i.e., becomes an implemented reality iaridcorporated into the
taken-for-granted assumptions and thought structofe organizational
practice.” (Van de Ven, 1986, p. 604)

The above quotation implies that the success of an innovatiomdbks
in the hands of the single inventor or inventing company, but rathéein
context or how it is received by its users. Consequently, the fochewfto
succeed with an innovation is not solely on the company, but more on the
customer, and it is not on the invention itself, but on the intelpddyween
invention and the contexts in which it is used and produced. (Hakansson &
Waluszewski, eds., 2007; Harty & Araujo, 2009) Putting focus on léadca
“lead users” of a new idea or product is an approach long atébbg von
Hippel (1976). Taking the role of testing, diffusing, and often imigahew
products, these users are considered a crucial element iredunccevith
new product, or service, development. By testing how the new solution
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works in a user context, where it is combined with existingenatand
immaterial investments, further possibilities for it to eley into something
which is actually useful, or economically beneficial, are teidaOr, as put
by Kline and Rosenberg (1986, p. 283):

“The subsequent improvements in an invention afgefirst introduction
may be vastly more important, economically, thaa ithitial availability of
the invention in its original form.”

Hakansson and Waluszewski (2007) stress that in order for anyking
to turn into an innovation it needs to “survive” in three tegla but yet
different, empirical settings: in @asing producingand adeveloping Thus,
before anything can be called an innovation, it has to relategimg setting
and the different elements that exist there. (See e.g. alsnibog, 1982;
Kline & Rosenberg, 1986; Pinch & Bijker, 1987; Van de Ven et al., 1999) In
this setting, there are various individual users which belong fterett
cultures, possess specific knowledge, or are dependent on particula
technical solutions. (Pinch & Bijker, 1987) There are compaaek other
types of organisations which engage in a variety of a@ssitionnected to
the use of specific organisational and technical solutions.usimg setting
thus consists of a structure of various types of actors and &enuoh
activated solutionglready in use. (Hakansson & Waluszewski, eds., 2007;
Harty & Araujo, 2009)

Any new solution which is to be commercialised also needs to be relevant
to aproducing settinghat is involved in providing products or services to
individual users, companies or other organisations. In order for pacgnto
be able to manufacture and offer its products or servicdsoanthese to be
of use to various customers, investments are made in relatiarseto
requirements, and to the range of companies, such as suppliersband s
suppliers, on which the individual producing company depends in the
production of a product or service. (Hakansson & Waluszewski, eds., 2007)
Here, material and immaterial investments, for instancesadgnts to the
production process or logistical adaptations, are carried out over
organisational borders for the purpose of making operations mice ref
and cost-effective. Thus, just as the using setting, the prodseitigg
consists of a set of different actors and interrelatagtisak which anything
new needs to relate to. (Ibid.)

In considering all products or services which already existchwhre
already produced, sold and used, these are the two main settings, a
producingand ausing which permit their continued existence. There are
thus suppliers that support the production of existing products avideser
and there are users who have activated them by integrating them in their day
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to-day activities. For these suppliers and customers to be giediace and
use these particular types of products or services, investrhent been
made, and over time a structure of established production systartiaes,
logistical solutions and other types of “activated knowlédigas been
created. However, for anythimgwto be produced and used it first needs to
be developed somewhere and thus move from being a vague ide@eptcon
to become a more concrete solution. This is a differentdfpeocess than
production and use. (Ibid.)

As stated, when something new has been developed, in order to become a
widely used solution it will first need to become embedded finoducing
setting where it is manufactured and prepared for distributioninamaising
setting where it is to be utilised as one among many otheis@u(lbid.;
Hakanssson et al., 2009) For instance, in a using setting, phoekk needs
to interact with the operating telecommunication systems congisif
specific transmission technology. A particular part within aa engine
requires a fit with not only the rest of the components in thinenbut with
the function of the car as a whole and how it is operated by ardiiv
addition, in a producing setting both these solutions need to beaitseg
with the established production system and the supplier (asawedub-
supplier) relationships required to uphold it. This means thatrfprnaw
solution to become widely used it must fit with, and be able ¢ater
benefits for, both a producing and a using setting (ibid.).

In turn this makes the success of any innovation unprediciéle;cess
depends on how new solutions are combined with established ones, and in
such different settings aproduction and use which determine their
usefulness or value, how can the benefits of a new solutiontabed s
beforehand? Rather, due to the complex nature of technical, sational
and economic systems, attempting innovation is “a leap into the unknow
(Van de Ven et al., 1999, p. 66) which implies that it is veryadilif to state
which new ideas will actually become widely used solutidRgsénberg,
1994).

In the study of innovation and new product development, this is a
standpoint argued for in the IMP (Industrial Marketing and Purchgasing
research tradition (see Hakansson et al. 2009, Hakansson & Wedkszw
(eds.) 2007 for an overview, or www.impgroup.org). Through a great
number of empirical studies on the practices taking plackerliusiness
landscape” (Hakansson et al., 2009), the dominant perspectiveatis th
companies operate not as independent units but are, through their
interdependencies, embedded in a network-like structure. (Sge e
Hakansson & Snehota, 1995; Hakansson & Waluszewski, 2002; Araujo e
al., 2003; Ford et al., 2003) These interdependencies concern oigaalsat
and physical adaptations stretching across organisational boelgrs,
logistical, production system or product adjustments. In turn thésisnthat
no solution exists in isolation, but depends on various other sdaution
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material as well as immaterial, stretching across the orgmmahborders of
a single company. To reduce the inefficiency of needing to combine
different solutions over organisational borders, the different ieakt
material or immaterial, are chiselled out in reference ¢tb e#éher to create a
better fit. Any good solution will therefore be better adjusted specific
set of solutions than to any other single solution or set afisns. It is such
networks of interdependent and interrelated solutions, represéegten
number of different actors, to which angwidea or solution will need to
relate. (See e.g. Rosenberg, 1982; Hakansson & Snehota, 1995; Hakansson
& Waluszewski, eds., 2007)

A simple example of the interrelatedness between diffedatiens and
the actors representing them can be seen in the case ajhthbulb. The
light bulb is an astonishing invention, but depends on a numbethef o
solutions and organisational requisites for it to be ableinotion. First of
all there needs to be a set of companies providing the diffecanponents
required to make the light bulb. Just as the physical componetits btilb,
such as the glass or the filament, have to fit properly togetbenust these
companies and their products be compatible with each other is tériooth
production and supply. Second, the light bulb’s use depends on the existence
of lamps with sockets adjusted to the particular sizéefoulb grip — these
are produced by a set of companies different than those producihghthe
bulb. Its use also depends on the existence of an extensieensgf power
lines, and on the supply of electricity. These are productspamzksses
represented by another set of companies and organisations. loracithti
use depends on the presence of a political structure whichnhbe@ the
construction of a national electrical power system supplyingrigligg to
households and industries. In parts of the world where these @iimmas
and technical structures do not exist, the light bulb becomes usalessyF
widely used solution, there thus needs to be a producing settirtgdh the
solution is related to the other solutions and companies ochwits
production depends, and there needs to be a using setting which cateacti
the product by the use of other existing solutions.

Furthermore, as shown by Hughes (1983) and Basalla (1988), even if
Thomas Edison had considered not only technical issues withveistion
but also economic ones, the invention of the light bulb was als@the bf
a developing setting which engaged in solving the technicalsissumected
to the potential invention’s basic function of producing light, such as
connecting it to generators, switches and other necessary congpdriar,
no solution exists in isolation but depends on a number of otheros@luti
material as well as immaterial, stretching across tamd organisational
borders. As will be further discussed in the theoretical chaptiis thesis,
these solutions are in tuused,producedand developedoy a number of
different actors which, one way or another, are also interdependent.
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The idea of interdependence between the establishment cfatetions
and context is also generally argued for within the researah dielSTS
(Science and Technology Studies). (See e.g. Jasanoff et al., e8sforl89
overview) In a vast number of empirical studies on the praabicesientists
and engineers in the endeavour of developing and using new and established
scientific knowledge or technology, the general finding is thatheei
knowledge nor technical solutions exist in a vacuum but are dhape
reshaped, by the culture, the institutions, and the physicalstaatelated
to their development and use. (See e.g. Shapin & Schaffer, 1985;,Latour
1987; Mol & Law, 1994, Jasanoff, ed., 2004; Widmalm, ed., 2008)

This suggests that in order for something new — i.e. a newchsegult
or a technical advancement — to become accepted and widelyitussetls
to become integrated and thus be made part of established sraexisting
knowledge and related technical solutions. Within the STS sdimid,
this gradual anchorage in both material and immaterial stagcitsi seen as a
process of stabilisation or embedment of the new knowledge waticsnl
which not only involves professional scientists or engineersalsot other
actors who, through their use tbfe new influence both its use and further
development. This further suggests that the value of neither kihgsvigor
physical solutions is constant or can be predetermined. Asriahaa@d
immaterial solutions become part of new contexts, their mgarand uses
change. (See e.g. Latour, 1987; Pinch & Bijker, 1987; Rosenberg, 1994;
Knorr Cetina, 1995; Rabeharisoa & Callon, 2004)

An example of the ambiguous nature of scientific knowledge and how it
can be transformed by its use in different contexts is pesed by a study
performed by Rabeharisoa and Callon (2004) on the transformation of
knowledge about the genetic disease MD (muscular dystrophy)stiitig
investigated an effort made in France of arranging an orgemisa which
patients, as well as their families, would be able to intendth scientists
and actively participate in “the orientation of biological andhichl
research” (ibid., p. 142) around MD. As a result, a body of knowledge was
produced which would not have been possible if the research had been
treated strictly as an area of “scientific expertise”. $haly shows that at
the onset, the patients did not recognise themselves from théptiescof
their condition given by the scientists, nor could the scisntedate to the
symptoms described by the patients. Thus, even though the issue ohconcer
was one and the same disease, initially there was no understhrtiregen
the two parties. However, through close interaction betweencibatists
and the patients (or “developers” and “users”), and by lettiegpatients
have an active role in the production of knowledge, the clinical an
biological research around MD, as well as the interaction leetyatients
and medical staff, was transformed. This knowledge manifestedvinvags
of viewing the previously little known disease as well asdaw treatment
methods. (lbid.; Jasanoff, ed., 2004)
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What the example demonstrates, and what will be further elabaatia
the theoretical chapter of this thesis, is that whetitslled scientific or not,
in order for new knowledge to become an “implemented realigh de
Ven, 1986, p. 604), it needs to be intimately connected to the settings in
which it is developed and utilised.

A further elaboration on the empirical findings within both Ilsifd STS
on the use, production, and development of material and imnbateria
solutions, is accounted for in the theoretical chapter oftligisis. With this
view in mind, inspired by empirical observations of the establishment of new
knowledge or technical solutions, we will now turn to the innovagirocess
as viewed in the model world.

1.4 The Vision of Successful Innovation ProcessAs —
Model Viewpoint

To achieve innovation is considered very desirable to the snglepreneur

or company (Cooper, 1982), but it is also viewed as an important goal i
terms of creating economic growth on a larger scale. (Nelson,; 2008
O’Sullivan, 2004) Therefore, successful innovation processedsoeated

by a range of financial and political actors, such as ventyialists and
policy makers. (Gompers & Lerner, 2001; Tidd & Bessant, 2009)cTtim

that successful innovation is a prerequisite for economic proigresgainly

not new, but rather old and acknowledged (see e.g. Marshall, 192, Tee
1977; Dosi 1982; Stephan, 1996; Nelson, 2008). In general, novelty, be it
technical or social, is regarded as a requirement for ecorgmoth, or as

put by Nelson (2008, p. 4):

“Today economists studying economic growth are iccoad that
technological innovation is the key driving force.”

In spite of the empirically-grounded research that has been codducte
during the last three or four decades, underlining the non-liretarenof
innovation, its image as a catalyst of economic growth has lechm
innovation management literature to portray it as the outcomerathar
linear process. This view largely originates from anldistaed economic
theory which describes the achievement of innovation as a mainly
manageable and sequential process. (O'Sullivan, 2004; Hakansson &
Waluszewski, eds., 2007) One tendency is to view it as a “ong-part

5 Here, Nelson is referring to technological inndsatas being both physical and social, the
latter concerns institutions.
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achievement” where either a manufacturer is in charge of praguc
potential innovation and pushes it out to possible customers wiptamc
reject it, or “the market” demands particular technologiesiesponse to
which the manufacturer, learning from the changes in demand ares,pri
produces a certain output. (Dosi, 1982; Mowery & Rosenberg, 1979; von
Hippel, 1976) Another common position is a stepwise perspective krwn a
the linear modelwhich conceives the innovation process as starting with a
new idea that later evolves through subsequent phases of degetopm
commercialisation and implementation in a unidirectional ordeinék&
Rosenberg, 1986; Van de Ven, 1986) These types of views direct attention to
the issue of achieving desirable outcomes for new investrasrgsnatter of
information asymmetry: as long as the economic actors hiabe available
information about a particular investment they will be aldentake an
investment decision leading to a predictable outcome. (O’Sullivan, 2004)

The strong desire of achieving the economic benefits to which inaovat
is supposed to lead has in some ways focused the debate about innovation on
how to control or manage it. Thus, these theoretical standpoints have
inspired a general view of innovation and technological development
being achieved through a straightforward working order or formule Th
means that “the fundamental uncertainty that charactettiseselationship
between investments and their outcomes” (O’Sullivan, 2004, p. 257) is
largely ignored. (Hakansson & Waluszewski, eds. 2007; Kline &Roarg,
1986; Van de Ven et al., 1999; O’Sullivan, 2004)

The view of innovation as resulting in positive economic outcorued
the subsequent wish to be able to plan the innovation journey, alsosappea
in the rhetoric of policy makers and investors. The followirgticin is part
of the announced innovation strategy of the OECD to create polity for
a promotion of innovation:

“Today, innovative performance is a crucial factior determining
competitiveness and national progress. [P]olicyrdimation is essential —
only a comprehensive and wide-ranging strategyostef and strengthen
innovation can help address social and environrhgoats while building a
lasting foundation for future economic growth andmpetitiveness. ”
(OECD, 2007, p. 26)

This is in line with the view regarding the commercial@atof new
solutions amongst those in the world of investment and verapitak Here
the approach is to find and invest in new solutions which are exptxte

® The Organisation for Economic Co-operation anddb@ment (OECD) is an international
participative organisation with 30 member nationserking together with the goal of
promoting economic growth and activity as well agffer international trade, primarily for
the member nations. For more information visit wesed.org

19



generate a return-on-investment (ROI) within the near futareugh the
forming of new compani€s.(Gompers & Lerner, 2001; Baraldi &
Stromsten, 2006) The profit is generally achieved by attammtexit” out
of the investment, i.e. the company, either in the shape of introdiiang
the stock market or getting another company to acquire it. (lidithat
happens to the company after the exit does not concern or affecrttuze
capitalist. This implies that in order to justify investitee the venture
capitalist expects profit to result from the new solution,citirst has to be
calculated.

From this perspective, the goal of policy and investment bectiraeto
achievenoveltyin itself, second to finance it, and third, if this novelty is
found in non-commercial environments,ttansferit to commercial actors.
(Hakansson & Waluszewski, eds., 2007; Waluszewski, 2010) Explamation
as to why innovation processes are not successful are maypeetfithy
couched in terms of the problems with the quality of the productrrithe
the surrounding conditions for its implementation. This means ttiet
problems of introducing a new product are seen as residing imethedea
itself: first to actually come up with a new idea, and secontsucceed”
with it. Therefore it is the idea itself which is seenaa&success” or a
“failure”. (Hall, 2004) As such the potential merit of anywnsolution is
then treated as “fixed” and unaffected by the contexts it is bhtdotp. This
also leaves much room for the discussion of financing being a decisive factor
for the success of commercialising a new idea, for instdmmeigh the
acquirement of venture capital. (Gompers & Lerner, 2001; Powell. et
2002; O’Sullivan, 2004)

The third common focus concerns the transfer of the new idea. Ténis re
to the relocation of the idea from one context to another, ftarios from a
developing setting to a producing and marketing settingfran non-
commercial settings to business, where the view is thatniention is
supposed to be able to create the same benefits in its new eremtoasn
was identified in the developing setting. (Utterback & Abdmatl975;
Hakansson & Waluszewski, 2002) In the effort to identify reagonshe
failure of an innovation, focus is thus often put on the qualitiethef
novelty, its financing, as well as on how it is to be moved fome context
to another — but seldom on how it witl into these differing contexts.

In the view of the novelty itself as being the most importagtadient in
successful innovation, inventions stemming from scientific rebebave
from a policy and investment perspective been assigned aupartialue to
serve as the basis for subsequent commercialisation and innowettiim
business. (See e.g. Eklund, 2007; Hakansson & Waluszewski, eds., 2007;
Beckman et al., 2008; Waluszewski, 2010) Novelty developed as stsence

" ROI is a performance measure made up of three eoemts:revenueminuscostsdivided
by the needethvestments
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thus highly regarded as a foundation for creating new productseavides
useful within business. However, the reason why scientific ladye does

not seem to be smoothly applicable within industry (in terms @nstic
research delivering ready-made solutions) is interpretedaak &f transfer
support. (Dasgupta & David, 1994; Hakansson & Waluszewski, eds., 2007)
From the observations which have been made in the process-focused
innovation literature, let us now consider how scientific resedrsc
portrayed, as an important provider of innovation, by what can be th#ded
transfer perspectivgenerally adopted by policy and investment actors.

1.5 Scientific Invention Suited to Business Innowa®

During the last few decades, the image that business innovatahatger
extent should be based on scientific knowledge has become ingigasi
established. (See e.g. Dasgupta & David, 1994; McKelvey, 1997; Eklund,
2007; Beckman et al., 2008; Waluszewski, 2010) Since the late 1990s, both
national and transnational policy documents have generally portrayed
innovation as a manageable process in which success is broughibyalaout
“organisation of research efforts”. (Eklund, 2007; Waluszewski, 20he)
general view is that it can be determined beforehand whjehdfyacademic
research areas will bring future innovations to business amdédbearch
results can be made more easily transferable to a conaingetting. (Ibid.)

Or, as stated in OECD policy:

“[lIn a fast-changing knowledge economy, it is e more important to
ensure that systems are in place to link the wdrlsadentists with the
innovators in business who can see a potential angial use for the
product. [Tlhis vital link between a scientific dsvery and practical
applications is becoming all the more importantsa®nce is increasingly
driving innovation.” (OECD, 2004, p. 2)

8 Another example is the Lisbon Strategy set up u@e the European Union towards
becoming a “knowledge-based economy”: “In the pastiversities would develop new

knowledge and, when it was mature, it might be @ickip by business for commercial
application. Far too much knowledge remains lockpdn universities and the development
of new knowledge takes too little account of thedseof business. This innovation model is
out of date. Today, innovation is built around kihedge networks which, by sharing,

developing and accumulating knowledge, facilitateapid development of products and
services out of new ideas. Such cooperation betwaarersities, large and small companies,
research and knowledge transfer institutes, invests even associations of users and
consumers is best realised within clusters — g@dugally delimited areas which allow for a

direct interaction between existing stakeholderd ahich also attract new ones.” (EU

Communication from the Commission to the EuropeaartCil, 2006, pp. 4-5)
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Since the emergence of such various research policy documents, and
stream of literature pointing towards an ongoing change in theswiagice
and industry interact (See e.g. Gibbons et al., 1994; Nowotny et @h), 20
the idea of new scientific knowledge being a driver of innovatiithin
business has become conventiofalen though it is not an entirely new
perspective on the role of science — which has always, tat&@ncdegree,
been demanded to stand in the service of society, either as deprovhew
knowledge or technology (Brooks, 1994; Widmalm, ed., 2004; Widmalm,
2008) — it seems to have gained new ground in terms of the creation of
“productified” economic benefits. Instead of scientific knowledgimg seen
as separate, and its benefits are only revealed over timsenow expected
that the benefits of this knowledge be stated ex-ante and correpond
specific needs. The basic idea is thus that scientific&\sbould result in
ready-made research results which straightforwardly capabkaged into
material or immaterial solutions and be “transferred” Iosiness.
Furthermore, here, through the availability of financing,hibidd become
commercialised and, at best, spread among various users as at mroduc
service. (Widmalm, 2008; Waluszewski, 2010)

According to this notion, it appears only natural that scientfork
should be the most important basis of the newness required for economic
growth, and that the knowledge it creates should be taken up by intarstry
more extensively. (See e.g. Elzinga, 2004; Pavitt, 2004; Eklund, 2007;
Hakansson & Waluszewski eds., 2007; Beckman et al., 2008) There is
consequently a prevailing image of the production of scientificedge as
an “untapped source” of innovations and as the following citationies)pl
one of the areas which great attention is directed to is biotechnology:

“Technological innovation, particularly in certainigh-tech industries
such as computers, electronics, aerospace anchimi®gy, increasingly is
seen as a major driving force behind national eovoogrowth and
competitiveness.” (Malecki, 1997, p. 245)

In the following section, the relationship between scientdgearch and
business involved in biotechnology is viewed both from a process-focused
perspective and from a transfer perspective.
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1.6 Biotechnology Within Scientific Research and
Business — Heavy Interaction or Easy to Transfer?

Due to new scientific knowledge concerning human genetics amdalate
technologies involved in its analysis, during the closing decatidheo
twentieth century, the area diotechnologybecame a hot topic also in
business development circles. (Andersson, 1996; Liebeskind, e198i6;
Zucker et al., 1998) Biotechnology involves, on one side, basic ificient
research concerning the biological foundations for life and, on the sitlee
technology development wishing to exploit this knowledge for prdctica
applications. Or, as it is defined by the OECD (2009):

“[bliotechnology is the application of science atethnology to living
organisms, as well as parts, products and modelgdh to alter living or
nonliving materials for the production of knowledgeods and services.”

As the biotechnology industry’s most important source of knowleslge i
scientific research, it relies heavily on research withiadamia for its
continued development, both in terms of new technologies and economic
advancement. (Liebeskind et al., 1996; McKelvey, 1997; Senker & Sharp,
1997; Zucker et al., 1998) Furthermore, firms involved in biotechnalogy
not only need to justify their existence on an economic levelalsoton a
scientific one; to legitimise their presence within btbieology they need
“scientific prestige” to attract new buyers and hirenieal scientists. This is
commonly achieved by engaging in a close collaboration with academia
obtaining publications in scientific journals. (McKelvey, 1997)

As suggested, within biotechnology, the connection between ificient
research and commercial production is strong. It is also thetlcas¢he
production of scientific knowledge within biotechnology is dependarihe
technological development and production taking place within industr
order to perform and also develop new types of assays, which inanrn c
create further knowledge, the devices and instruments beoutlyiged by
industry are crucial. There is thus a strong interdependence betivee
production of scientific knowledge and technological development within
industry. (See e.g. Rosenberg, 1982; Andersson, 1996; Widmalm, 2004)
This means that the exchange taking place between scieatarch and
companies producing new or improved technological solutions is a key
process requiring intense interaction between the two settings. €9).
Rosenberg, 1976; Mansfield, 1995; Andersson, 1996; McKelvey 1997)

Nevertheless, this connection is often seen as unproblematittnead
which, for example, is indicated by the following citation from ohéhe
actors in this thesis’ empirical study and one of Sweden’'ssa@nd most
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recognised venture capital firm within the life sciencekealth Cap
(www.healthcap.se, 2009):

“We invest in the commercialization of innovatioims medical science,
and believe that the structural changes takingeplacthe pharmaceutical
industry create significant opportunities for theolledgeable investor to
achieve high financial returns. In our view, theotmost important factors
required to grow a life science venture into a anstle and successful
company are high quality management and uniqueBitipaoed products
based on outstanding science.”

The above citation implies that an important component in creating
thriving company is to base it on high quality scientific redeavhich,
through its commercialisation, will create financial returnbe Telationship
between developing new knowledge through scientific research, and
implementing it within a business setting to produce new products o
services (which, if successful, will be distributed to andduisg various
customers), is thus depicted as straightforward. This leads e tmdin
theme of this thesis, namely what it takes for an inventiobecome an
innovation, and if there is anything specific to note about the “infmwva
journey” when the invention stems directly from scientific aesle. These
general questions are formulated into two explicit researeltigms in the
following section.

1.7 Research Question

We have now considered the idea that the achievement of innovstion i
desirable for its potentially positive economic effects; hawenot only are
they considered difficult to accomplish, it is also a challemyédéntify
where the problem of “succeeding” really lies. From a medecused
perspective, innovation is seen as the accomplishment of makiogedty
(based on something new, or on a new combination of well-established
knowledge)fit with established material and immaterial investmenthiw
both a producing and a using setting. Achieving innovation therefore
becomes a matter of relating something new to constellatioestablished
solutions which have been particularly adjusted in referaneacdh other as
to create a greater compatibility. Thus, it is ultimatély gettingsin which
any new solution is to be used and produced, and how well it fitsveitie t
which determine its economic benefits as an innovation.

Still, innovation is commonly portrayed as the result of a maldge
process and facilitating the innovation journey by providing knovdeaig
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capital seems to be an explicit policy and investment ambilioere is thus
a notion of the possibility of planning the innovation journey in Wwhtwe
most important factor is the invention in itself. In addition, rsifie
research is viewed as one of the most essential sourgemsiofdeas and
solutions for business, and the goal is to make new saehktibwledge
more easily transferable to a commercial setting. Baidd to the following
two research questions:

A first, general research question that can be formulated is:
* What is special about innovation processes for inventions vdtan
directly from scientific research? Why?

A second, specific research question is:

« In what way is a potential innovation, which stems directly from
scientific research, related to the settings where a} itleiveloped,
b) it is taken into large-scale production and c) it is takém use - and
how does this affect its ability to survive the innovation journey?

In order to answer the general and the specific researchicmsest
presented above, a theoretical perspective which can be useplain ¢ixe
interaction between new and established solutions within ttiegsebfuse
productionanddevelopmenias been applied.

First, to understand what it takes for something new to go into production,
and to get a widespread use, a basic understanding of the busitEs=ape
and its processes has been applied according to the IMP regeatition.
This research tradition has been employed in a vast number ofi@hpi
studies pointing to the interactive and interdependent nafufe business
landscape.

Second, to grasp how something new gets developed through scientific
research, and what it takes for new knowledge to become estabks
“scientific”, the empirical observations performed within tesearch field
of STS have been the primary inspiration for this study. JusheagsMP
research tradition this research field stresses theodgetaeous, and thus
interactive, character of material and immaterial resources.

For the specific purpose of observing what happens to the nevosatut
interaction with established solutions in the different settingsuse
production and developmentl have used thdR model- a research tool
which can capture the effects of different material andatenal solutions
relating to each other. This model will be thoroughly explained @& th
theoretical chapter of this thesis. The next section outliveethesis’ overall
purpose and content in full.
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1.8 Outline of Study

We now have a basic outline of what characterises the innovatmess

from a non-linear and process-focused perspective; the subsequent
theoretical chapter, chapter 2, will further argue that thiecess is
interactive in nature and involves different and, in one waywrmther,
interrelated actors and established solutions. The threeediffdyut related,
empirical settings ofise production and developmenwill be outlined in
detail so as to create a deeper understanding of theirediffstructures
which affect their respective use of, and influence on, anythimg hbis
chapter will also acquaint the reader with how STS charaegescientific
research and the view of how this affects the development of new knowledge
and material solutions. An exposition of the theoretical tool4tRenodel,
which has been used to catch such specific interactive effeats, the
chapter.

The theoretical chapter is followed by chapter 3, which discubses
research process, the methods used, and the methodological foundation on
which the study is based. The subsequent three chapters — chapters 4, 5 and 6
— present the pyrosequencing empirical case study in the thtegsef
development, production and use. The empirical part of the thesis éhds w
an epilogue about the continuing “life” of the new solution iouBin a
particular setting. Chapter 7 is devoted to an analysis of tpe&ieah case,
and presents a discussion of the interactive processes takaggvgthin and
between the three respective settings. The following chaptapter 8,
discusses the conclusions from the research findings and supgssiisle
policy implications.
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2 Theoretical Approach

This chapter will detail the theoretical approach which Iesn used to
analyse the featured innovation process from an interactive pevepecti

2.1 Innovation as an Interactive Process — The
Importance of Use

How innovation happens, and how it actually is turned into economic
benefits, is a widely debated issue. As was indicated in thedirction,

from an interactive perspective, innovation is not just abouirgpop with

a new solution, but a complex process of combining something new Wwith al
the physical and organisational structures needed to enabWédéspread

use (See e.g. Fagerberg, 2004; Rosenberg & Kline, 1986; Van de Ven,
1986):

“Whereas invention is the creation of a new ideaiovationis more
encompassing and includes the process of develapidgimplementing a
new idea. The idea may be a recombination of okhsd a scheme that
challenges the present order, a formula or a urégupeoach that is perceived
as new by the individuals involved.” (Van de Verakf 1999, p. 9)

Innovation is thus not the same as the invention, but is the invention

use As the above quotation states, the invention is often not conyphetel

in the sense that all its elements are “new to the worldtheubewness can

be represented by a different composition of old knowledge and oddns
introducing an old idea within a new context or in a new manner. The
“new” idea is thus not without connection to the past; to old kedge,
conceptions or technical systems. (Lundgren, 1991; Van de Ven¥99;,
Hakansson & Waluszewski, eds., 2007) Nor will it become an “impitade
reality” (Ven de Ven, 1986, p. 604) without being relevant to the preseh

the contexts where it currently exists; to become an implementedsoloti

an innovation, it needs to be adjusted to fit the surrounding smsati
(Lundgren, 1991; Van de Ven et al., 1999; Hakansson & Waluszewski, eds
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2007) However, these contexts also have a history of specificldaigsv

and systems of technical and organisational solutions from winécbutrent
situation has emerged. This means that an innovation does not siagéea
homogenous identity unaffected by history or its present contaster it is

a product of history which, in order to become successful, needsodiso
within a current “using system” with a history of its owtbid.) Therefore,

for a novelty to be implemented by users and become economically
beneficial to produce and use, it needs to function within existingnes,

on the basis of existing knowledge and together with alreagiemented
technical solutions in its new contexts. For instance, if we duyew
computer, we still want to be able to plug it into our existahgctrical
outlets, or if a company implements a new filing system it rbagpossible

for the employees to learn how to operate it. This meansotica a new
solution is to be implemented it is no longer its individual qualitieishwvare

of most importance, but if they can be combined with what alrezidyse
(See e.g. Rosenberg, 1982; Kline & Rosenberg, 1986; Basalla, 1988;
Fagerberg, 2004) What does this mean for the development giroewcts

or services?

Empirical observations indicate that a large portion of new ymtod
developments fail because the product or service neverasedsticipated.
(See e.g. Cooper, 1979; Dougherty, 1992; Pavitt, 1991) When innovation
does occur, it often takes place within established producer-use
relationships. This suggests that a high degree of deless between these
two settings, both in terms of past investments and a sharing ofddygev
seems to improve the chances of a producer manufacturing a poyduct
service which will actually fit into the using setting. (Hson &
Waluszewski, 2008; Hakansson et al., 2009) Since new solutions & thes
established relationships are produced from the standpoint ofrearli
investments and gained knowledge of the requirements of ithg setting,
the achievement of innovation becomes more attainable. Thissas al
illustrated by the involvement of “lead users” who, by being pérthe
process of developing and producing new solutions, shape the parduct
service so as to create a fit between the new solution andistre
environment in terms of direct or indirect economic benefits. {imppel,
1976) It thus seems important for any producer to relatbeigpotential
users of a new solution in terms of how the product may combithetie
existing structure of solutions (material as well as inemal) within the
using setting.

Thus, in regard to the possible economic benefits from innovatids, it
how the newfits with the establishedhat seems to be the key issue, which
leaves the technical quality as only one of many requirememntsh&
accomplishment of a useful invention. This means that the individual
features of something new cannot be the only focus in an ewaladtithe
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possible benefits of introducing it in various contexts. Or, wsbg Kline
and Rosenberg (1986, p. 276):

“[...] Technical success (or any purely mechanigakeasure of
performance) is only a necessary and not a sufficieondition in
establishing economic usefulness.”

There is thus something that happens when a new solution is browaght int
actual use. It is to be made a part of other contexts than ¢him avhich it
has been developed, and it is how it can be combined with existingpsslut
within these environments which will determine its economiculisegs for
each such context. The features of the new solution are thusiteefram
the economic benefits which can be gained from its implementg#dine
& Rosenberg, 1986; Basalla, 1988) This is illustrated not leastebynany
examples of the time lag which exists between the adventheof
technology, or the assembly of old technology into new solutions, and its
economic impact. (See e.g. Lundgren, 1991; Mansfield, 1995; Stephan,
1996) Lundgren (1991) mentions the electronic computer as one such
example: even though the original invention was made during the mid-1940s
it was not until several decades later that it became ithaywsed solution
we know today. And even now, because of its widespread use, wheie it
been adjusted to meet specific requirements, the scope etatsomic
impact is yet to be seen. A similar example is the TV (&#terback, 1994)

It took several decades before the original invention of thédsame part

of a standardised production and a common feature in “every hoime& S
then there has been a major development in terms of both poodacid
use. The basic technology for displaying moving images has ahange
drastically and TVs can be used in a number of differenttsitg not
originally envisaged. (Ibid.)

Thus, it cannot be ignored that anything new, for instance agehwital
solution, will not be used in isolation; as soon as it is tonf@dmented it
will have to connect with the knowledge, the technical solutiom$ a
activities already existing in the implementing environment. Ang only
when this happens that its “economic dimensions” (Hakansson &
Waluszewski, 2004, p. 377) will appear. (See e.g. Utterback & Altsrnat
1975; Rosenberg, 1982; Basalla, 1988: Hall, 2004; Hakansson &
Waluszewski, eds., 2007)

Taking the aspect afseinto account indicates that innovation is not just
about novelty, but perhaps even more so about compatibility, or how the
new can be made to fit with the established. In order to become
economically useful, an invention will have to adapt to its csunding
context and in this process most likely be altered and redefmédit the
requisites of the specific environment. (Pinch & Bijker, 198&taldi et al.,
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eds., 2006) The next section will more thoroughly relate innovattoana
interactive phenomenon, to how it is carried out in a business lq@dsca
characterised by interdependency.

2.2 The Innovation Process in an Interdependent
Business Landscape

From an interactive perspective, companies have always been interdependent
in terms of the resources they exchange, and thus combine in particula
ways. However, as there has been a transformation in theisatianal
structure in terms of what is outsourced to other companies, thi
interdependency has changed over time and has greatly influeneed t
relationship between producer and user. (Hakansson et al., 2009)
Compared to the common existence of the “integrated firm” (Chandle
1990) of the mid-twentieth century, the development of business
organisation during the last few decades has rather pointed to a
“disintegration” of the firm, where more and more companies have chosen to
specialise in a small number of activities and consequentlpurgts many
of their former integrated competences to various suppkersd sub-
suppliers. Before, users of merchandise such as steel er jpdgracted
with only one or two companies that would handle production, product and
process development as well as input goods development, connectad to th
merchandise, within the company walls. The general development tha
followed, however, separated these activities and they are nowadn
performed by a number of different interacting companies. (&ge
Chandler, 1990; Gudeman, 2001; Hakansson & Waluszewski, 2002;
Hakansson et al., 2009) Today, the majority of a company’s expendit
usually accounted for by a concentrated number of suppliers whicltdgrovi
technical resources and knowledge in the production of a spectiagiror
service. (Hakansson, 1989; Hakansson et al., 2009) This implieshéha
single company relies heavily on the products and servicesdptiy its
suppliers, and in turn the suppliers’ suppliers, for the organisafiits own
operations. Therefore, the investments needed to produce a particula
solution run across the organisational borders of a singlepamynand
connect it to several other companies and actors:
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“The contemporary company uses external specialigipliers not only
for delivering components and insert material, also for engagement in
development issues, often involving sub-suppliers #®chnological experts.
Complementary suppliers, or what in mainstream egoa literature are
simply referred to as “competitors”, often work étiger in joint development
processes.” (Hdkansson & Waluszewski, eds., 2004), p

To increase the compatibility between these different producidgising
companies and organisations, such as suppliers, sub-suppliers, fmancie
etc., investments are made and over time a network of interdiepieactors
and investments is formed. This implies that in ordern@w products or
services to be able to create any benefits for the acwotred, these new
solutions need to be made compatible with the existing investments
connecting these different companies and organisations. To be able to
produce ROI, now or in the future, new investments and solutionstihusst
be well-matched with earlier ventures and implemented solutions.
(Hakansson & Waluszewski, 2002; Hakansson & Waluszewski, eds., 2007)
As such, it can be said that the business landscape conssstsuaiber of
active and interdependent investments that are currentlisénand with
which new investments, in order to create any benefits, need to fit.

An example of how the use, production and development of a new
solution involves a variety of interdependent actors and solutiooth
established and new, is shown by the innovation journey of the typewrite
(Utterback, 1994) The idea for a machine that would be alpettwords on
paper more efficiently than a person writing by hand came in 1714 ae
English patent was obtained for a “writing engine”. Howeveryas not
until more than a century and a half later that a simitdution, called a
“typographer”, would become commercialised in the US. Whensttalken
on by the Remington Company in 1873, the typographer had gone through
an extensive development by its inventors from its original form
Nevertheless, as the machine, how manufactured as a standardidect,
was put into use, it became clear that several improvemerdgded to be
made. For instance, the paper was not visible to the typisthmftiirst four
lines had been typed — this was not very practical. Also, wherotwoore,
frequently used keys were sitting next to each other, they vemddtually
jam and became unusable. This instigated both product and process
development within the Remington Company through which a new
typewriter with more practical user features was produtkds, the use of
the first commercial typewriter resulted in new processufeatwithin the
producing company and in a second edition of the product. With thessucce
of this second model, other companies began producing different médels o
typewriters and five of these companies became the domingetrpla the
industry at the beginning of the twentieth century. Through thigety of
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solutions, as well as different producers and users, a mor&ssr
standardised format of the typewriter was eventually estatlighwd.)

Thirty years later, electrical products were becoming conpiace and
even though a model of an electric typewriter had been aleaiice the
beginning of the twentieth century it had, for different reasnosbecome a
widespread solution. However, the introduction of new actors oeldotric
typewriter market would take the development in another drecby
purchasing a company involved in manufacturing electric typawyitBM
became introduced to the typewriter business. Also, as othewritgre
models than the ones produced by the Remington Company had become
standard in the general office environment this company was bymmow
or less history in terms of market share. (Ibid.)

By having the War Department as a major buyer for sevesasy IBM
acquired a great deal of experience in designing and manufactlectric
machines. As a consequence, in the 1970s, this company took thstefirst
towards a digitalised word processor. By combining the “old” etect
typewriter with new digital computing technology it was bediguhat the
ultimate “office system” had been produced, consisting as it dadliole of
products such as a word processor, fax and an electric typerawever,
as these products were embedded in user environments, their common
purpose of enhancing productivity was not achieved. In fear wfgldkeir
job assignments and being forced to change their work routinesteses
and managers resisted the new way of working. The costsetdtaxputting
the system into practice and reorganisation also made compeluiesint to
implement it. Thus, it never became the anticipated comnmeyatzess.
Instead, a mixture of user requirements and the availabilitthefnew
technology in combination with established solutions opened the ddue to t
development and production of the personal computer (PC) which IBM,
among several other companies, played a large part in. (lbid.)

