IMARIS

The Ideal Solution to Interactively
Analyze Microscopy Images
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Cancer Research 4D-Tracking with Imaris

Dr, T. Wortrs and Prof, R. Farster and
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Hannover Medical Schoal, Germany
Automated tracking of Tdymphocyte
migration

Neuroscience
Stem Cell Research
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Immunology
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Imaris = Your Image Laboratory
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IMARIS - The Ideal Solution to Interactively Analyze Microscopy Images

Imaris stitcher

Imaris: a modular software
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IMARIS - The Ideal Solution to Interactively Analyze Microscopy Images
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Imaris: a modular software
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Import -- Imaging modalities
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Developing Zebrafish Embryo =
1.05 TB tiff series converted to ! ,’31 -
291 GB .ims file il

Courtesy of K. McDole,
HHMI Jamelia Farm research Campus,
Ref: Amat et al. 2014,Nature Methods

lightsheet




Import -- Formats
Supported files

- Andori MultI-TIff (Serles) '(*.tll"f, * tif) Olympus Cell"R 1.1 (*.tif, * tiff) AN DOR*M
- Andor: iQ ImageDisk (*.kinetic) Olympus FluoView (* tif, * tiff) TIFF B2 cinoiooy
] : 2 T . . tif, *.

Applied Precision DeltaVision (*.r3d, *.d3d, *.dv) Olympus OIB (*.oib)

- Biorad MRC 1024, 600 Series (*.pic) Olympus OIF (*.oif) .

- Biovision: Ivision (.ipm) Olympus VS (*.vsi) Nikon @
- Bitplane Scene File (*.imx) . ) . e ik e % o

- Hamamatsu/Compix SimplePCI (*.cxd) Open Microscopy Environment Tiff (*.tiff, *.tif)

) i . Open Microscopy Environment XML (*.ome)

: EMP é?:ij:itg ﬂi mirslg rgjr)n(*é?irt?lz)mkon ICS File (*.ics OpenLab LIFF (*.liff) 1“{//
. Idsgg yg p . ’ OpenLab RaW (*raw) TILL PHOTONICS
- Gata Digitial Micrograph (*.dm3) gg;ﬂ;ryzg_(I'gtfgp(il?ql’)'t'f) 1
- Imaris 2.7, Imaris 3, and Imaris 5.5 (*.ims) . - P Deltr&?i}wn
- IMOD binary file (*.imod, *.mod), object scene file SlideBook Slide (sld) —

. ' P ’ TIFF (adjustable file series) (*.tiff)
- Leica Image Format LIF (*.lif) TILLVISION (*.rbinf) /",a
_Leica LCS (*.tif, * tiff, *.lei, *.raw) ' ZMDS

: o
- Leica Series (*.tif, *.iff, *.inf, *info) Ziesszentea)
_ Leica TCS-NT (*.if, * {iff) 2 o 2 it ot
- Molecular Devices (Formerly Universal Imaging now MDS Zg:zz L§M518, L§M37100((’;tlls’m.)tl "
Analytical Technologies) Metamorph Stack (*.stk) ’ '

- Micro Manager (*.tif *.tiff *.txt)

- MRC (*.mrc, *.st, *.rec) ATt e S " Susiness —_ — -
g o= ~MetaSystems

- Nikon ND2 (*.ND2) @mé Wﬁ

-Perkin Elmer: Ultraview (*.tim, *.zpo)
-Prairie Technologies (*.xml *.tif)

OLYMPUS |gafan & BioVision Technologies , > . ﬁ PRAIRIE TECHNOLOGIES, INC.

‘ Dlg—"‘af Imag'gng Parkin ?..' | mer
4 Solutions... For the Better

Analytical Technologies




Import — Big Data

Imaris file converter for large datasets

TIFF

L
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Import — Big Data

Imaris file co

nverter

Imaris File Converter is Free!

e Converter

Imaris Fi

Input Output

Drag & Drop Files, or click Button
below to add Files.

Add Files... @® Specific Folder:

O Same Folder as Input File

D:\Temp\Customer Data\Angie Serrano

Browse...

Selected Input File

Preferences...  About...

