Biological Image Data Analysis with OMERQO
University of Cambridge, 2016

Balaji Ramalingam, Colin Blackburn,
Petr Walczysko

University of Dundee
The OME Consortium

\\]ERSITP ) )
> Q@ Open Microscopy Environment

Centre for Gene Regulation & Expression
School of Life Sciences, University of Dundee
DUNDEE Dundee, Scotland, UK



Qutline

o Towards Image Informatics
o OMERO: Java Server with an open API

o Analysis Integrations To Be Discussed

 OMERO Scripts
« OMERO and its open source integrations

« OMERO and Matlab

o Other Analysis Integrations
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OMERO : JAVA Server with an open API
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OMERO.Scripts

l General

| Dataset's detail

Dataset ID:
ZIsm

@ Combine Images...
@ Images From ROlIs...

:

%> Reload Scripts

Analysis Scripts  »
Example Scripts  »

Export Scripts  » “@ |
Figure Scripts
Import Scripts

>
>

- fomero/util_scripts/
User ‘.strlpw——-r‘

ers for the selected script: Combine Images

@

Data Type | pataset B

IDs © =
-

Filter Names

Auto Define Dimensions g

Channel Name Pattern | ¢

Z Name Pattern | 7

Time Name Pattern | T

Manually Define Dimensions [

—

Dimension 1 ...
Dimension 2
Dimension 3

|Suipt v |

“«»

Combine several single-plane images into one with greater Z, C, T dimensions.
See http:/ /trac.openmicroscopy.org.uk /shoola/wiki/UtilScripts#Combinelmages

Run

( Cancel )

el

& Combine Images finished
Script Ran OK. New Image created 1D: 366

%,« Running Combine Images

View

Info Remove 12:36PM

Cancel 12.40PM

T T
(et )

VY




Custom OMERO.Scripts

omero > Analysis Scripts >

Processing Scripts

http://www.openmicroscopy.org/site/support/omero5.2/developers/scripts/user-
guide.html

http://www.openmicroscopy.org/site/support/omero5.2/developers/scripts/style-
guide.html




OMERO.Scripts : Setup

Command-line upload of scripts:

$ cd Desktop/scripts/
$ omero script upload demo_tutorial/Edit_Descriptions.py --official

Edit and Replace:

$ omero script replace 301 examples/Edit_Descriptions.py

Run Script:

wjm:examples will$ omero script launch 301 # script ID
Using session 1282acc@-4424-4fa2-84fe-7c9e069d3563 (root@localhost:4064). Idle timeout: 1.8 min. Current group: system



OMERO.Scripts Setup : Insight

Upload Scripts:

8 00
EiEE ¢ %8
Iﬁ Projects A I:

e BB X2 EBO&

> G test (0]
» @ Orphaned Images

Upload Script

Y

«

(2 anaconda
Applications
Applications (Parallels)
Desktop

Documents
Downloads

& Downloads.rar.dmg
(& Dropbox

[~ dwhelper

v
M git-credential-osxkeychain
Google Drive
1 java.log.12886
: java.log.22371

%

A lnn £4220

« example_workflow.protocol_screensh..
example_workflow.protocol_screensh...

4| Date Modified
Wednesday, 22 June 2016 10:48
Monday, 7 December 2015 13:26
Thursday, 28 April 2016 10:03
Friday, 24 June 2016 12:06
Monday, 20 June 2016 10:51
Friday, 24 June 2016 10:17
Tuesday, 3 May 2016 11:55
Friday, 17 June 2016 15:09
Thursday, 18 September 2014 11:46
. Wednesday, 12 August 2015 10:05
Wednesday, 12 August 2015 10:05
Saturday, 18 January 2014 17:39
Tuesday, 13 October 2015 14:16
Friday, 8 April 2016 16:58
Tuesday, 23 February 2016 16:08

