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Minutes from 4" EMBO Conference “From Functional Genomics
to Systems Biology” conference, October 15-18, 2008
(Heidelberg, Germany) and EMERALD workshop at the
conference.

The agenda for the meeting “From Functional Genomics to Systems Biology” included
six sessions in addition to the EMERALD session. Two poster sessions were also on the
program.

Session |: Genome control | (Saturday 15™)

Session II: Genome Control Il (Sunday 16™)

Session IlI: Variation, phenotype and disease (Sunday 16™)

Session IV: Protein function and regulatory networks | (Monday 17™)

Session V: Protein function and regulatory networks | (Monday 17")

Session VI: Systems (Tuesday 18™)

Session VII: EMERALD Workshop: Microarray data quality and systems biology
(Tuesday 18™).

About 300 people (mainly from Europe) attended the conference and about 60 attended
the EMERALD workshop. The aim of the EMERALD workshop was to highlight efforts to
increase the quality of microarray data (by introducing guidelines and quality metrics
systems) which is an important factor when using such data in systems biology
approaches.

The specific agenda for our session was:
13.00 — 13.45 Keynote lecture. Exploring Networks and Stochastics in Genomic Data.
John Quackenbush, Dana-Farber, Harvard, US.

13.45 — 14.00 The EMERALD project.
Martin Kuiper, NTNU, Norway.

14.00 — 14.30 Standards Development: Necessarily a Two-Way Street
Chris F Taylor, EBI, UK.

14.30 — 15.00 Break
15.00 — 15.45 Data quality aspects in meta-analysis of condition-specificity of gene
expression.

Misha Kapushesky, EBI, UK.

15.45 - 16.15 Quality Metrics: use cases and applications of quality metrics.
Wolfgang Huber, EBI, UK.

16.15 — 16.45 Ouitlier detection and application to the ArrayExpress database.
Audrey Kauffmann, EBI, UK.



Summary of the talks:

Talk |

The first speaker was John Quakenbush from Dana-Farber Cancer Institute at Harvard
(US). John's talk was titled “Exploring Networks and Stochastics in Genomic Data”, and
he started by stating that quality control is a very important step in microarray technology
and essential to generate good data for systems biology approaches.

John talked about what is meant by “Networks” in system biology and how these can be
derived form microarray data. He gave some examples of how his group has used
Baysian networks approaches where they include meta data (from e.g. The literature) to
model biological networks. Pro’s and con’s regarding literature mining were discussed.
He also discussed the uses of microarray data alone vs. with literature data, concluding
that by adding literature data the results were increased. Further he presented some
work related to network refinement through perturbation, where they knock down genes
by siRNA and uses RT-PCR to assay gene expression of other genes in a specific
pathway. They use Bayesian Network analysis to derive network from qRT-PCR data.
Primary conclusions of this work were that perturbations of predicted networks using
expression as an output, filtered through a BN analysis can lead to deduction of network
properties. Multiple perturbations begin to converge on meaningful predictive networks.
Analysis using Literature Priors in this case improves over a no-Prior approach. There is
a need to add additional perturbations and complete bootstrapping analysis.

An other subject that was described was mesoscopic biology. The basic idea is that
gene expression is variable in individual cells. The most likely distribution for gene
expression levels is a Poisson distribution. Form this it can be calculated how the
Poisson distribution will cause variance in measurements to grow as we sample fewer
cells. This can again be tested experimentally in the lab. This part of the talk was
concluded with: Gene expression is variable in individual cells and the Poisson
distribution fits the data extremely well. This is the first time mesoscopic measurements
have been used in biology to validate microscopic models. This direct evidence of
stochastic influence on biology provides important input into development of network
models. These models are likely to be more like predicting the weather than predicting
the orbits of the planets and will require intense computational simulation combined with
analytical modeling.

Finally John talked about State Space Models of Gene Expression where cells are
modeled as complex systems and they try constructing a trajectory in gene expression
space by using time series data. It was showed how they hypothesizes that cells that
transition from one state to another are influenced by the combination of two types of
processes, core and transient groups.

The final conclusions were: There is still a role for biology! We are approaching a time in
which we can begin to look at cells and organisms holistically. We also need to begin to
think about integrating diverse data types in an intelligent way. This must include cross-
species comparisons and inclusion of environmental effects. We may soon be in a
position to begin development of a theoretical biology. Theoretical biology will require a
transition from a Deterministic to a Stochastic approach.

