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Preface

This book explores the development of systems biology as a new approach to life.
It is based on an empirical social study of science and analyzes the epistemic pre-
conditions, infrastructural requirements, innovative potentials, and policy implica-
tions of emerging and expanding concepts and practices of systems biology. In
conducting the research that provided the basis for this publication we were inter-
ested not only in systems biology’s capacity to give rise to a better understanding of
complex biological entities such as cells or organisms but also in its cognitive,
social, and policy framings and contexts. The results of the study show that systems
biology is as complex as its objects of research, and that it also is an interdisciplin-
ary enterprise which will most likely have a profound impact on our perception of
life as well as on science itself.

The overall aim of this book is to contribute to a better understanding of the
implications nestling in the current shift in molecular biology towards a systems-
oriented perspective for science and society. It was written for specialists of differ-
ent academic disciplines as well as for experts coming from nonacademic fields.
Talking about experts from academia, we do not only think about those from biol-
ogy, informatics, physics or other natural sciences, or medicine but also think about
scholars from the social and cultural studies of science, from history and philosophy
of science, or from linguistics. And when we talk about experts from nonacademic
fields, we mean anyone interested in scientific developments such as systems
biology coming from science policy, science administration, or the media reporting
aboutscience. Itis our mission to make science, its presuppositions and preconditions,
as well as its implications, as transparent and accountable as possible. Therefore we
tried—and we hope succeeded—to use a language that makes a complex, but
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nevertheless highly topical and important subject accessible to all of those who are
interested in a more than superficial understanding of science and of how it shapes
and is shaped by us, by society, and by culture.

Hamburg, Germany Martin Doring
Imme Petersen

Anne Briininghaus

Regine Kollek
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Chapter 1
Understanding Systems Biology: A Place
for Social Science Analysis

Regine Kollek, Imme Petersen, Anne Briininghaus, and Martin Doring

Abstract Systems biology is a new approach in the life sciences aiming at a more
holistic understanding of biological entities. Developing out of the shortcomings of
molecular biology in explaining complex and dynamic features of living systems, it
can have far-reaching implications for science and society, as well as for our under-
standing of life. In order to understand the potentials and impacts of systems biol-
ogy, a broad analysis of this new approach was undertaken from the social and
cultural studies of science perspective, the results of which are laid down in this
book. This chapter introduces the subject and our research concept and outlines the
scope and the aims of the book. The first section describes the rise of systems biol-
ogy, its definitions and main aims. In a second step the conceptual approach of our
analysis is laid out. We introduce the concept of context and context analysis and
outline the cultural, practice-related, and societal environments, which were consid-
ered in our exploration of systems biology. The second section first describes the
methodical approaches applied in our study before it depicts the goals and hypoth-
eses of this book and provides a short synopsis of the following chapters.

Keywords Systems biology * Context * Social and cultural analysis of science ®
Philosophy of science ¢ Holism ¢ Implications for science and society

Systems biology is a new approach in the life sciences aiming at a more holistic
understanding of life. During the second part of the last century, activities in the life
sciences focused primarily on the molecular constituents of cells, their structure and
immediate biochemical functions. After successfully sequencing the human genome
and that of many other organisms, scientific attention shifted towards complexity
and dynamics of biological processes and entities. This shift brought a systems
approach to the fore that finally led to the advent of systems biology by the turn of
the last century. Still in its infancy today, systems biology wants to explain
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biological entities such as cells, organs, or organisms at the systems level. It wants
to understand how emergent properties of such entities arise from the interactions
among their components and how such properties are influenced by the require-
ments of higher organizational levels. The turn towards a systems approach in biol-
ogy, however, demands not only a much stronger formalization of biological
processes compared to earlier developments in (molecular) biology, but also an
extended interdisciplinary cooperation and philosophical reflection of old and new
concepts and presumptions. Such changes in concepts, methods, practices, and dis-
ciplinary structures bear the potential to fundamentally transform biology. Such a
transformation may not only deeply affect our understanding of life, but also the
way research is undertaken and organized. Together these developments may have
far-reaching consequences for biology in particular, but also for the life sciences in
general. Moreover, concepts and insights from systems biology will also trigger
translational research, such as modeling and prediction of disease processes, the
production of high-value biotechnological substances, or the development of new
targeted therapies. This translation of systems approaches towards applications in
different fields (e.g., bioengineering, systems medicine) may yield its own ethical,
legal, and social consequences that go beyond those of earlier concepts and practices
in molecular biology and genetics. These developments and their possible implica-
tions for science and society need to be analyzed more closely. This is especially
true if we want to gain a detailed and sophisticated understanding of systems biol-
ogy and its potential for innovation in current governmental and public contexts.

The first chapter introduces the subject of systems biology, outlines our research
concept and provides an overview of the methods applied and the content of the
book. It consists of two main sections. The first is dedicated to systems biology as a
new approach in the life sciences. Here we first provide a detailed overview of the
development of systems biology and explore the different understandings and defi-
nitions that currently exist. In a second step the conceptual approach of our analysis
is laid out. We introduce the concept of context and context analysis and outline the
different cultural, practice-related, and societal environments that we included in
our analysis. The second section first describes the methodical approaches applied
in our study before it depicts the goals and hypotheses of this book and provides a
short synopsis of the following chapters.

1.1 Systems Biology: A New Approach in the Life Sciences

1.1.1 From Parts to Wholes: The Rise of Systems Biology

Living organisms are complex and dynamic entities: they exist in space and time.
Philosophers and naturalists have been curious about their nature, functions, and
behavior for as long as they have started to reflect on it. The modern sciences,
especially molecular biology, chemistry, and physics provided researchers with
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systematic approaches to analyze organisms (including humans) in detail. By a mul-
tiplicity of different strategies, procedures, and methods, organisms and cells could be
dissected into millions of components, structures, and processes. The sequence of the
human genome, the draft of which was published in February 2001, has possibly been
one of the most publicly visible, but also only one of the last in a long row of impor-
tant achievements in the history of the life sciences.

The more we know about the molecular elements and processes, however, the
more difficult it seems to understand how they interact not only on the molecular,
but also on the cellular level and beyond in order to create specific biological func-
tions, structures, and other high-level phenomena of living entities. Molecular
biology, the leading discipline during the second half of the twentieth century, was
enormously successful in analyzing the molecular parts of the cell. However, it
did not provide convincing theories or concepts necessary for making sense of the
ever-growing amount of molecular data (O’Malley and Dupré 2005). Even Omics
approaches which aim at large-scale analysis and measurements of genes (genom-
ics), transcribed sequences (transcriptomics), or proteins (proteomics) did by them-
selves not lead to a comprehensive understanding of the interaction and integrated
functioning of identified parts (O’Malley et al. 2014). As first and foremost reduc-
tionist enterprises, they aim at the analytical dissection of cellular components and
result primarily in ever-growing lists of parts. Such large-scale measurements have
driven the resolution of cells and their constituents to an unprecedented high defini-
tion. Nevertheless, this did not provide us with an understanding of biological sys-
tems as systems (Kitano 2000, 200). Hence, what was needed around the turn of the
last century was an approach able to integrate the multitude of data about isolated
parts and processes into an overall perspective. Such integration is thought to be the
key to decoding what forms the basis of the functions of living systems (Pesce et al.
2013; Green and Wolkenhauer 2012). Furthermore, it most likely would consider-
ably speed up hypothesis generation in biology and finally yield deep insights into
regular and pathological processes of the cell and of organisms (Gomez-Cabrero
et al. 2014).