The production of this particular solution, however, turned out todye m
successful for the component suppliers, such as Intel and Migragoth
provided the PC assemblers, such as IBM, with microprocessars an
software. (Utterback, 1994; Malerba et al., 1999) As put by Uttker{di®94,

p. 16): “[...] thesuppliers had become more valuable than their customers”.
IBM, which before had gone for an in-house production of computers in the
shape of mainframes, i.e. large calculation machines, had neftber
technological nor the organisational resources to produce these new
components and thus greatly depended on the suppliers for this. Today,
through technology development and its frequent use in various sityations
PCs are indispensable to our everyday life and are used for mairgy
purposes than performing calculations or putting words on paper.rfidale

et al., 1999; Bresnahan, 2007)

Interdependency, which characterises the business landscapeetites
limitations as to which solutions, new or established, can be combined, as
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was shown in the case of users not embedding the new “offickimaac
produced by IBM. But because of the variety of actors, aettvignd
resources, there are alpossibilitiesin terms of new combinations being
discovered and realised, such as in the case of the PC. Imigyaabi
relating resources to a specific set of other companies amdé¢keurces,
forms new development opportunities but also creates lock-intgffas in

the case of IBM’s difficulty in moving from producing maiafnes and the
“office machine” to the assembly of PCs, but acquiring theuress to do

so by interacting with new suppliers. Another, less happy, examtiat of

the Remington Company which initially was the leading producer of
typewriters. However, as users preferred other typewtedsthe company

did not have the resources to adjust to these requirements other
manufacturers eventually took its place. Sets of resothegsire tailored to
create a fit between them will through this interactioocpss be less easy,
and thus more costly, to combine with any other set of resoureas, d@ven
though particular combinations provide efficient solutions, they alao

rule out or make other combinations more difficult to achieve. (Hdkansson &
Waluszewski, 2002; Hakansson & Waluszewski, eds., 2007)

What does this interdependency, between companies and their resource
mean more specifically for the use, production and developmentvof ne
solutions? As addressed in the introductory chapter, to understand
innovation, or how widespread use of a new product arises, we must
appreciate how it has “survived” in three different but teelaempirical
settings: use, production and development. (Hakansson & Waluszewski,
eds., 2007) The most interesting aspect of these settings, frerthésis’
point of view, is that among them, they will always haveedéht economic
logics (ibid.). In the following section, these three settindshei examined
more thoroughly.

2.3 Three Related but Different Empirical Settings
Which Any Attempted Innovation Needs to Survive

The previous two sections have discussed how the achievement of
innovation depends on an invention becoming widely used, but what does it
mean to embed a new solution in a using setting? And how does this relate to
how it is manufactured in a producing setting? Of course, beiftbrer ef

these settings come into play, the new solution first néedsave been
developed somewhere. As any new solution will have to relateisangx
solutions, material and immaterial, in both a producing and a gsittigg,

the less related it is to that which is already esthbtl, the more difficult,

and expensive, it will be to implement it. (Hakansson et al., 2009;
Hakansson & Waluszewski, eds., 2007) One way to understand this is
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through the measurement of return on investment, or ROI, astatetstoy
three measurement&venueminuscostsdivided by the needddvestments
and relating this measurement to how the producing and using settengs
affected by the introduction of new solutions. (lbid.) By using this
measurement as an indicator of the economic logic of produothgising
new solutions, | will discuss the settings of use, production and
development.

Using New Solutions

In measuring the likely ROI of introducing a new solution, itdmes clear

that there are three ways for any user to increase itndrgasing the
revenue, by decreasing the running costs or by decreasing thed neede
investments to implement the new solution. (Hakansson & Waliskre
eds., 2007) The main purpose of investing is to make the combination of
certain resources, for instance in the shape of production system
logistical solutions, more efficient. (Gadde & Hakansson, 1998; rhtikm

& Waluszewski, 2002) Thus, one feature of the investment pattbich
forms during the interaction between companies is that it revolves around the
adoption of certain material and immaterial solutions which are
interconnected over organisational borders. (Dosi, 1982; Hakansson &
Waluszewski, 2002) The fewer the changes that need to be materieva
solution, or to the established pattern of existing ones, whametheés to be
implemented, the less additional investment is required. Inthisnmight

not have any major effects on the total revenue, but neitheitwali the
costs. (Hakansson & Waluszewski, eds., 2007)

On the other hand, the more changes that need to be made,déeihar
will be to estimate the resulting ROI; as more radicahore encompassing
adjustments need to be made for a new solution to be implementall, i
also require the involvement of several other connected companids as
suppliers or customers, which, in one way or another, will becoraetedf
by the new. This will create unpredictable direct and indieffetcts on the
existing structure of investments, related resources (both iataterd
immaterial), and connected actors. However, provided thatciorbes a
successful implementation, the necessary investments an@sedreosts
might also result in substantially larger revenue thanthadthanges only
been minor, as in the first example. (Ibid.)

There is thus a risk factor involved; even if minor charayessafer and
more foreseeable, they may not lead to a large increas¢éummgselLarger
changes, on the other hand, are more expensive and less manageable
may lead to a large increase in returns. Either way, impienge new
solutions in a using setting is a matter of making themwvith those that
already exist and creating positive “interactive effedtsfm doing so,
regardless of how well it matches from the start. And fitoie the newand
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the establishedltimately match which determines the economic benefits of
the new as well as how these benefits appear. Let us continue by applying
the same measurement to the producing setting.

Producing New Solutions

In the decision to make use of new resources, or new combinations of
existing resources, any producer has to develop a way for pidtctbe
realised without investment exceeding future prospect of Rdflkansson

& Waluszewski, eds., 2007) For this reason, the producer needsgioen

the current production system and how a new solution might be
manufactured using these existing investments, or by the introduwtias

few new ones as possible. Or, as stated by Hakansson et al. (2009, p. 257):

“The more that the new solution breaks with thetgrat surrounding
existing solutions, the more difficult it is to eetb production of the new
solution into that existing structure and the mexpensive it will be.”

Thus, in regard to ROI and how any new solution fits with the ésiteiol
ones, the producing setting must be subject to the same type of assessment as
the using setting. However, the production of a new solution i®mgta
task involving the single producer, but also other connected comspauoch
as suppliers, sub-suppliers and not least customers, all ahwtill be
directly or indirectly affected by the introduction of new irvesnts. (Piore
& Sabel, 1984; Gadde & Hakansson, 2001; Hakansson & Waluszewski, eds.,
2007) As a supplier's revenue is provided by its customers, any agmpa
involved in producing a new solution will not only have to relat ithe
potential users of the new product or service and how itfivilhto this
setting. The company will also have to consider how the new solution will fit
into the current pattern of investment both internally and thos@qusly
made in relation to other specific actors such as suppligrssugppliers and
customers. (Utterback & Abernathy, 1975; Gadde & Hakansson, 2001) This
pattern of investments crossing organisational borders is thdt ref
interaction over time between these different actors. In orderate this
interdependency more efficient, specific solutions, or combinatidns o
resources, are made the focus of repeated investment. As ashd&mns are
the result of chiselling out specific combinations of resouncaglation to
each other, this eventually makes them difficult to replacéo combine
with other “outside” solutions. It thus becomes a network of diefgendent
solutions connected to a continual pattern of investments. (G&dde
Hakansson, 2001)

In industry, usually such solutions are connected to specific teche®log
which, through their frequent use and by being the focus of heavy
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investments, have become tightly interconnected with the surrounding
structure of technological and organisational resources. ififpfies that
related equipment, routines and other solutions over time have become
adjusted to fit a particular type of technology, which in toneans that any
changes to or a replacement of such a technology requiresclaagges to

the entire structure of solutions. (Hakansson & Waluszewski, 2D0g)
(1982, p. 148) refers to this phenomenon as being locked into a
“technological trajectory”; once particular types of technaegihave
become established through their widespread use and repeatechémtest
they will to a large extent define what is considered technabgiogress

and what fits into the current technological context. Leavingptr&cular
technological trajectory for the implementation of another tyolftion or
technology will therefore become very difficult, not to mention costly.

In turn this means that a replacement will not only affectpdmticular
solution which is to be replaced, but all the long-term investminvolving
interconnected companies, practices and physical equipment diggctly
indirectly related to its use. (Hakansson & Waluszewski, 200&)h S
established solutions, or “basic technologies”, will therefore, tlrahgir
connection to heavy investments, become the point of referencédor t
adoption of any new solution. (Dosi, 1982; Rosenberg, 1994; Hakansson &
Waluszewski, 2002) Or as Hakansson and Waluszewski (2002, pp.47-48)
put it:

“In almost every industrial structure there areibaschnologies, which,
due to many and related investments carried out aveng time, are very
costly to change towards new directions. [...] 8iitds constructed and used
by actors, it is continuously exposed to interactjgrocesses, so it will
always be exposed to new ideas. However, due teesiness, all changes
have to be carried out in restricted steps, inagerstable directions building
on the existing solutions.”

The above citation implies that neither the producing nor the using
structure surrounding specific solutions are static. Nevedbheldue to the
investments made in a specific set of solutions, all chahgeésate made are
in support of their continuation. (Ibid.) This suggests that tabtished
producer-user relationships, interaction through repeated investoreates
a structure of interdependent solutions. It further impled any solution
that has been developealtside this established structure (and which,
therefore, has not been created with the sole purpose ofmfpranimatch
between the producing/using structure and the new solution) witintec
difficult to implement. Next we will consider what holds for the
development of new solutions, and the developing setting’s relatioteship
the producing and using settings.
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Developing New Solutions

Before anything new can be produced and used it first needs todiopmb

and thereby move from being just an idea to becoming something
concrete. In any particular case, this development might take |oh close
interaction with a producing and a using setting — for instant@mthe
same company or in an established business relationship. Hovteuay,

also be the case that the developing setting is unreiatpdbduction and
use. Regardless of whether development is connected to productioseand u
or not, empirical observation has shown that the development of new
solutions is characterised by trial and error procesbesendifferent options

and directions are tested simultaneously:

“When developmental activities begin, the initiahovative idea soon
proliferates into numerous ideas and activitiest @ceed in divergent,
parallel, and convergent paths of development."n(da Ven et al., 1999, p.
23)

This implies that the outcome of the development process olithoiv
be attained is never certain. (Dosi, 1982; Rosenberg, 1994; Hékaatsal.,
2009) Also, it is often far less certain how that which will beettgped later
will be produced and used in a producing and a using setting, wheite it
need to interact with different sets of interdependent mataréhimmaterial
solutions. (Ibid.) Thus, in the search of possible functionalitieangthing
new, the development of new solutions is an “open” process of tngng
directions and combinations. (Ibid; Van de Ven et al., 1999) Howd\er i
new solution is ever to become produced and used, at some point its
functionality will need to be defined and thus “locked” to some §ipeci
features; for a producing as well as a using setting tobbe ta derive
economic benefit from producing and using the new solution, it cannot
remain an open solution. (Hakansson & Waluszewski, eds., 2007)

It is generally acknowledged that the more radical the new solii(i.e.
the less related it is to any known solution), the more uncehaipdtential
for its development, production, and use will be. (See e.g. Rosenberg, 1994;
Van de Ven et al., 1999; Tidd & Bessant, 2009) Thus, the more rakical
newly developed solution is, the harder it will be to relate #ny existing
producing and using setting. It is further assumed that, justtasdre the
producing and using settings, the more knowledge that the developing
setting has of the producing/using settings, the easierlitbbeito develop
something useful to these settings. (Hakansson, 1989; Hakansson &
Waluszewski, eds., 2007) Consequently, the “closer” the settingsepf u
production and development are to one another (in terms of being more
familiar with each others’ needs and technical and organishtiona
prerequisites), the less challenging it will be to developesioimg which is
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beneficial from both producing and using standpoints. (Hakansson, 1987
Hakansson, 1989) Next we will consider what this means when the
developing setting is primarily involved in the production ofestific
knowledge.

2.4 Developing New Scientific Solutions

Science as a Social Practice — How New Knowledge
Becomes “Scientific”

Is there something unique about scientific knowledge compared totzaty ot
kind of knowledge? From an interactive perspective, just asamighother
type of knowledge, scientific knowledge is socially embedded hod t
contextual. This means that a particular type of knowledge osiqaly
solution is not seen as scientific in its own right, but ralemomes such
through a process of becoming embedded in the material and inainate
structures constituting what we caltience (See e.g. Latour & Woolgar,
1979; Latour, 1987; Bourdieu, 1988; Callon, 1995; Jasanoff, 2004;
Widmalm, 2004; Widmalm, ed., 2008) Or as stated by Knorr Cetina (1995,
pp. 143,152):

“Empirical studies of scientific work in general ygademonstrated the
negotiability of the elements, the outcomes, amdpttocedures in knowledge
production. [...] Scientific objects are not ontgchnically’ manufactured in
laboratories but also inextricablgymbolically and politically constructed
For example, they are construed through literachri@ues of persuasion
that one finds embodied in scientific papers, tgiothe political stratagems
of scientists in forming alliances and mobilizingsources, or through the
selections and decision translation that ‘buildiestfic findings from
within.”

This means that when a new solution has been developed though
scientific research, it is not different from other solutionthe sense that it
is “truer” or has been developed through the voicHatlre but rather that
it has become related to the structure of material snmdaterial resources
connected to the production of scientific knowledge. (Latour, 198rCa
1995; Knorr Cetina, 1995)

A large part of scientific work is the effort of trying transform new and
uncertain statements into becoming established or “finishednhsei (1bid.)
This means that there is a fundamental difference betwsablished
scientific knowledge and ongoing research; established dwetfacts”
represent certainty and are thus more or less treated as. gdngoing
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research and thus the development of new solutions, on the otidgerdeals
with new and disputable statements or technical conditions, andtmmse
uncertain. (Latour, 1987; Latour, 1998) In order to become stabiliged i
established scientific knowledge, these uncertain statemedtsautions
need to be activated by different actors and connected to akstahtished
material and immaterial solutions (ibid.; Knorr Cetina, 19955 Thiput by
Latour (1987, p. 103) in the following way:

“The picture of technoscience [...] is that of wealetdric becoming
stronger and stronger as time passes, as lab@satget equipped, articles
published and new resources brought to bear onehaethd harder
controversies?

Bringing in the social aspect of scientific research, thod stating that it
is political or cultural, implies that, first, it is @llectivephenomenon and
second, its outcome is nevgiven (See e.g. Latour & Woolgar, 1979;
Latour, 1987; Shapin, 1995) In practice, the collectiveness ohtiitie
research means that whether a particular piece of new knewtsdyg be
considered a contribution to science or not is settled through isuoyod
over time and space — a phenomenon which Latour (1987, p. 104) oefers t
as a “mobilisation of allies”. These allies are not only oswentists, but
belong to different “social worlds”, which means that actors wealin
economic, political or technical issues are co-determining the..]
definition of science and technology developments”. (Knorr Cefif85,
p.153) From this perspective, the scientific production of knowlezigetia
neutral process. Through a collective exploitation of new knowlenly
solutions, the features tiie newwill change and create different effects in
different contexts. Or as put by Latour (1987, p. 104):

“Even in the best of cases, they [the allies] dbsimply transmit it, but
add elements of their own by modifying the argumstiengthening it and
incorporating it into new contexts.”

The assumption that knowledge and other types of resources are
heterogeneous indicates that new statements or artefacthiewkadielled

9 Latour's use of the wordechnosciencés in one aspect just a simpler way to articulate
science and technologyut also has a greater meaning as the concepst tilarboundaries
between what is science and what is technology.agsprding to Latour, the content of
science never can be distinguished from that of mbs&t of society, the concept of
technoscience demonstrates the involvement of nigt stientists or “scientific knowledge”
in that which we generally call science, but alfteo actors or “allies”. Science, in his mind,
should not be studied or viewed asoaricomebut as aractivity. Through this perspective he
shows that the making of science involves a whioleegire of allies and resources rather than
the traditionally imagined small group of sciergjsis before. (Latour, 1987, pp. 174-175)
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scientific or otherwise, will be subject to interpretatibhe meaning, ouse

of new or established scientific knowledge is therefore ngiwem but is

only a consequence of its combination with the social and materigusésic
surrounding it. (Pinch & Bijker, 1987; Woolgar & Cooper, 1999; Jasanoff
ed., 2004) Thus, scientific solutions come about by being related to the
context surrounding them; by gradually becoming anchored in the
established social and material practices charactessiegtific work, they

are eventually accepted as science. Therefore, in order itm fir to be
labelled “science”, anything new is shaped in accordance with the
surrounding structure of material and immaterial resouraeb as social
relationships, different institutions, established technology anticylar
sources of knowledge. (Widmalm, ed., 2008)

One way in which this stabilisation of new statements or isolsittakes
place is through scientific publication. As a result of peeiere,
publication stands as a verification of scientific signifima which in turn
denotes the new piece of knowledge as a contribution to the sefock
scientific knowledge. (Latour, 1987; Latour, 1998; Knorr Cetina, 1995;
Stephan, 1996; Nowotny et al., 2005) The scientific publication stands a
material representation of the new statement or solution, aitsl jpdsition
within a particular discipline, which can be spread and thus bepamef
other disciplines and contexts:

“The identification of discoveries and their ‘autho could not be
stabilized without material devices and rules tdify the formulation of
knowledge and its transmission. Thus the scierdiftle in its present form
makes it possible to delimit a piece of informatjmecisely, to organize its
dissemination, to identify the authors who produdedto date their
contributions, and to mention what has been bordofr@m other authors by
means of quotations and citations.” (Callon, 19959)

To achieve publication can both be considered a goal in itself aad as
means to stabilise new knowledge into becoming established fcienti
knowledge; by being granted a publication the new statement orosoisiti
recognised or rewarded as being “scientific”. Through thisgwition it can
become used by other actors and thus eventually stabilise insbadtished
fact or artefact. (See e.g Latour, 1987; Callon, 1995; Knorm&efi995)
There is also the perspective which considers publicatiorhesmeans
through which further research funding is given, and on which research
careers are built — to advance as a scientist it becomessaeg to show
productivity by publishing. (Fujimura, 1988; Dasgupta & David, 1994;
Stephan, 1996)

Developing new statements or solutions through scientific researd
establishing them as “facts” is thus to a large extent aletating them to
existing scientific knowledge, in terms of using existing knowledgd
established methods, but also to make new and unique contributiozis w
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can be considered “advances”. To be considered a contribution, new
statements also need to be highlighted as signifying sometimiogie or
different. (Polanyi, 1962; Jasanoff, ed., 2004) To use the words afiyPola
(1962, pp. 54), relating research to established scientific knowtgdes it
“plausibility”, while revolting against it brings “origindy” to the table.
Thus, in some regard, both criteria should be present in ordeake a
valuable scientific statement or solution. (Ibid.) What does thenmeéen
solutions, which have been developed through scientific idseare to be
brought directly into business settings in terms of production aef®@ Tise

next section deals with this particular phenomenon.

Embedding Scientific Solutions in a Business Setting

How scientific knowledge becomes part of creating new solutidtién the
economic sphere, and how it is related to the construction of technolog
have been the topics of a vast number of empirical studieghwébkearch
areas such as sociology, history of science and technology/lasswethin
business and management studies. (See e.g. Dasgupta & David, 1994,
Basalla, 1988; Pinch & Bijker, 1987; Rosenberg, 1994; Mansfield, 1995)
The indication of these studies is that the link betweennseieand
technology, and between science and industry, is non-linear and cahtext
(Ibid.) As will be discussed, the production of scientific knowtedythus

not an isolated activity “serving” new knowledge to be applied elsewhere but
takes place in interaction with technology and through the use wf ne
solutions. Or, as stated by Rosenberg (1982, p. 153):

“The growth of knowledge is much more cumulativel ameractive than
is realized, especially when it is thought of asre-shot, once-and-for-all
affair, with new scientific knowledge supposediyading to technological
applications - period. In fact, continuing expedes with a material in a new
environment, subject to new stresses, throw up pr@blems not dealt with,
or even anticipated, before."

Although scientific research is often viewed as the primary foiordaft
new knowledge and technology, technology in itself and the use of
technology is an equally, or perhaps an even more important sounegvof
knowledge and technical solutions; when used in different conteds
interacting with different sets of material and immate®aburces, scientific
knowledge and technical solutions will be subject to furthereld@ment
and accumulation of knowledge. (Dasgupta & David, 1994; Basalla, 1988;
Rosenberg, 1994) This means that scientific research consriliate
technology, but technology also contributes to scientific reseaftdn in
unimagined and tortuous ways. (Ibid.)
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The mutual link between science and technology spans over tiche a
space which in any particular case makes the definition of adunts as
scienceand what counts aschnologydifficult to distinguish. (Ibid.) When
science is involved in technological progress it is often kndgdevhich no
longer is considered science — it is simply too old to be consdidere
something of scientific importance. It is “previous” scientiknowledge
which perhaps has been used in other contexts or simply hadolamant
until surrounding resources in the shape of technology or knowleagge
made its technological implementation conceivable. (Ibid.) Much ef th
basic technological equipment we use today can, from a historical
perspective, be argued to derive from scientific inventions &subwkries
made centuries back in time. For instance, the laser, whiatshuril theory
established by Einstein in 1916, but which was not developed as a
technological innovation until the 1960s. (Rosenberg, 1994) Would we call
this a scientific invention which was only subject to somedpct
development after the basic scientific theory had been established?

Or radio communication — the origin of this technology can be traced
back to the mathematical formulas expressing electromagmedies
formulated by James Clerk Maxwell in the mid-nineteenth centBasalla,
1988) For radio communication to be put into use as a functioning
technological system, as within the military by which it iest used forty
years later, it required extensive development by varioussaittamaking
the original scientific theories into a functioning technology, veell as
complementary technology and knowledge derived from its actual use
(Ibid.) Is this a scientific invention or the result of technatagi
development?

A more recent example of this is how one of the main products of
Pharmacia Biotech originated from several decades of ititaraoetween
academia and commercial production, both within Pharmacia and bedbre
within other companies. The product, a gel used to separate protmird,
not have been realised without preceding scientific researtd) sach as
the ultracentrifuge (See Widmalm, 2004) and electrophoresis, thowbi
another company becoming interested in using these techniques.
(Waluszewski, 2004)

In these examples it can be seen that scientific researdghibuted to
technology through a process of scientific knowledge becoming shaped and
re-shaped by the requisites in the implementing environmentgelng
shaped by new requirements and needing to interact with diffesenirees.
However necessary, it was thus not the scientific knowleugeultimately
defined the “resulting” technological artefact and how this woeldte to
other knowledge and solutions, both material and immaterialheRatwas
the useof the scientific knowledge which spurred further developmest, th
requirement of complementary knowledge, and technical equipmentnin t
this will toss up new issues to be addressed through sciaetfiarch, for
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instance how laser, radio communication or protein separation casebe
for different purposes and be further developed.

This means that establishing something as scientific kmm®leand how
it becomes a functioning and widely used artefact, are vergerelift
processes. This is also in line with the argument of Dasgupiaéd
(1994) who state that the organisation of production of sciektifievledge
is suitable for the growth of the stock of scientific knowkedgut far less
appropriate for the accumulation of economic growth “by comméyrcial
exploiting its potential for technological implementations”. (Ibid., p. 518)

What is illustrated is that the step from something being @hsfic
significance to becoming something of economic importance involiragea
factor, but perhaps even more importantly that it depends auth@inding
conditions, such as other knowledge, and technological or organisational
circumstances. These are the surrounding conditions with vthechnew
needs to interact to enable a possible implementation of thiah\at least
once was labelled “science”. (See e.g. Basalla, 1988; Roseritgd4;
Mansfield, 1995; Stephan, 1996; Waluszewski, 2004) It is thus arnoétte
the newneeding to fit in with the surrounding material and immaker
resources; the more that it breaks with what already extstsharder it will
be to implement it in terms of production and use. (Hakansson &
Waluszewski, eds., 2007) As in the example of radio communicatitime
protein separating gel, these ideas could not have become wisedy
solutions without a surrounding producing and using setting winene t
could be made to fit in and which could support their continuing
development into economically useful artefacts. As earligcudsed, this
further suggests that the more groundbreaking or radical theadeaith
“cutting edge” science, the harder it should be to relatettdahy existing
setting of production or use.

It has so far been indicated that for scientific knowledge tce Fav
economic impact it needs to be used in different contexts asdiieus play
an important part in embedding this knowledge into establishecewr n
solutions. A more direct example of how such embedding requires the
involvement of users is that of new scientific instrumeatatHere it has
been shown that scientific knowledge is the primary source ther
development of new commercial products and that these are highmly use
driven processes often instigated by scientists themselS8es. €.g. von
Hippel, 1976: Rosenberg, 1982; von Hippel, 1988; Riggs & von Hippel,
1994) Being directly involved in determining what can be measusstbd
and experimented with, this type of equipment is of high sdientif
importance and therefore prioritised by scientists. To embed théoss
developed by the scientists into production and to create a usewihibk
able to carry the costs of large-scale production, the metuéas are
dependent on the scientists to further develop the equipment thraangh us
and testing. Thus, in order to develop and produce products based directly on
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scientific knowledge that will actually become used, the matwies need
to work closely with the actual users, in this case thenisis. However,
even though initiative and most of the development of the new or iegbrov
instrument happens through scientific research, industry is eddentthe
production and diffusion of the new solutions. (Ibid.)

The described processes of embedding scientific knowledge indakthni
solutions suggests that users play an important role in shapingezorally
viable products originally based on scientific knowledge. It Hsg leen
indicated that the relationship between scientific developmenindndtrial
production and use is complex as well as highly unpredictableadh e
context any new solution needs to interact with different tygematerial
and immaterial resources which in turn will determine ifit$¢ in and
whether it has possible benefits in these contexts. Also, shdéHat the new
solution is related to established settings of production andhesdarder it
will be to embed into these settings. The following section wddhl
specifically with the theoretical tool developed within tihéP research
tradition, which has been used in this study to investigate angsantile
interaction between a new solution and these surrounding material and
immaterial resources.

2.5 An Interactive Perspective on Material and
Immaterial Resources

The Development of a Research Tool to Capture Interaction

In mid-1970, the first IMP study focusing on the interactive nab@ithe
business landscape began and its findings have since inspineg line of
studies emphasising the interdependent and heterogeneous chafacter
business actors, the activities they take part in, and the cesotirat are
exchanged. (See e.g. Hakansson, ed., 1982; Laage-Hellman, 1987,
Waluszewski, 1989; Lundgren, 1991; Axelsson & Easton, 1992; Hadkansson
& Snehota, 1995; Gressetvold, 2004) The inspiration for the verystudy
was the inability of existing economic theory to explain erogiri
observations regarding companies’ inclination to form long-term
relationships in their exchange of products and services. thstéa
exploiting the price mechanism and playing-off different suppligeinat
each other for every business transaction, companies seemed ge @nga
close and long lasting relationships, and thus commit their resotoca
specific set of other companies. (Hakansson, 1989; Hakansson2€04).,
Therefore the development of a theoretical tool, which couldumaghe
interaction taking place between companies, appeared essdhiih). To
understand the rationale behind companies’ interdependence and thus
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needing to interactdyads or relationships between specific sets of two
companies, were particularly studied. (See e.g. Hakansson, ed., 1982;
Turnbull & Valla, 1986)

However, to further understand the structure of businesshiéegreater
network — which every company, as a result of its relatipn® any one or
several other companies, was embedded in — needed to be understood. It
was shown that in order to gain resources from other companiessartd al
reduce the long-term costs of needing to interact across orgamisa
borders, companies were making physical and organisational dolagptiat
each other. Interaction between companies through the acquirement of
knowledge or performing technical or organisational adaptatibos
facilitated the situation of interdependency by enhancing the cdoitipati
between the companies’ resources and activities. (Ford et al.,G888e &
Hakansson, 2001)

However, the business landscape also appeared to consist oftmmmec
between technical solutions, between production or other tagiviand
between other material and immaterial resources not repedsdmy
relationships; as they influenced which type of company decidiangduld
be made and had an effect on which types of new material roatenial
solutions that could be brought in, such connections also seemetiagé$sen
explain. These empirical observations resulted inAR& model (See e.g.
Hakansson & Johanson, 1992; Hakansson & Snehota, 1995; Hakansson &
Waluszewski, 2002)

The ARA model characterises what is happening within and betwee
companies in terms of three different layerstivities resourcesandactors
(Ibid.) The basic assumptions are that companies exchasgerceswhich
can be both physical and social. These resources, which are dssub®e
heterogeneoys (and thus obtain different features depending on the
resources they are interacting with) are combined across ogrjoaders.

The activities that are performed through the use of these resources, such as
production, product development or logistics, are also linked across
company borders. In turn this implies that #wors representing particular
resource combinations and linked activities, are interrekatddhus are part

of a structure of connected resources and activities nggsier company
borders. Through analysis of these layers of business netwottkss ac
representing directly related resources and activitiesedisas those more
distantly related, such as governmental and non-governmental ia@shor

can be identified. (Hakansson & Waluszewski, 2002)

Thus, the model builds on the assumption that the single company does
not itself possess all the resources needed in order fmmiibve forward,;
instead some of these must be provided by other companies and
organisations which in turn also are assumed to be incomplete is ¢érm
resources. It is this interdependency which creates the oeetbriact and
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which, in accordance with the following citation from Hakansson and
Snehota (2006, p. 265), defines the single company:

“It is through its relationships with others thaetdistinctive capabilities
of an organization are acquired and developeds thérefore the activities
taking place between the organization and the ofiaaties, rather than
activities within the organization itself, whicheathe determinants of the
bargaining position and of the overall effectivened the organization in
achieving its goals.”

Because of this interdependency, which stretches over timspaied, it
is not what the single company achieves in terms of neitnbdogies,
products, or organisational restructuring which create benéiilis,what
possibilities any change creatés combination with its surrounding
conditions, such as related companies, and existing material andeinaina
solutions. Interaction between companies is thus a way to dehl wi
interdependency in an attempt to improve resource combinations and activity
links. (Ibid.) This makes the realisation of innovation a maitemaking a
novelty fit with the existing structure of actors, acti\stiand resources.
(Ibid.; Hakansson & Waluszewski, eds., 2007) The next section wikpres
the specific tool which has been used in this study to examinehappens
between material and immaterial resources when somethingsnewtght
in — the4R model

The 4R Model - Catching the “In-Betweens”

To investigate the innovation process from an interactive petigp, and to
be able to study material and immaterial solutions regardfeshether they
are represented by business or non-business actors, a tool whicdptae c
how the connection between material and immaterial solutions ey
time is needed. One such tool is the 4R model, which assumesatmt e
resource, material or immaterial, constitutes a part lafrger network of
resources represented by various actors. (Hakansson & WaluszZ20aKi
From the standpoint of the ARA model, the 4R model was developed
within the framework of IMP to allow for the study of the plogsiand
organisational resources assumed as being involved in the ctidera
processes of different actors relating and adapting to each ¢libiel.:
Baraldi, 2003) It distinctly divides the resources representedary
particular company or organisation into four resource categdvigs;are
mainly physical: (a)products and (b)facilities, which represent (a) the
products of any particular organisation as the result of prodisser
interaction, and (b) the facilites or equipment used to producse the
products, often in combination with other facilities in an efftr cut
production costs. The other two are mainly organisationatirggnisational
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units, and(d) organisational relationshipswhich represents (c) the involved
people in the company or organisation in terms of their knowledg&jngo
routines, and their ability to cooperate with other organisatassyell as

other social attributes, and (d) the relationships between any other companies
or organisations which can be used to create more efficienuroes
combinations or activity links over time. (For a detailed wbs@on see
Hakansson & Waluszewski, 2002)

It is further assumed that resources exist in a constanadtitar, from
which they over time develop specifiesource interfaces relation to each
other. For instance, any product that is related to a particelarofs
production facilities will develop specific physical featur@swhich in turn
any user has to relate. Also, due to the availability of 8petchnical
components, these production facilities will as a result havéacylar
gualities and so on. However, any physical resource or any conolpircdti
physical resources can also create organisational effdotsinstance, if a
new technical solution in a production process requires a new tiype o
knowledge, or activates a dormant relationship which was @ lige in the
past. Also, as resources become related to each other, orthdmgeatures
will become adjusted to a particular resource combination and a
consequence be less adjusted to any other resource combination. Put
differently, the features of any resource are seen as tetegmined by its
interface with the resources it is interacting with, anddhaill define how
the resource can be utilised, both directly and indirectly, disasehow it
can be combined with other resources. (Hakansson & Waluszewski, 2002;
Jahre et al., 2006)

The interface between any two resources represents theitaéton
surface” and determines which qualities are brought out from eaohrce;
this stems from the assumption mdsource heterogeneity The concept
implies that the features of a resource are ngween rather they are
obtained through their combination with other resources. (See e.@sBgenr
1959; Rosenberg, 1982; Holmen, 2001) In practice this means that it is no
the resource in itself that holds any benefits, rather, theseraated in
interaction with other resources, and lay in the servicestmbe provided
from them. In turn this means that a particular resource &arotadifferent
features in different resource constellations and therefanader different
services depending on the particular resource combination. (lbid.;
Hakansson & Waluszewski, eds., 2007)

In this view, it is how resources (such as particular knogéde
technology, production systems or transportation solutions) interilat
surrounding structures of other resources which determinesubeiand
therefore neither a single resource nor a combination of resgan be
assigned an objective value. (Baraldi, 2003; Bengtson & Hakanss@s), 20
In terms of costs, a new resource’s compatibility with exgsbnes will
determine the investments needed to activate it in its eéimg the more
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that the new resource breaks with the current pattern oftmeats and
resources, the more expensive it will be to activate it.tdrms of
reimbursements, a resource’s possible economic benefit witlyirsetting
will be determined by the services that can be provided thradtsgh
combination with the existing structure of resources. (H&mns&
Waluszewski, 2004) Therefore, in each context, comprised of iaypart
established structure of resources, any new solution will beszsben terms
of the economic benefits that can be derived through its combination
these existing resources. Resource interaction thus impliesltiienal use
or value of each resource or combination of resources; throughdtiver,
each resource develops particular features in relation dpeeific set of
other resources which will determine its economic benefitisinvihat and
other resource combinations. In addition, this connects each regouace
number of indirectly related interfaces which, in one way otthamo will
become affected and cause changes in related resources. (ld&k&nss
Waluszewski, 2002; Brekke, 2009; Hoholm, 2009)

The perspective of resource interaction is an attempt to vebsenat
happens in the “in-betweens” or, put differently, how changes to one
resource affects each directly or indirectly related nesguand thereby
create economic effects. When a technical component is replaced by another,
what effects does this create on related production equipmenligssipgand
logistical solutions? When a company decides to work with a raaw
material, how does this affect the related production proghsswork
routines, or the existing material or immaterial solutiorthiwithe customer
setting? All these changes represent economic consequences. wldR
is thus a tool that can be used to trace and analysedhersic effects of
technical and organisational changes. It is the very integalaglationship
between the unit of analysis and context which is scrutinisedhancentral
issue is howchange,i.e. how new resources or new combinations of
established resources, comes about and generates direct andt indirec
economic consequences. (lbid.)

The heart of this study is the process that occurs whewaolution is
forced tointeract with establishedresources in terms of activated physical
and organisational solutions. Furthermore, in this process, nationships
and new units or groups of people working together are formed, which
implies that the interaction between individuals and between sajams is
also of interest. In order to catch this process (of new connimsaof
solutions being formed or clashing and new relationships becoming
established or dissolving), it is necessary to learn what happtrneerand
within these different entities as they become related, and velsimmomic
effects it creates. The following chapter will detail ttesearch process
which resulted in this thesis, and thus how the previously descrésearch
tool has affected both the process and the results of the investigati

48



3 The Research Process — Method and
Methodology

In this chapter | will detail the research process that led to this tls¢siting
from when | was first introduced to the story of pyrosequencingilll
explain the method which has been used to perform the caseastudyl as

the methodology which has guided this approach. On the issue of what
constitutes a suitable case study, opinion is generally dividexteTs little
consensus on issues such as what the appropriate boundaries &ether w
cases should be made up of theoretical constructs or stricityrieal.
(Ragin & Becker, 1992) Therefore, the definition of a casdystannot be
treated as given. For that reason, by accounting for the methodblogic
choices that were made at the outset and during the invastigas well as

for the research journey of investigating the chosen innovatiorgspthis

is a chapter primarily on what was specific about this sasty, rather than
what can be stated about case studies in general.

3.1 Why Study Pyrosequencing?

The idea for a study on the commercial use of scientific krdgele
originated in the interesting story of pyrosequencing, whichintasduced
to me long before | ever became a PhD student. The account & biogle
researcher’s struggle for attention for his new sequencing me thneti tunto
a commercial venture worth several hundred million Euros,dasght my
attention during an undergraduate course within the Departmenstoin
of Science and Ideas at Uppsala University in 2002. Here, asfagroup

| studied the rise of the (then rather new) company Pyrosequeridg
retrospectively followed its development from scientificade commercial
product. Even though | did not possess the theoretical or analytitalamo
while performing this dissertation study, | was still fasciddtg the story
and never really stopped thinking about it. Also, being an engineering
student and taking courses within the area of biotechnology, hetasnly
interested in the organisational aspects of this specific cocrafigation
process, but also in the technical and methodological transfornttian
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research group’s research results within a biotechnical dedogrinto a
commercially available analytical instrument. Thereforeenvh was given
the opportunity to write a C-level thesis within the Departtrof Business
Studies one year later, there was no question what | would Wwoté.arhis
time | went deeper into the development process of how therchsesults
had been obtained, and how the research group had come into catitact w
the different types of commercialisation opportunities whichilted in a
venture-capital financed company. Back then, my view of itval that of
an innovation process with different phases within which diverters
played certain key roles in making the scientific researsltrénto a
commercial product.

When getting accepted as a PhD student at the DepartmenisioieBs
Studies and the Uppsala Science and Technology Studies Ge20865, |
was involved in a larger study of the emergence of life-seidmased
companies in the Uppsala region. Here, 25 companies and their rdlgisons
to the academic and business world had been mapped for the préwéous f
years. (Waluszewski, 2004) One of the companies was Pyrosequencing,
which by this time turned out not to have become the successtsad
everybody thought it would. Having completed the study and then going on
to formulate my PhD project, my focus was set on a similastigation,
perhaps not one which would include as many companies, but neessthel
some kind of study investigating the relationship between sciende a
industry. Going back and forth with this kind of idea, it suddenlyabe
strikingly obvious that my dissertation study should focus on a whggh
was an excellent example of the problems inherent in attempting
commercialise scientific solutions — a case of which | had beere for
quite some time: pyrosequencing. During the few years that | haadl be
aware of its existence as a scientific breakthrough, gaoyand a product,
its innovation process had taken a turn from “commercial sucdess”
“business failure” and the obvious question walsy? Thus, unlike the first
two times | had committed to the study of this commerciatisattory, the
company was now in trouble. What had happened with the former success
story and who was to blame? Could it be that someoneaeasasnsiblefor
this “failure”, or was there something else at stake here?

Going into the empirical investigation with the theoreticgbrapch of
resource interactionit soon became clear that in order to understand the
apparent paradox of not being able to accumulate profits from a well
financed research instrument within biotechnology, the study needed t
outline the different characteristics of the scientific dgwment,
commercial production, and use of this new technical solutionedhyr
getting a sense of what it meant to combine efforts withenstic research
and business, in the attempt to achieve a science-based innovetistydy
was designed as an in-depth, single-case study, which hopefully would
illustrate both the possibilities and the difficulties oflsactask, as well as
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exploring the relationship between new knowledge or technology and
context. In this new light it became apparent what the comriisatian of
pyrosequencing was really about; it was not a matter of sommakiag a
mistake or something going wrong, rather it was down to theuliff of
combining a technical novelty with already existing solutionszal$ also a
case of bringing together very different environments imserof the
resources that were involved and acted as driving forces. THausase of
pyrosequencing demonstrates not only the challenges of developing,
producing and creating a use for new technical solutions, butvaksbis at
stake when resources within scientific research and business areedmbi

3.2 The Research Tools or the Embedded Research
Process

An Interactive Interpretation

Carrying out a thesis based on a theoretical view of new knowladde
technical solutions as contextual, and its development as @eoand non-
linear process, has implications not only for the results efgtidy but also
for how the research process of performing the study must leiregh As
the ontological focus is set on resources bdieterogeneousnstead of
homogenousand thus context dependent, and facts are seeonaucted
rather than the object discovery the conclusions drawn from the empirical
material will not be treated as the outcome of a pre-datednivork order,
nor will they be taken to apply @ny context or situation. Rather, this case
should be regarded as a specific example of the direct conafisation of
scientific knowledge in a world in which science and technology lheen
allocated all the more important roles, not only in developing new
knowledge and providing new solutions, but also in directly promoting
economic growth. Moreover, the further understanding, which | hoge thi
study will provide, rests on the view that the use of new solutisns
determined by their compatibility with those that are already esieali

Moving away from an understanding of the connection between sgcience
technology and innovation as being in any way linear or simpligiie
process of creating new products, services or companies is often described as
“messy”. (Hakansson & Waluszewski, 2002) However, according to
Hakansson and Waluszewski (2002) it is the view of this proagssot
fitting into the idea of linearity that makes #ppear disordered and
irrational. If the assumption is that any development process “[...] stafts wi
intentions and ends up in solutions which correspond to these” (ibid, p. 7),
then it will be difficult to come to grips with any processdlwing actors,
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both as individuals or as organisations. This is one of the péxgsetctake

on my case study and can also be applied to the research pobdbis
thesis; it has not followed a linear path seeking of the answesne
particular research question. Rather it has been a learningsprodtin
which some questions were particularly important at the outsbtdich

led to new ones being posed and pursued. According to Voss et al. (2002),
this is a recurring trait of the case research approach:

“When conducting case-based research it is not mnwn for the
research question to evolve over time and for thestucts to be modified,
developed or abandoned during the course of thearels.” (Ibid., p. 201)

However, embracing thahteractionis at the heart of all development,
resulting in the use of new solutions, and taking this as ancxeéearch
standpoint, there has never been a doubt of what the overall db¢his
research study would be or the type of research tools that dimuised to
perform it. In outlining the development of a scientific solution @sad
embedding in the business landscape in terms of the combinatidfecérdi
resources, the research tools used in this study were desigioidw such
particular resource elements and the interaction between. tResource
interaction has thus been a cornerstone in this study and has wekéeha
through which the empirical material has been viewed. Froms thi
perspective, we live in a simultaneously socially and phigitashioned
world in which the interaction between tangible and intangibleientuch
as people, facts and artefacts, creates the game plan foithings“work”.

