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The Genome Crackers

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.
J. Craig Venter: Threw down the gauntlet with his commercial plan to shotgun sequence the human genome.


http://www.sciencemag.org/cgi/content/full/291/5507/1182a/F1
http://www.sciencemag.org/cgi/content/full/291/5507/1182a/F2
http://www.sciencemag.org/cgi/content/full/291/5507/1182a/F3
http://www.sciencemag.org/cgi/content/full/291/5507/1182a/F4
http://www.sciencemag.org/cgi/content/full/291/5507/1182a/F5
http://www.sciencemag.org/cgi/content/full/291/5507/1182a/F6
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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
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Growth of GenBank

(1982 - 2004)
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Human Genome Project
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Bioinformatics
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Consequences of
the Human Genome Project (HGP)

x Complete sequencing of the Human Genome

x New branch of science and medicine

x Genomics
x Bioinformatics
x Etc.
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What is a Genome

% All of the DNA for an organism
% One copy

¥ Human genome
x N =22 +XY
% Nucleus
% 3.2 billion base pairs packaged into chromosomes

% Mitochondrion (extra-nuclear)
% 16.5 Kb packaged into one circular chromosome
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Goals of the Human Genome Project
(HGP)

il genome.gov . .
JWL National Human Genome Research Institute

http://www.genome.gov/page.cfm?pageID=10001694

Identify all the ~30,000 genes in human DNA

Determine the sequences of the 3 billion chemical bases
that make up human DNA

Store this information in databases
+ Bioinformatics

Develop tools for data analysis

/

Address the ethical, legal, and social issues (ELST) that
may arise from the project
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http://www.genome.gov/page.cfm?pageID=10001694

Genomic Biology

% (Genomics is changing our understanding of biology

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

% Middle 1990s: functional genomics

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

% 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)
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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



http://www.stanford.edu/class/siw198q/websites/genomics/entry.htm

Patent Assigned

NON-PROFIT

RESEARCH OTHER

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



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

OTHER
GERMANY
UK
FHANGE“mj\ ‘ DUSA  80.0%
JAPAN —_ = EJapan 7.1%

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

Source: Stephen McCormack and Robert Cook-Deegan
DNA Patent Database, August 1999, www.genomic.org
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Timetable of HGP

% 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 28, 2000

% Sequencing completed first: chromosome 22 (Dec. 2nd
1999, Nature)

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

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

% The Celera database: hitp://www.sciencemag.org
(Science)
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http://www.nature.com/
http://www.sciencemag.org/
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The Core Aims of Genome Sciences (1)

x To establish an integrated Web-based database
& research interface

x Most sites are now build on state-of-the-art relational
databases & include innovative software for data
searches and online analysis

x To assemble physical & genetic maps of the
genome
% For putting together phenotypic and genetic data
% Particularly when mapping disease loci
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Genotypes vs. Phenotypes

x Genomic DNA: has almost all the information
about life

1. Environments

2. Interactions and regulations

among genes
Phenotypes
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The Core Aims of Genome Sciences (2)

x To generate & order genomic and expressed gene
sequences

% “"Top-down" vs. "shotgun” (next lecture)
% cDNA (from mRNA, complementary)

x ESTs (Expressed Sequence Tags)

% Only one end of a cDNA need be sequenced to identify a
clone, fragments

% A good first approximation of the diversity of genes
expressed in a tissue
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The Core Aims of Genome Sciences (3)

x To identify & annotate the complete set of genes
encoded within a genome

x Using a combination of experimental & bioinformatics
strategies

% Aligning cDNA & genomic sequences

% Looking for sequences that are similar to those already
identified in other genome, e.g., BLAST

% Applying gene-finding software that recognizes DNA
features that associated with genes, e.g., open reading
frames (ORFs), transcription start and termination sites,
exon/intron boundaries
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Gene Annotation

x Entitles linking its sequence to genetic data about
the function, expression, and mutant phenotypes of
the protein associated with the locus, as well as to
comparative data from homologous proteins in
other species
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The Core Aims of Genome Sciences (4)

x To compile atlases of gene expression

% Analyzing profiles of transcription & protein synthesis

x Traditional methods
% Northern blotting, /n situ hybridization, Western blotting,
immunohistochemistry

x Genomic methods
x EST sequencing, SAGE, differential display

% Microarray, gene chips

x Bioinformatic methods
% Analyzing patterns of covariation in gene expression provides
information about the regulation of gene expression, and can
yield clues to unknown gene function as a result of “quilt by
association”
72US. NSNS\
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The Core Aims of Genome Sciences (b)

x To accumulate functional data, including biochemical &
phenotypic properties of genes

