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ABSTRACT.

The focus of this thesis is on the international features of the case of
recombinant DNA. A transnational model of decision-making is applied to
the development and implementation of safeguards which followed the
authoritative public announcement by eleven leading microbiologists that
certain new experimental techniques involved conjectured hazards. The
case is taken, in an historical context, as an example of a new technology
displaying 'low probability, high consequence' risks emphasising the
international uncertainty involved.

A multilevelled systems approach is adopted to link organisational
decision-making analysis to concepts of transnational political relation-
ships (developed from K. Deutsch, R. Keohane and J. Nye, J. Burton, H.
Simon, R. Cyert and J. March, W. Evans, and G.T. Allison). The study
stresses the importance of operational safeqguards developed in the United
States and the United Kingdom, illustrating their roles as models, often
borrowed and modified elsewhere. 1In all, some thirty-two states and
eleven international organisations are covered, emphasising communications
linkages and sources of information.

Uncertainty concerning potential hazards led to a transnational incre-
mental approach to the process of decision-making as it affected the
development and operationalisation of control options designed to reduce
risk. Satisfactory rather than optimal strategies resulted. It was
apparent that the limitations faced in 'rational' assessments assisted

the growth of political debate in an overall climate of empirical
uncertainty. Scientists proved to be well organised internationally,

and on the whole retained a dominant input into the transnational decision-
making, despite the general level of political controversy. The case
stands as an object lesson in the problems associated with internationally
assessing uncertain hazards (and benefits) despite the presently accepted
perception that risks are somewhat less than originally conceived.
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INTRODUCTION

"It is only by means of the sciences of life that the quality of
life can be radically changed. The sciences of matter can be
applied in such a way that they will destroy life or make the
living of it impossibly complex and uncomfortable; but unless used
as instruments by the biologists and psychologists, they can do
nothing to modify the natural forms and expressions of life itself.
The release of atomic energy marks a great revolution in human
history, but not (unless we blow ourselves to bits and so put an
end to history) the final and most searching revolution." 1

Aldous Huxley made this observation in 1946 in a foreword to his book,

Brave New World, first published in 1932. Of interest is his inference

of a future biological revolution capable of radically altering the
quality of life, not least through its modification. Huxley brought
attention to hypothetical social, political and philosophical con-
sequences of such a revolution. In recent years some have described

the developments known as recombinant DNA techniques or genetic manipu-
lation in terms akin to Huxley's forewarnings.2 Hailed as something of
a scientific revolution, the techniques of recombinant DNA.heralded a
very marked advancement in the ability of man to manipulate DNA, the
controlling substance of all life.3 Whatever the long-term future

holds for extrapolative developments of genetic manipulation, there will
undoubtedly be philosophical, ethical, social and political questions to
be addressed. Many claims relating to the interference with life
through recombinant DNA techniques are perhaps premature, although one
characteristic links them all. Such claims were primarily a consequence
of the uncertainty that surrounded the earliest developments of in vitro
techniques to manipulate DNA in the laboratory. In addition, the very
scientists involved themselves expressed fears as a consequence of
conjectured physical risks associated with the work.4 The focus of

this thesis is less towards the wider philosophical and ethical issues,

than towards the political issues surrounding the initial development




and control of recombinant DNA techniques. In particular the emphasis
is on international aspects of decision-making and the operationalisation

of safeqguard options consequent to the origin of concern,

Technological developments have long been considered a component of
processes of social and political change, influencing a wide variety of
literature in the field of International Relations.5 Whether addressed
from the realist state-centric mode of analysis or from perspectives
disaggregating the state, technological issues have been of note. Power
theorists at the inter-state level have seen technology as' a component
of the resources of state power, especially when linked to military
capability. On the other hand, functionalists have seen technological
issues as a component of the growing complexity of global activity,
which engenders transnational co-operation. Most of the literature
assumes the inevitability of technological change and the general
advancement of science, and focuses on the means by which this occurs
and the direction that research and development follows. For the vast
majority of individual cases, the application of technology is not
generally considered controversial. Focus has tended to be towards
general processes of development, or indeed transfer, of technology.6

It is only when considering what can be termed 'big' technology or
science7 that there has been considerable and narrower interest from
the international viewpoint, most notably with regard to studies of
nuclear energy (both weapons development and energy production) and
international governmental co-operation in areas such as aerospace.
Such considerations are representative of the way technology has been
addressed within the field of International Relations. It is the
purpose of this thes$is to examine in detail a particular set of issues
arising out of a‘development in microbiology, which are a reflection of

a technology fulfilling certain narrow conditions outlined below. That



technological development is of importance in international relations
is undeniable; it is however the form of its importance that is open to

interpretation.

Not least is the question of whether or not technological change can be
seen as an independent variable influencing political change. Emphasis
has often been towards an examination of the consequences for political
structures of technological or economic changes. Thus the impact of
nuclear weapons and the spread of multinational corporations with their
technological links may suggest political consequences. In a wider
context industrialisation or modernization have been linked to trans-
formations of political structure.9 Alternatively, focus might be on
the political factors in existence prior to the emergence of innovations,
emphasising political motivations and configurations contributing to the
emergence, definition and direction of new technology. Such a dis-
tinction has been made by H.R. Nau, among others,lo but with his
observation that most analysts would not too rigidly take models of

such singular causality. It is argued here that technology cannot be
seen as an independent variable, but rather it is one variable amongst
many which collectively can be viewed as interdependent. Political
processes affect technological progress and vice versa. A more telling
point is perhaps to suggest that many individuals in scientific and
technological fields like to view their activity as on the whole separate
from politics, while many outside these fields, often from an explicitly
critical stance, view technology and science as inextricably political.
Science policy and the consequences of technological change are both
increasingly subject to academic analysis, including political studies.
Specific projects and general processes have each come under scrutiny.

A substantial literature has thus developed, if not directly within the

International Relations field.



Aside from studies of 'big' technology, often emphasising risks in their
application, notably in the nuclear energy field, there has been a
tendency in general terms for authors to examine the relationship
between society and technology, often with regard to problems of control
of technology.11 Much of this work tends to be analyses of the inter-
relationships between technology in the widest sense, politics, and
society, often supported by case studies. For example, contributors to
a book edited by Johnstonand Gummett examined nuclear technology, blind
landing systems, the motor industry, pesticides and, of particular
interest here, recombinant DNA.12 However, most work of this type
appears to be confined to general conceptions of 'society' utilising
domestic studies, whatever the country. Largely ignored from the point
of view of such authors are the explicitly international political
elements. An aim of this study is to take some of the concerns evident
in these normative considerations of technology and examine explicitly
the international dimension with regard to a specific case study,

recombinant DNA.

A definition of technology is a necessary starting point, although most
works referring to technological issues tend to avoid this task. It
could be argued that technology is a term with many meanings, which have
: 13
been summarised under three general types: technology as a body of
organised knowledge; as the products of organised knowledge; and as the
activity of applying organised knowledge. As a body of organised know-
ledge, it can be distinguished from other forms of knowledge on the
. . . . ; i 14 <

basis of it having an industrial utility. Under the second heading
there is a linkage with extending human capability through developing
and applying tools or techniques, products or processes, equipment or
methods. It is suggested here that the third definition enhances the

conception of technology as a process rather than a static notion, thus



highlighting the links with social and political change. However, it is
important to note that technology is indivisible from science, a point
cogently illustrated by Steven and Hilary Rose in their now famous book,

15 L .
Science and Society. Traditionally, they suggest science and technology

were taken respectively to refer to "the way in which the observable
world works", and techniques or inventions which "add to our control over
the world around us" while not enhancing understanding of the laws of
nature. Such a distinction they suggest cannot be long maintained in

that they are interacting terms, on the basis that:

"... discovery precedes invention, and invention in turn presages
discovery - at least in our contemporary society. And because of
the elision between science and technology, between scientific
methodology and scientific culture, which together form the
totality of science, it often becomes difficult to talk about any
specific meaning for the word 'science'." 16

Further, it can be suggested that the distinctions between pure and
applied research, which are often made, must not be over emphasised.
'Pure' research in nuclear physics led to the atomic bomb, while
‘applied' research in the quest for new alloys has directly influenced
solid-state physics. Recombinant DNA, not least, displays an interesting
mix of both elements. Interest in applied research, unusually, in this
instance emerged very early in the development of laboratory techniques
and experiments. Indeed, industrial concerns quickly mobilised their
own 'pure' research efforts directed towards eventual 'applied' ends.
Finance was channelled from the industrial sector to university academic
research, establishing many new alliances.l7 Such was the growth of
interest in the new techniques, first established in 1973, that by 1979
the term 'biotechnology' became familiar, referring to an applied
combination for industrial purposes between recombinant DNA and more

traditional biologically based methods such as enzyme technology and

fermenting.



In sum, the interest here is with certain issues surrounding both the
initial laboratory breakthroughs commonly referred to as recombinant
DNA techniques and the subsequent interest shown in their potential
industrial applicetions. As defined above, these developments are
sufficient to label recombinant DNA techniques as a technology. In
terms of International Relations, technology in general has always been
of some interest. To many social scientists a common assumption, shared
here, has been that although technological advance is intrinsically
desirable, it should not be uncontrolled. However, such is the com-
plexity of linkages between the technical and socio-political sides in
causal terms, that control itself is a difficult issue. This problem
is difficult enough from a national perspective, but as the case here
will show, there are further problems when taken to the international,
or more accurately, transnational, levels. However, the categorical
parameters of the nature of recombinant DNA as a technology do need
some further elaboration, in order to locate its specific relevance to

International Relations.

As an example of technology, the techniques of recombinant DNA are quite
different from post—war 'big' science which involved massive bureaucratic
and governmental involvement in order to manipulate very high energies,
typical of nuclear energy development and, more recently, space research.
More appropriately, recombinant A reseqrch could be taken as an example
of a new sort of science, which J.TRavetz terms 'high-intensity' science.
He sees it as a natural successor to 'big' science characterised by the
essential attribute that it is impossible to isolate the small research
laboratory from entanglements "on three general fronts", notably industry,
the environment and politics.19 It is the lack of explicit inter-
nationally oriented study of phenomena under this category which in part

prompts the analysis here. It is important to be clear from the very



start that the case of recombinant DNA is seen as quite different in
structural terms from that of nuclear energy, although many have
associated the two technologies. This is important in that as far as
conjectured low probability risks were perceived to exist in the develop-
ment of methods of manipulating and joining DNA from diverse sources,
there is a logic in looking for similarities with nuclear energy. These
similarities may be relevant to a degree, but the difference between
'big' and 'high-intensity' science necessitates differing conceptions of
types of social control, and indeed .levels of analysis. Harold Green

has argued that both technologies displayed characteristics of low

probability, high consequence disaster as a result of the activities of

scientists and technologists. Many others have made similar links.20
Such similarities at this level are valid as long as the differing
elements associated with 'high-intensity' science are allowed for in
analysis of the precise nature of the control and politicisation of the
technologies. Operationalisation of procedures for decision-making and
implementation of options are for example quite different in the two
types of technology despite the superficial similarity in risk per-

ception.

From an International Relations point of view, the levels of analysis
applicable to these types of science are quite different. 'Bid science
issues are better considered from the point of view of the state, while
it is argued here that this is not the most appropriate level for a
'high-intensity' science. Although such state-centricity can in general
be challenged, in this case study it is more applicable to deem it
irrelevant.22 The appropriate level of analysis is considered in more
depth in Chapter One, below, at this stage it being sufficient to note
that issues of 'high-intensity' science involve many actors within the

state, and, as it will be shown here, across state boundaries. The




recombinant DNA debate, however, deserves academic analysis from the
point of view of International Relations as it represents a case with
the following features: potential disaster, if not catastrophe, was
conjectured as possible, if unlikely even to the infinitesimal extreme;
effects of such events Would have international consequences; control
and safeguards required international response; the nature of the
politics with such conceptions of risk displayed transnational charac-
teristics; the potential benefits would accrue internationally and would
develop within an international economy; and the case, if justified,
supports certain academic approaches within International Relations.
Another issue of note was that from an early date the possibilities of
utilising the techniques for biological warfare purposes were considered

by scientists involved.

The case 1is taken, therefore, as one example of low probability, high
consequence risk, superficially similar to the dangers of radiation
release from nuclear plant, but related to activity at levels quite
different from such earlier science. A full description of the origins
of concern is presented in Chapter Four, it being of note here that in
examining responses to conjectured risks, the risks themselves were
authoritatively announced by involved scientists. This study rests on
an analysis of the transnational responses to these fears prior to sub-

sequent information which lessened that perceived risk.

Thus there is an important historical context to the case of recombinant
DNA which calls for a differentiation between the perceptions of actors
at the start of the case (the early 1970s) and at the time of writing.
Uncertainty which underlay the conjectured fears reduced over time. Yet
it is precisely the political nature of the original consequences of

early uncertainty that is at the heart of this thesis. It does not matter



what is thought today, in the sense that it was the early actions under
beliefs or rather fears of the time that, in particula:, deserve atten-
tion. There was in addition a political process’ involved in the change

in perception and this in its own right is of interest. Current

relevance derives from the consequences for future technological
developments displaying characteristics tentatively the same on discovery,
which over time do not lead to a perceived diminishing of risk. Uncer-

tainty is, therefore, a key factor in this study.

The sub-category of technology within which recombinant DNA techniques
are historically placed has two main characteristics. Firstly, there is
the potential for considerable benefits in terms of increases in the
efficiency of undertaking tasks, or introducing new products, seen as

; . . . 23 .
desirable in a liberal economic sense. Secondly, there is the hypo-
thetical possibility of catastrophic disaster, but at very low levels
of subjective probability. However, at higher levels of subjective
probability there may be the possibility of less harmful effects that
may also manifest themselves through the application of the technology

. 24 . . ‘

by society. Nuclear energy, the chemical industry, and more recently
the microbiological advances in recombinant DNA, all, to varying degrees,

fit, or were perceived to fit, these characteristics.

Recombinant DNA techniques are very new, dating from 1973, and have not
been discussed in the International Relations literature like the other
two examples. Indeed, within social science in general, there has been
relatively little coverage outside the areas of the philosophy, history,

: ' 25
and sociology of science. The very newness of the technology and some

unique characteristics make it of special interest. Unlike nuclear
energy and the chemical industry, there was less chance of developing

precisely calculated technical solutions to problems of risk because,



among other reasons, the techniques under discussion involve living
organisms which have fundamental properties of replication. Further,
the calls for caution came prior to accumulation of empirical evidence,
on the basis of conceptual assessment of risk. The focus is, therefore,
towards the characteristics of early response under uncertainty, in
contemporary times. Control measures within the nuclear and chemical

. , ) 26 ;

industries are well established, and levels of uncertainty today are

more amenable to estimation, unlike recombinant DNA.

Such was the impact of the new methods of manipulating DNA that they
have often been hailed as a major turning point of great magnitude
catapulting forward the 'state of the art' unlike any other development
since the microchip. Two of the leading individuals central to the

events which unfolded have in retrospect observed:

"But with the new recombinant DNA tricks the genetic engineering

of microorganisms, and later of higher plants and animals, would
help to shape the world of the future. Without doubt molecular
geneticists now had the power to alter life on a scale never before
thought possible by serious scientists." 27

Undeniable benefits seemed apparent since the very beginning, not least
in enhancing knowledge itself. But. the way that associated, if con-
jectured, risks were to attain publicity was simultaneous to the con-
ceptions of benefits. Eleven of the leading knowledgeable scientists
published an open letter calling for a worldwide halt in the work until
more was known. The means of revelation of their concern was both
dramatic and authoritative. The very act of seeking worldwide publicity,
plus the extensive worldwide response, over the conjectured hazards made
the case of interest to International Relations. Such revelation,
however, does not imply that similar future perceived risks in other

technological or scientific field would have equal attention focused

10




upon them.

The nature of revelation and its profound impact could be taken as a
vardstick by which other technologies might in future be compared. If
there are faults in the 'control' procedures developed after such an
authoritative announcement of concern, then how adequate would the
development of responses be in similar cases if little or no attention

was publicly sought? In sum, recombinant DNA techniques and their
potential impact deserve study, and in Chapter One the relationship with
approaches to the study of International Relations will be more thoroughly
developed. It has been stated that the characteristics of low probability
high consequence disaster could be attributed to the early conjectures
surrounding recombinant DNA techniques. It is important in this intro-
duction to clarify this fundamental conception, which greatly influenced
the politicisation of the issues, setting the extreme of potential risk

considered.

1. LOW PROBABILITY, HIGH CONSEQUENCE DISASTER.

Throughout the period of international activity directed towards allowing
recombinant DNA work to proceed under appropriate controls or safeguards,
emphasis was on attempting to attribute categories of risk to different
types of experiments. In the extreme, catastrophes could be envisaged

by some scientists and were feared by many others involved. It is
critical to note that all such perceptions of risk allowed for the use

of facilities for containment. After a widély.reported international
conference held in 1975 to address issues of risk and containment, the

summary statement of the conference noted:

"The new techniques, which permit combination of genetic information

11



from very different organisms, place us in an area of biology with
many unknowns. Even in the present, more limited conduct of this
research in this field, the evaluation of potential biohazards has
proved to be extremely difficult. It is this ignorance that has
compelled us to conclude that it would be wise to exercise con-
siderable caution in performing this research... Furthermore, it was
agreed that there are certain experiments in which the potential
risks are of such a serious nature that they ought not to be done
with presently available containment facilities." 28

Risk assessment is a theme returned to throughout this thesis. As
emphasised in the above statement, uncertainty was a key factor which
required caution and the use of containment facilities in carrying out
the work. Recombinant DNA techniques engendered a perceived need for
caution, guidelines and the use of means of containment before any risk
was ever realised. The failure of the prevention of any subsequent
disaster given this prior caution would have represented the failure of

safequards and control.

Most studies of disaster both within and outside the field of Inter-
national Relations have been concerned with the consequences of

. 29 . . S g
disaster. It is important to distinguish between totally unforeseen
‘acts of God' and cases where risk is recognised and can be influenced
by precautionary practices. These precautions may apply at many social
levels from the workshop, to the community, to the state, to the inter-
national. This differentiation between unforeseen and conjectured risk
enables focus to shift towards the prevention of disaster. Yet almost
without exception, according to B. Turner, studies of disaster in a
social context have examined the impact of disaster and the problems of

: 30 . ;

rescue relief and recovery. Turner's work is of note in that he
attempts to fill the gap by focusing on the preconditions of disaster
where disaster is defined as:

... an event, concentrated in time and space, which threatens a

12




society or a relatively self-sufficient subdivision of a society

with major unwanted consequences as a result of the collapse of
precautions which had hitherto been culturally accepted as adequate."
31

Thus a disaster in this sense is the failure of precautions previously
thought adequate and where casualties or damage to property might
actually be minimised through chance factors. 1In these terms a train
derailment or an aircraft near miss could be conceived of as a disaster,
even if there were no casualties involved. The same safeguards to a
degree would have failed if there had been deaths on the train or the
aircraft collided. It could, however, be argued that some disasters
might occur where it was not known that precautions were necessary, but
had it been known it might have been-prevented or minimised. This
situation has much more in common with 'acts of God', except that in
subsequent periods precautions might be introduced. The case of recombi-
nant DNA fits readily into a conception of an activity requiring
culturally acceptable precautions, certain failures of which would in

the above terms represent disaster. Derived from this, two further
points are of note. In the first instance it is necessary to acknowledge
that the level of disaster can be gauged in terms of either the numbers
killed, maimed, or property destroyed, or in terms of the degree of
failure of the safeguards and the resulting cultural readjustment. In
the second instance, this puts emphasis on the need to examine the

development and operationalisation of control options.

This thesis therefore examines the development of socially and politically
accepted controls and precautions where a potential for catastrophe (or
disaster explicitly involving great environmental damage, including many
killed or incapacitated) was considered. However, even in the early days

of expressed scientific concern, the likelihood of extreme consequences
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was perceived at subjectively very low probability levels. Nevertheless
uncertainty introduced the further complexity that this low level of
probability, and higher probabilities for lesser conjectured risks, were
all beyond rational calculation or estimation. Thus the question of
socially or politically acceptable controls became less related to
rational assessment, and more linked to issues such as legitimate
participation in decision-making. It will be émphasied that these were

transnational issues with international consequences.

It is an important aspect of the recombinant DNA case that both the
risks involved and the benefits involved were of a highly conjectured
nature based on theoretical considerations. In particular, the uncer-
tainty enabled striking differences of opinion to emerge amongst the
scientists involved, which provided fuel for a wider political debate
over the assessment of risks, benefits and safeguards. Following
Turner's view of the nature of disaster, attention is drawn to the
international processes involved in the establishment and operation of
controls in this rare case where uncertain risk was conjectured in
advance of significant utilisation of research methods. Turner's work
emphasised the incubation periods of actual disasters where culturally
accepted controls fail. Emphasis here is on a case where some controls
or safeqguards were internationally seen as necessary, but where cultural
formulation of those controls was transnationally politicised. Not least,

e . . G 32
a disaster involving casualties has not yet occurred.

2. OUTLINE OF THE THESIS.

For clarity, the content of this study is divided into four sections.
Section A, comprising two chapters, continues in substantial detail the

conceptual introduction to the thesis as a whole. Chapter One considers
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the most suited location of a case of this type in relation to the
established literature in the field of International Relations. In
particular, approaches which disaggregate the state and emphasise the
roles of non-state actors are deemed most relevant. Broadly speaking,

the examination of the operationalisation of control options for recombi-
nant DNA techniques is facilitated by the application of systems concepts
to decision-making and organisational activity in a transnational sense.
Chapter Two presents the chosen framework in more depth, in order to
develop a strategy for penetration of the issues relevant to the interests
of International Relations. In effect, these two chapters provide the
analytical base for the whole thesis and for convenience the first section
is completed with a summary of the most important assumptions, hypotheses,

research methods and sources, used in operationalising the study.

Of crucial importance to any overall assessment of recombinant DNA tech-
niques is an understanding of the science involved and the precise origins
of concern over risks as typified above. Section B elaborates on both of
these, with Chapter Three summarising the methods of achieving in vitro
recombinant DNA molecules, and Chapter Four tracing the emergence of
concern over these methods, emphasising the internationally authoritative
actions of a key group of scientists. The way in which sensible caution
became internationalised is important in understanding the subsequent

institutionalised decision-making.

Control options were developed in many states, although the early actions
of two in particular influenced procedures adopted in others. Both the
United States and the United Kingdom were quick to respond to the inter-
national scientific community's misgivings about risk. Within Section C
Chapters Five and Six examine the institutional responses in each of these

two states. However, responses occurred in a further thirty or so other
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states, from the level of an initial examination of the issues to fully
implementing safeqguard policies. 1In addition, a number of international
organisations held central roles in the international dissemination and
interpretation of information and in attempts at guideline harmonisation.
Chapter Seven, therefore, examines the remaining states and the inter-

national organisations involved.

Finally, Chapter Eight, which can be seen as the fourth section of the
thesis, provides an analysis of the issues raised in the empirical
narrative describing the origins of concern and the international
responses. The estimation of risks and benefits under uncertainty is
argued to be a politicised activity, especially when they are set against
each other in risk-benefit assessment. Control options are then examined
before formally identifying the transnational system within which the
recombinant DNA debate proceeded. In general, Chapter Eight attempts to
return to the conceptual insights developed in Section A and includes a

return to the general hypotheses underlying the thesis.

As the research activity was carried out over some years, there was an
inevitable historical dimension to much of the study by the time of final
writing up. Nevertheless, the thesis, from the very beginning, focused
on what can be described as the early institutional responses when
uncertainty was greatest. In this context, the bulk of the analysis
refers to events of the 1970s, accepting that in the 1980s perceptions

of risk and operational procedures have in many instances changed.
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LOCATING THE ISSUE IN INTERNATIONAL RELATIONS.

In discussing the relationship between the case study of genetic
manipulation and International Relations, a number of important con-
siderations must be embraced, in order to clarify the perspective
adopted here. It is necessary to examine the approaches to International
Relations with a view to identifying areas of conceptualisation which
might provide valuable insights of assistance to this study. However,
this exercise requires a brief summary of the general methodological
issues involved in relating any empirical case study to theoretical
literature. Thus, the first consideration of. this chapter will be the
problems relating to methoddlogy. Following that, the case will need to
be located within the field of International Relations, as the study
does not readily fit into the dominant analytical approaches. Broad
categories of approach can then be considered in relation to possible
positive contributions to the penetration of the international issues

surrounding recombinant DNA.

1. METHODOLOGY.

There is no clear consensus on the correct relationship between bodies
of theoretical literature in social science and empirical evidence. A
central two-way problem is involved: a question exists as to whether

a theoretical framework justifies the choice, and therefore relevance,
of the case study, or whether the case study, intuitively suggested as
relevant to the field of International Relations, partially determines
the type of theoretical approach. Further, International Relations in
particular has had a chequered history of competing approaéhes, partly
a manifestation of its eclectic nature. Thus, the question of appro-

priate approach and methodological relationship with the case in hand
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is of importance.

Issues of scope of inquiry and relationships of International Relations
o . L .
theory to empirical evidence are well documented. In a wider context
they relate to issues of epistemology and philosophy of social science,
not least including differences between induction and deduction, and
. . : . 2 ! 3

their interrelationship. Following both Reynolds and Waltz, the
argument adopted here is that practical research should involve elements
of both. Pure induction is in effect impossible in that if particular
facts are selected as part of a quest for a theoretical explanation,
then some criterion, whether explicit or implicit, determines relevancy.
Deduction can also be seen to have limits, as that which is deduced "is
already present in either theoretical major premises or in empirical

. . . . . . 4
minor premises dealing with matters previously observed". It seems,
therefore, that some element of theoretical formulation aids the process
of induction, but induction aids the development of theory. Waltz,
acknowledging the limits of either on its own, suggests that they are

both necessary in the construction of theory, but that they need to be

used 'creatively'.

Reality is observed through conceptual filters and cannot be separated
from the models and paradigms we use to codify and order our perceptions.
In addition, we can only ever hope to understand a part of that reality,
thus selecting on the basis of the perceived importance of its components.
However, it can be suggested that utility provides some measure of the
success of the selection. This point can be developed more formally by
considering the main functions of bodies of theory, which can be taken

to be description, explanation and prediction. These can be achieved at
different levels of rigour and objectivity, and in different degrees in

relation to each other. The problem becomes one of establishing the
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appropriate strategy involved in gaining knowledge that has utility.

All three functions of theory are desirable, although rarely achieved
together in any comprehensive fashion. They are further qualified by

the meaning of theory that is taken. In surveying the meanings often
attributed to theory, Rapoport has suggested four distinct classifications:
the rigorous and specialist meaning of theory as used in the natural
sciences; for the socdial sciences there is the more modest meaning
covering activity that "aims only at subjective understanding" involving
an "intuitive organisation of perception"; also within social science
there is the possibility of marshalling factual material in such a way
that a reader viewing the evidence through the metaphors, concepts and
definitions involved will experience 'understanding'; and lastly, theory
can be used in the normative sense of what 'ought' to be.S The aim

here is to achieve subjective understanding, but in a rigorous fashion,
at least in part borrowing from the methods of natural science. Although
in terms of the associated functions of theory, depths of description,

explanation and prediction must be more modest than in the natural

sciences.

Rigorous method aimed at subjective understanding is a desirable legacy
of the so-called behavioural revolution of the 1960s which challenged
the traditionalists' dependence on wisdom and intuition applied to the

1 1 = y 3 S 6 s ,

substance' of international relations. The behaviouralists, however,
applying scientific procedures, took mathematical methods of logic and
empirical analysis to extremes born of the computer revolution. Arguably,
the field today has benefitted from that debate in identifying the limits

to each methodology.

From an initial survey of the recombinant DNA case, and with some




reference to nuclear energy, a series of hypotheses was developed which

it is proposed to test using a conceptual framework to assist in
operationalising the case. If induction and deduction are to be seen
as interrelated, in something of a chicken and egg fashion, then the

starting point of this study requires some Jjustification and clarification.

Firstly, this thesis is not primarily an exercise in the development of
new theory, but rather an elucidation of a case study, argued to be of
interest to the field. For this purpose there is a role for theory,

and varying perspectives, in order to develop a strategy by which to
penetrate the complex issues inherent in the case under study, insofar as
they relate to the wider field of International Relations. It therefore
seems appropriate to begin with an analysis of possible conceptual
frameworks derived from the field, and to make a choice of relevant
contributions. This again is obviously influenced by the initial
inductive review of the case and its potential interest within Inter-

national Relations.

Secondly, the style of presentation will be partially determined by the
nature of the original source material, which, although abundant, is

: ; 4 .
largely of a subjective documentary form. Thus, although some analytical
rigour is applied in selecting operational concepts and applying hypo-
theses, this is for the purpose of marshalling the documentary evidence

rather than as part of a process of theory formulation in the grand sense.

2. APPROACHES TO INTERNATIONAL RELATIONS AND RECOMBINANT DNA.

Preliminary examination of the case study indicated a number of factors
that would have to be allowed for in considering the potential application

of analytical approaches within the field of International Relations.
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The literature available is both diverse and eclectic, with differences

in terms of basic assumptions, the relevant focus of study and methodology.

Any approaches examining the international elements of the issues

surrounding recombinant DNA need to be suitably flexible so as to allow

for the following features:

1. The inclusion of actors at many levels of analysis including
transnational and sub-state actors.

ii) The analysis of decisions in such organisations, under uncertainty
and in interaction with each other.

i1i) Analysis of the implementation of decisions and the incorporation
of consequences in future decisions.

iv) The perceptions, values and norms of the different actors, whether
individuals, groups or institutions.

V) An indication of the wider processes, of which the case study is

perhaps a singular example.

In examining the operationalisation of control options it was necessary
to identify the relevant actors, and in this instance it was quite
apparent that many types of actor were involved, from government
representatives to individuals, both within and outside science. Some
actors were, however, organisations, or were at least organised groups
which became important decision-makers in both the establishment and
implementation of guidelines. In addition they reflected certain values,
which were often contradictory. Although the case in question was in
many ways novel, it would be sensible to consider wider processes which
it reflects, for example institutional decision-making procedures in
general, and difficulties associated with risk-benefit asséssment. A
series of approaches is presented below, with a view to the identification

of useful insights for these expressed purposes.
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The aim here is to focus upon relevant categories of approach, which in
Chapter Two will be developed as operational concepts for the analysis

of the case study. This, however, involves dismissing some traditional
perspectives within the field of International Relations as not relevant.
Thus the following will be considered:

a) The 'traditional' approach will be considered briefly because of its

pervasiveness, but will be dismissed quickly as irrelevant to this
particular study.

b) Systems theory will be considered because of the attempt it makes to

transcend compartments of knowledge, both outside and within the field
of International Relations. It will, however, be necessary to
distinguish between some quite different applications of systems

concepts to international behaviour.

0

Decision-making analysis, partly derived from systems theory, is

discussed, in that it breaks down states as actors, and also because
of its relevance in terms of analysing the behaviour of organisations
in general, a number of which were involved in this case. A further
reason, however, explicitly concerns its utility in discussion and
criticism of the concept of rationality, a central consideration in
this study. For this reason game theory, as a component of decision-
making analysis, is also of note.

d) Transnationalism and approaches referring to interdependence, much in

vogue in the 1970s, will be discussed because of theéir break with
confining actors to states and their utility in providing a framework
which incorporates a wider range of interactions between many units

of analysis. It will be argued that a useful overlap, for the purpose
of this thesis, exists between such approaches and certain frameworks
of analysis based on systems terminology.

e) Within International Relations, international organisation theory

covers a variety of different perspectives, of which functionalism,

24




and concepts relating to the process of organisation, might provide
useful insights to assist in the penetration of the international
aspects of the recombinant DNA issue area. In particular, processes
of organisation at the international level can be focused on a range

of actors and types of international institutions.

This list is not exhaustive, and to an extent the categories are arbitrary
although at least commonly acknowledged. However, they provide a guide

to the exercise of examining the relevance of existing approaches and
their associated concepts to the issues in hand. The reciprocal of this
is the location of the recombinant DNA case within existing interest

areas in the field ag a whole. It is the argument here that issues such
as those discussed in this thesis should be of note in International
Relations, and by implication can be taken to support certain approaches

to the study of international phenomena, rather than others.

a) The Traditional Approach to International Relations.

Despite the eclectic nature of International Relatiéns and lack of
consensus on delimiting the field, there does exist a recognisably
traditional approach. As a starting point it needs some acknowledgement.
However, it is not the intention to enter, atvthis stage, the wider

debate of the fundamental relevance of this approach to the field.
Although it is widely questioned, it is dismissed here as an inappropriate
approach for this study. The line of argument adopted is that different
approaches have different utilities related to different issues under

consideration. This is in keeping with a number of respected authors.

The main reason for dismissing the approach in this instance is its
emphasis on states as relatively cohesive and dominant actors. In effect

X
there are two assumptions involved. States are unitary actors, which can
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therefore be attributed with some characteristics of purposiveness and

choice, similar to those of individuals, and states are the most

. 9
important, if not the only important, actors to consider. Although

there are variations between the proponents of the traditional approach,

it can be suggested that their interpretation of international relations

derives essentially from this double assumption. Their focus is on the
: . . ’ 10 :

anarchic nature of the international state system, drawing upon past

writings in political philosophy, often emphasising the darker side of

. o Lk
man's behaviour, for example the work of Hobbes and Machiavelli.

As a consequence, authors have concerned themselves with questions of

security or 'high' politics of the state, and the applications of military

force and state power in general. To the traditionalist, states are the
most important form of political organisation and their aims can be
identified in terms of 'national interest'. No authority is seen as
superior to that of the state, and the system is thus characterised as
anarchic. Within this framework, patterns of interaction between states
have been examined, often centred on the relative power of states, or on
norms of behaviour between states, sometimes likened to the behaviour of
L . S 12 ’ .
individuals in societies. It is further of note that in the methodo-
logical debate between traditionalists and those advocating scientific
methods, often utilised in quantitative fashion, the assumptions of the
: 13 .
latter were not much different. Operational methods rather than
perspectives on the nature of the international system were really at
issue. Quantitative analysts were in fact testing many of the state-
centric assumptions of the traditionalists, thus reinforcing their

pervasiveness.

Such concentration on the state, with the restrictive assumption of its

unity in international affairs, belies sufficient exposition of the many
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other actors and associated issues. Economic, social and political issues
involving non-state actors are considered as mere background or environ-
mental factors for inter-state activity.14 It is clear that the recombi-
nant DNA issue area involved a variety of non-state actors such as inter-
national non-governmental organisations (INGOs), domestic pressure groups,
government departments, industrial concerns, and so on. Nor could states
be conceived of as unitary actors for this issue area. It is argued here,
in keeping with other approaches, that a wider interpretation of inter-
national relations is desirable, involving many types of actors, issues,
and processes of interaction. As far as a single case study can, the
recombinant DNA issue at least lends support to the critics of the narrow-
ness of the traditional focus. The case is important, but the traditional

approach cannot give useful insights.

b) Systems Theory.

A second major approach in International Relations can now be examined.
Of considerable influence in the field has been the notion of systems
theory. However, from the outset it must be made clear that there are
essentially two categories of systems theory to be distinguished. The
first can be described broadly as systemic systems theory, which takes
units of interaction to be states. The second category operates at
levels of analysis other than the inter-state system perspective,
associated with disaggregation and penetration of the state's boundaries.
In keeping with the above discussion of the traditional emphasis on
state centricity and states as unitary actors, the first category will be
dismissed largely, although it is by far the most extensive in terms of
contributors.15 In many ways the forerunners of systemic approaches

are traditionalists such as Hans J. Morgenthau who, like the systems
theorists, took an holistic view of the interactions of states. They

share, therefore, a conception of analysis necessitating an understanding
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of the dynamics of the international system of states at a macro level.
Yet systems theorists offer a qualitative difference in terms of the form
of their analysis, which is shared by both categories of approach, and

which is of utility in this study.

The form of analysis makes the systems approach amenable to studies in
all disciplines, as systems theorists would have it. Indeed, early
theorists were attempting to apply General Systems Theory (GST) and hoped
to break down the traditional compartmentalisation of the overall search
for knowledge. GST was based on the notion of a series of abstract
systems to which all knowledge could in principle be reduced. Concepts
such as isomorphism, homeostasis and entropy were deemed to apply
generally in the quest for knowledge, in both natural and social science%
Systems theory could therefore be applied to different areas of knowledge
through identifying the relevant system in relétion to the units in
interaction. Thus the main difference in the two categories of the
approach within International Relations was the identification of the
units in interaction. As with the traditional approach, systems analysis
taking the states as the units in interaction is rejected for this study,

but as Little suggests:

"There is, however, another strain to the systems approach in Inter-
national Relations which has, at the very least, attempted to
broaden the horizons of International Relations, some would say to a
point where any idea of a boundary to the discipline has been lost
altogether." 18

Further consideration will be given to the form of systems analysis,

but in terms of approaches taking units of analysis more appropriate to
this case study. Indeed this thesis as a whole will draw heavily on the
frameworks suggested by systems theory, but also recognising important

and sometimes similar contributions from the remaining approaches dis-
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cussed below. The main theme is dissatisfaction with state-centric
orientations in understanding many types of issue deemed to be relevant
in the modern world. By implication, focus will be on approaches which
suggest that conceptions of rigidly impermeable boundaries between

states are at odds with the real world.

Penetration of boundaries can be attributed to many factors such as the
capabilities of nuclear weapons, economic interdependence, communication
of ideas, transnational political and social affiliations, and more, all
of which have received attention from systems analysts. It could be
argued that truly holistic viewpoints must acknowledge such penetration
and the associated processes and issues. Domestic and international
politics therefore become linked and a much wider set of issues can be
focused upon.19 Economic management, welfare, resource development and
management, terrorism, multinational corporations, dependency and demands
for a new international economic order are all issues which have gained
prominence in the various approaches which eschew state-centricism. It
1s argued here that technology in general is a relevant issue and that
recombinant DNA in particular displays characteristics more appropriately

2
analysed by such perspectives.

The upshot of these observations is that it is possible to suggest a
move towards a different level of analysis, or collection of levels, from
the inter-state. If the essence of a system is taken to mean a set of
elements, components or units which interact in some way that forms a

21 . : s .
whole, then state-centricity can be avoided by emphasising different
units. John Burton has suggested that the individual should be the

central unit. As he neatly puts it:

"A system exists when there are relationships or transactions
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between units of the same set. There is a system of states, and
then there are also transactions between businessmen, traders,
research workers, television stations, drug peddlers, students and
others... It is the total of these which we need to see as a
behavioural map of the world." 22

Collectively, Burton is interested in what he terms 'world society'
rather than any one system, or indeed any one issue. Human values and
human needs are taken to be of central concern, with individuals or
units playing 'roles' within different systems. There is no doubt that
elements of Burton's insights are relevant to this study and the whole
area of taking units of analysis other than states will be considered
in greater detail. Systems concepts such as the above are therefore
noted, but they will be linked to another important usage of systems
terminology that has occurred in examining decision-making processes.
It has already been indicated that in addition to a variety of actors
the study is concerned with decision processes within these actors and

between them.

c) Decision-Making Analysis.

Decision-making analysis has long been associated with systems terminology,
and like the systems approach in general has roots in the behavioural

' : ' . 3 . 2 3

revolution' in International Relations. Whereas most systems
theorists (excepting Burton and some others) were to take the state
system as their focus of attention, the decision-making analysts tended
to examine the decision systems within states, but still seeing the state
as the primary actor. They were in effect challenging the assumption
that states are unitary actors, rather than the assumption that states

) 24 T

are the dominant actors. Although such a restriction cannot apply to
this case study, this is not sufficient reason to dismiss decision-making

analysis completely.
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The systems approach to the analysis of decision-making is not restricted
to International Relations and its traditionally dominant actor, the
state. It is an approach that applies to the study in general of how
organisations achieve purposive outputs. Chris Hili and Margot Light
emphasised this point in surveying the literature on foreign policy
analysis. They argued that foreign policy analysis is essentially the
study of decision-making in foreign policy, aﬁd "cannot therefore be the
child of International Relations alone". Attention was then drawn to
"pure decision theory" seen as the "intrinsic logic of choice making",
whatever the situation. . Thus in terms of analysing decision-making
within and between organised groups concerned in one way or another with
the recombinant DNA issue area, not only must there be a break with the
usual use of decision-making analysis in the field, but‘alSo something

of a return to basic sources actually adapted for the purposes of foreign
policy analysis. Two aspects are of particular importance for this
study: firstly, the limitations of rational choice-making need considera-
tion; and secondly, systems concepts_as used in organisational theory in
general need assessment in terms of operationalising the case. 1In
Chapter Two organisational theory wi;l be developed further within the
framework identified for the study. Systems concepts will in particular
be used to elucidate both organisational behaviour and interorganisational
relations, which are central themes in examining the development and

operationalisation of control options for recombinant DNA research.

Decision-making as seen from the systems literature tends to be of the
. : 26 .. '

input-output variety, utilising concepts along the lines of those
following: an 'input' is the injection into the decision-system of
information or a resource; information is stored and recalled through a
‘memory'; a 'decision' is some action vis-a-vis the environment taken

after an analysis of available information and capabilities; an 'output'
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is the systems action; a 'goal' is whatever result is sought by the
output; 'feedback' is new information about the results of the action,
which becomes a component of further 'inputs' starting the cycle again.
This describes in general terms the decision-system, but it leaves
unexplained the key section concerning the actual analysis of available
information and capabilities. In particular, this provides reason to

consider the concept of 'rationality', an area of some difficulty.

Much of the decision-making literature is a response to dissatisfaction
with approaches which emphasise the rational nature of units under
examination. Not all studies of decision;making are systems orientated,
for example other perspectives include game theory, social psychology,
simulation and documentary analysis, but most are behavioural and most
need to come to terms with questions of rationality as it relates to
human activity. The problem concerns both the assumptions made about

how individuals or groups (including organisations) actually make
decisions, and how the analyst examines decision processes. These are
obviously related, but nevertheless each reflect particular dimensions to
the overall problem. Perhaps the two-sided element can be summarised best
by making the point that when decision processes are analysed it is easy
to argue that if rationality is assumed, then analysis of procedures used
becomes more straightforward. Further emphasis arises from the more
subtle rider that even if real life decision examples do not reflect
'rational' activity, then they ought to. The normative side is often
used, however, with an inadequate appraisal of what rational decision-
making implies in operational terms. Indeed, it will be argued in this
case study that conceptions of rationality were a vital component of the
assessment of the risk involved in using recombinant DNA techniques. 1In
particular, it will be argued that part of the politicised debate centred

on whether or not more rational assessments should or could provide a
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base for decisions concerning the development and application of appro-
priate controls. Many scientists called for 'rationality' and 'rational
assessment' on the grounds that this was the 'scientific' way to proceed.
Part of the reason for this was apprehension about unsubstantiated fears
of risk, general politicisation of the issues, and even threatened
legislation. The difficulties lay in that truly rational decision-
making in any meaningful way is extremely difficult in some choice
situations, and that imperfections in part of the procedures used can
undermine the whole effort. Thus, because of the importance of the
concept to decision-making analysis in general, and the stated desir-
ability for rationality to apply within the context of this case study,

28
it must be addressed further here.

Graham Allison in his seminal work applying three decision-making 'models'

to the Cuban missile crisis, defined rationality as follows:

"Rationality refers to consistent, value maximising choice within
specified constraints." 29

Drawing heavily on conceptions of 'rational man' which underlie study
areas such as economics and game theory, Allison provides a very useful
summary of the characteristics of rational choice in terms of four sets
of concepts. Firstly, there are 'goals and objectives', or utility in
economists' terms, which prior to taking the decision can be seen in the
form of a "payoff function which ranks all possible sets of consequences
in terms of ... values and objectives". Secondly, 'alternatives' exist

of which a choice is made, and can be presented as a decision tree where

alternative courses of action may include more than a single act, although

a course must at least be sufficiently different from other courses.

Thirdly, 'consequences' are important and vary according to the decision
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made, and "variations are generated at this point by making different
assumptions about the accuracy of the consequences that follow from the
choice of each alternative". Fourthly, 'rational choice' consists
simply of selecting that alternative whose consequences rank highest in

the decision-maker's payoff function.

Such concepts apply readily to microeconomic theory, where the realms of
choice are carefully limited by narrowly defining them in terms of an

, N . . . 31 .
economic definition of the choice situation. Complex and rigorous
models of choice can be developed, but, as Allison observes, at the price
of too heroic assumptions. Fundamental to such optimal choice models is
the idea of comprehensive, or even perfect, information about the choice
maker's preferences, the range of possible alternatives (fixed in

. . s 32
analytical terms) and all the consequences of the choice options. Such

information can be in absolute or probability terms.

In defending such positions, analysts have acknowledged that comprehensive
rationality might be applicable to certain types of choice situation where
rigour can have an heuristic value indicating complex potential relation-
ships in an ideal world. Economists strongly defend the whole framework
of welfare economics based on these and other assumptions. Alternatively,
the analyst could make an assumption of 'limited rationality' and make
limited subsequent claims concerning analysis of optimal choice. Tradi-
tional decision-making analysis in International Relations could be
categorised more readily thus. Nevertheless, some writers have observed
that there has been a degree of envy about the apparent success of
economics within the field.33 It should be remembered, however, that
economists in general are trying to minimise value judgements by the use
of rational analysis. In effect, some important political elements are

either excluded from their model or 'internalised' by attributing nominal
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values to them. For example, in welfare economics if one person is made
better off, this is assumed to be an overall welfare improvement, no
matter who the individual is or what his previous level of welfare was
relative to others. Distribution issues of this sort are inadequately
covered, because in effect they involve wider social and political
questions considered to be outside the realm of economics. Sometimes
externalities related to social costs and benefits might be 'internalised'
in cost-benefit analysis by allocating economic values. Lives saved in
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building new roads might therefore be given nominal monetary values.

Models based on rational assessment are seductive because large numbers
of empirical facts can be interpreted by the application of a few simple
assumptions about the goals that decision-makers are trying to achieve.
Lacking precise information of the actual diary of events and considera-
tions of decision participants, the analyst, by assuming goals and
rational action, can infer retrospectively the alternatives considered
and attempt to explain rationally the course chosen. A rational choice
by a group of many individuals, or a single individual, would be precisely
the same given that they have the same goals. Personification of
organisations or states i1s therefore acceptable if decision-making is
seen as comprehensively rational, or as near that as practicable. As
Allison has demonstrated, however, models which introduce interpersonal
differences in values and perceptions, or consider organisational
processes of operation can provide different interpretations of decision-

o
making in real cases.

Regarding the recombinant DNA case study, it is the contention here that
decisions were not taken in rational terms as outlined above. Yet many,
scientists in particular, argued that such procedures should be adopted.

The problem is that rational decision-making involves either some
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certainty of information or reliable probability estimates, and clear
goals shared by all participants. These were not the case. Problems
of legitimacy also arise if goals differ, or if those with different
goals are excluded from decision processes. Finally, perception and
o o C - . . 36 .
cognition affect individual decision-makers in different ways, making

organisational personification of some limitation.

However, even if rational:choice analysis was deemed most appropriate,
there are further difficulties, perhaps best shown by the theory of games.
Designed to examine rational choice and strategy in a variety of contexts,
game theory is particularly useful in examining situations where decision
consequences are partially determined by the actions of at least one
other decision—maker.37 As a 'generator of ideas'38 game theory provides
a set of mathematical models to suggest the optimal rational choices

from the point of view of each player. Logical deductions are made from
the assumptions underlying each game in order to illuminate consequences.
Games like 'the prisoners' dilemma' and ‘chicken', both well known, serve

to illustrate how individual choices seen as rational need not necessarily

lead to the most desirable outcomes when the outcomes are also contingent

on the actions of others, and when decisions are taken in isolation.
Often overall outcomes are of the sort where the 'best of the worst'
alternatives results. Rationality should not be overemphasised as

leading to the best consequences in decision-making, at léast in the

sense defined above.

Schelling exemplified some further game theory insights related to 'tacit
e , 39 . ) . ) .
bargaining'. If game theory tends to examine situations where parti-
cipants do not directly communicate, it can be shown that in certain
circumstances tacit communication based on background knowledge or

threshold situations might arise. For example, individuals told, in the
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absence of communication, that they could share $100 if they agreed on
the split, tended to choose (36 out of 40) $50 each. Many similar, and
sometimes less obvious, examples emerged. Alternatively, in the East-
West political division, a common perception of a threshold between
conventional and nuclear weapons 1s prominent as a gualitative phenomenon,
while differences in the latter are perceived as of degree. In the
recompinant DNA debate, tacit bargaining was likely between scientists
with similar backgrounds and values who made isolated choices within and
across states. An obvious example was that almost all scientists felt
that the work should continue. A threshold was perhaps also noted in the
difference between legislated controls and voluntary controls,40 the

former being seen as the final straw for many.

