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Development and perspectives of
scientific services offered by genomic
biological resource centres

Florian Wagner, Karsten R. Heidtke, Bernd Drescher and Uwe Radelof

Abstract

A number of fundamental technical developments like the evolvement of oligonucleotide microarrays, new
sequencing technologies and gene synthesis have considerably changed the character of genomic biological resource
centres in recent years. While genomic biological resource centres traditionally served mainly as providers of
sparsely characterized cDNA clones and clone sets, there is nowadays a clear tendency towards well-characterized,
high-quality clones. In addition, major new service units like microarray services have developed, which are
completely independent of clone collections, reflecting the co-evolution of data generation and technology devel-
opment. The new technologies require an increasingly higher degree of specialization, data integration and quality
standards. Altogether, these developments result in spin-offs of highly specialized biotech companies, some of which

will take a prominent position in translational medicine.
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BACKGROUND

During recent decades, there has been an ever-
increasing demand for well-characterized materials
within the molecular life sciences. Starting with the
sharing of, e.g. cell cultures and plasmids, this devel-
opment exponentially increased with the onset of the
Human Genome Project (HGP) in 1990. An early
example for a standardized distribution system was
the reference library system (RLS), developed by
Zehetner and Lehrach [1] at the Imperial Cancer
Research Fund in London. The central principles of
the RLS were the free distribution of clone sets and of
macroarrays (DINA/clones spotted onto nylon mem-
branes) derived thereof, as well as the establishment of
a central relational data base system, the Reference
Library DataBase (RLDB), for storing all results gener-
ated by the use of the reference clones and libraries.
The RLDB allowed all users to effectively gain an
overview of existing results, to combine the results of
their individual experiments in a common database,

and to analyse these data much more efficiently. It also
helped to avoid unintended duplication of experi-
ments and therefore double work.

The HGP was accompanied by the foundation of
governmentally funded genomic biological resource
centres (GBRCs) in a number of countries, e.g. the
MRC Geneservice in UK, the RIKEN Genomic
Science Center in Japan, and the RZPD German
Resource Center for Genome Research in Germany
with the mission to provide the international research
community with high-quality, well-annotated
research materials, especially clones and clone sets.
The general challenges met by GBRCs, like quality
management, open access, funding and sustainability,
have been discussed elsewhere [2]. The basic necessity
for a free access to data and materials within the
scientific community has equally been pointed out
[3], and the majority of scientific journals nowadays
insist on compliance with this principle before
a manuscript is accepted for publication.
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In our review, we want to focus on recent
developments and perspectives of scientific services
provided by GBRGCs, putting a spotlight onto
RZPD German Resource Center for Genome
Research. RZPD was founded in 1995 as the central
infrastructure unit of the German Human Genome
Project (DHGP), and was an approved charitable
entity since 2000. Its mission was to aid the advance-
ment of genome research by providing public access
to a variety of cutting-edge biotechnological services,
biological resources and related data without restric-
tions that arise from intellectual property rights.
As one of the most recognized GBRCs, RZPD also
became a distributor of the LM.A.G.E. [4] and the
MGC [5] clone collections, the ORFeome clone
collection and other important resources. RZPD
closed down its operative business on 31 July 2007
based on a shareholders’ resolution [Shareholders of
RZPD: Max Planck Society (50%), German Cancer
Research Center (25%), Max Delbrueck Center for
Molecular Medicine (25%)].

FROM POORLY CHARACTERIZED
MATERIALS TOWARDS
KNOWLEDGE-BASED RESEARCH
AND DIAGNOSTIC TOOLS
Within the molecular life sciences, there has been
a  clear
materials towards knowledge-based research and
diagnostic tools. More and more data are produced
at different levels (e.g. genome, transcriptome,
proteome), these data are integrated, and new
research tools are generated on this basis. A self-
catalysing co-evolution of data/information genera-
tion and technology development is speeding up
more and more.

