Integrative Genomics, Mapping and Functional Explanation

Monday 28.11.11 Wednesday 30.11.11
G - Genome G
T - Transcriptome D —
P - Proteome s
M - Metabolome «—
F - Phenome
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The Cell, the Central Dogma and the Multicellular Organism

The Cell — ignoring shape and compartmentalisation (10° m):

DNA - string over 4 letters/nucleotides {A,C,G,T}

Transcribed by base pairing (A-T(U), C-G) into: [
RNA — string over 4 letters/nucleotides {A,C,G,U} \_/
Nucleotides in groups of 3 (codons) translated into amino acids: A4
Protein — string over 20 letters/amino acids o \d
Proteins governs (among other things) Metabolism — ~ 7 § a—

Epigenetics — DNA and chromosome is modified as part of governing regulation.

Data: highthroughput-collected without reference to a hypothesis, experiment — data collected relative to
hypothesis

The Cell creates the individual through ~40 duplications
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The Central Dogma & Data

Protein-DNA binding Data

Chip-chip protein arrays

DNA

Genetic Data

Transcription

SNPs — Single Nucleotide
Polymorphisms

Re-sequencing

CNV - Copy Number Variation

Microsatellites

> MRNA

___________

Exon

Genetical Genomics

Transcript Data
Micro-array data

Gene Expression

Splice Junction

Mass Spectrometry
2D-gel electrophoresis

Mass Spectrometry
2D-Gel electrophoresis

Disease Status
Quantitative Traits
Blood Pressure

Body Mass Index

__________ e G

Metabonomics

Proteomics

Transcriptomics

Genetic Mapping

> Protein > Metabolite Phenotype
Translation Cellular processes Embryology
Organismal Biology
! Proteomic Data Metabonomic Data Phenotypic Data
NMR NMR Clinical Phenotypes



Structure of Integrative Genomics

Classes DNA mRNA Protein Metabolite Phenotype
Parts
Concepts
G -2F Mapping
. -
Physical models: e el \, e__, SystemsBiology
Models: Networks
Phenomenological models: / .\‘ Integrative Genomics
O
Hidden Structures/ Processes o Unobservered/unobservable / \.

Knowledge:  Externally Derived Constraints on which Models are acceptable

Evolution:  Cells in Ontogeny Individuals/Sequences in a Population Species
So0 oo
[
Analysis: Data + Models + Inference —> Model Selection

Functional Explanation



The key questions for any data type(s)

G T P M F

Classes DNA MmRNA Protein Metabolite

Phenotype

Parts

» What is the state space of a single of observable and its (unobservable) biological state ?

» What is the dimension of the observation vector at each level?

« What is the distribution of an individual observable

* Are there correlation within a level?  Statistical? Mechanistic?

* Are there correlation between levels? Statistical? Mechanistic?

» Are there conditional independencies? Say T and M are conditionally independent given P ?

» How does a level evolve between species? How does it vary within a population?

* Does it vary between tissues or diseases states?



G: Genomes

A diploid genome:

Key challenge: Making a single molecule observable!!

Classical Solution (70s): Many

De Novo Sequencing: Halted extensions or degradation

extension >
Ll L] L
degradation €
w u L .
m -

)
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80s: From one to many: PCR — Polymerase Chain Reaction
00s: Re-sequencing: Hybridisation to complete genomes

Future Solution: One is enough!!
Observing the behavior of the polymerase

Passing DNA through millipores registering changes in current



G: Assembly and Hybridisation

Target genome

3*10° bp

(unobservable)

Reads
3-400 bp — S

(observable)

Contigs

 ——

Sufficient overlap allows concatenation -

Contigs and Contig Sizes as function of Coverage, Genome Size (G), Read Size (L) and overlap (@):

Approximate wvalue of GiL

Complementary or almost
complementary strings allow
interrogation.

