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1.1 Abstract

Both quantitative and high-throughput microscopy confront scientists with the daunting chal-
lenge of storing heterogeneous data in a structured and organized way. Among the available
data management solutions there is no intuitively usable system which covers the complete
work flow of microscopy experiments. Therefore we have developed the web application iLAP
(Laboratory data management, Analysis and Protocol development)iLAP [2008] which com-
bines experimental protocol development, wizard-based data acquisition and high-throughput
data analysis into one single, integrated system.

A unique feature of iLAP is that it supports the experimental design phase. The working pro-
tocols that scientists develop for wet lab experiments can be stored and modified within iLAP.
Eventually, these protocols lead to the acquisition of image data. iLAP then provides a data
acquisition wizard to assist the scientist in associating the acquired image data with steps in
the protocol. Standardization initiatives, such as MISFISHIE Deutsch et al. [2008] for DNA flu-
orescence in situ hybridization, can be supported by enforcing the input of required parameters
during this data acquisition. Further processing and analysis of the raw image data can be
performed either with analysis modules developed specifically within iLAP or with external third
party programs. Interesting visual observations can be documented as notes at any place.
iLAP has been realized as a standard three tier business application using state-of-the-art JEE
(Java Platform, Enterprise Edition 5) software technologies. Due to this flexible software archi-
tecture we were able to develop an intuitive web interface as well as a generic SOAP (Simple
Object Access Protocol)- based programming interface. This platform independent program-
ming interface allows external image processing applications like ImageJ Abramoff [2004] to
access the files stored in iLAP. Computationally intensive tasks like three-dimensional decon-
volution of image stacks McNally et al. [1999] are transparently distributed on high-performance
computing infrastructure, and results are stored within the underlying relational database man-
agement system. These results are associated automatically with the original experiment data.
To facilitate ease of use, this complexity of data management and IT infrastructure is completely
hidden from the user.

iLAP is an open source project which is freely available for the microscopy community. It has
been tested extensively in our in-house microscopy facility and continuous user feedback has
led to improvements in functionality, usability and responsiveness. A distinctive virtue of iLAP
is that it inherently leads to structured recording of experiments, conserving the complete ex-
perimental context of data records throughout the history of the research project.
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1.2 Motivation

iLAP has been desinged to support scientists through all phases of experimental work. In order
to define software requirements, the lab work and its different stages have been analyzed to
establish a complete workflow oriented model. Observations suggest that the lab work can be
divided into four principal steps:

1. project definition

2. data acquisition

3. data analysis and processing
4. data retrieval

These four steps explain how iLAP can be used to track data evolution in an experimental stage.

1.2.1 Definition

In general, scientists start by asking biological questions, to which the answers are of special
interest but largely unknown. A detailed literature research should determine whether others
have already satisfactorily solved the specific questions. If not, the next stage is to set up a
hypotheses that can be tested and thus proven or disproven. Starting from such considerations,
a new project should be defined and captured in digital form. It is necessary to describe the
new project by: giving it a descriptive name; defining which questions should be answered
and establishing what the solution strategy should look like. Documents collected during the
literature research stage should be collated with the project definition for later review or for
sharing with other researchers.

SCIENTIFIC WORKFLOW: ILAP:

E [Scientific question ]

D ; P

o [ Literature research ] Project:

— — hame

8 ¢ - description (goals, questions)
g

o

77777777 I > - literature TQ o
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1.2.2 Data acquisistion

SCIENTIFIC WORKFLOW: ILAP:

Devices:
Standardproto.:  hame
- name - description
- series of steps — handbooks
¢ - optional/necessary - optional/necessary
parameters parameters
_ | Experimentdesign | - T 7
2 | Experiment:
% . — _ - name
2 ( Experimentseries |  description
g ¢ - aim
@®© - current working protocol CWP
oo Results | - - series of observations
© . - series of data objects
D N
# N

Data object:

name, time stamp
owner (user, project, organization)
content:

- regular file

- iLAP internal data object

- images hH
- tables ﬁJ files

— curves O

1.2.3 Data analysis

SCIENTIFIC WORKFLOW: ILAP:
: Data object:

name, time stamp
¢ owner (user, project, organization)
content:

,,,,,,, = - regular file
Results - iLAP internal data object
‘ 4 - images
o . / - tables il
[Quantlflcatlon ] ! - curves e

Analysis:

Standard External:
- name of external program
- description of the functionality
- optional/necessary parameters

Data analysis

Server side:
- name of the plug-in
- description of the functionality
- parameter form for execution
User defined: .
- name of the user defined program
- description what happened to the file
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1.2.4 Data retrieval

SCIENTIFIC WORKFLOW: iLAP:

e
o : -
2 | Comparison:
S
g name, time stamp
. owner (user, project, organization)
g 7777777 = objective
o series of compared Data objects
E ¢ result of the comparison
[ visualization of the comparison
(m)
_ Searchmasks:
C>5 Full text search:
Q - protocols, protocol changes
= ¢ - observation notes
o - comparison
S - project—, experiment-, user- scope
8 Keyword index:
- find experiments, protocols steps
using these keywords
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2.1 Overview

This section provides information about iLAP’s principal page layout including page structure,
color and icon convention. After successfully logging in the user is redirected to the main
overview shown in figure 2.2. iLAP’s basic layout can be divided into two sections:

e header and quick navigation, and

e page specific content

2.1.1 Header

iLAP Demo Installation

Logout Contact

Home  Projects StandardProtocols Search Devices Files Preferences I q demo | Demo User ]

Figure 2.1: iLAP header and quick navigation

The header consists of three areas: some images on the top, a bar managing display
settings and user authentication/authorization, and a bar containing the quick navigation menu
and user information. Note that the quick navigation menu is only available for logged in users.
The user can choose between three available display modes by clicking on the corresponding
icons at the right side of the header:

¢ [El resizes the window to the default size (1024x768)

¢ [@ resizes the window to the default size (1024x768) and the images at the header section
are not shown

e [E stretches the window to the full width of the screen and the images at the header
section are not shown

2.1.2 Quick navigation menu

The quick navigation menu at the top section offers the user to
e navigate to the main overview
e create a new project or display the user’s accessable projects

e create a new standard protocol or display the user’s accessable standard protocols
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search through projects, experiments, or notes

create a new device or display the user’s accessable devices

start the multiple file uploader applet

configure the user’s preferences (including display settings)

2.1.3 Main overview

To facilitate the work within iLAP the user is redirected to the main overview after each login.
The overview is divided into two components. The area at the right side holds a project tree
displaying the user’s owned and shared projects. The tree further lists a project’s attached
experiments, subprojects, analyses, and files in a hierarchical way. When clicking on tree
elements the section on the left side, providing and enabling content specific information and
actions, is updated.

