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What is our problem?

People living with HIV (2007)

3

% World Health

__‘( :‘ Organization p e WQStern & Eastern Europe
— 7 7 77  (entral Europe & CentralAsia~— "
~North America 760 000 1.6 million ~
1.3 million [600 000 - 1 1 million] (12-21million] East Asia
* 480 000 - 1.9 million] - 800000
Middle East & North Afrlca (520 000 - 960 ooo]
/ Caribbean / | 380 000
- 230000 [270 ooq_sooooo] South & South\East Asia
_[210000-270000) | = - 1 4,0 million
Sub-Saharan Africa | 3.3 - 5.1 million]
Latin Amerlca ‘ 22.5 million | Oceania
1.6 million (20.9- 24.3 million] 75 000

[1 4-18 mllllon]

Total 33.2 (30 6 36. 1) million

53000 - 120 000]

25 years after the identification of the virus, we still
know remarkably little about the cell biology of HIV-1!
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 The question:
How does the HIV-1 virus gains access
to the cellular genome to ensure
proviral DNA integration?

 The obstacle: the reductionist
approach has reached its limit

 The answer: a systematic quantitative
strategy requires a multidisciplinary
team
— Virology
— Cell Biology
— Bio-Image informatics = integration of
OME + analysis algorithms +
integrated image analysis workflows

2009 OME User’s Meeting, Paris / May, 19th-20th 2009

What is our approach?

Wesfern &  Eastern Europe
Central Europe & Central Asia

North Afmeriéa 760 000 1.6 million

1.3 million (600 000 - 1.1 million]  [1-2 2.1 million] East Asia
33 mil people living

with HIV

Total: 33.2 (30.6 — 36.1) million

ia



Cell biology
bioimaging

y !

Catria Strambio

UniGe \
HIV-1
Virology = {6 <
ELy) ‘ ‘“‘* “.‘\ n
Jeremy Luban

UniGe
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Who are we?

Visualization
data analysis and
management

Mario Valle
ETH-CSCS

...and the team is growing!



The question: HIV-1 viral
entry

 HIV-1 enters the cell and
moves towards the nucleus

« Key virus-host interactions
cytoplasm influence viral trajectory
within the cell

* Biochemical and cell-
fractionation studies have
reached their limit

— — - ~ « Real-time tracking of viral

virus: < 111000 " particles and mathematical

analysis of movement can
provide key insights into the
mechanism of infection
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Huge challenge: What do we
heed to understand HIV-1
viral movement?

. Infect primary human cells under strict bio-safety regimens
Visualize HIV-1 particles as they move within the cell with
high spatial and temporal resolution

Keep track and manage multiple large datasets
Mathematical analysis of viral trajectories

Statistical analysis on multiple trajectories

Integrate with other kind of knowledge

|

Essential to develop reproducible scientific workflows
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The beginning of the answer:
real-time 3D video microscopy

HIV-1 moves along the cytoskeleton Of HIV 1

g Cytoskeleton
HIV-1
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The workflow for real-
time HIV tracking

 SPT: identification of viral
trajectories in 3D image
stacks over limited time

a ol ' ' — ¢ Semi automated,
J supervised trajectory
drift ,pirected 1 segmentation

|+ Manual statistical
\ analysis of numerical
trajectory data

o
Sbalzarini and Koumoutsakos, J Struct Biol, 2005, 151:182
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Helmuth et al. J Struct Biol, 2007, 159:347

2009 OME User’s Meeting, Paris / May, 19th-20th 2009 _



Stand alone software is
being developed...

z ImageJ

T
74/143 (tutorial007 4); 222x444 pixels; RGE

ile Edit Image Process Analyze Plugins Window Help
olelo~zINA+NAl Aol |0]&]2|8)]
Unused Tool

f

g imageJ

File Edit Image Process Analyze Plugins Window Help

B olz/o~z~L+A Al a2 |6]&|2)a] |

View Preferences Relink Particles

% Configuration: j
% Kernel radius: 3

% Cutoff radius: 0.0
% Percentile 106

«

mED

Particle Detection:

Radius |3
Cutoff |0
Percentile |0.60000 %

Preview Detected

K1 | E——

%% Trajectory 32

6153.989532 132.864670 4.795121 3.200076 8.058751
7153989532 132.864670 4.795121 3.200076 8.058751
8150.077560 135.210281 6.471988 3.328422 7.164520
9150.077560 135.210281 6.471988 3.328422 7.164520
10150.231461 136.617905 9.787056 3.064149 26.286119
11 150.231461 136.617905 9.787056 3.064149 26.286119
12149.775223 137.932922 9.405724 3.051208 22.606100
13 149.796631 137.935913 9.499812 3.075651 23.014484
14148.993317 137.686401 6.237571 3.227575 11.401782
15148.993317 137.686401 6.237571 3.227575 11.401782

16148.938690 138.170959 6.908313 3.284760 1.390782 -
Save Detected « j
- All Trajectories Area
Visualize All Trajectories Focus on Selected Trajectory Focus on Area
Save Full Report Selected Trajectory Info Trajectories in Area Info

Particle Linking:
Link Range |2
Displacement |10.00

oK Cancel

Display Full Report

Filter Options

Sbalzarini and Koumoutsakos, J Struct Biol, 2005,
151:182
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...but for systematic use it
has to be integrated

age Specialized Specialized
analysis analysis
module module
“Glue”
Data import Metadata Workflow
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Can OMERO provides the
glue?

