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Topics

® Biotechnology will be the “magic”
technology of the 21st Century.

® Information Technology (IT) has a
special relationship with biology.

® Moore’s Law constantly transforms IT
(and everything else).

® Current funding mechanisms for bio-
Information infrastructure are hopeless
Inadequate to meet future needs and

be radically reformed.
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Magic

To a person from 1897, much currerjt
technology would seem like magic.

What technology of 2097 would see
magical to a person from 19977

Candidate: Biotechnology so advanc
that the distinction between living an
non-living is blurred.
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IT Is Special

Information Technology:

® affects the performanand the
management of tasks

® allows the manipulation of huge
amounts of highly complex data

® s incredibly plastic

(programming and poetry are both exercises in pure thought)

® Improves exponentiallymoore's Law)
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Biology Is Special

Life is Characterized by:
® Individuality
® historicity

® contingency

® high (digital) information content

No law of large numbers, since every
living thing is genuinely unique.
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IT-Biology Synergism

® Physics needs calculus, the method for
manipulating information about
statistically large numbers of vanishingl
small, independent, equivalent things.

® Biology needs information technology, the
method for manipulating information
about large numbers of dependent,
historically contingent, individual things.




Biology Is Special

For it is In relation to the statistical point of view
that the structure of the vital parts of living
organisms differs so entirely from that of any
piece of matter that we physicists and chemists
have ever handled in our laboratories or
mentally at our writing desks.

Erwin Schrodinger. 1944What is Life




Genetics as Code

[The] chromosomes ... contain in some kind of code-
script the entire pattern of the individual's future
development and of its functioning in the mature state.
... [By] code-script we mean that the all-penetrating
mind, once conceived by Laplace, to which every
causal connection lay immediately open, could tell
from their structure whether [an egg carrying them]
would develop, under suitable conditions, into a black
cock or into a speckled hen, into a fly or a maize plant,
a rhodo-dendron, a beetle, a mouse, or a woman.

[ Erwin Schrddinger. 1944What is Life ]—

L
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One Human Sequence

/We now know that h
Schrodinger’'s mysterious
human “code-script”
consists of 3.3 hillion
base pairs of DNA.

\_

A4

)
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/We now know that h
Schrddinger’'s mysterious
human “code-script”
consists of 3.3 billion
base pairs of DNA.
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Typed in 10-pitch font, one human sequence would stretch for
than 5,000 miles. Digitally formatted, it could be stored on one
ROM. Biologically encoded, it fits easily within a single cell.
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Bio-digital Information

DNA is a highly efficient digital storage device:

® There Is more mass-storage capacity in the
DNA of a side of beef than in all the hard drivgs
of all the world’s computers.

® Storing all of the (redundant) information in a
of the world’s DNA on computer hard disks
would require that the entire surface of the Earth
be covered to a depth of three miles in Conner
1.0 gB drives.




Genomics:
An Example




Computers as Instruments

Computers are not just tools for cataloging
existing knowledge. They are instruments that
change the way we can see the biological
world. Computers allow us to see genomes,
just as radio telescopes let us see guasars and
microscopes let us see cells.
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— construction of a high-resolution genetic map of the human
genome;

USDOE. 1990.Understanding Our Genetic Inheritance.
The U.S. Human Genome Project: The First Five Years.
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Human Genome Project - Goals

— construction of a high-resolution genetic map of the human
genome;

— production of a variety of physical maps of all human
chromosomes and of the DNA of selected model
organisms;

— determination of the complete sequence of human DNA and
of the DNA of selected model organisms;

— development of capabilities for collecting, storing,
distributing, and analyzing the data produced,

— creation of appropriate technologies necessary to achieve
these objectives.

USDOE. 1990.Understanding Our Genetic Inheritance.
The U.S. Human Genome Project: The First Five Years.
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Infrastructure and the HGP

Progress towards all of the [Genome Project]
goals will require the establishment of well-
funded centralized facilities, including a stock
center for the cloned DNA fragments

generated In the mapping and sequencing
effort and a data center for the computer-based
collection and distribution of large amounts of
DNA sequence information.

(National Research Council. 198Blapping and Sequencing the
LHuman Genoma~Nashington, DC: National Academy Press. p.|3™
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Databases and the Genome Project

[The] database developer should provide, In
some real sense, an intellectual focus for the
Interpretation of genomic data.

NIH-DOE Ad Hoc Committee on Genome Database
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Paradigm Shift in Biology

The new paradigm, now emerging, Is that all the
‘genes’ will be known (in the sense of being
resident in databases available electronically),
and that the starting point of a biological
iInvestigation will be theoretical. An individual
scientist will begin with a theoretical conjecture,
only then turning to experiment to follow or test
that hypothesis.