Logout Contact o=
Home Projects StandardProtocols Search Devices Files Preferences demo | Demo User |
Overview
- =l collapse all
Details: o g demo
= [@] Nuclear organization of coregulated genes - 3D DNA FISH
Project: = [E Sample preparation
= DMA Mick-Translations BAC1-BACT_2008-10-24
L eheck concentration on NanoDrop
Mame: Muclear organization of coregulated run the sample on a gel
genes - 3D DNA FISH = [§] 30 combinatarial DNA-MFISH of BAC1-BACT - praconfluent CSK Fix_2008-10-24
; ol = [ Mountand image
Al Loejeatiu ol s 0L st ez by [ pre-BAC1-T-RHO-hyb-CSK-2008-24-10-Position(1) zvi
L| pre-BAC1-7-RHO-hyb-CSK-2008-24-10-Position(2).zvi
Description:  Simultaneous 3D-nuclear |ocalization = (& Analyses

of 7 different genes by means of a

otriBingtaral MoE S = Combined deconvolution and channe! shifting

=& Input
Overview & pre-BAC1-T-RHO-hyh-CSK-2008-24-10-Position(1).zvi
¢_| pre-BACT-7-RHO-hyh-CSK-2008-24-10-Position{2).zvi
"= Output
Files: = 2 [a) Batch
Notes = SA: 0/2-10000 - Combinad deconvalution and channel shifting
SA:1/2-10000 - Combined deconvolution and channel shifting
|_| FC_Streptavidin_Alexa_G47 jpa
|} Streptavidin_Alexa_647 pdf
@ shared Projects
Mew
SubProject:

Experiments:  [H]

Authorizations: &4

Mew
Experiment:

iLAP 1.3.0-@ 2009 IGB TU Graz - installed at Institute for Genomics and Bicinformatics ( Imprint )

Figure 2.2: overview page showing a selected project’s information
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2.1.4 Color code and common symbols

iLAP’s content is structured in and associated with four main themes: projects, experiments,

standard protocols, and analyses. To organize the application colors and symbols are assigned

to each theme:

theme color symbol
project blue
experiment green
standard protocol red
analysis dark red
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2.2 Digital lab book

The digital lab book handles and supports data management which needs to be done during
the experimental design phase. It helps scientists to retain structure in their daily lab work by
organizing experiments in a project oriented way. This section describes the digital lab book’s
main functions in more detail.

2.2.1 Basic layout

To ensure a consistent design each page belonging to the digital lab book is structured in the
following way: in the top area breadcrumbs and a headline indicating the category to which the
page’s content is related to are provided. For a better orientation and navigation the bread-
crumbs denote the (sub-)project and experiment the user is currently working on. If useful a
tab panel is provided in the mean area to further structure the selected information. By clicking
on a tab the according page will be loaded.

2.2.2 Project

Projects are one of the basic organizational units and act as a container for subprojects and
experiments. A project consists of name, short description, aim, description, owner, submitter,
and date of creation. In order to define a project it is sufficient to declare the project’'s name
- short description, aim, and description is seen as optional information whereas owner, sub-
mitter as well as date of creation are captured by the system automatically. Figure 2.3 shows
a project’s general overview which offers editing and deleting functionality. The other tabs
provide the user with the following information/functionalities: attached subprojects, mapped
experiments, attached files, attached notes and project authorizations.

10
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Logout Contact o=
Home  Projects StandardProtocols Search Devices Files Preferences ] demo | Demo User |
Proj ect Ove Wiew Nuclear organization of coregulated genes - 30 DNA FISH

m Subprojects Experiments Files MNotes Authorizations

| Hame: H Muclear organization of coregulated genes - 30 DNA FISH

|
| Short Description: | i i
|

iAim: ” Localization of coregulated genes by DNA-FISH

| Description: |["simultaneous 3D-nuclear localization of 7 difierent genes by means of a combinatorial M-FISH

|0wner: “ Demo User i
iSuhmmer: H Demo User i
|pate of creation:  |[24 oct 2008 |

Edit | [[Delete |

iLAP 1.3.0-@® 2009 IGE TU Graz- installed at Institute for Genomics and Bioinformatics { Imprint )

Figure 2.3: general project overview

2.2.3 Experiment

Experiments map real world experiments in iLAP. Therefore an experiment’s name, question,
description, owner, submitter, date of creation, and its current working protocol (for details see
section 2.2.4) are stored. Again, in order to create an experiment the only attribute which must
be defined is the experiment’s name. Everything else (except the experiment’s current working
protocol) is either optional information or recorded automatically by iLAP.

Besides CWP information the user has access to an experiment’s general overview (in-
cluding deletion and edition functionality), attached files and notes, as well as its performed
analyses (for detailed information about data analysis refer to 2.4). It is worth mentioning that
experiments and respectively its owning projects may just be deleted as long as no additional
information (in form of files) is attached to them.

2.2.4 Current Working Protocol (CWP)

A CWP symbolizes the working step sequence which has to be followed in order to conduct an
experiment. To define this step sequence iLAP supports five different approaches:

e step and parameter creation from scratch
e copy and paste steps from other CWPs or SOPs

e import a SOP

11
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Logout Contact o=

Home  Projects StandardProtocols Search Devices Files Preferences 1 ar 2= demo [ Demo User |

E - t O - Huclear organization of coregulated genes - 30 DNA FISH
xpe rimen verview IEl 3D combinatorial DNA-MFISH of BAC1-BACT - preconfluent CSK Fix_2008-10-24

Experiment Files Notes Analyses

Options:

MNew | I_Paste from clipboard | Lead standard protocel | Load pretocol Load xml protocol | | Convert into standard protocal |

| Step Name | Details | Copy | Clipboard | Delete |

StartWizard: 4

Print CWP: (&

iLAP 1.3.0-@® 2009 IGE TU Graz- installed at Institute for Genomics and Bioinformatics ( Imprint )

Figure 2.4: experiment: protocol tab showing an empty CWP

e copy another experiment's CWP
e load a previously exported CWP (in XML format)

It is natural that after loading steps or an entire protocol, the currently created CWP is adjusted
to meet the experiment’s needs. Figure 2.4 shows an empty CWP and its provided options
(step creation, clipboard, standard protocol import, protocol loading, xml import). Notice that
the conversion functionality is not available as no CWP steps are yet defined to be converted
into a standard protocol. If no protocol steps have been added to the clipboard in the current
session, the clipboard functionality is also disabled.