At this point, modern systems biology enters the stage. Systems biology is a new
field in biology that aims at understanding biological systems such as cells and
organisms from a system’s perspective (Kitano 2000, 2001). It emerged more or less
at the time when the working draft of the human genome became available. Although
not a completely new perspective in biology, it seems to have hit the nerve of the life
sciences. After decades of dissecting biological phenomena down to the molecular
level and extensive analysis of DNA-sequences and expression patterns in the con-
text of Omics research, the time had come for stepping back and reflecting on the
meaning of accumulated data and information and searching for an integrative per-
spective. The new systems biology promises to provide such perspective. It wants to
understand intra- and intercellular processes in order to gain a comprehensive idea
of all interactions on different system levels and to discover the principles guiding
them. It therefore promises to provide the conceptual framework needed to meet the
challenges outlined above.
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Interestingly, there is still no unambiguous, generally accepted definition of what
modern systems biology is (Kirschner 2005). Different perceptions and descriptions
exist in parallel. Whereas some scientists emphasize the necessity of integrating
heterogonous data into common concepts, others point to the importance of consid-
ering higher levels of organisms or underline the need of mathematical modeling
and computation. Whereas some systems biologists strive to make biology more
similar to physics and engineering, others do not think that the standards of physical
sciences are appropriate to measure the achievements of systems biology and doubt
whether they will ever be applicable to “dirty, unruly living systems” (Calvert and
Fujimura 2011, 55).

The following quotations are illustrative of the conceptual pluralism of systems
biology. For instance, Denis Noble, one of the early protagonists and promoters of
systems biology, described its character and goals quite literarily. For him,
“[s]ystems biology [...] is about putting together rather than taking apart, integra-
tion rather than reduction. It requires that we develop ways of thinking about inte-
gration that are as rigorous as our reductionist programs, but different. [...] It means
changing our philosophy, in the full sense of the term” (Noble 2006, 176). Hans
Westerhoff and his colleagues, pioneers of modern systems biology as well, under-
line that systems biology “addresses the missing links between molecules and phys-
iology” (Bruggeman and Westerhoff 2007, 45), and that it aims “to understand how
biological function absent from macromolecules in isolation, arises when they are
components of their system” (Westerhoff et al. 2009, 7).

In other cases, emphasis is put on systems biology’s capacity for better manipu-
lating and controlling biological systems. Systems biology therefore studies such
systems “by systematically perturbing them (biologically, genetically, or chemi-
cally); monitoring the gene, protein, and informational pathway responses; inte-
grating these data; and ultimately, formulating mathematical models that describe
the structure of the system and its response to individual perturbations” (Ideker
et al. 2001, 343). Irina Borodina and Jens Nielsen (2005) stress that systems biol-
ogy relies on the integration of experimental and computational approaches to
achieve comprehension and prediction of complex cellular functions. Its character-
istic is an iterative process of model building, comparison with new sets of experi-
mental data, improvement of the model to account for new features, and so on
(Kitano 2002).

For Olaf Wolkenhauer, one of the scientists who paved the way for modern sys-
tems biology in Germany, understanding is the major motive for applying systems
approaches. For him, systems biology “aims at a system level understanding of
genetic or metabolic pathways by investigating interrelationships (organization or
structure) and interactions (dynamics or behavior) of genes, proteins and metabo-
lites” (Wolkenhauer 2001, 258). Supplemented is this colorful bouquet of percep-
tions and descriptions by more functionalist definitions pointing to systems biology
as a “research endeavor that aims at providing the scientific foundation for success-
ful synthetic biology” (Breitling 2010, 1).
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What all definitional efforts have in common is that they try to make sense of the
vast amounts of data on biological processes by focusing on the mechanics behind the
emergence of functionality (Westerhoff and Alberghina 2005). However, definitions
of systems biology are still heterogeneous and rather illustrations of exemplary cases
and phenomena than unifying framings of the core elements of this new approach to
biological objects and processes. Nevertheless, they do not necessarily contradict
each other but describe different aspects and perspectives of systems biology. This
has been true for the foundation period of systems biology as well as for today.'
Therefore, one could rightly state that “the current number of definitions for the term
systems biology is close to the number of its practitioners” (Medina 2013, 1035).
Hence, systems biology is still elusive today (Cowley 2004). To better describe and
define its goals and approaches, its potentials and limitations, its prerequisites, and
perspectives would not only help to hedge it into a definitional frame, but also to ask
more precise questions in order to explore its possible scientific, ethical, and social
implications.

Despite these problems of self-definition and a common understanding, systems
biology has made an astonishing career since it entered the center stage of advanced
life sciences: theoretical and experimental activities assembling under its umbrella
are exploding. Numerous working groups worldwide are engaged in biological sys-
tems research and thousands of editorials, research papers, reviews, and books have
been published. Whereas in early 2010 an Internet search for “systems biology”
yielded about 2 million hits (Kohl et al. 2010, 25) it was nearly 5.5 million by the
end of 2014. Not only academic interest grows but also interest in possible applica-
tions of systems approaches in the life sciences, and consequently the number of
public and private funding programs supporting the advancement of the field.

1.1.2 Systems Biology in Context: Contexts of Systems
Biology’

From this short introduction to systems biology, three tentative conclusions could
be drawn. First, systems biology does not originate in a singular foundational event
or central scientific question, but it developed out of molecular biology and is, at
least partially, driven by technological development, but even more by the need to
find new ways to integrate the massive amount of molecular data and to develop a
systems-oriented, holistic perspective on biological entities in order to overcome
the limits of exaggerated reductionism. Second, there seems to be no common

!'This statement refers to early 2014, when the empirical phase of our project was completed.
2This title of this section is referring to the title of the book, Science in Context — Contexts
of Science” (Wissenschaft im Kontext — Kontexte der Wissenschaft) (1993) edited by Wolfgang
BonB, Rainer Hohlfeld, and Regine Kollek, in which the editors outline a contextual theory of sci-
entific knowledge. For theories of context also see Bonf et al. (1994) or Kovala (2014).
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agenda, understanding, or unified definition of systems biology among actors of
different disciplines or backgrounds participating in the establishment of this new
approach. Third, systems biology develops in complex and diverse environments
in which the values, agendas, goals, requirements, and interests of many different
groups are at stake—scientists included. This leads us to the following research
questions:

* How do these environments and factors influence the current and future develop-
ment of systems biology?

* How do they shape its concepts and practices, and its possible future
implications?

* How do they influence the political and public perception of systems biology?

In order to answer these questions, a research strategy is needed that is able to
guide the analysis of such complex historical, cultural, scientific, and social settings
in which multiple and heterogonous factors are at play. To explore these settings, we
choose the concept of context. It allows us to look at systems biology as a contextu-
alized scientific development whose understanding is not possible by reading scien-
tific reports, programmatic papers, or statements alone, but requires more intimate
knowledge about cultural, practice-related, and social or societal factors and condi-
tions that bear an impact on it. Such environments, settings, and conditions can be
regarded as contexts, which—and this is our core hypothesis—shape systems biol-
ogy in a particular way and are in return dialectically molded by it as well. Hence,
if one wants to explore the implications for science and society of such a new devel-
opment, which is still in its infancy and has not yielded much concrete outcome to
date that already affects medicine or agriculture more concretely, a context-sensitive
approach and analysis is an appropriate way to meet this challenge. Furthermore, a
contextual understanding of systems biology and its development will most likely
also enable governments and stakeholders to design contextually relevant responses
to problems and hindrances that may hamper its development (Waylen et al. 2010).