Walter Gilbert. 1991. Towards a paradigm shift in biolo\ature 349:99. } -
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Paradigm Shift in Biology

To use [the] flood of knowledge, which will pour
across the computer networks of the world,
niologists not only must become computer
iterate, but also change their approach to the
problem of understanding life.

Walter Gilbert. 1991. Towards a paradigm shift in bioloyature 349:99.
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Human Resources Issues

® Reduction In need for non-IT staff

® |Increase Iin need for IT staff, especial
“Information engineers”

In modern biology, a general trend is to
convert expert work into staff work and
finally into computation. New expertise |
required to design, carry out, and interpr
continuing work.
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Human Resources Issues

Elbert Branscomb: “You must recognize that
some day you may need as many computer
scientists as biologists in your labs.”

Craig Venter: “At TIGR, we already have
twice as many computer scientists on our
staff.”

Exchange at DOE workshop on high-
throughput sequencing.
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Fundamental Dogma

DIIIA

/The fundamental dogma of RNA

molecular biology is that genes act ¢

create phenotypes through a flow o _

information from DNA to RNA to Proteins

proteins, to interactions among ¢

proteins, and ultimately to _ _

phenotypes. Circults

Collections of individual phenotype ¢

of course, constitute a population. Phenotypes

v

Populations
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Fundamental Dogma

Map

Database$

A
[to distribute molecular information,

DNA

v

RNA

[Gene Expression}? ¢

lthough a few databases already e}(ist

PDB

the post-genomic era will need man

Proteins

v

Circuits

more to collect, manage, and publis (Regulatory Pathways? ¢

the coming flood of new findings.

[Clinical Data ?] ¢

[ Biodiversity?]

GenBank
EMBL
DDBJ

[ Development j?

SwissPROT]
PIR

[ Metabolismﬂ

Phenotypes

[ Neuroanatomyj>

Populations

[Molecular Epidemiology?

[Comparative Genomic%?
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Electronic Data Publishing

G D B -- Beta Hemoglobin

** | ocus Detail View **

Symbol: HBB

Name: hemoglobin, beta
MIM Num: 141900

Location: 11p15.5

Created: 01 Jan 86 00:00

** Polymorphism Table **

Probe Enzyme
beta-globin cDNA Rsal
beta-globin cDNA,JW10+ Avall
Pstbeta,JW102,BD23,pB+ BamHI
pRK29,Unknown Hindll
beta-IVS2 probe Hphl
IVS-2 normal Hphl
Unknown Auvrll
beta-1VS2 probe Asul
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Clagsical Genetics: Foundations

Farly Mendelism

(335 699 Tytes; 41 pages, no faumes)

Gregar Mendel 1882

4

R

Mendel, Gregor. 1865, Ezperiments in
plant hybnidization. Verhandiungen des
naturiarschenden Vergines in Britnn,
Bd IV fiir das Jahr 1865,
Abhandngen, 3-47.

In February and March of 1265, the Brinn

M atural History Society in Brin,
Czechoslovakia, heard Gregor Mendel
prezent the results of his itrvestigations into
the mechanisms governing inheritance in pea
plants. The next vear, the work was
published as Mendel, Gregor. 1866,
"Wersuche tber Pflanzen Hybriden "
Ferhandlimgen des nafurforschenden
Fereines in Brovn, 43-47.

Inn this remarkable work, hMendel established
the foundation for what later became the
science of genetics. However, his work was
largely ignored when it appeared and MWendel
moved on to other things. He died in 1884,
never knowing that bis expetitnents in plant
hybridization were of any consequence.

Hiz work was rediscovered at the tum of the
centwy and its significance inumediately
tecognized. Genetics, as a formal scientific
discipline, exploded into activity in 1900

=] || Links
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Hardy, G. H. 1903, Mendehan
Proportions i1 a Mized Population.
Srience, NS XXV 40-50 L\\s

Evwery geneticist has heard of the
Hardy-Weinherg Law and of
Hardy-Weinberg Equilibrivn, and neatly all
basic biology texts teach that G H. Hardy
played a seminal role in founding population
genetics. But, what most biologists don't
realize iz that Hardy's tetal contribution to
biology consisted of a single letter to the
editor it Stietce. The letter began,

Iam reluctant fo infrude in a discussion
concerung matfers of which I have no
expert knowledge, and I should have
expected the very simple poinf which Jwish
fo make fo have been familiar fo Blologists.
However, some remarks of Mr. Udny Tule, fo
which Mr. B O Furmeft has called my
affenfion, suggest that it may sHl] be worth
making.

