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x G Gibson & SV Muse (2002) A
primer of Genome Science.
Sinauer Associates, Inc. e EEﬁEJ&Eﬁ’%&%& )5
Publishers. ins

x Chapter 1: Genome Projects:
Organization & Objectives
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Walter Gilbert: A crucial early
proponent, he later tried to set up
a company to produce and sell
genome data

Sydney Brenner: Joked that
sequencing was so boring it should
be done by prisoners

Charles Delisi: An early advocate,
he launched the Human Genome
Initiative within the Department
of Energy in 1986

Maynard Olson: Helped pave the
way with work on mapping the
yeast genome

Francis S. Collins: Favored a
deliberate, methodical approach to
mapping and sequencing

Threw down the gauntlet with J.
Craig Venter: his commercial plan
to shotgun sequence the human
genome
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The Opportunity & the Hope:
New Targets, New Therapies

HUMAN GENOME PROJECT TO SPARK EXPONENTIAL GROWTH
IN NUMBER OF TARGETS FOR DRUG INNOVATION

MNumber of Crug Targets
12,000 -

3.000=10, 000

10,000 4

8,000 -

- Approximately 500

Cumulative Number of Targets Mew largets Expectad from
Known lToday Human Genomea Hroject

Sowveer D, Jorgeeny, AW D, "Gerui Scieyices ared o MMaclioims oF Tooeroen. Conviesiiany o s Deveireieed, ~ atune
Biotechmology, Wil 74, Nowesrrbey 19890



Targeted Prescription of Medicines:

Applied Pharmacogenomics

Today Future
Empirical prescription Rational prescription
“mass market” “individualized"

N J— =
ria

& - Tria‘l‘
Switch -

druge

Individual physician experience Informed physician diagnosis
Cost: time, money & well-being Savings: time, money & illness




Bringing a New Drug to Market

Drug Administration (FDA)

5,000 patient volunteers

patient volunteers

Phase I: Evaluates safety and dosage
in 20 to 100 healthy human volunteers

Phase III: Confirms effectiveness and monitors
adverse reactions from long-term use in 1,000 to

Phase II: Assesses effectiveness and
looks for side effects in 100 to 500

Review and approval by Food & 1 compound

approved

5 compounds enter
clinical trials

5,000 compounds

Discovery and preclininal testing:

evaluated Compounds are identified and evaluated in
laboratory and animal studies for safety,
biological activity, and formulation
| | | | | | |
0 2 4 6 8 10 12 14  Years

Source: Tufts Center for the Study of Drug Development
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Human Genome Project 1988

x Conceived as a resource for the scientific community

% Sharing of genomic resources and IP (Intellectual
Property) rights a major concern

x HGP grounded on belief that science is the best served
by free access to genomic resources such as DNA
sequence

x Genome is a bounded set of fundamental information
that should be available to all
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IP Rights to Federally Funded Research
Results (1)

% Bayh-Dole Act 1980

x Grantee/contractor retains
rights to inventions

% Universities & non-for-profit
institutes

x Enacted into law in 1984
x Exception

x Declaration of Exceptional
Circumstances (DEC) invoked
by government to prevent
patents by
grantees/contractors

% March-in rights if invention not
developed appropriately
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Patents Issued to Research Universities
Bayh-Dole Act 1980 (cont.)
. Source: AUTM
X Benefl'rs 1600 e [ T S e I —— 'r.r r
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x Inventions developed rapidly 1200 ; : i -
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x Results should be published
x Data & materials should be g et does NCBI o7
B Established in 1988 as a national > Assembly

resource for molecular biclogy Archive

information, NCBI creates public

shared at time of publication

x Deposit in public databases or
repositories when available

A » Clusters of
databases, conducts research in orthologous

computational biology, develops aroups
software tools for analyzing genome

data, and disseminates biomedical  * coffes Break,
information - all for the better Genes &
understanding of molecular Disease, NCBI
processes affecting human health Handbook
Literature and disease. More...

databases
PL ed,

* Electronic PCR

¥ Entrez Home

* Entrez Tools

% Problems with respect to HGP ==
x Difficult to enforce duses |2 S,
x Many data not published but ' |
still useful

% Sharing at time of publication is
too late for genome resource

HUMAN GENOME PROJECT
1990-2003



Basic NHGRI Sharing Policy

[T
%’W Natlonal Human Genome Research Institute

n health through genetic research

x Release of all data and materials within six months of
generation

x  Applicants asked to state their plans for sharing
x  Awards made only if plans acceptable
% Plans for sharing become condition of award

x NHGRI = National Human Genome Research Institute




NHGRI Policy on DNA Sequence

x Early genome products were maps, markers & DNA
clones

x Later DNA sequence predominated

x New policy needed because DNA sequence
x Can be produced rapidly in very large amount
x Is immediately useful in raw form

http://www.genome.qgov/PolicyEthics/LegDatab
ase/pubMapSearch.cfm




Bermuda Agreement

x 1996 1st International Strategy
Meeting on Human Genome Sequencing
% Principles enunciated

x Sequence assemblies greater than 1Kb
should be released automatically on a
daily basis