With many actors 1involved, to different degrees, in the many interrelated
examples of decision-making, such observations as these about rationality
indicate that it has limits in explaining the actual outcomes in the
recombinant DNA case. Activities in different states and in different
international organisations were linked, but these decision-systems

could not be expected to agree on a single set of rational decisions.
Compounded by the very uncertainty surrounding the case, value differences
and differences in decision procedures led to a lack of harmony in inter-
national choices. Conflicts of values between various actors were re-
flected in different goals, making rational choices and consequences also

appear different.

Rationality may be a problematic concept, but it is not completely
irrelevant to the consideration of decision-making in the present case
study. It has been said that much of the literature on decision-making
has been in response to the limitations of the concept and its implied

over simplification of actual decision processes. If its limits are




recognised, it still provides a useful component when the wider elements
of decision-systems are addressed. Taking systems analysis of processes
of decision-making, it is possible to examine choic¢e making in relation
to limitations or incompleteness of inputs, uncertainty of choice alter-
natives, uncertainty regarding consequences, and less than optimal out-

puts.

Allison characterised a body of literature applied to foreign policy
decision-making in terms of what he called the 'ofganisational process'
model.41 It is in effect an acknowledged summary of literature from
other fields, and notably organisational theories of the firm developed
by economists. Although many authors have produced critiques of Allison's
work,42 they centre, as far as this second model is concerned, on the
relevance of using behavioural models of economic firms when examining
foreign policy making. It is argued that this is less of a problem for
this study as interest is not with the aggregate output of government
bureaucracies as extensive and varied as those concerned with foreign
policy. Rather, the concern is with many individual organisations, and
a number 1n interaction, where their decisions can be seen in terms not
dissimilar to firms. Further, organisatipnal theories of firms were a
response to the perceived limits of rationality. With the clear limits
of rationality in conditions of uncertainty, as in this case study, but
with organised activity well evident, consideration can be given to
organisational theory. Not least, systems concepts appear. to apply

and these are, as argued, useful in transcending academic fields. 1In
effect, from an International Relations viewpoint, this thesis attempts
to go back to the type of sources Allison used, but to apply them to
different types of issues from those of foreign policy analysis, where

decision-making has had its greatest impact in this field.
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Central to this approach therefore is the identification of the relevant
decision-systems, which necessiﬁates establishing the appropriate units,
or actors, which comprise the system. In general, systems concepts can
be applied at many levels enabling systems to be disaggregated further
into sub-systems. At one level, for example, a system may involve a
number of actors in interaction, while at another level any individual
actor itself might be seen as a sub-system. Comparing such ideas to
more traditional International Relations conceptions of the state, John

Burton noted:

"... the state 1s a complex of sub-systems of which many are parts
of transnational systems, operating freely across national boundaries, |
sometimes despite state authorities." 43 |

Overlapping systems thus exist, some of which themselves can be seen as
units in other larger ones. For this study, organisations and groups
attributed with purposeful behaviour ‘are the units of a number of trans-
national or national decision-systems, while each itself can also be seen
in organisational systems terms. Of most interest here is the way actors
have interacted in regularised fashions to develop constraints on the

use of recombinant DNA techniques. Systems concepts are therefore
applied in terms of examining decisions at these levels rather than
examining activity within every individual organisation. The point is
that in the recombinant DNA case we are dealing with a wide variety of
types of organisation that would normally pursue differing goals,

often spread across state boundaries, and which have found their goals,

or underlying values, in various degrees of conflict.

not least because they became formalised as guidelines which had to be

administered, with both the decisions themselves and their operationali-
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sation involving some complexity. Certain central features of organi-
sational theory will be discussed in depth in the next chapter, including
for example communications, systems interactions and boundaries, the
nature of complex decision problems and organisational learning and
feedback. In addition to this, some consideration will be given to

cases where the output of one decision-system or organiéation might
provide an important input into another, in terms of interorganisational

relations.

It seems, therefore, that systems terminology in general enables the
necessary range of actors, and communications patterns between them, to
be addressed. Specifically, systems concepts can be used to examine
decisions made by organisations and, as developed in the next chapter,
between organisations. Given the limits of rational assessment that

were possible by actors addressing the issues surrounding recombinant
DNA, it will be necessary to develop insights into decision-making in
conditions of extreme uncertainty as outlined in the introduction to this
thesis. There is, however, a literature based on incremental decisions

aiming for satisfactory rather than optimal outcomes which readily fits

into the strategy outlined here to examine the case.

Thus far, little has been said of the political dimension to the decision-
making evident in the recombinant DNA debate. Allison produced a third
model linked to a degree with the organisational process model. His

third model examined the political risks and relationships between the
individuals, as heads of key organisations, privy to central decision-
making within the state (in an example of criSis).46 Again returning to
the original tradition of thought Allison used to develop his third

model, it will be necessary to consider the overtly political aspects of

decision-making which are not the concern of the approaches derived from the
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economics theory of choice, discussed above. Decision-making, it has
already been said, involves goals, which might differ between actors in
reflection of different perceptions and values. From this it is logical
to extend the analysis of decision-making to include questions of who
participates, and the corollary, who is excluded. Borrowing from
political science traditions, participation, conflict of values and
legitimacy are central to the framework outlined in Chapter Two. The
case study is a political study and decision-making within it has to be
examined both in terms of decision structures and decision content. So
far, emphasis has been on systems of decision-making without considering
content. Operationalising these systems concepts will involve identifying
participants and their respective political stances. However, some
clarification of types of actors can be made based on the following

International Relations perspective.

d) Transnational Relations.

Not a new term, 'transnational relations' nevertheless became fashionable
as a focus of study after the publication of a volume edited by Robert

. . 47 ) .
Keohane and Joseph Nye in 1971. Such a focus can supplement the dis-
aggregated systems approach being developed here by facilitating the
classification of actors that comprise the systems which are identified.
Transnational relations are defined as:

... the movement cof tangible or intangible items across state
boundaries when at least one actor is not an agent of a government
or an lntergovernmental organisation.'" 48

Transnationalism as a phenomenon can be traced back through the influences
of colonialism, the growth of commerce, trade, science and technology, .
migration, peace movements, skill transfer, multinational corporations

. 49 . . . ; ;
and the like. Increased international communications, assisted by
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technological progress, have greatly facilitated the transfer of ideas
and commodities, between all levels of the societies that comprise
states. It is the widening of the range of actors that makes trans-
national relations of interest, and it reflects again the limitations of
state-centric approaches. It enables the inclusion of issues associated
with many levels of analysis, including the inter-state level. Keohane
and Nye provided a simple diagram to indicate the differences in terms
of actors and interaction patterns between inter-state politics and

. . 50
transnational relations:
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In general terms a number of observations associated with analysis in

this vein are of note. 1In particular, the concept of interdependence

deserves some attention. As the states of the world have modernized,
the structure of the international system can be seen to have changed.

Oran Young defined interdependence as:

"... the extent to which events occurring in any given part or
within any given unit of a world system affect (either physically
or perceptually) events taking place in each of the other parts or
component units of the system." 51

Often considered in terms of economic activity being interdependent, this
concept has been used as an alternative to the supposed independence of
the sovereign state. By widening the range of issues to be considered

as important, emphasis can be taken away from the dominance of the state
or government in high politics. Issues traditionally seen as 'low' are
only understandable by examining many actors and rejecting state indepen-
dence. However, interdependence involves many political factors, in
terms of its consequences, and it cannot be taken as intrinsically
desirable. It 1s a structural phenomenon and its desirablity depends

on circumstance and whether or not the associated links between actors

are stabilising or destabilising.

Technology has long been seen as internationally interdependent, from
research and development to the marketing of resultant commodities.
Multinational corporations and international non-governmental organisations
as transnational actors are in effect part of the mechanisms of inter-
dependence, along with trade and financial structures. It is inter-
dependence in this context that is of interest here. For example, the
failure of safequards regarding recombinant DNA in one state could have

transnational repercussions, in terms of readjustment of procedures, and
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perhaps even direct environmental effects, depending on the type of

failure.

Further, interdependence and transnationalism suggest the limits of
governmental autonomy. Modernization has put constraints on the limits
of government choice affecting both domestic and foreign policies. 1In
the North-South context, in economic and technological terms, it is fair

c
to talk of relationships of asymmetric interdependence or dependence.
The transnational issues involved in the recombinant DNA issue area were
not the central concern of governments in any traditional foreign policy
context. Parameters of choice were largely set in terms of interdependence
but they affected a wide range of actors, including government agencies.

Indeed, a supplement to the concept of transnationalism of note is the

concept of transgovernmentalism.

R. Harrison Wagner provided a review of both Allison's work above and
that of Keohane and Nye on transnationalism. Arguing that the former
challenged the idea of the state as a unitary, monolithic actor and the
latter largely challenged the state-centric assumption, he suggested the
interesting possibility of simultaneously challenging both.54 Influenced
by Allison and those writing about bureaucratic politics in the context
of foreign policy decision-making, Keohane and Nye have referred to
transgovernmental relations or relationships of bureaucratic bargaining
across national boundaries. Although emphasis was on bargaining and
political conflict, the term can also be taken to refer to any communi-
cations and interactions where the bureaucracy or governmental organi-
sation acts with relative independence. It is argqued in this thesis,

and developed in the next chapter, that communications patterns, or
actual linkages, are important as well as communications céntent. Trans-

national interactions, for example sharing information, between like-
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minded organisations might influence wider political outcomes. The
concept of transgovernmentalism explicitly challenges the concept of a
monolithic government and when combined with the generic concept of
transnationalism, the two foundation concepts of the traditional approach

.5
are challenged.

In terms of the recombinant DNA issue area, if it is clear that govern-
ments were not representatives of monolithic entities, it is not clear
how the governmental role should be identified. Government departments

in many states were actively involved in developing policy, but so too
were other actors, both within and across state boundaries. Included
were a number of guasi-autonomous non-governmental organisations (QUANGOs)
many with important transnational links through representation on
specialist international organisations. To an extent, therefore, hard
and fast distinctions between transnational and transgovernmental relation-
ships are not possible. Direct communication. between government depart-
ments within and between states is of obvious importance, but so too are
indirect links where a government department might ask a 'quango' to
represent its view at international levels. An example involving these
varying levels of communication can be seen in the case of a proposed

EEC directive on guideline harmonisation discussed in this thesis.
Technical and policy issues were involved and a variety of»organisations
at different levels of government department influence provided input

and channelled information. Of importance, therefore, in challenging

the joint assumptions underlying the traditional approach in this fashion
is that:

... it becomes possible for individuals and groups to participate
directly in the decision-making processes of more than one state,
rather than simply to bargain with them or otherwise influence the
consequences of governmental actions. Moreover, other sorts of
transnational influences on national decision-making, such as
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information flows and socialization processes, become subjects for

investigation as well." 56

It is apparent that the recombinant DNA case study involves some con-
sideration of decision-making and operationalisation of options 1in
transnational terms.57 This involves examining decision and communication
processes as they affect a number of transnational actors, including
international and domestic groups. It is argued that decsion-making
analysis and systems concepts can assist in this task. However, they are
not enough. There is a need to examine the overtly political aspects of
decision-making in such contexts, and for this reason reference will be
made to some traditional political science deliberations on the conflict

of values and participation.

Keohane and Nye, introducing their above edited volume, drew attention
to some further observations. Transnational relations, they noted,

would affect attitude changes due to face-to-face contact between

societies, and could in turn influence the opinions and perceptions of
elites. It 1is necessary to examine here the transnational attitudes

within the relevant field of science. International pluralism, they

suggest, might arise from the linking of interest groups in transnational
structures, usually involving organisations fo£ co—ordination.58 In
effect this would represent an internationalisation of domestic politics.
Pluralism, as it relates to perspectives on decision-making, is given
treatment in Chapter Two, but with explicit recognition of the important
transnational elements associated with the case of recombinant DNA, and
the general phenomenon of transnational relations. Decisions in the case
arose from a politicised process involving in part the roles of inter-
national organisations and the development of internationally linked

political strategies on the part of some actors. Associated with these
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above effects 1s the emergence of non-governmental international actors,

with their own independent policies. Such organisations are not new and
have long been featured in some International Relations literature,
but arguably can be seen to be on the increase in reflection of the

general increase 1in transnational contact.

All in all, the framework of transnational relations outlined above, and
including transgovernmentalism, helps to classify the type of actors
involved in the case of recombinant DNA, and the type of interactions.
The approach gives further support for developing analysis of issues not
readily covered by traditional conceptions.61 Concern here cenéres on
inter-state, transgovernmental and transnational actors, with patterns
of interaction linking the three types. The precise nature of those
interactions will be analysed, drawing on other insights outlined above,
with the next chapter outlining the formal fraﬁework. Some precedence,
however, exists for applying transnational relations in the context of

basic science. D. Crane has observed:

"In the area of basic science governments and IGOs have been
steadily expanding their control over important decisions. In turn,
however, scientists as transnational actors have been attempting to
increase their influence on these actors by developing new types of
non-governmental organisations and associations and by strengthening
their informal communities or invisible colleges through exchanges
and increased mobility of personnel." 62

In consequence, within the 'transnational social system of science', she
identifies three types of 'actors' and four types of organisations. The
actors are scientists, administrators and politicians, and the organi-
sations are informal communications networks, non-governmental organi-
sations, international governmental organisations and national governments.
Such categories are relevant to this study, but it should be noted that

Crane's interests were more modest than here. She was interested in
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scientists and science organisations attempting to further their
interests in the context of furthering science in general, and in
competition from time to’time with the political goals of states. As
they stand these factors are of interest here, but are additionally
complicated when constraints on furthering the science incorporate
assessments of associated risk, perceptions of which differ between the
various groups involved. The case is therefore more explicitly politi-
cised and in transnational terms. Finally, any investigation involving
the roles of international organisations needs to take note of that area
of academic research utilising theories of international organisation.
However, for the reasons outlined above, particular focus will centre on

their inclusion of transnational organisations.

e) International Organisation Theory. |

Within the field of International Relations, and indeed prior to its w
- . . e o \

xistence, processes of international organisation can be seen as an |

_ . 63 . . . 3 :

important focus of analysis. Theorists of international organisation

have, however, noted a distinction between the general process itself

and individual institutions. Both factors are relevant here, and a

conceptual linking clarifying the distinction has been usefully provided

by A.J.R. Groom. Patterned interaction between actors, he suggests, is

likely to give rise to forms of organisation, and these can act as an

indicator of a system of 'transactions'. The organisatiocnal form can

also be more than this, and can be seen as a nodal point or decision-

making forum within the system. Studies of decision-making and analysis

of the systems involved can be seen as crucial, with institutional studies

comprising a part of this. Groom clarifies the distinction thus:

"While organisation refers to the fact that there is a system, that
behaviour is not random and that it has an element of repetition
which creates additional systemic inputs, institutions refer to the
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structures within, by and through which the systemic functions are
performed." 64

In the case study here, it is necessary to consider the systems of
decision-making, their identification and the mode of interactions
involved. Further, in terms of interactions between actors in the
systems, and within organisations themselves as sub-systems, the contents
of messages, signals and transactions are important. Thus the framework
applied to the case will examine the transnational network linking
important actors at different systems levels, but will also consider

the general content of exchanges. Yet all this must be undertaken with
an awareness of the nature of wider processes involved, as suggested by
approaches to international organisation in the field. A number of such
approaches comprise the study of international organisation, differing
for example in their emphasis on state-centricity and the processes of

: : . 65
integration involved.

International organisation theory or integration theory tends to fall

into four main categories, which have had influence on both academics and
political 1eaders.66 The oldest and best known is federalism, which
suggests a vision of a supranational state possessing sufficient political
power and authority to satisfy member states' needs for internal security,
defence and the like. This approach draws on schools of thought which
consider institutional designs for pacifying the relationships between
states on the one hand, and the actual practice of federal government

on the other. However, explanations as to how such institutions could
come about rely very much on the political elements of power and bar-

gaining between leadership elites.

At an inter-state level, pluralism or confederalism can be identified as
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the second approach, again with a considerable tradition. No supra-
national authority would govern from this viewpoint, but rather high
levels of amity would suggest that war could be seen as inconceivable
amongst member states of the 'community'. However, as with federalist
perspectives, the pluralist sees the explanation of any such integration
lying with the attitudes and behaviour of the elites. Thus patterns of
communication and the predispositions of political elites in a system of

soverelgn states are the central focus.

Whatever their merits, these two categories of theory have little
relevance to the transnational character of the present case study.
Recombinant DNA as an issue was never likély to encourage political
elites to propose integrative moves. At best it could be suggested that
had a federal structure of confederal community existed, then it might
have facilitated international harmonisation of responses. Both
approaches are too state-centric in describing the process of integration

and need not be considered further.

A third approach, functionalism, has been summarised by Pentland thus:

"The whole point of functionalism, it is argued, is in the flexible
creation and adaptation of institutions to social and economic
needs as these arise, change and die out." 67

Of note in this approach is that desirable future end points are not
specified in the way of federalist-based writings. A network of organi-
sations develops, each of which meets specific social, economic or tech-
nical requirements. Functionalists such as the 'father' of the approach,
Mitrany, hope that these organisations will lead to a 'working peace

, 68 . . S e . .
system'. From this perspective it is important that integration may

be initiated at the intergovernmental level or the transnational levels.
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Indeed, as Groom suggests, "the functionalist argument starts from the
basic notion that form should follow function".69 Thus, functional
needs lead to, although this is not always the case, a variety of
institutions and could perhaps lead to final situations compatible with
those of federalists and pluralists. Overall, the approach is largely
inexplicit, and is not scientific in any testable way, nor does it claim
to be. It is, however, prescriptive, suggesting a means by which a
variety of actors might gain access to political processes related to
their concerns. In particular it suggests the transcending of state
boundaries as often a more effective way of providing for functional

needs.

0Of question here is the compatibility with this study. There are no
reasons to dismiss the characteristics of the recombinant DNA case and
the ‘'innovations' involved in terms of relevance to functionalist thought.
On the other hand, a single case study is not sufficient to provide
support for the approach. All that can be said is that functionalism is
consistent in many ways with that already considered, and with the trans-
national framework developed in Chapter Two. It could be suggested in
normative prescriptive terms that transnational interactions, manifest

in cases like the recombinant DNA issue, are desirable. Insofar as it
represents a technical problem requiring organisational choices to
implement actions for the common good (the development of safeguards)
then functional benefit accrues from transnational co-operation and
communications. However, as Groom has noted, even functional organi-
sations might display power-ridden and non-participatory characteristics.,
Uncertainty in the issues requiring choice, with risk attached, it is
suggested here, will make purely technical co-operation difficult as a
consequence of the very limits of achieving any technical or rational

solution. Participation, not least, becomes a politicised issue. A
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further question relating to functional imperatives requires consideration
of the extent of institutional innovation involved, whether new organi-
sations are created or whether existing ones are adapted. Central to
functionalist conceptions, and shared here, is the importance of learning
processes. New institutions (or operational systems) might reflect
learning processes with future consequences for recombinant DNA and

other techniques.

Functionalists importantly utilise the concept of 'spillover', whereby
transnational groups organising themselves across state boundaries in
order to influence policy decisions may lead to group pressures spilling
over into the federal sphere. In particular, economic, welfare and
technical co-operation and integration might influence the process of
political integration. If recombinant DNA research, development,
financing and control display transnational characteristics, then at
best, in terms of functionalism, the case study could be used alongside
other studies to illustrate the processes in general terms. In 1its own
right it could not provide sufficient evidence to support the 'spillover'

concept.

The final main category of international organisation theory combines

elements of functionalism and the federalist approaches. Neofunctionalists

have assumed as an end product a form of supranationalism, based on
studies of the EEC, reflecting collective decision-making among a group
of states having in turn developed from functionalist style integration.
'Spillover' is seen as essential, leading to an integrated economy across
i . 70
states governed by a single authority. Important supplements to the
process, however, suggest 'spillover' as only one possibility dependent
on other factors such as the issue at hand, the degree of elite consensus

and supranational authority. As far as this study is concerned, it is
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not likely to contribute to debate in this area as it is too far removed
from the regional conception underlying neofunctionalism. Granted the
European Community had a role in the issue, but it was not central, nor
was the issue of great importance relative to the other work of the

=
Community./

It could be expected that theories of international organisation might
benefit from organisational theory in general. Decision-making approaches
in International Relations, it has been argued, owe much to the studies

of organisation in general, and that in a sense the study here, manifestly
transnational, returns to the more general conception of organisation, in
conjunction with a disaggregated systems approach. However, there has
been limited work in the field on the possibility of applying organi-
sational theory to international organisations. Gordenker and Saunders
consider the possibility,72 but emphasising intergovernmental organi-
sations as the focus of study, in keeping with much of the international
organisation 1iterature.73 These limitations are of less concern here,
where emphasis is on a much wider set of transnational organisations.

Of more importance 1is their observation that there is little work
specifically examining interorganisational relations, a pattern of
interaction well within the scope of transnational relations, and this

study.

Taking both of these shortcomings in the literature, Gordenker and
Saunders make some observations of note here. Théy suggest that there
would be difficulty in applying organisational theory to two types of

. . . . ... 14 R
international organisation. Decomposition would be too difficult where
international organisations have a membership comprising other organi-
sations or where 'patchwork' or para-organisations are the case. However,

it is argued here that at least when dealing with primarily non-govern-
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mental organisations, or with specialist governmental organisations or
departments in transnational terms, then systems analysis of organisations
can be applied. If organisations are themselves seen as decision-systems
then these can be conceived of as sub-systems of a larger whole, defined
in turn by the system of their interactions. It would be quite appro-
priate to examine decision-systems where participants are other organi-
sations, although some elements of 'black boxing' might be necessary to
transcend levels of analysis. In addition, the institutional identity

of the organisation can be assessed partially in terms of the degree of
openness of the system, to an extent overcoming conceptual problems of
loosely consolidated organisations. More important here are communications
patterns and content because the key role of many of the organisations

involved, identified by themsedves, was as information co-ordinators. 1In

this context many institutional differences could be overlooked. It is
the function that is of importance, rather than the precise method of
fulfilment, and organisational roles can be analysed at many systems

and sub-systems levels.

In reference to studies of interorganisational relations, Gordenker and
Saunders indicate potential problems arising out of the sociological
conceptions of organisational structure and function that dominate over
more political concepts such as power and authority. The view here is
that to overemphasise either approach would be misleading. Indeed, this
case study raises an interesting point already touched upon. As John
Burton has suggested,75 functionalism is decision-making "within a
specialist area by persons skilled in that area", a very 'technical'
orientation. Of interest here are institutions specifically established
to look at clearly delimited non-controversial 'technical' questions.

Insofar as this goes then sociological or functional perspectives are

very relevant. Over time organisational procedures develop and standardise

54



around the usual functions. A striking feature of the recombinant DNA
issue area was the surprise of scientists and scientific organisations

at the way the issue rapidly left the narrow technical sphere of rational
assessment using applied expertise, and became politicised. Thus the
case study must address transnational institutions established to operate
in relatively non-political issue areas, finding themselves dealing with
a politicised issue. Political insights are therefore equally relevant.
From this, however, an important question arises: to what extent do
technically orientated groups, faced with a politically controversial
issue and uncertain information, try to make the issue 'fit' a technical

assessment? This question is returned to in this study.

The point to note is that while Gordenker and Saunders correctly indicate
the limited application of organisational theory to international organi-
sations and interorganisational relations in International Relations,
their criticisms are limited bybtheir focus on international govern-
mental organisations.F In the transnational framework to be adopted
here, the organisations often act both domestically and internationally,
and distinctions are not perhaps appropriate. It is thus worth pursuing
further the possibilities of using organisational theory in an inter-
organisational context, where organisations are seen as decision-systems.

As Gordenker and Saunders suggest, this is best presented by the work of

W. Evans.

Evans bases his model on systems concepts applying at different levels of
analysis, such as organisational sub-systems, the organisation in its

entirety, and the suprasystem. As he observes:

"The suprasystem level of analysis of an organisation necessitates
at the very least an inquiry into the network of interactions or
linkages of a given organisation with various organisations in its
environment." 79
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In examining the recombinant DNA issue area more will be said of the
model that Evans develops, and in Chapter Two its concepts will be
fleshed out somewhat. The intention, however, will be to complement the

political concepts applied to the same actors.

3. SUMMARY.

In order to locate the recombinant DNA issue in International Relations,
this chapter has attempted to survey the likely approaches to which the
case study might be related. Much of the literature shares the common
features of challenging the state-centric and state as unitary actor
assumptions of traditional viewpoints. As a substantial element of the
debate surrounding recombinant DNA reflected the decisions and decision
processes of institutional groups, it seems important to consider
decision-making approaches as central to this study. However, from the
start actors were identified as interacting in a transnational fashion,
which made the approaches incorporating concepts associated with trans-
national and international organisation of special interest. In order
to link the many levels of decision-making, a systems-based analysis

appears most appropriate.

Such issues as recombinant DNA techniques and their control are clearly
of relevance to particular orientations to the field of International
Relations. It could be argued that since the recombinant DNA debate had
little to do with state power, national interest and security, it is not
of importance to the subject. But it should be said that there is room
for a division of labour within the field. International Relations has
much to benefit from approaches that widen the range of issues and actors
examined. It is also argued that the interdisciplinary nature of such

approaches often provides a different perspective to issues all too often
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examined without explicit acknowledgement of international factors.
International interactions must be seen as important at many levels of
analysis in order to give a more complete picture of our contemporary

world.
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A STRATEGY TO PENETRATE THE ISSUES.

Having established that the main features of the topic of recombinant
DNA are in keeping with a number of respectable approaches in the field
of International Relations, it is now necessary to develop an appropriate

conceptual strategy to penetrate the issues involved.

In outline, this chapter will examine in turn a number of analytical
concepts which can be operationalised within the context of the inter-
actions of units in a system. It is argued that within a transnational
political perspective these concepts are applicable across levels of
analysis and in relation to the different categories of actor and
decision-systems defined in Chapter One. In support of the approach,
the limited work on interorganisational relations is acknowledged. The
following concepts will therefore be taken in turn, encapsulating some
variations of approach in the literature:

Communication

Communications content

Systems interactions and boundaries

Complex decision problems

Uncertainty avoidance

Organisational search

Organisational learning and feedback

Cognition and perception, in and between organisations

Values

Conflict

Participation, decisions and non-decisions.

59




1. COMMUNICATION.

Within the literature on organisational theory, considerable emphasis

has been laid on the roles and patterns of communication. Much of this

is due to the influence of cybernetics analysis in examining organisational
activity. In particular, cybernetics can be applied, according to Karl

Deutsch, to organisations of all kinds because:

“"... the viewpoint of cybernetics suggests that all organisations
are alike in certain fundamental characteristics and that every
organisation is held together by communication." 1

However in this study it is argued that important decision-making
involved interactions between many organisations and therefore communi-
cations may be seen as of interest both within and between decsion-
systems. In addition, Turner, in his work on the causes of disaster,

suggested that:

"It may be concluded ... that the nature of communication patterns
and the barriers to communication which prevail during an incubation
period are likely to be of particular interest to those concerned

to study the origins of disaster." 2

By inference, any study of the development of acceptable safeguards

would also need to address communications, both in terms of the networks
or patterns displayed, and in terms of communication content. In more
political terms the former helps to identify participants, while the
latter gives substance to the conflict of values and perceptions involved.
It has already been stated that this study involves an examination of
both organisational elements of decision-making and political elements,

and support for this approach can be gained from the work of Deutsch.

In his seminal work assessing communications factors in political
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vystems,3 Deutsch draws parallels between technical systems of communi-
cation and political systems. His conceptions are therefore relevant

in examining politicised features of decision-making, derived from the
interactions of diverse organisations, and they are readily applied at
transnational levels. Regarding transmitted information, Deutsch suggests
that two classes of conditions influence effectiveness. Firstly, he
suggests that the system in receipt of communication should have at least
some parts in 'unstable equilibrium' so that receipt of signals might
initiate otherwise disproportionate processes of change, or effects.

This case study will involve an evaluation of the impact of the trans-
national communication of information between various governmental and
non-governmental organisations. But the evaluation will have to relate

to the responsiveness of the different organisations relative to each
other, and including comparison between the rigidity of their standard
operating procedures (see below). Deutsch's second class of conditions
involves the 'selectivity' of the receiver, or the significance that is
attached to incoming information in relation to information already
stored. This involves the question of how specific the information must
be to engender reaction.4 Procedures for determining relevant information
might thus be of importance, and could reflect differences between new

and older decision-systems or organisations, where the older might have
substantially more case experience. Areas of concern for the organisations
involved vary in scope, and those with wider interests would perhaps

respond to a greater range of information.

In sum, the basic features of communication, as seen by cybernetics
analysts, are networks of information flow, the capacity of organisations
to receive and combine new with stored information, the making of
decisions, and the ability to change performance by taking into account

: : : 5 : :
the results of previous goal-seeking actions. Information is the key
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linking concept, which can be created, destroyed, guantified and, when

measured, used to assess the efficiency of a communications channel.
However, in this study anything more than tentative and subjective
estimation of quantities is beyond scope, although it is argued that
this is at least sufficient to identify important channels of communi-
cation. Indeed, the identification of such channels combined with an
assessment of their relative importance was considered a prime function
of this study as a first step in fleshing out an otherwise theoretical

framework of analysis.

Of perhaps more relevance in a single case study is the content of the

communications. It has been suggested. that:
"In communication systems the goal is understanding - getting the
sender and receiver 'tuned' together for a particular message." 7

When information is exchanged or distributed with regard to a politically
contentious issue, then we must look beyond who is sending or receiving,
the quantities of information passed, and consider what they are sending
or receiving. It has been argued that genetic manipulation has been
characterised, in its early years, by lack of information. Full parti-
cipation in the surrounding political debate required not only access to
available information, but also its comprehension or explanation. Any
risk-benefit assessment requires the maximum use of available information,
or legitimate conjecture, and organisational factors, actors' roles and
political standpoints can all influence the filtering of information in
terms of content.8 Boundaries between technical communication linkages

and politicised communication content are, therefore, somewhat blurred.
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2. COMMUNICATIONS CONTENT.

In terms of the content of communication it is useful to distinguish
between the transmission of intangible and tangible items. Intangible
items include: messages carrying information; ideas, which might enhance
viewpoints and approaches to issues between groups; values; credit;
promises; instructions; and the like. On the other hand, tangible items
are those which can be transferred physically, and can include the
carriers of intangible items. Included are: goods in the economic sense;
human beings; films; recorded radio and television programmes (rather
than transmitted). These could carry intangible items, for example in
the relationship of a letter, as an object, and its contents, or computer
hardware in relation to software. Both types of communication are
important, but their distinction in part underlies the difficulty of
quantification.9 For the most part it should be possible to take both
types of communication together, for example as 'transaction flows' where

information and physical items might be interchanged.

Once attention 1s given to exchanges of items between actors, it is
possible to introduce further politically relevant considerations.
Exchange theorists for example have brought attention to associated
concepts such as power, dominance and dependence in relationships.
Deutsch himself, following Talcott Parsons, suggests that transactions
operate through mechanisms of interchange or 'currency'. Examples might
be power, with prestige as a form of credit, or force, which, in relation
to power, could be seen in terms similar to gold in relation to paper
money. Concerning the recombinant DNA case, it is possible to conceive
of information as a currency of exchange. Information could be readily
shared between groups holding common values or goals in a politicised

debate, while denied or not interpreted to organisations or groups with
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opposing outlooks. Marshalling of information to support viewpoints 1is
at the heart of many political interactions, but this is especially so
when the issues of debate have a technical or scientific base, where
knowledge itself becomes a basis of power. Sources of information
(perhaps experimental data) and information interpretation are both
relevant in organisational terms and in political terms. A common ploy
in debates on political issues is to state that the expert knows best
and that opposition fears have no scientific basis. Of interest in the
recombinant DNA debate were the processes of information acquisition,
interpretation and dissemination, following the great uncertainty

when hazards were first conjectured. It is necessary to examine
communications patterns and content in this light. The corollary 1is to
examine barriers to communication, both intentional and as a result of

organisational limitations.

3. SYSTEMS INTERACTIONS AND BOUNDARIES.

A problem with any analysis involving systems terminology is that of

defining systems boundaries. If we take the global state system level
. | . . 11 .

of analysis, the problem is essentially solved. However, analysis

of sub-state decision-making or webs of overlapping transnational

systems and sub-systems, as envisaged by Burton, involve boundary

problems. In general, systems analysts have advocated the idea of

seeking explanations at the level of the 'whole', but as Burton suggests:

... systems and sub-systems are wholes in themselves, acting
within their environments of other systems and sub-systems." 12

From this, and in keeping with organisational theory, it can be suggested

that individual organisations can be seen as decision-systems, which in

some way are related to larger systems comprising their environment.
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Burton has suggested a means of identifying appropriate systems which
can overlap through different levels, by defining each system in relation
to the roles fulfilled by the component units. Systems comprise, there-
fore, units of the same '5et',l3 where sets can be identified by
collective roles. The individuals or groups can be members of different
sets, and hence systems, depending on the role they play in each.
Scientists, for example, are members of the international science
community which could be described in systems terms, but some might be
involved in science policy decisions within governments, and nearly all
could be located in terms of membership of specialist groups reflecting
their field of interest or specialisation. In this sense, systems are
open and receive inputs and produce. outputs in relation to their
surrounding environment, or other systems. For conceptual purposes
there are boundaries, although permeable, and these in some instances
might reflect institutional identities or organisations with regularised

linkages.

If system delineation can be attributed to roles played by members, then
communications between different decision-systems or organisations are
likely to be facilitated by individuals or groups who are members of
more than one system on the basis of playing a number of roles. Indeed,
communications patterns and roles played by members of systems can both
represent operational indicators of system boundaries. However, a
framework of analysis identifying many overlapping webs of systems does
not solve the level of analysis problem conceptually. It suggests that
different levels can be linked, but»other than giving the general advice
of trying to see things from the point of view of an appropriate 'whole',
the approach does not determine which is the 'best' system level for any
set of issues. This study will attempt to identify suitable systems,

assuming that the appropriate levels of analysis are less than the inter-
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state level and are in some way transnational.

Initial categorisation of relevant systems involved the identification
of the patterns of interactions within the United States and the United
Kingdom. Each of these states responded to the early expressions of
concern by establishing investigative committees charged with collating
information and opinions with regard to risk, containment, suitable
guidelines and procedures of implementation. Systems existed in terms
of the interactions which produced final decision outputs in terms of
guidelines and operational procedures. Implementation also reflected
organisational activity assumed to be amenable to systems analysis, on
the basis of the shared characteristics of organisations outlined above.
Regularised interactions were quite apparent within these and other
societies. However, the speed and influence of the results of these

two cases make them of special interest. Transnational characteristics
were much in evidence, in terms of information exchange and recommendations
from outside these states being acknowledged, throuéhout the development
of their procedures. Similarly the outputs of the decision-making
processes were noted, and often directly copied or modified, within
other states. International organisations assisted the channelling of
information and the generation of new data.14 Science 1is usually seen
as international, especially at the research level,15 and in an example
such as recombinant DNA, perceptions of rigid national boundaries would
not apply. Indeed, the transnational dimension became even more apparent
as knowledge of the techniques progressed and guidelines operated, and

pressures eventually developed for guideline relaxation.

For the purposes of this thesis, boundaries to many decision-systems are
recognised, either at national levels or at institutional levels

including both domestic and international organisations. Roles can be
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seen to relate to the remits or constitutions of organisations, the
goals required of them (either internally or externally determined) or
viewpoints they represent, perhaps in political terms. However, as
stressed, uncertainty was also a characteristic, which in part meant
there was a process of the identification and development of roles for
various actors, as the overall issue area transformed with time.
Organisational learning and feedback were of relevance in this, and are

discussed below.

Thus, emphasis on decision-making and operationalising these decisions
necessitates analysis of the roles and actions of organisations. This
also implies the analysis of organisations themselves in interaction. It
is worth, therefore, considering further the notion of interorganisational
relations, particularly as Evans, the main exponent, uses systems

: 16 i . .
terminology. Evans has developed what he terms 'an organisation-set
model', assuming organisations are open systems which interact with their
environments, with at least three levels of analysis involved: organi-
sational sub-systems; the organisation in its entirety; and the supra-
system. The latter is of particular note here, as in the suprasystem
other organisations are part of the environment. For analytical reasons
Evans suggests that reference organisations or classes of organisations
should be seen as 'focal organisations' which interact with a complement
of organisations in their environments or, as he refers to them, the
focal organisation's organisation-set. Inputs and outputs are categorised
by sets. Thus a complement of organisations providing resources to a
focal organisation he terms an 'input organisation-set', and those that
receive goods or services from it can be seen as an 'output organisation-
set'. Feedback (see below) can therefore be included from the output
set to the input set either directly or via the focal organisation.

Organisations in the input and output sets can be seen to vary in size,
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homogeneity, functions and so forth within their set. Finally, Evans
suggests, the formal interaction networks for both input and output sets
can be seen in the following terms: a dyad in which the focal organisation

interacts with one other; a wheel network in which the focal organisation

interacts with more than one organisation, but where there are no mutual
interactions between those in the organisational set; an all-channel
network, in which all the members of the set interact; and a chain
network in which the members are linked in series with the focal organi-
: 14 o . . '
sation. Apart from emphasising one organisation as the analytical
focal point and describing four possible patterns of interaction, the
approach 1s very much as that utilised here and is therefore relevant.

However, Evans produces further insights which might enhance the developing

Sstrategy of penetration of the issues.

'Boundary personnel', Evans argues, should be investigated with regard

to the focal organisation, in terms of numbers, their background and
expertise, their position in the organisational hierarchy and their
normative orientation towards the norms of their own and other organi-
sations. This reinforces the need to consider key individuals at boun-
daries between decision-systems and, as outlined above, who might play
roles in more than one. Assuming actors or groups considered in the case
study display at least minimum characteristics of organisation, then

models such as that produced by Evans, below, are applicable:
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It might, on this basis, be necessary to examine the politics involved

in establishing the boundaries of the organisation-sets. If key organi-
sations are identified in the transnational interactions concerned with
recombinant DNA developments, then taking them as focal organisations,
their impact on other organisations or actors should be assessed. It

may also be that political factors influence the determination of member-
ship of the 1input organisation-set and subsequent inputs into the focal
organisation. Such boundary and communications elements will therefore
be considered and will involve an amount of mapping activity in order

to highlight key organisations and decision-systems at various levels

of analysis.

4. COMPLEX DECISION PROBLEMS.

Organisations and decision-systems are concerned with making choices.
Many decision choices made by organisations are quite routine and not of
great analytical concern, unless they represent decisions perceived to be
routine and later shown as inadequate. Cognitive factors are discussed
further below. On the whole, this thesis is addressed to a rather
different category of choice making, described by Steinbruner as the
‘complex decision problem', and which he characterises as involving the

following features:

"l (a) Two or more values are affected by the decision.
(b) There is a trade-off relationship between the values, such
that a greater return to one can be obtained only at a loss
to the other.

w2 There is uncertainty (i.e. imperfect correspondence between
information and the environment) ...

"3 The power to make the decision is dispersed over a number
of individual actors and/or organizational units." 19

Taking these characteristics in turn, it could be said that the first
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feature applies to any political situation by definition, in that
differing values are at the heart of all politics. The qualification
that a trade-off relationship exists between values is less straight-
forward. In making decisions or choices there is alwaYs the opportunity
cost factor if resources are required to make and implement them. 1In
these terms there is an obvious trade-off. That complex decisions
involve trade-offs in values affected is less clear, especially in such
zero-sum terms as a gain to one is at the cost of a loss to another. 1In
many instances this may be the case, but in others the conflict of values
itself may be as:a result of misperception. The fear that a certain
action might affect an individual's or group's values or goals could
initiate an aggressive response, even if the choice to be made in reality
would not affect them. Access to information, and knowledge of values
held by each group involved, could help reduce such consequences of
misperception. Suspicion and mistrust might promote value conflict,
while wider participation and input into decisions might help reassess
apparent zero-sum choices as positive sum, where all sides could
benefit. Legitimacy is central to this. Decisions are more likely to
be accepted if the process of choice making is seen, by all affected

by it, as logitimate.2o In the case of the choices surrounding
recombinant DNA techniques, it was clear that some influential decision-
makers wished to treat the problem in a way amenable to rational assess-
ment. On the whole, such attempts (despite problems of uncertainty)
framed the problem as one of risks in relation to 'containment' or
safeqguard precautions. Questioning of the benefits of the research

was much less, and seldom set directly against the risks by any one
decision-making group. In general, the questioning of benefits by many
groups was limited. Rather, great benefits were both conjecturéed and
assumed, the only real question being one of time or complexity in their

achievement. This was compounded by many stressing the tenets of academic
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freedom in investigation, to support continuation of research, whatever
the direct benefits. Trade-offs did characterise the case of recombinant
DNA in the above sense. Work could go ahead but with restrictions on the
type of laboratory, others questioned the benefits from the periphery of
decision-making and academic freedom was questioned regarding the appli-
cations of the knowledge.21 Perceptions, however, also changed, although
not necessarily reducing conflicts but often transforming the issues at
their centre. Scientists advocating great caution changed their views,
while others, after voluntary guidelines emerged, called for legislation.
More recently, on the basis of increased knowledge, risks have been shown

to be less than first thought.

It 1is worth repeating that rational assessment does not avoid conflict of
values, but rather it needs a basis to internalise values held by groups
into the assessments. If choices affect differing groups' values, then
rational assessment necessitates a means to compare those values in an
optimising fashion. Even positive sum outcomes are not, however, without
difficulty, as shown in Chapter One. In any case, Steinbruner's second
feature of complex decision problems makes the likelihood of such rigorous

rational choice very low.

Uncertainty was central to the recombinant DNA case, which led to its

very emergence as an issue. Although often formalised in decision studies
by the allocation of probabilities, risk assessment exercises in the case
of recombinant DNA suffered from a lack of the information or knowledge
with which to assign probabilities. Probability assessments also tend to
reflect fairly rigidly structured problems, not characteristic here, with
diverse views held by the many actors. Indeed, much of the decision-
making of interest was centred on the first steps of how best to proceed,

and how best to establish decision-making frameworks to cope with further
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issues as they arose. Thus, uncertainty was of a wider nature than
simple probability conceptions, taking the decision-making outside
rational choice making and into areas of value judgement, differing
priorities, and goals, despite some efforts to the contrary. Much, in
this thesis, will therefore be made of the results of the uncertainty
involved and in particular its consequences 1in terms of questions of

legitimacy in the making of influential decisions.

The third feature of complex decision problems certainly applies in this
case. Choices were not made, in terms of safeguards and their implementa-
tion, by single organisations (although some were obviously of relatively
greater importance). If uncertainty and conflictual values were evident,
then these were reinforced by not just the range of actors which were
directly involved, but also by the number of actors which saw one of the
central values at stake as being the very right to éarticipate in decision
taking and implementation. Section Eleven below will return to the
question of participation in more detail. For the purposes of presenting
an analysis of organisational elements of the-recombinant DNA case from
the transnational level, suffice it to say that the issues reflect complex
choices, conflicting values and a situation fundamentally characterised

by uncertainty.

5. UNCERTAINTY AVOIDANCE.

A characteristic of organisational behaviour in general terms is that
organisations seek to minimise uncertainty. At least two authors, Allison
and Steinbruner, on the basis of surveys of organisational theory,

suggest methods by which organisatiops handle uncertainty. In essence,

both suggest that organisations seek to avoid uncertainty. Allison, for

example, notes that:
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"The first rule is: solve pressing problems rather than developing
long-run strategies. The requirement that events in the distant
future be anticipated is avoided by using decision rules that
emphasise short-run feedback. The second rule is: negotiate with

the environment. The requirement that future reactions of other
parts of the environment be anticipated is avoided by imposing plans,
standard operating procedures, industry traditions and uncertainty-
absorbing contracts." 22

Steinbruner observes that uncertainty control can lead to concentration
on a few incoming variables while eliminating entirely any serious cal-
culation of probable outcomes.23 Prior experience influences the process,
suggesting given 'values' for the types of variable involved. Both
authors indicate the likely use of standard operating procedures, and
these can, in particular, be emphasised in relation to interactions with
other organisations and the environment in general. The net effect of
such procedures is the overall simplification of the decision-making
process, with the least impact on organisational routines. Thus, an
analysis of decision parameters on the part of relevant actors might
provide useful insights into the extent of effort to reduce uncertainty
by avoiding or bypassing it. If it is shown that such procedures were
applied with regard to decisions relating to new conjectured risks and

the allocation of controls, then there could be cause for concern.

6. ORGANISATIONAL SEARCH.

In their influential challenge to traditional economics theory of the

firm founded on assumptions of rationality, Cyert and March refer to

organisations undertaking 'search' activities stimulated by specific
24 : 2

problems. Relatively simple rules can be seen to apply generally,

where problem symptoms are identified and compared with currently

identified alternatives. It has even been suggested that:
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"Organisations may engage in elaborate processes to justify a
decision that has already been made." 25

Alternatives might be identified by organisations themselves, or they
might originate as suggestions from outside. Either way, 1increased
complexity arises from the possibility of individual biases affecting
selection. Such factors can create sources of potential dis-information,
or veils, through which the analyst must attempt to locate the source of
decisions. For example, a charge was made against the US National
Institutes of Health (NIH) that in assessing the impact of its measures
for control, and possible alternative courses of action, it never seriously
considered a long-term ban on the research. In effect, the charge was
that the NIH was working to a prior assumption that the work would
continue, the question merely Dbeing how. Further, it seems that it

took threats of legal action to get the NIH to fulfil its statutory
obligations to produce an Environmental Impact Statement, which involved
an analysis of alternatives, and even then only after it had issued
guidelines.26 The difficulty, however, lies in identifying where biases
affected the decisions, where limited search procedures operated and
where suggestions of alternatives came from. This is especially so in a

transnational study.

As far as this case study 1is concerned, a number of consequences are of
note, especially where suggestions for choice are from outside the organi-
sation. In the science community, interactions between groups and
agencies are at a high level, but arguably often from a similar 'science'’
viewpolnt. Thus, alternatives suggested by like-minded organisations

may not be 'real' alternatives, but suggestions around a preconceived

set of ideas, which in fact reinforce those ideas. Although these

observations apply to behavioural characteristics of organisations in
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general, they are also of particular note where political activity is
involved. For example, the communications patterns identified might
suggest which agencies make such suggestions to each other, and whether
or not there is significant input from agencies representing different
sets of beliefs, values and norms. Again this reinforces the need to
assess whether political factors influence the membership of input

organisation-sets, in Evans' terms.

With conditions of uncertainty well in evidence, for example in estab-
lishing guidelines in different states, there may be high correlations
between the approaches adopted, as a result of transnational inputs from
other systems. Of particular importance in the recombinant DNA case was
that early decision outputs of the UK and US decision-makers influenced
those that followed. 1In itself, this is not a criticism of 'borrowing',
if the extent of borrowing is reasonably acknowledged, as questioning of
decision processes can more narrowly be directed at the original source.
The issue would assume greater importance if a particular decision
inquiry professed to be independent of alternatives suggested by other
agencies, but 1in the event was significantly influenced by them. This
would include negative influences. If one organisation investigating

an issue deliberately ignored a possible alternative, it might be that
future inquiries elsewhere would ignore that same alternative on the
basis of precedent, while actually going on to choose a quite different

approach from the first organisation anyway.

Thus the nature of the search for alternatives is both relevant to this
case study, and in keeping with the literature on organisational decision-
making. Emphasis must, however, be placed on biases revealed in the

choice making, which are related to values and norms, and which comprise

political activity. It will be important, for example, to try to
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identify how comprehensive were organisations in attempting to assess
overall risks and benefits, both in relation to each other and in relation
to containment requirements. If a comprehensive assessment of alter-
natives is not identified for any organisation, it will be necessary to

consider the degree of 'satisficing' activity involved, where organisations

~

7. ORGANISATIONAL LEARNING AND FEEDBACK.

A key concept in cybernetics is that of 'feedback', which applies to all
"self-modifying communications networks whether they are electronic
control devices, nerve systems, or social organisations". Deutsch

defines feedback as meaning:

"... a communications network that produces action in response
to an input of information, and includes the results of its own
action in the new information by which it modifies its subsequent

SO eE, ¢ o
Further, it is possible to distinguish between positive and negative
feedback, where the former refers to the amplification or reinforcement
of existing behaviour, while the latter refers to margins of error
relating to actions taken towards a specific goal. Consequently, when
applying feedback as a concept to the behaviour of organisations or
systems, it facilitates the analysis of organisational learning or
adaptation. Emphasising negative feedback in his definition above,
Deutsch considers four factors relating to the efficiency of feedback
processes. Loads refer to the amount and rate of change of inputs into
the decision-system, or the amount of information that the system must

process. Lags refer to the time gaps between reception of information

concerning the goal aimed for and the implementation of actions in
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response. The third factor, gain, refers to the extent of corrective
action taken, with a view to redirecting action towards a goal. However,
there is always a possibility of overcorrection, leading to 1inaccuracy,
or undercorrection, falling short of the necessary direction of action.
Finally, lead refers to the distance between the accurately predicted
position of a 'moving target' or changing goal and the actual position
from which the most recent signals were received. The amount of lead
depends on the efficiency of predictive processes available to the
decision-system, hence its degree of preparation time. These factors
taken together can be used to assess efficiency in terms of the adapt-
ability, learning or steering actions of organisations or decision-

systems in pursuing goals. As Allison notes:

"ne

Organizations are ... dynamic institutions. They change adaptively
as the result of experience. Over time, organizational learning
produces changes in goals, attention rules, and search procedures."”
29

With regard to organisational responses to the recombinant DNA debate
and the subsequent recognition of the lack of empirical knowledge, it
would be expected that some characteristics of organisational learning
and adaptation through feedback would be evident. However, it will be
necessary to identify the goals involved, whether or not they change,
and the effects of organisational outputs as a consequence of the impact

of previous action.

