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John S. Dunn Gulf Coast Consortium for Chemical Gen omics 
Biotrue ��� �  CDMS Controls Data Flow in High Content Screening Application  

 
High content screening 
High content screening is a powerful drug discovery method that uses living cells as the test tube for 
molecule discovery. It is the combination of modern cell biology, with all its molecular tools, with 
automated high resolution microscopy and robotic handling. High content screening differs from most life 
science work because experimental evaluation is entirely automated. 
 
Information from microscope images, almost exclusively from fluorescent cells, is extracted by computer 
aided image analysis allowing for the evaluation of multiple biochemical and morphological parameters. 
Through combining the imaging of cells in microtiter plates with powerful image analysis algorithms, 
deeper knowledge can be acquired on multiple biochemical or morphological pathways at the single-cell 
level at an early stage in new drug development. 
 
John S. Dunn Gulf Coast Consortium for Chemical Gen omics 
A collaborative alliance, the Gulf Coast Consortium for Chemical Genomics was organized in 2003 to 
address the growing need among Gulf Coast investigators for a centralized capability to support high 
content screening technologies. Many Gulf Coast institution research laboratories were engaged in 
screening projects but they were generally too small to be effective. To reduce the duplication of effort 
and to expand the screening capabilities, the Gulf Coast Consortium for Chemical Genomics was 
organized as a research consortium with the aim of developing an inter-institutional academic drug 
discovery hub. It is composed of Baylor College of Medicine, The University of Texas M. D. Anderson 
Cancer Center, Rice University, The University of Houston, The University of Texas Medical Branch at 
Galveston and UT-Houston. 
 
Two years ago, the John S. Dunn Gulf Coast Consortium for Chemical Genomics (GCC CG) was 
established (Figure 1). The GCC CG is a collaborative alliance for interdisciplinary bioscience training and 
research. The University of Texas Health Science Center at Houston (UTHSC) serves as the project’s 
lead institution and is the home of the hub laboratory (core facility) for the drug discovery program, where 
state-of-the-art robotics, instrumentation and computer technology are employed for rapid screening of 
chemical compounds to identify drugs that may act on the molecular “targets” known to be associated 
with specific diseases.  

 
The GCC CG is one of only two academic 
core facilities in Texas for high-content 
microscopy and quantitative image 
analysis. In early 2007, the GCC CG had 
three operational sites, Baylor College of 
Medicine, The University of Texas M. D. 
Anderson Cancer Center, and The 
University of Houston Health Science 
Center that housed three Beckman 
Coulter Cell Lab IC100 Image Cytometers, 
high-throughput fluorescence 
microscopes, with CytoShop image-
analysis software, three Beckman and 
Tecan robotic transports as well as a 
Beckman Coulter DTX 880 microplate 
reader for performing automated 
fluorescence, luminescence and 
absorbance measurements. Currently 3  

 
Figure 1 Overview of the John S. Dunn Gulf Coast Consortium for 
Chemical Genomics. Illustration provided courtesy of the GCC CG. 
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major groups, 15-20 individuals, access the GCC CG in addition to other minor users. Future plans call 
for expansion to more satellite locations that will house additional instrumentation. 
 
Data Management Needs 
High content microscopy and quantitative image analysis rapidly produces extremely large databases. 
Eighty to a hundred numerical analyses and images are produced per microplate well. For example, 
assume half of that number is images, or 40-50 images/well, and each image is a megabyte of data. A 96 
well plate will produce over 4 gigabytes of data. At a rate of 100 plates/day, nearly half a terabyte of data 
is produced. In addition, all parameters of each experiment must be tracked; date, cell line, treatment, 
fluorescent tags, equipment, analyses and operator to name a few, and incorporated into the database as 
metadata for reference. 
 
Data must be accessible long-term within lab groups and also between collaborating lab groups. New or 
revised computational methods and new knowledge about the cell, disease or drug may warrant running 
additional algorithms on a sample or subset thereof in the future. 
 
Biotrue Collaborative Data Management System (CDMS)  
The GCC CG chose the Biotrue Collaborative Data Management System (CDMS) as the database 
management application for several reasons. 

1. The GCC CG was implementing a Laboratory Information Management System (LIMS), knew 
they would have a large volume of data and needed an informatics component. 

2. The Biotrue CDMS shared commonality with the LIMS. Both were written in PHP and accessed 
MySQL databases. 

3. No data management systems were supplied with the IC 100 Image Cytometers. 
4. The GCC CG had limited IT support for development work and preferred to integrate an off the 

shelf application. 
5. The Biotrue CDMS had the features needed to share, or restrict, information from the multiple, 

geographically dispersed satellite locations. 
 
The Biotrue CDMS is a web based software system for biomedical research laboratories that enables 
scientists to easily store, manage and share all types of instrument and analytical datafiles, including 
imaging data, and other documents, from a number of locations.  

 
The open architecture of the Biotrue 
CDMS allows integration with data 
acquisition applications. Data files are 
catalogued into the system by simple 
drag-and-drop or can be bulk loaded 
through an unattended customized back 
end process developed by the GCC CG IT 
support staff.  
 
Data is stored on a central server, 
facilitating the backup of data generated 
by dispersed labs and instruments. 
Underlying the interface is a robust 
database with advanced display and 
powerful search capabilities. Header or 
key data (metadata) is parsed from many 
file types, associated with the files, and 
can be displayed and searched within the 
Biotrue CDMS interface and from external 
adjunct processes.  

 
The Biotrue CDMS has a familiar graphical interface accessed through almost any Internet browser; 
users can input and access their research data from any web connection. At the same time, access is 

 

Figure 2 The Biotrue CDMS Administration Screen. Illustration provided 
courtesy of the GCC CG. 
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controlled according to set security preferences. Different users have different rights, and administrators 
can control access to data - per user, per folder (Figure 2). 
 