%  http://www.genome.qov/Pages/Educati
on/Kit/main.cfm?pageid=61

x 1997 2nd Meeting
% Principles reaffirmed

x 1998 3rd Meeting

% Principles extended to all genomic
sequence

% NHGRI requires all grantees funded
for production sequencing to abide
by these principles




NHGRI Policy on Patenting DNA Sequence

%x 1996 NHGRT announces policy on 39%
patenting human genomic sequence

% Raw genomic sequence in the absence of
additional demonstrated biological

information lacks utility is not
appropriate for patient filing

23%

% NHGRI requires rapid release of raw

. . . ' a

sequence & will monitor patenting of 0.-4%

large blocks of primary sequence 1% 3% 440
% If NHGRT determines there is a problem, M us public [l JAP private | | Other public

a DEC may be considered [ us private | | Euro public [l Other private

x DEC = Declaration Of EXCCPﬁOﬂGl [ ] JAP public [ Euro private [l Unclassified
Circumstance | Independent inventors
% To prevent patents by

grantees/contractors

Patents claiming DNA sequence
NIH opposes plans for patenting filed between 1996 and 1999 by
‘similar’ gene sequences country and sector (Nature

David Dickson Biotechnology 2002, 20:1185-1188
Nature 405, 3 (2000).




(Evans &
Relling,
1999;
Science

286, 487)

Genatic

Genetic Polymorphism Polymorphism

of Drug Sensitivity

of Drug Exposure + =

Genetically Regulated
Heterogeneity
in Drug Effects

Drug Metabolism Drug Receptor
Genotypes Genotypes
Efficacy —
I oxegiby —

Drug Concentration

Therapeutic Toxicity

Effect (%) (%)
75 1
35 1
10 1
a5 =10
45 =10
10 <10
a5 =80
50 =80
10 >80
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CYP2Dé6

% Mutant alleles: responsible for
individual variability in pain relief by
opioid analgesics (J+ & # )

% £g., Codeine (v #& %)
% Require activation by CcYP2D6

% Individuals with non-functional cYP2D6
mutant alleles > resistant to the effects of
opioid analgesics

% Several mutant alleles of the CYP2D6 gene
coding for debrisoquine 4-hydroxyase
predispose to toxicity with

% Metaprolol, timolol, nortriptyline,
perhexeline, propafenone and codeine

%  (Genetic tests (genotyping): to
prevent potential foxicity by
lowering dosages or not prescribing
certain drugs - selection of optimal
drug therapy




NHGRI Policy on SNPs

% Single Nucleotide Polymorphisms ¥ NHGRT SNP production
grantees must agree not to
x  SNPs are a new kind of DNA seek patents on SNPs
markers with great utility for lacking demonstrated
mapping genes functional utility specific
to SNP(s)

x Large sets covering entire

genome are needed x  The SNP Consortium (TSC)

% Consortium of
pharmaceutical companies
that is also investing in
production of a public SNP
collect

x  Important to have such sets
publicly available to stimulate
research on genes involved in
complex diseases & other
phenotypes

x  £.g., Pharmacogenomics

7TREMS NOCNQ\N\
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Research Tools

x

Mouse mutagenesis and
phenotyping centers
% Mutant mice may not be patented

% Other inventions such as new
technology are not affected

x  Mammalian Gene Collection

% Full length cDNA clones & sequences

% Clones & their sequences may not
be patented

x Other inventions not affected

| |
)
ﬂ A

2Kb
eaction




Recent Developments

x NHGRI policies on research tools being adopted
across NIH
x National Institute of Health (USA)

x New NIH policy statement issued in 1999

x QOutgrowth of recommendations of Working Group on
Research Tools
x 1988

TR2MS NSNS\
Shirley©
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3 Sharing Biomedical Research
Resources
x  http://www.nih.gov/science/models/
sharing.html

x  Principles
1. Academic Freedom & Publication

x  Institutions have a obligation to
preserve academic freedom and ensure
timely disclosure of research results 0000 3 5PCT Applications S

100000 -

2. Appropriate Implementation of Bayh-Dole 600
Act F0000 |

x  Intent of Act is to promote utilization .

of inventions & public availability

x  Use of patents and exclusive licenses is
not always the best way to assure this

20000

1978
1980
1982
1984
1986
1988
1990
1992
1994
1996
1998
2000



New NIH Policy Statement, 1999 (2)

3. Minimizing Administrative Impediments to
Research

x Streamline process for transferring
tools to others

x Develop clear policies on acceptable
conditions for acquiring tools from
others

4. Dissemination of Resources founded by

NIH
x Progress in science depends on prompt
access to new research resources
x Unique resources developed with NIH

funds are to be made available to the
research community

x Web address - full document
http://www.nih.gov/od/ott/Rtquide_final.
htm

x Ott= Office of Technology Transfer




x

WE VIEWIT AS A

RATHER REMARKLABLE

FEAT OF GENETC [
ENGINEERING.

