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The External RNA Controls Consortium: a progress

report

External controls have been used to verify
technical performance and interpret qual-
ity of data from microarray and quantitative
real-time reverse transcriptase polymerase
chain reaction (QRT-PCR) experiments
since the techniques were first reported
in the scientific literaturel~". The external
(spike-in) controls used by most labora-
tories are custom controls developed and
optimized for specific platforms and assays,
and are therefore of limited utility as a well-
characterized reference or traceable control
material of known performance. In May
2003, researchers formed the ERCC after
participating in a meeting held at Stanford
S University—Metrology and Standards
= Needs for Gene Expression Technologies:
Universal RNA Standards, sponsored by
the US National Institute of Standards
and Technology (NIST), Genomic Health
Inc., Agilent Inc. and Affymetrix Inc.8.
Acknowledging the need for controls for
many aspects of the expression assay pro-
cess, there was consensus that it would be of
significant scientific and practical value to
first collaborate on a reference set for evalu-
ating technical performance. The ERCC is
developing external RNA controls useful for
evaluating technical performance in gene
expression assays performed by microar-
ray or QRT-PCR analysis, and of particular
utility to research and clinical laboratories,
regulatory agencies, accrediting agencies,
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Standard controls and best practice guidelines advance acceptance of data from research, preclinical
and clinical laboratories by providing a means for evaluating data quality. The External RNA Controls
Consortium (ERCC) is developing commonly agreed-upon and tested controls for use in expression assays,
a true industry-wide standard control.
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Figure 1 | The expression assay process. Sources of variability can be measured at various steps in the
expression assay process indicated by the red arrows. Present work of the ERCC is addressing technical
performance through the creation of control material introduced to total RNA before the labeling step.

*Authors and their affiliations are listed at
the end of the paper. Correspondence should
be addressed to Janet A. Warrington (janet_
warrington@affymetrix.com).

reference laboratories, test, microarray and
reagent manufacturers (Fig. 1). Today sci-
entists representing over 50 international
pharmaceutical, diagnostic, biotechnol-
ogy, academic, clinical and government
organizations are participating with the
goal of delivering: (i) a certified reference
material (CRM) consisting of a reference
set of approximately 100 well-characterized
clones comprising RNA transcripts from
random unique sequences as determined by
sequence comparison to mouse, rat, human,
drosophila, bacteria,and mosquito sequence
databases, as well as inclusion of other
nonhuman sequences; (ii) access to clones
of the reference set deposited at a public

repository; (iii) publication of all sequence
information and test data;. (iv) protocols
for the preparation and use of the controls;
(v) suitable algorithms and bioinformatics
tools for quantitative assessment and evalu-
ation (Box 1). The consortium is open to
all persons interested in participating and
contributing to the effort (Box 2).

Specification document

A specification document, External RNA
Controls: Proposed Design and Input
Requirements, was created in 2003 by the
ERCC, reviewed and modified in an open
forum held at NIST in December 2003. The
document is available online (http://www.

NATURE METHODS | VOL.2 NO.10 | OCTOBER 2005 | 731



NIST.gov). The purpose of the document is
to provide an initial guide to control design,
development and testing of the external
RNA controls as well as a means of commu-
nicating the scope and goals of the ERCC.
The preparation of this document involved
five months of discussion and consensus
building. Discussions centered on scope,
access, utility, controls description, char-
acterization, potential configurations, shelf
life, storage, protocols, testing, definitions,
assumptions for measuring acceptable per-
formance and quality control. Over the past
18 months, the product concept has been
refined to include; a reference set of ~100
well-characterized, tested clones, published
sequence data, test performance data, accep-
tance criteria, protocols developed via an
accredited process for use in research and
clinical laboratories, analytical and bioin-
formatics tools and protocols.

