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PSLID mission and overview

OME workshop, June 15-16, 2010, Paris




Determination of Protein Location from Microscopy Images
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CD-tagging collection

 Proteome-scale, live cell imaging of tagged proteins

« Using CD-tagging (developed by Jonathan Jarvik and Peter Berget):
Infect population of cells with a retrovirus carrying DNA sequence that
will “tag” in a random gene in its genomic context

* |solate separate
clones, each of which
produces express one
tagged protein

* Use RT-PCR to
identify tagged gene in
each clone

* Collect many live cell
images for each clone
using fluorescence
microscopy
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http://pslid.org

~ PSLID - Protein Subcellular Location
- Image Database

Go to the PSLID database contamung CD-tageced NIH 3T3 cell clones New!

Go to the PSLID Public Database Release 4 (released August 1, 2008)

Download datasets contamed withm PSLID

Download SLIC feature calculation and pattern analyvsis software used m PSLID
Protein Subcelliiar Location Image Database and full PSLID software

[ Supported by the National Institute of General Medical Sciences, Grant GM075205
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PSLID RandTag collection Release 2

4441 GFP-tagged 3T3 cell clones

15-25 images were acquired by automated microscopy (IC100) for
each clone for a total of ~140,000 images. Of those, ~50,000 were
classified as unusable (out of focus, debris containing, too few cells)
so only ~90,000 images appear in the final sets.

~300 distinct proteins identified; tagged protein in remaining clones
being identified by sequencing

667 images from confocal microscopy images for interesting clones

Release 2 to be release on July 11, 2010 (ISMB meeting)
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PSLID principles

Fundamental unit is a set

Elements of sets strongly typed
— 2D, 3D, ...
— Image, cell, object...

Analysis results stored in DB, linked to element
Meta analysis
Search by image content
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PSLID RandTag collection
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PSLID Randtag collection
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Many ways to access and display the data

« Look at overview of the database content
- Database summaries (by target, by subcellular location)

« Automate the query, to include the link in a website for example

- use the URL query
By Target:
http://pslid3.cbi.cmu.edu/RandTag_develop/search.jsp?target=4
0S 20ribosomal 20protein 20528

By experiment :

http://pslid3.cbi.cmu.edu/RandTag_develop/search.jsp?cell_hame=3
T13-CDtag-BM1B10

Returning the answer as HTML or XML format

« browsing the collection by using the web pages
- View plates

- View Summary of the well

- View all the images of the well

- View Set
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URL search: by cell type

“) Mozilla Firefox

File Edit Yiew History

c

cMu [j Murphy Lab

0 Dynamic proteomics in indivi...

Bookmarks  Tools Help

(ot thtp:ﬁpslid&cbi.cmu.edujRandTag_deveIop,l’search.jsp?cell_name=3T3-CDtag-BMlBl0Eﬂ v

My Andrew | | PSLID_pub4 () MBICdb /) MBICdev | | rantag @ HPa (€ psoL B 15p [ Java 4\ Matlab WY French-English A ans 47 LS

[:] PSLID Service Lj http://psli...tag-|

v

2 ‘ ~ randtag

C] PSLID Help Page |j http:/fpslid3. .. rget=VYimentin

Search results for Cell_type: 3T3-CDtag-BM1B 10, Image Type: 2D Static, Target: ALL

90 images retwrned (30 images shown) from the query.

View the summary of set terap3100_12868 7TF45B090C87B76F494 COSEQ49A8.

Next Page

Click % besides a given image to retrieve similar images in the database.

| Image [ Cell Name | Organism [ Experiment | Protocol Target Microscopy & Filter
q 3T3-CDtag-BM1B10 [Mus musculus [3T3-CDtag-BM1 [3T3 RandTag Protocol 2 [unidentified |CellLab IC100 Image Cytometer
Image 256
g 3T3-CDtag-BMI1B10 [Mus musculus [3T3-CDtag-BM1 [3T3 RandTag Protocol 2 dna CellLab IC100 Image Cytometer
Image 257
g - 3T3-CDtag-BM1B10 [Mus musculus [3T3-CDtag-BM1 |3T3 RandTag Protocol 2 none CellLab IC100 Image Cytometer
Image 258
o ‘
3T3-CDtag-BM1B10 [Mus musculus [3T3-CDtag-BM1 [3T3 RandTag Protocol 2 [unidentified |CellLab IC100 Image Cytometer
Image 259 250
- 3T3-CDtag-BM1B10 |Mus musculus 3T3-CDtag-BM1 [3T3 RandTag Protocol 2 dna CellLab IC100 Image Cytometer
Image 260
- 3T3-CDtag-BM1B10 |Mus musculus 3T3-CDtag-BM1 |3T3 RandTag Protocol 2 none CellLab IC100 Image Cytometer
Imace 261
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URL search: by target

View  History

File  Edit

O -c

cmMu \j Murphy Lab

@ Dynamic proteomics in individual human...

