AC D TECHNICAL NOTE

a bietechne brand

Using CellProfiler to Analyze RNAscope® and
BaseScope ™ Data

Introduction

This Technical Note provides guidelines for performing quantitative image analysis with CellProfiler on in situ-
hybridized (ISH) slides that have been processed using the RNAscope® or BaseScope™ assays. You can use CellProfiler
to analyze singleplex, duplex, and fluorescent multiplex images. Download CellProfiler from https://cellprofiler.org.

Apply the CellProfiler analysis workflow demonstrated in this Technical Note into larger workflows to analyze large
images.

Note:  CellProfiler has limited capability with handling large, high-resolution images. VWe recommend using a field of
view limited to a maximum number of two gigapixels in [x,y) to count cells and punctate dots present within cell
boundaries. To perform whole slide image (WSI) analysis using your CellProfiler pipeline, Glencoe sells a plugin to allow
you to interface CellProfiler with the open source platform QuPath. The plugin works through the OMERO + platform.
Information on this plugin can be found by contacting Glencoe through their webpage:

https://www.glencoesoftware.com/contact/. Other open source options fo perform whole slide image (VWSI) analysis include
QuPath, Orbit, and SlideToolkit.

Workfow

Below is an example of a chromogenic RNAscope® image stained with one probe in red. We will use this image fo
demonsfrate image analysis using CellProfiler.

Figure 1. Singleplex image example
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Part 1: Build the Pipeline Workflow

1. Open CellProfiler. The primary user inferface predoads with the first four modules of a pipeline (left panel):
e Images
e Mefadata
e NamesAndTypes
e Groups
Figure 2. CellProfiler interface

[@] 4 welcome to CellProfiler - ] 74

Welcome to CellProfiler!
CellProfiler is automated image analysis software to measure biological phenotypes in images
See a pipeline in action
Load an example pipeline, then click on the 'Ana\yze \mages‘ button.

Build your own pipeline

G Images | 1- Start Download a pipeline template from our website of examples. Load it with File > Import
& Metadota To begin creating your project, use the Images module to compile a lst of files and/or folders that y - otal > Pipeline from File.... Run it, then modify it to suit your assay
4 analyze. You can also specify a set of rules to include only the desired files in your selected folders.
€ NamesAndTypes - Adjust  Yse the Input modules to select and configure your images for analysis. Add Analysis
© Groups - AGH modules 10 identify image features, make measurements and export results.
3: Test Ciick the “Start Test Mode" button to step through the pipeline and check the module
. settings on a few images
4 Click the “Analyze Images” button to pr all of your images with your pipeline
i y: u ocess all of your images with your pipeli
Analyze

Need more help?

Tutorials/Demos Q&A Forum

Drop files and folders |

In-App Help

Manual
7] ] - -
Show files excluded by filters Click ? c " For written and video Post a
buttons for 3’]’:;“':‘:"‘ guidance to image question
detailed help ki analysis online

Filter images? Images only

View output settings Apply filters to the file list Apply filters to the file list
Click hers to stop displaying this page when CallProfiler starts. This page can be accessed from Help > Show
? Adjust modules: | + Welcome Screen at any time.
| Start Test Mode B Analyze images | [

Note: CellProfiler opens in three separate windows (see Figure 2), including a welcome page that includes many helpful
links. Explore the help available in the manuals, tutorials and demos, and participate in the Q&A forum to answer specific
questions.

2. Select the Images module, then drag the image you want fo analyze info the right panel while the module is active (see
Figure 3).

Figure 3. Loading images
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Note:

For best results, use images that are uncompressed tif files no larger than 2 gigapixels in (x,y). 40x
magnification is required.

3. Click the + bution (see Figure 4] to add a new module to your pipeline in the following order. Make sure to save your
pipeline file frequently.

AT T F@ ™o a0 oo

UnmixColors

Smooth
IdentifyPrimaryObijects
EnhanceOrSuppressFeatures
IdentifyPrimaryObijects
IdentifySecondaryObiects
MaskObiects
RelateObjects
MeasureObjectSizeShape
DisplayHistogram
ExporfToSpreadsheet

Figure 4. Pipeline overview

File Edit Test [ataTools ‘Window Help

Images
hetadata
Mamesind Types
Growps

e
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UnrmeCobors

® 5 Smaath

& 5 |dentifyPrimanyObjects
& & EnhancelriuppressFeatures
& & |dentifyPrimanObjects
& E |dentifyiecondaryObjects
& Z MaskObjects

& E RelateObjects

& B Mesurelbjecthizebhape
& & DisplayHistogram

@& & BEportToSpreadshest

B Start Test Mode

View output settings

Adpast modules: | -

P Anghyre images

4. Tofind a module, use the Search box or select the correct category under Module Categories to choose the module from the

dropdown menu. For example, the UnmixColors module is listed under Image Processing (see Figure 5).
5. Add each module to your pipeline by clicking + Add to Pipeline.

