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Why 3D Image) Suite

 Set of algorithms and tools for 3D Analysis

« Started in 2006, to analyse distances between gene
loci in fluorescence images

- Gue et al., BMC Cancer 6 (20006)
* Need 3D data to get accurate measurements

e Need robust algorithms and tools for automation
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What is 3D Image) Suite

 Set of algorithms and tools for 3D Analysis

* A core library "mcib3d-core"

- 3D Images and related processing
- 3D Objects and related analysis
- 3D Objects population and related analysis

* A set of plugins calling core algorithms, "mcib3d-
plugins”

- Processing, segmentation, analysis, utils
« Open-source
- https://github.com/mcib3d
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Who developed 3D Suite

 Dr Cedric Messaoudi, first version
 Dr Jean Ollion, second version

« Me, supervision and maintenance

« Acknowledgment : Dr Philippe Andrey

« PhD Students : Cédric, Seb, Jean, Jaza, Hoa,
Lamees, Afshin

 Extensive (but not complete) documentation
- https://imagej.net/3D Image] Suite
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What difference in 3D

3D Image analysis :

- Anisotropy in Z

- More noise

- More complex shape in 3D

- More pixels/voxels to process
 Other sets for 3D analysis :

- BoneJ, MorpholLibj, ICY, 3D Object Counter, ...
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Pre-processing - filters

k4

Reduce noise in images [ o —Talx | @ yza ol

54/129; 256256 pixels; 8-bit; 8.1MB 1284256 pixels; 8-bit;

- 3D Filters : mean, median

Enhance contrast of
objects

- For spots : topHat
3D Filters :

- multi-threaded (CPU)

- Ellipsoid neighbourhood > i
(anisotropy) (e o

- Implemented in Image] in
Filters menu

For faster versions :
- JNI (CPU), CLIJ (GPU)
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Pre-processing - edge symmetry

- Edge and symmetry

filter

- Compute edgesin X, Y

and X

- Compute “magnitude”

of edge

- Rays converging
towards centres of

objects
 A. Gertych et al.,

Computers in Biology and

Medecine, 2015
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Pre-processing - seeds

 Finding seeds is
essential for
segmentation

- 1 seed = 1 object

« 3D Local Maxima

« 3D Maxima
Finder

- Similar to Find
Maxima (but slower)
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Pre-processing - seeds

 Finding seeds can
be essential for
segmentation

- 1 seed = 1 object

« 3D Local Maxima

« 3D Maxima
Finder

- Similar to Find
Maxima (but slower)
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Thresholding - hysteresis

 Global 2D thresholding
for 3D images

- Check "stack histogram”
- Check threshold for all slices
« Hysteresis 2 thresholds

- 3 areas : Background,
undetermined, signal

- Undetermined connected to
signal becomes signal

- Signal act as seed in objects
- Remove patches of noise
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Thresholding - iterative

 |terative : check all
threshold and select best
threshold for each object

- Shape criteria (most
round, largest)

- Edge criteria

« Can separate touching
objects

- Two separated objects
have better criteria than
the merged one

« Slow for 16-bits images
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Thresholding - iterative

Iterative : check all
threshold and select best
threshold for each object

- Shape criteria (most
round, largest)

- Edge criteria

Can separate touching
objects

- Two separated objects
have better criteria than
the merged one

« Slow for 16-bits images
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Thresholding - iterative

 |terative : check all
threshold and select best
threshold for each object

- Shape criteria (most
round, largest)

- Edge criteria

« Can separate touching
objects

- Two separated objects
have better criteria than
the merged one

« Slow for 16-bits images
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Segmentation - watershed

« Watershed

 Detect seeds then
cluster voxels
around by
decreasing intensity

- Used in 2D Image] to
separate objects

- Can separate 3D
objects based on seeds

- Will do segmentation
* J. Visvader, WEHI
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Segmentation - watershed

« Watershed

 Detect seeds then
cluster voxels
around by
decreasing intensity

- Used in 2D Image] to
separate objects

- Can separate 3D
objects based on seeds

- Will do segmentation
* J. Visvader, WEHI
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Segmentation - spots and nuclei

« Spots segmentation

- Find seeds : local maxima,
maxima finder

- Local threshold around seeds
« Gaussian fitting

 Nuclel segmentation
(culture cells)

