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The genomic data deluge...

we have perhaps less than 1% of the
genomic data we are likely to collect and
analyze within the next 5 years



Biology and medicine are unlikely to
benefit simply from having large
amounts of data...

there is an absolute need to model
biological function...

we heed a theory of genomic and
biological function



A Significant Innovation: The
Wet-Dry Cycle
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Four perspectives

Importance of genome sequence to identify genes
Identifying function through comparative genomics

Identifying disease genes/processes through
large-scale association studies

Proving function by chemical genetics






The Human Genome

Type Proportion Features

of genome
Unique or Single- 55% Includes genes and control
copy DNA sequences; dispersed in genome
Repetitive DNA 45% Rarely involved in functional

features (centromeres, telomeres);
interspersed in genome

Human Genome ~ 22,500 genes encoded in 3x10 °
DNA units (nucleotides)



Mutations in non-coding DNA regulate gene
function
mouse transgenes recover expression with long range elements
mutations from local rearrangements keeping coding sequence intact

15-20% of Mendelian disorders have no identifiable coding/regulatory
motif mutations
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Comparative sequencing of genomic R
in 13 species..comparisons to human
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Identifying functions in the
genome

» protein-encoding genes (1.5%)
- RNA genes

» protein (transcription factor) binding
sites

* Non-coding conserved elements (3%) or
"dark matter”...other regulatory sites



Identifying functions by
comparative genome sequencing

sequence throughout the tree of life ?
(<40% sequence in alignments)

sequence many primates ?
(minimizes multiple substitutions;
preserves regulatory apparatus)

sequence even more humans ?



What have we learned ?

1.5% of genome; most vertebrate
genomes have similar gene repertoire; distinct
expansions/contractions of genes

3.0% of genome; possibly
regulatory but largely of unknown function



The future of gene hunting

Genome-wide association mapping will be indispensable in finding genes of
smaller effect..effect is "gene sized"

Given an association sequencing of the 5% conserved/functional regions may
be the best route to identifying the relevant molecular changes...

Technologies to enable these experiments are now critical
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regulatory elements/: 3% of genome coding sequence: 1.5% of genome
epigenetic marks

Molecular variant ACGGGAGATGATGTACGTCC



Competing Theories for Common Disease
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The
HapMap
Project

New Mapping Project
Splits the Community

A new type of genomic map, known as the haplotype map, promises to
speed the search for elusive genes involved in complex diseases. But some
geneticists question whether it will work
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Genome-wide association studies are
efficient for disease gene discovery

- SNPs (HapMap): resolution < 2 kb

- high efficiency of association studies for common
disorders

- resolution of association in the human genome is < 20 kb

- cleft lip/palate and IRF6; leprosy and PARK/PARG

How do we find the molecular mutations ?



One simple example:
DNA analysis in Hirschsprung
disease



HSCR genetic epidemiology

* Absence of enteric ganglia;
neurocristopathy

* Long & short segment HSCR
(20%:80%)

* Mutations: Long >> Short

+ Incidence ~ 1/5,000

- Affected males:females = 4:1

» Syndromic associations e.g. WS,
MEN2; Trisomy 21

- Non-mendelian inheritance




HSCR: disrupted interaction between
enteric neuroblasts and gut mesenchyme
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RE T mutations in syndromic & L-HSCR

RET-linked families - 90%
RET mutations
- 50% familial cases
- 35% sporadic cases
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Where are the other mutations?

* RET non-coding sequence?
* tightly linked gene?

Identification of multi-species conserved
sequences (MCSs) within 350 kb at human RET
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RET is flanked by conserved, non-transcribed
sequences and novel genes
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Identification of non-coding MCSs
within RET intron 1

Transmission Disequilibrium Test: ¢, P<10e-11, O P<10e-9, , P<10e-6
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MCS+9.7 functions as an enhancer /n vitro

N
o

W
Ul

W
o
!

N
92}

'—L
ul
\

l—l
o
!

)
id
(o]
£
o
|
Q
£
P
w 20
Q
(o)}
c
©
L
@)
S
(o]
Il

ul
\

o

| -

108k 102k 110K

"

—/

SVv40
promoter &
enhancer

SV40 - 51->97
promoter mutant
only

51-->9.7
wildtype

9.7
mutant

9.7
wildtype




Sequence-based Genetics

+ Sequence genomes of affecteds &
controls

+ Identify sequence changes

- Predict functional effect



Validating genetic variants

- Functional studies

* Replication in other samples
* Challenge tests in extreme homozygotes

* Chemical genetics
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CHEMBANK

Initiative for Chemical Genetics

ChemBank is a freely available collection of data about small molecules and resources for studying their
properfies, especially their effects on biology. It is being developed to assist biologists who wish to identify
small molecules that can be used to perturb a particular biolegical system and chemists designing novel
compounds or libraries, and serve as a source of data for cheminformatic analyses. The project is still in an
early stage and we will be adding tools and data frequenthy.

Newly Added

s A Structure Databaze of over 900,000 reference structures with full search capabilities.

* A resource for searching, retrieving, and analyzing Biological Assay Data.

» Significant data and tools — including substructure searching — have been added to the Bioactives
Database.

Available Resources

Structure Database - contains all chemical structures and biclogical activity data in the ChemBank
database. Structures are available for more then 900,000 compounds, including a reference set of
gwer 700,000 commercially available drug-like compounds.

Small Molecule Bipactives Database - contains chemical structures and biclogical activity data for
ower 5900 known bioactive compounds. This represents a subset of the compounds in the
Structure Database.

Biological Assay Data - a resource for searching. analyzing, and downloading publicly available
assay data from high throughput chemical screens.

Data Downloads - downloadable files of compound structures and other useful information.

Resources - Links to outside resources relevent to small molecules, cheminformatics, and high
throughput screening.

Coming Soon
+ Enhanced bioactivity data including many new compound structures and updated annctations.
+ A reaction database and other tools for populating and navigating chemical descriptor space.
* Access to more high throughput screening data including signature datasets (see J. Am. Chem. Soc.,
125, 10543-10545(2003)).

ChemBank is intended as a resource for the entire scientific community, and we welcome feedback and
suggestions. To enguire about participating in the development of ChemBank, please contact us.

ChemBank is supported by the National Cancer Institute’s Initiative for Chemical Genetics.
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Finding drug targets is related to
identifying the genetic factors in
complex human disease...

..factors modifying suscepftibility,
duration, severity and course

..and Computational Biology is
critical to this exercise