With that, Hardy offered his "simple point"
atid then washed his hands of biology. His
autobiography, A Mathemafician s Apoiogp,
makes no mention of population genetics.
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JULY 10, 1908

DISCUSSION AND CORRESFONDENCE

Mendelian Proportions in a Mixed Population

To The Bditor of Science: T am reluctant 10 intrude
in a discussion concerning matters of which I have
no expert knowledge, and 1 should have expected
the very simple point which 1 wish o make w0 have
been familiar o biologists, However, some remarks
of Mr. Udny Yule, to which Mr. R, C. Punnett has
called my attention, suegest that it may sull be worth
making.

In the Proceedings of the Roval Socierv of
Medicine (Wol L. p. 165) Mr. Yule is reported
have suggested, as a criticism of the Mendelian
position, that 1 brachydactyly is dominant “in the
course of time one would expect, in the absence of
counteracting Factors, o get three brachydactylous
persons (o one normal.”

It is mot difficult w prove, however, that such an
expectation would be quite groundless, Suppose that
Aa 15 a pair of Mendelian characters, A being
dominant, and that in any given gemeration the
numbers of pure dominants (AA4), heterogyeoles
[Aa), and pure recessives (aa) are as p:2qir, Finally,
suppose that the numbers are Fairly large, so that the
mating may be regarded as random, that the sexes
are evenly distributed among the three varieties, and
that all are equally feriile. A littlle mathematics of the
multiphication-table type is enough o show that in
the next generation the numbers will be as

SCIENCE

M5 Vol XXVITEA9-50

this proportion would alterwands have no endency
tw decrease.

In a word. there is not the slightest foundation for
the idea that a dominant character should show a
tendency o spread over a whole population, or that a
recessive should tend to die out,

I vught perhaps o add a few words on the effect
of the small deviations from the theoretical propor-
tions which will, of course, occur in every genera-
tion, Such a distribution as g 2g,:r, which satisfies
the condition g = pr. we may call a srable
distribution, In actual fact we shall obtain in the
second  generation not piZger, but oa o slightly
different distribution p:2ger, which is not “stable,”
This should, sccording to theory, give us in the third
generation a “stable”  distibution p2g0r, also
differing from p:2g:r; and so on. The sense in
which the distribution p:2g v, 1s “stable” is this, that
if we allow for the effects of casual deviations in any
subsequent  generation, we should, according o
theory, ohtain at the next generation a new “stahle™
distribution differing but slightly from the original
distribution.

I have. of course, considered only the very sim-
plest hypotheses possible. Hypotheses other that
[sic] thiat of purcely random mating will give different
resulis, and, of course, if, as appears o be the case
sometimes, the character 15 not independent of that
of sex, or has an influence on fentility, the whole
question may be greatly complicated. But such com-
plications seem to be irrelevant o the simple issue

UAddressIhttp:Nwww.esp.DrgIhistDryfhardy.pdf N j ”Links
S| EuE [ &&] 1| D] «] BlE[E 2| n
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time...

Kinesin

Kinesin 15 a mechanochemical protein capable of utilizing chemical energy firom ATP hydrolysis
to generate mechanical force. In the pksence of ATP, kinesin can bind to and move on
microtubules (see Motility). The ability to translocate along the microtubule lattice has led to the
classification of kinesin as a microtubule motor protein. Kinesin is unrelated in sequence to the
other known class of microtubule motor proteins, the dyneins, and is thought to perform functions
in the cell distinct from the dyneins

The mechanism by which molecular motor proteins convert energy from ATP hydrolysis into
mechanical force is not known. A problem related to their mechanism of fimction is the molecular
basis of polarity of translocation along the microtubule: some kinesin motors move toward
microtubule minus, instead of plus ends like 'conventional’ kinesin. The coupling of the ATPase
cycle to force generation and the determinants of motor polarity are actively being investigated
using biochemical, biophysical, and molecular approaches

Other areas of investigation include the regulation of kinesin fimetion in the cell and identification
of proteins that enable kinesin to interact with intracellular vesicles and organelles

Recent Reviews

Howard, J. (1996) Ann. Rev. Physiol. 58, 703-729

Vallee, R.B. & Sheetz, M.P. (1996) Sci. 271, 1539-1544

Bloom, G.S. & Endow, S.A. (1995) Prot. Profile 2, 1109-1171

Pereira, A. & Goldstein, L.S.B. (1994) In Microtubules {(ed. J.S. Hyams & C.W. Lloyd) pp
269-284, Wiley-Liss, NY

Return to the Kinesin Home Page
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Tree of Kinesin Motor Domains