Input Output
Settings...
Remove Selected
Remove All
Start All
‘ Input Output
(" C:\Users\|.hamilton\Dow...Airyscan Processing.czi (9 D:\Temp\Customer Data...scan Processing_1.ims
1 1% 1%
C:\Users\l.hamilton\Downloads\Angie Serrano - D:\Temp\Customer Data\Angie Serranc\Angie
@ cmlc2_kdrl_96hpf_DMSO_1_Airyscan G) Serrano - cmlc2_kdrl_96hpf_DMSO_1_Airyscan
Processing.czi Processing_1.ims
Stop

2048 2048 x 200
25 time points

Time to open (s)
B

Speed Comparison

Below you can see the speed of visualizing a one terabyte TIFF file
compared with the length of time taken to visualize the same file
converted using the Imaris File Converter.

5 TB Tiff opens in 3 hours 50 minutes

onds



Background Subtraction

Removes background in order to improve signal to noise
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Background subtraction applies a Gaussian filter to define the

background at each voxel, then performs a Baseline Subtraction of this
variable background. The filter width is determined by the size of the

smallest structure of interest.




2 slice view



Visualize
Solutions for Correlative Microscopy

Light microscope Image

EM Image

Overlay electron microscopy over light microscopy images

Irmage courtesy of Amita Corur and Randy Schekman, University of Calfarra, Berkeley



Visualize
Solutions for Correlative Microscopy

| sections relative to one another and Arrange images of physical sections relative to one another and
entire specimen reconstruct entire specimen

Arrange images



Visualize
Volume Rendering Modes

MIP Normal Shading Blend



Volume Rendering modes

Fle 6t View imageProcessing Fji DView Help
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9 Setings | / Draw  H statists

Mode

O M ® Blend

O Normal Shading QO shadow Projection
Rendering Quality: -~
Blend Mode

B Channel 2- FITC
I Channel 3 - Texas Red

-

Opadty: v 0.04 =

Min: v 1950.04 - Max: v 242835

GraphShape: O Step © Peak
Auto Adjust all Channels



Visualize

Visualization tools

Clipping plane Annotations




OrthoSlicer

» Orthogonal plane on which
original data are projected

« Can be moved within the
dataset

« “Extended section” adjusts
slices thickness

. Settings
Slice Orientation Extended Section
YZ Plane
0,200um
XZ Plane
4| ] Surpass S5cene )
J] 22 Light Source 1 @ XY Plane | Show Frame
J| [E) Frame
&9 Volume Slice Position

v ﬁ. Ortho Slicer 1 6.200
7] %% Ortho Slicer 2 U :

J] =% Ortho Slicer 3



Oblique Slicer

* Plane on which original data are
projected

« Can be freely moved and
rotated within the dataset
(similar to Clipping Plane)

« “Extended section” adjusts
slices thickness

@ Settings
Orientation Extended Section
¥Z Plane 0,307um
7| [ Surpass Scene XZ Plane 7| Show Frame
J| 25 Light Sourcel
/| [ Frame XY Plane
& Volume
Position Camera

7| 5 Oblique Slicerl

Recenter

Orthogonal View



[] ] Surpass Scene

9§ LightSource1 Clipping Plane

[V Frame
[v] =& Clipping Plane 1

/] &g Volume « Cuts away objects on one side of the plane
» Allows you to look inside any object
« Can be freely rotated




V| (] Surpass Scene
[V] 8 Light Sourcel
V! B Frame
V| =& Clipping Plane1
V| & Volume

Only cuts objects lower in
Imaris tree

V| >& Clipping Plane 1
V] & Volume
7| @ Surfacesl

Clipping Plane

Use this rod to
freely rotate the
plane

Use this rod to
change the
position of the
plane

V| & Volume
[V/] >& Clipping Planel
V] & Surfaces1



2

Snapshot

Snapshot

File Edit View Image Processing Fiji 3D View Help
| 8] L)
b = =

Open

=-£3 (@]

imEmEE avm

L=

Annotate

H 3\\, \;;0 3 8

Surpass 3D View

; % Preferences

Vantage Save Save As Slice Section Image Proc Coloc Animation Snapshot

System
Display
Loading
Calculation
Time

3D View
Creation Parameters
Vantage Plots
Statistics
Statistical Tests
Snapshot
CustomTools
Batch

Licenses
Update

Data Collection

Annotate

Arena
Advanced

Snapshot
Save
Size;
® Window
ixed - Height ~
DPL: ~ 300.00
Save as type: TIFF Image (*.tif
Copy to Clipboard
Save to File
O Transparent Background
Open Saved File in default Image Viewer
Image Output Directory
O Source Image Directory
® Always Prompt User
O Custom:

Open Output Directory

v
4 »

- | 1
Ji€| Imaris Configurator... \ OK \ Cance

/"',/./

-6.755

QShon{tQist
a E:

» Zoom: 12




Movie Creation: Keyframe Animation

» Define special
Keyframes with
defined settings
(zoom, rotation,...)

