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Minutes of EMERALD associated activities at CAMDAOQO7
13-14 December, 2007, Valencia, Spain.

1. Introduction

CAMDA (Critical Assessment of Micraorray Data Analysis) is a meeting that is organized
annually. CAMDAOQ7 offeres researchers from computer science, statistics, molecular biology,
and other areas an opportunity to benefit from the critical evaluation of various techniques in
microarray data analyses. For the first time CAMDA had left its traditional location at Duke and
has moved overseas to Europe. This year's venue was the Centro de Investigacion Principe
Felipe in Valencia, Spain. Approximately 60-70 people attended the conference. This year the
focus was put on two datasets. One dataset, from the CDC Chronic Fatigue Syndrome Research
Group, containing gene expression, proteomic, SNP, and clinical data. The hope was that this
would foster integrative and biological goal-oriented analysis. Additionally another dataset
composed by 6000 arrays of diseased and normal human samples and cell lines collected from
ArrayExpress and GEO were discussed. This second dataset possessed challenging questions
on large-scale data analysis and visualization. EMERALD contributed with a poster (see
attachment 1) a leaflet (see attachment 2), and the organization of an EMERALD session.

The meeting covered different topics with invited keynote speakers, CAMDA Speaker session
(where the dataset were discussed), software demos and the EMERALD session where we put a
focus on quality control and data preprocessing techniques. The EMERALD session consisted of
three talks by invited speakers, three shorter talks by authors of selected posters and a final
plenary discussion.

Program EMERALD session (14.30 - 18.00):

14.30 - 14.40 Introduction by Martin Kuiper

14.40 - 15.10 Invited speaker: Federico Goodsaid, FDA, US.

15.10 - 15.30 Selected speaker from submitted abstracts: William Langdon, University of Essex,
UK (for abstract, see attachment 3).

15.30 - 16.00 Break

16.00 - 16.20 Invited speaker: Audrey Kauffmann, EBI, UK.

16.20 - 16.40 Selected PhD student abstract from submitted abstracts: Seraya Maouche,
INSERM, France (for abstract, see attachment 4).

16.40 - 17.00 Selected PhD student abstract from submitted abstracts: Richard Pearson,
University of Manchester, UK (for abstract, see attachment 5).

17.00 - 17.20 Invited speaker: James Malone, EBI, UK.

17.20 — 18.00 Open discussion, lead by Paul Van Hummelen, Katholieke Universiteit Leuven,
Belgium.



2. Summary of talks

1. Martin Kuiper presented the project objectives and status. He gave examples of how we
will disseminate the results of the project through a series of workshops in relation to
European meetings.

2. Invited speaker: Federico Goodsaid presented his talk through a WIFI webcast from US.
He talked about FDAs mission with respect to microarray standards and what they do in
relation to how microarray experiments and data have to be performed to be accepted by
FDA and how it can be possible to transfer the results to a diagnostic platform. There is
no or littte consensus on protocols, algorithms, and biological interpretations of
microarray gene expression data, so one of the “take home messages” was: “we need a
consensus on how to generate, analyze, interpret and report microarray data” and
through their work (also together with the MAQC project), they have been able to make a
draft for such a document (titled: Guidance fro Industry. Pharmacogenomic Data
Submission - Companion Guidance), that now is out for feedback. One of the comments
they got on this draft version was that, “assuming that the pharmacogenomics science
continues to evolve rapidly, the utility of the guidance is jeopardized by the risk that its
content will not be state-if-the-art”. This lead to one of the conclusions of this work:
Guidance documents follow the science, not the other way around. Goodsaid also
summed up their result from MAQCL1 where the focus were on class comparison (DEG)
and intra and inter lab reproducibility and cross-platform comparability. The major
findings were that microarrays are: repeatable within a laboratory, reproducible across
laboratories, concordant across platforms, comparable with alternative technologies (e.g.
QPCR) and reflective of biology regardless of the differences in technology. Further
MAQC-II have now started and this time the focus is on class prediction of e.g. treatment
outcome, prognosis, diagnosis and personalized medicine. EMERALD has recently
established a connection with MAQC which may constitute a good platform for
collaboration when similar initiatives are started in Europe as a part of the EMERALD
effort.

3. Selected speaker from submitted abstracts: William Langdon presented a study where
they had reanalyzed 5896 human Affymetrix files from ArrayExpress and looked for
spatial defects. They found that the mean error rate was low (1.6%), however some
locations on the arrays were much more prone to errors than others, with up to 28% of
probes being affected. They also found that the “oldest” arrays had the highest numbers
of affected probes and that the most “recent” arrays were the best ones, indicating that
the whole technology seem to be more stable now, maybe due to more experience and
standardization of protocols(?). Finally, Langdon presented some data indicating that
removal of erroneous data improved breast cancer survival prediction.