Human genome international effort A
to sequence all the genes (1990) ‘}&'

x Filed 315 ESTs

x  Initiative failed Ll %

Craig Venter (NIH) - 1991 ‘

51{:'!{_[‘:\].-" hF"_kﬂ_\_ﬁ =""'?'\-_-\_, - 2 2= v,:..-'._l

T e A

Rejected on grounds of utilities
(1992)

NIH withdrew - could have
appealed 1994

Craig Venter from private sector
filed many such gene patent
applications

DNA Patent Database



Growth of the
International Nucleotide Sequence Database Collaboration

BUDNNG W Eiped 228 E

Base Pars conlribuled by GenBankE =0 EMBL=— DDE) =N

http://www.ncbi.nim.nih.gov/Genbank/
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[ Total available structures
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Lipdated 01-Fab-2006

Protein Data Bank (PDB, RCSB, USA)



Human Genome Project
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The cell
or
system

Transcriptomics

Proteomics

Metabolomics
Clycomics
Lipidomics

Lacalizomics

Interactions

Or=

Protein-DMNA interaction

Transcription
factor

mRNA ] I

'L I 'I' !
Protein
products

|
!

Protein-protein
interaction

Functional states

Fluxamics

Fhenomics

Copyright @ 2006 Mature Publishing Group
Nature Reviews | Molecular Cell Biology

Links between
specific
molecular
components

An integrated
readout of all
omics data
types by
revealing the
overall cellular
phenotype
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[rmicroarray, SAGE)

Proteamics

abundance, post-
translaticnal
mcdification)
Metabolomics
imetabalite
abundance)
Prostein-[rhA
interactions
{ChiP—chip}
Protein-protein
interac tians
(reast 2H,
i Frunconlcs
lisotopic tracing)
Fhenomics
Pairwise integration of omics data iy
synthetic lethals)

Copyright © 2006 Nature Publishing Group
Mature Reviews | Molecular Cell Biology



Consequences of

L J | J - - -~ g

Th'e Humc;n Genome Project (HGP) (1)

x Complete sequencing of the
Human Genome

x New branch of science and
medicine
x Genomics
x Bioinformatics
x Transcriptomics

Bioinformatics

Biological

Data Caleulations

Computer

GENOMICS

[3 (5 Mok Gartsin, 199, Yain, kinknfmbh ynlnade




Conseauences of

vv---v [ ]

the Human Genome Project (HGP) (2)

x New branch of science and
medicine

x Proteomics
x Cellomics
x Metabolomics

MNomnal cell Cancer cell

Gene A @g& Gene A

cence | 5 55 B
Gene C % Gnemne:(:“r %

PROTEOMICS

| ATl TEOMTOET StadTCTeRE o0

i -
W — - - a-PHLL\_'J_\E!,J;:__q

Genomics  Transcriptomics Proteomics Metabolomics

< r.. W;; -

DNA Protein

Metabolites



What is a Genome

% All of the DNA for an organism
x One copy

x  Human genome
x N =22 +XY A Y.
% Nucleus NS

x 3.2 billion base pairs
packaged intfo chromosomes _ ~ B

- TR | ALTOSamMEas afm Lhromasames

% Mitochondrion 2% AL
x 16.5 Kb packaged into one AR E q \) FY
circular chromosome -

3.2x10° base pairs



Expression pattern in
development and adult

Expression pattern
in ‘disease’

Sequence
variation

The human genome
| 3 x10° bp

Sequence variation
associated with disease

Genome modification
in animal models

DNA sequence of
control regions

DNA sequence of

transcripts

Structure of
protein product




Why Genome Projects?

x Genomic DNA: has almost all the information
about life

Genotypes
1. Environments
2. Interactions and regulations

among genes
Phenotypes
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Most Common Diseases are Caused by a
Combination of Genes and Environment

Stroke — — Manic-depression

Breast cancer — ' f ."‘n — Myocardial Infarction

Dicbetes —— Hypertension

Obesity — " — High Cholesterol

f T~ Schizophrenia

Inflammatory Bowel Dlsease



Locus Heterogeneity in Alzheimer's Disease

Amyloid Precursor Protein

(APP) - Chr 21
Presenilin 1 Azheimer s
Chr 14 Disease (AD)
Presenilin 2
Chr 1

Apolipoprotein E
(APOE-4) - Chr 1

TLMEC NONT\\
Shirlev©



Glaucoma 10 loci Cataract
8 loci 18 loci
i ““::" y ——
Poalarior k’_:ﬂ“y angtn .
e e e 0 onswe  AANtErior chamber

11 loci

Microphthalmia ¥~ Ora sermata
o w  Retinal degeneration
125 loci
wira  Non-RP RP
oinain 55 loci 70 loci
Oplic norve
Optic atrophy RP syndromes
8 loci 34 loci

BBS Usher
E 6 loci 10 loci

Wright et al. Genome Biology 2001
2:comment2007.1 doi:10.1186/gb-2001 -2-8-comment2007



Genomic Biology

% Genomics is changing our understanding
of biology

x Late 1980s: the generation & analysis of Cﬂmﬁ\
information about genes & genomes

% Middle 1990s: functional genomics

% The generation & analysis of the
information about what genes do

""ﬁ 3 6 4 ;:
Compound/ gene/siBINA

.. il v
x (Genomics, proteomics, transcriptomics,
metabolitmics etc.

x [Broad sense] the generation of
information about living things by
systematic approaches that can be
performed on an industrial scale (high
throughput)




The Central Paradigm of Molecular Biology

Primary protein structure
is sequence of a chain of amino acids

Alpha helix

Secondary protein structure
occurs whan the sagquance of amino acids
are linkad by hydrogen Donds

Fleated sheeal
Tertiary protein structure
occurs when cartain attractions are prassnt
betwesan alpha helicas and plestad shaats

.I'-.Ipha helix Protein Databank

Quaternary protein structure
ie B protain consistng of mors than one
aming acid chain.




