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ABSTRACT
In this paper I analyse the ethical implications of the two main competing
methodologies in genomic research. I do not aim to provide another con-
tribution from the mainstream legal and public policy perspective; rather I
offer a novel approach in which I analyse and describe the patent-and-
publish regime (the proprietary regime) led by biologist J. Craig Venter and
the ‘open-source’ methodologies led by biotechnology Nobel laureate John
Sulston. The ‘open-source methodologies’ arose in biotechnology as an
alternative to the patent-and-publish regime in the wake of the explosion in
computer technology. Indeed, the tremendous increase in computer tech-
nology has generated a corresponding increase in the pace of genomics
research. I conclude this paper by arguing that while the patent-and-publish
method is a transactional method based on the exchange of extrinsic goods
(patents in exchange for research funds), the free and open-source meth-
odology (FLOSS)1 is a transformational method based on a visionary ideal
of science, which leads to prioritizing intrinsic goods in scientific research
over extrinsic goods.

INTRODUCTION

Computer technologies play a fundamental role in the
biotechnological field. Sequencing the whole genome was

a difficult task, for example, before the introduction of
advanced computer technologies. In particular, the intro-
duction of the whole genome shotgun (WGS) sequencing
method and the Applied Biosystems (ABI) machines2 in
bioinformatics greatly accelerated the pace of discovery
of portions of the human genome sequence.3 The WGS

1 ‘FLOSS’ was used in 2001 as a project acronym by Open Source
Activist Rishab Aiyer Ghosh as an acronym for Free/Libre/Open-
Source Software. Later that year, the European Commission (EC) used
the phrase when they funded a study on the topic. Unlike ‘libre soft-
ware’, which aimed to solve the ambiguity problem, ‘FLOSS’ aimed to
avoid taking sides in the debate over whether it was better to say ‘free
software’ or to say ‘open-source software’. Stallman, the founder of
Free Software, endorses the term FLOSS to refer to ‘open source’ and
‘free software’ without necessarily choosing between the two camps,
however, he asks people to consider supporting the ‘free software’
camp.

2 J. Shreeve. 2004. The Genome War: How Craig Venter Tried to
Capture the Code of Life and Save the World. New York: Alfred Knopf:
21.
3 The idea for the shotgun technique came from the use of an algorithm
that combined sequence information from many small fragments of
DNA to reconstruct a genome. This technique was pioneered by the
English biochemist and two-time Nobel laureate in chemistry Frederick
Sanger to sequence the genome of the Phage F-X174, a tiny virus
called a bacteriophage that was the first fully sequenced genome
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method of sequencing adopted by J. Craig Venter in the
early 1990s involves blasting the genome into tens of
millions of tiny pieces and, after the DNA letters (A, G,
C, and T) in each piece are spelled out on the machines,
reassembling the DNA letters in the correct order using
enormously powerful computers (the ABI machines
designed by former ABI president Michael Hunkapiller)
and software.4 The Hunkapiller-designed machines
decode DNA fragments at a heretofore unprecedented
speed of ‘1,000 fragments of DNA a day, with each frag-
ment about 500 base pairs in length. With 230 machines
running, the number of base pairs churned out daily
would thus be 230 ¥ 500 ¥ 1000, or a total of 115 million
base pairs read out every day, roughly the same amount
that the Human Genome Project (HGP) had produced in
two years’.5

The Human Genome Project (HGP) refers to the inter-
national 13-year effort, formally begun in October 1990
and completed in 2003, to discover all the estimated
20,000–25,000 human genes and make them accessible
for further biological study. Another project goal was to
determine the complete sequence of the three billion
DNA subunits (bases in the human genome). As part of
the HGP, parallel studies were carried out on selected
model organisms such as the bacterium E. coli and the
mouse to help develop the technology and interpret
human gene function. The DOE Human Genome
Program and the NIH National Human Genome
Research Institute (NHGRI) together sponsored the US
Human Genome Project. The HGP establishment was
highly critical of the shotgun method, however. For
example, at the Bermuda Accord,6 Phil Green, one of the
most prominent experts of computational biology, had
shown that the shotgun method (used so far for tiny

bacterial genomes, see note 1) was inadequate for
sequencing a genome as large and complicated as the
human genome. Maynard Olson, an adamant advocate
of quality above all else in the public genome program,
criticized the shotgun method at a congressional hearing.
He told legislators that ‘an attempt to attack the human
genome with the whole genome shotgun technique would
meet with . . . over 100,000 serious gaps in the assembled
sequence’; he defined ‘serious gaps’ as ‘ones that render
uncertain the order of the completed sequences on either
side of it, calling the validity of the whole assembly into
question’.7

Such opposition to new technologies by the main
champions of the HGP led Venter to establish a private
research centre, The Institute for Genomic Research
(TIGR), in 1992 and then his own private company,
Celera Genomics, in 1998 to explore new and more
effective methods for genomic sequencing. The founding
of TIGR and Celera Genomics ultimately had conse-
quences not only for human genome research but also
for patenting.