The original specification document
called for production of individual tran-
scripts as well as a variety of pools of differ-
ent quantities and configurations. Although
pools will be evaluated during testing it is
not planned to prepare defined pools as the
reference material produced by the ERCC. It
is anticipated that market opportunity and
innovation will encourage the development
of CRMs configured as pools by reagent kit
manufacturers using the reference set created
by the ERCC. Itis anticipated that once pro-
duced and available the CRMs will be used
in many ways by the scientific community
to further expand and accelerate expression
technology. Applications discussed include
encapsulated controls for measuring nucleic
acid extraction efficiency, optimization of
labeling methods, optimization of normal-
ization methods and improved ability to
measure sources of quantification bias.

Sequence selection

Several organizations participating in the
ERCC have contributed sequences to be
tested (Table 1). Sequences are accepted
with the condition that the ERCC can
use them unencumbered by licensing
fees or intellectual property issues. Many
of these sequences have been previously
used on one or more platforms. Some of
the controls are well-characterized non-
human sequences, for example, Bacillus
subtilis. Others have been created as ran-
domly generated unique sequences. All
sequence information will be published
upon completion of testing. Fundamental
questions of sequence uniqueness, sec-
ondary structure and sequence length
are being addressed. Sequence collec-
tion and analysis of secondary structure
in randomly generated sequences have
been completed.
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BOX 1 ORGANIZATIONS PARTICIPATING IN THE ERCC

Affymetrix Inc., Santa Clara, California, USA

Agilent Technologies, Inc., Santa Clara, California, USA

Ambion, Inc., Austin, Texas, USA

Applied Biosystems, Foster City, California, USA

American Type Culture Collection, Manassas, Virginia, USA

Atactic Technology, Inc., Houston, USA

Biomerieux, Marcy I'Etoile, France

Bristol-Myers Squibb, New York, USA

Cambridge University, Cambridge, UK

CapitalBio Corporation, Beijing, China

Celera Diagnostics, Alameda, California, USA

Cenetron Diagnostics Ltd., Austin, Texas, USA

Clinical & Laboratory Standards Institute

Clinical Hospital Center Zagreb, Zagreb, Croatia

Combimatrix Corporation, Mukilteo, Washington, USA

Eli Lilly & Company, Indianapolis, USA

Enzo Life Sciences, Farmingdale, New York, USA

Eppendorf Array Division, Namur, Belgium

Expression Analysis, Durham, North Carolina, USA

GE Healthcare, Chandler, Arizona, USA

Genentech, South San Francisco, USA

Genetics Society of Vietnam, Ho Chi Minh City, Vietnam
Illumina, Inc., San Diego, USA

Informax, Inc., Bethesda, Maryland, USA

International Federation of Clinical Chemistry & Laboratory
Medicine, Milano, Italy

Invitrogen Corporation, Carlsbad, California, USA

Johns Hopkins School of Public Health, Baltimore, USA
Lawrence Livermore Laboratory, Livermore, California, USA LGC,
Teddington, UK

Maine Molecular Quality Controls, Scarborough,
Maine, USA
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Mayo Clinic, Rochester, Minnesota, USA

Merck & Co., West Point, Pennsylvania, USA

National Institute of Standards & Technology, Gaithersburg,
Maryland, USA

Northwestern University, Evanston, Illinois, USA

NuGEN Technologies, Inc., San Carlos, California, USA

Qiagen, Hilden, Germany

Queens University Hospital, Ontario, Canada

Roche Molecular Systems, Pleasanton, California, USA

Stanford University, Stanford, California, USA

Stratagene Corporation, La Jolla, California, USA

Tokyo University, Tokyo, Japan

University of California Los Angeles, Los Angeles, USA

University Health Network, Toronto, Canada

US Centers for Disease Control, Atlanta, USA

US Centers for Medicare & Medicaid Services, Baltimore, USA

US Department of Agriculture, Peoria, Illinois, USA

US Food and Drug Administration, Center for Biologics

Evaluation and Research, Rockville, MD

US Food and Drug Administration, Center for Devices and
Radiological Health, Silver Spring and Rockville, Maryland,