4. Invited EMERALD speaker: Audrey Kauffmann presented the EMERALD Quality
diagnostics program (R, Bioconductor) 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. Currently, work to extend this program is in progress and will focus on
“numerical” values that indicate quality, in addition to the plots.

The program can be downloaded through this page:
http://bioconductor.org/packages/2.1/bioc/html/arrayQualityMetrics.html .



5. Selected speaker form submitted abstracts: Seraya Maouche presented a study where
they performed a cross-platform comparison. Microarray data from three platforms were
compared (lllumina Bead Chip Human-6 V1, Affymetrix HUG133plus 2.0, and the
academic RNG/MRC two-color chip. The goal for the study was to choose a platform for
the Cardiogenetics project. The results showed that the inter-replicate correlation of
absolute intesisetise was Affymetrix r > 0.96, lllumina r > 0.98 and RNG-10 r > 0.64. Pair-
wise correlation of relative intenseities showed that both Illlumina and Affymtrix provided
high inter-replicate reproducibility (lllumina r > 0.84 and Affymetrix r > 0.84). The RNG-10
gave less consisten results (r > 0.59). The results also showed, that the criteria used to
select lists of DEGs strongly influenced the degree of concordance among the 3
platforms and a High level of agreement in lists DEGs was observed between Affymetrix
and lllumina. The RNG/MRC was less reliable than Affymetrix and lllumina and therefore
needs larger sample size to reach the performance obtained on the commercial
platforms. Further they showed that combining a non-stringent P-value ans a fold change
(recommended by MAQC authors) is inappropriate for the Illumina data. However,
despite some lack of agreement in gene lists, Gene Ontology analyses revealed that
concordant biological conclusions can be drawn using the 3 platforms.

6. Selected speaker form submitted abstracts. Richard Pearson presented AffyDEComp,
like Affycomp, a tool for benchmarking methods for analyzing Affymtrix data. Whereas
Affycomp concentrates on expression summarization methods, the focus of AffyDEComp
is on differential expression (DE) detection methods, or more precisely, on the
combination of summarization and DE detection methods. AffyDEComp is currently
based on the Golden Spike data set described in the paper of Choe et al. 2005. Pearson
et al believe that, at present, this is the best publicly-available data set for comparison of
Affymetrix DE detection methods. However, they also recognize that the data set used
might not be representative of data sets more generally. In particular, just because a
method does well here, doesn't necessarily mean the method will do well on your data
sets. In the future they plan to extend AffyDEComp to other data sets.

7. Invited EMERALD speaker. James Malone was talking about the EMERALD Ontology
effort. First of all, he gave an introduction to what an ontology is and how it is built.
Malone then focused on how the Normalization and Transformation (NOT) ontology are
built. In conclusion an NTO would give us: 1. Consistency in usage of terms through
explicit definitions. 2. Widen reproducibility of microarray experiments. 3. Richer
representations, again definitions, but also axioms, relationships, properties to describe
the data. 3. Reduction of disparate efforts and 4. (potentially) mappings to external
resources.

8. Plenary discussion, lead by Paul van Hummelen. Martin Kuiper, Audrey Kauffmann and
James Malone contributed in the panel.
The discussion was stared by a series of questions about of standardization of microarray
prepossessing by Paul van Hummelen.

1. s it useful?
2. Standards or Consensus?

Will standards hinder new developments?
3. How to insure cross-platform comparisons:

Is it possible?

Standard method or platform dependent
4. How to perform a quality assessment?



Quality report

Minimum QC criteria

Should it be included in the MIAME guidelines?
5. Actions needed

Validation data set

Guidance document
6. Future implementations

Standards for other microarray platforms:

aCGH, ChlP-chip, Exon, SNP

We had a lively discussion with the audience. The general consensus of the discussion
was that standards would be very useful. However, because microarrays is still a new
and developing technology, a “guidance” document was preferred over fixed standards. A
standard may be seen as a constraint, and limiting, whereas a guidance document is a
voluntary assessment of the merits of different approaches. Also, it will be to demanding
to develop standards for a rapidly evolving technology and therefore also hinder new
developments. The audience also agreed that some kind of quality report of the
microarray data is essential to reanalyze and to re-assess the quality of the data in peer
reviews. The audience also proposed to set clear minimum quality criteria. However, after
a vivid discussion it was agreed that it is still too early in the development of the
technology to do so. Again, a detailed QC report containing all quality metrics and a
guidance as for how to interpret them would be a better idea. Such QC report should be
integral part of the MIAME guidelines and MIAME data submission. What also was
discussed is the need of some benchmark samples and data sets that can be used for
evaluation of quality. Benchmark samples and dataset may be the best solution for
evaluating the technology and data analysis. Finally, people agreed that this effort for
gene expression “standardization” will be useful for similar technologies like CGH, ChiP-
chip, exon and SNP arrays.