Controls, if decided as necessary, need to be monitored in a variety of
ways with regard to assessing their continued relevancy in relation to
the state of the art, levels of knowledge, and in terms of appropriate
L. . 30 . . . . . ;
modification. This 1s arguably essential within the context of this
case study, and observations concerning the nature of feedback, and

factors relating to its efficiency, are likely to be important. To

i




qualify this, it needs to be said that feedback and interactions with
the environment need to be considered in relation to cognitive factors
and the value judgements of individuals involved. In particular, there
is a possibility of the overemphasis of supportive positive feedback,
where the monitoring of previous action is biased towards information
which legitimises that action. Unless organisations or decision-making
groups look for falsifying information, there is a risk of the selection
of information which justifies their original decisions. Perception and

values, therefore, require discussion.

8. COGNITION AND PERCEPTION.

Complex decision problems, seen to involve trade-offs between values,
also reflect differing perceptions held by individuals involved.
Situations of conflict are directly linked to participants' perceptions
of the underlying problem. Decision-making analysis has a tradition of
considering the psychological dimensions involved, usually in the social
psychological setting of small decision groups or the individual's
cognitive factor5.31 Although of relevance, this area of research is
comprehensive and could no doubt be applied in detail to the many
individual decision groups involved internationally in the recombinant
DNA issue area. This would quite simply be beyond the scope of this
study and not wholly relevant where the emphasis is on values and
decision principles as revealed by the actors involved, largely drawing

on their communications. The formulation of the values and principles

is of less interest here than the way they gave rise to political conflict

in an historical case study. Yet awareness of cognitive factors is

useful, in that certain perceptual difficulties of importance were quite

evident. Of note were decisions related to conjectural risks and benefits,

and misperceptions on the part of scientists concerning the consequences
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of publicising their fears.

Decision-making analysis is centrally important to this study, but in

the context of varying systems levels. With cognitive factors tending

to be located at the micro end of the scale, where individuals or small

groups are of note, application at other levels requires a personification

of the actors, organisations or systems. _Alternatively, in the litera-

ture on organisations, structural parallels are made with individuals.

Thus, organisational learning, memory, information gathering and so on,

are likened to similar functions evident within human beings, for example
. 32

eyes and ears', human memory and the human brain. Many of the concepts

applied in this chapter are to an extent the organisational eqguivalents

of those for individuals; for example, uncertainty avoidance, search,

feedback and learning. Nevertheless, of particular usefulness for this

thesis are the contributions of psychological and cognitive analysis

applied to the concept of rationality and rational choice.

If pure rational choice necessitates a perception of all alternatives
and an assessment of all related consequences, then the obvious limita-
tions on perception in the real world have implications for rational
choice. Where organisations are concerned, it 1is perhaps more realistic
to conceive of rationality as.being limited, or, as Herbert Simon
termed it, 'bounded rationality'. He states that:

... the capacity of the human mind for formulating and solving
complex problems is very small compared with the size of those

problems whose solution is required for objectively rational
behavior in the real world ... or even for a reasonable approxi-
mation to such rationality.”™ 33

Bounded rationality refers to conditions where the decision-maker lacks

complete knowledge of the situation. He, therefore, operates in an
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incremental fashion, aiming for 'satisficing' outcomes. Taking organi-
sations we can go a little further and consider different sets of
assumptions and perceptions evident within different organisational sub-
sections. We can also consider agreed bounds to rationality where
decision problems and organisational functions are compartmentalised.
Compartmentalisation of problems may also occur between a variety of
organisations in interaction. Thus, to greater or lesser extents there
may have been shared assumptions and perceptions involved at varying
systems levels, within and between the organised groups which were
involved in the recombinant DNA decision process. Public interest or
trades union representatives on Britain's Genetic Manipulation Advisory
Group, for example, might have wished to frame decisions within different
parameters from those of scientific representatives. Alternatively,
complex problems might have involved fragmentation, for functional
reasons, along specialist lines. This would be more likely to occur at
the operationalising stage where more routine activity of monitoring and
day to day decision-making was involved. All such consideration must
apply in transnational terms, examining a variety of agencies within
states, and a variety of international organisations. In particular,

shared assumptions or biases will be searched for.

Returning to cybernetic analysis, it is worth noting Steinbruner's
contribution which, in recognising the compartmentalising involved,
suggests that there may be more to consider in .addition to cybernetic

processes. As he observes:

"Organizational arrangements are susceptible to human manipulation,
and the problem is readily removed to the question of how organi-
zational structure becomes established", 34

He proceeds to introduce elements of cognitive analysis into the study
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of cybernetic processes. In particular, Steinbruner seeks to show how
decision structures, or the hierarchical compartmentalisation of complex
problems, can result other than from environmental imposition. He
investigates the means by which important constraints on cybernetic
processes can arise from sources of individual beliefs rather than objective
reality. Complex problems are structured partly on the basis of the
perceptions underlying beliefs, which among other things help resolve

elements of uncertainty.

When the operational environment strongly influences the decision struc-
ture, then, he argues, more purely cybernetic processes may operate.

But in the recombinant DNA debate, levels of uncertainty, the sophis-
ticated nature of relevant information, the shortage of precedents, and
the vocal rendering of different opinions combined to suggest that
cognitive factors were relevant to the fragmentation of the complex
problems involved. More emphasis, though, will be put on the fact that
differences of belief were in evidence, rather than 6n detailed assess-
ment of how patterns of perception and cognition influenced these beliefs.
Yet the recognition of all those influences helps reinforce the view

that political elements are important in decision processes.

9. VALUES.

Values, or sets of beliefs, both influence and are influenced by per-
ception. Sometimes individuals may face difficulties in reconciling what
they believe with what they perceive, and in extremes cognitive dissonance
may occur, with either perception or beliefs having to alter. Of
importance is that political relationships involve actors with different
values, and it is the contention here that the debate surrounding recombi-

nant DNA was politicised. Decision-making was in a political context
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with conflicts of values in evidence. However, although the essence of
politics is the conflict of values, the concept itself 1s not easy to
define or operationalise. All that is hoped for here is that some
insights regarding values may be applied in terms of organisations and
decision-systems. Standpoints of actors will be assessed as they are

revealed, with emphasis on resulting conflict and actor participation.

Although the social sciences have tackled the concept of values from
5 I, .

different perspectives, a fairly modest definition will be used here.

'Values' are seen to be qualitative and abstract, including such notions
as freedom, order, equality, justice, mercy and the like. As Vickers

; . 36
points out, however, they are both explicit and general. Further, he
links the concept to that of 'norms' where the latter refers to commonly

accepted standards, that may even become 'rules' and 'regulations'. Of

particular importance is the observation:

"That values affect norms is the faith behind all attempts at
mutual persuasion and the experience which sustains them." 37

Norms can therefore change. Alterations in values have enabled norms
such as slavery or male-only franchise to be replaced in many societies.
Values as they apply in this sense aré central to this thesis, especially
as the study focuses on an issue area where decision processes were
attempting to establish suitable norms in terms of rules and guidelines.
Conditions of great empirical uncertainty facilitated a greater resort

to values. Further, norms in this sense are compatible with Turner's
notion of precautions which are "culturally accepted as adequate", as

described in the introduction.

Values and perceptions held by actors involved are likely to influence
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the political structuring of any decision-system, especially when one
group is facing the regulation of its activity. The taking of 'sides’
in the uncertainties surrounding the recombinant DNA 'debate' needs
assessment, 1n association with questions of participation. Implicit,
however, 1s that the issue area under examination involved elements of

conflict, between actors, within decision-systems and between value sets.

10. CONFLICT.

In retrospect this study will attempt to identify the main issues of
conflict regarding recombinant DNA. It will also consider the degree to
which conflicts between the various viewpoints held by the actors were
resolved at the various stages of organisational decision-making.
Overall, however, the recombinant DNA debate was dynamic, with issues
becoming modified over time. Because the norms of the situation were
only developing, 1t was not possible to identify definite sides on all
of the issues. Viewpoints changed as further knowledge was gained. An
example of the problems involved can be seen in the way the improvements
of knowledge led to perceptions of rapid increases in the future mani-
pulation of life. Although the incrgased knowledge showed physical
risks to be less than first feared, the very rapidity of the growth of
knowledge led some individuals to develop doubts about its future
indiscriminate application, for example in treating human genetic
diseases, or in genetic interference with evolution. Uncertainty giving
way to increased knowledge for some people, therefore, simply raised new
1ssues about the applications of that knowledge. Within all this, the
conflicts of values and the actions of actors holding different viewpdints

need to be located.

Conflict is not necessarily a bad thing as at a minimum it represents the
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interaction of ideas. It can be seen as a component of processes of
change and development. To the economist, for example, competition as a
form of conflict can lead to efficiency. Of note was the lack of
physical violence in the case studied here, although speculation on
deliberate misuse, or military use, of recombinant DNA techniques is
noted. These various aspects of conflict are all considered as they
revealed themselves, and in the degree of resolution of associated
problems. They are also examined in terms of how values were fed into
the décision—making systems. Associated with values in conflict is the
participation in decision taking, or at least the legitimising of

decisions 1if actors are not directly involved.

In structural terms it will be necessary to examine the various levels

of interaction within which conflict occurs. Institutional, domestic,
transnational and international levels must all be assessed. Thus issues
relating to participation within and between organisations are as
relevant to this study as issues of competition between national research
efforts and industrial development. Because of these rather broad aims,

conflict is taken in definitional terms in a fairly loose sense.

11. PARTICIPATION, DECISIONS AND NON-DECISIONS.

The approach applied in this study suggests that decision and organi-
sational systems can be defined by reference to characteristic ‘sets'

and the roles played by participants. Participation need not imply the
direct involvement of all individuals who display concern, but can mean
the representation of their views in the decision process. Traditionally,
participation in decision-making involving contentious issues has been
related to the concept of 'power', and traditionally disagreement over

g X .39
the precise nature of power has been endemic. In the context of




decisions involving areas of conflicting values, power and participation
are related to the political achievement of the goals of actors.

Participants wish to see their values as predominant in the outcomes.

In many ways the political issues within this study can be reduced to
questions of participation, the associated power which results, and
legitimacy. To be accepted, both decisions and the processes by which
they are made need to be seen as legitimate by all who have a perceived
interest. This does not mean that every detail of a decision output
should be acceptable to all concerned, but rather that any compromises
or trade-offs of values are acceptable on the basis of general recognition

of the validity of how they came about.

A numpber of analytical insights, however, can be applied in attempting
to assess issues of participation and legitimacy. These insights are
acknowledged to come from a consideration of sociological and political
traditions, although they are applied here with regard to actors operating
in a transnational context.40 Firstly, it may be necessary to assess
whether any actors applied power or influence in order to restrict the
scope of decision-making to relatively 'safe' issues, in their view.
Secondly, it may be expected that both organisational and political
activity can-be examined in order to determine just how issues entered
the agenda of decision-making, and the overall politicised debate. These
are important points to be borne in mind when considering the recombinant
DNA issue area, not least because of the relatively technical nature of
information relating to both perceptions of risk and benefit. Partici-
pation and legitimacy both involved the need to have technical and
scientific information explained sufficiently well for non-scientist
participants. Expertise in these areas could potentially give power to

those in its possession, or could raise distrust if observers of the
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decision-making activity questioned its legitimacy. As an example, at
least one important issue, on the face of it, was downplayed in most
decision forums; namely the possible application of the techniques in

developing bacteriological weapons. A third insight suggests that:

"All forms of political organizations have a bias in favour of the
exploitation of some kinds of conflict and the suppression of others
because organization is the mobilization of bias." 41

Although many of the organisations involved in the recombinant DNA issue
area were primarily concerned with aspects of scientific research, they
found themselves involved in a politicised debate. Insofar as they
directly made decisions, or supplied inputs into decisionssystems, then
organisational bias, reflectinhg the shared perceptions of the membership,
might have been in evidence. It is therefore crucial to consider where
decisions were taken and by whom. Fourthly, and implied in the above,

’ < - . . 42
1s that the concept of non-decision-making could be important. That

is, primary methods of sustaining a given mobilisation of bias are through
the exercise of coercion or power, the blocking of challenges to the pre-
vailing bias, the definition of certain issues as outside the scope of
inquiry and taking active measures to reinforce dominant values. Although
difficult to operationalise the concept, there may be indicators, for
example, in degrees of grievance held by those who were disfavoured as a
result of non-decisions or excluded from participation. The sort of
difficulties involved can be compared to those related to pollution,

which reflects non-decision: pollution is everywhere opposed, but we

find pollution everywhere.

The point of raising the above insights is to suggest that although
organisational analysis of decision-systems sets a useful framework for

this transnational study, we must not forget that political activity is
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also an important focus of this thesis. These insights are particularly
important in that they derive from studies of organisational activity,
and therefore provide a complement to systems analysis. Finally, it is

worth saying a little more on the importance of legitimacy.

For authorities to be accepted, they must be legitimate, which implies
that authority derives from those to which it is addressed. Reciprocal
relationships are therefore involved, which,in the systems concepts
applied here, suggests that loyalties are directed to the roles (repre-
senting values) played by participants. That is to say, participants
involved in the various decision forums represent sets of values to which
those not directly involved can at least focus loyalty. Problems arise
when participants play roles which are not legitimised in this fashion.
If participants face a failure of legitimacy, there is the possibility
that what Burton calls 'role defence' may arise.43 Participants might
try to remain in authoritative positions through, it is suggested here,
activity similar to that above, where bias is mobilised or decision

frameworks narrowed.

In operationalising this study, it will therefore be important to consider
where sources of authority lie, and where legitimacy exists, or is
lacking. Because of the importance of information under conditions of
uncertainty, the authoritative standing of the source of information is
very important. It was after all the authoritative statement of a

number of scientists expressing their concerns over conjectured risks

that represents the start of this case study. It is also clear that as
the debate unfolded, a number of non-scientist actors began to question
the legitimacy of leaving decision-making to scientists, including those
who initiated the concern. Such shifts in the perception of legitimate

authority require explanation. It also requires a degree of comparative
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analysis between the different international decision-systems involved,

relating these in turn to the overall transnational system.

This chapter has outlined the conceptual foundation of the study, in
relation to the relevant location of the issue area within the Inter-
national Relations literature as outlined in Chapter One. The concepts
apply at the various levels of analysis and to all of the systems of

actor participation involved. Nevertheless they only provide insights

to assist the investigation, and are not to be seen collectively as a
theory to be tested. A variety of literature has been considered in these
two chapters, but it is all applicable to the international characteristics
of the recombinant DNA debate. Some of the insights are, however,

likely to be of more utility than others. To complete Section A of this

thesis, the operating assumptions and hypotheses will now be presented.
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SUMMARY AND OPERATIONALISATION.

1. ASSUMPTIONS AND HYPOTHESES.

Many of the operating assumptions relevant to this study have already
been stated implicitly or explicitly in addressing the International
Relations and interdisciplinary literature. However, the most important

assumptions are collected here, in order to clarify the position.

A. Assumptions as Related to International Relations as a Field.

L) The levels of analysis involved are multi-layered and conveniently
categorised as transnational systems and sub-systems. The state-
centric and state-as-unitary-actor assumptions of traditional

analysis are deemed as not relevant to this study.

11) It 1s assumed that mapping the patterns of interactions between the
actors involved is a productive exercise and is related to the

operational delineation of system boundaries.

1ii) A number of analytical approaches are assumed to provide insights
useful for the purposes of developing a strategy to penetrate the
issue area. In particular, systems concepts, decision-making
analysis, organisation theory and transnational concepts are of

considerable use in a behavioural orientation.

iv) The case study has relevance to the study of international behaviour
on the basis of:
a) There were perceived fears of low probability disasters knowing
no international borders. The risk itself was 'transnational'.

b)  The subsequent controversy was international in scope and the
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B.

i)

a6)

iid)

issue influenced events 1in over twenty states, with the involve-

ment of a number of important international organisations.

O

Operational controls and their development wefe transnational
phenomena.

d) The case of recombinant DNA involves a dramatically new tech-
nology with unprecedented characteristics. International
Relations has a tradition of considering technological impact.

e) Some observers have alluded to possible deliberately harmful

(

applications of the techniques in the context of biological
weapons. Although not the immediate concern of this thesis, it
is of note as part of the wider controversy. Public information

on this subject is not in abundance.

General Assumptions.

Technological progress is desirable, subject to general controls

and sometimes more specific risk-orientated controls.

It 1s assumed that laboratory and industrial utilisation of recombi-
nant DNA techniques can be analysed on the basis of the risks that
were once perceived in an historical sense, whatever the perception
today. Responses and interactions were well established, if not
also partially responsible, when the perceptions began to modify in

terms of the conjectured risks involved.

Although there are general difficulties in achieving internationally
agreed and compatible controls, reflected here, there are also
specific problems related to this case. The innovative nature of
the scientific techniques involved, their biological nature and the
involvement of industrial concerns at the initial laboratory stages

are of note. This is of particular importance given the perceived
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location of risk as involving laboratory research itself.

iv) A disaster, should it have occurred or if it does occur, is unlikely
to be a consequence of the failure of isolated controls and safe-
guards of a specifically technical nature. Turner has adequately

demonstrated the importance of organisational, sociological and

other factors. The whole issue is controversial in a politicised
sense.
V) If risk assessment is a technical attempt to estimate levels of

risk involving acquired data and conjectural scenarios, then the
difficulties are compounded if the exercise is taken to involve a
balancing of risks against benefits. Risk-benefit assessment is a
term applicable to the overall social and political scrutiny of the
case. However, it is assumed that further difficulties relate to

risk assessment and risk-benefit assessment when the risks and

benefits involved are highly conjectural. A political dimension is
assumed.
vi) Rational assessment (in the economics derived, optimising objectives

sense) 1s of very limited usefulness when risks and benefits are

both conjectural and uncertain. Such assessment is normally taken

to mean the identification and ranking of all alternatives on the
basis of maximising desirable outcomes and minimising ‘'costs'. 1In
the absence of sufficient empirical knowledge, such an approach is

of questionable utility. This problem is further complicated when
some 'values' which it might be desirable to impute are highly
subjective. However, if 'true' rational assessment were possible,
then this would be desirable. Of question would be attempts claiming

rationality on dubious empirical evidence or incomplete evidence.
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vil) It is assumed that the innovative nature of the developments in
recombinant DNA, in conjunction with the novel characteristics of
risks and benefits, heralds implications for future developments
in technology and science. These may be at the level of insights
applicable to future biological research with similar characteris-
tics; or they may be implications concerning social and political
responses to risks arising from any new science, any ‘'high-inten-

sity' science, or simply at the level of cultural adjustments to

conjectured risk in general.

viii) Multiple channels of communication are assumed to exist, but in

particular communications content is deemed very important.

i3¢) Finally, it is assumed that the politicised nature of the issue,
involving values in conflict, may lead to instances of 'mobilisation
of bias' or 'non-decision' on the part of major actors. Even if
this cannot be proved either way in testing hypotheses and examining
the case, conclusions must take account of such a possibility.
This qualification 1is made in the light of the expected difficulties
involved in identifying reasons for non-occurrences, or the absence

of decisions and alternatives which may be politically evaded.

C. Hypotheses.

It has already been stated that this thesis is not primarily concerned
with developing or testing any particular theory. At best, existing
approaches within International Relations are being used to generate
insights with which to investigate a case, argued to be of relevance to
the field. Concepts are borrowed in order to generate questions which
can be operationalised (see below). However, from the very start of this

project a number of guiding hypothesés have been used to provide some
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more

111)

empirical invest

structure to 'the investigation. They are the products of an initial
purview of both the recombinant DNA issue area and the nuclear energy

issue, a topic which was of initial background interest.

These hypotheses are to be tested in a subjective sense, as discussed

below, but with an awareness of a probable need for revision of one or

in the light of their operationalisation. Research is an ongoing

process and this thesis, although a substantial first phase, will be

likely to ralse new questions suggesting modified hypotheses and further

lgation. Yet there 1s a substantial need for guiding

nestions and therefore these preliminary hypotheses were devised early

Certain technologies have the potential for international catastrophe:
such outcomes would partially be a direct or indirect consequence
of political constraints and failings in the procedures used to

operationalise control options.

Political constraints on operationalising control are at more than

one level of analysis.

In addition to political constraints, the operationalisation of

control options is subject to fault.

In theory, control options exist that are feasible (within the
context of the case 1in question) but were not considered, or were

subject to political or economic constraint and thus not applied.

Controls are looked for within existing systems based on an assumption

that the systems themselves should not have to accept more than
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minimal change. This hypothesis 1is related to the above discussion

of the need to define systems.

iv) Lessons from the control of different technological phenomena dis-
playing characteristics of risk are not adequately considered in

terms of general procedures.

The tendency is to see the problem of control in isolation, thus

resulting in a minimum of information crossing technologies.

V) Communication difficulties and information processing procedures
within and between involved organisations are likely to affect
significantly the possibility of disaster. These problems are

) ; ’ O
international, transgovernmental, transnational and domestic.

These guiding hypotheses underlay the operationalising of this thesis,
the methods used now needing further elaboration. Empirical research
took place over a period of two and a half years in the attempt to
operationalise the above assumptions and hypotheses. The methods as

discussed below were used.

2. RESEARCH METHOD AND SOURCES.

The aim of this thesis has been to penetrate the issue area with an
essentially subjective analysis of the empirical evidence. However,
although there are problems with relying on subjective assessment of
relevant evidence, it is ofte; the only way to investigate a particular
case. The difficulties of subjective investigation of historical events

are well documented by E.H. Carr, who identifies the nub of the problem

when he suggests:
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"It is the historian who has decided for his own reasons that
Caesar's crossing of that petty stream, the Rubicon, is a fact of
history, whereas the crossing of the Rubicon by millions of other
people before or since interests nobody at all." 2

It is for this reason that the assumptions used here are made clear.

They provide a key to the thought processes which have influenced the
interpretation of the empirical evidence. In a sense subjectivity cannot
be avoided as if nothing else the decision to be objective in the first
place is itself subjective. However, commonly accepted assumptions can

be the reason why subjective observations might remain unrejected for

long periods of normality within a field.3 Explicit stating of assumptions
gives others a reference point to locate a contribution‘within or outside

a paradigm.

It has been argued that rigour in the use of subjective methods is both
possible and desirable, although the form of the interpretation of
empirical evidence is partially related to the source material. Not all
types of data are amenable to the sophisticated techniques of manipulation
provided by statistical and mathematical analysis. This proves to be the

case 1in a study utilising the following sources.

Sources used for this study take the following forms. Firstly, the
. . 4 : .
scientific press provided many news reports, conference summaries,
critiques of issues and were publishers of articles commenting on events
and issues. Secondly, some journalistic style book length accounts
. o . . 5 . : i v

provided useful preliminary information,” which assisted the initial

. . . 6 .
entry into the issue area. Thirdly, the many government reports provided
vast reservoirs of potentially useful analysis, and in many cases sup-
porting documentation or minutes of evidence. Fourthly, a number of the

involved organisations have published annual reports or documents speci-
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fically relating to particular issues.7 In some instances they included
both analysis and research details such as questionnaire responses.
Fifthly, a number of organisations kindly made available minutes of
meetings, sometimes not for general publication. Other informal and
formal documentation of this nature has been acquired from the very sub-
stantial recombinant DNA archive at the Massachusetts Institute of
Technology.8 In addition, the archive provided a large number of inter-
view transcripts and letters between many individuals and institutions.
Weiner, or his co-researchers, visited many people involved and photo-
copied contents of their personal or institutional files. Sixthly, a
number of interviews were conducted personally in the United Kingdom, on

an informal basis.

The source material is preponderantly of document form, necessitating
careful reading, analysis and co-ordination on a subjective basis, but
guided by the above assumptions and hypotheses. However, the strategy
of penetrating these sources and their content needs further clarification
in the context of its relationship to the literature contributions dis-

cussed in this chapter.

3. OPERATIONALISATION.

A number of key elements structure the task of applying the framework,
developed in Section A of the overall thesis, to the case under investi-

gation. These can be summarised as follows:

A. System Identification.

In a transnational context, it is necessary to make some preliminary
identification of the boundaries of the systems involved. Two national

decision and implementation systems were examined in some depth, in terms
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of the interactions of actors and important sub-systems. The decision
and implementation systems of the US and the UK were important in being
quick to respond to the voiced concerns, and were of influence in the
subsequent development of controls in other states. Much of the total

laboratory work was carried out in the UK and, especially, the US.

Important organisations at domestic and international levels were identi-
fied and their interactions were identified as comprising transnational
systems. The aim was to develop an overall map of the transnational and
international activities. Appendix One illustrates an early operational
conceptualisation to which study was directed in order to add weightings
to the lines of potential interaction. A further assessment is made in

Chapter Eight.

B. Systems Interactions.

Throughout the study, concern has been to try to identify interactions
between these systems, which in essence are defined by function. Thus
the US, the UK, Western Europe, national institutions, governments, and
international organisations will all be considered in terms of system-
to-system linkages, at all levels of analysis. The identification of
Key communications channels should facilitate this, in conjunction with
communications content which may influence each system. Elements of

identification of inputs and outputs are therefore relevant.

C. Communications Content.

Communications content means the important information which is trans-
mitted from actor to actor within a system or between systems. Political
issues comprise information exchange and value judgements related to
differing perceptions of how activities under discussion should be

interpreted. It is therefore necessary to link cybernetic analysis of
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communication with political conflicts. Information content and

dissemination provide a link.

The technigues of recombinant DNA need to be presented in order to give
context to the investigation and to give substance to the issues. 1In
addition to this, the actions of individuals or groups involved need to
be identified where there is a political relevance. Thus publishing
controversial claims, holding conferences, calling a moratorium on the
work, imposing guidelines and such actions need to be identified where

relevant to the issues of concern.

E. Participation.

Participation in decision-systems needs to be considered in positive (who
participates) and negative (who is excluded or deliberately stays out)
terms. Use of the mobilisation of bias to contain decision-making within

certain parameters or within restricted groups may be of concern.

F. Decisions and Non-Decisions.

Where important decisions are made they need to be examined in a content
sense and also in terms of their impact, within the system, between
systems and in feedback terms. Non-decisions, if they are relevant, need
consideration. These may reveal themselves through the activity and
communications of relatively excluded groups. Relative importance can be

assessed in terms of the extent to which the response is vociferous.

G. 'Rational' Reductions.

In view of the assumptions concerning rationality this thesis must examine
the extent to which either, decision parameters are defined to facilitate

rational assessment (especially if value-laden factors are omitted) or,
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normative considerations are interpreted or altered 'to fit' rational
assessment procedures. Where rational assessment appears legitimate,

this too must be said.

H. Issues.
Where substantive questions of 1ssue are raised by relevant actors, these
must also be indicated, later collated (in the final chapter) and assessed,

1in relation to issues postulated here.

I. Comparisons.

Elements (C) to (H) must be considered intuitively in terms of each of
the identified systems, and at different levels of analysis. Comparison
may then be made between systems. This is particularly relevant in the
US and UK guidelines' development cases. Factors such as participation,
nature of decisions, degree of open scrutiny, parameters of investigation

and enforcement may differ in quality.

J. Assessments and Conclusions.

The final chapter will return to a consideration of the assumptions and
hypotheses in relation to the substance of the study, and the conceptual
framework. The hypotheses operate at differing levels of analysis and in
different operational contexts. (For example failure to consult the
lessons of other technologies may be a consequence of elements of: system
formation and interaction; participation; decision-making; issue identi-
fication.) The hypotheses are broad guidelines to which the above opera-

tional factors must finally be related.
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THE TECHNIQUES AND APPLICATIONS OF GENETIC MANIPULATION.

This chapter is intended to provide a conceptual background to the
development of technical scientific methods of producing what have
become known as recombinant DNA molecules. No attempt will be made to
cover exhaustively all the technical problems and underlying science, a
project both difficult, given the author's academic background, and
unnecessary, with regard to the issues towards which this thesis is
directed. However, a summary of the nature of the recombinént DNA
methodology and its potential applications is desirable, in order to

put the subsequent chapters into perspective.

An important point to bear in mind is. that these techniques are presented
with the benefit of hindsight concerning their development. The next
chapter will indicate the origins of concern in an historical context

and show how fears developed before some of the methods presented here
were achieved. Indeed the general decline of expressed fears, which
became evident in the latter part of the 1970s, was related in part to
some limitations of the techniques themselves, further influenced by

attention being drawn to natural processes of recombination.

Although it is customary to present alternative definitions relating to
matters under discussion as early as possible, this approach must be
deferred in this instance. The term 'recombinant DNA' is not completely
standardised within the scientific community, and even more importantly
there are different usages among the non-scientist actors involved in
this case study. Two aspects of the different opinions require mention:
firstly, the nature of the phenomenon to be categorised, which is the
descriptive purpose of this chapter; and secondly, the label to be

applied to this phenomenon, an often controversial exercise, once it is
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categorised. While discussion of definitions is necessary, this is
best accomplished in relation to the science and methods involved. It
is, therefore, proposed to return to the questions of categorisation

and labelling later in this chapter.

After a reference to the sequence of developments in knowledge, the
three main methods of achieving recombinant DNA molecules, relevant to
the concerns discussed in this thesis, will be described. The general
requirements of such techniques can then be summarised. Recognition
will be given to ‘'recombination' which occurs in nature, before pre-
senting some definitions of what recombinant DNA can be taken to mean
and a brief analysis of some areas of potential application of the

techniques.

1. THE UNRAVELLING OF DNA.

harles Darwin's theory concerning the evolution of species through the
natural selection of desirable characteristics was formulated without
knowledge of mechanisms of inheritance. Yet it is the modern under-
standing of genetic structure which underlies an explanation of the
process of evolution which he advanced. Genes have become identified

as the determinants of hereditary characteristics of all living organisms
and are associated with a particular kind of molecule known as deoxyribo-

nucleic acid, or DNA for short.

Because of the fundamental importance of this chemical molecule for both
microbiology, in general, and recombinant DNA techniques, in particular,
a background to its structural characteristics is necessary. 1Its
importance is emphasised in that the principal 'dogma' held by biologists

today is that DNA makes RNA (ribonucleic acid, discussed below), RNA
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makes proteins, and proteins make everything else.

In 1869 Fredrich Miescher, a Swiss biochemist, isolated a substance
given the name 'nuclein'. He later showed that sperm nuclei consisted
of approximately 60% nucleic acid and 35% protein-like compounds.
However, until the 1920s the prevalent view was that biological
specificity resided in proteins and not nucleic acid, the proteins
being made up from chains of amino acids. The latter half of the 1940s
produced the first conclusive evidence that it was DNA which was
responsible for transmitting genetic information. It was shown that
further purification of DNA improved the efficiency of transferring
traits, and later in 1952 that when a virus infected a cell, only DNA
entered.3 Thus DNA became identified as the main determinant of genetic

) . 4
information.

Identification of DNA as the main genetic determinant was not the same
as understanding its chemical structure and the means by which it
functioned in this role. The most important insight into the processes
of heredity, and indeed evolution, was to come from the work of James
Watson and Francis Crick, published in 1953.5 In effect they deduced
the precise three-dimensional structure from the available data, which
they then used to propose a completely new suggestion as to how genes

could replicate (and how mutations could arise).

Part of the existing evidence that Watson and Crick were able to use
was that experimental tests showed that four of the known components
of DNA, termed bases, appeared in quantities suggesting some form of
pairing. Work by Chargaff et al. and Wyatt, suggested that two of the
bases, adenine (A) and thymine (T), occurred in approximately equal

amounts, as did the other two, guanine (G) and cytosine (C). Further,
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adenine and guanine were of one type of molecular base known as a
purine, while thymine and cytosine were of another type known as a
pyrimidine. The pairings therefore included one purine with one
pyrimidine, but always the same ones.7 It was also important that the
paired bases could differ quantitatively in samples, a factor which
assisted the identification of the pairing above, while the total
gquantities of purines and pyrimidines were apparently equal. The
different gquantities involved between the two paired sets reinforced

the potential for astronomically large DNA sequence differences.

With the aid of further information gained from X-ray photographs of
crystalline DNA, they pieced together a model of DNA that has sub-
sequently enjoyed universal acceptance.8 With A always paired with T
and C always paired with G, the DNA molecule was found to comprise two
helices which rotated around the same axis and were of the same size.
Finally, the chemistry of DNA, which was partly known, involved a
phosphate group and a sugar, which in the Crick and Watson model formed
a 'backbone' to each helix, between which the paired bases were arranged.
These 'backbones' were also noted to run structurally in opposite

directions in the way that their components were linked.

It was the pattern of pairing in the bases that turned out to be the key
to both the transmission of genetic information and the process of
duplication. Each of the individual bases would be linked to one of

the two backbones. The base, the sugar and the phosphate group at that
point was termed a nucleotide and it was sequences of such nucleotides
that according to Crick in 1958 provided the code which could lead to
the production of at least twenty amino acids. In diagrammatic form

nucleotides were made up as follows:

107




-~
~

; 1 . s
Thymine ey Deoxyrlbosg\Suqar Phosphate Grocup ;
l T I
| T ‘
‘ , | ) N I
Adenine 1 Deoxyribose Sugar Phosphate Group I
\\ ]
I e P 1
| U (
Cytosing— -y Deoxyribose Sugar Phosphate Group {
I e I
l o~ (
Guanine — Deoxyribose Sugar Phdsphate Group |
1 T~ i
~~

L = J

Yo

BASES BACKBONE

DIAGRAM 2

Diagram 2 shows four nucleotides in sequence indicating the links

between the base, a phosphate and a deoxyribose sugar, and in turn the

links between each nucleotide, which comprise the completed backbone.

Protein molecules are made up of combinations drawn from twenty different
amino acids with properties stemming from the sequence of acids in the
protein chain. Such is the complexity of possible combinations that,

as mentioned above, early researchers thought protein might be the
hereditary material. Crick's revelation focused attention on nucleotide
sequences determining the position of amino acids and hence the protein
molecule. In essence it is the four bases (and the letters A, T, C, G)
which provide a genetic code or alphabet from which genetic specificity

derives.

However, the coding process must be completed by introducing the role

of RNA. Chromosomes which carry genes are found within the nucleus of
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cells, while protein synthesis occurs in the surrounding cytoplasm.
RNA was identified as the means by which genetic information was trans-
ferred out of the nucleus where it can sequentially order the amino

. 9 . ; : ;
acids. A primary product of a vast number of genes is ribonucleic

acid, which is a single strand of bases complementary to one strand

of the original double helix and almost an exact copy of the other

0] ’ . ; .
strand. It is almost an exact copy in that in RNA the base thymine
is replaced by a structurally similar base called uracil (U). An

enzyme catalyst termed transcriptase is involved in the process by

which RNA forms off one original DNA strand. Thus from a double DNA
stra.ded gene, a single strand of messenger RNA forms, which in turn
controls the order of amino acids on a protein chain. Each amino acid
is positioned from the 'message' carried by a sequence of three nucleo-

tides or bases, as in the diagram below, and known as codons.

CODON 1 b~ AMINO ACID
1
CODON 2 =% AMINO ACID ==
.
CODON 3 }—-* —— AMINO ACID
3
CODON 4 AMINO ACID —
4

DNA RNA . : ~ PROTEIN

DIAGRAM 3
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Thus it can be seen that the original sequence of bases on the DNA
strand determines the final characteristics of the protein. The term
translation is given to the process of an RNA 'template' ordering

protein chains.

A typical gene is about 1,500 base pairs long and simple organisms

such as single-celled bacteria have enough DNA for about 3,000 to 4,000
genes. However, each human cell contains about a thousand times as
much DNA as a bacterial cell, or enough DNA for three to four million
genes,  suggesting the enormous complexity of the code arising from

only four bases.

However, the DNA code is not only responsible for the transmission of
information within an organism. It is also responsible for the passing
on of genetic information to subseqﬁent generations. Under appropriate
chemical conditions the hydrogen bonds of the paired bases weaken and
the two helices unwind and separate. In the presence of suitable
enzymes and available nucleotides of the four kinds, a new strand will
form by complementary bonding to the exposed nucleotides of each of the
older, but now separating, strands. Two exact duplicates of the original
double helix then form. Each separated base pair of the original double
strand finds a replacement complementary partner from the 'pool' of
nucleotides, as in Diagram 4. All the genetic information of the
original DNA double helix is incorporated in each of the subsequent
copies. At cell division the appropriate conditions for this to occur

exist, its importance summarised by Grobstein:

"At the level of molecules, like begets like through DNA replication.
This phenomenon -occurs in the reproduction of every organism on
earth and it has been happening, so far as we know, ever since the
first time life emerged eons ago. As a chemical process, the
doubling of DNA is undoubtably the most prolific and portentous of
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nature's entire bag of tricks." (13)

Not all replication is perfect, however, and variation enters the endless

production of copies, through mutation, which can be defined thus:

"A mutation occurs  when the sequence or the number of nucleotides
in a nucleic acid is altered and the new sequence or number is
passed from parent to offspring." (14)

Mutations can therefore arise from changes in the pattern of the bases,
such as the substitution of a base pair, the addition of a base pair,
the deletion of a base pair, or in some instances the mispairing of two
bases, producing either a T + C or a G + A. Subsequent generations
would then be affected, although some correction would occur in the case
of a mismatched pair on DNA replication, where the correct base in the
pair would acquire the correct complementary base. The other base
would, however, acquire its complementary base and all future replications
in its line would carry a base pair now fully substituted for the
original pair at that point in the gene. A new base pair would alter
the RNA message and the codon at that point of change could lead to a

: . . . : L
different amino acid entering the protein chain.

Many such errors must accumulate in serendipitous combinations to
produce a species change, although mismatched pairs are less likely,

. . 3 : 16

due to distortions they cause in the structure of DNA. Further, the
whole phenomenon of mutation is much more complex than outlined above,
not least because there are even mechanisms involved which correct
mutations when they occur, and are themselves in turn capable of

failure.

To a large extent the unravelling of DNA and its biochemical functioning,
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with all the attendant mechanisms, has given a model which can accommodate
Darwin's much earlier theory of natural selection. However, the 1970s
were to see major breakthroughs in the ability of man to manipulate DNA
and increase his understanding of its functioning, through the application

of a number of biochemical laboratory techniques.

2. THE TECHNIQUES OF RECOMBINANT DNA.

For centuries man has used selective breeding techniques to develop

'errors'

that have occurred in breeding populations, through mutation,
when the resulting characteristics were seen as desirable. Thus agri-
cultural and pet animal selection has taken place. Natural selection in
the Darwinian sense also makes use of these mutations, but the success
of both forms of selection is dependent on the random occurrence of
desirable mutations. The importance of recombinant DNA techniques is

18

that for the first time genetic change can itself be directed. As

Grobstein indicates:

"The new techniques enable one to deliberately introduce known
and successful nucleotide sequences from one strain or species
into another, thereby conferring a desired property." (19)

Because DNA from all living organisms is made up of the same four bases,
interest grew in the possibility of mixing DNA from different organisms
and species. The tools of chemistry and physics had from the 1950s

become more relevant to the study of life, and a number of developments

in the 1960s were to set the scene for the use of recombinant DNA

techniques in the 1970s.

By 1961 DNA from bacterial and other sources could be purified and

isolated. DNA because of its 'rod-like' structure had been prone to
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breakage when passed through small apertures, for example during
pipetting, and the problem had been how to obtain segments long enough
; ‘ . 4 20 ; .

to carry genetic 'information'. Work on the coding determined by
sequences of nucleotides led to research aimed at specifying sequences
precisely and if possible isolating, purifying, and duplicating the key
ones. As has been shown, the nucleotide sequences, in groups of three,
code for amino acids and hence proteins. But in the course of research
on the sequencing, it was discovered that not only are proteins a
product of this process, but that certain proteins are also essential

: . . 21 . . . .
to DNA replication itself. A major function of proteins is to act as
catalysts, or enzymes as they are known, in the linking of DNA during
replication. However it was in 1965 that a particular example called

terminal transferase was accidentally discovered while trying to

isolate a different enzyme. It was important because it was found to

have the ability to add either As or Ts to the end of DNA, one nucleotide
; 22 2 : 7 o e

at a time. This provided the first method of joining molecules of

DNA.

Method 1

It has already been described how complementary strands of paired bases
form in an environment including free bases of the four kinds. Terminal
transferase could specifically add As to one end of a DNA segment, on
one of the two helices, and As to the other end, but on the second
strand. This ability is related to the opposite directions of 'polarity'
of the two helices. By taking DNAVfrom one source and adding As to one
end (a poly-A tail) and DNA from a different source but adding Ts (a
poly-T tail), the use of the enzyme ensures the appropriate strand is
selected in each case such that the extensions on the two pieces of

DNA are complementary. Diagram 5 illustrates the sequences involved

in joining DNA in this fashion. However, as can be seen in this diagram,
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1. Two DNA molecules to be joined:

R R TS e e

G ¢ A T T C A T G C A T

R and N

cC G T A A T A C G T A
SN y whommbrnedeormbess e
DNA X DNA Y

2. DNA X 1is treated with terminal transferase to add Poly-A tails:
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e L B e S
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*_. o8 4 4 4 i M
—
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3. DNA Y is treated with terminal transferase to add Poly-T tails:
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4. Because A and T are complementary bases, DNA X' and DNA'Y? will join:

c A TT € P T T T A T G C AT
T A Y T I
c 6 T A A G A A AATACGTO AT T T T
MW
e
DNA X' DNA Y'

Backbone needs to be bonded
with DNA ligase

DIAGRAM 5. The Joining of Two Molecules of DNA Through the Use
of Terminal Transferase.
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the backbone of each strand is not joined, and the two DNA molecules
are only held together by the relatively weak hydrogen bonding of the

base pairs.

In 1967, a number of laboratories had independently discovered a class
of enzymes, which could here be applied to bond the backbone, given the

23
name polynucleotide ligase. This type of enzyme could catalyse the

reaction necessary and after its application'the joined DNA molecules

are as complete as any single one. Although the steps toward joining

DNA as outlined here are conceptually simple, the biochemical practices
involved are complex, involving the use of highly purified enzymes and

a considerable degree of technical expertise. A major advance simplified

the whole procedure.

Method 2

The 1960s saw more and more work concentrating on lower forms of life
such.as bacteria and viruses, rather than higher organisms. These
simpler organisms differ in that their cells do not have a nucleus,

and are called prokaryotes (pre-nuclear) to distinguish them from higher
organisms whose cells do contain a nucleus, given the name eukaryotes
("true', 'nucleus'). This shift in emphasis enabled the experimenters
to deal with generations measured in minutes rather than weeks or years,
thus making genetic errors more identifiable and manipulable.24 The
simplicity of such organisms is easier to understand than the complexity

of multiple chromosome higher organisms, making them attractive to study.

In 1962 it was demonstrated that certain bacterial viruses, known as

bacteriophages (or phages) that grew on one strain of the bacteria

Escherichia coli, E. coli K-12, grew poorly on a different strain,

; 25 ' .
E. eoli B, However, those few particles that survived were perfectly
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capable of infecting E. coli B, but not E. coli K-12. It seemed that
E. coli had a mechanism by which it could protect itself from foreign

DNA. It was found that a particular enzyme, called restriction endo-

nuclease, introduced a number of breaks in the backbone of the infecting

viral DNA. Moreover, the restriction endonuclease does not attack its

own cell because of protection provided by a set of modification enzymes.

In general, an endonuclease attacks the backbone of DNA, while a
restriction endonuclease only attacks the backbone at points identified
by specific sequences of nucleotides.26 Each strain of bacteria, it
seems, has 1its own modifications carried out to protect it from its

own restriction enzymes. On the other hand, invading DNA is cut before
the modification enzymes of the cell being attacked can modify the
foreign DNA. The utility to recombinant DNA techniques was that certain
restriction enzymes could cut any DNA where a particular sequence of

nucleotides occurred, but in a staggered fashion, as described below.

It was found, in 1972, that a restriction enzyme from E. coli known as
endonuclease Eco RI could generate staggered cleavages by cutting the
parallel backbones in such a way as to leave overlapping ends which
could reassociate through pairing of the bases. This particular
restriction enzyme, for example, recognises the following symmetrical

sequence :

n i i 1 T L3

G A A T P G

[ N R R

& T T A A G

1 | H 1 | ke
DIAGRAM 6

The enzyme then makes a staggered cut between the adjacent A and G on

each backbone, which as discussed above have opposite polarities:
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DIAGRAM 7

Complementary single strand tails, four bases long, result, whatever the
27 i ’ : .. .
source of DNA, thus enabling DNA, diverse in origin, to be joined. As

with Method 1, however, the newly bonded DNA requires the use of ligase

to join the backbones:

A T c G G A A T B C i A

[ T S I S N N R R

T A G C C T i A A G A T

IS SO POUL UV SRRV FHNN SO VSRR S SN YOO

DNA: Source X DNA: Source Y
Backbone needs to be
bonded by DNA ligase
DIAGRAM 8

Weak hydrogen bonds hold the two sections of DNA together more
effectively at low temperatures (below 16OC) until the DNA ligase is
added. Overall, this second method of joining DNA is simpler than the
first method and has the additional advantage of providing the means
to segment the DNA prior to its rejoining in different arrangements,

whatever the source of the DNA.

Cleaving and joining DNA is, however, only a part of the whole process
involved in obtaining something useful from recombinant DNA techniques.
Some complexities and further techniques must now be mentioned, before

indicating Method 3, which bypasses a number of stages.
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Some Modifications.

Eco RI, for example, cuts DNA on average every 4,000 base pairs. Jackson
points out that if one attempted to join 'duck' and 'orange' DNA, the

use of the restriction enzyme would produce some 250,000 fragments from
each duck and orange cell. All of these 500,000 fragments will have

Eco RI termini at each end, enabling a variety of possibilities to

occur: each fragment could circularise as its own ends join; each

fragment could interact with essentially equal probability with any

of the other duck or orange fragments; it could join with another copy

of itself; when two fragments have joined they in turn could react like

a single piece, with the same possibilities. Thus the potential linkages
’ 28 . . .

are very complex. Because of the crucial importance of the organi-

sation of chromosomes in order for the regulation and functional

anything viable as an organism resulting from this mixture.

Some technical modifications enable more useful outcomes. A major
change is to ensure that the source of genes used is much simpler than
ducks and oranges, thus reducing the complexity of the DNA mixture,
which increases the relative proportion of the desired recombinant
molecules. By using terminal transferase, it would be possible to havé
all the DNA from one organism to have A tails (poly-A tails) while DNA
from the other organism could have T taiis (poly-T tails) avoiding
circularisation of any single fragment. It would also ensure the mixing

of DNA sources.

An extremely powerful modification is to make sure that one of the sets
of DNA to be combined has the power of self-replication. Replication
of DNA, as discussed above, requires the DNA to be physically linked to

. . : : ; ; 29
special sets of DNA which code for replication functions. These
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particular genes are relatively rare, and bacteria which contain about
3,000 to 5,000 total genes only contain a single set of replication
genes. Nevertheless, a particularly useful means of gaining access to
replication functions was developed, through the use of plasmids. These
are small circular pieces of DNA which are found in some prokaryotic
cells, independent of the large circular chromosome, and are capable of
self—replication.BO Almost every known form of bacterial cell can house
plasmids, although only a very few individual cells will actually contain

them.

In 1973, Stanley Cohen and Herbert Boyer led an experiment using the
plasmid pSC1l0l1 (plasmid Stanley Cohen 101), selected because of its
property of having only one Eco RI cleavage recognition site. Thus

when cut, the plasmid could link with foreign DNA also cut with the

same restriction enzyme such that a new hybrid circular plasmid could
form. Cohen and Boyer used 'foreign' DNA derived from another plasmid
in this first experiment, but the way was opened for similar experiments
using DNA from other sources.3l Diagram 9 illustrates the method by
which plasmids can be utilised for their replication functions to obtain
large quantities of the inserted DNA. However, not all cells will
contain the independently replicating plasmids, and some means of

selecting which cells actually contain the plasmids becomes necessary.