Bookmarks Tools Help

LR % @tp:HpslidS.cbi.cmu.eduj’RandTag_deveIopfsearch.jsp?target=405 ribosomal protein SD M '.' - randtag

My Andrew [j PSLID_pub4 Q MBICdb 5'} MBICdeyv [j rantag € HPA PSQL Jsp Java 4\ Matlab WR French-English As ans A7 CLS

| ] PSLID Service

£3 lj http://pslid3.c...20protein%20528 3 I -+

Search results for Image Type: 2D Static, Target: 405 nbosomal protein 528

22 images retwned (30 images shown) from the query.

View the summary of set temp3105_12868 7TF45B090C8 TB76F494 COSEQ49A8.

Click % besides a given image to retrieve similar images in the database.

| Image |

F

Image 214

Cell Name Organism Experiment Protocol Target Microscopy & Filter
3T3-CDtag-BEM1B9 muﬁ;“lclll;us 3T3-CDtag-BM1 3T3 ansz_ng Protocol ( 405 libosgl protein Celle};jiiE&?mge
3T3-CDtag-EM1B9 mul’:ICu:lus 3T3-CDtag-BM1 3T3 R’md'l';g Protocol | 408 1ibos$\l protein Celle‘l;'tIOCl‘i:]g‘ll‘lmge
3T3-CDtag-BM1B9 muhf;:]us 3T3-CDtag-BM1 3T3 R‘In(l'l';g Protocol | 408 n'bosgl protein Celle}#iiE&?mge
3T3-CDtag-EM1E9 muI:I:uslus 3T3-CDtag-BM1 3T3 R‘degag Protocol | 408 11'b03£;\l protein (‘elle};jiiE&?mge
3T3-CDtag-EM1B9 muh;l:;lus 3T3-CDtag-BM1 3T3 ansz—ag Protocol | 408 1'ib03£;\l protein Celle}#iiS&?mge
3T3-CDtag-BEM1B9 muI\;I:uslus 3T3-CDtag-BM1 3T3 R‘uulT;g Protocol | 408 1’ibos§nl protein Celle}#ii:]ﬂ?mge
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URL search: by target, returned in XML format

) Mozilla Firefox

File Edit View History Bookmarks Tools Help

v c A Y @ttp:ﬂpslid&cbi.cmu.edulRandTag_develop,l'return_xm|_list.jsp?listtype=target ) g -.‘* randtag /‘j" \@\ M

cMU || MurphyLab My Andrew | ] PSLID_pub4 {) MBICdb () MBICdev | | rantag @ Hea (€ psqL [ 15p B Java 4\ Matlab WI French-Engish A< Ans /7 LS »
0 Dynanmic proteomics in indivi... Lj PSLID Service £3 C) PSLID Help Page £3 ﬂ http://psli...type=target 3 I Lj http:/pslid3. .. entified: %202 = - I -
~

— <pslid_target_list>
— <results_summary>
<num_records> 199 </num_records>
<fresults_summary>
— <target_results>
— <target_result>
- <target>
1-phosphatidylinositol-4,5-bisphosphate phosphodiesterase delta-1 (Phosphoinositide phospholipase C){Phospholipase C-delta-1)(PLC-delta-1){PLC-III)
<ftarget>
<number_of stacks> 3 </mumber_of stacks>
<ftarget_result>
— <target_result>
- <target>
28 kDa heat- and acid-stable phosphoprotein (PDGF-assoctated proten)(PAP)(PDGFA-associated protein 1)(PAP1)
<ftarget>
<number_of stacks> 4 </mumber_of stacks>
<ftarget_result>
— <target_result>
<target> 408 ribosomal protein 511 </target>
<number_of stacks> 4 <mumber_of stacks>
<ftarget_result>
— <target_result>
<target> 408 ribosomal protein 524 </target>
<number_of stacks> 4 <mumber_of stacks>
<ftarget_result>
— <target_result>
<target> 405 rihosomal protein 528 </target>
<number_of stacks> 22 </number_of_stacks>
<ftarget result>
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View by plate

) View by Plate - Mozilla Firefox
File Edit View History Bookmarks Tools Help
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Images of one well