4. EMERALD travel bursary for CAMDAOQ7

EMERALD announced three travel bursaries (for up to Euro 1500) for PhD students from the
European Union member countries. Our intention was to provide support for selected students to
participate. Two PhD candidates were selected for travel bursary and an oral presentation of their
work. The selected candidates Seraya Maouche and Richard Pearson, both gave very good talks
and contributed to the general discussion.

5. Summary

All together EMERALD was very visible at the conference and we were able to communicate our
mission and results of our work to the microarray data analysis community. The general feedback
was that the community appreciates our iniative and the main conclusion of the discussion was
that we probably need to work for a common consensus related to these issues, and not strive for
specific standard that may limit further development.

VB 24.01.08



Attachment 1: EMERALD poster presented atCAMDAOQ7, Valencia, Spain, 2007
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Enhancing microarray data quality
The EMERALD consortium*

Project objectives
The European Union FP& Coordination Action (CA) EMERALD, aims to establish and disseminate quality metrics (QM), microarray standiards and best lab-
oratory practices thoug| the mic nity. This will allow data prodi to take full of QAfQC, thereby sign-

ficantly enhancing the quality of microarray data and setting a precedent for other array -based technologies. Data guality and meta data (documentation)
are key to all microamay data generation and analysis. to ensure that maximum information can be extracted from the data. The need to reanalyss and reprod-

uce data spawned a‘grassroots movement] now the MGED Soclety that established guidel for d (MIAME) and a structured data exch-

ange model (MAGE-ML). MGED initiatives have predominantly been focused on data context, and its scope has only recently been extended to induded data con-
tent. Quality and integrity of microarray data mmplnd!a (eg.in are major for and extraction model building.High quality

data will constitute one of the pillars of This CAisdh  to structure and l ongolng efforts across the Eurcpe community, in close assodi-

ation with MGED and the ERCC.

Coordination and dissemination activities

Coordi ac defined in six levant for microarray analysis Devel ofquality metrics, ontology for data description, implementation of standards and best practices, se-
lection of standards that are candidates for European Reference Materials, impact of QA/QC on data information content, and dissemination of QA/QC principles to novel experimental high-
throughput techniques for the different -omics domains. These activities are made up of six work packages [WP).

