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Abstract
Abstract
Over
Overthe
thenext
nextfew
fewyears,
years,the
therelentless
relentlessexponential
exponentialeffect
effectof
ofMoore's
Moore's
Law
Lawwill
willprofoundly
profoundlyaffect
affectnearly
nearlyall
allareas
areasof
ofscience
scienceand
andtechnology.
technology.
By
By2005,
2005,analytical
analyticalpower
powerpreviously
previouslyavailable
availableonly
onlyatatsupercomputer
supercomputer
centers
centerswill
willexist
existon
onevery
everydesktop
desktopand
andthe
thevolume
volumeof
ofelectronic
electronicdata
data
will
willbe
beenormous.
enormous. Even
Evennow,
now,aastandard
standardIntel
Intelcomputer
computerdelivers
deliversmore
more
computational
computationalpower
powerthan
thanthe
thefirst
firstsupercomputer
supercomputerand
andGenBank
GenBank
acquires
acquiresmore
moredata
dataevery
everyten
tenweeks
weeksthan
thanititdid
didin
inits
itsfirst
firstten
tenyears.
years.
Advanced
Advancedbiomedical
biomedicalresearch
researchof
ofthe
the21st
21stCentury
Centurywill
willrequire
requirean
an
adequate
adequateinformation
informationinfrastructure
infrastructureand
andaamastery
masteryof
oflogistics.
logistics.Those
Those
with
withaccess
accesswill
willparticipate
participatein
inthe
thetransformation
transformationof
ofbiomedical
biomedical
science;
science;those
thosewithout
withoutmay
maybecome
becomeirrelevant.
irrelevant.IfIfpublic
publicsupport
supportfor
for
information
informationinfrastructure
infrastructureisisinadequate,
inadequate,some
sometypes
typesof
ofresearch
researchmay
may
only
onlybe
bepossible
possiblein
inthe
theprivate
privatesector.
sector.
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Cancer as
Pathology of
Genetic System

Moore’s Law
Transforms InfoTech
(and everything else)

Moore’s Law: The Statement
Every eighteen months, the
number of transistors that can
be placed on a chip doubles.
Gordon
GordonMoore,
Moore,co-founder
co-founderof
ofIntel...
Intel...
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(Moore’s Law)
37

Biology is Special
Life
Life is
is Characterized
Characterized by:
by:

••

individuality
individuality

38

Biology is Special
Life
Life is
is Characterized
Characterized by:
by:

••
••

individuality
individuality
historicity
historicity

39

Biology is Special
Life
Life is
is Characterized
Characterized by:
by:

••
••
••

individuality
individuality
historicity
historicity
contingency
contingency

40

Biology is Special
Life
Life is
is Characterized
Characterized by:
by:

••
••
••
••

individuality
individuality
historicity
historicity
contingency
contingency
high
high (digital)
(digital) information
information content
content

41

Biology is Special
Life
Life is
is Characterized
Characterized by:
by:

••
••
••
••

individuality
individuality
historicity
historicity
contingency
contingency
high
high (digital)
(digital) information
information content
content
No
Nolaw
lawof
oflarge
largenumbers...
numbers...
42

Biology is Special
Life
Life is
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by:

••
••
••
••

individuality
individuality
historicity
historicity
contingency
contingency
high
high (digital)
(digital) information
information content
content
No
Nolaw
lawof
oflarge
largenumbers,
numbers,since
sinceevery
every
living
livingthing
thingisisgenuinely
genuinelyunique.
unique.
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•• Biology
Biology needs
needs information
information technology,
technology, the
the
method
method for
for manipulating
manipulating information
information
about
about large
large numbers
numbers of
of dependent,
dependent,
historically
historically contingent,
contingent, individual
individual things.
things.
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Biology is Special
For
For itit is
is in
in relation
relation to
to the
the statistical
statistical point
point of
of view
view
that
that the
the structure
structure of
of the
the vital
vital parts
parts of
of living
living
organisms
organisms differs
differs so
so entirely
entirely from
from that
that of
of any
any
piece
piece of
of matter
matter that
that we
we physicists
physicists and
and chemists
chemists
have
have ever
ever handled
handled in
in our
our laboratories
laboratories or
or
mentally
mentally at
at our
our writing
writing desks.
desks.
Erwin
ErwinSchrödinger.
Schrödinger. 1944.
1944. What
WhatisisLife.
Life.
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Genetics as Code
[The]
[The] chromosomes
chromosomes ...
... contain
contain in
in some
some kind
kind of
of codecodescript
script the
the entire
entire pattern
pattern of
of the
the individual's
individual's future
future
development
development and
and of
of its
its functioning
functioning in
in the
the mature
mature state.
state.
...
... [By]
[By] code-script
code-script we
we mean
mean that
that the
the all-penetrating
all-penetrating
mind,
mind, once
once conceived
conceived by
by Laplace,
Laplace, to
to which
which every
every
causal
causal connection
connection lay
lay immediately
immediately open,
open, could
could tell
tell
from
from their
their structure
structure whether
whether [an
[an egg
egg carrying
carrying them]
them]
would
would develop,
develop, under
under suitable
suitable conditions,
conditions, into
into aa black
black
cock
cock or
or into
into aa speckled
speckled hen,
hen, into
into aa fly
fly or
or aa maize
maize plant,
plant,
aa rhodo-dendron,
rhodo-dendron, aa beetle,
beetle, aa mouse,
mouse, or
or aa woman.
woman.
Erwin
ErwinSchrödinger.
Schrödinger. 1944.
1944. What
WhatisisLife.
Life.
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One Human Sequence
We now know that
Schrödinger’s mysterious
human “code-script”
consists of 3.3 billion
base pairs of DNA.