Although in this essay I will focus primarily on the
ethical implications of the patent-and-publish regime
versus the – commonly called – ‘open-source’ regime,8 I
will also consider in a very general sense how changes in
technology affected patents regimes in bioinformatics as
well as some of the ethical implications of these changes.
Very importantly, I will not offer a discussion based on
the mainstream legal and public policy literature,9 but

(DNA-sequence) in 1977 (see: G. Moody. 2004. Digital Code of Life:
How Bioinformatics is Revolutionizing Science, Medicine and Business.
Hoboken, NJ: Wiley). The technique was called shotgun sequencing
because the genome was broken into millions of pieces as if it had been
blasted with a shotgun (Moody. op. cit.). In order to scale up the
method, both the sequencing and genome assembly had to be auto-
mated, as they were in the 1980s. The modern technique came into its
own with the sequencing of the first free-living organism, the 1.8 million
base pair genome of the bacterium Haemophilus influenzae in 1995. It
involved the use of automated sequencers, longer individual sequences
using approximately 500 base pairs at that time. Paired sequences sepa-
rated by a fixed distance of around 2000 base pairs which were critical
elements enabling the development of the first genome assembly pro-
grams for reconstruction of this bacterial genome (Ibid: 66–67).
4 Shreeve, op. cit. note 2. On shotgun method see also A. Marturano.
Molecular Biologists as Hackers of Human Data: Rethinking IPR for
Bioinformatics Research. ICES 2003; 1.4: 207–216.
5 Shreeve, op. cit. note 2, p. 50.
6 The Bermuda Accord stipulated the following: open access to the
database; release of sequence assemblies as soon as possible, including

the automatic, daily release of assemblies exceeding 1 Kb; immediate
submission of finished annotated sequences to the public database
(Moody, op. cit. note 3).
7 Shreeve, op. cit. note 2, pp. 93–94. Venter’s shotgun method of
reading DNA code was much criticised, for example, by Sir John
Sulston, a Nobel laureate who called it a ‘con job’ (R. Highfield. 2006.
The Six Billion Letter Man Makes DNA Breakthrough. The Daily
Telegraph 26 May. Available at http://www.telegraph.co.uk/digitallife/
main.jhtml?xml=/connected/2006/05/30/ecndna30.xml [Accessed 19 Oct
2008].
8 I talk about the ‘open-source’ regime as I am interested in its meth-
odology (which can be a suitable alternative to the proprietary regime)
without focusing on the idea that a genes source code may exist. The
idea of a genes source code is controversial albeit popular: it is not clear
if authors are discussing genetic (source) codes in a realistic or in a
metaphorical way. For a discussion see A. Marturano. 2008. Genetic
Information: Epistemological and Ethical Issues. In The Handbook of
Information and Computer Ethics. K.E. Himma & H.T. Tavani, eds.
Hoboken, NJ: Wiley: 385–405.
9 There are plenty of papers offering a discussion of patents in biotech-
nology and computer technology from a legal-ethical perspective: see
for example D.L. Burk. Lex Genetica: The Law and Ethics of Program-
ming Biological Code. ETIN 2002; 4.2: 109–121; R. Chadwick & A.
Marturano. Computing, Genetics, and Policy: Theoretical and Practical
Considerations. In H.T. Tavani, ed. 2006. Ethics, Computing and
Genomics. Boston: Bartlett & Jones, 2nd edn: 50–62; J.W. DeCew.
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rather, one based on the analysis and description of the
two main competing methodologies that have played a
fundamental role in the race to the genome. I will call
them the patent-and-publish regime (the proprietary
regime) led by biologist J. Craig Venter and the ‘open-
source methodology’ led by biotechnology Nobel
laureate John Sulston. First I will discuss the patent-
and-publish regime Venter promoted when he founded
TIGR and later when he headed Celera. Then I will
describe and analyse an alternative to those patenting
strategies, namely, the free and open-source (FLOSS)
methodology. Finally, I will examine the differences
between these two approaches from an ethical point of
view.