WP 1: Quality Metrics and Ontologies (EBI). The objective of this WP is to develop and d[sslrrﬂnate quaﬂty metrics and tools {ur determining data quality and communicating data transformations. As
part of the MGED nnmk:gua normalisation and transformation ontology (NTO) is being devel to describe data s [Figure 1). Recent information about the ontlogy work can be
found st our web p lity lagy_workhtml. We are also developing a new Bioconductor package, named array QualityMetrics, that provides a HTML report with
lisgicart: s o orse v il ok o cesaey: ki o icfive 3 4] The ciially repirt il the evalaicn of disrenk-catsgmmtes o coality etz tnalkd el ahvan criality 14 cantraled Ly
wversus A plots. The existence of spatial effects is checked by image representations of the arrays. Scatter plots are used to assess the reproducibility of the experiments. Boxplots and density plots
allows the control of the homogeneity between the experiments The r!poft ilso comains a study of the GC content effects ind lh! mapping of the reporters to test the array platform guality. A heat-
map represarting the distance between the samples allows the evaluati al signal to nolse ratia. in the casa of ity controls usually used for this plat-
form are added tothe report, such as Relative Log Expression (ALE) or b e B oy TALISE) Ll For Wi ThiA Papaart i Yo thuit g B Tt ke ol TR Flera s v
or to compare the efficiency of different methods of normalization. The quad[qr metrics report will also be useful to assess lhz quality of public data in the context of meta-analysis for instance. Recent
information can be found at our web page: http// 7y fquality_metricshtml. People Huber, Audrey Helen il and James
Malone (EBI).
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l|||lI 1. A Normalsation and Transformation Ontology Figure 2. Represants MA plot for eachamay. Mll:‘l.lnsmy the armay Flgure 4.
MA-plots are useful for pairwise comparisons between armys. Brpatinl plots). In this plot each amay & repesented by &
umdﬂbmmm:m-wm PRather than comparing each amay to every other amay here we False color mpresentations of the spatial nten- single line. It Is Important to identify any
e sl 1y o & single median *pseudo*-aray Typically .Thi scale ls s
hmnnmmw-ﬁmmimm uenn&emmdd&dmﬁmmnmmwum shown in the panel on the right. The color scale Isthatthe FHA
data such as centrated along the M = 0 axis, and there should be no trend In was chosen proportional to the mnks. These used for that amay has potentially been
‘the mean of M & a function of A Mote that & bigger width of the ‘graphical representation pemmit to show prob- handled quite differently from the other
“thils ontology will smploy several strategles that will be the ot o th dof the & lems during th anmays.
subject of workshop group discussion, and it will includs tly Imply that the of th farger  piints, artifactusl gradient or dye e
amalysk cof current vocabularies and text mining of relevart th 4 for Instance.
Imerture. da the lower and of
the A scale. f
WP2: Standards (LGC). The ohjective of this work package is to plan ate the use of 7y the iity. This will imvolve the identification of suitable reference materials
(spikes, reference RMAS), the of analytical "best practice’ el and fardised hes to experimental design and execution.
WP3: Organisation and lﬂssemlﬂaﬁon [NTHU). The purpose -of WP3 is to organise and structure the community*pulll First, we will identifyand bring together the key players in the field of transcrip-
‘tome microarray use and furtherd We will di the results of WP1 and WP2 to the community through a serles of workshops. Updated information will be available through our
web pagerwww.microarray-quality.org .
WP4: Data Quality and Systems Biology (VIB).WP4 will assess the impact of QM-based filtering and genaral QA/QC impl on the parf: & of various mining and modelling approaches
«of such data compendia.
WPS: Standards and European legislation (IRMM). The purpose of WPS is to take the QA/QC eriteria analysed, developed and di 1 in the previous 4 work packages and translate these into com-
bility criteria for reference materials. These criteria will form the basis for inds d ojects, simed at devel and distributing European reference materials.
WP: New Technal [UU).A survey of i i devel forts in gy technol Il be perf 4, in order to identify key academicand commercial players (research

groups, users, product and service providers).

lpmject partners Ifyou arainterested to participate, or have infor- Fu nding
mation relevant to this project, please contact:
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Project objectives

This European Union Framework Program & Coondination Action
{CA) will serve to establish and disseminate quality metrics. (QM},
mikcroarray standards and best labomtory practices throughout the
European microarmy community. This will allow micoarray data
production governed by QA/C, significantly enhancing the quality
of microaray data and setting a precedent for other amay-based
technologles. Over the last 15 years micoamay technology has
proved the method of cholca for captuiing molecular biological data
In a massively porallel fashion. Deta quality and meta-data
(documentation) are key to all micoamay data generation and
analysis, to ensure that maximum information can be extracted from
the data. Very early In the development of microanay-based
transcript profiling the microamay community has realsed the

tructured mikcroarmy
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data. The need to reanalyse and reproduce data spewned &
‘grassmots movement; now the MGED Sodety that established
guidelines for experiment description (MIAME) and a structured
data exchange model (MAGE-MLL MGED Inftlatives have predomi-
nantly been focused on data context, and has only recently been
extended to Incuded data content. Quality and Integrity of
micoarray data compendia {eg. In ArmyExpress) are major
detarminants for Information extraction model bulkding and high
quality data will be one of the pillars of systems biology. This CA Is
designed to structure and amakgamate ongoing efforts across
Europe, In close assocition with MGED and the ERCC

Coordination and dissemination
activities

Coordination activides are defined In six main areas relevant for
microamay amalysts: Development of quallty metiics, omtology fior
data description, Implementation of standards and best practices,
salection of standards that are candidates for European
Refierence Materaks, Impact on data Information content,
and dsemination of QA/C principles o novel

high the

different -orics domains. These acthvitles are

made up of sxwork packages (WP}
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Work packages

WPl:  Quality Metrics and Onitologles (EBI). The:
objective of this WP Is o develop amd disseminate

gquality.ong/ontalogy werkitmil. And recently a new Bloconductor
package, named
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provides a HTML report with diagnostic plots for one or dual color
microarray data. The quality report contams the evaluation of the
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ibilty of the esperiments, the homogeneity between the
the G the

evaluation of the biological signal to natse ratio. This repart an be
used as a first step of the micranay amalyss or to compare the
efficiency of diffierent methods of nosmalisation.
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EMERALD workshops

WS Intraducing EMERALD tothe community [EMERALD
sasslon In conjunction with MGED'10, September 2007,
Brishane, Australiz).