700

Government-nonprofit Genomics Research Funding 2000
($ million)

600

500

Source: World Survey of Funding for Genomics Research
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Funding: Private > Public (2000)

Source: World Survey of Funding for Genomics Research
Stanford in Washington Program
http://www.stanford.edu/class/siw198q/websites/genomics/entry.htm




Patent Assigned
NON-PROFIT
RESEARCH OTHER
INSTITUTE . NIH
6% 6%
13%
UNIVERSITY
PRIVATE
14% FOR-PROFIT
PUBLIC COMPaNY
UNIVERSITY °

9%

Source: Stephen McCormack and Robert Cook-Deegan
DNA Patent Database www.genomic.org



Ownership (assignee country) of 1028 DN A-based
patents 1980-1993

OTHER
GERMANY

UK
Fm”ch\ ‘ BUSA  80.0%
JAPAN —_ = BJapan  7.1%

OFrance 2.4%
O UK 2.1%
B Germany 1.9%
Usa O Other 7.1%

sSource: Stephen McCormack and Robert Cook-Deegan
DNA Patent Database, August 1999, www.genomic.org
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Functions of

all genes modifying

genome

Development a
robust
Genetic engineering
discipline
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M National Human Genome Research Institute

Goals of the Human Genome Project (HGP)

% /dentify all the approximately 20,000-25,000 genes in human DNA

x determine the sequences of the 3 billion chemical base pairs that make
up human DNA

x  store this information in databases
x  mprove tools for data analysis

% transferrelated technologies to the private sector, and

x address the ethical, legal, and social issues (ELSI) that may arise from the
project.
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Begun formally in 1990
The project originally was planned to last 15 years

Rapid technological advances have accelerated the
expected completion date to 2003

Celera announces a 3-year plan to complete the project
early

First draft: June 28th, 2000
x  Sequencing completed first: chromosome 22 (Dec. 2" 1999, Nature)

Feb. 2001
x  June 2002 (TIGR): 7,801 genes' functions identified

% International Human Genome Sequencing Consortium:
http://www.nature.com (Nature)

x  The Celera database: http://www.sciencemag.org (Science)
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Molecular Biology

v -

Information: e
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VWhole Genomes = Y
: i o AR - Tl
The Eevnlutlnn Driving Everything m— 1_,.%}1_:_ = #ﬁ%
Flelschmanm, s o. ssams, m.o.. vwie .o . clar ko, B 5. Mikress, E.F ., 'ﬁx*ﬁﬁi{r‘i_rg?‘&'f:'-._. A

Fed=isge, AR, Bull,C . J., Tomb,d. F., Doagherly, 8. A Merdde, J_ M. MICEEnney, B, e R b

=ulkn, 3., Flkkaagh, 0L, Flelds , C ., Socmere, J. D, S00ll, J., Shidey,, B, U, L L, 3kd ek, A,
Eeley  J. M., Nedman, . F., PRllps, C. A, Spdggs, T., Hedbkom , E., Colkon, M. D,
Ulerb=a, T. A, Harra, MM .G, Nguyen - o, LG L Flmne, LD,
Frilkbhman, Jd. L., Fubrmann, J. L. Fhagen, .= A, Grehm, G LS

k., Frazer, i emin w0, 2 Y eNlera o (1 s 5)

R ———————— o 1 [ =Y ¢ e T o1 g ]| [N A =
SIS OE 26a: 196512, eroime seduerce row

(Ficture adapted from TIGR website, faccuml‘”ate 50 quickly that,
http: ffacwen tigr. org) N less than a week, a

. Integrative Data single laboratory can

: produce more bits of data
1995, HI (bacteria): 16 Mb & 1600 genes done than<Hakespeare >
1997, weast 13 Mb & ~B000 genes for yeast

managed in a lifetime,
1998, worrm: ~100M b with 19 K genes although the latter make

1998 =30 completed genomes! hetter reading.
2003, human: 3 Gh & 100 K genes.

— G & Pekso, Natthee 401 113-116 (1939)
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Functional Characterization of
the 5. cerevisiae Genome by
GCene Deletion and Parallel

Analysis
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Systematic Knockouts

YWinzeler, E. A, Shoemaker, D. D,
Agromoff, &, Liang, H., Ahderson, K .,
Andre, B., Bangham , E ., Benito, R,
Boeke, J. D, Bussey H., Chu, A M,
Connelly, ., Daviz, K., Dietrich, F., Dow,
=W Bl Bakkoury, M., Foury, F ., Friend,
=.H., Gentalen, E., Giaewer, .,
Hegemann, J. H., Jones, T.
Liao, H., Davis, R.W. 2 et
Furu:tu:: nal characterization of
cerevsiae genome by gene -::Ieletu:un and
parallel analysiz. Sclence 285, 901-6
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Molecular

Biology Information:

Other

+ |nformation to

understand genomes
o Metabuli
(gh¢colysis], traditional

biochemistry
& Regulatory MNetworks

& WWhole Qrganisms
, traditional
zoology

& BEnvironments, Habitats,

ecolog
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[he Character of ggé
Molecular Biology

Information: d e e
. P e 3
Redundancy and N -

Multiplicity Ny
« Different Sequences Have the

SameStructure >
- Organism has@any similar genes >
« Single Gene May Have Multiple

-
. .