The term context® is widespread in daily language, but has also become increas-
ingly important in disciplines including linguistics, anthropology, psychology, the
computer sciences, or the science of artificial intelligence. It has also attracted the
attention of sociologists and philosophers of science, who have explored various
aspects of context, contextuality, and contextualization. It is not possible to review
the extended body of literature devoted to the concept of context here, but a sketchy
introduction makes clear why it makes sense to analyze systems biology as a con-
textualized phenomenon. The origins of the concept of context are diverse and
heterogenous; most prominently they are located in linguistics and conversation
theory. In general, the concept reflects the conviction that actions, utterances, or
expressions can, at least in important aspects, only be understood in relation to their
cultural, linguistic, philosophical, social, economic, or ethical environment, inter
alia (Price 2008). This holds true not only for everyday verbal or physical expressions,

3The word context is derived from the Latin verb fexere (to weave) and is also related to the Latin

verb contexere, which carries the meaning of “to weave together”, “to interweave”, “to join
together”, or “to compose”.
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but also for those happening in professional environments such as science or
politics. To reveal the meaning of actions, operations, sentences, expressions,
claims, or statements thus requires additional information about the locality or situ-
ation in which they were expressed. In a first approximation, a context therefore can
be described as “[t]he circumstances that form the setting for an event, statement, or
idea, and in terms of which it can be fully understood™ or, more generally, “[t]hat
which surrounds, and gives meaning to, something else” or “the situation in which
something happens: the group of conditions that exist where and when something
happens.”¢

Among the first to think more systematically about the phenomenon of context
was the anthropologist Bronislaw Malinowski. He underlined, for instance, the cul-
tural context of discourse as essential to meaning (1923). In his work he connected
linguistic structures with social contexts and called for a supplement of pure linguis-
tics by ethnographic descriptions. In this work, he coined the term “context of situ-
ation” which later on became an important part of linguistic theory. He also pointed
out that language is not only an expression of thoughts but also a form of action.
To speak therefore means to act practically (see also Austin 1965). Such speech acts
can also be perceived as social actions that in return change the context in which
they originate (Sbisa 2002). The understanding of (everyday, scientific or political,
i.a.) expressions hence requires a lot of background knowledge that enables parti-
cipants of a speaking situation to identify and to interpret a speech act. Consequently,
the cognitive as well as the social dimension of the speech act are important to
generate meaning and to understand utterances.

Since the time of Malinowski, the notion of context played an important role in
linguistics (see, e.g., Goodwin and Duranti 1992; Halliday and Hasan 1985; Tracy
1998). Research coming from other disciplines, especially psychology and sociol-
ogy, brought additional dimensions of context into the debate. The influential soci-
ologist Erving Goffman, for instance, studied (amongst other areas of social life)
different forms of social communication and interaction as well as the social orga-
nization (framing) of experience. He pointed out that the meaning of an action—
be it a verbal or physical (bodily, corporeal) one—cannot be deciphered without
knowledge of the immediate situation of this action (Goffman 1983), in addition to
knowledge about its broader social and cognitive context. Although language itself
was not in the focus of his interest, he considered it as a fundamental part of human
social interaction and therefore must be paid attention to in sociological analysis
(Burns 1992, 301). For Goffman “form and meaning of the social and interpersonal
contexts” were important because they “provide presuppositions for the decoding of

*Oxford Dictionaries, http://www.oxforddictionaries.com/definition/english/context. Accessed
December 15, 2014. The example given in the dictionary reads as follows: “the proposals need to
be considered in the context of new European directives.”

5The free dictionary, http://fencyclopedia2.thefreedictionary.com/context. Accessed December 15,
2014.

¢ Merriam-Webster Dictionary, http://www.merriam-webster.com/dictionary/context. Accessed
December 15, 2014.
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meaning” (Schiffrin 1994, 103). In his later work Goffman elaborated the concept
of “frame” and “frame analysis” (Goffman 1974), which “can be read as an unpack-
ing of the ‘global and undifferentiated’ idea of context” (Scheff 2005, 284).
“Framing” relates to the construction or depiction of a fact or an issue from a
particular perspective; they are then framed in a system of presuppositions, selected
facts, beliefs, and other relevant factors that mutually support and consolidate each
other. Although Goffman was well aware of the crucial importance of context
(Scheff 2005, 372), he was also critical about the concept and stated later on that
“[T]raditionally no analysis was provided of what it is in contexts that makes them
determinative of the significance of utterances, or any statement concerning the
classes of contexts that would thus emerge—all of which if explicated, would allow
us to say something other than merely that the context matters” (Goffman 1981, 67).

Despite this and other criticisms concerning structure, types, systematics, and
properties of context, the concept nevertheless has proven not only quite successful,
but also indispensable to many different disciplines as diverse as social and cultural
anthropology (Dilley 2002), the computer and information sciences (Jones 2004,
Floridi 2012), artificial intelligence (Serafini and Bouquet 2004), molecular biology
(Kollek 1990, Cardinale and Arkin 2012), medicine (Walzer Leavitt 1990, Beskow
and Burke 2010), or ethics (Musschenga 2005). One of the reasons for its ubiqui-
tous use is that context analysis essentially has the potential to show “how the
microscopic world of words and gestures is linked to the largest social structures”
(Scheff 2005, 384). This is what makes context analysis so attractive: it is hoped that
it will enable us to understand the meaning and relevance of isolated phenomena
which are part of systems biology in the broader cultural and societal context.
Contextualizing systems biology therefore represents itself as a “holistic” research
perspective in the social and cultural study of science.

There have been numerous attempts to clarify what context means in more detail,
how it is structured or can be systematized (comp. i.a. Austin 1965; Schegloff 1992;
Scheff 2005; Sbisa 2002), although no general theory of context has been developed
yet. However, in this study it is not our aim to explore the concept of context itself in
more detail or contribute to context theory. Rather, we use context as a loosely defined
concept and as a heuristic device in order to gain systematic insights into the complex
cultural, cognitive, and social settings systems biology is situated in and by which it
is shaped. Especially helpful for our analysis is a body of work coming from the soci-
ology of science and the sociology of scientific knowledge that has already brought
forward numerous studies of the contextual nature of science and its development and
of scientific knowledge. They are discussed in more detail in the following chapters.

An important question for our analysis is which contexts have to be considered
as relevant in influencing or even determining the development (and hence
understanding) of systems biology. Because it is not feasible to identify and name
all possible or even relevant contexts we had to take a pragmatic choice. We decided
to take a closer look essentially at three broadly defined contexts, which are not only
plausible but also amenable to empirical analysis:

e Culture, because it may reveal how core concepts and images in systems biology
are shaped by cultural beliefs and images on the one hand, and embodied socio-
cultural knowledge.
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* Scientific practice, because it may provide us with information about how
systems biology is molded and structured by specific framework conditions,
such as interdisciplinarity, the requirement for ICT infrastructures, or funding.

* Society, because it can inform us about how systems biology is perceived and
understood in social contexts such as science policy, or the media, and about how
possible implications are evaluated.

