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Escherichia coli

Introduction Small but important

baker’s yeast
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Genetic Science Learning Center Utah, University of Utah
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Escherichia coli

In sickness and in health
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Escherichia coli

Jack of all trades

Insulin production

DeMorgen.be

NIEUWS SPORT GELD MUZIEK DE GEDACHTE PLANET WATCH giael;llls[eiin8 MAGAZINE CULTUUR & MEDIA

INTERNET GAMES | MULTIMEDIA

Studenten stoppen 900 TB data in gram bacterién

Is E. coli our
oz e e . future hard disk?

y «
dat enorme h data kan . Met het onderzoek
behaalde het team de eerste plaats op de International Genetically
Engineered Machine (iGEM)-wedstrijd, georganiseerd door het
Massachussetts Institute of Technology.
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Escherichia coli

“Ce qui est vrai pour le colibacile est vrai pour I'éléphant”
troducticn J. Monod (Nobel laureate 1965)
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Transcriptional regulatory network

Introduction

E. coli genome:
- 4,639,675 base pairs
- 4494 genes

(source NCBI)

A el

The Complete Genome Sequence of
Escherichia coli K-12

Frederick R. Blattner,” Guy Plunkett lll,” Craig A. Bloch, Nicole T. Perna, Valerie Burland,
Monica Riley, Julio Collado-Vides, Jeremy D. Glasner, Christopher K. Rode, George F. Mayhew,
Jason Gregor, Nelson Wayne Davis, Heather A. Kirkpatrick, Michael A. Goeden, Debra J. Rose,

Bob Mau, Ying Shao

Riet De Smet The 4,639,221-base pair sequence of Escherichia coli K-12 is presented. Of 4288 The first 1.92 Mb (13, 14), positions
protein-coding genes annotated, 38 percent have no attributed function. Comparisan 2,686,777 o 4,639,221 [in base pairs (bp)],
with five other sequenced microbes reveals ubiguitous as well as narrowly distributed  was sequenced from our overlapping ser of
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Transcriptional regulatory network

Introduction

E. coli genome:
- 4,639,675 base pairs
- 4494 genes

(source NCBI)

Base Pairs 1.

Gene

(transcription)

mRNA W

Protein production 1

Gene expression 1

(translation)

Protein 0 = workhorse cell
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Transcriptional regulatory network

E. coli genome:
Needs sugar - ~165 confirmed TFs
Introduction - ~200 estimated TFs

Transcription factor

Genes involved in sugar
uptake

Proteins promoting sugar
uptake
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Microarray data

Snapshot of gene activity under a particular condition

Introduction

.~
¢Ceee

e

tecegogececce

CeOeCC
SR “R SRR Y - § - NS

C® Ce00¢c

@
© coece

>
o
o
o
2
.
o

>
B

Fluorescence ~ amount of cellular
mRNA (gene activity)

Riet De Smet PhD defense | 5th December 2010



Microarray data

Snapshot of gene activity under a particular condition
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Microarray data

Snapshot of gene activity under a particular condition
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Microarray data

Gene expression compendium
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Microarray data

Gene expression compendium
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Network inference

microarray data

Prediction of Transcriptional Regulatory Network (TRN) from
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Network inference

| . Module detection
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Ensemble methods

Many possible solutions exist that each explain the data equally well

Ensemble
= = an explanatory theory
methods ®  =datapoint
Linear Parabolic Non-Linear
[ G - B
5 5 4 5
4 4 4 4
- 3 3 4 3
[N
2 2 2
1 14 1
i i ; 0
0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4
Gene |
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Ensemble

methods Strategies to deal with problem of underdetermination

— Constrain search space: Chapter 6

— Consider ensemble of solutions: Chapter 3, 5
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* Consider multiple possible predictions from the data
(Generative mechanism)

)

T}

" - ™+ Combine predictions in an intelligent way
Ensemble

| methods (Consensus function)

~
- 4
4

Generative CDI’ISEI’ISUS CQHEEHSUS
mechanism function solution
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-mble methods

* Consider multiple possible predictions from the data
(Generative mechanism)

Ty

s E — =>» existing methods (one or multiple methods)
nsemboie
. methods ¢ Combine predictions in an intelligent way
— 7 ] ‘{)‘) .
(Consensus function)

=>» Goal |:improve accuracy
=» Goal Il: extend breadth predictions

f ._| Riet De Smet PhD defense |15th December 2010
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Ensemble method for module detection

Module inference Network inference

Chapter 2

Overview of query-
based tools
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Chapter 3 Chapter 5

Ensemble strategy for

Survey

Ensemble strategy for o
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Module
detection

query-based biclustering § : :
{Hen 8 Stochastic LeMoNe

NG
Chapter 4 Chapter 6

Ensemble strategies
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Ensemble method for module detection

Query-based biclustering

Genes of interest (‘query/seeds’)

CONDITIONS

Module
detection

GENES

Interrogate gene expression compendium

CONDITIONS

Find genes coexpressed with query
and select the relevant conditions
(‘biclustering’)

GENES

[Slide: courtesy of Lore Cloots]
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Ensemble method for module detection

Query-based biclustering
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Riet De Smet PhD defense | 5th December 2010



tnsemble method for module detection

Problem: heterogeneity expression profiles query

Expression

v

Module
detection

- w

Query

Expression

v

Riet De Smet PhD defense |5th December 2010



'Ensemble method for module detection

Problem: heterogeneity expression profiles query

Expression

v

Module
detection

\ & 4

Query

Expression

v

Riet De Smet PhD defense |5th December 2010



'Ensemble method for module detection

Problem: heterogeneity expression profiles query

A

Expression

Module
detection

\ & 4

Query

Expression

v

e.g. experimental output

Riet De Smet PhD defense |5th December 2010



ble method for module detection

.