* Imaris calculates the
frames between the
defined positions

Key Frame Animation
Key Frame Rotations Animation

fi¥als] Custom... 1600 x 1200 UXGA (4:3) 100  Frames

+360° ...zontatl 1600 1200 Settings...

Setup the Animation * Choose the total number of frames of
1. Turn the image view to the starting position. ~ the movie |
. Klick “Add” to add a keyframe « In the settings window you can
. Change the image view choose the frame rate of the movie
e Klick “Add”... « Press the Play button to play the
movie

« Press the Record button to export the
movie



Visualize



Visualize Exporting data

Working interface: gallery, section, 3D Export snapshots and videos
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Filaments




Spots Detection




. BITPLANE

» Scientific Software

Imaris MeasurementPro

EREESTNEETLLR

B8 Imaris MeasurementProf&fE TR AR AR, |REMISEIEEHER!
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Explore the Next Dimension



-+ Spofts for spherical shapes

R AR
e t . i oy

L
. -

. 4 &7 -
4 < P -' ’ « b
. v L .,.,"', .
: ' M : "' ';‘..' 4 " L. ‘ )
. d % sous? 1
é )’f"-. of "W
! : 'Y - »

Y

" '-"J- . - ‘:"'
| 7\ ¥, 5 £

4 _. 5
\"‘ B S | : ' » 2 9 &’ -
Loy : R’ \: . v 7
' '\l | R s 2}, 4
—Source

Drosophila Embryo: Embryology course at Woods Hole, Marine Biological Lab, Mass, USA.



« Surfaces

Allows for detection the boundary of structure,
Object Creation and segmentation

Automatic




® Surface Semi-automatic and Manual

Adaptive Contour Tracer

Image Courtesy Tom Deerinck and Dr. Mark Ellisman,
National Center for Microscopy and Imaging Research,
University of California, San Diego.




Quantification

Count
Position
Volume

Area
Intensities
Morphology ...

o)t )

Drosophila Egg Chamber. Image
courtesy of Wei. Dai, Montell’s
lab, Department of Molecular,
Cellular and Developmental
Biology, UCSB

Volume view



@ Surfaces for irregular fully stained shapes

—Source
Wei. Dai, Montell's lab, Department of Molecular, Cellular and Developmental Biology. UCSB




&+ @ Surfaces-Spofts Interactions

—Source

Dr Luke Boulter, Institute for Genetics and Molecular Medicine, University of Edinburgh, UK



Machine Learning Classification




. BITPLANE

» Scientific Software

Imaris Cell

ap o Rl R ] R
Imaris Cell#&HE #1518 B BRI AOETEES IR, Mo L@l A s E g N B2 RIR RS,
o Bl Ao AN B o A28 RO B AR

o BN AL N AE AT 2R FARAVFA (R

o HEBUAEYBERNMIAEREEITON
o BEIETRMN IR

o HIKEMERYEEETE SR NLE

® #3D/ADEBEI T FIRAITTIT

o HifAThAE, ANAERE AR, EI TR SIS B

® B SRR 5 BHYRF.

Explore the Next Dimension



® Cell

Automatic detection of Cells, Cell Membranes and Vesicles; analysis of data on a

“per-Cell-basis”; study of intra cellular relationships...




Detection modes

® © @ E
Cells, Nuclei and

Organelles Cells and Nudei Cells and Organelles Only Cells
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Cytoplasmic staining
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Combines Surface and Spot
models to automatically
detects cells and their
components




Membrane staining

Organoid, Dr Luke Boulter, Leverhulme Trust-Chancellor's Fellow, Principle Investigator, MRC Human Genetics
Unit, Institute for Genetics and Molecular Medicine, University of Edinburgh.



Cell Statistics

Organized into :

e C(Cell

e Nuclei
e \esicles
Counts

Volume, Area, Diameter
Position

Intensities

Morphology ...