Tuacd 12 Anril 2016 1820
File Format:
C++ (*.cpp, *.cc)
Upload into Folder: | Java (*java) || Find Folder |
Matlab (*.m) 7
Bytonliepy) I Upload

Reload Scripts Menu:

e 0 O

Bl el § @

o o o
> G5 test [0)
» @ Orphaned Images

[nknlzv Crouns w ]
= Reload Scripts

analysis scripts  »
Balaji scripts >
export scripts >
figure scripts >
util scripts >




OMERO.scripts: Kymographs example

El®mm %N &@& | pisplayGroups v

<
A

“H Projects

2 v |~filter images

Workspace: 10 of 10 images

BE2 &

)

B 2@

# per row:

> [[E22] Acquisiti

3

= m 3/ s M

v 35 Swedlow Lab [1] 33676-EB1 dsRed (red) tracking along peripheral SEPT2-YFP filaments (green). Spinning disc co...
v o Will Moore
> '@ Big Images (2] | Image's details
@ con-Test [0] Cro Swedlow L ab [ID: 295610
> & confoal [4]
> @b CSFV-staining (2] B ® 2 7 & Co,
> @ Demo (1] p 4
> @ INCENP SiRNAI (3] mjimage 3] H split Q) >
> @b MLB (1]
> ‘@ Time-resolved test data [1]) - D
» 5 200704098-Figure 4 (3] [ ’ ’
e s =R 2
B =2 = ~? & Compression: None + (33 Swedlow Lab -
®|image Q3] Hf split Q| 3 !
> |
(S)
v
e 00 [ID: 3956108] kymograph
EEXRE » OO0 &\ & A Show Co
Inspector [Z] Results > |
id z T | Type Comment Visi... |/
979.. 1 1 / ™
743.. 1 1/ ™
979... 1 1 / ™
> 743.. 1 1/ ™
BT IS L1 100%
@ 7=1/1T=42/121 150% W Ready. |



Lets Try:

o Plot Profile : This script processes Images, which have Line
or PolyLine RQOls and outputs the data as CSV files, for

plotting in e.g. Excel.

o Batch Image Export Save multiple images as JPEG, PNG,
TIFF or OME-TIFF in a zip file available for download as a
batch export. See

http://help.openmicroscopy.org/export.html#batch

o Thumbnail Figure: Secret Scripts Menu!!

11
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Fiji-OMERO Workflow Outline

o Setup OMEROLW Plugin
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OMEROIJ Plugin : Setup

Dependency : OMERO 1) Plugin

OMERO 5.2.0 Downloads

Clients | Plugins | Additional | Servers | API | Python | Java | Code | Components | Previous versions

o Information on this release of OMERO is in the release announcement

or PDF ion and there are user guides for the clients

o Full ion is
on our Help website

as web

o A standard OMERO user just needs to download the client package with the same major version as their institutional

server e.g. 5.0 clients with the 5.0 server

« If you do not have an institutional server, you can apply for an account on our Demo server or download the Virtual
Appliance to install your own version locally.

OMERUO client downloads
Client
25 Windows
& Macosx

/3 Linux

Size File Name Checksum
I OMERO.clients-5.1.0-ice35- 5712f4bc
5| 83.02MB
5 3 bl01.win.zip SHA1)
'Q' 828 MB OMERO.clients-5.2.0-ice35- 8dae773c
b b101.mac_Java7+.zip (SHAI)
I3 OMERO.clients-5.2.0-ice35- 5c05d76
b 82.67MB
{/ b101.mac_Java6.zip (SHAI)

* OMERO.web is part of the server package, so individual users do not need to install it locally.

o Full instructions for installing the client are on the Help website: Getting Started with OMERO.insight Version 5.2.0

OMERO plugin downloads
Plugins Size File Name Checksum
i o OMERO.insight—ij-5.2.0-ice35- 4ac3f188
—« d  Imaged / Fiji U 7ssm eyt Ry
#\ Matiab 1 {/ 2114 MB OMERO.matlab-5.1.0-ice35- ofodfeef (SHAI)
L b101.zip
. ions for dor ing and i the Image] plugin: Using ImageJ with OMERO

http://help.openmicroscopy.org/imagej.html

Save or move the .zip archive to the Fiji
> plugins folder.