The tree 15 a clickable mapimage. Clicking on a colored subtree or a subtree name will link to that
subtree page. Clicking on a protein name will link to that protein entry in the table of Kinesin
Motor Proteins
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The C-terminal Motor Subfamily

The C-terminal motor subfamily in the most recent analysis 1s no longer supported by a high
bootstrap value. This is an indication of divergence within the group due to newly discovered
members of the subfamily. The tree shown is taken from a tree built in a search of 73 kinesin motor
domains. The kinesin proteins in this group have in common a C-terminal motor domain, and 4
members of the group (DmNcd, ScKAR3, CgCHO2, AtKCBP) have now been demonstrated to be
minus-end directed motors
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Moore’s Law: The Statement

Every eighteen months, the
number of transistors that can
be placed on a chip doubles

Gordon Moore, co-founder of Intel...
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Three Phases of Novel IT Applications

® It's Impossible

® It's Impractical

® |t's Overdue
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The Problem

® |IT moves at “Internet Speed” and respond
rapidly to market forces.

® |IT will play a central role in 21st Century
biology.

® Current levels of support for public bio-
Information infrastructure are too low.

® Reallocation of federal funding is difficult,
and subject to political pressures.

® Federal-funding decision processes are
ponderously slow and inefficient.
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The challenges:

® providing adequate funding levels

® making timely, efficient decisions
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Federal Funding of Bio-Databases

Appropriate funding level:
® approx. 10% of research funding

® |.e, 1- 2billion dollars per year

Source of estimate:

- Experience of IT-transformed industries.

- Current support for IT-rich biological research.
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Market Forces

(i

n a simple market economy, vendors try to anticipat
the needs of buyers and offer products and services
meet those needs.

Real users decide whether or not to buy a product or
service, depending upon whether or not it meets a regl
need at a reasonable price.

Vendors

products
purchases @ services

Buyers

Business 101 Insight:

Successful vendors target a
niche and excel at meeting th
needs of that niche.




Market Forces

/Funding to initiate the development
of products and services come fro
investors, not from buyers.

Venture Vendor Stock
Capital Investment Offerings

Vendors

products
STCESE @ services

Buyers




Market Forces

/Funding to initiate the development
of products and services come fro
investors, not from buyers.

Venture Vendor Stock

Investors decide whether or not to

Capital Investment Offerings
provide start-up funding based upo
the estimated ability of the vendor
create products and services that will 5
meet real needs at competitive pric
Vendors

products
STCESE @ services

Buyers
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Federal Funding

ﬁ biological databases were driven
by market forces, individual users
would choose what services they
need and individual database
providers would choose what
services to make available.

Investors would provide start-up
money on the likelihood of
successful products and services
being developed.

Ultimate success would depend on
meeting the needs of real users.
Decisions could be made rapidly, i
response to changing needs and
emerging opportunities.

Investors

Database

purchases @

Users

products
services



Federal Funding

Congress

<— Other
Agencies

mstead, funding decisions for N
biological databases can follow a
ponderously slow course, with
almost no opportunity for input fro
real users.

Agency

[ Agency Bl Advisors

Reviewers

+ ______ Database
Advisors

Those most knowledgeable about
particular database are often
excluded from participating in the
review process because of a possi
“conflict of interest” status with the
database provider.

Database

products
services

Users

____________________
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Federal Funding of Bio-Databases

Possible solution - create market forces:

® stop supporting the supply side of biodatabas
through slow, inefficient processes.

® start supporting the demand side through fast,
efficient processes.

® provide guaranteed supplementary funding,
redeemable only for access to bio-databases.

® data stamps, AKAfood (for-thought) stamp£!
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Food (for thought) Stamps

Funding Agencies could:

® provide a 10% supplementéwery research
grant in the form of “stamps” redeemable only jt
database providers.

® allow the “stamps” to be transferable among
scientists, so that a market for them could
emerge.

® provide funding only after the stamps have be
redeemed at a database provider.
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Food (for thought) Stamps

Problems:

® how to estimate the amount of FFT stamps thdt
would actually be redeemed (and thus the
required budget set-aside).

® how to identify “approved”’ database providers

how to Initiate the FFT system.

etc etc
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Alternatives (if no solution emerges):

® Increasingly inefficient research activities (abj
fallure will occur when it becomes easier to reqo
research than to obtain the results of prior work).

® |oss of access to bio-databases for public-sectpr
research.

® movement of majority of “important” biological
research into the private sector.

® loss of American pre-eminence (if other
countries solve the problems first).
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Bottom Line:
® This might not be the answer, but

® it's FOOD FOR THOUGHT
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