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Standardization of Genomics and Bioinformatics
for Pharmacogenomics and Personalized
Medicine: The MAQC/SEQC Project

Personalized medicine aims to deliver
the right medicine to the right patient
at the right dose at the right time, thus
minimizing adverse drug reactions and
maximizing drug efficacy. It depends on
reliable tools in genomics, bioinformat-
ics, and cheminformatics for accurately
characterizing patients, drugs, and their
interactions at the genome-wide scale.
The MicroArray and Sequencing Quality
Control (MAQC/SEQC) project is a com-
munity-wide effort launched by the US
Food and Drug Administration in 2005 to
address concerns about the reliability of
microarray and other genomic technolo-
gies as well as bioinformatic data analy-
sis challenges in personalized medicine
(www.fda.gov/MicroArrayQC/). MAQC-I
evaluated technical performance of var-
ious microarray gene-expression plat-
forms and data analysis approaches in
identifying differentially expressed genes
or potential biomarkers of treatment
effects (www.nature.com/nbt/focus/
maqc/). MAQC-II aimed at reaching con-
sensus on “best practices” for develop-
ing and validating microarray-based pre-
dictive models for preclinical and clinical
applications (www.nature.com/focus/
maqc?2/). MAQC-IIl (SEQC) has been
evaluating technical performance and
addressing bioinformatics challenges
of next-generation sequencing, a pow-

JMACY YHRII L2013

erful genomics technology that holds
great promise in bringing personalized
medicine closer to reality by allowing for
characterization of a patient’s genomic
landscape at a single-base resolution.
The MAQC/SEQC project is expected to
enhance our capabilities of understand-
ing, predicting, and eventually prevent-
ing serious adverse drug reactions by
large-scale simulation and prediction of
drug-protein interactions incorporating
patient-specific genomic information
(MAQC-IV or PADRE), thus helping the
FDA fulfill its mission of promoting and
protecting public health. This presenta-
tion will focus on lessons learned from
the SEQC (MAQC-IIl) project. Next-gen-
eration sequencing has revolutionized
the scale and scope of genomic re-
search, making deep, whole-transcrip-
tome sequencing (RNA-Seq’) feasible
with the advent of various alternative
platforms. Reproducibility across plat-
forms and laboratories is a crucial re-
quirement for any new experimental
method in research and clinical applica-
tions. The SEQC project set out to inves-
tigate this by utilizing two well-charac-
terized reference RNA samples A and B
from the MAQC-I project, with spike-ins
of synthetic RNA from the External RNA
Control Consortium (ERCC). Samples C
and D were then constructed by com-

bining A and B in known mixing ratios, 3:1
and 1:3, respectively. All samples were
distributed to several independent sites
for RNA-Seq library construction and
sequencing. Technical replicates permit
the study of inter-site variation, site-to-
site reproducibility, and differences be-
tween various platforms. In addition, we
applied RNA-Seq to several research
problems including a critical assess-
ment of the prediction performance in
neuroblastoma patient outcome in com-
parison with that of microarrays. In total,
over 10 terabases of sequencing data
were generated, representing the most
ambitious effort in the generation and
analysis of large reference datasets of
the RNA-Seqg community to date. While
RNA-Seqg showed comparable or su-
perior technical performance over mi-
croarrays at the gene-expression level,
we did not observe clear advantages
of RNA-Seq over microarrays in terms
of the prediction of patient outcomes.
Furthermore, there remain big challeng-
es for the accurate identification and
quantification of isoforms based on RNA
data, highlighting the needs for improv-
ing bioinformatics pipelines and exper-
imental procedures of high-throughput
genomics to realize accurate prediction
of patient outcomes.

Leming Shi

Professor, School of Pharmacy,
Fudan University

@ Profile

Dr. Leming Shi is a professor at the School of
Pharmacy of Fudan University in Shanghai,
where he established and directs the Center
for Pharmacogenomics. Dr. Shi received his
Ph.D. in computational chemistry from the
Chinese Academy of Sciences in Beijing. As
a Principal Investigator at the US Food and
Drug Administration (FDA) from 2003 to 2012,
Dr. Shi conceived and led the MicroArray and
Sequencing Quality Control (MAQC/SEQC)
project (www.fda.gov/MicroArrayQC/, www.
nature.com/nbt/focus/maqgc/ and www.nature.
com/focus/maqgc2/). Dr. Shi's research focus-
es on pharmacogenomics, bioinformatics, and
cheminformatics aiming to realize personalized
medicine. Dr. Shi is a guest faculty at the US
FDA.
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International Standardization Organizations
and What They Do in Biotechnology

When standardization organizations
talk about standards, they refer to
technical standards: formal docu-
ments that provide requirements,
specifications, guidelines or charac-
teristics that can be used consistent-
ly to ensure that materials, products,
processes and services are fit for
their purpose. Using standards, users
can rely on recognized practices and
approved levels of safety. Moreover,
technical risks are minimized by using
fit for purpose components that have
been tested and proved to work for
the intended application. Verification
tests are carried out in international
round-robin experiments prior to pub-
lication of an international (ISO) stan-
dard. The international standardiza-
tion organization ISO has published
over 19,000 standards since its foun-
dation in 1947. ISO standards are cre-
ated in technical bodies by experts
from over 160 member countries,
each represented at ISO through their

respective national standardization

JMACY YHRII L2013

body (NSB). Germany’s national stan-

dardization body is DIN (German Insti-
tute for Standardization), which holds
19% of all ISO technical bodies.

In 2012, DIN proposed the establish-
ment of a new technical committee,
ISO/TC Biotechnology, which will start
its work in December 2013. DIN is
also involved in the work of consor-
tia and research organizations with
which they publish Specifications,
also called DIN SPEC.

Memo

Joachim Lonien

Innovation Manager,
Deutsches Institut fur Normung (DIN)
German Institute for Standardization

@ Profile

Joachim is Innovation Manager at the German
Institute for Standardization.

He holds a Master’'s degree in Biotechnology
and a Master’s in Global Operations Manage-
ment. Prior to his current position, he spent a
decade in biotechnological research primarily
at Brookhaven National Laboratory (NY, USA),
investigating gene expression patterns in di-
atoms and generating metabolic flux maps for
model plants Arabidopsis thaliana and Bras-
sica napus in order to investigate their central
metabolism and identify metabolic pathways.

In 2010 Joachim joined DIN, one of the larg-
est standardization organizations worldwide.
At DIN he is responsible for standardization
efforts in the realm of life sciences and Smart
Cities.
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(1) Canales, RD, et al., (2006) "Evaluation
of DNA microarray results with quantitative
gene expression platforms”, Nature
Biotechnology 24, 1115 - 1122, "http://www.
nature.com/nbt/focus/maagc/index.htm!"

(2) MAQC Consortium, (2010) "The
MicroArray Quality Control (MAQC) -Il study
of common practices for the development
and validation of microarray-based predictive
models", Nature Biotechnology 28, 827-838,
http://www.nature.com/nbt/journal/v28/n8/
index.html

(3) 1SO, (2011) "ISO/IEC Directives part1",
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