) PSLID Service - Mozilla Firefox
File Edit View History Bookmarks Tools Help

v c Y % ﬂ http:/pslid3.cbi.cmu.edu/RandTag_developfview_well.jsp?setname=CZ1DS_IC100&Exp_title= "]!?‘ﬂ v '." randtag

cMU | ] MurphyLlab My Andrew | ] PSLID_pub4 O mBICdb {) MBICdev | | rantag @ HPa (€ psoL B 15p K Java 4\ Matlab W French-English A= ans 47 LS

@ Dynamic proteomics in individual huma... \_1] View by Plate Q] PSLID Service ﬂ http://pslid3.cbi. .. |%%20protein%20528
Experiment: 3T3-CDtag-CZ1
Microscope: IC100
Set Name: CZ1D5 IC100

OME workshop, June 15-16, 2010, Paris




View Set Summary

@8 Safari File Edit View History Bookmarks Window Help - WO DO C M= ) G699 Mon630PM - Q
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Dataset Information
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" 8 ¢ Gene: Rpl7 Ensembl Cell #samples 3T3-CDtag-CZ1D5 (25
X > e Current Curated Location: none listed pe | pies) ° @)
. P Current Proposed Location(s): none listed Unique fields in set 25
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m (Submit proposed Iocation)

‘ » ¢ Location from image classification:

g Major class(es):cytoskeleton Minor class(es):cytoplasm .

- threshold for major classes: (0.5 [#) threshold for mipér classes: (0.1 [3) (Redo thresholding ) Feature Set Information

<) Cell name: 3T3-CDtag-CZ1D5

‘ o Experiment title: 3T3-CDtag-CZ1 Feature Set % calculated

Q e Downlomtssaage files SLF21 100%
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E Dataset Information SLF34 100%
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Multi criterion search

) PSLID Service - Mozilla Firefox

File Edit View History Bookmarks Tools Help

@. N Y % ﬂ http://pslid3.cbi.cmu.edufRandTag_develop/search_set_RT.jsp

@ cvu | MurphyLab My Andrew | ] PSLID_pub4 ) MBICdb () MBICdev | | rantag @ HPa (€] Psg

(D Dynamic proteomics in individual human... | | PSLID Service || PSLID Se

Logged in
as.demo

ntey a search condition

Cell type (=clone name): aLL \ v

Protocol type: |ALL \ b
Microscope type: ALL v
- Experiment title (=So1rt): ALL hd
Sequence Date: |aLL v
Gene name: |Rpl? / v

ene Assignment Confidenc e/

- LMequences / b
v
ﬁLogout Search
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Search by Gene Name

) PSLID Service - Mozilla Firefox

File Edit Yew History Bookmarks Tools Help
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move start Click on a feature for details. Click or drag in the base position track to zoom in. move end
2 ‘? 1‘? Click gray/blue bars on left for track options and descriptions. 2.0
S— |3T3-CDtag-BN2E7 | Rpl7 [ENSH _ _ o]
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Analysis tools

Segmentation/feature calculation
Typical image selection

Set comparison

Feature selection

Classifier training/use

Stacked/meta classifier training/use
Clustering to sets

Generative models training/synthesis
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Exporting from PSLID

 For any set, can export

— Feature file for selected feature set
 Matlab .mat file
« CSV
« Tab delimited

— Zip file containing all images
 Original format

« OME TIFF
— Images
— Metadata (OME XML + PSLID custom anotations)
— Analysis results

 HDF5 (coming)
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PSLID data model

+ |3 http://murphylab.web.cmu.edu/services/FMAS/

Murphy
Lab Fluorescence Microscopy Annotation Schema
Home
Information
People e Version 1: February 15, 2002 - database specifications
Addresses e Version 1.1: September 11, 2002 - database specifications
D%C"IM1 t e Version 1.2: May 28, 2003 - database specifications & ER Diagram
it e Version 2.1: August 25, 2005 - integrated table viewer and ER diagram
FCS API e Version 2.3: July 17, 2006 - integrated table viewer and ER diagram

e Version 3.0: December 15, 2006 - integrated table viewer and ER diagram
Research e Version 5.0: August 1, 2009 - database specifications & ER Diagram
Projects
Publications
Software
Presentations
Flow Cytomet
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FMAS schema

tbimicroscopy_filter
stack_feature_values thistack tblmicroscopy loboctive
_feature_y . Tilter_id: integer Siectiveiar Trteger
o Tnteger microscopy_id: inte an
acopy_id: intege objective_name: character varying(60)

