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Making Sense out of your Cell's Relationships
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Imaris Cell objectives an Oxford InstrumerEEAE 8

v To report by biologically meaningful unit
v' To segment the biological unit and its organelles simultaneouly

v' To quantify the relationships between the biological unit and its organelles
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Imaris Cell allows you to segment simultaneously:

- A surface object: which represent the boundaries of your biological unit, for
example the cell

- A second surface object: in this case it's an object contained within the biological
unit, like for example the nucleus, or another random shaped structure

- As many vesicular like structures contained within the biological unit, such for
example viruses, liposomes, proteins....

Sl Vesicle like structures
Red Channgl

/§ TIP EXplore your Optlons \ ‘5 :_“_‘,f Protein expresion inside the

Your biological unit can be an organ, and the secondary
object cells expressed inside.

Or your biological unit can be the Nucleus and the
Qesicular like structures can be your FISH signal /
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Select Detection Type

“\ Create ’ %@ Settings « Color ‘
- : ,g i m |

[ () Skip automatic creation, edit manually ]

Favorite Creation Parameters

[Default '] ¥

Select Detection Type
@ 0o 0

Algorithm Settings

|| segment only a Region of Interest
Process entire Image finally

Track Cells (over Time)

1/8 . o O (X

Situation in which we have labelled Nucleus, Cell and Vesicles
1- The biological unit or “Cell”

2- A subcellular structure like for example the “nucleus”

3- Vesicle like structures

Situation in which we have labelled Nucleus and Cell
1- The biological unit or “Cell”
2- A subcellular structure like for example the “nucleus”

Situation in which we have labelled Cell and Vesicles

1- The biological unit or “Cell”
2- Vesicle like structures

We only have the biological unit labelled Cell

e
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Segmentation of the Subcellular structures BITPLANE

, ,,;;fefte | Seting: | @@ | gelact the channel that labels your sub-cellular structure.
IR TIP: the nomenclature “Detect Nuclei” is only an example as this
Source Channel [l Channel 3- 6s¢ +| | SUTUCHUTE QO(_es not nec_essa_rily has_, to be the Nuclei, but just a sub-
TN ,\um structure inside your biological unit.
4 Ad d Opti . .
;nscioothp Wis ™ Enter the approximate diameter of the sub-cellular structure.
Filter Width 1.00 um
|| Background Subtraction Advanced OptionS:
Sphere Diameter |4.00 um
(V] Split Nuclei by Seed Points The “Smooth” will be set automatically. It represents the detail of the
segmented surface that will be created, normally it is set to 10% of
the diameter of the object to be segmented.
311 0 0 © @ The“Split Nuclei by Seed Points” option will allow us to separate
the objects in case they are touching each other.
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% Create 1 @ Settings | « Color
Classify Nuclei Seed Points |
Filters
| + Add V][ X Delete ]

"Quality” above automatic threshold

Filter Type

umy 8

@ V@A 128 © V@A 552 _ ) ) _
If the option “Split Nuclei by seed points” has been selected
H ‘ 4 at the previous step, adjust the Threshold to make sure you

have one sphere per object.

*e
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X Create | “@ Settings ] < Color |
Nuclei Threshold
Nucleus Threshold (Absolute Intensity)
M@A 9.32
i — Adjust the Threshold for the grey shape to adjust to the
Ir D object in the best way possible.
0 23
TIP: you can turn on and off the channels that you are not
working with at this stage.
5/11 Q009

e
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Segmentation of Subcellular structures e oxtord s

A Create l @ Settings | w’ Color ‘

g:wfvnwei | Filtering step in which you can add multiple filters in order
['f":dd T to select the subcellular structures that are of interest.

@ "Nucleus Number of Voxels" above 10.0

You can Add as many Filters as you want.

Filter Type
_ Click in the drop down menu to display all possible
€® { ber of | v . .
(cions wunbegciiils ] filters and adjust the threshold.
@ @A 10.0 © V@A 54905

LLim

|

|

193712 5 of 5 selected (100%) 548921
6/11 Q009

e
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Cells Detection BITPLANE

ients company
A Create ‘ @ Settings | w’ Color |
Oallsl)eﬁeeﬁon d
Select Cell Detection Type
Select Cell Detection Type:
o8 | O3S =
Cell Membrane Detection ) 1 1
i - @@ Cell body labelling BX  Cell membrane labelling
Membrane Width 1.00 um
Cell Membrane Detection:
, — Select the channel that labels the boundaries of the biological
6/7 | .
unit.

Enter the Width of the membrane.