THE PATENT-AND-PUBLISH REGIME

The patent-and-publish method is best described in the
1992 agreement made between J. Craig Venter and
William Haseltine, the respective heads of TIGR and
Human Genome Sciences (HGS), both companies owned
by Wallace Steinberg’s Health Care Investment Corpo-
ration at the time. The agreement stipulated that TIGR
would search through a variety of human tissues looking
for expressed genes, sequence the five hundred nucleotide
fragments on a host of new machines, and compile the
nucleotide fragments into a massive database. Haseltine’s
HGS would then have six months to study the gene frag-
ments and analyse their possible functions. After this
six-month interval, Venter’s TIGR could publish infor-
mation on the discovery and subsequent analysis of the
gene fragments. Academics and nonprofit organizations
would then be free to use the data however they wished
on the condition they give HGS first option on commer-
cial rights to anything discovered using the data. The
six-month delay wasn’t arbitrary or unusually restrictive;
in fact, it matched the National Institutes of Health
(NIH) policy, which prior to the 1996 Bermuda Accord10

required scientists to release their data within six months
of generation. If HGS found a gene potentially valuable
to medicine, it could invoke a special clause granting
HGS up to another year to explore the gene’s commercial
value and patent it before Venter could make the data
public. University researchers could use the data after its

release, as long as they signed a form promising not to
exploit it for commercial purposes11 (Shreeve, op. cit. note
2, pp. 86–87).

One value of patenting a gene sequence, according to
geneticist Richard Lewontin, ‘lies in its importance in the
production of targeted drugs, either to make up for the
deficient production from a defective gene or to counter-
act the erroneous or excessive production of an unwanted
protein’.12 Alternatively, Lewontin continues, ‘The cell’s
production of a protein code by a particular gene, or the
physiological effect of the genetically encoded protein,
could be affected by some molecule synthesized in an
industrial process and sold as a drug. The original design
of this drug and its ultimate patent protection will depend
upon having rights to the DNA sequence that specified
the protein on which the drug acts’.13 Lewontin con-
cludes, ‘Were the patent rights to the sequence in the
hand of a public agency like the NIH, a drug designer and
manufacturer would have to be licensed by that agency to
use the sequence in its drug research, and even if no
payment were required the commercial user would not
have a monopoly, but would face possible competition
from other producers’.14 International competition would
be difficult, however, because, as Lewontin claims,
American leaders want ‘the NIH to patent the human
genome to prevent private entrepreneurs, and especially
foreign capital, from controlling what has been created
with American funding’.15 As a consequence of the Bayh-
Dole Act (1980), researchers who were funded with
public moneys were obliged to secure intellectual prop-
erty rights on any commercially valuable discovery before
putting the information in the public domain. The intent
of the legislation was to encourage American companies
to step in and develop products that would be protected
by patent rights from pilfering by foreign competitors.16

After the successes of Celera Genomics under the leader-
ship of Venter (successes which included the announce-
ment of the first draft of the human genome in June 2000
and a paper published on the human genome in the Feb-
ruary 16, 2001, issue of Science), it could be argued that
the actual patenting strategy17 now seemed focused on
protecting the interests of the few corporations working

Privacy and Policy for Genetic Research. ETIN 2004; 6.1: 5–14; R. A.
Spinello. Property Rights in Genetic Information. ETIN 2004; 6.1:
29–42. All papers are collected together in Tavani, op.cit, this note.
10 The Bermuda Accord made it impossible for the discoverer to file a
patent on raw human DNA. As Shreeve (op. cit. note 2) noted, such a
policy directly contradicted the Bayh-Dole Act (see below).

11 Ibid: 86–87.
12 R. Lewontin. 2000. It Ain’t Necessarily So: The Dream of the Human
Genome and Other Illusions. New York: New York Review Books: 181.
13 Ibid.
14 Ibid: 182.
15 R. Lewontin. 1993. Biology as Ideology: The Doctrine of DNA. New
York: HarperPerennial: 75
16 Shreeve, op. cit. note 2.
17 A similar case seems to be that of biotechnology firm deCODE’s
genetic database in Iceland. See: Chadwick. The Icelandic Database –
Do Modern Times Need Modern Sagas? BMJ 1999; 319: 441–444: ‘For
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in this field. Indeed, according to HGP researcher John
Sulston, ‘The Human Genome Project and Celera were
not working toward a common goal, since only the
former generated a public sequence. Like everyone else,
Celera had free access to all our assembled sequence. But
Celera also asked us for a personal transfer of individual
nematode sequence reads. To comply would have been a
major distraction from our [HGP] work’.18

The main outcome of the patent-and-publish regime
became clear only after the publication in Science of the
Celera Genomics paper detailing the results of data
sequencing and how the academic community would use
this data. The material transfer agreement stated that
academic users would be able to download up to one
megabase per week from the Celera Genomics website,
subject to a non-redistribution clause; if academics
wanted to download more data, they would have to get a
signature from a senior member of their institution guar-
anteeing that the data would not be redistributed.19