Typed in 10-pitch font, one human sequence would stretch for more
than 5,000 miles. Digitally formatted, it could be stored on one CDROM. Biologically encoded, it fits easily within a single cell.
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mass-storage capacity
capacity in
in the
the
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DNA of
of aa side
side of
of beef
beef than
than in
in all
all the
the hard
hard drives
drives
of
of all
all the
the world’s
world’s computers.
computers.
•• Storing
Storing all
all of
of the
the (redundant)
(redundant) information
information in
in all
all
of
of the
the world’s
world’s DNA
DNA on
on computer
computer hard
hard disks
disks
would
would require
require that
that the
the entire
entire surface
surface of
of the
the Earth
Earth
be
be covered
covered to
to aa depth
depth of
of three
three miles
miles in
in Conner
Conner
1.0
1.0 gB
gB drives.
drives.
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Genomics:
An Example

Human Genome Project - Goals
–– construction
constructionof
of aahigh-resolution
high-resolution genetic
genetic map
map of
of the
the human
human
genome;
genome;

USDOE.
USDOE. 1990.
1990. Understanding
UnderstandingOur
OurGenetic
GeneticInheritance.
Inheritance.
The
U.S.
Human
Genome
Project:
The
First
Five
The U.S. Human Genome Project: The First FiveYears.
Years.
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Infrastructure and the HGP
Progress
Progress towards
towards all
all of
of the
the [Genome
[Genome Project]
Project]
goals
goals will
will require
require the
the establishment
establishment of
of wellwellfunded
funded centralized
centralized facilities,
facilities, including
including aa stock
stock
center
center for
for the
the cloned
cloned DNA
DNA fragments
fragments
generated
generated in
in the
the mapping
mapping and
and sequencing
sequencing
effort
effort and
and aa data
data center
center for
for the
the computer-based
computer-based
collection
collection and
and distribution
distribution of
of large
large amounts
amounts of
of
DNA
DNA sequence
sequence information.
information.
National
NationalResearch
ResearchCouncil.
Council. 1988.
1988. Mapping
Mappingand
andSequencing
Sequencingthe
the
Human
Genome.
Washington,
DC:
National
Academy
Press.
p.
Human Genome. Washington, DC: National Academy Press. p.33
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GenBank Totals (Release 103)
DIVISION

Entries

Per Cent

Base Pairs

Per Cent

Phage Sequences (PHG)
Viral Sequences (VRL)
Bacteria (BCT)

1,313
45,355
38,023

0.074%
2.568%
2.153%

2,138,810
44,484,848
88,576,641

0.184%
3.834%
7.634%

Plant, Fungal, and Algal Sequences (PLN)

44,553

2.523%

92,259,434

7.951%

Invertebrate Sequences (INV)

29,657

1.679%

105,703,550

9.110%

Rodent Sequences (ROD)
Primate Sequences (PRI1–2)
Other Mammals (MAM)
Other Vertebrate Sequences (VRT)

36,967
75,587
12,744
17,713

2.093%
4.280%
0.722%
1.003%

45,437,309
134,944,314
12,358,310
17,040,159

3.916%
11.630%
1.065%
1.469%

High-Throughput Genome Sequences (HTG)

1,120

0.063%

72,064,395

6.211%

Genome Survey Sequences (GSS)
Structural RNA Sequences (RNA)
Sequence Tagged Sites Sequences (STS)
Patent Sequences (PAT)
Synthetic Sequences (SYN)
Unannotated Sequences (UNA)

42,628
4,802
52,824
87,767
2,577
2,480

2.414%
0.272%
2.991%
4.970%
0.146%
0.140%

22,783,326
2,487,397
18,161,532
27,593,724
5,698,945
1,933,676

1.964%
0.214%
1.565%
2.378%
0.491%
0.167%

EST1-17

1,269,737

71.905%

466,634,317

40.217%

TOTALS

1,765,847

100.000%

1,160,300,687

100.000%
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In with the sample, out with the sequence...
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What’s Really Next
The post-genome era in biological
research will take for granted ready
access to huge amounts of genomic
data.
The challenge will be understanding
those data and using the understanding
to solve real-world problems...
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21st Century
Biology
Post-Genome Era

The Post-Genome Era
Post-genome
Post-genomeresearch
research involves:
involves:
•• applying
applying genomic
genomic tools
tools and
and knowledge
knowledge to
to more
more
general
general problems
problems
•• asking
asking new
new questions,
questions, tractable
tractable only
only to
to genomic
genomic
or
or post-genomic
post-genomicanalysis
analysis
•• moving
moving beyond
beyond the
the structural
structural genomics
genomics of
of the
the
human
human genome
genome project
project and
and into
into the
the functional
functional
genomics
genomics of
of the
the post-genome
post-genome era
era
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The Post-Genome Era
Suggested
Suggested definition:
definition:

•• functional
functional genomics
genomics == biology
biology
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The Post-Genome Era
An
An early
early analysis:
analysis:
Walter Gilbert. 1991. Towards a paradigm
shift in biology. Nature, 349:99.
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Paradigm Shift in Biology
To
To use
use [the]
[the] flood
flood of
of knowledge,
knowledge, which
which will
will pour
pour
across
across the
the computer
computer networks
networks of
of the
the world,
world,
biologists
biologists not
not only
only must
must become
become computer
computer
literate,
literate, but
but also
also change
change their
their approach
approach to
to the
the
problem
problem of
of understanding
understanding life.
life.
Walter
WalterGilbert.
Gilbert. 1991.
1991. Towards
Towardsaaparadigm
paradigmshift
shiftininbiology.
biology. Nature,
Nature,349:99.
349:99.
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Paradigm Shift in Biology
The
The new
new paradigm,
paradigm, now
now emerging,
emerging, is
is that
that all
all the
the
‘genes’
‘genes’ will
will be
be known
known (in
(in the
the sense
sense of
of being
being
resident
resident in
in databases
databases available
available electronically),
electronically),
and
and that
that the
the starting
starting point
point of
of aa biological
biological
investigation
investigation will
will be
be theoretical.
theoretical. An
An individual
individual
scientist
scientist will
will begin
begin with
with aa theoretical
theoretical conjecture,
conjecture,
only
only then
then turning
turning to
to experiment
experiment to
to follow
follow or
or test
test
that
that hypothesis.
hypothesis.
Walter
WalterGilbert.
Gilbert. 1991.
1991. Towards
Towardsaaparadigm
paradigmshift
shiftininbiology.
biology. Nature,
Nature,349:99.
349:99.
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Paradigm Shift in Biology
Case of Microbiology
< 5,000 known and described bacteria
5,000,000 base pairs per genome
25,000,000,000 TOTAL base pairs
IfIfaafull,
full,annotated
annotatedsequence
sequencewere
wereavailable
availablefor
forall
allknown
knownbacteria,
bacteria,the
thepractice
practice
of
ofmicrobiology
microbiologywould
wouldmatch
matchGilbert’s
Gilbert’sprediction.
prediction.
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21st Century
Biology
The Science

Fundamental Dogma
DNA
The fundamental dogma of molecular biology
is that genes act to create phenotypes through
a flow of information from DNA to RNA to
proteins, to interactions among proteins
(regulatory circuits and metabolic pathways),
and ultimately to phenotypes.
Collections of individual phenotypes, of
course, constitute a population.

RNA
Proteins
Circuits
Phenotypes
Populations
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Fundamental Dogma
Map
Databases

DNA

GenBank
EMBL
DDBJ

RNA

Although
Althoughaafew
fewdatabases
databasesalready
alreadyexist
exist
totodistribute
distributemolecular
molecularinformation,
information,

Proteins
PDB

SwissPROT
PIR

Circuits
Phenotypes
Populations
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Fundamental Dogma
DNA

Map
Databases

Although
Althoughaafew
fewdatabases
databasesalready
alreadyexist
exist
totodistribute
distributemolecular
molecularinformation,
information,

GenBank
EMBL
DDBJ

RNA
Development ?

Gene Expression?

Proteins

SwissPROT
PIR

PDB

the
thepost-genomic
post-genomicera
erawill
willneed
needmany
many
more
to
collect,
manage,
and
publish
more to collect, manage, and publish
the
thecoming
comingflood
floodof
ofnew
newfindings.
findings.

Circuits
Metabolism?

Regulatory Pathways?

Phenotypes
Clinical Data ?

Neuroanatomy?

Populations
Biodiversity?

Molecular Epidemiology?

Comparative Genomics?
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21st Century
Biology
The People

Human Resources Issues

•• Reduction
Reduction in
in need
need for
for non-IT
non-IT staff
staff
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•• Reduction
Reduction in
in need
need for
for non-IT
non-IT staff
staff
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Increase in
in need
need for
for IT
IT staff,
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especially
“information
“information engineers”
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Human Resources Issues

•• Reduction
Reduction in
in need
need for
for non-IT
non-IT staff
staff
•• Increase
Increase in
in need
need for
for IT
IT staff,
staff, especially
especially
“information
“information engineers”
engineers”
In
Inmodern
modernbiology,
biology,aageneral
generaltrend
trendisisto
to
convert
convertexpert
expertwork
workinto
intostaff
staffwork
workand
and
finally
finallyinto
intocomputation.
computation. New
Newexpertise
expertiseisis
required
requiredto
todesign,
design,carry
carryout,
out,and
andinterpret
interpret
continuing
continuingwork.
work.
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Human Resources Issues
Elbert
Elbert Branscomb:
Branscomb: “You
“You must
must recognize
recognize that
that
some
some day
day you
you may
may need
need as
as many
many computer
computer
scientists
scientists as
as biologists
biologists in
in your
your labs.”
labs.”
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Human Resources Issues
Elbert
Elbert Branscomb:
Branscomb: “You
“You must
must recognize
recognize that
that
some
some day
day you
you may
may need
need as
as many
many computer
computer
scientists
scientists as
as biologists
biologists in
in your
your labs.”
labs.”
Craig
Craig Venter:
Venter: “At
“At TIGR,
TIGR, we
we already
already have
have
twice
twice as
as many
many computer
computer scientists
scientists on
on our
our
staff.”
staff.”
Exchange
ExchangeatatDOE
DOEworkshop
workshopon
onhighhighthroughput
throughputsequencing.
sequencing.
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New Discipline
of Informatics

