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associate screens according to common attributes. Visualization

tools can be used to great effect during HTS for quality control,

database navigation and data-mining.
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v The objective of screening informatics is
to enable full access to, and exploitation of, all
screening data, thereby helping to improve decision-
making. This will have an impact on many areas,
including target selection, compound library design,
assay design and lead compound identification.

The challenges of a changing drug
discovery environment
The advent of genomics, combinatorial chemistry
and HTS has revolutionized the drug discovery
process. The impact of these new technologies
requires a stepwise shift in the way data and, ulti-
mately, the knowledge that they generate are
managed!. The volumes and complexity of the
data produced mean that traditional methods and
tools for accessing, analysing and distributing
the data and knowledge are no longer viable?.
With ultra-HTS (uHTS), data volumes of
100,000 points-per-day-per-screen are becoming
common3~°. A typical HTS operation in a large
pharmaceutical company will be generating
approximately 50 million data points-per-year,
covering approximately 50 targets®. Compared
with the situation ten years ago, when 200,000 data
points-per-year was the usual rate, this represents

an increase of two orders of magnitude in the
data volume.

In addition to the increasing volume and rate
of data generation, the diversity and complexity of
HTS data is increasing with the introduction of high-
content or high-information screening systems such
as the ArrayScan™ by Cellomics’ (Pittsburgh, PA,
USA), Acumen by The Technology Partnership
[Royston, Hertfordshire, UK; for reference, see
Blenkinsop, P High information screening (HIS). The
way ahead. .. 5th Annual Conference of the Society for Bio-
molecular Screening, Edinburgh, UK, 13—16 September
1999 abstract book p. 77], and technologies such
as fluorescence correlation spectroscopy (FCS)8. A
traditional HTS assay generates a single data point-
per-compound, whereas the Acumen instrument,
for example, will output a detailed image file as
well as more than ten derived parameters for
each compound and concentration.

From data to knowledge
Storage and retrieval of these large volumes of
complex data are not the primary issues with cur-
rent storage media and databases. Exploitation of
the data for knowledge generation and decision-
support is a much greater challenge to the drug
discovery business, particularly if the derived
knowledge is to be exploited fully by a global
drug discovery enterprise. For example, during
the development of a screen, many decisions are
made, regarding such properties as the source of
the target protein(s) and the assay technology.
Each screen brings knowledge and learning that
could be reused across the business. This know-
ledge is costly to rediscover, and potentially even
more costly if repeatedly overlooked.

The inclusion of all data and associated knowl-
edge in central corporate repositories and the
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integration of these stores are the foundations for the develop-
ment of informatics applications for decision-support.

What is involved in screening informatics?
For screening informatics to be effective, several factors must
be considered:

e The underlying data model (such as which data are stored,
their relationships, partitioning of pre-production and validated
data, the database type)

* Meta-data structures (see later)

* Data entry tools (must be fast, easy to use and should control
the vocabulary to maintain data integrity)

* Query tools (must be fast and intuitive, even for non-experts)

* Data navigation and presentation (such as summary Web
views of data for projects, meta-data navigation tools)

* Data analysis and visualization tools (must address the
questions asked).

The remainder of this article will focus on two of these
aspects in more detail: meta-data and visualization.

Meta-data structures

In the context of screening informatics, meta-data are data that
describe other data®. They can be used as a standard method of
describing, for example, relationships, organization and sources
of data, thus making it possible to search, cluster, navigate and
add context to the data. For example, the assay technology and
target classification descriptors can be considered meta-data,
describing certain aspects of a screen and therefore the data
generated by that screen.

What can be gained from meta-data®?

Meta-data can be used for data navigation (querying), where
users want to ask questions such as ‘show me all screens for
kinase targets’ or ‘show me screens where a cytotoxic com-
pound could produce a false hit’. Meta-data are also important
for providing post-navigation context to data. For example, if a
compound of interest was found to be active in several screens,
the scientist might want to navigate more detailed information
about the target classification, assay buffer constituents and
incubation conditions for those screens. In addition, meta-data
can be used by specialized applications to provide workflow
representations for project teams or laboratory groups.

Why is meta-data important for screening informatics?

Without well-structured and accurate meta-data, even globally
accessible data is difficult to navigate and even more difficult to
interpret in a meaningful way. Meta-data enables clustering and
joining of related data types to enable meaningful mining,
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analysis and visualization. It removes the necessity for expert
knowledge of all the projects, targets, assays, data and their
organization within the corporate database. However, the
expert user also benefits greatly from meta-data entries, such
as data reliability indicators (e.g estimates of false-positive
and false-negative rates in a screen)!0.