12
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Logout Contact o=

Home  Projects StandardProtocols Search Devices Files Preferences | 19 s demo [ Dema User |

4
HNuclear organization of coregulated genes - 3D DNA FISH i

Expe riment Ove rview IEl 3D combinatorial DNA-MFISH of BAC1-BACY - preconfluent CSK Fix_2008-10-24

Experiment Files Notes Analyses

Options:
New | [ Paste from clipboard | Load standard protocol | Load protocel | Load xml protocel | Convert into standard protocol |
Step Name | Details | Copy | Clipboard | Delete
1 Cell preparation / Probe preparation @ Lll‘j Ijl X
1.1 DMNA FISH probe preparation @ LEI Lﬂ:!a X
1.1.1  prepare DNA mix for EtOH precipitation @ Lﬂ E X
112 put the DNA mixture at -70°C @ B O p 4
1.1.3  spin down in a centrifuge @ Lll'j El X
1.1.4  remove supernantant @ LEI Lja X
115 rinse with 70% EtCH @ B| O |Xx
1.1.6  spin down in a centrifuge @ lej El X
1.1.7  remove supernantant @ Lll'j El x
118 dry pellet @ B| O |Xx
119 add formamide @ B| O |Xx
1110 add H20 @ B| O | X
1111 dissolvs at 37°C @ B| O |Xx
A4an _aian.non = 9 =1 A2 4

Y
y 5,
iLAP 1.3.0-@ 2009 IGB TU Graz - installed at Institute for Genomics and Bicinformatics ( Imprint )

Figure 2.5: experiment: protocol tab showing an already defined CWP

2.2.4.1 Single step creation

To define a CWP from scratch each step can be created by hand. Basically iLAP distinguishes
between three different types of steps:

e step: symbolizes a simple step which needs to be conducted during an experiment.
e step group: steps that are content-related can be grouped into this step type.

e split step: sometimes two or more step groups are meant to be carried out simultane-
ously. Therefore this step type is offered. Notice that only step groups are allowed to be
declared in split steps.

Similarly to projects and experiments iLAP provides a CWP step’s general information (see
figure 2.6). Besides the functionality to edit, delete or navigate through the steps this page also
offers options to specify and delete parameters and (if allowed) to add and delete further steps.

13
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Logout Contact o=

Home  Projects StandardProtocols Search Devices Files Preferences ] demo | Demo User |

HNuclear organization of coregulated genes - 3D DNA FISH

Expe riment ove rview |E| 3D combinatorial DNA-MFISH of BAC1-BACY - preconfluent CSK Fix_2008-10-24

Experiment Protocol Prolocol =8l Step Data

Step

Name: || 0.1xSSC wash

Description: 0.1xSSC wash

Parameters: || ternperature | @ x
| time @ X Add |
| Parent: !| Washes after Hybridization | @
Edit Delete Back Prev Step Next Step

ILAP 1.3.0-@ 2009 IGB TU Graz- installed at Institute for Genomics and Bioinformatics ( Imprint )

Figure 2.6: general overview of a simple CWP step

2.2.4.2 Parameter

Parameters contain additional information about steps, therefore they must be associated to a
particular (CWP or SOP) step. The attributes name and description describe the parameter.
Optionally a default value, a parameter’s necessity, and user defined units can be specified.
During data acquisition the user is forced to enter each required parameter whereas it is left
to the user to decide which optional parameter should be declared as well. In General three
different types of parameter are supported: numerical, string, and enumeration. Figure 2.7
shows an enumeration parameter’s general overview in edit mode.

2.2.4.3 Clipboard

While exploring protocols (CWPs as well as SOPs) the user can copy single steps to a clipboard
for later pasting into other protocols. Notice that the clipboard remembers its contents only for
one session. After a log out the clipboard is cleared.

2.2.4.4 Standard Protocol import

Owned as well as shared (see section 2.2.6) SOPs can be loaded into CWPs. By using the load
standard protocol function the user can specify exactly where (before which step) the chosen
SOP should be imported and wether the SOP should be loaded into a separate group.

14
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Logout Contact o=

Home  Projects StandardProtocols Search Devices Files  Preferences 1 are logg 2= demo [ Demo User |

E - O - Huclear organization of coregulated genes - 30 DNA FISH
xpe rime nt verview IEl 3D combinatorial DNA-MFISH of BAC1-BACT - preconfluent CSK Fix_2008-10-24

Experiment Protocol Protocol Step RG] ESCTEEETE T (ST

Step Parameter

| Hame: H centrifugation temperature
Description: || centrifugation temperature
|Type: H Enumerat\on;'
Emmeration ‘ Walae [ pefaur  |[[pelete |
EE | g x
la | 4 X
[ | & XK _Add |
[ wnn: [ e | otner|
| Value: H 4 ‘

Default
Value: ‘ <l ‘ _ Clear Default

|Necessity: H Optional d

_Undate | Cancel | Back |

ILAP 1.3.0-@ 2009 IGB TU Graz- installad at { for ics and Bioinfor matics ( Imprint )

Figure 2.7: overview showing a parameter’s details

2.2.4.5 Copy of CWP from existing experiment

Similar to importing SOPs iLAP offers the functionality to load already existing CWPs. Again
one must specify which CWP should be loaded at which point. To facilitate finding the right
CWP two selection boxes, displaying projects and its experiments are provided.

2.2.4.6 XML import

Besides handling internal collaborations within iLAP via authorizations (see section 2.2.6 for
further details) iLAP supports external collaborations by providing an XML import/export func-
tion for protocols. The created XML files conform to the common protocol exchange format
(.cpe.xml) which has been designed in collaboration with developers of the OMERO.editor
.(OMERO [2009])

15
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2.2.4.7 CWP printing

After defining a CWP scientists carry out the experiment in real life. To be independent from
computer access in wet labs iLAP supports the export of CWPs to PDF. The exported document
shows each step in its correct order including information about a step’s parameters and notes.

Figure 2.8 gives an example how the printed version of a CWP looks.

Fle Edit Wiew Document Tools Window Help

B2 @ ® [os%- B (] ¢ e

o
B
(2]

Institute for Genomics and Bioinformatics .ﬁ

Petersgasse 12, A-8010 Graz €] !ruu .