S

Vesicles colored according to
their distance
to the cell membrane



. BITPLANE

» Scientific Software

Filament Tracer

HPE LU R EBETE S MMKRRL

Filament TracerfR AR ¥ #AARAE 1S B Ehiell, TREEADFEE AT

® {EH % B ®),F &), AutoPath UKk AutoDepthZE 77 /5 B FH AR TR HE.
® BN RE B EEMMICIIEEERNZ HIEEE DTSR

o HFHE A SOET BB ROTENAL I EARM R @ 5T B EhE R
® SHMZENSERESE

o FRITENEXEREREANEIRMNENIEMINGEHINRREE
® FilamentTracerfV & RHER ] AN E—F T
o FEE LM BEIREMINIMAREERZEE

Explore the Next Dimension



@ Filament for tree-like shapes



@ Filament for networks

Shany Peled-Hajqj and Pablo Blinder e




» "BITPLANE

» Scientific Software

ImarisTrack/ Lineage

FREFNEE
Imaris Track: 2 FB 72 3D/4DEMRIE MR BT AR BT 5k
o IEHZEEHEE FEBILOITER

® FIRHLITETRIRARIRENEREHE

® S EMFENMSNAIZBNIT
® ELN\MRS RN/ FREL AR, R EE) A, EBEF LB HE IR B BhEH
® EH MM LIRS, EE) /5 [7),"Dragon Tails"% % 18 75 B, BEF &2 48

® EENRHD+RHFFIREE ke

® EdimarisXTIRAEAE & B IR B KRR R e R

Explore the Next Dimension



Lineage/Tracking

Lineage enables the study of cell lineages, including cell division detection
Tracking is the solution for 3D and 4D object tracking
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Different Algorithms

M ' |
0 ms yocardial cells

= Autoregressive

= Autoregressive Expert

= Connected Components
= Brownian Motion

= Lineage (standard, cells with
space between them)

= Lineage (Maximum overlap)

Image courtesy Willy Supatto, Laboratory for
Optics and Biosciences,
Ecole Polytechnique, Palaiseau



Autoregressive




Connected Component
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Lineage Tracking - Standard

0.000
0.001

Tim

111111111111111111111111111111111111111111111111111111111111111111111111111111111111

...................




Lineage Tracking — Maximum Overlap

T1 T10 T17 T21




Spots 5 - Properties

O Pwot
O Track Tnvert Axis rvet Drift
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Statistics

" Track object properties over time
(morphology, intensity, volume, position)

= Track length, duration, straightness

= Speed, acceleration

= Cell cycle / division (generation, time
between divisions, etc...)

= Generation of Cell Lineage Trees

) g o)




., "BITPLANE

. Scientific Software

Coloc

ImarisColoc

#5#30/4DZE R B RAR
ImarisColoci& At AR & ES3D/4DZE A TEMNEEE A, WETEHEEE
o RHULBEMHATEMBFHIEEHE

o RIBZEIEAE BTt EHEMFE

o JIRESHEMER EINBRADETE—T DM

® ZZ [ H G R ] LUBRAFTHIChannel METTE—F RNER DT

Explore the Next Dimension



Colocalisation

* Co-localization in 2-D, 3-D and 4-D images * Histogram
* Possible of >2 channels * Intensity scaling

P.retina. ims
File Edit

bl

InMotion Coloc Bitplane

Colocalization &
Selection M

(¢ Threshold
{" Polygon
Automatic Thr
V P-¥alue

PSF Width:

Threshold:

17.50 % of data sele

{¢ Single Time Point
" A1l Time Points
Histogram Options
W Ignore Border B
[V Logarithmic
[V Color Coded
Coloc Intensities
number
urce Channels
£ RO
% volume A al

® volume B 4

Zoom: |1. pixel/voxel W Fit ®| Full Screen | & Navi




Colocalisation
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Calculate statistical parameters such:

Pearson Coefficient
Manders Coefficient
% of Colocalization

e




. "BITPLANE

. Scientific Software

ImarisXT

BB GE E A B EN
ImarisXTRIBEHE CCMIMEEN A, BRT ZUERE, ATNERIEHE ZNAE T A
o RAFIATHARMBHMNIE, RFLFEEMNENHEE

o IR RERIE DB, VMUK EF S EIENEZ AR .

