
Industry benefits from
the public funding of
intellectual curiosity 
Sir — I was contacted recently by the Los
Angeles Times, which had heard that the
concept of expressed sequence tags (ESTs),
essential to the human genome project,
was developed in our laboratory. It is not
generally known that we had described this
development in 1983 in Nature1, preceding
by many years the adaptation of the
technique to the genome project2,3. 

The genome project has important
commercial applications. Still, I think it is
essential for the community at large to
appreciate that the development of the 
concept of ESTs and shotgun sequencing
had nothing to do with commercial 
interests, but rather was motivated by our
intellectual curiosity. The generosity and
open-mindedness of the National Insti-
tutes of Health and Muscular Dystrophy 
Foundation enabled us to tackle the 
question with the spirit of ‘let’s just do it
and see what happens’.

In 1982, my laboratory was in the
Department of Biology at Massachusetts
Institute of Technology. DNA sequencing
was a relatively new method developed
along two different and independent lines
by Walter Gilbert at Harvard and Fred
Sanger at the MRC Laboratory in Cam-
bridge, UK. We had started with the
Maxam–Gilbert chemical method in the
late 1970s, but we gradually incorporated
Sanger’s powerful dideoxy approach in the
1980s — now used almost exclusively in
automated instruments. 

Most people then were interested in
obtaining sequences of individual genes or
of a complementary (c)DNA copy of a sin-
gle messenger (m)RNA. This was viewed as
an enormous undertaking, and typically
involved determining a partial sequence of
the desired gene product (a protein), then
making a degenerate oligonucleotide for
hybridization and primer extension or
reverse transcription. Eventually, a gene
would be cloned and sequenced. Often,
however, the degenerate primers did not
yield anything useful because they cross-
hybridized to spurious sequences.

The question we asked was as follows:
what if we simply did random, shotgun
sequencing of all expressed genes associat-
ed with a specific tissue? If we then translat-
ed these sequences into all six reading
frames, we should pick up fragmentary
amino-acid sequences associated with the
proteins of that specific tissue. These would
include known and unknown proteins. We
would have to use a single primer that
bound to all expressed sequences — the
mRNAs. Because eukaryote mRNAs have

‘tails’ of polyadenylic acid (poly A) at their
ends, a single primer of oligo deoxy-
thymidylate (oligo dT) could be used. With
this primer, we could reverse-transcribe the
mRNA pool and thereby pick up sequences
near the ends of those mRNAs. These were
the expressed sequence tags (although we
did not call them that then).

At the time this idea seemed a bit far-
fetched. The only way we could know
whether we were on the right track was if
among the sequences we obtained were
some that clearly coded for the proteins
specific to the tissue we had used for the
preparation of the cDNA. If we could see
such sequences in our collection, then we
would know that the many unassigned
sequences were also relevant and coded for
proteins that had yet to be discovered.

The approach succeeded beyond our
wildest expectations. We prepared a cDNA
library from rabbit muscle and did shotgun
sequencing of randomly isolated clones.
Altogether about 20,000 nucleotides were
manually determined (a large number in
that era). Among the clones we identified
were coding sequences for 13 different
muscle proteins, in addition to a new iso-
type of one protein (troponin T). This
result gave us some confidence that, though
some of the unassigned sequences might
have arisen from artefacts, many of them
undoubtedly encoded new proteins.

For many years we received requests for
specific clones that people could use for
their own purposes. (I had agreed with the
editor of Nature before publication of the
paper that we would freely distribute these
clones.) Subsequently, the concept of ESTs
and the strategy of shotgun sequencing
were developed and expanded in the
genome project2,3, and included its com-
mercial applications. 

I have long been a proponent of and par-
ticipant in the biotechnology industry,
although not with respect to the work
described here. It should not be forgotten,
however, that the origins of success for
many biotechnology enterprises are in
basic research sponsored by a government
or charitable foundation. I believe that this
is as it should be. 

But my fear is that the public at large
may believe that private enterprise per se is
sufficient to generate the discoveries and
advances needed for the future. This is sim-
ply not true. Only the government and pri-
vate charities have the capacity and vision
to let an investigator pursue questions that
come from his or her own natural curiosity.
Eventually, the pursuit of pure curiosity
bears fruit for society when new knowledge
and concepts — such as ESTs and shotgun
sequencing — are taken up by industry,
where true applications can be financed.
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When Brazilians achieve,
it’s against all the odds
Sir — As a young Brazilian scientist, I am
proud to see a major achievement of the
Brazilian scientific community in the
pages of Nature — the sequencing of
Xylella fastidiosa (Nature 406, 151–157;
2000). However, I take issue with the view
(Nature 406, 109; 2000) that this milestone
is “a signal to Brazil’s young scientists that
they do not need to leave the country to
engage in world-class science”. In fact, the
achievement is not due to, but despite,
Brazil’s support for basic scientific research.

Most of Brazil’s scientific productivity
comes from the country’s richest state, São
Paulo, which supported the consortium
that sequenced X. fastidiosa. The disparity
between research support in São Paulo and
in other Brazilian states is enormous: this
research effort in no way represents the
overall state of Brazilian science. Yet even in
São Paulo scientists are grossly underpaid,
often waiting years for salary readjustments
that failed to keep up with high inflation
rates in the 1980s and early 1990s. Few
Brazilian students or lecturers will have a
chance to read this or any other recent issue
of Nature, as severe funding cuts have
resulted in the cancellation of periodical
subscriptions in many universities. 

The rigid bureaucracy of Brazilian pub-
lic universities turns the simplest trans-
action into a nightmare. On a recent visit to
a top university, I had to make several trips
between buildings to obtain authorizations
to get a simple chemical from a stockroom.
Young lecturers have to make huge efforts
to assemble a laboratory. 

Given the precarious situation of basic
research in Brazil, it would be a serious mis-
take to let one major achievement project a
view of a scientific landscape that is far from
reality. Major changes in the administrative
structure of Brazilian universities are need-
ed to make them compatible with the devel-
opment of fledgling scientific careers. 

For most Brazilian scientists with 
academic positions in the United States or
Europe, returning home remains akin to
academic suicide. Reversing this situation
may be far more difficult than sequencing
and assembling whole genomes. 
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