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ABSTRACT — Genomics poses challenges that are specific to historians of science. Such
challenges are not necessarily met by most recent sociologically-oriented approaches.
This paper argues that historians of genomics can draw some lessons from the history of
molecular biology, in part because some of the actors, concepts, and tools have made a
transition between the two fields. More importantly, historians face the marginalization
of scientific fields and actors that played a role in the integration of both ultra-disciplines.
While biochemistry and genetics played an underrated role in the rising of molecular
biology, research on the molecular evolution of informational molecules (molecular
phylogenetics) played a neglected but nevertheless central role in the development of
conceptual and analytical bioinformatics tools for genomics. Even today genomic tools
incorporate underlying assumptions that show their origins in problems of comparative
biology. This is particularly true in the case of the algorithms for sequence alignment, first
proposed by Needleman and Wunsch (1970). The present essay also makes reference to
areas in the history of science that require further investigation for an understanding of
the transformations brought about by genomics to biological research, namely, the role of
automation — beyond sequencing — and the intersection of biology and mathematics.
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Introduction

Writing the history of genomics poses a number of challenges to
historians of science. The history of science, as practiced in the last
decades, aims to depict the social and material dimensions of scientific
practice in its own context. In this broad definition, history touches the
goals traditionally associated with sociology. However, the writing of
history is supposed to deliver detailed genealogical narratives that show
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temporal connections between ideas, fields, events, actors, and objects
that mediate between past and present. Some of these connections
may not be apparent from the viewpoint of the synchronic analysis
characteristic of sociological studies. Genomics is even more obscured
by the fact that we are dealing with a case in the recent history of science.
On some particular issues the temporal dimension does not have enough
depth and thus it may be easy to take sociological accounts for historical
ones, not that these perspectives are exclusive. On the contrary,
sociological and historical accounts illuminate each other. ! But in order
to be useful to each other, the historical perspective needs to bring into
light the actors, objects, and spaces that are not revisited from a more
contemporary or synchronic perspective.

The present essay aims to shed light on some of the specific tasks
of historians of science interested on the mediations that eventually
transformed a complex set of practices in 20%-century biology into
genomics. To do so, I have divided this article into three sections. First, I
make reference to some historiographical problems faced by historians of
molecular biology and their relevance for investigations into genomics. I
rely on previous critical work in the historiography of science in general
and molecular biology in particular. The second part takes one of the
most conspicuous concerns of historians of molecular biology, namely,
the contribution of disciplines “left on the margins,” to reflect on
actors and tools that have not figured prominently in recent accounts of
genomics. In particular, I argue for the usefulness of histories of tools as
a means to bring into focus the contribution of fields that have been left
out from the picture in both sociological-oriented (STS) accounts and
those of scientists. This reflection is illustrated in the third section by a
brief account of the development of algorithms for sequence alignment
and comparison, initiated by Saul B. Needleman and Christian Wunsch
(1970). This case study shows the relevance, connections, and even
continuities between tools developed for taxonomic and phylogenetic
concerns and the tools of sequence analysis that figure so prominently in
genomic practices.

1 As will be clear in the text, the focus on history and its challenges is not intended as an overall
critique of the STS perspective, nor of sociologically informed accounts. Moreover, because of the
integrative nature of genomics, some of the questions faced by historians cannot be met without an
interdisciplinary approach, as Sabina Leonelli has forcefully argued (this issue). The automation of
scientific research and the transformation that this process has provoked in the organization of work,
is a clear example of an area of study requiring all types of approaches in science studies.
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The History of Science as Written by Scientists

In contrast to the first professional accounts of the history of
molecular biology (Olby 1974; Judson 1979; Morange 1998), students
of genomics have used a vast array of interpretative tools taken from
the social sciences and the humanities. Most of these studies describe a
dynamic enterprise in which layers of science, technology, industry, and
government intersect and interact in profound and novel ways, reflecting
not only current trends in science and technology studies, but the diverse
transformations that have taken place in late 20 and early 21st-century
life sciences research. Accounts of genomics range from the analysis of
the new organization of scientific research (Fujimura 1999; Hilgartner
2004; Kaufman 2004; Ramillon 2007; Leonelli 2007; Strasser 2008) to
the latest biotech and state ventures in the context of broader reflections
on the globalization of markets, politics and information (Parry 2004;
Reardon 2004; Sunder Rajan 2006; Fortun 2008; see also Thacker 2006).
All these studies have obvious and, to my view, beneficial impacts on the
way historians may approach the vast field of genomics. At the very least,
they have opened a number of spaces to look for historical research. For
their part, historical accounts have also paid attention to the development
of material and social practices of genomics, mainly focusing on model
organisms (Ankeny 2001; 2010; De Chadarevian 2004; Leonelli 2007)
and the Human Genome Project (Kevles and Hood 1992; Beatty 2000;
Cook-Deegan 2004).

Still, there is a lot of work left in this area for professional historians.
Despite the obvious difference in the diversity of approaches, the
historiography of genomics has several points of contact with the
historiography of molecular biology, if only because many scientists,
including prominent figures like James D. Watson, Craig Venter, Charles
Cantor and Francis Collins, have made their way from one field of
practice to the other. Thus, a first historical question arises as to the
context where such personal reconfigurations have taken place. This is
analogous to the specific and sometimes very local configurations that
led many biochemists, physicists, and biophysicists from the 1960s to
call themselves “molecular biologists.”?