_featurs_values_id: integer

objects;

microscopy_filter_id: integer
T - “ _id: integer b3 mamufacturer: character varying(60)

thifeature stack_id: integer
T tine_sar integer
(O Feetureid integer — + double precizion ——64q  astector_iar integer Rerutactuser: Sharacier
ture_nane: character varying(s0) o] cargreiar integer dotactor i snteger anodel - chasacte vaning )
stack_descriptions character varying(s0) . R = b3 magnification: integer
enission filter_angle: double precision illumination_id: integer T

featurs_description: character varying(100)
integer oscope. nteger
microscope_td: integ ey

exposure_time: character varying(30)

t character varying(60)

aye_id
rial_number: character varying(30)

num_dimensions: in

nun_channels: integer
thifiiter
eacn a1s ineeger thlsub2sub T T T enission magnification: double precision P
thifeatureset stack_id2: integer po— filter_name: character varying(60) Tilumination_id: int
Testureset_name: character varying(100] feature_id: integer _pass_type: character varying(60) i1lumination name: character varying(0)
integer ds_value: double precision [——8q__perent id: integer £i_upper: integer tbicondenser 1_types character varying(60)
o< integer ! £ilorer: integer — 1 manufacturer: character varying(60)
integer character varying(30 £i thickness: double precizion P e e - 1 model: character varying(60)
session: character varying(40) thisubstance run: character varying(300) condenser_nane: character varving60) serial_number: character varyin
= haracter varying(300) cond_manufacturer: character varying(60) 41_serial_nusber: charact ving(30)

arying(300)

11 spectran: character

thi3dregion_sets

dbuser: text

cond_model: character varying(60)

ETTTET— integer
cet_name: character varying(100) varying(500) cond_serial_number: character varying(30)
Source_organism_mesh_heading: character varying(40)
—0q  thrdregion id: integer ganien_mesh }
Cemorables integer tbimask source_organism_nesh_treenumber: character varying(40) thimicroscope
thisingle_3dreglon_feature_values 8d  cupplicr_id: integer o = o
= = vpe: integer Ererrer— - B4 fislaof view_id: integer brdetector microscope id: integer
Tinale Saregion featurevalues id: integer nteger e eyt (120) cupplies_part_mumber: integer el microzcops_name: character varying(60)
thrdregion_id: in character varying(30) ok url: ox varying cubstance_mesh_heading: character varying(256) L aetector 14 nteger mi_manufacturer: character varying(60)
lod ceature sar integer O aractor varriag 10, cubstance mesh_tresmumber: character varying(i0) dstector name: charactsr varying(s0) mimodsl: character varying(s0)
53_value: double precision uniprot_Link: character varying(100) det_type: character varying(30) mi_serial_mumber: character varying(30)
thifield_of_view character varying(30)
dst_model: character varying(30)
L Freta ot vien_iar integer -
o1 ‘ibi3dreglon tbisupplier o o det_gain: double precision
louble_3dregion_feature_values g session: character varying(io) —6< integer - e w " thlclassification
Goubls_aregion Twes 14 integer Thraregion_id: integer FoH| cupplier id: integer [H— 3 double precision e oreets doubie precios Tnteger
- - ctack dd: nteger be cupplier_name: character varying(50) double precizion et _offset; double precision
rdregion i s Amtene cupplier_url: character varying(120) integer acuble precision _id: integer
thraregion_id2 mask_ids integer thiregion_generator = e doable precision classified prob: double precision
loq reature sd: integer TeTon seeretorid: integer cotors inte e bre depens intoger class_index: integer
d3_values dowble precision seqmenter: character varying(100) biaye niincr inteser dst_serial_number: character varying(30)
thiregion parameter: character varying(200) varying(300)
- o aveias integer
——H  resioniar imeger tinestanp without time zone e e varvington) po— thiclassifi
[—8q  inage_id: integer e Y vingtans ye meth heading: thatactor varying(60) = TTameifier_mamer character varying(100]
thisingle_reglon_feature_values integer cssion: v e e —64  =1iae_iar ineger thlexperiment €lass_index: integer
*_coor: integer - cell_type_ids integer set_class_name: character varyin
STrTeTesion Testure vaTee 10 Toene x e iniosion maes integer vl CIS— oot 1ar trteger set_stass_naner chasscter vasying100)
veoor: integer experiment id: integer . uwser_claze_name: character varying(100)
region id: integer supplier_id: integer o ressarcher_id: integer _class
gton “ removable: integer upplier S protocol_id: integer : - N featureset_name: character varying(100)
lod reaturs ta: intoger s o cupplier_part_number: integer xp.title: character varying(30) .
sr_value: dowble precision Zocoion: charerrer varyinal exp_date: character varying(30) : integer
tblimage thicell_type
PR T — thislide_label — -  character varylng(3o
X cTi_type_iar integer a30)
tbldouble_reglon_feature_values P— stack_id: integer bo—rI iide_idr integer cell_name: character varying(30) thiprotocol chazacter varying(i0)
e Fegien Featare paties 3 Lrteger reglon_sets tnage s haracter varying 230 Label sd: integer cel1 organiom: character varying(30) Srotorel 18T Tnteger classifier_id: intsger = nextval('cla
sesion sl nteges Tt Id: e - staci pos: dnkager atce_mumbers character varying(s0) rotocel title: eharacter varying(100) classifier_type: integer
pegen s ines character varying(100) dns ntes cell_mesh_heading: character varying(60) protocol_author: character varying(100)
9 "a “;Ef‘ } ‘;‘1995‘ N A @ integer ydins "d‘ 9:;’ N cell mesh_tres_number: character varying(60) protocol_reference: character varying(300)
dr_value: double precision integer #_coor: double precision o e e ron, [r——
T — perneabilization: character varying(100) T
i integ N . label_id: integer rH— tbisequencing_info substrate: character varying(100) + integer
+ character varying(30) L—6q ave_id: integer temperature: double precizion + cnaracter varying(30)
P —— chatacter varring(10) tblimage_sets Lineinames eharacter varying(100 S aneger pomperatune: donble preciion o sesrcher_nane: anaracter w00
9! ge_! A text Trteoer Carget ids integer cell_type_id: integer _tex researcher_email_add: character varying
Tinals imags_feature valaes idr inteoer character varying(100) igand elase 14 integer direction: character varying(10) researcher_phone_mum: charactes varying(30)
image_id: integer : integer
led turs_id: integer integer
=5 _valus: dowble precision : integer thllaboratory
integer character varying(50)
\ ehmzacter vazyingtan) Character varying(1500) nd I
sb_name: character varying(30)
thidouble_image_feature_values + character varying(40) thisession_log + date o s et 130,
Goub1s image_feature valae iar inteoer test Freg— character varying(s0) tblpslid_info tbldbuser oy emait_ada: chazacter vazying(30)
Veraion: character varying(20] Lab_phone_num: character varying(30)