Identification has been facilitated by the fact that many plasmids
contain one or more genes which confer resistance on the cell to one

or more antibodies that would normally kill it. Antibiotic resistance

can thus occur from plasmids which specify enzymes that can break down
drugs. By using the above techniques to insert modified plasmids into
plasmid free cells, future generations of the cells containing plasmids

can be identified by introducing the antibody to which the plasmid
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provides resistance. Flexibility exists in the approach in that
different plasmids can be used which respond to different gntibodies,
in relation to experimental requirements. This, however, is only part
of the identification problem. It is also necessary to be able to tell
which plasmids initially acquired the additional DNA after cleavage and
which did not. In order to do this, use can be made of plasmids that
contain genes which code for resistance to more than one antibody. The
plasmid must then be cleaved by a restriction enzyme that recognises a
nucleotide sequence that occurs within one of the gene sections coding,
for example, for one of two resistances. Insertion of foreign DNA at
such a point inactivates that resistance by altering the sequence of
nucleotides. Resulting cells displaying resistance to only one of the

! . 32
two antibodies most likely contain foreign DNA.

A more direct method of screening is to look for abilities of the
recombinant plasmid that the cell otherwise would not have. For example,
the bacterial cell may not be able to grow in the absence of a certain
amino acid. But if the inserted fragment contains the information
necessary for synthesis of this compound, then the cell could grow in

its absence. Although a very powerful selection method, it depends on
the information contained in the inserted DNA being functionally

33
expressed.

Finally, the complementary structure of DNA provides a further basis

for identification and selection. Hybridisation involves the ability

of DNA strands to reassociate with DNA from the organism from which it
was derived, but not with the DNA of the cell into which it is inserted.
) ; . y : : 34 .

Foreign DNA should be detectable in this fashion. A refinement of
this procedure involves the use of 'nucleic acid probes'. Radioactively

labelled messenger RNA which derives from a known gene in the donor
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organism is first isolated in as pure a form as possible. Although
difficult to achieve sufficiently pure mRNA, it is possible. Using
hybridisation screening procedures these RNA probes can be used to

- ; 3 35
identify the bacteria which have had this gene inserted.

A second means of gaining access to replication functions was based on

the use of a class of viruses known as temperate bacteriophages, which

grow on bacterial cells. The DNA molecules of the phagesvhave long

o . . 36
been known to be capable of acquiring genes by recombination from the
chromosomes of the cell they infect. However, in bacteria they can
also be incorporated into the chromosomal DNA itself. A phage often

used is lambda phage, which even with sections deleted can still

replicate. It was also found that DNA inserted into the phage would
have to be of a certain size in order to maintain its viability. 1In
1974, researchers took advantage of the above to generate special forms
of lambda phage into which foreign DNA could be inserted, but which
contained only a limited number of restriction enzyme cleavage sites
and alame DNA deletion. 1In addition, the phage would not propagate

in E. coli without the foreign DNA inserts. Diagram 10 shows the

37
locations within the cell of both plasmids and phages.

HOST CHROMOSOME

BACTERIAL

<:) CELL
<:> Plasmid

Vectors

DIAGRAM 10
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By way of terminology the plasmids and phages used in replicating
inserted DNA are collectively known as vectors. In effect they allow
the magnification of quantities of DNA, once the foreign DNA is inserted.
However, the foreign DNA-vector combination requires the services of a
bacterial cell in which the replication process proceeds. This is

termed the host. It is common to talk of the host and vector taken

together as a host-vector system, in the context of the manipulation

of DNA. They are standard microbiological terms. Nevertheless, one
important area of difficulty, already mentioned in passing, needs

further elaboration.

Inserting foreign DNA into a host-vector system can obtain large
quantities of the DNA molecule in question. This is not the same as
‘obtaining the final product for which a particular gene may code. That
is, the DNA may not be functionally expressed in the sense of directing
the final ordering of amino acids to produce specific proteins.38 Two
aspects to this problem became apparent as work proceeded in the 1970s:
firstly, there was the expression of genes from one prokaryoté inserted
into the cell of another; and secondly, attention focused on the
expression of higher eukaryotic genes when inserted into prokaryotic
hosts. Early success in obtaining the expression of foreign prokaryotic
genes in a prokaryotic host, led researchers to believe in general that
this would be the result when prokaryotes and lower eukaryotes were the
source of the donor DNA. On the other hand, the expression of DNA from
higher eukaryotes when inserted into bacterial hosts proved to be a
much more complex problem. The difficulties involved are usefully
summarised by Ehrlich and Goze, who indicate the requirements of

expression:

"Expression of genetic information involves: (a) transcription of
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DNA: (b) processing of RNA; (c) translation of RNA; (d) processing
of proteins. The correct execution of each of these steps depends
on the correct interpretation by the host cell of the different
signals carried by implicated macromolecules. Consequently, the
barriers to heterospecific gene expression can be related to
divergence of such signals between organisms." (39)

The 'signals' referred to by Ehrlich and Goze are sequences of nucleotides
on the DNA strand, and their relation to other features of DNA already
discussed is illustrated in Diagram 11. Incorporated intoc the sequence
of nucleotides comprising DNA are 'start' and 'stop' signals which

control the process of transcription where messenger RNA forms from a

DNA 'template', as outlined above.

Stop
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DIAGRAM 11
"Structural Features of a DNA Molecule. ... Groups of three

nucleotides provide the basis of the genetic code as indicated
in the upper strand. TAC represents a start signal which tells
the protein synthesizing machinery of the cell where to start
reading the code. ATC indicates when to stop. Shown on the
lower strand are recognition sequences for three restriction
enzymes. The arrows indicate where the phosphodiester backbone
is cleaved by these enzymes." (40)

E. coli has proved particularly powerful as a host in that it can 'read'
the start and stop signals of foreign genes from other prokaryotes,
although the reverse may not always be the case if different transcrip-

: PP s ; : 41 :
tion initiation signals are present in other organisms. Further to
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this, expression requires that the code held in the mRNA be translated

(see above) such that amino acids are correctly ordered to produce

proteins.

However, RNA in eukaryotic systems differs in complexity from that of
prokaryotes, involving a degree of 'processing', or the removal of
sections which are not necessary in the coding for the gene product.

In effect, it was found that in nearly all mammalian and vertebrate
genes, and 1in the genes of eukaryotic micro-organisms such as yeast
(although less frequently) there were interspersed inserts of non-coding
DNA, termed introns. Simplified, it has been shown that the DNA template
initially allows a primary RNA transcript to form which subsequently has
the intron sections 'spliced' out. Inthis fashion what is known as
mature messenger RNA results which forms in turn the code for amino acid
ordering.43 It is probably the lack of appropriate 'splicing' machanisms
in prokaryotes that represents the most important barrier to the ex-
pression of foreign genes taken from eukaryotes. Finally, a problem to
expression of foreign DNA may relate to the fashion by which E. coli
'degrades' short protein chains deriving from mutations. Foreign

., 44
proteins may perhaps also be degraded if they are 'unprotected'.

To some extent, however, these and other barriers to expression may be
overcome, although there is no generally applicable strategy. Ehrlich
and Goze nevertheless suggest some useful rules. Degradation has been
overcome in the laboratory by attaching the foreign gene to a particular
host gene. To overcome difficulties in the 'reading' of signals,
adequate transcription and translation signals have been added to the
foreign gene prior to its insertion in the vector used. 1In essence

the foreign DNA is first adapted to the rgquirement of the gene-to-gene

product converting machinery of the new host.
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A further means to overcome the barrier problem, as suggested by

Ehrlich and Goze, might better be taken as a third method of importance

for the creation of recombinant DNA molecules.

Method 3

A major problem with the first two methods of obtaining recombinant
molecules, as described above, is that the segments of foreign DNA to
be incorporated into a host-vector system will include more than the
DNA of one gene. If an average gene contains some 1,500 base pairs,
and the commonly used restriction enzyme Eco RI cuts DNA approximately
every 4,000 base pairs, it can be seen that the resulting fragments will
contain some partially included genes. This underlies some of the
problems of barriers to expression, and may not be the appropriate
approach if one gene in particular, or more exactly the gene product,
is of prime interest to the researcher. If the DNA inserted into the
host-vector system could be limited to that of the particular gene then
many difficulties might be bypassed. The technical difficulty is in

obtaining the desired gene in isolation.

As already described, DNA provides a template for the production of
mRNA, but with thymine (T) replaced by uracil (U), with the help of an
enzyme known as transcriptase. It is, however, also possible for DNA
to be produced from mRNA using an enzyme appropriately termed reverse

transcriptase. If a 'tail' of Ts (a poly-T tail) is hybridised to the

end of an mRNA molecule most of which have a natural poly-A tail at one
end, then reverse transcriptase can use this to commence the production
of a DNA strand complementary to the mRNA strand. The poly-T tail is
complementarily bonded to the poly-A tail on the otherwise single
stranded RNA. Using the mRNA as a template, the complementary sequence

of Ts is continued with the appropriate complementary bases for the rest
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of the mRNA strand, as in Diagram 12.

mRNA Poly-A tail

Subsequent

addition of Poly-T tail
complementary bonded to Poly-A
bases to form tail

a double strand

Thus :

y—-‘
>
o=

DIAGRAM 12

The subsequent hybrid mRNA-DNA molecule can then be separated and the
DNA strand can again, using reverse transcriptase, synthesize the

the complementary DNA strand. The result is a DNA molecule complementary

45

to the mRNA, carrying the genetic information spgcified in the RNA.

This approach is very useful because in certain highly differentiated
cells in higher organisms, for example those making haemoglobin, anti-
bodies, or muscle protein, the mRNA for those proteins constitutes ten
to thirty per cent of the total mRNA in the cell, even though the gene
they are synthesized from is only one part in one million of the total
DNA.46 With such high proportions, conventional biochemistry techniques
can be used to purify and isolate this mRNA. The above method can then

be used to synthesize the best part of the original gene. It can then

be inserted into a suitable host-vector system as in Methods 1 and 2
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in order to utilise replication functions. It is worth noting that

specific cells in an organism which contain larger quantities of other-
wise relatively rare mRNA molecules can be used to begin with. In some
cases, cells might be induced to produce larger amounts of protein, and

thus the necessary mRNA.

A more intriguing adaptation of the third method is actually to syn-
thesize the gene itself from scratch, so to speak. This can be achieved
by working backwards from a known sequence of amino acids comprising a
protein molecule. New methods in chemical synthesis coupled with
enzymatic ligation enable the construction of any given nucleotide
sequence. For smaller proteins where the sequence of émino acids, and
thus codons of three nucleotides for each acid, is perhaps known, such

synthesis might be practical.

Some of the expression problems can be overcome by synthesizing DNA from
mRNA which already contains the correctly processed genetic information,
at least in its natural host. Alternatively, DNA synthesis might
eventually be used to provide the necessary promotor or start signals,
and other necessary genetic information to enhance the techniques of the
first two methods of producing recombinant DNA molecules, outlined above.

Cleaved segments might be attached to the necessary sequences.

Much work has been carried out concerning the sequencing of genes from
a variety of organisms, partly through the use of recombinant DNA
techniques themselves. Indeed, it has been advocated that an inter-
national 'bank' using computer facilities be set up for depositing

49 . . :
completely sequenced genes. Such knowledge, if readily available,
would provide supporting information to aid the application of

recombinant DNA techniques.
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Finally, it should be stressed that the divisions above are somewhat

arbitrary, as there is some degree of overlap, and many experiments

have involved combinations of methods. Overall the requirements of

recombinant DNA techniques can be summarised as involving:

i) A means of isolating and purifying DNA.

ii) The production of fragments of DNA that can be joined with other
fragments, whatever their source.

iii) The 'sealing' of backbones of the joined strands, or ligation.

iv) A host into which the recombinant DNA molecules can be inserted
which has a means of replication in.order to produce greater

quantities of the molecules.

V) A means of identifying the hosts which contain recombinant DNA
molecules.

vi) Expression of the gene of interest may be a requirement of some
work. However, many experiments might only require the acquisition

of quantities of the DNA of interest, as in (v) above.

The technical details of the methods used in this work have been greatly
simplified. 1Individual experiments are likely to involve many refine-
ments quite beyond the scope of this chapter, and indeed beyond the
scope of most of the references used. However, the conceptual descrip-
tion of the methods has been the main intent, to provide background

for subsequent discussion.

It is important to reiterate that these techniques have been described
with the aid of some years' hindsight, whereas the controversial debate
surrounding their use began almost as soon as the first breakthroughs
were being achieved. The origins of concern about these developments
is considered in the next chapter. As discussion of the issues pro-

gressed, reference was often made to the ability of recombination to
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occur in nature, and some reference to this is therefore in order.

Recombination in Nature.

In nature, recombination is a second more moderate way of producing

. S . 50 .
genetic variation after mutation, and for a long time has been known
to occur within cells of a given species, of both single-celled organisms
and more complex animals and plants. DNA can be exchanged between
chromosomes and between different regions of the same chromosome.

Exchanges may involve the DNA of the single organism or the DNA of

viruses and plasmids found only in that species. In this fashion,
antibiotic resistance can be transferred within a species. 1In a limited
51

number of cases, inter-species recombination has been described.

On the basis of laboratory work, A. Campbell suggests four possible ways

in which gene transfer might occur in nature, through transformation,

transduction, conjugation, or cell fusion. Transformation would involve

DNA liberated from a donor (under appropriate chemical conditions)
becoming free in a solution and subsequently entering another cell and
recombining with the host DNA. This has been observed with a small
number of species of bacteria. In transduction, fragments of donor DNA
may be packaged within the protein coats of bacteriophages and later may
be transferred to a host via the mechanism that the phage uses in
infecting other cells. Such viral transfers may occur without cell
contact. Conjugation involves a sideline to plasmid transfer, where
donor DNA may transfer carried by the plasmid or, indeed, instead of it.
However, direct cell contact is necessary. Finally, cell fusion involves
the chemical modification of their surfaces, so as to promote fusion of
the outer membranes, thus generating a single cell from two parental
cells. This naturally occurs between the gametes of eukaryotes and some-

times between other eukaryotic cells. Evidence does exist, according to
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Campbell, to suggest that such fusion may occur between bacterial cells.

Campbell argues that it might be expected that transduction and conjug-
ation would occur in nature because they constitute side reactions to
the transfer of natural agents, while the expectation of transformation
is less obvious because of the two conditions that need to be met.
Firstly intact DNA must be liberated from the cell and secondly taken
up by a host. The uncertain element concerning cell fusion is with

regard to bacterial cells or prokaryotes.

Overall genetic exchange between closely related organisms is more
common than between distantly related. Further, any exchange of DNA
would face barriers to expression similar to those discussed above.

For example, in closely related organisms, properties of the cell
surface, restriction enzymes, incompatibility between entering and
resident plasmids, and lack of corresponding base pairs might all affect
the success of exchange. The first two are barriers to transfer, while
the latter two are barriers to establishment.53 That is, many possible
exchanges might be genetically disadvantageous to the recipient as

reflected in evolutionary selection.

It can be seen, therefore, that although microbiologists had in the
1970s developed some extremely powerful tools in the techniques of
obtaining recombinant DNA molecules, there is evidence to suggest that
natural biological processes may include similar methods. A further
possibility to note is that experimenters could potentially utilise
the natural phenomena to their ends in the laboratory. Thus, more
traditional selective breeding techniques could be applied to isolate
the products of natural recombination. Laboratory work has enabled

researchers to induce natural recombination, not least in the efforts

h32
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to understand the phenomena involved. A summary of such in vivo

genetic manipulations was produced by G. Bertoni for the 1979 Wye
. : . . .54 ;

Conference, discussed elsewhere in this thesis. He concludes his

review by observing that:

"In general, geneticists have tended to work with isogenic
material, i.e. to avoid hybridization between less closely

related strains, in order to secure firmer interpretations from
their experiments. It is likely, however, that as interest in
genetic interactions between distant organisms increases, rational
methods will be found for overcoming in the laboratory some of the
isolating barriers found in Nature, even without using in vitro
recompination techniques." 55

The use of natural or in vivo processes to achieve recombinant results
1n contrast with in vitro recombination methods leads suitably to a
discussion of the difficulties involved in defining recombinant DNA
techniques, not least for considering the issues surrounding regulation

of the activity.

3. A PROBLEM OF DEFINITION.

There are two aspects to the definition of recombinant DNA techniques.
Firstly, there is the question of appropriate label, and secondly, there
is the need for precision in identifying exactly which techniques should
be included. Labelling has been quite diverse since the techniques were
developed. The technical term 'recombination' provides a basis for the

first relevant label: recombinant DNA, or such variations as recombinant

DNA techniques, in vitro recombination and recombinant DNA molecules.

This label derives from the technical description of new combinations

of genes, or any rearrangement of genetic material, as used by micro-
. . : . 56 : .

biologists and geneticists. It is also the term used by the United

States National Institutes of Health and other official bodies. A

second label, genetic manipulation, is self-explanatory in general terms
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and has been adopted by the United Kingdom Genetic Manipulation Advisory

Group and the EEC. Similar, but here taken to be a third label, is the

term genetic engineering, used for example by the UK House of Lords

L 57
Select Committee on the European Communities. These three labels have
all had common usage in the press. Nicholas Wade, a leading writer for

Science on this topic, uses the term gene splicing in most of his

5 58 ) ;
articles and his book on the subject, while Stanley Cohen, an important

figure in the relevant scientific community, has suggested gene cloning

59
as more appropriate.

The above terms are perhaps the main labels applied, although more
recently there has been a tendency to combine the techniques considered
here with other microbiological and biochemical techniques and appli-
cations (industrial on the whole) under more general headings. 1In

) ! : . ; 60
particular, biotechnology and biomolecular engineering are of note,

and are taken to subsume recombinant DNA techniques. Again these terms,
notably biotechnology, have been widely used in the science press. Thus,
a variety of descriptive terms exist, none of which can be taken as
singularly dominant. This thesis will restrict itself to the two used
by the official bodies of the United States and the United Kingdom,

namely recombinant DNA techniques and genetic manipulation. As genetic

manipulation produces recombinant DNA as a product, the two labels are

guite complementary.

A more important aspect of definition is, however, the identification of
the precise phenomena to be labelled in the first instance. Most of the
definitions formally recognised by official bodies in different states
for regulation purposes were essentially concerned with the use of
Methods 1 and 2 above, or Method 3 which is really a refinement of these.

They do not cover means of arriving at the same result through in vivo
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processes, even when laboratory selection procedures are involved.

The 1980 US National Institutes of Health Guidelines stated as follows:

"In the context of these Guidelines, recombinant DNA molecules are
defined as either (i) molecules which are constructed outside living
cells by joining natural or synthetic DNA segments to DNA molecules
that can replicate in a living cell, or (ii) DNA molecules that
result from the replication of those described as in (i) above." 62

A similar definition had been adopted by the United Kingdom's Genetic

Manipulation Advisory Group (GMAG) :

be defined as the formation of new combinations of heritable
material by the insertion of nucleic acid molecules produced, by
whatever means, outside the cell, into any virus, bacterial plasmid
or other vector system so as to allow their incorporation into a
host organism in which they do not naturally occur but in which they
are capable of continued propagation." 63

"For the purpose of these regulations, genetic manipulation shall
|
The UK definition was explicitly intended to cover the new techniques of
genetic manipulation and not the end results or products, which it was
acknowledged might also be achieved by conventional techniques, of which

some had by then been in use for many years.

These definitions have been reproduced to show the emphasis on the new
techniques of producing recombinant DNA molecules, but also because the
United States and the United Kingdom have led the field internationally
in the development of guidelines, many elements of which have been
borrowed in other states. Both definitions explicitly refer to the
recombinant molecule being formed outside the cell. It is interesting
that the European Molecular Biology Organisation (EMBO) as early as 1976
proposed that a wide and a narrow definition could be deliﬂeated. The
former referred to recombinant DNA research as "combining DNA molecules

of different biological origin by any methods that overcome natural

135



barriers". The latter specifically referred to a limited definition of
in vitro recombinant DNA research, the emphasis here being on techniques

applied outside the cell, in vitro. As EMBO reasoned:

"The production of recombinant DNA molecules in cell-free systems

has become known as recombinant DNA research. This term is, perhaps,
unfortunate because it does not take into account the fact that

there are many natural and experimental ways of obtaining recombinant
DNA. The usage of the term recombinant DNA research, meaning in

vitro recombinant DNA research, has found widespread acceptance." 64

It can be seen therefore that both labelling and definition were both
open to differences. The labels adopted here will refer to the narrower
in vitro recombinant DNA techniques, in keeping with the predominant
custom, and referring to the three methods outlined in this chapter.
However, this 1is done with the explicit awareness of the wider context

; ’ 65
of all processes of recombination.

As with the discussion on the actual techniques of genetic manipulation,
consideration of the appropriate definition also involves elements of
historical development and subsequent hindsight. For example, the
original 1976 US guidelines did not explicitly include the use of syn-
thetic DNA.66 It is also of note that developments in the field brought
a further definitional issue to the fore, concerning so-called 'self-
cloning experiments'. 1In such experiments, DNA may be removed from an
organism or cell by genetic manipulation techniques and, possibly after
enzymatic steps, reinserted into the same species of organism or type

ot cell from which it originated.67 The 1980 US guidelines exempted
this type of experiment, while GMAG recognised that although strictly
speaking self-cloning might be within its definition, certain such
experiments (which they listed) should be exempted from their requirements

e . 68
of notification.
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This chapter has presented a brief summary of the more important technical

developments and science which underlie the substantive issues of this
thesis. In the course of the remaining chapters a number of these points
will be located in the context of their wider political, social and
economic implications. For example, the development of guidelines and
later revisions were directly influenced by the increasing knowledge of
these methods, and by some of the difficulties touched on here concerning
precise definition of the relevant scientific techniques. To conclude
this chapter, there follows a brief indication of the areas of application

of in vitro recombinant DNA techniques.

4. AREAS OF APPLICATION OF RECOMBINANT DNA TECHNIQUES.

It is not proposed to give an exhaustive rendition of all the potential
and realised applications of genetic manipulation, but rather a number

of general areas of utility will be indicated. Firstly, the techniques
provide a highly useful research tool for the microbiologist, aiding him
in the task of increasing knowledge of the functioning of life at the
molecular level. There are perhaps two reasons for this. The more
obvious is that all the information for growth, development, organisation
and reproduction of an organism is encoded in the genetic material, that
for the first time can be manipulated in a controlled way. Indeed, any
technique aiding the investigation of this material would have wide
applicability. The less obvious advantage is that for the first time

the new techniques provide the researcher with a reductionist approach

to the analysis of the genomes of higher organisms. Higher organisms
have genomes of incredible complexity which prior to in vitro recombinant
DNA techniques were impossible to study in terms of each individual gene.
The developments described in this chapter enabled the smaller, more

manageable, sections of DNA to be selected and with the aid of host-
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vector systems magnified in quantity for analysis. A great deal of
new information has thus been acquired since the advent of these

techniques.

Secondly, the techniques are likely to be of great importance in the
manufacture of drugs, chemicals and fuels, and in particular hormones,
vaccines, enzymes and fermentation products. Proteins such as inter-
feron,7o antibodies, blood-clotting factors, insulin, growth hormone,
and many other pharmaceutically important compounds might be produced
in this way. Traditioﬁal techniques of producing these products (for
example by extraction from animal cells) can only provide limited
quantities. Bulk products, however, such as methane and ethanol,
involve problems in designing industrial-scale processés. «The diffi=
culties in getting eukaryotic DNA to express in prokaryotic hosts

represents a problem to overcome.

A third area for applying genetic manipulation is in crop improvement,
both in improving the breed of a given crop plant, and perhaps in
bypassing the need for fertilisers. The latter might be achieved by
providing the means for plants to extract nitrogen from the atmosphere,
either directly or indirectly through modification of bacteria which
inhabit the plants. Certain plants can extract nitrogen and it may
prove possible to transfer productively the genes coding for this
function into other plants. Some plants on the other hand, obtain
nitrogen from bacteria which inhabit their roots, and the appropriate
bacterial genes may be transferred to the natural bacterial inhabitants
of different plants. Again difficulties have proved evident.72 Another
area of crop research, for example, concerns the way genes are controlled

in the defence mechanisms of plants against diseases.
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Fourthly, genetic disease may in future be treated by manipulating DNA.

The external production of enzymes that a patient, through genetic
disorder, cannct produce, might enable these enzymes to be introduced
into the person in question. In general, medical practice might be
improved through the more efficient production of drugs and other
chemicals, as mentioned above. Or, more specifically, internal
modifications to undesirable mutant genes, such as those causing sickle
cell anaemia, might offer new types of cures. For example, extensive
bone marrow transplanting could provide the means to introduce the
modified cells.73 Such applications of genetic manipulation still need
considerable development, and are likely to involve considerable ethical

discussion.

Fifthly, applications may accrue in conjunction with older techniques

such as enzyme technology and fermentation. Such linkage and the

potential developments discussed above have become labelled as biotech-
74 . .

nology. Biotechnology has in general led to a large number of

commercial firms emerging to develop recombinant DNA techniques for

industrial research and development, in some states forging new links

between large corporations, specialist research firms and universities.

Finally, it is worth noting here, although more will be said in later
chapters, that one more, but sinister, application of the new techniques
could be in the biological or chemical weapons areas. New weapons of
various degrees of debilitation might accrue, or alternatively existing

toxins might be more efficiently produced.

A technical background has thus been provided to elucidate the general
concepts involved concerning the techniques of achieving recombinant DNA

molecules. This provides a reference point from which the other chapters
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can be put in perspective, particularly with regard to the origin of

perceived risks, the politicisation of the issues, and the politics of
risk-benefit assessment, that have accompanied their development. Much
of necessity has been simplified, but the technical level adopted is
sufficient for the purposes of this thesis. Again, however, it must be
stressed that the techniques and definitions of genetic manipulation
have been presented with the benefits of hindsight. It is now necessary
to provide an historical overview concerning the associated growth of

fears of potential risk.
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THE ORIGINS OF CONCERN.

With a lack of quantifiable information indicating reasons to consider
recombinant DNA techniques as hazardous, the approach adopted here will

be to demonstrate that although concern rested on conjecture, it came

from authoritative sources. In order to do this, a descriptive and
historical summary is presented, indicating the fashion by which attention
became drawn to potential hazards. In particular, the events behind the
publishing of two influential letters and the holding of a now famous
international conference in California deserve special attention. Together
these were responsible for initiating institutional responses in many

states.

1. THE BERG EXPERIMENT.

An experiment which Professor Paul Berg of Stanford University proposed
to do in 1971 has been commonly suggested as the first step in a chain

of activity leading to the international discussion of potential hazards
and the development of experimental guide]_ines.l He had intended to
implant the DNA from Simian Virus 40 (SV40) into the bacterium E. colj,

a normal inhabitant of the human digestive tract. Attention became drawn
to this when a graduate student from Berg's laboratory, Janet Mertz,
attended a course at Cold Spring Harbor Laboratory, New York. There,
Robert Pollack gave a lecture which included discussion on matters such
as safety and ethics in work with mammalian cell cultures. In particular,
Pollack was concerned with experiments to study viruses, cancer and the
like. Not least, he referred to some of the less well known hazards
involved in indiscriminately mixing cells of different species under

T o 2
artificial conditions.
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Mertz described Berg's proposed experiment. SV40 was a virus known to
cause tumours if injected into new-born hamsters, although was thought

to be safe in humans.3 In general, viruses assoclated with causing
tumours were of particular interest to those who hoped to find a viral
component of human cancer. Pollack began to wonder about the risks in
introducing SV40 into E. coli, which could then perhaps produce the virus
in large quantities. Although apparently safe in humans, SV40 might find
itself transmitted more readily in E. coli, and if introduced into humans

effects.

Berg has acknowledged in interview that he took some convincing from
; : : 4 .

Pollack and Mertz that his experiment would be risky. Consulting many
other scientists, Berg found a number were very critical, including
Maxine Singer and David Baltimore, who were later to become important
in publishing concerns. Still uneasy, Berg sought advice in the summer
of 1972 in a lecture at the European Molecular Biology Organisation
(EMBO) . After a lengthy session, it seemed that no one was sufficiently

. ; : . 5
confident or knowledgeable to give him his answers. In subsequently
abandoning the experiment, although partly because Berg saw inherent
difficulties in it (the virus might not be expressed in the E. coli),
Pollack felt that Berg's action would deter others from similar experi-

ments, much to his relief.

From this modest beginning, discussion of potential hazards in biological
research gained momentum. A series of conferences and meetings gave vent
to the issues. Andrew Lewis, of the US National Institute of Allergy and
Infectious Disease (NIAID) presenting a paper on SV40 hybrids (at a
symposium at Cold Spring Harbor, immediately following the workshop in

which Pollack and Mertz had been involved) again raised the question of
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A yearly NATO meeting convening in 1972 in Sicily, following a

lecture by Berg, gave over an evening to discussing the political and

. . . [/ :
social consequences of genetic engineering. Later in the year, an EMBO

workshop held in Basle on DNA restriction and modification gave another

evening over to issues surrounding the creation of genetic hybrids.

November 1972 saw the establishment by the US National Institutes of
lealth (NIH) of a Biohazards Committee, and Andrew Lewis initiated action
on the part of NIAID to control the supply and use of possibly hazardous
hybrid viruses. Lewis was responding to hazards he saw in his own work,
but it became NIAID policy that those wanting virus samples must sign a
memorandum of understanding in which they agreed to take certain safety
measures. If they passed the virus to anyone else, they should be
required to promise likewise.8 In general, these moves were paralleling
the development of the methods of cutting and joining DNA through the

use of restriction enzymes.

By now, Berg had become convinced that there was a question of biohazards
to face up to, and in conjunction with others was to take events further.
A series of special conferences was proposed, the first to be a fact-
gathering exercise on tumour viruses and at least one other to address
types of experiments being proposed and the aésociated hazards. Berg
asked two colleagues, A. Hellman ana M.N. Oxman, to assist him in organi-
sing the first conference specifically on biohazards. Sponsored by the
1S National Science Foundation, the National Cancer Institute and the
American Cancer Society, it was held between 22nd and 24th January 1973,
at the Asilomar Conference Center, Pacific Grove, California. This was
to be the same venue as a later and much more important international
conference. (For convenience they can be termed Asilomar I and Asilomar

10 . . . . : :
LT} Essentially the discussion at Asilomar I was on biohazards in
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general rather than on recombinant DNA. Later more specific concerns

would develop. One issue of note was to remain important, as far as this
case study is concerned. It was noted that the background training of
those dealing with virology was all too often in biochemistry, and a
tendency existed for viruses to be seen as yet another chemical reagent.
Other issues examined included: laboratory infections from animals;
evaluation of experimental results; tumour viruses; hazards; modifications
to viruses; common sense in the laboratory; and the control of hazards in
cancer research. It was noticeable that no hard evidence was presented

to prove conclusively specific hazards, yet an awareness of overall hazard
was fostered. Equally of note was that ethical and moral questions were
not raised, as they had been at the NATO meeting. Nevertheless, the
potential hazards to health were taken seriously as James Watson, co-

discoverer of the structure of DNA observed at the meeting:

"Of course everyone working with a given virus hopes very much that
his particular virus is indeed safe. But I think we must now help
create the situation where the real reason for a decision [for
bichazard prevention_] is the awfulness of the alternative possibility
- which I suspect is how the AEC calculates the low probability of a
catastrophic accident to a nuclear power plant.”" 13

In sum, the development of discussion on biohazards, following Pollack's
worries over the.experiment which Berg proposed, provided a background
to which specific concern over recombinant DNA techniques was later
voiced. The next significant development was the publication of two

letters.

2. TWO INFLUENTIAL LETTERS.

By the spring of 1973, Stanley Cohen, Herbert Boyer and some colleagues

had succeeded in inserting DNA from one plasmid into another using the
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restriction enzyme Eco RI. Their main contribution was finding a

plasmid which maintained its replication functions even with the DNA
inserts.M Their work was published in November 1973,15 and it attracted
much interest. The technique spread quickly as Cohen made the plasmid
which had been so useful available to other researchers. Recognising the
question of hazards, he requested that they made assurances that tumour
viruses would not be inserted into it, or any other DNA which might make
the E. coli carrier of the plasmid more resistant to antibiotics. He
requested that they did not pass the plasmid to anybne else without

similar assurances. However, this self-regulated control broke down as

other useful plasmids were discovered elsewhere.

In the same year a conference was held, this time explicitly addressing,
in a special session, the newly developed techniques. More importantly,
the participants voted for a letter to be sent to the National Academy

of Sciences (NAS) and the journal Science. The conference was the annual

Gordon Conference on Nucleic Acids, and the vote followed a special
session called for by participants after they had heard Boyer talk about
the new techniques. Maxine Singer opened the session from the chair,
noting the potential for the techniques and that moral and ethical issues
were involved. The scientists were then told of their responsibility to
. L
co-workers, laboratory personnel and the safety of the public.
Following the discussion, a vote was taken in which seventy-eight of
some ninety participants voted in favour of the two chairpersons sending
a letter to the NAS. A significantly narrower vote of forty-eight to
forty-two decided in favour of giving the letter wider circulation through
; : L7 ; .

publication. As it has come to be known, the Singer-S811 letter
addressed a matter of 'great concern', the joining of DNA from diverse

5 ot L . 18 .
sources. Briefly describing the new techniques, they noted that hazards,

although not established, could be potentially involved. Referring to
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the fact that the letter was voted upon, Singer and Dieter S811 said
that the conference was calling upon the NAS to establish a study committee

to recommend "specific action or guidelines, should that seem appropriate".

The response was very prompt and in October 1973, Singer was invited to a
meeting of the Executive Committee of the Division of Life Sciences at

49 , . . -
the NAS, where it was decided to proceed with NAS involvement. On
Singer's suggestion, Berg was asked to advise them on the basis of his

earlier actions. A study committee resulted.

After consulting Watson and J. Edsall, an "elder statesman of biochemistry"
as he described him, Berg decided to call a meeting of those in the

. 20 y ! . »
field. Eight scientists subsequently attended a meeting at the
Massachusetts Institute of Technology (MIT) in April 1974, "although
Singer, unavoidably detained at the last minute, played no part in
drafting the more important letter which eventually resulted from this

21 . . . . 22

group. Berg revived his earlier idea of a large conference, although
the meeting was not sure whether or not to go ahead with this. Neverthe-
less, Berg booked the Asilomar centre in case it was needed, for February
1975, a time when it was free. To Berg some experiment proposals he was

hearing of were "very worrying".

Agreement from Berg's colleagues was forthcoming and planning for the
meeting began. In the meantime, Norton Zinder made a suggestion that if
they "had any guts at all" they would request researchers to halt their
experiments. Watson has attributed part of this concern to the 'mysticism'
surrounding the way tumours could result from certain viruses and the

: . S 2 ;
discovery of human viruses similar to SV40. It was decided to draft a
letter, although a number of arguments were put regarding how forceful

their request to halt the work should be. Of importance is the order of
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the two decisions made that day. The decision to hold a conference was

agreed upon before the idea of a letter, which was to be seen as a stopgap
measure. 8 Both must be taken together. The conference when held was

. . . 25
not a consequence of the letter as is often implied, although the

meeting undoubtedly received stimulus from it.

Often criticised in retrospect by some members of the scientific community
as a hasty document, the 'Berg letter', as it came to be known, was on the
contrary not so. It went through a series of drafts over a period of two
and a half months, and it was widely discussed in the US and abroad.
Despite its name, the first draft was produced two days after the MIT
meeting by Richard Roblin, and sent to Watson and Baltimore for comment,
before Roblin redrafted it. On 20th May, Roblin produced what was hoped
to be the final version, which was a composite of the second draft and
versions produced by Nathans and Berg. It was sent to all who had been
at MIT plus the NAS (who had financed their meeting), Stanley Cohen,
Herbert BRoyer, David Hogness and Ronald Davis. Philip Handler, the NAS
president, was, however, unhappy as it did not make clear the NAS role.
Thus the president of a prestigious institution rewrote it! Nevertheless,
Berg et al. disagreed with the latest version, arguing that it made their
requests appear to be an edict from the NAS.26 Berg, himself, had felt
that to have impact the letter should appear as a personal appeal from
the scientists. After an abortive attempt by Roblin to include Handler's
suggestions, they met the latter for discussion. It seemed that Handler
had the impression that Berg's group was an NAS committee, a view they
disputed, arguing that none of them saw themselves as a committee, and in
any case had expressly been told not to consider themselves as such.
Finally, Berg and Handler produced the version actually published, which

included a paragraph saying that the NAS had invited the group to meet.
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During the months of drafting, opportunity for wider discussion of the
letter had existed, including a meeting of EMBO at Ghent, Belgium,
convened in May 1974 to discuss restriction enzymes and nucleotide
sequencing. At this, Nathans and Zinder presented the idea of the state-
ment, to which there was general agreement. In the United States,
Baltimore read the tentative draft to a symposium on tumour viruses at
Cold Spring Harbor, in June. Thus, as Weiner observed, "the relevant

. o . w 2 ; :
scientific community knew what was up". Indeed, following its presen-
tation at New York, twelve European scientists wrote to John Kendrew, the
Secretary General of EMBO, requesting urgent consideration of the matter,

: ; . ) . 28

and in particular the provision of a special risk laboratory. There-
fore, by the time of its publication in July 1974, the letter had been

29
well considered, internationally.

In brief, the Berg letter requested the deferment of two types of experi-
ment until the hazards could be evaluated: firstly the construction of
new autonomously replicating bacterial plasmids that might introduce
antibiotic resistances to plasmids which do not have them, or introduce
novel combinations of resistances; secondly, the linkage of DNA from
oncogenic or other animal viruses to autonomously replicating DNA elements
such as plasmids or other viral DNAs. It was also advised that great
care be taken in linking any animal DNA to plasmid or bacteriophage DNA,
because of the uncertainty involved in creating any new recombinant DNA
molecules whose properties would be difficult to predict. To the
director of the NIH they requested the establishment of an advisory
committee charged with: overseeing an experimental programme to estimate
hazards; developing procedures to minimise the spread of such molecules
in human and animal populations; devising guidelines for investigators to

. . . 30 . :
use. Finally they requested that an international meeting of involved

scientists be held early in the new year (the venue already having been

149




booked) .

Nothing like the publication of such a set of requests had occurred in

- . ! ’ 31 . . e
the history of biological science. Other technologies or scientific
developments may have displayed risks sufficient to suggest caution, but
none in recent years have had debate, subsequently politicised, begun in
such dramatic form. All of this had occurred in the case of recombinant
DNA, before any hazards were even proved. Because risk could be con-

jectured, however, authoritative scientists requested important measures.

The period following the Berg letter has become known as the 'moratorium',
a term Berg believed arose from the press. In conjunction with their
letter, Berg's MIT group had decided that it would hold a press conference
on 18th July to stress their requests. Between fifty and sixty reporters
attended. Although Berg himself was critical of the strict interpretation
of the letter as a call for a moratorium,32 this does not in any way
detract from the fact that, as Watson reflected in 1979, the letter was
indeed very stronq.33 Such a letter could not help but be newsworthy,

and even if the authors did not anticipate the response that over the
years would develop, this in no way reduces their authority. With
responses to the letter so widespread internationally, and the NIH
responding to the requests made of it, it would not be surprising if the
press had found their own story. Press sensationalism, however, is a
charge that had more bearing in the United States, while the responses to
the letter were international. For example, in the United Kingdom, also

a very important respondent in an international sense, the popular press
never took much active interest in the ensuing issues. The politics of
congressional lobbying in the United States may explain partly press
interest and the higher profile of public debate on that side of the

Atlantic.
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On the basis of the actions so far described, a worldwide voluntary

deferral of certain experiments, no matter how unlikely this might appear
to sceptics, did in fact occur. In retrospect, the NIH has argued that
evidence for this success comes from both informal communications in the
field, and from the inspection of publications in scientific journals.
Some scientists even suggested the deferral of those experiments involving
animal DNA over which Berg's group had advocated caution.35 A Japanese
scientist, Kohji Hasunuma, for example, who wrote to Berg fully agreeing
with the letter was one. Roy Curtiss, an American, took it upon himself
to raise the standard of caution even further. Drafting a sixteen page
single-spaced memorandum, he sent it to about a thousand scientists
around the world. Again agreeing to the principles of the Berg letter,
he made technical suggestions to widen the categories to four types of
experiment to be deferred.36 Indeed, in the United Kingdom, the Medical
Research Council (MRC) did put into operation a complete ban on the third
type of experiment, in addition to those recommended in the letter, for

all the work which they sponsored.

In general, the point to note is that caution became endemic amongst
those scientists who might plan to use the new recombinant DNA techniques,
a credit to the standing of those who signed the Berg letter.

But deferring work was only one of the requests that had been made. It
was always intended that the work should continue as soon as possible,
under appropriate precautions. Risk assessment was asked for, as was an
NIH committee to oversee progress from that point on, at least as far as

the US was concerned.

Even before publication of the letter, the Director of the NIH, R.S. Stone,
indicated to Handler at the NAS that a committee would be formed, and

! . . 37
that the NIH would support the international meeting. In the US, the
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NIH is the main federal government agency for the conducting and funding

of biomedical research, of which microbiology is a part. On 7th October
1974, the promised committee was established, with the ungainly title
of the Recombinant DNA Molecule Program Advisory Committee. In later
years it became more commonly known as the Recombinant Advisory Committee
. . . . 38

(RAC) and, for simplicity, this latter address will be used here. The
committee was to advise the Secretary, Health, Education and Welfare
(HEW) , the assistant secretary for health, and the Director, NIH, on three
defined functions: "the evaluation of potential biological and ecological
hazards of DNA recombinant of various types'"; minimising the spread of
such molecules; and devising guidelines to be followed by investigators

; : . ; o 32 : .
"working with potentially hazardous recombinants". - Of note is its
Charter, describing the RAC as a "technical committee", which reinforced
the early dominance of the health hazard issue, within institutional
responses, rather than wider issues. To support this, the membership of

twelve was to be drawn from the fields of molecular biology, virology,

genetics and microbiology. It would be some years before non-scientist
representation would appear on this committee. Chapter Five will consider
the role of the RAC and criticisms against it in more detail. However,

it is worth stating at this point that it was to become very influential
both within the US and, in giving advice or as a precedent to follow,

abroad.

In addition to the MRC-imposed deferments on experiments, the UK was
quick to respond to the Berg letter by establishing a working party under
the auspices of the Advisory Board for the Research Councils (ABRC).
Again this was announced, a week after the letter appeared in Nature,

and on the day of its US publication. From the Ashby working party, the
UK response would begin proper. Thus, on the day of US publication of

the fundamentally important Berg letter, key chains of activity began on
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hoth sides of the.Atlantic. Subsequently, the procedures adopted in

both the US and the UK would act as models to influence other states.

It is abundantly clear, however, that Paul Berg and his co-signatories

had no conception of the sheer extent of the eventual consequences of
their action. From the origins of concern within a relatively small
scientific community, the subsequent debate over recombinant DNA would go
through various stages domestically and internationally. More scientists
would become involved, public interest would grow, controls would develop,
legislation would loom and increasingly the original small band of
scientists with their honourable sense of duty would begin to wish they
had acted differently. 1In short, their actions had both scientific and

political consequences. As Stanley Cohen was to say in 1979:

"... 1in retrospect, it seems to me that while the letter was
perceived as responsible, 1t was not really responsible at all.
The most incriminating thing that any of us could have said at the
time about recombinant DNA research was not that there was any
indication of hazard, not that there was even any valid scientific
basis for anticipating a hazard, but simply that we could not say
with certainty that there was not a hazard. The same thing could
have been said about virtually any other kind of experimental
endeavour." 40

The extent of consultation and thought underlying the Berg letter has
already been indicated. Cohen's comment, typifying similar views held

by other scientists by 1979, needs response on the basis of its logic.
Pirstly, Cohen underestimates the extent of deductive reasoning that was
applied to the empirical knowledge of the day. The Berg letter was a
reasoned appeal. Secondly, and perhaps more subtly, he is in effect
saying that the hypothesis that there might be risk, at the time, could
not be falsified. There are philosophical arguments to suggest that the
latter is preferable as a statement to a continued collection of inductive

evidence supporting an hypothesis. Even by 1979 the hypothesis of hazard
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was not resolved, although there was powerful motivation indeed to try

to falsify it. Finally, the Berg letter itself was actually calling

for research to obtain the necessary information to‘determine the extent
of risk. It is not the intent here to enter into discourse on the
relative merits of differing methods of scientific investigation. The
point is that comments like Cohen's in general were much influenced by
the failure of risk to manifest itsélf, and the acquisition over the
years of new knowledge.41 Cohen's observation is too simple. Something
cannot be irresponsible simply because in retrospect the conjectured
reasons for caution have proved less evident. Any action must be related
to perception of the time. As Cohen says, at the time, the action was
perceived as responsible. Perceptions can change, but later additions to
knowledge, which modify perceptions, are not sufficient reason to
challenge the responsibility of actions under earlier perceptions. Cohen

must have perceived his signing of the letter at the time as responsible.

Given the authority attributed to the letter at the time, the next major
event was responsible for extending the number of scientists involved,
and the extent of internationalisation of the issues. The international
conference proposed by the Berg group was in this sense a landmark. With
internationalisation and even greater publicity, the politics proper
began. Despite other options, all the proposals in the letter were

followed.

3. THE ASILOMAR CONFERENCE, FEBRUARY 1975.

In late February 1975, 150 participants attended the international
Asilomar II conference. Organisation, however, had begun on 10th

. 42 C o
September 1974 at a meeting, held at MIT. Some initial decisions on

participation were of note: two Europeans were to be invited to join the
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organising committee; individuals were to be invited on their own

merits rather than as representatives of any body, as it was hoped to
avoid the meeting appearing political; the meeting was to concentrate on
the science and technology in relation to health, and the participants
would reflect that in being nearly all active scientists, from a variety

44 . . . . .
of backgrounds; experts in infectious disease, immunology and gastro-
enterology were to be present; to provide a wider input, a number of
lawyers were to be invited, including Maxine Singer's husband; the press
were to be invited, but with the novel provisos that they registered as
attendees and that they agreed only to report after completion of the

: . " 45 . ;
conference agenda, to avoid hasty reporting. | Thus, in terms of parti-
cipation, the emphasis was on scientists, with only four lawyers and the

press to complement this.

Some technical decisions were also made on the same day, which provided
the structure for the conference agenda. Three working groups were
proposed, which would meet prior to the conference and finally submit a

report to the attendees. A Bacterial and Plasmid working group would

look at the biology of these in terms of the introduction and transmission

of drug resistances, general epidemiology and similar questions. A Viruses

and Viral DNA group was to examine animal viral DNAs, virus fragmentation,

SV40 hybrids, relationships with tumours and immunology aspects. The

third group was to examine Eukaryotic DNA and consider animal gene

transfer and amplification, summarise pertinent work, assess risks and
consider the advantages of actually doing hazardous experiments. It was
46

hoped that with these groups, most concerns of the day would be covered.

That is, most technical issues of risk.

It is worth at this point saying something of the activity that occurred

between September and February, when the conference met, which furthered
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interest in the biochazards that might be involved in ge€netic manipulation.

In the same month as the meeting of organisers, an international organi-
sation of note expressed positive interest by holding a meeting in Tokyo
to discuss biohazards. The International Association of Microbiological
Societies (IAMS) established an ad hoc committee which began with groups
in different States.47 Contact was established with members of Berg's
group and the Ashby working party. It was important as the first inter-
national organisation to establish procedures to monitor and assess
issues surrounding recombinant DNA, and reflects growing international

awareness.

Less technical, and more ethical, issues were addressed in one particular
meeting, despite the trend to narrow the focus towards the science in
most discussion forums, including Asilomar II. In October 1974, in Davos,
Switzerland, an international meeting was called explicitly to look at
wider concerns associated with recombinant DNA work.4 Although the
meeting lacked coherent direction and the structure of discussion
degenerated somewhat,49 at least it established wider interests.

Directly a result of the Berg letter, the Davos meeting never really

found its target in terms of establishing a conference view on the issues.
Paul Berg, in attendance, made it clear he was not interested in ethical
issues, but only public health, while other participants either wanted

to curb generally unbridled scientific research or wanted to remove all
controls. Whatever its failings, it made some impact, if not directly,
then through its published proceedings. Its chairman, H. Wheeler, writing
after the event, criticised both the Berg conference and the Ashby
working party for having insufficieﬁt non-scientist representation. He
observed that the problems were social as well as scientific, and that a
lost opportunity had presented itself at Davos where both biologists and

social scientists had met. In some ways it was unfortunate that the
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scientists, about to embark on self-regulation at Asilomar, had not
widened their horizons, as they might have realised the full extent of
. 50 ; .
what they were unleashing. Issues discussed at Davos would be raised
time and time again as participation in the debate widened to include

non-scientists.