Talk 1l

The second speaker was Martin Kuiper (coordinator EMERALD project) from NTN,U
who gave a presentation of the EMERALD project. The aims of the project were
presented. An update of the dissemination activities was given. Attention was given to
our webpage, where we have now added a discussion forum and where interested



people can sign up for an EMERALD newsletter. In addition a web survey that is
available through our web pages was highlighted, with a question to the audience to
return their input.

Talk 1l

The third speaker was Chris F Taylor from the European Bioinformatics Institute (EBI,
Hinxton, UK). The tile of his talk was: Standards Development: Necessarily a Two-Way
Street.

Chris talked about some of the mechanisms behind scientific advancements; how
different standards, like MIAME have evolved and how the graphical user interface must
be user-friendly to get biologist to use tools developed by informaticians. Standards for
functional genomics were discussed by dividing them in three aspects including, biology,
generic features and technology.

It was further discussed what the MIBBI project is aiming for (minimal information for
biological and biomedical investigation). Finally he discussed the motivation of providing
data in a standardized way so it can be shared and understood by others.

Talk IV

The forth speaker was Misha Kapushesky from the European Bioinformatics Institute
(EBI, Hinxton, UK). The title of his talk was: Data quality aspects in meta-analysis of
condition-specificity of gene expression.

Misha started by describing the ArrayExpress repository of microarray experiments and
the ArrayExpress Atlas of gene expression databases. Alltogether there are now (in
2008) almost 8000 experiments submitted to the database, and the increases have been
exponential in recent years. The same trend has been seen for the number of
hybridizations which now is almost 193000. Another general characteristic is that 43% of
the data is from human samples and that Affymetrix datasets represent 29% of the data.
Most of the data today are expression data, but data from other technologies like CGH,
Chip-ChIP, microRNA, genotyping and protein arrays are also present. The question is
then, can we uncover and describe this context-specificity from available high throughput
gene expression data? The database works regardless of platform/technology and
allows to express basic differential expression questions.

Micha then presented a meta study where they had looked into what is common to all
6300+ experiments in the ArrayExpress Repository. The goal was to look at this
collection of measurements of gene expression across a variety of conditions, to
associate every gene to one or several conditions where it shows strong differential
expression. They also looked for if independent gene expression studies support each
other. In this way they were able to generate a gene expression atlas metrics. Forty
matrices for different condition types, including disease state, organism part, phenotype,
compound treatment, developmental stage, etc. was developed. Most genes show no
significant differential expression. The ArrayExpress Atlas is now accessible through a
web portal as an online resource.

The conclusions of the talks were: Despite relatively poor resolution of microarray data,
we can increase statistical power of analysis by aggregating data from multiple
independent studies. ArrayExpress Atlas is a resource for discovering context-specific
gene expression patterns and a research platform for evaluating hypotheses against the
corpus of publicly available transcriptomic data. Initial insights into the complexity of
condition-specificity of expression of transcriptionally regulated pathways may be gained
by robust meta-analysis of genomic data.



Talk V

The fifth speaker was Wolfgang Huber from the European Bioinformatics Institute (EBI,
Hinxton, UK). Wolfgangs talk was titled: Quality Metrics: use cases and applications of
guality metrics.

Wolfgang presented the EMERALD Quality diagnostics program developed, that
provides HTML reports with diagnostic plots for one and two color arrays. The report
contains the evaluation of different categories of quality metrics to cover the identification
of numerous types of problems. The individual array quality, the existence of spatial
effects, the reproducibility, the homogeneity between experiments and the biological
signal to noise ratio are evaluated. A new feature for outlier detection was described.
This useful function is now added to the newest version of the program. The program
can be downloaded through this page:
http://bioconductor.org/packages/2.1/bioc/html/arrayQualityMetrics.html .

Talk VI

The sixth and last talk at the EMERALD workshop was given by Audrey Kauffmann from
the European Bioinformatics Institute (EBI, Hinxton, UK). The title of her talk was: Outlier
detection and application to the ArrayExpress database.