Accessing OMERO using ImagedJ and Fiji

File Edit Image Process Analyze Window Help

B o/c|v| <4+

agnifying glass (or use "+" and "-" keys)

N\ | Al ¢ Macros

Shortcuts

Utilities

New

Compile and Run...

Install... Ctrl+Shift+M

v Vvwewvw

3D

Analyze
Bio-Formats
Examples
Filters

Graphics
Input-Output
LOCI

Connect to OMERO
Save Image(s) to OMERO
Save ROIs to OMERO
Save Results to OMERO

v vV  VVVVVvVVvvVYYVY

.:.:. O M E Ro.insight .:.:. O M E Ro.insight

Starting Log Senvice

e openuricracepy gt 1AM B 05 fow apemicrmscrprogik. AN I 0S
e —_— Usermame: [polly
Password Password: [ee]
(i | | LoQgiin

http://help.openmicroscopy.org/imagej.html
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Fiji Scripts

Fiji : Script Editor

File Edit |Langu
[ New_.py ©lava
1 O Javascript ~
® python y Fiji : Grabbing an open Image
O Clojure ( SNEWEPY
File Edit La age Templates R Tools Tabs
O BeanShell ‘;\ rauage temp Bt B
*New_.py
o !magej Macro 1 from ij import IJ -]
O None 2
— 3 imp = IJ.getImage()
4 print imp
= Run | | |
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Started New_.py at Tue Nov 08 22:40:34 CET 2010
imp[boats.gif 720x576x1]
Run I Kill | Clear ’ !
[ - |

https://www.ini.uzh.ch/~acardona/Fiji-tutorial/ 18




OMERO-Fiji Scripts : Accessory Methods

def omeroConnect():

# Omero Connect with credentials and simplelLogger
cred = LoginCredentials()
cred.getServer().setHostname (HOST)
cred.getServer().setPort(PORT)
cred.getUser().setUsername (USERNAME)
cred.getUser().setPassword(PASSWORD)

simpleLogger = SimpleLogger()

gateway = Gateway(simplelLogger)
gateway.connect(cred)

return gateway

# List all Imageld's under a Project/Dataset
def getImageIds(gateway, datasetId):

browse = gateway.getFacility(BrowseFacility)
user = gateway.getLoggedInUser()

ctx = SecurityContext(user.getGroupId())
ids = ArrayList(1)
val = Long(datasetId)

ids.add(val)

images = browse.getImagesForDatasets(ctx, ids)

j = images.iterator()

imageIds = []

while j.hasNext():
image = j.next()
imageIds.append(String.valueOf(image.getId()))

return imagelds

https://github.com/bramalingam/Omero-Imagej-Scripts/

blob/master/omero_batch analysis.py

def

def openImagePlus(HOST,USERNAME, PASSWORD,groupId, imageld):

options = ""

options += "location=[OMERO] open=[omero:server="
options += HOST

options += "\nuser="

options += USERNAME

options += "\npass="

options += PASSWORD

options += "\ngroupID="
options += groupId

options += "\niid="

options += imageld

options += "]"

options += " windowless=true "

print options
from ij import IJ

IJ.runPlugIn("loci.plugins.LociImporter", options);

uploadImage(path, gateway):

user = gateway.getLoggedInUser()
ctx = SecurityContext(user.getGroupId())
sessionKey = gateway.getSessionId(user)

config = ImportConfig()

config.email.set("")
config.sendFiles.set('true')
config.sendReport.set('false')
config.contOnError.set('false")
config.debug.set('false')
config.hostname.set(HOST)
config.sessionKey.set(sessionKey)
config.targetClass.set("omero.model.Dataset")
config.targetId.set(datasetId)