Functions pilejotrophic

« Senes are Q@DEd into F’Etl@s {Integrative Geﬁm

_ genes < structures <«
« Genomic Sequence Redundancy functions <> pathways <>

due to the Genetic Code expression levels <

regulatory systems < ..
« How do we find the
cimilaritinc™?




Major Application |
Designing Drugs

+ Understanding How Structures Bind Other Molecules (Function)

+ Designing Inhibitors >

+ Docking, Structure Modeling

(FoOm kD right, ngere s adaped rom Oke s G 00p Dock kg Page atscripps, Oysow NMR G Dap Web page atScripps, 3ud om
CompratoalChem bty Page gtCome I Theon Ce ite .




Major A
Finding Homologues

+ Find Similar Ones in Different Organisms
vs. Yeast

+ Human vs.
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Major Application ||lI:
Overall Genome Characterization

« Overall Occurrence of a P
Certain Feature in the _— &
Genome bt N o

S oe.d. how many kinases in Yeast

« Compare Organisms and

Tissues

& Expression levels in Cancerous vs T e
Mormal Tissues

lo:le rea fHI)

« Databases, Statistics ETRa,
" -’—-L\
) l,'.- 3 : x35 1
Chock e s yweastu. Sy chooys i, s e A5 SRR :
2dapted Trom Gese 2 ENjebh Page , SavderGoip, EB L - T !__.-“

oy i

arharfrnn [M.1] ruhanmth (500



Simplfying Genomes with Folds,
Pathways, &c

~20,000-25,000

PN {'_= r-".—'l’"ﬂ-l"::' ..-4:: . R, Ao
: Fﬁ-_ pa '-—__E| Loy % X ;"& > A 5=t
. G " A Y =" | ~1000 folds
.._ﬁ ] |'L -;-, . ::_’[::TI _,'r - = :_ ‘
|- R | |

mlfmllilfllllﬁ_m

(7. pallidum) ~1000 genes
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New Medical Applications (1)

x Diseases control
x Diagnosis
x Monitoring
x Treatments

x Rational drug design

x New classes of medicines
based on a reasoned
approach

x (Gene sequence, protein
structure, function

information vs. trial-
and-error methods

Genetic factors Rational Drug Design

E pidemiology

Studies of mechanisms

of disease processes
Important

physiological factors

Riskfactors

~

Identification of sites
controlling disease progression

Structure-activity

Design of new
relationships

molecules

Biological evaluation (pharmacology)

Clinical trial

Remedial therapy
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New Medical Applications (2)

x Rational drug design (cont.)

x These drugs, targeted to
specific sites in the body,
promise to have fewer side
effects than many of today's
medicines

x Gene Therapy

X NlAa al aonoec ronla ace or
o lllul gollco opiuLc vi

supplement a defective gene or
to bolster immunity to disease
x £.g., by adding a gene that
suppresses tumor growth

Drug Lead Designed Drug
g W
” Vel R
[a%\ )
j'_"-';-. ) » [ 4 j
- s V.2 / y
AN Ny / )
w; U
Diug Design Irom
3D Structure of Lead
Bound lo Receplot Lead 3D S?' uchure
After two weeks the
immune system starts
developing to protect
baby from infecti
6 1 mmmmmmmm Y

”" How the immune
system treatment
works in children

Cells infected with yitus
mnlalninq forrective gene



disease
protein EEriicy)
PRIORITIZATION /
VALIDATION

TARGET

Ty

IDENTIFICATION

drug
candi

PHARMACEUTICS dates
PHARMACOLOGY
TOXICOLOGY

drug
candidates

CLINICAL STADIES

PRECLINICAL

drug

MARKET
¥  AUTORIZATION

PHASE |, 11, 11l

disease
protein

)

leads

4

LEAD
IDENTIFICATION

hits

LEAD

OPTIMIZATION

QUANTUM PHARMACEUTICALS' ROLE IN DRUG DISCOVERY



New Medical Applications (3)

Other Information

% http://www.ornl.gov/hgmis/medici
ne/medicine.htm
x (Gene testing

x Biochemical tests (enzymes &
other protein)

x Karyotyping
x DNA level

x

Genes Delivery
x Pharmacogenetics = ~ O\

B At_:usnlrptipn
Phar‘macogenomics @ g GO Clinical Qutcome Ellestt:;:tgltilsonlﬁ-l
h PD Pharmacodynamics & Diru ONSes xcretion
x The genetic basis of variable drug §PK Phamscinens w :
response in individual people @""_“9 GN Genotype ] pD Mechanim of

action
. Drug respon se)

x Genetically determined variation in

effectiveness & side effects E2 A Phamacological

effect

http://www.pharmgkb.org/

Site of action




New Medical Applications (4)

x  Other Information

x Tailored drugs vs. "one-size fits
all”

x BI1B1 variant of CETP gene
= paravastatin is more
effective in lowering lipid
levels (than other people) =
reduce the risk of