username: text

client_name: texd N date: character varying(20)
. Tiont name: test " g i gete: Sheracter vanpingi)
ip_address: character varying chr_info: character varying(50) sere N v
ended: timestamp without time zome eainfor character varying (230)
: Stamp x intron: character varying(30)
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Importing into OMERO

« OME TIFF with PSLID custom annotations

— Works with current OMERO.importer
— Can’t load/read custom annotations
— should be fixed in OMERO 4.2

* Currently require additional import into PSLID
server to capture the rest of the annotations
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Adding PSLID tags to OME-XML

« Description of cell lines, reagents and probes in
sample

 Features, classifications, and other results from
analysis
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Sample Description

Slide — L] Label
I T [ T
1 | 1 1 L) 0" ]1.* 1
Experiment Protocol Cell type Substance Dye
Target Ligand
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Target reasoning

* Annotations specify
— excitation wavelength and emission filters for each image
— labels (substances, dyes) present in each sample

 Code reasons
out which
target
substance is
visualized in
each image

Welcome, Sample Labeling and Target Reasoning
demo

The current target for this image is: Lysosomal membrane glycoprotein 2
Search
Based on the sample labeling and image collection descriptions, the target of this
image can be inferred as follows:
The dye(s) used in this sample is (are): Cy5, DAPI
The emission filter used for this image is: Cy5 em filter
Resulte The wavelength range of this filter is: 665 nm - 740 nm
The dye in this sample that matches the filter is: Cy5 (peak emission 670 nm)
The sample is labeled with Cy5, which is attached to goat IgG.

L t
— The sample is labeled with goat IgG anti mouse IgG, which is goat IgG
whose target is mouse IgG.
Reference The sample is labeled with mouse IgG anti LAMP2, which is mouse IgG

whose target is Lysosomal membrane glycoprotein 2.