What is Informatics?
Computer
Science
Research

Informatics

Biological
Application
Programs
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What is Informatics?
Informatics
Informatics combines
combines expertise
expertise from:
from:

••
••
••
••

domain
domain science
science (e.g.,
(e.g., biology)
biology)
computer
computer science
science
library
library science
science
management
management science
science
All
All tempered
tempered with
with an
an engineering
engineering mindset...
mindset...
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What is Informatics?
Library
Library
Science
Science
Computer
Computer
Science
Science
Mgt
Mgt
Science
Science

Domain
Knowledge

Medical
Medical
Informatics
Informatics

IS
IS

Bio
Bio
Informatics
Informatics

Engineering
Principles

Other
Other
Informatics
Informatics
89

Engineering Mindset
Engineering
Engineering is
is often
often defined
defined as
as the
the use
use of
of
scientific
scientific knowledge
knowledge and
and principles
principles for
for practical
practical
purposes.
purposes. While
While the
the original
original usage
usage restricted
restricted
the
the word
word to
to the
the building
building of
of roads,
roads, bridges,
bridges, and
and
objects
objects of
of military
military use,
use, today's
today's usage
usage is
is more
more
general
general and
and includes
includes chemical,
chemical, electronic,
electronic, and
and
even
even mathematical
mathematical engineering.
engineering.
Parnas,
Parnas,David
DavidLorge.
Lorge. 1990.
1990. Computer,
Computer,23(1):17-22.
23(1):17-22.
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Engineering Mindset
Engineering
Engineering is
is often
often defined
defined as
as the
the use
use of
of
scientific
scientific knowledge
knowledge and
and principles
principles for
for practical
practical
purposes.
purposes. While
While the
the original
original usage
usage restricted
restricted
the
the word
word to
to the
the building
building of
of roads,
roads, bridges,
bridges, and
and
objects
objects of
of military
military use,
use, today's
today's usage
usage is
is more
more
general
general and
and includes
includes chemical,
chemical, electronic,
electronic, and
and
even
even mathematical
mathematical engineering.
engineering.
Parnas,
Parnas,David
DavidLorge.
Lorge. 1990.
1990. Computer,
Computer,23(1):17-22.
23(1):17-22.

... or even information engineering.
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Engineering Mindset
Engineering
Engineering education
education ...
... stresses
stresses finding
finding
good,
good, as
as contrasted
contrasted with
with workable,
workable, designs.
designs.
Where
Where aa scientist
scientist may
may be
be happy
happy with
with aa device
device
that
that validates
validates his
his theory,
theory, an
an engineer
engineer is
is taught
taught
to
to make
make sure
sure that
that the
the device
device is
is efficient,
efficient,
reliable,
reliable, safe,
safe, easy
easy to
to use,
use, and
and robust.
robust.
Parnas,
Parnas,David
DavidLorge.
Lorge. 1990.
1990. Computer,
Computer,23(1):17-22.
23(1):17-22.
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Engineering Mindset
Engineering
Engineering education
education ...
... stresses
stresses finding
finding
good,
good, as
as contrasted
contrasted with
with workable,
workable, designs.
designs.
Where
Where aa scientist
scientist may
may be
be happy
happy with
with aa device
device
that
that validates
validates his
his theory,
theory, an
an engineer
engineer is
is taught
taught
to
to make
make sure
sure that
that the
the device
device is
is efficient,
efficient,
reliable,
reliable, safe,
safe, easy
easy to
to use,
use, and
and robust.
robust.
Parnas,
Parnas,David
DavidLorge.
Lorge. 1990.
1990. Computer,
Computer,23(1):17-22.
23(1):17-22.

The assembly of working, robust systems, on time and on
budget, is the key requirement for a federated information
infrastructure for biology.
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Funding for
Bio-Information
Infrastructure

Call for Change
Among
Amongthe
themany
manynew
newtools
toolsthat
thatare
areor
orwill
willbe
beneeded
needed(for
(for21st21stcentury
centurybiology),
biology),some
someof
ofthose
thosehaving
havingthe
thehighest
highestpriority
priorityare:
are:
•• bioinformatics
bioinformatics

••
••
••
••

computational
computationalbiology
biology
functional
functionalimaging
imagingtools
toolsusing
usingbiosensors
biosensorsand
andbiomarkers
biomarkers
transformation
transformationand
andtransient
transientexpression
expressiontechnologies
technologies
nanotechnologies
nanotechnologies

