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An increasing number of laboratories are using the COPAS BiosortTM to implement high-throughput approaches to
tackle diverse biological problems. While providing a powerful tool for generating quantitative data, the utility of the
Biosort is currently limited by the absence of resources for data management. We describe a simple electronic database
designed to allow easy storage and retrieval of Biosort data for C. elegans, but that has a wide potential application for
organizing electronic files and data sets. ICeE is an Open Source application. The code and accompanying
documentation are freely available via the web at http://www.ciml.univ-mrs.fr/EWBANK_jonathan/software.html.

Introduction

Many different experimental approaches generate results in the
form of electronic files, such as digital images, or numerical data in
spreadsheets. In a typical laboratory setting, these files are generated
on machines shared by multiple users and then transferred to indi-
viduals’ computers for analysis and storage. To take one example,
real-time qPCR machines generate spreadsheets of raw data that
then must be manipulated to extract the biologically relevant infor-
mation about gene expression levels. An individual researcher can
quickly accumulate a substantial number of data files. In the
absence of a rational and simple method to organize files, allowing
the simultaneous storage of details of the biological sample and
experimental protocol, data can easily be misplaced or become un-
interpretable.

This situation is particularly acute for users of the COPASTM

(for Complex Object Parametric Analyzer and Sorter) platform.
This specialized range of flow cytometry systems are conceived for
high-throughput analysis, sorting, and dispensing of objects rang-
ing in size from approximately 20 to 1500 microns. Five physical
parameters are optically measured and recorded for each object of
interest: optical density (extinction); axial length (time of flight);

and fluorescence emissions, simultaneously by 3 different detectors.
They are becoming increasingly popular in laboratories engaged in
functional genomic study with model organisms.

One of the COPASTM machines, the Biosort, is adapted for
use with C. elegans.1 With its Reflex attachment, it can aspirate
and analyze hundreds of individual nematodes from liquid cul-
tures in 96-well plates. With its shortest analysis cycle, a plate can
be analyzed in 36 min, so during an 8 h period more than a
dozen 96-well plates can be handled.2 Thus, in a day, results for
more than a thousand samples, generally corresponding to worms
subject to different experimental treatments, can be generated.
Keeping track of this number of results, especially in the context
of quantitative genome-wide RNAi screens,3 is not a trivial task
and incited us to design and implement a database to ensure that
information was stored in a user-friendly way.

Results

We constructed a web-based application, ICeE, using PHP
and Javascript, coupled to an associated MySQL database. While
ICeE is designed to be compatible with the most commonly used
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web browsers, the use of FirefoxTM is recommended. ICeE per-
mits users to specify a series of pre-defined parameters to provide
a complete description of an experiment, inspired by the
MIAME guidelines (www.mged.org), and to associate these
experimental criteria with a set of data. First, there are general
identifiers, such as the date and the experimenter’s name. Then,
there is the rubric “protocol,” which can contain free-text, or be
linked to one or more separate files. Under the section,
“Conditions,” the experimenter adds precise details of the experi-
mental conditions. Since it is designed for C. elegans, the applica-
tion comes pre-loaded with a list of the nematode strains
available from the Caenorhabditis Genetics Center (http://www.
cbs.umn.edu/CGC). ICeE offers the possibility of updating this
list and of importing a custom list of strains from a tab-delimited
text file. Many laboratories use proprietary software, such as Fil-
emakerTM to record their strain collections. Most allow data
export in a tab-delimited format and so are easily compatible
with ICeE. Strains can be picked from a pull-down menu; the
first few characters of a strain’s name or genotype will be auto-
completed to give the user a more and more refined list of the
corresponding strains. As individual users may frequently use the
same nematode strains, these can be added simply to an easily
accessible list of “favorites.” The database entries for strains from
the CGC are directly linked to Wormbase; users can access the
corresponding Wormbase strain report page with a click (Fig. 1).

Having chosen the strain, the particular experimental condi-
tions are defined. These include different types of “treatment,”
such as “chemical exposure.” The details of the chemical treat-
ment, the compound(s) used and their concentration, the time of
exposure and the developmental stage can be defined from

specific menus. Users have the possibility of adding compounds
to the menu. Since researchers frequently apply RNAi to inacti-
vate the expression of specific genes in C. elegans, “RNAi” is
included as a possible treatment. RNAi is often performed by
feeding nematodes with individual bacterial clones expressing a
defined dsRNA. The clones generally come from large collections
(e.g. reference 4). The main ones come pre-loaded in the data-
base, and can be updated if required. Otherwise, users also have
the possibility of adding their own clones, singly or by importing
descriptions of multi-well plates (Fig. 2).

To provide flexibility, multiple treatments can be associated
with a single experimental condition (e.g., following an RNAi
treatment, worms are cultured in the presence of a high concen-
tration of salt). Also, experiments may use a single or multiple
nematode strains. For the latter, lists of strains can be constituted
and associated with the same experimental treatment(s), facilitat-
ing data entry (Fig. 3).

Once the experimental conditions have been defined, the
user can upload the results file(s). There are no constraints for
the format of the result files, which can be up to 10 MB in
the released version. Multiple result files of the same or differ-
ent types can be uploaded for a single experiment (Fig. 4). At
this stage, an additional rubric allows any further comments to
be associated with the experiment. The user is then prompted
to add the entire experiment (protocol, conditions, results and
comments) to the database. In line with common practices,
once an experiment has been entered, it can only be deleted
by the database administrator. Users on the other hand can
modify entries. In this case, both the original and edited ver-
sions are recorded in the database.