2 This issue has captured a lot of attention from historians of biology. See, for example De
Chadarevian (1996) for the case of chemist Fred Sanger, or Santesmases (2006) for biochemist Severo
Ochoa and the papers brought together by Tibor Frank on physicist Leo Szilard (2004). More gener-
ally, De Chadarevian (2004) makes reference to the transformation of physicists, chemists, and bio-
physicists into molecular biologists at the Cambridge Laboratory of Molecular Biology at the end
of the 1960s. Gaudilliere (1996) also makes reference to the changing status of Francois Jacob and
Jacques Monod from microbial genetics and enzymology to molecular biology.



68 EDNA SUAREZ-DIAZ

In the case of genomics, the interaction of former molecular biologists
with computer scientists (including former mathematicians and
physicists), technological innovators, and administrators, gave way to new
types of scientists, some of them seldom worried with wet experiments
but some deeply engaged in the details of organismic development.

Moreover, some of the central characters in genomics have been
instrumental in extending their personal narratives to account for the
transformations in their field of research. In this vein, one of the most
conspicuous continuities has been the involvement of leading scientists
in the writing and legitimating of the history of genomics, much in the
same way as leading molecular biologists of a generation ago wrote their
personal accounts of their own field (for instance, Stent 1968). In the past
decade this trend has comprised the writing of autobiographies (Sulston
and Ferry 2002; Venter 2007) and personal accounts of the field (Cook-
Deegan 1994), with an obvious focus on the Human Genome Project.
These histories have developed a perspective where previous developments
in the life sciences are seen as inevitably leading to the HGP.

Pnina Abir-Am’s earlier reflections on the historiography of molecular
biology and, in particular, the role played by myths of origins enacted
in scientists’accounts, are clearly relevant in a reflection on our present
difficulties in the writing of genomics (Abir-Am 1985; 1999). Two different
but interrelated aspects of her analysis are of particular interest here. The
first one refers to the themes and genres brought about by prominent
scientists; the second, to the complexities of scientific research in what
Abir-Am calls the “ultra-discipline” of molecular biology, “integrating
resources from half a dozen traditional disciplines” (Abir-Am 1985, 73).

Concerning the first, historians have for a long time debated on
the epistemic value of the history of science as written by scientists.
Besides the resonance of this debate on claims about disciplinary
boundaries and cognitive authority, the arguments of historians
have revolved around the perils of presentist agendas and, at worst,
of whiggish history?> More specifically, many of the questions that
the historian of recent science asks are, by definition, shaped by the
same contemporary concerns of his/her subjects. The globalization
of knowledge, to name one of the most conspicuous concerns,
certainly affects genomic practices as much as historical research.

3 For instance, see the opposing arguments of Forman (1991), banning all types of presentism, arguing
for a thorough historicism as a way to attain izdependence from scientists and the position defended by Hull
(1979) and Brush (1995), who defend the virtues and unavoidability of a mild presentism. The consensus
among historians of science, in the decades after George Sarton, is a common cause against whiggish his-
tory. A thorough revision of references on this debate is included in Brush (1995).
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Thus, today it is quite accepted that historians should not rely on
scientists’ accounts of their fields in order to attain independence (Forman
1991), but it also seems clear that scientists’ accounts can be useful and also
historically meaningful. Meaningful contributions by scientists, however,
are not always easy to discern. As early as the mid- to late-1960s, the first
personal accounts on the origins and development of molecular biology
were published by some of the most visible scientists in the field (Cairns,
Stent and Watson 1966; Watson 1968; Stent 1968). These ranged from
autobiographies (Watson 1968; Jacob 1988; Crick 1988; Stent 1998, etc.)
to any subject related to their science: from the nature of discovery (Jacob
1988), the aims of science, the nature of nature and human nature (Monod
1972), and even the end of progress (as Gunther Stent did in 1969), to
“the less glorified aspects of science and society,” as noted by Pnina Abir-
Am on a review of molecular biologists’ autobiographies (1991, 327).

These actors’ accounts revealed the growth of a less mythical and
more candid relation between science and society, touching on personal,
national, and institutional rivalries, as well as “micro- and macro-
politics of dubious morality.” Perhaps, says Abir-Am, such “antiheroic
narratives” resulted from scientists’ growing awareness of public interest
in a less idealized image of science. Or, as Michael Bishop, co-discoverer
of the oncogenes and Nobel laureate says in his own autobiographical
account, the point was to show that scientists are “supremely human,”
in an effort to reconcile science and society. At the end of the 1960s and
through the 1970s and 1980s, such efforts clearly reflected the changing
position of science within society at large, a question of the greatest
interest to professional historians (Bishop 2004).

Abir-Am argues, however, that in this context and despite the
very different types of characters, most of molecular biologists’
autobiographies shared the plot of a “scientific Cinderella,” depicting a
life that grows from marginality to stardom in the context of post-War
biology and the development of biotechnology (Abir-Am 1991, 327).
In its recent obituary of Gunther Stent (June 16, 2008), for instance,
The New York Times quotes Stent’s colleague stating that he belonged
to the “small band of pioneers,” that included a few scientists in the
circle surrounding Watson, Crick, and Delbriick as well as the French
Pasteurians. Not surprisingly, the “small band of pioneers” includes the
most vocal representatives of the Cinderella plot and, according to Abir-
Am, the main builders of a legitimate order for the new biology.

Despite the mass of work devoted to deconstruct scientists’ accounts
and agendas, a fair historical evaluation must recognize the value
of the autobiographical genre. What is more significant about an
autobiographical account is not that it evokes the past, but that it offers
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“different appreciations of what it is desirable to recall” (Abir-Am 1985,
326). Such considerations are more than relevant when evaluating the
recent publications of many of the most prominent first-generation
genomicists. A small band of genomicists obviously includes Craig Venter
(2007), but also figures like John Sulston (Sulston and Ferry 2002) and
Francis Collins (2007).4 The Cinderella of the market and the heroes of
public interest have greatly influenced the subjects and themes chosen
by sociologically-informed accounts of genomics. Notoriously, with a
few exceptions (Cantor 1992; Cook-Deegan 1994), these genomicists’
narratives have not paid attention to the actual builders of the material
and conceptual tools, methods, and models of this interdisciplinary
multi-layered field.

