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1 Background

Cell imaging techniques are integral to succedgtikcience studies and, at the dawn of the
post-genome sequencing era, techniques that pémmiticcurate localization of genes and
their products within cells and tissues will be ewer-increasing demand. The rapidly
developing field of cell imaging techniques has agjse contributed to the current

understanding of cell structure and function. Thidienensional fluorescence in situ

hybridization, 3D-FISH, is used to study the orgation and positioning of chromosomes,
sub chromosomal regions, and/or specific sequesael as genes or RNA in cellular

preparations by hybridization of probes with compdatary sequences in cells chromatin
preserved 3D structure.

2 Introduction

Many different programs allow 3D-FISH experimentage analysis (commercials or free),
one of the more efficient programs to process 3BH-tonfocal microscopy images is Smart
3D-FISH, an ImageJ plug-in designed to automaticatialyze distances between gene spots.
This ImageJ plug-in provides a powerful automatiocpssing mode able to detect and
measure object distances in multiple-channel erparts. After processing, Smart 3D-FISH
uses predefined parameters (for objects and imdgealito estimate segmentation quality.
Results are then manually checked using variouduymexd text and image files. That point
was a problem with Smart 3D-FISH because of itsr pser interface, the spread of data in
various text and image files also made this postgssing step time-consuming. We decided
to develop new software, NEMO, a Smart 3D-FISH biegd user interface providing all data
in one place to improve result investigation, givinser ability to change some of the
automatic processing parameters and adding sonedsia management functionalities. We
also tuned Smart 3D-FISH to better detect chromestamitories

3 Architecture

Nemois a Java application using many java librariesdpecially the Smart 3D-FISH library
developed by Thomas Boudier which useslthagellibrary (Wayne Rasband). To avoid any
Java version problem, a Java runtime environmes) ($ bundled intdNemoinstallation
packagej(e directory).
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4 |nstallation

Nemo can be used under Windows and Linux 32 bigfgeins (Macintosh and 64 bits
packages will come later), each version can belyfreewnloaded from https://www-
Igc.toulouse.inra.fr web sifdemosection.

4.1 Windows 32 bhits installation

Download theNemo-Win32.zigile from the web site, unzip this zip archive wdaer you
want on your hard drive but in a place where youeharite access (a log file will be
generated at this place). That’s it! You can rumiddoy double-click omemo.exdile.

4.2 Linux 32 bits installation

Download theNemo-Linux32.tar.gfile from the web site, unzip this zip archive wdager
you want on your hard drive but in a place whera fiave write access (a log file will be
generated at this place). That's it! You can rumideby executing th®unNemao.sliile (if
this file is not executable, rushmod a+x ./RunNemo.sbr use you desktop manager
interface.
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5 Preferences setup

Open the preferences dialog (File->Preferences)

P -1

Preferences
B2 Connexion string jdbeimysal: ) furanus, baulouse, inra. frimacro3d
Database user name ru:u:uI:|

Dakabase user password |olala

Connected bo database

Database SOL source [ Show S0L source ]

Database connexion [ Test ]

[ 04 ][ Annuler ]

You can get the SQL source code by clicking on $hew SQL source popup window
provide complete SQL source you can copy and pagieyour MySQL management tool to
create database tables.

After database tables are created, you can praowideconnection string, user name and
password to let Nemo connect to database. Clicthetestbutton to check Nemo can reach
database.

NB: considering following connection stringdbc:mysql://uranus.toulouse.inra.fr/macro3d
uranus.toulouse.inra.fis the MySQL server name
macro3dis the database name

TheConnected to databasteckbox disable connection when unchecked.

Creating and opening fields

If you want your data be stored into a MySQL dasghgou must first create the database on
your local computer (using XAMPP or any other loeBISQL package) or you can use any
available MySQL LAN server (ask you system admmaistr). The SQL source code to create
database tables can be copy from the Nemo prefesehalog
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6 Creating and opening fields

6.1 Creating a new field

A field is a set of cell lying on the same suppamtd acquired in the same images. Before
processing individual cells, you must create a Neietd to import images and setup
processing parameters. Open the New Field dialbg-fNew Field ...)

A field is a file system directory containing imagand data in dedicated subfolder using
Nemo predefined names. Three steps are to be ctamplereate a field:

6.1.1 Field name and path

‘New Field ... B

Steps Field name and path

1. Field name and path
2. Setup channels

3. Import channels images Field name MyField
Field storage path Cuhanalysis
Configuration file path | DuhAnalysisiMyFieldymfish3d, conf | _F.h

Suivant. = i Annuler

Field nametext is used to create a directory in thield storage pathfolder. The field
configuration file is automatically namexifish3d.confind is stored in the field directory. As
an example, the values used in the screen dumgregite a directory namédyField in the
D:\Analysisfolder, the field configuration filemfish3d.confwill be then stored in this field
directory O:\Analysis\MyField) For Nemo, a field is a directory



NB:
The configuration file is stored by default in tiedd directory but it can be named differently

and stored in another place. By example, user eaidéd to store all configuration files in a
dedicated directory.
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6.1.2 Setup channels

Mew Field ...