Members of the HGP community vigorously protested
this agreement. Michael Ashburner, a former reviewing
editor for Science, led the protest. He explained that such
a strategy would be problematic for the future of genetics,
because if the strategy employed by Celera Genomics was
similarly adopted by other researchers in the field, ‘the
data will fragment across many sites and today’s ease of
searching will have gone, and gone forever. Science will
be the MUCH poorer, and progress in this field will
inevitably be delayed’.20 Others felt outraged that one of
the fundamental principles of scientific progress – the
publication and free access of data – should be under-
mined by the way Celera Genomics wished to keep its
data proprietary so that the complete database (including
volumes of data on genetic variability in humans and the
genomes of animals critical to biomedical research) could
be available for mining to any pharmaceutical company
in exchange for moneys. Therefore, in Venter’s mind,
‘Celera would be the definitive source of genomic infor-
mation in the world, in much the same way that

Microsoft had early on made its DOS operating system
the standard for personal computers.’21 Sean Eddy of
Washington University and Ewan Birney of the Euro-
pean Bioinformatics Institute claimed, ‘The genome com-
munity has established a clear principle that published
genome data must be deposited in the international data-
bases, that bioinformatics is fuelled by this principle, and
that Science therefore threatens to set a precedent that
undermines bioinformatics research’.22 Many genome
researchers agreed with Eddy and Birney that Science
had acted unethically by publishing the Celera Genomics
paper when Celera Genomics had not entered its data in
an international database.

For genome researchers who objected to the propri-
etary practices of Celera Genomics, the open-source
regime offered a welcome alternative, one that not only
provided ready access to the research methodology
behind the data, but also one that would highlight ‘the
importance of sharing materials, data and research
rights, and requiring [a] fair global access’.23

THE FREE AND OPEN-SOURCE
METHODOLOGY (FLOSS)

In popular and in some scientific literature (see Sulston,
2002),24 ‘open source’ refers to a vast and often incom-
patible set of phenomena contrasting proprietary soft-
ware: according to Stallman for both ‘the free software
movement . . . and the open source camp . . . the enemy
is proprietary (non-free) software’.25 However it is very
important to distinguish between ‘open source’ and ‘free
software’ as their background and implications are some-
what different.

They do, indeed, share some practical projects but they
have different views and outcomes. Their connection
lies in their polemical target: proprietary software (see
above); the choice is rather between heavy licensing mea-
sures – such as patenting, in which everybody is excluded
from exploring the new product and new forms of copy-
right, in which no one is excluded, in principle, from
exploring the new product. Whereas the free-software

scientists wishing to use the database there are necessary conditions
such as not using or divulging information in a way that will adversely
affect deCODE’s business interests. Applications from scientists
working outside the licensee’s business have to be addressed to the
access committee. However, any research carried out in the public
domain (for example, by universities) is likely to have an adverse effect
on the licensee’s commercial interests.’
18 Sulston quoted in B. Koerner. Attacking Venter Capitalism. Wired
Magazine, June 2003; 11.6. Available at http://www.wired.com/wired/
archive/11.06/view.html?pg=3 [Accessed 21 Feb 2007].
19 J. Sulston & G. Ferry. 2002. The Common Thread: A Story of Science,
Politics, Ethics, and the Human Genome. Washington, DC: Joseph
Henry Press: 234.
20 Ashburner quoted in Moody, op. cit. note 3, p. 112.

21 Shreeve, op. cit. note 2, p. 220.
22 Moody, op. cit. note 3, p. 112.
23 P.L. Taylor. Research Sharing, Ethics and Public Benefit. Nature
Biotechnology 2007; 25: 398–401.
24 J. Sulston. 2002. Heritage of Humanity. Le Monde Diplomatique
December. Available at http://mondediplo.com/2002/12/15genome
[Accessed 22 Feb 2007].
25 R. Stallman. 2008. Why ‘Open Source’ Misses the Point of Free
Software. Available at: http://www.gnu.org/philosophy/open-source-
misses-the-point.html. [Accessed 27 Jan 2008].
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movement provides not only access to the source code
but also the possibility to improve the source code, open
source provides only access to the source code that, none-
theless, can be redistributed within proprietary software.
In the following we will discuss their main differences.

FREE SOFTWARE FOUNDATION (FSF)

The Free Software Foundation (FSF) was started in
1983,26 to support the GNU project which aimed at ‘cre-
ating a new software sharing community’ (Stallman,
2008) as a response to the growing industrial model of
software development prioritizing software commercial-
ization. The FSF sees free software as an ethical impera-
tive, because only free software respects the users’
freedom. In other words, the FSF proposes a philosophy
concerned with users’ freedom to cooperate. Free soft-
ware here means that software must be not only freely
available but also there should be ‘freedom to run it, to
study and change it, and to redistribute copies with or
without changes’.27

In order to comply with its purposes, a General Public
License (GPL) was developed (now a third update is
available at http://www.gnu.org/licenses/gpl-3.0.html); all
the various GPLs include four freedoms that are essential
to free software:

0. The freedom to run the program, for any purpose.
1. The freedom to study how the program works, and

adapt it to your needs. Access to the source code is a
precondition for this.

