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February 2001: A Major Milestone
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We are 99.9% identical at the DNA
level, and most of our genetic
differences are shared among all
ethnicities and races. Thereis no
scientific basis for precise racial
categories.



A typical page of the human instruction book

ATGCCGATCGTACGACACATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCATCGTACTGACTGCATCGATCCATTTTA
TACTGACTGCATCGTACTGACTGCACATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCCACATATCGTTTACCCCATG
CATCGTACTGACTGTCTAGTCTAAACACATCCCACATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCCAGCATCCATC
CATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCTATGCCGATCGTACGACACATATCGTCATCGTACTGCCCTACGGG
ACTGTCTAGTCTAAACACATCCATCGTACTGACTGCATCGTACTGACTGCATCGTACTGACTGCACATATCGTCATACATAGACT
TCGTACTGACTGTCTAGTCTAAACACATCCCACATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCCACTTTACCCATG
ATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCCACATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCTATA
GCCGATCGTACGACACATATCGTCATCGTACTGCCCTACGGGACTGTCTAGTCTAAACACATCCATCGTACTGACTGCATCGTAC
TGACTGCATCGTACTGACTGCACATATCGTCATACATAGACTTCGTACTGACTGTCTAGTCTAAACACATCCCACATATCGTCAT
CGTACTGACTGTCTAGTCTAAACACATCCCACTTTACCCATGCATCGTACTGACTGTCTAGTCTAAACACATCCCACATATCGTC
ATCGTACTGACTGTCTAGTCTAAACACATCCCAGCATCCATCCATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCTAT
GCCGATCGTACGACACATATCGTCATCGTACTGCCCTACGGGACTGTCTAGTCTAAACACATCCATCGTACTGACTGCATCGTAC
TGACTGCATCGTACTGACTGCACATATCGTCATACATAGACTTCGTACTGACTGTCTAGTCTAAACACATCCCACATATCGTCAT
CGTACTGACTGTCTAGTCTAAACACATCCCACTTTACCCATGATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCCACA
TATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCTATACATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCTAT
GCCGATCGTACGACACATATCGTCATCGTACTGCCCTACGGGACTGTCTAGTCTAAACACATCCATCGTACTGACTGCATCGTAC
TGACTGCATCGTACTGACTGCACATATCGTCATACATAGACTTCGTACTGACTGTCTAGTCTAAACACATCCCACATATCGTCAT
CGTACTGACTGTCTAGTCTAAACACATCCCACTTTACCCATGATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCCACA
TATCGTCATCGTACTGACTGTICTAGTCTAAACACATCCTATAGCCGATCGTACGACACATATCGTCATCGTACTGCCCTACGGGA
CTGTCTAGTCTAAACACATCCATCGTACTGACTGCATCGTACGCCGATCGTACGACACATATCGTCATCGTACTGCCCTACGGGA
CTGTCTAGTCTAAACACATCCATCGTACTGACTGCATCGTACTGACTGCATCGTACTGACTGCACATATCGTCATACATAGACTT
CGTACTGACTGTCTAGTCTAAACACATCCCACATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCCACTTTACCCATGC
ATCGTACTGACTGTCTAGTCTAAACACATCCCACATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCCAGCATCCATCC
ATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCTATGCCGATCGTACGACACATATCGTCATCGTACTGCCCTACGGGA
CTGTCTAGTCTAAACACATCCATCGTACTGACTGCATCGTACGACTGCATCGTACTGACTGCACATATCGTCATACATAGACTTC
GTACTGACTGTCTAGTCTAAACACATCCCACATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCCACTTTACCCATGAT
ATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCCACACTGTCTAGTCTAAACACATCCATCGTACTGACTGCATCGTACGC
CGATCGTACGACACATATCGTCATCGTACTGCCCTACGGGACTGTCTAGTCTAAACACATCCATCGTACTGACTGCATCGTACTG