Note:

Figure 6). To locate the Help page for any given module, click the ? Module Help button (see Figure 5).

Each module is accompanied by a Help page that includes module definitions, citations, and resources (see

CellProfiler Analysis Guidelines
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Figure 5. Finding modules
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Figure 6. Module help page
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Suppuorts 207 |Supports 307 |Respects masks?
[res 3 [no

Technical notes
This code is adapted from the Image. plugin, Calour_Decomaltion jais wittsn by A C. Ruftak, whoss papsr forms the basis for this code

References

+ Ruifiok AC, Johnston DA, (2001) “Quari

ation of histochemical staining by calor decamalutian * Analy tive Cytology & Histology, 23: 261.299
See also ColorToGray

Settings:

Select the input color image

Chooss the nams of the histalogically stained color imags losded or created by some prior moduls.

Name the output image

Use this sstting to name one of the images produced by the module for @ parbcular stain. The image can be used in subsequent madules in the pipsline
Stain
Use this sstting to choos the sbsorbanca values for a particular stain

The stains aie

Stain Color Specific to
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ca »
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6. Put the modules fogether by entering the input file names according to the following table. VWhen all the names are enfered

correctly, a green checkmark will appear fo the left of the module.

Table 1. Singleplex chromogenic workflow

Module Input namef(s) Ovutput name(s)
Images N/A N/A
Metadata N/A N/A
NamesAndTypes All images (color image) Rawdata
Groups N/A N/A
UnmixColors Rawdata Hematoxylin
(see Figure 8) RedISH
Exclusion
Smooth Hematoxylin FilteredHematoxylin
(see Figure 9)
IdentifyPrimaryObjects FilteredHematoxylin Nuclei
(see Figure 10)
EnhanceOrSuppressFeatures RedISH FilteredRNA
(see Figure 11)
IdentifyPrimaryObjects FilteredRNA RNA
(see Figure 12)
IdentifySecondaryObjects FilteredHematoxylin Cells
(see Figure 13)
Nuclei
MaskObjects RNA (Objects to be masked) MaskedRNA
(see Figure 14) Cells (Masking objects)
RelateObjects Cells (Parent objects) RelatedRNA
(see Figure 1) MaskedRNA (Child objects)
MeasureObijectSizeShape RelatedRNA N/A
(see Figure 16)
DisplayHistogram Cells N/A
(see Figure 17) Children
MaskedRNA_Count
ExportToSpreadsheet N/A N/A

7. Visually inspect all of the modules. If an error message appears, hover over the error fo identify the problem.

CellProfiler Analysis Guidelines
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Part 2: Adjusting the Modules in Test Mode

1. Select the NamesAndTypes and set it to color image.
2. Select the module and drag a test image info the Images module.
3. Click Start Test Mode.

Note:

your unique image. We recommend testing one module at a time.

Using the test mode interface, adjust the parameters within each module o optimize and tailor the analysis to

4. Select the Step button to move from one module to the next, or select the Run button to run all of the analysis modules.
Output (image) windows will display with the results of each module beginning with the UnmixColors module.

Note:

See Figure 7 for an example of test mode output windows.

Figure 7. Test mode output windows: UnmixColors
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Note:

The output windows will only appear if the eye icon fo the left of the module is open [click on the eye to open it).

When reviewing the output images of each module using Test Mode, pay close attention to the output of the

initial UnmixColors module and the two IdentifyPrimaryObjects modules. These three modules are the most important steps
in the workflow and may require significant adjustments to tailor them to each unique image. Recommended settings for
each of these modules are provided, but the exact settings will depend on the image. VWe recommend exploring the

different settings within each module and referring to the help menus provided by CellProfiler.

CellProfiler Analysis Guidelines
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Select the UnmixColors module, and choose the seffings from the drop-down menus. Alternatively, you can use the
actual images and create crops of each relevant color (each cropped image should only contain the color of inferest),
or enter the (R,G,B) values directly.

Example: Figure 8 displays the UnmixColors settings applied fo the test image in Figure 1. For a singleplex red
RNAscope® or BaseScope™ assay, start with the Hematoxylin color palette provided in the CellProfiler drop-down
menu, set the red ISH color to Custom with (R,G,B) to (0.05,1,1), and set the Exclusion channel to Custom with (R,G,B)
fo (1,1,1). The seftings entered in the exclusion channel will eliminate black pixels from the analysis.

Figure 8. Module settings: UnmixColors

?

