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Molecular:Signature! Multiplicity

A Different methods or samples from the same
population lead tadifferent but apparently
maximally predictivsignatures;

A Farreaching implications for biological discovery
and development of next generation patient
diagnostics and personalized treatments:

I Generation of biological hypotheses is very hard even whe
signatures are maximally predictive of the phenotype since
thousands of completely different signatures are equally
consistent with the data;

I Produced signatures are not statistically generalizable to ni
cases, and thus not reliable enough for translation to clinic:
practice.




Molecular:Signature! Multiplicity

A Causes of this phenomenon are unknown; sever:
contradictory conjectures exist in the field:

I Signature multiplicity is due to small sampj@ghiels et
al., 2005]

I Signature multiplicity leads to predictively non
reproducible signatureginDor et al., 2006] building
reproducible signatures requires thousands of sample
[loannidis, 2005]

I Signature multiplicity is a byroduct of the complex
regulatory connectivity of genonieougherty and Brun,
2006]

I Artifacts of data pregrocessing, e.g. normalizati¢®old
et al., 2005; Qiu et al., 2005; Ploner et al., 2005]



Major Goals

Develop a Markov boundary characterization of
molecular signature multiplicity phenomenon;
Design and study algorithms that can correctly ider
the set of maximally predictive and neadundant
molecular signatures;

Conduct an empirical evaluation of the novel
algorithms and compare to the existing staikthe-
art methods;

Test and refine previously stated hypotheses about
the causes of signature multiplicity phenomenon.



Optimality Criteria of ‘Sighatures

Signatures that are focus of this project satis
the following two optimality criteria:

A maximally predictive of the phenotypé&hey
achieve best predictivity of the phenotype in the
given dataset over all signatures based on
different gene sets);

Ado not contain predictively redundant gendse.,
genes that can be removed from the signhature
without adversely affecting its predictivity).



Why Do We Need Algorithms:toExtract
As Many Optimal Signatures As:Possil

1. A deeper understanding of the signature
multiplicity phenomenon and how it affects
reproduciblility of signatures;

2. Improving discovery of the underlying biological
mechanisms by not missing genes that are
Implicated biologically in disease processes;

3. Catalyzing regulatory approval by establishimg
silico equivalencw previously validated
sighatures




Existing’Algorithms-forMultiple SignatL
ExtractionResampliAgased Methods

Training e

data ’

1) Generate resampled
datasets (e.qg., by

bootstrapping) o l,

2) Apply a standard
signature extraction
algorithm (e.g., SVARFE)
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. Based on assumption that multiplicity is strictly a small
sample phenomenon;

. An infinite number of resamplings is required to extract all
optimal signatures;

. May stop producing multiple signatures in large sample si



Existing‘Algorithms-for Multiple SignatL
Extractionlterative Removal

Original data Remove corresponding
(for all genes) — | X genes from the dataset
Reduced data Remove corresponding
(excludingX —>| X genes from the dataset
genes)

Reduced data Remove corresponding
(excludingX, > X5 genes from the dataset
andX, genes)
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Agnostic to what causes molecular signature multiplicity;
Cannot discover signatures that have genes in common.



Existing’Algorithms-forMultiple SignatL
Extraction:Stochastic Gene-Selectio

Genetic Algorithms (e.g., GA/KNN or GA/SVM)

- Can output all signatures that are discoverable by a genetic
algorithm when it is allowed to evolve an infinite number of
generations.

KIAMB

. Stochastic Markov boundary method based on IAMB algorit

. In a specific class of distributions, every optimal signature w
be output by this method with nonzero probability;

. Requires an infinite number of iterations to discover all optin
sighatures; will discover same signature over and over agait

. Sample requirements are of exponential order to the numbe
genes in a signatures.



Existing’Algorithms-forMultiple SignatL
Extraction BruteForce Exhaustive: Sea

LIKNON

. Examines predictivity of all individual genes in the
dataset, all pairs of genes, all triples of genes, and sc
. It is infeasible when a signature has more thaB 2

genes;
. Agnostic to what causes signature multiplicity.

In summary, no current algorithm provides a systemat
and efficient approach for identification of the set of
maximally predictive and neredundant molecular
signatures that exist in the underlying distribution.




1. MarkovBoundary Characterizati
of Molecular-Signature Multiplicity



Key Definttions( (1/2)

Definition of molecular signature: A molecular signature is a
mathematical/computational model (e.g., classifier or regression mod
that predicts a phenotype of interest (e.g., diagnosis or response to
treatment in human patients) given values of molecular variables (e.c
gene expression values).

Definition of maximally predictive molecular signature: A maximally
predictive molecular signature is a molecular signature that maximize
predictivity of the phenotype relative to all other signatures that can b
constructed from the same dataset.

Definition of maximally predictive and non-redundant molecular
signature: A maximally predictive and neniedundant molecular signatu
based on variables is a maximally predictive signature such that any
signature based on a proper subset of variables 18 not maximally
predictive.




Key Definttions((2/2)

. Definition of Markov blanket : A Markov blanké¥l of
the response variabl€é € V In the joint probabillity
distribution P over variables/ is a set of variables
conditioned on which all other variables are

iIndependent off, i.e. for everyX e (V\M \{T}),
TLX|M.

. Definition of Market boundary (or non -redundant
Markov blanket) : If M is a Markov blanket of and no
proper subset oM satisfies the definition of Markov
blanket ofT, thenM is called aMarkov boundafgr non
redundant Markov blanket T.




. Variable sets that participate in the maximally predict

signatures ofl are precisely the Markov blankets of
and viceversa

. Similarly, variable sets that participate in the maximal
predictive and nofredundant signatures dfare
orecisely the Markov boundaries dfand viceversa

f a joint probability distributior® over variables/

satisfies the intersection propertythen there exists a
unigue Markov boundary off [Pearl, 1988]