Steps Setup channels

1. Field name and path channsls list

2. 5etup channels :

3. Import channels images Calor number| || % |

Channel GEMNE NameE Color Mucleus

0{Mudeus Blue | ] |
1{THF Magerta | [] |
[ = Précadent J [ Suivant. = ] e

This page is used to provide channel number, cadogr names. One “Nucleus” channel is

mandatory because Nemo need a “container charmglfocess some measurements (angle,
local ray). The nucleus channel is processed diffiy since it only one object is assumed to

be bigger than others.

NB:
Nemo better process chromosome territories if chlaname is prefixed by “TC_” string, this
tag will activate some changes in image processing:
- TopHat 3D filter is disabled
- One automatic segmentation threshold value calonlgarameter is different than
for genes.
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6.1.3 Import channels images

d

S50 (M381-01_Series018_z034_chO0): 512517 pixels; 8-bit 15ME

u

345060 (N351-01_Series018_z034_ch013; 512x512 pixels; 8-hit, 15MB

New Field ... Ed

Steps Import channels images

1. Field name and path
#. Getup channels
3. Imporkt channels images

Use the Following butkons to open per channel image stacks in new windows

Use this button to open animage file

; IU=ze this button to import image sequences

ie

Then select window name Far each channel popup menu

Mucleus | El.wannell;lil.tif ™

TME | channel-1.tF |

< Précédent ] |_ Terminer ]| Annuler l

This step provides per channel images stack imp@uibit or 16-bit grey level TIFF image

stacks can be imported for each channel (additionage formats will be supported in a
future release). NEMO can process epifluorescetieeofivolved or not) and confocal stacks
but results pertinence will always depends on raage quality

User open one stack window per channel and thectsebrresponding windows name for
each channel using the bottom popup menus. Clicklerminate” button to create the new
field.
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NB:
Do not close stack windows before the new fieldisplayed in Nemo main panel.

6.2 Opening an existing field

You can open any Nemo existing field by openinganbfiguration file: use the File->open
menu, navigate to the configuration file and clickopen button. After a loading waiting time
(depending on the number of field cell), you wittghe Nemo main panel showing your
field. You can also use thele->recentsmenu to quickly re-open recently opened fields.
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7 Adding individual cells from fields

You can define each cell by manually drawing aaegf interest (ROI) onto the field image.
This ROl is used to produce a sub image represgotity that cell for further processing.
NEMO also provides a function that detects autoradlyi cells in fields taking into account
circularity and minimum area parameters for indiabtnuclei. Each added cell is represented
in the small cell outline image (above tdd cellbutton).You can also display this image in
a dedicated resizable window by a single clickhim $mall cell outline image.

7.1 Manual cut

Open the field stack by using tiell->Add cell from fieldnenu; use one of the tools from
toolbar to draw one ROI representing one cell.

46 Cut cell from field @
QQ OOola0,+ HIIN .

Cell pumber- |1

() Automatic
Cire, min
Area Min

Exftension

(%) Manual

€% add cell

®=497, y=123, 2=31, value=164 [
< »|

Close ‘

& Zoom in O Rectangular selection 7%  Polygonal selection
& Zoom out i3 Circular selection ™ Free selection
# Magic wand Point selection mi  Selectall

Invert selection

£+

Dilate/erode

"4



R

You can move ROI using the keyboard arrow keys, AlLdrrows key enlarge/reduce ROI
having the upper left fixed, press the CTRL + UFRRC + DOWN keys to dilate/erode ROI
of one pixel.
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After cell is outlined, click on thadd cellbutton to let Nemo cutting a sub image
representing only that cell for further processiggch cell gets a numbered name (you can
change in theell numbertextbox if necessary); this number is automatyciaicremented by
each cell addition.

7.2 Automatic cut

You can ask Nemo to automatically detect and cilg t@ you: check th@automaticradio
button and click on the adrll button Each cell ROl is detected and tested against 2
parameters:

- Circularity min: minimal circularity value to accept ROI. A cirewity value of 1.0
indicates a perfect circle. As the value approa€hdésindicates an increasingly
elongated shape.

- Area min minimum 2D area (in pixels) value to accept ROI

Each accepted ROl is then dilated usinggRensiomumber of pixels to get some
background for each cell (this dilation value isyvienage quality dependant).
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8 Browsing cells

You can browse cell channel images by double-aligktell name from the left panel tree
view: each cell channel images are individualizedne stack, ready to be processed.

& MyField - Nemo M =)<
File Edition Cel Channel Object Help
:} b » B B 7 i"_-%’:_i |g o | AL .é"'\:-_ B O 3 L% &

Iy Field i
4 e ¥ cell 1 Q Q

' 1{Mot processed)
¢ Mucleus (snr=07 {not proce
(3 THF {snr=0] {not processe
: A TC_33C7 (snr=0) {not prog
-7 Z(Nat processed)

4 | *
Cell name
Skatus
Comments
[v Foom Synchro =M, y=3, =25 , value=0
Databaze P [ ]

-

Distances \Biodessing iog)

Mucleus Disk. center Disk, Border Angle Dist. Centerl toBo... | Dist, CenterZ ko Bo...