% Functional genomics
% A panoply of approaches under development to ascertain the
biochemical, cellular, and/or physiological properties of each
and every gene product
% Near-saturation mutagenesis
% High-throughput reverse genetics
% Proteomics
% Detecting protein expression
% Detecting protein-protein interactions

% Structural genomics

% To elucidate the tertiary structure of each class of protein
found in cells
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Genomics

X

X

Genetic Markers

% Blood group, allozyme, RFLPs, STRs, EST, STS & SNP

Gene Location (Mapping)

% Physical mapping (pseudogenetics & cytogenetics)

% Linkage mapping

QTL Mapping

% Complex human diseases

Genomic Glossary

x http://www.geocities.com/bioinformaticsweb/genomicglossary.ht
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http://www.geocities.com/bioinformaticsweb/genomicglossary.html
http://www.geocities.com/bioinformaticsweb/genomicglossary.html

Proteomics

% The study of gene expression at the protein level,
by the identification and characterization of
proteins present in a biological sample

% Glossary

x http://www.genomicglossaries.com/content/pr
oteomics.asp
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http://www.genomicglossaries.com/content/proteomics.asp
http://www.genomicglossaries.com/content/proteomics.asp

Linguistic Analogy

Gene Protein
Genomics Proteomics

1 l

Genome Proteome



From Sequences to Proteome
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The Core Aims of Genome Sciences (6)

x To accumulate functional data, including
biochemical & phenotypic properties of
genes

% Pharmacogenomics

* Comprises the study of variations in targets or
target pathways, variation in metabolizing enzymes
(pharmacogenetics) or, in the case of infectious
organisms, genetic variations in the pathogen

x http://www.genomicglossaries.com/content/pharmacogen
omics.asp
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http://www.genomicglossaries.com/content/pharmacogenomics.asp
http://www.genomicglossaries.com/content/pharmacogenomics.asp

The Core Aims of Genome Sciences (7)

% To characterize DNA sequence diversity

% All genomes are full of polymorphisms
% Two or more variants are found in natural populations
x Single-nucleotide polymorphisms (SNPs)
% Most quantitative genetic variation
% Size, shape, yield, and disease susceptibility should be
traceable to SNPs or to insertion/deletion polymorphisms

% The level of linkage disequilibrium (LD)
x Nonrandom associations between sites

% Disease locus mapping now generally utilizes detailed
knowledge of LD
% SNPs
% Microsatellites
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The Core Aims of Genome Sciences (8)

x To provide the resources for comparison with other
genomes

% “Nothing in biology makes sense except in the light of
evolution” = "Nothing in genomics makes sense except
in the light of comparative data"

x Synteny
% Local gene order along a chromosome tends to be conserved
over millions of years

% Comparative maps allow genetic data from one species to be
used in the analysis of another

% The conservation of gene function
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Organism-specific Resources

x Human
ﬁ il x Drosophila
= LEE x Zebrafish
x Malaria parasite

xMicrobial Genomes (84
complete genomes, Aug. 2002)

xMouse

xPlant Genome Central
xRat

xRetroviruses

Zebrafish RE
= Genome Resources "l:| g



Model Organism Have a Fundamental Role in

Assigning Function to Novel Genes
(Rastan & Beeley 1997)

Prokayote (Bacteria, Archae)

1T

Simple eukaryote (yeast/worm)

Rodent Fish/zebrafish,
Mouse/Rat <:> Human <:> Fugu

Phenotype ﬁ Q

Insect (Fly)
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Definition of Bioinformatics (1)

% Computational Biology

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

% Applied Math.

x Computer Science
x Statistics

% Biology (genomics)

x  To understand and organize the information associated
with these molecules, on a large-scale
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Definition of Bioinformatics (2)

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

x [Gibas C & Jambeck P 2001] A subset of the
larger field of computational biology, the
application of quantitative analytical techniques
in modeling biological systems
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Table 1 Sources of data used in bioinformatics, the quantity of each type of data that is eurrently iApril 2001) available,
and bivinfarmatics subiject areas that utilize this data.