Figure 1. Initial data entry in ICeE. Screen-grabs of data entry for an imaginary experiment. Having specified a name for the experiment and defining its
nature (A), users are prompted to list the strains used, by entering either the strain genotype (B) or strain name (C). In both cases, pull-down lists of
strains containing the typed text appear. Once a strain is chosen, its name and details of its genotype appear. (D) For strains that are at the CGC, clicking
on the “Strain Report” button links to the relevant strain report page at Wormbase (E).
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In the above, we have
described the typical sequence
for entering an experiment, but
ICeE is designed to allow the dif-
ferent elements to be entered in
the most appropriate order.
Indeed, to upload result files, it
is sufficient to have defined the
experiment’s name. All other
details can be added subse-
quently, and there is the possibil-
ity to edit any and all fields up
until the point when the experi-
ment is added to the database.

Since researchers may perform
the same type of experiment
repeatedly, an existing experimen-
tal protocol can be duplicated as a
template for a new experiment,
simply by clicking “Insert similar”
(Fig. 5), alleviating the need to re-
enter all the experimental details.
In this way, data entry becomes
increasingly simple and rapid as
more types of experimental proto-
cols are included. Further, once
an experiment has been entered
into ICeE, users can return to the
corresponding entry in the data-
base and add additional files at
any time. Thus, for example, hav-
ing initially entered the raw data,
a user can subsequently upload
any number of files of data analy-
sis; an initial raw text or CSV
data file from the Biosort can be
complemented with graphical
representations or statistical anal-
yses generated in software such as
Open OfficeTM, or using dedi-
cated tools.5 Comments can be
added to the stored experiment to
explain the contents of the differ-
ent files.

In addition to serving as a data
repository, ICeE gives users the
possibility of performing searches
to retrieve experiments and the
associated data sets. An intuitive
interface provides the possibility
of searching globally or in defined fields, using exact or inexact
queries. Having selected the experiment of interest, all the constit-
uent files (protocol and results) can be opened or downloaded.

A complete description of how to use ICeE is provided in the
instruction manual, accessible from all pages within the applica-
tion (under the rubric “Help”).

Discussion

The database described here simplifies and rationalizes the
storage of disparate electronic data files. While its conception
was largely influenced by the needs of a laboratory using
C. elegans and a COPASTM Biosort (see for example, refs.

Figure 2. Defining experimental conditions. Screen-grabs of data entry for an imaginary experiment. (A) Hav-
ing chosen “RNAi” by clicking on the left-hand icon, the user can search for a specific clone within the pre-
loaded libraries. Here, the query “sup-9” returns one clone. The details of the experiment are then added (time
of exposure and starting stage). The other icons correspond to (from left to right), exposure to a chemical,
infection, wounding, heat-shock and control. For each, dedicated sub-menus appear. (B) Once a treatment
has been defined, a summary is shown. (C) Any number of treatments can be added. In the example here,
RNAi treatment is associated with exposure to tunicamycin.
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6–10), it is designed to be readily adaptable; the code is
Open Source. Currently, ICeE is a stand-alone tool, but it
can be integrated into a broader system, for example, with a
laboratory information management system (LIMS) to ensure
sample traceability (unpublished results). It allows a summary
document to be produced automatically and could clearly be
modified if minimal reporting standards, such as those used
for microarrays and proteomics, become more generally

applied, to facilitate submission
to the appropriate public data
repositories.

By default, the metadata and data
entered into ICeE is accessible to all
users. With the system’s search facili-
ties, this means that all members of a
laboratory can recall the details and
results of any experiment (Fig. 5).
This allows one to determine rapidly
whether a given type of experiment
has already been conducted, and to
know the results. This should reduce
unnecessary duplication of experi-
ments and allow cross-investigator
comparisons.

One challenge faced by any labo-
ratory that aims to maintain long-
term accessibility to electronic data
is that of user compliance. Any for-

malized data storage procedure can be perceived as an unnecessary
drain on time. ICeE was designed to require a minimal effort to
record the essential metadata associated with a set of results. Fur-
ther, the more that ICeE is used, the more likely it is that a user
can simply duplicate a pre-existing set of experimental conditions
and apply limited modifications to suit a particular experiment. In
practice, in order to guarantee compliance, it may be necessary to
implement specific procedures for the use of ICeE. This might

Figure 3. Defining sets of strains. Screen-grab of data entry for an imaginary experiment. To facilitate data
entry, multiple strains can be chosen and each associated with a single set of experimental conditions.

Figure 4. Uploading result files. Screen-grab of data entry for an imaginary experiment. Once a minimum amount of information has been stored (exper-
iment name and date), users can upload one or more result files, in this example, a single Microsoft ExcelTM (xls) file.
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involve an administrator regularly verifying correct use of the data-
base, but could also rely on a more formalized system. As an exam-
ple, electronic files of Biosort results could be provided to users
only when the appropriate metadata has been entered into ICeE.
But it is to be hoped that all users would be able to see the advan-
tage of having a common searchable metadata and data repository
and embrace its use without the need for coercion.
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Figure 5. Retrieving information.
Screen-grab of the data associated
with an experiment. The collection
of experiments can be queried and
the data and metadata retrieved. In
this example, the entry for “time
course D. C. infection for RNA seq”
has been edited since its original
creation in ICeE. Clicking on the
pull-down menu at the top right
gives access to previous versions. In
this specific example, RNA samples
were prepared from worms infected
with the fungus Drechmeria conio-
spora for subsequent RNaseq analy-
sis (S. Omi, unpublished results). In
addition to the report on the RNA
quality (the pdf file at the bottom of
the list), the raw data for qRT-PCR
tests on selected genes (the xls file
at the top) and a graphical summary
(the xlsx file) conducted to charac-
terize the samples, are included.
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