It is this perspective that has guided both my research work grrésults
towards an interactive interpretation.

Using the 4R Model

This thesis is based on an in-depth case study and, as it isargcatssome
point in the process of building a case to decide what the yartiesearch
focus is and how it should be presented, theoretical tools thdiecased to
pinpoint this focus and present a certain view are needed. é¢ass 2002)
Thus, on the general basis mentioned abovejfhmodeldeveloped within
the framework of IMP (See Hakansson & Waluszewski, 2002), has been
adopted as a more explicit research tool that has guided thentcohtbe
investigation in terms of interview questions and their tapson. It has
also shaped the presentation of the empirical material lhasvihe analysis
of the case. This implies that in general, once any such tediden chosen,
the study will bear its mark in terms of what aspects of aghenon that
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will be studied and how they will be viewed and explained. As stegby
Burke (1992), such “tools” are never neutral, but hold certapulstions
which need to be taken into careful consideration in orderhfamtto be
applied properly. This is unavoidable when using any theory and aabeals
deemed an advantage in case study research, as basingetlseudgson an
explicit and well-grounded theoretical foundation can improve the
“explanatory power” of the case. (Dubois & Gadde, 2002, p. 555)

The 4R model is a tool which distinctly divides the resources\iedoin
using, producing and developing new solutions, as well as maintalivang t
into four resource categories of which two belong to the social or
organisational sphere and the other two to the physical or maieealt is
further assumed that resources are interrelated and thus®lyists part of
resource combinationsn which they develop in relation to each other over
time. This creates specific resource structures changimg time and
stretching over organisational borders. (Hakansson & Waluszewski, 2002

Here, in a study of the attempt to achieve innovation based onificie
research, the model has been used as a method to investigateldted r
material and immaterial resources “co-produce” different ctsiEnd, more
specifically, what happens when a resource developed in one coritekeis
produced and used in other contexts. In the empirical investigatioh, ea
context has thus been studied and evaluated from the viewpoint of its
organisational and physical resources. An example of this vietvipdiow |
modelled the academic development unit in my case as consistiag of
specific set of research equipment, a set of methods to assersific
quality, a certain type of knowledge as well as internedfesl relationships
shaping the research direction and thus resulting in the develbphe
particular kinds of intellectual and physical resources. Riwse different
existing resources | formulated a specific organisational pimgsical
structure which | assumed to characterise the researctoemént being
involved in developing the pyrosequencing method. The same was done with
the other settings in the study.

As resource interaction is assumed to take place acrossisatianal
borders, the resource structures of the interacting acttne empirical case
were specified both in terms of their inherent qualities and how thatg te
each other. The following section will further detail the regealesign and
how it was applied to the analysis of the case of pyrosequencing.
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3.3 Investigating Pyrosequencing

The Pre-Study

The case study of pyrosequencing is based on a pre-study which iatesstig
the relationship between science and industry, looking at mane2thbio-

and meditech companies in the Uppsala region. (Waluszewski, 2004) The
project's mission was to follow these small-to-midsize cargm for a
period of five years, from the year 2000, during which time thein@wic,
organisational and technological development would be investigated. About
half of these companies were defined as biotech tooling congpaitering

the project in early 2005, my assignment was to carry ouirtakerbund of
interviews within these specific companies and perform a adimg
assessment of their development for the total duration ofttity. Here |
performed interviews with people in key positions within the companies. Not
only did this study provide me with a good insight of the biotech tngus
Uppsala, but it also informed me about the general conditions gdimgt
biotech ventures based on new scientific solutions and on the Wbasis o
different types of financing, such as venture capital.

The study showed that in spite of large investments resultimgtliver
sophisticated technical solutions, few of the companies had managed to grow
into sustainable businesses during the study period. This indicatethéh
problem did not lie in the scarcity of capital or technological solutions, but in
the difficulty of transforming such resources into profitabkgble products;
thus the problem lay in creatingiaefor the new solutions.

Studying Pyrosequencing from a Resource Interaction Point of
View

The general purpose of this thesis was to try to capturerrims tef the
present resource elements, what is specific about the process ofiatjdmpt
achieve innovation based on new scientific research. As f@®n how
the surrounding conditions, from the aspect of resource struchajee she
introduction of new solutions, it is a study of how context matte
Therefore, from a methodological perspective, the procesarsfftrming a
new scientific solution into a business innovation needed to besdtodi a
qualitative level of gaining a greater understanding of tlaplpeand thus
knowledge involved, the technical equipment and relationships asgisting
hindering the introduction of the new.

10 As the concepmualitative study due to its many dissimilar interpretations, cam b

problematic (Eisenhardt & Graebner, 2007) | onlg iishere to refer to the collected data, in
the shape of interviews, articles and other seagnehaterial, and not the research approach
per se. The nature of my research approach, whightrbe referred to as an interactive

approach and interpretation, will rather be outime the account of my research journey of
exploring the chosen case.
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The proximity to real-life situations which the case study @ggin offers
makes it possible to gaicontext dependerknowledge which can tell us
how specific processes developed and for which specific reasons. (Flyvbjerg,
2006) Conducting single, in-depth case studies is thus &mraing about
a particular process, situation or phenomenon, ratherpitoaing it; the use
of a case study is on the level of gaining concrete experi@md knowledge
of that which is being studied, not of generalising on the basidesbased
knowledge. (Ibid.) Neither is it a matter of being able to wamverything
as all any researcher ever can hope for is to capturendratg of the
“reality” of a process, an organisation or a situation, andethaxre to be
conscious decisions about what aspects are to be investigatedadysed.
(Dubois & Gadde, 2002; Hakansson & Waluszewski, 2002) More
specifically, this enables studies investigating the undwgylyeasons for
certain actions or events. (Dubois & Araujo, 2004) As Eisenha889j1
states, case studies are particularly appropriate fdyisgithe question of
why an event or action occurs. This is also supported by Yin (1994) who, in
addition, considerdiow something happens as a contribution of the case
study approach.

Investigating the story of pyrosequencing as an in-depth cadg ahd
focusing on the heterogeneity of resources thus made it possinplare
the resource interaction mechanisms through which the spitifiwation
process developed. Also, case studies are, as indicated, particuladyfeuit
examining the role of context:

“The interaction between a phenomenon and its esttnis best
understood through in-depth case studies.” (Dukd&adde, 2002, p. 554)

In my case this involved understanding why the creation of the new
sequencing method had been relevant within its originating exade
environment of KTH (The Royal Institute of Technology). | had trre
what kind of knowledge, and thus people, was involved in its making, why
this kind of research was considered significant, and which tgpes of
scientific methods and knowledge it interacted with and how. Howadid
particular set of enzymes become useful in decoding DNAWat end
was it a valuable scientific research result and how iwvashieved? Put
differently, what characterised the developing setting involvechia
scientific research and how did the sequencing method contributesto thi
setting? To answer this question, the structure of the reseamdth a
development of the pyrosequencing method in terms of the people idvolve
and their knowledge, research methods, physical equipment and
collaborations, was studied. Also, to be able to give a geneealiew of
genetic sequencing, and how such research had advanced in theppaist, a
study was devoted to a history of genetics and some of its methaddlogi
milestones.
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Another essential component in understanding how this particular
sequencing method came about lay in appreciating the larger amilipgev
scientific context in which the development took place. The paaticul
temporal setting is often referred to as #dra of genomicsn which the
Human Genome Organisation Project (HUGO) — which operatedebat
1990 and 2003 — was the main driving force. The project's missioriovas
sequence the full genetic content of the human body and in so doing gai
more profound knowledge of what genetically constitutes us as human
beings. The challenges and the short-term results of theCHpIG@ject, as
well as the history leading up to it, demonstrate the sfieréand
technological situation of the time for the use, production anda@went
of the pyrosequencing method. Consequently, learning about the essourc
involved in enabling such a project was highly relevant in afgineg the
development setting from which the new sequencing method origirzated,
well as of the financial expectations of genetic sequencinghwttie
business world pronounced at the time.

To comprehend why this new scientific method concerning DNA
sequencing became involved in not only one but several business sgeitture
was important to start evaluating the utilisation of the semntific method
in terms of business structure. It was vital to learn abaupéople within
these environments who adopted it from a business perspective, labout t
knowledge base on which it was taken up, and how it was chasadteis a
commercial product. Why was it that the function of a few enzyme
suddenly became relevant to a producing setting within businesshat
degree was the investment in this new sequencing method ewusid
valuable and how was it executed? In other words, what charactéresed
producing settings within business where a product based omidmifs
method was formed, and how did it contribute to such settings? Visth th
question in mind, | particularly studied the business endeavoichwh
through venture capital, created a company and a product basedrmwthe
sequencing method. In learning why and how this was done, both the
financing venture capital firm and the resulting company werestigated
to further understand the structure through which the commercial proiduc
pyrosequencing was produced. However, | also studied the resources
involved in first attempting to make it part of an alreadstablished
company, as well as how it much later was given a new functoana
embedded component in another product.

In order to understand what happened within these producing settings it
was also important to learn about the users, the actual custoofethe
commercial product. Without understanding what type of use arose f
commercialising the new scientific solution, it would be imdassio grasp
the rationale of its economic effects and consequently theatbastics of
embedding scientific resources in the business landscape.fdrbera
selection of user environments in which the commercial ingmunof

56



pyrosequencing was brought into use was also investigated, Hwere
guestion of how the pyrosequencing product was incorporated (or not) into
the customer contexts necessitated understanding these userssnof
existing knowledge, their current use of established technitaicstws and
working methods, as well as external relationships, earli@stments and
activity goals.

The question of why the new sequencing instrument actually became
indispensable to some, while others found it rather uselessingly
uninteresting, became central as it touches on the core ofitwhaans to
bring something new to a setting characterised by a number oihgxist
solutions, both material and immaterial. The question posedhuaswhat
characterised the different user environments, and how (if Jatlidllthe
commercial solution created by the company contribute to thesg?ulse
trying to comprehend the use of the pyrosequencing product within
established user structures, a selection of present and foustemers was
studied. The thesis thus includes customers which have matwagehbine
the new product with their existing resources, but also an exashmae
that has not. The purpose of studying this diverse set of usets i
demonstrate both the untidiness and the uncertainties of incongoresw
technical solutions based on new scientific knowledge and hewdffect
and are affected by the surrounding resource structure. Next additess
the primary and secondary sources that were used to gain thesamgces
empirical material in order to perform the study.

3.4 Data Sources

Primary Sources

Interviews as Chief Data Source

Semi-structured interviews were the chief primary sourad \@ere very
important for studying the chosen innovation process, but also to pinpoi
theperspectiveslominating each of the settings involved in using, producing
and developing the pyrosequencing method. The interviews wera thak

in identifying the different resources involved in developing,
commercialising and using the pyrosequencing method, but also tdskstabl
the significance of these resources for the different pariesdved. The
prepared interview questions were designed in accordance with the 4R
model, which in practice meant that the different settingssef production

and development involved in the innovation process were pinpointed in
terms of existing knowledge, work routines, and relationships, lsot a
products and physical equipment. This in turn meant that what was
investigated was thesource structuref each setting involved.
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On average, each interview lasted an hour and began with the respondents
replying to the prepared questions; this, however, often ledntora open
discussion between me and the respondent. The interviews veerdeag
and then transcribed more or less directly after the interwigsvfinished. In
several cases, the same respondent was interviewed on marertea
occasion. For different reasons, usually due to geographicahaistasome
of the interviews had to be carried out through email correspondence.

With a Master of Science degree, and having specialised iaghial
systems, | had the great advantage of having insight into thei¢at and
biological issues which the respondents often discussed duhiag t
interviews. This factor greatly facilitated the intewi as it made it possible
for the respondents to communicate in technical language and thtlseuse
terms they apply in their everyday work. A further assisfiactor was my
earlier experience, through my educational background in enigigeef
using several of the different laboratory techniques whiaguiently
appeared in the interview discussions. This experience gavadditional
insight into the activities and procedures mentioned by the respondents.

Different Aspects of Interviews

There are, however, problematic aspects of using interviews esief
source, not least due to the effect of the respondent talking aebeots in
retrospect; as the person in question can have poor recollectiomagnd
even have generated false memories of the events which tack. p
(Eisenhardt & Graebner, 2007; Leonard-Barton, 1990) Furthermore, an
individual might have motives to explain some events or actioascertain
manner, which must also be borne in mind (ibid.). However, as stegbey
Eisenhardt and Graebner (2007), because of my use of atweasburces

for every event analysed in the thesis, either by using éspondents, or
one respondent and one secondary source, this problem has been reduced. In
addition, as the perspective of the individuals acting withich esetting
shows the settings’ inherently subjective nature, the effeahandividual
explaining particular events or actions in a certain manner iegtireg in its

own right, and gives explanatory power to the element of context
dependence.

Also, turning the retrospective factor into something positiveret is the
possibility that respondents, some time after the events took, gaund it
easier, or less of a matter of conscience, to honestlythell actual
experience; they were no longer a part of the context they giscussing
and may therefore have gained a fuller perspective on events.

An interesting aspect of interviewing the respondents withig study,
and the pre-study, several times during the course of more itleapefars,
has been that some of them have changed professional positi@fistbe |
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organisations of which they were formerly a part. Thisrofesulted in the
aforementioned effect: once they had left an organisation anddnoovéo

the next, they reflected somewhat differently upon their own andsother
actions than before leaving. Another important aspect which lsms a
influenced the results of the interviews and the investigath general is

that several of the events which are mentioned in this study plzae
during the actual investigation, specifically those that tookepleam 2005
onwards. This has thus given some of the respondents the opportunity to
reflect on, and give their reactions to, the process as it was takagg pla

Selecting Respondents

As it is the involved material and immaterial resources ti@s been the
focus of this investigation, finding the right respondents wasatter of
identifying representatives for the resources involved iruee production

and development of the pyrosequencing method. It was thus a prdcess o
identifying and interviewing “key people” within each settirgpresenting
resources directly or indirectly affecting the innovationgess. The initial
interviews included individuals who could be considered vemtrakin
respectively using, producing and developing the pyrosequencing method:
() the original academic inventor, (ii) the person who ireétlathe two
commercialisation processes and became the first informal @Ehe new
start-up company, and (iii) a very early and close customkatooator of

the start-up company. These interviews led me to other individuals who were
involved, and who represented significant resources, in the process.

It was not known beforehand which the relevant individuals or resource
were, which meant that during the investigation an evolving orktvef
individuals, organisations and resources developed, resulting ifiesedtf
network than initially envisaged in which certain individualgamisations
and resources were more (or less) essential or centrahihalty expected.
Consequently, the interviews were very important in finding further
respondents who might have been relevant for the study. In oneufzarti
example, an individual who was assumed mainly important from an
academic research point of view, turned out to have been far more
significant in terms of mobilising capital and promoting tlevnsolution
outside the walls of academia. This displayed a formerly “imtide
connection between the developing setting and the producing settthigs w
business. This example illustrates the sometimes evolejmgsentation of
actors, and consequently resources and activities, whichaatsed during
this empirical investigation and which in turn led to the further study of othe
individuals, organisations, resources or directions than initiapfeeed.
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A Special Seminar with the Developing Setting

In order to gain a greater understanding of the developing environient o
the pyrosequencing method, a special seminar arranged by me and my
supervisor was held on the issue of developing and commeraalisi
pyrosequencing at the Department of Biochemistry at KTHyevtiee main
scientific development took place. Here, several of the peaoptdvied in
developing the method, and also testing the commercial productpaobk

and discussed their views on both the academic development work around
the sequencing method and its commercial use. The seminar gave an
additional insight into the continuing research interesthm sequencing
method and its role as a “research success” within the department.

Secondary Sources

Next to the primary sources mentioned above, the secondary sdurce o
research articles authored both by those in the developing settikgH

and by academic users, has been very important in demonstrating the
academic or scientific view of the development and use of the
pyrosequencing method in terms of its scientific significancareMhan 50
scientific publications have been studied for this purpose. On ration of
which type of publications they have been granted as a dirdodivect
result of the use of the pyrosequencing method, and in what joutmals, t
articles display not only the involvement of the method within ehes
academic environments but also its role in these departmentsiaieseork.

In addition, the publications have served as a verificatiorh@faccounts
given by the respondents. Here, my skills within the biologimadl
biotechnical area once again were important in understandengeligvance

of particular advancements and concepts. By having knowledge dlgout t
technical issues brought up in the text, | could use the copfette
scientific publications as indicators of the technical andngific value of

the research results.

Also, the secondary sources of annual reports and press releases f
Pyrosequencing, and later Biotage (and other involved companies), hav
worked both as verifiers of the accounts given by the respondemllaas
a display of the new company’s image, which its management amd boa
wanted to make public. Other press releases from various organisations, such
as the Royal Swedish Academy of Engineering Sciences (I'9A)
companies connected to Pyrosequencing, regarding the scientifiellaess
commercial progress of the new method and product, have been used as

1 To further highlight the use of these publicatiotisey are referred to as “Technical
Reports” in the list of references.
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indicators of the function of the advancements in the scientific and eaconomi
spheres respectively.

Lastly, to be able to give a brief account of some of thestoites within
the genetics research area, and the development of the HUg@0tpboth
scientific and newspaper articles, as well as literatngaging in describing
these events, have been used. In regard to the HUGO ptlgeatticles and
books were often authored by individuals personally involved in thjegbro
This is not the same as saying that these writings kdiiptay the “truth”
about what happened, but rather that it provides an insight of how the project
was viewedfrom the inside and within the scientific sphere. This ghlyi
relevant for the purpose of this thesis as it is not only intetolelescribe
the activated structures of the technological and orgammsdtdevelopment
of this project, but also the expectations and ideas which wegrkay and
had a big part in influencing the concurrent scientific redeand business
projects concerning genetics and biotechnology in general.

As a concluding remark, it should also be noted that as technical
reviewers, both the original inventor of the pyrosequencing metRad,
Nyrén, and a former employee at Pyrosequencing have read and cothmente
on the technical and financial details of the empirical chapters dhtsss.
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4 The Scientific Development of
Pyrosequencing

In the following three empirical chapters | account for thepstia of
pyrosequencing as a scientific resource, its interaction witkindss
resources and its subsequent embedding in user environments as a
commercial product. In this first empirical chapter the dawelent of the

new sequencing method taking place mainly within the acadentiiegset

The Royal Institute of Technology (KTH) is examined. This chrapteo
gives a view of what was happening in the broader scieatiéina during a
period characterised by questions concerning the HUGO project, wétich s
out to map the entire human genome. In addition, this chapter awiidgr a

few insights about the scientific structure of genetics inclwhthe
pyrosequencing method was brought forth, by an account of the
development of genetic research and some of its methodological milestones.

4.1 The Use of an Established Method Resultingpén t
Development of a New One

In 1986, an idea of a new way of performing DNA sequencing or reading
genetic code occurred to a Swedish biochemical researcher, Pal Nigilén, w
attending his postdoctoral year at Cambridge University. Anlitalge he
was introduced to the most established way of doing sequencing,nier Sa
method, for the very first timé& The method was performed manually and
included many delicate manoeuvres with different samples, anddaebn
During Nyrén's years as a PhD student he had been working wit
methodological development within bioenergetics and had speciatised
photosynthetic enzyme activity? Still, in spite of his experience in
laboratory work, Nyrén had great difficulty in learning hownaster the

2 The method is named after one of the inventorddfie Sanger and it was first published in
1977.

13 He had been studying the enzymes involved in Eyothesis, which simply explained is
the process where solar energy, water and carbmriddi is transformed into dextrose (a
sugar) and oxygen. This process constitutes thedfation for life on earth.
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Sanger method’s numerous steps and procedures. By using a gemelally
known and established technique and not being able to master it, Nyrén
began a thinking process of starting to develop a different metlovge\ér,
since his background was within the research area of biochgnaistt not
molecular biology which is traditionally connected to DNA-relateskarch,
his idea of how to design a new method originated not in geneticsefbut
in energy conversion processes using enzymes. The methodological
principle was based on the idea of detecting DNA synth®sismeasuring
the constant release of a by-product during the préteBy. being
introduced to genetic sequencing and wanting to simplify the procedure,
Nyrén was entering a new research field. It was the conneofighe
research field of genetics to his knowledge within the argdnatosynthetic
enzyme activity which made the new idea arise. Even before hem&ael
any proper experiments, Nyrén had a strong belief that the iddd wotk
and that it would be an easier procedure than the Sanger methawidinte
Nyrén; Nyrén, 2007)
When Nyrén returned to his university in Sweden, Stockhafivessity,
he was eager to try his new idea and when doing so the prelymeasulits
indicated that there was reason to believe that it might Iactuark. The
way the assay was set up, a connection between a certaineeagzyinity
and the mechanisms involved in synthesising, or building, DNA could be
created and detected (Nyrén, 1987). Even though the results werd&@adiblis
they were still very preliminary findings; hence, whethemnot this was a
useful result within genetics, or more specifically DNAjsencing, was at
this point difficult to recognise. The article, which Nyrgublished in 1987,
described asequencing-by-synthesisethod based on the detection of the
by-product pyrophosphate. (Interview Nyrén; Nyrén, 2007)
Sequencing-by-synthesis, or SbS, was at the time a rather omeskpl
methodology, in which DNA was sequenced through its reconstruction. It
had been the focus of several research efforts, but as there hzel/ been
any real progress of making it into an efficient sequencidgnique, it was
more or less abandoned as a methodology for sequencing. It wasobased
the idea that by synthesising or rebuilding the complementaandstio
single-stranded DNA, sequentially added nucleotides (whichtittesthe
basic structure of the DNA molecule) would reveal the Dé&fuencé’
Two years earlier a patent had been granted for this typmeeaiencing
technique, but as it had been missing essential parts it didhawat a
significant impact on methodological genetic research. (MelamEeis;

4 The production of DNA.

15 DNA is a double stranded molecule, a double helikjch is held together by bonds
between nucleotides. There are four different ratedles A (Adenine), T (Thymine), C
(Cytosine) and G (Guanine) which make specific paf pairs with T, and C pairs with G.
By adding nucleotides to a single strand and detgavhich of the four nucleotides that
become incorporated, the sequence becomes knalsa ded-igure 2
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Ahmadian et al., 2006) There was nevertheless one partiealaré in the
design of this type of method which made it advantageous compared t
Sanger and other sequencing techniques. Since it was through raugbnti
detection of incorporated or rejected nucleotides that the isegumcame
known, any use of electrophoresis or fluorescent or radioaaivellihg
(which otherwise have to be used as a final step in sequencingrand
applied in all other sequencing procedures) was unnece$samhere was
thus no need for a separate step of using gels in this method, wdich
unavoidable in methods like Sanger. (Hyman, 1988) One of the ebksentia
parts that was missing in the patent was, however, the procedure
determining whether or not the added nucleotide had been incorpotated in
the growing DNA strand. This was where Nyrén’s idea of theyrapz
controlled energy conversion made its contribution; by measuringythe
product pyrophosphate every nucleotide addition could be detécted.
(Interview Nyrén; Nyrén, 2007)

Nyrén’s article, which was published in 1987, was primarily basedon a
earlier article written by himself and his colleague Arnendin in 1985.
However, in the earlier article, Nyrén and Lundin had presented a
luminometrié® method to track pyrophosphate synthesis, while in the later
one Nyrén described a combination of this method and the detettiaNA
synthesis; in other words, the rejection and incorporation of added
nucleotides? (See Figure 1) (Interview Nyrén; Nyrén & Lundin, 1985;
Nyrén, 1987)

18 Electrophoresis is a method used as a final smgequence DNA or proteins. By letting
the molecules run through a gel holding a certaiment, the fragments produce a separation
g)attern based on their charge and size. This pagersed to identify the molecules.

" Whenever a molecule is to be identified, for ins& through electrophoresis (see 16),
fluorescent or radioactive labelling of the molexid used as a probe for detection through a
fluorescence or radioactivity reading instrument.

18 The patent did, however, not become known to Nynétil ten years after he began his
sequencing research.

19 A reaction based on the event of light emission

20 The main component of this combined method, thgroguct pyrophosphate, is a salt
which in this case is released by the enzyme resblenfor incorporating nucleotides during
DNA synthesis: DNA polymerase. This released pyogpiate then works as a substrate for
ATP sulfurylase (an enzyme) and together they predAilP, a highly energy rich compound.
By adding luciferase (another enzyme) this compoisnconverted into light which can be
detected by a camera. It is thus the continuousctien of released or non-released
pyrophosphate through this bioluminescent reactiat exposes the DNA sequence. Also,
the light emissions are both time dependent andgotional. This means that it is a real-time
reaction where the results are shown at the saneeds the light reactions take place and also
demonstrates how many nucleotides that are adbfeeryjew Nyrén; Nyrén & Lundin, 1985;
Nyrén, 1987)

64



Polymeras

ATTCGGTTATGCACCTTGGAATTGLCATGCCT--
CTTAACGTACGGA--

{}

PPi

{} ATP-sulphurylase

ATP

@ Luciferase
‘%Lifht

Figure 1. The principle of Nyrén's first ideas about DNA segcing through the
detection of pyrophosphate (PPi). The uppermost odwetters represents the
single-stranded DNA string on which the complemgnttrand is built by adding
nucleotides (A, T, C and G). If the nucleotide nmlkepair with its corresponding
nucleotide (A always pairs with T and C always paiith G and vice versa) on the
single strand the by-product pyrophosphate is sel@avhich produces a flash of
light through ATP. This light emission is detectrutl registered. Polymerase is the
enzyme which incorporates the nucleotides in tloevgrg DNA strand.

In this reaction, firefly luciferase converted ATP, an eneigy-r
compound, into pyrophosphate shown as a flash of light which revealed the
incorporation of the added nucleotid&s. This energy conversion, which
was described by Nyrén and Lundin in 1985, was by no means a new
discovery; rather, the research on this particular reaction back at least
40 years, and since then there had been several articlathidgs@TP
analysis with firefly luciferase (see e.g. McElroy, 1947; Bath &
Nicholas, 1971; Hammerstedt, 1972; Lundin et al., 1976; Drake et al.,.1979)
Nyrén was thus building his research on already familiar atableshed
research but which was totally unconnected to genetics and PhAesis,
which in turn meant that the novelty of Nyrén’s article frb@87 lay in the
use of this energy conversion in detecting the activity of DNA polymerase. It
was, in other words, established research that Nyrén appliethémw area

2L ATP: Adenosine-tri-phosphate
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and in a novel way. He was also using an old and abandoned technique, SbS,
as a methodological principle for his idea. However, asag wot able to
perform the actual sequencing process, Nyrén did not yet claim it to be a SbS
method per sé&2 Such a claim was nevertheless made by Edward Hyman in
1988 (Hyman, 1988), but this SbS method was far from optimised and
needed major improvements in order to be a sequencing method of
significance. The three papers by Nyrén and Lundin in 1985, by Niyrén
1987 and by Hyman in 1988 demonstrate the first tentative steps toavards
SbS method based on the detection of pyrophosphate. (Nyrén & Lundin,
1985; Nyrén, 1987; Hyman, 1988)

Although there had been research progress already at thistb@gew
idea for sequencing which Nyrén presented in his article in Ha8hot
cause any excitement in his department at Stockholm Uniyensit within
various funding committees which Nyrén turned to, to raise resdands
for a continuous development of the idea. The published findings were
considered too vague to be the basis of a methodological clegaaject
and the committees rejected Nyrén’s grant applications. Waasethus no
belief in the idea of a SbS-based method becoming an altermediveof
performing DNA sequencing. In Nyrén’s opinion, the only person really
believing in the new idea for sequencing at this point wasséifm
According to him, solving a methodological problem in genetic Jezing
by using knowledge from his own research area, bioenergetiss twaitful
combination which the genetics research community at the time failed to see.
(Interview Nyrén; Interview Pettersson; Nyrén, 2007)

4.2 Genetics in Retrospect

In trying to enter the methodological research area of gesetuencing,
Nyrén met with an outspoken opposition to his new sequencing idea. His
research results were considered too preliminary and unddaditate a
potential scientific success in creating a new and efificeequencing
method. Unfortunately, it was precisely within this area that his newcbsea
idea was supposed to make a contribution. Despite using estdblishe
research from his research area, the outcome of Nyréw'sim¢ings would

not be relevant within this context; it was rather what thisvkedge would
bring to the area ofequencingthat was the significant research result.
Therefore, to ever become a scientific success, the newnakzied to be
recognised within the scientific structure of genetic sequognén order to

22 |t was rather more of a method to register thiviagtof DNA polymerase which is strongly
connected to DNA synthesis as the polymerase &ddsucleotides which constitutes DNA.
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understand what kind of research area Nyrén was gettingpynieanting to
simplify genetic sequencing, we now leave the development of the new
method and turn to a brief overview of the field of genetic research.

“Genetics underlies all of the biology of cellscliding development
biology, or embryology, but also enzymology and #edy of cancers and
the study of many other diseases; all of immunaol@nd of endocrinology;
neurobiology generally as well as many disorderthefnervous system and
of the mind; and, ultimately, the process of eviohit

(Judson, 1992, p. 37)

One of the most central issues within the scientific strecof biology
has always been to understand and explain the mechanisms thkroicgh
heredity functions and how it is expressed throughout the lives of living
organisms. Already in 1856, Gregor Mendel had laid out the bdsi fiar
how heredity is expressed in the physical features (the phenaifpbg
organism. By crossing generations of pea plants, he showed Hevelif
combinations of specific characters, such as colour or sterth|eadtpwed
certain traits to be passed on while others were not, atretgt the first
generation. From these results he founded the conceptcessiveand
dominanttraits, which nowadays is common knowledgélowever, the
work of Mendel lay dormant for many years and was not recognised until the
early 1900s. Through the continuing efforts of several biologistsd#aeof
something resembling and functioning genesbegan to form! The
knowledge that the phenotype of an organism was controlled by itgygenot
was thus beginning to emerge. Around 1918 the theopnefgene one-
enzymeappeared which, among other things, stated that “[...] the gene is
expressed through the action of an enzyme” (Kevles & Hood, 1992, p.53);
this was a fundamental finding as it showed the direct exipresf a gene.
However, since methods to study this in further detail did not,agisas
around whamolecularlyconstituted genetic material did not appear until the
1940s. (Kevles & Hood, 1992)

A major breakthrough in the quest for this “holy grail” oflbigy was the
presentation of the DNA double helix structure made by JanssaV and
Francis Crick in 1953° The significance of this model lay in the fact that
previously the knowledge regarding genes and their hereditaryidnriad
only comprised the physical outcomes, or phenotype, of their chastcs
and not the characteristic’s origin and constitution - its genotifoe.
instance, regarding plants one could detect and influence phiysitalsuch
as colour, size and proportions. With the model of DNA, however, this

23 For more information see Kevles & Hood, 1992
24 The wordgenefirst appeared in 1909 (Kevles & Hood, 1992)
2 DNA stands for doxyriborucleic_aid.
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understanding was deepened to comprise also these traits’ genetic
foundation. The model showed that not only was the DNA molecule a
double helix, but it was also an assembly of nucleotides, or bab&d) w
formed pairs in a specific order; thus DNA constituted a code.eTlvere

four different nucleotides spelling out this code: A (AdenifiefThymine),

C (Cytosine) and G (Guanine) from which A formed pairs withrnd C
formed pairs with G (see Figure 2). It was now understood that dee ior
which these nucleotides appeared determined the genetic code and thus
played a crucial role in all the physical and behaviouralifea of the living
organism. However, to read the code formed by this DNA strictiwus to
perform the task of DNA sequencing, was not possible at the time. (Ibid.)

Figure 2. A simplified schematic picture of the DNA molecushowing the
placement of the four nucleotides, or bases, of AC and G and how they form
specific pairs: A with T and C with G.

A prerequisite for sequencing DNA was knowledge of the expres$ion o
separate genes. This was made possible by the wuseamhbinant DNAIn
the 1960s-1970s it became known how to recombine DNA from different
sources (mainly bacteria) which opened the door to study sepmas.
The use of recombinant DNA thus resulted in an overall compretmensi
the function and expression of DNA: not only was the function of é¢me g
determined by the code through which it was spelled but also by heoasit
translated (into proteins) to determine the features obtganism. It was
this new knowledge that laid the groundwork for also beingtaldequence
DNA. (Judson, 1992; Watson, 1990; Collins & McKusick, 2001)

In 1977, Allan Maxam and Walter Gilbert and Fredrick Sanger
independently presented two different methods to perform DNA seiqgenc
(See Maxam & Gilbert, 1977 and Sanger et al., 1977) Both themase
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were capable ofle novosequencing which meant that they could be used to
sequence unknown sequen&efver the years, these have been the two
most often used sequencing techniques around the world - Sanger’s being
the single most used still to this day. In 1980, Gilbert and Sahgeed the
Nobel Prize in chemistry for their two sequencing methods. Duddo t
necessity of handling dangerous chemicals using the Maxam iineitG
method, as well as the continuous improvements of Sanger, the Mawxham
Gilbert method has lost its former status, leaving the flooiSangef’
(Judson, 1992; Nyrén, et al., 1993; Collins, 2001; Ryan et al., 2007) Soon
after being published, the Sanger method was used to sequence ftfiestvery
whole genome, which was the 5 386-nucleotides-long sequence of the
bacteriophagebX174 (a virus). However, to put things in perspective, by
using this first version of the manually-handled Sanger method, itdwoul
literally have taken a million years to sequence the hunemorge.?®
(Bentley, 2003)

As with the many other sequencing techniques that were beingdeuel
at the time, Sanger was a gel-based system which meatteHast step of
the method which gave the ultimate sequencing result wasrped by the
use ofgel electrophoresisThe length variation of the DNA fragments,
which had been produced earlier in the process, would be run iruacg
an electric current. The order in which the fragments endedoufd reveal

% To be able to sequence known sequences is desiveén wanting to identify if an
organism has a certain gene or mutation which ptesly has been classified. However, when
wanting to sequence a new gene or the entire geradnam organism, methods that can
sequence unclassified sequences are needed.