Examples of biological meta-data

As represented in Fig. 1, biological screen meta-data relate to
specific screens, screen versions or screen occasions. They can
be structured in several ways, two common examples being:

* Hierarchical — for example, target classification, where a re-
ceptor tyrosine kinase belongs to the class of tyrosine ki-
nases, which belongs to the class of kinases, which belongs
to the class of enzymes. One can query at any level in a hier-
archy, depending on the level of detail known or required.

* Non-hierarchical — for example, assay properties such as
assay volume or substrate concentration. These are useful for
when there are no direct relationships represented between
meta-data attributes.

Implementing the meta-data layer

Which meta-data are stored and how they are structured must be
based on the questions and decisions that are to be supported. For
the meta-data to be of maximum benefit, the data integrity must
be 100%. Compliance by the scientific community can be encour-
aged if data entry is made easy and they perceive value for them-
selves in entering the data. However, a controlled vocabulary, which
defines how meta-data values are named, is required if data integ-
rity is to be high. For example, to a scientist, beta-adrenoceptor,
[3-adrenoceptor and beta-adrenergic receptor might mean the
same thing — to a typical database they are quite different!

Typically, meta-data are stored in either a database (relational
or object!!) or in context-rich documents, such as word
processor files. Databases have the advantage of data structure,
relationships, integration, ability to query, as well as application
development capabilities for the Web, using tools such as Oracle
Application Server (Oracle Corp., Redwood Shores, CA, USA) and
NetCharts™ (Visual Mining, Rockville, MD, USA). Database meta-
data structures are highly appropriate for creating, for example, the
target classification hierarchy (e.g. http://www.expasy.ch/enzyme
for enzymes!?).

By contrast, documents are familiar, flexible and can provide
some data structure and relationships if well designed. They are
more appropriate for meta-data such as screen protocol de-
scriptions, which detail how a screen was performed and
aspects associated with its operation (e.g. incubation condi-
tions, safety issues). Data held in word processor documents is
difficult to exploit (via searching or visualization), particularly

11



Drug Discovery Today: HTS supplement reviews

Vol. 1, No. 1 June 2000

Meta-data layer

Chemical

Biological

Structural class

Parent
library

Library
description

Project

origin

Synthetic protocol

Therapeutic area

Screen
description

Screen
protocol

Assay
properties

Target classification

By compound By screen
Data layer
compound_ID screen result_type result result_date
compoundl ENZ1 %inhibition 54 01-01-2000
compound2 ENZ2 IC50 1.7E-8 01-01-2000
compound3 REC4 Kd 2.3E-9 01-01-2000
compound4 IMG1 image_jpg s 01-01-2000

Figure 1. A conceptual representation of example meta-data relating to typical drug discovery HTS data. Note that the distinction between data
and meta-data layers can be ‘fuzzy’; ‘result_type’ in this example could equally be considered as meta-data.

Drug Discovery Today: HTS supplement

if no structure or controlled vocabulary have been applied. How-
ever, Internet technologies, such as Muscat’s Linguistic Inference
technology (The Dialog Corporation plc, London, UK), can
be used to index, search and alert using document-based
meta-data. One alternative to poorly structured word processor
documents is the eXtensible Markup Language (XML).

eXtensible Markup Language

XML is generating much interest within the informatics com-
munity at present. The underlying technology (SGML; Standard
Generalized Markup Language) is not particularly new, but full
realization of what XML can offer is only just emerging!3. XML
is the emerging standard for data interchange and structured
data document storage!#. It enables the storage and transfer of
data with structure (or meaning) rather than just format, and
data held within XML documents can be readily exploited by an
analysis application, database or report generator. In addition,
XML files provide long-term accessibility options, because they
are not dependent on specific file formats (see Box 1).
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The advantage of moving to XML from unstructured docu-
ments for the storage of screen-related information such as
the screen protocols or operating procedures, is obvious.
Document construction will be relatively easy, especially as
modern word processors will have native support for XML.

Well structured data and meta-data provide the foundation for
effective data exploitation, a good example being data visualization.

Data visualization

Visualization tools, in their various forms, have many valuable
applications within the HTS environment>!%!>-17. Some of
these applications will now be discussed.

Quality control and data validation

Visualization provides a fast and robust method for check-
ing the quality of HTS data, providing scientists with selected
views of the experimental output'®. Plate views, where wells
are coloured or sized according to the data, enable edge-
effects (where wells at the edge of an assay plate behave
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differently from the centre wells because
of variations in, for example, humidity
or temperature gradients), blocked dis-
pensing tips, or other artefacts (e.g. loss
of enzyme activity during a screen) to
be identified at very high throughputs.
Aggregate value (e.g. average, maximum),
frequency distribution and scatter plots
enable meaningful comparisons to be
made between screens, batches and
plates, therefore enabling the rapid
identification of problems!®.