Title: CWP of 3D combinatorial DNA-MFISH of BAC1-BAC7 - preconfluent CSK Fix_2008-10-
24

Experiment name: 3D combinatorial DNA-MFISH of BAC1-BACY - preconfluent Date: 2008-10-24 14:56:

Experimenter: demo, Demo User Page:1 /12

1. Cell preparation / Probe preparation
cells and FISH probes are prepared for hybridization in parallel
1.1. DNA FISH probe preparation

FISH probe preparation: precipitate probe DNA together with human Cot1 and salmon sperm DNA and dissclve
in hybridization buffer

1.1.1. prepare DNA mix for EtOH precipitation

Mix the following: - ~100 ng nick-translated BAC-probe-DNA for each target gene - 0.7 x 2/3 x n pl salmon sperm
DNA 10 mg/ml (n=number of fotal probes used for combinatorial labeling. e.g. 7 targets n = 12) - 5 x 2/3 x n pl cot1
DNA 1 mg/ml (n=number of total probes used for combinatorial labeling. e.g. 7 targets n =12) - 113 x 2/3 x n pl
ddH20 (n=number of total probes used for combinatorial labeling. e.g. 7 targets n = 12) - 2 x Vol. abs. EtOH -
1/10 x Vol. 3M sodium acetate pH 5.2

Parameters:
Name Value Default value Man. Description
B -amount of nick-translated DNA per target
nick-translated DNA 1000 ng 100 ng R s

-amount of salmon sperm DNA 10 mg/ml:
o ow | s | - (DR
tarmate n =17

Figure 2.8: generated PDF

16
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2.2.5 Standard Protocol (SOP)

SOPs represent well established protocols which should be used in several experiments. SOPs

can be created by either defining them from scratch, importing another SOP from third parties

or converting an already defined CWP into a SOP. Since all ways are similar to the creation of

CWPs please refere to section 2.2.4 for more details. Figure 2.9 represents an arbitrary SOP

overview.

Logout Contact

Home Projects StandardProtocols Search Devices Files

Standard Protocol

Standard Protocol BSEGEIGRNGIGIESCHEE Authorizations

3D combinatorial DNA-MFISH

=

demo [ Demo User |

Figure 2.9: SOP overview

F [E
ILAP 1.3.0-@ 2009 IGB TU Graz- installed at Institute for Genomics and Bioinformatics ( Imprint )

Options:
New | |_Pa_3t;r_cu;_cll_pl:|ganl_ | Load xml protocol _'
Step Name | Details | Copy | Clipboard | Delete
1 Cell preparation / Probe preparation @ LI:LI ﬂ.
1.1 DNA FISH probe preparation @ LIEI Il X
1.1.1  prepare DNA mix for EtOH precipitation @ |-|Hj E X
142 pul the DNA mixture at -70°C @ B| O hd
1.1.3  spin down in a centrifuge @ lej EJ. X
1.1.4  remove supernantant (] Lli'l IE X
115 rinse with 70% EtOH @ B 0O x
1.1.6  spin down in a centrifuge @ Llhj El X
1.1.7  remove supernantant @ lej EJ. X
118 diy pellet @ B 0O X
119 add farmamice @ B O x
1110 add H20 @ B| X
1111 dissalve at 37°C @ B 0O X
PR ) = 1 o

s
a

17
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2.2.6 Sharing

iLAP allows collaborations on two points: top level projects and SOPs. To grant other users
or entire groups access iLAP introduced authorization tabs on project and SOP basis. The
protocol’s/'SOP’s owner is provided control (granting or declining) of other user’s protocol/SOP

access.

Logout Contact

Home Projects StandardProtocols Search Devices Files
Project Overview

Project Subprojects Experiments Files MNotes RLINTIREEIGNT

Preferences

Nuclear organization of coregulated genes - 3D DNA FISH

Grant access for:

User

| select user;' ‘ FuHAccess;‘ _Add |

Crganization | select organization ;' ‘ FuHAccess;‘ .@dd |

Ownership:
User: Authorization:
Demao User Full Access
Authorizations:
Maode: User/Organization: Authorization: Delete:
@ | Demo Organization Full Access x

Figure 2.10: page handling a project’s authorized users and groups.

iLAP 1.3.0-@ 2009 IGB TU Graz- installed at Institute for Genomics and Bicinformatics ( Imprint )

o
demo [ Demo User |

18
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2.3 Data acquisition

Data is collected and generated at many stages throughout the course of a project. iLAP
handles the storage and organization of different types of data (notes, files, and parameters) in
a centralized way. This section describes how to store data within iLAP.

2.3.1 Notes

Observations of interest can be documented as notes at several stages throughout a project. To
ensure documentation at any point notes can be assigned to projects, experiments, CWP steps,
or analyses depending on the note’s content. In general notes can be created and altered by
using the entity’s note tab to which the note is attached (e.g. figure 2.11). Only notes reporting
events regarding CWP steps need to be inserted via the experiment wizard (see section 2.3.4).

Logout Contact o=
Home  Projects StandardProtocols Search Dewvices Files Preferences ] demo [ Demo User |
Proj ect Ove Wiew Nuclear organization of coregulated genes - 3D DNA FISH

Project Subprojects Experiments Files m Authorizations

Deadline Remove

— Edit Note

Mame: -
Revised Deadline

Content: o
Mew deadline May 20, 2009

Save Cancel

Add note
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Figure 2.11: project note tab

2.3.2 Single file upload

Besides organizing notes iLAP is capable of storing files in a central repository. The link to a
file’s associated entity is done automatically by the system. To specify this association the user
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Logout Contact o=
Home Projects StandardProtocols Search Devices Files Preferences demo | Demo User |
Proj ect Ove Wiew Nuclear organization of coregulated genes - 3D DNA FISH

Project Subprojects Experiments m Motes  Authorizations

SelectFile: | Browse...
Description:
OK
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Figure 2.12: project single file upload

needs to navigate to the corresponding file tab. File uploads are available for - and therefore
documents are attachable to - projects, experiments, and external analyses. To further char-
acterize imported files an optional document description can be added at each upload. It's
understood that files acquired throughout the course of an experiment can be documented as
well. Therefore the experiment wizard offers at each CWP step an interface handling data ac-
quisition. Notice that files directly connected to a CWP step are considered as raw files. Once
raw files are attached it is no longer possible to delete the entire CWP the document is referring
to. This ensures that no raw data will be lost once transferred to the system.

2.3.3 File upload via applet

Often there is the need to upload multiple files at once. This may happen when for example sev-
eral papers relevant for a project or multiple results of an external analysis should be recorded
within iLAP. Since single file upload is not capable of this application, a Java applet for multiple
file transfer was integrated into the system.