By applying such a context-oriented perspective we want to explore how systems
biology has and will come into reality in these different contexts and is shaped by
them. Again, we certainly are not able to cover all aspects belonging to one specific
context; this is why our analysis is necessarily selective. We nevertheless are
convinced that such an approach shows the plurality, dynamics, productivity, and
possible implications of systems biology much better and in a richer way than
focusing on single dimensions or aspects only.

1.1.2.1 Cultural Contexts: Perception of Concepts

With regard to cultural influences on systems biology, we decided to focus on the
conception and construction of core concepts in systems biology such as life,
holism, reductionism, model, or system. Before going into more detail, we first
want to clarify what we mean when we talk about culture or the cultural context. For
our purpose, a general account of culture should suffice. In its widest sense, the term
culture’ denotes everything that has been created by humans in a formative way.
In short, a culture is a complex whole that includes knowledge, belief, art, morals,
law, custom, and any other capabilities and habits acquired by humans as members
of society (Tylor 1920). More specifically, culture can be described as an integrated
system of learned behavior patterns that are characteristic of the members of a soci-
ety and are not a result of biological inheritance.® Societies and the distinct ways
that people live and impart their experiences differ. Culture is, therefore, neither
unique nor static. Cultures change, and so does the conception of culture that pre-
vails at a certain time in a specific environment.

As science is part of culture, it does—Ilike culture—undergo changes that affect
not only its general development but also its questions, objects, theories, concepts,
and practices. With regard to the modern life sciences and other fields of scientific
activity, this has been analyzed and demonstrated by many different scholars.’

"The term culture is derived from the Latin word cultura, which means treating, processing, adapting,
or agriculture.

8In cultural and social anthropology, numerous definitions of culture exist (Kroeber and Kluckhohn
1952). In addition to the different approaches (e.g., Benedict 1934; Gillin and Gillin 1948; Geertz
1973; Harris 1983), the definitions all put emphasis on social habits or, in other words, social stan-
dards within a society. A current overview can be found by Hansen (2011).

°To name just a few of many relevant publications pertinent to the issue: Latour and Woolgar ();
Pickering (ed) (1992b); Clarke and Parsons (eds) (1997); Nelkin and Lindee (1995); Goodman
et al. (eds) (2003).
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Saying that science is culturally embedded and shaped therefore is more or less a
truism today. Coming back to systems biology, we decided to concentrate our analy-
sis on some of its core concepts—such as holism—in order to elucidate how they
are shaped and tainted by cultural contexts. In general, a concept is an idea of what
something is or how it works or something conceived in the mind, like a thought or
anotion.' In another reading a concept (or conception'!) is an abstract idea, mental
representation, or mental symbol that exists in the mind. In science, concepts may
be strongly formalized (such as in mathematics), expressed as logically connected
sentences, or more or less informal descriptions. As we have argued before, core
concepts in systems biology do not seem to be very stringently defined but rather
resemble tentative descriptions. They capture our analytical interest because in such
descriptions scientists often refer to cultural images that can be identified and ana-
lyzed, for instance, by metaphor analysis (for details see Chap. 2).

One of the most interesting, but perhaps also most controversial concepts that
come along with systems thinking in biology is holism. It is based on the idea that
biological entities such as cells or organisms should be viewed as wholes and not as
collections of parts, and that “[S]ystemic relations arising at complicated stages of
integration may produce new and unpredictable characteristics of the system”
(Andersen 2001, 153). It therefore may be seen in contrast to reductionism'? that has
become an integral part of modern sciences such as molecular biology. Holism is
not a new concept; it has many predecessors not only in the life sciences but also in
philosophy and the humanities. It is closely linked to the concept of complex sys-
tems, especially living systems, which can give rise to new or emergent behavior or
properties that cannot be deduced from the properties of the elements alone (von
Bertalanffy 1968). Holism in science, therefore, is the idea that natural systems such
as cells or organisms show properties which are more than the sum of their parts.
However, von Bertalanffy’s approach to holism, known as classical systems theory,
did not survive in the scientific research agenda because the technical tools necessary
to dissect cells or organisms in detail, as well as powerful computers for dynamic
modeling were not available. According to Robert Rosen,? it is therefore “not with-
out irony” that modern systems-theoretic ideas return to “the holistic, functionally
oriented view of organisms entertained by biologists prior to the emergence of bio-
chemistry and molecular biology” (Rosen 1968, 34). Classical holism was insofar

Y Merriam-Webster Dictionary, http://www.merriam-webster.com/dictionary/concept. Accessed
December 17, 2014.

""The terms concept and conception are sometimes used interchangeably. However, a conception
may also be more encompassing and detailed than a concept with regard to factors considered and
theoretical reflections.

12Reductionism is another important concept in systems biology; it is described in more detail in
Chap. 2.

3Robert Rosen is a theoretical biologist and biophysicist and cofounder of relational biology.
Relational biology was developed in reaction to the current reductionist approaches to science by
molecular biologists. It maintains that organisms, and indeed all systems, have a distinct quality
called organization which is not part of the language of reductionism, as, for example, in molecular
biology (Baianu 2006).
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“stillborn theory” (Gatherer 2010, 1). However, the term survived, designating
various kinds of anti-reductionisms. Section 2.5 provides a detailed account of the
history of modern systems biology and holism.

Although many scientists involved in systems biology research, especially those
coming from mathematics or computer sciences, rarely speak of holism or holistic
approaches in their publications, modern biology experiences today the renaissance
of a more holistic perspective on life that was typical of the seventeenth and eigh-
teenth centuries (Foster 2007). One of its prominent advocates is Leroy Hood who
considerably contributed to the technological foundation of the Omics sciences and
who is a cofounder of the Institute for Systems Biology in Seattle. For him, systems
biology is primarily characterized by holism and integration (Hood and Flores
2012, 613) and therefore “attempts to study biological systems in a holistic rather
than an atomistic manner” (Hood et al. 2008, 239). Other scientists describe the
current development towards a more holistic approach as a move away from reduc-
tionist molecular approaches focusing on the role of single genes or proteins towards
networks and interactions between individual components of networks (Kuster
et al. 2011, 1037). For them, holism could become “a guide in looking for a new
mode of the combination of analytical and synthetic reasoning in biology” (Kiecek
2010, 157). Especially scientists exploring questions related to medical applications
of systems biology see the advantages of using a holistic, network-based approach
to human disease because it can move medicine from a field rooted in semi-empiric
reductionism to one that recognizes the importance of molecular networks (Loscalzo
and Barabasi 2011, 622). In their opinion, reductionist approaches will fail because
they do not account for the complexity of biological systems and the principles
governing the interaction of parts evade their methodology. Contrasting the reduc-
tionism of (old) molecular biology with the presumed holism of (new) systems
biology is a popular theme in review articles and editorials. Some of them stress
that molecular biology and systems biology are interdependent and complementary
ways to study and understand very complex phenomena (Fang and Casadevall 2011,
1401). Other scientists are more critical and point out that holism has not yet been
operationalized appropriately. For instance, Filippo Conti and colleagues maintain
that “[t]he word holistic [...] has a too strong esoteric connotation and is decidedly
too vague.” For them, it can—at least in this form—not fruitfully be used in science.
The main avenue for systems biology must therefore be “to give an operational
meaning to the holistic perspective” (Conti et al. 2007, 161). However, despite this
skepticism, holism does not equal bad science. Studies from the history of biology
show that many holistic theories were developed as a scientific and rational response
to empirical problems. “They drew on the cultural and scientific resources that
were available to researchers at specific times and places and significantly shaped
the agenda of different disciplines ranging from theoretical biology and morphol-
ogy to psychology, neurology, and psychiatry” (Laubichler 2000, 289).