Impact
ImpactofofEmerging
EmergingTechnologies
Technologieson
onthe
theBiological
BiologicalSciences:
Sciences:Report
Reportofofaa
Workshop.
Workshop.NSF-supported
NSF-supportedworkshop,
workshop,held
held26-27
26-27June
June1995,
1995,Washington,
Washington,DC.
DC.
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The Problem
••

IT
IT moves
moves at
at “Internet
“Internet Speed”
Speed” and
and responds
responds
rapidly
rapidly to
to market
market forces.
forces.
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forces.
IT
IT will
will play
play aa central
central role
role in
in 21st
21st Century
Century
biology.
biology.
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The Problem
••
••
••
••
••

IT
IT moves
moves at
at “Internet
“Internet Speed”
Speed” and
and responds
responds
rapidly
rapidly to
to market
market forces.
forces.
IT
IT will
will play
play aa central
central role
role in
in 21st
21st Century
Century
biology.
biology.
Current
Current levels
levels of
of support
support for
for public
public biobioinformation
information infrastructure
infrastructure are
are too
too low.
low.
Reallocation
Reallocation of
of federal
federal funding
funding isis difficult,
difficult,
and
and subject
subject to
to political
political pressures.
pressures.
Federal-funding
Federal-funding decision
decision processes
processes are
are
ponderously
ponderously slow
slow and
and inefficient.
inefficient.
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Federal Funding of Bio-Databases
The
The challenges:
challenges:
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Federal Funding of Bio-Databases
The
The challenges:
challenges:

•• providing
providing adequate
adequate funding
funding levels
levels
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Federal Funding of Bio-Databases
The
The challenges:
challenges:

•• providing
providing adequate
adequate funding
funding levels
levels
•• making
making timely,
timely, efficient
efficient decisions
decisions
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IT Budgets
A Reality Check

Rhetorical Question
Which
Which isislikely
likely to
to be
be more
more complex:
complex:
•• identifying,
identifying, documenting,
documenting, and
and tracking
tracking the
the
whereabouts
all parcels
parcels in
whereabouts of
of all
in transit
transit in
inthe
theUS
US at
at
one
one time
time
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Rhetorical Question
Which
Which isislikely
likely to
to be
be more
more complex:
complex:
•• identifying,
identifying, documenting,
documenting, and
and tracking
tracking the
the
whereabouts
all parcels
parcels in
whereabouts of
of all
in transit
transit in
inthe
theUS
US at
at
one
one time
time
•• identifying,
identifying, documenting,
documenting, and
and analyzing
analyzing the
the
structure
all individual
individual genes
genes in
in
structure and
and function
function of
of all
all
all economically
economically significant
significant organisms;
organisms; then
then
analyzing
all significant
significant gene-gene
gene-gene and
and genegeneanalyzing all
environment
environment interactions
interactions in
in those
those organisms
organisms
and
and their
their environments
environments
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Business Factoids
United
United Parcel
Parcel Service:
Service:
•• uses
uses two
two redundant
redundant 33 Terabyte
Terabyte (yes,
(yes, 3000
3000 GB)
GB)
databases
databases to
to track
track all
all packages
packages in
in transit.
transit.
•• has
has 4,000
4,000 full-time
full-time employees
employees dedicated
dedicated to
to IT
IT

••
••

spends
spends one
one billion
billion dollars
dollars per
per year
year on
on IT
IT
has
has an
an income
income of
of 1.1
1.1 billion
billion dollars,
dollars, against
against
revenues
revenues of
of 22.4
22.4 billion
billion dollars
dollars
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Business Comparisons
Company

Revenues

IT Budget

Pct

Chase-Manhattan

16,431,000,000

1,800,000,000

10.95 %

AMR Corporation
Nation’s Bank

17,753,000,000
17,509,000,000

1,368,000,000
1,130,000,000

7.71 %
6.45 %

Sprint
IBM

14,235,000,000
75,947,000,000

873,000,000
4,400,000,000

6.13 %
5.79 %

MCI

18,500,000,000

1,000,000,000

5.41 %

Microsoft

11,360,000,000

510,000,000

4.49 %

United Parcel

22,400,000,000

1,000,000,000

4.46 %

Bristol-Myers Squibb
Pfizer

15,065,000,000
11,306,000,000

440,000,000
300,000,000

2.92 %
2.65 %

Pacific Gas & Electric 10,000,000,000
Wal-Mart 104,859,000,000

250,000,000
550,000,000

2.50 %
0.52 %

130,000,000

0.41 %

K-Mart

31,437,000,000
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Federal Funding of Biomedical-IT
Appropriate
Appropriate funding
funding level:
level:

•• approx.
approx. 5-10%
5-10% of
of research
research funding
funding
•• i.e.,
billion dollars
i.e., 11 -- 22 billion
dollars per
per year
year

109

Federal Funding of Biomedical-IT
Appropriate
Appropriate funding
funding level:
level:

•• approx.
approx. 5-10%
5-10% of
of research
research funding
funding
•• i.e.,
billion dollars
i.e., 11 -- 22 billion
dollars per
per year
year
Source
Sourceof
ofestimate:
estimate:
--Experience
Experienceof
ofIT-transformed
IT-transformedindustries.
industries.
--Current
Currentsupport
supportfor
forIT-rich
IT-richbiological
biologicalresearch.
research.
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Private Sector
Information Technology
&
Genomic Research

Who is this man?