?In 1975, two years before these two big inventidig, Southern (Southern, 1975) had
obtained a sequencing method for identifykmgown DNA sequences, which means that it
could not be used for de novo sequencing. The nefisathis was that the method was built
on the prerequisite of an existing template ofgbeght-after sequence. The technique, called
Southern blottingwas however further developed and laid the fouaddbr the sequencing-
by-hybridisation technique (SBH) first presentedl#88 (Lysov et al., 1988; Drmanac et al.,
1989). This is now a vastly used method and isisoausly being developed. (Ahmadian et
al., 2006)

2 The Sanger method is also called the dideoxy-tetitin method (or the chain-termination
method) as it relies on special nucleotides - diglenucleotides (dd-) - for its function.
Before tackling the issue of studying and sequen@nlA the inventor had done the same
with proteins (or amino acids, which are the buigdiblocks of proteins) which was a
somewhat easier task. His idea for sequencing DitA(cleic acids, which are the building
blocks of DNA) was based on the complementarityvbet the two strands in the double
helix mentioned earlier - A always pairing with idaC always pairing with G. It was
through this principle that by separating the twargds and only using single-stranded DNA,
added nucleotides (A, T, C and G) would make paith their complementary base on the
single strand. Due to the use of dd-nucleotideschvitop further elongation of the DNA
strand once incorporated, and a specific ratiocipla, the Sanger procedure produces
different lengths of the DNA sequence in which gvewcleotide in the sequence is
represented. The last step in the sequencing pogedhich also reveals the sequence, is
polyacrylamidegel electrophoresisBy letting the DNA strands run through the getlenan
electrical current, the fragments display a separapattern depending on their size and
charge. The separation pattern thus shows eachatigd in the sequence. (Judson, 1992)
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the sequence of nucleotides. This was a technique whicthiaidwundation

for many different sequencing methods and was thus in many regards
considered an inevitable step in performing sequencing. The lpage of

the methods that were being developed thus belonged to a
“sequence/fragment-length paradigm” (Trainor, 1990, p. 425) which shaped
their construction and qualities. (Interview Nyrén; Intervi@ettersson;
Trainor, 1990)

4.3 The New Method to Be —Standing a Chance?

The research area that Nyrén entered with his new sequencanbadehus

far presented several different ways of performing sequengiigwas
dominated by Sanger which was ever-evolving through its frequent us
There was also a general acceptance of the idea of gel-bagaencing as

the only successful method. Development of Nyrén’s new method loegan
the Department of Biochemistry at KTH in Stockholm in 1990. Nyrén had,
by this time, left Stockholm University, where he had beenngheetime or
funding to work with his sequencing research. Here he worked umder
Professor with the task of building up a new laboratory in teahs
equipment, PhD projects and staff. Next to this rather time-cangum
undertaking, as well as teaching, he was given one day a weeirk on

his idea. Mostly due to the lack of research funding nothing happeitied w
the development of the new method between 1987 and 1990. In 1990, its
status was still very much a preliminary demonstration amanection
between research performed within bioenergetics concerningdliiylen
pyrophosphate synthesis and the genetics area concerning detecting DNA
synthesis. (Interview Nyrén; Nyrén, 2007)

At the same time as Nyrén took employment at KTH, there was a
momentous event taking place in the international arena whiclercmtt
DNA sequencing, namely the initiation of the HUGO projecstigated in
the early 1990s, this project set out to sequence the entirenhgename
and thus directed great attention to the task of DNA sequencirggtdthe
vast nature of this project, the focus was mainly directedutmtgative
sequencing. The attention was thus completely drawn to they atail
sequence as many nucleotides in as few sequencing runs as pdssible
stated at the start of this chapter, the research driveryt&nNvas based on
the idea of an easier and faster way to perform DNA sequenaiag.itthe
dominant sequencing method, Sanger, was appreciated for its robugtness
was also considered very time consuming, labour intensive andicateg!
Every analysis required highly skilled operators who manuallyttadork
through the different steps of the method. Though there had been aignific
attempts at automating it, it had not yet reached a aetiisfy condition in
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terms of efficiency and accuracy. Therefore, most laboratevere still
using the manual method (Trainor, 1990). However, even if it reglairgd
amounts of insensitive DNA material, as well as trainedraipes, what
counted in its favour was its ability to read several hundreds of nucleatides
a time. In the early 1990s, no SbS method had ever achieved sueata gr
read-length. Within the genetics research community this eesuft the
belief that the Sanger method, and gel-based sequencing teshmigue
general, were the future. Consequently, it became difficulBbi# methods

in general to gain any real support within genetics. (Intervidien;
Interview Nyrén; Trainor, 1990; Nyrén, 2007)

4.4 The HUGO Project —Influencing the View on How
to Sequence

The Project Initiation

With the methods of how to sequence DNA at hand, the idea of semggienci
the human genome - the entire genetic content of the human body - had
begun to surface in the mid 1980s, and the first meetings of howligerea
such a task were held. In the very beginning it started as a concerntadra rat
small group of researchers led by Robert Sinsheimer, chancellibre at
University of California at Santa Cruz. However, the ideas vquickly
picked up by the US authorities. At a meeting in 1986, the diretttre
Department of Energy (DOE) decided to devote a few nationatdtdries

to the common task of sequencing the human genome. This was, however,
just the beginning of a long process to initiate such an endeavViaumy

more meetings would still be held bringing forward just as magynaents

as counterarguments as to whether or not such a huge undertakitdy w
benefit science and society. (Watson, 1990; Collins et al., 2003) One concern
was that it would consume enormous amounts of research funds leaving
other smaller projects without financial support, which in the femgwould

have a negative effect on biological research in generale Ve also the
social and ethical consequences of having total information aboilg one
genetically determined past, present and futureom a health care point of
view, others argued that the benefits of sequencing the human gemoee

so tremendous that not engaging in such a project would be attfenk
(Watson, 1990)

2 There were the ethical considerations concerniegple’s ability to handle such
information about themselves, but also the risllis€rimination due to genetic circumstances
when it came to e.g. insurance and employmentssgievies & Hood, 1992)
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Finally in 1988 the US Congress decided that a project seaqgeand
mapping the human genome would be carried out, and appointed the DOE
and the National Institutes of Health (NIH) the officialdees of this huge
task. Together, these institutions would create a plan for how to procéed wit
the project and there were of course many aspects to considgrvere the
technology requirements? Which and how many scientists would be
interested in participating? How long would it take? What wleeesocietal
and ethical consequences? Some of these questions could not beednswe
until well into the project, if at all, while others had b® addressed
immediately. (Collins, 1999)

The Challenges of HUGO —Science, Technology and Society

In 1990, the HUGO project was officially initiated as a je@ndeavour of
the DOE and the NIH. None other than James Watson, who, together wi
his research colleague, Francis Crick, had brought forth the nobdbk
DNA double helix, was appointed Associate Director of the Humamo@e
Research at NIH. (Watson, 1990) Thorough plans for the factors tdtdhe
attention were created and the idea was to finish the projih\a period
of 15 years. The following goals were formulated:
* ‘“ldentify all the approximately 20,000-25,000 genes in human
DNA
» Determinethe sequences of the 3 billion chemical base pairs that
make up human DNA
» Storethis information in databases
» Improvetools for data analysis
* Transferrelated technologies to the private sector
* Addressthe ethical, legal, and social issues (ELSI) that mese a
from the project.” (Human Genome Project Information,
http://genomics.energy.gov)

As there were many technological challenges to overcome in tder
achieve these goals, the first five years were devoted cbnital
development and to study genomes of smaller laboratory orgarismss
viruses and bacteria. (Cantor, 1990; Collins, 1999; Collins & McKusic
2001) In 1990, the largest genome that had ever been sequenced consisted of
approximately 250 000 nucleotides which paled in comparison tthtee
billion nucleotides of the human genome now to be sequenced. There simply
were no large-scale sequencing techniques that coulda#rsych a task at
the time. (Watson, 1990; Collins, 1999; Collins & McKusick, 2001) Not
only did the technologies used in this project need to be eifiel@ough to
keep to a reasonable time frame but also efficient enoughejp tkethe
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budget. Hence, one part of the initial mission was to reduce thperosach
sequenced nucleotide. A very important aspect was also theipneof the
results which these technologies would produce - the DNA code chéede
be read with an accuracy of at least 99.99%. (Collins, 1999)

The most important and single most used technology within the U
project was the Sanger method which was heavily developed both before and
during the project. (Collins & McKusick, 2001; Collins et al., 20B8an et
al., 2007) Before the initiation of the project, Sanger had lbeerloped
into an automated sequencing technigque, which meant that all esediff
steps did not need to be performed manually. (Martin et al., 1985) |
robustness and ability to sequence several hundred nucleotidesna a
made it very useful in sequencing large DNA materialsl, $tilits early
automated state it would have taken up to a thousand years tocedoe
entire human genome (Bentley, 2003). However, it was continuously
developed to meet the standards of large scale sequencing:

“It is remarkable indeed that the Sanger dideoxythow for DNA
sequencing remains the basic technology on whiehg#netic revolution is
being built.” (Collins & McKusick, 2001, p. 540)

During these five years of technological development, funding was g
to a dozen different research centres which all contributed nolugiosns of
how to improve the Sanger method (see Figure 4). (Collins et al. 2003)
was these and several other large investments in improeqgescing
technologies in the early 1990s, which made the goal of complétang
sequencing of the human genome during the next decade achievable.
(Bentley, 2003)
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Figure 3 A) Demonstrates the decrease in sequencing (®sfer nucleotide/bas
pair during the HUGO project. B) Demorates the increase in the number of
sequenced nucleotides/base pairs during the HU®{@qir (Source: Collins et a
2003. Reprinted with permission from AAZA

4.5 The Development of the New Method at K

The Difficulty of Being Alone— Development Stands Still

Alongside the ambitious research endeavour of semjg the huma
genome, what was happening at Nyrén's departmeftEtin Sweden? A
earlier stated, even if it was a procedure for Dd&guencing, the methu
presented by Nyrén did not have roots in genetics per se. Having spent his
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academic career within the area of biochemistry and focusing
photosynthetic enzyme activity, the method originated from thiscpbat
source of knowledge. The new method, the function of which was to deal
with DNA, did thus not spring from a research area focusing orysingl
genetic material; rather it rested on research conductechviithchemistry
regarding cellular functions and enzymatic energy conversion. \Wowine
factor tying together a method for sequencing with this typesearch was

the focus on methodology - the search for methods to examineotbgital
cornerstones of life. (Interview Nyrén; Nyrén, 2007)

At this time, the basic principle of the method was clegrbuilding the
complementary DNA strand (with its four letter code consistighe
nucleotides A, T, C and G) one nucleotide at a time, and measuring the
pyrophosphate level induced by nucleotide incorporations, the code of the
particular DNA strand could be read. The reaction’s time deperdand
proportional quality allowed the results to be given in tisa¢, which is to
say at the same time as the nucleotides were added, and in profmhaw
many nucleotides of the same kind that had been incorporated. Two
incorporated nucleotides gave twice as much light emissian@sThere
were, however, still many questions regarding how such a penaipuld
be transformed into not only a functioning, but also an effidequencing
technique. How could excessive nucleotides which had been leffrouer
former additions be removed in order not to disturb the subsequent
incorporations? How could the light-emission intensity be enhanided?
could the enzymes which were a part of the process be trinomedrk
more efficiently? Besides all these questions, Nyrén’s danitnowledge
within genetics was at this time reflected in the stditthe method. For the
one-man project to progress, additional knowledge, particularly ainge
DNA, was needed. (Interview Nyrén; Interview Pettersson; Nyrén, 2007)

Further Development Through Additional Knowledge

Since 1987, the Department of Biotechnology at KTH had had in-house
expertise within research concernisglid-phase sequencinghe technique
was first presented in a joint article by the departmeniucleic Acids
Researclin 1988 (Stahl et al., 1988) and then the following year in an article
in Nature by Mathias Uhlén (Uhlén, 1989), both very prestigious journals
within the natural sciences. It was based on the use of madrestds to
separate different substances in a sample. The beads couidstfoce,
have DNA attached to them (or any other molecule with an inidimab
chemically bind to a certain substrate) and thus bind to certalaotides.

As these beads were pulled to a magnet, the substrate bound tdAhenD
the bead would be separated from the rest of the sample substantie
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late 1980s and early 1990s, Uhlén and his research group had been working
on a particular sequencing method using this solid-phase technihee. T
sequencing method itself was derived from the Sanger method aswlithe
phase technique was used as a preparation step before the emealctg
process. (Interview Nyrén; Interview Uhlén)

Uhlén was involved in the HUGO project and wanted to improve the
sequencing methods that could be used for this venture. His idetowas
develop the solid-phase technique for this particular purpose. However, there
were some problems with the technique. Due to the use of fluotlsce
labelled nucleotides for detecting incorporations, the system didarétas
efficiently as anticipated The fluorescence constituted an artificial building
block in the DNA, which interrupted the sequencing process. Theréfere
solution appeared to lie in replacing these labelled nucleotdbsnatural
nucleotides, like the ones that were used in Nyrén's new method.
Consequently, there were two research projects at KTH involvdaNiA
sequencing which needed complementary knowledge in order to proceed,;
Nyrén needed additional knowledge within the field of DNA sequencing i
general to solve specific problems, and Uhlén and his group neededeto sol
the problem of detecting nucleotide incorporations using unlabelled
nucleotides. While this simultaneous quest for knowledge was takicg,
Nyrén found out about the solid-phase research through the articknvimt
Uhlén in 1989 - this ultimately brought the two projects togettheterview
Nyrén; Interview Pettersson; Interview Uhlén; Uhlén et al., 1992)

Initially the collaboration between the two projects was wety
extensive. It took the shape of Nyrén working together witth@ student
from Uhlén’s research group, Bertil Pettersson, in trying tprave the
pyrophosphate-based method. Pettersson brought knowledge concerning
how to work with DNA and magnetic beads into the joint projed a
assisted by producing DNA material through PCR (PolymerasenCha
Reaction}' At this point the research progress was halted by probiéths
getting the method to produce enough deflection for the luminometer t
register it as added nucleotide€s. The luminometer available in the
laboratory could not detect the light emissions which was a catitin of
the DNA material used for the tests and the qualitieh@fluminometer.
Thus, the experiments intended to test and improve the light iptefighe
method became pointless - the laboratory instrument simply coukhoat

%0 Whenever a molecule is to be identified, for ins&@ through electrophoresis (see 16),
fluorescent or radioactive labelling of the molexid used as a probe for detection through a
fluorescence or radioactivity reading instrument.

31 PCR is a method which allows exponential amplifa®or creation of multiple short DNA
sequences. As this creates a larger DNA materiabii with it enables scrutiny and analysis
of DNA. It was first published in 1986 and revobrtised all research within genetics. For a
detailed description of this method’s coming alsré Rabinow (1996).

32 A luminometer is an instrument for measuring illnation.
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if there had been any enhancements. (Interview Nyrén; InteRett@rsson;
Nyrén, 2007)

Because of this combination’s poor outcome, of the particular DNA
material and the qualities of the luminometer, the project netedeldange
direction and the question posed was then: if it is not possible tairaghs
light intensity when nucleotides are incorporated, is there anethy of
testing if this kind of SbS method works? This problem made anoflea
“reversed” system surface. The concept was to alterysdtera so that every
pyrophosphate-generated signal indicated a non-incorporated nucleotide
(this was the opposite of the original idea where a sigmditated an
incorporated nucleotide). Thus the absence of a signal would nowtendica
that the added nucleotide had been incorporated and the sought-afte
nucleotide would be known, thereby eliminating the problem of unclear
signals. The system was set up to create massive elongations of DNJs stran
not containing the sought-after nucleotide, which created stigimgsignals
detectable even to the luminometer, while the strand contaitfing
complementary nucleotide did not show a signal &t Blbwever, since this
method could mainly be used for single nucleotide detection (only one
nucleotide per run) its use was rather limited. Neverthetas fact that this
reversed idea worked was an encouraging result sint®wesl that there
was great potential in making the original idea work as.w#éiterview
Nyrén; Interview Pettersson; Nyrén et al., 1993)

In 1993, Nyrén, Pettersson and Uhlén published an article based on the
combination of this reversed sequencing idea with the solid-phase technique
the single-stranded DNA was bound to magnetic beads from which the
elongation process and signalling took place. This combined method was
also patented. At this point the development of the still atome method
had thus resulted in the merging of two initially differentjgcts at KTH.

The joint project rested on two fused sources of knowledge, thieication
of which, in this first phase, had resulted in both a publication anteatpa
(Interview Nyrén; Interview Uhlén; Nyrén et al., 1993)

33 This was achieved by using four aliquots (in cretrgialiquot refers to the use of a known
volume of liquid that represents a part of somgdarvolume) containing single-stranded
DNA and dd-nucleotides, the special kind of nudtiex terminating further elongation of the
DNA strand. One aliquot contained ddA, another dalThird ddG and a fourth ddC. If for
instance C was added to all four aliquots it woadly be incorporated in the one containing
ddG. When then washing away all the remaining ddeamtides and adding regular
nucleotides to all the aliquots there would betafdancorporations in all the aliquots except
for the one where the incorporated C would be hindefurther elongation. This would
create massive light signals in all the aliquotsaantaining the sough-after nucleotide while
the aliquot where a nucleotide incorporation hadettaplace had no signal at all. (Interview
Nyrén; Interview Pettersson; Nyrén et al., 1993)
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4.6 Development Support from One of the World’s
Largest Suppliers of Biotech Tools and a Scientific
Breakthrough

A Growing Research Group and the Need for an Automated
Method

From 1994 the research group led by Nyrén grew bigger as sé&rdpal
students joined the project. The factor which enabled this prejgansion

was the acquirement of external funding. Up until this poinfptiogect had

had great difficulty in getting attention from various funding outtees.

The committees had all required “hard evidence” that the mettioally

had potential to become a functioning sequencing technique; isuffic
evidence had not been possible to present until that time. Enenagnt of
funding enabled a new grip on the research project; new people, new
equipment, for instance a different luminometer, and improved DNA
material for the tests. This enabled the research prtgeptoceed in its
initial direction, namely that of developing a method detectingleotide
incorporations through elevated levels of pyrophosphate. One of the
remaining issues was the concern about light intensity, but geerdazen
more so the procedure of removing excess nucleotides. Inrientstate,

the method compelled the user to manually wash away remaining
nucleotides after each added nucleotide. Clearly, for the ideartoas an
efficient sequencing method and become automated, this was not an
acceptable inconvenience. At this point there was thus no questiowlaatto
needed to be done, the question was rdtber (Interview Nyrén; Interview
Pettersson; Interview Uhlén)

The first PhD student to join after Pettersson in 1994 was Féosta
Ronaghi. The second, Samer KaraMohamed, joined in 1995, while Tommy
Nordstrom and Nader Nourizad became the third and fourth in 1996. In
1998, Baback Garizadeh joined the team and in 2000, Jonas Erik$so
great advantage of more people becoming connected to the progesttly
lay in a greater working capacity but also in the more effictivision of
labour; thus, someone could focus on the thinking process whilesothe
performed the actual experiments. However, the drawback veasthis
same change made it necessary to construct suitable Pratproyhich in
some ways distracted the group and Nyrén from the initial goal of the project
- to create an efficient sequencing methibdneant that the development
project could not just be about problem solving on a general texehlso
had to be broken down into smaller and more comprehensible assignments
Even if this in some regard helped to push the general piojebe right
direction, it also had the effect of slowing it down since thiftesd part of
the focus onto the students rather than on the development ofethed.
Nevertheless, with a larger group different ideas could ledes a more
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efficient way, which in turn enabled the group to move towards the
development of an automated method. As its condition at the time loeuld
likened to a brew of various enzymes which, if not handled dbrremave

no guarantee of accurate results, the method needed to be staddiardise
order to be usable for researchers outside the focal resgranap; therefore,

a prerequisite for the new method was that it be automated.vigwer
Nyrén; Nyrén, 2007)

The key to making the manual step-by-step process into an automated
method lay in solving the problem of excess nucleotides which hefri@
the mixture once nucleotides had been added. Consequently, there needed t
be some kind of washing step incorporated into the process whicld woul
remove the abundant amount of nucleotides between eaclvéestdp of
adding nucleotides. At this point, the solid-phase technique preseynted
Uhlén’s research group made a manual washing procedure possibie, but
was far from an optimal solution as, first, the solid-phasd®¥do some
extent also were being washed away in the process and secoedyalsaeno
obvious way to automate this particular procedure. (Interviewemyr
Ronaghi et al., 1996)

The first real step towards a possible automated solutioriakeas in the
form of using a capillary flow system in combination with susfac
immobilisation. The idea was to immobilise DNA on a plastic tube afted
each added nucleotide perform a washing step using a flow sydtem
capillaries. Both capillaries and surface immobilisation weses areas of
knowledge to Nyrén as well as to the rest of the research group agldtbe
it seemed like a complicated approach to the problem. Nelesthehe
group decided to try this direction as it appeared to be theoptilyn at the
time. Different approaches to developing this idea were amedafter a few
months the group had found a stable format for DNA immobilisatioth Wi
this encouraging progress, the solution to the washing step séeriedn
the capillary flow system approach. (Interview KaraMohamatkrview
Nyrén; Interview Pettersson)

Development Collaboration with Pharmacia Biotech — the
Pyrosequencing Method’s First Encounter with Business

In 1996, ten years after Nyrén first had the idea of a new sequencing method,
one of the world’s largest suppliers of biotech tools, PhaanBwmtech,
showed interest in starting collaboration with the research gadugTH
around the sequencing method. At this time, by sequencing 15 nucleotides,
the research group had managed to set a new world record iantthemof
nucleotides that could be sequenced in a row by the use of a SbS method
(Ronaghi et al., 1996); this was of course an encouraging accomplisbimen
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the research group. As a scientific advisor to the board oftadliseat
Pharmacia, Uhlén had informed Bjorn Ekstrom, the Chief of Explerati
Research, about the development work being done at KTH. After rfurthe
deliberation, the two parties of the joint research project letlywgn and
Uhlén and the department led by Ekstrom decided to collaborate. The
method that was, at the time, being developed by Nyrén’s reseamap, g
assisted by Uhlén’s research group, was thus taken on by an already
established company for further development and possibly for produétion o
a new product. It was, in other words, an encounter between scientific
development of a new method and standardised production within business.
For the research group at KTH a joint project was a verytipesi
development as it had been difficult to attract any attentiothéonew
method outside KTH. Working together with such a large cooperason a
Pharmacia Biotech meant that the initially small and firedlycipoor
research project was now part of a bigger endeavour. Also, tharaepy
approach which Pharmacia Biotech had to the further devetdpofehe
method was very compatible with the team’s academic wayodfing. The
goal was to try to automate the method by applying the capillavy f
technique, and Nyrén’s group were given equipment to work with the
capillaries in parallel with the Explorative Department Ritarmacia.
(Interview Ekstrém; Interview Nyrén)

Even if Nyrén’s group was still actively working on the capil flow
idea, the joint project with Pharmacia Biotech in maagards transferred
this particular part of the development to the Department ofoEatjve
Research. Some further progress was made by the KTH group, buitsince
was not really its primary research area, it was also ingriwith many
different ideas for a possible automation of the process. A$ afohe
system so far was based on the function of enzymes, anddkidlyvén’s
main research area, a new idea based on a washing step perbyrryet
another enzymegpyrase was tested. After several weeks of experiments,
the new idea proved to be very effective. Consequently, bylBfé the
method had developed into a four-enzyme system (see Figure &h whi
incorporated the correct nucleotides to the single-stranded [@NWlate
(through polymerasg continuously degraded the nucleotides that had not
been incorporated (througtpyrase, and created a proportional light signal
(through sulfurylaseand luciferasg that could be detected and registered.
The latest addition of another enzyme taking care of the mgghnocedure
replaced the solid-phase technique. (Interview KaraMohamed; Intervie
Nyrén; Gharizadeh, 2003)
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Figure 4. The four-enzyme system of the new method using mefgse,
sulfurylase, luciferase and the last addition, apgr The four different bases are
added iteratively (dATP, dTTP, dGTP, dCTP). Where thucleotides are
incorporated, pyrophosphate (PPi) is released wpgotion to the number of
nucleotides included. Pyrophosphate is then quaiviély converted into an energy
rich compound (ATP) which is transformed into aedédble light signal. (Source:
Ronaghi et al., 1998. Reprinted with permissiomfridAAS)

To be able to add this piece to the sequencing puzzle wasjoa ma
breakthrough for the research group at KTH. This was alsotdically
recognised through the publication of an articl&aience one of the most
highly ranked journals within the natural sciences. It wathis article that
the name of the methogyrosequencingappeared publicly for the first
time. (Ronaghi et al.,, 1998) Even if this represented a satentif
advancement, the method was far from optimised and there wermasty
issues to be dealt with, still, the essentials of the methat Hdsen
determined. There was no doubt that this was a functioning sequencing
method which could be further developed and automated. Also,sjwgtla
the former discoveries involved in developing the method, the faymen
system of pyrosequencing was patented. (Interview Nyrén; Interview Uhlén)

During the same time as this research progress was talkiog at KTH,
Pharmacia Biotech decided to withdraw from the joint projdath was a
big disappointment to the KTH group - this will be covered in tgredetail
in subsequent chapters. However, Ekstrém, the Chief of Explorative
Research at Pharmacia who first had taken interest in ttteodpenvas not
ready to lose the opportunity of commercialising it, which teduin him
resigning from Pharmacia Biotech. The new focus was to caeabenpany
around pyrosequencing which was a joint endeavour of Ekstrém, Nyrén,
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Uhlén, Pettersson and Ronaghi. (Interview Ekstrom; Interviewémyr
Interview Pettersson; Interview Uhlén)

4.7 The Technological Development within HUGO —
Setting a Standard for Sequencing

The HUGO Consortium

Meanwhile, in the same year, 1996, the international HUZm@sortium
consisting of 25 laboratories from around the world was officifaimed.
Even though the HUGO project was mainly funded and controlledeby$
government, it was indeed an international endeavour as it edvobsearch
laboratories in Britain, France, Germany, China, Japan andd&€aRaom
the very beginning this international character was seerpesrequisite for
the carrying out and completion of the project. (Collins & McKusick, 2001)

As it was an open conglomerate, the number of involved laborakai¢s
increasing until the completion of the project. This meant tmattask of
sequencing the human genome and developing the essential sequencing
technologies engaged thousands of researchers worldwide. The many
undertakings involved in sequencing the human genome demonstrated the
multifaceted nature of the HUGO project — not only was it maorreous
scientific challenge that required a large portion of the werktientists
from many different research fields to come together and wowards a
common technological and scientific goal, it also necessitataissions
about new legislation and ethical consequences. The HUGO pnagjethus
not just about sequencing and laying out the map of the human genome but
also about finding scientists and developing technologies capdble o
performing such a task as well as handling the social qoesees of its
outcomes. (The Sanger Center & The Washington University Genome
Sequencing Centgt998)

The Race of Finishing the Sequencing Task

In 1998, the publicly-funded HUGO project got unexpected competition in
completing the sequencing of the human genome as Craig Venter agthounc
that his newly-founded company, Celera, would finish the task béfere
Consortium. The company had been formed together with Perkin Elmer, a
global manufacturer and supplier within the life sciences and
optoelectronics, and was about to launch a new automated large-scale
sequencing system. Their ambition was to use this new system to
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independently sequence the entire human genome in less tharydams

and thus finish in 2001, four years before the HUGO project. Veritkya

was to focus on sequencing the geimethe human DNA material and not
the remaining “junk DNA”, which supposedly constituted about 80-90% of
our DNA and was considered non-functional at the tith€he new system
was based oshotgun sequencindpirough the Sanger methdel(Venter et

al., 2001; Roberts, 2001) The approach of the HUGO project was sotmewha
different and it took the view that since there was no knowleflgéerein

the vast DNA material the genes were to be found, one would tbaVve
sequence the whole thing” (Watson, 1992, p. 169).

The leaders of the Consortium, as well as the researcheisad in the
public project, were naturally stressed by Venter's announueraed
decided to re-evaluate their own timeframe. As the sequenahgdiegy
development had made good progress, a new deadline of finishing two years
before schedule, in 2003, was considered achievable. The following three
years consisted of a fierce fight in reaching stage goatghing could be
done fast enough. However, in 2001, Venter made the first publication of an
individual's genome inScience (Venter et al., 2001) but was quickly
followed by a publication by the Consortium Mature the same year
(International Human Genome Consortium, 2001). As these were
publications displaying only a first “draft” of the sequenite sequencing
work continued. (Roberts, 2001) The Consortium finished their giroje
according to the new plan, in 2003.

The Gains of Knowing the Human Genome

Winning the race of mapping the human genome was, however, of little
importance compared to the overall scientific gain of the tasing
completed. One of the major reasons for initiating the HUGSpept, and

the most anticipated use of a map of the human genome, wareits ¢
potential value in solving health-related issues. (See e.dgsoWal990;
Collins & McKusick, 2001; Van Ommen, 2002) From the very beginning it
was strongly argued that for this goal to be realised thetsestilthe
sequencing process needed to be continuously and immediately published in
the public domain; this was also something Celera consideredotonaor
importance and consequently carried through. (Watson, 1990; Roberts,
2001)

34 Even if so called ‘junk DNA’ is not translated dnproteins, the argument that it is non-

functional is nowadays largely contested as thisAD®thought to have a great influence on

genes and their expression.

° The name “shotgun” refers to the DNA material beimgmented and then reassembled by
the detection of overlapping sequences.
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With a template of the genetic constitution of the averageahumeing,
the idea was that it would be possible to compare a healttetigehart to
an unhealthy one, and in so doing find disease-causing genetic deviations
As we are all genetically 99.5% identical, the project Wwaa great extent
not about defining what makes us similar but rather about iglegfithe
0.5% that separates us. Before, during, and after the projeetwhsrmuch
talk of the many advantages that a greater knowledge of hgeraetics
could bring. In the eyes of “gene hunters” the potential contritsitiof
genetics to health care seemed endless as “[...] virtuadiyydwman illness
has a hereditary component” (Collins & McKusick, 206%1)Not only was
there the expected use of identifying all disease-causingsgéoe
mutations), but also to monitor drug response and create individually-
targeted drugs. As the following quotation suggests, the exmestatiere
great:

“The vision of genetically based, individualizedepentive medicine is
exciting, and it could make a profound contributitm human health.”
(Collins, 1999, p. 35)

Irrespective of the expectations that existed, the knowledge and
technology development within the life sciences gained duringith&O
project were certainly massive. Due to heavy investmamise#forts, the
Sanger method, as well as other sequencing techniques, wasy greatl
improved and new ones invented. These technological advancements were
made in a great number of research laboratories around the @aod this
meant that the specific development direction of the HUGO praféscted
and became standard within a large portion of the scientific cmityn
involved in genetics. Thus the HUGO project, as well agptrallel effort
by Celera, had a big impact on which technologies were devklapée
became standard sequencing methods.

38 Gene hunters is a nick name for scientists wigfginetics that seek the connections between
genotype and phenotype and do so by identifyingegesnd how they are (or are not)
expressed as proteins.
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4.8 The Research Focus at KTH After the Founding of
Pyrosequencing

“Science as Usual” - Improvements and New Ideas

In the creation of a start-up company around pyrosequencing, the start-up
group managed to mobilise venture capital through an advisorycéted
Odlander, Fredriksson & Co. based in Stockholm. Leaving the
administrative minutiae of creating the company, located in Uppsal
Ekstrom and Odlander, Fredriksson & Co., the research at KTH around
pyrosequencing continued much as before. To the research groups of both
Nyrén and Uhlén, the development was still in many regards areas@rch
project with many unexplored possibilities. There was much moleata

about the optimal conditions for both the different parts of themeez
sequencing system, and the system as a whole. Thereforasjhstfore,
Nyrén’s group was focusing on diverse parts of the project to rexphe
potential and further development of pyrosequencing. Together with
Ronaghi, Nyrén was working on the apyrase enzyme in trying to optitsis
function in the enzyme system, Nordstrom was working on the capillary
flow system (as this idea had not been totally abandoned). Kaaaikd

was involved in cloning and recombining enzymes for further optiroisati
Nourizad was working on mutations of the DNA polymerase enzyme, and
Gharizadeh was focusing on overall improvement of the chemistry.
(Interview Gharizadeh; Interview KaraMohamed; Interview Na@djz
Interview Nyrén; KaraMohamed & Nyrén, 1999)

To Nyrén, a central issue was the short reading-length of
pyrosequencing. Realising that the long-established Sanger method would
be tough to replace, Nyrén was determined to try to enhancedding
length of the new method to make it more generic. It was noush about
competing with Sanger but rather about the belief that a loegéerlength
could be achieved as long as time and effort was put intoassuendeavour.
Because of its vast size and its purpose of sequencingsivaamount of
genetic material, the HUGO project had put all its foaugwantitativenot
qualitative (with great accuracy) sequencing; thus the goal of reading shor
sequences with great precision had yet to be realised. Aintiee the big
difference between a SbS method and Sanger lay in the applicab&n
methods had so far only been used for reading short DNA sequendes (20
40 nucleotides) while Sanger was designed to read several hundred
nucleotides at a time. This was considered a major downside of SbS methods
and reason enough not to explore this type of approach. (InteNyeén;
Interview Pettersson; Nyrén, 2007)

%" The reading length refers to the number of nuidestthat the technique can manage to
“read” in one sequencing run.
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However, when comparing Sanger and pyrosequencing (or quantitative
and qualitative sequencing) in one specific regard, we see that
pyrosequencing starts to read the specific DNA sequence frorfirshe
available nucleotide, while Sanger is unable to begin #guencing
procedure until 40 or 50 nucleotides into the sequence - this camiagor
downside if the DNA material being examined is fragmented argldhly a
few nucleotides long. This demonstrates that there is not one meticid
suits all sequencing tasks and that the choice of sequencthgdraepends
on the condition of the DNA material and, ultimately, if the purpes®
perform gqualitative or quantitative sequencing. However, thmaté goal
which Nyrén’s research group wanted to achieve was to be ablehtotiuo
qualitative and quantitative sequencing at the same time usegame
method. Therefore, one part of the continuing development of
pyrosequencing was to enhance its read length so that it woutthiyobe
the most accurate method but also one with quantitative gaalitis was
mainly done by trying to make the enzymes work more efficiemtty using
nucleotide analogués. (Interview Gharizadeh; Interview Nourizad,
Interview Nyrén)

Pyrosequencing as a Commercial Product Within the Developing
Setting

In 1999, the first commercial product embodying the now automated
pyrosequencing method was launched by the company. How this happened
is accounted for in detail in the subsequent chapter. With aicghys
instrument produced, the interest concerning the use and further
development of pyrosequencing spread at KTH. More people at both
Nyrén’s and Uhlén’'s departments got involved in several gtojaround
different types of applications. One such project was led dgbJ@deberg,

a researcher at Uhlén’s department. The study involved thehséar
polymorphisms, or genetic markers, connected to heart conditions.see
Odeberg et al., 2002; Magnusson et al., 2004; Holmberg et al., 2005;
Samnegard et al., 2005). In this study Odeberg worked with the coramerc
reagent kit (the mixture of enzymes) manufactured by Pyroseiggeacd

saw many possibilities for improvement. One such improvement|reatig
become an established working procedure when using the pyrosieguenc
method at KTH and concerned a substance called single-stranded-binding
protein (SSB). The function of this protein was that it uncoitesl DNA
strand before the sequencing process began which made it feasiee

%8 Nucleotide analogues are synthetic moleculesl#éicitthe bond site for other nucleotides to
attach to it, for instance dd-nucleotides whichhilsd further elongation of the DNA strand.
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enzyme DNA polymeraseto incorporate nucleotides along the strand.
Consequently, the addition of SSB hastened the sequencing process and
made it more efficient. (Interview Odeberg; Interview Pettersson)

Nyrén’s group was making many advances in its continuing work on the
pyrosequencing method. After the launch of the first product theleagth
was increased to as much as 150-160 nucleotides in one run (compared to
around 20 previously). Various kinds of assays suitable for eifter
applications were also developed and overall improvement of the sthemi
was achieved®® One particular project had focused on an application to
make it possible to identify several species or genotypese sample.
Nyrén and Gharizadeh developed the procedure by using multiplerprime
thereby enabling multiple sequencing in one and the samée®rAs. the
identification of various genotypes in one sample (e.g. the presa@nce
multiple infections) had long been a problem when using both
pyrosequencing and Sanger, this improvement was a real breakthroug
(Interview Gharizadeh; Interview KaraMohamed; Interview éxyr
Gharizadeh et al., 2003; Nyrén, 2007)

But it was not just at KTH that the knowledge and use of pyresging
had spread, there were several other universities which interested in
testing and further developing the new sequencing instrument,asuttte
Karolinska Institute and Uppsala University. Through joint ptsjeoften
initiated by collaborating universities, several more imprems and
application discoveries were made and published (see e.g. Lindsta@m e
2004; Holmberg et al., 2005; Andréasson et al., 2006; Kéaller,e2G6).
The collaborating partners often discovered specific applicatieetul for
their particular research area which otherwise would haen teard to
envision. (Interview Allen; Interview Odeberg)

Conflicting Views on the Commercial Solution

The Scientific Intent

In the very beginning of the parallel effort of the KTH resbars and
Ekstrom (along with a few other recruited people) to develop t
pyrosequencing method into a product, there was an exchange obfdeas
how to proceed with the creation of an automated sequencing instrument;
however, in time this radically changed. Both before and dfeelatunching

of the first commercial product in 1999, there was great difficin
introducing most of the research results from KTH (and fronm #esidemic

3 ATP sulfurylase assay, PPI (pyrophosphate ionjyas8pyrase assay etc. (Interview
KaraMohamed)
40 A primer is a short nucleotide sequence whichatgs the sequencing process.
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collaborators) to the start-up company as well as to the produetithe
commercial product. A conflict regarding both the further developroé

the pyrosequencing method and its application areas therefore soen aros
The researchers at KTH were determined to make pyrosequengemngric
sequencing method applicable to many different types of analytical tasks, bu
this view was largely met with indifference from the company
representatives. In their view, the company was limiting thierpial of the
pyrosequencing method by directing all development focus of the produc
towards one particular application; this one application vedied single-
nucleotide-polymorphism-sequencing (SNP), which is a method for
identifying genetic markers consisting of single nucleatmgations (e.g. an

A has been replaced by a €With its great accuracy of reading each single
nucleotide in a sequence, this was indeed a suitable application fo
pyrosequencing, but to make it the sole focus was viewed &sofaarrow

by the KTH researchers. (Interview Nyrén; Interview Pssten; Interview
Uhlén)

With the background of their many published research results, the KT
researchers saw almost limitless possibilities of furtieveloping the
method into covering many different types of applications, tcamit long-
read sequencing being one of them (to replace Sanger). The erpsotdt
what could be achieved were thus very high and it was sebavagg a
major advantage compared to Sanger:

“The limitation of Sanger is its use of gel sintesimply gets worn out
after seven- to eight hundred nucleotides. WithoBgquencing] there is no
such limit, | could not see the limit then and Indosee it today.
Pyro[sequencing] just does not have this kind ofitition.” (Author’s
translation) (Interview Pettersson)

Nyrén’s group’s ultimate objective was to develop a genacicyrate and
easy-to-use research method for sequencing. In their mindsyast
researchers much like themselves who would be the primary. (derg
were familiar with the phenomenon of many researchers havingkt@ra
even pay someone else to perform sequencing on their behalf arlighat
was a time-consuming process. The ambition was to erasebtitacke by
developing a sequencing instrument which anybody could put in their
laboratory and easily use. (Interview Nyrén; Interview Pettejsson

41 SNP-mutations can affect the phenotype of the risga and thus cause various
deficiencies or diseases.
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Clash Between the Researcheraind the Business Peopls View on
Pyrosequencing

As it was growing, the start-up company had to a large extane do
consist of people from old Pharmacia Biotech. Hence, the majofit
Pyrosequencing employees had made a transition from one of thesworld’
largest producers of laboratory and large-scale biotecipregat to a very
small start-up company. With this increasing portion of forntesrfacia
Biotech employees at Pyrosequencing, the KTH researchers expgeria
diminishing company interest in their research results. Wheromkgnating
their new research achievements concerning read-length angnesnz
optimisation at meetings they were often told that it s difficult to
transform their ideas into “globally shippable products.” Thessage they
received was that achievements in the laboratory did not sleqyate to
commercially-viable products - this response frustrated thearesers
immensely. Correspondingly, the KTH researchers did not waatdept
the technical test results provided by the company’s resardh the KTH
researchers’ view, the methodological achievements witkitempany did
not correspond to the potential of the sequencing method which threy we
developing. Their outspoken opinions, however, only resulted in the same
recurring arguments. (Interview Ekstrom; Interview Gharibadeterview
KaraMohamed; Interview Krabbe; Interview Nourizad; Interviewréw;
Interview Pettersson)

From the perspective of the researchers at KTH, the developshent
pyrosequencing in collaboration with the company almost solely lkeeaam
issue of “doing business” and making money - it was not about \whiéd ¢
be achieved from a technological or scientific standpoint but ndweded to
be done in order to manage a company. For this to be a commercial success
they were told that the major focus of the further developofetiie method
would be to optimise it for SNP-applications. This greatly dostd the
researchers since they wanted to optimise every conditidmeaiethnique
and thereby explore its overall potential. Even though this alsobeiag
done at KTH, the results rarely went into the production of the cociahe
products. The continuing research at KTH and the production taking plac
within the company thus became disconnected processes proceettialy
separate ways. (Interview Gharizadeh; Interview KaraMohatmekview
Nourizad; Interview Nyrén; Interview Pettersson)

Besides the more than thousand scientific articles that have bee
published regarding the development and use of pyrosequencing, by the
KTH department, its academic collaborators and other users gthednwvas
in 2006 ranked as the second most important scientific discovéing gear
by the journal Science Furthermore, in 2008 Nyrén was awarded the
prestigious Wilhelm Westrup Prize by the Royal Physiografiiciety in
Lund, Sweden, for his scientific achievement of pyrosequencingd[as]
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the first alternative method of the classic Sanger methedrdzd the Nobel
prize in 1980) for de novo DNA analysis” (The Royal Physiographic
Society, press release, 2008). (Interview Nyrén; The Neaf§, Science
2006;Dagens Nyheter2009-01-12) The pyrosequencing method can thus be
stated to be an achievement of scientific significance.

4.9 In Summary

The scientific development of pyrosequencing took place concurreittly w

a massive effort to learn more about our hereditary components by
sequencing and mapping the entire human genome. The HUGO project
signifies the questions which scientists currently were emdittg and
pursuing which means that it was balancing on the very edge vof ne
scientific knowledge. If yet of a smaller magnitude, so wasrésearch
project around pyrosequencing.

Nyrén started to develop a new method with the ambition that itdwou
eliminate some of problems with the established Sanger methad. Th
research around the pyrosequencing method eventually allowed hischese
group at KTH to formulate and finish PhD projects, to publishidgli-
ranked journals and to get access to research funding. Thus #iepeent
work on pyrosequencing constituted the foundation of the involved
researchers’ scientific work and academic careers. From Kiél
researchers’ perspective, the use of the pyrosequencing methuod they
academic and scientific advancements it enabled - it wasetiieal purpose
of their work. For this reason the researchers at KTH cohstamiblished
about the development of the new sequencing method in order to show their
work and progress. They did not want to leave any opportunity for
continuing development and publication unexplored and this creatdéd a ri
between them and the company, which wanted a narrower, commercial
focus.

Another striking feature shown by the account of the scientific
development of pyrosequencing is that the knowledge produced within the
KTH research group was not found very useful in the contextoofuging a
commercial product. As soon as the basis for a first produatgprom the
pyrosequencing method, collaboration between the KTH research grdup an
the company became very limited. From the perspective of tharchses at
KTH, the initially meaningful relationship regarding the continuingsiific
and commercial advance of the method ended as the company shifted to
prioritising commercial activities instead of exploratorge&rch. This vexed
the researchers and many technical meetings with companger{atves
ended in great frustration. The collaboration with other acadessigarch
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departments, however, was flourishing. Through the KTH unit's
relationships with other academic departments and universigescademic

use of the commercialised pyrosequencing method was spread. The
researchers at these departments and universities wantednwolved in
testing and developing the new sequencing instrument which lgginto
projects between them and the researchers at KTH. Therafmny
publications were made through joint testing and development projects
which earned pyrosequencing a position as a useful sequencingdnatt
prestigious universities such as KTH, the Karolinska Institung Uppsala
University.  Within academic environments, then, pyrosequencing, a
research result in itself, supported further research both arourmvits
function and what its analytical results could mean for othpesyof
research. It thus acted as a catalyst for scientific research.