This short excursion into holism shows that this concept is partially taken seri-
ously, but is also used as a mere rhetorical means without explaining more exactly
what is meant by it and how it should be applied. It is also remarkable that there are
efforts to find a conception of holism which can be connected to previous concepts
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or findings in molecular biology, but on the other hand, it seems to be important for
some scientists to distance themselves from what they call “esoteric” conceptions of
holism. Such conceptions possibly are a cultural source for images of wholes and
wholeness, which is less respected in science and therefore needs to be denounced.
Beyond this observation, which would have to be investigated more closely, how-
ever, it is not clear yet what systems biologists think about holism and how they
conceive the ideas behind it. The same may apply to other notions typical to systems
biology such as system or reductionism. But if core concepts are still fuzzy, it may
be difficult to operationalize them and to propose experimental strategies suitable to
answer pertinent questions. However, such fuzziness may as well serve as a source
for cultural meanings connected to and embedded in the concepts. This is the start-
ing point of our analysis. In order to gain a deeper and richer understanding of
concepts in systems biology, we explore how different researchers active in systems
biology use the terms and handle the challenges they pose (Chap. 2), and, in addi-
tion, how they perceive the past and the future of their discipline (Chap. 3).

1.1.2.2 Context of Scientific Practice: Doing Systems Biology

A second feature of systems biology that we were interested in is the changing way
of doing science which obviously comes along with systems approaches and in turn
has an impact on biology and other disciplines involved. What is at stake here can
be called the practice of science. Practice describes human action in society. In the
social sciences, especially in sociology and anthropology it is a widely used concept
that broadly refers to agency, basically meaning the human capacity to act (Ortner
1984, Giddens 1984).

Important contributions to a sociological theory of practice came from Harold
Garfinkel (1967) who introduced the idea of routine grounds of social action, from
Anthony Giddens (1984) who defined that social structures are produced and repro-
duced by human interaction, or from Pierre Bourdieu’s (1977) notion of field and habi-
tus (cf. Reckwitz 2003; Bongaerts 2007). The theories and concepts orbiting social
practice put either more emphasis on individual agency (Giddens) or social structure
(Bourdieu). Hence, social practice can be described as a dialectic between social struc-
ture and human agency working back and forth in a dynamic relationship.

Therefore, social practices are always embedded situationally; usually they are a
bunch of actions interwoven with habits and routines (Schatzki 2002, 71), implicit
knowledge about the given situation (Reckwitz 2004, 320), and the practices that
would be appropriate (Schatzki 2002, 78). The French sociologist Pierre Bourdieu
(1977) developed, among other concepts, the notion of field. It describes a struc-
tured social space with its own rules, schemes of domination, legitimate opinions,
and so on that is defined as a specific field’s habitus. Fields therefore constitute
specific environments by which the respective habitus and activities are structured
and shaped: they can also be conceived as contexts. Fields include art, education,
politics, law, and economy, but the notion can also be applied to science, which has
its own rules, hierarchies, styles of reasoning, justification processes, and so on.
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Other theoreticians including Andrew Pickering (1992a), Michael Lynch (1993),
Joseph Rouse (1996, 2002), or Karin Knorr-Cetina (1999) put more emphasis on
material practices directed towards the reorganization of things. From those and
other studies it became clear that in scientific practice (as well as in clinical practice,
for instance) many different factors play a role, and are not directly linked to epis-
temic questions. They are nevertheless indispensable for doing scientific research
and are deeply engraved in what is usually perceived as context-free, generalized
scientific knowledge. Knowledge in systems biology may therefore rely, for
instance, on the specific ways data are produced, stored, and managed or on other
local circumstances for the production of order in masses of data about a certain
scientific object, that is, their interpretation. Furthermore, despite its heterogeneity,
most conceptions of systems biology agree on the fact that it is a multi- and inter-
disciplinary endeavor (Huang and Wikswo 2006). Consequently, the turn towards a
systems-oriented approach in biology will most likely not be successful without
extended interdisciplinary cooperation. What kind of impact will the different
disciplinary backgrounds as well as related styles of thought and practice of the
participating scientist have on the development of system biology, its agenda, and
performance?

Far-reaching changes are expected first and foremost for the disciplines contrib-
uting to systems approaches in the life sciences and benefiting from it, including
biology, physiology, medicine, ecology, mathematical modeling, and so on. For
instance, systems biology comprises and merges techniques and practical approaches
belonging to different disciplines such as the ones coming from the Omics on the
one hand and mathematical modeling coming from the physical and computer sci-
ences. These changes and the practical and intellectual challenges associated with it
will not only affect practices and concepts of biology and other disciplines working
together in interdisciplinary systems-oriented projects, but also their social constitu-
tion as an organization. As outlined before, systems biology is—at least today—an
interdisciplinary enterprise with ambiguous academic identity and open disciplin-
ary boundaries. In interdisciplinary cooperation new social interactions are created
and organizational structures established and funding strategies explored. These
interactions involve participants with diverse motivations, interests, and agendas
that could make communication, work, and progress in this field far more challeng-
ing compared to traditional disciplines. Calvert and Fujimura (2011) noted and
studied epistemic tensions and issues emerging in the interdisciplinary context of
systems biology. Ethnographic studies based on participating observations in labo-
ratories and research institutions illustrate such difficulties (Knorr-Cetina 1981).
With regard to systems biology, Miles McLeod and Nancy J. Nersessian (2013)
found, for instance, that biologists are confronted with numerous cognitive and
technical constraints in laboratories of integrated systems biology. Compared to
other fields, they also inhabit largely unstructured task environments that make the
production of models far from straightforward (McLeod and Nersessian 2013, 35).
Hence, social dynamics and good interaction will be decisive factors for the design,
conduct, and accomplishment of successful projects. Thus, “proper ‘social engi-
neering’ will have greater role in scientific project planning and management in the
future” (Kitano et al. 2011, 323).
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The expected changes for the life sciences are reflected in different statements of
systems scientists. Some are convinced that modern systems biology is already con-
tributing to a “radical transformation of molecular life sciences and biomedicine”
(Medina 2013, 1034). Others, critical of the shortcomings of reductionist molecular
biology, even expect that “mastering the new non-linear, holistic, complex way of
thinking [...] will, undoubtedly, enable one to make less errors doing research”
(Skurvydas 2005, 7), obviously referring to the envisioned potential of a more holis-
tic systems biology to overcome the limits, fallacies, and blind spots of reduction-
ism. However, today, we only have superficial ideas about what kind of challenges
the establishment of systems approaches and associated experimental or modeling
practices, the intensive use of information and communication technology (ICT)
infrastructure, and interdisciplinary collaboration really pose to scientists working
in the field. We also know very little about how these alterations in practice retroact
on the constitution of the participating disciplines. Will they enhance or decrease
the methodological and epistemic differences among the scientific communities
involved?' What is urgently needed therefore is a much more detailed analysis of
“systems biology in practice” or “systems biology in action” which has the potential
to provide some answers to the questions posed above. Admittedly, such an analysis
would certainly require further theoretical differentiation of the notion of practice
and the development of adequate mixes of methods suited to examine such prac-
tices. Despite these shortcomings and challenges we were motivated by this quite
empty space in current social science research on systems biology to conduct
an extensive case study on systems cancer research. By carefully analyzing and
describing the conception and realization of an ICT infrastructure in the domain of
systems-oriented and interdisciplinary cancer research we aimed to get a deep
insight into the practice of systems biology and one of its fields of application. This
allowed us to explore the contextual factors of systems biology’s practice that have
an immediate impact on the researchers, their interactions, and their views on ICT
supporting systems science (see Chap. 4).