Who is this man?

And why should you care?

Craig Venter
Accomplishments
Accomplishments -- cDNA:
cDNA:
Early
Early in
in the
the genome
genome project,
project, Venter
Venter argued
argued that
that cDNA
cDNA data
data
held
held much
much of
of the
theeconomically
economically significant
significant content
content of
of
genomic
genomic information.
information.
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Craig Venter
Accomplishments
Accomplishments -- cDNA:
cDNA:
Early
Early in
in the
the genome
genome project,
project, Venter
Venter argued
argued that
that cDNA
cDNA data
data
held
held much
much of
of the
theeconomically
economically significant
significant content
content of
of
genomic
genomic information.
information.
Although
Although most
most genome
genome researchers
researchers scoffed,
scoffed, Venter
Venter
persevered
persevered and
and ultimately
ultimately the
the importance
importance of
of cDNA
cDNA data
data
was
was recognized,
recognized, both
both by
by the
the scientific
scientific community
community (more
(more
than
than 70%
70% of
of the
the sequences
sequences in
in GenBank
GenBank are
are now
now cDNA
cDNA
sequences)
sequences) and
and by
by the
the financial
financial community
community (Venter
(Venter
received
received millions
millions in
in private
private sector
sector funding
funding to
to create
create TIGR
TIGR -The
The Institute
Institute for
for Genomic
Genomic Research).
Research).
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Craig Venter
Accomplishments
Accomplishments -- prokaryotic
prokaryoticsequencing:
sequencing:
At
At TIGR,
TIGR, Venter
Venter recognized
recognized that
that sophisticated
sophisticated application
application
of
of computer
computer technology
technology should
should allow
allow whole-genome
whole-genome
shotgun
shotgun sequencing,
sequencing, thereby
thereby eliminating
eliminating the
the timetimeconsuming
consuming step
step of
of creating
creating aa physical
physical map
map prior
prior to
to
sequencing.
sequencing.
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Craig Venter
Accomplishments
Accomplishments -- prokaryotic
prokaryoticsequencing:
sequencing:
At
At TIGR,
TIGR, Venter
Venter recognized
recognized that
that sophisticated
sophisticated application
application
of
of computer
computer technology
technology should
should allow
allow whole-genome
whole-genome
shotgun
shotgun sequencing,
sequencing, thereby
thereby eliminating
eliminating the
the timetimeconsuming
consuming step
step of
of creating
creating aa physical
physical map
map prior
prior to
to
sequencing.
sequencing.
Although
Although an
an NIH
NIH review
review panel
panel rejected
rejected his
his idea
ideaas
as
impossible,
impossible, Venter
Venter persevered
persevered and
and soon
soon produced
produced the
the first
first
whole-organism
Haemophilus
whole-organism genomic
genomic sequence
sequence ---- that
that of
ofHaemophilus
influenzae.
influenzae. Now
Now TIGR
TIGR has
has produced
produced more
morewhole-genome
whole-genome
microbial
microbial sequences
sequences than
than any
any other
other organization.
organization.
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Craig Venter
Audacious
Audacious GoalGoal- eukaryotic
eukaryotic sequencing:
sequencing:
In
In collaboration
collaboration with
with Perkin-Elmer,
Perkin-Elmer, Venter
Venter has
hasnow
now
formed
formed aa new
new organization,
organization, Celera,
Celera, with
with the
the goal
goal of
of
becoming
becoming the
the world’s
world’s leading
leading source
source of
of whole-genome
whole-genome
sequence
sequence data
data from
from eukaryotes.
eukaryotes.
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Craig Venter
Audacious
Audacious GoalGoal- eukaryotic
eukaryotic sequencing:
sequencing:
In
In collaboration
collaboration with
with Perkin-Elmer,
Perkin-Elmer, Venter
Venter has
has now
now
formed
formed aa new
new organization,
organization, Celera,
Celera, with
with the
the goal
goal of
of
becoming
becoming the
the world’s
world’s leading
leading source
source of
of whole-genome
whole-genome
sequence
sequence data
data from
from eukaryotes.
eukaryotes.
Although
Although the
the genome
genome research
research community
community isis once
once again
again
discounting
discounting Venter’s
Venter’s likelihood
likelihood of
of success,
success, his
his track
track record
record
isis two
two for
for two
two when
when itit comes
comes to
to applying
applying aa clear
clear vision
vision for
for
the
the application
application of
of advanced
advanced technology
technology to
to genomic
genomic
research.
research.
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Craig Venter
Audacious
Audacious GoalGoal- eukaryotic
eukaryotic sequencing:
sequencing:
Of
Of course,
course, Venter
Venter may
may fail
fail this
this time.
time. But,
But, ifif he
he doesn’t,
doesn’t,
what
what isis the
the likely
likely implication
implication of
of the
the success
success of
of Celera
Celera for,
for,
say,
say, biomedical
biomedical research?
research?
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Craig Venter
Audacious
Audacious GoalGoal- eukaryotic
eukaryotic sequencing:
sequencing:
Of
Of course,
course, Venter
Venter may
may fail
fail this
this time.
time. But,
But, ifif he
he doesn’t,
doesn’t,
what
what isis the
the likely
likely implication
implication of
of the
the success
success of
of Celera
Celera for,
for,
say,
say, biomedical
biomedical research?
research?
Let’s
Let’s take
take aa look
look at
at Celera’s
Celera’s official,
official, publicly
publicly announced
announced
goals...
goals...
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Celera
We
Wewant
wantthis
thisnew
newcompany
companyto
tobe
bethe
definitivesource
sourceof
of
thedefinitive
genomic
genomicand
andrelated
relatedmedical
medicalinformation,
information,which
whichscientists
scientistscan
can
use
useto
tobetter
betterunderstand
understandhuman
humanbiology
biologyand
andto
todeliver
deliverimproved
improved
healthcare
healthcareoptions.
options.