Use the horizontal scroll bar to explore stack @esion, you can zoom in and zoom out by
using the upper right small icons. When the cell & processed, a second image column
will display per channel segmented images but leefwocessing cells, you must setup field
parameters.

NB:
Most of the field, cell, channel and object acti@as be triggered by using toolbar buttons,
main windows popup menus or tree view contextualume
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9 How Nemo segments objects and provide distances

9.1 Segmentation method

In order to detect objects, NEMO first determingylabal threshold on the image, this
threshold differs according to the type of deteatbgects: spots, areas (like CTs) or whole
nucleus. Maximum local pixels above this globak#old are computed and serve as seeds
for objects. From each seed a local thresholdngpeded, all neighbourhood pixels above this
local threshold are aggregated to the seed to foenobject. Only the global threshold need to
be adapted from one feature to another, the gltrashold is based on a quantile of
histogram. However this quantile could be a param@h a future Nemo release) in order to
deal with the variety of images and features. Adddally a 3D median filter (radius = 2) is
applied in order to reduce noise and improve seggtien. A 3D tophat filer (radius = 5) is
applied to enhance spot detection by subtractiogl loackground.

Nemo can use following 2 special settings that omprCTs segmentation:

* The quantile value for CTs global threshold cotapion is set to 99.79 % instead of
99.98 % (default gene channel value). This quantllee has been manually adjusted using
representative 3D chromosome segmentation expetriseth

* The TopHat3D filter is disabled for CTs

User must tag channel as “CT” channel to activiaése special settings (see 9.3)

9.2 Distances

Distances are computed for each pair of objectstaDces are euclidean distances weighted
by the xy and z resolution defined by the user. NlEMbmputes centre to centre distances
between objects; it also computes the border oh edgject allowing the computation of
centre to border distances and border to bordéardies. Border distances may be useful to
compute for instance the distance of a spot tartmbrane of the nucleus.

9.3 How to tag a channel as Chromosome Territory

Nemo special settings for CTs detection can beaed by using “TC_" prefix in channel
name (e.g.: TC_SSC7). You can check Nemo will ube $&ttings by verifying TopHat 3D
filter is disabled and cannot be check (checkbaksabled) in channel processing
parameters. Log file also denote CTs settings usage
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10 Field parameters

Two parameter types are to be setup: segmentatiomagion parameters (channel and object
level) and processing parameters. Segmentationmasbn parameters are used after
processing to highlight unreliable results by sfy@og minimal image signal-to-noise ratio
value, expected object number, minimum and maximobject volumes. Processing
parameters define filters to run on raw images (dted3D, TopHat 3D, mathematical

morphologic 3D) and xyz resolutions Click on = 2button from the toolbar or from the tree
view field level contextual menu.

-~

~ Field configuration

=,

Channels

Mucleus

ThF

TC_S5C7

General parameters

%Y resalukion

Z resolution

Manme THF
Iin SMR. a0

Mb Objects z

in ol 0,0z

Z Objects min wal |1
Max Wal 1
Z Objects min, disk, 10
Smaooth object
Skip medians0 ]
Skip topHatsD [F]

0,099
0,244

[ Cancel ] [ (]9 ]

User select a channel in the left panel list tldig or update selected channel parameters in

the right panel:

10.1Segmentation estimation parameters

10.1.1

Channel level:

Min SNR(Minimal Signal to Noise Ratio value)
Channel will be tagged withleow SNRmessage if channel SNR value if lovidin SNR. A
Low SNR channel usually denotes a low quality imsgerce.

Nb objects Expected object number)



Channel will be tagged wittnore object®r less objecby comparing detected object number
with this value.

Nemo user guide

10.1.2 Object level
Min vol (Object minimum volumg
Object will be tagged witlsmall objectif it volume is lower tharMin vol. This parameter is
used to tag small object resulting from image sraglfacts. Such objects are displayed but
they are excluded from results (files and databasksss user explicitly accepts them.

Max Vol (Object maximum volume)

Object will be tagged witlvig objectif it volume is greater thaMax vol This parameter is
used to tag big object resulting from image bigfasts. Such objects are displayed but they
are excluded from results (files and database)ssniser explicitly accepts them.

10.2Processing parameters

Smooth Object
Use a morpho-mathematical 3D filter to smooth disj€8D closing procedure)

Skip median 3D
Ask Nemo to skip Median3D filter

Skip TopHat 3D
Ask Nemo to skip TopHat 3D filter

XY resolution
X and Y dimension resolution value

Z resolution
Z dimension resolution value

TwoObjects min vahnd TwoObject min disparameters are used to select candidate objects
for splitting into two smaller objects (gene chrdidaoverlapping chromosome).
* TwoObjects min volouble object minimum volume)
If object volume is greater or equalTavoObjects min vand lower or equal tMax Vol
Nemo will try to split it as 2 smaller objects. Beetwo sub objects are then accepted only
if their local maxima distance is greater tiamoObjects min digsee below).

* TwoObjects min disSub objects minimum distance)
Minimal local maxima distance to accept sub objeotsing from object split.