1.1.2.3 Societal Context: Coproducing Science

As do all sciences, systems biology did and does not develop in a vacuum. Many
societal factors act upon it when it starts to operate on natural things in the social
world. Science produces new knowledge, products, and procedures that can have far-
reaching consequences. Society will react to such developments in multiple ways, for
instance, by implementing new processes that aim at balancing the interests between
different actors and translate them into political options; by new bioethical principles,
best practice rules or regulations, or by establishing assessment, oversight, and moni-
toring procedures. Such instruments belong to the realm of law, governance, and

4 For the idea that practice may create epistemic differences among communities see Brown and
Duguid (2001) albeit they discussed this question in the context of a firm.
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bioethics, which have been called “Humantechniken” (anthropotechniques) by Helga
Nowotny and Giuseppe Testa (2009). They help to adapt technology to human needs,
thus stabilizing the new configurations of natural and social order. Hence, a close
relationship exists between the reordering of nature and reordering of society (Jasanoff
2004a), an intertwined process, which has also been called a “co-production” of mod-
ern societies (Jasanoff (ed) 2004b). This relationship, which shapes science as well as
society, has to be considered when new scientific developments and their implications
are to be analyzed and assessed.

In wealthy Western societies support for science has been readily available when
new visions emerged or new approaches appeared to be promising in terms of sci-
entific, economic, or medical benefit. Systems biology has been welcomed as such
an approach, especially because molecular genetics did not live up to promises
delivered earlier and its research agenda no longer opened up new perspectives for
knowledge generation (Rheinberger 2008). But with the establishment of systems
biology fundamental changes in the life sciences and beyond its narrow academic
and societal context loom at the horizon. They may be as or even more far-reaching
than the ones that came along with molecular biology after its inception more than
half a century ago. First of all, they will affect our cultural understanding of life.
Up to now, a mechanistic conception of the organism (including the functioning of
the human body) prevailed in the life sciences. With the advent of systems-oriented
approaches and a new interest in a holistic understanding of biological entities, such
a conception may change. However, this depends very much on how holism is inter-
preted and translated into research strategies. If, for instance, the view gains the
upper hand, that organisms are phenotypically and behaviorally more than the sum
of their parts and open to environmental influences this could result in different
research strategies compared to the current paradigm of molecular biology, which is
still dominated by a gene-centric, deterministic view (Keller 2002). Furthermore, it
could also culminate in different socioscientific perceptions of living entities and,
hence, in the development of alternative strategies in applied sciences as well as in
different fields of action in society.

In addition to resulting in new insights into the complexity and dynamics of bio-
logical processes or mechanisms of emergence, systems biology also promises to be
fruitful for practical applications. It is expected that progress and important achieve-
ments in different applied fields will be reached. In particular, expectations in medi-
cine are high, with emphasis on cancer, heart, vascular, and infectious diseases
(Hood et al. 2004; Wolkenhauer et al. 2009; Medina 2013). In this context, research-
ers interested in systems medicine often stress the shortcomings of contemporary
reductionist views of human diseases. Although it is generally acknowledged that
this approach has served society well for many years, systems biology applied to
human disease is hoped to offer a unique approach for developing individualized
(personalized) treatment strategies (Loscalzo and Barabasi 2011, 619). This vision
“of a personalized systems medicine” is propagated extensively by many different
actors from systems medicine (Hood et al. 2012). Even though systems medicine is the
most prominent vision of application in the scientific as well as public perception of
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systems biology, there are other fields of applied sciences where a profound and
positive impact of emerging systems biology is expected. For instance, far-reaching
implications have been stated for agriculture, energy production, or environmental
protection.'

Whether visions and expectations will become reality is a matter of debate and
future development. It also has to be kept in mind that visions and expectations, too,
can change social reality, exert social power, and generate implications in the social
and cultural sphere (Grunwald 2004, 2009). Potential implications of systems biol-
ogy regarding social, legal, or ethical topics have already been pointed out by scien-
tists active in systems biology as well as social analysts of science (O’Malley et al.
2007; Drell 2007; Federoff and Gostin 2009) even though the implications are alto-
gether positively anticipated. A holistic approach in medicine, for example, promis-
ing greater precision in diagnosis, opportunity for earlier intervention, risk-based
prevention, individualization of care, and optimization of the patient—clinician
interface and, hence, benefit to patients and society, may also lead to changes
regarding the social organization of clinical sciences, issues of informed consent,
allocation of resources, and social justice, which may not only be beneficial.
Furthermore, privacy issues, for example, connected to the collection, storage, and
processing of large amounts of personal genomic data for overarching health sur-
veillance in the context of personalized medicine, must be taken into account, espe-
cially when data handling involves commercial cloud services (Dove et al. 2014).

These are just a few examples that demonstrate the interdependencies between
science and society. They have always been complex and sometimes conflict-laden,
especially when risks, social challenges, or ethical problems arise from new knowl-
edge and/or its application. The societal context is populated with different stake-
holders, experts, companies, organizations, governmental bodies, funding agencies,
interest groups, and so on which participate in the discourse. Two sectors of this
complex formation are especially important and therefore of interest for our analy-
sis: science policy, and the public who perceive scientific development via the
media. Science policy is one of the most important actors for establishing new
research programs and financing research. In Germany, for example, since 2001
systems biology has been continuously funded via research programs set up by
governmental bodies such as the Federal Ministry of Education and Research. The
programs, however, favor large-scale project-oriented research, such as modeling
liver cells or understanding aging processes. The aim of such projects is not only
doing subject-related investigations, but also to set up infrastructures, explore new
methodologies, and focus on medical or other applications. Thus, they have two
effects: they are a precondition for the establishment of interdisciplinary research,
and for stabilizing it and giving it some continuity. On the other hand, they also
create discontinuity and uncertainty as funding is limited to the time frame of the
projects. In addition to issuing research programs, funding organizations also dis-
cuss, deliberate, and commission statements regarding possible ethical and societal

15 See, for example, Trewavas (2006), and Institute for Systems Biology, https://www.systemsbiology.
org/about-systems-biology. Accessed Oct 28, 2014.
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implications, and regulation. Such issues, however, are also discussed by scientists,
the media, public interest groups, nongovernmental organizations, and industry.
These discussions show how the different societal actors perceive systems biology
and the science policy related to it. Up to now, little research has been done on how
the development of systems biology relates to science policy, and how this is seen
from the perspective of different societal actors, scientists included. Chapter 5 of
this book represents an analysis of science policy on systems biology from these
different perspectives.