PSLID Public
Database Therefore, by reasoning, the final target is: Lysosomal membrane glycoprotein 2
release 4.0 The reasoned target agrees with the current target.
PSLID
Software Do you want to do such target reasoning for all the images in this set?
release 4.0
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Welcome,
demo

Logout

Reference

PSLID Public
Database
release 4.0
PSLID
Software
release 4.0

Sample Labeling and Target Reasoning

The current target for this image is: Lysosomal membrane glycoprotein 2

Based on the sample labeling and image collection descriptions, the target of this
image can be inferred as follows:

The dye(s) used in this sample is (are): Cy5, DAPI

The emission filter used for this image is: Cy5 em filter

The wavelength range of this filter is: 665 nm - 740 nm

The dye in this sample that matches the filter is: Cy5 (peak emission 670 nm)

The sample is labeled with Cy5, which is attached to goat IgG.

The sample is labeled with goat IgG anti mouse IgG, which is goat IgG
whose target is mouse IgG.

The sample is labeled with mouse IgG anti LAMP2, which is mouse IgG
whose target is Lysosomal membrane glycoprotein 2.

Therefore, by reasoning, the final target is: Lysosomal membrane glycoprotein 2
The reasoned target agrees with the current target.

Do you want to do such target reasoning for all the images in this set?

Yes
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Target reasoning

* Permits identification of generalizations and

specializations
— Can search for “tubulin” and find all isoforms

— Can search for “tubulin-alpha” and be asked “No matches,

do you want to see images of tubulin-beta?”

* Permits automatically find differences in reagents and

associate them with differences in results
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PSLID analysis results metadata

1.*

Classifier

Stack Set
I T |
Region : 3D Region
Image set Generator Region set Set
T, 7. 7.
Image Mask Region 3D Region

1.*

1.9 1.+ 1

1

R IEE

1

.9 11.*

1

Classification

2D Single Image
feature value

Feature Set

2D Single Region
Feature Value

3D Single Region
Feature Value

Subcellular
Location

2 1.* 2 2
T 2D Double 3D Double
f Qilolis rlnage Feature Region Feature Region Feature
eature value \alue \alue
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PSLID client and OMERO server

« PSLID client can connect to OMERO server to
select images and create a PSLID set from them

e Currently: duplicated in PSLID server

* Planned: replace “plumbing” in PSLID server
with calls to OMERO server

— Feasibility tests completed
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PSLID-OMERO

OMERO.server
. Upload/retrieve e ——— ;
OMERO client P B —

IO Unversity  ComseMork: TeX 10 GF  Documents pertdoc _ petre

t’il‘i‘ié Open Microscopy Environi

ﬁﬂ‘

i R [ A3
4l

OMERO.insight

Upload/retrieve

-Data management PSLID client/server
-Browse images

-Measurement Invoke PSLID S

-Interact with PSLID ﬁ

\_ /
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PUnMix: Pattern unmixing

« Many proteins (or other macromolecules) may
be found in more than one organelle

* Features “see” each combination of organelles
as a new pattern

« Can we “unmix” such mixed patterns?



* Assume that we have markers that are found in only
one subcellular location (fundamental pattern)

* Assume that each fundamental pattern can be
represented by some combination of distinct object
types (e.g., 10% small round objects and 90% long
skinny objects)

« Assume that a mixed pattern is formed by adding to
gether the objects from fundamental patterns

« Then for each unknown image we can calculate the
fraction of fluorescence in each object type, and
then estimate how much of each fundamental
pattern must be present



Find objects in each
image

i

Learn object types from
pure samples

i

Learn model for g :LySO Mito
distributions of object el
types in pur samples > ]
E s
3 o0
1 2 3 4 5

Object Type Index

€71 %lyso=0.45

g15
Determine pattern 5 10
fractions for mixed g s ] I ‘
Images < ’ 1 . 2 . 3 . 4 . 5 |

Object Type Index




Examples of Object Types

Type A




Supervised unmixing results

Estimated conc.

700

600 |
500 |
400 |
300 |
200 |

100

Mitotracker

200 400
Actual conc.

600

Estimated conc.

300

250 |

200 |

Lysotracker

Actual conc.