loci.common.DebugTools.enableLogging("DEBUG")

store = config.createStore()
reader = OMEROWrapper(config)

library = ImportLibrary(store,reader)
errorHandler = ErrorHandler(config)

library.addObserver(LoggingImportMonitor())

candidates = ImportCandidates (reader, path, errorHandler)
reader.setMetadataOptions(DefaultMetadataOptions(MetadataLevel.ALL))
success = library.importCandidates(config, candidates)

return success

19



Fiji

Scripts : Client Side (DEMO

e OO0 scram_61.r3d?()_me.tiff

c21/4 z:1/40 (c:1/4 z:1/40 - scram_01.r3d.ome.tiff); 33.30x33.30 microns (512x

7, s Just) Imagel
B o|x|o| | 4|+ [\[Ala o] ofsk|ur|g|4]a] [>]
*Rectangular* or rounded rectangular selections (right click to switch)
e 00 omero_batch_analysis.py (Running)
| *omero_lmage_open.js [ omero_batch_analysis.py (Runnir ng) ]
1 # Setup
105 # mmme=

!
(
¢
107 # Drop omero_client.jar and Blitz.jar under the jars folder of FIJI
0
(

109 # Parameters

112 # open Omero Image
113 # =eee————

115 HOST = "omero-balaji.docker.openmicroscopy.org"
116 USERNAME = "member-all-1"

117 PASSWORD = "ome"

118 PORT = 4064

A,l datasetId = "2"
121 imageId = "1"
122 groupId = "-1"

124 # Prototype analysis example

125 gateway = omeroConnect()

126 imageIds = getImageIds(gateway,datasetId);

127 imageIds.sort()

128 imageId = imageIds|[2]

129 print imageId

130 openImagePlus(HOST,USERNAME, PASSWORD, groupId, imageId)
131 gateway.disconnect()

Run

Show Errors Clear

12

location=[OMERO] open=[omero:server=omero-balaji.docker.openmicroscopy.org
user=member-all-1

pass=ome

groupID=-1

iid=12] windowless=true

Started omero batch analysis.py at Wed Jun 22 10:24:12 BST 2016

https://github.com/bramalingam/Omero-Imagej-Scripts/blob/master/omero batch

analysis.py




Lets Try

o Run a Macro on the Image
o Export Image using Bio-Formats (locally)

o Upload Image back to OMERO
Cheat Code:

https://github.com/bramalingam/Omero-Imagej-Scripts/blob/master/

omero batch analysis.py




Run a Macro and Save Image Locally

Run a Macro File:

#Plug Your analysis here#
macroFilePath = "/Users/bramalingam/Desktop/bg_subtract.ijm"
IJ.runMacroFile((jnacroFilePath)

Save Processed Image (Locally):

# Save resultant image using Bio-Formats

paths= "/Users/bramalingam/Desktop/"

imp = IJ.getImage();

path = paths + imp.getTitle() + ".ome.tiff";

print(path)

options = "save=" + path + " export compression=Uncompressed"
IJ.run(imp, "Bio-Formats Exporter", options);

imp.changes = False

imp.close()

https://github.com/bramalingam/Omero-lmagej-Scripts/blob/master/omero batch analysis.py

22



Upload Image (Back) to OMERO

# Upload image to OMERO

str2d = java.lang.reflect.Array.newInstance(java. lang.String, [1])
str2d [@] = path

success = uploadImage((str2d, gateway)|

https://github.com/bramalingam/Omero-lmagej-Scripts/blob/master/omero batch analysis.py
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rOMERO-Setup

README.md

rOMERO

This repository provides some examples for how to connect to OMERO in R (using rJava and the OMERO Java Gateway)

Prerequisites

e R

e Java

e rJava

e Apache Maven (recommended)
e Git (recommended)

Setup

¢ Install/Setup the software mentioned above
e Download this repository:
o Using Git: git clone https://github.com/dominikl/rOMERO.git
o Alternative: Download as Zip and extract.
cd into the roMEro directory
e Download the dependencies
o Using Maven: Run mvn install
o Alternative: Create 1lib directory. Download OMERO.Insight client. Extract the zip file. Copy all files within 1ibs
directory into the previously created romero/1ib directory

https://github.com/dominikl/rOMERQO/tree/master




rOMERO

1s29010:CellProfiler bramalingam$ cd ..