From what has been said before it follows that the media are of vital importance
for science. They communicate scientific achievements to the public, reflect on
them, report on the public’s discussion, and transfer them back into science. Hence
they are an important part of the societal context of science. Quite often it is left
unquestioned that the perception of a particular scientific development by the media
and the public does not vary between different countries, especially if they are simi-
lar in language, geographic location, ethnic composition, and other sociocultural
factors. We show that this assumption needs to be corrected. In Chap. 6 we present
the results of a comparative media analysis that focuses on the images of systems
biology communicated to the public in Germany and Austria, and which identified
significant differences between the two countries. Here again we demonstrate that
the context of systems biology shapes its perception and evolution, and that contex-
tualizing this new scientific development is essential for analyzing and understand-
ing its epistemic and cultural presuppositions as well as its implications for science
and society.

1.2 An Avenue for Understanding Systems
Approaches in the Life Sciences

1.2.1 A Social Science Perspective on Concepts,
Practices, and Discourses

The first sections of this chapter showed that science, culture, and society are deeply
intertwined in specific ways that have to be taken into account if one wants to under-
stand scientific developments. This finding is in accordance with current social and
cultural studies of science which mark “a loosely amalgamated, multidisciplinary
research field drawing from history, anthropology, feminist theory, sociology, and
philosophy of science.” Its participants emphasize that scientific practices are his-
torically situated, meaningful patterns of interaction with the world. Cultural studies
offer an “interpretive, critical engagement with scientific practices, rather than an
explanation of their outcome” (Rouse 2001, 1). In order to understand why and how
systems biology did emerge, where it came from, and in which direction in may
develop, as well as to gain some ground for estimation of possible implications, we
therefore have to consider the contextual nature of this new approach and study it
from different disciplinary, theoretical, and methodological perspectives.
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Coming from such different perspectives such as linguistics (MD), social and
cultural anthropology (IP), educational science and biology (AB), biology, and the-
ory and sociology of scientific knowledge (RK) and, altogether, the social and cul-
tural studies of science, we are interested in a variety of problems and questions
regarding systems biology. They concern its emergence, development, and charac-
teristics on the one hand, and its relation to cultural, scientific, and societal contexts.
Such a context-sensitive analysis not only requires different analytical perspectives
in order to grasp the variety of levels and dimensions involved in the formation of
systems biology, but also different methodical approaches. For instance, scientists
explain their goals, concepts, procedures, and results by the means of spoken or
written language. By doing this they make transparent why they are interested in
their research subject, what their goals are, what kind of hurdles they see, and what
visions they have. However, they also use specific terms, notions, or concepts as
well as rhetorical means, metaphors, and linguistic structures in order to describe
what they think and want to communicate to colleagues or other actors within or
outside science. For those involved in the social and cultural analysis of science,
language, and discourse are therefore extremely important sources of information.
They not only reveal how scientific objects are perceived and conceptualized, but
also how scientists think about their work and their relationship to other sectors of
culture and society. As already outlined in Sect. 1.1.2, speech acts can also be per-
ceived as social actions that involve cognitive as well as social dimensions, which
can be analyzed by different methodical approaches and means.

By exploring systems biology, we analyzed documents as diverse as scientific
publications, policy papers, and newspaper articles. But first of all, we listened to
individuals and experts active in systems biology as well as in science policy, and
involved in the public communication and perception of systems biology. Therefore,
semi-structured interviews and focus groups were our most important data source.
By applying methods and approaches from the social sciences, but also from
linguistics to these data, we provide interpretations of our findings and draw con-
clusions that will help us to understand better the origin, the current development,
and possible future course of systems biology.

The methods we used are mainly derived from the linguist repertoire (analysis of
linguistic structure of narratives about science, metaphor analysis) and from those
of the qualitative social sciences (discourse analysis, context analysis, media analy-
sis, case studies), complemented by reconstructive attempts coming from the history
and philosophy of science. The methodical approaches are explained in detail in the
coming chapters of this book. However, metaphor analysis plays a prominent role in
this canon, especially with regard to the analysis of important concepts in systems
biology (Chap. 2) and with regard to media analysis (Chap. 5). It denotes a newer
approach in qualitative social science research based on the work of Lakoff and
Johnson who showed that common phrases in everyday language are based on met-
aphorically structured concepts of thought, which determine how we act and feel
(Lakoff and Johnson 1980). Metaphor analysis is an interdisciplinary project, where
results and insights from many different disciplines converge, coming especially
from linguistics and qualitative social science research. It implicates new chances to
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build bridges between different disciplines, but, even more important, to gain new
insights about science, its concepts and its perceptions by different groups in society
(Schmitt 1997). Another methodical approach located in the interface between lin-
guistics and the social sciences is narrative analysis which was applied in order to
analyze the stories about the history and future of systems biology encountered in
reviews and scientific articles from the field of systems biology and in expert inter-
views with systems biologists. It was conceptually combined with other social sci-
ence approaches, which share an interest in how pasts, presents, and futures are
constructed, imagined, and combined via narrative representations and practices.
Their aim is to trace converging, mutually enhancing or conflicting patterns of inter-
pretation by which individuals of a social group such as a scientific discipline create
legitimate pasts, presents, and futures (Chap. 3). Practices, especially the ones
related to the interdisciplinary interplay between molecular biology, computer sci-
ences, and biomedical research, were analyzed by the instrument of case study
(Chap. 4). It is derived from the methodical repertoire of the social sciences, espe-
cially ethnography. The case—which can be persons, events, decisions, periods,
projects, or institutions—is empirically inquired within its real-life context by using
multiple sources and one or more methods (Thomas 2011). By carefully describing
an individual case, such a study can give deep insight into a defined field thereby
helping to identify its characteristic features, allowing us to formulate questions or
postulate hypotheses that can then be explored further in a wider field in order to get
more generalizable results. Finally, policy analysis was applied in order to explore
how various actors from different societal groups and fields, including science, per-
ceived and evaluated science policy related to systems biology. Originating in the
political sciences, the term policy analysis describes social science approaches that
aim at systematically dissecting and analyzing specific policy fields. Focusing on
the discourse of science policy in science, media, industry, nongovernmental orga-
nizations, and public interest groups, questions related to systems biology’s funding
mechanisms and constraints, and to its possible implications and regulations were
explored, using documents pertinent to science policy and funding as well as expert
interviews with different actors as a data basis (Chap. 5).

1.2.2 Goals, Hypothesis, and Content of the Book

The study presented here explores the development of systems biology as a new
approach to life. Its main aim is to contribute to a better understanding of the pre-
suppositions and possible implications of the current shift in molecular biology
towards a systems-oriented perspective for science and society. In conducting the
research that provided the basis for this publication, we were not only interested in
systems biology’s capacity to give rise to a different or better understanding of com-
plex biological entities such as cells or organisms, but also in the cognitive, social,
and policy framings and contexts, in which this scientific approach has emerged and
develops, and by which it will be shaped. Our starting point was the hypothesis that
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such an understanding requires an intimate knowledge of cultural, practice-related,
and social or societal factors and conditions which frame and influence it, and such
factors and conditions can be regarded as specific contexts that shape systems biol-
ogy in a particular way and are in return molded by it as well.

The results of this study are laid down in this book. It is a collective monograph
that has been conceptualized, continuously discussed, and written as a common
interdisciplinary endeavor. Therefore, all authors assume responsibility for the writ-
ten work, although differently with regard to individual chapters. The overall con-
cept of the project was developed by Regine Kollek together with Martin Doring
and the empirical work was done by Martin Doring (Chaps. 2 and 3), Imme Petersen
(Chaps. 4 and 5), and Anne Briininghaus (Chaps. 5 and 6). The first versions of the
written texts were drafted by Regine Kollek (Chaps. 1 and 7), Martin Déring (Chaps.
2 and 3), Imme Petersen (Chaps. 4 and 5) and Anne Briininghaus (Chaps. 5 and 6).
They were discussed within the group several times and revised in an iterative pro-
cess. Authorship order of the different chapters corresponds to the extent of the
individual contribution; however, it must be clear that the book is based on collec-
tive work and authorship.