2. The freedom to redistribute copies so you can help
your neighbour.

3. The freedom to improve the program, and release
your improvements to the public, so that the whole
community benefits. Access to the source code is a
precondition for this.28

It is very important to notice that clause 3 requires that all
derivative works of GPL software also be licensed under
the GPL, if and when they are published, in order to
propagate these freedoms. This protection is known as
‘copyleft’ and prevents source code from being swallowed
up in a commercial venture.29 In other words, the only

substantive restriction imposed by the GPL is that the
user must preserve the licence, and pass on the same
rights, unimpaired, to other users, which by definition
includes giving access to the source code, and to any
changes that have been made to the code. (This restric-
tion is sometimes referred to as the ‘viral clause’). Copy-
left is a novel kind of copyright concept used in FSF to
articulate a configuration of property relations where we
may say distribution is substituted for exclusion (which is
typical of patents) to provide four basic freedoms or
rights in the GPL.30

OPEN SOURCE INITIATIVE (OSI)

On the other hand the definition on the Open Source
Initiative (OSI) considers issues in terms of how to make
software ‘better’ – in a practical sense only. The OSI
website states that open source must comply with the
following criteria in order to fulfil its scope:

1. Free redistribution: the licence shall not require a
royalty or other fee for such sale.

2. Source code: the program must include source code,
and must allow distribution in source code as well as
compiled form. The source code must be readily
available.

3. Derived works: the licence must allow modifications
and derived works, and must allow them to be dis-
tributed under the same terms as the licence of the
original software.

4. Integrity of the author’s source code: users have a
right to know who is responsible for the software
they are using. Authors and maintainers have [a]
reciprocal right to know what they’re being asked to
support and protect their reputation or groups.

5. No discrimination against fields of endeavour.
6. Distribution of licence: the rights attached to the

program must apply to all to whom the program is
redistributed without the need for execution of an
additional licence by those parties.

7. The licence must not be specific to a product.
8. The licence must not restrict other software: distribu-

tors of open-source software have the right to make
their own choices about their own software.

9. The licence must be technology-neutral.26 Ibid.
27 Ibid.
28 GPL v.3 is very controversial as it countermands some of the clauses
in the previous versions. See F.S. Grodzinsky & M.J. Wolf. 2008.
Ethical Interest in Free and Open Source Software. In Himma &
Tavani, op. cit. note 8, pp. 245–271.
29 F.S. Grodzinsky, K. Miller & M.J. Wolf. Ethical Issues in Open
Source Software. ICES 2003; 1.4: 193–206.

30 J.M. Pedersen. 2005. Revisiting the Circumstances of Justice in the
light of Free Software: What Happened to Society? Available at http://
www.lancs.ac.uk/ug/pedersen/drafts/Edinburgh_paper.html [Accessed
28 Jan 2008].
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It is instructive to make some observations about the
rationale for licensing. The first criterion alludes to the
potential universal distribution of the licensed product.
Although the OSI definition’s ten criteria are referring to
software, the tenth and last protocol could suggest that
the concept of open source ‘may be predicated on any
individual technology or style of interface’31 and, in par-
ticular, it explicitly cites genetics research. In protocol #6,
indeed, it states: ‘The license must not restrict anyone
from making use of the program in a specific field of
endeavor. For example, it may not restrict the program
from being used in a business, or from being used for
genetic research.’ The open-source philosophy therefore
could be used as a model with applications to other
spheres of technology because of its universality and
neutrality. Nor does it exclude business or commercial
enterprises: ‘We want commercial users to join our com-
munity, not feel excluded from it’.32

The major limitation of the OSI definition of open
source is that it does not provide any restrictive clauses to
address cases in which the protocol is broken. It is very
difficult to predict what if any moral or legal coercion a
violator would incur other than an implicit threat to be
cast out from the open-source ‘heaven.’ In other words,
the OSI definition of open source accepts principles of
distributive, contributive, and commutative justice but
fails to mention retributive justice. This point, however, is
matter of debate; copyright attaches at the moment codes
are created, and copying or alteration of the code is then
an infringement unless a licence is granted to do so.
Moreover, there is considerable debate over whether
copyright is only compensatory or can be retributive.
Certainly the state can prosecute copyright violations as a
criminal matter, but this is not contemplated in OSI
licenses.33

In conclusion, OSI is less interested in the ethical and
philosophical tenets emphasized by Stallman and is more
focused on promoting open source as a development
methodology. It is the so-called ‘viral clause’ which
makes the defining difference. The Open Source method-
ology does not secure continuity to the same degree that
the GPL/FSF does, because you can take an Open Source
code segment and include it in your program without
releasing that program as Open Source.

WHY USE FLOSS IN GENETICS?