Data source

Data size

Bioinformatics topics

Raw DNA sequencs

Protzin sequence

Macromolecular
struchare

fienomes

Gieme oxpression

11.5 million sequences
(12,5 hillion bases)

A0, H} sequences
{300 aming acids
cach)

15,000 structures
i~ 1,00} atomic
conrdinmics each)

5060 complets genomes
i 1.6 million —
3 billkon bases each)

largest ~20 time paoint
messurements far

~, (1) genes in yeast

Separating coding and nom-codimg regeons
[dentification of imtrons and exons
Giene product prediclion

Forensic aralysis

Sequence comparison algorithms
Multiple sequence alipnments algoritms
Ideniificatbon of conserved sequence modils

Secondary, teriiary structure prediction
Al structaral alignment algorithms
Protein geomebry measurements
Surface and volume shape calcalations
Intermalecular imleractions

hfolecular simulations
{force-fiekd calculations,
mibecilar mavetsents,
docking predictians)

Charactersation of repeats

Stnectural assignments to genes

Phylogenetic analysis

Oemamic-siile Cengses

(characterisation of protein comlend, metabalic pathways)
Linkzge analysis relating specific genes to diseases

Covrelating expression pattems
Mapping expression dain o sequence, sirsciural asd
kinchemical data

Oicher data
Literaturg

Metabolic pathownys

11 million citations

Drigital libraries for automaded bibliographical searches
Knowledge dstabases of data from litersture

Pathway simulations

Luscombe et al.
2001



Contents & Goal

% Algorithms

x Databases

x User interfaces

% Statistical methodologies

x To identify "potentially significant” results
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Bioinformatics - Origins & History

x  http://www.geocities.com/bioinformaticsweb/his.html
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http://www.geocities.com/bioinformaticsweb/his.html

Bioinformatics & Genomic Medicine
- JH Kim (2002)

x 1960s

% Extensive use of computers in the medical sciences

x 1974

% Russian "informatika" = English "medical informatics”

x 1990s

x Modern bioinformatics

% The convergence of bioinformatics and clinical informatics
(biochemistry a generation ago)
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The Convergence between MI & BI

Molecular
biology

L]
Medical informatics

dJNTL

Medical informatics | <. : Bioinformatics

Molecular

biology ﬁ

Medical informatics




A Model to Study Interactions

To foster the To adapt medical

application of @ @ informatics

bioinformatics in systems to the

health P Moleciia Bonciies genetics paradigm
Medical

Informatics  Bioinformatics

Information
Technologies
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The Post-Genome Era

(1> (Structure &Y - (Populations& /-
Function Evolution
Gene
Products M Qw

% Bioinformatics provides the tools
% To extract and combine knowledge

% From isolated data and results in biology into
meaningful working models of cells and organisms
% Their birth, life and death

Source: Shankar Subramaniam, UCSD



From DNA to Life

http://www.doegenomes.org/



http://www.doegenomes.org/

What are the comparative genome sizes of humans and other organisms being studied?

Estimated sizes are the following:

organism estimated size estimated number of genes average gene density
Hurmnan 3000 million bases ~30,000 1 gene per 100,000 bases
M. Musculis (mouse) 3000 mullion bases 30,000 1 gene per 100,000 bases
Drosophila (frut fly) 1356 million bases 13, 061 | gene per 13,781 bases
Arabidopsis (plant) 100 million bases 25,000 1 gene per 4000 bases

C. elegans (roundwormn) 97 mullion bases 19,099 1 gene per 5079 bases
S.cerevisige (yeast)  12.1mullionbases 6034 | gene per 2005 bases

E. caoli (bacter1a) 4 67 millionbases 3237 | gene per 1443 bases

H. influenzae (bacteria) 18mullionbases 1740 1 gene per 1034 bases

(fenome size does not correlate with evolutionary status, nor 15 the number of genes proportionate with genome size,

C-value paradox
http://www.ornl.gov/hgmis/faq/compgen.html



http://www.ornl.gov/hgmis/faq/compgen.html

Comparative Genomics (1)

% Life histories for all living things

x The Human - diseases control

% Non-human vertebrate model organisms
% Models of human genetic diseases
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Comparative Genomics (2)

x Animals & Plants

% Comparative gene mapping & breeding
% Map-rich genomes = map-poor genomes

x Marker-aid-selection (MAS) for economics trait loci
(ETLs)
% Limited choice of suitable transgenes

% Regulatory elements
% Transgenes
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Comparative Genomics (3)

x Microbes
% Host & pests/parasites relationships, prevention &
treatments

% Malaria genomics
% Tuberculosis (TB)
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Central paradigm of molecular biology
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Central Paradigm of Bioinformatics