One of the major reasons for the end of the collaboration betived¢wo
factions of scientific development and commercial production thas
company’s decision to restrict the instrument to just one applicaBiNP-
analysis. The researchers considered the pyrosequencing prodettpee
by the company as only a small part of the method’s true potential. However,
as a methodology in the academic setting it is still vesgevant, and
continues to be used and developed at KTH and other academic research
institutions. Thus the pyrosequencing method was a research visick w
provided the research group with academic and scientific méamygwhich
in turn enabled a continuing development of the method. Furthermuas it
not only a scientific breakthrough within the group but for sciexidarge,
as it in time was recognised as a very important scierdicovery by
highly-ranked journals and scientific committees. This scientifcognition
was, however, for many years not widely recognised as the Saregeod
was, and in many regards still is, considered to be the bakitotegy on
which the future of genomics is to be built. This notion becaliigne more
clear during the HUGO project for which this technique was heavi
developed and used.
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5 Embedding Pyrosequencing into a Producing
Setting

In this chapter | will examine the process by which pyrosequensasy
shaped into a business resource. As detailed in the prewiapgec the first
encounter which pyrosequencing had with business was the exploratory
project within the large biotech tool company Pharmacia Biot8econdly,
it became the foundation of a new company and a line of produotsgh
the involvement of a venture capital firm and, as will be oeén greater
detail, later it became part of a larger business corspellthrough several
company mergers. The chapter will thus demonstrate the tramsionnof
pyrosequencing into a commercial solution from the perspeatibasiness,
first as part of an already established firm and then asothedtion of a
new one.

5.1 Pyrosequencing Within an Established Company -
Pharmacia Biotech

The founding of the Department of Explorative Research atniRitda
Biotech in the early 1990s was a personal initiative from BiRstvho also

was made Chief of Department. Before that he had spent 15 geaas
product specialist at the marketing department and had also beéredin
various development projects at the R&D department. In his \tesve
needed to be company resources focusing particularly on novel idtbas w
unknown potential and outcomes. The goal of starting the new oegpdrt

was thus to focus on long term projects, which made the immatire
promising sequencing idea developed by the research group of Nyrén a
suitable undertaking. When the method was taken up by the depamment
1996, there were still several fundamental problems withetienique that
needed to be solved, for instance the procedure of removing excessive
nucleotides. The Pharmacia group, which was involved in the project,
consisted mainly of Ekstrom himself and a few instrument deees.
(Interview Ekstrom; Interview Nyrén)
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From the perspective of the Pharmacia department, the godieof t
sequencing project was to achieve “proof of concept.” This mtent
production of concrete evidence that it was possible to automanecthed
and for it to function as a commercial sequencing technique. I€ohisl be
accomplished the next step was to develop a prototype. Undeoritigion
that these preparation steps went well, Pharmacia was skveloping the
commercial product. However, before a proof of concept could be
considered, the group needed to establish a development directidmasifie
for this direction was to solve some of the problems with thbadeusing a
capillary flow system. However, at this point it was uncle@hether it was
the pyrophosphate-based sequencing technique developed mainly by Nyrén
which held the answer to an automated method or if it neededltmlé the
solid-phase-technique developed by Uhlén; therefore, both options were
explored. (Interview Ekstrom; Interview Uhlén)

During the project of exploring the commercial potential in tiesv
sequencing method, Pharmacia was holding negotiations with British
Amersham International, one of the largest pharmaceutical astdchi
tooling companies in the world. The negotiations concerned a possible
merger of the two companies. Because of this possibly forthcorhamgpe,
Pharmacia enforced reorganisations which affected some obthegaay’s
departments and ongoing projects. As a direct effect of thrgsmisational
changes, the Department of Explorative Research was shut dowh &sd a
projects were terminated. At this point the Pharmacia gromacerning an
automation of the pyrosequencing method had come to the stage of
constructing a prototype based on a capillary flow system. Wais,
however, never put into effective use before the project endexte Twas
also another reason for the rather quick abandonment of the prajewly
several of the directors in the company board found the sequencihgdmet
as being desirable to only a very specific type of cust@ndrthus difficult
to promote within a wider market. In turn, this would make iticliff to
create the needed income which could cover the production aneétmgrk
costs. Nevertheless, as Ekstrém saw great potential in basiommmercial
product on the pyrosequencing method he chose to leave the company in the
pursuit of starting a new company around it. (Interview Ekstrimerview
Nyrén; Interview Uhlén; Ingemansson & Waluszewski, 2009)
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5.2 Building a Producing Structure Based on the
Pyrosequencing Method

The Start-Up Company

Starting a new company based on the commercialisation of the
pyrosequencing method was, as earlier mentioned, a joint decision of
Ekstrom, Nyrén, Uhlén, Pettersson and Ronaghi. It was based on a firm
belief that the method could form the basis of a viable comatgnoduct

but also on the very real prospect of attracting venture tdpiteing. In
parallel with the decision to create a company, the sequemnesearch
project had been presented to the venture capital firm Odldfaeiriksson

& Co. supporting the Health Cap funds. Being one of Sweden'’s first and
most recognised investors in the field of life science, it showld be
surprising that there was already a connection between niegiag
company and the Health Cap funds. When Odlander, Fredriksson & €o. firs
heard about the pyrosequencing method in 1996, it was through one of their
scientific advisors in the board — Uhlén. During his time intib&rd, Uhlén

had given many investment suggestions, some of which the firmduaded

to proceed with and some of which they had not. In this case,cafteful
consideration, Odlander, Fredriksson & Co. mobilised the Healthfubais

to support the business venture around pyrosequencing for the next seve
years, financially as well as managerially. With this siedi, the company
Pyrosequencing, taking the same name as the method, was foundeg in e
1997. (Interview Odlander; Interview Steiner; Interview Uhlén)

Initially the start-up company consisted of Ekstrém and jusivactber
people needed to create the basis of a company and a plan foto how
proceed with the automation of the sequencing method. In their view, the
first task was to determine what kind of product would be deeel. The
second was to build up the infrastructure around this idea, such as
employees, consultants, premises and technical equipment. fak s
number of people that were involved handled questions ranging from
technical development to marketing and sales. The start-up connzeny
hence much more like a small project than a usual company. At this stage the
collaboration with KTH was very strong and there were frequesdtings
concerning technical details and possible application areaterew
Ekstrom; Interview Nyrén)

Soon enough, Odlander, Fredriksson & Co. appointed one of its own
partners, Eugen Steiner, CEO of Pyrosequencing. In doing so Odlander,
Fredriksson & Co. to a great extent became operationally invatveetting
the guidelines for how Pyrosequencing would develop, both as a company
and as a product. They devised the operational and marketihggstsa
which also made them strategically involved. Because of this leivel of
involvement it became difficult to determine where Odlandadfksson &
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Co. ended and the company Pyrosequencing began; the commercial venture
around the new method was more or less a borderless blend of the two.
Ekstrém continued to play a significant role in the initialelepment of the
company as he was a key person in many of its functions. Hanwaged

both in the product development and the marketing as well as being i
management and handling external business relations. Becauses of hi
extensive network within the Uppsala biotech industry, he was ablertnt rec
highly-competent staff, largely from old Pharmacia Biotech. Hep a
associated Pyrosequencing with well-established suppliers, subk #ocal
division of Partnertech? With an expanding working force and the
formation of separate divisions for technical developmentketag and
sales, Pyrosequencing was no longer just a small and inforojatipr it

had grown into real company. (Interview Ekstrom; Interviewréddy
Interview Uhlén)

The New Production System and the Construction of a Product

The production system built-up around the manufacturing of the comimercia
product was divided mainly between two companies; Partnertech and
Pyrosequencing. Partnertech, a well-established producer antieswgip
various technical equipments set up production of the instrumenrgchéad

an automated procedure of the method while Pyrosequencing set up a
production facility for the assembly of reagent kits contairimg enzyme
formula developed at KTH. (Interview Alm; Interview Ekstrom)

Partnertech got involved on a very early stage of construatipgpduct
based on pyrosequencing and was a crucial partner in developing and
manufacturing the rather sophisticated mechanical constructiomeedar
this type of instrument. The company had extensive knowledge and
experience of electromechanical products and display screen technology, and
had also been involved in designing medical products in the pasinitifle
mechanical construction which was handed to Partnertech consisted of
partially automated parts provisionally put together in the laboratdtyldt
This meant that the company more or less had to start fromctsanaregard
to constructing an efficient and standardised instrument. Twoiatruc
functions which the instrument needed to possess was an éfficagnof
detecting the light created by the “pyro-reactions” and a dispeyséem
distributing the right amount of chemicals for these reasti®@oth these

2 partnertech manufactures and develops technic@ment on a contractual basis for large
firms within areas such as telecommunications, diigineering and medical technology.
Previously the company went under the name Facit apecialised in two areas;

electromechanical products and display screen tdoby. For more information go to

www.partnertech.se
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functions required state-of-the-art technology concerning sengms ahd
valves respectively. In the case of the sensor chip, thedéogy used was a
CCD chip manufactured by another company and originally intendedefor th
use of studying distant staféIn order for Pyrosequencing to use the chip
the licence rights needed to be acquired from this company. Tihe va
system, on the other hand, was constructed and delivered to Pahtrmriz

set of suppliers. (Interview Alm; Brennan et al., 2009)

During the phase of designing the product there were several issues
concerning how to make a number of different existing solutions work
together and fit with the conditions of the method. Howeveretivere also
technical modifications that needed to be made in the continuing pimduct
of the product. One example is the introduction of the ROHS wheect
which by law prohibited the use of certain environmentally hazsrdo
substances in the production of electrical and electronic equipthe@he
such substance was lead, which Partnertech used to solder diféeterical
components to printed circuit cards, for instance in the pyroseiqgenc
instrument. Initially this did not concern the production of the
pyrosequencing instrument as medical products were not includedbarthe
of such substances. However, it did include the larger partrofidPech’s
suppliers which as a consequence stopped producing componentse suitabl
for lead soldering. Thus, even though the ban did not include products such
as the pyrosequencing instrument, its production was still affest¢he ban
did concern essential suppliers of Partnertech. This meanPénmertech
needed to adjust their printed circuit cards and how the technical components
were attached to them. Pyrosequencing was consequently not only
dependent on its supplier Partnertech for the production ohtfteiinents
but in turn also this supplier’s suppliers, which manufactured atrink ckd
various essential components to the production of the pyrosequencing
instrument. (Interview Alm; European Commission Environment, 2010)

For Pyrosequencing to manufacture the reagents kits the comisany a
required a set of suppliers specialising in producing and delyvenzymes.

The enzymes were produced and supplied in a standardised fashion by the
suppliers. This standardisation resulted in a significant featf the
enzymes. In order for them to be part of an industrial productionewhey
needed to be transportable and last for a long time without Ispioited,

they had to be freeze-dried. Thus in the production of the re&dsrat
Pyrosequencing, it was the quality of the enzymes in a freeze-dried condition
which had to be the starting point for the properties of theltieg product.

This was very different from the fresh chemicals whicbhuld be

3 Charged @uple_Device. A CCD camera converts light into electrisighals.
4 ROHS stands forestriction d the use of certain azardous ubstances in electrical and
electronic equipment.
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experimented with in the laboratory at KTH. (Interview Ekstrémerview
Krabbe; Interview Sdderbéack)

The instrument supplied by Partnertech was designed mucha lbax
which required an input and subsequently delivered an output (see Bjgure
The input was the test samples of DNA, which the user would provide, along
with the reagent kit of enzymes supplied by Pyrosequencing. Gese t
inputs had been inserted the sequencing procedure would take pldee ins
the box with the help of complex mechanical constructions and cHemica
reactions creating an output of the DNA sequence shown on a computer
screen. Due to the advanced sensor chip, the instrument transftirened
biochemical reactions into digital indications shown apwdgram” (see
Figure 6). The pyrogram revealed which nucleotides had become
incorporated into the growing DNA strand and in which order, thus
revealing the sequence. The first product was called PSQ96skechthe
96 wells in which the biochemical reactions took pléc€his product was
later followed by two subsequent versions, the HSA and the Q24. {&verv
Alm; Interview Ekstrom; Interview Nyrén; www.biotage.comhel next
section covers what needed to be done in order for the first pradibet t
manufactured, and the expectations that were put on its production and use.

Figure 5.The PSQ96 instrument. (Source: www.biotage.com)

5 In molecular biology, assay plates with 96 wetts standard procedure.
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Nucleotide sequence

G C — A &8 EBe T

v

G C I A G & T
Nucleofide added

Figure 6.A pyrogram as shown on a computer screen with ligieinsity on the y-
axis and the time for adding different reagentshi reaction on the x—axis. The
peaks demonstrate the light reaction to each addettotide. The height of the
peaks is proportional to how many nucleotides & #fame kind that has been
incorporated in a row. (G = guanine, A = adeni@es cytosine, T = thymine).
(Source: www.giagen.com)

B

Establishing a Company and a Product Based on Venture Capital
—Focus on What is Achievable Now

The company board consisted of representatives from OdlandetikEsed

& Co. as well as several prominent people from both the busereds
research world. Two of the members were, for instance, the f@®E@s of
Ericsson and SEB (Skandinaviska Enskilda Banken) and one waseh Nob
Prize winner in chemistry from the Karolinska Institute.eTiward thus
comprised knowledge both within business and academic resewfchas
therefore expected to be able to propose an appropriate development
direction for the new company and its products. The intention behind
formulating the board was that it would be a composition of people
representing “[...] strategy, vision and control” (InterviewaNdlén).*® In
evaluating the future for the new sequencing method, the board §aedde
application areas where the Pyrosequencing product would serve an
important purpose. It concluded that there were very few other rsggge
methods that could perform CpG-methylation-analysisor EST-dgalys
applications which would make pyrosequencing a breakthrough technology
on the biotech tooling markét.*® These applications would direct the new

48 Erik Walldén was the second CEO of Pyrosequencing.

“"In this context methylation refers to the replaeatrof a hydrogen atom (H) with a methyl
group (CH) in the DNA molecule. CpG refers to the occurren€emethylation at a site
where a C nucleotide is followed by a G nucleotiethylation is normal and occurs at 60-
90% of all CpG sites in mammals. The interest irdging methylation lay in its effect on the
transcription of genes to proteins and thus itatéf@n an organism’s phenotype.
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method towards clinically-applied diagnostics. However, this focas put
on hold for the benefit of another application: SNP-analystnsidering
the features of the method in its initial state, SNP-aisalyss seen as a
more reasonable first goal. (Interview Ekstrom; Interviewdla@der;
Interview Walldén)

The potential of the method was at this stage rather unexplenézh put
focus on what it could achieve in its current condition. The teolyrcall
perspective on which the board based its decision saw the pemiieigtas a
sequencing method which specialised in sequencing short DNA fragments
with great accuracy. This characteristic was highly apble to SNP-
applications. Also, the decision was based on the fact that in twder
Pyrosequencing to become an acknowledged company within a certin tim
frame, it needed to establish a producing structure and sell products. (Ibid.)

SNP-analysis was also an application which matched the $iciearid
technological advances of the HUGO proféckince published research
already had provided the insight of how some illnesses coulddedtback
to the origin of SNPs, there was a general belief that withuh&n genome
sequenced, many health-related businesses and researcharebwant to
find and analyse more of these single nucleotide deviations.af w
considered an application area which was moving extremehaffastvhich
had a need for more accurate methods. The anticipation and clear vision was
that the strong focus on SNP-analysis would make Pyrosequenciogda w
leading company within genetic analysis. Consequently, SNP-&nalys
became the vision on which the development of the product and the
production system relied and the only source of information upon wtech th
investors based their investment decisions. (Ibid.)

After having established the company within SNP-analysésptan was
to move towards EST-analysis and the final goal, which wasidmred
potentially the most profitable application, namely clinical gdistics.
However, because of both the method’s and the company’s undeveloped
states at that time, these goals would have to wast;the company needed
a customer base which could bring fast returns. For the new EEWO,
Walldén, who had taken over after Steiner’s initial effort, the work ordsr w
thus perfectly clear. First they had to go for SNP-anabysis after further
research and development they would enter the area of cliiégaiostics.
According to Walldén and the company board there was no other way to go
about it. (Ibid.)

48 EST stands for “expressed sequence tag.” EST éxjressed gene which means that it has
been translated into amino acids which are thedimgl blocks of proteins. ESTs are thus
useful tools in studying genes and their function.

49 SNP-analysis aims at finding and analyssingle nucleotide mutations which can lead to
different diseases and conditions.

50 For a longer account of the HUGO project see @raht
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A Company and a Product Based on the Pyrosequencing Method
— A Positive Financial Outlook

The reason why the venture capital firm decided to invest in the
commercialisation of the pyrosequencing method was that theefut
prospects for such a product were very positive. Such awasnalso later
expressed in one of Pyrosequencing’s annual reports:

“Financial analytics suggest that the market fgligl genomics will be a
market of several billion dollars.” (Author’'s trdason) (Pyrosequencing
Annual Report, 2000, p. 5)

In general, the market for biotech tooling was considered a tfzkgn
highly lucrative business area and as a company, Pyrosequensingdst
have the perfect timing and product. The company aimed for a diverse
customer base consisting of large corporations within areas asc
pharmaceuticals, genetics and agriculture, but also of acadesgarch
departments and hospitals. Furthermore, there was anticighibrmany
customers would buy at least two or more instruments for whashwiould
need a continuous supply of reagent kits. The anticipated satésgsavere
therefore high and were thought to lie somewhere in the ran@606f to
2000 instruments per year. The instruments were forecast to accoantyfor
about half of the revenue, the other half would be provided by teatpd
consumables (the reagent kit) which the customer would hadeitan
order to operate the instruments. The reagent sales would thua pky
important part in making Pyrosequencing a profitable company:

“We are confident that the revenues from reagelessaill constitute a
large source of income [...].” (Author’s translatigiyrosequencing Annual
Report, 2000, p. 3)

The cost of purchasing a pyrosequencing instrument would lie irattye

of about one hundred thousand Euros which would make it a rather costly
analytical instrument. (Interview Ekstrém,; Interview Nyr@yrosequencing
Annual Report, 2000)

The Venture Capital Firm - Odlander, Fredriksson & Co.

Founding a Venture Capital Firm

The commitment of Odlander, Fredriksson & Co. to support Pyroseiggenc
for seven years got the venture capital firm highly involvethe shaping of
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Pyrosequencing both as a company and as a product. Also commiteed we
the investors who expected a return on their investment. Odlander,
Fredriksson & Co. was thus the mediator between the company
Pyrosequencing and its investors. In order to understand theofrdhe
venture capital firm Odlander, Fredriksson & Co. in the producingtsire
around Pyrosequencing it is important to understand the grounds for
founding this venture capital firm and the basis of its business strategy.

In 1996, Odlander, Fredriksson & Co. became the first Swedish advisory
firm for investment funds restricted to the life scienceaiMow, as then, it
functions as a consultant for a number of funds under the namt ldeqd.

The different funds work as limited partnerships and have skvéarge
investors as owner§! It was while working at ABB Financial Services
(ABB FS), that Bjorn Odlander and Peder Fredrikssortestao think about

the possibility of making early investments in life scieneatures. They
saw a void within the life science investment area in Swegkicularly
when it came to early stage investments in academicrobs@agether they
brought a wealth of experience both within the investment hadlite
science areas; Odlander, with a research background witniicime, had
later made a career as a financial analyst, and Freaoiniksesd more than 20
years experience within international investment banking wheraime to
ABB FS. The plan was to start a venture capital seatithin ABB FS and

do early stage investments in diverse life science rdsgaojects, which
because of their uncertain progress would be uninteresting to more
traditional investors. In order to assemble the funds neededufdr a
venture they contacted large Swedish institutions and companies whic
showed great interest in the idea. However, during the processhilfsing

1 Venture capital funds can be managed in severgrdift ways. Over the years
the two most common structures have bedaosed-end fundsand limited
partnerships A closed-end fund is raised through various itmess acquisition of
shares which can be traded just like individuatlks$o This means that the original
investor can trade their stocks to any other irarediowever, since the shares can
end up in the hands of inappropriate investors, plairticular quality of this type of
fund has been considered a problem. (Gompers &dre®01) The structure of a
limited partnership is in this sense stricter, siitds only selected investors that are
allowed to own shares. Also, the investors arepeoinitted to trade them. Another
characteristic feature of limited partnerships hattthey are arranged to self-
liquidate after a certain amount of years which msethat the investors get return on
investment within a set time period. (lbid.) Acciglto Gompers & Lerner (2001)
this quality can have both positive and negativieat$ on the performance of the
venture capitalist firm and its portfolio companie®n the one hand it becomes an
incentive for all parties to work for a constanpimvement of the investment while
on the other it can put too much pressure on naw-8ps to prove successful too
quickly. (Ibid.)
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investors for the new venture, ABB FS was acquired by UniBank i
Denmark. This meant that Odlander and Fredriksson would haveado fi
another way to operate their business. As they found that theitynajothe
investors, which had been mobilised before the acquisition & B8, still
wanted to proceed with their investments, Odlander and Fredridssated

to start an advisory firm controlling limited partnership fundsngequently
Odlander, Fredriksson & Co. was founded and from the start the fisn wa
connected to established actors on the financial market such 8ws/dioksh
National Pension Funds, large insurance companies and banks.idimterv
Odlander; Interview Steiner)

Ten years later the Health Cap funds administered about sélen b
Euros and investments had been made in life science projeciféenerd
stages of maturity, from start-up companies to established. fifimsty
percent of the investments had been made in Scandinavia, 20328%A|
and the rest in remaining Europe. These investments were poditidtnén
life science areas such as pharmaceduticals, biopharmatsuticatech
supply and medical technology. Health Cap is presently the Igygmster
of venture capital within the life sciences in the Nordic ¢oes and one of
the largest in Europe. (Ibid.)

Venture Capital Business Strategy

Odlander, Fredriksson & Co. describes its business strategyu#ts
levelled; on the one hand their intention is to commercialseareh, to find
research that can turn into commercially interesting pt®jewith the
purpose of creating strong research based companies. On the other hand, the
firm’s job is to administer the investors’ money and their intentiotyrim, is
to receive return on investment. However, as the investmemithaing
depends on the success of the commercialisation of projbeis,see no
contradiction in these seemingly different ideas. The goalus to achieve
industrially useful products which will generate the neededrnist In
planning for new investments, the firm’'s main activities@mecentrated on
evaluating different investment opportunities and to identifyiegearch
areas where there is a potential for new and profitable disesv&hey also
work within their portfolio companies and often have very actes in the
companies’ boards of directors as well as their day-to-dayitass. In start-
up investments the advisory firm recruits the staff, astlehose in the
leading positions, and formulates strategies for the futfirde business.
Ultimately, all this work has to result in a realisatiorthaf investors’ return
on their investment, which means that something has to be prodnded a
sold. (Interview Odlander; Interview Steiner)

According to Steiner, who is a partner of Health Cap and sas/&EO
of several of the portfolio companies, an academic researclt issu
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interesting to the firm if it is thought to satisfy an “unmetdical need.”
According to their investment approach the two most importspeds to
consider when turning a new discovery into a prospering busicésiya

are “[...] high quality management and uniquely positioned produsisdba

on outstanding science” (www.healthcap.se, 2009). To be able totludfer
required knowledge and competence to both their investors and their
portfolio companies Odlander, Fredriksson & Co. has focused on retaining
both biomedical and financial expertise which are representedwoy
professional groups: investment bankers and physicians with a Ph&degr
Every venture is first studied by members from these two grangbsf they
agree that the new idea could satisfy a potential unmet atetded, and

that there is a profit to be made from it, the firm may detedsuggest an
investment to the investors. (Ibid.)

Odlander, Fredriksson & Co. is a typical venture capital firmgdneral
these firms have many companies in which investments have laeknand
together they constitute the firm’'s portfolio of investmeriExcept for
recruiting investors and raising funds, a venture capitalisVeryday
activities consist of managing this portfolio by taking a mardess active
part in the strategic planning and everyday activities of ghéfolio
companies. For Odlander, Fredriksson & Co. the degree of involvéement
the portfolio company’s activities depends on how well-established t
company is. If the investment is a brand new start-up, thedfitem takes a
very active role in recruiting staff and forming company stiate
Conversely, the firm takes a more passive role when investmentsdeamma
already established companies. In any case, it is a preregigsiten
investment to take place that the firm takes one or seais in the board of
directors of the portfolio company. (Interview Odlander; In®mwiSteiner;
Gompers & Lerner, 2001)

Investment in Pyrosequencing

A Product on the Way-A Focus on Fast Returns

Pyrosequencing was the ninth investment made by the Health Cap fund
When investigating the potential in commercialising the negusncing
method, the advisory firm evaluated it from both a financial anctdiaal
standpoint. In their opinion, there had been very little progrétsnwthe
sequencing area since the 1970s when Sanger was invented anoreheref
they saw a potential “unmet need” for new analytical sequemgtfods.
The largest deliverer of sequencing instruments based on ther aetbed
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was then the company ABI, Applied Biosystems>nd/ith its two business
segments of “Analytical instruments” and “Life sciences”hi#d a net
revenue of more than one billion USD in 1996, from which approeipat
half could be accounted for by the sales of DNA sequencing equiplnent.
was, in other words, a very large and thriving corporation amhé also
dealing with a growing demand for sequencing instruments. (Imtervie
Steiner; Interview Odlander; ABI Annual Report, 1996)

Even though Sanger was the single most used method by the latger par
of the life science research area and industry, the venturtalcéipin's
evaluation suggested that the Sanger users were rather unhappedr
current instruments and demanded more accurate sequencing metbods. Fr
the firm’s investigation of the commercial potential of theosgquencing
method, the conclusion was that in general much research hadidmee in
the pursuit of more accurate sequencing techniques, but no one had
succeeded in producing one. The firm perceived the sequencing method
presented by the researchers at KTH to be the first sfgcaiempt at a
more accurate way of performing sequencing. The primary featutieeof
pyrosequencing method which interested Odlander, Fredriksson & Co. was
its accuracy, as this represented something different fmamy other
techniques already on the market. It was partly the firm's agi@ciof this
particular attribute of the method which promoted their vision fiftare
sequencing product profiled for fast and highly accurate geregjicescing
within an application area which required such methods: SNP-@alys
(Interview Odlander; Interview Steiner)

With a set focus on SNP-analysis, there was little tion@aste. The plan
was to enter thgpost genomic ergthe time after having sequenced the
human genome) as a biotech tool supplier offering a product$braihd
accurate identification and analysis of single nucleotidgations. At the
time Walldén entered the company the general opinion of the baard (
opinion shared by Walldén) was that Pyrosequencing was alreadydpe
with seven or eight other similar technologies alreadyhennharket, the
company had to rush. It was also a question of the financialigitudm
terms of financing, the company was entirely dependent on eeoaital
which forced it to act quickly. It needed to establish an efficproduction
system, start selling products and become financially independ#émit wi
seven years. (Interview Ekstrom; Interview Walldén)

52ABI was owned by the Perkin Elmer Corporation, @bgl manufacturer and supplier within
the life sciences and optoelectronics. Today, ABd Formed ‘Life Technologies’ through a
merger with Invitrogen in 2008.
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“Venture capital is hungry, it's in its nature aih@hould be: it goes in and
finances generously but then it wants quick retuiifiis was our frame of
mind: generous financing but act as quickly as ipts$ (Interview
Walldén)

According to the company management led by Walldén, the three most
important goals to achieve during the start-up years westetdirsecure the
finances of the company, second, to create market acceptandbefo
products and, third, to make it into a public limited company. The
technological development of the pyrosequencing instrument would kie deal
with in parallel to these tasks. With regard to technicalds, the first goal
was to produce an efficient and user friendly automated reyfe the
pyrosequencing method. The ambition was to make it understandable a
operational “even to a child.” This goal was considered to have bee
achieved as the first product, the PSQ96, was launched in 1999. Thegpro
of constructing and producing the instrument was a joint aahiewe of
Partnertech and Pyrosequencing and the launching of a fidtgironly
two years after founding the company was considered a gresgssué-ew
other companies in the same situation as Pyrosequencing hadhader
such an achievement. (Interview AIm; Interview EKkstrom; ringsv
Walldén)

A Commercial Success or Not?

In 2000, Pyrosequencing was made a public limited company and valued at
nearly four hundred million Euros on the stock market. This put the
company in an even more distressed situation than before. Not oslif wa
forced to become profitable within the time perspective giventhsy
investors, but it also had to prove itself worthy of the higluatéoon set in

the stock market introduction. Hence, the company needed to indgtease
sales to reach a certain turnover. In retrospect, the stobk market
introduction was described by the company management as both “adplessi
and a curse”; through the new issue of shares (which produced 8ahmilli
Euros) they were able to make new investments but at thetsaeé put
additional pressure on sales and expansion. The initial plan had bgen to
through with the introduction already a year earlier in ordeaise capital.

This idea came from an entirely different business concepérenh
Pyrosequencing would mainly consist of one division for technabgic
development, leaving the marketing and distribution divisionsafovell-
established partner to handle. The negotiations with such aipbpartner

were, however, closed down. One year later Pyrosequencing had start
make sales and the company was therefore capable of going through with the
introduction on its own. (Interview Ekstrom; Interview Walldén)
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In terms of recognition and initial sales, the formation ptiblic limited
company was the beginning of a successful time for Pyrosequersiag a
company. Products were being sold and the company got a lot of attention
from the press. By this time the company had offices in the Ug#fsnJand
Europe. Furthermore, because of the company’'s successes in lauaching
product after just three years and shortly thereafter being intrddunte the
stock market. It was also awarded prizes such as “spin-ofpaoy of the
year” by the Royal Swedish Academy of Engineering Sciendgs) (and
was mentioned on Forbe’s list as “best newcomer.” One of I\gatations
when electing Pyrosequencing as the most successful and innavetive
company in Sweden was:

“Pyrosequencing has developed an exciting busiogg®rtunity from
research environment to stock market introducedpaom with a focus on
innovation.” (IVA, press release, 2000-12-14)

Ekstrom made many promotional tours on which he and other
representatives from the company demonstrated the new instrument
potential customers. His experience was that most people thoughs i
brilliant sequencing tool which they could consider investing ins Tinéat
interest from potential customers nurtured the idea that thasea vast
market for this kind of product and that Pyrosequencing as a comparny woul
be able to live up to the stock market valuation. Pyrosequen@sghus a
company which seemingly had managed to transform a scientific
breakthrough into a successful business venture:

“With only 85 million SEK invested in developmenbsts we have
transformed an idea to a globally commercial prodéuthor’s translation)
(Pyrosequencing Annual Report 2000, p.3)

At this time of “success” there were many ideas of how itersify
pyrosequencing as a product. One attempted direction was teupctie
sequencing process and construct a high throughput sequencing system
which would be used for the purpose of sequencing many samples in
parallel. Instead of 96, there would be 384 wells where the dnaical
reactions took place in parallel. This required that the methasl made
more cost-efficient and thus, from a user perspective, cheap etmugh
on such a large scale. As every sequencing run required cogggntea
which made the cost per each sequenced nucleotide fairly high,
pyrosequencing was a rather expensive sequencing method in piagtise.
though a great deal of company resources in terms of time, pangle
money were put into realising such a product, the format fordhledsup
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system could not achieve the required cost-efficiency. A ¢estomers
showed interest but as the board realised that the product wouldebemmm
expensive to ever be interesting to a broader customer bagwoithect
development project was closed down. (Interview Ekstrém; Inigrvie
Pettersson; Interview Soderback; Pyrosequencing Annual Report, 2000)

Within a couple of years after the stock market introductiomvas
becoming clear that the company did not have the abilitywéup to the
original stock market valuation. Just 18 months after the inttimfycthe
company’s value had decreased to a tenth of the original valuaitn a
Pyrosequencing was run with a loss of over 30 million Eurosygpar.
According to the company management this could not go on. In a press
release it was announced that Pyrosequencing now would focus on “near-
term profitability” and therefore reduce expenses and persoimel
administration,  product development and central marketing
(Pyrosequencing, press release, 2002-10-10). As the effort to direct a
technological development towards SNP-applications had not rdctiee
expected response from the users, the company therefore trmedeto its
application offer and identify new areas where the sequencimgitge
could prove useful. This was done by devoting R&D resources to explore
areas such as microbial diagnostics and plant refining. Howeker,
company board also took further action and soon several company snerger
were implemented. (Interview Hjortsmark; Interview Odlandaterview
Steiner; Interview Soderback; Interview Walldén)

5.3 Mergers, Acquisitions and Divestment- Radical
Changes in the Producing Structure around
Pyrosequencing

Between 1997 and 2008 the company sold a total of around 500
pyrosequencing instruments of which only 275 were in active use0@. 20
This means that on average, ten years after launchingrsh@rbduct, the
company sold a little over 50 instruments per year, of which abduhat
remained in use. These numbers were drastically lower thamittadly
calculated sales statistics by the start-up team. Theisiiuaf customers
buying an instrument but not continuously using the product was very
unprofitable for the company since it was the constant purchaises
consumables (the reagent kit) which were supposed to bring in a large part of
the earnings. An attempt was made to resolve the situation ofgbsauiot

being sold by several company mergers. In 2003, the board decided that a
good strategic move would be to merge with another Uppsala-basgtedhbi
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company in the Odlander, Fredriksson & Co. and Health Cap portfolio called
Personal Chemistry. This company’s products were based on a @anerow
technique to reduce the reaction time in chemical synthdsesganic
substances. In spite of its rather large customer base, itstitasot
profitable and unlike Pyrosequencing, not a public limited company. The
board’s main arguments for the merger were that Pyrosequeweisign
need of a broader range of products and that there were synestjestis to
be expected in the R&D division. Odlander, Fredriksson & Co., was
represented on both of the companies’ boards, and had an ambition ¢o merg
the two companies into one broad biotech supply company that coettdhoff
number of products that any general science laboratory would Alsedas
Pyrosequencing and Personal Chemistry had a mutual supplier of
components, Partnertech, there were anticipated synergistatseffie the
supply side as well. (Interview Joergensen; Interview Odlard&srview
Schanche; Interview Steiner: Interview Soderback; Interviewd#a)l

After this initial merger another acquisition followedwias an American
company, Biotage LCC, producing chromatographic equipment that would
be a complementary technology to the one offered by Personal @fyefis
The new corporation consisted of the three merged companiesth®ok
name Biotage, and was divided into two main divisions: Biosyste
(previously Pyrosequencing), and Discovery Chemistry (previdstgonal
Chemistry and Biotage LCC). As there had long been in the Ryreseing
board the vision of having at least three lines of produsdsb@coming part
of an established production structure, they were pleased withdigers.
With a new CEO in place, Jeff Bork, focus was set on cutbacksder to
slowly become a profitable business. The re-organisationshagsh: of the
360 people employed after the merger, just 267 remained, which lgft on
the sales and marketing division almost fully intact. The R&dpartment
was severely cut down. The approximately one hundred million Euros,
which Pyrosequencing had earned at the stock market introducasnaliv
spent on the acquisitions which meant that nothing was spent elopieg
the technique or the products. After 2003, more acquisitions foll&iwed.
However, being in the same type of area as the alreadyr@adaquimpanies,
these were only compatible with the Discovery Chemistrysidin. It was
also clear that the users of the two divisions were vefgrdift in terms of
application areas; Discovery Chemistry represented a supgly
pharmaceutical molecules while Biosystems represented aipmtis within
genomics. These products neither represented the same typsr obushe
same type of user behaviour. (Interview Odlander, Intervidstram:

53 A technology used for protein purification, fostance connected to drug development.
5 One such acquisiton was that of Argonaute whictodpced consumables for
chromatographic equipment. (Interview Schanche)
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Interview Schanche; Interview Steiner; Interview SodderbéBigtage
Annual Report, 2008)

A Financial Upswing —The Result of Economic Tightening and
the Involvement of a New Actor Interested in the
Pyrosequencing Method

For the first time since its creation the production formedurad
pyrosequencing became profitable in 2006 through the division Biosgistem
(Biotage Annual Report, 2006) However, the answer lay not in arngamge
demand but rather in the new cost-cutting focus. Under the suparafio
Bork, Biotage had become an economically tight organisation, focasigg

on becoming profitable. This meant that rather than being involwed i
technological development and creating new products (which within the
Biosystems division had practically been a non-existent actfait the
previous couple of years), financial and human resources within R&@ w
cut down to a minimum. The major reason for Biosystems’ profityalbiias

thus the consolidation of Biotage and the economic tightening of the
research and product development activities. (Interview Ekstiriterview
Joergensen; Interview Odlander)

Another reason for the financial upswing was a company called #&4 L
Sciences based in Branford, CT, USA. In the early 2000s, 454 way a ve
small start-up company which had spun off from CuraGen - a retlsiz
biopharmaceutical company formed around the time of the beginning of the
HUGO project, focusing on identifying disease-causing genes. 45rs pl
was to put together a high throughput sequencing system wittpotieof
enabling cheap whole genome sequencing. Through the acquisition of the
licence for the pyrosequencing technique, the idea was to makeatt
component in this larger sequencing system. As Pyrosequencing hed ear
supplied CuraGen with a PSQ96 as early as 1999 it had made thee@mer
company familiar with the pyrosequencing technique and thus inreste
using the same principle as a component in their own sequencing product.
The licensing contract signed in 2003 prohibited Pyrosequencing’s
involvement in whole genome sequencing - this would be an exclasdee
for 454 during a 5-year period. After this period, 454 would have theropt
of maintaining its exclusive rights for the remaining lii@i of the licensed
patents for the cost of 0.5-1 million USD per year. Howeveheasicomes
from the 454 acquisition of the licence would improve the findustiaation
of Pyrosequencing and also spread the use of the sequencing tectique,
exclusion from the whole genome area was considered a toldmbieside
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by the Pyrosequencing boafd(Interview McLeod; Interview Uhlén; 454
Life Sciences, press release, 2003-08-19)

The Termination of Pyrosequencing Within Biotage

Despite Biotage becoming a profitable business in 2006, in 28€8 the
company was still more than a fifth dependent on venture cdpial
Health Cap as well as from Investor; therefore, the gfiafecus of cutting

down costs remained stroffgrhe plan for 2008 was to start developing the
products that were within the company rather than going after ames
through acquisitions. These goals were left for the new CEQgelusen, to

fulfil. However, in spite of declaring high hopes in the businessidiv
based on pyrosequencing, in late 2008 the company board decided to divest
itself of Biosystems. The division was acquired by the Gerpmnpany
Qiagen which is a global provider of sample and assay techn®logies
divestment concluded pyrosequencing’s existence within the Biotage
business constellation (see Figure’7C.onsequently, even though it was
Pyrosequencing’s funds that initially enabled the construction of Biotage, the
Pyrosequencing-based division’s existence within Biotage evastually
considered an economic burden and was thus dropped. During all these
structural changes Partnertech has, however, remained thieesabthe
pyrosequencing instrument still to this day (2010). (IntervievstiBin;
Interview Odlander; Interview Schanche; Interview Steinkrtterview
Soderback; Biotage Annual Report, 2008)

551t would result in at least 4.5 million USD ovey&ars.

% Investor is a well-established venture capitamfiowned mainly by the Swedish
Wallenberg family.