. . EXAMPLE OF PATIENT RESPONSE TO STATIN TREATMENT
CC(r'dIOVGSCLIIC(r' d'Sease Before treatment: After two years of treatment with statins:

Blood flow constricted by build-up of fatty deposils = Falty deposil reduced

x Drug tamoxifen prevents
breast cancer among women
with BRCA1 & BRCAZ gene

mutations




New Medical Applications (6)

x Genetic counseling

x Genetic counselors are health
professionals with specialized
graduate degrees & experience
in The areas of medical genetics
& counseling

x Disease specific information

x OMIM (Online Mendelian
Inheritance in Man)

x NSGC (National Society of
Genetic Counselors)

Components of the Genetic
Counseling Process

. Information gathering

. Diagnosis

. Risk assessment

Information giving
Psychological assessment

and counseling

. Help with decision making

. On-going client support

o )=~

~l N

[Modified from: AP Walker (1997)]
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Humans have fewer genes

In Thursday's issue of the journal Mature, researchers
who decoded the human geneme concluded that

people have only 20,000 to 25,000 genes, a drop
from the 30,000 to 40,000 estimated in 2001.

Rice Maize
BB a8 N N N
-+ 1R R SESE 8
-+ 1R 45
SEZ3E8 IIiz:l
BEESS e E N
Genes 2o00p- %% QLiis
13.600 19500 25,000 45,000 20,000

SOURCE: Mature AP
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Genomic Experimentation (1)

% Most of the strong
conclusions will continue to
come from directed
experimentation

% Bright researchers (IQ & EQ)
% Trained for years

x Expert in the
system/organism in which the
experiments are performed

x Well-funded




Genomic Experimentation (2)

x [Bacon 1962] Science proceeds by
the formulation & carefully testing
of hypotheses

x QObservation-, obsession-, // \\k

engineering-, or 'what-if"- driven THEORY
hypothesis play a small part ’ , , ’ ’ ! ! ! ’ ’

*» oo o0 ¢ mythos legos

x  Genomics de-emphasis of
hypothesis-driven research
% Valuable knowledge can be gained
from the systematic production of

simple kinds of biological
information http://userpages.burgoyne.com/bdespain

x Genomic research = observational /grammar/gram012.htm

Figiere 3 — Building o Theory on Mythos and Logos




Two-hit Hypothesis for Tumorigenesis

a TSG mutation in a normal cell, leading to sporadic cancer

o T Fa Deletion
Wild-type 49, New _— H —
TSGs mutation [ ]
Py

( — )0 (—)( —

U o U o U

Progression to
tumowur formation

First 'hit' Second 'hit'
(e.q. a mulation (e.q. a deletion
in one copy in the other copy
of the TSG) of the TSG)

b TSG mutation in a cell with a germline mutation, leading to familial cancer

- - ™ Deletion
Inherited —
germiine H | ) . .
mutation b R . rogression to
in TSG F -y ( > < tumour formation
N
First "hit! Second "hit
(the germiline (e.g. a deletion
mutation) in the other copy
of the TSG)
Knudson's two-hit hypothesis for tumourigenesis involving a tumour
suppressor gene (TSG)

Expert Reviews in Molecular Medicine @2001 Cambridge University Prass




Genomic Experimentation (3)

x Stereotypical hypotheses

% Transcription of genes in the kidney may be controlled by
transcription requlatory proteins present in the kidney

x Must be some mutations cause abnormality

x Scientific standards have changed

x 1988, the finding that a protein contains a homeobox =
suggested DNA-binding & requlate expression

x Have been tested experimentally

x 2000, we would accept that claim without further
experiment
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‘I'm afraid that whole-genome studies are an important
| precursor to developing small-molecule therapeutics...’




% How regulation will be possible in
the fast moving genetic revolution

x  What are its implications for human
dignity and human rights

x  Should the law condone
intferventions in the human genome
which alter the genetics of living
persons and future generations oniting

for human

dignity.”




Major Implications of the Genetic
Revolution for the Legal Discipline (2)

% What will be the implications of these
developments for family law

% What consequences will they present
for insurance, given the potential of
genetic data to remove entirely
predictive doubts about an insured's
likely health prognosis

% Will the criminal law need to be revised
in so far as it posits the free will of the
individual? If the conduct of some
persons stems from their genes, should
this be exculpation, a defence or at
least mitigation
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x All disease has one or more
genetic components

x Therefore, we are all at risk
for genetic diseases

x If we accept these statements,
then there is no basis for
genetic discrimination, since we

are all in +he e
11

mpe ric
GAlI S AT 11D ] o |l 1J

n f\f\l
G CAILD A A A

N
AN

x But the insurance industry is
based on the ability to
discriminate and assign risk




Genetic Discrimination (2)

x At this point in the evolution of our
knowledge, we have the information
to permit us to identify
predisposition to certain relatively
rare genetic diseases, e.q.,

% CF, Huntington disease efc.

% The burden of genetic disease,
however, is among all of us with
predisposition fo common, complex
genetic disease, e.g., cancer,
cardiovascular disease, diabetes
mellitus efc.

