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Models In daily life
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Weather prediction
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Weather prediction

® Why is prediction successful?

® We have good numerical models predicting the
weather changes.

® We have a significant set of measurable standardized
parameters to feed the models.

® Type of prediction:
® \Weather development




Weather prediction

® Does weather forecast prediction work at any space
scale?
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® Space scale is important!




Can biological processes be
modeled?

® QOver the past 10-20 years, biology has become
Increasingly quantitative, and mathematical
sciences have in turn been increasingly influenced
by biology.

0

® However to be able to do really quantitative biology:

® Questions need to be addressed in the right biology
space

® Data need to be provided in a sufficient amount
® Analytical methodologies need to be standardized




Biology model

‘3. POPULATION




Biology model

Organ space
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Biological research
strategies

® How a biological problem is defined?
® A hypothesis is proposed.
® Experiments are designed to validate hypothesis:
® Budget phase
® TJechnology phase
® Discovery phase
® Validation phase




Budget phase

® This issue is part of every biological project in daily
life.

® Biological experiments are getting more and more
expensive.

® Technology offers constantly new opportunities to
have more robust and effective experiments, but
not always it is possible to use new methodologies
because of their intrinsic cost.
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Technology phase

Parallel approach




Technology phase

® Since the serial and parallel approach have similar
time frame, why not using always the parallel
approach?




Technology phase

-Kinship analysis

-Pedigree reconstruction -Functional characterization
-Outlier analysis -Genome annotation
-Phylogeography -QTL mapping -Comparative genomics
-Demography -Association studies -Al_ternative spli(_:ing
-Introgression -Microarray design

-Admixture mapping

-Host-parasite coevolution
-Genomic capture -Exon capture
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Technology phase

, Shared IncRNA
® Technologies have (n = 657)
limitations!

Pearson Correlation

® Methodological bias ;[.

totalRNA




Technology phase

® Technologies have BICSEQ A CNVSEQ

limitations! "
® [ ack of standardized
methods

® |nconsistency between
technologies

BICSEQ + SNP ARRAY
VARSCAN +
CNVSEQ




Phase 1: NGS data processing Phase 2: Variant discovery and genotyping Phase 3: Integrative analysis
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Limited data sampling
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Limited sample sampling

Genes: > 25 K




Limited sample sampling

SNP: > 2 milions

Patients \

‘ Non-patients
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Discovery phase

* |f top = down approach Is used, data can have different
in depth depending on the lab producing them.

e Small biological laboratories:
® Data are limited:
® Time series: 4 points
® Perturbations: 1 perturbation
® Number of replicates: 2:3
®* |n some cases difficult accessibility to raw data.

® Public consortiums:
® High quality data
® |arge amount of data
® |n some cases difficult accessibility to raw data.




Validation phase

e After having defined some key elements for
a specific biological problem various

experiments are designed to confirm and
motivate the involvement of the key

elements in the problem under study.
® Time frame: 2-3 yrs
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Models in biology

* What do we want to predict?
® Disease appearance
® Disease development
® Drug effect

* What do we want to study?

® [ffect of perturbations on molecular spaces affecting at
least cell space

® Understanding cell mechanisms:
® Development
® Differentiation

® What do we want to detect?
® Key elements involved in disease development

5 involved in mole




Biologist’'s model idea

* Key element involved in a molecular pathway
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Biologist’'s model idea

® Models represent a way to define new working
hypotheses.
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Models Iin biology

e Particularly intriguing are multi-level models:
® Cell population
® Molecular networks controlling cell population

Differentiation/proliferation

= —

Quiescent Self-renewing
cancer cancer Cancer
stem cell stem cell

stem cell




Models in biology

Differentiation/proliferation
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Parameter definition

® The critical issue that require interaction with
biologists is parameters deflmtlon
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Biological System Analys is
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Encode

32 Institutes

442 Consortium Members
1649 Experiments

11,972 files

15TB of disk space

80% of genome participates in at
least one biochemical and/or
chromatin event in at least 1 cell

type




Scientists in the Encyclopedia of DNA Elements Consortium have applied 24 experiment

MAK I N G A GE N 0 M E M AN UAL types (across) to more than 150 cell lines (down) to assign functions to as many DNA

regions as possible — but the project is still far from complete.
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Biological System Analys is
And Model Formation
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“Dry” Experiments
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Conclusions

® Mathematical models offer new perspective to
biologists.

e With the present amount of data models can give
new incites in providing new working hypotheses.

® Strong interaction between biologists and
mathematician is needed to

® correctly define data for parameters definition
® highlight methodological limits
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A Pathway-Based Approach using
Latent Variable Structural Equation

Modeling: An Application to 1000
Genomes Exon Sequencing Data

by
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OXFORD GLOBAL

Candidate pathway analysis Genome-wide pathway analysis
Prior knowledge
Preselect pathways of interest < Pubmed Assess all pathways (no preselection)
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OXFORD GLOBAL
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