% Central dogma of molecular biology
%x [DNA > RNA - protein ]2 phenotype

% Central paradigm of Bioinformatics (molecular levels)
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

% (Genomic sequence information
x mRNA - protein sequence - protein structure - protein function
- phenotype

% [Comparative genomics] To understand evolutionary relationships in
terms of the expression of protein function
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The Reality of Sequence Analysis

MNGTEGPNFYVDPFENE TGVVREEPFEADPOY Y TAEPWOFEMLAAY MFLL IVL
GFPINFLTLYVTVOHEELRETPLNY ILTLNILAVADLFMYVEGEEFTTTLY TSLH
GYFYVPFGPTGCNLEGFFPATLGGEIATWISLYYVLA IERY VYWVCEPMENFEFGE
NH2 TMEVAPTWWVMATACAA PP VEWERY T POGMOCE CCATY FTLEPEINN

100

..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



The Holy 6Grail of Bioinformatics

MNGTEGPNFYVPFENE TGVYREPFEAPOY Y LA BPWOFSMLAAYMFLLIVL
GFPINFLTLYVITVOHEELRTPLNY ILLNLAVADLEFMVEFGGFTTTLY TSLH
GYFVFGPTGCHNLEGFFATLGGETATWAELVYVLA TERY VWV CEPMENFREFGE
NH2 TMEVAFTWVMATLA CAADPPTVGWERY IPOGMOCECGALY FTLEPEINN

Amino Acid Sequence

...To be able to understand the words in a sequence sentence
that form a particular protein structure
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http://bioinfo.mbb.yale.edu/what-is-it

The Most Useful Tools so Far

x Sequence comparison

% To compare an un-characterize DNA sequence to
the entire publicly held collection of DNA
sequences

x BLAST
x FASTA
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Genomics Proteomics
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Molecular Biology
Information:

Whole Genomes = SRR

"'—;—':" 4 .-

+ The Revolution Driving Everything m— o Sy o 2
. B L ST
FlElSChmElrlrl.n..n..ﬁnams.u.:-..uu-.lu.-:-..clq.-b:-n.n.a..mrkr:ss.E.F.. = N#-"ha-{f{l_'!fﬁ?ﬁﬁ
Kedmuage, A. A, BUll, G .J., Tomb,J. F., Dougherly, B, A, Merdd, J. 0., McEenrey , K., L e

Zdlien, 3., Flkkagh, 0L, Flelds , G, Oooyre, J. D, 200l Jd., Shidey, A, U, L L, Skd ek, A,

Eeley ,J. M., nedman,Jd. F ., PRllps, G, A =pdggs, T., Hedbkom , E., Colkon, M. D,
Ulerb=a=k, T. .., Harra, N .G, Ng'y'en = on, AL Fine, L.D.,

rAandom seque redng &rd a=sembly rnoae "

ST O 2ee: vas-512.

(Ficture adapted from TIGH website,
http: e tigr. arg)

+ Integrative Data
1995, Hl (bacteria): 1.6 Mh & 1600 genes done
1997, veast. 13 Mhb & ~B0O00 genes for yeast
1998, worm: ~100M b with 19 K genes
19849: =30 completed genomes!
2003, human: 3 Gh & 100 k genes. ..

(Zenoame seduence Now
accumulate so quickly that,
In less than a weelk, a
single laboratory can
produce more bits of data
than<hakespeare >
managed in a lifetime,
although the latter make
better reading.

— G A Pekso, Natwre 401: 113-116 (1999)




Information from Gene Mapping &
Sequencing (1)

% Linkage information = DNA/chromosome
walking/landing/ jumping
% Huntington's disease (Bender et a/. 1983)

x Genome organization
% Sequences, promoter, exons & infrons etc.

% Protein complement
% Genomic DNAs, ESTs & full-length cDNA = increasing
complete lists of encodes effector molecules
% Algorithms: Local vs. global, BLAST, FASTA etc.
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Pedigree of Huntington Disease

| -_’_x|
1 IE ? =]