Tony
TonyWhite,
White,chief
chiefexecutive
executiveofficer
officerof
ofPerkin-Elmer,
Perkin-Elmer,
Teleconference,
Teleconference,May
May11,
11,1998
1998
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understandhuman
humanbiology
biologyand
andto
todeliver
deliverimproved
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healthcareoptions.
options.We
Webelieve
believethat
thatthis
thiscompany
companycombines
combines
compelling
compellingtechnology
technologywith
withunique
uniquesequencing
sequencingstrategies,
strategies,
resulting
resultingin
inaagenomics
genomicssequencing
sequencingfacility
facilitywith
withan
anexpected
expected
capacity
capacity...
...
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Teleconference,
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Celera
We
Wewant
wantthis
thisnew
newcompany
companyto
tobe
bethe
definitivesource
sourceof
of
thedefinitive
genomic
genomicand
andrelated
relatedmedical
medicalinformation,
information,which
whichscientists
scientistscan
can
use
useto
tobetter
betterunderstand
understandhuman
humanbiology
biologyand
andto
todeliver
deliverimproved
improved
healthcare
healthcareoptions.
options.We
Webelieve
believethat
thatthis
thiscompany
companycombines
combines
compelling
compellingtechnology
technologywith
withunique
uniquesequencing
sequencingstrategies,
strategies,
resulting
resultingin
inaagenomics
genomicssequencing
sequencingfacility
facilitywith
withan
anexpected
expected
capacity
capacitygreater
greaterthan
thanthat
thatof
ofthe
thecurrent
currentcombined
combinedworld
worldoutput.
output.
Tony
TonyWhite,
White,chief
chiefexecutive
executiveofficer
officerof
ofPerkin-Elmer,
Perkin-Elmer,
Teleconference,
Teleconference,May
May11,
11,1998
1998
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Celera
We
We are
are not
not aa philanthropic
philanthropic organisation,
organisation, we
we
have
have aa revenue
revenue model
model for
for this.
this. We
We are
are sure
sure
people
people will
will want
want to
to buy
buy the
the information.
information.
Tony
TonyWhite,
White,chief
chiefexecutive
executiveofficer
officerof
ofPerkin-Elmer,
Perkin-Elmer,
quoted
TheGuardian,
Guardian,13
quotedin
inThe
13May
May1998
1998
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Private Sector
Logistics Mastery
&
Biotechnology

Logistics Mastery
What
What role
role does
does mastery
mastery of
of logistics
logistics and
and
process
process control
control play
play in
in successful
successful
biotechnology
biotechnology ventures?
ventures?
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Logistics Mastery
What
What role
role does
does mastery
mastery of
of logistics
logistics and
and
process
process control
control play
play in
in successful
successful
biotechnology
biotechnology ventures?
ventures?
Consider
Millennium Pharmaceuticals
Pharmaceuticals ...
Consider Millennium
...
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Millennium recently
signed one of the
most lucrative deals
in the biotechnology
industry.

As documented in The
Economist, much of
Millennium’s success
traces to its expertise in
logistics and process
control...

Millenium Pharmaceuticals
Millenium’s
Millenium’s bugs
bugs
Mark
MarkLevin
Levinisisan
anengineer.
engineer.That
Thatmakes
makeshim
himideally
ideallyqualified
qualified
to
tobe
beaasuccessful
successfulbiotechnology
biotechnologyentrepreneur
entrepreneur