USA US Food and Drug Administration, Center for Drug
Evaluation Research, Rockville, Maryland,

USA US Food and Drug Administration, National Center for
Toxicological Research, Jefferson, Arizona, USA US

Food and Drug Administration, Office of In Vitro Diagnostic
Device Evaluation and Safety, Rockville, Maryland, USA US

National Institutes of Health, National Cancer Institute,
Bethesda, Maryland, USA

Veridex, Johnson & Johnson, Warren, New Jersey, USA

ViaLogy Corporation, Altadena, California, USA

VigeneTech, Inc., North Billerica Massachusetts, USA
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BOX 2 ERCC WAYS OF WORKING

The ERCC
« is a volunteer organization

« is open to anyone with an interest in working together to achieve our goals

= makes decisions by consensus based on data, when needed, members will vote on
issues affecting the group and influencing work in progress

< intends to produce controls, protocols and analysis tools accessible to the entire

community

= will publish final results as a group, by the group

Clone construction

To determine if a particular poly(A) tail
length might bias labeling efficiency for
any one of the labeling methods being
used by the ERCC, studies were carried
out by participating laboratories to evalu-
ate poly(A) tail lengths and an acceptable
length was identified, 20-mer (data avail-
able on request). Data supporting selec-
tion of the 20-mer poly(A) tail length has
been reported at ERCC open meetings
and at the Johns Hopkins University/
FDA/PhRMA meeting held July 20, 2005
in Rockville, Maryland, USA. All control
clones will be prepared in a public-domain
vector suitable for in vitro transcription.
The ERCC will publish a comprehensive
summary of the development work and
deposit relevant data into one or more
stabile, publicly available data repositories
upon completion of the project: for exam-
ple, GEO at NCBI in the United States,
ArrayExpress at EBI in Europe, CIBEX at
NIG in Japan.

Protocol development

In conjunction with the activities of the
ERCC, a guideline has been developed for
use of the controls in research and clini-
cal laboratories via the accredited pro-
cess of the Clinical Laboratory Standards
Institute (CLSI, formerly NCCLS). The
document, MM16-P, Use of External
RNA Controls in Gene Expression Assays;
Proposed Guideline, includes chapters
on gene expression profiling in clinical
applications, use of control materials to
assess technical and clinical performance,
limitations of external controls, technical
performance metrics, protocols for prep-
aration and assessment of external RNA
controls and protocols for using external
RNA controls for microarrays and for
QRT-PCR, and is planned for publication
in January 2006.

Testing and establishment of
performance criteria

A proposed plan for testing the controls
has been posted online (http://www.
NIST.gov) for public review and com-
ment before an open meeting scheduled
for October 4 and 5, 2005 at the Lister Hill
Auditorium in Bethesda, Maryland, USA.
Information about the meeting is available
online (http://www.fda.gov/cder/genomics/
default.htm and http://www.NIST.gov). The
public is invited to attend and participate
in the meeting. For those unable to attend,
the ERCC is soliciting feedback via e-mail.
Generally the test plan consists of testing the
controls across multiple platforms at sever-
al member sites including microarray and
reagent manufacturers, contract research
laboratories and government laboratories
including, the US National Cancer Institute,
the US Department of Agriculture, the US
Food and Drug Administration and NIST.
All sites will run agreed-upon protocols
and analytical methods. The type of infor-
mation collected during testing includes:
crosshybridization, quantitative perfor-
mance titration experiments, performance
in complex samples and independent con-
firmation of performance.

Evaluation of performance

After the initial testing, acceptance criteria
will be established, for example, an accept-
able range of deviation within the quanti-
tative information obtained from known
input concentrations. These criteria will be
applied to the second round of testing and
the controls selected for the final reference
set will be those that meet the performance
requirement across platforms and are inde-
pendent of assay type. Initial testing will
focus on a small number of complex back-
grounds including human, rat and mouse.
More extensive testing is planned as a fol-
low-up activity as described below.