A prominent example for this development is
the road from analysing transcripts via macroarrays

movement from poorly characterized

to multifunctional microarrays. Macroarrays—clones
or cDNAs spotted in a regular pattern onto a nylon
membrane—definitely represented a tremendous
technical advancement: for the first time, the parallel
investigation of tens of thousands of genes was
possible, a prerequisite for the investigation and
subsequent understanding of complex genetic net-
works. However, macroarray experiments suffer
form several constraints, e.g. relatively high sample
consumption and a low degree of automation.
cDNA microarrays, with glass in a standard slide
format as supporting material [6], resolved these

problems partially. This format enabled the precise
production and processing of many microarrays in
parallel with much lower sample volumes. Another
tremendous advancement was the in situ-synthesis of
oligonucleotide arrays [7], a technology combining
combinatorial chemistry and photolithography.
In contrast to cDNA microarrays dependent on the
quality of the clone sets used for production of PCR
products spotted onto the array, defined sequences
are generated by in situ-synthesis, and any arbitrary
sequence can be produced. An even higher level
of flexibility was reached by the next generation
of oligonucleotide array synthesis technology, with
digital micromirrors instead of fixed photolithog-
raphic masks [8]. This technology allows for the
instant programming and production of new arrays,
which is very advantageous for research projects
requiring a high degree of flexibility. Of course,
sequence information is essential to produce oligo-
nucleotide arrays. The sequences of hundreds of
prokaryotic and eukaryotic genomes are nowadays
available, and whole-chromosome as well as whole-
genome arrays are produced, which allow, e.g. for
the unbiased mapping of transcriptional activity or
transcription factor binding sites.

The
requires a high degree of standardization, and infor-
mation about each experimental step has to be
provided in order to allow for reproducibility.
As one of the high-throughput users of this tech-
nology, RZPD was actively involved in the defini-
tion of ‘Minimum information about a microarray
experiment’ (MIAME) standards for microarray
experiments [9].

complexity of microarray experiments

The technological development outlined above
was well reflected in RZPD’s porttolio in the array
segment. In 2001, RZPD integrated DNA micro-
array services into its portfolio, which included the
production of cDNA microarrays (custom sets as
well as indication-specific arrays) derived from
RZPD’s clone sets as well as services on commer-
cially available oligonucleotide arrays. At that time,
Affymetrix’  in
arrays already represented the ‘gold standard’ of
array technology, and RZPD became one of the
first Aftymetrix Authorized Service Providers in
Europe. Three years later, it integrated the digital
micromirror-based NimbleGen technology into its
portfolio.

Starting with ‘classical” 3’-based expression arrays
in 2001, a number of other applications were added

situ-synthesized  oligonucleotide
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since then, namely SNP genotyping, copy number
analysis, comparative genomic hybridization (CGH),
ChIP on chip (chip analysis following chromatin
Immunoprecipitation) array
In parallel to this portfolio extension, the amount
and the complexity of data produced by array

and exon analysis.

experiments grew considerably. A typical macro-
array experiment with 55000 clones spotted onto
a nylon membrane generated about 1 MB of raw
data, whereas a single Affymetrix expression tiling
array with 6.4 millions different oligonucleotides
produces 150 MB of raw data (cel-file). For some
well-established applications, like 3’-based expression
analysis, a number of proven software tools—both
commercial and academic—are available. For other,
more recent applications like ChIP-chip, data
analysis is still at a very early stage, and there is a
high demand from customers for data analysis
provided by service providers. Consequently, the
connections between laboratory and bioinformatics
tasks have become very close.

RZPD offered various standard modules for
microarray expression data analysis, starting with a
primary analysis using Affymetrix’  GeneChip
Operating System (GCOS). GCOS yields some
basic QC parameters (noise, background, spike-in
controls), as well as probe set expression values and
corresponding  P-values. Differential expression
results (up-/down-regulation, log,-ratio, P-value)
for pair-wise chip comparisons are also provided by
GCOS; however, there is a lack concerning
experiment grouping and secondary analyses like
clustering or principal component analysis. To this
purpose, RZPD created an automated analysis
pipeline using well-established and tested statistical
methods (~test, ANOVA) as well as generating
comprehensive annotations for significantly regu-
lated genes. CEL-files from Affymetrix experiments
could be uploaded, or gene/clone tables in an
appropriate format (expression values per column).
Results were delivered as a pdf-report with graphical
representations of the data, i.e. heatmaps, volcano
plots, hierarchical clustering (Figure 1) and principal
component analysis.

Up-to-date annotations from Entrez, Ensembl,
UniGene, Gene Ontology, etc. were delivered in

1™ sheets with dynamic links to

separate MS Exce
the corresponding databases (Figure 2).