| =T
m & O ® *r:}

T" L ?H %TE

e EEF TERET I R
'-"!jii‘,ﬂﬁ!uﬁiéﬂé :E
g

a



Ftooscing e gyl Gene Expression

of a Eukaryotic Genome
= ']
e Datasets: the
l'il“i\'h-hl*l-l'\-‘l 5.0 L
AT T EOEETE T WP AN R e igd ., L]
et E i A
T b VR E K L ® A T \ l.‘.tr ‘. = u
amalp W ol wals D42 e
e w4 | ranscrlptosonle
I T R A e (S o
Ml el CCL] Lo h
Wl _:
T ————— 'I"'l. o
:';'I': I'I-I.-l:i::'-'.l.l wa o
T T R N L T ¥ i -
Pl -
R [+§]
. S @
Young/Lander, Chips, | =
= Ll -
o -
Abs. Exp. ek -
e .
_‘.:..-‘..r o TP STy [T =]
A MUIIPOIPOse TANSPHSON KFNCM T analyzmg protom -
The Bbrown Lab produetlon. losalization, and fumetlan i g
Fowwd b o ek b NAee ROFWNYees Crreaiaioe o
Tae BIE" lls el Bt S il s b o ARF R Podian Sl Aeia LY WAL ;
LIRS - L Sl L wl g ® L o L " Tabka L =a LT o’ W
Pofrmgaaiabis¥a fun . ot S . o B, M G i B Y, i Yo S L
Sl e aemine waw s anl I L R e - -~
. R poE ST e RUIDIPIY e S SLEENE

T v = P e e e TR T R S N T T T L e P
B g B el AR e e B e el £ T

CEEN ) T AISO . i.-h.!..dihn;:-::\::l_:l:d::.rlu lui:rldl-n
Samson and Ty b e e B et T
Church- e Rk
Ae '
_ Snyder,
Protein )
1 Transposons,

Expression
Protein Exp

[PHPFTTET T
&l g b by
Foefed w0 @

Brown, parray,
Rel. Exp. over

Timecourse




Functional {Iuractarizlitinnnf A Ervtie Lo s evbvmar 1 Oth e r Wh 0 Ie-

TS PR R ) [ e
Fat ™ TR N BT h.;r..l.ll: lJn.

the 5. cerevisiae Genome by P o e d e

e a im m rliA l B

Cone Delation and Parallel 22 S0 R Genome

&l . poaleash B opha of @ewad o=
L e a e

r|||.u-|-r-u e a1 el 0y 'ihrllmm--l B g Eyspemedt 1

RS e e Experiments

Huhamax B Bubbaury™ Fromm oo F
i Sl | Dard Sheveer, ' |
Tad o ” Flohes| Lz " Song Lao
i L cokharl T foma Ly s

-

..
Sl M E bk 1 Pubrics Wensrd," B -0 00" ¢ PR
Chad Fal" Lo ravs Sabelaslaar g ¥ |cad L Be=si = -
(Rl slienr | Bobeire” Feroe Boase G EM E
Hb bl Loyt ® i Locidis L. - . sl B
L e TR . | [ i A
Tomens B Whimsel * Moo Wtk = ief ¥ ° LOTEOS : L azvil o e 2 W IR
Gards Do rwwssrn = Pum oo be s el ety
i ke U] e s | i . , 1 g% e i
oy =gy - Y- Lovam o Lam o 4 sicnims oot vand Svlalil elXNA Bl y s fraziaan
10w Rmamuwes 0d Py g oW e T E odesn o L oy - i . . L. - lirk ==
m;_h...::.l:.,.,.ln..:_..': Satmae - 51 flanm foa wirtan plamed Seobess linkag® #ai
B imlar g K B4 S
S R e ey s F e N RERE LS Wi bira Mas 17, 0 N Ll MonnSoen Dl bveChea L Hake dReas L £ha
e i “il TR ES =H P N ———— P 2 . [ B & & a5 -
m' . Wi I-:-.-di:ll.lﬂ'l"a 'L .?I._:_ .1.:: M A as ....'\'I '..:: el A DL TP R R e, BT e - e T AT T L
1-:]-."._-._!_u_|,npf.-—--_'_11!l:: - .!.--.-‘ h Fard  Fimer ™R e s rermtha a0t & -|T-.r"-|II'I ir— .= ¥
ul:_i-ll:!-.-: '-H-nlll'\-'.- RN T PR _.I.J: -_l'l-_-.:
ek i el i " L . Pa— L — T e Sl
—
- gl cokn ol ol pwes prad
Systematic Knockouts s aas el
I SR — |.-. . B
il ol ookl A s

Winzeler, E. A, Shoemaker,D.D., '"
Agtromoff, A, Liang, H., Anderson, K, 2 hyhﬂds, Iinkaga maps