Note: for this algorithm to work the membrane has to be
continues in XYZ and a nucleus staining is required.
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Cells Detection

"\ Create | %@ Settings [ « Color
Cells Detection
Select Cell Detection Type

B

Cell Body Detection

Source Channel [ [ channel 1 - Cytoplasm v]
[¥] smooth
Filter Width 1.00 um

[ ] Background Subtraction

Sphere Diameter|1.00

6/10 (< J> ) ‘J_

Select Cell Detection Type;

:‘ Cell body labelling

Cell Body Detection:

B} Cell membrane labelling

Select the channel that labels the boundaries of the biological unit.

Define the Smooth factor: 10% of the diameter of the object that

you want to segment.

Select Background Subtraction option if the background signal is
very similar to the signal of your object (poor signal to noise ratio).

e
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Adjust the Cell Threshold for the grey shape to adjust to the object

A Create @ Settings «’ Color ‘

Cells Threshold | inthe best way possible.
Cell Threshold (Absolute Intensity)
— TIP; you can click in the Settings tab to uncheck the visualization
fw of the Nuclei objects to help you set the Cell threshold.
1] 85
S Split Touching Objects:
© One Nucleus per Cell Select the option that suits best to
Spltbysipt | separate the individual cells in case
AT that they are touching each other.
@ Bxpand Cell on Nudei One Nucleus per Cell is optimal if we
©) Erase Nuclei outside Cell have a nuclear staining and the nuclei
8/11 o © © @ have been segmented in the previous
step.
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Segmentation of the Biological Unit, Cell o Oxtord Instrumal SUURS

Nuclei Options:

4 Create %@ Settings w Color
Cells Threshold

P TS « Simultaneous segmentation of cell
A 227 @) and nucleus allows us to define the
rw relationship between them
0 55
Split Touching Cells
Don't Spl « Expand Cell on Nucleus: cell is
®) One Nucleus per Cell expanded outside the original borders
Split by Seed Points to Iinclude voxels which are defined by

Diameter(0.843 the nucleus segmentation step

Nuclei Options
Q@ Expand Cell on Nuclei

Erase Nuclei outside Cell
i 0000 @  Erase Nucleus outside Cell: any
voxels of nucleus segmented outside
the cell object are removed.

e INSTRUMENTS
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Segmentation of the Biological Unit, Cell o Oord instnusalineesnes

% Create “@ Settings I « Color ‘

Filtering Step:

Classify Cells | . .
Eiiis Equivalent to the one explained for the subcellular structures but
[+ Add  v|[x Delete | in this case for the Biological units or cells.

@® "Cell Number of Voxels™" above 20.C
TIP: you can click in the Settings tab to uncheck the visualization

S L ) of the Nuclei objects to help you set the Cell threshold.
Filter Type
@
[ &® Cell Number of Voxels ']
@ @A 20.0 © V@A 1.196

838 5 of & selected (100%)1189215
9/11 Q009
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Detection of Vesicle-like structures BITPLAMEV

4 Create “@ Settings I «’ Color ‘

Vesidesbe&ecbon .

Vesicle Options _ Select the Source Channel that labels the vesicles
Jypef T Enter the “Estimated Diameter” for such vesicles
Vesicle Name Type A

source channel | Il chamnel 3-Vesice ~| | If the vesicles vary in size select the option “Different Vesicle
Estimated Diameter 2.12 um / Sizesn

\¥| Background Subtraction

O Diferent Vesicle Sizes (Region Growing) | _Click in the Add New Type option if there are other channels that
1 s labels other vesicle type structures

Absolute Intensity

-+ Add New Type X Delete

9/10 OQO00O9

o OXFORD
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Detection of Vesicle like structures BITPLAIC:!F,EY

4 Create ’ @ Settings l—u Color |

[Vesicles Type A %
Filters

| + Add v|| x Delete |
* "Quality” above 6.66

Adjust the Threshold to detect the vesicular like structures.

Filter Type
' Quality -/ TIP: you can turn off the visualization of the Cell and Nuclei in
® “e* 5o ® "o 50 the “Settings” tab to help the visualization of the vesicles.

Click the double green arrow to finish the creation wizard.