In this context, and notwithstanding his opinions on other aspects of
the debate, Paul Forman’s advice seems useful as a regulatory ideal: “only
by tborougb[y historicizing scientific knowledge — explaining possession
of specific pieces or structures of it, not by appealing to a trascendent
reality . . ., but by reference to mundane factors and human actors —
can historians of science move from whiggery and toward intellectual
independence” (Forman 1991, 78). As I will demonstrate, the recent
focus on the historicity of such “mundane factors” as instruments and
tools has shown a good exit from this endless debate.

Even in those areas where attention to technology and innovators
has been granted, such as the case of sequencing technologies, we still
know very little about the development of competing alternatives,
such as the innovations that took place in Japan (see Fujimura 1999).
More importantly, we lack historical studies that cover the broad
range of tools used in genomics. The focus on automated sequencers,
given the prominent role of Leroy Hood and Applied Biosystems
in the history of the HGP, has had the unintended consequence of
creating an historical vacuum. We know nothing, for instance, about
the development of robotics for the construction of genetic and
molecular libraries, even though these seemingly “humble” and more
trivial technologies are as important to genomics as the sequencing
machines.> On this issue, it is also relevant not to forget that the drive to
automation has not been limited to sequencing procedures and extends
to the automation of inference procedures.

4 Francis Collins’s book, however, stands alone in his personal struggle to bring science and re-
ligion together. In his more recent book Collins (to be delivered in 2010) seeks to present genomic
medicine in a vivid and accessible way, and “sets out hope without hype, and will enrich the mind and
uplift the heart” (from Amazon’s Editorial Reviews).

> Vincent Ramillon made me realize this point (personal communication).
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One of the few references to the many other unacknowledged
technologies of genomics, dating back to electrophoresis and nucleic
acid hybridization, is the paper by Charles Cantor included in Daniel
Kevles’s and Leroy Hood’s volume on the Human Genome Project
(1992). This case illustrates both the meaningful historicity of the actors’
accounts and the lack of attention by professional historians of science
to the more mundane objects of scientific research. In this case the
marginalization is all the more inexcusable given Cantor’s prominent role
in the history of the HGP. Cantor, former director of the Department of
Energy Human Genome Project and co-author with Berkeley colleague
Cassandra Smith of one of the first textbooks on genomics (Cantor and
Smith 1999), has been granted 54 US patents. Some of them, like the
one on the automatic production of molecular libraries and pulse field
gel electrophoresis, are included in his textbook, a valuable source for
historians of science interested in the range of genomic techniques.

Moreover, to date, even the triumphant technologies of automated
sequencers and bioinformatics appear in most of the available accounts
as subservient to the main plots we have inherited from the scientists’
accounts: either the maverick scientist-entrepreneur who has fought for
his individual right to advance scientific research (Venter 2007) or the
intersection of industry, government, and university research (Cook-
Deegan 1994; Sulston and Ferry 2002; and sociologically-informed
accounts of Hilgartner 2004; Kaufman 2004).

One generation ago, as an unintended consequence of the leading
actors’ prolific writing, some historians of molecular biology built what
Abir-Am (1985) calls a “second-order” legitimating regime, one that
institutionalized the actor’s narratives within history itself.6 On the other
hand, many historians of science as well as scientists whose disciplinary
practices had been left on the margin, struggled to offer alternative
narratives of molecular biology. In particular, historians of molecular
biology soon learned that the image of physics as the main contributor
to the origins of molecular biology and the corresponding dismissal of
the role played by biochemistry and classical genetics, was only a socio-
professional myth and a legitimating resource, enacted by physicists
turned molecular biologists. The myth, however left its mark. It took
the work of many historians of science to deconstruct it and replace
it by a more equilibrated and sophisticated account of the disciplinary

¢ Following the themes and genres of this early group of “chroniclers,” historians were trapped in
the actor’s plots. The Eighth Day of Creation (1978), written by journalist-historian of science Horace
F. Judson and by far one of the most popular books on the history of molecular biology, including
dozens of useful interviews, shares many of the tropes, actors, and episodes of the s#zall band.
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sources that gave rise to molecular biology (see Abir-Am 1992; papers
included in De Chadarevian and Gaudilliere 1996).7 This last point takes
us directly to my second historiographical concern in writing the history
of genomics, the difficulties of writing about a multi-layered, inter- or
even trans-disciplinary field that integrates the practices and socio-
professional features of at least a handful of disciplines.