Andre, B., Bangham, R, Benito, R, Hua, $. .. Luo, Y., Qiu. M., Chan, E.. Zhou, H. &
Boeke,J. D, Bussey H., Chu, A M., Zhu, L. (1998). Construction of a modular yeast
Connelly, C., Dawvig, K., Dietrich, F., Dow, two-hybrid cDHA library from human EST clones for
S.W._ El Bakkoury, M ., Foury, F ., Friend, the human genome protein linkage map. Geae 213,

S.H., Gentalen, E., Giaever, G, 143-52
Hegemann, J. H., Jones, T. 2
For yeast:

Liao, H., Daviz, R.W, & et@L
000 x 6000 /2

parallel analysis. Science 285, 901-6

Functional characterization ofthé=.
cerevisiae ganome by gene deletion and <
@lnt‘e raction




Information from Gene Mapping &
Sequencing (2)

x Protein complement (cont.)

% The function of between 15- and 40% of the proteins
encoded by any genome is not apparent from their
sequences

x Absence sequence similarity to known protein

% The biochemical function & the higher order function (e.g.,
transcriptional controls)

x Gene regulation

% Large-scale identification of sites of regulatory protein
action
% Comparison of sequence near coding regions in somewhat
diverged organisms = functional sites
x (. elegans vs. C. bergerac
% D. melanogaster vs. D. virilis
% Mus musculus vs. Fugu rubripes
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Information from Gene Mapping &
Sequencing (3)

% Information about phylogeny & evolution
% The changes that have led to speciation & existing

phylogeny
% DNA sequencing revealed a number of genomic
rearrangements

% Duplication events (e.g., yeast)

% Synteny rearrangements for many phyla. e.g., vertebrate
genomes may represent a quadruplication of ancestral metazoan
genome that also give rise to worm & flies

% Molecular evolution vs. morphological or paleontological
information

% DNA sequence demonstrates numerous individual instances of
horizontal gene transfer among prokaryotic species (Jain et d.
1999) - transformation, conjugation, transduction
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Molecular Biology Information:
Other Integrative Data
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The Character of @;é
Molecular Biology

Information: s SOy W
Redundancy and v

Multiplicity <> d ™
Different Sequences Have the M

Same&tructure D
Organism has@similar ggn;

Single Gene May Have Multiple
Functions Pleiotrophic

7—¢7. 5
Genes Er@ped into F’athw@ Hntegrative Genomics>

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

due to the Genetic Code expression levels <
regulatory systems < ...
How do we find the

cimilaritiaoc




Major Application I:
Desidning Drugs

+ Understanding How Structures Bind Other Molecules (Function)

- Designingdnhibitors D
+ Docking, Structure Modeling

(Fom ko rght, ngees 3dapked rom Oke s G oap Dock kg Page atScripps, Dyzon NUR G oap Nleb page atScripps, and Tom
CompuiatoralChem bty Page tCome I Theony Ce atef).




Major Application |I:
FindingcHomologues

« Find Similar Ones in Different Organisms

+ Human vs. Mouse vs. Yeast
GcEasier to do Expts. on latter!
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Major Application ||I:
Overall Genome Characterization

« Qverall Occurrence of a T
Certain Feature in the —
Genﬂme Lrd ko 0 _a'“'_.._“::-.

¢ oe.g. how mankinasesin Yeast

« Compare Organisms and AR
Tissues ' ;
& Expression levels in Cancerous vs T e

Mormal Tissues ;
lomi:le ria {HI)

« Databases, Statistics ST
I,'.. 3 H35 __| ._x
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Yeast Protein Functions

Regulatory 45 105%
Cell structure 182 424
Transposons,etc 87 203
Transport & binding 281 655
Putative transport 146 340
Replication, repair 115 268
Transcription 55 128
Translation 182 424
Enzymes 251 5.85

Unknown 1632 138.06




Simplfying Genomes with Folds,
Pathways, &c

-20,000~25,000
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x The mechanism of
splicing is not well
understood

v
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Data

% Data is crucial to the success of analysis
x “Garbage in 2 garbage out"

% Understand your data set and its surrounding
metadata
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Most Common Diseases are Caused by a
Combination of Genes and Environment

.f X ,;I . .
Stroke —— X' — Manic-depression

Breast cancer — / M"‘\s — Myocardial Infarction

Diabetes / (/5" "‘ Hypertension

iRl
ObeSITy / )
|'