{A,C}

/
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Human 200,000 75,000 3,000

Lander & Waterman, 1988 Statistical Analysis of Random Clone Fingerprinting

probe T
{1.G}



[ - Transcriptomics

Classical Expression Experiment:

S .
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The Gene is transcribed into pre-mRNA

pre—mBMNA 1 2 3 4

Pre-mRNA is processed into mRNA l

mRNA ES'T_'-TF. 1 2 3| 4| 3UR u

Probes are designed hybridizing to specific positions l

LERT0 LEVEL)

Measures transcript levels Probe intensits “1“ J’[“ “J;l “i’l pep—
averaging of a set of cells. mensrement h T T
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| - Iranscriptomics

RNA-Seq Expression Experiment: Advantages - Discoveries

. LLARLAAL] miRkA

— —
_ “
RMA fragments l DA

with adaptors

ATCACRGTEEERCTCCATARARTTTITCT

OEARGGACCAGCRGAAR 0GACAETE Short secuence reads
GEACAGAGTCOOCAGOSGECTGARGEEE

ATGRARCATTRRRAGTCARACRATATERAR

aaaaaa

ORF
Coding sequence =
B----B
=iy Exonic reads
= e e
=
Junction reads T2 = e poly(A) end reads
- =
:; == Mapped sequence reads
Base-resolution expressicn profile

Mucleotide position

More quantitative in evaluating
expression levels

More precise in positioning
Much more is transcribed than expected.

Transcription of genes very imprecise
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Genomics =2Transcriptomics: Alternative Splicing

» AS: one genomic segment can create different transcripts by skipping exons (sequence intervals)

RNA

T Splicing

1* Transcription

Exo Intron

N

Problem: Describe the set of possible transcripts and their probabilities.

Define the alternative splicing graph (ASG) —

Q

a
a
a

Vertices are exon fragments

Edges connect exon fragments observed to be consecutive in at least one transcript
This defines a directed, acyclic graph

A putative transcript is any path through the graph

NN e N e W
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Paul Jenkins froim Leipzig et al. (2004) “The alternative splicing gallery (ASG): bridging the gap between genome and transcriptome”



G 2T: Alternative Splicing

Problem: Inferring the ASG from transcripts

« Maximimally informative transcripts

« Minimally informative transcripts

» Random transcripts

A Hierarchy of Models can be envisaged

Simpler still: model “‘donation’ and ‘acceptance’ separately
Jump “in’ or “out’ of transcript with well-defined probabilities

Isolated exons are included independently, based only on the
strength of its acceptor site

out out in
P P, P

LI - S

o o Y Y e o e o e

This ASG could have been obtained from as few as
two ‘informative’ transcripts...

...0r as many as six. There are 32 putative transcripts.

Enrich the ASG to a Markov chain
Pairwise probabilities
Transcripts generated by a ‘walk’ along the ASG

A natural model for dependencies between donors
and acceptors

P14

p23

P, @ . .

1 2 3 4

Paul Jenkins froim Leipzig et al. (2004) “The alternative splicing gallery (ASG): bridging the gap between genome and transcriptome”



G =2T: Alternative Splicing

» The distribution of necessary distinct transcripts

* The size of the inferrred ASG

 Testing nested ASG modes

2500

2000

1500

1000

Sirnulations

200

o 5 10 15 20 25
Informative transcripts

Edges in ASG

20 40 B0 80 100
Transcripts

Pairwise model: V2 parameters
In-out model: V parameters
Models can be nested:
In-out < pairwise < non-parametric

0.001 0.000

Hence, given sufficient observations, likelihood ratio
tests can determine the most appropriate model for
transcript generation

The pairwise model was accepted, In-Out rejected

Human gene ABCB5

Paul Jenkins froim Leipzig et al. (2004) “The alternative splicing gallery (ASG): bridging the gap between genome and transcriptome”



G IF

» Mechanistically predicting relationships between different data types is very difficult

« Empirical mappings are important

* Functions from Genome to Phenotype stands out in importance

G Is the most abundant data form - heritable and precise. F is of greatest interest.

Protein Metabolite

Phenotype

“Zero”-knowledge mapping: dominance,
recessive, interactions, penetrance, QTL,.

Mapping with knowledge: weighting
interactions according to co-occurence in
pathways.

Model based mapping:
genome->system->phenotype

Environment

Height
Weight
Disease
status
Intelligence
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