Data-mining

One effective way to explore large data
sets for expected or unexpected trends or
outliers is to use visualization techniques!”.
Available visualization applications in-

clude Spotfire™ Pro (Spotfire, Boston, MA, USA), or custom
applications can be developed using, for example, IDL™ from
Research Systems (Boulder, CO, USA) or Toolmaster from
Advanced Visual Systems (Waltham, MA, USA). To use an ex-
ample to demonstrate data visualization, meta-data were used

to provide a list of screens where cyto-
toxic compounds produced false positive
responses. The visualization shown in
Fig. 2 exemplifies how simple visualiz-
ation can aid the identification of poten-
tial toxic compounds.

The degree of variation or ‘noise’ in
each screen is immediately visible using
visualizations, and can be considered in
further manipulation or analysis. Com-
pounds that have a high level of activity
in all four screens can be clearly identi-
fied as those in the upper right corner
of the plot with larger and redder data
markers (one such point is indicated in
Fig. 2 by the cursor arrow). Alternative
views using multiple linked graphs can
make exploring multidimensional data
sets even more effective. For example,
the ‘brushing-and-linking” technique
enables selected data records on one
graph to be selected on all other graphs
in the view. In addition, ‘dynamic query-
ing’ enables the user to set various cri-
teria (such as inhibition of cell growth
IC,, <10 pM) to define which data are
displayed on the graphs?.
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Box 1. Example description of a receptor tyrosine kinase
screen using XML

<?xml version="1.0"?>

<SCREENDESCRIPTION>
<SCREENAME>RTK1</SCREENAME>
<TARGETCLASS>Kinase</TARGETCLASS>
<ASSAYCLASS>TRF</ASSAYCLASS>
<TOTALCMPS>200000</TOTALCMPS>
<COMPLETEDATE>01-01-2000</COMPLETEDATE>

</SCREENDESCRIPTION>

This is an example description of how a receptor tyrosine kinase (RTK) screen, using
time-resolved fluorescence (TRF), which screened 200,000 compounds (CMPS),
could be represented in XML. The tags (e.g. <SCREENAME>>) provide structure
(or meaning) to the contained text (e.g. RTK1), such that an application would
recognize that RTK1 was the screen name and should be treated in a certain way.

Database navigation and dynamic workflow representation
Graphical views on data within databases can be easily created

™

with tools such as those from Visual Mining (e.g. NetCharts

lTM

and Decision.Control™, their decision/information portal), and

made available on the corporate intranet. This enables users to
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Figure 2. Visualization from Spotfire™ Pro (Spotfire, Boston, MA, USA) showing data from
four high-throughput screens, identified from meta-data as being mammalian cell-based screens,
susceptible to false-positives from cytotoxic compounds. The percentage effect in the four
screens (1-4) are represented on one graph by: 1 — x-axis position; 2 — y-axis position;

3 - size of data marker; 4 — colour of data marker (blue to red = low to high). The record
marked by the cursor arrow indicates a potential cytotoxic compound.
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view summary or quality assurance data from screens, or to
recreate concentration—response graphs from data in the database
(negating the need to store static images). Composites of these
visualization types can be constructed to represent a screening
cascade for a project or to denote workflow in an HTS laboratory,
by visually representing throughputs, bottlenecks and hit-rates in
the portfolio of screens. These graphics on the intranet can also
enable navigation of the underlying data and meta-data, for
detailed evaluation or further analysis.

A highly structured data hierarchy is necessary to enable logi-
cal and meaningful graphical representation of data, with the
ability to navigate through the different layers of detail. Storing
reduced data (such as IC, values) alone is highly limiting for
concentration—response screening. Ideally, sufficient data are
stored to enable the recreation of the curves in a browser and to
enable future reanalysis if necessary. For example, concen-
tration—response data could be stored at the following levels:

* Concentration—response raw data with the controls

* Normalized and calculated data (e.g. percentage response)

* Derived or reduced data (e.g. IC;,, slope)

* Summary data (e.g. active, toxic, in the context of that screen
occasion)

* Validation data (e.g. valid record, suspect record).

This would therefore enable the data to be viewed at many
levels of detail. Meta-data might also be required to add further
context to the data (e.g for an enzyme screen, to describe the
ratio of substrate concentration to its Km).

Conclusions

Screening informatics is a crucial resource in the modern HTS
environment. Appropriate implementation and exploitation of
meta-data, coupled with the use of various visualization ap-
proaches, will add considerable value to any drug discovery
enterprise. Currently emerging technologies'8, such as Internet-
platform databases (e.g. Oracle8i), new component-based de-
velopment environments (e.g. Java Beans!?), middleware layers
enabling integration of disparate data sources and legacy systems
(e.g. CORBA; Common Object Request Broker Architecture),
new standards for data interchange and storage (e.g. XML), and
the introduction of alerting tools and ‘intelligent’ agents??, will
have a significant impact on screening informatics over the next
few years. This will provide an integrated information environ-
ment, where existing questions can be asked more easily and
new questions will become possible.
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