- Z project, thresholding + 2D
watershed separation

- 3D extension

 Tissue and more complex
: ML and DL Gilles et al., DiAna

- Weka, StarDist, CellPose, ...
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Segmentation - spots and nuclei

« Spots segmentation

- Find seeds : local maxima,
maxima finder

- Local threshold around seeds
« Gaussian fitting

 Nuclel segmentation '
(culture cells) ‘h

- Z project, thresholding + 2D
watershed separation 2

- 3D extension

 Tissue and more complex
: ML and DL

- Weka, StarDist, CellPose, ...
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Post-processing

 Process binary
thresholded images

- Erode, dilate (min/max)
« Remove small regions

- opening

e Close small holes
- closing

« Make shapes compact
by closing

- BinaryCloselLabels
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Post-processing

 Process binary
thresholded images

- Erode, dilate (min/max)
« Remove small regions

- opening

e Close small holes
- closing

« Make shapes compact
by closing

- BinaryCloselLabels
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3D Manager

 Manager for 3D objects (ROI)
- First AddImage with a labelled image
 Load/save set of 3Drois
- Specific format .3droi (zip if multiple)
3D visualisation in stacks and 3DViewer
- Overlay in each slice (may take time to compute/update)
- Manual classification (press 0-5)
 Various measurements available
- Check 3DManager options

« Macro recordable + macros extensions (not
detailed here)
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3D Manager

OrigRaw.tif

| 30 Segmentati@[ Add Image |
Rename D = Erase

L Merge | | Splitintwo |

1. 3D Rois list

2. Segmentation + add

| Measure3D || Quantif 3D ]

| Distances @ angles

3. Edlt | Colocalisation || List Voxels |

| 3D viewer | Fill stack |
4. Measurements e @ e

l Live Roi : ON J l Label ]

5. Visualisation | sG] (iJ

» _ -

@
20/31; 63.50x41.12 um (508x329); 8-bit; 4.9MB

6. Load / Save

Menu
[[ex (unity | e (unit) | cz (unit) |vol (unit) | Vol (pix) | Comp (p... | Sp
7 O t / Ab t 16.852 31.797 8.739 5,551 1015 0.165
. p |OnS Ou 27.7 25,119 2.099 29,745 5439 0.025
40.944 13.642 2.28 44,373 8114 0.055
49,67 21.855 5.933 7.345 1343 0.119
24,731 8.493 6.064 44,118 8067 0.101
43.327 13.253 6.831 31.374 5737 0.093
52.635 15176 £.563 5.862 1072 0.129
14.719 22,867 6.436 51.488 9415 0.088
30.667 25,744 7.554 54,02 9878 0.081
L - '—\—/ . ) P'_ 4 |\J ] il
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3D Manager

 Visualisation
- Selected objects

e None = all

- Set of Rois displayed | sas

on current
iImage/slice

- Contour, cen
sphere or BB

- Do not display

Inclusions

NEUBIAS Academy

RoiManager3D 3.96

nucleusl “| | 3D Segmentation Add Image
chrRegion?2
chrRegion3 Rename Delete Erase
spotsl
spots2 Merge Split in two
spots3 =
Measure 3D Quantif 3D
spotso
spots7 Distances Angles
spotsad = = =
spotso —| | Colocalisation List Voxels
spotsl0
spotsll = ‘ =
spots12 3D Viewer Fill Stack
tre iputle Select All Deselect
’ potsld
spotsl5 Live Roi : ON Label
spotslG
spotsl7
spotsla | ,El_u_, H % 6
spots1o bl ) S : =
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3D Manager

| | | |
[ VI S u a I I S a t I o n c:1/3 2:32/65; 186x186 pixels; 16-bit; 13MB

- Selected objects
 None = all

- Set of Rois displayed
on current

iImage/slice

- Contour, centre,
sphere or BB

- Do not display
Inclusions

NEUBIAS Academy T. Boudier - 3D Image)Suite



3D Manager

 Visualisation

- Selected objects
 None = all

- Set of Rois displayed
on current

iImage/slice

- Contour, centre,
sphere or BB

- Do not display
Inclusions
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3D Manager

 Visualisation

- Visualisation based
oNn measurement

- Volume,
compactness, ...