Our instruction books are not quite the same

ATGCCGATCGTACGACACATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCATCGTACTGACTGCATCGATCCATTTTA
TACTGACTGCATCGTACTGACTGCACATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCCACATATCGTTTACCCCATG
CATCGTACTGACTGTCTAGTCTAAACACATCCCACATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCCAGCATCCATC
CATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCTATGCCGATCGTACGACACATATCGTCATCGTACTGCCCTACGGG
ACTGTCTAGTCTAAACACATCCATCGTACTGACTGCATCGTACTGACTGCATCGTACTGACTGCACATATCGTCATACATAGACT
TCGTACTGACTGTCTAGTCTAAAC TCCCACATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCCACTTTACCCATG
ATATCGTCATCGTACTGACTGT GTCTAAACACATCCCACATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCTATA
GCCGATCGTACGACACAT CATCGTACTGCCCTACGGGACTGTCTAGTCTAAACACATCCATCGTACTGACTGCATCGTAC
TGACTGCATCGTACTGA CATATCGTCATACATAGACTTCGTACTGACTGTCTAGTCTAAACACATCCCACATATCGTCAT
CGTACTGACTGTCTAGCCTAAACACATCCCACTTTACCCATGCATCGTACTGACTGTCTAGTCTAAACACATCCCACATATCGTC
ATCGTACTGACTGTCTAGTCTAAACACATCCCAGCATCCATCCATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCTAT
GCCGATCGTACGACACATATCGTCATCGTACTGCCCTACGGGACTGTCTAGTCTAAACACATCCATCGTACTGACTGCATCGTAC
TGACTGCATCGTACTGACTGCACATATCGTCATACATAGACTTCGTACTGACTGTCTAGTCTAAACACATCCCACATATCGTCAT
CGTACTGACTGTCTAGTCTAAACACATCCCACTTTACCCATGATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCCACA
TATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCTATACATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCTAT
GCCGATCGTACGACACATATCGTCATCGTACTGCCCTACGGGACTGTCTAGTCTAAACACATCCATCGTACTGACTGCATCGTAC
TGACTGCATCGTACTGACTGCACATATCGTCATACATAGACTTCGTACTGACTGTCTAGTCTAAACACATCCCACATATCGTCAT
CGTACTGACTGTCTAGTCTAAACACATCCCACTTTACCCATGATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCCACA
TATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCTATAGCCGATCGTACGACACATATCGTCAT ACTGCCCTACGGGA
CTGTCTAGTCTAAACACATCCATCGTACTGACTGCATCGTACGCCGATCGTACGACACATATCGT GTACTGCCCTACGGGA
CTGTCTAGTCTAAACACATCCATCGTACTGACTGCATCGTACTGACTGCATCGTACTGACTG ATCGTCATACATAGACTT
CGTACTGACTGTCTAGTCTAAACACATCCCACATATCGTCATCGTACTGACTGTCTAGTCT ACATCCCACTTTACCCATGC
ATCGTACTGACTGTCTAGTCTAAACACATCCCACATATCGTCATCGTACTGACTGTCTATTCTAAACACATCCCAGCATCCATCC
ATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCTATGCCGATCGTACGACACATATCGTCATCGTACTGCCCTACGGGA
CTGTCTAGTCTAAACACATCCATCGTACTGACTGCATCGTACGACTGCATCGTACTGACTGCACATATCGTCATACATAGACTTC
GTACTGACTGTCTAGTCTAAACACATCCCACATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCCACTTTACCCATGAT
ATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCCACACTGTCTAGTCTAAACACATCCATCGTACTGACTGCATCGTACGC
CGATCGTACGACACATATCGTCATCGTACTGCCCTACGGGACTGTCTAGTCTAAACACATCCATCGTACTGACTGCATCGTACTG







There are no perfect genetic specimens

All of us carry an estimated 5-50

significant gene flaws






There is no Shortage of Concerns
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The Tiresias Complex of Genetic Testing

“It 1s but sorrow to be wise when
wisdom profits not.”