® HTIhAE mERS, A EAFAR

® iiZHIEEMatlab,Java,C++,C#,Visual Basic LU & H A #EECO
o IEHEANE THEMABRBNERFTEA =

o EIREIEITHAEYMRNTERES

Explore the Next Dimension



Customisation (XTension)

* |[ncorporate your own Xtensions H XY @

Add Similarity Statistics Value

Distance Transformation
o X/ TaR1 & Intensity Profile
P p ' T . . Add Similarity Statistics Value Compute Distance between Spu:ut.s And Surfaces
‘\ bd Distance Transformation | SpFuts to Spots CIDSESF Distance
Add Similarity Statistics Value Compute Distance between Spots And Surfaces F:ddssput:;:lfse 1: F;Iar:ents

Angles Statistics Find Spots Close To Surface ind =pa O5E 16 SUrisce

. Merge Colocalize Spots

Branch Hierarchy g ey —

C Hull Surfaces Split
QriveEx fid split Spots
Create Channel Connect Tracks l f ki
i S Flot Angles of selected Track Spllt .Int':' Surllacel Objects
i amen oints Ira Plot Distance Between Tracks Super Res-:ulutl.c-n L-:u:all.zat.nn Data To Image
Split Into Branches Plot Length of selected Track Super Resolution Localization Data To Spots
Find Spots Close to Filaments Spit Tracks Connect Tracks
Filament Analysis Trangate Trades Plot Angles of selected Track
Classify Spines dilate Surface F'Ilcut DIStEIE:E fet';weendTraﬁ
Center of Mass to Spots Flot Lengs I'i TSE;:tE Tra
Surface-5urface Contact Area it ra
Translate Tracks
Surface-Surface coloc
Veside Outside Cell

e Custom your analysis in:

/
0',‘ e python’ C++

MATLAB

for Applications



Share XTensions

« (Offers source code of numerous XTensions to Imaris and allows
researchers to share ...

« More than 40 XTensions already coded and fully editable

Georgia Golfis

BITPL AN E PRODUCTS LEARNING DOWNLOADS FORUM SUPPORT _

an Oxford Instruments company

Imaris Open -
I3 ZIESY ..
Welcome to Imaris Open. This platform fosters collaborations between microscopists, life scientists, ” computer

Discussion  Browse Upload  Request and computer scientists. Imaris Open offers two distinct but linked spaces: the Discussion Jm and & - -
Foum  XTensions XTensions XTensions » _ L] . Blo st
the File Exchange. There are four main activities you can engage with while using Imaris Open, 1) SCIETItISt

download a existing XTension, 2) request a new XTension, 3) submit a new XTension, 4) discuss

Search for XTensions GO any topic related to Imaris, image visualization, analysis and interpretation. Imaris Open and all its
Y ) Y P

content are free to use

Browse Imaris Open Exchange...

« Upload an XTension File Exchange - Latest Uploads Displaying: | Mo
« Submit a Request

« Browse by Module
+ Browse by Application |
Become a Developer

ImarisXT

Surface to Obj file export

° XTCountin‘gFoci

Add Image to Imaris Scene

>
. auto Segment Channel

Select Spots Center close to Filaments Border



http://open.bitplane.com/

Xtensions : example Colocalize Spots

=

Spots And Surfaces

e to Filament

alize Spots

e Channel

Plot Angles
Plot Distance B
Plot Length

Split Tracks




» "BITPLANE

» Scientific Software

ImarisVantage

HEiR BB REGRM R
Imaris Vantage¥X FH & RHRIZ B R EE & B RAR, BMHNRREETZHBGER REMNMEERR
o ERMHEBNLHERETRERN

® ¥2D-5DERIETII R AR E R

® & KRRV E BT e TG R < RV BA R

o I IME IR —E B I ET AT

o LIEEAREF B BRNINTE

® IR NENERRESERRIINITRIERR

Explore the Next Dimension



Data Plotting

rchin.

50 umn

39.338 Distance from Oriﬁin 295.660

File Vantage View Help
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°%s Hypothesis Testing

[ ]
o®
r— 1

"Experiment” and "Control "

P-Value: 0.00

00 f

Accept H1: The two samples come from normal distributions with unequal
a0

means
i
Report
Experiment Control é 2 .
Mean Value 97.2 457 ; o
t' TeSt Variance 486 118
Cardinality 266 205 5
T-Value 332 *

Degrees of Freedom 406

Confidence Level Alpha: 0.0500
Test Type: Two Tails Test

Infenity Mean Ch=1

Experiment Control
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Microscopy Image Browser -

AREN IMARIS

File Arena View Help

;}

. 2

o
—— . o . . . . . .
. e R ] [ Direct intergation of Batch and Image processing, including Deconvolution 25
(o] Observed Folders @ H:\pA ‘confocal o
Observed Folders v 1K §#l 2017-03-16_16.59.43_Sample Prefix_BMWMS62_Protocol_F02.ims
> BB C\Users\Anna De...aris Demo Image] / T S T
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FileFormat: Bitplane: Imaris 5.5
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Batch processing in Arena
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Challenging dataset - electron microscopy (EM)
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