These volume and distance parameters cannot bectigrsetup at the very first Nemo run
(unless user knows exactly expecting objects sizegr firstly applies default values and tune
them regarding produced results.

NB: You can disable double object detection by settiregsame value fofwoObjects min
vol andMax Vol.
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11 Processing cells

You can process a cell by using it tree view cotutaxmenu or tool bar buttc b .Processing

a cell means that each channel is sequentiallyegesa. If you want to tune some parameters
for a single channel only, you can process onlynglas channel by using the same buttons
having selecting the channel name in the tree vidve. Process dialog title will reflect your
tree view selection.

Cell 1 is selected Cell 1 TNF channel is selected
P Process cell 1 P Process channel THF
hoose a processing option Choose a processing option
(#) Detect and measure: {(#) Detect and measure
() Detect anly (") Detect anly
) Measure only (") Measure anly
[ Cancel ] [ Ik ] [ Cancel ] [ (o] 4 ]

To process a channel, Nemo first detect objects thath measure various distances.
Sometimes, channels objects cannot be automateifcted because of artefacts, bad image
dynamic, etc. In that case, user can help Nemogusime tools (we will see later) which
implies successive channel processing until thelresacceptable. In that situation, user can
choose to only detect object without measuringvimichmeasurement processing time. When
the segmentation result is correct, user can chimogely measure distances (this can be done
at the cell or channel level).

NB:

If some measure are not up to date with detecﬁd"_‘-{ﬁe'd*

objects (user has run a new detection fora - * denote
S 0 Mucleus (snr=163) ()

channel but has forget to re-run the 4 notup to

* 2O THF (sne=100) {)(*
measurement on the channel newly detected” o ror

objects), stars characters (*) shows not up to = .o Tz
date channels. Run a measure only processings 2 TC_55C7 (snr=121} (Less objects)
to synchronize measurements with objects. - Z{Mat processed)

date data

You can follow Nemo processing in tReocessing lodottom tab, Nemo write a lot of things
in this tab, this can help you to understand whaigippening or why nothing happens (by
example when Nemo performs longs task like Topidtraedian filters, border to border
and feret distances for big objects). Click ondbk in the tree view to see the cell log, click
on the field to see the field log. These logs aztraea tractability data and can be foundag
files in field folder.
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12 Understanding results

Results are composed of object characteristics vammus distances concerning pairs of
objects. Results are stored in files at the timeatilation but user can browse then using the
bottomDistancetable main panel.

12.10bject characteristics

Object characteristics are shown when user clic@lgact in tree view, here is the list:
Centroid XYZ coordinates, volume, area, compaddgal ray, Feret Distance. The local ray
value is the length of the segment starting fromrhcleus center, passing through the object
center and ending at the nucleus border. Compadiotumé * 36 * Pl) / Ared, is equal to

1 for perfect sphere and decrease to O for lessrgpih objects. Feret distance is the longest
distance between any two points along the objectuiMe, area and distances are calculated
using the field configuration XY and Z resolutions

12.2Distances

Various distance are displayed when user click lmannel (homologous distances) or cell
(heterologous distances). Homologous distancesliatance between objects pairs from the
same channel, homologous distance can only existshiinnel having more than one object.
Click on any channel to display homologous distantt¢eterologous distances are distance
between cell objects pairs from different chann€ick on cell to display heterologous
distances. Each object pair distance is made ofdl@ving values: center to center, border
to border, centre to border (2 combinations), ariblemologous distances only) and co-
localization percentage (heterologous distanceg)oiihe border to border distance is the
shortest distance between any two points alongliects borders (equal O when objects are
connected). The angle value uses the nucleus caniargin. The co-localisation percentage
is the smallest object into biggest object co-lsedion ratio. You can select table lines using
mouse and Ctrl-C to copy data to clipboard.
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13 Helping Nemo to better detect objects

Nemo detect objects in two steps: image maximunelpiare detected using a histogram
based threshold value; these pixels are then usesead for 3D connectivity algorithm

combined with local threshold. The histogram baglecdeshold value is automatically

calculated by Nemo using fixed quantile values:98% for genes and 99.79% for

chromosomes territories, these values were compoyedstimating corresponding objects
volumes and numbers in cells (up to 4 spots foregeand 2 spots for chromosome
territories). There are many ways to help Nemo éteb detect objects: user can change
segmentation threshold, mask some image partsjderav manually positioned seed and
finally user can draw object using per slice RQbimmages.

13.1Changing segmentation threshold

In some images, Nemo can miss or over estimate simeets, this problem usually come

from a shifted threshold value caused by noisyoar diynamic images. In that case, user can
manually change the threshold using the set thiéstialog (Channel menu->Set channel

Threshold) for the channel.

.