§le |

1 J |

e
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Tracking of Cells components

|

e
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A Create %@ Settings « Color

Load Parameters
[Default v J b
Algorithm Settings

| Cell Body v
Segment only a Region of Interest

V| Track Cells (over Time)

A Create %@ Settings I W C
Track (Autoregressive Motion)

v | Track Nuclei

V| Track Vesicles
Parameters <

Max Distance Cell 10 um

Max Relative Distance Nuclei 5 um

Max Relative Distance Vesicles 5 um

Options

V| Close gaps

Max gap size 2
V| Fill gaps with all detected object

If Tracking is enabled, the
overall Cell position is
always tracked; additional
components are optional

An Autoregressive motion
algorithm is used to track
the Cell and its components

Organelle components are
tracked relative to center of
the Cell (the Cell movement
IS subtracted from
movement of the
organelles, as if the Cell
was stationary)

BITPLANE

uments company

Show Selection (build working set)
Correct Drift

The track editor is
available for the Cell
and all its components
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@ &z Y[E]e]s]

Object Type

(Dol et . Imaris Cell comes with a build-in MIP, Volume,
Cell and Nuclei Style . .

[¥] cell visible [¥] Nucleus visible etC . s renderlng Opt|0ns.

() ortho Slicer XY () Oblique Slicer

(@) ortho Slicerxz ~ (© MIPqRendering

(7) ortho Slicer YZ @) Volume Rendering
Dataset visible (Slicers only
|| Sub Volume

3) MIP Blend

[s] v [Y[E[C]8]

Import
[ Import Surface to Cell... }
[ Import Spots to Vesicles... f .
D) The Export function allows you to
po . . .
B selecton e €Xport all the individual elements as
. emekeses | [ndividual surfaces (for cell and nuclei)
\ Export Nuclei to Surfaces | or SpOtS (VeSICIeS)
[ Export Vesicles to Spots ’
[ Full Export J
Process Selection
[ Clear H Delete ]
e lNSXVlE;M([SQ I
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Instead of using ImarisCell creation wizard, surfaces can be
created and imported as Cells or Nuclei.

[Salx }T}Y|‘r§(|"|°“

importSufacato Gk Spots can also be created and imported as Vesicles.

[ Import Spots to Vesicles... ]

E’“"H These options are important for when the automatic creation
|| Selection All Timepoints . .
wizard fails .

Export Cells to Surfaces

Export Nuclei to Surfaces

[ l
| l
{ Export Vesles b Spote : The import function also gives you the flexibility of

E— segmenting Cell and Nuclei using the creation wizard and
Process Selection .
[ Clear ] [ Delete l I m po rt S pOtS -
[Surfaces 1 v | Surface
Import as Selection Time
Q) Cells Selection Current Timepoint
Nuclei Q) All Q) All Timepoints
| ok
s 2 IN s>v<-E1 M s{}[v)s I
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Imaris Cell Color coding an Oxford nstrumeSESRES

Drop down menu from where a statistical
value can be chosen

Object Type

[ @® Vesicles Type A ".L
Color Type — Option available for Cell, Nuclei and

) Labels Vesicle features.

() Base Track ID Time Mapped
Statistics Type

| @ vesicees Type 4 Distance to cell vems - | #———ANY Of the statistical values calculated by
ImarisCell can be used as a color driver.

Colormap:

Colormap Range

Min: 0.299 Max: 3.360

|¥| Show Colorbar

T e— \Use the Color map drop down menu to
Transparency chose your color scheme.

- Transparency: 0 %

B 2 vnsan‘:?e[SQ I
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Imaris Cell Statistics

Statistics
System . .
Dy Shon s ks ImarisCell is able to report over
Loading 4 @ Cells & . .
300 statistical values for full-
Time Cell Acceleration X
S Cell Acceleration Y
C‘rj;:;sn Parameters C:II Azz:l::t:z: 7A fe atu re d Ce I IS .
Vantage Plots v Cell Area
Statistics Cell BoundingBoxAA Length X
CustomTools Cell BoundingBoxAA Length Y
Licenses Cell BoundingBoxAA Length Z
Update Cell BoundingBoxOO Length A Some Of these are Ve ry
Usage Data Cell BoundingBoxOO Length B .
3D Cursor Cell BoundingBoxOO Length C " k
Annotate Cell Center of Homogeneous Mass X eXpenSIVe to Com lete " ma e Su re
Advanced Cell Center of Homogeneous Mass Y

Ce e omoserecus ars to only select the ones you need.

Cell Center of Image Mass X
Cell Center of Image Mass Y
Cell Center of Image Mass Z
Cell Cytoplasm Area

Cell Cytoplasm Diameter of Vesicles Max I m arlsce | I IS I nteg rated With

Cell Cytoplasm Diameter of Vesicles Mean

Cell Cytoplasm Diameter of Vesicles Min B t h h t'

Cell Cytoplasm Intensity Max a C - a u g e I m e Save r ! !
¥ Cell Cytoplasm Intensity Mean

Cell Cytoplasm Intensity Min
Cell Cytoplasm Intensity StdDev »

<

B show Al

ve XF |
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» Dataset: kg01 STE.May05.ims

» Only analyze the cells that aren’t
touching the edges of the dataset.