- Using LUT colors

- 3D Viewer (+smooth
mesh) or stack

- Avalilable soon In
macro

25
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LLYEWAES

- Measurements available

- Geometrical measurements of objects
- Shape measurements of objects

- Intensity measurements of objects

- Objects numbering

- Relationship between objects
- Co-localisation, distances
- Angle between 3 objects (centres)
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Geometry

e Centroid
e Volume

- Nb of voxels (5 vox)
T
L
LT

- Nb of “unit cubes” (10 um3)
« Surface

— Nb of border “faces” (22 vox)
- Nb of “unit faces” (36 umz2)
— Corrected surface (14.7 vox)

- Surface area estimation of
digitized 3D objects using 1x1x2
weighted local configurations um?
(Lindblad 2005)
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Geometry

« Centroid

 Volume

- Nb of voxels (5 vox)

- Nb of “unit cubes” (10 um3s)
« Surface

- Nb of border “faces” (22 vox)
- Nb of “unit faces” (36 umz2)

- Corrected surface (14.7 vox) A
« Feret (3.6 um)
) 1x1x2
 Distances to Center (um) um?

- Min (0.89), max (1.84), mean
(1.36), SD (0.44)
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- Compactness and sphericity
2
- Ratio between volume and surface c=387V .g_1

* In voxels or units
- Maximal compaction for sphere (1)
- Compactness discrete

« An easy measure of compactness for 2D and 3D shapes, Bribiesca 2008

@ & &

n=27 n=27 n=27 n=27
A =52 A, =50 A, =48 A, =46 )
0 962962 {) 925925 0 B8BBRS 0 851851 n— A.J.-’ 6

% ﬁ @ @% @ st

|17

\ 4{1 \ 38 \ 36
Cy= {] HI 4814 (I ?????? Cy '[J 740740 Cy (I 703703 Cy (I 666666
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NEUBIAS Academy

« Ellipsoid fitting

Best fitting ellipsoid

(x—C,) o :Z(y_cy> 'szz:Z(Z_CZ)

SXX = ) >
Volume Volume Volume
v (x=C,)(y—-C))
Y= Volume
(x—C,)(z—C,)
SXZ =
Volume
_ (y—Cy)(Z—C )
syz-Z Volume

Radii = +(5.eigen)
Elongation = R1/R2
Flathess = R2/R3
Ratio V_ell / V_object

spindle. tif
54/100; 114.40x116.00 pm (286x290); 16-bit;

< (D Result of Ellipsoids :

54/100; 114.40x116.00 pm (286x290); 16-bit; !

N

Kl 1 =

Y| () Result of Result of Ellipsoi.. () &) 2%
54/100; 114.40x116.00 pm (286x290); 18-bit;

N

S [ Image| 30 Wiewer

File Edit View Add Landmarks Help
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Shape

e Convex Hull

Minimal enclosing
convex shape

Binary to mesh

Convex hull
Mesh to binary
- Ratio V_Hull / V_obj

https://imagej.nih.gov/ij/plugins/3d-
convex-hull/index.html
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Shape

« 3D Moments

- Based on ellipsoid
computation

- J1 = sxX + syy + szz
- ]2 = ...

 Used for more
accurate shape
description

e GulIMohammed 2014, BMC
Bioinformatics

Cp.
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Intensity

e At Centre
¢« Mean, Min, Max, SD
« Mode

- Most abundant value
- Most abundant value > 0

* Integrated density
- Sum of all pixel values
e List all values
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- Number of labels inside an object
 Volume occupied by labels

16/32; 54.78x54.78 microns (512x512); 16-bit; 16MB 16/32; 54.78x54.78 microns (512x512); 16-bit; L6MB

@ * Results <@thomas-Precision-5820-Tower> ~ ~

File Edit Font Results

|Label |MbObjects [VolObjects [Channel |Frame
68 g63 1 1
22 852
41 1435
22 478
131 5180
s6 892
217 9541
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- Number of labels inside an object

 Volume occupied by labels

16/32; 54.78x54.78 microns (512x512); 16-bit; 16MB 16/32; 54.78x54.78 microns (512x512); 16-bit; 16MB