(3 Set TNF threshold for cell 1
hoose a channel threshold method
{1 aukomatic threshold
45 =
=0, y=1, z=28, valug=0
£ [l b3
I Cancel ] I Ok I

This dialog displays the threshold image to heler setting up the manual value. Reducing
the threshold value can make missing object appeaneasing threshold value will reduce
threshold pixel number, this can potentially chatige pixel seed localisation so final object
can be quite different.
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13.2Masking image parts

Images can be degraded by signals user knows tleegréfacts (probes in cytoplasm, RNA
residues, etc.). This kind of image generally catmgoautomatically processed because of the
histogram perturbation; one method to potentiakytfie problem is to mask these artifacts.
Nemo provide a non destructive tool to mask imaaygsp per slice or for all slices. This mask
can be applied to one channel only or all channels.

13.2.1 Edit mask

Select the channel you want to mask images andhededit image maskontextual menu:
The following dialog appears:

(22 Edit channel image mask ...

QA OO0, + HIIN W

w=af, y==21, =29, valle=46
% *

[ Cancel ] [ oK I

Select the zone you want to mask using any seted¢tiol and click on thes button to
exclude this zone. If it is easier to define zam&dep than zone to exclude, select the zone to
keep and click on th&: button. All defined zone are included or excludédy cannot be
mixed. After clicking on the OK button, Nemo displde defined mask in main view, if you
choose to exclude zones, Nemo will use red boaeehote zone to mask. If you choose to
draw zones to keep only for processing, Nemo va# green borders. In any cases, a small
blue circle will be displayed on the masked chartresd view icon (or cell icon if entire cell
was masked).



& MyField - Memo
File Edtion Cel Channel Object Help

- == - &
b EBE ®@% E | o6 3B @ Ho o Te

@ M_YF'IE'(E'*} " Cell 1
i [#C Muclews (snr=163) ()
- =D TNF (snr=100) ()(*)

1 ko TNFL

i e TWF-2

[T _S5C7 (snr=121) 1]
a0 2(MNot\processed)
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£ [ | >
Zell name
Skatus

Comrenks [

v Zoom Synchro x=1, yv=7F, z=29 , value=0
Database < 5|

-

Distances | Blogessinglog)

This kind of image mask is defined for all image<hannel stack (scroll the Z dimension to

see that mask is the same for all slices). At msiog time Nemo will replace masked pixels

by 0 values. You can also mask all channels wighsme mask by selecting the cell to mask
in the tree view before using thelit mask image treeiew contextual menu.

13.2.2 Edit per slice mask

In some situations, you may want to exclude attifan some specific slices only (artifacts
between objects in Z dimension but in the same ¥¥éR To edit per slice image masks,
select the channel (or cell) and use the tree Hdivper slice image masiontextual menu.
The following dialog appears:
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|2 Edit per slice channel image mask ...

QA OO|GU, + HMIIN W

=54, y=M, 2=35, value=0
< |

>

[] Copy RCT o next slice [ Zancel ] [ Ik ]

This dialog provides the same function than theviptes except thayou can define one
different ROI per slice. Check theCopy ROI to next sliceheckbox to duplicate current ROI
to any slice you browse using the Z scroll bar. Wbéject to mask do not vary too much
between slices, user can draw a first ROI (maipsjhahen duplicate this ROI using tbepy
ROI to next slicdunction, and finally adjust each slice ROI to geaAfter clicking on the
OK button, Nemo display the defined mask (red borde exclusion, green border for
inclusion) in the channel images. A small blueleinill be displayed on the masked channel
tree view icon (or cell icon if entire cell was rkad). You can check that ROI are different
for each slice by browsing image stack.

13.2.3 Remove image mask

Image mask can be removed from channel or frons d®ll using the tree view contextual
menuRemove image mas&ince the masking process does not change souages, you
will get unchanged raw images.
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13.3Detect object from manual seed

We saw that Nemo use some automatically threshedd pixels to detect objects by 3D
connectivity algorithm. You can ask Nemo to skip ffeed pixels detection phase and to use a
manually image positioned pixel as seed. This foncis useful in situations where tuning
threshold bring too much object perturbation ancnvkthere is no artifact to mask in raw
images. Select the channel you want to add objeenal use th®etect object from manual
seediree view contextual menu. The following dialogagrs:

|2 Detect object from manual seed

QA DO0AVH/|+HIIN ¥ RE

w=h3, y=49, 2=37, valug=0
£ | [ >

[ Cancel ] [ oK ]

Click on the Point tool icon in the toolbe%§ and then click in the image at the place you
want to put the seed. Click on the OK button toNetmo starting the process using your
manual seed. After processing, detected objectheiltlisplayed in the segmented images, a
specific icon ) is used in the tree view to denote objects betacted from manual seed.
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13.4 Draw 3D object

If none of previously described techniques gavisfsation, you can draw object directly on
channel stack using successive ROI (one roi pee)sliSelect the channel you want to add
object on and use thBraw 3D objecttree view contextual menu. The following dialog
appears:

|<| Draw 3D object using one ROl per slice
R DOGQF+ HiIN I

w=b4, y=23, 2=31, valug=h
£ [ >

[] Copy RCT o next slice [ Cancel ] [ Ok ]

You can use any selection tool to outline objeicesper slice, use théopy ROI to next slice
checkbox to duplicate current ROI to any slice ydtwowse using bottom scrollbar (Z
dimension scrollbar).

NB:
Please, outline_only one continuoobject using this method, if you define more tloane
object, Nemo will probably get confused.