The annotation tool was also available as a stand-
alone module to annotate probe set lists imported

from GCOS in order to replace the out-dated
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Figure I: Hierarchical clustering of Affymetrix expres-
sion data sets. Hierarchical clustering based on signal
intensities shows the degree of similarity between differ-
ent data sets. In this figure, hybridizations |-3 and 4-6,
respectively, belong to the same experimental group.
The height of the y-axis at the branching points is a
measure of similarity; y-axis units are arbitrary.

GCOS annotations. It was based on the bi-weekly
updated MASI database (see subsequently).

FROM FUNCTIONAL GENOMICS
TO PROTEOMICS
A characteristic feature in molecular life sciences is
the remarkable development of research and tech-
nologies in the proteome area. As an analogue to
HUGO, the ‘Human Proteome Organization’
(HUPO) was founded in 2001 in order to identity
the most important problems in proteomics, to start
appropriate initiatives to address these issues, and to
support the development of new technologies.
Several large-scale proteomics projects have been
launched since then, e.g. the Plasma Proteome
Project [10], or the Human Antibody Initiative [11].
This development was reflected at RZPD by a
coordinated palette of products and services for
protein- and proteomics-related research, starting
with various expression clones, via the expression
and purification of proteins, to the point of func-
tional studies. More than 34000 full open reading
frame (ORF) shuttle clones and nearly 430000 full
OREF expression clones thereof derived were avail-
able. RZPD’s protein expression service included
the choice of the protein of interest from the
respective clone collection, including the full ORF
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Figure 2: Annotation of Affymetrix expression data. Affymetrix expression data are provided with a comprehen-

(data not shown), and biological material available at RZPD. The gene symbol and gene name are also given.

expression clones. A total of 5-10mg of protein
were expressed in an E. coli or a Baculovirus expres-
sion system and purified up to 90% by FPLC. Three
protein array services were available, namely serum
screening and antibody epitope mapping using
RZPD’s protein arrays, and protein expression
profiling using Becton—Dickinson (BD) antibody
arrays. RZPD’s protein arrays were derived from
several human tissues including fetal brain, testis and
T-lymphocytes. Each protein array consisted of up to
27 648 E. coli-expressed proteins, printed in duplicate
on a PVDF membrane. The serum screening service
on these arrays was designed to screen for auto-
antibodies in patient plasma or serum, which was of
special interest for clinicians and researchers dealing
with autoimmune diseases like diabetes type I or
multiple sclerosis. An automated yeast two-hybrid
(Y2H) interaction screening service was also avail-
able. In contrast to most traditional Y2H methods,
a fluorogenic reporter was used that could be
accurately quantified [12].

SYNTHETIC BIOLOGY

Synthetic biology emerged as a new research area
when the detection and application of restriction

endonucleases nearly 40 years ago [13, 14] enabled
the directed construction of DNA sequences that
do not occur naturally. Since then, this field has
taken a rapid development, and today synthetic
biology is defined as ‘(i) the design and construction
of new biological parts, devices and systems and
(i) the re-design of existing, natural biological
systems for useful purposes’ (definition taken from
http://syntheticbiology.org). groups
aiming at the construction of complete organisms
like the bacteriophage T7, in order to test our
current genetic knowledge [15]. Within this context,
the new large-scale, non-clone-based sequencing
methods [16, 17] represent a key technology, as

Several are

they provide valuable information about naturally
occurring genomes.

From a practical point of view, gene synthesis
is currently the most important application of
synthetic biology, and a number of companies
compete in this field. For RZPD, too, the generation
of synthetic clones was of increasing importance.
Although RZPD oftered the most comprehensive
clone collection worldwide with 35 millions of
clones and more than 1000 cDNA libraries, this
collection was far from being complete, even for the
most important model organisms. This gap could
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be filled with synthetic cDNA clones generated via
gene synthesis, which guaranteed 100% sequence
identity to a database sequence and allowed for
sequence optimization to maximize protein yields in
a certain expression system. On account of this,
RZPD integrated synthetic clones into its portfolio,
which allowed to offer a virtually infinite clone
collection. Synthetic clones could be identified and
ordered by RZPD’s online search tool Genome-
Cube™ and were delivered within 4-6 weeks.
Gene synthesis also represents an ideal complement
to next-generation sequencing. The classical way
from the clone to the sequence is simply reverted:
the sequence information is generated first—without
classical cloning, directly starting from DNA,— and
then the clone needed, e.g. for protein expression,
1s synthesized with 100% compliance to the specified
requirements.

