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OMEGA: viral partlcle tracklng
work- and dataflows for images
stored in OMERO
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Talk outline

Who are we:

* Vision (long term!):

— Developing bio-image informatics as a tool to enable a systems
biology approach to the understanding the retroviral life cycle

* Short term goal:

- Develop integrated tools to analyze viral movement in life cells

* Approach:

— Develop a prototype OMEGA software tool to deliver usable viral
particle tracking, movement analysis and data-exploration
capabilities to end-users at the bench side

 Progress report: what we have done so far

* Next steps: where do we want to go from here
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The OMEGA team

software engineering

algorithms optimization and integration
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syBrT syBIT: seed funding for

ystemsX.ch

mE the OMEGA project and
\¢ integration support...

,\ Omega 2
OMEGA - syBIT collaboration

Meetings
Planning
Development
Documents
OMEGA is a software development project lead by Caterina Strambio De Castillia at the Laboratory of Viral Replication, Pathogenesis and Immunity of the University of Geneva and
EP;QQ Operations involving a multidisciplinary team of scientists from the University of Geneva, SUPSI, Emory University and ETH-CSCS. In collaboration with syBIT, the OMEGA team will produce an
OMEGA framework pilot tool. This OMEGA pilot version will read images and image metadata stored within the OMERQO image data repository, automatically perform the main steps of
QB"WIM Space real time particle tracking utilizing a work-flow defined within KNIME and will write the results within a customized version of the openBIS metadata repository for data exploration and
c results interpretation and visualization. In addition OMEGA will produce publication quality graphs for data dissemination.
*Add ontent

. \/

me ><openBIS

Planning and meetings

/1 GMT+0100 @ April -1 2011 _-|= Today |[7][T][Z][C Calendars
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28 29 30 31 1 2 3 Add a calendar
12:45
OMEGA/
Infrastructure
4 5 6 7 8 9 10
OMERO in
Action

Peter Kunszt Ela Hunt Bernd Rinn
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The vision: imaging as an
integral part of systems
virology

I Systems Virology l

Virus-host interaction systems

I: Genome scale
: $ . analysis

Bioimaging Genomics Proteomics

Data, databases,
data mining

Pathways, targets, ' Bioinformatics |
strategies
. <
l Antiviral, vaccines |

Adapted from: Katze et al. Nature Rev Imm (2002) vol. 2 (9) pp. 675-87
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Systems virology: data could
be represented using an
hypercube

Epithelial Primary Nonhuman
cell line cell culture Mouse primate Human

Contemporary
A
g
S Avian
S
N
$
= Swine
£
v
Pandemic
< >
Model systems

Current Opinion in Microbiology

Peng et al. Curr Opin Microbiol (2009) vol. 12 (4) pp. 432-8
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The “short” term
goal: capturing the
motion of viral
particles within the
infected cell
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Emory Vaccine Center:
tracking retroviral assembly

Jasmine Clark, Lara Pereira and Eric Hunter

Immature
Virus PN

/-b
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Current situation: software-assisted
manual tracking and analysis of
traiectories

Acquire image
(Deltavision)

v
.dv image
files
Deltavision

Manual analysis
No workflow management
No data relation

No data standards

Volocity
(PerkinElemer)

v
.mov image
files

(QuickTime)

ParticleTracker

?ldn‘:;?;(:j; (ImageJ - Sbalzarini's
algorithm)
v
Trajectories 1 Trajectories 2
Display
Trajectoris Particle Velocity Excel
on Screen

A

Particle MSD
1 Stop ’ _;—




Emory Vaccine Center:
retroviral movement from the
towards the cell periphery

Gag-GFP
mCherry-tubulin

Pereira et al. submitted
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Emory Vaccine Center:
experimental setup

GagGFP  EnvCherry

60
\

10uM Nocodazole

18-20h PT v
>

Oh, 2h, 4h

CMMT

Image live cells on
Deltavision
System
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Emory Vaccine Center: live cell
imaging