Molecular Evolution and Bioinformatics

When the practices of what became to be known as “molecular
biology” started to form at the end of the 1930s and up to the late 1950s,
interdisciplinarity was not the exchange commodity it is today. Molecular
biology integrated physicists, organic chemists, biochemists, geneticists,
and all kinds of life science practitioners escaping from medical research
(on the latter, Gaudilliere 1996). Issues of prestige, epistemic authority,
and power were at the core of the redefinition of disciplinary boundaries
in post-war biology. Some historians of molecular biology have also
documented, not at the level of the labels, but at the level of scientific
practices, the many contingencies affecting the professional careers and
choices of individual scientists that made their ways from one field of
research to the new interdisciplinary field. Thus, for instance, Soraya
de Chadarevian has accounted for the career of chemist Fred Sanger
in the context of “negotiations between biochemists and molecular
biologists (mostly crystallographers) accompanying the construction
of the new field of molecular biology” (1996, 362). Sanger’s work on
the sequencing of insulin confirmed that proteins consisted of specific
sequences of chains of amino acids, thus providing a direct link with the
idea of genetic information and the early speculations about the genetic
code. De Chadarevian also documents the fact that the crystallographers
feared their field would someday become obsolete and the idea that
predicting function from sequences (structure) alone might some day
play a central role in the understanding of biological systems. Thus, when
deciding to move to the new MRC Laboratory of Molecular Biology at
Cambridge in the mid 1960s after winning the Nobel Prize in 1959 (for

7 The literature on this issue is enormous and continues to grow. For instance, to get a feeling
of the centrality of biochemistry and genetics in the everyday activities and research programs of
molecular biologists, one could just go through the pages of Larry Holmes’s recent and last book on
Seymour Benzer (2006, ch. 2) for a detailed reevaluation of classical genetics to the early research of
Max Delbriick or Maria Jesus Santesmases’s also recent biography of Severo Ochoa (2006) and his
reconfiguration from biochemistry to molecular biology.
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the first time), Sanger was not in a weak position as a chemist-biochemist,
a well-established discipline to which he belonged by training. However,
collaborative networks that had taken place at the bench level “were used
for and transformed by institutional and disciplinary developments.”
Thus, Sanger’s own contribution to the “success story” of the Molecular
Biology Laboratory at Cambridge helped to change the power balance
between disciplines. Becoming a molecular biologist, thus, was not only
a label. “Names matter. They are not only labels or reference terms for
historical accounts, but strategic tools” (De Chadarevian 2002, 206;
Powell et al. 2007).

The transformation of knowledge production in the last decades of
the 20t century and the impact it has had on the disciplinary structure
of the life sciences has delivered a new research landscape for scientists
and historians at the beginning of the 21+t century (De Chadarevian and
Rheinberger2006;2009; Morange 1998; Suarez2009). Inter-disciplinarity
does not need to be construed from the ground anymore (Gibbons et al.
1994; Nowotny et al. 2001). It does not need to be justified in a world
where scientific research is often socially distributed. However, this does
not mean that issues of cognitive and political power do not arise where
professional boundaries are reconfigured by scientific and technological
developments. On this issue, no historical or sociological research has
been done for the case of genomics. Nevertheless, it would be desirable
to understand the alliances and struggles between mathematicians and
physicists in their interaction with life scientists, given that the main
components of genomics are computer science (bioinformatics and
mathematics) and molecular biology.

Indeed, protein and nucleic acid sequence databases, tools for
sequence analysis, and computers are three elements of this new
configuration, whose development took place in very close relation
to each other and with overlapping goals, in particular during the last
three decades. This configuration, however, came together for the first
time in the mid-1960s, with the earlier attempts to construct molecular
evolutionary trees by comparing protein sequences. I will not attempt
the impossible task of showing that the origins of bioinformatics
and comparative or structural genomics lie in the rise of molecular
phylogenetic analysis. Sequence analysis is a much broader endeavor,
driven by the relatively autonomous interests of mathematicians and
computer scientists. But attention to the development of concrete
analytical tools shows the historical connection between problems and
methodological goals in bioinformatics and evolutionary biology.

This connection is frequently acknowledged by practitioners of
bioinformatics. Current textbooks, ranging from Bioznformatics for
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Dumimies (Claverie and Notredame 2007) to Jin Xiong’s Essential
Bioinformatics (2006), include a “historical” section on this issue in their
introductory chapters. For instance, in his introduction, Xiong claims:
“the earliest bioinformatics efforts can be traced back to the 1960s,
although the word bioinformatics did not exist there. Probably, the first
major bioinformatics project was undertaken by Margaret Dayhoff in
1965, who developed a first protein sequence data base called A¢las of
Protein Sequence and Structure” (2006, 3). Most textbooks, also include
chapters on the uses of bioinformatics for phylogenetic analysis. One
could say that the application of bioinformatics tools in the construction
of evolutionary trees is one of its most obvious uses. But in view of
what the historiography of molecular biology has taught us, we should
be suspicious of the scientists’ claims to past disciplinary ancestors and
myths of origins. By redirecting our attention to the relation between
evolutionary biology and bioinformatics we find meaningful historical
relations that are more subtle and complex than the scientists” historical
accounts. In particular, several of the tools and practices of bioinformatics
remain deeply tied or entrenched to problems of evolutionary biology.

For example, evolutionary trees are frequently the underlying model in
the construction of algorithms, optimization criteria, and software packages
for multiple sequence alignment (MSA). A tree model consists of a tree
topology and a model of accepted mutations along the branches. Basically,
this is a classical Darwinian representation for ancestral relations. But the
entrenchment of the tree model in MSA algorithms may also be a source of
problems and a door to the development of methods and new perspectives
in genomics. Given that multiple sequence alignments are used for several
purposes in molecular biology and genomics, the tree model sometimes fails.
For instance, in cases of lateral gene transfer, where an entire ancestry line
cannot be modeled by a unique tree or, in cases of convergent evolution, a
dialogue between evolutionary biologists and computer scientists is of help
to develop different alignment methods and software packages, not only in
order to solve problems in phylogenetics, but to address specific analytic
questions in functional and structural genomics (Durand 1997).