The applet is available via the link Multiple File Uploader provided in the folder Files on the
quick navigation menu. Based on the concept and design of the overview page (described in
section 2.1.3) the multiple file uploader displays a user’s accessible projects and experiments
organized in a tree like manner. As soon as at least one file is attached to a CWP step or an
analysis folders to represent this directory are created and shown in the tree as well. Besides
file upload multiple file download is supported by providing a download function. A refresh link
to update the directory tree ensures that newly created experiments and projects are loaded
and displayed in the tree as well.
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Logout Contact o=

Home  Projects StandardProtocols Search Devices Files Preferences ] demo | Demo User |

Multiple File Uploader
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= E 3D combinatorial DNA-MFISH of BAC1-BACY - preconfluent CSK Fix_2008-10-24
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= ] Input
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&4 shared Projects
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Figure 2.13: Java applet for multiple file transfer

2.3.4 Experiment wizard

As iLAP’s purpose is to manage and store all experimental related data the need for a wizard
easing data entry is given. A sequence of input masks (shown in figures 2.14 and 2.15) guides
through the CWP. Generally the wizard is organized in five sections:

¢ navigation panel provides buttons to navigate to the previous, next, and first step of the
CWP as well as functions to save & exit, and exit the wizard

e overview panel lists all CWP steps defined and highlights the currently displayed step.

¢ step information panel shows the current step’s name, description and attached param-
eters and offers input fields to specify their corresponding values. If predefined default
values exist the wizard will suggest them as the parameter’s value.

o file panel list all files which are already attached to a CWP step and provides a single file
upload area for further file transfers.

¢ note panel handles the creation, deletion and display of notes concerning the current
CWP step.
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Wizard for Experiment: DNA Nick-Translations BAC1-BAC7_2008-10-24

1 DMNP-11-dUT ...
1.1 prepare 5x ...
1.2 add templa ...
1.3 add 5x aa- ..
1.4 add Nickt .

2 BIO-dUTF p
2.1 add templa ..
2.2 add Biotin ...
3 DIG-dUTPp..
3.1 addtsmpla ...
3.2addDIG N .
4 incubater

5 pausethe .
6 determinat ..
G.1take anal ..
6.2 heat-denat ...
6.3 snap cool .
6.4runthesa..
T stopther..
8 proceedwi .
9 EtOH preci ..
9.1 add H20,1 ...
9.2 putthe DN ...
9.3 centrifuge
9.4 remove sup ...
9.5 add T0% Et ...
9.6 centrifuge .
9.7 remove sup ...
9.8 drythe pe ..
10 dissolvet

11 checkcone ...

2.3.4.1

Previous MNext Frst _' SavetndExit Exit

— Step

Step:

! run the sample on a gel

Description:

run the sample on a gel with an appropriate standard eg. 100bp, 1kb - the fragments should range between
100 and 500 nucleotides for RNA-FISH with short intron probes (1-2kb) 100-300bp is fine for DNA-FISH with
BACs 200-500 is fine

— Files

SelectFile

| Browse...

Description |
ok |

Hame Description

Details

Download

2007-08-20.4f

Gel ®

0

— Notes

Add note
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Figure 2.14: experiment wizard

Parameter evaluation

To realize the parameter necessities described in section 2.2.4.2 every parameter input is vali-

dated when the user is navigating to the next or previous step. The check includes type confor-

mity as well as forcing the input of required parameters. If just one of the given parameter inputs

does not pass this check an error message specifying the mistake is shown and all navigation
options are disabled until the error is corrected (see figure 2.15 for an example).
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Wizard for Experiment: DNA Nick-Translations BAC1-BAC7_2008-10-24

1 DMNP-11-dUT ...
1.1 prepare 5x..
1.2 add templa — Step
1.3 add 5x aa- ...
1.4 add Nickt .. Step: incubate reaction
2 BIO-dUTP p ...
2.1 addtempla ...
2.2 add Biotin ..

3 DIG-dUTP p
3.1 addtempla .. « Parameter temperaturs is required |
3.2 add DIG Ni ...
4 incubater.. temperature:| |™ ¢

5 pausethe . Parameters: i |: .

5 determinat... fine oo |minutes
6.1 take an al

6.2 heat-denat ...
6.3 snap cool ...
6.4 runthe sa ..

7 stopther..

8 proceedwi..
9 EtOH preci
9.1 addH20,1 ..
9.2 putthe DN ...
9.3 centrifuge ...
9.4 remove sup ...
9.5 add 70% Et...
9.6 centrifuge

4.7 remove sup ...
9.8 drythe pe ...
10 dissaolvet..
11 checkcone .

Revalidate and continue... |

Deseription: || incubate the reaction for 90 min. at 15°C in a cooled waterbath. Hint: place waterbath in 4°C cool room.
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Figure 2.15: experiment wizard - step evaluation failed
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2.4 Data analysis

Further analyses and post-processing based on previously generated (raw) result files can
be performed and documented within iLAP. This facilitates keeping track of the development
of results. In order to integrate results gained by third party softwares iLAP introduced two
different types of analyses:

¢ internal describes analyses that are performed within the system and therefore are di-
rectly accessible via iLAP.

e external incorporates analyses performed by external analysis softwares into the system.

In general analyses are organized in so-called analysis steps which hold information about a
single analysis including name, description, required input/output files and their correspond-
ing file types, as well as analysis specific parameters. Since analyses base on result files the
link to create a new analysis step is only available once files were attached to experiments or
previously performed analyses. To allow files, that resulted themselves from other analyses,
to act again as input enables the mapping of whole analyzing cascades. The variety of valid

Logout Contact o=
Home  Projects StandardProtocols Search Devices Files Preferences demo | Demo User |
A I - HNuclear organization of coregulated genes - 3D DNA FISH
na ys Is IEl 3D combinatorial DNA-MFISH of BAC1-BACY - preconfluent CSK Fix_2008-10-24

Step 1: Select for which experiments and analyses files should be selected in the next Step

L) 3D combinatarial DMA-MFISH of BAC1-BACT - precanfluent CSk Fix_2008-10-24

L Combined deconvalution and channel shifting

Ok | Cancel

Step 2: SelectFiles
Step 3: Select Existing Analysis Or Create Mew Analysis

Step 4: Insert Parameters and Description

iLAP 1.3.0-@ 2009 IGB TU Graz- installed at Institute for Genomics and Bicinformatics ( Imprint )

Figure 2.16: analysis step specification - phase 1

inputs will lead into unmanageable overviews if a simple listing of all potential input files is done.
Therefore the specification of an analysis step is divide into four stages: contributor selection,
input file selection, analysis template selection or creation, and parameter specification. Figure
2.16 shows the start screen for defining a new analysis step. Here the user specifies which
experiments or analyses are selected for further investigation. Multiple selection boxes ensure
to include input files from different entities. After clicking OK a list showing all chosen contrib-
utors’s attached files enables the user to select input files for post-processing. Having all input
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files defined, the analysis which is actually performed on the data needs to be specified. In this
phase the user can either pick one of the already used analysis templates, that are available
on institute’s and owner basis, or create a new analysis template. The template should include
all information to explicitly reconstruct an analysis. If the user decides to reuse already defined
analysis templates only the templates matching the types of the given input files are displayed
to be selected from. At the last part analysis specific parameters and an additional description
providing further information about this particular analysis step are defined. Similar to CWP
step parameters iLAP distinguishes between optional and mandatory analysis parameters too.
Only when all required parameters are filled in an analysis step can be successfully committed.