—_—
o

o

F Module ‘2%1'
L‘&.. detection J}

— EEE

_ De Smet, R., Marchal, K. (2010). An ensemble method for querying gene expression compendia with
- experimental lists. Accepted for publication in proceedings of the |EEE International Conference on

Bioinformatics and Biomedicine.
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Ensemble method for module detection

Split and merge strategy
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B > Query-driven biclustering?

Module
detection
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Ensemble method for module detection

Split and merge strategy
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detection Consensus
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Biological case study:
* E. coli ChIP-chip experiment: Chapter 3
* S.Typhimurium biofilm assay: Chapter 4

Module
detection
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detection

Ensemble method for module detection

Biological case study:

* E. coli ChlP-chip experiment: Chapter 3

Riet De Smet

* S.Typhimurium biofilm assay: Chapter 4
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Ensemble method for module detection

Biological case study: E. coli ChIP-chip experiment

& €

S— ChIP-chip:

detection * False positives
* Functional vs. non-functional binding

QDB + ensemble: express confidence in outcome ChlP-
chip
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Ensemble method for module detection

Biological case study: E. coli ChIP-chip experiment

R

g@; ------------------- o sona 1] [seea2 | - [ Sonda] 90 genes bound by FNR
— \ [Grainger et al., 2007]
i 3 . >| Query-driven biclustering?

61 genes

Module
detection

Consensus
clustering

12 biclusters
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Ensemble method for module detection

Biological case study: E. coli ChIP-chip experiment

Likely true positives/functional targets:

- Mutually coexpressed
a Enrichment ChlP-chip targets

- Coexpressed with other known targets
Module Q % known FNR targets

detection
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Ensemble method for module detection

Biological case study: E. coli ChIP-chip experiment

Likely true positives/functional targets:

- Mutually coexpressed
a Enrichment ChlP-chip targets

- Coexpressed with other known targets
Module Q % known FNR targets

detection

In interesting bicluster
In consensus | enrich @ coverage @)
7

Novel target 37 8
Known target 24 17 20
Total 61 24 28

N
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Biological case study: E. coli ChIP-chip experiment
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Novel target 37 7 8
Known target 24 17 20
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Ensemble method for module detection

Biological case study: E. coli ChIP-chip experiment
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Ensemble method for module detection

Biological case study: E. coli ChIP-chip experiment
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Ensemble method for inference TRN
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Ensemble method for inference TRN

Module networks procedure [segl et al, 2003]

Module: set of coexpressed genes (condition-specific)

Inference
TRN
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Ensemble method for inference TRN

Module networks procedure [segl et al, 2003]

Module: set of coexpressed genes (condition-specific)

Regulatory program: regulators that explain expression pattern
module genes

2

0.75

.g atR
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0.68

Inference 0.68

TRN

EEEEE
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TRN

Ensemble method for inference TRN

Stochastic LeMoNe

Candidate regulators

Microarray data
l Gibbs sampling

Ensemble

Tight clusters Consensus

l Resample condition partitions

EIE=

Y

Regulator assignment Ensemble

Consensus

. Systems
. Biolagy

Modules

Regulatory
program

Michoel, T., De Smet, R., Joshi, A., Marchal, K., Van de Peer, Y. (2009). Reverse-engineering transcriptional
modules from gene expression data. Annals of the New York Academy of Sciences, 1158, 36-43.

Joshi, A, De Smet, R., Marchal, K., Van de Peer, Y., Michoel, T. (2009). Module networks revisited:
computational assessment and prioritization of model predictions. Bioinformatics, 25(4), 490-496.

Riet De Smet
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Ensemble method for inference TRN

Stochastic LeMoNe

Candidate regulators

165 known

~ 200 puta

tive

Microarray data
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Faith et al. (2007)

l Gibbs sampling

Tight clusters

Ensemble
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Ensemble
Regulatory
program
Consensus

Michoel, T., De Smet, R., Joshi, A., Marchal, K., Van de Peer, Y. (2009). Reverse-engineering transcriptional
modules from gene expression data. Annals of the New York Academy of Sciences, 1158, 36-43.

Joshi, A, De Smet, R., Marchal, K., Van de Peer, Y., Michoel, T. (2009). Module networks revisited:
computational assessment and prioritization of model predictions. Bioinformatics, 25(4), 490-496.
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% yr ldav

*  What are the consequences of using an ensemble approach?

* How does LeMoNe compare to other network inference
methods!?
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Ensemble method for inference TRN

Consequences ensemble

Mumber of correct requlator predictions in function of rank in output
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* How does LeMoNe compare to other network inference
methods!?
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Ensemble method for inference TRN

Biological complexity
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System heavily underdetermined
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* Query-based biclustering: extend application to gene lists
N heterogeneous in their expression profiles

» Stochastic LeMoNe: biological meaningful ranking

) « Comparison NI methods: illustration complementarity =» future
— efforts: use ensemble to exploit the complementarity of the
approaches
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