14 Resetting channels and cells

You can reset a channel or a cell using the treev veset contextual menu. Resetting a
channel will remove all objects, measurements, syaskanual threshold and temporary files
(TopHat and median filters are stored as fileslunéisk is untouched or while is no mask).

15 Open in file explorer

Use this menu to directly open the field directoryour file manager, this menu works under
windows but can be buggy with Linux (depending onrnydesktop manager).

16 Show in separate windows
This menu display all channels merged segmentedemand raw image.



17 Using the slice cutter

Sometime many fully black slices can appears bedackafter pertinent images, this can be a
problem for automatic threshold because of theograim shift. You can remove such black
slice using the Z cutter: select the cell in theetview and use th& cutter tree view
contextual menu; following dialog appears (usezthem button to enlarge images).
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| £ Slice cutter @
Select skark Select end

25/80 | (4180 i
w=5h, y=53, =23, valu¢=D w=h4, y=15, z=40, valu¢=D
£ [ [3 | | | [ 3

[ Cancel l [ Ok ]

Select the new starting slice by positioning thié $erollbar, and the new ending slice by
positioning the right scrollbar. Slices before thew start and after the new end will be
physically removed: this is a destructive operatr@moved slices cannot be restored later

18 The 3D projection view

After cell is processed, user can show a Y axilsprejection view displaying all channels.

19 The 3D reconstruction view

After cell is processed, user can show a 3D celbmstruction view displaying nucleus as
transparent shape, chromosome territories (if amyjoints cloud and gene as shape. Click on
the cell to display in the tree view and choose $f®w 3D reconstruction viemenu
contextual menu (or cell menu). The following wimdappears:
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(=) MyField/1

You can rotate cell by using mouse left button, enthe cell with the mouse right button and
zoom-in /zoom-out with the mouse scroll button.
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20 Validating results

After cell has been processed (one shot in autcmatde or through many manual tuning),
you can select cell status and write a commerttarcell properties panel.

A& MyField - Nemo IE@
File Edition Zell Channel Object Help
QPR IE 23 BHs AXOBNGD O
MyField h
# 4 W cell 1 Q
: * ) Mucleus (snr=163) ()
++-(C2) TNF (snr=100) ()
:- ) TC_55C7 (snr=121) {Le|

-0 2{Mok processed)

Cell properties panel

Cellname 1

Status ) Mot validated v |
Y Mot validated

O ok

ERpRE (}Unreliable
O Rejected W Faom Syrnchro x=2, y=26, 2=, value=0
Database Mot in database < >

-

Distances | Processing log

| Object/Cbiject Disk, center Dist. Border % Coloc, Dist. Centerl toB... | Dist. Center2toB... ||

Mucleus-1/THF-1 1,2 0,56 100 0,57 0,83
Mucleus-1/THF-2 1,59 0,24 100 1,1 0,68

TC_S5C7-1 0,53 o 1og 0,3 0,89
55071 0,52 o 44 0,1 0,65

TNF-2/TC_55C7-1  |1,46 o, 0 0,14 0,86

If database is setup and reachable, any statusnements update will trigger the results save
to database. You can also force the results dagadzmse by clicking on the sa\EI toolbar
icon or tree view contextual menu.
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21 Browsing database

You can browse the results from the MySQL datahesseg the database browser tool; use
theFile->Database browsemenu to open the following window.

-

=%

& Fish3D Database Browser {myfish3d on localhost)

Data  Edit Output type drive criteria usage in query
e LOn /\
Cells i-(-fl;uanné.l-s I 65]'.8&:-5. i Distance / Okt
Display cells where ... © cell
el () Objects
S () Distances
Warring | Al | I
Status | Al ™
. | Seatch
Field Cell Absoluke ., | skatus creation ... | update d... | comment warned |
AF4F 30 55... [BF4F 300 5., [Disfimage,.. Mok validated [2009-03-24  |null krie
M3GE1-01 mM3G1-01f1  |Ddisfimage. .. Mok validated (2009-07-24  (noll krie
rob roby1 CADocume, .. Ok Z009-09-04  |mull sdfsdfsdfsdf  |true

Connected to myfish3d (on localbaost) |:]

3 rowls) returned

Select the output type in the top right panel &eadbjects or distances), this will change the
result table columns composition and the way dateill be used in queryBy example, if
output iscells channelstab criteria will be used aBisplay cells having at least one channel

S0 3w
Cells | Channels | Objects || Distance Output
Displzy calls having at lzast one channel where ., © Cells
Channel () Objects
Disk
Cbject number status |.ﬁ.II &I () Distances




B

If output type whereObjects channels tab criteria were used &ssplay objects from
channels where...
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09 B ®
Cells | Channels | Ohjects || Diskance oukput
Display chiscts From channel where .. () Cells
Channel (%) Dbjects
Object number skatus | Al v () Distances

So be careful to read the criteria tab top labeirtderstand how criteria are used. You can use
wildcards character:

% replaces any number of characters
replaces only one character

Click on the column headers to change sort ordewn, gan select result table rows using
mouse left button and copy (CTRL-C) them into ctipld. Click on the trash to delete cell
from database only (cell is not deleted from féesyou can still open from field). The print
button ESJ) produce a very basic result table output.