[

| < [S009X  [S00§ Y ¢ [S00)2 1
T 3

160 0.8 67 8455
160 7.8 74 S84
162 y 29 8N

Digital

O @ Of

Quantitative
Analysis

Data Management,
Tagging,
Querying

O @0
Visualisation N
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What do we need from
OMERO?

=»Image analysis:

— Modular image analysis
— Keeping track of analysis outputs

— Managing complex workflows: Reproducibility across users, time
and space

=>» Facilitate integration of different data
types and information source: semantic
web
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What we have done so far:
OMERO testing on two

fronts
 End user
— Provide feed back on various aspects of OMERO usability and
relevance

« Data model

« Data integrity and security issues
« Metadata editability

« OMERO.editor

 Developer

— Test feasibility of a local OMERO analysis paradigm

— Build a small custom C++ client that would serve as the interface
between images stored in OMERO and the stand-alone SPT software
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OMERO.analysis: local
client model

————
| < [5000X ¢ [S004 Y < [500]2 1(500]
L Mo 6l 73 e

L
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161 -0 A Lo
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OMERO.cpp: building a
small custom client

 Goals
— Understand Client API writing a small C++ client
— Why C++?
« Because the SPT algorithm is in C++
« Because | know it.
« Because ICE make languages interchangeable.

e Results
— Limited success...

— Connect, list user data, list user projects, list datasets for one
project, list images for one dataset, access the image data,
access the pixels

ETH CSCS &
Eidgendssische Technische Hochschule Ziirich i i . \“
Swiss Federal Institute of Technology Zurich Swiss National Supercomputing Centre \‘
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OMERO.cpp: building a
small custom client

* On the positive side

— It works, and compiles too!
— New API simplifies common tasks

* On the negative side

— Documentation is not available or at least not usable (not only
about C++ APl in general, but also about individual functions)

— Javadoc pages are not up to date (OME vs OMERO not well
documented in Javadoc...)

— Code examples: would be useful to be able to share and re-use
code the community develops.

— Searchable list-serve archives (along the same lines) and/or
community wiki would reduce workload from OME team
ETH CSCS 3%

Swiss Federal Institute o f Technolo gy Zurich Swiss National Supercomputing Centre \‘
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OMERO.analysis: modular
analysis paradigm

\What we need to allow
specialized analysis

modules full integration in SPT Trajectory
the image database? Segmentation
— integrating analysis
modules in the server
— analysis modules
repository for sharing
— quantitative results stored
in the database
—repository for sharing and
reusing workflows

Actual
Path

Analysis
Viewer

Analysis numerical
results
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What architecture for analysis will be
supported?

Model 1

) _LAN U§ers Data Processing/Scripting
AnaIySiS engine «— (.insight & .importer)  (C, C++, Python, Matlab) w/::v::)ers
GUI .
(parallel to rendering
engine) (.insi\;';vI:\tN&L.’x;r)Zner) !—

/:/
OMERO.server |
powered by © 9 ZeroC I
I
MOdel 2 Rendering ’QHIBER |
I Service l
| ucenes. A & |
OMERO.analysis 'y Model 1
(parallel to | l v v
OMERO.insight) I |
! ~ OMEROSs |l gearch Relational ! Analysis results
Firewallf | imase revosiories | 1cacy (PosgresaL onace | Firewall in a parallel db
— (linked OMERO)
OMERO Betq 4.0.0
OMERO.script (released Mggh 09)
(workflow repository)

?

Analysis results

Integrated in Model 2
OMERO
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OMERO
.insight

<

1. Find Script

Omero.Grid

OMERO.scripts and .grid:
what is their future?

Omero.Blitz

3. Build Job

OMERO DB & Repository
(Data, Jobs, Scripts)

2. Run Script

Router/Firewall

7. Return Process
Proxy to Client

"Waiting"
"Running”

"GetResults"

>
- Omero.scripts

—_— Y
r—

/

w

Interactive /
Processor
4. Create
Process 5. Download
y Script

6. Create Process

S10SS920.1d

—

8. Results to
Server

Operating System/Cluster
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Scientific workflows for
bio-image informatics:
what do we need...

« Will OMERO support distributed modular analysis
architectures?

« OMERO vs BISQUE?

« OMERO.workflow integrating OMERO with software such
as TAVERNA to develop standardized bioimage
informatics workflows
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Thank you!

Caterina Strambio De Castillia
Jeremy Luban
Mario Valle (ETH-CSCS)
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