A final development of note which was timed deliberately to occur prior
to the forthcoming Asilomar II meeting was the publication of the Ashby
report in the UK. Published a month beforehand, it was planned to be
available to represent something of a British input to the forthcoming
discussions.Sl Ashby hoped that the report would act as a consultative
document in the UK, and it was acknowledged as a first attempt to respond
to the issues raised by Berg's group. Of note is that the report
recommended that means be devised to enable the work to continue as

soon as possible, in that great benefits could result.

Eventually, the Asilomar II meeting convened between the 23rd and the
. . — : . 52
27th February 1in the very pleasant setting of Facific Grove, California.

Four main issues can be identified as having dominated the proceedings.

Firstly, the meeting had to come to terms with what it was trying to
achieve. Secondly, a major theme was the desirability and content of
guidelines for use by investigators. Thirdly, debate arose over whether

or not some experiments should be deemed too dangerous to undertake under
any circumstances. Fourthly, there was a proposal that enfeeblement of
biological hosts might overcome many problems of containing risk. These

can pbe taken in turn.

Establishing the aims of the conference was partly determined by the prior
decisions calculated to restrict discussion essentially to technical

questions. Indeed, it has been said that the conference perpetuated the
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assumption that the analysis of risk was 'narrowly technical in nature'.

Broad public and scientific input was not considered.54 It was, however,
hoped that a 'consensus' of those at the meeting would be forthcoming,
assisted by the choice of invitees. David Baltimore, opening the cons
ference, stressed the importance of avoiding splits which would infer that
they had failed in their duty. Uncertainty is nevertheless revealed in

his comment that:

"The procedures by which the consensus will be determined will be
largely determined by the extent of the consensus." 55

It was clear that it was hoped that any consensus would include some

form of self-imposed guidelines under which the seven month moratorium
could end. This in itself would be something of a landmark in the history
of science. Particularly influential at the meeting, Sydney Brenner, the
British member of the organising committee, pressed for guidelines so
tight that no one could accuse them of being self-serving. A good guide-

. . . . 56
line would be one in future revised downwards.

Two voices were notable, though, in their arguments against any regulation,
and both were Nobel laureates. Joshua Lederberg and, perhaps surprisingly,
James Watson, argued respectively that delays to research would delay
benefits accruing and that academic freedom was at stake. Watson went so
far as to recommend the use of common sense and "live with the fact that

; ; ; w Dl .
someone may sue you for $1 million if you are careless'". Their fears
were shared by others in that their drafting of regulations could sub-

sequently lead to legislation.

Guidelines were produced out of Asilomar II, although discussion of their

content was long and revolved around the reports submitted by the three
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working groups. From the Bacterial and Plasmid group came the suggestion
of six classifications of experiment to which physical containment
recommendations were attached. It was during this debate that Brenner
made his defence of guidelines and Watson and Lederberg raised their
views. The Viruses and Viral DNA group produced the controversial
suggestion that existing National Cancer Institute guidelines for
handling oncogenic viruses would be quite sufficient. Andrew Lewis of
NIAID fuelled the debate by recounting his experiences with trying to get
people to impose self-regulation when he supplied SV40. Some passed on
the virus without obtaining guarantees on its use. Such criticism of
self-regulation was not popular, given the evolving aims of Asilomar II.
Yet more controversy followed the report of the Eukaryotic group.
Suggesting that research with eukaryotic DNA might be the most fruitful

of all, they proceeded to outline their fears of the 'shotgun experiment'.

Viewed as potentially quite frightening, the 'shotgun experiment' involved
using a restriction enzyme to fragment a strand of DNA, the fragments to
be then cloned in a host-vector system. Each fragment might contain two
or three genes, each coding for the production of particular enzymes or
proteins. This sort of experiment it was thought would be popular as
the isolation and categorisation of mammalian genes was likely to be of
high priority in future microbiology. Uncertainty about the risks arose
from the observation that certain segments of mammalian DNA appeared to be
very similar to the structure of known tumour viruses. It was postulated
that these segments were perhaps kept in check by their location relative
to other genes in the strand. Isolated and placed in a bacterium they
might be expressed. A further possibility was thought to be the intro-
duction of an unknown foreign gene that happened by chance to code for

58

toxin production, or fundamentally altered the bacterium itself. The

Eukaryotic group had put the 'shotgun experiment' on top of a hazard list
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within some guidelines, which led to wide discussion, but with problems

as Wade noted:

"The central dilemma the experimenters faced was that, despite the
various attempts to rank the experiments in order of risk, no one
had any real idea of what the risk might be or how to assess it." 59

A question also arose at Asilomar II regarding whether or not certain
experiments should be totally avoided. After much discussion, it was
decided that there were some, although not defined at that time.60 The
last major issue was related to all assessments of hazard in that it

of risk for some time. At Asilomar II, the British scientist E.S.
Anderson suggested that the laboratory strain of E. coli did not in fact
survive long in the human gut. A productive session followed, where it
was proposed that strains of E. coli could be bred such that they could
not survive at all outside their culture medium. This would reduce
reliance on physical safeguards which could always fail. It began to

appear that guidelines involving biological as well as physical contain-

ment would be more attractive.

Each of these were important technical issues, but two final sessions
were important to the overall influence of the meeting. On the evening
of the third day the lawyers spoke, with forceful impact. A number of
issues were raised regarding risk assessment and participation. Singer
and Capron attacked the idea of academic freedom if it could lead to
harm to others, and they challenged the competence of the scientists to
assign overall risk. Capron argued that the public had a right to act
through the legislature and even to make 'erroneous decisions'.62

However, the talk which had thée scientists most worried was delivered by

R. Dworkin. He raised the issue of legal liability, suggesting, for
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example, that the US Occupational Safety and Health Act might be applied

to protect laboratory workers and the financial liability of institutions.
By the end of the session the scientists were being advised to examine

the possibilities of extended liability insurance!

Some scientists lost sleep that night for quite different reasons! The
organising committee in search of a positive result from the meeting

worked through the last night drafting a conference document. Synthesising
earlier suggestions, they reduced the six categories of the plasmid

group to four - minimal risk, low risk, moderate risk and high risk.
Playing on their minds in addition to this was that the conference all
along lacked means of registering opinions of the group at large. Voting
was not in effect organised, and Berg in particular was reluctant to call

a vote on their draft document. Berg hoped that a consensus would simply

appear and be obvious.

On the last day, however, a principle which they had drafted was put to

the vote. It read:

"The new techniques combining genetic information from very different
organisms place us in an area of biology with many unknowns. It is
this ignorance that has compelled us to conclude that it would be
wise to exercise the utmost caution. Nevertheless the work should
proceed with appropriate safeguards." 63

When taken, the vote unanimously endorsed this principle as a first
paragraph in a statement. During the morning, modifications and
suggestions were made and voted upon, and discussion progressed to
consider the body of the conference statement. Despite vocal objections
during the past few days, it appeared that the silent majority approved
of the actions of the organising committee. The committee began to think

that the whole statement would be acceptable. A revealing note was
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passed from Maxine Singer to Berg. It read:

"pPaul. If you sense, as Dick and I do, that all the votes will go
in favor of the statement, or, indeed a somewhat stronger statement,
then there may be a lot to be gained by taking a vote.

"We are already over the main hurdle, since we have overwhelming
votes in favor of the principle." 64

When moved the vote was overwhelmingly in favour of the draft prepared

that morning, although by then it had many qualifying statements along

the lines of how 'provisional' it was, and that it was a 'first assessment'.
It also suggested that investigators had a responsibility to increase

; ; : . . .. 65
containment if they felt that their experiment required it.

A number of drafts were made after the meeting before publication of

the final form in June 1975, in the US and the UK. An erratic and
narrowly focused conference in the end produced an output of considerable
influence, not least in enabling some research work to begin again. The
statement produced guidelines relating hazard to type of biological
'material' used: prokaryotes, plasmids and bacteriophages at the low end
of the scale, through animal viruses in the middle, to the use of
eukaryotic DNA at the more hazardous end. Such self-regulation was
unique on this scale. If this thesis rests on the authoritative announce-
ment of conjectured hazard, then the Asilomar statement, resulting from

a conference of some 150 relevant scientists, simply completes a repeated
announcement of perceived potential hazards-and uncertainty. In con-
junction with the Singer-S811 and Berg letters, it provides conclusively
a base upon which to examine the organisational responses to the ex-
pressions of concern made very early indeed in the development of this

important technology. Creditable caution was the norm.
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Perhaps justifying the strictures on when the press could report, their
articles, produced on completion of the meeting's business, were on the
whole sober and cogent descriptions and analyses. Weiner, commenting on

their behaviour, observed:

"At Asilomar, the press representatives were not allowed to write
about the meeting until it was over. Instead, the scientists were
the ones rushing to the telephones to tell their colleagues back at
their own laboratories what was going on and to suggest ways to get
involved in the new technique." 66

As the debate developed and international response grew, participation
would widen to include an increasing proportion of non-scientists, sub-
sequently challenging the scientists' control of the events. Their
responsibility displayed so openly led inexorably to perceptions in some

quarters that because scientists had acted thus, then there must be an

underlying hazard. One group, the Boston Area Science for the People had
actually sent an open letter to the Asilomar meetding. They suggested

that scientists alone could not make the decisions on the future direction
of the research and that those at risk through working in the scientists'
laboratories, plus the wider public, should have a say. They expressed
worry at the research going ahead before all the requests of the Berg
letter were met, in particular, and they had a good point here, the risk
assessment called for. Also of interest, they requested wider partici-
pation in the RAC, which by then had been announced and met for the

first time the day after the Asilomar conference.67 Such issues will be

returned to 1in later chapters.

A summary of the conjectured hazards is presented as Appendix Four.
However, to complete this chapter, some mention should be made of growing
perceptions of a particular hazard, namely the use of recombinant DNA

technigues 1in biological weapons production.
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4. DELIBERATE MISUSE OF GENETIC MANIPULATION.

Scientists themselves, as with the origins of overall concern, began the
speculation about the utility of recombinant DNA technigues in assisting
the production of biological weapons. Between 28th August and 2nd
September 1974, Pugwash held its annual conference in Baden, Austria.
Under ‘'other business', and as a result of the Berg letter, Martin Kaplan,
also involved in the World Health Organisation, presented a short paper
informing those attending of the developments which had occurred in
genetic manipulation.68 In discussion following the paper, he and Ole
Maalge, from Denmark, presented the hypothesis that if a gene for a toxin
could be isolated, it might be possible to use the E. coli host-vector
system to produce large amounts of the toxin (assuming its successful

expression) more efficiently than with fermentation methods.

Some forty to fifty scientists and social sciehtists were present and
their collective feeling was for the moratorium to be endorsed, for
legitimate public interest to be represented and for their concerns
about the use of genetic manipulation for biological weapons to be made
known. In particular, they wanted these views brought to the attention
of the Pugwash Continuing Committee, the NAS in the United States and
the scientific community in general. The latter would involve use of
scientific journals and "the usual channels used by Pquash".69 It is
important to note that Pugwash, and in particular Kaplan and Maalde, had
long been interested in the question of biological warfare. At the 1976
Pugwash annual conference the issues were again raised with a similar

5
conclusion, perhaps if anything more strongly worded. 0

If the Berg letter was important in raising general concerns about the

hazards of recombinant DNA research, we can only speculate as to what its
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impact would have been if the following paragraph, included in two of

the drafts, had been published:

"Finally, since it 1is evident that these new technological capa-

bilities could potentially be used to create new sophisticated

weapons of biological warfare, we urge citizens, scientists and )
government officials to take appropriate steps to prevent such
applications." 71

Somewhat sceptical about biological warfare, having worked at Fort Detrick,

Watson commented on the omission of this paragraph:

"... this phrase was removed at a later draft because it would raise

an issue which would involve unavailable classified data. Moreover,
no one believed that i1f the CIA or the army wanted to do such work
that our moratorium would stop them." 72

The availability of classified data is an irrelevant excuse, as concern
in 1974 was with conjectured uses, for which no data could exist. A more
understandable explanation for the omission of the statement was the Berg

group's wish to avoid sensationalism.

Some concern was therefore evident regarding the use of the new techniques
in biological weapons production. That it was played down by the scien-
tists who raised the whole question of conjectured hazard is not sur-
prising, as it would almost certainly have precipitated the involvement

of many interest groups. It might also have brought uncomfortable com-

parisons with that earlier technology - nuclear energy.

o

This chapter has traced the historical origin and development of concerns

over the possible hazards associated with the microbiological techniques



>utlined in Chapter Three. Of note is that the actions which were taken
in an authoritative fashion were not hasty. If Asilomar II marked the
high point, then two and a half years of increasingly international
discussion had led to that point. The responses of institutions in the
US and the UK will now be treated in some detail, followed by a summary

of over thirty other states and the important international organisations.
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THE INSTITUTIONAL RESPONSE IN THE UNITED STATES.

Events in the United States (US) must be considered to be of particular
importance, not least because of the extent to which guidelines produced
by the National Institutes of Health (NIH) were to influence those of
other states. A report published in 1980, having surveyed membership of
the International Council of Scientific Unions (ICSU), records twenty-
eight states with guidelines in operation, fifteen of which had modified
those of the Us.l Because of the extent of adaptation of their guidelines,
it is necessary to examine in some detail the processes by which the US
guidelines were developed and how they were operationalised. For this
purpose an historical review of the decision-systems will be followed by
a summary of the system involved in their implementation. Events in the
JS were by no means closed to the influence of foreign actors, but for
analytical purposes the activity can be seen to be within a distinct
system. The historical overview will provide a description of the func-
tioning and adaptation of the decision-systems involved. Chapter Six
will make some comparisons when the institutional response in the United

Kingdom is outlined.

Although some important issues will surface during the course of the
narrative, it is intended to defer much of their analysis until Section D
of the thesis, when a more transnational perspective will be apparent.
This chapter will, therefore, set out the US institutional responses to
the events and actions described in Chapter Four, before relating these,

in summary, to the hypotheses.

1. THE DEVELOPMENT OF GUIDELINES.

On 23rd June 1976, the NIH issued guidelines to be used in all cases of
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recombinant DNA research funded in part or whole by the NIH. The body

responsible for drafting them, the Recombinant DNA Molecule Program
Advisory Committee (RAC) had spent many months since Asilomar II in
producing a set of guidelines upon which they finally agreed and could
recommend for acceptance by the Director NIH. 1In the interim period the
Asilomar Summary Statement provided the only guidelines under which

limited work continued.

After the momentum of the early expressions of concern culminating at
Asilomar in early 1975, a wave of debate, which included many non-scien-
tists, spread across the US. From this it had become evident that
sclentists within the field were not in agreement to anything like the
extent that appeared to exist at Asilomar II, and in particular at the
session devoted to the drafting of a statement. Debate became vociferous
at many levels including: the university campus; the city council; the
state; the national level; and, as discussed elsewhere, the transnational
level. Within the US, however, national publicity made the deliberations

at all levels of note, including the campus.

For example, many issues were aired in depth and given considerable press
coverage in a debate which raged for a year at the University of Michigan.
Three separate committees were eventually to examine different aspects of
recombinant DNA techniques, their implications, and guidelines, with a
view to developing policy for the university.3 Questions were raised
about what the scientists were trying to achieve, the potential risks,

the appropriate guidelines and their implementation, and the role of the
university in all of this. During the discussion, significant in that
much of the input came from non-scientific sources, the NIH guidelines
became available in draft form. The result of the extensive deliberations

was a proposal to the Regents that the NIH guidelines be followed, subject
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to two reservations. No work should be undertaken in the riskier cate-
gories, without the Regents' approval, and biologically enfeebled strains
of bacteria should be used more frequently than required in the guidelines.
In accepting the proposal, the University of Michigan demonstrated a
problem for the US scientists to be repeated again in other universities,
cities and states. It became apparent that the requirements facing
scientists in the US might not be uniform across the land, and that local
level debates, well publicised, could provide many forums in future for

opposition viewpoints.

Reinforcement of these observations occurred in an even more documented
and significant politicised discussion, which took place in Cambridge,
Massachusetts. This internationally reported, and heated, discourse
arose out of a proposal by Harvard University to construct a laboratory
. 4 ; < : ;
of moderate containment. Some university biologists opposed the
move to allow research at that level of containment. A campus forum
considered the problem which engendered interest from the Mayor of
Cambridge, Alfred Vellucci. Subsequently, the City Council held public
hearings and on 7th July Mayor Vellucci announced a three-month moratorium
: ; ; ; g 5 . .
on all recombinant DNA work involving high risk. The City Council then
established its own committee, the Cambridge Experimentation Review Board
(CERB) to investigate what safety implementation measures would be required.
It was of note that Cambridge was both a centre of interest in using the
new techniques, but also an area of vocal opposition from within the
. ; ; 6 :
science community itself. During the autumn of 1976, the CERB heard
testimony from many scientists on both sides of the controversy before
publishing, after four months, its report. In addition, many non-scientists

had added pressure to curtail the work, including Friends of the Earth.

As a result of their deliberations, the CERB produced recommendations that
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the NIH guidelines be used for all work, but with a number of extra

conditions to be met. Institutions proposing to use the techniques

should prepare a procedural manual, their biohazard committee should be

approved by the City Council, the purity of hosts providing DNA should be

adequately screened, and health monitoring should be applied more strin-
8 ; :

gently. In all, the work could proceed under wider controls more

rigorous than those required by the NIH.

Both the Michigan and Cambridge examples serve to show the widening
interest within the US regarding the expressed concerns about recombinant
DNA, and the fact that the NIH had produced guidelines. By February 1977,
however, a number of localised debates of various levels had begun in
addition to these two. At the state level, New York State, California

and New Jersey had all begun to consider legislation or regulation, while
the cities of San Diego, Madison and Bloomington scrutinised some univer-
Sity proposals.lo Later in this thesis, the question of legislation will
be addressed, but it should perhaps be said that when Federal legislation
was eventually proposed, the issue arose as to whether individual states
should have the right to 'pre-empt' it by imposing tougher legislation.
Thus, the production of guidelines in the US from the beginning would

face questions of the uniformity of their application. These local debates
were important elements in the wider questioning of how recombinant DNA
techniques could best be controlled. Emphasis here will be on the insti-
tutional activity which attempted a centralised response, but acknowledging

the local pre-emption issue.

Although established before the Asilomar II international meeting, the
RAC had been a response to the Berg letter. Having already outlined the
function required of the committee, it remains to trace its subsequent

development and its efforts at drafting and later implementing guidelines.
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Its first meeting, on the day after the Asilomar conference adjourned,

was mainly devoted to procedural business. Even so, ten members of the
press joined the all-scientist group which adopted the Asilomar conference
recommendations as an interim measure. Of note, the meeting also con-
sidered some early steps in the procurement of research into the potential
hazards,11 and whether there was a need for a local review function

within the implementation of guidelines. However, by the time of the
second meeting there had been some further developments in the US as a
whole. It was during this period that the University of Michigan debate
began, and in April the Senate Subcommittee on Health and Scientific
Research, of the Senate Committee on Human Resources, held its first hearing
on genetic engineering, under Senator Edward Kennedy.lz‘ In May 1975, the
final draft of the Asilomar statement was submitted for approval by the
NAS. The American Society for Microbiology (ASM) held a session in New
York on genetic manipulation and hazards, and Harvard made its proposal

for a moderate containment laboratory, again both in May.

Despite these events, which reflected a widening of the overall discussion,
and the consideration, by some at least, of the risks and benefits
together, the RAC would not officially follow suit. Instead conjectured
and often intuitional assessments of risk would only be set against
containment requirements. At its second meeting on 12th May, the main
decision of the RAC was to establish a subcommittee under D.S. Hogness,
charged with beginning to draft guidelines for recommendation to the RAC.
Two other decisions should also be recorded. It was proposed that a
programme to develop safer hosts and vectors be set up as soon as possible,
and it was suggested that a newsletter be established.13 The newsletter
would be run under the auspices of the National Institute of Allergy and
Infectious Disease (NIAID) and was given the unwieldy name 'Nucleéic Acid

Recombinant Scientific Memorandum' (NARSM). Intended to be informal
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scientific communications, it was of note as an attempt to provide a link

for the involved scientists, although some sections would be distributed
wider. At this meeting it was also disclosed that the European Science

Foundation at the time was requesting letters of understanding from those
investigators it sponsored, stating that they were aware of the Asilomar

principles.

After a rather pedestrian start for the RAC, it was their third meeting
which introduced outright controversy into their deliberations. Often
called the 'Woods Hole' meeting, it was responsible in July 1975 for both
examining and watering down the draft guidelines which were presented by
the Hogness subcommittee. Confusion seems to exist, however, over the
extent of agreement on this action. Only eight out of the twelve members
of the RAC were present, for example. By this time, the Asilomar state-
ment, acting as interim guidelines, was well publicised and known, but it
seemed that the Hogness draft, as modified, was considerably less stringent.
It did, nevertheless, give a greater description of the concept of bio-
logical containment involving enfeebled hosts and vectors, and went into
more detail on the allocation of physical containment. Despite this,
many critical letters were received in response to these guidelines.1

At first the criticism came informally from those shown the guidelines,
but such was the response that the RAC chairman, D. Stetten, decided to
circulate them more fully amongst the scientific community. A letter
from Stetten to one of the minority, who actually saw the Woods Hole

draft as too strict, is revealing. Stetten observed that:

"At the conclusion of the meeting in Woods Hole, it was my impression
that the membership of the Committee had indeed reached a consensus.
I have since learned otherwise. I have received a flood of letters
both from members of the Committee and from interested professionals
like yourself. Most of these letters have arqued for greater
stringency." 15
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Of particular note was a letter, organised at a meeting at Cold Spring
Harbor, which attracted some fifty signatures, and which expressed
concern over the lowering of safety standards. It called for work with
all mammalian DNA (not just animal viral DNA) to be categorised as
requiring the second highest level of physical containment (P3) and the
widening of representation on the RAC. They suggested that more members
expert in plant pathology and genetics, and epidemiology should be
appointed. Their view was that the RAC should include more scientists
not directly involved in carrying out recombinant DNA work themselves.16
Other voices of dissent were those of Paul Berg, Roy Curtiss and Stanley
Falkow. Berg was willing to accept the original Hogness draft as it was
before the revisions of the RAC, while Falkow's objections arose out of
his being one of the members of the RAC who missed the meeting. Curtiss,
however, wrote at length criticising the likely success of biological
containment, with supporting evidence from work in his own laboratory,
which had been trying to produce modified E. coli through mutation
selections. He also questioned the idea of enabling trade-offs between
relaxing physical containment in exchange for higher biological contain-
ment. In sum, he saw the Woods Hole guidelines as "contrary to the

spirit of the Asilomar meeting".

A member of the Boston Area Science for the People group, Jonathan King,

a biologist at MIT, was particularly critical of the fact that four

members of the Hogness subcommittee were involved in developing recombinant
DNA techniques. King added to calls for wider representation on the RAC,
suggesting that it should include someone from the Environmental

Protection Agency (EPA) or the Occupational Safety and Health Administration
(OHSA) . A detailed and technical critique of the guidelines was produced

by King's group and sent to the NIH, but "was never published since no

= . . : 18
avenue of publication was available for such a document". Indeed, the
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future activities of the RAC, even beyond the completion of the guide-

lines, would be influenced and monitored by a rising tide of interested
bodies. In essence, the disagreements reflect the political nature of
the decision-making exercise. Critics of the process had then already
raised the important issue of participation. King, however, felt the

pressures of counteraction against this. As he claimed:

"The critics were continuously referred to pejoratively by the
proponents as 'kooks', 'Those who have inflamed the public

'incompetents', 'those who want to destroy science'. Life became
quite unpleasant for those of us who were trying to bring the
issue out into the open." 19

Hogness defended the actions of his subcommittee and the RAC as a whole
on the production of guidelines. His view was that the critics were not
weilghing the benefits of research, in their widest sense, against the
conceivable risks.zo It could be said of this, however, that scientists
always assumed benefits, even though they would occur well in the future.
The controversy that arose as far as the guidelines were involved was not
over the definition of the containment levels, but over the allocation of
types of experiments to those categories. Subsequent meetings of the RAC
would return to this central problem time and time again. An example of

the debate concerned the containment requirements for 'shotgun experiments'
using genetic components of animals closest to man, such as other

primates. Under the Woods Hole proposals the highest containment level

was not prescribed.

As a result of the criticisms of the Woods Hole draft, the RAC chairman
appointed a second subcommittee to produce a tighter set of guidelines.
Elizabeth Kutter, a supposed 'lay' member of the RAC, appointed at its
request, was to chair the subcommittee. As a biophysicist (although she

worked with phages) accusations of self-serving might be avoided. The



NIH view had, therefore, responded, if only to a limited extent, to

questions about the legitimacy of the RAC structure.

Prior to the fourth RAC meeting, a workshop was held, sponsored by NIAID,
on the "design and testing of safer prokaryotic vehicles and bacterial
hosts for research on recombinant DNA molecules". Some sixty scientists
attended the meeting organised by, among others, Curtiss and Falkow. A
critical requirement, it had been recognised at Asilomar II, was the
development of appropriate enfeebled bacteria. The excessive optimism
that a suitable strain would be developed in weeks had been somewhat
modified by the time of this workshop. As a measure of the problem, it
was the lack of such an organism that led to some experiments having been
under a moratorium for some eighteen months.21 The Woods Hole meeting
had been handicapped by the absence of these enfeebled strains, in turn

reinforcing the RAC objective of developing safer hosts and vectors.

Between 4th and 5th December, the RAC held its fourth meeting, starting
the day after the NIAID workshop and in the same town. A summary of the
workshop was presented by Dr. Helsinki. He reported the good news that
suitable plasmids, and lambda phage vectors and hosts had now been
developed, and were awaiting testing. Ironically, despite his earlier
misgivings, the breakthrough had occurred in Curtiss' laboratory.
Applicable to all three drafts so far produced, the Hogness, Woods Hole
and Kutter versions, the use of enfeebled organisms could now be written
in with some confidence. Thus the fourth meeting held at La Jolla,
California, set about reconsidering, in effect, the business of the
previous meeting. In addition to the now fifteen members of the RAC
present, there were forty-two others. Eight were classed as 'ad hoc
consultants to the committee', three were 'liaison representatives from

other organisations' (including the NAS and NSF), eight were NIH staff,
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five were members of the press and three were from Europe including S.
Brenner of the UK Medical Research Council and J. Tooze of EMBO. Most of

those remaining were scientists from various laboratories.

There was a general feeling that this particular meeting must produce
draft regulations or "the dam would be likely to break".23 Unconfirmed
rumours were circulating concerning experiments being carried out
clandestinely as patience began to wane. The relevant US scientific
community was directing pressure for the RAC to produce something, while
at the same time the eyes of other states were following developments
closely. Some were delaying the production of their own controls as they
awalted the US outcome. In the event, guidelines more strict than those
of the third meeting were forthcoming, perhaps as a result of two main
factors: firstly, there was the relatively imminent provision of suitable
enfeebled host-vector systems (of EK2 level, see below); secondly, three
of the most influential organisers of Asilomar II were present, Berg,
Singer and Brenner. The existence of the potential for biological
containment bypassed pressure for relaxing that provision, as had occurred
at Woods Hole, and the Asilomar organisers added their influence in

support. Thus the '

weaker than Asilomar' proposals of the previous
1 1 : . ' 24

meeting gave way to a 'stricter than Asilomar' new set. A background
threat, perceived by those involved, assisted their motivation. If they
failed to act, then others might take over, and in particular that might
mean Congress. It would be interesting to speculate as to what the
outcome might have been had the enfeebled organisms not come along at
that time. Adoption of weaker guidélines might have precipitated the

very consequences the scientists feared - greater public controversy and

legislation.

As an individual, Sydney Brenner has been recognised by commentators of
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the time as influential in the maintenance of caution. Repeating the
performance of Asilomar II, he applied his powers of reasoning and his
oratorical skills to instil a sobering influence. Caution was implemented
in a novel fashion. By the time of the fourth meeting, there were three
drafts to consider, those of Hogness, Woods Hole and Kutter. Ground

rules were established to enable a paragraph by paragraph comparison.

No more than ten minutes would be allocated to each paragraph in the

first instance, and where no discussion developed then the chairman would
simply choose a version. Difficult points, needing more than the allotted
time, would be returned to, and although only the committee could vote,
the chair would recognise all in attendance if they wished to speak.

Many paragraphs were passed over without discussion, while some required

a simple vote on which of three versions would be chosen. Only with
paragraphs or sections which needed complete or partial redrafting was

there any difficulty.

An example of the debate can be drawn from the consideration of the
'shotgun experiment'. Hogness argued that particular experiments (such
as any using DNA from cold-blooded vertebrates) should have the risk
exp%ained in detail. Brenner, however, responded by suggesting that the
class of source DNA was not so relevant, in the case of shotgun experiments,
as the type of experiment per se. The risk lay with fragmenting such
large samples of the genome, whatever its source. Brenner also warned
the RAC of outsiders viewing their actions in terms of trade-offs and
bargains over the assignment of particular categories to DNA of various
classes of source.25 Indeed, future criticisms of final guidelines in
both the US and the UK would in part be directed against the rationale of
assigning risk in relation to the biological distance Qf the donor

organism from man.
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Finally, a draft was completed and presented to the Director NIH for

his approval. However, before this was forthcoming, the Director would
hold further discussions, including a public debate. Meanwhile, at La
Jolla, the RAC considered further business. It was hoped to receive all
contract proposals for the construction and testing of safer hosts by
January 1976, and to offer contracts by March. It was decided that the
RAC, for the time being, would certify proposed host-vector systems, and
would give advice regarding the usage of clones constructed under the
interim Asilomar recommendations. Of note, though, was that the chairman
was asked if the NIH would explore what impact the RAC would have on
industrial applications of recombinant DNA technoleogy. Brenner suggested
that an experiment be carried out to test whether biological mechanisms
existed to transfer DNA from a lower organism to a higher organism.

Under maximum containment, a polyoma virus would be inserted into a
plasmid, in turn put in a bacterial host and placed in new-born mice.

The mice would then be monitored for infection by the virus. Unanimously,
the committee decided to request NIH assistance in developing such an
experiment. Lastly, the RAC set up a subcommittee to design further

experiments aimed at assessing biohazards.

Undeniably, the RAC was a central actor in the US institutional decision-
system and had great influence with the Director NIH, D.S. Fredrickson.
It was not, however, his only source of advice. Early in February 1976,
he called a special meeting of his 'Advisory Committee to the Director'
to review the proposed guidelines. This committee was charged with
advising the Director on matters relating to the broad setting within
which the biomedical sciences developed, including scientific, techno-
logical and socioeconomic factors. Membership included individuals
knowledgeable in the fields of basic scieﬁce, clinical biomedical

sciences, physical sciences, social science, reésearch, education and
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communications. For this particular meeting, additional participants
were invited, for example past members and other scientific and public
representatives. Seven people made presentations, including Fredrickson,
Stetten, Singer, Hogness, Berg and Curtiss. Thirteen members of the
public made statements, and a further nineteen individuals attended. A
wide range of views were presented, a credit to Fredrickson's notification

. . ' 27
of the meeting to a large number of public interest groups. Such was

the range of backgrounds at the meeting that Michael Rogers has commented:

"Compared to the nearly exclusive academic background of the guide-
lines committee this was really almost the public." 28

There was much more public interest than expected and more press in
attendance than for any previous meeting. Singer and Berg outlined the
guidelines, but as Rogers observed, the real contribution of the meeting
was that it provided a forum for the critics to express their views.

Most critics were young and had little scientific background, yet were
critical of the motives and possible gains of the original guideline
writers. Rogers agreed, however, that at least some bias was evident in
the selection of magazine articles given to the Advisory Committee to
read, as they tended to defend the guidelines. They were not representa-

tive of the range published in journals such as Science.

Overall in the recombinant DNA debate, and particularly around this time,
two critics were of note: Robert Sinsheimer, a member of the Advisory
Committee who participated in the February meeting, and Erwin Chargaff.
Sinsheimer, Chairman of the Division of Biology at the California
Institute of Biology, had, for example, sent a letter to Fredrickson

. . 29 . . < :
prior to the meeting, which raised four key points. Firstly, he saw

the failure of physical containment as inevitable in the long run, given
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the likely number of laboratories which would move into the field.3o
That is, physical containment was limited and dependent on human
efficiency. Secondly, Sinsheimer questioned the effectiveness of
biological containment in that genetic information might be passed from
enfeebled strains of organisms used in the work to other organisms
through natural recombination. Man himself contained many organisms
capable of 1initiating and carrying out such recombination with E. goli.
Thirdly, Sinsheimer raised the possibility of 'breaking' the genetic
species 'barrier' between prokaryotes and eukaryotes through the trans-
ferring of DNA segments with their promotor or terminator sequences,
thought to differ on each side of the 'barrier'.3l Thus he warned of
upsetting "an extremely intricate ecological interaction which we under-
stand only dimly". Finally, Sinsheimer introduced a point he felt was
underestimated, namely that they were dealing with self-replicating
organisms potentially making any hazard, should it appear, irreversible.
This situation he inferred was unlike any other physical or chemical

hazard.

As a consequence of the points he raised, Sinsheimer recommended to
Fredrickson that all recombinant DNA work should only proceed under the
highest possible precautions and at one national site. This most eminent
biologist went as far as to say that he would only allow this much

because of the extraordinary benefits that could accrue. He concluded:

"I will say, though, that in my judgement, if the guidelines are
adopted and nothing untoward happens, we will owe this success far
more to good fortune than to human wisdom." 32

After the meeting of the Advisory Committee, Sinsheimer repeated his
: . 33 .
concerns in another letter to Fredrickson. In this he challenged some

explicit defences addressed to the critics, which had been made at the
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meeting. It had been argued, for example, that a justification for
proceeding with the research was the fact that recombination occurred in
nature. Sinsheimer, however, argued that this occurred at some unknown
frequency which man would be increasing by "many orders of magnitude".
He still feared irreversible consequences, whatever the probability. In
addition to his earlier comments, Sinsheimer suggested a way to proceed
with the work which in general would be unusual in basic bioclogical
research outside industry. He suggested that the starting point of
research should be the objective. If synthesis of a particular protein
could be deemed desirable, then safe procedures could be tailored for
that objective, rather than trying a multifunctional approach. Further,
he repeated worries about using E. coli by arguing that a suitable animal

virus should be found, to which we have known defences, rather than using

"free-living ubiquitous bacteria".

Yet, despite his views, Sinsheimer agreed with that part of the mood of
the Advisory Committee meeting that seemed to fear future legislation and,
in particular, prior approval of experiments, which, he thought, might
impede science. It is worth noting, however, that this need not have
been too problematic as prior approval was precisely the approach used

in the UK to commendable effect, even if criticised from some quarters

(outlined in the next chapter).

Erwin Chargaff, Professor Emeritus of Biochemistry at Columbia University,

was the second of the two influential critics who produced forceful and

somewhat authoritative arguments. Their standing makes them of note,

whatever the judgement that can be applied to their arguments in retro-

spect. Not in attendance at the Advisory Committee meeting, Chargaff did,
. . § 34 .

however, write to Fredrickson on the day before. He called for a two

year 'cooling off' period, involving prohibition of the work, accompanied
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by "discussion and reflection". He stated that:

"... I can only express my strong dismay about the whole program,
as 1t has been formulated, restricted, expanded, and drowned in a
verbiage of silly claims and counterclaims." 35

Soon afterwards he wrote to §Eigggg36 commenting, like Sinsheimer,
although rather sarcastically, on the undesirability of using E. coli

and the potentially irreversible ecological significances. However, of
particular note was that he broached the ethical question in claiming

that the issue was not one of public health, but was more related to

their right to put "an additional fearful load on generations that are

not yet born". The NIH, he suggested, was not the appropriate institution

to address such problems.

These arguments of Sinsheimer and Chargaff have been presented at some
ength, partly because of the importance of the points made, given the
knowledge of the time, and partly because opposition groups rallied to
them. Non-scientists, in particular, tended to identify with scientists
reflecting their views in order to enhance the legitimacy of their own
arguments. The two critics in short were preaching caution and social

responsibility.

1t should be stated, nevertheless, that the arguments concerning the
crossing of the 'barrier' between eukaryotes and prokaryotes was not
acceptable to many scientists. Ome group had, for example, argued that
any such barrier might have no purpose and simply reflect different
evolutionary paths. A second group had argued that it did not exist at
all and that they were merely ignorant of the flow of genes between
species. A third group suggested that evolution had already tested all

genetic combinations and dismissed those not useful. Sinsheimer attri-
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buted many such arguments to those who emphasised the benefits to be

gained from the research. For example, he pointed to a flaw in the third

group's argument. If nature had tested all gene combinations, then their

own proposed genetic manipulations could not be novel, and by implication
o 37 . . : S

beneficial. To an extent it was the existence of this division of

views between respected scientists that is of interest here, as it reflects

the latitudes involved as a result of uncertainty.

Numerous others also wrote to Fredrickson, including Berg, Singer,

o1

38 . ;
Handler and Goldstein. Berg and Singer expressed general satisfaction,
- g : . ! ; . 39
although Singer did suggest greater stringency in dealing with SV40.
Goldstein urged a meeting of both sides to avoid:

"

... opting only for development, rather than development, leader-
ship and control of a new technology." 40

A wide variety of issues were therefore aired after the drafting of
guidelines at La Jolla. One more RAC meeting would occur before final
publication, and for this Fredrickson recommended discussion of a document
which he distributed. It was a summary of the responses which he had
received after the February meeting of his Advisory Committee.41 The
document listed a number of headings: Methods of Containment; Prohibited
Experiments; Biological Containment Criteria...; Classification of
Experiments ... [using the new enfeebled E. coli]; Experiments with
Eukaryotic Host-Vectors; Implementation. Under these headings, Fredrickson
provided a summary of comments which he had recieved, whether technical or
more general. It was, however, noticeable that Fredrickson tended to
favour certain views which were for the most part those less critical of

the draft guidelines. For example, despite comments from some scientists

going so far as to suggest a complete ban on SV40, he made it quite clear
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that he favoured its use, and under the provisions of the planned guide-
lines. The difficulty with the course of action chosen by Fredrickson
is that it can be criticised on the basis that it was the role of the

RAC to present him with advice and not the other way around.

At the RAC meeting held in early April 1976, most of the suggested amend-
) 42 _ , . ,

ments were rejected, and in reflection of the tone of Fredrickson's

document broader issues, as raised by Sinsheimer and Chargaff, were not

discussed. N. Wade reported the outcome as:

"... a clear victory in sight for those who wish research to go
ahead under stiff but not grossly inconvenient safety conditions." 43

If the suggestions of Fredrickson guided the RAC meeting, then it should
be noted that Fredrickson himself faced constraints. Wade identified
these as: firstly, an effective veto held by the European Molecular
Biology Organisation (EMBO) which had made it clear that it would only
go along with the NIH guidelines if they became no stricter; secondly,
Wade suggested that there was a fear that if the guidelines were unaccep-
tably rigorous, then the scientists would ignore them. An assiduous
follower of the events as they unfolded, Wade identified two members of
the RAC as dominant, David Hogness and Charles Thomas, of Stanford and
Harvard, respectively. Both were forcefully against stricter guidelines
and both were personally involved with recombinant DNA work. Whether or
not they genuinely reflected a majority view of the scientists at large,

they were open to the charge of conflicts of interest.

In the interim period between the fifth RAC meeting and publication of
the guidelines in June, the Director, NIH received further correspondence.

Berg, for example, expressed dissatisfaction with biological containment
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preferring emphasis on physical containment as the "only tried, tested
and acceptable means available for containing dangerous pathogens". He
also noted that in the UK it was physical containment on its own which
was being relied upon.44 A non-scientist, J.F. Kelly, requested that a
broad policy statement be attached to the guidelines. He argued that as
it was, they were in effect a set of implementation procedures, the
underlying policy of which had to be inferred.45 Others raised questions
of the appropriate actions if environmental contamination were to occur,
and the assumptions in general upon which the NIH and RAC were operating.
In technological fields, preventive measures are often taken, but without
contingency plans for failures, perhaps because the latter could imply a
weakness in the safeguards. The Federation of American Scientists
despatched to the NIH the results of a poll of their members. Their
results showed only a small percentage of biologists (9.3%) and non-
biologists (5.7%) who thought the guidelines were too restrictive. Over-
all, more than 80% of both biologists and non-biologists who responded
thought the guidelines either about right or "probably insufficiently

. i ; : . 46
cautious". 1In all, some 56.2% thought the guidelines "about right".

An even more systematic poll was later organised by a science correspondent

for the Boston Globe. Robert Cooke, between February and March 1977,

mailed questionnaires to some 1,250 senior bioclogists working in univer-
sities, industry and government. Of the 490 respondents, 39% believed
the guidelines should be more strict, while 44% thought them strong
enough.47 Both of these polls reflect the degree to which caution was
seen as desirable by many interested scientists and non-scientists. It
is of note that the RAC itself was unanimous in its recommendation to
Fredrickson to go ahead and publish. Yet as late as a few days before
publication, a petition carrying some thirty signatures called for a

. . 48
postponement on the release of guidelines.
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Having considered the many comments received over the months, Fredrickson,
on 23rd June 1976, released the official NIH guidelines, some two years
after the publication of the Berg letter. They were accompanied by a
document drafted by Fredrickson which summarised the history of the

49
debate, thus far, and indicated his own attitudes. To be fair, he
provided a useful synopsis of the views discussed above and in the many
representations he received. Aside from making some general comments
regarding the speculative nature of hazards and the by then more certain
promise of benefits, Fredrickson failed to detail the assumptions and
policy choices to which he was working. At one point, for example, he
summarised the two arguments concerning the 'barriers' between eukaryotes
and prokaryotes. On the one hand, recombination in nature was argued to
have been occurring for so long that man's efforts would merely utilise
specific combinations of genes. On the other hand, man could cross the
barrier in the laboratory and if the donor DNA was expressed 1in the host,
1t might alter the host in "unpredictable and undesirable ways".
Fredrickson concluded:

nm

The fact is that we do not know which of the above-stated proposi-
tions is correct." 50

Nowhere does Fredrickson give any indication of the strength of feeling
that was, for example, expressed by Sinsheimer and Chargaff over potential
environmental damage and the evolutionary effects. A further example of
his style of argument which is of some concern can be seen in his
resolution of the fears expressed over the use of E. coli, which in one

of its natural forms inhabits the human gut. Fredrickson countered this
by arguing that because the bacterium was also the most understood (the
laboratory strain which would be used) it should therefore be "safer than

other candidate micro-organisms". Any underlying method of balancing

188




such arguments is not revealed, and in effect the guidelines are much as

recommended by the RAC.

Perhaps to avoid charges of self-serving, as after all the NIH had a
responsibility to promote research, assumptions were not made too explicit.
In organisational terms this could relate to bias and non-decision. After
a summary of the guidelines and the procedures of implementation, some

further questions will be raised.

2. THE FIRST US GUIDELINES FOR RESEARCH INVOLVING RECOMBINANT DNA

MOLECULES .

Four principles were stated as underlying the published guidelines:

i) There were certain experiments for which the assessed hazard was

so serious that they were not to be attempted at that time.

11) The remainder could be undertaken with appropriate safeguards of a

physical and biological kind.

111) The level of containment should match the estimated potential hazard

of the different classes of recombinants.

iv) The guidelines themselves would be subject to periodic review (at

least annually).

Four levels of physical containment were incorporated in the guidelines,
ranging from Pl to P4 as the physical design of the laboratory, the
equipment and procedures used increased in complexity. Pl would be in

essence an ordinary microbiological laboratory where work could be
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carried out on open bench tops. At the other extreme, P4 containment
would involve a whole host of measures to limit the potential for environ-
mental contamination. The laboratory at this level should be effectively
isolated, maintained at negative air temperature, be completely sealed as
a monolithic unit except for stringently controlled access, and exhausted
air should be decontaminated. Sophisticated double-door autoclaves would
be used for sterilisation and work would be carried out in safety cabinets:
With these and other features the laboratory would be a maximum security
unit of the likes of Fort Detrick in the US and Porton Down in the UK.

In summary, the physical containment was to cover minimal (P1l), low (P2),

moderate (P3) and high (P4) risk levels.

However, the guidelines also designated three categories of biological
containment, EK1, EK2 and EK3. EK1 containment referred to the use of

the basic laboratory strain, E. coli K-12 with existing plasmid and
bacteriophage vectors. Apparently a harmless micro-organism, it does not
usually establish itself in the bowel, but if ingested it stays alive in
passing through. It was necessary, however, to consider the possibility
of genetic exchange between E. coli K-12 and other residents of the gut.
Consequently, this organism was thought to offer only moderate containment.
EK2 containment would utilise genetically constructed host-vector systems
demonstrated to provide a high level of biological containment through
data from suitable laboratory tests. Modifications to the E. coli K-12
host or the plasmid or phage vectors were to be such that a genetic
marker, carried on the vector, should not show up in other than specially
designed and carefully regulated laboratory environments at a frequency
greater than 10 ° (or one in 100 million). EK3 containment was designated
as the same as EK2, but with the specified level of containment shown to

exist through appropriate tests in animals, including humans and primates,

and other relevant environments. This additional validatory data would
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set EK3 apart from EK2 as a category, by increasing certainty.

A number of experiments were banned, including any involving the use of
DNA from dangerous pathogens,Sl or oncogenic viruses, or DNA from cells
infected with such agents. Also banned was the use of DNA containing

the genes coding for the biosynthesis of potent toxins such as botulinus
and diphtheria, or the venom from snakes. The use of plant pathogens was
similarly excluded. 1In addition, certain other activities, of less direct
hazard, were to be avoided at that time, including the transference of a
drug resistance trait to an organism not known to acquire it naturally,
the release of any recombinant DNA molecule into the environment, and
finally, the exceeding of the maximum of ten litres of culture to be used

. . 5
in recombinant DNA work.

All the remaining experiments were identified in categories related to
the biological distance from man of the DNA used. Each category was then
assigned physical and biological containment requirements, and in some
instances alternative combinations of levels were permitted. For example,
P3 and EK1 was considered comparable with P2 and EK2, while P4 and EK2
could substitute for P3 and EK3. Well summarised by a number of

58 . e )
commentators, some examples of the containment classifications are as

follows:

DNA from non-pathogenic prokaryotes that naturally Pl and EK1
exchange genes with E. coli

DNA from embryonic or germ-line cells of cold- P2 and EK1
blooded vertebrates

DNA from non-embryonic cold-blooded vertebrates P2 and EK2

DNA from non-pathogenic prokaryotes that do not P3 and EK1
naturally exchange genes with E. coli

DNA from embryonic primate-tissue or germ-line cells P3 and EK2
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DNA from non-embryonic primate-tissue P3 and EK3
or P4 and EK2

In addition to biological distance from man, containment was also applied
on the principle that containment should never be less than that already
required of the most hazardous component of the experiment in existing
guidelines or regulations. However, the guidelines suggested that a
further precaution be reflected in the undertaking of work involving
recombinant DNA techniques. It was emphasised that there was a need to
ensure thorough training in microbiological practice, including aseptic
techniques and instruction in the biology of the organisms used in
experiments so that potential biohazards could be understood and appre-
ciated. Laboratories were required to prepare emergency contingency
plans and to make it known to workers where experiments involved "known

] : 54
or potential biohazards".

One of the main features of the NIH guidelines was their comprehensiveness.
This arose out of the policy adopted in the US to issue guidelines from

a central source, but leave the identification of containment categories
regarding individual experiments with the laboratory and institution
concerned. The UK system will later be contrasted in that allocation of
containment levels for all proposed experiments was centrally determined.
A large proportion of the NIH guidelines was therefore given over to

their implementation. The operationalisation of the guidelines is of

great relevance to this thesis.

3. OPERATIONALISATION OF THE NIH GUIDELINES.

At this stage, discussion of the implementation of the NIH guidelines

will refer exclusively to their use in the US. It is, however, noted
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that their influence was international, and Chapter Seven will outline

the activities in many other states. As a prelude to the discussion of
their international impact, it is worth noting that in June 1976, the
State Department despatched a telegram to forty-four of its embassies and
missions in countries believed to support considerable biomedical
research. It requested that appropriate officials of host government
agencies be informed of the impending release of guidelines and the
address of the Director, NIH. The telegram, not least, acknowledged the
need for "world publicity and co-operation on the problem“.55 It was the
comprehensive categorisation of types of experiments in relation to
containment which made the NIH document an attractive 'off the shelf'
option for other states. Yet its implementation within thé US itself was

not without difficulty.

An issue of particular importance was the enforcement of the guidelines.
The NIH had opted to avoid elevating the guidelines to Federal regulations.
Acknowledging that many commentators would prefer this course, Fredrickson
stated that the scientific community in general urged against it. He
added his support to these scientists, suggesting that there would be more
flexibility and administrative efficiency if Federal regulation was
avoided, although he acknowledged that the whole matter needed further
attention. The question of ensuring compliance with the guidelines had,
however, a further weakness. As they stood, the guidelines only applied
to NIH-funded research, of which the control of grants could be called
upon to give them credibility. Yet research was likely to be done by

many who were not funded, even in part, from the NIH.