The most appealing feature especially of the Open Source
philosophy for genetics and software research is the pos-
sibility for creating an open and virtually infinite research
network based on the idea that the source code can be
given away, enabling other researchers to fix and improve
the software. Another positive feature is that Open
Source projects tend to generate much stronger commu-
nities than other types of projects.

Because of its application to the Big Science phenom-
enon involving research centres from all over the world,
the FLOSS philosophy seems to provide an explicit and
updated ethical code reminiscent of Merton’s ‘four rules’
for scientific practice aimed at ensuring the growth of
certified knowledge:

1. Universalism: scientific truths are of an impersonal
nature, that is, valid erga omnes, independent of the
scientist and the place of discovery.

2. ‘Communism’: science is basically a social practice,
based on past efforts influencing future efforts.

3. Disinterestedness: a scientist’s commitment to truth
is his/her primary motivation.

4. Organized skepticism: the valuation of possible
truths by means of open debate, peer review, and
experimental replicability.34

Such an ethical code may be utopian given its lack of any
provision for coercive enforcement of these four idealistic
principles and its failure to address the notion of ‘hacker
attitude’.35

The entire premise of the Open Source philosophy
is predicated on sharing knowledge of technological
advancements broadly and creating and advancing such
technological knowledge for the good of the commu-
nity.36 As systems become more complex, calculations
that are verifiable in principle, such as those used in
genetics are no longer verifiable in practice without public
access to the code. It is therefore imperative for sceptical
(or neutral) scientific inquiry that software used for simu-
lating complex systems be available in source-code form.

Social cultural anthropologist Paul Rabinow main-
tains that the most important reward for scientists is the
appreciation of their community, including increased

31 Open Source Initiative (OSI). 2007. The Open Source Definition,
version 1.9. Available at http://www.opensource.org/docs/
definition.php [Accessed 7 Feb 2007].
32 Ibid.
33 I am indebted to Prof. Dan L. Burk of the Minnesota University Law
School for this point.

34 R.K. Merton. 1942. The Ethos of Science. In On Social Structure and
Science. R.K. Merton & P. Sztompka, eds. 1996. Chicago: University of
Chicago Press: 269–276.
35 A. Marturano. Molecular Biologists as Hackers of Human Data:
Rethinking IPR for Bioinformatics Research. ICES 2003; 1.4: 207–216.
36 L. Torvalds. 2001. What Makes Hackers Tick? A.k.a. Linus’s Law.
In The Hacker Ethic and the Spirit of the Information Age. P. Himanen,
ed. London: Vintage: xiii–xviii.
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professional prestige. According to Merton, the trick in
the system stems from the fact that scientists, while
working for their own interests, are simultaneously col-
lectively reinforcing the public good.37

But, according to technology journalist Kenneth
Cukier,38 as the industry advances, there is a growing call
among researchers to redraw the lines of intellectual
property. Instead of simply learning to live with the
current system, they want to upend it. In addition to
graduate degrees, researchers are armed with moral argu-
ments, evidence of economic efficiency, and a nascent
spirit of solidarity, all of which are renewing (along Mer-
ton’s lines) the traditional ethos of cooperation found in
the sciences and the academy. And the approach gaining
momentum, the open-source model, comes from the
neighboring industry of information technology. Its
underlying principles are the communal development of a
technology, complete transparency in how it works, and
the ability to use and improve it freely provided improve-
ments are shared openly. Whereas proprietary software’s
underlying code cannot be modified (and normally not
even inspected) by customers, open-source products
encourage users to engage in further product develop-
ment and improvement.

According to biology historian Marga Vicedo,39 the
coordination of different tasks and cooperation among
all the research groups proved to be two of the biggest
challenges facing the HGP at its inception. Vicedo
claimed, ‘Some regulatory guide-lines could be estab-
lished to secure the smooth functioning of the project, but
the scientists concerned hold different views on this issue.
J. Watson, for example, thinks that the groups will
develop rules to co-ordinate their efforts as the investiga-
tions proceed. Other researchers, like Walter Gilbert
(Harvard), think that clear rules should provide all par-
ticipating members access to the results. Others suggest
that the need for groups to communicate to obtain
mutual benefits will force them to co-operate. Elke

Jordan believes that the HGP’s goals will be unattainable
unless it is ‘built on teamwork, networking and colla-
boration.’ In his opinion, ‘This makes sharing and
co-operation an ethical imperative’.40 Thus, the emerging
patent-and-publish system between researchers and the
pharmaceutical and biotechnologies industries that
funded them (a merger of scientific research and business)
raised concerns regarding cooperation. ‘Although debate
and discussion continue, a large biotechnology industry
funded by a massive infusion of venture capital and an
equally significant amount of capital from large, often
multinational pharmaceutical companies had become an
established force’.41