Inflammatory Bowel Disease

W — High Cholesterol

| T~ Schizophrenia

R 2



Normal Distribution in Phenotype of
Complex Disease

Histogram of blood pressure, with MNormal Curve
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Robeart H. Tamarin, Principles of Ganetics, 6e. Copyright @ 1999 The MeGraw-Hill Companies, Inc. All righta ressrved.
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Locus Heterogeneity in
Alzheimer's Disease
Amyloid Precursor Protein .
(APP) - HSA21
Alzheimer's
Presenilin 1 (PSENI)- HSA14 Disease (A D)

Presenilin 2 (PSENZ) - HSA1

Apolipoprotein E
(APOE-4) - HSA1
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'm afraid that whole-genome studies are an important
precursor to developing small-molecule therapeutics. ..’




Genomics: Derivative Disciplines (1)

x Transcriptomics
% Transcript is an RNA copy of a gene

% Transcriptome is all RNA gene copies in a cell,
tissue or individual

x Proteomics

% Proteome is all proteins in a cell, tissue or
individual
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RNA Genomics

% High-throughput monitor gene expression
% Array-based: expensive

x Qligonucleotides vs. PCR products (cDNA)

% E.g., human fibroblasts, genes involved in wound
healing are expressed when starved fibroblasts
are induced to proliferate by serum

x Wound healing is a normal function of
proliferating fibroblasts

x £.g., tumor vs. non-tumor tissues

A0S NN N
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Protein Genomics

% Large-scale surveys of protein content in samples
using two-dimensional gels (O'Farrell 1975,
Proteomics)

% Mutagenesis: insertional mutagenesis (Ross-
MacDonald et a/ 1999)

x Yeast two-hybrid

% The mass testing of interactions among binary protein
pair
x <10°M
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Genomics: Derivative Disciplines (2)

x Metabolomics

% All of the small molecule components of a cell,
tissue or individual that are produced by the
proteins of the proteome
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Functional Genomics

x What to know

% Gene Expression
% Gene Regulation
% Genome-wide Mutagenesis

x How to do
% Microarray analysis
% Transposon targeting

x Transgenics
x RNAi
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Genomic Information on the Horizon -
Next 10 Years (1)

x Structural genomics & bioinformatics
% Prototype protein = accurate modeling by
homology of proteins
% Related by sequences
% But how many?

% Protein mass spectrometry (MS) &
bioinformatics
x Genome sequences = prediction of their mass =

compare with mass spectrometry measured
(databases)

TS NSNS\

AL L T TR N=2AET=2 S ﬁnf[éy@



Genomic Information on the Horizon -
Next 10 Years (2)

x Difficulties
% Genome data do not immediately address the
question about
% Regulation
% Mechanism

% Genome data are prone to errors (due to high-
throughput pressure)

% Bioinformatic prediction = lab
experimentation confirmation

TS NSNS\
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Genomic Information on the Horizon -
Next 10 Years (3)

x Limitations of biocinformatics nowadays

x “Guilt by association”
% A gene whose franscription behavior resembles that
of a known gene may function in the same process as
the known gene

x “Post-hoc” (F1% M %)
% A gene whose transcription is induced before

transcription of a group of another genes may
regulate transcription of that group of genes
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Genomic Information on the Horizon -
Next 10 Years (4)

% To combine different data types &
bioinformatics

* mRNAs encoding those proteins are expressed in
the same cell at the same time = strengthens
the idea that the two proteins interact
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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
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Genomic Experimentation (2)

s

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

% Observation-, obsession-, engineering-, or ‘what-if"-
driven hypothesis play a small part

% Genomics de-emphasis of hypothesis-driven
research

% Valuable knowledge can be gained from the systematic
production of simple kinds of biological information

x Genomic research =@ observational
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Genomic Experimentation (3)

x Stereotypical hypotheses

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

% Must be some mutations cause abnormality

x Scientific standards have changed
% 1988, the finding that a protein contains a homeobox =
suggested DNA-binding & regulate expression
% Have been tested experimentally

% 2000, we would accept that claim without further
experiment
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Post-Genomic Age

x Mammalian genomes
x 25,000 - 30,000 genes
% With ~8,000 known function
% How long to solve the functions of all genes?

x

Structural Genomics
% Map-base gene discovery > sequence-based gene discovery

%

Functional Genomics (mutation analysis)
% Transgenic model organisms

ES cells knock-out

% Transposition

PTGs (RNAI)

%

x
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* Map components
% Markers or genes
x Locations: mapping

x Linkage map
x cM (1 cM ~ 10° bp)