At the time of the release of the guidelines, first moves were in hand to
have inter-Federal agency discussions to assess the possibility of widening

their application. This activity reflected one strand of the problem, a
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potential solution being other agencies requesting compliance as a
condition of funding. A more disturbing problem to many at the time was
the question of ensuring compliance from wholly industrial sponsored
research. For his part, Fredrickson, prior to the release of the guide-
lines, had held a meeting with industrial representatives, under the .
auspices of the Pharmaceutical Manufacturers' Association (PMA).
Fredrickson had been hoping for the acceptance of the guidelines throughout
the US, and, at least similar guidelines, internationally.56 Although
Fredrickson's statement accompanying the guidelines is not very revealing
regarding the attitudes of industry at that time, some letters which he

subsequently received do throw some more light on their views.

W.N. Hubbard of the Upjohn Company gave two reasons why industry felt
concerned: firstly, he expressed a fear, often to be repeated on both

sides of the Atlantic, that industrial confidentiality could be compromised
if research results were disclosed prior to patenting; secondly, Hubbard
stressed a worry about industry becoming involved with self-serving regu-

lations. He concluded that:

"It is my impression then that industry will avoid committing itself
in very formal ways to policy statements out of a reasonable and
deep-seated fear that this is just the first step of another wave of
bureaucratic intervention into individual endeavor." 57

C.W. Pettinga of Eli Lilly and Company indicated that his company would
"adhere to the intent and spirit of the NIH guidelines" and had taken
"several steps towards this end". A safety committee had been set up and
a P3 laboratory established. However, Pettinga suggested that industry
had more experience than anyone else in working with large-scale contained
studies, and that if they were convinced of the safety, they would have

no hesitation in exceeding the ten litres maximum level. Further, the
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intent to follow the spirit of the guidelineswas qualified by saying:

"There are specific instances where we might not be in strict
compliance. In these specific instances we feel either that the
wording of the guidelines is too non-specific or we are capable of
guaranteeing the safety of the exercise in question." 58

Interestingly, Pettinga also suggested that the RAC membership should

include a well-informed representative of industry.

Thus on release of the guidelines, there was general uncertainty over how
closely industry would comply with them. Two pressures were being
experienced at the time. On the one hand, industry wanted to wait and

see what the guidelines would be like and the extent of their enforcement
before becoming too public in their opinions. On the other hand, however,
they faced competitive pressures to actually get ahead and utilise the
new research tools. Conflicting pressures of this sort would not be
conducive to effective operational control of a voluntary nature. A
telling summary of the meeting in June, which thirty industrial repre-

sentatives attended, observed that:

"In general, the industries seemed to be somewhat hesitant to commit
themselves with regard to the guidelines since it was believed that
the guidelines might eventually assume the status of requlatory law
and this would place an entirely different perspective on their
views about the details of the guidelines." 59

This summary went on to suggest that although the President of the PMA
had implied during Congressional hearings that the guidelines were
endorsed by the drug industry, this spirit was general through all
industries. Thus, the NIH guidelines from their inception were faced
with a problem of ensuring complianée in their implementation and the

treatment of industry in particular was to remain a somewhat controversial
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issue. Nevertheless, the guidelines did describe roles and responsi-
bilities for persons and organisations concerned with recombinant DNA
activity. From this an outline of the operational control framework

can be drawn.

a) Principal Investigator.

The Principal Investigator would have primary responsibility at the
laboratory level for a whole range of functions including: estimating

the hazards involved; determining the appropriate containment; selecting
methods for handling recombinant DNA materials; preparing procedures to
handle any spillages; determining the applicability of various pre-
cautionary medical practices; securing approval for proposed work;
submitting information on purported EK2 and EK3 systems to the RAC and
making strains available to others; reporting to the Institutional
Biohazards Committee (IBC) and the NIH Office of Recombinant DNA Activities
(ORDA) any new information bearing on the guidelines; applying to the RAC
for approval for any experiments involving more than ten litres of
culture; applying to the RAC for approval to lower containment levels
after rigorously characterising any recombinants deriving from shotgun

experiments.

Before commencing work, the Principal Investigator was required to
advise the other staff in his programme of the nature and assessment of
hazards, and ensure that they were suitably trained. Any illness or
other problems were to be reported to ORDA and his institution's IBC.
Thus, a great deal of the responsibility for the implementation of the

US guidelines fell to the individuals undertaking the work itself.

b) Institutions.

The institution in which the work was undertaken would have to bear all
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the responsibilities of the Principal Investigator, in addition to
setting up an Institutional Biohazards Committee charged with: advising
the institutions on policies; creating a central reference of relevant
information; developing a safety and operations manual for any P4
facilities; certifying to the NIH on applications for research support

that all the conditions were met.

The IBC was to comprise individuals of "a diversity of disciplines
relevant to recombinant DNA technology, biological safety, and engineering!.
In addition, the IBC was to possess, or have available to it, the
competence to determine how its findings related to applicable laws,
regulations, standards of practice, community attitudes and environmental
considerations. Indeed, the last point would help to enhance the
legitimacy of the committee within its local area, and as an overall

component of the operationalisation of the guidelines. To supplement

this, minutes of the meetings were to be made public.

0

) NIH Initial Review Groups.

These groups were to review the scientific merit of each grant appli-
cation and make an independent assessment of the hazards which might be
involved. They would then determine the adequacy of the proposed
containment safeguards, referring any difficulties encountered in risk

assessment to the RAC or ORDA.

d) NIH Recombinant DNA Molecule Program Advisory Committee (RAC).

In addition to the requirements of its Charter,6O the RAC would have
responsibility for: revising and updating the guidelines; evaluating and
certifying proposed EK2 and EK3 systems; resolving questions concerning
potential biohazards and containment if requested by the NIH staff or
review groups; reviewing and approving experiments exceeding ten litres of

culture.
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e) NIH gtaff.

Staff at the NIH were required to: restrict grant awards for recombinant
DNA research, unless use of the guidelines was confirmed, the proposal
was reviewed and a Memorandum of Understanding and Agreement (MUA) was
properly executed; review and respond to questions or reports submitted
by IBCs or Principal Investigators, disseminating any findings; receive
and review applications for approval to lower containment categories on
rigorously tested products of shotgun experiments; refer items from the
above to the RAC as deemed necessary; perform site inspections of P4

facilities.

f) Office of Recombinant DNA Activities (ORDA).

Although the guidelines document did not describe the role of ORDA in

any detail, it did announce its existence. Its functions were, however,
to become important and can be summarised as follows. It was to interact
with the office of the Director, NIH, keeping the latter informed, and
partaking in planning activity. An important function would be the
dissemination of information to the many groups involved. ORDA would
collate information from sources such as divisions of the NIH and would
in turn provide summaries of NIH policy. Much of ORDA's activity was to
involve the development of relationships with federal and non-federal
agencies, the science press, professional societies, industry and inter-
national bodies. It was also to monitor IBC membership and problems
which might occur in laboratories. Finally, ORDA would in effect service

the RAC, providing management, staff and executive secretarial functions,

o ) .. § i 62
assisting in general the publicity of RAC activity.

g) Office of the Director, NIH.

The office of the Director, NIH, was to be responsiblé for the promul-

gation and enforcement of regulations or guidelines, and for accountability
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to Congressional committees, the Department of Health, Education and
.63 . ) .

Welfare and the public. At the time of the release of the 1976 guide-

lines, an institutional framework had been established which

would enable US research to proceed on a large scale. However, the

assignment of roles and responsibilities had not been without criticism

during the planning stages. Indeed, Fredrickson in his statement

accompanying the guidelines recognised the conflict of opinions.

With regard to IBCs, one view had been that they should be required to
determine containment conditions for given projects. (In the draft
guldelines 1t had been stated explicitly that this function would not be
carried out by IBCs.) The RAC opposed the suggestion, arguing, instead,
that the most appropriate level for scrutiny of containment conditions
was the national level, using NIH study sections. Fredrickson again
applied his own judgement and chose to take a line whereby IBCs would
not be required to undertake such a function, but could if their

institutions so wished 1it.

The structure of the RAC had also involved some differences of viewpoint.
For example, it had been suggested that the scientific advisors on the
committee should include a number not involved in undertaking recombinant
DNA research, and that in addition there should be a committee to offer
more policy-oriented advice. Fredrickson opted to defend the inclusion
of involved scientists in that they would have "the expertise to assure
that the guidelines are of the highest scientific quality" and would in
any case be complemented with scientists from other fields.64 On the
policy side, Fredrickson noted that the RAC itself requested the inclusion
of a non-scientist, and that a Professor of Government and Public Affairs
had duly been appointed. An ethicist had also been nominated. However,

the main source of policy advice was to be the Advisory Committee to the
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Director, considered above.

The two committee structure, commendable in that it provided a wide
range of expertise and political advice, was weaker than necessary in

that both committees independently advised the Director, NIH. There was
little opportunity for cross-fertilisation of ideas between the committees
themselves. In the United Kingdom, for example, a single central
committee comprised many scientists and non-scientists and could address

a wider range of issues than the RAC. Thus, in the last resort, the
Director, NIH himself had considerable latitude in how he synthesised

advice.

To complete the outline of the US institutional response and operational
structure, the diagram below indicates the main patterns of interaction
within the overall decision and implementation system. It can be seen
that the RAC and ORDA represent focal points of information exchange,

the content of which can be identified in relation to the above roles

and responsibilities of the various groups involved. Likewise, the
central position of the Director, NIH is evident. The events described

in this chapter have shown how the system came into being, with particular

emphasis on the use of an existing institution, the NIH, and the early

creation of the RAC.

A number of criticisms have been presented in passing, and further
analysis will be presented after the examination of activities in other
states, notably the UK. However, within the US, the Director, NIH himself
was legally required to make an analytical appraisal of his actors in
establishing guidelines, in the context of an Environmental Impact State-

ment.
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4. THE NIH ENVIRONMENTAL IMPACT STATEMENT.

Early in 1976, the Director, NIH began to receive requests for him to
publish an Environmental Impact Statement (EIS) on proposed actions
relating to recombinant DNA. The National Environmental Policy Act
(NEPA) of 1969 was cited as applying to all agencies of the Federal
Government, covering "every recommendation or report on proposals for
legislation and other Federal actions significantly affecting the quality
of the human environment". Under this law, a detailed statement was
required on: environmental impacts of the proposed action and environ-
mental effects which could not be avoided; alternatives to the proposed

action; long-term implications; and any irretrievable use of resources

. 65
involved.

In complying, Fredrickson opted to produce an EIS as soon as possible,
but not at the expense of holding up publication of the guidelines. His
view was that the whole process of developing guidelines was "in large

. . ; . 86
part tantamount to conducting an environmental impact assessment". It

was clear, however, that many thought the analysis involved was narrowly

based and inadequate.

Thus it was on 9th September 1976, some eleven weeks after the guidelines

were released, that a draft EIS on their impact was published in the

-

67 . . . ;
Federal Register. The public were then invited to submit comments by

18th October 1976, and one year later the final version appeared which

: . 68 S X ;
incorporated the comments received. In a very descriptive fashion, the
EIS summarised the main events, underlying principles and assumptions
leading to the guidelines. As such it has provided source material for
this chapter. Of particular importance was that it was required to

address different possible courses of action with respect to the new
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research techniques. Five options had therefore been identified in the

draft EIS:

1) No action.

i1) NIH prohibition on the funding of all experiments with recombinant
DNA.

iii) Development of different guidelines.
1v) No guidelines, but NIH consideration of each individual proposed
project before funding.

V) General Federal requlation of all such research.

The 'no action' choice on the part of the NIH would have left researchers
with only the Asilomar Statement to act as guidelines. Public concern
would have been higher, while the costs to researchers in both time and
resource terms would have been less. Aside from the public concern, such
an option would, 1in effect, have meant ignoring the explicit call for NIH

involvement expressed in the Berg letter.

A refusal by the NIH to fund any recombinant DNA research would not imply
a complete US ban, as other public and private sources of funding existed.
Not least, industry would have still shown interest. From the NIH point
of view, two main arguments were used to dismiss the option. Firstly,

an intuitive risk-benefit argument was used to emphasise that many
benefits were to be gained from the research, and therefore it should
continue. This does not overcome a possible criticism that a more
thorough risk-benefit assessment should have been undertaken before
allowing the research to proceed. The second argument was more worrying.
It was 1llogical and irrelevant as far as any safety considerations were
concerned. In essence, having acknowledged how US scientists had played
a major part in drawing attention to the potential hazards, the draft EIS

argued that the NIH guidelines were likely to be accepted as a model
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internationally, and that "prohibition of the work would undermine
American leadership in the establishment of worldwide standards for
Sdfety".69 This can easily be countered by suggesting that US caution

to the extent of extending the moratorium might also provide the inter-
national lead regarding safety. In terms of prestige, however, it could
be suggested that the harsher the restrictions faced by US researchers

in an internationally competitive field, the less likely it would be that
other states would in fact follow suit. A more honest argument related
to this, reproduced in the draft EIS, was that the banning of the work in
the US could undermine its leadership in biological research, if the work
continued elsewhere. The whole associated question of international

harmonisation of guidelines will be returned to in Chapters Seven and

Eight.

Discussion on 'different' guidelines was confined to giving examples of

controversial differences of opinion over the containment requirements for
specific experiments. It has already been shown how arguments differed
1n this respect. More fundamentally, the NIH can be criticised for not

justifying more thoroughly the underlying principles and assumptions it
operated upon. FPor example, it never really explained why immediate
health concerns should dominate over ethical or long-term ecological

considerations.

The possibility of the NIH assessing each individual proposed experiment,
in relation to criteria applied by a panel or committee, was considered
by way of an alternative to the existing guidelines. Whatever the value
of making such a comparison after the guidelines option'had been chosen,
the draft EIS quickly dismissed the possibility. Its advantages were
recognised as providing a system of greater flexibility in adapting to

new knowledge. Disadvantages in a US context would, however, be notable,
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even though this was essentially the approach adopted in the UK. Enormous
time and resource costs would apply given the size of the US and the
potential research interest. It was doubted whether sufficiently know-
ledgeable individuals could be found for what were likely to be full-time
jobs on the central committee. Besides, it was argued that IBCs would
initially assess each proposal, which would then be re-evaluated by the
NIH Study Section in reviewing the scientific merit of the proposal. At
best, this would be seen as a compromise. More will be said of central

experiment assessment when examining the UK institutional responses.

Perhaps the only option given serious consideration as an alternative to
the NIH 1mplemented guidelines was the possibility of Federal regulation
of all recombinant DNA work. This option was, in particular, given
substantial coverage in the final EIS as a consequence of a development
between it and the earlier draft EIS. 1In October 1976, the Secretary of
Health, Education and Welfare had established, with approval from the US
President, an Interagency Committee on Recombinant DNA Research, chaired
by the Director, NIH. This committee was important as Fredrickson had
felt that the question of Federal regulation was beyond the purview of

the NIH, a research agency.

It was intended that the Interagency Committee would determine the appli-
cability of the NIH guidelines to industry, and to other Federal agencies.
All Federal departments and agencies which might support or conduct
relevant research, and all regulatory agencies which might have potential
authority over it, were represented on the committee. If necessary, the
committee was to recommend appropriate legislation or executive action.
Nineteen different bodies were represented, including the Department of
Defense, the Food and Drug Administration, the National Science Foundation

. . 70
and the Executive Office of the President.
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Appendixed to the final EIS was an interim report of the Interagency
Committee, which presented the results of it having examined the appli-
cability of existing legislation to recombinant DNA research.7l A
number of problems had been encountered. For example, under the Occupa-
tional Safety and Health Act, the term 'employer' did not cover US states
and their political subdivisions, unless they volunteered to adopt this
status. Only twenty-four had done so. Self-employed persons were also
excluded. Under the Toxic Substances Control Act, although recombinant
DNA materials could be covered, the act explicitly exempted the need to
register small quantities used for the purposes of scientific experi-
mentation or analysis. Indeed, similar problems arose with all of the
existing legislation examined, such that the Interagency Committee
concluded that although there was coverage within the legislation broad
enough to include recombinant DNA, it "would probably be subject to

72

legal challenge

From their survey, the Interagency Committee itself recommended elements

to be incorporated in legislation. Both the production and use of
recombinant DNA molecules, it felt, should be covered. They suggested

that projects should be registered, facilities licensed, a single set of
regulations should apply nationally which would pre-empt state legislation,
and inspection and enforcement should be'implemented. Only two abstentions
(from the Council on Environmental Quality and the Justice Department)

were recorded in a report which recommended legislation.

As a result of the report, the Secretary of Health, Education and Welfare,
J. Califano, had legislation developed. The Administration Bill was then
reviewed by all members of the Interagency Committee, and by all depart-

ments and agencies. Senator Edward Kennedy, Chairman of the Subcommittee

on Health and Scientific Research of the Senate Committee on Human
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Resources, and Representative Paul Rogers, Chairman of the Subcommittee
on Health and the Environment of the Interstate and Foreign Commerce
Committee, introduced the Bill in each House. Congressional hearings
followed, and by the time of the final EIS, both House and Senate Bills
were pending. Thus, of all the options outlined in the EIS, only Federal
regulation was examined in depth. The actual failure of legislation to

be completed is discussed in Chapter Eight.

A number of letters received in response to the draft EIS were very
critical of the limitations and superficiality of the discussion of
alternative options. It was, for example, suggested that true evaluation
required much more than a cursory summary.73 Yet despite many comments,
the final EIS did not adequately respond to them. A chapter given over
to the comments on the draft EIS followed the same format,busing the same
headings as in the draft. Each section was then taken individually and

a response was made to any criticism which fitted that particular category.

Thus, when the five alternative options were returned to, there was no

slot for those comments which were critical of the limited range of options,

or to the superficial level of the discussion.
An important criticism raised by a number of respondents concerned the
failure of the draft EIS to address the long-term evolutionary factors.

The final EIS made this excuse:

"The omission of this matter from the Draft EIS was based on several
considerations, including the almost total lack of relevant scientific
facts, the highly controversial nature of modern evolutionary theory,
the consequent inability to impose a theoretical framework on the
issue, and difficulties in analysing the arguments of those who

have expressed serious concern with this matter ..." 74

This is tantamount to arguing that because of uncertainty and extensive
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disagreement, the issue can be omitted from an assessment of environmental
impact. Controversy should, on the contrary, necessitate its inclusion.

A very brief reference to the issue was included in the final draft.

Criticisms applied to the guidelines rather than the draft EIS were
simply forwarded to the RAC, which at this time was beginning the process
of guideline revision, discussed further in Chapter Eight. In sum, the
legal requirement for a wide ranging assessment of environmental impacts
of somewhat controversial actions by the NIH was finally fulfilled.

Much of the criticism of the draft EIS would suggest that something of a
minimalist approach was adopted. Much of the importance was omitted or

glossed over.

At this stage some limited response to the hypotheses (outlined in

Section A of the thesis) is possible.

a) Hypothesis One.

Although this chapter is primarily a descriptive account of the US
institutional responses, some indication of the political constraints on
operationalising control is possible. In terms of implementation, the
views of scientists or administrators specialising in the promotion of
science were dominant. The NIH was working within a constraint of not
impeding the development of recombinant DNA work more than necessary.
Many debates did, however, occur involving a wider set of participants,
at various decision-making levels within the US, but it is suggested here
that although the many viewpoints were acknowledged by the NIH at the
Federal level, their influence was limited to being reflected in the

general level of caution. Implementation procedures were not directly



affected to any significant extent, other than in more localised debates,

such as Cambridge, Massachusetts.
Details of the operational methods have been described and criticism
mentioned in passing. An overall assessment is better made on the basis

of comparisons with other systems such as that of the UK.

b) Hypothesis Two.

Undoubtedly, control options were not analysed exhaustively by the US
institutions. The discussion of the.EIS illustrates this point, suggesting
that the limited options examined were somewhat superficially addressed.
Indeed, the NIH simply followed a course originally asked of it by the

Berg letter. Guidelines to enable the work to continue were the order of

the day all along.

c) Hypothesis Three.

It was not until the formation of the Interagency Committee some two
years and three months after the Berg letter that any serious thought
was given to going beyond the adaptation of existing frameworks in the
implementation of controls. The guidelines did bring innovation in the
context of regulating a new area of research, but the procedures used
required minimal change to the body which promulgated them, the NIH.
This need not be a criticism if the body which had effective authority
was most sulted anyway. It is argued here that it was assumed that the
NIH was suited by the scientists involved. This was supplemented by a
perceived fear from the scientist viewpoint of non-scientist dominance
in the control if the NIH was not used. As will be shown, no major changes
to the implementation procedures for controls were to be forthcoming as
pressure groﬁp activity and changing circumstances were to ward off

legislative developments.



d) Hypothesis Four.

Although a number of non-scientists were to make comparisons between
recombinant DNA techniques and nuclear technology, no institutional
efforts were made to make systematic applications of knowledge from other

fields, regarding technological control in general.

e) Hypothesis Five.

Communications patterns are probably best addressed at the transnational
level. Nevertheless, some points are of note concerning the US. The
central bodies of the RAC, ORDA and the Office of the Director, NIH, were
very well linked, on technical and implementation criteria. Overall,

the non-scientists had great access to information, through the open
publication of much material and the public operations of groups like

the RAC. Popular press activity was substantial in comparison with
European states, and 1nterest groups made active use of these sources.
[nput into the decision process was also substantial, although biases

in the handling of the impact were evident. The question of communications

patterns, content, and participation will be examined further.

6. SUMMARY .

This chapter has provided essential background to the institutional
activities which led to the production of the NIH guidelines, their form
of implementation and the assessment of their impact. The initial
importance of the authoritative announcements of concern was undeniable
in affecting subsequent US choices. Many critics were yet to challenge
the legitimacy of the procedures adopted as guideline revision was under-
taken, and legislation threatened. These issues are discussed further in
Chapter Eight from a more international perspective, and in addition

within the context of the whole issue of risk-benefit analysis.
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THE INSTITUTIONAL RESPONSE IN THE UNITED KINGDOM.

Some of the reasons given for examining institutional responses to the
expressed concerns about recombinant DNA apply to both the United States
and the United Kingdom. Both states witnessed urgent investigation of

how to proceed safely with the research, and both states found their
guidelines, and procedures for their implementation, borrowed or adapted
by others. It is important, therefore, to consider the developments
within the UK which paralleled first responses in the US. Although both
the UK and US approaches influenced other states, they were in fact quite
different from each other, reflecting differences in policy and national
requirements. In particular, there were major differences in the way in
which the overall control procedures were implemented, especially regarding
the functions of central committees. The RAC was constituted and operated
quite differently from the UK Genetic Manipulation Advisory Group (GMAG),
so much so that the acronym GMAG ('Gee-Mag') became an international
byword to describe a particular approach to the problem. A degree of

comparison between the two approaches is therefore necessary.

Because of the speed with which both the US and the UK responded to the
Singer-S811 and Berg letters, they established lead positions, with many
states preferring to await the results of their assessments. Uncertainty
has been identified as a key variable of interest to this thesis, and it
was at its height when the first UK working party examined the issue.
Even states that devised their own guidelines were on the whole more
hesitant. However, the lead of the US and UK was not only confined to
assessing the issues and producing operational control measures. These
two states significantly led in terms of the actual utilisation of the
recombinant DNA methods. By 1978, some fifty US and forty-five UK

laboratories were exploiting the new techniques.
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The approach used in this chapter is essentially the same as that applied
in considering the US. For analytical purposes, the UK operationalisation
of control 1is seen to operate within a distinct system, although it is
acknowledged that activities within other states, and notably the US,

were of some influence. Again, an historical overview will provide a
description of the development of guidelines and their implementation,

deferring much of the analysis of consequences to Section D of the thesis.

In many ways, the task of describing how the UK as a whole responded is
more straightforward than in the case of the US. Being a somewhat smaller
state facilitated the development of a more centralised method of assessing
the issues and implementing the control system. Regional difficulties

did not arise like those resulting from the federal structure of the US.
Indeed, it will be shown that the ease of central administration of
control in the UK led to a particular mode of operation which in some

ways was also seen as suited to other European states. Also, and in part
attributable to the different internal setting of the UK, there was a
relative lack of public and popular press discussion of the issues. The
more open form of government in the US, coupled with traditions of
interest groups lobbying Congress and decision-makers in general, fostered
an environment more likely to promote wider public discussion. Added
impetus to this derived from the fact that it was mainly US scientists

who had taken the first actions in publicising the whole issue area.

Overall, documentation on issues as they developed in the UK was
considerably less than in the US. With a less obvious debate involved,
there was correspondingly less need for quite the same volume of official
material to be published. Communication was more obviously informal as

the community of scientists and relevant .administrators was less dispersed.

However, the few official reports which were issued must be seen as of
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great importance, both within the UK and within the wider international
context. In effect, the participation leading to the development of a
UK approach to control of the recombinant DNA techniques was narrower
than in the US. This point must nevertheless be separated from the fact

that, in implementing the resulting guidelines, participation was wider

than in the US, both in terms of the number of agencies involved and in

terms of the interests represented on GMAG.

In examining how the implementation system was arrived at, the official
reports of UK working parties were important steps in that process (as
well as important sources of material for this investigation). Publication
of the Berg letter in Nature on 19th July 1974, one week before publication
in the US, drew the rapid announcement on 26th July that a working party

. . 3 .
would examine the issues. It was to be chaired by Lord Ashby, the
Master of Clare College, Cambridge, under the auspices of the Advisory

Board for the Research Councils (ABRC).

Part of the reason for the speed of response can be explained in the light

of the consequences of a smallpox outbreak in London over a year before-

hand. The outbreak was important in creating an awareness, or at least
providing a recent reminder at that time, of the need to contain hazardous
viruses. It also created an institutional response in its own right, that
was 1in many ways to interact with subsequent responses to genetic mani-
pulation. The details of the smallpox case are well documented as a
consequence of a report published by a committee of inquiry.4 Of interest
here 1is that the origin of the outbreak was a failure in the containment
procedures of a research laboratory, at the London School of Hygiene and
Tropical Medicine. A technician from a different laboratory had, on 28th
February 1973, witnessed an experiment involving the harvesting:of small-

pox virus. On 1llth March the technician fell ill and she was transferred
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to hospital by her doctor a few days later with suspected meningitis.

Yet it was not until the 23rd March that smallpox was disclosed, and then
. ! 5 ; ;

only after a combination of factors. Relevant information had been

spread between a number of people, who were each in ignorance of the

other. Further, the technician had been placed in a public ward prior to

the correct diagnosis, and as a consequence two visitors to a neighbouring

patient subsequently died, although the technician herself recovered.

A significant point was illustrated with the London smallpox outbreak,

and a second outbreak in Birmingham some years later. Once a dangerous
organism escapes from 1its confinemenf, the consequences might not
immediately be apparent. If difficulties could occur with known pathogens,
then this would beg the question of monitoring the impact of unknown
pathogens, particularly if, in recombinant DNA work, there was a delay in
the 'expression' of the cloned DNA in 1ts host.6 In the case of the=1973
outbreak, the smallpox virus was only recognigsed as a result of worry on
the part of the technician's superior, who took a skin sample from her
during hospital visiting hours! The identification of the two visitors
who subsequently died as being infected was a result of some inspired

deduction by a social worker who read about smallpox in the press.

At the time of publication of the Berg letter, the lessons of the smallpox
case were being processed. As a result of the inquiry into the case, the
Secretary of State for the Social Services set up a working party, under

Sir George Godber, with the following brief:

"To consider whether there are organisms capable of causing communi-
cable diseases that require measures to be taken in laboratories or
elsewhere additional to those now recommended in order to prevent
infection in man or in animals and to make recommendations as to the
measures required." 7
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The UK was, therefore, institutionally discussing biological hazards

when the specific issue of genetic manipulation emerged. Thus the Ashby
working party moved quickly, in part as a result of this earlier
experience and the existence of the working party examining dangerous
pathogens. However, the rapid response was also due to the transnational
discussions which occurred between members of the Berg letter group and
others over the months prior to the publication of the letter. The
Medical Research Council (MRC) in particular began to consider an official
8 . : .
response before the letter, and in July 1974 sent confidential letters
to its laboratory directors effectively banning all the types of experi-
. g G ;
ments questioned by the Berg group. Thus a British ban was very quickly
introduced pending the investigation of the problem by the Ashby working

party.

1. THE ASHBY REPORT.

Two preliminary points should be noted regarding the Ashby Report. Firstly,
the investigation of the issues was over a very short time period, at the
request of the ABRC which hoped for an opinion before the autumn. It was
left for the Ashby committee to decide whether or not it would be a final

. . 10 )
or interim report. Produced after only five months, the report became
designated by Ashby as a "consultative document'", rather than in any way
as a final report. He hoped that it would "stimulate discussion both in

. D . . w LT

the scientific community and by the general public". Secondly, the
report was published before the Asilomar II meeting to enable something
of the UK position to be determined and fed into this very important
international meeting. Any criticism of the report must therefore take
account of its expressed intention of fostering domestic and international

discussion. A later report, examined below, would work on UK policy.



e

The Ashby working party operated within the following terms of reference:

"To assess the potential benefits and potential hazards of tech-
niques which allow the experimental manipulation of the genetic
composition of micro-organisms; and to report to the Advisory
Board for the Research Councils." 12

It would almost appear that the remit included an idea of risk-benefit
assessment. However, in terms of what is meant in this thesis by risk-
benefit assessmentl3 the attempt was very limited. No clarification of
the criteria by which risks and benefits couldvbe compared and assessed
was given in any rigorous fashion. 1In the context of a technology dis-
playing features of low probability, high consequence risk, it is argued
here that risk-benefit assessment would be inescapably politicised, in
reflection of the different values and perceptions involved. The Ashby

Report, although it acknowledged the wider non-scientific debate already

in evidence, did not take up any of the issues explicitly. Essentially

what the Ashby Report did was, in the first instance, to present a

summary of the techniques to date and their conjectured potential bene-
14

fits. Hazards and potential methods of their reduction were then out-

lined, from which conclusions and recommendations were drawn.

Taking the report as a whole, the overall feel is one of subjectivity.

In effect, hazards were listed, benefits were listed, and, based on
evidence from scientists in related fields,15 a subjective balancing
exercise was conducted. The working party to its credit acknowledged its
dependence on ‘experts', but failed to justify its confidence in the type
of expert called to give evidence. At the time only a handful of scien-
tists worldwide were engaged in recombinant DNA work, although many
anticipated using the techniques. The latter group more accurately

describes the witnesses called. In general, the report did not sufficiently
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stress the conjectured nature of both the risks and the benefits. Con-
jecture itself implies uncertainty, yet the report emphasised the

'informed' status of the witnesses.

Many would probably argue that the fact that a working party of this sort
. . : 17 .

was set up at all was a stimulus for discussion. Nevertheless, this

does not belie the importance of accuracy in such a report. Assumptions

based on inaccuracy were apparent in at least one example. It was stated

that:

"... our general philosophy for defences against potential hazards
is that they should not be employed when it is patently unreasonable
to do so, as, for instance, in most experiments on plants." 18

This statement displayed ignorance of the need for safeguards at the

plant level, for example to avoid potential crop infections. Indeed, a

report following on from Ashby argued that "suitable measures of contain-
2 " 19 :

ment for ... plants will be needed". As the second report was directly

important in the establishment of UK containment procedures, plant

experiments were incorporated in the UK guidelines, as with those of the

us.

In addition to accuracy, a discussion document can have influence through
what 1t declines to discuss. Besides avoiding ethical, political and
social factors, often omitted in officially sponsored reports, the Ashby

Report intriguingly raised a 'hazard' and then declined to discuss it:

"We mention one other hazard, although only in passing because it is
not within our remit. The question may be asked whether the tech-
niques we are assessing could be used in bacteriological warfare.

We have no special knowledge of this field; but we can conjecture
possible malicious uses for these techniques." 20
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It is curious that the report claimed that this hazard was not within
their remit, when the terms of reference, above, merely suggested an
examination of potential 'benefits' and 'hazards'. Definitions of
benefits and hazards were their responsibility, and if they chose to
term usage of the techniques for bacteriological warfare purposes as a
hazard, then they would have every right, if not duty, to consider this.
As with the US, the possibilities of recombinant DNA techniques for
weapons development was never discussed in great detail within institu-

tions charged with developing safeguards.

Perhaps the dominant recommendation of the Ashby Report was that the
moratorium on using recombinant DNA techniques should be "no more than a
pause'" and that work should continue. It should, however, be noted that,
as in the US, initial response in assessing the issues raised by the
scientists who voiced their concern was taken under the auspices of

bodies concerned with the promotion of basic research, and not specifically
with the control of risk. In the US this had been the National Institutes
of Health, while in the UK the Medical and Agricultural Research Councils
had called upon the ABRC to investigate, and hence the Ashby working

party resulted. Subsequently, the Department of Education and Science

would take up the issues, again a body charged with promoting science.

Given that the Ashby Report was an initial and speedily produced consult-
ative document, with some inherent weaknesses, it is nevertheless

important to assess briefly its impact. Many of its recommendations were

to be adopted, for example, the establishment of a 'central advisory
service' and the use of biological safety officers in research laboratories.
These were made operational after the next working party took implementa-
tion considerations further. One science journal carried a leading

; ’ ; ; . 22
comment summing up its reaction with the simple heading "Not Good Enough".
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The nub of its criticism was that work should continue with "not even a

voluntary pause while ... safeguards are developed". In particular, the
author, B. Dixon, saw this as disquieting on the eve of an international
conference, Asilomar II, expressly called to consider the whole question.
However, Ashby did propose that "rigorous safeguards" be applied, and as
it happened Asilomar II was to recommend some interim measures regarding
temporary guidelines. What was worrying was that the Ashby Report saw

the use simply of containment practices which were applicable to any
pathogen, in conjunction with good laboratory safety practice, as adequate.
Asilomar II was more cautious and specific. Ashby talked of degrees of
hazard applying to pathogens in general, but made no assessment of how to
rank degrees of risk in relation to types of recombinant DNA experiments.
Instead, the report implied that each individual biological safety officer
should give guidance on the precautions necessary. The qualifications of
such a person were not discussed, although as mentioned a central advisory
service was recommended, and, in addition, it was suggested that somebody
draw up a code of practice. An editorial in Nature summarised the problem

thus:

"The real question is whether it is possible to impose from scratch,
on scientists and technicians who have not been used to them, the
disciplines of institutions that deal on a day-to-day basis with

"

pathogenic organisms ... 23

It was not until the Williams Report that such issues were rigorously
considered in the UK, and this was published nineteen months later. The
Ashby Report was at least important in engendering discussion on the
issues, for example by the above science journals and, in conjunction
with the Asilomar II recommendations, it prompted the subsequent Williams
working party to be set up. However, one final point regarding the Ashby

Report has a direct bearing on the conception of disaster outlined in the
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Introduction. Commenting on the then recent London smallpox outbreak,

the Ashby Report said:

"The dramatic response to any failure of containment illustrates
how rare such failures are." 24

Apart from underestimating the luck that .led to the identification of the
virus itself as causing the technician's illness and the identification

of visitors to the ward, infected later, the comment fails to appreciate

the particular problem of perception involved in issues of low probability,
high consequence risk. In general, the report seemed to rely too much on
the idea of good but routine precautions, underestimating the uncertainties

involved.

Thus a somewhat hastily produced document was the overall result, and
these criticisms reflect that. Yet the report was of influence on both
sides of the Atlantic in stimulating the impression that the moratorium
should end quickly. One analyst, Edward Yoxen, has described the Ashby
Report as having failed to encourage discussion on wider policy issues at
" z >4 " 25 A3 s

a pivotal moment in the emergent debate'. Not least this failure had
a transnational dimension. The Ashby Report influenced Asilomar II,

organised as a non-governmental conference in another state, which in

turn influenced UK policy.

At this point, the scene was set in the UK for the second stage in the
overall institutional response. This was to include, among other things,
the development of guidelines, implementation procedures, and an increase
in complexity at the institutional level. Additional complexity was to
arise out of the involvement of a number of governmental departments.

In turn, this was to cause interdepartmental rivalry, but more importantly

221




raise questions of efficiency and legitimacy.

Until the UK guidelines became operational, safeguard control had rested
with the MRC, but, on 6th August 1975, the Department of Education and
Science (DES) announced through a press notice the formation of a second
working party.zb Stating the conclusions of the Ashby Report, the
Secretary of State, Mr. Fred Mulley, went on to give his reasons for
establishing the working party. Acknowledging that scientific bodies had
endorsed the Ashby Report, and that the Godber working party on dangerous
pathogens had also considered it, Mr. Mulley outlined the government view.
The government accepted that it had a responsibility to ensure the availa-
bility of authoritative advice and guidelines to enable work to continue

in appropriate places and with stringent precautions. Mr. Mulley also

noted:

"At the same time we believe that the potential hazards associated
with certain types of experiment are such that it would be appropriate
further to examine the possibility of applying to them controls of

the kind recommended in the Report of the Working Party on the
Laboratory Use of Dangerous Pathogens." 27

Until advice from the new working party was available, Mr. Mulley asked
that the various research councils and others concerned did not proceed
with work "already identified as involving potentially serious hazard".
Thus, as in the US, there was a relatively early decision taken in official
circles to work towards the development of controls for genetic manipula-

tion research.

2. THE WILLIAMS REPORT PROPOSALS.

The new working party was to be under the chairmanship of Professor Sir

Robert Williams, Director of the Public Health Laboratory Service, London.
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Williams was one of four members who had sat on the Godber working party
which had examined dangerous pathogens and had himself also served on
the Ashby group. There was, therefore, some significant linkage between
the three working parties. Taking note of both the Ashby and Godber

Reports, the Williams group was instructed:

"(a) to draft a central code of practice and to make recommendations
for the establishment of a central advisory service for labora-
tories using the techniques available for such genetic mani-
pulation, and for the provision of necessary training facilities;
to consider the practical aspects of applying in appropriate

cases the controls advocated by the Working Party on the Labora-
tory Use of Dangerous Pathogens." 28

Indeed the announcement in August 1975 of the new working party came
fairly close on the heels of a meeting of some one hundred scientists,
held in Oxford, over the weekend of 12th July 1975, at which, it appeared,
patience regarding the moratorium was beginning to weaken. Several
participants had indicated the intellectual pressure which was building

up to get moving again in the field a year after the Berg letter. Although
the press had been excluded, Nature carried an editorial which both

criticised this fact and suggested that at the meeting it was conceded

: ; 29
that some scientists had already begun work. It appeared that some

form of code of practice was urgently required.

It is interesting that the report which was finally produced emphasised

the differences between handling known dangerous pathogens and the many

types of recombinant DNA experiments. The former involved the application

of well known precautions against a small number of easily identifiable

and well characterised agents, while the latter would involve each experi-
. . 30 .

ment being assessed independently. Ironically, some years later

pressure developed to adapt the new genetic manipulation procedures of
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control to dangerous pathogens as a consequence of a further smallpox

31 . . . . . ,
outbreak. In reaching its conclusions, the Williams working party had
invited evidence from a much wider selection of interested parties than
had Ashby. Of particular significance, it consulted representatives of
trade unions, the Confederation of British Industry (CBI), government
departments, the Committee of Directors of Polytechnics, as well as those

with scientific interest or who intended to use or develop the techniques.

Such wider consultation gave the report a sounder and more legitimate

base.

Perhaps the main results of the Williams Report were the production of a

code of practice, or guidelines, and the designation of a central advisory

body. These can be examined in turn.

a) A Code of Practice.

Important as the UK code of practice was, it did not differ greatly from
the US guidelines. That is, they shared similar conceptions of physical
containment categories, covering four in number. They were not, however,
identical and a report of a meeting of the EMBO Standing Advisory Committee
on Recombinant DNA includes a comparison.33 In the UK guidelines no
equivalent was specified for Pl in the US, Catogory I (UK) was more
stringent than P2, Catgory II effectively equailed P3, Category III had

no US equivalent, while Category IV was equivalent to ?4. Differences
were, therefore, sufficient for other states adopting either to have some

choice (see Appendix Six).

Both sets of guidelines laid emphasis on the role of biological contain-
ment, but the Williams Report put far more emphasis on the role of
physical containment. Regarding the possibility of enabling increased

biological containment to offset physical containment requirements, the
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Williams approach was to argue:

"We assume that there are conditions of biological containment and
nucleic acid purity that will allow an experiment to be moved from
one category to another but these cannot be absolutely defined
without reference to the individual experiment." 34

The report did not specifically categorise biological containment at all
and, although physical containment was categorised, there was no compre-
hensive allocation of experiment types to the containment levels involved.
Those few experiments which were collated with the four containment
categories were not to be seen as anything more than a guide. The UK
approach, it was intended, would utilise a central advisory service which,
upon notification of proposed experiments, would allocate the containment
category. It was hoped that in this fashion a body of 'case law' could

e 35
be built up offering greater flexibility.

Overall, these proposed UK guidelines, which were eventually implemented,
stressed physical containment moreso than the US guidelines. They were,
indeed, tougher than the latter, in terms of physical containment require-
ments, but unlike the US guidelines did not completely ban any experiments.
An important shared element of the Williams Report and the NIH guidelines
document was, however, the emphasis on the importance of appropriate

o . : 36
training for workers who would use recombinant DNA techniques. In
particular, this recommendation was in recognition of the fact that many
workers were likely to move into the field perhaps unaware of the routine

: . : . . 37 q i

techniques of medical microbiology. It was argued that training would
be one of the responsibilities of a Biological Safety Officer, one to be
appointed to each laboratory concerned. His responsibility in general
would be for precautionary measures and he in turn would require training.

Indeed a number of training courses were subsequently run. Thus, the code
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of practice was to include an important local element in the implementation
of safeguard controls. It was not as extensive, however, as with US local

Institutional Biohazard Committees.

In essence, the main difference between the US and UK guidelines was that
the former were designed in such a way that the leading researcher in any
laboratory could consult them personally and determine the appropriate
containment for his experiment. The US guidelines thus included a compre-
hensive listing of experiment typologies. The more flexible UK system
enabled the central advisory committee to allocate containment on the
basis of: the nature of the experiment; the laboratory's facilities; the
experience, ability and training of the research‘workers, technicians

and the Biological Safety Officer. Records of each laboratory would be
kept, and annual reports were proposed.39 Indeed, over time experience
might alter perceptions of risk, or new developments in physical or bio-
logical containment might arise, with the built-in flexibility of the
system enabling revisions of containment recommendations. In the US,

such developments would necessitate guideline revision.

Central screening of all experiments, although occasionally suggested,4o
was not seen by the NIH as appropriate for the US. A problem of scale
exlisted, both in terms of the likely future number of laboratories
involved and the sheer size of the US. Local pressure was also evident

in some US states and cities regarding the right to legislate for controls
more rigorous than those advocated by the NIH and suggested in Federal
legislative proposals. The dominant perception appeared to be that
central vetting of all experiment proposals would be too cumbersome.

This was not the case in the UK and an appropriate central committee

resulted.
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b) The Genetic Manipulation Advisory Group.

Recommended in both the Ashby and Williams Reports, a UK central advisory
committee was established under the title of the Genetic Manipulation
Advisory Group (GMAG), Eventually to be an important body in the UK
control system, it was also a notable development in the whole concept of
control of safety in scientific research. Its acronym, as mentioned
earlier, was itself to became an international byword.41 Although GMAG
was outlined in the Williams Report as part of the overall package, the
report itself faced a considerable delay in publication. The explanation
for that delay is best made after GMAG and its relationship with another
body, the Health and Safety Commission (HSC) is described. Essentially,
the delay occurred to allow the HSC to produce a further document defining

genetic manipulation.

In examining GMAG and its defined role, it is worth beginning with a
comparison with the advisory group established in the UK as a result of
the Godber Report, which was concerned with dangerous pathogens. GMAG
was quite different from this group. It was planned from the beginning
that GMAG, in order to "command the respect of the public as well as of
the scientific community, including scientists in industry" should include
42
a wide range of representation. Involved scientists, industry, employees
and the public interest were all to be represented. It can be argued that
GMAG was a very innovative proposal, which implied that scientific work at
the research level would be monitored, in terms of a code of safety prac-
tice by a group in which scientists as a whole were to be in a minority.
Other states were also toraise the question of non-scientist members on

their advisory committees, including the US.

By the time the Williams Report was published, GMAG's cousin, the

Dangerous Pathogens Advisory Group (DPAG) was already in operation.
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Although the Williams working party considered that DPAG's functions might

be extended to cover genetic manipulation, this was rejected on the basis
of the different procedures involved between known pathogens and the
uncertainties involved in recombinant DNA. DPAG when established as an
advisory group saw these differences reflected in its structure. Whereas
GMAG comprised participants from a variety of backgrounds, with non-
scientists dominating in number, DPAG was more specifically based on

experts in dangerous pathogens.

In composition, GMAG was to have nineteen members: four trade unionists
were to represent employees working in laboratories carrying out genetic
manipulation; four members were to represent the 'public interest'; two
were to represent management; eight would represent scientific and medical
experts; the first chairman was to be Sir Gordon WOlstenholme.44 of
these, some controversy was to surround the appointment of the represent-
atives of the public and employees. Public interest representatives were
to be invited to join GMAG by the DES, but without any published criteria
underlying their choice. The difficulty was highlighted at the end of
GMAG's first two years when some replacements in the membership occurred.
One of the public interest representatives, J.R. Ravetz, a Reader in the
History and Philosophy of Science at Leeds University, did not want to
leave GMAG, but was requested in writing to stand down. Ravetz was
particularly active and not entirely uncritical of control policy in
general.45 The reason given was that new appointments were necessary to
"ensure the balance and continuity" of the group. Yet two of the other
public interest representatives were in fact keen to leave, which would
leave only one of the original four. There would seem to be no reason why
Ravetz could not have stayed on. If 'continuity' were to be stressed,
then it should be said that it took some time to gain experience and

understanding of the more technical and scientific issues involved in
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GMAG's activity. Three replacements would represent a significant dis-

continuity.

Trade union representation from the beginning involved some active
lobbying by at least one union, the Association of Scientific, Technical
and Managerial Staffs (ASTMS). ASTMS had begun to show an interest in
recombinant DNA issues prior to GMAG being set up, as a result of one of
its members, Professor R. Williamson, a biochemist, having relevant
contacts in the US. According to D. Haber?6the recombinant DNA case
provided an opportunity for preventive action, rather than after the
event court action, of which it was more familiar. Thus ASTMS lobbied
the Williams party, both to establish a central advisory committee and to

include trade union representation on it.

In practice, representatives of both trade unions and industry were to be
recommended to the DES by the Trades Union Congress (TUC) and the indus-
tries concerned. At the time GMAG was set up in late 1976, the Secretary
of State for Education and Science was Shirley Williams who in retrospect
has stated that both she and her department consulted widely on all
appointments. She did, however, qualify this:

they were all consulted. That is not the same thing as
accepting recommendations made by officers [of the various organi-
sations involved] without further question." 47

Apart from Ravetz, others saw reason to question appointment policy. 1In

particular, the Association of University Teachers (AUT) wanted a member
. . . 48

on GMAG, but were unsuccessful in obtaining TUC backing. A rather

forceful letter to the Clerk of the Sub-Committee of the Select Committee

on Science and Technology, which in 1978/79 examined recombinant DNA

research, went further on the question of participation. Professor S.J.
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Pirt of Queen Elizabeth College, the University of London, suggested the
inclusion of representatives of the main scientific organisations in the
field, including the Genetics Society, the Society for General Micro-

: A ! . : . 49 '
biology, the Biochemical Society and the Institute of Biology. Pi¥t
was somewhat critical of appointments being made by civil servants

"trying to have their own way as usual".

GMAG, because of its innovative nature, had no real precedents from which
to work in terms of the selection of representatives. Shirley Williams
had been conscious of the difficulties in obtaining a suitable balance,
and had been aware of the dangers of appointing too many scientists
involved in the work, because being few in number they would effectively
. 50 .

have regulated themselves. Despite these problems, GMAG was a brave
attempt to form an advisory group of some legitimacy. It was also quite

successful.

In contrast, the underlying philosophy for the composition of DPAG was

that it should be:

"... a small independent body of experts consisting of individuals
whose experience would command the confidence of those working in
laboratories." 51

It was not until December 1978 that an offer was made to allow one trade

. \ ; 52 . .
union representative to sit on the group. Yet,despite the differences
with GMAG and the fact that it was administered by the Department of
Health and Social Security (DHSS3) rather than the DES, many of the issues
which they faced were similar. For example, both groups were concerned
with the safety of employees, the operational monitoring and implementation
of a code of practice and the maintenance of public confidence. Confidence

in DPAG was, however, to be shattered in a dramatic fashion in August 1978,
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with the result that calls arose for it to be reformulated along the lines

of GMAG.