57 For more information about Qiagen go to www.giagem
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Figure 7.The picture demonstrates the acquisitions of PatsBGhemistry, Biotage
LCC and a few other companies by Pyrosequencingsé@mergers resulted in
Biotage AB with two business divisions: Discoverfignistry (consisting of all the
acquisitions) and Biosystems (consisting of Pyraseging). Biosystems, and thus

the former Pyrosequencing, was later acquired byagéi which was
Pyrosequencing’s conclusion within the businessteiation Biotage.

e

—>

Before the divestment of pyrosequencing, the latest applicatiothéor
pyrosequencing instrument which the company developed was one of the
first which was ever considered: CpG-methylation analy#ésice, in some
ways the company refocused and took up the original ideas regarding
development and application areas for pyrosequencing. In the viele of t
new CEO, Torben Joergensen, in the end, the company finally
acknowledged the KTH group’s ideas regarding further developmehe of
method and also realised that diagnostics was the proper impédiment
area. However, they never got involved in any close collaboraitbrK TH
as they were focusing on “[...] getting the company to make moneypnot
primarily engage in research.” (Interview Joergensen) Ontheofmain
reasons for the conflict between the KTH researchers ancbthpany, the
improvement of read-length, was never really prioritised but tmepany
management felt that it had taken several other ideas fhemKiTH
researchers to hedft.(Interview Joergensen; Interview Odlander)

%8 |n 2008 the company reached a read length of 66sha
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5.4 Scientific and Business Resources in Conflict

Except for establishing the grounds for an automated version of the
pyrosequencing method, an early collaboration with the KTH rdsearc
also included work on enhancing the read length. However, boegtt the
board, meeting on a yearly basis, decided that the research @mhatict
KTH should come into commercial production and use, this and other
improvements did not go into production at the time. As the company was
focused on producing an instrument that specialised in reading sNért D
fragments for SNP-analysis, the read length was not condidedt®cisive
factor - this aspect was therefore left for future develps The
researchers at KTH and representatives from the compangmnaeimonthly
basis, mostly discussing the development of the reagentsr{lyenes). As

the sequencing method relied on the function and optimisation of the enzyme
system, most of the development issues fell back on thisyartipart of

the product. The company representatives, including board members and
senior scientists at the company, had a difficult time takhey KTH
researchers’ ideas and results to heart. In retrospectthisecexplained by
poor communication between them and the KTH researchers. The
experience of the company representatives was that the K3@&anchers
could not see the difficulty of transferring the results exdd in an
academic laboratory environment to an industrial production of a
commercial reagent kit. In order for the industrial product teroelucible

and distributable around the world, the biochemical components needed t
be freeze-dried which created very different conditions comparesing

and experimenting with fresh chemicals, as was the case iactuemic
laboratory. (Interview Ekstrom; Interview Krabbe; Intervie@ddlander;
Interview Sdderback; Interview Walldén)

Also, there were financial aspects to consider. Becausexisting
patents, the company was not allowed to use some of the techuiques
substances proposed by the KTH researchers in their productiboutvit
paying a substantial amount of money to various patent holders.udhe s
example was the SSB protein meant for uncoiling the DNA strand to
facilitate and quicken the sequencing process. Since thi®irpretas
protected by patents, the company would have had to acquire thre taoght
use it?® When taking such factors into account many of the development
ideas coming from KTH were not considered realistic by the company
representatives and management. (Interview Ekstrom; laterirabbe;
Interview Odlander; Interview Sdderback; Interview Walldén)

% Nevertheless, when becoming more established dhgpany bought the rights for this
particular substance.
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5.5 In Summary

The pyrosequencing method’s first encounter with a productitingeinly
involved a few people within a smaller developing unit at Pharanwhich

was to construct the commercial prototype. However, as soassass
regarding its actual production and use were assessed by thengompa
management, it was considered a risky investment and thetprgjsecshut
down. Still, after the company Pyrosequencing had been founded it took the
management only three years to make it a public limited compéhyaw
launched product. This achievement was acknowledged as aigceass in
turning groundbreaking scientific knowledge into a commercidthactive
venture.

According to IVA and Forbe’s list (among many other sourcdavigh
praise) the Pyrosequencing management had accomplished that wdrich e
“science-based” company wishes to achieve - transforming asciewtific
idea into a commercially successful product within a retivshort
timeframe. In the formation of such a company as this, itreagssary to
focus on certain technical elements of the new method in twdaunch it
as a commercial product as fast as possible. The invested veapited was
generous but required fast financial returns. The backing ohthestiment
lasted only seven years and it was essential to find aavsgtisfy investors
before that time elapsed; therefore, at an early stag#ictieas were
imposed by the company as to how much the first product would be
technologically developed, and for what type of applicationsoitlgv be
designed. These restrictions and the positive financial prigrios a
product of this kind steered the company and its product toward#cta st
focus on SNP-applications.

The business venture around pyrosequencing succeeded in making it a
publicly limited company and launching a first product withirarsperiod
of time. However, creating long-term financial returns from thiginal
pyrosequencing product turned out to be more difficult. The amountdf s
products and consumables did not live up to the original expectations; only
500 instruments were sold in about ten years, of which only aditde half
were still in active use some years later, compared toiritial sales
estimate of about 1000-2000 instruments per year. The preconception that
the company’s customer base would consist mainly of largeaoies or
research facilities, each demanding several instrumentdarefdre having
a constant need for large amounts of consumables was notdedliss
made the company management and board look for alternative solations t
create a quick return for the company’s investors. Ultimatklg resulted in
several company mergers and a subsequent divestment in the
Pyrosequencing business division, Biosystems.

In the process of building a company and a product, the formed company
and the method’s academic originators ended up in conflict regatde
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appropriate development direction for the commercial product basdton t
pyrosequencing method. From the company representatives’ perspeistive
was due to the researchers’ naive attitude towards producing astriak
commercially viable and globally-shippable product. In an academic
laboratory the conditions could be altered and optimised during tbarchs
course. In an industrial setting, on the other hand, the very camagions
needed to be fixed so as to enable an efficient production @oyulys
process. The construction of a company and a product thus did nofailow
an exploratory approach, it was rather about the immediate coramerci
utilisation of the product and to be able to reach the shont-tals
demanded by the investors.
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6 Embedding Pyrosequencing into a Using
Setting

It can now be seen how pyrosequencing evolved from its origim &bea
from a researcher’'s discontent with the Sanger method, to ihavas
developed within academia into a functioning method through the
involvement of two different knowledge sources as well asareb dating
almost half a century back in time. It can also be seen lomamercial
ambition propelled it into a business setting where it becambatsie of a
new manufacturing structure, and as a commercial product wakesufp
various customers. However, what was the reaction when pyrosetgenc
was embedded into a commercial using setting where the custovees
both business and non-business laboratories?

This chapter will focus on five customers of Pyrosequentongain an
insight into the user experience. Four of them are present ubédesome
represents a former user. The first three are rather sumstbmers within
academia who have purchased one or two pyrosequencing instruments and
use them for various research projects. The fourth is aatestatory as well
as a research facility within a hospital while the fifsha larger clinical
research facility which, despite several attempts, has ot &gle to find a
use for the instrument in its activities. Since most pyrosedugpnsers are
either academic or health related research departments, dhssmers
represent the most frequent users of the pyrosequencing product.

6.1 Successful Embedding of Pyrosequencing Among
Users —Four Customer Examples

The Department of Genetics and Pathology at Rudbeck
Laboratory

In 2000, two PSQ96 instruments were purchased by the Department of
Genetics and Pathology at the Rudbeck Laboratory in Uppsala. The
department had agreed on being a beta-site (a user te$bisaa)improved
version of the first pyrosequencing instrument. This impliedttiet would
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work in close collaboration with the company in providing test lresu
information and further development suggestions. The purchased
instruments had a longer read length than the first commercidlict and

this improvement was mainly due to enhancements made in the r&igent
and software done by the group at KTH led by Nyrén. The user’s
expectation was that the instruments would provide fast andaae@enetic
analysis within the context of forensic analysis. The group wmatid be
using the instrument, led by Dr. Marie Allen, worked mainly viritiproving
methods for forensic DNA analysis and undertook assignments prdwded
SKL (The Swedish Criminological Laboratory) and the Swedfslice. In
these projects the group functioned as a criminological ladrgraeeking
answers in DNA collected at crime scenes. The laboratary played a
decisive part in criminal investigations, which made the rdiigof the
methods and the results that these presented vital. (Interiidem;
Interview Ekstrém)

How would pyrosequencing as an analytical instrument contribute
specifically to an environment involved in forensic analysis? Uber's
assignments often concerned assays which go beyond routineisaaalys
the DNA samples might be very small, old and deteriorated. &hiedility
is a necessity, the group works with at least two methodgatigldo assure
a test result’s precision. A test result is valid orilyhie parallel methods
produce the same answer. Working with parallel methods is alsuy af
verifying the accuracy of newly introduced analytical techniques. To become
a trusted and useful method, a new instrument continuously needs to produce
similar results to more established methods during a tesidpénce it has
gone through this lengthy process of gaining dependability it can be
considered reliable enough to verify even newer methods. (Ibid.)

When introduced in the forensic group, the pyrosequencing instruments
were placed in this particular work routine of using parakeduencing
instruments for the production of accurate and reliable tesiltsefor
criminal investigations. Initially, the main application for white forensic
group wanted to use pyrosequencing was for the analysisteéhondrial
DNA, a type of DNA which is often used when there are éthiamounts of
evidence material. The group worked closely with the companyt tqpshe
proper assays for the particular application of mitochondrial RNalysis.
Meeting twice a month with company representatives and discus
possible improvements and different kinds of applications, the grasp w
very enthusiastic about the pyrosequencing instrument and whatild ¢
offer to the forensic area. The possible improvements that discessed
(and in some cases carried out) concerned user-friendlihessedgent kit
composition and software. (Interview Allen; Interview Ekstrovilsson et
al., 2006)

The method which pyrosequencing was placed in parallel with was
Sanger. Sanger was, and still is, the method which the forgrmip uses

11¢



the most in their DNA analysis wofk. Since it is the most well-established
sequencing method, and is known for its robustness, it is highly valued in the
forensic area in which reliability is absolutely key isejuencing method.

In Allen’s forensic group, Sanger is therefore the technique tohaméwer
methods, like pyrosequencing, are compared. However, since Sanger was
very time consuming in some of its steps, the group saat gavantages
with the newly introduced pyrosequencing instrument. The most obvious
advantage was its ability to perform quick analyses. A &@inalysis which
required two days work with Sanger could be performed ingjdetv hours
using pyrosequencing. The new method thus provided the group with a
speedy way to produce results - a quality lacking in Sangeen(ieiv
Allen; Interview Ekstrom; Andréasson et al., 2002)

After setting up the proper assays for mitochondrial DNA aiglyke
group instantly started to use pyrosequencing in their daily voartine as
well as within their research. The continuous use of pyrosequeitting
parallel to Sanger gradually resulted in the discovery oftiaddi benefits
of the new method. The most significant new feature, which no other
sequencing method had yet been able to offer, concerned quantification. This
meant that the method made possible the measurement of a sample
containing two different DNA types (DNA from two differemeople)
determining which of the two types had the highest presence. Ferake
reasons this was an important new function in forensic analysisrtividgd
helpful information in criminal investigations. The quantificatimmction
was thus a unique application made possible by the pyrosequencing method.
In exploring other applications, the group also discovered thrument’s
use in identifying and analysing genetic markers in nucleaA Ofér
instance SNPs). As there are very scarce amounts of/fi@sof DNA, one
single copy in each cell, such analyses require highly semsitethods. A
third application, explored and found very useful by the group, was
identifying and analysing SSRs.SSRs are sequences of repeated
nucleotides which show length variation between different indilsdaad
are therefore a helpful tool in identifying a specific indual. (Interview
Allen; Andréasson et al., 2006; Styrman et al., 2006)

As a beta-site to the pyrosequencing instrument, the forensic group
entered a collaboration project funded by Vinnova, a research funding
authority, which involved the founding research group at KTH led yogiN
as well as Pyrosequencing as a compaiiye purpose of the project was to

€0 This is stated in the year 2010.

®1 Simple Sequence Repeat (SSR) is a sequence oéfeated nucleotides which can occur
9-30 times in a row and thus demonstrate lengthatian among different individuals; by
taking a DNA sample collected at a crime scenetberoand comparing it with the DNA
material of a specific individual it will demonsteaa match or a non-match.

®2 Vinnova is a Swedish governmental institute witle purpose of supporting innovation
systems, for more information go to www.vinnova.se
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find new applications for the pyrosequencing method and the three
competences of the founding research group, together with the producing
company and an active user was considered a good project ctiostétda
such a goal. In this process the three parties started to wakspacially
designed reagent kit that would be customised for forensic DNisisa
The idea was that in collaboration with both Allen’s and Nyrénéips the
company would develop, manufacture and sell a tailored reagetat &
used in the pyrosequencing instruments for a more straightfbriway of
performing forensic DNA analyses. During the funded project many
different sorts of solutions were discussed and experimenthd kidtvever,
after some time the company terminated the work concerning the csestiom
kit. The company’s explanation for this was that the forensia aras
considered too small for such a large investment and the reagent kit #éerefor
never went into actual production. Even if this was considered a
disappointment by the two research groups led by Allen and Ngwén,
nevertheless benefited from the funded collaboration projecteasrad
dissertations and publications came out as a result. The @suhe
collaboration between the three parties could thus be considegeeat
advancement within academic research for the two reseaocipgy even
though it did not have any direct benefit for the company. (IrdenAllen;
Interview Ekstrém; Interview Nyrén; see e.g. Allen & Andréasson, 2005)
After the termination of the Vinnova-funded project there hasbeen
much contact between the company and the forensic group. According to
Allen this is partly due to the re-organisations at Pyrosemugiin the early
2000s as well as the company merger, and partly because opehating
instrument had by then become a routine procedure for the groug Sinc
everything worked smoothly there was little reason for fretjugeraction.
The pyrosequencing instrument has been in constant use in Allenip gr
ever since it was purchased and the application areashioh wt has been
found useful have, as shown, increased. However, even though
pyrosequencing has displayed many advantages compared to Sanger,
because of its superiority in reading large quantities of Dheerial the
latter is still the most used sequencing method in the forensigpgFor
instance, during the beginning of 2008, the group was mainly involvad in
project of screening mutations in very large genes. As shaniarea that
concerns long-read sequencing, Sanger was a more suitable tecfhigue.
left pyrosequencing outside the group’s current work. During tiofes
infrequent use of pyrosequencing, the group is not in need of thentddy
supplied by the company. (Interview Allen; Andréasson et al., 2006;
Styrman et al., 2006)
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The Department of Medical Biochemistry and Microbiology

In 2001, The Department of Medical Biochemistry and Microbiology at
Uppsala University purchased a pyrosequencing instrument with the
intention of using it for a specific sequencing project. Pyrosedugiad
offered the instrument to the department at a reduced price withtéiméion

of spreading its use in different user environments. In gendhal
department performs research around molecular and cellular spesce
which regulate living organisms such as mammals, viruses artdriba
Many of the projects concern the relationship between genotype and
phenotype which makes genetic analysis a large part of ttaiitias. The

idea at the department was that the pyrosequencing instrumerd heul
used for a specific project concerning diversity in pig DINldawever, since

it was a rather large investment for such a small rels¢acadity, before the
actual purchase the department wanted to make sure thatwthdg be
using the best available sequencing technique for their purptsexfore,

the department performed a test where several differeqtieseing
techniques were compared, pyrosequencing being one of them. Acdording
the department’s requirements and needs the pyrosequencing methabl prove
to be the fastest and most accurate sequencing technique for SN
applications. (Interview Pielberg; Pielberg et al., 2002; Fangnflersson,
2006)

Having made sure that pyrosequencing met the standards of the
department, the PSQ96 instrument was set up for use in the Nig D
project. This installation took place in collaboration with tbenpany. The
project aimed at genotyping coat colour variation in domeggis @nd in so
doing establishing the connection between a particular gentoloeand its
resulting phenotype. An additional aim was to compare pyrosequetacing
another new sequencing technique: minisequencing. This was metbod
which also specialised in identifying SNPs but, unlike pyrosequeniting
was based on the detection of a single nucleotide incorporation using
labelled components (fluorescence or other). Both of the methods were
considered suitable for this kind of application and significangiter than
the formerly used technique of real-time PERhe department published
several articles about their findings on DNA diversity igspyvhen using the
pyrosequencing instrument, demonstrating the effectiveness of implementing
this kind of method. (Ibid.)

Once pyrosequencing had proved its value in the pig project, the
instrument was also used in one of the department’s most impprtgedts,
which concerned the connection between a certain coat colour gsland
the occurrence of melanoma (skin cancer). There is a gartlworse breed

63 Real-Time PCR is a molecular biological methodalihineasures the amount of genetic
material in a sample. It works like PCR (see 31 d&go involves a fluorescently-labelled
probe, the presence of which is measured.
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that develops a grey coat at just a few years old which aftendevelops
melanoma later in life. The project's goal was to testhdré was a
connection between the colouration of this horse type and théopment

of melanoma. The aim was thus to find the grey-causing mutatidn a
investigate its link to a possible occurrence of skin cantih the use of
several different methods, pyrosequencing being one of them, thisvgsal
reached in 2008. The achievement received great attention atdden a
publication inNature one of the most prestigious journals within the natural
sciences. However, even though pyrosequencing was a contributing method
in this particular project it was not mentioned in the publisiréidle due to
limited available space in the journal. In only being given gaceamount

of space for describing the methods and results of theirgpritje authors
were forced to exclude some parts of their research; one @xthasions

was pyrosequencing. This obviously meant that in spite of itseeval this
successful research project, the pyrosequencing instrument was not
scientifically recognised. (Interview Pielberg; Pielberg et al., 2008)

A couple of years after their first purchase of a pyroseqognci
instrument, the Department of Medical Biochemistry and Microlgil
decided to upgrade their PSQ96 to a later model - a HSA. Thespuopthe
upgrade was to lower the reagent costs by using the functioaltplexing
which was made possible by this later model. To multiplex is teewvaral
samples in parallel. As the continuous purchases of reagsntvkie a
relatively large cost for the department, an initially exgpee investment
which in the end would lower the run costs was considered an adwaumdage
deal. However, the incorporation of the newer model did not work as
planned. The researchers at the department formed an opiribrihéh
multiplexing function would ruin their samples and thus destroy hours of
preparation work. Therefore, very few at the department dseduhction
for which the newer model had been purchased. Instead the newly-acquired
instrument was used in the same way as the old one, leavie@dittantage
in the upgrade to the newer model. (Ibid.)

The staff had, however, found other ways of making the otherwise
expensive sequencing runs cheaper. The methodology was to usersalinive
end-part of theprimers the DNA fragments which initiate the whole
sequencing process. This made the primers non-specific and theythaauld
be used for different genomic variants. As they bypassedrtivequre of
designing new primers for every different sequencing-run, tbhasersal
primers directly reduced the time and money spent on sequencieg. Ev
though pyrosequencing is mainly intended for reading short DNA strands
the department often uses the instrument for “pure” sequencikg tas
(reading longer strands) as well and think that it works &wé} for this
purpose. They do not see it as a problem that the instrument ontiiehas
ability to sequence 40 base pairs at a time; after one such yusirthy re-
use the DNA sample from that run, put in a new reagent kit amdréael
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another 40 base pairs. This procedure goes on until the entireeceINA
string has been read. (Interview Pielberg; Guo & Milewicz, 2007)

Another research team which is also involved in animal genétics
Uppsala is the Department of Animal Breeding and GenetickeaGWedish
University of Agricultural Sciences (SLU). Because of thewerlapping
research areas, this and the Department of Medical Biochgnast
Microbiology are in close collaboration which has also resultecan
exchange regarding the pyrosequencing instrument. When the Department of
Medical Biochemistry and Microbiology acquired an instrumehgirt
collaborator became interested in the method. Howevere sy had
access to the pyrosequencing instrument owned by their research, paetner
SLU department did not purchase an instrument of their own. Indiegd t
let their collaborator perform sequencing analyses on theirffbehthey
used the instrument at Uppsala University. The two departrhents also
had meetings regarding how to operate the machine and to disrassisle
new applications. The collaboration involving the common use of
pyrosequencing has had great academic success in thatliédesuco-
published articles in highly-ranked journals. (Interview Pigbesee e.g.
Jacobsson et al., 2004; Pielberg et al., 2005; Wattrang et al., 2005)

During the purchases of the two instruments, the Departmeviedical
Biochemistry and Microbiology was in close contact with the comaty
for some time thereafter. However, as there has been fittldblé with
getting the instrument to work this contact is now more €8 l®on-existent.
(Interview Pielberg; Pielberg et al., 2002)

The Department of Evolutionary Biology

In 2001, the Department of Evolutionary Biology at Uppsala University
purchased a pyrosequencing instrument for analysiegent DNA By using
fossil DNA as the basis of their analyses, this resegirahp hopes to find
answers to two different research questions. The first cosicéne
domestication and breeding of cattle, specifically finding more about
when and how this process took place, and which traits werdeskldhe
second addresses the colonisation of Scandinavia, invesgigia¢ origin of
the first colonisers. The DNA that they work with is oftetrieved from
very old bones which are rather hard to come by. In additiongehetic
material that can be gained from these bones is very seraitd can easily
be destroyed; this makes the research very specific in tefrhew the
research material is handled and of which analytical methadde used.
(Interview Svensson; Malmstrém et al., 2007; Svensson et al., 2007)
SbS methods have in many regards reformed the research areseat a
DNA analysis. Better techniques of how to retrieve, amplifg aequence
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such delicate DNA material have contributed greatly to thersmbment of
this research area. The specific features of the pyroseigqgeinstrument
which appealed to the department the most were its selyséiuit accuracy.
Since ancient DNA is often deteriorated and damaged, agsvetly found
in fragmented condition, the methods used to analyse it need to be both
sensitive and accurate. This means that, compared to theisuadlggodern
DNA, ancient DNA puts greater demands on the analytical instrisnent
precision. In addition, much of the DNA which the group retrieve tdean
and, as mentioned before, since this type of DNA is much rarerothan
DNA, the sensitivity of the method used is of even greater itapoe. For
the ancient DNA group, the sensitivity of the instrument wasbility to
start sequencing from the first available base in the unknowrsaunght-
after DNA strand. Other methods, like Sanger, started redlkdengequence
from the 50th nucleotide at best. Such methods were clearlyseéil un
such situations, as the DNA fragments that the group wanted to emadys
very small, sometimes only 20 base pairs long. The accurabe afystem,
on the other hand, was manifest in the reading of each single tdeleo
one-by-one, present in the sough-after sequence. It was this coorbioti
sensitivity and accuracy that made pyrosequencing a uniquely ageans
sequencing technique to the ancient DNA group. (Interview Seenss
Gilbert et al., 2007: Malmstrém et al., 2007; Svensson et al., 2007)

The instrument was introduced in the group’s research projectheby
setting up of assays suitable for the detection of SNPs inranbdieA
material. In this context, the SNP markers were used to trace geneimesha
over time in trying to answer questions regarding domemticaand
colonisation. As earlier mentioned, the physically delicate nabéirthe
research material dictates the methods used in the laboestdirpnment at
the evolutionary biology department. The samples of the anci&# D
material, which are mainly retrieved from prehistoric bones, must be handled
very delicately. Therefore, the samples can only be worked amarticular
safe room where all precautions have been taken for the abdignnot to
be spoiled. Also, the researchers working with this DNA must wear
protective clothing in order to prevent the samples beconintaminated
with other DNA from hairs or skin; such contamination would méleetést
results misleading as they would display a mixture of diffeiends of
DNA. Consequently, the context in which pyrosequencing was placed put
high demands on the method as a deliverer of accurate resultatactd i
DNA samples. Even if there are some improvements that coutthde to
the software, the group mainly sees the instrument’'s advantagessuser-
friendliness, speed, accuracy, sensitivity and robustnesservigw
Svensson; Svensson et al., 2007; Svensson et al., 2008)

Another application for which the group started to use the pyrosequencing
instrument was CpG-methylation analysis. As methylation moéecular
change which can influence the regulation of gene expressicam iaffect
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the phenotype of the organism. This particular applicationappgaling to

the ancient DNA group as it was an important aspect to aemsvhen
tracing the genetic origin of a certain physical attriblites specifically the

two applications of SNP and methylation-analysis that have preeed
valuable to the ancient DNA group. Since its introduction, the instrument has
spread from mainly being involved in the domestication and colomisati
projects to also having been incorporated in such projects asgtrac
mutations in fungi. However, taking the whole department into dereion

the instrument has remained somewhat underused as a spieiligtven
though there are several other research groups within the departm
working with SNP-analysis they use other technologies, oftere
expensive and time-consuming than pyrosequencing. (Interview Svensson;
Svensson et al., 2008)

In setting up the instrument for its different applications instioely of
ancient DNA, the department got much support from the company. During
the initial phase of the use of the instrument there was thokse
collaboration between the two parties. However, due to theamisagions
at Pyrosequencing, this gradually changed. The company becdmee rat
inaccessible which broke the initially close connection. This,vihowever,
not considered a big problem at the department as they wesiedawith
how the instrument worked. They would nevertheless have prefectegen
collaboration than was subsequently the case. (Interview Svensson
Svensson et al., 2008)

The Clinical Chemistry Laboratory at the Orebro University
Hospital

The Clinical Chemistry Laboratory at the Orebro Univgrsibspital was
founded in 1937 and is one of the oldest hospital laboratories in Bwede
Every day, the staff of around 70 people receives approximately tb500
2000 test tubes with samples which are to be analysed; they roostb/
from the hospital but also from primary care centres aroundiskrectd As
the laboratory performs many different types of analysesiit ieed of a
wide range of analytical tools and methods. It currently enspidyout 250
different types of methods and operates about a 100 instrumerssnakes
the laboratory a device-dense environment. Besides being a prafider
hospital services, such as running diagnostic tests, the lalyoralisy
operates as a research facility and publishes severataiath year. Being
within a university hospital, research is an important partsohdtivities.
(Interview Nilsson; Interview Olsson; www.orebroll.se)

The pyrosequencing instrument now located at the Clinical Ghgm
Laboratory was initially purchased by the Center for ClinResearch. This
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center purchased the instrument after attending a demonstpiformed
by the company for the Department of Microbiology. The Departroént
Microbiology was not interested but the Clinical Researchreesaw a use
for the instrument in a study which they had recently begun and which
required SNP-analysis of child DNA. However, due to lack of fundimng
project could not be carried through. The whole project wasirtated
which left the pyrosequencing instrument without a direct udeeatlinical
Research Centre. Therefore, as a neighbouring department alsedhimol
DNA analysis, the Clinical Chemistry Laboratory decided to toy
incorporate the instrument into their activities. The aim wagplace their
current instrument for DNA analysis which was based on the meihod
PCR-REA, which usedestriction enzymeso cut the DNA sequence at
certain positions, revealing the locations of different soufibt-aucleotides
and, in this way, giving answers to sequencing-related questihngas an
uncertain and rather time-consuming process which did not always produce
dependable results, which was unacceptable in a hospital lalgorator
providing services directly involved in maintaining people’s lthea
(Interview Nilsson; Interview Olsson)

Initially the pyrosequencing instrument was set up to run the shree
types of routine assays which the previous device had handlechdttaut
to be particularly useful in blood analysis, testing for conditlikeslactose
intolerance or hemochromatosis, but also for identifying riskofa which
later might lead to dementia or similar conditiénsBesides SNP-analysis,
the laboratory also found use for the instrument in performing CpG-
methylation analysis. This adaptability quickly made the pypesecing
instrument a part of the daily work routine concerning blood aisaftshe
laboratory. Also, compared to the previous method, pyrosequencing
delivered quality results which improved the laboratory’s abititpffer safe
and accurate genetic analysis services. In addition, iteasg to train the
laboratory staff to operate the instrument. This made it possible to maintain a
full complement of pyrosequencing-educated people at the hospitah whic
allowed the laboratory to offer genetic analysis around ltek cthroughout
the year. The “work routine cycle” set up around pyrosequencing warked
the following fashion: each cycle started with a blood santerteeded to
be analysed with reference to a particular condition. Thedatsbn was to
extract the DNA from the blood. The extracted DNA was then iiegbby
the use of PCR (see 31) and subsequently run in the pyrosequencing
instrument. Depending on the test result, the outcome was eigigpée
note in the person’s protocol or a referral for further testimdy teeatment.
(Ibid.)

¢ polymerase Chain Reaction Restriction Enzyme Asigly
® Hemochromatosis is a genetic disorder resultiraniiron overload.
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Through the use of pyrosequencing, the Clinical Chemisatyoratory
became the first Swedish laboratory to offer genotyping of lactos
intolerance. Because of the influx of test samples, both nationalll
internationally, it also became possible to perform researdiestbased on
vast amounts of data. By developing a particular assay on the
pyrosequencing instrument, an international study concerning the eligcov
and diagnostics of alternative lactose mutations could be pedioand
published. The provision of a standardised working procedure in developing
new genetic assays with the pyrosequencing instrument resaultéae i
possibility of performing this and several other research stubifidurn, this
has contributed to a more efficient production of articlehatlaboratory.
(See e.g. Nilsson & Johansson, 2004; Bdérjel et al., 2006; Almon 208ar;
Nilsson et al., 2008). Hence, through the pyrosequencing instrumentts inpu
to the daily work routine at the laboratory, the instrument bistame an
integrated part of its research projects and, through the mablications it
enabled, it has contributed to the laboratory’s internationalgrétion as a
research facility. (Interview Nilsson; Interview Olssonjsson & Olsson,
2008)

The research projects at the hospital cross intra-orgamaatborders -
which means that the laboratory is involved in research ventulesevieral
other departments at the hospital. One particular projectirthalved the
pyrosequencing instrument was run in collaboration with the Depattai
Microbiology (the department at the hospital to which the company
originally presented the instrument). The collaboration was based on
doctorial project concerning standard procedures of how to use the
instrument for different applications. These methods were ilaterporated
as routine in the use of pyrosequencing at the laboratory. Timegyagp of
new standard assays was also something with which the labdnatdiyelp
from the company. Both as a research instrument and as a rowteelyme
at the laboratory, the instrument is mainly used for SNP-aisals one of
more than a 100 analytical instruments in the Clinical Chemistogiiadory,
pyrosequencing is an integrated and highly used method for différetgt k
of genetic testing. Its speed, accuracy and above all, its dayktyd are
crucial features in the laboratory’s diagnostic and reseadivities.
(Interview Nilsson: Interview Olsson)

In Summary

What the accounts of these user environments successfulhgrembedded
pyrosequencing into their activities demonstrate is thatdéwelopment of
the pyrosequencing method continues through the use of the instrument. To
be able to incorporate it into their activities, users modifglévelop new
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types of assays and use it in specific ways that wereorgtnally
envisioned. The Department of Medical Biochemistry and Mictobiofor
instance adjusted their use of the instrument to make thersggg runs
cheaper and carry out “pure”, or long-read, sequencing. Another exafmple
this user adaptation is the forensic group at the Rudbeck ltabowehich,

by using pyrosequencing, discovered a new way of identifying indigdual
which in certain circumstances before had been impossible.

It has thus been shown that the use of pyrosequencing has provided
customers with further means to do research and publish their findihip
was also found to be the case in the original development setiidHaaind
their academic collaborators; in using and developing the pyraseiqge
technique, the method works as a promoter of scientific i@searit allows
for further research, both by producing research resultsdieganow it can
be used and by the analytical results it in turn produces.ikdngtifeature
about these users are, however, that they are all rattadk, fimancially-
restricted research facilities which have only bought one olinstcuments
and a relatively small amount of consumables. The Clinical Gtigmi
Laboratory at the Orebro University Hospital stands as tiapakception to
this trend, as it is a large laboratory facility, but stdl frequent use of
pyrosequencing has not led it to buy several instrumentsga danounts of
consumables. This is a common quality among Pyrosequencing customer
Thus, even though the users find their purchased instruments hidyidyphea
for their research and daily routine work, their use doég@eerate a large
or steady demand for either instruments or consumables.

6.2 Unsuccessful Embedding of Pyrosequencing in the
Using Setting — The Example of New York Blood
Center

Introducing New York Blood Center

The New York Blood Center (NYBC) is a private, non-profit-making
organisation with the primary mission to collect and distributeodlto
hospitals for patient care. In total, it serves about 200 hospittie greater

New York area, including New Jersey, and about 20 million peapibe
region. In the USA, unlike in many European countries, blood colleigtian
private enterprise. The Red Cross handles about half obtherg's blood
collection and the rest is handled by regional, independent bloodsckkdre
NYBC. Even though the centre is a non-profit-making organisation, i
operates as a business. The official objective is, howevekeap the
business running rather than to make large returns. In addition, the centre has
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a large research organisation, The Lindsley F. Kimball Relseastitute
(LFKRI), which separates NYBC from any other blood centre inatbdd.
LFKRI is supported by about 140 researchers who, in order tongain
knowledge around blood-related diseases, cover varied reseaashsapd

as chemistry, biology, molecular studies, genetics, virology, unaiogy

and epidemiology. The institute performs basic as well asempptisearch.

To be able to safeguard the results from this vast resaatishity, NYBC

also has a patent and licensing department which evaluates, ratect
markets new discoveries made by the institute. In additiorB@I¥as the
world’s oldest and one of the largest public umbilical cord blood Iframk
which they have managed to build up a large stem cell invenitry.
inventory was developed mainly during the 1990s. Gaining acceptance as
part of public health care, cord blood is increasingly being usednas
alternative to bone marrow in blood transplants. It is, howevilr,ast
experimental treatment. In addition to collecting the donors’ blooé, t
centre offers them related services such as checking bloodnerestsidying
haemoglobins and other types of physical examinations. (Interview
Valinsky; www.nybloodcenter.org; NYBC Annual Report, 2007)

Wanting to Offer More to the Donors — the Need for Sequencing

Today, genetic screening is also a natural part of theetentange of
therapeutic services. This was, however, not the case a davs WAgo.
Collecting blood from around 2000 donors every day, Dr. Jay Valinsky,
Vice President of Information and Technology at NYBC, and himtea
wondered if there was not anything more, besides building a blood bank that
the centre could offer its donors. Being a medical researdituiastthey
were mainly interested in diagnostics which led them to the questionerheth
or not they could perform genetic screening among these healthy individuals.
Screening is a process of studying an individual’s geneticrialaite search

of known genetic defects that are connected to diseases. clédening
would thus be used for tracing potential genetic conditions thdut imigpact

the donors’ lives. The centre was particularly interestedgareetic disease
called hereditary hemochromatosis. This is the most commonsdisea
resulting from iron overload as well as one of the most comnemetig
disorders in the USA. A major reason for the centre’'s istene this
particular condition, except for its prevalence, was the peauditure of its

cure. It so happens that the treatment for hemochromatosis is costinuou
blood donation. To be able to diagnose the condition, as well astidfe
patient treatment, made diagnosing this genetic diseaselfitmto NYBC's
activities. (Interview Valinsky; www.nybloodcenter.org)

127



According to Valinsky, the intention of this development towards
diagnostics was primarily to provide yet another serviceHerdonors, not
for the benefit of the centre itself. Therefore, a firsdl anajor concern was
how the genetic screening procedure would be done within the carftext
routine blood drive; for people to accept this additional seriti@muld not
be too disruptive. The team saw many difficulties with intragycan
element of such contentious nature as genetic testing withiframe of
blood donation and were not sure how people would react to it. In torder
find out how their donors felt about the matter, the centre setegt ahere
they asked about 1000 donors about genetic screening. The resulenya
surprising; NYBC realised that these individuals were mdllio accept both
genetic screening and being told the results. However, it wagusiog
matter of not upsetting the donors. NYBC understood that genetically
screening donor blood would be a multi-step process with a front-end and a
back-end. At the front-end they would handle blood collection and DNA
extraction, and at the back-end the extracted DNA would be screeded
analysed. Hence, the centre’s next concern was how it wouldgiodaale
extraction and screening efficiently in an automated fash®omwedl as how
the front and back ends would be made compatible in terms of which type of
DNA that was extracted and which methods that would be usedviavte
Valinsky; NYBC Annual Report, 2007)

Trying to Embed Pyrosequencing Part One: Genetic Screening

Setting up the screening project meant finding and incorporating new
methods both on the front and back ends of the process. The degddy a

had conventional methods of performing both DNA extraction and screening
but the intention was to find automated solutions that would dontbizh

more efficiently. While the search for automated solutionsrpssgd, the
laboratory staff started to use conventional methods since tleyesame

time pressure in getting test results. While still tryindocate a solution for

the front-end of the process, NYBC started to investigate arytimaal
instrument suitable for the back-end that had been recommended tbythem
one of their many collaborators, Colombia University in NeavKYCity - a
pyrosequencing instrument. NYBC was interested in studying SNPs
tracing hereditary hemochromatosis, and was consequently looking for a
method that would offer that kind of automated service. Sinceifigiagt

and analysing SNPs was what the pyrosequencing instrument was
specialised in, it seemed like a very attractive soluitothe centre. After
some consideration, in 2001, NYBC therefore bought a pyrosequencing
device to make it a part of the back-end of the screenioiggdr At this
stage, the idea was that the method would work as an analsttianent

12¢



and hence analyse the identified SNPs. However, once they aedbie
instrument and started testing it, they immediately ran irotdote. Some of
the problems were related to blood sample quality and some rof tthe
primer design(the short nucleotide string which initiates DNA synthesis).
This forced NYBC to design special primers in order for 4beeening to
work. Due to difficulties in getting organised with the people at
Pyrosequencing, this was not an easy task but eventually NjoBte new
primers to work according to plan. (Interview Valinsky; NYBQnual
Report, 2007)

Even though the centre had bought a pyrosequencing instrument, it was
not the only method being used for the analytical part of theqtrahey
were actually doing three things in parallel: i) sending some sanplother
laboratories which performed tests by conventional methods, ingestime
samples by using conventional methods themselves, and iii) trging t
develop the pyrosequencing instrument as part of a program thiat kv
automated DNA extraction on the front-end to pyrosequencing on the back-
end. This resulted in pyrosequencing being used just as a iagreeal,
identifying samples that could be of interest to the projectsdsamples
were then put in more conventional assays for the analysisnidaat that
the intended use of pyrosequencing, as an analytical instrumeny tadde
of the entire back-end of the project, was not realised. Also, for a long period
of time the project members at NYBC were so focused oningatkhe
automated extraction on the front-end work smoothly that this patteof
project got more attention than the analytical part. In additibenwt came
to the back-end, they spent more time working with the conventionalsassa
than with pyrosequencing. The reason was not that the pyrosequencing
equipment did not work, but rather that the centre was undemtiessure.
Since they needed to produce test results and did not have endugh ski
efficiently operate the pyrosequencing instrument, they focused on what they
already knew by using the conventional assays. (Interview Reghview
Valinsky)

There was yet another reason for the pyrosequencing instrument not
becoming a natural part of the work practice at NYBC. ThésHas the
screening project was to diagnose people who had hereditary
hemochromatosis and to do that they needed to determine whether an
individual washomozygoter heterozygotethis meant that they needed to
determine whether the donor had double or single traits for teasgisor,
put more simply, whether the individual had a variant of the sgeme
which could compensate for the defective one. This is a very eimpl
procedure since the test results are very “black and whité$ either there
or it is not. Therefore, it was not difficult to achieve fuseesults with a
rather simplistic method. In this regard, the pyrosequencing instriuwas
perceived as far more advanced than required; as equal results be
produced by a rather poor and imprecise method, the testing didquirter

129



the features of sensitivity or accuracy provided by the pyresecing
method. To sum up, the instrument was perceived as difficult to epesat
well as too sophisticated for the type of analyses performetebsesearch
team. (lbid.)

Trying to Embed Pyrosequencing Part Two: Blood Typing

Even if the instrument was not being incorporated as planned lieto t
screening project, NYBC had many other kinds of uses in mindhtor t
pyrosequencing instrument; one of them was for the task ofndateg the
donors’ blood types. Normally this is done through analysis of treop's
phenotypewhich means that it is the physical features of the bloaddattea
examined. However, the centre wanted to do this by looking at teernper
genotype, which meant that they wanted to examine the blood on &genet
level. In other words, they wanted to study the genes that deterthieed
blood’s phenotype. Being able to determine an individual's blood type
genetically was very interesting to NYBC since this wolilshieate the risk
of the centre giving people the wrong blood type. People who frdyggt
blood transfusions may very well have been given the wrong blgeday
occasion in the past. This makes them develop antibodies whishises
them for the next transfusion and further complicates the ftisina
procedure. It also becomes difficult to determine such a persawd bipe
by looking at the blood’s phenotype. Studying the same person’s genotype
bypasses these problems and directly accesses the orimoual type
information. For NYBC, which was in the business of collectamy
distributing blood, as well as offering blood-related health sesyithis was
considered an important competence to have in-house. (Interviemskigli
Reid, 2002; Lomas-Francis, 2006)

To be able to proceed with this plan, they needed help fromothpany
in setting up the proper assays and protocols. NYBC was confitrthis
kind of project would be very interesting to the company sihagould
require analysis of complex sequences, where knowing the sequence
adjacent to the sought-after SNP would be crucial. The pyroseggenci
method’s specificity qualities seemed ideal for this task @uld also offer
NYBC the throughput that it needed in order to sequence as many donors
during as little time as possible. Yet, when discussingtft the company,
the centre experienced a very unenthusiastic response. In tleeir vi
Pyrosequencing just did not seem interested in pursuing thectproje
Disappointed in not getting the help that they needed, NYBC dkdme
carry on without using the pyrosequencing instrument. Instead, ttaalese
team chose to go along with a method based on microarray technology
which, unlike pyrosequencing, was approved by the Federal Drug
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Administration (FDA) - a governmental department which setetysa
regulations for drugs and medical devices in the®Jibid.)