Logout Contact o=

Home  Projects StandardProtocols Search Devices Files Preferences demo | Demo User ]

A I - HNuclear organization of coregulated genes - 3D DNA FISH

na ys IS IEl 3D combinatorial DNA-MFISH of BAC1-BACT - preconfluent CSK Fix_2008-10-24
Step 1: Select for which experiments and analyses files should be selected in the next Step
Step 2: SelectFiles

Step 3: Select Existing Analysis Or Create New Analysis
— Select Analysi:

Analysis: || Combined deconvolution and channel shifting ~|

:.I.I.Iescr.i_p;i.f:ln: 'SD deconvolution and channel shiﬁmg pipe.l.ine of
ZVIfiles [(ZV1 1o ICS)=(HUYGENS 3D
Deconvolution)={Channel shifting)]

| Type: || Interm

Ok Cancel

Step 4: Insert Parameters and Description
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Figure 2.17: analysis step specification - phase 3

2.4.1 External analysis steps

External analysis steps map analyses performed by third party softwares assigning their results
to the original raw data files. Parameters used by the analysis software can be documented by
forcing the user to specify them within iLAP by creating mandatory analysis step parameters.
The data generated at the analysis stage can be easily connected to the raw data by using the
already described upload client, which allows connection of the data files with the originating
experimental context.
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Logout Contact o=

Home  Projects StandardProtocols Search Devices Files Preferences ] demo | Demo User |

HNuclear organization of coregulated genes - 3D DNA FISH

Expe riment ove rview |E| 3D combinatorial DNA-MFISH of BAC1-BACY - preconfluent CSK Fix_2008-10-24

Experiment Protocol Files HNotes m

Date Hame ” Description Status Details
30-04-2008 VI to ICS Converter || sa: 1/2-10003 Queued
30-04-2008 2V to ICS Converter SA: 0i2-10003 Queued ‘
| 30-04-2009 2Vt ICS Converter conversion || Running “ |
Combined deconvolution and
‘ 24-10-2008 channel shifing SA: 0/2-10000 Completed ‘
Combined deconvolution and |
2402008 channel shifting ” Gompleted
o Combined deconvalution and || a4
24-10-2008 channel shifing ” SA: 1/2-10000 Completed ‘

ew
Analysis:
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Figure 2.18: experiment analyses list

2.4.2 Internal analysis steps

Internal analysis steps are directly accessible from the server via the Web interface. Once
an analysis step is submitted successfully iLAP starts and surveys its execution without any
additional user interaction. The current status of the analysis step can be checked at the
associated experiment’s analysis tab. To enable the integration of additional analyses modules
into the system iLAP offers a plug-in system and an application programming interface. As an
example, a server analysis deconvolution tool is realized at the demo site (iLAP [2009]). This
tool executes the deconvolution of three dimensional stacks on a remote high-performance
computing cluster using the JClusterService.

2.4.3 Details

Further information about analysis steps is given on several pages. The experiment’s analyses
tab (see figure 2.18) shows general information about all analyses performed on the corre-
sponding experiment’s data. On this page is listed which and when analyses were performed
including the state of each analysis. iLAP distinguishes between queued, starting, running,
finalizing, completed, and error states. When clicking on an analysis’s name or on its corre-
sponding details link the user is redirected to the experiment’s analysis step information page.
There the tabs analysis status, analysis definition, input files, output files, and notes contain all
data available for a particular analysis step. If the analysis terminates caused by an exception
its state is set to error and the error message is displayed. The analysis definition tab provides
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Logout Contact

Home  Projects StandardProtocols Search Devices Files

Analysis Step - Overview

Preferences

HNuclear organization of coregulated genes - 3D DNA FISH

Analyses  Analysis Status RLUGTEERETLTM Input Files  Output Files  Notes

|E| 3D combinatorial DNA-MFISH of BAC1-BACY - preconfluent CSK Fix_2008-10-24

= O =
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Figure 2.19: analysis step - definition information

|Nnme: || Combined deconvolution and channel shifting |
|I]esl:riptinn: || 3D- deconvolution and channel shifting pipeline of 2w files [(ZV to ICS)=(HUYGENS 3D Deconv0|
| Inpurt File Type: || 2vi |
| Output File Type: || ics |
Parameters:

NHame Description Default Value Current Value Required
it max iterations 100 100 =
qc quality criterion 0.01 0.01 O
bap background percent -10-10-10:-10 -10-10-10:-10 O
svch3 shiftvector channel 3 0,00 0,00 O
A numerical aperture 1.4 1.4 =
Xy-spacing lateral spacing 0.064308 0.064308 =
F-spacing axial samping 0z 02 =
ex-lamhda exciatation wis 359:495:540:650 359:405:540:650 m
em-lambda emission wis 461:519:580:668 461:519:580:668 m
algorithm deconvalution algorithm (cmls, ermle gl 5

aqmle)
sn signal to noise A0:60:60:70 a0:60:60:70 =
o iLAP 1.3.1 - © 2009 IGE TU Graz- installed at for ics and Bioinformatics ( Imprint ) -

'y
"

general information about the chosen analysis template and lists all specified parameter values.

To protect completed analysis step from manipulations all information about status, definition,

and input files is read only. A single file upload dialog for output files is only provided for exter-

nal analysis steps since internal result files are automatically attached by iLAP. Notes can be

attached to document comments on analyses regardless of the analysis type.
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2.5 Data retrieval

To facilitate finding already inserted data iLAP is providing a search functionality on project,
experiment, and note basis. Each search is accessed by selecting the appropriate link on the
quick navigation menu. Every query term must consist of at least three characters to avoid
exhausting searches. Wildcards are not used as substitutions for any other characters but are
interpreted literally.