FBVWFP
D223420

— MMP11
D2231154

D2231167

2251144

SGLT
——D223349

% Physical map
% Base pairs (bp)

D223283
D2231173
D223426

D223423

x HSA= Homo sapiens autosomal

D223282
D2231140




Genetic Mapping (1)

X

Requires informative markers - polymorphic

A population with known relationships -

pedigree

Best if a measured between “close” markers

Unit of distance in genetic maps = centimorgans,

cM

x 1 cM = 1% chance of recombination between markers
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Genetic Mapping (2)

-0 Be

AA, | AA AA; | AA

B,B, | B,B, B,B, | B,B,
B2 B B, B,

A, PAIA, A1 A1 A, A, A1

NR NR R NR NR R NR

0 = # recombinant / # total = 2/7 = 0.286

S LMS

AN
L £ FFTARSS TN\

K | K\
== hirley©



Example

Table. Example Development of a Genetic Map using Four Linked Loci A, B, C
& D, scored in 100 offspringe

Locus Scored Number of Frequency of
Recombinants Recombination
A-B 10 0.10
A-C 3 0.03
A-D 15 0.15
B-C 7 0.07
B-D 5 0.05
C-D 12 0.12

a: no interference



Loci Order & Recombination Fraction




Two Strategies for Sequencing Genomes

% The Clone Contig Approach (up-down)
% Relies on shotgun sequencing as well
% But on a smaller scale

% The Shotgun Approach (bottom-up)
% A length of DNA
x A defined subset of the genome
% A whole genome
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Genome Sequencing

Genome: 3 Gb
<
Cut genome into large pieces
Clone into BACs: 100 kb
| Order based on sequence features (markers) = mapping
l Cut again Assemble entire sequence

1
l Assemble \

each BAC

— § Sequence

TAAAACATTTTAAAAGCTAGTACCCAGTACCTTCTAGT
150 160 170 7




physical length in  genetic length in
kilobase-pairs centimorgans (cM)

0 -57 = cdc24

— cdc19
o [ *By measuring The recupr'ocal.
cdc19 exchanges in meiosis, a genetic
| cys3 map can be constructed
mak16 xGenetic distance is roughly
|| 7 - . .
o ER. onana cqrrela‘red with physical
Spo7 N | distance
cdc?S/ . xGenetic and physical maps help
to identify genes responsible
FLDI.\ for specific processes
B FLOT |
phﬂ” -—_______ ph{)”
2240 510

Figure 20-14. Molecular Biology of the Cell, 4th Edition.
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http://www.ornl.gov/TechResources/Human_Genome/glossary/
http://www.ornl.gov/hgmis/acronym.html
http://www.ornl.gov/hgmis/project/info.html
http://www.ornl.gov/hgmis/research/research.html
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Coffee Break

% The Japanese eats little fat and suffer fewer heart attacks than the
British or Americans

¥ The French eat a lot of fat and also suffer fewer heart attacks than the
British or Americans

The Italians drink a lot of red wine and also suffer fewer heart attacks
than the British or Americans

% Conclusion: Eat and drink what you like. Speaking English is
apparently what kills you.

x By Irwin Knopf
% Retyped by Zoey Chen



Major Implications of the Genetic
Revolution for the Legal Discipline (1)

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

% What are its implications for human dignity and human
rights

% Should the law condone interventions in the human
genome which alter the genetics of living persons and
future generations

S LMS T\\k\‘\l(&:\‘

AL L T TR N=2AET=2 S ﬁzr[éy@



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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Genetic Discrimination (1)

% 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 the same risk pool

% But the insurance industry is based on the ability
to discriminate and assign risk
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Genetic Discrimination (2)

% 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 to common, complex
genetic disease, e.g., cancer, cardiovascular disease,
diabetes mellitus efc.
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Genetic Discrimination (3)

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

F2US. NSNS
L LT NS \S‘ﬁﬁ[by@



Manhattan Project of Biology

x Al Carnesale , UCLA Chancellor

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

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

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

% UCLA Center for Society, the Individual and Genetics



Small Business & Health Insurance (1)

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 number of tests performed,
including one for al-antitrypsin (a1AT)

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
% Patient had symptoms at time of testing

x Commissioner Paul Miller, EEQC, argued this
case under ADA
x EEOC = Equal Employment Opportunity Commission (£
Bk rie g9% LR 4
% 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

x ADA: Americans with Disabilities ACT
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