What is relevant about this example is that it points to the overlapping
of models and resources between molecular phylogenetics or, broadly
speaking, evolution, bioinformatics, and genomics. This overlap cannot
beaccounted for by the simplisticidea that the construction of phylogenies
is one of the many applications of bioinformatics and genomics. The
problems faced by molecular evolutionists in the 1960s helped to shape
the first attempts to develop methods for sequence analysis and many
of the underlying considerations in bioinformatics tools still carry
assumptions and commitments associated with phylogenetic analysis.
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Indeed, the origins of bioinformatics can be traced to three different
but intersecting lines of research and technological development already
present in the mid-1960s: the accumulation, first, of protein sequences,
and later of RNA and DNA sequences, due to previous research in protein
and nucleic acid biochemistry and automation (see Garcia-Sancho 2009),
followed by the development of data bases by statisticians and computer
scientists (Smith 1990; Strasser 2008); the implementation of fruitful
research programs based on the idea that biological macromolecules
carry information; and the introduction of computers in biological
research (Lenoir 1999; Hagen 2000; 2001; November 2006).

Regardless of the problematic connection between the “information
discourse” in molecular genetics and information theory (Kay 2000; Fox
Keller 2002; Brandt 2005; Suarez 2007), the idea that proteins and nucleic
acids carry evolutionary or phylogenetic information was advanced as a
fruitful research program since the early 1960s, in large part thanks to
the work of Emile Zuckerkandl and Linus Pauling (Zuckerkandl and
Pauling 1965a). Using passionate rhetoric, they reduced the problem of
reconstructing the history of species using a quantitative comparative
analysis of the information contained in its semantides; that is, molecules
with meaning (Zuckerkandl 2005, personal communication), which they
treated as historical documents (Dietrich 1998; Hagen 1999; Sudrez
2007; Sommer 2008).8

During the first half of the 1960s and well into the 1970s, the
comparative analysis of proteins made use of qualitative and semi-
quantitative methods, given the scarcity of sequence data (Needleman
and Margoliash 1963; Margoliash 1963; Zuckerkandl and Pauling 1962,
1965b). As more amino acid sequences became available, the need for
computational tools to search in the nascent databases grew. By the
end of the 1960s, however, Pehr Edman had already developed a fully
automated protein sequencing machine (the sequenator) that used the
degradation reaction he had developed some years before (Edman 1967,
1970). Using a somehow different approach, during the early 1970s
Stanford Moore and William Stein at the Rockefeller Institute, using
semi-automated techniques, were able to sequence the 174 amino acids
of ribonuclease in half the time that Fred Sanger had used to sequence
the insulin molecule (Moore and Stein 1973).°

8 Curiously enough, Georges Cuvier — founder of paleontology — seems to have been the first to use
the historical metaphor in the biological context. In his Preliminary Discourse of 1812, he described
fossil bones as “historical documents” (Rudwick 1997, 205).

9 Miguel Garcia-Sancho (2009) has reconstructed Fred Sanger’s work on the development of se-
quencing methods for proteins and nucleic acids, adopting the view of sequencing as a field of practice
(instead of a mere technique). This approach seems to open the space for a more dynamical histori-
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The first generation of molecular phylogeneticists already had realized
that each single residue of a long biological macromolecule and not
the entire protein, constituted a character. Thus, each amino acid or,
eventually, each nucleotide composing a macromolecule could be present
in different character states. The implication was that the quantitative
comparison of several molecules, composed by tens or hundreds of
these residues, required enormous computation capabilities which were
impossible to perform by the individual scientist. Thus, the quantitative
analysis of large data sets intersected in two obvious ways with the
introduction of computers in the life sciences: by incorporating the new
machines in universities and later at the laboratory bench (Lenoir 1999;
Hagen 2001; November 2006)!° and in the development of algorithms
or programs (software packages) to perform the comparative analysis
(Hagen 2000; Sudrez and Anaya 2008).

The first quantitative methods for estimating the minimum distance
between two molecules with the help of computers became possible
once the number of available protein sequences increased (Fitch and
Margoliash 1967; Dayhoff et al. 1965; Dayhoff 1969). One of the first
computer algorithms for constructing phylogenetic trees was conceived
by Walter Fitch, then at the University of Wisconsin.!!

Fitch used the 20 sequences of cytochrome ¢ obtained by biochemist
Emanuel Margoliash of Abbot Laboratories in Chicago, to develop a
“distance matrix method.” Such a method seeks for a tree that best predicts
a set of mutation distances between two molecules. Mutation distance was
“defined here as the minimal number of nucleotides that would be needed
to be altered in order for the gene for one cytochrome to code for the
other.” He added: “This distance is determined by a computer making a
pair-wise comparison of homologous amino acids” (Fitch and Margoliah
1967, 280).

cal analysis on the development of these procedures and its relative transformation into automated
procedures.

10 The use of computers in biology as a project promoted by the NIH in the 1960s (Lenoir 1999;
November 2006), or the impulse towards automation and development of computational tools related
to the Human Genome Project are examples of this (see Kevles and Hood 1992). Nevertheless a wide
variety of scientific research programs in traditional or new disciplinary domains between the 1960s
and 1980s became targets of the computerization of biology. Conspicuously, one of these was the nas-
cent field of studies on molecular evolution (see Hagen 2000; 2001; Suérez and Anaya 2008).