The FLOSS rules – in particular those provided by the
FSF – are explicit enough in terms of framing standard-
ization and supporting the traditional ethos of scientific
research (as perceived by Merton) that they may be
applied with minor modifications to genomic research.
The hacker guru Eric Raymond claims that this philoso-
phy promises a shift from an exchange economy to a
‘gift-economy,’ where status among peers is achieved by
giving away things that are useful to the community.42 In
particular, social aspects of science work in a similar way
– activities such as publishing papers, giving talks, and
sharing results help scientists to obtain status among their
scientific peers. Science, in this sense, is a sort of gift
economy of ideas. The FLOSS model thus shares the
basic nature of the Mertonian interpretation on the
making of scientific research and simultaneously pre-
serves the right of the scientist to recognition or attribu-
tion for her research or discovery. Some authors have
criticized Raymond’s application of ‘gift economy’ to
open source. Social anthropologist David Zeitlyn, for
example, claims that Raymond’s idea of ‘gift economy’ is
misleading; at best, he considers such a concept a
‘layman’s parable’ or metaphor.43 It is very difficult to
establish whether Raymond’s concept of gift economy is

37 See P. Rabinow. 1996. Making PCR: A Story of Biotechnology.
Chicago: University of Chicago Press: 12. The FSF movement
encompasses the classical economists’ spirit of decentralization, which is
considered essential to progress, with a relatively new conception of
enlightened community interest, championed by legal theorist Y.
Benkler. Coase’s Penguin, or, Linux and the Nature of the Firm. Yale
Law J 2002; 112: 369. Benkler considers FLOSS processes peer-based,
non-capitalist modes of production that are likely to expand well
beyond software design.
38 K.N. Cukier. Open Source Biotech: Can a Non-Proprietary
Approach to Intellectual Property Work in the Life Sciences? Acumen J
Life Sci September/October 2003; 1.3. Available at http://www.cukier.
com/writings/opensourcebiotech.html [Accessed 22 Feb 2007].
39 M. Vicedo. The Human Genome Project: Towards an Analysis of the
Empirical, Ethical and Conceptual Issues Involved. Biology and Phi-
losophy 1992; 7: 255–277.

40 Ibid: 259.
41 P. Rabinow. 1999. French DNA: Trouble in Purgatory. Chicago:
University of Chicago Press: 3.
42 E.S. Raymond. 1998. Homesteading the Noosphere. First Monday;
3.10. Available at http://www.uic.edu/htbin/cgiwrap/bin/ojs/index.php/
fm/issue/view/97 [Accessed 20 Oct 2008].
43 He suggests that a better metaphor would be those of ‘kinship amity’.
Why is this a good metaphor for understanding the social dynamics of
open-source software? Zeitlyn suggests the metaphor of ‘kinship amity’
would carry potent parallels: ‘For example, there are no exchange or
monetarised transactions within a kin group but there are no such
restrictions with strangers (non-kin). This begins to be suggestive when
you look at . . . software engineers active in open source projects who
behave very differently when Sun [a network-computing company]
approaches them with a consultancy. Relations of amity are real and
have been achieved with those you have long collaborated with. There
are others that you may know about vaguely who are in similar
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a good metaphor because it involves analysing quite
sophisticated concepts of the philosophy of science (such
as metaphors and models) that go beyond the scope of
this paper.

According to Cukier,44 the Human Genome Analysis
Group at the Sanger Institute in Britain contacted the
father of the free-software movement, Richard Stallman,
for advice even before the completion of the draft of the
genome (which, controversially, received assistance from
the private-sector company Celera Genomics). ‘Soon,
draft license agreements and implementation plans were
circulated, followed by a round of legal reviews. A ‘click-
wrap contract’ was drawn up so that if a party refined a
sequence by mixing the Human Genome Project’s public
draft version with extra sequence data, they would be
obliged to release it. ‘Protecting the sequence from
someone taking it, refining it and then licensing it in a
way that locked everyone in, was the primary objective,’
said Tim Hubbard of the Sanger Institute.45 Hubbard, is
referring here to what is called the ‘viral clause’ central, as
we saw before, in the GPL.

The parallel in life sciences to the public policy debate
about the balance between private land and public land is
the debate over ownership of other natural phenomena
like the human genome that represent a ‘common good,’
according to John Sulston, co-recipient of the 2002 Nobel
Prize in Physiology or Medicine.46 ‘Progress is best in
open source,’ he concluded.47 Sulston, indeed, was keen
to use open-source methodologies for protecting the
state-financed genomic data once Celera Genomics ‘was
claiming to have ‘beaten’ us (the state-funded consor-
tium) in the ‘race’ to the genome’.48 The idea was ‘to put
a note on the human genome data deposited in the public
database by the G5 genome centres, saying that anyone
would be free to use the data in their own research or to
develop products, and to redistribute it in any form.
However, anyone who did this would not be allowed to
put in place new restrictions on its further development
or redistribution’.49 Unfortunately, Sulston said the idea
met with a chorus of disapproval from those at the public
databases. Indeed, the main argument against the use of

open-source access to the public database was that ‘it
went entirely against the principle, hard won over the
previous decades, that data deposited in the databases
were completely free for anyone to use without restric-
tions. . . . They were vehemently opposed to encouraging
the idea that anyone in the future who wanted to deposit
data in the public databases could impose their own set
of conditions . . . and finally . . . they foresaw it as a PR
(property right) disaster, easily interpreted by Celera as
an ill-intentioned spoiling tactic’.50 Therefore, Sulston
and other leading members of the HGP dropped all dis-
cussion of open-source licensing or any other form of
restrictions on the use of data from the public project.51