BIOINFORMATICS AT RZPD
Structure of RZPD’s primary database
During the last years, the structure of RZPD’s
primary database was completely re-organized in
order to meet the requirements of gene-centred
queries for biological material, and to provide
RZPD’s customers with comprehensive and up-to-
date annotations for these materials. With respect to
different details and information, each major product
group was stored in a product database of its own,
e.g. clones, clone sets and libraries, tissue arrays, etc.,
where each product had one or more references
to genes. These references were the basis to connect
the product data with all kinds of annotations, e.g.
sequence data, functional annotation, disease-related
information, etc. The annotation was retrieved from
different sources. On one hand, the submitters of
biological material provided basic information with
their submission. On the other hand, RZPD’s bio-
informatics group spent an enormous effort to
improve the level of annotation with data from
public resources. Data from Uniprot, Unigene,
OMIM, Ensembl, Entrez, GeneOntology, KEGG,
BioCarta and many more had to be interlinked
with each other, the product databases, and the
RZPD services. The resource for up-to-date data
annotations was MASI@RZPD. MASI (developed
by Insilico Software GmbH), ‘Meta Annotated
Sequence Investigation’, is a compilation of
public biological databases into a locally available
relational database management system (RDBMS).

The increasing spectrum of information provided
covers all relevant sources of genetic, proteomic and
metabolomic data. Therefore, particular biological
entities cited at different sources became comparable
and thus provided more comprehensive information.
MASI was updated on a bi-weekly basis from the
public resources.

Product search and ordering with
the GenomeCube™

The GenomeCube™
face for gene-based material retrieval. It was named
after the three ‘dimensions’ required to identify the
most appropriate resources for the gene(s) of interest:
gene, species and clone/product type. Instant access
was given to validated materials, e.g. sequence-
verified cDNA clones, full length clones, full ORF
clones, siRNA resources, etc. by entering a variety
of search terms, e.g. gene symbols and descriptions,
GenBank Accession numbers, Unigene Ids, Ensembl
Ids and Affymetrix Ids. The result of a Genome-
Cube™ query was a list of appropriate products
(Figure 3).

Comprehensive information could be obtained
by a single mouse click, e.g. gene information,
functional annotation details, disease-related infor-
mation, sequence data and many more. Nevertheless,
the search for appropriate biological material was
not always straightforward. Therefore, to find
biological material that was related to each other
by the same genetic context, a new concept

was an intuitive-to-use inter—

named ‘GeneContext’ was introduced into the
GenomeCube™.  Genes were represented  in
(i) Positional Gene Sets, (i) Motif Gene Sets,
(iii) Curated Gene Sets, (iv) Computational Gene
Sets provided by the Broad Institute laboratories
(http://www .broad.mit.edu/gsea/msigdb/msigdb_
index.html), (v) the controlled vocabulary used
for indexing MEDLINE/PubMed
(MeSH Terms) and (vi) Disease Concepts provided
by the Autoimmune Disease Database (http://
www.sbi.uni-rostock.de/aidb/home.php).

articles  for

CENTRAL RESEARCH
INFRASTRUCTURE FOR
MOLECULAR PATHOLOGY (CRIP)
Biobanks have recently been developed under the
auspices of public or private initiatives as suitable
tools for biomedical research purposes. Therefore, at
RZPD a central research infrastructure for molecular
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Figure 3: RZPD’s GenomeCube'™". The GenomeCube™ offered direct access to a multitude of validated clone
materials corresponding to the search term provided. Here, MAOA (monoamine oxidase A) was entered, for which
a variety of different clones from several organisms was available.

pathology (CRIP) was established, which can be
used as a portal to different tissue banks.

CRIP (https://crip.rzpd.de; from July 2007:
www.crip.fraunhofer.de) displays anonymized data
on human tissue samples (diseased and normal) and
corresponding biospecimens available for research
projects in its database partners’ institutes. CRIP
covers all disease areas and provides information on
sample preparation (fresh frozen, paraffin embedded,
etc.) according to standard operating procedures,
clinical and follow up data and patient’s written
informed consent. Partner institutes are academic
Institutes of Pathology.