11 Fitch’s work became the basis upon which most sequence-analysis tools took place during the
1980s. But similar efforts in the direction of constructing phylogenetic trees had taken place almost
simultaneously by population geneticists Anthony Edwards and Luigi Luca Cavalli-Sforza in the mid-
1960s (Edwards and Cavalli-Sforza 1964; Cavalli-Sforza and Edwards 1967). However, instead of
protein sequences they used data on blood group variation in human populations and methods of
maximum likelihood.
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Indeed, the development of Fitch’s algorithm was made possible by the
availability of small computers in American universities in the 1960s and their
increased applicability for biological research. Most probably, Fitch used
an IBM machine of the 360 Series bought by the University of Wisconsin
(Fitch, personal communication 2007). And, as Hagen (2000) has pointed
out, Fitch, like Dayhoff, used the FORTRAN programming language
devised by IBM. A thorough account of how computers were introduced
into systematic research in the 1960s has been given by Joel Hagen (2000
2001). The proliferation of molecular data facilitated the intersection of
mathematics and systematic research, allowing the development of a
“statistical frame of mind” in the profession (Hagen 2000; Sudrez and Anaya
2008). This is all the more important, given the strong rivalries between the
cladistic, evolutionary, and pheneticist schools of taxonomic thought in the
1960s (Hull 1988). Regardless of the methodological commitments of each
school, a pragmatic approach developed among the first practitioners of
molecular phylogenetics, who enthusiastically undertook the development
of tools for sequence comparison and analysis.

The Tools of Comparison

Although one of the first computer trees was made after protein sequence
data, Fitch’s algorithm incorporated a definition to measure the minimum
distance between molecules in terms of nucleotide substitution. Previously,
he had done research on the genetic code (Fitch 1966) and like many of
his contemporaries, he held the idea that genes carried more phylogenetic
information than proteins (Fitch 1995, personal communication). Hence,
even when the first computer-based analysis and molecular databases
depended on the available protein sequences and DNA sequencing looked
well into the future, the most popular algorithms already addressed the
task as an analysis of nucleotide differences.!2

Very soon, scientists realized that the alignment of sequences for
comparative purposes faced serious conceptual and practical problems,
affecting later developments in bioinformatics. Such problems were
characteristic of evolutionary biology. One was the definition of homology
in the context of the comparison of molecules. I will not go into details
here, since a thorough account on the way in which the concept of

12 Margaret Dayhoff and her colleagues, however, developed a very useful matrix for amino acid
substitutions or PAMs (Dayhoff et al. 1965). PAM matrixes assign values for probabilities of amino-
acid substitutions and thus provide a way to understand the functional or biological (adaptive) value
of protein evolution. PAM matrixes have been recently revived by the work of Martin Vingron and his
colleagues at the Max Planck Institute for Molecular Genetics (see Suarez and Anaya 2008).
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homology has been present in molecular phylogenetics would require a
different paper.’® Suffice it to say that in order to assign a hypothetical
function to a sequence, the scientist must presuppose an ancestry
relation with sequences whose function has been already recognized (by
traditional genetic and biochemical methods).1# Thus, regardless of their
awareness of evolutionary concepts and their definition of them, the
annotation of genomes requires the assumption of homology.

A different practical problem was faced when scientists attempted the
alignment of sequences of different length. In order to give a quantitative
measure of similarities (or differences) between two homologous
molecules their sequences need to be compared “side by side.” However,
given their different lengths, the comparison requires the introduction
of criteria for maximum match that, in turn, require the introduction of
what they call gaps or indels. The phylogenetic tree constructed by Fitch
and Margoliash in 1967 did not address the problem of alignment in an
explicit way. During the 1970s and well into the 1980s many of these
studies still made no use of computer algorithms, being restricted to a
semi-quantitative comparison of sequences by aligning sequences “by the
eye.” Fitch’s approach was based on the search for nonrandom alignments
by comparing all possible combinations of sequences of a given length.
Well until the 1970s, and even in the late 1980s, a common comparative
approach was to align sequences “by the eye.” This practice has been
considered to introduce subjective criteria to sequence comparisons,
however it is still common to argue that biological criteria may involve
fixing the computer alignments “by the eye” (Suarez and Anaya 2008).

The first computer algorithm for sequence alignment was developed
by Saul B. Needleman and Christian Wunsch (Needleman and Wunsch
1970). In the early 1960s Needleman had collaborated with Emmanuel
Margoliash on the semi-quantitative comparative analysis of rabbit
cytochrome ¢, at the Biochemical Research Department of Abbott

B For more references and a brief account of the positions held by molecular phylogeneticists see
Suarez and Anaya (2008).

14 The first quantitative analysis of hemoglobins and cytochromes c in the 1960s assumed that the
molecules compared were homologous; that is, that they shared a common ancestor. But homology
was inferred on the basis of similarity. This position raised the critiques and concerns of biologically-
minded phylogeneticists (for instance, Fitch 1970; 2000), who do not equate similarity (which can be
attained by adaptive convergence) with homology. However, more often than not, homology continues
in practice to be inferred on the basis of sequence similarity. In the context of molecular evolution,
Zuckerkandl and Pauling (1965b) suggested the importance of gene duplication (first proposed by
Haldane) to account for sequence similarities. Later on, Walter Fitch’s distinction between orthologous
and paralogous molecules became part of the genetic analysis of homology and became a crucial con-
ceptual tool in functional genomics. Homologous sequences are orthologous if they were separated by
a speciation event; while paralogous molecules were separated by a gene duplication event and thus
occupy two different positions in the genome (Fitch 1970; 2000).
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Laboratories in North Chicago (Margoliash, Needleman and Stewart
1963). Also, in 1969, Needleman and Blair had published an analysis
on the evolution of cytochrome c, in which an analysis of sequences and
early attempts to develop alignment methods were applied to the origins
of eukaryotic cells. Needleman’s evolutionary interests are reflected in his
and Wunsch’s algorithm, which incorporates biological considerations
that most recent programs aim to eliminate.”