1s29010:0ME bramalingam$ cd rOMERO/ , ¥y
1529010: rOMERO bramalingam$ sudo R ¢ . &
Password: A WY 4

R version 3.3.1 (2016-06-21) -- "Bug in Your Hair"
Copyright (C) 2016 The R Foundation for Statistical Computing
Platform: x86_64-apple-darwinl3.4.0 (64-bit)

R is free software and comes with ABSOLUTELY NO WARRANTY.

You are welcome to redistribute it under certain conditions.

Type 'license()' or 'licence()' for distribution details.
Natural language support but running in an English locale

R is a collaborative project with many contributors.

Type 'contributors()' for more information and

'citation()' on how to cite R or R packages in publications.

Type 'demo()' for some demos, 'help()' for on-line help, or

'help.start()' for an HTML browser interface to help.
Type 'q()' to quit R.

*xx% Welcome to rOMERO sxx

https://github.com/dominikl/rOMERQO/tree/master




rOMERO-Example

dominikl / rOMERO ®@Watch 2 % Star o  YFork 1
<> Code Issues 1 Pull requests o Pulse Graphs
Branch: master v rOMERO / examples / Create new file  Find file = History
@ dominikl Removed dev_5_3 example Latest commit d76f5ca 5 days ago
[E)loadCSV.R Added attachFile method 6 days ago
Tags »
2 8
Key-Value Pairs ’ g
Attachments v g |
%] | *]
z2 o
ImageJ-Hoechst_ND - n000001-Results-2016-06-30.csv c 2
(502.15 KB)
- 8 |
&
demoCambridge.png (62.58 KB) - X ﬁ
: g - )
Ratlngs » - T T T T T T
0 200 400 600 800 1000
df$StdDev

https://github.com/dominikl/rOMERQO/tree/master 27
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OMERO Matlab Toolbox

OMERUO plugin downloads

Size File Name

R 76558

Plugin

~

é Imaged / Fiji

OMERQO .insight-ij-5.2 4-ice35-

Checksum

f4d64020

L b23.zip (SHAD)
| |{}‘ OMERO .matlab-5 2 4-ice35- 0035cbc2
L‘ Matlab Ry AAMB Ly e

« Instructions for downloading and installing the ImageJ plugin: Using Image] with OMERO
« Instructions for using the Matlab plugin are at: OMERO Matlab language bindings

6 O O MATLAB R2014b
HOME PLOTS APPS EDITOR PUBLISH VIEW HE L E
— =
E_D_:I E ﬁ l:iiFlndFlles P l=> Insert %& f:/‘ - [2 @ ERunSe(lion @
New Open Save (5 Compare I;EﬂGoTo' Comment & ':B f} Breakpoints  Run  Runand @Advmce Run and
- - v = Print \{ Find ~ Indent i 5 ~  Advance Time
FILE| print... sep ME EDIT \ BREAKPOINTS RUN _
<> EH AN gam » Downloads » OMERO.matlab-5.2.4-ice35-b23 »
Current Folder tor - Micromanager_Matlab_Omero.m ® x |EZNERERIEEENIREIESE [
B (Name & Page Setp... ngp‘ correct_segmentation.m .| Micromanager_Matlab_Omero.m | + |
> annotations 19
» [ delete 20 %0MERO Session —
» [ helper 21 ssParams
> Image 22 - host= 'localhost'; %Host address
> o 7El= username = 'robot_user-1462183292'; %Username for Insight
» [ libs 24 - password = 'ome'; %Password for Insight
> roi 25 - folder_depth_bioformats=10;
%) connectOmero.m 26 - ProjectName = 'Balaji';
) Contents.m 27 - DatasetName = 'Micromanager_Demo'; =
7] createObjectDictionary.m 28 % —
£ findOmero.m 29 %Load Omero
%) getAnnotationTypes.m 30 - client = loadOmero(host);
7] getObjectTypes.m 31 - session = client.createSession(username, password);
%) getOmerojars.m 32 - client.enableKeepAlive(60);
2 ice.config EE]
) loadOmero.m