The
The
Economist
Economist
SEPTEMBER 26TH - OCTOBER 2ND 1998
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Millenium Pharmaceuticals
Many
Manyother
otherbiotech
biotechfirms,
firms,increasingly
increasinglydesperate
desperatefor
forcash
cashas
as
investors
investorshave
haveshied
shiedaway
awayfrom
fromtheir
theirshares,
shares,have
havequeued
queuedup
upto
to
do
dodeals
dealswith
withthe
thepharmaceutical
pharmaceuticalindustry
industryatatalmost
almostany
anyprice.
price.Mr
Mr
Levin,
Levin,though,
though,has
hasbeen
beenable
ableto
todictate
dictatehis
hisown
ownterms.
terms.Uniquely
Uniquely
among
amongbiotechnologists,
biotechnologists,he
heseems
seemsto
tohave
havemastered
masteredthe
theart
artof
of
having
havinghis
hiscake
cakeand
andeating
eatingit.
it.
Except
Exceptthat
thatMr
MrLevin
Levinisisnot
notreally
reallyaabiotechnologist
biotechnologistatatall:
all:
he
heisisaachemical
chemicalengineer.
engineer.He
Hehas
hasworked
workedin
inprocess
processcontrol
controlfor
for
companies
companiesas
asvaried
variedas
asMiller
MillerBrewing
Brewingand
andGenentech,
Genentech,aafirm
firmof
of
biotech
biotechpioneers.
pioneers.Whereas
Whereasbiologists
biologiststend
tendto
tosee
seebiotech
biotechas
asthe
the
search
searchfor
foraacompound,
compound,Mr
MrLevin
Levinthinks
thinksof
ofititas
asaacomplex
complex
production
productionprocess.
process.While
Whilethey
theyconcentrate
concentrateon
onthe
thebio,
bio,he
healso
also
thinks
thinkshard
hardabout
aboutthe
thetechnology.
technology.
The
The

Economist
Economist

SEPTEMBER 26TH - OCTOBER 2ND 1998
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Millenium Pharmaceuticals
Mr
MrLevin
Levinfocuses
focuseson
ontrying
tryingto
tomake
makeeach
eachlink
linkin
inthe
thediscovery
discovery
chain
chainas
asefficient
efficientas
aspossible.
possible.He
Hehas
hasassembled
assembledan
animpressive
impressive
array
arrayof
oftechnologies
technologies----including
includingrobotics
roboticsand
andinformation
information
systems
systemsas
aswell
wellas
asmolecular
molecularbiology.
biology.He
Hethen
thenenhances
enhancesthem
them
and
andlinks
linksthem
themtogether
togetherin
innovel
novelways
waysto
tocreate
createwhat
whatthe
theengineer
engineer
in
inhim
himlikes
likesto
tocall
call"technology
"technologyplatforms".
platforms".The
Theidea
ideaisisthat
thatthese
these
platforms
platformsshould
shouldhelp
helpdrug
drugsearchers
searchersto
totravel
travelrapidly
rapidlyon
ontheir
their
long
longand
andtortuous
tortuousjourney
journeyfrom
fromgene
geneto
totreatment.
treatment.Mr
MrLevin's
Levin's
goal
goalisisto
toboost
boostthe
theproductivity
productivityof
ofdrug
drugdiscovery
discoveryby
by50%,
50%,
which
whichwould
wouldlead
leadto
tomany
manymore
morenew
newdrugs
drugscoming
comingon
onto
tothe
the
market
marketeach
eachyear.
year.

The
The
Economist
Economist
SEPTEMBER 26TH - OCTOBER 2ND 1998
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21st Century Research
We
We have
have argued
argued that
that mastery
mastery of
of information
information technology
technology and
and
logistics
logistics may
may transform
transform future
future biomedical
biomedical research.
research.
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logistics
logistics may
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biomedical research.
research.
The
The examples
examples of
of Celera
Celera and
and Millennium
Millennium Pharmaceuticals
Pharmaceuticals
suggest
suggest that
that the
the 21st
21st Century
Century may
may already
already have
havearrived.
arrived.
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21st Century Research
We
We have
have argued
argued that
that mastery
mastery of
of information
information technology
technology and
and
logistics
logistics may
may transform
transform future
future biomedical
biomedical research.
research.
The
The examples
examples of
of Celera
Celera and
and Millennium
Millennium Pharmaceuticals
Pharmaceuticals
suggest
suggest that
that the
the 21st
21st Century
Century may
may already
already have
havearrived.
arrived.
IfIf public
public sector
sector funding
funding cannot
cannot provide
provide public-sector
public-sector
researchers
researchers with
with access
access to
to data
data of
of the
the sort
sort that
that Celera
Celera hopes
hopes to
to
accumulate,
accumulate, what
what will
will be
be the
the effects
effects on
on public
public sector
sector
research?
research?
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We
We have
have argued
argued that
that mastery
mastery of
of information
information technology
technology and
and
logistics
logistics may
may transform
transform future
future biomedical
biomedical research.
research.
The
The examples
examples of
of Celera
Celera and
and Millennium
Millennium Pharmaceuticals
Pharmaceuticals
suggest
suggest that
that the
the 21st
21st Century
Century may
may already
already have
havearrived.
arrived.
IfIf public
public sector
sector funding
funding cannot
cannot provide
provide public-sector
public-sector
researchers
researchers with
with access
access to
to data
data of
of the
the sort
sort that
that Celera
Celera hopes
hopes to
to
accumulate,
accumulate, what
what will
will be
be the
the effects
effects on
on public
public sector
sector
research?
research?
Possibly,
Possibly, many
many biomedical
biomedical research
research fields
fields may
may disappear
disappear
entirely
entirely into
into the
the private
private sector,
sector, when
when itit becomes
becomes impossible
impossible to
to
access
access essential
essential resources
resources with
with public-sector
public-sector support.
support.
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Slides:

http://www.esp.org/rjr/ccaf.pdf
http://www.esp.org/rjr/ccaf.pdf
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