2.5.1 Project search

The project search allows the user to search for terms used in a project’s name, description or
aim. It is possible to in- and exclude each field from a search. Projects matching the query are
displayed without restriction concerning their hierarchical display level in a list of projects. An
arrow on the left side enables a more detailed view of the selected result. By clicking on the
P-icon on the right, the detail view of the corresponding project is opened. Figure 2.20 shows
a typical search result and its matching projects.

Logout Contact o &

Home  Projects StandardProtocols Search Devices Files Preferences i demo [ Damo User ]

Project Search

Experiments Notes

Searchfor. |FISH in

= Mame

5 Description

=l Aim

oK

| Project [ a1
‘ p Hame: ” Nuclear organization of coregulated genes - 30 DNA FISH ‘ ||

| [» Hame: |[onaFsh | ”
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Figure 2.20: search form displaying two matching projects

2.5.2 Experiment search

The experiment search queries an experiment’'s name, question or description. All search
options and result views follow the same logic as the project search (consult section 2.5.1 for
further detalils).
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2.5.3 Note search

The note search functionality covers the retrieval of notes attached to projects, analyses, exper-
iments and CWP steps. Specified terms can be found within the note title as well as the note
content. The search results are displayed as a list, allowing the user to select a specific result
by clicking on its icon. This, however, does not open the note found but the object to which
the note is attached (e.g. an experiment or project). A note search results displaying several
results in different categories is shown in figure 2.21.

Logout Contact o=

Home  Projects StandardProtocols Search Devices Files Preferences jged inas demo [ Demo User ]

Experiments  Projects m

Searchexprassion; deadline

LI Case-sensitive search
| Search onlyin the title of the notes
oK |

Hame Content
Revised Deadline Mew deadline May 20, 2009
Deadline Deadline April 21, 2009
upload deadline upload deadline on May 1, 2009 ,j,
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Figure 2.21: note search results displaying several results in different categories
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3.1 Analysis module development

In order to develop additional anaylsis modules Java developers can simply create a Java class
which implements the Java interface AnalysisPlugin.java and place the compiled class together
with all dependency classes in the plugin directory of iLAP. iLAP is loading the class dynamically
from the plugin directory during the internal analysis execution.

/% *
* Description :

*

* @author Gernot Stocker, gernot.stocker@tugraz. at

*

* Project : [iLAP] at.tugraz.genome.smile.analysis.plugin.deconvolution.AnalysisPlugin.java
« Created on : Feb 28, 2007

*/

package at.tugraz.genome.smile.analysis.plugin;
import java.util.List;

import at.tugraz.genome.smile.service.configuration.ApplicationConfigurationVO ;
import at.tugraz.genome.smile.valueobject.analysis.AnalysisDefDetailedVO;
import at.tugraz.genome.smile.valueobject.analysis.AnalysisStepDetailedVO;

/% *x
*

* ILAP’s generic PLUGIN-System :

*

This interface defines the methods which are used for lifecycle management of a dynamically loaded/created
plugin. The at.tugraz.genome.smile.analysis.plugin.AnalysisPluginFactory is used for instanciating the

Plugin in the JMS-remoted MessageDrivenAnalysisManipulatorimpl. The JMS queue starts 20 MessageDrivenAnalysis—
Manipulator objects contemporarely for parallel processing of Analysis requests. The Starter performs aferwards

* % ¥

*

* the following lifecycle method calls:

*

« 1.) boolean canAnalyze(AnalysisStepDetailedVO analysis);

* checks, if the analysis can be performed by the instantiated plugin or exits with an error

*

* 2.) boolean isBlocking (AnalysisStepDetailedVO analysis) throws PluginExecutionException;

* A.) false: non—blocking plugins are started immediately and can return SubAnalysis which are submitted

* again via the AnalysisManagement. After having started the AnalysisStep with all it’s SubAnalysisSteps
* the control is passed over to the AnalysisSupervisor.

*

* B.) true: blocking plugins are started within the same thread

* and the Starter waits until the execution is finished.

* After that the Starter executes:

* 1.) boolean isAnalysisDone (AnalysisStepDetailedVO analysis) throws PluginExecutionException;

* a.) false: exit with error and setting the error message in the statemessage

* b.) true: continue

* 2.) public File[] getAnalysisResults (AnalysisStepDetailedVO analysis) throws PluginExecutionException;
* persists all result files and associates the result file with the current analysis

* 3.) public void finalizeAnalysis (AnalysisStepDetailedVO analysis) throws PluginExecutionException;

*

« 3.) The AnalysisSupervisor checks repeatedly the running non—blocking analysis applications by instantiating
* again the plugin using the AnalysisPluginFactory. Than boolean isAnalysisDone—method is called. If it returns
* false the AnalysisSupervisor continues with the next running analysis. If it returns true the Supervisor
* continues with 2.B.2.) and 2.B.3.)

*

*

For default implementations of some methods use AbstractAnalysisPlugin.

* AnalysisSupervisor:

« The AnalysisSupervisor is responsable for finalizing non—blocking analysis steps. It checks an analysis step for
being finished. This is done by using the Plugin internal public boolean isAnalysisDone method. If the analysis
depends on subanalysis steps the supervisor checks for the status of the subanalysis first. If one of the
subanalyses is finished it calls the finalizeAnalysis of the subanalysis. If all of the subanalyses are either
completed or in error state the supervisor calls the finalizeAnalysis method of the parent.

*

* % ¥
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*
*/

public interface AnalysisPlugin

{

/%

* returns the analysis definition provided by the plugin
*

* @param analysis

= @return

* @throws PluginExecutionException

*/

public AnalysisDefDetailedVO getPluginDefinition ();

/%%

« Starts the analysis process internally
*

* @param analysis

= @return

* @throws PluginExecutionException

*/

public List<AnalysisStepDetailedVO> startAnalysis (AnalysisStepDetailedVO analysis) throws PluginExecutionException;

/*x %

* Updates the Analysis Status of the analysis according the status of the analysis

*

* @param analysis

* @return

* @throws PluginExecutionException

*/

public boolean isAnalysisDone (AnalysisStepDetailedVO analysis) throws PluginExecutionException;

/% *

+* Updates the Analysis Status of the analysis according the status of the analysis

*

* @param analysis

= @return

* @throws PluginExecutionException

*/

public void updateAnalysisStatus (AnalysisStepDetailedVO analysis) throws PluginExecutionException;

/% *

* Returns all result files of an analysis

*

* @param analysis

* @return

* @throws PluginExecutionException

*/

public List<ResultDataObjectDetailedVO> getAnalysisResults (AnalysisStepDetailedVO analysis)
throws PluginExecutionException;

/%

= Cleans up all analysis internal intermediate data/files/leftovers ;—)

*

* @param analysis

* @throws PluginExecutionException

*/

public void finalizeAnalysis (AnalysisStepDetailedVO analysis) throws PluginExecutionException;

/% *

+ Returns wether the plugin blocks execution of the current thread till end of plugin execution
= or not. Depending on this the plugin life cycle is taking a different path.