R

Nemo user guide

22 Using Nemo in command line mode

You can use Nemo in command line mode; this caumskéul for batch processing on servers
or clusters. Use the following parameters:

-c (--cut) . Automatically cut cells

-d (--dirFromConfFile) : Use configration file tead field path value from
-f (--file) FILE : Configuration file to open

-g (--noGUI) : Do not show graphical user ifaee

-h (--help) : Show this help

-| (--logFile) FILE : send logging informations file path

-n (--startCutFrom) INT VALUE : :Start automatiat from value

-0 (--logToStdout) : send logging info to stdatead of nemo.log file
-p (--processAll) : Process all cells

-v (--version) : Show version

Here is an example of command line to ask Nemogssing a field in command line mode
with no graphical user interface and redirectinggiag information to stdout. We assume that
Nemo.jar file is in theC:\nemo directory and that our field configuration file is the
C:\MyField directory.
After been positioned into the Nemo directacg C:\Nem9, type:

Ajre\bin\java -Xms512m -Xmx1024m -jar nemo.jaC MyField \mfish3d.conf -g -p

This will start field outlined cells processingaiommand line mode.
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23 Licence

CREATIVE COMMONS CORPORATION IS NOT A LAW FIRM ANDDOES NOT
PROVIDE LEGAL SERVICES. DISTRIBUTION OF THIS LICENE DOES NOT
CREATE AN ATTORNEY-CLIENT RELATIONSHIP. CREATIVE C®IMONS
PROVIDES THIS INFORMATION ON AN "AS-IS" BASIS. CREAVE COMMONS
MAKES NO WARRANTIES REGARDING THE INFORMATION PROWED, AND
DISCLAIMS LIABILITY FOR DAMAGES RESULTING FROM ITSUSE.

Licence

THE WORK (AS DEFINED BELOW) IS PROVIDED UNDER THEERMS OF THIS
CREATIVE COMMONS PUBLIC LICENCE ("CCPL" OR "LICENCE. THE WORK IS
PROTECTED BY COPYRIGHT AND/OR OTHER APPLICABLE LAWANY USE OF
THE WORK OTHER THAN AS AUTHORIZED UNDER THIS LICENE OR
COPYRIGHT LAW IS PROHIBITED. BY EXERCISING ANY RIGHS TO THE WORK
PROVIDED HERE, YOU ACCEPT AND AGREE TO BE BOUND BYHE TERMS OF
THIS LICENCE. THE LICENSOR GRANTS YOU THE RIGHTS @OAINED HERE IN
CONSIDERATION OF YOUR ACCEPTANCE OF SUCH TERMS ANDONDITIONS.

This Creative Commons England and Wales Public rideeenables You (all capitalised
terms defined below) to view, edit, modify, transland distribute Works worldwide, under
the terms of this licence, provided that You créiaét Original Author.

‘The Licensor' [one or more legally recognised persons or estitifering the Work under
the terms and conditions of this Licence]

and

‘You'

agree as follows:
1. Definitions

a. "Attribution” means acknowledging all the parties who have tared to and have
rights in the Work or Collective Work under thisknce.

b. "Collective Work"™ means the Work in its entirety in unmodified foatong with a
number of other separate and independent worksiraed into a collective whole.

c. "Derivative Work" means any work created by the editing, modificatadaptation
or translation of the Work in any media (howevevak that constitutes a Collective
Work will not be considered a Derivative Work ftwetpurpose of this Licence). For
the avoidance of doubt, where the Work is a mugioaiposition or sound recording,
the synchronization of the Work in timed-relatiorthwa moving image ("synching")
will be considered a Derivative Work for the purpas this Licence.
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2. Lice
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"Licence" means this Creative Commons England and WalesidPulitence
agreement.

"Original Author" means the individual (or entity) who created therkY

"Work" means the work protected by copyright which it under the terms of
this Licence.

For the purpose of this Licence, when not incoesistvith the context, words in the
singular number include the plural number.

nce Terms

2.1 The Licensor hereby grants to You a worldwirdgalty-free, non-exclusive, Licence for

use an

d for the duration of copyright in the Work.

You may:

copy the Work;

incorporate the Work into one or more Collective &)

copy the Work as incorporated in any Collective Wand

publish, distribute, archive, perform or otherwieseminate the Work or the Work as
incorporated in any Collective Work, to the pubhicany material form in any media
whether now known or hereafter created.

HOWEVER,

You must not:

impose any terms on the use to be made of the \Wuoitke Work as incorporated in a
Collective Work that alter or restrict the termstbis Licence or any rights granted
under it or has the effect or intent of restrictthg ability to exercise those rights;
impose any digital rights management technologyttm® Work or the Work as
incorporated in a Collective Work that alters ostriets the terms of this Licence or
any rights granted under it or has the effect aenh of restricting the ability to
exercise those rights;

make any Derivative Works;

sublicense the Work;

subject the Work to any derogatory treatment ameeéfin the Copyright, Designs and
Patents Act 1988.