Wsz  Ontology Workshop (5-9 November 2007, Hinxton, UKL

WS3  DataQuality Control and Transformation workshop at

CAMDAOT {13-14 December 2007, Valencla, Spain).

Ws&  Launchof EMERALD arrayQualityMetricks  system
[planned to be held In conjunction with MGED11, 1-5
Septembar 2008, Ava Del Garda Tranting, Haly.

WSS Towards federal standands (planned 2008)
WEE qualtty and Systems Blology Autumn
2008/ Spring 2009)

WER Implications for new technologles {planned Spring 2009).

WSA: of results to|ager y p:
Autumin 2009 .
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Attachment 3. Abstract from selected submitted abstracts: William Langdon.

Spatial Defects in 5896 HG-U133A GeneChips.

W. B. Langdon WLangdon@essex.ac.uk, R. da Silva Camargo and A. P. Harrison
Departments of Mathematical Sciences and Biological Sciences,
University of Essex, CO4 3SQ, UK

Abstract

Motivation: Modern biology has moved from a science of individual measurements to a science
where data are collected on an industrial scale. Foremost amongst the new tools for biochemistry
are chip arrays which, in one operation, measure hundreds of thousands or even millions of DNA
sequences or RNA transcripts. Whilst this is impressive, increasingly sophisticated analysis tools
have been required to convert gene array data into gene expression levels. Despite the
assumption that noise levels are low, since the number of measurements for an individual gene is
small, identifying which signals are affected by noise is a priority.

Results: 5896 raw data (Affymetrix CEL) files were obtained from
ftp://ftp.ebi.ac.uk/pub/databases/microarray/data/experiment/ TABM/E-TABM-185/. Each CEL file
was checked for spatial errors. In HG-U133A high-density oligonucleotide array (HDONAS) the
mean error rate is only 1.6% which is amongst the best for human GeneChips. However some
locations are much more error prone than others, with up to 28% of probes being affected.
Removal of erroneous data improves breast cancer survival prediction.

Attachment 4. Abstract from submitted abstracts: Seraya Maouche

Explaining the Sources of Discrepancies in Gene Expression Profiles Generated on three
Whole-Genome Gene Expression Microarray Platforms

Maouche Seraya, INSERM UMR S525, Faculté de Médecine Pitié-Salpétriére, 91 Boulevard de
I'Hbpital, Paris, 75013, France, maouche@chups.jussieu.fr

Abstract

Previous small-scale cross-platforms comparative studies have discussed several issues of
microarraybased gene expression data, including comparability between platforms, repeatability
between labs, performance, and concordance to non-array based gene expression. Recently,
results of the MicroArray Quality Control (MAQC) project, the first large-scale crossplatforms
study conducted with the goal of establishing quality control metrics for microarray data and of
assessing the reliability of gene expression profiles generated on different platforms, showed that
using standardized procedures, microarray results from different platforms are reproducible. We
conducted a study to compare gene expression data generated on three platforms: Illlumina Bead
Chip Human-6 V1, Affymetrix HGU133plus 2.0, and the academic RNG/MRC two-color chip. 10
RNA samples from human monocyte and monocyte-derived macrophage were hybridized in
parallel to the 3 platforms. In addition, a list of differentially expressed genes generated using a
larger number of hybridizations to the RNG/MRC platform was included in the cross-platforms
comparisons and used as a reference to assess the 3 platforms.



Attachment 5. Abstract from submitted abstracts: Richard Pearson

AffyDEComp: towards a benchmark for differential expression methods

Richard D Pearson (richard.pearson@postgrad.manchester.ac.uk), University of
Manchester

Abstract

The issue of method validation is of great importance to the microarray

community; arguably more important than the development of new methods [Allison et al., 2006].
The microarray analyst is faced with a seemingly endless choice of methods, many of which give
evidence to support their claims of being superior to other approaches, which at times can appear
contradictory. Method validation is a difficult problem in microarray analysis because, for the vast
majority of microarray data sets, we don’t know what the “right answer” really is. For example, in
a typical analysis of differential gene expression, we rarely know which genes are truly
differentially expressed (DE) between different conditions. Perhaps the most well-known and
widely used benchmark for Affymetrix analysis methods is Affycomp [Cope et al., 2004]. While a
very valuable tool of summarization method validation, Affycomp is not ideal for comparison of
DE methods because:

1. It uses data sets which only have a small number of DE spike-in probesets.

2. It only uses fold change (FC) as a metric for DE detection, and hence cannot be used to
compare other competing DE methods. The “Golden Spike” data set of Choe et al. [2005]
includes many differentially expressed spike-in probesets, making it potentially very valuable as a
benchmark data set. There have, however been a number of criticisms of this data set.