Untreated Perel . 2h Nocodazole
ereira et al. submitted
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Emory Vaccine Center:
trajectory analysis

A) 550- | S I [
500~ ; ; u
450+ ; iggln
400- -
350~ Pom

[a] ; :

2 3004 e
250+ " ; /.
200- . " i j
150+ ; ; L
100+ . . E E 4({.; Phase II

50+ - ; ; Phase lll
0-—' rr i i ™17 i ™rrrreeel
0 25 + 50 ¢ 75 100
At (s)
B) 3- Ill: 0.5369
O Phase |
A Phase ll
a 24 II: 0.8792 Vv Phase lll
7]
=
o
L)
1+ Slope:
= 1: Diffusion (Brownian)
> 1: Active Transport
< 1: Hindered Movement
c L] L] L] L] L] L] L] L] 1
0.000.250.500.751.001.251.501.752.00 2.25

log At (s)

Pereira et al. submitted
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Emory Vaccine Center:
trajectory analysis

Types of Diffusion (Particle Tracker Data)
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Pereira et al. submitted
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Problem definition: the

workflow from infected

cells to a mathematical
model of movement
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What is single particle
tracking?

'm,?f ; E 3ta ﬂn Deconvolution
a Denoising
wwee+m % | Alignment
\/\ ASPLE
R PTE T
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t’ tl +1 :*-u-" L
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Preprocessing
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Detection
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. Particles Features|
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Spatiotemporal I —  =m==mmm-
Visualization . n
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Meijering et al. IEEE signal processing magazine (2006) 23: 46
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Single Particle Tracking

Connecting the dots

o C A
x?&‘df

. %ﬁfi

” ‘l’
u_ y .v"' L 3 \
A '\. P IS et
. é \/ NN

Jacgman and Danuser, 2009
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Trajectory segmentation:

Identifying trajectory segments using
machine learning

T 1 1 I I

a 450}
Slow
L Confined drift Directed
r/
B Fast drift
0 160 320 480 640
X [nm]

Burckhardt and Greber. PLoS Pathog (2009) 5:e 1000621

Helmuth et al. J Struct Biol (2007)159: 347-358
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Mathematical analysis of
trajectories or trajectory
segments:

Computing numerical parameters capable of
discriminating between types of movement
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Statistical analysis of results:

Comparing results across datasets

Types of Diffusion (Particle Tracker Data)
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Pereira et al. submitted
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image data

_\__!

parameters definiton

z2=0-10
t=0-10

c=0-4
[CmaT=SPT]
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Current situation: individual steps
are not integrated

i—_:

results visualization and
interpretation
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One solution:
integrated
computational image
analysis
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Cllents

Application

Database

AVAAAS

Visualization
Data Mining

OME: is the software “lego
base plate” enabling integrated
image analysis

""""""" OME XML File

<name> Image1
<created> 02-13-03

Export | .........

and Web

1

Proprietary File
Analysis Formats
Subsystem

A

Header

r
¥ Header B
Image_ID| name | created Import
5678 | Image1 [02-13-03 OME
5679 | Image2 [02-13-03| Database

Imaging

Jason R. Swedlow, et al.
Science 300, 100 (2003);

DOI: 10.1126/science.1082602

Image T

Repository
Informatics and Quantitative Analysis in Biological Microscope
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Integration of the
analysis process




Jd

Integration of the
data pipeline

intensity

time



OMEGA: - re
d- Prototype

QMEGA.editor

OMEGA| = | . <7 {OMEGA

cient | client

Queries and
analysis requests
: Developers

queries
End users :

OMERO.insight

Image

Request script execution
on HPC machine

OMERO.server
____ OMEGA.server

— i '3 h ) .
— __= — — openBIS= Analysis execution
_ _ IE engines
fos Metadata and
Image keys Request scri
execution