SUMMARY AND PERSPECTIVES

A number of fundamental technical developments
within the molecular life sciences induced a distinct

change in RZPD’s portfolio in the last years. There
was a clear tendency away from poorly characterized
cDNA clones towards high-quality, well-annotated
clones (e.g. full ORF and expression clones) to
be used in functional genome research. Synthetic
clones, which can be synthesized according to
researchers requirements, started to replace natural
clones, a process which is speeding up also catalysed
by next-generation sequencing technologies. In the
microarray segment, cDNA clone collections were
no longer on offer. cDNA arrays were replaced
by in situ-synthesized oligonucleotide arrays from
which
organisms and allow for a much broader portfolio

commercial manufacturers, cover more
of applications (e.g. whole genome expression
analysis, differential splicing analysis, ChIP-Chip,
re-sequencing, etc.). Moreover, the quality of in situ-

synthesized oligonucleotide arrays is clearly superior
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to those of home-made cDNA arrays [18], and prices
of oligonucleotide arrays have dropped by several
hundred percent in the last 5 years. Services for
proteomics research were established, like protein
expression and purification, protein array generation
and related screening services, as well as a Y2H
screening service. The amount and complexity of
data generated by RZPD’s services grew consider-
ably, leading to an increased demand for data storage,
analysis, integration and information gathering. This
demand was met by the offering of various, modular
data analysis tools and services, which represented
a combination of in-house developments and
commercial software. Here, it becomes obvious
that today in addition to physical and infrastructural
resources the term ‘resources’ includes software tools
and the knowledge about their reasonable
application.

In summary, RZPD’s original character as a
non-for-profit provider of clones and clone sets
changed considerably. Although, especially high-
quality clones still formed an important segment
of its portfolio, other service units like microarray
services became completely independent from the
clone segment. To a certain degree, this was also true
for protein-related services, which were not neces-
sarily dependent on the availability of (expression)
clones within the same entity.

Another tendency, which has an eftect especially
in the microarray segment, is the ongoing develop-
ment of DNA chips for clinical applications,
especially  for diagnostic  purposes.
Prominent examples are Roche’s AmpliChip®
CyP450 or Agendia’s MammaPrint® breast cancer
diagnostic test. These microarrays are not designed to
serve basic research, but to answer diagnostic
questions. Hence, they are used preferably by
clinicians, and not by academic research groups.
A company which wants to provide services in the
molecular diagnostics segment will have a different
client base and has to cope with other challenges like
higher quality standards and a very close interaction
with physicians.

Altogether,  these supported
tendencies towards privatization of independent
and profitable service units like the microarray
service unit or a protein-based services unit, a trend
not unique to RZPD, as exemplified by the
foundation of GeneService Ltd as a spin-off from
the former MR C GeneService in 2004. Of course,
the basic principles of GBRC:s like free access or the

molecular

developments

sustainable archiving of research materials cannot
be executed in a private entity for some obvious
reasons [2]. The era of classical, non-for-profit
GBRCs seems to come to its end, and highly
specialized biotech companies focusing on clearly
defined business segments spin out in order to take
their place. RZPD’s successor companies will focus
on technologies needing profound expert knowl-
edge as well as expensive and highly specialized
equipment, as for the vast majority of academic
research groups it does not seem to be reasonable
for economic and scientific reasons to establish these
technologies in their own laboratory. The micro-
array segment definitely falls within this category,
a field that is already very well acknowledged within
the scientific community, but nevertheless is still
rapidly evolving and holding an enormous potential
for future applications, like, e.g. gene expression
analyses from formalin-fixed, paraffin-embedded
samples, or the development of DNA chips for
clinical applications. Also, large-scale sequencing
projects using ultra-high throughput platforms like
Roche-454 or [llumina-Solexa are pre-disposed for
outsourcing to companies providing the necessary
equipment as well as bioinformatics expertize.

Key Points

e The original character of genomic biological resource centres as
providers of clones and clone sets has changed considerably by
the integration of fundamentally new technologies like oligonu-
cleotide microarrays or gene synthesis, and by the buildup of
proteomics-related services.

e Within the clone segment, there is a clear tendency towards
well-annotated, high quality clones, which might be mainly of
synthetic origin in the near future.

e Major service units like microarray services are completely inde-
pendent from clone collections, and they require a high degree of
specialization and data integration.

e The era of classical, non-for-profit GBRCs seems to come to its
end, and highly specialized biotech companies focusing on clearly
defined business segments spin out in order to take their place.
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