TIPS: use a ROI.

A large smooth factor can help cell and
nuclei segmentation.

» Use the nuclei to split the cells

» Adjust the transparency of the Cells &
Nuclei to show the Vesicles more
clearly.

 Color-code the “vesicles” for whether
they are located in the Nucleus or the
Cytoplasm.

@
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e Dataset: 4-cells.ims

» Challenge: segment all 4 cells, 2
bright, 2 dim

TIP: Filter nucleus number of voxels
above 3e4!

» Use the nuclei to split the cells

e Color-code cells based on number
of vesicles (green foci)

B 2 vnsan‘:?e[SQ I
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[Algorithm]

Cell Type = Cell Body

Enable Region of Interest = false

Track Cells (over time) = false
[Detection]

Detect Nuclei = true

Cell Source Channel =1

Cell Smooth Enable = true

Cell Smooth Filter Width = 0.423 um
Cell Background Subtraction = false

Cell Background Subtraction Sphere Diameter = 1.59 um
Nucleus Source Channel =2

Nucleus Smooth Enable = true

Nucleus Smooth Filter Width = 0.212 um
Nucleus Background Subtraction = false
Nucleus Background Subtraction Sphere Diameter = 1.06 um
[Threshold]

Cell Automatic Threshold = false

Cell Manual Threshold = 1434.890
Nucleus Automatic Threshold = false
Nucleus Manual Threshold = 6016.930

e

[Options]

Cell Split Option = Enforce One Nucleus Per Cell
Cell Option = Expand Cell on Nucleus

Fill Holes in Cell = true

Fill Holes in Nucleus = true

Split Nuclei by Seed Points = false
[Classify]

"Cell Number of Voxels" above 3.68e5
"Nucleus Number of Voxels" above 3.14e4
[Detect Vesicles]

Type A

Vesicle Channel Index = 1

Vesicle Estimated Diameter = 1

Vesicle Estimated Diameter = 1.00 um
Vesicle Background Subtraction = true
Enable Region Growing = false

[Classify Vesicles]

Type A Filters

"Quality" above 661

© Oxford Instruments 2016
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» Dataset: g119cellseatbugs.ims

« How many red bacteria do our cells
ingest over time?

TIPS: background subtraction to
segment cells + very little smoothing +
very low threshold to find cells,

[¥] &< Light Sourcel
V| @ Frame

 Use Seed points to split cells 55
* Look in Stats->Detailed->
average values..

IESPARAN BRI

Overall | Detaled | Selection

{Average Values

1 Variable = Min

|1/, Cell Number Of Nuclei 0
i Cell Number Of Vesicles 0
| B/ Cell Position X 922
|« i
60.5

8

3

2

5

2

E

5

2

3

o
0.500;

0.00 10 250 360 390 600 - 7:
b

o [eXERY
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Exercise 3 hints!

[Algorithm]
Cell Type = Cell Body
Enable Region of Interest = false
Track Cells (over time) = true
[Detection]
Detect Nuclei = false
Cell Source Channel =1
Cell Smooth Enable = true
Cell Smooth Filter Width = 1.00 um
Cell Background Subtraction = true
Cell Background Subtraction Sphere Diameter = 10.0 um
[Threshold]
Cell Automatic Threshold = false
Cell Manual Threshold = 3.000
[Options]
Cell Split Option = Split Cells by Seed Points
Cell Seeds Estimated Diameter = 8.00 um
Fill Holes in Cell = true
[Classify Cells Seed Points]
"Quality" above 1.00
[Classify]
"Cell Number of Voxels" above 3406

e
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[Detect Vesicles]
Type A
Vesicle Channel Index = 2
Vesicle Estimated Diameter = 1
Vesicle Estimated Diameter = 1.00 um
Vesicle Background Subtraction = true
Enable Region Growing = false
[Classify Vesicles]
Type A Filters
"Quality" above 6.14
[Tracking]
Close Gaps = true
Max Gap Size =2
Fill Gaps = true
Track Vesicles = true
Max Distance Cell = 5.00 um
Max Relative Distance Nuclei = 5.00 um
Max Relative Distance Vesicles = 5.00 um
[Classify Tracks]

© Oxford Instruments 2016