Analysis definitions
and results

\/

Image access

from scripts OMERO

database £y oﬁen§|§

Analysis script

repository
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Goals of the OMEGA
prototype

mathematical analysis of
trajectories and charts
production

analysis definiton

metadata

ro
image-data
repository -

image data
image rendering
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\/

N
CISD
Center for
Information Sciences
and Databases

What is openBIS? a generic
repository and management
system for biological data

st

High throughput Imaging

e e

12

/ Data Analysis Pipeline

Mass Spectrometry

-

Deep Sequencing

Extract, Transform, Load

(ETL)

openBIS
<€ >
DB Organize
Search Users
Share
Export
Visualize

Multidimensional
imaging
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¢ - openBIS: Support for
s distributed storage of analysis

Information Sciences
and Databases

results

Data
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Labs Data Center Internet

http://www.cisd.ethz.ch/software/openBIS
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The concrete plan
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Integrated work- and data-
flows for viral particle
tracking

« Image pixel data/metadata
management

* Image processing

( « Work- and data-flow
management

» Single Particle Tracking
* Trajectory segmentation

« Trajectory segments
classification

* Analysis results visualization
and exploration

« Statistical analysis of analysis
\ results
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OMERO installations: the
starting point

MMicrobiolgy Institute of Canton Ticino: image
data management

MUniversity of Applied Sciences of Southern
Switzerland (SUPSI): benchmarking installation
for software development

JEmory Vaccine Center. image data management
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OMERO (1): environmental
microbiology

Istituto Cantonale di Microbiologia del Canton Ticino

Caterina Strambio De Castillia's Data Manager

Bl & ®mm & 4 &3 E0 ICcM_Tonolla's Iaboratory:
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OMERO (2 and 3): viral

particle tracking
Emory University and SUPSI

File E
EEm = q i:|& 80 e
— :
B [Theme 0 DES[EO| D5 E| o e —
of 6 images. :
DS1_WT VIDEOS/TheWTCMMT6_R3D.dv (11-5€-2009) = —

ThrWTQMT6_R3ID.dv

Once they are in OMERO, what
do we do with the images?
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Goals of the OMEGA
prototype

mathematical analysis of
trajectories and charts
production

analysis definiton

metadata

ro
image-data
repository -

image data
image rendering
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OMEGA prototype: phase | of
implementation

10 be Integrated Into
openBIS /

10 be Integrated into
openBIS

\

Flie Type 1: Flle Type 2:
Trajectories Trajectory
geometric segments
description definition

Z=0-
t=0-1
g=0

hoE

Cmage =125 ]
Cmas=GA]

mathematical analysis of

analysis definiton trajectories and charts production

metadata

.

image data image data management
and rendering
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OMEGA prototype: phase Il of
implementation

-

mathematical analysis of

analysis definiton trajectories and charts production

trajectories £/  segments

metadata

image data
image data management
and rendering
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OMEGA: progress report

Z=U- 10

t=0-10

Cu0-4

Cmage =725

Cmas=GA]
“

analysis definiton

10 be Integrated into -~ =~ 10 be Integrated into
openBIS / openBIS
/
Flie Type 1: Flle Type 2:
Trajectories Trajectory
geometric segments
description definition

mathematical analysis of
trajectories and charts production

metadata

image data
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Single Particle Tracking

Sbalzarini’s algorithm

Particle Tracker 2D / 3D ,
*Global-nearest-neighbor approach

Less accurate in sub-optimal conditions
*Does not allow for trajectory gaps
*Already available in C

*Easier to integrate

MRe-engineering of sequential
N application in C > DONE
Sbalzarini and Koumoutsakos, J Struct Biol (2005) 151: 182‘ | MMulti-core Optimizationé DONE

LGPU optimization > NEXT RELEASE
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Sbhalzarini’s SPT: significant speed-ups
will facilitate work on lap-top
computers commonly available to
individual scientists