ABRNmG A BAAE (XuF
Gl L R
WO A A AT




Genetic Discrimination (3)

% William Brody, JHU President,
in a recent Wall Street
Journal op-ed (opposite
editorial page) piece, arqued
that the loss of ability of
health insurers to stratify
populations by genetic risk
will lead ultimately to a single

payer

x JHU: the Johns Hopkins i =——:—_
University

E“

(—ﬁ-& fast ! T 've
iSalated Hhe
‘Selfigh Gene!
aand tES mane
-:::.-Il. mtﬁE_l-l




Manhattan Project of Biology

Al Carnesale , UCLA Chancellor

x "We have just come through the
Manhattan project of biology.
Let's get it right this time"

% Ethical, Legal and Social Issue
(ELSI) Program, NIH

x US DHHS Secretary's
Advisory Committee on
Genetic Testing (SACGT) and
Secretary's Advisory
Committee on Genetics,
Health and Society (SACGHS)

x

x UCLA Center for Society, the
Individual and Genetics



Small Business & Health Insurance (1)

x A patient who works for a small self-insured company has a positive
family history for emphysema (** § &) on both her mother's and her
father's sides

% Her physician recommends that she have a humber of tests performed,
including one for al-antitrypsin (a1AT)

x  When the alAT test is reported to be abnormal, he tells her that this

may explain the emphysema in her family and places her at very high
risk this lung disease

% Her physician reports the results of his evaluation to her insurance
company as required

% Several days later she is called into the office of her employer and fired



Small Business & Health Insurance (2)

% Actual case
x  Patient had symptoms at time of testing

x  Commissioner Paul Miller, EEOC,
argued this case under ADA

x EEOC = Equal Employment
Opportunity Commission (# &)
£ g8 g

x Settled in favor of employee

x Remains to be determined
whether an abnormal test result
in absence of physical signs and
symptoms would be covered by
ADA




Medical informatics

Medical informatics | <,

Medical informatics

dNITL



To foster the

application of |
bioinformatics in \/ v
health Modiomns genetics paradigm

Medicine Medicine Ganetics

Medical
Informatics  Biginformatics

Information
Technologies

e

Apply IT to facilitate molecular medicine
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x Bioinformatics

% Conceptualizing biology in terms of molecules (in the sense
of physical-chemistry) and then applying "Informatics”
techniques

x Applied Math.

x Computer Science

x Statistics

x Biology (genomics)

% To understand and organize the information associated
with these molecules, on a large-scale



Definition (2)

x Bioinformatics

% the "MIS" for molecular biology information
x Management Information System (MIS)

J2NA NICN/C\\
Shirley©



Central Paradi

x Central dogma of molecular biology
x [DNA > RNA - protein ] phenotype

x Molecules

x Sequence > structure > function

% Most cellular functions are performed or facilitated by proteins

% Primary biocatalyst, co-factor transport/storage, mechanical motion/support,
immune protection, control of growth/differentiation

x Genomic sequence information

¥ MRNA - protein sequence - protein structure - protein function 2>
phenotype

% To understand evolutionary relationships in terms of the expression
of protein function (comparative genomics)



Glossary of Bioinformatics

x Cambridge Health Institute

x http://www.genomicglossaries.com/content/Bioinformati
cs_gloss.asp

x 2-can Glossary
x http://www.ebi.ac.uk/2can/glossary/index.php

x Contents
x Databases
% Methodologies

/AAMS NSNS\
Shirley©



Contents - Databases (1)

x Nucleic Acid Research (NAR) Jan. (every year)
x http://nar.oupjournals.orqg/

x Protein information resources

% Primary (linear)
x PIR, MIPS, SWISSPROT, PDB
x Composite protein sequence databases

x Secondary (motif)
x Prosite, Profiles, PRINTS, Pfam, Block, IDENTIFY

x Tertiary/Structure (domain, module)
x SCOP, CATH, PDBsum

/7AMS NN AN\

Shirley©



Primary profein stmuchure
s ssguence of a chain of amino Scids

Alpha helix

Secondary protein structurne
ooocwrs whan the saguance of armimno acids
=mre linksd by hydrogan oancs

Fleataed s=heat

Tertiary profein struciornes
oocowrs whan cariain attracbhons ars pras=rni
heahasssmm Alppha Eleaa and pastad shaare

Duatermany protein structume
i2 B prnoiain conseEsting of morns than one
smimns schd chain.



x Primary structure
% The linear sequence of amino acids in a protein
MNGTEGPNEFYYPFSNETGYYVREPFEAPQY Y LAEPWOFAMLAAYMFLLIVL
GFPINFLTLYVTVOHEELRTPLNY ILLNLAVADLFMVEFGGFTTTLY TSLH

GYFVFGPTGCNLEGFFATLGGEIALWSLVYVLA IERYVVVCEPMENFRFGE
NHA IMGVAFTWVMALA CAA PPLVGWERY IPQGMOCE CGALY FTLEPEINN

x Secondary structure

x Regions of local regularity
x f.e., alpha-helices, beta-strands, beta-sheets & beta-turns

s e Yl
T plinddediali g*
3’& od 4 \}v«: ;@&:s« — ,ﬁ\f,if =
Ifl%ﬁ @A}mwgfu |




x Super-secondary structure

% The packing of secondary structure elements into stable units
(motifs, modules)

x e.g., B-barrels, Bap units, Greek keys, efc.