7] omeroKeepAlive.m Command Window

#) omeroVersion.m

] unloadOmero.m New to MATLAB? See resources for Getting Started.

fx >> cd('/Users/bramalingam/Downloads/OMERO.matlab-5.2.4-ice35-b23")

Details
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objectSelector, ‘

1. Choose channels
to measure.

2. Click on the object
in the top window
that you want to

measure from.

3. Click on the object
in the hottom window
that you want to
measure to.

4. Click the "Accept"
button.
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Nature Methods 9, 245-253.




Analysis Integrations (Not Discussed here):

FLIMfit— fluorescence lifetime fitting (Matlab)
uTrack— Globally optimised object tracking (Matlab)

ThunderSTORM and PALMSiever- Localisation SRM (ImagedJ,
Matlab)

OMERO-ICY plugin. (Java)

OMERO-CellProfiler (Python)

WND-CHRM-- weighted nearest neighbor machine learning
(Python)

OMERO2CV- LSFM Multi-View Reconstruction (C++, OpenCYV,
ITK)

Coumbus Acapella®-- commercial Big Data processing...
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OMERO and Cell Profiler
Tomerrs) DL ey - =)

File Edit Test Sample DataTools Window Help

The Metadata module optionally allows you to extract information describing your images (i.e, metadata) which will be stored along with your measurements. This information can be contained
in the file name andor location, or in an e: file.

Path /URL | Series | Frame  ChannelName | ColorFormat | SizeC | SizeT | SizeZ | Z
1 omero:id=162789 None None ExplCami monochrome |1 1 36 0
2 omero:id=162789 0 0 Exp1Cam1 monochrome |1 1 1 0
3 omero:id=162789 0 1 Exp1Cam1 monochrome |1 1 1 1
4 omero:id=162789 0 2 Exp1Cam1 monochrome |1 1 1 2
5 omero:id=162789 0 3 ExpiCam1 monochrome |1 1 1 3 .
6 omero:id=162783 0 4 ExpiCam1 monochrome |1 1 1 4 TeYe logigion
7 omero:id=162789 0 5 Exp1Cam1 monochrome |1 1 1 5 n ~
8 omero:id=162789 0 6 ExpiCam1 monochrome |1 1 1 6 S l! il

: Port: 4064
9 omero:id=162789 0 7 ExpiCam1 monochrome |1 1 1 7 i [potack
ser:
10 omero:iid=162789 0 8 Exp1Cam1 monochrome |1 1 1 8 . P eecercerene
11 omeroid=162789 0 9 ExpiCami monochrome | 1 1 1 9 asswo
_C t | Connected
B 12 omero:id=162789 0 10 ExpiCam1 monochrome |1 1 1 10 [pGonrect.]
13 omero:id=162783 0 11 Exp1Cam1 monochrome |1 1 1 11
|P> Start Test Mode P Analyze Images — —_—— -
b o tmges
A N —
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Some useful links

o OMERO Downloads:

http://downloads.openmicroscopy.org/omero/

o OMERO Help Pages:

http://help.openmicroscopy.ora/

o OMERO Forums:

https://www.openmicroscopy.org/community/

o OMERO demo server:

http://help.openmicroscopy.org/demo-server.html
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