Audrey described the Array Quality Metrics software in more detail than Wolfgang with
specific attention on how the outlier detection is done. Audrey then presented some work
that was done on the data sets available in ArrayExpress database. They have been
looking for relationship between outlier detection and when the data have been added to
Array Express, how many arrays there were in a typical experiment, which species the
experiments have been performed on and if there was a relation to the impact factor of
the journal where the data have been published. They found no linear improvement with
time and impact factor, but for species they found that some species were not as good
as human, mouse and rat. The reason for this may bee that the clone collection for these
species is not as good as the better annotated genomes of humans, rat and mice. She,
however, concluded that more analysis needs to be done to draw any conclusions.
Further work may include analysis where platforms, different protocols, are compared,
effect of tissue types and correlations to biological factors are measured.

Additional dissemination

In addition to the workshop we presented the project and disseminated results by a
poster (see attachment 1) where we specifically presented some results from WP1
focusing on quality metrics and the development of additional MGED ontology (people
responsible: Wolfgang Huber, Audrey Kauffmann, Helen Parkinson and James Malone
all EBI). We also distributed a newsletter and the leaflet describing the EMERALD
project, including all contact information for EMERALD (see attachment 2).



Attachment 1: EMERALD poster presented at 4™ EMBO Conference “From Functional
Genomics to Systems Biology”, 2008.
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Project objectives

This European Union Framework Program € Coordination Action
(cA) will serve 10 establish and disseminate quality metrics (G,
milcrogmay standards and best laboratory practices throughout the
European micoarray community. This will allow microarray data
praduction governed by QA/QC, significantly enhancing the quality
of micoanzy data and setting a precedent for other amay-based
technologles. Ower the last 15 years micoarmy technology has
proved the method of cholce for capturing molecular biological data
In a massiely peralel fashion. Da quality and meta-deta
(documentation} are key to all micoarmy data gemeration and
analysis, to ensure that maximum Information can be extracted from
the data. Very early In the development of micrarmay based
transcript profiling the microarsy community has realsed the

structured microar@y

www.microarray-quality.org

data. The need to reamalyse and reproduce data spawned a
‘grassmots movement;, now the MGED Soclety that established
guklelines for experiment description (MIAME) and a structured
data exchange model (MAGE-ML]. MGED Initiatives have predomi-
nantly been focused on data context, and has only recently been
extended to Included data comtert. Cality and Integrity of
micoamay data compendla {e.g. In AmayExpress) are major
determinants for Information extrection model bullding and high
quality data will be one of the pillars of systems biclogy. This CA Is
designed to structure and amalgamate ongoing efforts across
Europe, In close assockation with MGED and the ERCC.

Coordination and dissemination
activities

Coordination activities are defined In skx main areas relevant for
microammay analysis: Development of quality metrics, ontology for
data desalption, implementation of standards and best practices,
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PReflerence Materak, iImpact on data Information content,
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A Tool for Quality Assessment

We named
amayQualityMetrics, that provides a HTML report with
diagnostic plots for one or dual color micoemsy data. The
quality report comtains the evaluation of the Individual aray
quality, the existence of spatial effiects, the reproducibility of the

the between the the 6C
content effects, the mapping of the reporters, and the evaluation of the
microaray analysts or 10 compare the efficdency of different methods of

Attachment 2: EMERALD leaflet distributed at Proust “Gene at Work at Time”, 2008.
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Partiipate In
EMERALD QC web survey

The goal of this survey Is to gain Ingight Into procadures, platfiorms, and
nmeeds of the microamay users community. The focus & both on commer-
dal Genechip arrays and all sowrces of <DNA and oligonudectide
microarrays. The survey Is geared to gather Information anunymml!y
from academic, al, and commesclal which use
mmrmytechnubg]es routinely. The survey s now open and can be
umicroarmy.qualityorg or directly at:
bty kvass. Tem. mnu nofevallogindotextemnalid=2021-14551 abbr
The results of the survey will be made freely avallable to the micoarmay

&n overview table added, identify amrays identified as having & potenial
jproblem or as being an cuther.

Peogle responsible are Audrey Kauffmann and Wolfigang Huber at EG1,
Hinxios, UK

Metricshiml

cugh our web page, following analysis of the
data We appreciate your participation in this study.

Sign up for new issues of the
EMERALD Newsletter
at our web page:
www.microarray-quality.org

EMERALD workshops

WST: quality Blology with the
4th EMBO Gonfierence: From Functional Genomics to Systems
Biology, 1 518 Movember 2008, Heldelberg, Germanyl.

— cksh
collaboration wiht the Bthintemational conferencea for the
Critical Assessment of Microaray Data Analysis CAMDA),
46, December,Wienng, Austria, 2008
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