* Results <@thomas-Precision-5820-Tower>

File Edit Font Results
|Label |MbObjects |VolObjects |Channel |Frame
1 4 59 11195 1 1
2 5 o 8470 1 1
3 7 10 15984 1 1
4 8 21 4907 1 1
5 9 24 57305 1 1
s 10 35 12888 1 1
7 11 24 75388 1 1 _

> J||x\J |
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® C e n t re A Distance center-center B Distance edge-egde
- Border

« Hausdorff
(plugin)
« Radial distance C  Dsuncecenteregde D e 1001 A

ColocFromAB= &b, x 100 / A +B_

« Closest

Gilles et al., DiAna

36
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e Centre sup inf d(z,y)

reX YeY

 Border
 Hausdorff (plugin)
 Radial distance
 Closest

B

sup inf d(z,
yElI/) reX ( y)

By Rocchini - Own work, CC BY 3.0,
https://commons.wikimedia.org/w/index.php?curid=2918812
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Colocalisation

e Coloc (nb voxels) |

 Percentage coloc

- Relative to objects
volumes

* Plugin multiColoc

m

- Surface contact

File Edit Font

Label |[B1 [B2 |[B3 |B4 | M Label [O1 [v1 [P1 | 'y
- - AlZ 49 0 o 0 AlZ 1 49 0,780
Gilles et al. DiAna, an Image) Tool Al3 0 0 33 0 Al3 3 33 0559
= = = AlS 0 27 0 0 AlS 2 27 0,500
for Ob_ject-Based 3D_Co-LocaI|zat|on e o & o0 o B o oo
and Distance Analysis, 2017 AL7 0 0 0 O AL7 0 0 0000
Al 0 0 4 0 i Al 3 4% 1.000 J
|“J = |“~J ]
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Colocalisation

« Coloc (nb voxels)

 Percentage coloc

- Relative to objects
volumes

* Plugin multiColoc

« Surface contact

Gilles et al. DiAna, an Image) Tool Gilles et al., DiAna

for Object-Based 3D Co-Localization
and Distance Analysis, 2017
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Analysis

 Other analysis available in 3D Image)
Suite

- EVF
- Interactions (Voronoi)
- Spatial Statistics
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EDT - EVF

J. Groom, WEHI

« EDT : « EVF :
Euclidean Eroded
Distance Volume
Map Fraction

41
NEUBIAS Academy T. Boudier - 3D Image)Suite



EDT - EVF

Values are calibrated distances from Values are normalised between 0 and
closest border 1, from closest to furthest