Tertiary structure

% The overall chain fold that results from packing of secondary
structure elements




x Quaternary structure

% The arrangement of separate chains within a protein that
has more than one subunit

% e.g., hemoglobin




x Quinternary structure

x The arrangement of separate molecules, such as in
protein-protein or protein-nucleic acid interactions




amdonte - Natahacae (2
conients — vaianases (\¢)
x Genome information resources x TDB (the TIGR database)
x A suite of databases containing
* DNA Sequence databases DNA & protein sequences, gene
x EMBL, DDBJ, GenBank expression, cellular role, and protein
x dbEST, dbSTS, dbSNP etc. family information, taxonomic data

for microbes, plants, humans

x Specialized genomic resources

x SGD (the Saccharomyces
Genome Database)

...... NIZDT L1 AN
INCDL, VOA)

x Intermolecular interactions &
biological pathways
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Contents - Methodologies (1)

% Algorithms x Database searching
x The |OgiC0| sequence of s‘reps x Reference seqrching (by
by Wh|Ch a TGSk can be keywor-dl Tex"')
performed

% Sequence-based

x Comparison

x Pairwise alignment x Editing
x Local vs. global alignment % Single or multiple sequence
editing
% Multiple alignment x E.g., plasmid removal
x PSI-BLAST (position-specific
iterated - BLAST) < Evolution
x  Automatic

% Phylogenetic relatedness

7 EZP2NA N CNT SN\
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Contents - Methodologies (2)

% Fragment assembly
% E.g., contig assembly

x Gene finding and pattern recognition
% Protein-coding regions

Protein-binding motifs

Repeats

CpG islands & promoter regions

x

x

x

% Importing/Exporting
% Entering sequence data and converting the data between the various

sequence file formats, e.g.,, GCG, Staden, EMBL, GenBank,
IntelliGenetics, PIR, and FASTA efc.

7 E2NA NYCNT S\ \
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Contents - Methodologies (3)

% Mapping

Restriction maps

X
X
X
X

ORF maps

Peptide digestions maps
Plasmid maps, efc.

% Primer designs

%  Protein analysis

% Determining information about protein &

amino acid sequences
% Plotting the isoelectric point
% Location of functional motifs

% Predictions of secondary structure

X X %X %

Epitope & antigenicity
Secretory signals

Nuclear localized signals (NLS)
Transmembrane proteins

Protein structure prediction &
analysis

Computational approaches in
comparative genomics

Using DNA microarrays to assay
gene expression

Proteomics & protein identification

7A2MS NSNS\
Shirley©



Contents - Methodologies (4)

x RNA secondary structure
x E.g., inverted repeat sequences

x Translation

% Translation nucleotide sequences into peptide sequence or vice
versa

%  Other utilities
x Sequences management
x Databasing
% Printing/plotting

x Internet connection

TE2MC NON S\
Shirley©



MNGTEGPNFYYVPFSNETGYVRSPFEAPOY Y LARPWOFSMLAAYMFLLIVL
GFPINFLTLYYVTVOHEELRETPLNY ILLNLAVADLFMYEGGFTTTLY TSLH
GYFVEGPTGCNLEGFFATLGGEIALWSLYVLA IERYVVVCEPMENFEFGE
NHA IMGVAFTWVIMALA CAAPPLVGWERY I PQGMOCE CGALY FTLEPEINN

..isn't so glamorous....but means we can recognize words that form
characteristic patterns, even if we don't know the precise syntax
to build complete protein sentences

(from Attwood & Parry-Smith 1999)
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MNGTEGPNEFYVWPFENE TGV VRS PFEADPOY Y LAERPWOFSMLAAY MEPLL ITWL
GPPINFLTLY VTV OHEELETPLNY ILLNLAYWADLPMYEFZFTTTLY TSLH
Y EPVWFEPTECHLEGPRPATLGEEIATLWSLV VLA TEEY VYW CEPMENFEPFGRE
NHA ITMEYVARTWYMAT A CAA PP VEWERY TPOGMOCSCEAT Y FTLEPETNN

Amino Acid Sequence

...To be able to understand the words in a sequence sentence that
form a particular protein structure

(from Attwood & Parry-Smith 1999)



Breadth: Homologs, Large-scale Surveys, Informatics—

pairwise comparison,
segquence & structure
alignment

multiple alignmant,
patterns, templates,
traes

databases, scoring
schemes, censuseaes

8
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100+

finding
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structure
pradiction

calculation

malecular
simulation
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structure
docking

http://www.cs.ucsb.edu/~ambuj/Courses/bioi

nformatics/definition.pdf




Data

x Data is crucial to the success of analysis

x “Garbage in & garbage out”
x A little garbage in = A lot of garbage out

% Understand your data set and its surrounding
metadata

x Whole picture



"Don't just sit there! If vou've nrocessed 3l
the data there is, go out and find more dafgl”

Hoproduced in R.L. Weber, ™4 ramdoar soaik frr soferee™, TP Puldishing, 1973



