P — Proteomics

The Size of the Proteome: .
e 24.000 genes freffs
« Alternative Splicing :
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e Post-translational modifications

» Phosphorylation of especially serine and threonine

» Glycolysation

Protein abundance (log, copies per cell)

 Ubiquitination

Experimental techniques:
» 2D electrophoresis

Analysis Techniques:

Segments of proteins have known weights, 181y t1ee2 114 1728 18717
modifications create known weight changes. e o g s ] o] e | e L vt

Properties of Data:
* Noisy » Hard to make dynamic  Quality improving quickly

Qualitative  Average over an ensemble of cells

Cox and Mann (2011) Quantitative, High-Resolution Proteomics for Data-Driven Systems Biology. Annu.Rev. Biochem. 80.273-99



M — Metabonomics

The Size of the Metabolome:
» Set of small molecules

» Combinatorial techniques allow exhaustive listing — extremely large numbers

» Databases exists (eg Beilstein) with all empirically known — millions.

» Standard textbook — maximally thousands. Observed tens of thousands

Experimental techniques: Objectives:
» Gas chromatography » Mapping of Metabolism
» Mass Spectroscopy » Disease Markers

* Nuclear Magnetic Resonance (NMR)

Analysis Techniques:
* Principal Component Analysis S
» Metabolic Network Analysis

Properties of Data:
* Noisy e Hard to make dynamic

* Qualitative » Average over an ensemble of cells
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* Quality improving quickly
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http://www.metabolomics.ca/

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




Phenomics

a Genotype space

Why care about phenotypes ?? N & e
. . . . . . . G, GI’C G’z./’
They define an individual [including disease status] 1
Evolution/Selection works on G via F: 1 \ | mrenotyee goce

How to define a phenotype?? P~

Major issues:
Measurement error
Correlation between traits
Life stage and environmental dependencies?
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Houle et al. (2010) Phenomics: the next challenge. Nature Review Genetics. 11.12.855-

Special Traits:
Fitness
Disease susceptibility
Molecular Phenotypes

International effort in systematic collection of phenotypes especially in model organisms

Aradbdopds  Collaboration between USNS-and NIH 107 nogtly 250,0009\Ps e http://wanut.usc.edw/ 2010/

groupsworkingonA theliana,  fundingfor initia quantitative genotypedudng GN\A
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The General Problem 1s Enormous

Set of Genotypes:
3* 107
» Diploid Genome - e T | >

 In 1 individual, 3* 107 positions could segregate.
* In the complete human population 5*108 might segregate.
e Thus there could be 2500-000.00 phossible genotypes

Partial Solution: Only consider functions dependent on few positions

e Causative for the trait ' X
Classical Definitions:
 Single Locus Dominance Recessive
Additive Heterotic
* Multiple Loci Epistasis: The effect of one locus depends on the state of another

Quantitative Trait Loci (QTL). For instance sum of functions for positions plus error term. Z Xi(Gi)+¢
i causative positions



Heritability: Inheritance In bags, not strings.

The Phenotype is the sum of a series of cele olee
factors, simplest independently genetic and \2’ . . M

environmental factors: F= G+ E Parents:

Relatives share a calculatable fraction of factors,
the rest is drawn from the background
population.

This allows calculation of relative
effect of genetics and environment

Heritability is defined as the relative Siblings:
contribution to the variance of the genetic ‘::\ :
h

factors: o4 1ol
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Midparent phenotypic value Midparert phenotypic value
Visscher, Hill and Wray (2008) Heritability in the genomics era — concepts and misconceptions nATurE rEVIEWS | genetics volumE 9.255-66



Morpholegical traits

- - -
Crosophila— morphalogical traits (REF. 107) B Snly one environment reported
e r I a I I v Daphnia — body size (REF 108) O Better ervircrment

Altantic salmaon — marine-stage weight (REF 109) [ ] O Poorer environmert

Atlartic zalmon — freshwater-stage weight (REF 109)
Birds — tarsus length (REF. 110) | ]

1 il Birds — tarsus length REF. TI0) | ]

Exam p I es Of h e r I tab I I Ity Animal species inthe wild — morphological (REF )
Cattle — yearing weight [REF T2)

Hurman — height Finkand bam 147-57 (REF. T3) | |

=+
Human— height Finland born <1522 (REF. 13) [

“

Fitness traits

Crosophila — life-history trits [REF. 107)

Daphnia — clutch size (REF 108)

Rainbow Trout — alevin survival [REF. 14)

Cattle — calving =uccess (REF T2)

Cattle — bull fertility (REF 12)