31/65; 272x272 pixels; 32-bit; 18MB L ganaii £l e (il SRRy NEIE
| Obj | Type | Label | AtCenter | Min | Max | Mean A
| Obj | Type | Label | AtCenter | Min | Max |Mean & s g 8 spots? o o 0 o
lg zg iﬁﬂﬁiig 3 413 v 3 7011] 18 20 0 spotsly 0.12 o 0.547 0.154
20 o spotsal o Lole 30 32 0 spots3l 0.178 0 0.532 0.177
5 55 <pots30 T s 29 31 0 spots30 0.12 0 0.479 0.185
1 3 spots2 2038 3171 1 3 0 spots2 0.22 0 0.437 0.196
5 = spotss S ors SI0E 5 7 0 spotss 0.22 0 0.437 0.199
57 29 spots2s 5449 5229 27 29 0 spots2g 0.239 0 0.514 0.205
S S0 spotsze 5236 5545 28 30 0 spots29 0.22 0 0.457 0.207
2 5 spotss 5o58 4 6 0 spotss 0.178 0 0.437 0.208
19 2 spots20 526 19 21 0 spots20 0.178 0 0.63 0.209
12 16 spotsL5 5311 14 16 0 spotsls 0.254 0 0.604 0.216
33 35 spots34 5401 33 35 0 spots34 0.178 0 0.479 0.218
32 34 Spots33 543 32 34 0 spots33 0.239 0 0.457 0.227
25 27 spots26 2,448 25 27 0 spots26 0.239 0 0,514 0.228
2 4 spats3 2519 21 23 0 spots22 0.254 0 0.523 0.234
PR I 21 23 spots22 2,53 4= ] 2 2 4 0 spots3 0.22 0 0.437 0.234
31 33 spots32 2.819 31 33 0 spots32 0.22 0 0.523 0.266
3 23 25 spots24 2.822 =) 11 13 0 spotsl2 0.287 a 0,532 0.267
31/65; 272%272 pixels; 32-bit; 18MB 22 24 spots23 2,841 31/65; 272x272 pixels; 32-bit; 18MB ig fg g SPO:Sﬁ g.ggg 5 052 gi;; g-g:;
11 13 spotsl2 2.846 spots X L L X
10 12 sgotsll 2.907 22 24 0 spots23 0.32 o] 0.523 0.271
15 17 spotslé 3.081 8 10 0 spotsg 0.287 0.052 0.479 0.292
8 10 spotss 3.153 15 17 0 spotslé 0.287 0.052 0.532 0.295
7 9 spots8 3.217 7 9 0 spots8 0.287 0.052 0.569 0.2
17 19 spotsl8 3.326 17 19 0 spotsls 0.287 0 0.648 0.314
] 11 spotsl0 3.376 9 11 0 spotslO 0.383 0.052 0.604 0.319
16 18 spotsl7 . 3.553 3 5 0 spotsd 0.359 0 0,708 0.34
12 14 spotsl3 3 3.576 16 18 0 spotsl? 0.359 0.052 0.63 0.34
3 5 spotsd ) 3.82 0 2 0 spotsl 0.347 0 0.724 0.341
0 2 spotsl i 3.639 12 14 0 spotsl3 0.359 012 0.532 0.347
24 26 spots25 ] 3.971 24 26 0 spots2s 0,347 0.052 0.626 0.382
13 15 spotsl4 4.415 13 15 0 spotsl4 0.383 0.178 0.6567 0.423
20 22 spots2l . 11.49 20 22 0 spots2l 0.982 0.648 0,994 0.908
26 28 spots27 14.219 28 0 spots27 0.989 0.962 0.999 0.99
PRI I
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EDT - EVF

Compute number and volume of

Compute volume inside 100 layers
spots within layers (0-0.01, ..) (0-0.01, ...),

0.6 0.8
evf

NEUBIAS Academy
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Interactions

- Compute zones T R C
around objects :

- Watershed / Voronoi
- Within fixed radius

« Dam lines will

separate zones )

object 27 : 20 18
= obj:ect 272229
« Compute touching =7
ohject 27 28 35
object 27 : 30 15

— Dam ||nes’ tOUCh”‘]g’ object 27 : 33 22 ]
ohject27:36 11
| | b- :
or dilate chiect 7 90 16
object 28: 21 13 Fi

] P
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Spatial statistics

A Completely random Aggregated pattern Regular pattern
pattern (attraction) (repulsion)
B Point to closest point C Arbitrary position to closest
distance (Gfunction) point distance (Ffunction)

Andrey et al. PLOS Co
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Spatial organization

Clusters :

A lot of small distances between spots — G
above curve of random organisation

A lot of « voids » in the structure, large
distances between reference points and spots
— F below curve of random organisation

Uniform :

A lot of large similar distances between spots
— G below curve of random organisation

No « voids » in the structure, small distances
between reference points and spots - F
above curve of random organisation

1.0

0.8

0.8

0.4

0,2

10 20 30 a0
Distance

20

10 20 30 40 S0
Distance

NEUBIAS Academy T. Boudier - 3D Image)Suite

&0

70




Spatial organization

Shuffled

« Statistical
comparison

- original
measurements

- Mmeasurements
from modelled data

 Different models

- Random
- Shuffled data
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DATA organisation

> Home > DATA > TAPAS > rootDir

* Projects /
Datasets

- Raw data

- Filtered data

- Segmented data
- Analysed data

- Results

« On Disk or DB
(OMERO)

P t1-head.tif
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Protocol

«

Info

. v

Processing Segmentation o
Quantification

Info
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Dataset

\ /
Filter /) Threshold/

Protocol

Temp

/ \

Label

I
PR S

Attach

NEUBIAS Academy

https://imagej.net/TAPAS
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TAPAS

A protocol is a list of
modules

« A module is defined
by
- Name of the module
« process:filter
- The parameters
« radiusxy:4
« On which datasets
to apply the protocol