CONCLUSION

According to technology journalist Glyn Moody, Celera
Genomics changed its business model because it could
not win in a race against companies that subscribed to the
open source philosophy. ‘The huge biocomputing system
put together by Compaq for Celera Genomics was [obso-
lete in a sense]. . . . Modular systems built around open
source software solutions were far more cost-effective’.52

‘The Celera model was doomed . . . for two quite sepa-
rate but congruent reasons: the ready availability of both
DNA code in the public databases and free computer
code in the form of open source software like GNU/
Linux that made high-performance computing available
to anyone who had enough low-cost commodity hard-
ware.’53 Sulston was right: ‘Progress is best in open
source’.54

FLOSS methodologies are preferable not only for eco-
nomic reasons but also for ethical reasons. The patent-
and-publish approach was – at least in the case we
examined (Venter) – a kind of transactional approach55

based on providing businesses with incentives (rights to
patents) in exchange for financial support for scientific
research. The object of such an approach is for agreement
on a course of action that satisfies the immediate, sepa-
rate purposes of businesses and scientists. For example, a
scientist grants a business the right to exploit (by means
of patents) her scientific research in exchange for funds
that enable her to continue or expand her research. ‘It is

relationships but not with you. Between you, ab initio, there is no
relationship – you have not worked together. You are not kin. But
kinship amity can be created through interaction. And the crucial type
of interaction is gift exchange – the gift of code!’ D. Zeitlyn. Gift
Economies in the Development of Open Source Software: Anthropo-
logical Reflections, Research Policy 2003; 32: 1287–1291.
44 K.N. Cukier, op. cit. note 38.
45 Ibid.
46 Sulston & Ferry, op. cit. note 19, pp. 266–267.
47 Sulston quoted in Cukier, op. cit. note 38.
48 Sulston & Ferry, op. cit. note 19, p. 211.
49 Ibid.

50 Ibid: 212–213.
51 Ibid: 213.
52 Moody, op. cit. note 3, p. 153.
53 Ibid: 154.
54 J. Sulston cited in K.N. Cukier, op. cit. note 38.
55 I borrow the terms transactional and transformational (or visionary)
from the leadership studies literature. These terms were coined by James
MacGregor Burns (1978) and are now widely used.
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ironic that the first major scientific field that came to
depend so completely on the Internet for its accelerating
progress should see its brightest business hope dashed
low by dot-com excesses,’ Moody observed.56 Once the
dot-com bubble imploded the likelihood that Celera
Genomics would lead the biotechnology field greatly
diminished. The patent-and-publish model understood
scientific research just as a commodity; it was based on
the idea that scientific ethos (summarized by Merton’s
four rules of scientific practice) was a set of extrinsic
values valuable not per se but only in terms of the amount
of money generated and exchanged.

In contrast, FLOSS methodology (conceived as an
updated formalization of Merton’s four rules) can be
understood as a transformational (or visionary) ap-
proach to scientific practice. It is compatible with the
visionary roots of bioinformatics – as exemplified by bio-
informatics pioneer Margaret Dayhoff, who shared her
biological discoveries, tool development, and resource
development with peers57 – and the notion that science
(along Mertonian lines) should be based on the ‘economy
of gift’ rather than sold to the highest bidder. The trans-
formational approach looks beyond the satisfaction of
the immediate needs of a scientist or group of scientists to
the potential motives in scientific practice; it seeks to
satisfy higher needs. The object is to turn individuals’
attention toward larger causes (such as the development
of science), thereby converting self-interest into collective

concerns. The distinguishing feature of the transforma-
tional approach is the common goal. Finally, the trans-
formational approach is motivating, uplifting, and
ultimately moral in that it raises the level of human
conduct and the ethical aspirations of scientists. Such an
approach understands scientific practice as endorsing a
set of intrinsic values (such as Merton’s universalism,
‘communism,’ disinterestedness, and scepticism) that are
valuable per se and cannot be reduced to commodities
that may be exchanged for other goods. Nonetheless,
open source is not an alternative to the business model;
both models can coexist and even form partnerships, as
happened in the biotechnology field with the Drosophila
project.58
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