Particle Radius 6 pixels
Run time (s) Fold Speed-up
Original version (C) 197.65
Optimized sequential version (C) 133.01 1.49
Multi-cores parallel version (8 cores) 18.18 10.87
Multi-cores parallel version (12 cores) 12.21 16.18
GPGPU parallel version (8 cores) 12.10 16.34

« Software re-engeneering of sequential version afforded significant
performance improvements

* Multi-core parallelization on 12 cores achieves 16x speed-up

 The GPU preliminary version achieves 16x improvements already on 8
cores
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Flle Type 1:
Trajectories
geometric
description

SPT output: File Type 1

particle p,
(X0 Yo)
1:o XO yO
X4,
t, X, Y (X1, Y1)
th X, Vi 7% Xy, Yn)
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OMEGA: progress report

-~

10 be Integrated Into -~ 10 be Integrated Into

openBIS / openBIS
Flie Type 1: Flle Type 2:
Trajectories Trajectory
geometric segments
description definition

Z=U- 10

t=0-10

Cu0-4

Cmage =725

Cmas=GA]
“

E—— mathematical analysis of

analysis definiton trajectories and charts production

metadata

.

image data image data management
and rendering
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Trajectory segmentation:

Identifying trajectory segments using
machine learning

d i ]
480 /—/’

320 + Confined drift r/ Directed
)

y [nm]

160

Fast drift

0 160 320 480 640
x [nm]

Burckhardt and Greber. PLoS Pathog (2009) 5:e 1000621

Helmuth et al. J Struct Biol (2007)159: 347-358
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Trajectory Segmentation
Algorithm

Helmuth and Sbalzarini, 2007

The trajectory segmentation algorithm consists of four steps:

(1)Trajectory preprocessing: remove position noise

(2)Feature extraction: A set of 7 features is used to identify the motion
type of each segments. Transform trajectory segments to low-
dimensional feature vectors.

(3)Feature classification: evaluate whether a feature vector corresponds
to a certain class of motion or not in a binary classification problem.

Uses user-trained Support Vector Machines (SVM) as classifiers

(4)Label assignment: classification ambiguities are resolved and motion
types labels are assigned to each individual trajectory segment
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Trajectory Segmentation
MATLAB TOOLBOX

Jo Helmuth and lvo Sbalzarini

TRAJECTORY_SEGMENTATION

http://www.mosaic.ethz.ch/

SPIDER
http://people.kyb.tuebingen.mpg.de/spider/main.html

@ V

S\/Mlight J

http://svmlight.joachims.org/

*The engine of the application was ported to C
*The GUI necessary for supervised machine learning has been
integrated into the main OMEGA Java client
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— TS output: File Type 2

coord label
Xo Yo

lo
2 Y1

Iy
X5 Yo
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lo (Xn ’ Yn)
X1 Yt
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OMEGA: progress report

10 be Integrated into. **
openBIS /

/

Flie Type 1:
Tra}ec(ones

analysis definiton

metadata

image data
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Flle Type 2:
Trajectory
segments
definition

.

mathematical analysis of
trajectories and charts production

.

image data management
and rendering




OMEGA: connecting with
OMERO

|4 OMEGAV0.12 = +| OMEGA v0.1.2 - Image Review =
File Help File SPT
image review

Connection to an OMERO server Select the dataset to browse: | DS1

M|
Host: isin09
d a
Username: root | .
Password: soee

SPT Port: 4064 TRANTCMMTS_R3D.... 7HAVTCMMT7_R3D.... 7hAWTCMMT3_R3D.... 7hWTCMMT1_R3D.... 7heAWTCMMTE_R3D.... 7heWTCMMT1_RID...