A related and complementary project,
the MicroArray Quality Control (MAQC)
project, led by US FDA's National Center
for Toxicological Research, is now under-
way characterizing two high-complex-
ity samples across microarray platforms
(http://edkb.fda.gov/MAQC/). The ERCC
will use the complex samples produced as
part of the MAQC project for testing con-
trols in complex samples, and information
regarding sources of variability will be use-
ful. The ERCC is identifying and establish-
ing metrics for the technical performance
of control transcripts that perform consis-
tently. Methods of data preprocessing and
normalization will be carried out in a con-
sistent manner across all platforms using
predetermined algorithms as specified in
the test plan. Tools, methods and relevant
information will be made available in an
open source manner, for example, R code
for a bioconductor package and sequence
links to public annotation databases. The
analytical work is a topic for discussion at
the Test Plan Workshop. After testing and
preliminary analysis, the ERCC will hold an
analysis jamboree to provide participants
the opportunity to compare assumptions,

Table 1 | Sources of the 140 control sequences that are being tested

Number Affiliation Source Length (bp)
1-28 Affymetrix B. subtlis 700-2,000
29-40 Affymetrix Artificial sequences 500-1,900
41-43 USDA-ARS-NCAUR Bos taurus 500

44-46 USDA-ARS-NCAUR Glycine max 500

47 Ambion Lamda phage 2,002
48-53 Ambion Artificial sequences 1,000
54-61 Ambion E. coli 750-2,000
62-82 Stanford University Methanococcus 500-750
83-85 Agilent Technologies Artificial sequences 500

86-90 GE HealthCare E. coli 1,000
91-140 Ambion/Atactic Artificial sequences 1,000
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address open questions and confirm that
analysis is being carried out in a manner
consistent with the objectives of the ERCC.
After the final analysis, manuscript(s) will
be prepared and submitted for publication,
open-source informatics tools and data will
be made publicly available.

Approval and acceptance

A priority for the ERCC membership was
creating a process for establishment of
commonly agreed-upon controls without
discouraging ongoing innovation in the
expression community. Working closely
with NIST, a process is being developed
that will make available a laboratory-ready
ERCC reference set as CRMs while allow-
ing others to develop new control materials
and demonstrate equivalent performance if
they choose not to use the ERCC reference
set. Once the reference set is on deposit in
a public repository, the ERCC will encour-
age additional sites to perform testing in
a variety of sample types. Ultimately the
ERCC plans to host a controls symposium
to provide a forum for presentation of
those results.

Milestones past, present and future

The ERCC has achieved key milestones
in the past two years including voluntary
participation of key stakeholders, public
and private, building widespread interna-
tional participation with more than 100
scientists from organizations in 11 coun-
tries, agreement on common goals, scope
and work plan, consensus on reference set
specifications, approval of CLSI MM16-P,
Use of External RNA Controls: Proposed
Guideline, and development of a Controls
Test Plan to be implemented at the end of
2005, a path forward for the development
of the CRM. There is tremendous momen-
tum for advancing this work, and there is
much work to be done. The Test Plan has
been publicly posted but not yet accepted.
Clone construction is underway, with work
and reagents contributed and/or paid for by
government agencies and private industry.
Microarrays for control testing are being
designed, manufactured and donated by
multiple array manufacturers as well as
academic microarray laboratories. Reagent
manufacturers are producing and donat-
ing materials required for the QRT-PCR

work. The testing itself is planned to begin

in the fourth quarter of 2005 with analysis

work continuing into the first part of 2006.

ERCC members are working together, con-

tributing expertise to complete the testing.

Development of tools required for analyti-

cal work to aid in evaluating performance

is underway and will continue into 2006.

Consensus on the criteria to be used to

define the reference set and subsequent

identification of that set is planned for the

latter half of 2006. The ERCC welcomes the

participation of anyone in the community

with an interest in helping to drive these

efforts forward.
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