- Either on disk or OMERO

// read data
process:input

// filter
process:filters
radxy:4

radz:2
filter:median

// threshold
process:autoThreshold
method:0tsu

// label
process: label
minVolume:100

// output
process:output
name: ?name?-seqg

NEUBIAS Academy
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TAPAS

A protocol is a list of
modules

« A module is defined
by
- Name of the module
« process:filter
- The parameters
« radiusxy:4
« On which datasets
to apply the protocol

- Either on disk or OMERO

// analyse
process:measurement
dir:?177?
file:?name?-results.csv
list:volume, centroid

// attach
process:attach

dir:?177?
file:?name?-results.csv

// delete
process:delete

dir:?2ij7?
file:?name?-results.csv

NEUBIAS Academy
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file:///%3Fname%3F-results.csv
file:///%3Fname%3F-results.csv

TAPAS

+=+ Thomas Boudier connected to localhost
File Edit Window Help

= &

% #| Display Groups « ‘

[search .. |

&b Projects # | = filter images OO |E0| 0 | # per row: ,:‘_:rGeneral | Acquisition [ Preview |
Lo B0 xXx2 Bda ‘ = Workspace: 2 of 2 images PMLA28Telomeres568.dv_Nucleus_1 £ |2
2 & Telomere (1] PMLAEETelomere568.dv Nucleus 1 (May 15, 2020) Image ID: 59 ] ~ ||
. . || —— | Owner: Thomas Boudier (3 Show all
¢ o Thomas Boudier B
o i LEGO [2] Image Details ~
¢ & NEUBIAS [2]
$ ﬁ.Ele 2] Add Description s
j PMLAEETelomereS68. dv_Mucleus_1 Import Date: 2010-10-31 14:08:31
|=] PML4BETelomere568.dv_Mucleus 5 Dimensions [30r): 142 x 115
¢ % Expl-zeg [4] Pixel Type: uint16
2] PML4BSTelomeres68.dv_ Nucleus 1-telo.tif Pixels Size (3¥2) (m):  0.11x0.11x0.23
= Z-zections/Timepoints: 25 =1 5
J FPMLABETelomereS68.dv_MNucleus_1_|abel Channels: 0,12 7 |5
[2] PrMLAEETelomeres658. dv Mucleus S-telo.tif ROI Count: o
[=] PML4BETelomereS68.dv Mucleus 5 label
Tags (0] ¥

o gl PML [3]
o [§ Orphaned Images

B Screens

@ Attacrhments

Lol

Key-Value Pairs (1)

Attachments (4]

¥
=

BB @

..ere568.dv_Nucleus_1_numberPML. csvE
..re568.dv Hucleus 1 numberTelo.csv[E
..elomere568.dv_Nucleus_1-coloc. csvE
..dv_MHucleus 1-distancesBorder2.csv[g

4]

L. Chen, IMB, AS

NEUBIAS Academy 25

T. Boudier - 3D Image)Suite




TAPAS

+=+ Thomas Boudier connected to localhost
File Edit Window Help

m s

% #| Display Groups «

[search .. |

‘@ Projects
x

s |8

]
Zn

i
=

¢ O Telomere [1]
¢ o Thomas Boudier
o gl LEGD [2]
¢ @ MEUBIAS [2]
¢ & Expl [2]
[=] PMLABETelomere568. dv Mucleus 1
[=] PrMLAEETelomere5658. dv Mucleus 5
¢ Bjl Expl-zeq [4]
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TAPAS
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General protocol

e Channels / Structures

- One channel -» one or many structures
- One Structure -» one or many channels

* Filter/Segment structures
- Geometry/Shape of structures
* Intensity of channels within structures

 Analysis between structures
- Distances, ...
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Summary

3D Image]) Suite :
- Set of tools for 3D Analysis

- 3D Manager main graphical interface
- Set of macros Extension (not detailed here)

« TAPAS

- Framework for automation

- Agnostic of where is the data and who is
processing
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 Q/A In Image.sc Forum

- Data and protocols available
 Image) 3D Suite

- Better Roi handling in 3D Manager

- New plugin 1-1 Association (tracking)

« TAPAS

- New modules CLIj and DeepLearning
- NEUBIAS webinar ?
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