Using dynamic programming, Needleman and Wunsch relied on
Fitch’s approach, which calculates the minimum number of mutations
needed for a given substitution. As mentioned above, a similar
approach had been developed by Dayhoff and Ecke for the analysis
of data on protein sequences at the National Biomedical Research
Foundation. However, Dayhoff and Ecke’s mutation matrices (known
as PAM) calculated the probability of one amino acid to be substituted
by another amino acid in a protein chain. Such matrices have remained
useful to detect homology, in the alignment of sequences and other
problems (Hagen 2000), but their utility has remained linked to
evolutionary problems. Instead, Needleman and Wunsch’s tool, as
they defined it in 1969, was “a computer adaptable method for finding
similarities in the amino acid sequences of two proteins.” Clearly,
their program had been developed in the context of evolutionary
problems and with the purpose of solving phylogenetic questions,
but it could be more generally extended for analytical purposes.
Shortly afterwards, Sellers (1974) developed a similar algorithm that
instead of maximizing similarities, as Needleman’s and Wunsch’s
proposal was designed to minimize the differences between two
molecules (in the context of what is called global alignments, namely,
tools that compare complete molecules). A few years later, in the first of
many future collaborations, phyisicist Temple Smith and mathematician
Michael Waterman from Los Alamos National Laboratory at New
Mexico (see below), together with Walter Fitch, proved that under
certain circumstances both algorithms were equivalent (Smith Waterman
and Fitch 1981). Thus, the basic tool for global alignment of sequences
is often known as the Needleman-Wunsch-Sellers algorithm.

15 Saul Needleman’s professional career looks a little bit erratic. Trained as a biochemist, he con-
tributed to protein sequence techniques while at Abbot Laboratories and then at Northwestern
University at Chicago. Then in the late 1980s, working at the Navy Drug Screening Laboratory at the
Great Lakes, he focused on research on drug addictions (Needleman 1990). Needleman was consid-
ered a “medical legal chemist” and he used his biochemistry and mathematical skills to develop blood
tests for several drugs and to analyze the distribution of drug addictions among different army corps.
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As gene and protein databases grew and diversified during the decade
of the 1980s as a result of improvements in sequencing techniques
and automation, more efficient methods of comparative analysis were
required. In 1980, within the context of building a national nucleic acid
sequence database at Los Alamos National Laboratory, such sequence
analysis tools seemed urgent, if one did not want to get swamped
amidst the ocean of data. Waterman proposed a metric of similarity
between molecular sequences and he, together with Smith, developed
their algorithm for searching similarities in databases (Smith and
Waterman 1981). Both scientists were part of the Theoretical Biology
group under the lead of physicist Walter Goad and had a very specific
purpose: to search sequences by finding sequence similarities at large
databases such as GenBank, created in 1982 under Goad’s leadership
(Smith 1990; Strasser 2008). This bioinformatics tool is a variation
of the Needleman-Wunsch algorithm, but instead of looking for
global alignments, it searches for local alignments. That is, the Smith-
Waterman tool compares segments of all possible lengths, optimizing
also the similarity measure.

It is not my intent to detail the way in which the Waterman-
Smith algorithm performs. What is interesting is that both biological
(evolutionary) and statistical considerations are part of the algorithm:
it searches for correct alignments in regions of low similarity between
distantly related biological sequences. Like its precursor, the Needleman-
Wunsch algorithm, the Waterman-Smith uses dynamic programming,
which has the advantage that it seeks to find the optimal local alignment
with respect to the scoring system that is used, for instance the substitution
matrix (PAM) and the gap scoring system (see Waterman 1984; Sudrez
and Anaya 2008).

The Smith-Waterman algorithm is the basis for many sequence
comparison programs. It does not necessarily meet the needs and criteria
of evolutionary biologists, since it looks for patterns, instead of overall
similarities between molecules.

Thus, by the mid 1980s, in a review of developments in dynamic
programming and comparison of macromolecules written by Waterman,
the focus was on the usefulness of these tools for rapid database searches,
instead of searching for evolutionary relations (Waterman 1984, 474).
Waterman, by then holding a joint appointment in the Department of
Molecular Biology and the Department of Mathematics at the University
of Southern California, noticed the importance of these analytical tools
in the wake of the several international databases that were being created
around the world (in Japan and Europe) to organize the information
available (1984, 474).



MAKING ROOM FOR NEW FACES 81

Today, the most popular tools for finding similarities in a database are
BLAST (with several modifications and adaptations) and FASTA. The
paper presenting BLAST, published in 1990 by David Atschul and
collaborators at the NCBI (National Center for Biological Information,
a branch of the NIH), was the most quoted paper in that decade. Like
the Smith-Waterman algorithm, BLAST is restricted to find regions of
similarity between biological sequences not global alignments between
pairs of complete molecular sequences. However, instead of using
the exhaustive approach of the Smith-Waterman tool, BLAST uses a
heuristic approach that approximates the Smith-Waterman algorithm.
BLAST and FASTA emphasize speed over sensitivity, reflecting the
new realities of large database searches related to the Human Genome
Project (started in 1988). BLAST, for instance, is over 50 times faster
than the previous methods of dynamic programming. Also, BLAST is
faster than FASTA, since it only seeks for the most significant patterns
in similarity. In fact, BLAST is a family of programs. In searching the
NCBI webpage, there are different alternatives: BLAST for search in
a nucleotide database using a nucleotide query, search in a protein
database using a protein query, search of a protein database using a
translated nucleotide query, etc. However, BLAST cannot guarantee
the optimality of sequence alignments of basic dynamic programming,
which does incorporate biological (evolutionary) as well as statistical
criteria. The heuristics used in these searching tools gives solutions
which are good enough, but the alignments do not necessarily provide
homologous sequences. The criteria used in these programs, however,
may include the weighting of gaps or indels required to perform an
alignment of sequences of different length. Thus, for certain specific
tasks within genomics, scientists still need the sequence analysis tools
that incorporate evolutionary considerations.