Using the Biotrue CDMS to control data flow 
The information technology system at the GCC CG is composed of the LIMS, the Biotrue CDMS, a 
barcode management system and a plate management system (Figure 3). Screening libraries, such as 
Chembridge’s chemical libraries and Invitrogen’s siRNA libraries and analytic tools, such as Pipeline 

Pilot�  and Spotfire� , are also integrated into the system. The 
Biotrue CDMS database is the platform with which other 
informatics components interact.  
 
Security 
As more labs started to use the core facility security had to be 
addressed. Since the Biotrue CDMS had security measures in 
place the decision was made to piggyback the security for the 
other systems on top of the Biotrue CDMS. Authentication 
database tables were integrated and the system set up to use the 
Biotrue CDMS security to authenticate LIMS’ users and allow 
access to the LIMS from a menu inside the Biotrue CDMS. The 
system also uses the Biotrue CDMS for security and authentication 
to the plate management system. 
 

Integrating data 
Cytoshop is a first generation image analysis application. It analyzes 
images and stores the results as dbase files which provide only the 

capability to evaluate individual images. The GCC CG wanted to expand the capability to search for and 
analyze across multiple images and multiple assays so they choose to store the files in the Biotrue CDMS 
and to develop sophisticated queries that could collectively look at all of the dbase data catalogued by the 
Biotrue CDMS. 
 
The Biotrue CDMS allows users to ‘drag and drop” files onto a java applet which runs a PHP web 
application that does the cataloguing. One of the Biotrue CDMS’ benefits was that it was written in PHP 
and accessed a MySQL database, the same platform as LIMS. For the amount of data Cytoshop was 
generating on a daily basis, a ‘drag and drop’ technique was impractical so the GCC CG developed an 
automatic procedure for the integration of the Cytoshop image-analysis data into the Biotrue CDMS.  
 
The method runs Perl scripts and FTP on a schedule to periodically collect the data files from a 
workstation and move it to the dedicated Biotrue CDMS server where the same PHP application is used 
to catalogue the data in the Biotrue CDMS without user involvement (Figure 3).  
 

The scheduled high-speed data transfer off loads the 
Cytoshop image-analysis data to a staging queue and 
runs at night when other network traffic is lowest. The 
bulk load process intelligently pulls data from the 
staging area into the Biotrue CDMS. The Biotrue 
CDMS holds all the metadata, such as the Cytoshop 
metadata (XML data files), as reference material to 
document the parameters of the screening event as 
well as the image thumbnails. The Biotrue CDMS 
catalogues the larger image files and they are stored 
elsewhere.  

 
Data generated from the DTX 880, master plate data 
from the chemical and siRNA libraries is also collected 
and catalogued into the Biotrue CDMS making it the 
central data repository and data flow controller. 

 

Figure 4 Information flow. Illustration provided courtesy 
of the GCC CG. 

Figure 3 IT System. Illustration 
provided courtesy of the GCC CG. 
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The plate management and bar code system have access to the Biotrue CDMS so the relationships 
between the experimental components, the sample and the collected data can be maintained. In general, 
all of the data used and generated throughout the chemical genomic assay, the chemical information 
(chemical compound, RNA fragments, etc.), the biological information (cell line, tissue culture parameters, 
etc.) and the procedure can be captured and stored in the Biotrue CDMS or the interrelated LIMS 
database. The cataloged data are made available to all users, at all locations, according to their preset 
privileges. Similar to the Cytoshop data, the Biotrue CDMS houses other data and makes it available for 
analysis whether the need is immediate or future when new information about the drug, disease or 
algorithm becomes available. 
 
Analytic Tools 
Spotfire is an analytic visualization tool that takes numerical data and creates graphical views for anomaly 
detection. Pipeline Pilot is also an analytic in which process flow can be defined and saved. The analytic 
tools, Spotfire and Pipeline Pilot, need to access data stored in the Biotrue CDMS. In the case of Pipeline 
Pilot, data is stored in the Biotrue CDMS, a process flow is defined, the analysis performed and the 
results stored in the Biotrue CDMS. The process flow procedures can be developed and saved and then 
repeatedly used with the high volume of data generated during the high content screening process. At 
present, the Pipeline Pilot procedure needs to be manually pointed to the location of the data in the 
Biotrue CDMS. Future plans are to further automate the process and to query the Biotrue CDMS for the 
location of the data to be analyzed.  
 
Future Plans 
A common issue facing any large geographically dispersed organization is data transfer rate limitations by 
Internet speeds, distance and firewalls. The GCC CG is a large organization comprised of satellite sites. 
As more satellite locations, housing different instrumentation, are brought on board, data transfer rates 
will be compromised by the increasing amounts of data that the GCC CG need transferred into the central 
repository, the Biotrue CDMS. Addressing data transfer rates is a high priority. Plans also call for 
automating many more processes; some definable today and some definable only in the future as the 
GCC CG continues to dynamically develop their inter-institutional academic drug discovery hub.  
 
Summary 
The Biotrue CDMS has helped the GCC CG achieve their goals and is the main data flow controlling 
component of a widely dispersed drug discovery center. The system was adopted in the infancy of the 
GCC CG and continues to grow with it. The Biotrue CDMS acts as the central data repository, and will 
continue to do so as the GCC CG expands and data storage becomes distributed. 
 
The Biotrue CDMS has a familiar graphical interface accessed through almost any Internet browser; 
users can input and access their research data from any web connection. At the same time, access is 
controlled according to set security preferences. Different users have different rights, and administrators 
can control access to data.  