As the seer Tiresias confronted Oedipus with
this dilemma



June 26, 2000






Ari Patrinos, associate director of science for biological and
environmental research at the Energy Department, said he had been
discussing futuristic solutions to the energy problem with Venter for a
decade and is excited to hear Venter is planning a big move into the
field. He cautioned, however, that a great deal of fundamental research
remains to be done.

"I think it is indicative of the seriousness of these problems that they
are attracting prominent scientists,” Patrinos said. "People recognize
that some of these problems are stubborn nuts to crack. We need to
address them as aggressively as we can with the very best minds."










The Sequence is Only the Beginning

e The rest of
biology

e Medicine
e Data issues
e INnformatics

e Intellectual
property

e Ethical, legal,
and societal
concerns



The Tree of Life

Bacteria Archaea Eukarya
Euryarchaeota
_ ® Vibrio : ® Animals
® Purple bacteria ® Enterobacteria ® Methanosarcina ® Halophiles .
® Methanobacterium Slime ® Fungi
® Cyanobacteria ®Chlamydiae = ® Methanococcu OIThermo— molds
- - ®Caulobacter ®Thermococgus plasma ® Plants
® Actinobacteria renarchaeota Entamoebae
° Bamllug ° hizg"l')la e Sulfolobu @ Archaeoglobus Ciliates
Flavobacteria
_ ® Aeropyrum ® Flagellates
® Spirochetes == ®Deinococci
® Halobacterium Green nonsulfur ® Trichomonads
® Thermotogales bacteria Microsporidia
_ Diplomonads
® Aquifex

® Completely sequenced or in the
process of being sequenced



“so we should venture on the study of every kind of
animal without distaste; for each and all will reveal
to us something natural and something beautiful.
Absence of haphazard and conduciveness of
everything to an end are to be found in Nature’s
works in the highest degree, and the resultant end
of her generation and combinations is a form of the
beautiful.”

Aristotle’s “On the Parts of Animals”



Biological Archaeology: Tracing the Origins

! of the Humm;tu Species
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Matriarchs of European Populations

%

" Jasming

Bryan Sykes, Institute of Molecular Medicine at Oxford University



Descendents of Eve
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Proteins: The Workhorses of a Cell



Machines of Life: The Ribosome

The ribosome is where all the proteins in the cell are made

Advanced Light Source Yusupov, M.M. et al.,
Lawrence Berkeley National Laboratory Science 292, 883 (2001)



Machines of Life: Integrin

Integrin determines which molecules pass through a cell’s membrane



Machines of Life: Anthrax Lethal Factor

Enables infection by disabling immune response



X-ray Diffraction Helps Determine
the Structure

A high performance x-ray beamline for studying protein machines



High Field
Spectrometer Magnet

Nuclear Magnetic Resonance
Helps Determine the Structure
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High Performance Computing Essential to the

Future of Biotechnology

Five Steps to a Petaflops Compu

Blue Gene
Specs

1 Million
Processors

1 Gigaflops per
Processor

512 Ghytes
Memory (on chip)

Footprint:
<2,000 ft?

Air-cooled



Modeling Increasing Complexity

DNA Protein sequence Protein Protein/enzyme
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Nanobiology - From Science Fiction to Reality
Learning from Nature’s Design Principles

Computers, storage and
delivery devices, machines,

photosynthesizers
Nanos = Dwarf

Nanobots - An Artist’'s View




Agricultural Biotechnology
From Foods to Medicines
Edible vaccines, improved

yields, new materials, healthier
foods, environmental cleanup

...but not without
some concerns




“In pursuing our science, we ought first to
make a careful survey of the difficulties which
confront us at the outset. Among them would
be the diverse ways in which others have dealt
with our problems and in addition any points
that may have been overlooked. To have stated
well the difficulties Is a good start for those who
expect to overcome them; for what follows is, of
course, the solution of those very difficulties,
and no one can untangle a knot which he
cannot see.”

Aristotle’s “Metaphysics”