FINALLY,

Youm

ust:

make reference to this Licence (by Uniform Resoudsntifier (URI), spoken word
or as appropriate to the media used) on all copigke Work and Collective Works
published, distributed, performed or otherwise elisthated or made available to the
public by You;

recognise the Licensor's / Original Author's rigiit attribution in any Work and
Collective Work that You publish, distribute, parfoor otherwise disseminate to the
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public and ensure that You credit the Licensorig@al Author as appropriate to the
media used; and

« to the extent reasonably practicable, keep inthaoéices that refer to this Licence, in
particular the URI, if any, that the Licensor sfiesi to be associated with the Work,
unless such URI does not refer to the copyrighiceatr licensing information for the
Work.

Additional Provisions for third parties making use of the Work
2.2. Further licence from the Licensor
Each time You publish, distribute, perform or othise disseminate

« the Work; or
« the Work as incorporated in a Collective Work

the Licensor agrees to offer to the relevant thady making use of the Work (in any of the
alternatives set out above) a licence to use thek\Wo the same terms and conditions as
granted to You hereunder.

2.3. This Licence does not affect any rights thatWser may have under any applicable law,
including fair use, fair dealing or any other ldgalecognised limitation or exception to
copyright infringement.

2.4. All rights not expressly granted by the Licemare hereby reserved, including but not
limited to, the exclusive right to collect, whethedividually or via a licensing body, such as
a collecting society, royalties for any use of erk.

3. Warranties and Disclaimer

Except as required by law, the Work is licensedtly Licensor on an "as is" and "as
available" basis and without any warranty of anydkieither express or implied.

4. Limit of Liability

Subject to any liability which may not be excludedimited by law the Licensor shall not be
liable and hereby expressly excludes all liabildyloss or damage howsoever and whenever
caused to You.

5. Termination

The rights granted to You under this Licence stelninate automatically upon any breach
by You of the terms of this Licence. Individuals emtities who have received Collective
Works from You under this Licence, however, willtneave their Licences terminated
provided such individuals or entities remain ifl tdmpliance with those Licences.

6. General



6.1. The validity or enforceability of the remaigiterms of this agreement is not affected by
the holding of any provision of it to be invalid mnenforceable.
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6.2. This Licence constitutes the entire Licenceeggent between the parties with respect to
the Work licensed here. There are no understandmg®ements or representations with
respect to the Work not specified here. The Licersdall not be bound by any additional
provisions that may appear in any communicatioany form.

6.3. A person who is not a party to this Licencallshave no rights under the Contracts
(Rights of Third Parties) Act 1999 to enforce amyt®terms.

6.4. This Licence shall be governed by the law ofjlend and Wales and the parties
irrevocably submit to the exclusive jurisdictiontbé Courts of England and Wales.

7. On the role of Creative Commons

7.1. Neither the Licensor nor the User may useCteative Commons logo except to indicate
that the Work is licensed under a Creative Comnigcence. Any permitted use has to be in
compliance with the Creative Commons trade markjeispiidelines at the time of use of the
Creative Commons trade mark. These guidelines neafobnd on the Creative Commons
website or be otherwise available upon request fiora to time.

7.2. Creative Commons Corporation does not profarfcially from its role in providing this
Licence and will not investigate the claims of amgensor or user of the Licence.

7.3. One of the conditions that Creative Commong@mation requires of the Licensor and
You is an acknowledgement of its limited role agdeement by all who use the Licence that
the Corporation is not responsible to anyone fer $hatements and actions of You or the
Licensor or anyone else attempting to use or usiisgLicence.

7.4. Creative Commons Corporation is not a partyhte Licence, and makes no warranty
whatsoever in connection to the Work or in conmecto the Licence, and in all events is not
liable for any loss or damage resulting from theelnisor's or Your reliance on this Licence or
on its enforceability.

7.5. USE OF THIS LICENCE MEANS THAT YOU AND THE LIENSOR EACH
ACCEPTS THESE CONDITIONS IN SECTION 7.1, 7.2, 7.3,4 AND EACH
ACKNOWLEDGES CREATIVE COMMONS CORPORATION'S VERY MITED ROLE
AS A FACILITATOR OF THE LICENCE FROM THE LICENSORQO YOU.

Creative Commons is not a party to this Licence] arakes no warranty whatsoever in
connection with the Work. Creative Commons will et liable to You or any party on any
legal theory for any damages whatsoever, includwtgout limitation any general, special,
incidental or consequential damages arising in eotion to this licence. Notwithstanding the
foregoing two (2) sentences, if Creative Commons &gpressly identified itself as the
Licensor hereunder, it shall have all rights anligalions of Licensor.
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Except for the limited purpose of indicating to fhéblic that the Work is licensed under the
CCPL, neither party will use the trademark "Creatommons"” or any related trademark or
logo of Creative Commons without the prior writteansent of Creative Commons. Any

permitted use will be in compliance with Creativen@nons' then-current trademark usage
guidelines, as may be published on its websitdlwravise made available upon request from

time to time.

Creative Commons may be contactedtfjt://creativecommons.org/