A Regulatory Environment — a Hindrance to the Embedding of
Pyrosequencing

The factor that makes NYBC a complex organisation is that it
simultaneously represents two different types of operatiorserime aspects
it is a scientific research facility and in othersdgta clinical laboratory
within the diagnostic sphere. These two contexts represent diffezent
environments with dissimilar working procedures. Within a sdienti
research setting, people work according to scientific methodscan thus
be considered to be confined to these conditions. However, ¢brdéions
also apply to a clinical laboratory in addition to a set ofrelytidifferent
rules: when an organisation enters the area of diagnostics, it hagsbtadj
complex regulatory environment that demands total transpareneyesy
stage. In order for a clinical trial or a new drug to be apjphotrere are
certain demands that need to be fulfiled which make clinicajepi®
expensive and time-consuming. In the USA, these regulatory deraamds
set and controlled by the FDA. (Interview Valinsky; NYBC AnnRalport,
2007)

When the research team at NYBC bought the pyrosequencing instrument
they wanted to see if they could incorporate genetic scrgemithin the
context of routine blood drive. However, as this and other projects developed
and branched into several areas of use, the importance of ma&mgalid
as diagnostic applications became apparent. As the pyrosequencing
instrument, in its current condition, was not approved for clinigalst it
was becoming an obstacle instead of an asset in the daily wite ldYBC

% Microarray is a general methodology based on rirised chemical reaction areas placed
on a single plate which, through fluorescent labg)l demonstrates the presence of sought-
after genetic markers. In the case of BioArray 8ohs (www.bioarrays.com) which was the
company producing the product used by NYBC, it usesds as a solid support instead of
plates. The technology can be used for SNP analgeise expression analysis, protein
analysis, as well as cellular analysis. One exaropleow to use microarray technology is
when wanting to determine which genes are activatetiwhich are switched off during the
course of a certain disease. In this case, eadlioraarea on the plate or bead contains a
sequence representing a certain gene. When addihghealthy” and “unhealthy” sequences
(sequences from both healthy and unhealthy indalglwith regard to the disease) to the
plate with different labels (red and green), baaseipy in the different reaction areas
representing different genes will take place. Hosvebase paring will only take place if the
gene represented in the reaction area also wasrpriesthe healthy or unhealthy individual.
By using a laser scanner for the detection of #tband green labels, the plate will reveal
which genes are activated or switched off in thalthg respectively the unhealthy individual
by the demonstration of red and green colour in tiferent reaction areas.
(www.bioarrays.com)
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laboratory. The way it usually worked at NYBC was that urents that
were strictly confined only to research were only used asarels
instruments, and instruments purchased for diagnostic purposes \gadyalr
FDA-approved. The pyrosequencing instrument however, needed to make a
transition from being a research instrument to an approved diagtaastin
order for it to remain useful at NYBC. For the more simiglisesearch
questions, the pyrosequencing instrument was not distinguished, just
acceptable, and there were other methods which could provide qaiuker
easier “yes or no” answers. It was rather in the diagiostiea, where
features such as specificity and sensitivity were ckucihat the
pyrosequencing technology excelled, but here it was off limits. tier
pyrosequencing instrument to meet diagnostic standards, its assged to
be diagnostically approved, it was thus up to the company to adpist
instrument, there was nothing NYBC could do about it. (Interviexid;R
Interview Valinsky)

However, as the centre became aware of this problem and teonthe
company, they once again met with little enthusiasm on the corspaany.
Even if it was under discussion, the company did not put the idE®Af
approval of their instrument into practice during this time tifes company
was not interested in approving their instrument for diagnostic pespat
the time, which would have been a rather lengthy and expensivespydice
remained a research tool which severely limited its us¢hatNYBC
laboratory. The purchased instrument was in use for two te ffars but
as it was never truly incorporated in the daily work routirveais completely
replaced by other more well-known techniques at the centre. Another
contributing factor in its decline was a general price atioal on reagents
which was taking place at the time. As this reduced the benefits of exgrcisi
high-throughput sequencing this further limited their use of pyroseqmeg
which demanded rather expensive reagents in order to be operated.
(Interview Valinsky; Lomas-Francis, 2006)

In Summary

In the account of the NYBC setting, another picture of the ofse
pyrosequencing is outlined. Here, the instrument was not incorporadeg in

of the genetic analysis projects. Despite the fact thatablewas bought
specifically for its ability to identify and analyse SNRswas not able to
prove its worth at the centre. NYBC thus purchased an instituwieh the
intention of using it for the very same purpose for which it desgned but

this still did not guarantee its usefulness. The new solution cwtlde
combined with the existing knowledge at the laboratory, nor wagspitoved

for use in diagnostics, which made the conventional methods seem more
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attractive. This was most frustrating to the centreitasas not on the
research side of a project that the method was most valutailas rather at

the diagnostic level where qualities such as sensitivity aodracy were
crucial and in which the pyrosequencing instrument made a difference
However, as the regulatory environment of the diagnostics paeseented

the pyrosequencing instrument from being used, it was bound to an area
where it did not have anything unique to offer to the centre.
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Epilogue - Pyrosequencing Re-Embedded
Within Business

The following epilogue will show that, as a consequence of its
commercialisation, the method of pyrosequencing appeared and became
embedded in yet another business context. This chapter wililwkesyhat
happened next’ but perhaps even more importantly it will augthentiew

of resources, tangible and intangible, as ever-evolving througin the
introduction in new contexts over time. So far we have followed
pyrosequencing through its development within scientific researcis t
commercialisation, and thus production within business, and to heasit
embedded in user environments which in turn enabled further deeibpm
through scientific research. What this very last empigeation will reveal

is the appearance of the pyrosequencing method as a part component
integrated into another product. Here, the company 454 Life Seieand

its effort to incorporate pyrosequencing as a part of its neteraysolution

for whole genome sequencing, will be examified.

Introducing 454 Life Sciences

454 Life Sciences, today a subsidiary of one of the world’s leading
pharmaceutical companies, Roche, started out as a smalttprdflein the
company CuraGen in Branford, Connecticut in 1999. The 454 project began
with the founder and CEO of CuraGen, Joseph Rothberg, who had an idea to
create an automated system for massive DNA sequencing aleparfhe
vision was to make sequencing both fast and cheap enough for it to be
possible to sequence individual human genomes on a routine basis in
hospitals or other medical facilities. The goal was thus tateran
instrument designed for high throughput sequencing which easily could be
operated by medical staff. From this vision, CuraGen formebjaqgd and
started to work on a technical solution based on paralleesemg. After
working with the idea for a year, it seemed to have enoughasdasto

7 Whole genome sequencing refers to the task ofesmig any organism’s full genetic
content.
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actually work. However, as CuraGen’s main activities wasithin drug
development, and not biotech tooling, they needed people with a different set
of skills to be able to continue the work. Also, since the prejas in need

of outside capital, it seemed easier to attract investorsampany involved

in biotech tooling than to one within drug development. Thereftie, t
project was made into a subsidiary of CuraGen and 454 LifexGxsevas
founded. (Interview McLeod; www.nature.com/news)

Pyrosequencing — a Functioning Component?

The design of the first edition of the high-throughput system was a five-year-
process which started with a very general idea of sequencparafiel (the
sequencing of several DNA strings simultaneously). However,hndiitual
technologies would make this possible was, in the beginning, giilkale.

The idea was based on using a SbS method as a sequencindepbuatigs
there were a number of available SbS methods which had to be cedsider
the group needed to review which one would best fit their ideaafo
sequencing system. Christopher McLeod, the CEO of 454 since 2005, took
an active part in this review process. From the perspectidéhfthe main
advantage of considering a method like pyrosequencing was itsnuse i
bioluminescent detection of incorporated nucleotides. This feahade
pyrosequencing faster than SbS methods using fluorescent aletediso,

in the 454 assessment, bioluminescent detection did not require isaédst
optical scanning systems which constantly required re-focusimj a
experienced frequent run failures. However, a major downside of
pyrosequencing was that in its current state it had a read length of 2@rely
25 base pairs (nucleotides). This was not an acceptableydoalie system

that 454 intended to build. Yet, with the knowledge that the 454 board had
gained about pyrosequencing (not only during the review process but als
from using a pyrosequencing instrument which CuraGen had purchased a
few years earlier) it decided that the read length, alotly @ther features,
was something they would develop once they had a licence for the
technology. (Interview McLeod; Davies, BiolTWorld.com, 2006)
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Building a Sequencing System —Embedding
Pyrosequencing

In 2003, 454 and Pyrosequencing signed the contract regarding 454’s
purchase of the licence for pyrosequencing. With this licence, 454 wa
granted exclusive rights to use pyrophosphate-based SbS in winoleee
sequencing. Pyrosequencing, as a company, thus maintained the nght t
their instruments for any other purpose than whole genome sequencing.
However, for the technique to ever be useful for 454, the reaclergded
extensive enhancement. In order for their sequencing systesmqtence
entire genomes within a reasonable time and cost, the pyrosewenci
method would have to be able to produce at least 100 base pairs in one run
Therefore, to optimise the method in terms of read length wasrsheand

very important goal. (Interview McLeod; Davies, BiolTWorld.com, 2006)

In the system that 454 intended to build, the part that pyrosequencing
addressed, the incorporation of nucleotides in a growing DNA stwag
just one of many components needed. The preparation steps of amgplify
the DNA material to a detectable amount and arranging itnable a
massive parallel read were other such important mechanismsajér m
difference between the original pyrosequencing instrument and the 454
instrument was that the original instrument read 96 stringscim rean while
the 454 instrument would have to read several hundred thousand strings in
one run. The 454 sequencing system would thus be an assembly of several
different techniques that needed to fit together in order fosyeem to be
as efficient as possible. (Interview Irzyk; Interview McLeod)

Another technology that interested 454 and seemed to fit their psrpos
was emulsion-based clonal amplification. This method amplifieDthA
strands on very small beads in an emulsion. By attaching uniquie-sing
stranded DNA strings to beads, mixing it with oil and a “PQRktail”
containing all the essential ingredients for amplification occur, the
amplification process takes place on the bead surface® itisdoil drops.
These drops are called micro-reactors. In the next step, ths, beaw
containing millions of copies of the unique DNA strings, areasspd from
the emulsion and can be used for the subsequent steps in sequenang. Thi
bead-based method was considered a technically suitable prapatap to
precede the pyrosequencing process. However, as it was a roftter
sequencing not one, but hundreds of thousands of such beads, the step of
parallel sequencing also needed to be solved. For this, 454 appgledial
kind of plate, the PicoTiter Plate™ (PTP), which was agjkubstrate with
1.6 million small wells, where each well would hold one bead. WMais an
already existing technique which 454 further developed for thestem
solution. The pyrosequencing reaction would take place in eactwivete
the nucleotide incorporations would be detected through the pyberea
and reported in a flowgram, revealing the sequence of each string (see Figur
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8). Hence, pyrosequencing, the emul-based clonal amplification method
and the PTP were techniques that 454 modified bamered to fit into th
454 instrument. (Interview Irzyk; Interview McLeddargulies et al., 200

Figure 8. The 454 Genome Sequencer instrument based on theselfuencin
technology, including the pyrosequencing princigource: Blow, 2007. Rights
454 Sequencing © 2010 Roche Diagnos

In 2005, the 454 company putiied a research article Nature displaying
the kind of fast and cheap analysis which couldpbdormed with thei
instrument. By sequencing a bacterial genome wiflrecedented speed &
accuracy, the new sequencing technique was putafdnas beingqual to
Sanger with greater development potential. Thresyéater, the compar
participated in anothéMaturearticle having sequenced the entire genorr
James Watson (the researcher to first present M dpuble helix) using
the 454 instrument. Kvas reported that compared to traditional capil
electrophoresis methods, such as Sanger, this thdithished the task fc
one hundredth of the cost. Also, the article regmbrinding novel gene
which would not have been possible if using tradiéi methods. However,
the system also had its problems. For instancesg¢l@encing system h
some difficulty in sequencing long repeats of agkinbase type and w
therefore by some considered more suitable for essring short DN/
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strands. There were thus improvements to be made. (Margukés 2005;
Blow, 2007; Wheeler et al., 2008; www.nature.com/news)

Continuing Development of the 454 Product and
Company

Besides continuing the capacity development of the instrument, the company
has also focused on finding different applications. One such appficati
which is made possible by the 454 instrument, is to identify and/sanal
specific genes or panels of genes. For instance, when studyingsdike

HIV, the instrument can identify all of the different vaitis of HIV that are
present in a sample. Since different HIV strains are stistepo different
drugs, by knowing which of the HIV strains that a person has,pbssible

to individualise the medication for each HIV-infected person. Withather
instrument this kind of analysis would be too expensive. Another
consequence of cheap sequencing is the ability to find unknown omstati
While other methods can be used to sequence fragments of DNA in search of
known or unknown mutations, the 454 instrument can sequence a whole
genome which can be compared to the template of the human genome
thereby displaying any deviations. Through this comparison diffeserae

thus be identified for further analysis. Whole genome sequergimggeful in
determining disease-causing mutations which makes the 454 sieguenc
system an alternative to “targeted” sequencing. (Intervigwleod;
Goldberg et al., 2006; 454 Life Sciences, press release, 2007-06-15)

According to the official stance of the company, it planneditten its
product range and focus on the diagnostic field ever since its faundi
However, in 2008, these were still plans for the future. Uh&ht their
main focus is to develop the sequencing instrument to makesiit faster
and cheaper. This is partly done by miniaturising the conditiongheof
sequencing process. By using smaller beads and thereby dnedtvey bead
density, it is possible to sequence even more strings in eachlsan.sikce
the launch of its first instrument it has managed to enhance the read length of
pyrosequencing from 100 to 200 base pairs in one run. By the end of 2008,
the goal of being able to sequence 400 base pairs was readtegdante
number of bases that the Sanger method handles. (Interview Imizkjiew
McLeod)

During the first seven, 454 was mainly owned by CuraGen which held
two-thirds of the company. From two rounds of financing, the company
raised 60 million USD and the work force increased from ten to 130. In
2005, 454 entered a five-year partnership with Roche allowing it thebe
distributor of 454’s instruments and reagents worldwide. With Roche as their
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distributor, 454 could remain a single business division with iig fiegus

on developing the technology and still be globally represented through
Roche’s offices in Europe, USA and Asia. Three years bethig
partnership was scheduled to end, Roche made an offer of acquiring 454
with the goal of keeping it as an independent company with the focusstill o
whole genome sequencing. 454 accepted the offer and, in 2008, the company
became wholly-owned by Roche. It has, as agreed, remained an
“independent” company with its own facilities in Branford. In 200& th
company had a customer base of 125 users which were almbastiwexy
research departments around the world. (Interview McLeod; Vé@maz
www.BiolTWorld.com, 2007)

In Summary

By acquiring the licence for the pyrosequencing principle withdurpose

of performing whole genome sequencing, 454 Life Sciences shows ithat i
perhaps not as a stand-alone product that the pyrosequencing method will
prove most useful, but as a component in a larger system solutioevelow

in order for the new method to fit into this system, it had tdusther
developed and connected to other technical resources in the 454 device.
When incorporated into the 454 instrument, pyrosequencing was both
guantified and enhanced: the sequencing process took place inhaora t
million small wells simultaneously and the method’'s read lengts wa
increased many times over. This meant that 454 Life Sciencds ha
recognised pyrosequencing as a method with great potential aefotber
“re-opened” and optimised it in order for it to actually contiebto their

own instrument. The use of the pyrosequencing method by 454 has earned it
further scientific recognition and once again the anticipationkighe there

are expectations that the 454 technique might be the next sequeretimayl

to replace the classic Sanger technique. The anticipatitvatightis will be

done with an improved version of the sequencing system built by 454.
Pyrosequencing’s role in this potential achievement willsd, be as a
“hidden” or embedded resource.
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7 Analysis

The empirical chapters examined the three different but delatings, in
which pyrosequencing needed to become embedded in order to possibly
become a successful innovation. This chapter will present@edaeaalysis

of the empirical account, by emphasising which technical andhisegenal
interdependencies would have needed to function, both within anédretw
these settings, for pyrosequencing to have possibly had a chance at
commercial success. The analysis of these interdependédeigifies and
discusses the recognised resource interfaces of the pyroseguemathod,
within and between the using, producing and developing settings. This
analysis will give a deeper understanding of how these intsfareate
directions in the innovation process, and how this affects thehlikel of
achieving a commercially-solid innovation.

7.1 The Interfaces Within Scientific Research as a
Developing Setting

The academic development of the pyrosequencing method was coroected
a specific set of organisational and physical resourcerfames. These
interfaces affected the initiation of the development poeesl shaped the
way that the development work was organised, as well as thecghys
features of the sequencing method. This will demonstrate ihas (the
physical features of the new method emerged in interactiam nelated
resources, it was impossible to determine these fedtefeschand, and (ii)
the development work was highly influenced by a “development logic”
which was characterised by a constant testing of new develbpme
directions, and by an “academic logic” focusing on the scientifaditguof

the research work through publications and PhD projects.

The mixed interface between the new method and the e$lished
solution: the idea for a different way of performing sequencing amnosz i
time when the Sanger sequencing technique was dominant. The physical
qualities of this technique put great demands on the knowledge ahaf skil
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its users, which meant that when an untrained researcher neededate ope
it, there were serious organisational problems. Thus the dnteffetween

the Sanger method as a physical technique and the level oéxpsetise
instigated the development of a new technique for performingathe gask.
Sanger also indirectly affected which qualities were soughtthe
development of the new method; in setting the standard for what was
considered robust sequencing and a pleasing “read length”, Sanged worke
as a point of reference for setting the technical goals ofidlemethod. In
addition, the existence of Sanger as a conventional sequencingdmeitial

the fact that sequencing-by-synthesis (SbS) was an old and abandoned
technique, affected the way in which the new method was recbivether
researchers and the scientific community in terms of funding aretipub
There was a great scepticism that the research group woekeksuic doing
what no one else had managed before: constructing a functioning SbS
method which might create new ways of examining DNA. Also, mone tha
twenty years later, when the method had been officially declargibat
scientific achievement, it was still being compared to Sangkus, in
relation to the inventor, the new method itself, and the widertiges@ence
community, Sanger gave rise to a number of interfaces whiclomgt
instigated and influenced the development of the new method, but which
also affected how the new method was evaluated as a sciéintifing by

the rest of the scientific community within genetics.

The physical interface between the method and the laboratgifacilities:

the laboratory equipment played a crucial part in the development néthe
method, as it was the means through which progress with the ragpési
could be determined. In turn, this was connected to the compositite o
method, the basic physical features of which were DNA, enzymdjther
reagents being experimented with in a very exploratory fashieati€g the
biochemical conditions for making the method work properly was the ma
issue and it was often unknown which of the reagents were hindaring
enabling certain outcomes, or why particular combinations workédrbe
than others. The technical properties of the method wereddtaamined by

the physical interfaces in the enzyme mixture and which biocaémi
reactions they produced. This means that even though it whg piesar
which functions the separate components had individually, it veasftact

of combining them which was unknown and thus needed research. This was
very time-consuming work and often did not result in the expectedmme.

As this process was so reliant on laboratory work, the prepeoti these
facilities exerted a great influence on the development workinstance, as

the development of the method became all the more sophisticated, the
combination of the luminometer and DNA material made it impossdle
measure progress. As a consequence, the research developnpenartiém
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took another direction, resulting in a different combination of thienieal
and biochemical components — this gave rise to a “reversed” method.

Thus, due to the interface between the DNA material uséteimethod
and the luminometer, the features of the method were alterailar$i, due
to the use of different DNA material, and a new luminomatebecame
possible for progress to be made using the original method. This shatv
it was the combination of the method’s features, and establisisedrch
equipment, which determined research progress. It did not nveltieh
physical features the method had if they could not be measuresualised
by the use of other equipment; it was by using the luminomettrthie
physical features of the method were ultimately determarati could be
further understood. In this sense, the interface between the methoceand th
luminometer was interrelated to the physical features ofnathod: the
luminometer determined the measurability of the reagentshasdnmhich of
them were to be included and experimented with. Hence, the alilabd
nature of laboratory facilities were highly influential on hdwve tmethod
could be experimented with, and therefore also on the ultimate physica
character of the method.

The physical interfaces between the new method and colementary
solutions: to solve various methodological problems in the sequencing or
automation procedure, the initial method was at differeméd combined

with other technical solutions. First it was combined with itierént
sequencing preparation procedure, the solid-phase technique, which came
from another research group. This combined method solved some of the
issues of developing a functioning sequencing technique, such as praviding
manual washing step. It did, however, also create new problenitstufised

out, this particular resource combination did not present aylstfaward

way of creating arautomatedsequencing procedure; as long as the two
methods were used with individual enzymes, different substaands
mechanical parts (temporarily assembled together and optinvseehaéh
single reaction), the combined method could be made to work manually
However, when these same physical parts had to work in a more
standardised and strict fashion, as in an automated technique, the
components connected to the solid-phase technique created too many
problems. The same applied with the approach of using a capildavy f
system — the physical interface between such a systemhanesdt of the
method did not seem to create a good match. Ultimately, itheasse of a
similar component to those already used, another enzyme, which allowed the
automation of the sequencing method. Thus, different resource coiofsna
were tried in a trial-and-error fashion, and through this process one particular
combination turned out to be more suitable for automation than the others.
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The organisational interface between the two research groupswith
regard to the organisational units, and thus the knowledge usec in th
development of the new method, there were two research groups which
represented two knowledge areas: biochemistry, with partifotars on
enzyme activity; and biotechnology, a fairly applied researela, in this
case with a particular focus on DNA sequencing. These two clsgaups
represented two different approaches of sequencing which, in margseg
reflected the groups’ respective knowledge areas and backgrotneds;
pyrosequencing method was based on the “natural” functions of enzymes,
while the solid-phase techniqgue was based on actively steeffiegedt
components and reagents in a more technical manner. Ultimételywo
methods did not result in a successful combination, but the procélss of
two research groups learning from each other, and trying different directions,
still had a great influence on the development of the pyrosequencing method.
Thus, the combination of these two different sources of knowleuigelexl

new types of experiments which probably would not have been possible
otherwise.

In addition, this interface indirectly related the originade@ch group
involved in developing the new method to other important resources.
Already renowned within academic research, the research groupedvial
solid-phase research brought not only new knowledge to the development
work, but also an association of scientific quality and relatipssho
business actors and financers. Just by being associated witlrthef this
group, the development of the pyrosequencing method was strengthened as a
project of scientific significance, something which was dematesd by the
jointly-published articles and the further financing of the mje The
research also became connected to an established manufaciimar w
biotech, and to a venture capital firm. The interface betwesetwiin groups
thus affected the development of the method, both in terms of which
knowledge was used and how the method became more scientifically
recognised, but also how it made external physical and organgaation
resources available in the shape of business relationships and capital.

The mixed interfaces between the method and PhD prajes: a
significant feature of the developing setting was that mucthe@fmanual
labour connected to the experiments of the method was performelCby P
students, who gradually joined the research around the new method. As more
people got engaged in the project, this decreased the worklodte at t
laboratory for the people initially involved, but it also me#mat time
needed to be devoted to assisting with their PhD projects. &laogpment
process was thus adjusted to the academic task of educatingseevchers.

The topic of these PhD projects needed to be specified sépasditeough

still related to the same overall goal of optimising thguencing method. In
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this regard, there was noheproject, but several smaller individual projects
related to the same issue. These interfaces, between thednatd the
related PhD projects, created a work order in which very spespects of
the method were scrutinised to produce publishable research.ré&sigtén
turn incorporated the development of the method in various PhBsthasd
several other publications, which fortified the method asigaifcant
scientific finding.

The “physical” interface between the method and the publicationsvhen

the method could produce physical evidence that it worked egueeiscing
technique, its successes could also be reported in scientifdesrt
Publication verified the ongoing research, and it could be made known
within academia and elsewhere. To publish the various reseesciits
connected to the development of the new method was thus ngdessae
method to be widely recognised as a scientific accomplishriiéing, and

the general requirement to publish in order to earn a positionnwithi
academia as a scientist, therefore created an interfacedrethe method
and its publications in terms of which experiments were considered
important and how they should be carried out. All directions and ideas
needed to be tested and documented prior to publication. Suchifiscient
publication can thus be seen as a product which was used to hwke t
(initially unknown and ignored) research results into scieatly
recognised research, and which also affected which type ofsréisaltwere
sought after. In addition, publication connected the new method to other
resources, such as financing and new research projects. Tdni¢ tinat not
only was the publication a resource in itself in verifying ttiergtific quality

of the new method, but it also created other important resource interfaces

Summing Up: The Making of a Scientific Resource Through
Physical and Organisational Interfaces in the Developing Setting

Through interaction between a number of resources in the develoging set
(i.e., specific technologies, physical equipment, researchtsesgientific
publications, funding, PhD projects, and so on), a hew method gradually
emerged and became “stabilised” and accepted as a scigssfiurce.
These resource interfaces created a development process, chadhbieds
academic logic of testing new ideas related to a certagareh area, and by
attempts to stabilise these ideas as “finished” scientific krdgele
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7.2 The Interfaces Within Business as a Producing
Setting

The production of the pyrosequencing method taking place within lsgsine
was also related to a specific set of organisational and ghysisource
interfaces which affected how the method was “locked” anddimetified”

as a commercial solution. This process, however, took a sormdiffeaent
direction than it did in the developing setting. In the producingngettie

new method needed to be shaped as a standardised product in order to
become embedded into a producing structure capable of standasadged |
scale production; for this to happen, a product needed to be develoged, a
producing structure — dealing with both the physical product aret afs
applications — had to be built. This connected the new method to beth ne
and established production facilities, other commercial produetsture
capital, and management knowledge. As will be discussed belowe thes
physical and organisational interfaces necessitated: (i)‘loaked”
commercial product, and (ii) a short-term perspective on plufily. First,

let us take a look at the resource interfaces involvedchén attempt to
commercialise the new method within an established productigeiiste, in
which it was deemed to fit neither into the existing productistesy nor

into the using setting.

The Interfaces Within the Established Producing Setting —
Pharmacia Biotech

The short period of time during which the pyrosequencing method was a
commercialisation project within Pharmacia, it existed ordg a
development project and a prototype. It was thus never broughtaint
production system to be shaped as a standardised product. In thisthega
explorative unit, which was involved in developing the prototype, @n b
regarded as a developing setting of the producing company to which this unit
belonged and which was tasked with transforming the prototype into a
standardised product. The reason this never happened concerns tkatdiffe
existing interfaces both within and outside the organisational izoodehe
producing company which, directly or indirectly, would have become
affected by the production of the new method.

The mixed interface between the prototype and the dewagling unit: the
developing unit, within which the new method was being developet as
prototype, had been set up particularly to explore new solut@mntuture
commercialisation. It was a very small department, rathiicded from the
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rest of the company operations, and it dealt exclusively Wwightéchnical
features of potential commercial solutions, such as the semyuencing
method. Within the developing unit, there were only a few smlegeople
working on the prototype of the new method. The development approach
was explorative, which meant that even though the goal washieve a
prototype that could be transformed into a commercial product, tene

still many different options for an automation that needed ttested. At

this point, the method was still a combination of two differeshniques:
pyrosequencing, and the solid-phase technique. It was not yettieh of

the technical and biochemical features of the merged method tovdre
focused on and which needed to be eliminated to maximise the refficoé

the automated version. The trial product, which came out asudt,rwas
therefore a very preliminary and incomplete automated arersif the
sequencing method. Thus, the interface between the unit's open development
approach, and the open-ended state of the method, resulted in a very
experimental format of an automated sequencing technique.

The mixed interface between the prototype and the produsg company

the producing company would, unlike the developing unit, have to deal with
a range of possible situations in relation to commercialisatibrihe
prototype. The product based on the prototype would have to fitheto t
existing production system (consisting of both internal féedliand those
placed at key suppliers, within which a wide range of other pteduere
being manufactured) as well as become embedded in the compantrgexis
using setting. However, should the product be brought into and become
embedded within this producing setting, it would be one of many pmduct
sharing the costs of maintaining the established production system
Nevertheless, the company management overseeing all the mdiffere
operations assessed that a production of this type of product woulderequir
investment in production equipment, marketing and sales. Thistrtiest,

even though there was an already existing structure of produatid
marketing in which the new product might be able to becomeedded

(and thus share the costs with other existing products), it stthsnot
considered able to support itself in terms of manufacturing aed sakts.

One part of the explanation lay in that the use of the patgmoduct within

a using setting was considered very limited — and therefotevery
profitable. The management also had to consider the implicatiottse o
forthcoming company merger, which made additional investment iarase
and development of new products, and with no immediate connection to the
company'’s existing products, difficult to justify. The company thusonbt
assessed the costs of the prototype’s development in relatioairtanternal
production facilities and products, but also to their connected sugplier
customers and collaborators. Therefore, what the developing unit considered
to be an exciting new technique was, due to the existing physidal an

14¢



organisational resource structure both inside and outside the atgaras
borders of the company, considered a product with a small range of
applications and therefore a costly as well as uncertagsiment from the
producing perspective.

The Interfaces Within the New Producing Setting — The Start-up
Company

Setting up a new producing structure supporting the commerdiaisait
the pyrosequencing method, involved the establishment of new physical a
organisational resources in the shape of a production processiekige,
business relationships and a product. These new resources inddet rie

fit with an existing structure of investors, suppliers and otlo@npanies
representing a variety of different resources. As will s&cu$sed, the
combination of these new and established resources influencéshthees

of the product and how it was produced.

The organisational interfaces related to the financing unit the
construction of a start-up company based on venture capital strongly affected
the way that the producing unit was set up and the physical feattitee
product. The venture capital firm’s most central relationskpse those
with its investors and to its portfolio companies. The inwsstaere
represented by established actors on the financial market sudhea
National Swedish Pension Funds, large insurance companies aksl ba
which required investment plans and set procedures for evergtrimeet
that was made. The relationships with these investors protigedapital
needed to create possible profits for both the venture cdipitaland the
investors. The portfolio companies were various investmarttsei range of
new start-ups to established companies and in all of which the firmmdised

or less central board and management positions. These relgieshbled
capital generation through the realisation of an “exit” eithesugh a trade
sale or a public offering, and every investment had a liritee to present
such an exit® The construction of the producing structure around the new
product was thus indirectly related to a set of investors wéhital
generation as their primary goal and a variety of other conpartieh the
venture capital firm managed as an investment portfolio, framth a
certain level of return on investment had to be produced. Therafare
organisational interfaces between the venture capital fisnather portfolio
companies, and its investors, greatly affected the interfabeeée the

8 A public offering is when a company offers pulshares or stock. A trade sale is when the
portfolio company is acquired by another company.
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venture capital firm and the company Pyrosequencing. This wifutther
discussed below.

The organisational interface between the company and the finamg

unit: the organisational interface between the venture capital &nd
Pyrosequencing affected which people were placed in the company
management and board, which in turn had a great influence on the
company'’s strategic and managerial agenda. The demand toreteateon
investment within seven years required a speedy process blistsia the
needed physical and organisational resources such as: appreppater
relationships, production equipment, a work force, and the tectynmahds

for an automated sequencing instrument. This interface also cedrteet
company with a set of other portfolio companies, one of which it eatiyt
merged with. This merger directly connected Pyrosequencingcampany

to a new set of suppliers and customers. However, as thedrergganies

had very dissimilar user structures in terms of which theeigé user was

and how the products were used, the combination did not create the expected
economic benefits. This will be further elaborated on in theudson of the
interfaces between the producing and using settings.

The mixed interface between the product and the finanog unit: the
prognosis, which the original investment decision was based upon,
forecasted a great use of a sequencing technique specifdiseshe
particular type of application. This was based partly on thergé scientific

and technological development taking place (not least withinHiH&O
project) and partly on a general notion that there was a neeohd
accurate sequencing techniques. The pressure of creating guakgs was

also a very decisive factor in which type of applicatiors waemed suitable

for investment. The company board and management wanted to spend as
little time and money as possible on transforming the method into a
commercial product. The interface between the venture céipitend the
sequencing product, therefore, resulted in a physically-locked caniaine
solution which was specialised in one particular applicatiea,avhich the
method already could perform satisfactorily. This both formedbtsgs on
which the product was designed and determined the production focus; the
product would only excel in one area, which left all other factoeteivant

to the process from that point on. Thus, the interface betvieerenture
capital firm and the product shaped a commercial solution that wa
physically restricted to perform only a certain type of geretialysis. This,

then, required an appropriate production system.
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The mixed interface between the product and the production systerthe
production system set up to manufacture the instrument, and the
consumables, needed to relate to an existing structure of suplétheir
products. It also needed to relate to the conditions for llisioh of the
finished product. The reagents had to be based on a supply of fresre-dr
enzymes — something necessary for industrial handling of thdxsances.
Thus, even if an enzyme displayed a set of features inatsral” state, the
function of the commercial reagent kit was only related to the featutbis of
enzyme in its freeze-dried condition being delivered by the supplidris
was also a necessary condition for the reagent kit to beabkedistributed

in an economically sustainable fashion; the kit needed to bel stmréong
periods of time as well as be shipped to various places aroundothee—

this required a robust and stable product. Also, the production of the physical
instrument was handled solely by one of the suppliers which in turn
depended on various sub-suppliers for the construction of seveyal k
components in the instrument, such as the valve system andomilect
components for circuit cards. Thus, due to the physical and organ#at
resources to which the new production system needed to (slatk as
available suppliers and components and the distribution of duigt), the
commercial solution was given certain features. Also, folirtkgument to
retain its qualities during the continuing production, there netulde a
constant interaction between the supplier of the instrument andukhe s
suppliers.

Summing Up: The Making of a Business Resource Through
Physical and Organisational Resource Interfaces in the
Producing Setting

As the new method was introduced at Pharmacia Biotech, it$ogewent
potential created a fit with the company’s explorative unit, Wwhiather
developed it into a prototype. However, as it was to be introduced int
standardised production, and thus needed to be compatible with stingexi
resource interfaces which were connected to the established mgdunci

using structure, its commercialisation was terminated. Thug thaugh

there was an established producing structure, in terms of producitibn a
marketing facilities, the potential product was deemed to eguestment
which may not be subsequently recouped. Consequently, when a new
company was founded upon the very same product, a new and economically
viable producing structure needed to be built, which the benefitslisfng

the product within a using setting had to be able to support. Withindgw
producing setting, the product was connected to various resources
represented by investors, other portfolio companies and suppliers. These
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interfaces shaped the product into a strictly defined comatesoiution,

with the ability to perform a restricted number of tasksun,tthis enabled
quick product development and launch. As a business resource, the
pyrosequencing method thus became embedded in a structure with an
established supply of technical components and venture capital which, i
turn, determined its ultimate physical features. Next welealrn what this
meant in relation to the developing setting.

7.3 The Interfaces Between Scientific Research as a
Developing Setting and Business as a Producingn§ett

For something new to turn into an innovation, it cannot only be the focus of
a developing setting, it also needs to be incorporated into a deafge-
production. When, as in this case, the developing setting is invatved
scientific research and the producing setting is within busirtbesnew
needs to develop interfaces with resources of a dissiofimacter. In this
case, representatives from the developing setting firstacted with one of

the world’s largest suppliers of biotech tools in an attemptcorporate the
new solution into an established production system. However, when this
failed, a second attempt was made, as representatives fromthmth
developing and the new producing setting jointly constructed astatvup
company. This created a number of physical and organisationalrgeso
interfaces between the developing and the producing settirudp affected

the way that they interacted and which direction the developmmht a
commercial production of the new method took. As will be shown, these
interfaces resulted in the new sequencing procedure being one type of
method with specific qualities within the developing setting, amotheer

type of method with a different set of qualities within thedurcing setting.

The commercialisation process thus did not resudhenew solution, but in
both a locked commercial product and in a method continuously being
developed through scientific research. The resource interfeitieh were
developed in the respective setting would in turn create ditfdypes of
benefits which could be gained from commercialisation of the swwion.

In order to provide a deeper understanding as to why the sadextifances
within the developing setting were irrelevant to the produt process
development within the producing setting, these interfaces wididmissed

in more detail below.
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The interfaces between the developing setting and thestablished
producing setting: in constructing a prototype for a potential product, the
developing unit within Pharmacia Biotech collaborated with the ldpivey
setting within KTH. At the developing unit within the estalisdid producing
structure, an exploratory development approach was taken, butsit wa
nevertheless related to a specific kind of technical solutiosolving the
automation issue — the use of a capillary flow system. Tdeleanic
developing setting, on the other hand, used an even more open approach and
considered different kinds of automation solutions. When the prototgpe w
finished within Pharmacia and it was considered for a stdiseal
production, it was evaluated in relation to the existing productioersyand

the existing using setting. As there was no clear fit betwiés new
potential product and the existing ones (in terms of productiolitiexciand

user requirements), it was deemed uneconomic in terms of ngcessa
investments and uncertain returns. At the same time, the gdevaid
direction was changed within the academic developing settingaandre
obvious way, at least in the laboratory, of carrying out automatias w
found. This connected the method to important publications and more
research grants, which made it an essential resource withiacuemic
developing setting. However, as this did not change anything inoreleti

the production system or the using setting connected to Pharritacis

still not considered a suitable investment. As a potential @iat product

it could not present any economic benefits in relation to thélestad
producing and using settings, which is why it was dropped altogether.

The mixed interfaces between the developing setting anthe new
producing setting: when the method gave rise to the construction of a new
start-up company, it was embedded in a producing setting consisting not
only of the new company but also of already established physical an
organisational production resources such as suppliers, technical carspone
and venture capital. As the new method needed to become partrgéa la
scale production in order to become commercialised, it had to conitlct

this established producing structure, which in turn had an efiecthe
method’s features as a commercial solution and a busingssree. This
process was detached from the continuous development process &®und t
method, which took place within the developing setting. Here it was
connected to a totally different set of resources in the sbhfaboratory
equipment, PhD projects and publications. The physical featurebeof t
method, in which the connection to this particular set of ressussilted,
were very different from those achieved in the producingnsetilso, the
methods and components which were used within each setting differed
greatly in terms of to which other resources these weresottjirconnected.

The producing setting had to consider patents and licences, aridaphys
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circumstances connected to industrial production, which was moessr |
irrelevant to the developing setting. For a continued existeim an
academic developing setting, on the other hand, the formulatiorewf
research and PhD projects to acquire research funds weegsites, but
to which a producing setting did not need to relate.

The difference between the scientific research resultsherse tachieved
within the start-up company facilities created great problemorganising
any type of interaction between the two settings. The interaction thatkeid t
place in the shape of meetings, or co-published articles, nasijted in
any physical alterations or development of either the producther
production system. This not only resulted in two different dioesti
regarding development and production, but also in the existence of two
methods with different features. One of these was a methgiaylisg
features such as enhanced read length and a variety of appBcaiithin
the developing setting, both in regard to the original method anbeto t
commercial solution which was continuously being experimented with.
These features were however not considered transformable into a
standardised product within the producing setting. The second was a
commercial solution restricted to specific qualities and apgmits within
the producing setting; this was considered a too narrowly defindtbchan
the developing setting, but enabled a quick product launch and therefore
created return on investment within the producing setting. It was
nevertheless through the existence of this commercial solutiochwhe
developing setting could make new research progress and consect it
research to other important resources such as publications anéseasch
projects. Thus, even though the interaction between the developiniea
producing settings became problematic, in regard to the commsotiéibn
which resulted, it was initially in many regards creating benéor both
settings.