PUnmix and OMERO

« New PUnmix release July 11, 2010
e \Versions

— Matlab source
— Compiled matlab for MacOS, Windows, Linux

e Supports training on or unmixing images from
local disk or multiple OMERO servers
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PUnmix GUI

u PUnmix

— Image Loader

— Select protein images

— Pattern Analysis
— Fundamental patterns

Select name:

or name it:

List of
fundamental
patterns:

-

[ Add pattern ] [ Delete pattern ]

[OMERO LocalD Delete ’ ‘ Clear ’ o
MName the model: ‘ |
— Select DNA images (optional) | Tan | [ Cearar |
~
— Unmix mixed pattern
Select a model:
~
Unmix run’
)
l OMERO ’ | Local ’ | Delete I l Clear ] - Clear
— Unmixing result
Pattern 1 Pattern 2 ‘

Linear unmix

Multinomial unmix

Fluofraction unmix
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PUnmix GUI

- PUnmix

=& R

— Image Loader

— Select protein images

— Pattern Analysis

— Fundamental patterns
Select name: | |

or name it:

List of
fundamental
patterns:

— Select DNA

OMERO

i

| OMERO ‘ B omerolmageSelectionDialog

— Connection Settings

OMERO Host omepsiid. comphio.cs cmu edu

Username demo Password

Port 4063 [Remember Settings]

— Unmixing i

— Data

Images

Projects

-

Datasets

tubhiswt_C1.ome tif

tubhiswt_C2.ome tif




PUnmix after | rt f OMERO
2 : - : o - - - W -_
n PUnmix =
— Image Loader — Pattern Analysis
— Select protein images — Fundamental patterns 7
nmix-source-v1.1htest_with_tubhistwtitest1\protiubl . Select name: | v |
x-source-v1.1btest with_tubhistwtiest1 protiub 3 =
or name it:
List of T
fundamental
patterns:
[ Add pattern ] [ Delete pattern ]

)

MName the model: -

T
Clear ’
] [ Clear All

<
‘ OMERO ’ l Local ’ ‘ Delete ] ‘
— Select DNA images (optional) | Train
-~
— Unmix mixed pattern
Select a model:
i M
|
‘ OMEROQ ’ ‘ Local ’ | Delete J Clear - l Clear
— Unmixing result
Pattern 1 Pattern 2
Linear unmix -
Multinomial unmix E
Fluofraction unmix v
o a S - ~ o -




PUnmix adding

local |

Bl Punmix = [EB] %
— Image Loader — Pattern Analysis
— Select protein images — Fundamental patterns 7
nmix-source-v1.1btest_with_tubhistwttest1\prottubl . Select name: | v
inmix-source-v1.1btest with_tubhistwtitest1‘protiub : —
or name it:
stof AL _
n Select protein images po— - @
) lg Lookin: | |, prot LI ~ 5 Ev
‘ OMERO ’ ‘ focat ’ .:I;’ Name Date taken Tags Size Rating
3 ~¢; | &% Stack-00001 & Stack-00015
. ' Recent Places | stack-00002 & Stack-00016
— Select DNA images (optional) . & Stack-00003 & Stack-00017
|| Stack-00004 || Stack-00018
Desidop /& Stack-00005 & Stack-00019
r | & Stack-00006 || Stack-00020
Lot & Stack-00007 & Stack-00021
Abdul Saboor & 5tack-00008 & Stack-00022
&‘L: | &% Stack-00009 & Stack-00023
e & Stack-00010 &/ Stack-00024
Computer &/ Stack-00011 & Stack-00025
‘ OMERO ’ ‘ v ’ L‘. % Stack-00012 | &/ Stack-00026
- & Stack-00013 \&| Stack-00027
Network & Stack-00014 & Stack-00028
" — Unmixing result <] = z
¥ ! File name: I"Stack-00012.bmp" "Stack-00001.bmp" "Stacl«;_l Open I
inear unmix
Multinomial unmij Files of type: [Bitmap Files (*.BMP) L.I ﬂl
Fluofraction unm = %




PUnmix tralnlng mlxmg model

- W oW W oL
n PUnmix =HE= X

— Image Loader — Pattern Analysis
— Fundamenrtal patterns

— Select protein images

X -VT. IX- =V 2 R Select name: | v
Jnmix-source-v1.1bpunmix-source-v1.1b\dataimages’ } v-&l
Jnmix-source-v1.1b\punmix-source-v1.1b\dataimages’ o name it:
Jnmix-source-v1.1bpunmix-source-v1.1b\dataimages' Mitochondrion
Jnmix-source-v1.1b\punmix-source-v1.1b\datalimages’
Jnmix-source-v1.1b\punmix-source-v1.1b\datalimages’ List of
Jnmix-source-v1.1b\punmix-source-v1.1b\dataimages’ fundamental
Unmix-source-v1.1b\punmix-source-v1. 1b\data\mages*.. ‘ patterns:

Jnmlx source- v1 1b\punm|x -Source- v1 Ab\dataimages’

ce-v1.1 LW i
[ Add pattern ] [ Delete pattern ]

‘ OMERO ’ | Local ’ ‘ Delete ] ‘ Clear ’ "
MName the model:

— Select DNA images (optional) | Tan | [ Cearal |

— Unmix mixed pattern

Select a model:

Delete

-

‘ OMERQ ’ ‘ Local ’ | Delete J Clear - Clear

— Unmixing result

il

Pattern 1 Pattern 2

Linear unmix

el »

Multinomial unmix

Fluofraction unmix v

OME workshop, June 15-16, 2010, Paris



- PUnmix

PUnmix training mixing model

I

— Image Loader

— Pattern Analysis

— Select protein images

‘ OMERO ] ‘ Local ] ‘ Delete

’ ‘ Clear

— Select DNA images (optional)

-

[OMERO ’ ‘ Local ] ‘ Delete

’ | Clear

— Fundamental patterns

Select name: v |

or name it:

List of Mitochondrion
fundamental

patterns:

[ Add pattern ] [ Delete pattern ]

Name the model: Unm|xMrtoLysol

[ Train ] [ Clear All ]

— Unmix mixed pattern

Select a model:

Delete

- Clear

Ji

— Unmixing result

Pattern 1

Pattern 2 ‘

Linear unmix

Multinomial unmix

Fluofraction unmix

lel »
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n PUnmix
— Image Loader — Pattern Analysis
— Select protein images — Fundamental patterns 7
- Select name: v
or name it
: Lysosome -
List of Mitochondrion
fundamental
patterns:
[ Add pattern ] [ Delete pattern ]

-

Train

hame the model: :U'nniikMrit'oLyso ‘
‘ Clear All

‘ OMERO ’ l Local ’ ‘ Delete ] ‘ Clear ’
il
=L

Imix run

— Select DNA images (optional)

a4
Learning mixture model...
Delete

‘ OMERQ ’ ‘ Local ’ I Delete ’ Clear - l Clear

Pattern 1

Pattern 2

— Unmixing result

Linear unmix

Multinomial unmix
Fluofraction unmix




PUnmix training mixi del
2 : - : o - - - W -_
n PUnmix ==
— Image Loader — Pattern Analysis
— Select protein images — Fundamental patterns 7
- Select name: | v |
or name it
: Lysosome -
List of Mitochondrion
fundamental
patterns:
= [ Add pattern ] [Delete pattern]
Local ’ ‘ Delete ] ‘ Clear ’ e e |
Mame the model: UnmixMitoLyso ‘
[ Train ] [ Clear Al i

( OMERO | 4
-~
— Unmix mixed pattern
Select a model:

— Select DNA images (optional)

‘ OMERO ’ ‘ Local ’ | Delete J Clear
T — Unmixing result
Pattern 1 Pattern 2
Linear unmix P -
Multinomial unmix L
Fluofraction unmix v
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SLML Suite

« SLML suite (Subcellular Location Markup
Language) which can learn generative models of
subcellular patterns from images and can
synthesize new images from them
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Generative Cell Models

Nucleus

Cell

Model
membrane

parameters

Gaussian objects Probability Density Function

Protein

distribution Zhao &

Murphy
2007




Synthesized Images

Lysosomes Endosomes

= Have portable tool for generating images from model
T



SLML Suite and OMERO

* Adding same OMERO read interface used by
PUnMix
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Meta Classification: Graphical Models

Original image segmentation feature extraction

Cell# feat1 feat2 feat3 ...
1 0.78 157 0.01
2 083 236 0.01
3 071 209 0.03

|

Trained

classifier

Result of the classification

|

ER likelihood of each class
Lysosome
Tubulin Cell# ER Lyso. Tub...

1 058 032 0.10
2 040 045 015
3 032 030 0.38

Improve labels by
loopy belief
propagation
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Confusion Matrix after prior updating

Result of the classification Graph Prior updating
Nuclear ER Golgi Lyso. Mito. | Nucleol | Actin Endo. | Tubulin

Nuclear 100 0 0 0 0 0 0 0 0
ER 0 98.8 0 0.8 0.4 0 0 0 0
Golgi 0 0.2 93.9 0.7 5.2 0 0 0 0
Lysosomal 0 0.2 0 99.8 0 0 0 0 0
Mito. 0 0 0 1.6 98.4 0 0 0 0
Nucleolar 0 0 0 0 0 100 0 0 0
Actin 0 3.0 0 0 0 0 97.0 0 0
Endosom. 0 5.6 0 12.2 3.8 0 5.6 72.5 0.3
Tubulin 0 0.3 0 0 0 0 0 0 99.7

* Overall accuracy to recognize the 9 classes = 95.6%
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