Connect Cancel

Status: connected to isin09

Ts

data exploration
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OMEGA: images review

File Help Flle SPT

R0 Koviaw Connection to an OMERO server
Use this module to conn t
an OMERO Server, to br Host:
your datasets and to select
the images to be processed

using the SPT algorkthm. Username:

Password:

Port:
Use this module to run the
SPT (Single Particle Tracker)
aigorthm. Once the algorithm
ou wil be able to

Status: connected (o isin09

automaticaly segment your
tracks using the TS (Tracks
Segmentation) algorithm. You
need to train the algorithm
before using .

data exploration
Use this module to explore the
TS results and to display
information about the
segmented tracks.

|_| Compressed Image

[v] Channel 0 [v] Channel 1

ga
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) OMEGA v0.1.2
File Help

image review

TS

data exploration
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Manual Segmentation Manually segment the trajectories

l

Train the SVM using the segmented trajectories

Train SVM
Segment Automatically segment the trajectories

|| OMEGA v0.0.5 - Image Review Module - Artificial_xyt.tif

File SPT Data Exploration

Iz (IR S—

Il £ compressed image

| I channelo

OMEGA: running image

analysis

<] OMEGA v0.1.2 - Segmentation Module - traj 6/ =
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OMEGA: progress report

10 be Integrated into
openBIS /

Flie Type 1:
Trajectories
geometric
description

Flle Type
Trajectol
segmenl

definitio

mathematical analysis of
trajectories and charts production

analysis definiton

metadata

4

image data image data management
and rendering
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OMEGA: phase Il will be
completed by August 2011...
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OMEGA - openBIS
integration: data tree for
particle tracking
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OME data model

Jane's Thesis

Project Projects
Images collected Images currently Images to send Datasets
Tuesday being analyzed to Fred
Image Image | Image
1 5 12 13 Images
Features

http://www.openmicroscopy.org.uk/site/support/legacy/ome-server/conceptual-framework/object-hierarchy

OME User’s Meeting 2011, Pasteur Institute, Paris, France, 2011_06_15-16



openBIS data model
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http://www.cisd.ethz.ch/software/openBIS
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OMEGA - openBIS integration:
mapping between the two
models
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OMEGA - openBIS integration:
particle tracking data model

Image proxy
dataset

SPT Analysis
run

1
1

Particle
trajectories

TS analysis
run

,

1

Manually
segmented
ajectorie

Trajéctory
segments

OME User’s Meeting 2011, Pasteur Institute, Paris, France, 2011_06_15-16 _




Where do we go from here?
Complexity hinders data
integration

*The fundamental complexity of biological systems limits scale and
productivity

*Results are difficult to compare across experimental models, set-ups, data
types, time and space

*Each question requires new output data structures

Data structures are difficult to standardize

The current “solution” is twofold:

1. data bases are used as “static” data repositories, which allow open
access to current scientific knowledge and long term archiving of such
knowledge

2. individual data acquisition centers (i.e. large labs, bioimaging centers,
high-through put screening facilities) develop ad hoc solutions for
analysis with little cross-integration of results
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The size of the problem is
staggering...

Usable systems capable of scaling for increasing amount of data

Enterprise level systems available in a distributed manner at

individual laboratories and facilities

3. Systems capable of summarizing results while at the same time
revealing the full detail of individual samples

4. Compare results between samples, within groups and across

multiple levels of complexity

Integrate several multi-dimensional data types

Data must be structured, indexed, and annotated

N —

S O
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We need to start working on
a solution...

Can DBs be used as “dynamic” data exploration
engines capable of integrating results from

s S different sources, different experimental set ups,
— = different experimental models?

description definition

[/  FlleType4: Flle Type 5:
SPT anays's Manually / Trained

anten weoceres e’ Can the data models be abstracted enough
without loosing meaning?

Are OLAP cubes a solution?

Would SDCubes that combine HDF + Xml files
allow the level of cross-correlation required for
capturing biological complexity?

Time

Millard et al. Nature Methods 2011 We open to glve a meaningful
contribution to some of these questions...
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