Summing Up: Scientific and Business Resources in Interaction

The way in which the method was combined with physical and
organisational resources in the producing setting (in the sHapeestors,
investment plans and new and established facilities), eelsuita product in

the form of a restricted commercial solution from which econdrenefits

could be reaped in terms of capital stock and venture capitathd
developing setting, the method, as well as the commercial sulutio
interacted with a totally different set of resources whicturn created and

made other benefits important. Here, through new research findingss

the opportunity to publish in highly-ranked journals, acquire reseaactisgr
establish research groups, and graduate new researchers that were considered
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the main benefits. This in turn induced the original researatinfy to
remain an open method for further development, as well as the coiaime
solution to be “re-opened” and experimented with within the deveajopin
setting.

7.4 The Interfaces Within the Using Setting

Within the using setting, the utilisation of the commercial sotutivas
related to a set of physical and organisational resources affected how

the method was “re-opened” and further developed as a sequencing method
by some users, and more or less abandoned by others. The maintpart of
using setting was academic research departments and hodpéeds the
solution had to relate to different types of research pioj@esociated with
specific types of knowledge, methods, sample material, and equigisent.
use was also connected to governmental regulations concelimigalc
testing, ethics regarding patients and their genetic irZftom, as well as to
criminal law. These physical and organisational resource @cesf put
different demands on the method than those seen within the develoding an
producing settings. As will be shown, depending on the specific, and ever
changing, resource structure within each user context, the resotedaces
resulted in either an adaptade of the sequencing instrument or in no use at
all.

The Mixed Interfaces Within the User Contexts in Which the
Commercial Solution Became Embedded

Within the user contexts, where the commercial solution wasazaseful,

both the new solution and existing resources in the user envirament
needed to be adjusted in one way or another for the new solution to be
useful. The new solution and existing resources thus needed tates el
each other in order for the new to be able to create anyitseres will be
exemplified, this was done either by making physical adjustmantke
features of the solution, to how it was used or by complemeritingh

other resources. For instance, within the user group performiagrobsat

the Department of Evolutionary Biology, specific assays wexeloped for

the analysis of ancient DNA. Within another user environment,atengic
group at Rudbeck Laboratory, the new instrument needed to be
complemented with the use of Sanger both due to legal requireamahts
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because of the need to have two sets of results for véagficaurposes. A
third example is posed by the user context of the Department ofcMedi
Biochemistry and Microbiology where a specific feature ofrdsgents was
altered to reduce the time and money spent on sequencing. Finaliiyy wit
the user context of the Clinical Chemistry Laboratory at Orelmiveusity
Hospital, specific assays were developed for the analgkidactose
intolerance making it the first Swedish laboratory to eviarafenotyping of
this condition. Thus, to create value within these user contexts, the
commercial solution, as well as existing resources, was tadjuturther
developed or combined with other resources in order to createea fiett
between the new solution and the established resources.

The mixed interfaces between the commercial solution arttie delimited
research projects:the users of the new sequencing instrument presented an
ever-changing usage in terms of regularity and application. lofahe user
contexts, the Clinical Chemistry Laboratory at Orebro UsitgHospital,
the instrument was initially purchased by a different departmédmthw
because of lack of funding, never put the instrument into use. Neless,
when picked up by the Clinical Chemistry Laboratory, it graduadigame
integrated in its new environment and the everyday operatiofereBiat,
however, it was an abandoned piece of equipment. An even more obvious
demonstration of the many irregular uses of the instrument iactdemic
departments’ connection to specific time-limited research projeln
formulating different research efforts and goals over timefehiires of the
commercial solution turned out to be useful in varying degrBeais. is for
instance demonstrated in the use of the instrument by the foraosig; g
while proving very useful when used for the identification of vittlials
from DNA material collected at crime scenes, it could no¢ingloyed in a
subsequent effort of screening mutations in very large sgeBenilarly,
although it was a highly used technique within the ancient DNA grougl it di
not get embedded to any further extent in the other researettsigimilar
work on SNPs within the same department. Or vice versa, ag icase of
the Department of Medical Biochemistry and Microbiology, whictuld
utilise the features of the instrument in the equine malignaianoma
project, due to the knowledge which had been gained in a previoestproj
concerning pig DNA.

This means that within each user context large parts ofrebeurce
structure, to which any new resource needed to relate, was rtbnsta
changing; over time research focus changed, which connected thto user
different types of sources of knowledge, established methods and other
research groups. Thus, while specific types of knowledge or equipment
became crucial in one project, it could be irrelevant withinnke. It was
also sometimes the case that because of the resource combimdtions
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were used in one research effort, the knowledge gained and the equipm
also became useful within a subsequent project. This meanis tet far
from self-evident when and within which projects that the comialerc
solution could be combined with the existing resources and therefor
become useful.

The organisational interface between direct and indirect sers — sharing
pyrosequencing as a common resourceén two of the user cases it was
demonstrated how the instrument became a resource also to “ihdsexs,

and how this created effects both for the direct and the indisset In the
example of the Department of Medical Biochemistry and Microigyl the
pyrosequencing instrument also became a resource to a coliladporat
research group within another university. Due to earlierabolation, as
well as by sharing the same research goals and knowledge $dbe a
aforementioned department, the Department of Animal Breeding and
Genetics was given access to the instrument, which thus becahareal
resource between the two departments. Therefore, even thoughsit w
purchased by the Department of Medical Biochemistry and Micadpiolit

also became an important contributor to the research performed by the
Department of Animal Breeding and Genetics. Their separate/ekhsas
joint, use of the instrument resulted in benefits such as boitvidadl and
co-authored publications.

In the second example, the instrument was jointly used by liheeal
Chemistry Laboratory and the Department of Microbiology, bothimit
Orebro University Hospital. For a particular doctoral resteg@roject within
the Department of Microbiology, the instrument was lent forpiingose of
studying and developing standard procedures of how to use the instrument
for different applications. The collaboration resulted in D Pthesis
presented within the Department of Microbiology, and in the developed
assays being established as standard procedure within theaGGhemistry
Laboratory. This means that by sharing the instrument with anothe
department, the laboratory was able to gain new benefitsiinotlue use of
the instrument. Thus, as an effect of the resource intsifadgch the use
and further development of the instrument created within an &adiuser
context, both the direct and indirect user benefited from using the
instrument. Consequently, the commercial solution did not only ecreat
benefits from its use within “direct” user environments bub dg being
related to resource interfaces of connected and indirect wggcs in turn
created effects both for the direct and indirect users.

The mixed interface between the commercial solution ahthe using

researchers:in each user context, the use of the instrument was profiled
towards specific types of applications and was also adaptedefee within
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the user environment. This means that each user in a sensetteagesaat
“re-opening” the technique for further development and new apjplicati
However, by connecting the research projects to new types ofsresul
allowing for different types of assays, which in turn enabled publicatioas, t
instrument did not only itself get a part in producing new rebeasults but
also it was further developed as a research instrumentpramabted the
users’ roles as producers of scientific knowledge. The uieeahstrument
was included in a vast number of publications, and enabled reséadl@ss
which would most likely not have been possible otherwise, and sucfitbene
are evident in all the included user environments which havedded the
instrument. It is perhaps most obvious in the case of the CliGioamistry
Laboratory at Orebro University Hospital, which became trst Bwedish
laboratory to offer genotyping of lactose intolerance throughute of
pyrosequencing. In turn this use enabled a number of researcls saindie
publications. The use of pyrosequencing in promoting further nesead
scientific progress clearly facilitated its embedding withia tser setting; in
creating important physical and organisational interfaces bptivee user
environments and resources such as new research results, mrisicatd
different research projects, the instrument became an tie$sersource
within the users’ existing resource structures.

We now have a deeper understanding of what it took to embed the new
instrument in diverse user environments and through this process bacome
useful resource in each such context. The indication is thiae@ding the
new solution was a process strongly influenced by the resoureeslyain
use in each setting, and that the combinatioth®inewandthe established
had to result in an added value for the user. Next, we will learn more about a
situation in which this value could not be created despite aleattempts at
embedding the instrument into the existing resource structure.

The Mixed Interfaces Within a User Context Where the
Instrument Was Not Embedded

Within the NYBC setting, the new instrument could not be succegsfull
combined with the existing physical and organisational resourteishw
eventually meant that it became redundant. Initially, the pregedt the
instrument seemed ideal for the application which NYBC had in mind, but
when it was implemented and in that moment related to Hntirey
knowledge at the laboratory, the established methods, theateptes, and
governmental regulations, these resource interfaces mageatidgn of the
instrument virtually impossible.
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The mixed interface between the commercial solution anthe existing
physical and organisational resourcesthe first attempt at trying to embed
the new instrument was by introducing it in a project concernedgeitbtic
screening of human DNA in the search for SNPs. Since this hveamain
focus of the design of the pyrosequencing instrument, it was believed t
perform this task very well. However, for the particular tgp&SNPs which
were the focus of the screening project, the laboratoryogiread methods
which they considered to be more straightforward for performingdhech

and the analysis. In relation to these well-known methods, the new
instrument was considered too complicated to operate. On the second
attempt, the instrument was introduced in a project concemméd
determining blood type. Due to the qualities of great accurawy a
sensitivity, which were not required in the first project Which would be
crucial in this one, this application was by the NYBC considexr good fit

with the new instrument. However, once again the use of theurimsnt
appeared suitable in theory but in practice it could not be made to fit with the
existing resource structure. The laboratory did not have ba/lkdge to
develop the proper assays, and in addition did not get any assiftamc
Pyrosequencing. This meant that the existing knowledge and methibiots w
this user environment influenced the individual users’ perceptiohoof
user-friendly and applicable the instrument was. As a consequestEad

of working as a supplement or a replacement to the already isistabl
methods within the laboratory, the new instrument was considered redundant
and was therefore not combined with the existing solutions.

The organisational interface between the user and a governmetunit:
a great hindrance to the new instrument becoming a usefulrceswithin
NYBC, was the fact that it had not been approved by the FDA — a
governmental unit which sets safety regulations for drugb raedical
devices in the US. As all the equipment used within NYBC'siadin
research and testing needed to conform to these regulationgiothe
approved instrument was prohibited from entering any clinicak twithin
this user environment. The organisational interface between tBCNd
the FDA thus connected the use of the instrument to a set ohtiegsl
which did not allow it to be combined with the existing resources involved in
clinical research — an area which NYBC determined to be the suiable
application area for the pyrosequencing method. This feature of the
instrument was not something which NYBC could control, but instead
needed to be addressed by the producing setting, which however did not
attempt to resolve the problem at the time. Ultimately, ghisan end to any
further attempts at embedding the instrument at NYBC.

In the NYBC context, the instrument was immediately dependent on a
number of physical and organisational resources with which tie da
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interaction resulted in an unusable solution. These resourdésinbernal

and external, created problems which could not be solved within this
particular user context. Thus, even though the laboratory intendesktthe
instrument for the original application for which it had beesigieed and
produced as a commercial solution, the existing physical resetrumure,

i.e. established equipment and sample material, and organisatsmaices,

i.e. the existing knowledge base and governmental regulation, &ééhtles
embedding of the new instrument.

Summing Up: The Making of a Useful or Useless Resource
Through Physical and Organisational Resource Interfaces in the
Using Setting

From the analysis of both the user contexts which managed to dldbed
new instrument and the one that did not, it is clear that deroto be
valuable in each particular user context the new solution neededt to ge
interfaces with the existing resource structures. In the els@ronments
where it became an embedded resource, it was through adaptditioots
the new solution and the related resources that such irgsnere created,
and which enabled the instrument to offer new services inael& the
investments already made. In the case of NYBC, where itdcoot be
combined with the existing resources, it instead became obsAketthe
instrument could not or, as in the case of clinical researabl,not allowed
to create interfaces with the existing resources in tevf&nowledge,
established equipment and test samples, neither the instrumerhenor
existing resources could be adjusted to create a bettétafiing learned
how the commercial solution became embedded (or not) within vargmss
contexts, | will now discuss how the use of the instrument inrgengthin
this using setting in turn affected the producing setting.

7.5 The Interfaces Between Business as a Producing
Setting and Scientific Research as a Using Setting

The economic effects of the producing-using interface did not become
evident until the products were embedded within the using settirag.iJ to
say, that it was not until the new instrument had created resoiesfaces
with the existing resources within the using setting that thectsffof its
embedding, for this setting as well as for the producing settieigg shown.
These effects could thus not have been determined beforehand, but rathe
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took time to appear. As a commercial solution the instrumenipwakiced

in accordance with a frequently used type of business solutiodeviee
which was locked to the use of a particular set of consumdidesnvere
expected to bring in a great part of the incomes. However, theatypi
customer interested in the pyrosequencing instrument was navemage”
commercial buyer or company that the producing setting had had in mind,
but individuals and departments involved in scientific researcheaith
related services. As we have seen, this induced a partiyplarof user
behaviour; due to the nature of scientific research these usssds were
changing over time and were very specific. This made thgurinements
different from other types of customers in a number of wéngsr tesearch
projects were oriented towards constantly performing new wptssk and
finding answers to new types of questions — it was not about teénsame
thing over and over again in a standardised fashion. This makeyybi of

user a generally difficult customer for any company; sirfte tiype of
methods, equipment and consumables which they require, and in what
quantity, is constantly changing there is not a standardised type of need.

The mixed interfaces between the using setting and thproducing
organisational unit: as the product became integrated in the using setting it
was clear that the way in which the commercial solutionagasbined with
physical and organisational resources (in the shape of establishpchequi
joint and time-limited research efforts as well as a spartilisation of
laboratory consumables) created a type of economic efféets the
producing setting had not anticipated. The producing setting anticipated
large need for instruments as well as a continuous and stiemelgnd for
consumables. This did not match well with a using settingeptiegy a
sporadic and unpredictable use of both instruments and consumable&s. Thre
effects became obvious in the interface between the using eupdatiucing
settings: first, there were not as many purchasing users tespaied.
Second, those who did purchase an instrument, and consequently
consumables, did so in small quantities and in an irregular manned, Thi
about half of the instruments were put out of use after ayfsaws, which
meant that a large proportion of the sold instruments did not geremgt
kind of sales earnings connected to consumables. One such exathgle is
case of NYBC, which purchased an instrument but stopped usingritaaft
couple of years. It is also exemplified by the way that theumsnt could
be made useful in some user projects but not in others wilkirsame
department — this meant that for periods of time, some customwere
“silent users” not requiring any consumables.

The economic effects created by the embedding of the instrusmitirt
the using setting ultimately led to radical organisatiortznges in the
producing setting. The producing setting could not stimulate the needed
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returns from the use of the pyrosequencing instrument, which prompted
various attempts within the producing setting to try and sohis t
fundamental problem. At first, new types of possible applicatieasawere
explored in an attempt to make the method more flexible and wigen
commercial scope. However, as the effects of adapting theinment and
embedding it within the using setting took time to appear, and were
uncertain, more radical measures were taken. Instead, through the
acquisition of several other biotech companies, a strategy of erpatmei
producing structure to include a set of other established suplietgheir
products, was implemented. This meant that rather than basing the producing
setting on a single product, which was solely responsible fora@amg the
needed returns, it was decided to include a set of other products which would
share the costs of production and marketing. Thus, the start-up ropaupe

the venture capital firm realised that they could not ereat efficient
producing structure based solely on the new solution and simultéyeous
adjust the production to reflect how it was being used in the usitiggs
Therefore, they had to abandon the idea of opening up the method to other
applications and of making it more flexible. Such flexibility wosldt the
economic logic of the using setting, but could not create praufucti
efficiency within the producing setting.

Through the acquisition of several other companies, the stadrpany
became a new venture consisting of two business divisiongwiitfierent
areas of biotechnology — one division focusing on the production of
pharmaceutical molecules as well as related analytical eqaiprand one
division involved in genetic analysis. The first division was alwoation of
several organisational units and products which fitted togethtarims of
both production and use, but the using setting of this division and itige us
setting of the one representing pyrosequencing were fundamentiahgcf,
and very few users were involved in purchasing products from both
divisions. On the production side, however, there were no problems
combining the two as there was a mutual key supplier and thieiqiion
methods were rather similar. Nevertheless, as there whtsimeerms of a
related using setting, combining production and marketing of the
pyrosequencing instrument with the products of the other dividibmat
create the expected economic benefits. This meant that & spithe
adaptations which were made within the producing setting, the
pyrosequencing instrument could not create the needed economic benefits.

Thus, since the different types of benefits that were createdlimsame
solution’s production and use could not support the producing setting, the
economic logics of the producing and using settings were not conepatibl
Ultimately this led to a divestment of the division involved genetic
analysis, which terminated pyrosequencing’s existence withinrgaigng
setting.
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The interface between the using setting and the producth system:in
spite of the economic effects which the use of the instrumeateat for the
producing setting, the using setting which embedded and used it il@us/ar
research studies found it very useful, and in some casasrelispensable.
There was thus a using setting consisting mainly of academdichealth
service related departments which used the instrument intBnsiae by so
doing advanced within their respective research areas, anddacimgp
setting which could not benefit from the economic effects thist wse
created. A specific example of how the resource structure® gfrdducing
and the using settings affected the possible benefits of ttetogenent and
production of the instrument is the Vinnova-sponsored project.

The project involved the forensic group at the Rudbeck Laboratory,
Pyrosequencing and the developing setting at KTH. The praojeetdaat
developing a tailored commercial reagent kit for forensic Cawalysis, and
the development work resulted in several finished PhD projaots
publications in both the developing and the using setting. The research
results, however, were never transformed into a standardised pnodbet
producing setting. Due to the prohibitively large investment reduim the
existing production system of both internal and external production facilities,
the start-up company could not actually produce the kit. It was deresi
marketable to only a small number of potential users, whasically made
it uneconomic. Thus, both the developer and the user greatlytedrfedm
the project as it connected their development and use of tinanesit to
important resources such as publications, PhD projects, and funditige |
producing setting, on the other hand, the potential new product waadinste
related to an existing production system, consisting of suppliersxtardal
production facilities with which it must be made to fit — thexquired
investment. It would also have to create resource interfacas iexisting
using setting, which were considered too limited to cover the imesst
This demonstrates how even a close collaboration betweendithecpr and
user, as well as the developer, did not result in profits foptbducing
setting.

This type of interaction between producer-user appears iy suggle
included user study as the start-up company initially alwagstaed the
users in developing specific types of assays for their iddali application
areas. Nevertheless, as this allowed the individual user torperesearch
and produce new types of results, but did not necessarily gersarate
benefits for the producing setting, this interaction constantdgted more
value for the user than for the company.
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The interface to another organisational unit hindering usefproducer
interaction: as has been shown, one of the problems connected to the lack
of sales earnings was the lack of large-scale users. Bjwrity of users
were small research departments that had small-scale tise iotruments
and the consumables. The case of NYBC, however, demonstratedifieait a
who was interested in scaling up its use of the instrument codithtered

by the producing setting not being adapted to specific governmental
regulations regarding diagnostics. Approving the instrument fioical

trials in an American setting meant that the instrumentedté be adjusted

in accordance with the regulations set by the FDA — this wasxpensive

and time-consuming investment that the producing setting deternairizs t
too costly. By not being in compliance with these regulations ngteument

was hindered from being connected to the resource structure relatsesl
clinical laboratory within the NYBC as well as any other useplved in
diagnostics and thereby controlled by the FDA. Thus, since theirimesht
could not be engaged in such a large-scale usage, in thigositnaither the
user nor the producer could benefit from the usage of the instrufr@at
meant that, due to an interface between the user and a governméntaéun
producer-user interaction was hindered, leaving the instrumenteutabl
create a fit within the user context.

Summing Up: The Making of a Resource Which was Useful in
Scientific Research but a Burden for Business

The economic effects of embedding the pyrosequencing instrumem with
the using setting turned out not to create benefits eithethorstart-up
company or the larger business venture based on the constellasevecdl
other products. As we have seen, the resource interfacesidreitezen the
producing and the using settings (in the joint development progeuts
adaptation of the instrument and consumables to particular typesesf
created benefits for the users by connecting their use of thenmsit to
other important resources; the same cannot be said foraddagng setting
and the production of the commercial solution. We have alsolseerihe
resource interface between the user and another organisatigrtdahdared
this producer-user interaction, and thereby any generation of tsefafi
either setting.

Thus, by being related to the using setting, the producing settoagniee
indirectly related to a set of resource interfaces, whiarated direct
economic effects on production, and which resulted in the terminatitwsof
particular product within this producing setting. The produveated within
the producing setting could initially provide economic benefiithin this
setting in terms of capital stock and venture capital, but tdua set
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production focus and the existing resources within the using settoayld
not create economic benefits from its use within the using setting.

7.6 The Interfaces Within Scientific Research Betwee
the Developing and Using Settings

The commercial solution created within the producing settingctyr
connected the developing and using settings through joint raseanjects
and publications. As the method had become embedded in a commercial
solution, and was “re-introduced” in the developing setting, it hecthe
object of further experimentation and testing. Just as when thedeias
in its original state, it became connected to resources ishdq@e of diverse
research projects, different test samples, and publicationgiadt also
incorporated in the using setting, which also consisted mainlyaafeagic
research departments which thus related it to a similar ¢fpesource
interfaces. Just as within the developing setting, a cental gas to
perform research both on the instrument and on other researetiamatth
the help of the instrument. As will be discussed below, thisitgfbetween
the developing and the using settings related them in theogewveht and
use of the new commercial solution.

The mixed interface between the developing setting andset of users:
the integration of the commercial solution in their reseavork connected
the developing and (parts of) the using setting in terms joirforp@ng
studies on the usage of the instrument. The resource intevidbes were
created between the developing setting and a set of usersriia ¢
existing knowledge, physical equipment and established as weibws
research results) gave rise not only to adaptations of streimment so as to
create a better fit for the user, but also benefits such agatidnis and
funding for both the developing setting and the users. Both thesegsetti
could benefit, even in the same way, by developing and using theniesit
and from interacting with each other. The correspondence in resource
structure between these two settings (which were conststatiling new
projects developing the instrument and connecting it to valualteurces
such as publications, further research projects and researdhgunthde
the embedding of the instrument within the developing and the settigg
very similar. Therefore, in connection to the commercial solution,
development and use became almost identical activities.

One example illustrating the indistinct difference betwadeveloping and
using the instrument was the SSB protein project, which atmegeed up
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the sequencing procedure by uncoiling the DNA strand before every
analysis. In this case the user, based within the same depara®s the
developer, himself became a developer who, in collaboration tliih
developing group, brought forth a technical enhancement of the coramerci
solution. The aforementioned Vinnova-funded project, including the farensi
group at the Rudbeck Laboratory, Pyrosequencing, and the developing
setting, was an example of the similar benefits which can bedjdy
engaging in development and use of the instrument through scientific
research. In this case both the developer and the user coubineotie
commercial solution with their existing resource structures iway that
created benefits such as publications and funding. The start-up mpmpa
could, on the other hand, not derive any direct benefit by incorporating the
modifications to the solution into production. Thus, due to the sitgilar
between the resource structures of the developing and the etfimys

they could interact in a way that promoted even greater beriedit when
acting individually.

The resource structures of the developing and the usingetting
hindering an efficient production: the situation of the developing and the
using setting being so similar in terms of existing resour@ss semething
which the producing setting did not anticipate and to which it could not
adjust. In forming the base of a new producing setting, the produdttbe o
commercial solution had to be separate from the logic of thela@ag
setting, which constantly tried new directions and thus keptét@od in a
flexible and ever-evolving state. In order to become efficidre start-up
company needed to be based on a standardised large-scale production which
in turn required a fixed product. The company was thus founded on the
notional existence of a using setting with a steady ugbeoproduct, and
which did not demand major or constant application development. Hawever
the actual using setting demonstrated the same type of economiaddye
developing setting — the logic from which the producing settirefie@ to
move away; in their usage of the commercial solution thesusented
continual flexibility, change and adjustment, but these were d¢onsglibn
which the company could not base a standardised large-scale production.

Summing Up: The Making of a Scientific Resource Through
Physical and Organisational Resource Interfaces in the
Developing and Using Settings

As we have learned, the economic effects of embedding the coiaimerc
solution within the using setting were devastating to the-spacompany,
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which ultimately could not continue producing the product. However, as we
also have seen, both the developing and (parts of) the usiimy s=itld

gain major benefits from developing and using the new solutiaddition,

this was done in close collaboration between the developing setiihg set

of users, out of which the interfaces between developer and eagednew
opportunities for applying the solution and benefits in the shape of
publications, new projects and funding. The new solution thus beaame
embedded resource both within development and use, which in turn
connected both settings to other important resources. This ssigigaistiue

to the related resource interfaces, the new solution coultecteenefits
within production of new scientific knowledge, but was hinderirfgcieht
production within business. This made it an economic burden within
business and an asset within scientific research.

7.7 Epilogue Discussion: Pyrosequencing Embedded in
the 454 Device — A New Economic Resource

What does the incorporation of pyrosequencing in a new product tell us
about the embedding of scientific resources in business? In further
developing the original method of pyrosequencing from its earlielande
incorporating it in its product, 454 represents a using, producing, and
developing setting within business. When acquiring the licence, the company
was not really concerned with the existing commercial prodiginating in
pyrosequencing, but rather went back to the original idea of seiqgey-
synthesis and saw unique advantages of the pyrosequencing method. Thus,
they started to develop it not from the standpoint of theiegisommercial
product, but from the basic principle originated at KTH. Howens, did

not take place through interaction between 454 and the research group a
KTH, but was instead a contract settled by the company Pyroseagenci
Indeed, there has never been any interaction between 454 and lthe KT
group.

454 first encountered the pyrosequencing method by the use of a
commercial instrument purchased by CuraGen, around the samestibd a
was started. It is a reasonable assumption that 454 would nob&eeme
interested in pyrosequencing as a potential component in their product
without first having used it as a commercial solution. It vias theuse of
pyrosequencing aa commercial product within CuraGen and 454 that
preceded thdevelopmenandproductionof pyrosequencing as a component
within the 454 product. Hence, through its use, both as a siciemtifl a
business resource, the original scientific solution got a Hdée’ and
consequently new economic significance over time when being introduced in
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a new resource structure. Pyrosequencing appearing within gonoehyct,

with the high expectation of it becoming an alternative sequencing method to
Sanger, is thus not the result of a straight path from developmedtigtion

and use within either scientific research or business. Ithaek and forth”
process of use and development within scientific researchnépad
production within business, resulting in use within scientifieaesh and
development within business, and so on. What is particularly inteydst

that pyrosequencing would probably not have been developed into a
currently useful product, both within scientific research and bssjne
without it first becoming a standalone product and an economiardail
within the start-up company setting. What this eventually reslult in, in
terms of new resource interfaces and economic use, is yet to be seen.
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8 Conclusions

In this concluding chapter | will discuss the research results ofutig. S he
main issue of this thesis is how new scientific solutiaress embedded in
settings of commercial production and use, and how this can bedvesve
making something new fit in related, but different, resourcetebaisons.
The chapter begins with a recapitulation of the research igogstA
discussion of the findings of the case study is then had frorstainepoint
of the three empirical settings of development, use and productidnina
that order. | end the chapter with a personal view about pogwitiley
implications about the economic use of new scientific solutions.

8.1 Investigating Scientific Solutions as a Dir8curce
of Innovation

The purpose of this study has been to better understand whaaris e

bring in something new, which stems directly from scientifseegch, into

settings of commercial production and use. Are there speciardaio be

taken into account when that which is to be commercialisedetnbedded

into large-scale production and widespread use) stems directiy f
scientific research? Or, as formulated in the first researchiguiest

What is special about innovation processes for inventions which ste
directly from scientific research? Why?

The question implies that there is something different vhith $ituation
compared to when the novelty stems from commercial developnemrno
interaction through established business relationships. So isrgitied by
various actors — for instance the venture capital firm predentthis thesis
— including policy makers at national as well as transnativalls. This
claim, however, sees only the assumed advantages of directiygbasi
business innovation on advanced and “excellent” scientific knoweledg
rather than the difficulties. As has been indicated and willtiber argued,
this study takes a somewhat contrasting position.
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A key element of this study has also been to understand hothree
empirical settings of use, production and development are imtieaeln
reference to anything new being commercialised, the respdagivefits that
can be created as a result and how this affects the pbiant@ation. This
was formulated in a second research question in the following way:

In what way is a potential innovation, which stems directly fraemsitic
research, related to the settings where a) it is developed,
b) it is taken into large-scale production and c) it is taken into @sel-how
does this affect its ability to survive the innovation journey?

As was implied in the introductory and theoretical chaptétsis thesis,
in order for innovation to be achieved, anything new needs to become related
to and create benefits in these three related, but elifeempirical settings.
An ambition of this study was to understand how this happens and what
implications it has for the innovation process. This has ssitated an
investigation of what is specific about these threergtfias well as how
their respective interaction with the new solution affdtés innovation
process and the benefits that can be derived. The following tacterns
deal with the findings from this investigation in regard to b solution
being developed and used within scientific research and whah#aist for
a producing setting involved in large-scale production.

8.2 A Developing Setting Making Scientific Imprints

From the empirical account of the innovation process of pyroseiggenc
there is no doubt that the new solution stemmed from scientific reseagch. Th
question is rather what implications this fact had for tim®wvation process:
what was the significance of the fact that the method waeva and
groundbreaking result of scientific research? Being a scientifikibreagh,
and becoming scientifically recognised both nationally and iniernely,
the sequencing method developed at KTH carried scientific ingpirinits
connection to ongoing international research and contemporary scientifi
goals, as well as to the applied research methods and thebkevadeentific
instruments. It was connected to what was happening in the koigatific
arena concerning the expansion of knowledge of our hereditanyor@mnts
and how to study as well as analyse them; it was part of aajjesoeentific
development of understanding our genes and their different mechaAsms.
was shown in the previous chapter, it was of course alstedeta the
particular resources existing within the laboratory environnag¢riKTH in
the shape of specific knowledge, relationships, and physical equipment.
The fact that it was developed within a scientific settiznggd became
acknowledged as an important scientific discovery, meant thatsithighly
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related, or adjusted, to other scientific resources such stblished
scientific knowledge and research results, as well astimyi research
methods. Also, the published results of testing the method in differen
situations, with different reagents or mechanical solutiovexe always
based on laboratory conditions, using “fresh” chemicals, manual
experiments and constant modification. This meant that both esearch
result and as a sequencing method, pyrosequencing was a resodect® ma
fit into a scientific research environment. It was a resowltaped by
scientific research for scientific research.

8.3 A Using Setting Requiring Specificity and
Flexibility

In the using setting it was scientific researchersfthatd the sequencing
instrument most useful. Thus, because of the clear imprinthwihe new
method carried from its developing setting, it was considered vatsable
within the same type of environment where it had been developed.
However, even if these user environments were very sirtvlahe one
where it had been developed, the new sequencing method had to imeract i
its using setting with new types of products, knowledge and ongoing
research projects. To create any user benefits, the irsttumeeded to fit
with these products and with established systems of mataddhanaterial
solutions. Its use, and the benefits which it could create wiki@se user
contexts, were therefore far from self-evident and could not bdicfed
before it was activated by the users.

Many of the users could gain great benefits from using theiment and
they found new and inventive ways of putting it into use. Howeabese
new ways of using the instrument were very specific, and poiimted
different directions how the instrument could be developed and madifi
Therefore, as the instrument was embedded in the using settipgcifics
user-pattern characterised by great variation, but also -sn@é#é usage,
became apparent. The instrument was incorporated in timedirpitojects
with different applications in focus, which put demands on bibih
instrument and the start-up company to be flexible. As will be discussed,
did not match the requisites of the producing setting. Also, becdube
nature of the research projects and their timescaleg t&s no need for
either a large number of instruments or a constant supply of congsmabl
This was another major issue of concern in regard to the sthsethr
production setup of the start-up company.

An application area which was more suitable for a standargisetlict
and thus more appropriate for a large-scale production insteat otbar
problems. NYBC, a user that wanted to utilise the instrumeaat nmore

169



consistent and standardised manner for diagnostic purposes, regfegen
user environment where flexibility of application was not ascial.
However, among other things, at NYBC the instrument insteadoidllof
regulations standardising the methods allowed for diagnostic lamidak
purposes. Thus, since the product was locked to a certain ssdtofes it
was, from a user perspective, more useful for research purihaseswithin
more standardised work such as diagnostics. How did this typesimdg
setting relate to the producing setting, and what were theteftd the
interdependency of these two settings?

8.4 A Producing Setting Based on Standardisatiah an
Economies of Scale

The producing setting, consisting of the start-up company and related
resources, was based on a standardised production of the new instndhe
the reagent kit. In order to support this producing structure, aircésvel of
cost efficiency was needed. This required interaction wihlerocompanies,
such as suppliers and distributors, but also a large-scale povdat both
instruments and reagent kits — a certain volume of productionchae
reached in order for economies of scale to be realised. Inhgrmequired
that the instrument was restricted to a specific setaififes, and that the
number of applications supported by the consumables were limited. This
meant that specific standards for the quality of the instrumims,
appurtenant kit, and the system as a whole, had to be fixed ird rega
which components the suppliers could deliver, but also for production
conditions and reductions in unit costs. To achieve this type ofl fixe
technical product from the materialised solution was, howeverhaangin
predicament. On the contrary, it was the quick transformafiatientific
research into a sellable product which earned the start-up ogritpanitial
image as a commercial success story. Rather, the mam vess that the
economies of scale and interrelatedness with suppliers, whismeeded by
the producing setting, was incompatible with the specificity fadbility
required by the using setting — this was the fundamental problémthe
commercialisation of pyrosequencing.

The difficulty of basing a standardised production on the pyrosegqugenci
instrument thus lay in combining the using setting’s demand foriatioa
of specific applications and flexibility with the producing sefts
requirement of cost-efficiency. This complexity was in mangards
acknowledged by the established producing structure of Pharmddih w
realised the potential economic consequences of such a specigfie of
product. The company’s extensive experience of producing new products
and applications (as well as of user-producer interaction, and thilre of
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interrelatedness between production and use) showed it that investimg
production and marketing of pyrosequencing was simply too costly. This
connection between production and use, and the difficulty of maintaining
large-scale production, was vastly underestimated by the actamised in
setting up the new producing structure and formulating the econaais g

of the commercialisation of pyrosequencing. The ambitions of amgngi
capital, constructing a sophisticated technical product, and becoming a
public limited company, turned out to be less of a challenge than maintaining
production based on the product’s actual use within a using setting. Thus, the
economic potential of pyrosequencing as a standalone product did not
become apparent until it had become embedded in the using satiihigad
created resource interfaces with this setting’'s matexral immaterial
resources. This is a fundamental part of the process of caafigng any

new solution and achieving innovatidhe newhas to become embedded in
large-scale productiomnd get widespread use. This implies that before
anything new can be called an innovation, it needs to have become
embedded in not only developing and producing settings, but also in a using
one.

8.5 From Scientific to Economic Significance — A
Matter of Creating Benefits Through Different
Economic Logics

The case of pyrosequencing illustrates the complexity of tigirghieve
innovation based on new scientific solutions. What was considered a
important and highly usable method from a scientific standpoom) fsoth
the developer and user perspective, became an economic burden for the
producing setting to maintain its production. Because of the method/seuni
qualities, which solved key methodological issues within spefearch
areas, it was highly relevant within scientific reseanHl was, in due time,
considered of great scientific significance. In order for theha to
contribute to thedeveloping settingit needed to contribute to the existing
stock of scientific knowledge about DNA sequencing. This meantitthat
needed to work on an experimental level and be included in scientific
publications. It was not a matter of making it work on a lacge basis or
spreading a standardised procedure for sequencing; rather, uts wabk
measured in terms of what type of knowledge contribution it wasng. In
the producing settingon the other hand, scale was essential; in order to cost-
effectively maintain production of the new product, economiescafes
needed to be achieved both in regard to in-house production and in
collaboration with suppliers. However, to become embedded imugimg
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setting the instrument needed to interact with the existing ressuwithin a
setting also involved in scientific research. This was, on@nagot a
matter of scale but rather of making the instrument congilbaitspecific
research questions and projects — to make knowledge contributions.

As a business resource within a setting focused on achiéstgand
large economic returns, the method's value was thus limitee
combination of being embedded in a producing setting of a sole gbrodu
having venture capital as the main source of finance, and havising
setting involved mainly in scientific research, created aon@mically
unsustainable situation for the start-up company. These differenbmic
logics, through which the method needed to create benefits, turnedbaut to
incompatible. However, through the method’s continued use withimsgive
research projects, and as a part component in a different sequsystiem
and, as well as its continuing life as a standalone productiby bequired
by another company, pyrosequencing was creating economic effects but no
in the anticipated way, time or place. Also, for these effiectppear, the
method needed to interact with different material and imméatesaurces
in both a producing and a using setting.

I will conclude this discussion by considering the implications of
pyrosequencing not being a unique case. If there are other sueh etdrin
the world, then what does this entail for innovation and rekepolicy
strategies, if it is believed that scientific and econoriginicance are two
sides of the same coin?

The general policy recipe for the achievement of innovation and
economic growth, presented for instance by the OECD and thesBoO, i
create ‘“links” (OECD, 2004, p. 2) between scientific research and
“innovators within business” (ibid.). This will supposedly faaie the
transfer of scientific discoveries to settings of commeanhere the new
scientific knowledge can gain practical application. (See elgnBk2007;
Waluszewski, 2010) However, if achieving innovation based omt#faie
knowledge is a matter of creating benefits from the stantmivastly
different economic logics, then how will such links bear fruite different
logics remain and will in turn affect the economic benefit of the new solution
as it is implemented in the different settings.

It is also indicated that through appropriate strategies and ermeag
for instance through the involvement of venture capital, economic ibenef
can be created through controlled innovation processes basedlicecta
commercialisation of new scientific knowledge. (Waluszewski, 20L&
thus believed that it is the qualities of the novelty itsdiich decide the
outcome of the innovation process, rather than how it becomes embedded i
different structures of material and immaterial solutio&ee e.g. Hall,
2004; Hakansson & Waluszewski, 2002) In this view, it is possible to predict
the outcome of new investments and plan the innovation journey.
(O’Sullivan, 2004) However, if an economic use of scientific kndge
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appears through interaction between different material and eniadat
resources over time, often in unexpected ways, times and pleces
commercialisation of new scientific research a good way éaterfast

economic benefits?

This study has shown that scientific and economic significareaair
two sides of the same coin — they are not even values whkirsame
currency. Rather they are determined through different econogitsland
through different processes at different times. Scientdtaldishment of a
new piece of knowledge is about making a specific knowledge comribut
and it is the extent to which this contribution is consideréebp forward
which determines the level of benefits it can generate rwithis setting.
This suggests that in order for anything new to represenimgortant
scientificresource, it must be connected to the value-creating res@mrdes
processes which exist within the production of scientific knowledge,
publications, research grants, and new research projects. abligst
anything new as an important resource witbunsiness i.e. commercial
production and use, it must represent economies of scale. This thatims
order to support a large-scale production, the new solution needscimée
connected to resources which enable reductions in unit costs. These
resources constitute a standardised supply chain involving proxlwentid
supply processes, various suppliers and distributors, as well has ot
products and technologies to whittie newneeds to relate. Evidently, these
are vastly different value-creating resources and progetseEn those
constituting the production of scientific knowledge.

Also, in accordance with earlier empirical studies on sdienti
instrumentation (See e.g. von Hippel, 1976: Rosenberg, 1982; Riggs & von
Hippel, 1994), this study has shown that the imprints of gfient
development orthe newmakes it valuable mainly within the same type of
setting in which it has been developed. This makes users essential to both the
development and production of the new solution. It also means that, as
discussed above, the producing setting, in need of economies@frseeds
to adjust to a using setting representing neither a lardge-star a
standardised type of use.

In contrast to the policy and investment orthodoxy of achieving
innovation from groundbreaking scientific knowledge, this study shows tha
this is not only an unpredictable process but also a matter of creatingenefi
through vastly different economic logics. This implies the irtgrare of
acknowledging the relationship between the producing and using sgtting
since they are highly related, but still dependent on diffetgmes of
benefits, understanding their interconnection is both crucial aadgmnatic.
What is required for the producing setting to actually be #ébleost-
effectively sustain production of the specific solution? Whatequired to
achieve economies of scale? Which established solutionsnaestments
need to be taken into consideration? And what demands do thesgoosndi
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in the producing setting, put on the solution’s use, in terms of standardisation
and volume, in the using setting? In considering commercialisaf new
scientific solutions, these are factors which must be takercamsideration.

If not, the difference between scientific and economic siganifte is not
taken seriously.
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