The event of such significance was another smallpox outbreak, this time
at Birmingham University, and after the laboratory involved had been
vetted by DPAG. DPAG had sent an inspector to Professor Bedson's
laboratory in February 1976 at a time when no work involving smallpox
virus was under way. The subsequent report into the outbreak criticised
the efficiency of that inspection in not examining adequately the details
of the laboratory and the proposed techniques to be used in future

) 53 . . : ; :
experiments. Details of this confidential report, however, first came
to light only after ASTMS published their copy of it, which was then

. - ; : 54
given further publicity in the science press. One of the problems was
that the inspector had decided to overlook a number of deficiencies in
Bedson's laboratory, such as a lack of an airlock, a shower, a double
autoclave and changing facilities, on the basis of accepting Bedson's
: . . . . 55

reputation as an experienced and safety-conscious virologist. A
significant factor had been, therefore, the inspector's 'working colleague'
relationship with the head of the laboratory. Indeed, most of the visit

was spent discussing smallpox work in general.

Other factors were also involved in the smallpox outbreak, including the
approach taken by the World Health Organisation (WHO) in corresponding

with Bedson. Without the knowledge of the university the WHO had informed

Bedson that it intended to cease supporting his work after the end of
1978. WHO recognition was vital for the continuation of the research,
and the effect of the deadline was to make Bedson speed up his work. 1In
addition the WHO sent three inspectors who were critical of the safety
procedures, but in the event the WHO allowed his promising work to

continue, subject to the laboratory ceasing such work when the deadline
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expired. The tragedy of the whole situation was the subsequent infection
and death of a photographer, who worked at the university, and the suicide

of Bedson.

Calls for changes in the composition of DPAG soon appeared.56 DPAG was
eventually reformed with the addition of trade union representation. For
a time, therefore, the UK had two contrasting examples of central advisory
committees, one dealing with known biological hazards and one with new
conjectured biological hazards of unknown risk. The latter, of more
concern here, to an extent became a pattern for a reformed DPAG, a group
that some, including the Godber working party, had originally thought
could have extended its sphere of operations to include genetic manipula-

tion.

Despite the importance of GMAG in implementing the UK code of practice,
it was not the only organisation involved. It has already been said that
there was some delay in publishing the Williams Report, due to the Health

and Safety Commission. This body must now be considered.

3. OPERATIONALISING THE CODE OF PRACTICE.

a) Provisions of the Health and Safety at Work Act.

The Health and Safety Commission was established on 31lst July 1974 under
the Health and Safety at Work Act (HSWAct). It was to consist of between
six and nine mempbers appointed, by the Secretary of State for Employment,
. : i 57 ;

from the TUC, the CBI and local authority organisations. Its function
was to monitor safety and health provisions in general in the context of
'work'. In addition, it was to have an executive arm charged with imple-
menting its policy and acting as an inspectorate, the Health and Safety

Executive (HSE).
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Although the Ashby Report had overlooked the provisions of the HSWAct,

this was corrected by the Williams Report. Williams explicitly suggested
that regulations be made under the Act to require laboratories to submit
experimental protocols to GMAG. Publication of the Williams Report
itself was delayed three months to give the HSC an opportunity to produce
a consultative document covering draft regulations.59 Both were published
on the same day, but were not equally received by the scientific community.
The Williams Report was generally accepted, while the HSC consultative

; e B 60
document was heavily criticised.

Two major points of criticism stood out. The first concerned the attempt

by the HSC to define genetic manipulation as follows:

"No person shall carry out any activity intended to alter, or likely
to alter, the genetic constitution of any organism unless he has
given to the Health and Safety Executive notice ... of his intention
to «carry on that activity." 6l

The problem was that the definition incorporated the traditional tools of
genetics used for many years and could even be seen to cover activities
such as spraying roses with pesticides, making yoghurt, and even human

procreation!

Secondly, the HSC document appeared to many to reduce the importance of
GMAG as recommended by the Williams Report, by breaking the 'close link'
envisaged between laboratories and GMAG. The HSC argued that laboratories
should statutorily report to the HSE, and that GMAG should become simply
an advisory body to the HSE, although it would still assess proposals

given the lack of HSE expertise. Roger Lewin of New Scientist suggested

that part of the problem was emerging political manoeuvres between the

different departments involved: the DES (GMAG); the Department of Employ-
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ment (HSC); the DHSS (DPAG). More will be said on the roles of these

departments below.

As a 'consultative document' the HSC had invited critical response.

This they got in abundance, although to be fair there was a degree of
over-reaction on the part of scientists and scientific organisations.

They feared, in particular, a legal bureaucracy developing. Whatever the
merits of the HSC definition, it has already been shown in Chapter Three
that genetic manipulation was a difficult concept to define. Even ASTMS
subsequently tried and failed,63 and it was not until GMAG was constituted
that the HSE and HSC got their definition after seeking its advice.

Final regulations were not in fact introduced until 1lst August 1978, some

. . 65
twenty months after GMAG first met.

With this delay in introducing regulations requiring laboratories to
submit proposed experiments to GMAG, the system in the mean time operated
on a voluntary basis. By mid-February 1978, GMAG had received 102 pro-
posals from twenty-seven centres, including industrial laboratories.

Four proposals were for Category IV containment, twenty-seven for Category

: - 66
111, forty for Category II and thirty-one for the lowest category.

Once the HSC regulations were in force, however, notification had to be
made by law to both the HSE and GMAG, and the definition of 'work' under
the HSWAct was extended to cover genetic manipulation by any person, self-
employed or non-employed (for example a research student). This was an
important difference between the UK and the US. The UK had a sufficiently
flexible existing legal framework within which the Williams code of prac-
tice could be supported. O0Of further importance was that the legal pro-
visions also applied to industry. From the beginning the UK approach was

intended to encompass all users of recombinant DNA techniques. Thus, the
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UK avoided the difficulties faced in the US regarding the limitation of

the NIH guidelines to research wholly or in part sponsored by the NIH,

or other government agencies with their agreement.

Because of the overall differences between the UK and US systems for
operationalising control of safety, it is more appropriate to take each
approach as a 'package', a conclusion that GMAG itself arrived at.67
Implementation of the guidelines was much more centralised in the UK
system, and this was reflected in the operations and the structure of
GMAG. Because of this, GMAG needed an important legitimate basis in
society, while in the US it was to an extent the Institutional Biohazards
Committees which faced this requirement. "~This is not to negate, however,
the particular issues surrounding the RAC in its role of developing and
revising the guideline conditions for recommendation to the NIH. Their
function overlapped in part the activities of the Williams working party
which initially devised the UK code of practice. Of note, though, in
terms of policy making, it can be seen that in the US the main source of
policy was the NIH. In the UK, by contrast, there was an additional

problem of competing departmental roles making the focus of policy making

less clear.

The joint functions of GMAG and the HSE were at the heart of the UK
package, although their overseeing departments differed. GMAG provided
advice to both the laboratories and the HSE regarding containment, but it
was the HSE which was to have the responsibility for inspection and, if
necessary, legal enforcement. The function of inspection was a compulsory
requirement before any Category III or IV work could be carriéed out. By
January 1979, the HSE had three specialist inspectors in the field of
genetic manipulation who in turn could call on the support of the HSE

inspectorate's wider team, already functioning under the HSWAct in examining
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laboratories in general. In addition, the HSE could bring in the resources

of the Employment Medical Advisory Service and the Factories' Inspectorate
to deal with enforcement matters arising out of inspections. 1In all, the

HSE felt it had access to sufficient expertise.

It was, however, recognised that some problems might arise if an experi-
menter, cleared to carry out work at one containment category, upgraded
the experiment without notifying GMAG or the HSE. Categories I and II

did not require prior inspection, and the possibility therefore existed
for a Category II experiment to be revised such that it should really be
carried out under Category III. In response to such a possibility, the
HSE took the line that not to notify would involve an unlikely level of
irresponsibility on the part of the experimenter and in any case he

would run the risk of the HSE's unannounced visits which all laboratories
could receive. Supporting this was the general need in science to publish

results for peer review, which itself could bring attention to violations.

Nevertheless, resources at the disposal of the HSE were limited and there
was no formal provision for regularised follow-up visits to laboratories.
Against this, however, was the fact that initial visits were comprehensive
to the extent of thorough interviews with local safety committees and
employees' representatives, who would all be encouraged to maintain vigi-
lance on laboratory work. It was thought that in the light of difficulties
1n prosecuting Birmingham University over the smallpox incident, legal
sanctions might be difficult to apply.69 Whatever the outcome of legal
cases of this sort, the institution involved would invariably face much
press publicity as in the case of Birmingham, itself a deterrent. Not
least, a committee of inquiry could ensue. In all, the UK had available
to it a much tighter system of ensuring compliance than in the US with its

local level of enforcement supported by threats to funding where applicable.
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In sum, the prior existence of legislatiop under which requlations could
be drawn up was a great advantage, enabling a cautious approach of simply
introducing requirements for notification. By redefining 'work' to cover
the relevant research activity, the full force of the HSWAct could be
applied. Yet in all this there were no regulations saying that advice
had to be followed. Indeed, GMAG had been recommended to issue a dis-—
claimer when giving advice, for fear that legal liability could go beyond
them to the Secretary of State for Education and Science. The group
itself, it should be said, had been willing to stand by its advice in
law.7o This was, however, a greater constraint in the US where the NIH
did not give advice on individual experiments, in part because of the
possibility of legal action against them if anything went wrong. In the
UK, despite the disclaimer, it was felt that if GMAG advice was not
followed and anything untoward occurred, then the courts would probably
question the failure to take the advice, especially as the HSE had the

power to implement legal action in the first place.

One final aspect of the application of the regulations introduced was
that they only referred to the experimental use of recombinant DNA tech-

niques and not the use of the products. Although few regulations in any

state covered usage, it was thought by GMAG that the HSWAct would put an
obligation on any manufacturer, importer or supplier to ensure safety.72
To include the use of recombinant DNA molecules in the definition of
genetic manipulation could only be done after a further consultation
cxercise. Nevertheless GMAG expected that use of recombinant DNA mole-
cules would be notified to them on the basis of it being expedient to use
GMAG as a source of advice. GMAG would, in keeping with the NIH and
recommendations of the ESF Liaison Committee on Recombinant DNA Research,
also ask that anyone transferring products of genetic manipulation abroad,

should request assurances that safeguards such as those of the NIH or UK

be adopted.
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b) Industrial Confidentiality.

The very nature of GMAG's broadly representative membership was to cause

a number of difficulties concerning the examination of industrial pro-
posals. Specifically the problem arose because industry feared that dis-
closure of information to GMAG, when notifying intent to carry out an
experiment, would invalidate any future patents applications. In addition,
industry feared the potential loss of industrial secrecy in that six
members of GMAG were either management or employees' representatives who
might have connections with rival firms. With increasing interest shown
by firms in utilising recombinant DNA techniques, these fears became more

urgent.

Although GMAG members all had to sign the Official Secrets Act, it was
thought that this offered little or no protection in terms of industrial
or academic confidentiality as the Act referred to government property.
As a result, the chairman of GMAG established a subcommittee of fourteen
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members to examine the whole question of the confidentiality of proposals.

To complicate matters further, the four trade union representatives, while

respecting the need for confidentiality, refused to be bound by any

secrecy agreement which could compromise their duty to their members.

Nevertheless, pressure was on GMAG to do something in case industries with
. . : ) 74

multinational connections took their research abroad. After consulta-

tions with industry, GMAG, also allowing for trade union concerns, was

able to introduce a formula for a trial period, initially of six months.

Firstly, any experimenter could ask that certain information be treated

as 'sensitive', the chairman responding by deciding whether or not to
accept the request and allow the proposal to proceed under the formula.

Secondly, all members of GMAG were asked whether any other interests
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they held would influence their judgement in sensitive cases. Thirdly,

those members with conflicting interests would be required to withdraw
from discussions on the proposal and would receive no relevant information.
Finally, all members who would see the details of the proposed experiment
would have signed a confidentiality declaration, to be broken only with
the proposer's permission. To supplement this formula, GMAG obtained
assurance that disclosure of proposals to GMAG would not in itself consti-

tute prior disclosure within the terms of patent legislation.

Although recognising a diminishing of effectiveness in asking people to
withdraw over some proposals, after a year of using the scheme GMAG was

able to conclude:

"This scheme is not ideal, but it has operated with reasonable good-
will on the part of industry (or others asking for commercial-in-

confidence treatment); and GMAG has found it flexible to consider
proposals in this way in spite of the diminished number of members
present to assess them." 75 !

In its investigation of 1978/79, the Select Committee on Science and
Technology was to express 1ts unhappiness with the scheme, despite the
fact that only a small number of proposals were affected. Taking evidence
from members of GMAG (including Sir William Hendérson, the second chair-
man) and Shirley Williams, the Secretary of State for Education and
Science, they pressed the point on whether safety assessment would be

compromised. Mrs. Williams defended the measures by saying:

"I think our compromise 1is probably the furthest any country has
gone in trying to regulate private-sector research in a very advanced
field with very great commercial implications." 76

Acknowledging the arguments it heard in defence of the scheme, the Sub-

committee on Genetic Engineering concluded by suggesting it was possibly
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unsound that such an important advisory group as GMAG should have

"apparently first and second class members".

In view of the interest of this thesis, it must be said that Mrs. Williams'
comments are more to the point. The UK was very successful relative to
other states in providing coverage of industry. Most states operated on

a voluntary basis in this respect. Confidentiality had been a recurrent
phenomenon in many states, including the US, and whatever the faults of
GMAG's compromise when the inspectorate role of the HSE was allowed for,
then the UK system was comprehensive. Besides, those likely to be
excluded, such as trade union members, were not likely to assess technical
details anyhow. Whether they saw the proposal or not they could at least
guarantee that it was assessed. By its very nature the problem was
difficult and GMAG, itself representing a broad spectrum of interests,

had put much effort into obtaining the compromise. In the US, for example,
no single body existed with such a range of representation to address

such problems. Thus the GMAG approach in this sense had some legitimacy78
Not least, GMAG had a good conception of the wider political dimensions

to the discussion on confidentiality, and accepted the general under-

standing of the time that the UK should not have a regulatory framework

which would put UK workers, including industry, at a competitive disadvan-

tage.

In retrospect, the system appeared to work reasonably smoothly without
any real national disadvantage. Nevertheless, some industrial spokesmen
suggested reform. For example, the Association of the British Pharma-
ceutical Industry (ABPI), arguing that the UK was unique in its require-
ments of industry to disclose plans, suggested that this would indeed put
British workers at a '"grave disadvantage compared with their colleagues

in other countries". From this the ABPI went on to argue that the tech-
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nical roles of GMAG and DPAG should be taken over by a new Biohazard
Advisory Group, run by the HSE. Policy would be developed by a Biohazard
Advisory Committee, analogous to the Advisory Committees on Dangerous
Substances and Toxic Substances, already established under the HSC. The
chemical giant ICI similarly requested that GMAG be put. under a pro-

79
fessional group such as the HSE.

Criticism of this sort can be seen to relect two things: firstly, there
was a belief held at the HSE that industry preferred to work with it,
partly because of a long association with the Factories Inspectorate;
secondly, the ABPI did not allow sufficiently for the whole area of un-

certainty and conjecture surrounding recombinant DNA which was quite

. 80
different from 'dangerous' and 'toxic' substances. It can be argued

that there were at that time uncertainties regarding the future use of
genetic manipulation techniques in large-scale industrial processes.
Experience and a wide scope of input might be seen to facilitate such

i o : o 81 . : :
transitions to industrial-scale activity. With uncertainty the experience

of GMAG might have been invaluable, particularly with its flexibility.
As it happened, by the time large-scale industrial involvement became
significant, in terms of the imminence of developing products, the overall

fears concerning recombinant DNA had declined.

The HSE well understood the techniques of inspection of laboratories and
industrial premises, but GMAG, being independent of them, could take a
wider view of developments regarding conjectured risks and benefits.
These functions were different and usefully separate. It is argued here
that GMAG was suited to keeping a more general view of changes in the
state of knowledge, and demonstrated this when it attempted a change in
approach to the guidelines, as discussed below. Besides, whatever the

complaints of industry, the inconvenience they suffered in complying with
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GMAG was not great. Indeed, both the ABPI and ICI acknowledged the speed

of GMAG's responses to their submissions.

If the tone of the comments also implied favour for the HSE, it should be
pointed out that communications between GMAG and the HSE were very good
indeed. HSE representatives attended GMAG meetings and often joint
inspections of laboratories were undertaken, notably of Categories III

83 . ‘ SR
and IV. Communications were, for example, significantly better than

between the RAC and the Advisory Committee to the Director, NIH.

&) GMAG and the RAC.

It was a credit to the success of GMAG that in the US the RAC was to
become more similar in its composition. The requisites of legitimacy
eventually made their mark and the RAC broadened its membership to

include individuals with knowledge of law, public attitudes, public health,
occupational health, professional conduct, or related fields, and who

comprised at least one-fifth of all of the participants.

It has been said elsewhere in this thesis that public debate was much
greater in the US, and this was in part over the question of legislation.
As the Federal Interagency Committee discovered, no existing statutes
fitted the requirements of comprehensive application of the NIH guidelines
to all researchers. In addition, local legislation became an issue.
Public debate was facilitated by the relative openness of all the RAC
meetings. By contrast, much of the UK machinery operated in secret,
although GMAG was a little more opeh, given that some of the participants
reported back to other bodies which they represented.85 Susan Wright
argued that the Official Secrets Act was such that "not even an illusion
of openness characterized the proceedings of the various committees that

examined the problem".
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However, the degree of openness was not the only factor affecting the

levels of debate. Representation of different values was limited at

the national level of decision-making in the US. From the beginning, by
contrast, GMAG appeared more legitimate, was 1nnovative and tended to
engender more faith. On the contrary, the RAC with its domination by
involved scientists appeared more self-serving. Yet most participants in
the UK system would probably not have welcomed wider public involvement,
as the inclusion of industry in the regulations did indeed make confiden-
tiality a key issue. Trust in the representation, and notable support

for GMAG from the trade union movement, negated more widespread concern.

Scientists similarly were not keen on publicity in the UK, perhaps fearing
controversy as in the US and France (discussed in Chapter Seven). At

two significant conferences, one in Oxford in July 1975, prior to the
Williams Report, and an international one- at Wye College, Kent, in 1979,
there were intentions of excluding the press.87 Legitimacy in the UK
might have been enhanced further if more open discussion had been encour-
aged. Protecting the public from hazards always benefits when it is not
just done, but seen to be done. Despite this, the UK 'package' and the

US 'package' of control options became attractive options for other states

to model their policies on.

d) New UK Guidelines.

To an extent, a degree of openness did enter the UK methods, when GMAG
proposed to revise the UK guidelines. On 9th November 1978, it published
. 88 . L. . :

in Nature a radically different approach to allocating containment, and
invited comments, rather like NIH practice. Discussed further in Chapter
Eight, it was hoped in the new approach to assign where possible theoreti-
cally or empirically derived numerical values to the risks involved in

each experiment before determining containment. The process was more
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successful than the earlier consultation exercise involving the HSC
document released with the Williams Report. Valuable responses were

received and the new system was to become adopted.

4. FURTHER FORUMS OF DISCUSSION.

a) The Select Committee on Science and Technology.

Until late 1978, Parliament's role in the recombinant DNA debate had been
limited to some questions tabled on 15th June 1978 by Leo Abse. Eleven
questions in all were put to Shirley Williams on safeguard policies
regarding genetic manipulation, and he called for '"genuine control
regulations"”. Abse recieved a general reassurance that things were under

control, but had himself, according to New Scientist, initially failed to

, . _ 89
ne subtle relationship between GMAG, the HSE and the HSWAct.

understand t

Abse was not the only one who was unsure of that 'subtle relationship'.

It was in December 1978 that the Genetic Engineering Sub-Committee of the
Select Committee on Science and Technology began taking evidence, much of
their investigation, indeed, examining that relationship. The subcommittee
had been established in November 1977, but, under the chairmanship of Mr.
Arthur Palmer, had decided that before commencing their inquiry in full
they would hold a seminar on the science and technology involved. Thus

on the day Abse tabled his questions, the subcommittee held their seminar
at the University of Bristol. Their investigétion proper was deferred
until after the publication of the HSE notification regulations in

, ; — . . 9
August, which in effect meant the next session of Parliament.

The subcommittee declared its interests to be in examining the public
policy issues of laboratory and industrial use of genetic manipulation,

including the distribution of manipulated organisms, domestically and
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internationally. During December 1978 and early 1979, the subcommittee
undertook an extensive investigation interviewing representatives of the
key organisations and departments involved, inviting submitted memoranda,

2 : ; . S 92
and which included five members visiting the US for ten days. The
final document was, however, unusual in that the report only covered four
pages, but with the minutes and appendices accounting for the remaining
263. The report was an interim measure because of an impending general

election, after which the Conservatives replaced Labour in office, and

subsequently disbanded the Select Committee on Science and Technology.

The value of the report itself was therefore somewhat limited, although
the document as a whole provided a wealth of research material, liberally
utilised in this thesis. Something of the Conservative attitude had
emerged before the election when the then shadow minister for education
and science, Mark Carlisle, expressed his faith in experts and concern
that bodies such as GMAG and DPAG could have wider representation,

93
including union representatives. After the election, although no
significant changes occurred in the composition of these bodies, or their
operation, Mark Carlisle himself delegated the recombinant DNA issue to a

junior minister, taking little personal interest, unlike Shirley Williams.

Despite its short length, three conclusions were apparent in the report.
Firstly, recognising the difficulties of including industry in the safe-
guard system, the subcommittee expressed dissatisfaction with the current
arrangements. Secondly, they were critical of the DES being the 'lead'
department, and would have preferred more involvement of the DHSS, which
ran DPAG. Thirdly, they feared UK workers being at an international
competitive disadvantage as a result of controls. 1In a sense, as Roger
Lewiln observed,94 the subcommittee can be seen to have modified its

concerns. Emphasis altered to a degree from concern over hazards to
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concern over regulatory hindrance of the work. Perhaps influenced by the
CBI, the ABPI, ICI and the AUT, who all wished for administrative changes,
the efficiency of the current role of GMAG was questioned. Most witnesses,
nevertheless, as late as 1979 did recommend caution and perhaps only a
fuller report would have done justice to all of the issues. Some of these

conclusions have been examined in discussing the UK procedures above.

During the period of the subcommittee investigation, a significant inter-

national meeting was held at Wye College, Kent.

b) The Wye Conference.

Organised in part by the Royal Society and a Committee of the International
Council of Scientific Unions, the conference met between lst-4th April
1979. The meeting itself is discussed in Chapter Seven given its inter-
national organisation and significance. Of note, however, is that the
conference marked an attempt by many scientists to undo the consequences
of their own earlier actions at Asilomar II. Perhaps of significance to
the discussion of the UK responses was the choice of venue as "a small,
quiet country where a display of emotion is, to say the least, embarras-
sing". These were the words of M.G.P. Stoker in his introduction and
welcome to the conference.95 The views of Roger Lewin, who was one of
the journalists to attend after a last minute decision not to ban them,
and Donna Haber of ASTMS will be presented in Chapter Seven. With the
content and organisation of the meeting, it was not surprising that the
organisers feared publicity. It was a very biased meeting of scientists,
who on the whole held common views. Some significance must be placed on

the absence of certain scientists.

Insofar as the Royal Society was involved in the ordganisation, it can be

said that they tended to see the issues essentially in the light of
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challenges to the 'freedom of science'. Indeed the President saw one of
the two reasons for the questioning of how recombinant DNA work was con-
ducted as "essentially ideological and [including] quasi-religious objec-

tives".

To conclude this chapter, a summary of the UK requlatory response can now

be made, followed by a brief discussion of the hypotheses.

w

THE UK INSTITUTIONAL REGULATORY SYSTEM.

The diagram below illustrates the way that the main elements of a UK
institutional response occurred, based on early expressions of concern.
A three track development was evident based on three initiating factors,
the Berg letter, the London smallpox outbreak and the HSWAct. Through a
series of government reports and consultation exercises, a system of
control developed, covering both known pathogens and conjectured hazards
that might emerge from recombinant DNA experiments. Links existed,
however, by which both GMAG and DPAG requirements could be applied, if,

for example, a genetic manipulation experiment involved a known pathogen.

LONDON SMALLPOX BERG LETTER HSWAct
OUTBREAK
ASILOMAR II HSC

ASHBY REPORT

HSE s
W L /

GODBER REPORT » WILLIAMS REPORT
\ CODE OF
A / PRACTICE
'
DPAG GMAG

l | )

CONTROL OF KNOWN STATUTORY NOTIFICATION & PROCEDURES FOR
DANGEROUS PATHOGENS € — — —» INSPECTION: I.E. CONTROL OF SAFETY IN
GENETIC MANIPULATION

DIAGRAM 1
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From this pattern of development, an operational system emerged involving
interactions between a number of bodies, with GMAG and the HSE acting
centrally. The main interactions are outlined in Diagram 2. Both
industrial and non-industrial researchers would be monitored in terms of
csafety by GMAG and the HSE, the latter possessing statutory powers of
inspection. At the governmental level, however, the UK situation was not
so straightforward.

Within the UK, a total of four departments were involved significantly,98
a situation which led the Sub-Committee on Genetic Engineering to question
which should be the '"lead department'. Effectively the lead had been
quickly taken by the DES in its capacity of responsibility for developing
science and education. Its leadership covered both the UK domestically
and in terms of UK interaction internationally. Criticism of this position
of the DES centred on two points. Firstly, the question of conflict of
interests arose, in that the DES was charged with promoting research.99
This undoubtedly had influence in the early unquestioned assumption that
the work should continue, the question merely being to determine under
what conditions. With the composition of both the Ashby and Williams
working parties, it was unlikely to be an assumption challenged by them
elither. Yet if the view is taken that whatever happened in the UK the
work would continue, then the DES can largely defend itself against a
bias to promote recombinant DNA work. The only regqulation involved was
to notify GMAG and the HSE of intended experiments in some detail. From
then on both GMAG and the HSE took over, though not forgetting that the
DES appointed membership of GMAG. Besides, the HSE was not charged with

promoting work.

A second criticism, specifically brought up by the subcommittee report,

was that perhaps the DHSS would serve better as the lead department given
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its concern with issues of health and its control over DPAG. A defence
of the existing system was in fact made by the Secretary of State for
Social Services, who pointed out that the DHSS was more concerned with
general health issues rather than research level issues, and that given
an outbreak of any epidemic resulting from the work, then it would act.
He went on to indicate that there would be difficulties enough in identi-
fying any department that covered all the aspects involved. He thought,

! e . 100
therefore, that the distribution of repsonsibility was about right.

Given that there were diverse departmental interests - the DES with basic
research, the DHSS with health, the DoE with safety and the Ministry of
Agriculture, Fisheries and Food (MAFF) with plant work - then unless a

new body was introduced to cover the issue, one factor would be very
important. That factor would be the level and quality of interdepartmental
communication. Traditionally, the 'whitehall system' appointed a lead
department in cases where there was not too much interdepartmental rivalry.
In the case of genetic manipulation, all the departments were well briefed
about any policy planning, and, apart from interdepartmental meetings,
acknowledged to have occurred,lo GMAG itself had assessors from each of
the relevant departments in attendance at its meetings. As it happened,
the extent of co-operation raised a worrying issue as far as the sub-
committee hearings were concerned. A submitted memorandum from the DES
referred to what was said in memoranda from other departments, leading

the subcommittee to conclude that a degree of collusion had occurred
regarding their evidence. N.T. Hardyman, Under Secretary at the DES,
argued in response that rather than 'collusion' their communication was

an attempt to give the subcommittee "the most helpful and most explicit
description we were capable of giving".102 The point, therefore, would
seem proved, that communication was good between the departments, at

least when it suited them. Insofar as the implementation of safeguard

measures 1s concerned, such collusion is desirable when there are a number
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of departments which must co-operate, whatever the ramifications are
regarding the relationship between Parliament and the Civil Service. The
lead department system again applied at the transnational level with the

; o 103
DES taking the prominent position.

Some other points of interest concerning the UK institutional response
will be addressed elsewhere, for example in considering interactions with
other states and the European Community. Not least, the House of Lords
held an investigation into the impact of a European Commission proposed

y . . . . 104 )
directive on genetic manipulation. However, to complete this chapter

a brief reference will now be made to the hypotheses in the context of

the UK.

6. HYPOTHESES.

a) Hypothesis One.

Political constraints were not great in the context of operationalising
control over the safety of recombinant DNA research. The structure of
GMAG was particularly innovative in that it included a wide range of
participants representing most of the relevant interest groups. Limita-
tions on participation were more noted in the early period of response
when the working parties of Ashby and Williams had a narrow science
membership. However, the Williams group did consult quite widely. To a
large extent, the lack of public interest enabled political discourse to
occur within the framework which resulted rather than from outside it.
Nevertheless, as in the US, much of the discussion was about the structure

and operation of the adopted framework itself.

Having a suiltable professional inspection service effectively removed

major criticism of enforcement of the guidelines, although dispute did
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occur from time to time over which department should dominate the overall

system of safeguards.

b) Hypothesis Two.

The early reports did not examine a range of control options. They
accepted the need for a monitoring system, but advocated a flexible system
involving continuous advice being researched and dispensed via a central
committee. Thus a typically pragmatic British approach developed, based
on the accumulation of case information. In many ways, this incremental
implementation method outflanks all but one criticism regarding the

search for alternative control options. With continuous discussion
possible, the strictures and effectiveness of controls could be monitored
and, if necessary, changes made. Indeed, GMAG regularly despatched Notes
to all laboratories and bodies involved,105 updating procedures and
spreading information. The one criticism, however, was that the option

of continuing the moratorium was never seriously considered. Nevertheless
it could be said that one real alternative which was investigated was the
possibility of applying the procedures for controlling the use of dangerous

pathogens to the techniques of recombinant DNA.

c) Hypothesis Three.

The UK response was very much orientated to the existing HSE and HSWAct
provisions, although with the parallel use of the new GMAG advice system.
In this respect the UK fared better than the US in that it benefitted in
having a more suitable existing framework, which itself was relatively
new. It was only in 1974, the year of the Berg letter, that the HSWAct
was passed, bringing the HSC into existence. Thus, general safety con-
siderations were already being centralised, with a national inspection
provision. Rather than genetic manipulation engendering a completely

novel response, there was a significant element of letting the new HSC and
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HSE framework show its usefulness in this, a new, area. Yet the overall

pragmatism involved did provide for flexibility.

d) Hypothesis Four.

Comparisons were made with dangerous pathogens and the methods of ensuring
public and laboratory workers' safety. This was, however, within the
general field of microbiology, and no systematic comparisons were made
with technologies which in general displayed similar risk profiles: low
probability, high consequence risk. On the inspection side, the HSE did
have general expertise regarding techniques of inspection per se, and
some members of GMAG belonged to organisations with wider interests, such
as trade unions or industrial firms. Indeed, some individuals themselves
were appointed, for example as public interest representatives, because
of their own general interests.106 Despite such a lack of systematic
comparison, there was at least a wide pool of experience between partici-

pants 1n the implementation framework.

e) Hypothesis Five.

As argued in the last chapter, communications patterns are best examined
at the transnational level and with reference to all relevant groups.

Yet with regard to the UK it can be said that given the small 'community'
involved, including those who monitored and those who used genetic mani-
pulation, communications were generally good. In international terms, it
will be pointed out that official links with Western Europe on the control
side were better than with the US, while press coverage made the US

activity familiar to all concerned.

7. SUMMARY.

This chapter has outlined the distinct UK approach to the problems posed
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at the institutional level following the growth of concern over recombinant
DNA techniques. Some comparison has been made with the US as the two
guideline 'packages' were of particular importance internationally. It

can be said that the UK approach had a sounder legitimacy to it, despite
the limitations of public involvement. The major issue in the US of the
compliance of industry was greatly simplified in the UK to one of how

best to use the reqgulations while maintaining confidentiality. However,
the UK approach was designed to fit the UK situation, and some problems

were to emerge in translating its methods into a form suitable abroad.
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CHAPTER SEVEN

OTHER STATES AND INTERNATIONAL ORGANISATIONS

1. National Responses to Recombinant DNA Techniques

2. The Activities of International Organisations
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OTHER STATES AND INTERNATIONAL ORGANISATIONS.

In this chapter, it is intended to provide a descriptive list of the
institutional responses in states other than the US and the UK, and to
identify the key international organisations which took part in the

recombinant DNA debate.

1. NATIONAL RESPONSES TO RECOMBINANT DNA TECHNIQUES.

Although the US and UK developments of safeguard controls for genetic
manipulation have been identified as being particularly important, there
1s a danger of neglecting the importance of activity in other states. 1In
the first part of this chapter, it is intended to summarise the responses
in those states identified as having interests in recombinant DNA tech-
niques.l Many individual states will be discussed only briefly, because
they were not of great importance on the basis of lack of recombinant DNA
work carried out there, size of the state, or lack of impact in general
on the transnational framework outlined in this thesis. However, a few
do require more detail. Taken in alphabetical order, each of the states
listed below had established their own guidelines or were using those of

other states by July 1979.

STATE NUMBER OF LABORATORIES
Australia 16
Austria 0
Belgium 6
Brazil 5
Bulgaria At Least 1
Canada 10-15
Czechoslovakia 3
Denmark Several
German Democratic Republic 5
Federal Republic of Germany 10-20
Finland 3
France 12
Hungary 1-2
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STATE NUMBER OF LABORATORIES (Conts )
India 0 (2 in 1977)
Iran 0

Ireland

Israel 1

Ttaly

Japan 35

Mexico

Netherlands &

New Zealand 2

Norway At Least 1

Poland 3

Sweden 2

South Africa 3
Switzerland 18

Taiwan 2

United Kingdom 45

United States 50

USSR 6

Yugoslavia 4

TABLE 1. Numbers of Laboratories Engaged in Recombinant DNA Research

in the States Considered:

a) The States.

Australia.

1980. 2

This state was quick to respond to the 1974 Berg letter, led by the
Australian Academy of Sciences (AAS) which established in the first
instance an ad hoc committee to alert scientists to the issues and to
ascertain the extent to which they might wish to carry out recombinant
DNA work.3 Following Asilomar II at which two members of the committee
were present, a Standing Committee was established to devise guidelines,
review research proposals, collect and disseminate information, and
liaise at the international level. The Standing Committee comprised
eight scientists, four of whom had particular expertise in the area. No

other groups were represented.

The committee went on to produce a set of guidelines which was recognised

as being a composite of those of the US and the UK. Physical containment
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recommendations were derived from the UK approach, while biological con-
tainment recommendations were derived from the US.4 A group of experiments
which were thought to be too dangerous were also deferred. Guideline
implementation was based on voluntary compliance, as it was argued that

the numbers of scientists likely to be involved were very small and readily
identifiable, enabling peer pressure to encourage their use. In addition
grant agencies offered some support in requiring the use of the guidelines.
Because of the small number of scientists involved, the committee was in

a suitable position to receive experiment proposals in advance, much like

GMAG.

In April 1979, 1t was reported that a committee established by the
University Assembly of the University of Melbourne was highly critical
after a two year investigation and called for a halt to recombinant DNA
work. It wanted the wider ethical and social questions aired nationally.
Further, it criticised the voluntary nature of the guidelines and the
lack of legal regulation. Recombinant DNA researchers dismissed the
report. Nevertheless, by 1980 the AAS hoped to hand over monitoring to
the government, and relaxation of the guidelines in line with the US and

the UK had occurred.

Austria.
Although a report by COGENE summarising two questionnaires and the inter-
] 6 ; . ; ;

national responses suggested that by 1978 no genetic manipulation work
had been undertaken in Austria, it did have a group created by the

; . . ; ; 7
Austrian Research Council to advise it on recombinant DNA matters. i s
any work began, the approach to be taken was for the investigator and his

institution to take most responsibility for safety.
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Belgium.

The Belgian Committee on Medical Ethics established a subcommittee for
recombinant DNA research with a view to establishing a voluntary, and
later compulsory, register of all laboratories using the new techniques.

8
A blend of US and UK guidelines was adopted.

Brazil.

A group of Brazilian scientists studied the preparation of guidelines
based upon US and European developments. A committee of the National
Council for Research was then to decide policy, and the US guidelines

9
were adopted.

Bulgaria.

A national committee was established whigh monitored containment pro-
cedures which derived from a combination of the US and Soviet Union guide-
lines. No public interest representatives were on the national committee.
Specific training was, however, required for workers and safety officers

in using recombinant DNA techniques.

Canada.

The Canadian Medical Research Council (CMRC) took responsibility after

Asilomar II for creating an ad hoc committee to make recommendations on

safety. 1Indeed, a draft report was produced and widely distributed before

. . . , 11 : .

the NIH guidelines were finalised. By February 1977, Canadian guide-

lines were produced which would apply to all research funded by the CMRC

and, with their agreement, the National Research Council of Canada and

the Council on Research and Health of Canada. The guidelines, however,

differed from those of the US and the UK, in having six levels of physical
. . . 12 . G T :

containment and three biological. Major responsibility for implementa-

tion would lie with the principal investigator, responsibility for moni-
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toring with the research institution, through the establishment of a
biohazards committee, while the CMRC would take respcnsibility in deter-
mining containment levels for proposed experiments (much like GMAG).
Thus, the CMRC itself established a Biohazards Committee for the task of
containment allocation for any necessary guideline revisions and for the

certification of new host-vector systems.

In structure, the central committee had nine members: five laymen, including
a lawyer, a businessman and three 'generalists'; and four scientists, only
one of whom was using recombinant DNA techniques.13 The Canadian approach,
therefore, had strong elements of both the US gnd UK packages, with a GMAG
style central committee. It is worth noting in addition that the CMRC

saw itself as responsible for the provision of equipment needed to comply
with the guidelines (many scientists in other states were to complain

about the cost of implementing guidelines). Consideration was also
given to the development of legislation comparable to the existing UK

statutes, but was not adopted by 1979.

Czechoslovakia.

Czechoslovakia was to borrow elements of guidelines from the US, the
Soviet Union and the Federal Republic of Germany. The guidelines (four
physical and two biological containment levels) were to be monitored by a
nationally directed mechanism, with enforcement in part based on the
control of research funds by both the Academy of Sciences and the Ministry

of Health. Violations were subject to fines, with industry also covered.

Czechoslovakia and Hungary were in fact the only two countries which

gave authorisation to individual laboratories, rather than individual

scientists, although the Soviet Union authorised institutions.
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Denmark.

Denmark adopted a system based on two central committees. AThe first, the
Advisory Board for Recombinant DNA Research, was established by their
research councils, was composed of experts in the field, and was charged
with deciding upon the merits of establishing a genetic manipulation
research programme. The second was 1initially gn_ad hoc committee which
was to become the body to which research proposals, on a voluntary basis,
would be referred. Early in 1980, responsibility for monitoring the work
was beling passed from the National Research Councils to the Danish

National Health Service.

The guidelines in operation were those of the UK, and the central advisory
committee comprised nine scientists or administrators. Control of
research funds helped ensure compliance. In general, the UK and the
European Science Foundation (ESF) influences were very strong, and labora-

tories were given approval by the Directorate of Labour Inspection.

German Democratic Republic.

In East Germany, the monitoring of guidelines was to be carried out by
local biosafety officers, although a nationally directed mechanism was
also involved. Guidelines used were an amalgamation of those of the UK,
the US and the approach of the Netherlands, and were compulsory to

academic institutions and industry. The central committee had ten members,
comprising eight scientists, a jurist and a representative of the trade
union of the GDR. Violations, if serious enough, could lead to a loss of

licence to carry out recombinant DNA work.

Federal Republic of Germany.

In February 1978, West Germany finally adopted its own guidelines after

what Chris Sherwell described as a "fretful search", which, by March 1977,
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had produced four drafts.

Following Asilomar II, the German Research Association (Deutsche

Forschungsgemeinschaft) established a Senate Commission for Safety

Questions posed by New Genetic Combinations. It was to advise on the
construction of containment laboratories, the possible establishment of
legal actions and international co-operation, as well as drafting guide-
lines. 1Initially the Asilomar interim guidelines were used and later
those of the US, with their own guidelines, when produced, taking account

of both the US and UK approaches.

From the start, the Senate Commission had non-scientist members, drawing
on representatives of industry, trade unions and research-promoting
organisations.18 In applying for research grants, details of the experi-
ments, laboratory facilities and training of the scientists and Biological
Safety Officers would all be required, with the Commission supervising
experiment classification, much like GMAG. West Germany also spent much
time considering possible statutory reinforcement, and consulted the UK
on that. Despite opposition to legislation from the scientific community
and the Central Commission for the Biological Sciences, legislative
drafts were produced. It proved to be, however, a very complicated task
in the context of Federal and State constitutions. By the end of 1980

; ; : ; : . i
legislation was still being considered, but had not been introduced. °

In addition to a considerable national interest in using recombinant DNA
techniques, West Germany hosted the international European Molecular
Biology Laboratory, established under the auspices of the European

Molecular Biology Organisation (EMBO) and discussed below.
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Finland.

Finland is interesting in that, although only three laboratories were

involved in recombinant DNA work by 1980, theilr central advisory committee
20 . .

had twenty-seven members, equalled only by Japan. Yet despite the size

of the committee, the report to COGENE by S.N. Cohen et al. implied that

Finland's guidelines were entirely voluntary, without even control of

funds acknowledged to ensure compliance.

France.
French response to the conjectured risks occurred very quickly following

a grant request by Philippe Kourilsky made in June 1974, before the Berg
letter was published. Kourilsky had proposed a two-part research programme,
the second part involving recombinant DNA techniques. The request had

been made to the National Centre for Scientific Research (CNRS) who gave
their judgement, after the Berg letter, that the grant would be awarded

. : ; ; : : 2
but with an oral recommendation not to use it for genetic manipulation.

In the light of the CNRS judgement, Kourilsky contacted the ten or so
other scientists in France who were likely to be interested in undertaking
such research in future. Collectively they wrote a letter to the chief of

— A o « : : 5 . 22
the Delégation Générale a la Recherche Scientifique et Technique (DGRST)

requesting that some sort of control be set up.23 Combined with a request
for control from French representatives on EMBO and statements on the
usefulness of the new techniques, the call for control met with a quick
response. About twenty or so individuals were asked to form a committee
to discuss the issues and respond further. After the Berg letter,
Kourilsky, who disliked the timing of the publicity surrounding it and

the Asilomar II meeting, postponed his recombinant DNA work.

In general, press and public reaction in France to the whole issue was
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relatively vocal and, in the view of Kourilsky, ill-informed. Kourilsky
tried to reply to them by giving a lecture on Asilomar and the overall
issues at the prestigious Pasteur Institute. An unexpected four hundred
plus attended, with around one hundred from outside the Institute.
Indeed, the Pasteur Institute itself became embroiled in internal contro-
versy when a split emerged between the younger and older scientists over
the desirability of doing the experﬂmenté at all. An unofficial vote of
those in the Molecular Biology Department revealed that some 30% were

against construction of a special room for such work. This issue,

however, coincided with worries in general about finance for the Institute.

A committee which ran the department decided in the event to proceed with
the laboratory, even though by the time of that decision a wider sampling
of opinion including technicians and junior scientists showed 80% against

1

Such controversial beginnings of the issue in France were followed by a
‘convention' being signed between the DGRST and the major research
institutions that all genetic manipulation experiments planned by their
: . 24 . .

staff be submitted to a central committee. According to Kourilsky,
however, as the press became more aware of the technicalities of the
issues, they played down the public concern. In June 1975 the French
institutional response became more formalised with the establishment of a
two-part central committee. The first committee was the Ethical Review
Group, charged with investigating the philosophical, legal, moral and

g ; - 25 ! .
ethical issues related to recombinant DNA research. This was a parti-
cularly novel provision compared with other states. Both the US and UK
committees were more technical in outlook, although GMAG could, if it
wished, raise wider issues over particular experiments proposed. The
second French committee was the Control Commission, which met monthly to

review recombinant DNA research proposals and to recommend appropriate
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safety procedures, similar in effect to GMAG.

The ethics committee, although novel, was not involved that often in
practice. Composed of noted individuals, or 'mandarins' as described by
26 ) : ; ’
John Tooze of EMBO, the committee only became involved if the technical
committee felt the need to pass a case on. Thus it was the Control
Commission which was the main central advisory group and was composed of
fourteen mempbers who were experts in the field, with four observers
representing trade unions and technicians. In addition, local safety
. . . : 27 .
committees were to monitor compliance with procedures. In the first

two years of the formal system, some fifty proposals were considered.

Initially the Asilomar II guidelines were used, followed by those of the
US, until the French developed their own, drawing on elements of those
of the US and the UK. Draft guidelines were issued in June 1977, and

: . 28 :
were finally adopted in December of that year. P. Kourilsky and G.
Bernardi had been responsible for their drafting. Because the 'convention'

in effect covered industry as well, legislation was not felt necessary.

Hungary.

Legally enforceable guidelines (those of thevUS) were applied to individual
laboratories in Hungary, with central monitoring carried out by the
National Institutes of Public Health for any P3 and P4 laboratories. No
high containment laboratories were, however, operating by 1980. Only

i z N : 30
scientists were on the national committee.

India.
Although the COGENE report suggested that India may not have had any
work under way as of 1979, an earlier report of the US Federal Interagency

Committee pointed to work under way in 1977 in at least two universities,
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with projects under discussion elsewhere. However, no national committee
had been set up by 1977 and there was no acknowledged use of guidelines
by 1979. By 1984, future research in India looked as though it would be
much more extensive, with a research centre for Genetic Engineering and
Biotechnology to be established under the auspices of the United Nations
Industrial Development Organisation. It was to specialise in agriculture

and human and animal health research.

Iran.
A similar situation to that in India existed, where the US report
suggested that some work was being done by 1977, prior to the revolution,
at Tehran University. The COGENE report suggested that no guidelines

were 1in use.

Ireland.

A national committee was set up by the Ministry of Health and was to be
administered by the Medical Research Council. Research projects were
registered on a voluntary basis, which the chairman of the committee
claimed worked satisfactorily. As of May 1978, guidelines were in
preparation, and, although tight laws existed which covered work with
plant and animal pathogens, they did not cover pathogens dangerous to

. 32
man. No new legislation was foreseen in January 1980.

Israel.

A committee of the Academy of Science and Humanities was set up, composed
of representatives from the government, universities, research centres
and the National Council for Research and Development, which recommended
the creation of a safety committee. Institutions would have their own
special committees to recommend safety precautions, but with the National

Committee having the final say. In general, the US guidelines were to be
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followed, taking account of recommendations from the likes of EMBO.

It is of note that it was in Israel that a US scientist carried out an
experiment involving the treatment of a human being, in violation of the
NIH guidelines which were intended also to apply abroad if any US insti-

. : 34
tutions were involved.

Italy.

In 1976, the Italian Society of Molecular Biology created a committee to
prepare a report for the government. In April 1977, the Society requested
the Minister of Health to create a central committee to register and
manage the safety aspects of genetic manipulation, and a national committee
was subsequently established. Later, in a public meeting, the Society was
reported as encouraging recombinant DNA work but with appropriate safe-
guards and training. The central advisory committee was composed of
twelve scientists and a civil servant, with Italy using its own guide-
lines.35 Note, however, that the same US scientist who violated guide-
lines in Israel, did so likewise in Italy. A UNIDO facility was also

planned for Trieste, in conjunction with the one in India.

Japan.

As of May 1980, Japan had the third highest number of laboratories
involved in recombinant DNA research, after the US and UK. Its control
procedures are therefore of some interest. It should also be said that
as far as the industrial application of microbiology and related tech-
niques, or 'biotechnology', is concerned, Japan undoubtedly leads the
world. Increased use of recombinant DNA techniques would, therefore,

seem likely.36

Japanese response to the issues raised by the Berg group was both quick
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and widespread involving many newspapers and journals which carried
articles by biologists and critics. 1In general, Y. Tazima reported37
that there was an atmosphere of hostility to recombinant DNA work amongst
non-professional readers. Professional scientists responded only a
little slower. On 9th September 1974, the Genetics Society of Japan took
up the issue at its annual meeting, and prior to Asilomar II it suggested
that the Science Council of Japan (SCJ) should study the implications of
the research. In January 1975 it was recommended to the President of the
SCJ that an ad hoc committee be established. The Committee on Plasmid

Research resulted.

Following Asilomar II, in a poll conducted by the Mitsubishi Life Science
Institute, 80% of the respondents thought that the Berg group appeal was

38 . . .
acceptable. Tazima suggested that scientists were aware of the need to
balance academic freedom against "potential risks to mankind". Discussion
of the issues took place in symposia, with reports of Asilomar II presented
under the auspices of the SCJ. Guidelines and the technicalities of host-

vector systems were all considered.

The Committee on Plasmid Research made the following recommendations: a
set of safety standards drawing on those of the US and UK be adopted; a
Steering Committee be established; no government agency should fund
research until the Steering Committee had ruled on safety; the government
should subsidise the cost of safety equipment; training should be carried
out at home or abroad; the government should coénstruct a high containment
facility; and a specific council should be set up to advise the Steering

Committee, comprising experts and non-experts.