*

* @param analysis

* @return

* @throws PluginExecutionException

*/

public boolean isBlocking (AnalysisStepDetailedVO analysis) throws PluginExecutionException;

/% %
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* Returns true only if the analysis step can be handled by this plugin

*

* @param analysis

* @return

*/

public boolean canAnalyze (AnalysisStepDetailedVO analysis) throws PluginExecutionException;

/% *

« This is used for internal application specific configuration passed via ApplicationConfigurationVO
*/

public void setApplicationConfiguration (ApplicationConfigurationVO configuration);

Additionally the module must be defined in the database like an external analysis module ex-
tended by the class name. The so defined analysis step should appear immediately in the

analysis selection box of internal applications.

3.2

SOAP interface for external access

By using the SOAP based transfer classes following the ConnectionManagerinterface.java In-
terface one can eassily transfer data between the local machine to the iLAP server back and

forth.

/k %

« Description :

*

@author Gernot Stocker, gernot.stocker@tugraz. at

Project : [MultipleFileUploader] at.tugraz.genome.mfu.connection.ConnectionManagerinterface.java

* Created on : Jun 4, 2005

*/

package at.tugraz.genome.mfu.connection;

import java.io.File;

import
import
import
import

public

at.tugraz.genome.mfu.config.ServerDefinition;
at.tugraz.genome.mfu.exception.ConnectionManagerException;
at.tugraz.genome.mfu.transfer.CustomTreeNode ;
at.tugraz.genome.mfu.transfer.soap.NodeDTO;

interface ConnectionManagerinterface {

// Global UserData
public void setGlobalUserData(String username, String password);
public boolean isGlobalUserDatalnitialized ();

// Managing ServerConnections

public void deleteServerConnectionDefinition(ServerDefinition server) throws ConnectionManagerException;
public void changeServerConnectionDefinition(ServerDefinition server) throws ConnectionManagerException;
public void addNewServerConnectionDefinition(ServerDefinition server) throws ConnectionManagerException;

// Managing node on the Server
public boolean deleteNodeAndAllSubNodes (CustomTreeNode node_todelete) throws ConnectionManagerException;
public NodeDTO createNewFileContainerNode (CustomTreeNode parent, CustomTreeNode new_node)
throws ConnectionManagerException;
public NodeDTO uploadFile (CustomTreeNode target, String displayname, String description, File uploadfile)
throws ConnectionManagerException;
public boolean downloadFile (CustomTreeNode source, File destinationfile)
throws ConnectionManagerException;
public NodeDTO[] getNodeChildren(CustomTreeNode parent) throws ConnectionManagerException;
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}

A good example for such a transferclient is already implemented as a Imaged plugin which can

be seen in the folling screenshot:

= | pre-BA 7-RHO-hyb-C5K-2008-24-10-Fosition(1). zvi
=] pre-BAC1-7-RHO-hyb-CSK-2008-24-10-Position(2). 2vi

File Edit Image Process  Analyze Flugins Wircl o Help
B olczlol<|al+~|alalols] | [2]4]a]2] | [»]
#=20.71, y=8.42, 2=4.40, value=4527 8687
File
/% 2% 2o

EF &) Analyses -

= Combined deconvolution and channel shifting
21 Input
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Glossary

AAS
ACEGI
ACIS
ACL
AOP
API
Axis
CAS
CASE
CIMP
CRUD
CwP
DAO
DC
DCL
DDL
DML
EIS
EJB
ERP
FISH
FLIP
FRAP
FRET
GFP

Authentication and Authorization System
Acegi Security framework (1st,3rd,5th,7th,9th character in the alphabet)
Atomicity, Consistency, Isolation and Durability
Access Control Lists

Aspect Oriented Programming

Application Programming Interface

Apache eXtensible Interaction System
Common Authentication Service
Computer-Aided Software Engineering
Computational Independent Model

Creating, Reading, Deleting and Updating
Current Working Protocol

Data Access Object

Dependency Injection

Data Control Language

Data Definition Language

Data Manipulation Language

Enterprise Information System

Enterprise Java Beans

Enterprise Resource Planning systems
Fluorescence In-Situ Hybridization
Fluorescence Loss in Photobleaching
Fluorescence Recovery After Photobleaching
Fluorescence Resonance Energy Transfer
Green Fluorescence Protein
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GID Global Image Database

GUI Graphical User Interface
HQL Hibernate Query Language
HTTP  Hypertext Transport Protocol

iLAP information managament system for Laboratorydata Analysis and Protocoldeviopment
IDE Integrated Development Environment

loC Inversion of Control

IT Information Technology

J2EE  Java 2 Enterprise Edition

JAAS  Java Authentication and Authorization API
JAXB  Java Architecture for XML Binding
JAXP  Java API for XML processing

JAXR  Java API for XML Registries

JAXRPC Java API for Remote Procedure Calls
JDBC  Java Database Connectivity

JDO Java Data Objects

JMS Java Messaging Service

JMX Java Management Extension

JNDI Java Naming and Directory Interface
JSP Java Server Pages

JTA Java Transaction API

LAM Local Area Multicomputer Messa Passing Interface
LDAP  Light Weight Application Protocol
MDA Model Driven Architecture

MDP Message Driven POJO

MDR Metadata Repository

MIME  Multipurpose Internet Mail Extensions
MOF Meta Object Facility

MOM  Java Message Oriented Middleware
MPI Message Passing Interface

MVC Model View Controller

ODBC Open DataBase Connectivity

OGNL Object Graph Navigation Languag
OME Open Microscopy Environment

ORM  Object Relational Mapping

PDF Portable Document Format
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GLOSSARY

PIM
POJO
POM
PSM
PVM
QBC
QBE
RDBMS
RMI
RPC
SAAJ
SFSB
SLSB
SOAP
SQL
uDDI
UML
WML
WSDL
XMI

Platform Independent Model

Plain Old Java Object

Project Object Model

Platform Specific Model

Parallel Virtual Machine

Query By Criteria

Query By Example

Relational Database Management System
Remote Method Invocation

Remote Procedure Call

SOAP with Attachments API for Java
StateFull Session Bean

StateLess Session Bean

Simple Object Access Protocol

Structured Query Language

Universal Description, Discovery and Integration
Unified Modelling Language

Wireless Markup Language

Web Service Description Language

XML Metadata Interchange
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