Figs — number of piglets bom alive (REF T5)

Anirmal species in the wild — life-histary traits (REF T1)
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Heritakility

Co-Heritability of multiple characters:

A ~D A=D
0.AD
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Rzhetsky et al. (2006) Probing genetic overlap among complex human phenotypes PNAS vol. 104 no. 28 11694-11699
Visscher, Hill and Wray (2008) Heritability in the genomics era — concepts and misconceptions nATurE rEVIEWS | genetics volumE 9.255-66



Genotype and Phenotype Co-variation: Gene Mapping

Sampling Genotypes and Phenotypes

Decay of local dependency

Reich et al. (2001)

Genetype -->Phenotype Function Result:The Mapping Function
®
A
il Dominant/Recessive
I Penetrance A set of characters.
I - Binary decision (0,1).
Spurious Occurrence Quantitative Character. -
Heterogeneity
o
]
© © ©

genotype Genotype 2 Phenotype phenotype




Pedigree Analysis & Assoclation Mapping

Association Mapping:

Pedigree Analysis:
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Pedigree known

Few meiosis (max 100s)

Resolution: cMorgans (Mbases)

Pedigree unknown

Many meiosis (>10%)

Resolution: 10~ Morgans (Kbases)
Adapted from McVean and others



Protein Interaction Network based model of Interactions

PHENOTYPE

The path from genotype to I

genotype could go through <
a network and this

knowledge can be exploited [

. GENOME

Groups of connected genes
can be grouped in a
supergene and disease
dominance assumed: a
mutation in any allele will
cause the disease.

Rhzetsky et al. (2008) Network Properties of genes harboring inherited disease mutations PNAS. 105.11.4323-28



PIN based model of Interactions

Single marker association 5

Protein Interaction Network

PIN gene pairs are allowed to
interact

Interactions creates non-
independence in combinations

Emily et al, 2009
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Data, Integrative Genomics, Mapping and Functional Explanation

Data: G, T P M, E& F

Concepts: Networks, Integrative Genomics, Systems Biology & Correlations

Mappings: Heritability, Causative Positions, QTLs, Interactions

Functional Explanation: Yet to come



Proportion of deaths ortotal wears oflife lost (&)

Cost of Disease [ T S T

lechaemicheart disezs —

Perimata corditions _
. . . . HR DS ——'
oMOSt research IN the blOSC|ence IS Cerebrovascular disease P

. . Diarhoeal diseases ——I
motivated by hope of disease R

Mabria

intervention. -

Chronic chetnuct e pulmonary disease I Deathe

Road trafficacidents

Tradhea, brorehus lung cancers

« Major WHO projects have tried to Pttt
tabulate the costs of different
diseases

High-ingome countries
I HIFAIDS

[ Other irfectious and par asitic dissoses*
Europeand Certralhzia [ Matemal, perinatal, and rutritional conditiors
I Cardiovascular diseases

[ Cancers

I Neurcpsychiatric conditions

Latin Americaand Caribbean
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» Genetic Diseases are diseases
where there is genetic variation in the
susceptibility.

[ Cther recr-communicable disesses
Mickle East and NorthAfrica [ Unintertiona injuries
[ Intentional injuries

Easthsinand Pacific

Sauthisia

Even small improvements would I
Sa.ve many bi I I ionS Low-and- middle- income countries High-Income countres
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Case Dearthes frniliors) % of total deaths Cans= Dearthes (riliors) % oftotal deathe
1 Ischasz rric hesart disesese: 570 115% Ischsernic Feart disease 136 7=
2 Cerebrow esoolar dise ase 461 a5% Cerebrowmscular disease: a.78 4.9%
3 Lovwer respi atory infoctions 341 7 4 Traches, bronds, ung cancers .45 c.B%
4 HRFADS I.EE L3R Lowser respiratory infections 034 4-4%
5 Pevinatal conditions .49 5% Cheonic abstructive polmorary diseae  0.30 3.8%
& Chronicobstactive pulmorany disease 2,38 400% Cicdiori ared reschurn cancers 0.26 3.3%
7 Driarrweal diszames 178 3T Abhzimers disexse and other dernentizs .21 2.6%
B Tubercubesis 159 33 Diaktes melitus 0.20 z.6%
] Malaria 121 25% Ereast cancer 016 20%
i1} Road traficacddents a7 2% Stomach canier 015 1.9%

Toble1:Ten keading cavses of death by income growp, 20011



Computational Biology and Bioinformatics

http://www.stats.ox.ac.uk/research/genome/projects
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§30.11 Integrative Genomics: Mapping




	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14