In response the SCJ established a Special Committee on Science and Society

to examine the broad impact of research activities on man and society.
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It is both interesting and probably unique that the Japanese specifically
attempted to put the recombinant DNA issue within such wider contexts.
In most states it was usually only non-governmental interest groups which
attempted this. Principles applied to nuclear energy by the SCJ, namely
'independence', 'democracy' and 'open to public scrutiny' were also

& : 40
applied to recombinant DNA research. Indeed, a telegram despatched

from the US Embassy in Japan describing the broad approach'noted:

"Move described above is typical of recent Japanese propensity to
address scientific and technological problems from interdisciplinary
viewpoint." 41

Not only was the Japanese approach interdisciplinary, it was also an
interagency one. A study group representing eight government ministries
was established, with an ultimate objective of producing guidelines,
which would in particular emphasise the inclusion of industry. Overall
the Japanese were very attentive regarding overseas developments and were
active in sending large parties abroad for the purpose of examining

controls 1n other states.

Japan was subsequently to enter the ranks of states with their own guide-
lines and a nationally directed system supported by local safety officers.
Its Steering Committee and Advisory Group, combined, included by 1980
seven recombinant DNA scientists, seven scientists from other fields, six
specialists in medicine and biohazards, two lawyers, two specialists in

physical containment and three public interest representatives.

Mexico.
The Mexican Society of Biochemistry established a Committee on the Study
of Recombinant Molecules. Many Mexican scientists were, however, trained

. ‘ ; . 4
in the US and the latter's guidelines were adopted.
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Netherlands.

After Asilomar II, the Dutch Royal Academy of Science established an ad
hoc committee, which in August 1975 recommended to the Minister of
Science that a permanent committee be established, with responsibility to
the Ministry. As a result, the Commission in Charge of the Control over
Genetic Engineering was established early in 1975, predominantly with
scientific representatives. It was to survey éll Dutch recombinant DNA
work, advise laboratories on safety procedures and advise government on

45
appropriate control measures.

A report was produced by the Commission in March 1977 recommending that:
the UK guidelines be adopted (in line with European Science Foundation
policy) but with elements of the US guidelines; another committee be
appointed to address ethical and social issues and to give consideration

to the need for legislation; at least one Category III (UK guidelines)
laboratory be established; a Supervisory Commission be introduced, composed
of scientists, government officials and representatives of society, in
order to register all experiments, issue certificates stating containment
requirements, monitor compliance and impose any necessary sanctions on
violators. For some time, however, the Dutch situation was very confusing
with much media attention, debate and only a 'gentleman's agreement' under-
lying the framework in operation.46 Not least, the Dutch government chose
to ignore recommendations of the Supervisory Commission after lobbying by
trade unions and left-wing political parties. An extremely cautious
government ailowed no clear policy to emerge such that nearly all recombi-
nant DNA work was carried out either with recombinant DNA isolated and
purified elsewhere, or by scientists using foreign laboratories. Confusion
over the government's recommendations of "the greatest possible restraint"
only eased after the government changed and relieved pressures at least

on the lowest two - levels of containment.
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By 1980, seven laboratories were involved in recombinant DNA research and
US guidelines had been introduced, enforceable through control of funding
by the Netherlands Organisation for the Advancement of Pure Research.
Specific training was also required. The central advisory committee
contained fourteen scientists representing scientific, social and ethical
aspects, although this was to be replaced by a further committee which
included industrial and trade union representation.47 Monitoring of the
guidelines was to be carried out by a Site Inspection Commission. Yet as
late as 1981 controversy was still very apparent with Dutch guidelines

: ; 48
probably the toughest in the world, much to the chagrin of industry.

New Zealand.
A national committee was established, comprising five scientists from

different, but related, fields, to consider the issues raised by recombi-

nant DNA techniques. Borrowed guidelines and the degree of compliance
were to be monitored through local controlling committees and Biological
49

Safety Officers.

Norway .

A national committee was established by the Norwegian Research Council to
supervise research which it funded and to examine the legal dimension of
control. By 1979 the committee's responsibilities were broadened to
cover all government funded projects. The committee, however, argued
that no special legislation was required as existing law on the environ-
ment at work was sufficient. US guidelines were applied and industry

voluntarily complied.

The central committee comprised six scientists, one lawyer and an
, . .qn 50 : ! . :
artist”. Physical containment was to be monitored by the Norwegian

Institute of Public Health, and biological containment by the central
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committee. Enforcement was to be through control of research funding as

legislation was rejected.

Poland.
Poland was credited in 1980 with using borrowed US guidelines and with
having three laboratories engaged in recombinant DNA research. Otherwise

. . } o 51
information 1s limited.

South Africa.

Using the US guidelines, the South Africans established a central committee
comprising scilentists, government officials, university representatives,
legal and public representatives. Training was required for workers and
courses were introduced. Monitoring of work below the level of P3 contain-
ment was the responsibility of the central committee, while above P3 would
involve a Bibsafety Committee of the institute concerned. Violation could

lead to revokation of licences.

Sweden.

An ad hoc committee of the Royal Swedish Academy of Sciences was the first
step, followed by an eleven member central committee charged with deter-
mining safety conditions and advising individuals and funding agencies.
The central committee was run by the Natural Science Research Council

and was composed of lay representatives (members of parliament), repre-
sentatives of the research councils, the Board of Health and Welfare, the
Academies of Science and Engineering, industry, and trade unions.53 Thus

the committee was in the mould of GMAG.

The central committee planned to use the UK guidelines, but banning those
experiments deferred in the US. Under the Occupational Health and Safety

Act and the law on the protection of the environment, Swedish scientists
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were obliged to submit proposals for approval.54 Local safety committees
would be responsible for supervision. By 1980, US guidelines, then
revised downwards and less stringent than those of the UK, were in use,
although the administrative structure remained more in line with that of

55
the UK.

Switzerland.

In mid-1975, the Swiss Academy of Medical Sciences created a Commission
on Experimental Genetics to study safety aspects of genetic manipulation,
to recommend guidelines, establish channels of communication, and monitor
. , . : 56 C ,
domestic and international developments. The Commission was at first

composed entirely of experts from science, government and industry.

It was recommended that the US guidelines be applied and that a voluntary
register of those doing recombinant DNA work be set up. A circular was
then sent to all researchers with the Commission holding the view that the
primary responsibility for safety should rest with the researchers them-

57
selves.

In April 1977 at the Annual Conference of the Swiss Society for Cellular
and Molecular Biology, the guidelines were discussed and overwhelmingly
accepted. Some speakers, however, called for them to be legally binding,
and for the public to be brought into the decision-making. It was felt
that the legislative problems would have been difficult as the twenty-five
cantons had responsibility for public health, which was not a federal
concern. On the other hand it was suggested that the Swiss Epidemic Law
would ensure general compliance, as it covered the general infection of
laboratory staff, and it could easily be extended to cover the environ-

58
ment.
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Training courses were held and recommended and by 1980 the Commission had

twelve members representing medicine, microbiology, molecular biology,
antibiotics, industry, university management, and seven government depart-

59
ment assessors.

Taiwan.

In 1980, Taiwan was credited with having two laboratories involved in
recombinant DNA work and a national advisory committee, and used a

. . 60 , : o
combination of US and UK guidelines. Information is limited.

Union of Soviet Socialist Republics.

In 1980 the report by S.N. Cohen et al. to COGENE indicated that only six
laboratories were involved in genetic manipulation, at relatively low
containment levels. A committee had been established which drafted a set
of guidelines taking into account those of the US and the UK. They were

legally enforceable with provisions that:

"Persons guilty of violating these guidelines shall be held legally
responsible ... In a case of violation of these Guidelines (sic) the
inspectorate has legal powers to stop the work." 61

The Soviet Union was thus one of the few states to use a legally based
system of control, with a penalty specified as loss of licence to carry

on the work. Under the guidelines, specific training was required for
workers and safety officers, and the guidelines also applied to industry.
The effectiveness of the guidelines was to be monitored by local biosafety
commissions, State Sanitary Inspection and the control group of the

Recombinant DNA Commission. The latter comprised simply eight scientists.

Yugoslavia.

In November 1976 a number of scientists formed a private group for the
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discussion of recombinant DNA research in Yugoslavia. Subsequently a

national committee was established. A registry of work was planned and

it was intended to adapt existing law on the protection of the working
environment. Helpful international discussions were undertaken with the
French Committee and French scientists. The central committee was composed
of three geneticists, the guideline advice of the ESF was said to have

been followed, and training courses were run.

b) Conclusions.
From the above review a number of points can be highlighted. To start
with, it should be noted that the early expressions of concern such as
the Berg letter and the Asilomar II international meeting had a very great
impact worldwide, even in states which at the time had no laboratories
actively considering recombinant DNA work. On the whole, the responses
were creditably fast. All the states identified by either the report to
COGENE or the US Federal Interagency Committee established at a minimum a
central advisory committee. Functions ranged from giving technical advice,
giving observations on social issues, examining individual experiment
protocols, examining legislative possibilities and organising training to
drafting guidelines. In part reflecting these functions, the composition
of the central committees varied in the range of expertise and interests
represented. The following types of response were all evident:

Adoption of the US package as a whole (local emphésis).

Adoption of the UK package as a whole (central emphasis).

Use of the US (detailed) guidelines with a GMAG type committeee.;3

Use of the US and UK guidelines in combination.

Development of an indigenous system (perhaps subsequent to one of the

other alternatives).

Nevertheless, the international situation was by no means static. Many
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of the states involved undertook processes of revision for both guidelines
and implementation procedures. Not least the US and UK revised their
guidelines. Although some states had guidelines more stringent than
others, there was something of a tendency for the guidelines to even out.

However, this was often only with downward revision of stringency.

In most cases, enforcement of codes of practice was through central control
of research funds, which often left industry only voluntarily controlled.
Legislation to support control, even if only to ensure notification, was
rare, although on occasion existing statutes had some utility. Many

states did, however, consider the introduction of new legislation, but
usually rejected the option or failed to achieve agreement between inte-
rested parties. The very uncertainty of the risks and the constant

revision of perceptions made legislation often seem inflexible.

A common requirement of the bulk of the states, of some importance, was
the recommendation of training in the use of microbiological techniques.

This was, indeed, something felt to be necessary by many scientists.

In general, information regarding activity in other states was well dis-
seminated between the many central advisory committees. Awareness of
changes in perceptions of hazards, guidelines and the implementation
procedures of leading states was particularly evident. Much of the
responsibility for international communication of such information did,
however, lie with the international organisations involved. 1In particular
the international coﬁmunity followed very closely the early deliberations
of US and UK institutions, and the accompanying documentation from the

NIH and the UK working parties was well read internationally. Not sur-
prisingly, an important perception that grew stronger was the need for

some form of international harmonisation. In particular, this need was
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recognised by the international organisations.

2. THE ACTIVITIES OF INTERNATIONAL ORGANISATIONS.

A number of international organisations were of great importance in the
co-ordination of activities in different states, the dissemination of
information, and the development of policy. The summary of the activity
in the many states involved was undertaken with little reference to these
organisations, yet it was apparent that the packages adopted in terms of
operational procedures were not all that diverse between the states.
Communication of the operational procedures of other states, and parti-
cularly those of the US and UK, was influential in making the responses
so similar. With the internationalisation of science there are many
specialist international organisations and those of relevance must be
examined here, particularly as they fulfilled central roles in the system
of communication. The following organisations will be taken in turn:

European Molecular Biology Organisation (EMBO)

European Science Foundation (ESF)

European Medical Research Councils (EMRC)

International Council of Scientific Unions (ICSU)

International Association of Microbial Societies (IAMS)

World Health Organisation (WHO)

United Nations Organisations

World Intellectual Property Organisation (WIPO)

North Atlantic Treaty Organisation (NATO)

Pugwash

European Community
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a) The International Organisations.

European Molecular Biology Organisation.

EMBO is an international organisation of scientists from seventeen states.
Although it is non-governmental in structure, it operates under the aus-
pices and finance of the European Molecular Biology Conference (EMBC) which
) . ; ’ 65 )

is an inter-governmental organisation. The EMBC meets twice yearly to

consider the budget for EMBO.

EMBO effectively became involved in the recombinant DNA debate when twelve
Europeans attending a symposium at Cold Spring Harbor in the US on 7th
June 1974 wrote to Sir John Kendrew, the Secretary General of both EMBO
and the EMBC. They pointed to both ﬁhe Berg létter of concern and the
potential importance of the new techniques. They hoped that EMBO would
urgently and carefully consider the problems and in particular provide an
appropriate special risk laboratory for use with the new techniques.

At that time, Kendrew was deeply involved in the establishment of a Euro-
pean research laboratory at Heidelbergq, Germany.67 The proposal was
therefore put for the new complex to incorporate a high containment
laboratory for recombinant DNA work. Kendrew took the line that this
could only be done if the member governments would provide the necessary
finance. The UK, however, opposed the proposal, offering instead the use
of the high containment facilities at Porton Down for European scientists.
A counter argument was noted that a laboratory long associated with bio-
logical warfare would not be popular.68 With subsequent international
developments, pressures for the laboratory grew, leading eventually to a
separate building of some seven hundred square feet at Heidelberg. Finance
actually came from savings on the originai estimate of cost for the whole

complex. Thus a P4 (US category) laboratory was built for European use.

EMBO, again in response to the Cold Spring Harbor letter, financed five
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scientists to attend Asilomar II with formal governmental approval at the
level of the EMBC. Many other members attended of their own accord. The
five were members of an ad hoc committee which had been established, to

examine the issues, at the January 1975 meeting of the EMBC. Of note, at
the same meeting Kendrew resigned as Secretary General of EMBO to run the

European Molecular Biology Laboratory (EMBL).

On their return from Asilomar, the five members presented a report in
which three recommendations were made. Firstly, they suggested that the
Ashby Report and the Asilomar Conference Statement should serve in Europe
as interim guidelines. Secondly, they suggested that EMBO appoint a
Standing Advisory Committee on Recombinant DNA Molecules, as part of
further elaboration and collaboration in Europe. Thirdly, they added to

calls for the proposed EMBL to accommodate genetic manipulation.

Established in January 1976, the Standing Advisory Committee, which con-
sisted entirely of scientists interested in the new techniques, met for
the first time in February 1976. Its functions were: to advise upon
request governments, research councils, national committees, institutes
and individual scientists on scientific and technical matters; to explore
the possibility of instituting training programmes; and to maintain close
liaison with the ESF and other governmental and non-governmental organi-
sations concerned with recombinant DNA. Indeed, over the years this
committee was to have considerable influence in Western Europe, directly
through providing member scientists with up-to-date information, and
indirectly through its advisory capacity in relation to the ESF. EMBO was
in part a provider of technical support for a policy function carried out

in the ESF (discussed below). A number of training courses were also run.

The provision of up-to-date information operated in two important ways.
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Firstly, the EMBO committee was in a good position to compile information
derived from observing international developments. This operated, for
example , through members who attended the meetings of other bodies either
as observers or participants. An individual of some importance in this
respect, John Tooze, the Secretary of EMBO and a member of the Standing
Advisory Committee, was also Secretary to the ICSU and a member of its
genetic engineering committee (COGENE) and was on the Secretariat of the
ESF and a member of its Liaison Committee for Recombinant DNA Research.
Tooze as an individual was, therefore, well placed to be of some influence
within the transnational community addressing recombinant DNA issues. When
contact was less personal, the EMBO committee was part of a network of
formal and informal communication between individuals and various domestic
and 1international, governmental and non-governmental bodies. Compilation
of information was often taken further by providing analysis of various

aspects of the issues.

In its second report, the Standing Advisory Committee produced, for

example, a fairly comprehensive analysis of the similarities and differences
between the US and UK guidelines. This included assessments of the relative
importance 1in each approach of physical and biological containment, and of
local and central implementation emphases.71 A number of recommendations
were included: that national advisory committees be set up taking into
account both UK and US guidelines; that research protocols be submitted to
the national committee; that the national committee should specify contain-
ment needs; that experiments in the lowest containment categories should

be allowed to begin immediately; that national advisory groups should have
the right to inspect laboratories; that the minimum level of physical con-
tainment should be the Category I level of the UK rather than the Pl or

P2 levels of the US, which were both less stringent; that prohibited

experiments under the US guidelines should not be undertaken anywhere at
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that time. Recognising the differences in overall approach in the two

sets of guidelines, it was recommended that combinations of procedures
from each should not be used. Other recommendations covered training,

the participation of staff in safety, the inclusion of containment details
in published results, and that to facilitate international standardisation
national advisory groups should keep close contact, for example through

EMBO, the EMBC, the ESF and the ICSU.

Analysis of a broader focus was provided by John Tooze, who produced

summaries of the development of control procedures in Europe for presenta-
) 72 .

tion to groups such as the RAC and the ICSU. Thus the EMBO committee

and Tooze took their roles very seriously both within the context of

Eurcope and worldwide. Compilation, interpretation, analysis and dissemi-

nation were all involved.

However, thefe was a second important means of providing information. In
line with recommendations made elsewhere, such as in the RAC and by the
Ashby Report, the EMBO committee argued that "suitable experiments should
be undertaken to assess conjectured risks associated with recombinant DNAs
and to pave the way towards eventual adjustment of existing guidelines".

EMBO, therefore, supported some risk assessment experimental work.

In particular, an experiment was proposed by the committee's chairman,
Charles Weissman, from Switzerland, which would involve co-operation with
Ken Murray of the University of Edinburgh, to be performed in the UK and
thus subject to GMAG oversight. It was intended to use a polyoma virus

to which mice were known to be susceptible. The genome of the virus

would be incorporated deliberately in a recombinant DNA molecule inserted
into E. coli, which would then be introduced into the mice. GMAG approved

the experiment, to be carried out under Category IV containment at Porton
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Down. As many as one thousand mice were thought to be necessary for a

study lasting some months. Originally proposed in 1977, the experiment
was completed in 1980. The results of risk assessment are considered in

Chapter Eight.

Further investigation of risks occurred in joint workshops organised with
the NIH. One on the 'parameters of physical containment' took place in

March 1977 in London, while one year later a second EMBO/NIH workshop was
convened to assess the risks for recombinant DNA experiments involving the

genomes of animal, plant and insect viruses.
On the whole, communication between EMBO and other organisations was very
good, and the advice given was valued by many bodies. Organisational

biases will, however, be considered elsewhere.

European Science Foundation.

Although technically the ESF was established in 1974 as a non-governmental
organisation, its membership is such that strong government influences
prevail in it. Membership consists of representatives from forty-seven
academies and research councils across eighteen member states.76 Govern-
ment influence affects the ESF inasmuch as they can influence the policy
of their research councils. The organisation grew out of international
discussions in the 1960s and 1970s regarding the development of European
research. Improved co-operation and co-ordination on basic science was
assumed to be desirable, and the ESF was charged with a number of objec-
tives, including the promotion of mobility in research workers, assistance
in the free flow of information and ideas, and facilitating the harmonisa-
tion of basic research activities supported by its membership. All member
organisations were to contribute to its budget on a weighted scale,

although the total was relatively small. It viewed science in the broadest
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sense, and included social science representation.

Manipulation, composed of twenty-one biologists, physicists and lawyers.
Its functions were: to survey the recombinant DNA literature and European
initiatives; to study the social, legal and philosophical implications of
the research; to recommend action to be taken at the European level con-
cerning the responsibilities of scientists and the regulations needed to
minimise risk. At a meeting on 10th September 1976, the finalised NIH
guidelines and the UK Williams Report were discussed, leading to a set of
recommendations from the committee which were adopted by the ESF Assembly

B
78

in October 1976.

Taking the now familiar view that the US and UK systems should not be
intermixed, in part because of the possibility of opting for the lowest
common denominators in containment, the ESF recommended the UK approach
for European states. It was argued that the UK code of practice covered
all laboratories, required a slightly higher level of physical containment
reflecting greater use of a more tried and trusted method compared with
biological containment and was more flexible in that each experiment was
individually assigned containment. It was also felt that the existing UK
legal provisions would have their counterparts in other European states.
The ESF committee hoped that states with less experience in genetic mani-
pulation would consult the EMBO Standing Adviéory Committee and they
specifically requested that the EMBO comparison between the US and the UK

guidelines be made.

Further recommendations included: research should continue; guidelines be
rigorously followed; national advisory committees be established; national

registers of all work in each state be compiled; states should ensure
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compliance with guidelines; close contacts be maintained between all
relevant European bodies; and that the ESF should establish a permanent
committee drawing on the membership of national committees, the EMBO
committee and the European Medical Research Councils (discussed below).
Regular meetings of the new ESF committee, it was hoped, would emphasise
the harmonisation of European policy. Thus, the ESF Liaison Committee for
Recombinant DNA Research was established, and met for the first time in
March 1977. As a policy forum, the new committee was to be influential

as most national advisory committees were run by their respective research

councils which were represented on the Liaison Committee.

In addition to the European members of the ESF, representatives from the
US and Canada also attended meetings of the Liaison Committee, making
significant contributions to its business. It was felt that the ESF
committee was probably the best forum for first hand information on all
. 79 : .
recent developments and decisions. The North American input was acknow-
e 80 > . :
ledged to be highly valued. If EMBO provided a general focus within
Europe for the channelling of technical information, then the ESF committee
provided a similar focus for policy information. The EMBO committee in
effect provided an important back-up service. Guideline harmonisation,
the relative stringency of gquideline options and the need for legislation
were all important policy questions to pass through the committee. Of
particular importance was the role of the committee in establishing the
views of affected states when the European Commission produced a Draft

Directive on recombinant DNA research, outlined below.

From the point of view of the UK, as an example, the DES acted as the
'lead' department in international aspects, and therefore kept close
contact with both GMAG and MRC involvement in the ESF. Indeed the DES

considered that the ESF forum was more important than the European
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Community in developing European responses, and the Liaison Committee
itself felt that in 1980 similar safety precautions were in fact "effective
or envisaged in all countries represented".81 In the late 1970s, the
European Commission had expressed great interest in international harmoni-
sation and the ESF was arguing that in effect this had been sufficiently
achieved, without the proposed Directive. This was qualified 1n that the
ESF committee had come to the view that no one set of guidelines or
procedures could fit the differing domestic political situations of the
member states. Even though the ESF came to favour revised US guidelines

it would, for this reason, not specifically recommend them.

European Medical Research Councils.

The EMRC is an association of representatives of national medical research
councils, or their equivalent, and was brought into being in May 1971 for
the purpose of fostering collaboration in medical research. Regarding
recombinant DNA research, the EMRC concluded in March 1977 in Berne that:
uniformity of national guidelines was desirable and the EMRC should assist
towards this; steps should be taken towards the registration of all Euro-
pean recombinant DNA activities; given the range of activities concerning
recompinant DNA undertaken by other international organisations, the EMRC

should limit its input to commenting on ESF proposals.

Three EMRC representatives were appointed to cover ESF activity, and to
consider progress reports from national members. The EMRC was represented
on the ESF Liaison Committee, although in general its concerns were

i 83 . . .
technical. It was not very important in terms of the more political

aspects.

International Council of Scientific Unions.

Founded in 1919 as the International Research Council, the ICSU took its




present name in 1931, and in 1963 adopted new statutes. Its structure

includes eighteen independent scientific unions with membership from more
than sixty national bodies such as research councils or academies. It is
thus non-governmental and not allied to any political movement. In general
the ICSU tries to encourage scientific activity "for the benefit of man-
kind" and takes 1its members from both the East and the West. It has at
times organised major co-operative ventures such as the International
Geophysical Year and the International Biological Programme. The ICSU
tries to act as a focus of communication of scientific information and the
various councils orgarise international conferences, congresses, symposia
and publish journals. Close co-operation and financial support come from
international organisations such as the World Health Organisation and

UNESCO.

When scientific activities of a wide ranging nature arise and the scope

of the project is of clear interest to several unions, then the ICSU moves
to bring these unions together to form a Scientific Committee. Many such
committees have been formed, one of which was to look at the genetic
manipulation issue. The ICSU was in fact gquick to act on the developments
in recombinant DNA techniques, in part due to the fact that Sir John
Kendrew became Secretary General of the ICSU exactly at the time of the
Berg letter. Combined with his role in EMBO and the development of the
EMBL, he had an interest in getting the ICSU involved. In interview he

said:

"I really stimulated ICSU to set up a group on the world scale to
consider these problems." 85

On 20th September 1975, an ad hoc committee was set up under the chairman-

ship of W.J. Whelan with essentially a watching brief. It was asked to



study and advise on the development of public opinion and government

actions, give support to national and regional scientific groups, collect
information and act as a central source, encourage the universal availa-
bility of strains of organisms suitable for safe use with recombinant DNA
techniques and foster international exchange.86 After an extensive meeting
examining much of the international activity of the time, the ad hoc
committee unanimously recommended that a Standing Committee on Recombinant
DNA be established. This was duly enacted by the ICSU, with the support

of seven of the unions. Established in October 1976, fhe new group was
called the Committee on Genetic Experimentation (COGENE) and its references
were widened from those above. COGENE increased in influence during the

next few years.

It was to serve as a source of advice for governments, government agencies,
scientific groups and individuals. Safequards, containment faciltities,
training and scientific exchange were all to be monitored and encouraged
by this new forum of discussion. It was also charged with taking note of
the widespread concern over possible deliberate and inadvertant misuse of
agents constructed by recombinant DNA techniques and, if necessary, promo-
ting public discussion.87 The chairman of COGENE was W.J. Whelan and the
secretary J. Tooze, with a membership of seven appointed by the unions
involved, and six others appointed by the ICSU Executive. Observers were

to be sent by organisations including the WHO and UNESCO.

At 1its first meeting in May 1977, three working groups were set up to
compare and analyse existing guidelines, to study the requirements for

i ; ; i 88
training, and to sponsor and gather information on risk assessment.

COGENE's particular advantage over other bodies was its global scope and

mempbership. However the investigations of its working parties made their
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impact relatively late in the overall debate. At that first meeting,

held in Paris, the future pattern of its activity was outlined and in
subsequent years successfully developed. Underlying this activity there
appeared to be a philosophy of conserving the interests oflscientists,
perhaps not surprising in the light of the general aims of the ICSU in
promoting international science. Judgement on this element of the behaviour
of COGENE is necessarily subjective but supported by a number of indicators,
partly relating to the committee's past relationship with the press and

its tendency to avoid publicity. Yoxen was to.-deéscribe it thus:

"COGENE became, in effect, a pressure group for minimal regulation
of this research and its members exploited all their connections in
governments around the world to get the message across." 89

More will be said of COGENE's relationship with the press, which in many
ways reflected a certain political naivety rather than a deliberate 'cover
up' of which some critics have complained. In the 1977 and 1978 meetings

of COGENE, however; the activities of the working groups became clearer.

The guidelines group, convened by Stanley Cohen, embarked on a questionnaire
survey of all the ICSU member states producing a valuable report in 1980.
The risk assessment group, convened by A.M. Skalka, using information from
questionnaires and analyses of workshops held by other organisations, also

produced a report, in 1978, in which it concluded:

"... no risk unique to recombinant DNA research has been identified."
90

The risk assessment group, however, was still of the opinion that it was
v ! 91 -y B s

needed in 1979. As far as training was concerned, the third working

group, convened by K. Murray, concluded that this was already adequate in

the area, and that COGENE could not make significant additional contri-
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butions. Nevertheless, at the third COGENE meeting in March 1979, John

Tooze suggested that COGENE assist in organising training in states or

: ; y 92
geographic regions where there was a defined need. At the second
meeting, a fourth working group had been established to examine the
future benefits of genetic manipulation, and to share the promotion of
training. In late 1979, a training course was run in Sao Paulo, although
it was weakened by lack of participation. A further course was planned

for India in 1981.

These working groups provided very useful technical services, and COGENE
became an important support organisation at this level for the WHO, much
like the relationship between EMBO and the ESF.93 One particular action
of COGENE was to be very important and it was regard to this that the
difficulties with the press arose. By the second meeting in April 1978
a proposal had been made to organise an international meeting which was
to bring together scientists, research directors, legislators, lawyers
and public health experts. This meeting, held in April 1979 at Wye
College, Kent, was both important and controversial. Ironically, the
controversy grew out of an organisational decision to attempt to mute

. . . . 94
criticism and public discussion which in effect backfired.

The organisers of the conference hoped that it could take place in "a

cool, uncharged atmosphere, at least until the conference had assessed the
3 4 2 " 95

situation and come to some conclusions'". The UK was selected on the

basis of its quietness, and London was excluded in favour of a venue which
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would provide more opportunity for 'informal' contact. A letter from

the organising committee, dated 12th March 1978, to all participants had

given the impression that no members of the press would be present and it

requested attendees not to contribute to reviews for publication other

L . 97 :
than the official proceedings. In response to a request from a writer



for New Scientist, the organising committee had agreed to invite three

members of the Association of British Science Writers, provided that they
agreed not to record or despatch reports directly from the meeting, in a
fashion similar to Asilomar II requirements. A complete ban was only

lifted on the day before (a Sunday) the meeting commenced.

Nature and The Guardian strongly criticised the treatment of the press.

Nature, for example, prior to the meeting argued in an editorial:

" the committee has already set the tone - the discussions are

too sensitive to be widely disseminated except in an official version.
Others may conclude - perhaps quite wrongly - that there are other
things to hide." 98

Criticism of the apparent wish for an off-the-record meeting was wide-

spread, supplemented by comments made by Roger Lewin of New Scientist in

. . e 99
a presentation at the conference itself. He also suggested that the

choice of venue was too remote, adding cause for suspicion, especially
given the aims of the conference, which he argued included the presentation
of views and evidence to show risks as much less than originally thought.

Nature was, however, to record that change of heart as follows:

"To the outside observer the views that risks are negligible went
through on the nod." 100

To be fair to COGENE they always intended to publish the proceedings of
the conference as quickly as possible, and to hold a press conference
after the event. Yet the fact remains that of the 143 participants
attending a very important international conference, only three were from
the press, and only the UK press at that. It is generally acknowledged
that the approach to press coverage was bungled. In hindsight, Whelan

argued that the correct approach was taken when the organisers realised
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that their call for an informal off-the-record meeting was being mis-

understood.

Perhaps a more subtle weakness in the conference was the absence of noted
scientists who had been critical of the claims regarding the safety of the
work. The criticism was left to a few individuals such as Donna Haber of
the UK trade union ASTMS. She feared that hasty dismantling of the guide-
lines, and accused scientists as 'over-reacting' much as they had accused
the public in 1ts response to their early expressions of concern. She

went on to point out that:

"... the work really hasn't been stopped and it seems to me that it's
gone on and gone on very well. I think that a meeting like this is
not a way to reassure the public." 102

In summary, COGENE became an important actor regarding the issues sur-
rounding recombinant DNA. Over time it was, however, to change its
emphasis away from guidelines and risk assessment towards considering
benefits and promoting training. Much of the information accumulated by
the working groups was notable, even if COGENE impartiality became

questioned over the Wye Conference.

International Association of Microbial Societies.

Originally founded in 1930 as the International Association of Micro-
biologists, the IAMS aimed to ensure that reqgular congresses and meetings
were held. It is of note for its very early response to recombinant DNA
issues rather than for its subsequent impact. The Executive Board of the
IAMS decided at a meeting in Tokyo in September 1974 to establish a
Genetics Commission under the title of the International Microbial Genetics
Commission (IMGC). In the mean time, an ad hoc committee would suffice

until the IAMS could make the necessary formal changes to its structure
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to include the IMGC. The ad hoc committee paved the way by establishing

contacts, for example with the Ashby working party and members of Berg's
group. Indeed this committee was particularly active in pushing for the

formal IMGC.

By early 1976, the ad hoc committee was supporting the Ashby Report and
holding some reservations over Asilomar II statement. It recommended
that national bodies implement the advice contained in these documents,
while expressing fears in particular about the risks in future commercial
development.103 However, when the IMGC was announced in September 1976,
with the planned intention of co-ordinating contact between laboratories,
institutions and societies, it faced a limiting factor. Its predominant
concern as part of the IAMS was with microbes and their genetic compo-
sition. Other organisations, such as COGENE or EMBO, were better suited
forums for addressing recombinant DNA issues because they looked at many
other organisms at different biological levels. Thus, for the purposes
of this thesis the existence of the IAMS Commission is indicated, but
because of its narrower interests 1s argued to be of little overall

significance.

World Health Organisation.

The WHO entered the discussion on recombinant DNA taking a different
perspective from most other organisations. With a long interest in
pathogens in general, the WHO viewed the concerns regarding recombinant
DNA in conjunction with other biological hazards.104 Prior to the
Asilomar II conference, Martin Kaplan tried unsuccessfully to secure an
invitation from Berg to attend as a representative of the WHO. Berg was
reluctant as he saw the WHO as too bureaucratic, preferring instead to
consider the ICSU as an organisation with international interests. 1In

June 1975, with the approval of the Director General, Kaplan introduced
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the whole issue to a senior advisory group of which he was the secretary,

the Advisory Committee on Medical Research (ACMR).

The ACMR responded by 1ssuing a report in the same month arguing that
recombinant DNA techniques should be scrutinised using the same methods
of balancing hazards and benefits that would apply to microbiological
research in qenﬁral.lOS On the basis of applying rational assessments
under uncertainty; it should have been expected that the conjectured
hazards of recombinant DNA would require different treatment from those
of known pathogens. This would not preclude general principles, not
least of which was the very idea of even directly setting risks against
benefits, a task universally avoided in scientific circles as far as
recombinant DNA research was concerned. Overall, the WHO saw the issue
as one of public health in relation to the general problem of communicable
diseases, rather than in terms of guidelines per se. Indeed, recognising
the limits of utilising existing methodologies, the ACMR suggested the
need for further study to facilitate the "rational balancing of risks and

benefits".

The ACMR saw the roles of the WHO as facilitating microbiological training
in general, co-ordinating information, providing an inventory of national
efforts in risk assessment, responding to requests for advice, registering
accidents should they occur and undertaking specialist.studies in relation
to these roles. However, like many organisations involved; the WHO
adopted a promotional view of recombinant DNA techniques, in parallel with
their interests in public health. In particular, it was thought that the

techniques might aid future medicine and health.

In 1976, the ACMR had a report prepared on the WHO Special Programme on

. . ' 106 )
Safety Measures in Microbiology. It was planned to convene an inter-
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national committee of experts to define WHO priorities and a joint WHO/

NIH consultation exercise was proposed which would also involve the
International Air Transport Association (IATA) and the Universal Postal
Union (UPU). The consultation exercise was to examine the facilitation
and safety in the international transportation of research materials.107
The report also addressed emerging international problems of the time,
although acknowledging that essentially it was the scientific community
which decided on risks and safety measures. The report argued that
comprehensive recommendations covering all research projects could not be
made at either national or international levels. Nevertheless, it was
thought that individual states should provide the WHO with access to their
particular areas of expertise in implementing safety considerations, in

order to disseminate it. Advice might be centralised, it was suggested,

through the ICSU or EMBO.

A particularly important observation in the report was that very few
suggestions had been made regarding emergency services should a known
pathogen or new recombinant DNA pathogen escape. Thus it’was suggested
that it would be desirable: to set up such services, including reagents
and laboratories for diagnosis, and containment for patients and personnel;
to maintain a register of experts, laboratories and isolation facilities;
to assist states on request through an iﬂternational advisory mechanism;

to aim at international arrangements to facilitate rapid exchanges of
experts, transport of patients and biological materials in case of
emergency. This was all planned in the context of perceptions held in

LYV .

By 1978 at a symposium held by the WHO in Milan, it was very evident
that perceptions of genetic manipulation risks had changed amongst the

: . . 108 . . ,
scientific community. Emphasis had shifted to stressing the safety
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of the techniques while the consequences of the Berg letter were regretted.

Yet in 1976 the WHO had proceeded to develop their programme on safety
measures through the medium of four working groups.lO9 The first group
would list types of organisations needing physical containment for both
natural pathogens or novel genetic combinations, summarise important
physical containment requirements and make an inventory of relevant
laboratories. The second working group wouldvdevelop guidelines for the
emergency treatment of contaminated individuals. The third group would
examine laboratory safety elements covering a number of factors such as
risk assessment, equipment design, laboratory practice, training, education
and employee health, aiming in the long run to develop codes of practice.
The fourth group was to considér further the international transportation

of infectious materials.

However, the WHO was to be caught in the dilemma of combining two roles,
the promotion of an activity and the monitoring of safety. In the case

of smallpox, its programme on eradication was of such success that the

WHO planned that the number of laboratories working on the virus should
decrease. Thus in the UK the number of laboratories reduced from nineteen
in 1973 to three in 1978. 1In 1977, Professor Bedson of Birmingham
University was told that his laboratory was not to be granted the status
of a 'collaborating centre' on smallpox research, which in effect would
end this research there, on the basis of weak safety standards. But in
1977, the WHO also gave Bedson $7,500 to support his research. The
decision not to allow Bedson's laboratory to continue came as Bedson was
getting favourable research results and threatened to cut him off from the
mainstream of world smallpox research. Originally, Bedson planned to
complete his work in 1980, but compromised and said that he would instead
complete by 1978. Part of the ineffectiveness of Bedson's safety pre-

cautions has been attributed to the enormous pressure he came under to
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complete the work. The consequences have been discussed in Chapter Six.

As far as the WHO was concerned, because 1t was treating genetic mani-
pulation within microbiology as a whole, then its credibility, which
suffered somewhat as a result of the Birmingham smallpox outbreak, must
also be raised here. For an organisation hoping to improve communications
it did not set a good example in failing to inform either the DHSS or
Birmingham University of its communications with Bedson. The WHO was both
in favour of promoting and ensuring safety in genetic manipulation, but

on the whole did not have great impact on the development of control
measures. It did, nevertheless, provide for some useful peripheral dis-
cussions on fairly technical problems. Not least it held the Milan

conference and sponsored the ICSU.

United Nations Organisations.

This group of organisations is mentioned essentially in a negative way.

There was very little involvement, particularly in the early days of the

, . . ! 1x1
recombinant DNA issue, by any of the UN agencies. UNESCO and UNEP
have given a little consideration to a limited set of issues. In September
1975 in Hungary the International Cell Research Organisation (under UNESCQO)

passed a resolution stressing the potential dangers and the potential
beneficial applications of genetic manipulation. In essence the Executive
Committee expressed a hope that regulations would not impede progress.ll2
UNESCO also gave some thought to the ethical issues raised by the new
techniques. In 1975 in Bulgaria a conference was held on "Science in the
Contemporary World: The Human Implications of Scientific Advances" and a
symposium on "Genetics and Ethics" was held in October 1977 in Madrid.
Discussion at the latter, however, examined the implications of genetics

research 1n its widest sense, although some support was given for training

courses 1n cell biology.
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UNEP examined a particular question, namely the possibilities of engineer-

ing plants, such as wheat crops, such that they might extract nitrogen
directly from the atmosphere rather than the soil. Some concern was
evident over the release in this fashion of recombinant‘molecules into

the atmosphere. 1In retrospect, this research area has not proved straight-
forward, even in the 1980s, and has not progressed as fast as was initially

hoped.

Thus the UN and its agencies did not have significant impact on the issues
of control of recombinant DNA techniques. Indeed, one DES official, in
interview, has expressed relief that organisations such as UNESCO were not
much involved, preferring to stress the suitability instead of organisations
such as EMBO, the ESF and the ICSU for international co-ordination. The
Whitehall view seems to favour organisations in which membership is not so

universal that agreement is difficult to obtain.

In the 1980s, the United Nations Industrial Development Organisation has,
however, shown interest in promoting the development of biotechnology with
particular reference to the third world. It has recommended the establish-
ment of two international centres for genetic engineering and biotechnology,

one in India and one in Italy.

World Intellectual Property Organisation.

WIPO is an independent organisation whose board of directors is composed

of members of various scientific societies, and is funded through grants
and contracts (including those from the NIH). 1In April 1977 a meeting

was convened in Budapest on an important issue, that of the international
recognition of the deposit of micro-organisms for the purposes of obtaining
patents. Patenting of the products, or even the techniques, of recombinant

DNA has developed over the years as a controversial issue, particularly in
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the US where legal proceedings have surrounded certain precedent-setting

applications.ll5 In other instances industry has feared disclosing
information to advisory committees (for example to GMAG) which could

compromise patent applications on the basis of 'prior disclosure.

The Budapest meeting was for the purpose of drawing up an international
treaty to make the requirements of patent applications in more than one
state simpler. This derived from a particular requirement of patent
procedures involving micro-organisms. New 'inventions' for the purposes
of patenting need only be described in detail and filed wifh the patenting
agency 1in most states. However, for micro-organisms, the disclosure
requirements in an increasing number of states appeared to necessitate a
deposit of a sample of that organism in a special institution, costly to

maintain, from which, subsequently, further samples might be withdrawn.

The treaty being proposed was to avoid the costly duplication of samples
in each state, by establishing an agreement that a deposit in one state
would suffice, covering future applications in several states. This
would necessitate the recognition of 'international depository authorities'
for storage and provision of samples internationally. The original pro-
posal that WIPO should examine the problem came from the UK, and twenty-
nine states attended the Budapest meeting. Ten non-governmental organi-
sations, such as the European Federation of Agents of Industry in Indus-
trial Property and the Committee of National Institutes of Patent Agents
were invited as observers. The treaty came into force in the UK, for
116

example, in December 1980. This treaty is likely to increase in

importance as biotechnology develops internationally.

North Atlantic Treaty Organisation.

NATO has a Committee on Science and Technology which set up a subcommittee
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on genetic manipulation. The issues were examined from a similar pers-

pective to most of the other organisations discussed here, taking con-
sideration of the standard scientific viewpoint as well as the alternative

. . 3 . . 117 , ,
viewpoint put forward by Robert Sinsheimer. The NATO subcommittee
favoured the inclusion of public interest representatives and concluded
that the NIH system was more open than the 'behind closed doors' approach
of GMAG. On the whole, the subcommittee merely summarised the inter-
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national situation in a brief manner and from a non-military perspective.

Pugwash.
As described in Chapter Four, Pugwash became involved in discussion on
the potential deliberate misuse of recombinant DNA techniques. The

organisation is simply noted in passing in this summary.

The European Community.

In January 1977, the Directorate General XII of the European Commission
convened a meeting in Brussels of heads of all national advisory committees
for informal discussions on recombinant DNA research. It became apparent
that a Directive was being contemplated, as part of the Commission's role
of putting forward proposals for legislation. Directives are binding on

. . : 119
all member states, but allowing them to choose the means of execution.

DG XII, the Research, Science and Education branch of the Commission, was
headed by the Commission's representative on the ESF Executive Council
and it was considering adopting a Directive whereby member states would
have to harmonise their legislation, or in the case of recombinant DNA
adopt the same precautions. At the January meeting there was not much
objection to the 1dea of a Directive, provided it was not too specific or
detailed. Much objection was to become evident, however, once the draft

was produced. Sherwell suggested that most people at that time recognised
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that the Commission possessed the authority both to hasten the harmoni-
sation that was felt to be needed and to incorporate industrial private
sector research within a common framework with all recombinant DNA research.
Yet Sherwell also noted that some worry existed over the timing of the
Commission's involvement - late in the 'debate' - which could lead to
resentment amongst researchers, now that perceptions of the risk appeared

. : 120
to be ameliorating.

In late February 1977, the outcome of the January meeting was discussed
by the Medical Research Committee, a subcommittee of CREST, the Commission's
Scientific and Technical Research Committee. No firm conclusions were
reached at that time. In fact 1t was not until early 1979 that the Draft
Directive was sent to member states for their consideration. This time-
lag represented one of the major criticisms. Many groups were to argue
that the European Community operated too slowly for the sort of exercise
it was contemplating in this instance. A number of drafts were produced
in extensive consultation with groups such as EMBO, the ESF and, within
the Commission, the Medical Research Committee and various ad hoc groups
of experts.121 The following considerations underlay the Draft Directive

submitted to the Council of Ministers on 5th December 1978 and published
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in the Official Journal of the European Communities on 15th December:

1) It was hoped to avoid variations in the practices of different states
through harmonisation. The Commission document argued that differing

considerations of safety could arise out of some states having
statutory provisions to cover recombinant DNA work, while others did

not.

ii) The case of recombinant DNA, it was thought, provided an opportunity

to test the possibilities of compatibility between legislation and
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1i1)

1)

the development of modern technologies. This was seen as part of a
process of protecting man against his own achievements, and parti-
cularly the long-term influences on society and the environment of

the applications of modern biology.

Taking the existence of expensive protection devices at the physical
and biological levels as evidence of the seriousness of the conjec-
tured hazards, the Commission document professed a wish to ensure

that the measures were effective.

It was argued that as more and more institutions were using the
techniques, the risk, should it exist, was increasing with time in

proportion with the number of new sites involved in the work.

Because biological material such as viruses and bacteria recognise

no national borders, the issue was identified as 'transnational'.

As a result, there would be a reduction to a certain extent of the
liberty of states to define and follow independent policies. However,

the Commission document argued that:

"... agreements and ... guarantees can best be generated through
legal dispositions, taken in each country, which are based upon
a core of principles adopted in common." 123

This was controversial, as indeed was the whole question of legisla-

tive approaches to the issue of control.

Because industry was not covered by measures such as the control of
funding to ensure compliance with guidelines, the Commission feared
different laboratories operating at the same levels of risk not
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observing the same rules.
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This analysis was used to support the following proposals embodied in the

Directive: prior notification of all work would be required, including
work involving recombinant DNA materials acquired from elsewhere; for all
except low risk category work, prior authorisation would be required;
member states would subdivide the various types of recombinant DNA work
by their nature and the conjectured hazards involved explicitly allowing
for the source and degree of purity of the DNA molecule, the host-vector
system utilised and the manipulative procedures proposed; categories of
containment would then be applied; sound laboratory practice and training
would influence safety requirements and supervisory measures called for;
all of the above would involve a 'national authority' and the exercise of

notification would involve a detailed experimental protocol or description

of materials if acquired elsewhere. The national authority would then have
ninety days to give its decision. It could also revoke previous authori-
sation.

These proposals would have involved legislative changes, even in the UK,
whose regulations did not cover the use of recombinant DNA molecules, did
not require prior authorisation nor confer the powers of revokation.
Further, even as the Draft Directive was being prepared, GMAG was on the
point of changing to a quite different approach to risk assessment.
Despite being almost already out of date in this respect, the Draft
Directive included a provision for review of the Directive and revisions

if necessary at least every two years.

Indeed, within the UK, the House of Lords Select Committee on the European
Communities held hearings on the Commission's proposals, concluding them
to be too restrictive and ill suited to the rapidly developing techniques.
The Select Committee suggested that a Recommendation from the Council

would be preferable to a Directive. It appears obvious that the UK system
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provided the basis to a large degree for the Commission's proposals, and
thus it is worth considering the attitudes of groups within the UK.

While DG XII was examining the issues, the DES was the lead department
for the UK and it argued for a Recommendation. However, when the Medical
Research Committee became more involved, the DHSS took the UK initiative,
although the Whitehall briefing system was utilised maintaining the above

view.

Industry, as represented in the UK by the CBI, forcefully opposed the
whole idea of a Directive, although they recognised the need for inter-
national harmonisation. The Directive, they thought, was out of date and
only paid lip-service to the needs of flexible revision. 1In particular,
they cited their relationship with Commission officials leading up to the
draft as evidence of the latter's unwillingness to take sufficient account
of scientific progress.lES Further the CBI criticised the limits of
having harmonisation across the membership of the European Community, if
non-mempers were not brought into the agreement. The CBI felt that this
could hinder European states, should inflexibility be evident given that
perceptions of risk might continue to change in the direction of less

risk.

On the other hand, the TUC welcomed the Draft Directive, although favouring
further efforts to extend harmonisation beyond the Community. They even
suggested a further proposal that all workers involved carried a card
stating that they worked in a recombinant DNA laboratory, in the event of
illness arising from a laboratory accident. GMAG, as far as the TUC was
concerned, was a most suitable model for the proposals in the Draft
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Directive.

In the event, the final result of two years of discussion on the document
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was that 1t was withdrawn in favour of a Recommendation. It should be

said, however, that the UK was not the only critic. France and Denmark
were noticeable in their opposition. Nevertheless, even before a
Recommendation resulted, there were further meetings including a public
workshop, arranged by the Economic and Social Committee. By 1981, the
main provision of the Recommendation was simply the' registration of
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recombinant DNA work. In August 1980 the option of a Recommendation
had been submitted to the Council of Ministers, with a perception by then
of an overall diminishment of the risks. Registration was still thought
to be a prudent idea, and the Commission was mandated by member states to
establish a committee of experts to examine at least annually the need for
harmonisation of regulations and to keep abreast of new knowledge on
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hazards. Thus, like most legislative attempts within states, the
European Community's effort was unsuccessful, although the Community's
interest in genetic manipulation did not end here. It also became an

active promoter of genetic manipulation research.

The European Community first considered a programme of research and
development which included genetic mani