Concluding Remarks

Bioinformatics today comprises an enormous and growing field
of applications and practices. Some of its most conspicuous uses are
displayed on the “ultra-discipline” of genomics, but also fields like
biogeography and population biology. These range from the creation
and development of databases, to the advancement of computational
and statistical techniques in order to address practical and theoretical
problems in the analysis of biological information. This means that
a growing number of bioinformatics applications have nothing or
almost nothing to do with evolution. Other areas of bioinformatics and
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genomics, by contrast, still seem intimately linked to evolutionary
concerns: gene location and sequence alignment, and many problems
of functional and comparative genomics (including the annotation
of genomes) illustrate this point. Such areas of practice incorporate
assumptions about the evolutionary process and sometimes they even
incorporate evolutionary models, as in the case of calculations for
multiple-hit events in nucleotide substitution.

As historians, we need to make room for those fields, actors and tools
that have been systematically marginalized in sociologically oriented and
in actors’” accounts of genomics, but not just for a “sense of justice.” In
paying attention to these marginalized themes, we are guided toward
problems that demand the attention of a new generation of historians;
that is, to the role of automation in biology, including the automation
of data collection (for instance, the robotization of molecular or gene
libraries), and the automation of statistical inferences, entrenched in
software packages. Also, the intersection of biology and mathematics,
and in particular statistics, opens demanding questions concerning the
nature of biological knowledge and the transformation of scientific
attitudes and practices in biological research (Hagen 2001; Sudrez and
Anaya 2008). These two broad questions constitute important areas of
research that are specific to genomics and bring us back to the material
and conceptual components of scientific practice.

However, a big challenge arises for historians of science wanting to
understand the origins and development of genomic tools. Maybe it is
not a new type of challenge, but its dimension seems insurmountable
at this point. I am referring to the large number of software programs
and families of programs that overwhelm the student of science who
pretends to get a glance of this field.1

The esoteric character of this field, due to the black-boxing of
programming practices into software packages, makes it unwise to
attempt a reconstruction of its scientific development.

Bioinformatics poses specific difficulties for historians-of-molecular-
biology-turned-historians-of-genomics and it seems to require the
cooperation of a very rare species, the historian of computer sciences
interested in biology. Moreover, in the case of bioinformatics and
genomics we are dealing with a collective or network-situated knowledge,
which reflects the transformations of biological research at the

16 For instance, Joe Felsenstein’s personal open-source webpage — probably the most compre-
hensive in its kind — includes 385 software packages and 52 free servers, to provide analytical tools
for molecular phylogeneticists alone. See: http://evolution.genetics.washington.edu/phylip/software.
html (August 31, 2009).
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beginning of the 21st century. This fact presents historians with new
challenges as to the sources of her/his research.

Finally, a word on genres in the writing of history. The selective
nature of the human memory is always surprising. It reminds us of
how individuals construe their own personae everyday, rebuilding the
image they have of themselves and the image they want others to have
of them. Some months ago, Vincent Ramillon came to my office at
the MPIWG with exciting news. In the 1980s Venter was sequencing
neurotransmitters at his lab at the National Institute of Neurological
and Communicative Disorders and Stroke at the NIH. But he was
doing more than that. He was well involved in the phylogenetics of
neurotransmitters and, moreover, he addressed his research with an
evolutionary perspective that is far removed from the reductionist
rhetoric and the Cinderella/maverick plot of his later accounts on the
HGP (Venter 2007). In a review he wrote of his field as late as 1988 he
claims:

The findings (of phylogenetic analysis) so far indicate that the evolution and
development of the nervous system was not dependant upon the formation
of new or better transmitter substances, receptor proteins, transducers and
effector proteins but involved better utilization of these highly developed
elements in creating advanced and refined circuitry. This is not a new concept

In a 1953 article dlscussmg chemical aspects of evolution (Danielli
1953) Danielli quotes Medawar, “endocrine evolution is not an evolution of
hormones but an evolution of the uses to which they are put; an evolution not,
to put it crudely, of chemical formulae but of reactivities, reaction patterns
and tissue competences . . . . Evolution is the history of changing uses of
molecules, and not of changing synthetic abilities (Danielli 1953). (Venter et
al. 1988, 151-152)

Venter published on the phylogenetics of neurotransmitters and the
evolution of the nervous system for almost a decade in the 1980s, while
his research focused on the adrenalin receptors. Not a single word about
his evolutionary interests is ever mentioned in his memoirs (Venter 2007),
though he makes reference to evolutionary processes at least three times.
The first was to account for “what (makes) us uniquely human” (Venter
2007, 323), despite the large sets of genes we share with the fly. The
other two refer to his recent work in synthetic biology: “I want to take
us far from shore into unknown waters, to a new phase of evolution, to
the day when one DNA-based species can sit down at a computer to
design another. I plan to show that we understand the software of life by
creating true artificial life” (Venter 2007, 357).
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Revisiting his days at the State University of New York at Buffalo,
and at the National Institute of Neurological Disorders and Stroke, in
Bethesda, Maryland, he does not mention his acquaintance with the
tools of evolutionary analysis and comparison at the time. This, despite
the fact that such techniques were instrumental in his early research and
might have allowed him the familiarity to devise computer strategies
for assembling whole genomes. All of which reminds us of the perils
of relying on the actors’ accounts but, also, of the meaningful areas of
historical research opened up by focusing on the more mundane aspects
of science.
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