It consists of seven chapters. In addition to this first chapter, which introduces the
subject of systems biology, the conceptual framework and the contents of this book,
Chap. 2 investigates the framing of basic epistemic concepts of life, system, reduc-
tionism, holism, and model by scientists working in systems biology. Based on a
corpus of written evidence and interviews conducted with system biologists in
Germany, we analyze the metaphorical frameworks underlying their conceptualiza-
tion to tackle implicit meanings and the practical relevance ascribed to them. It will
become apparent that—to some extent—different professional backgrounds bear an
impact on the framing of different concepts and that heterogeneous interpretations
prevail. The results underline the need for theoretical clarification of basic epistemic
concepts in systems biology and the implementation of a science philosophy cur-
riculum as a basic ingredient of university education. Both aspects are important to
avoid methodological and theoretical fallacies that restrict the innovative potential
of systems biology.

Chapter 3 takes a closer look at the stories about the history and future of systems
biology as encountered in articles stemming from the scientific field of systems
biology and expert interviews with systems biologists. Our approach to explore
such stories as a source for imagination about the past and the future of a discipline
is based on a narrative analysis and combined with insights from other social sci-
ences approaches which have in common that they share an interest in how pasts,
presents, and futures are constructed, imagined, and combined via narrative repre-
sentations and practices. Their aim is to trace converging, mutually enhancing, or
conflicting patterns of interpretation by which individuals of a social group such as
a scientific discipline create legitimate pasts, presents, and futures. With regard to
systems biology, a combined method of document analysis and expert interviews
was used to merge approved historical visions as found in research papers and more
colloquial constructions of systems biology’s past, present, and future. The narra-
tive structures that developed pasts, presents, and futures laid open the conceptual
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foundations they rely on and from which further investigations into the present,
pasts, or futures can start. Beyond this, it became clear that systems biology might
profit from reflexivity with regard to further development of a disciplinary identity
and to exploration of new theoretical and methodological issues at stake.

Chapter 4 is dedicated to the scientific practice of systems biology. Its starting
point is the fact that information and communication technology (ICT) infrastruc-
tures are needed to facilitate the management, access, and sharing of the plethora
of data on biological structures and processes on which systems biology is based.
Although such infrastructures are essential for research and collaboration, they are
often not regarded as being part of knowledge production. In contrast to this, we
hypothesize that ICT infrastructures are not mere service facilities to support
research activities, but enable and restrict doing systems research at the same time.
Based on a case study in systems research on cancer, we argue that the understand-
ing and modeling of biological systems is profoundly shaped by ICT technologies
and their underlying conceptualizations. Furthermore, from the perspective of
sociological actor network theory, our analysis also showed that such ICT infra-
structures will become new powerful actors for knowledge production within
the knowledge-producing community of systems biology. Individual scientists and
research institutions often neglect the challenges related to standardization, integra-
tion, and management of data that complicates and sometimes impedes innovation
and translation of new developments into practice. This implies that standardization
and integration in systems biology are as important as data generation.

Chapter 5 examines the science policy of systems biology and perspectives thereof.
It is based on interviews with actors from different fields such as science, politics,
media, and economy. The scientists’ perception of how science policy conceptualizes
and assesses systems biology is contrasted with that of societal actors. Our analysis
shows that the discourses in these fields are interconnected; they influence each other
and mutually interact. Results coming from this analysis relate to the identity of sys-
tems biology as a new science, to the similarity of the scientific and public images of
what systems biology is, and to the sustainability of funding. Although participation
of the general public in the discussion is seen as important by politics and the media,
it does not seem to be important for scientists. This prompts the question whether
public participation in science in general, and in systems biology in particular, is
ascribed an appropriate role.

Media are a principal mean for communicating science and its achievements to
the public, for the public’s discussion of science, and for transferring public opin-
ions and perspectives back into science. In Chap. 6 the public perception of systems
biology in Germany and Austria in the print media is analyzed, both quantitatively
and qualitatively based on a sample of print media. This analysis focuses on the
images of systems biology communicated to the public, including its application, on
research funding, and on regulation. In addition, it takes into account national dif-
ferences between Germany and Austria. Images are derived from an analysis of
metaphors found in the print media that enables us to describe the frames and con-
cepts upon which they are based. As we compare the public images of systems
biology in Germany and Austria, we find some significant differences between both
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countries in the predominant metaphorical frames. The public image is well reflected
in these metaphors, and we suggest that they have an important role for systems
biology as an emerging science.

Instead of merely summarizing the content of the book, Chap. 7 rather aims
to reveal basic assumptions and constitutive conditions of systems biology, and to
embed the results of our study in a broader scientific and societal context. It first
carves out some presuppositions of contemporary science in general, analyzes the
past and present presuppositions of systems biology, and reflects them with regard
to different paradigms and to past and future developments. After that it turns to the
practice of systems biology by focusing especially on its dependence on ICT, and
the epistemic impact this has on the structure and content of the data on which sys-
tems research relies. It then addresses the question of whether systems biology is
an approach or a discipline and offers a new and refreshing answer to this lasting
controversy. This is followed by a critical reflection on science policy pertinent to
systems biology and how it is perceived by researchers active in the field. The final
section takes up the initial question of this book of how the cultural and societal
contexts as well as the demands and rules of scientific practice influence and shape
this new development in the life sciences. It wraps up our findings and draws some
conclusions with regard to the further development of systems biology.

The chapters reporting on the contents and results of our work are supplemented
with a glossary that explains relevant terms and key concepts, mainly from the
social sciences, from linguistics, and from philosophy of science, which have been
used in the book.
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Chapter 2

Basic Concepts of Systems Biology

as Seen Through Systems Biologists’ Eyes:
Metaphorical Imagination and Epistemic
Presuppositions

Martin Doring, Regine Kollek, Anne Briininghaus, and Imme Petersen

Abstract After the successful structural analysis of the human and other organisms’
genomes the last decade witnessed a fundamental shift in the area of research in
molecular biology: the move into Omics. It produced a plethora of data that require
methodological and conceptual approaches to systematize, integrate, and interpret
data which go beyond a linear understanding of biological processes and systems.
The promise of the rapidly developing field of systems biology is to extend—if not
overcome—the methodological and theoretical limits set by previous research
undertaken in molecular biology. Taking this contemporary development seriously,
this chapter investigates the framing of basic epistemic concepts (life, system,
reductionism, holism, and model) by scientists working in systems biology. Based
on a corpus of written evidence and interviews conducted with system biologists in
Germany, we analyze the metaphorical frameworks underlying their conceptuali-
zation to tackle implicit meanings and the practical relevance ascribed to them.
It becomes apparent that (to some extent) different professional backgrounds bear
an impact on the framing of different concepts and heterogeneous interpretation
prevails. The results underline the need for theoretical clarification of basic
epistemic concepts in systems biology and the implementation of a science philoso-
phy curriculum as a basic ingredient of university education. Both aspects are
important to avoid methodological and theoretical fallacies that restrict the innova-
tive potential of systems biology.
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