File Edit Test DataTools Window Help
G Images
G Metadata
G MNamesAndTypes
& Groups
B UrenixCoors
@ Smocth
@ [ IdentifyPrimaryObjects
@® & EnhanceOrSuppressFeatures 2
Select the input color image Rawdata ~ (from NamesAndTypes] ?
@ & IdentifyPrimaryObjects i 0% | S i
@ IdentifySecondaryObjects Nam!lhenutpul\mage| Hematoxylin 7
@ E MaskObjects
@ & RelateObjects Stain| Hematoxylin ~ 7
@ & MeasureObjectSizeShape
@ @ DisplayHistogram
@® G BxportToSpreadsheet Name the output wmag2| RedISH 7
Stain| Custom ~ ?
Red sbaorbance| 005 ?
Green sbsorbance] | ?
Blue sbsorbance] 1 ?
Estimate absorbance from image  Estimate 7
Remove this image 7
Name the output mag=| Exclusion 7
Stain| Custom v T
Red sbsorbance| | ?
Green absorbance| 1 7
Blue ansnmanu| 1 ?
Estimate absorbance from image  Estimate ?
Remove this image LS
View output settings
Add anather stain 7
Adjust modules: | + | | - v

Select the Smooth module, and choose the settings from the drop-down menus. The best smoothing method depends
on the unique affributes of your particular image.

Example: Figure 9 displays the setting applied to smooth the nuclear image in Figure 1 (Circular Average Filter).
Depending on the image attributes, the Gaussian Filter setting can also be used. Some nuclear images are best
analyzed using the Suppress Features function within the EnhanceOrSuppressFeatures module, as an alternative to the
Smooth module. For this example image, the Circular Average Filter gave the best results.

Figure 9. Module settings: Smooth

File Edit Test DataTools Window Help

Images
Metadata

NamesAndTypes

Groups

® G UnmixColors

-3¢

@ & |dentifyPrimaryObjects

@ & EnhanceOrSuppressFeatures
@ G IdentifyPrimaryObjects

RRAE

Select the input image Hematoxylin ~  (from UnmixColors #05)

@ G IdentifySecondaryObjects Name the output image| FilteredHematoxyfin ?
® & MaskObjects

@ E RelateObjects Select smoothing method | Circular Average Fitter  ~ 2
® & MeasureObjectSizeShape g
@ E DisplayHistogram Calculate artifact diameter automatically? @)yes () No :

@ & ExportToSpreadsheet

7. Select the IdentifyPrimaryObjects module, and choose the seftings from the drop-down menus. To view advanced
seffings, select yes next to Use advanced settings?.
CellProfiler Analysis Guidelines Rev A/Date 09192019
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Example: Figure 10 displays the recommended settings for this module. Start with sefting the [Min,Max) object
diameter to (10,100) and discard objects outside of the diameter range. Set the threshold strategy and method to
Global and Otsu, and use two-class thresholding. Use Shape to distinguish clumped objects and Intensity fo draw dividing
lines between objects. VWe recommend filling holes in identified objects after both thresholding and declumping.

Figure 10. Module settings: IdentifyPrimaryObjects (nuclei)

File Edit Test DataTools Window Help

© Images
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© Groups

® & UnmiColors

@ Smooth

[Nl IdentifyPrimaryObjects

@ & EnhanceOrSuppressFeatures

Name the primary objects to be identified| Nuclei ?
® & IdentifyPrimaryObjects
@ G |dentifySecondaryObjects Typical diameter of objects, in pixel units (MinMax)| 10 | 100 | >
® [ MaskObjects .
@ [ RelateObjects ~ ?

Discard objects outside the diameter range? (g)ves ()
@ [ MeasureObjectSizeShape ®@Yes ONe

@ DisplayHistogram

® [ ExportToSpreadsheet Discard objects touching the border of the image? () yes @) No
Threshold strategy Global — ~ ?
Thresholding method Otsu - ?
Tweo-class or three-class thresholding? Two classes  ~ ?
Threshold smoothing scale 0 ?
Threshold correction factor| 1 ?
Lower and upper bounds on threshold 01 |1 | ?
Method to distinguish clumped objects Shape v ?
Method to draw dividing lines between clumped objects Intensity 7

Automatically calculate size of smoothing filter for declumping? @) ves (O No
Automatically calculate minimum allowed distance between local maxima? () yes @) No
Suppress local maxima that are closer than this minimum allowed distance | | ?

Speed up by using lower-resolution image to find local maxima? @) ves (O No

View output settings
Fill holes in identified objects? After both thresholding and declumping ~ ?
1 Adjust modules: | + E = v
Handing of chicctz i cxcezzive pumber of oblects identificd Continue ? v

8. Select the EnhanceOrSuppressFeatures module, and choose the settings from the dropdown menus. See Figure 11 for
example seftings (ISH).

Figure 11. Module settings: EnhanceOrSuppressFeatures

File Edit Test DataTools Window Help
& Images
& Metadata
G NamesAndTypes
& Groups
@& UnmixColors
@ E Smocth
@ (& IdentifyPrimaryObjects ‘
o st e [ 5] o Uomicoo 09 .
@® & |dentifyPrimaryObjects
® G IdentifySecondaryObjects Name the output image| FilteredRNA ?
@ MaskObjects
@ RelateObjects Select the operation Enhance ~ ?
@ & MeasureObjectSizeShape

enhances RNA signal

= 2 i

® G DisplayHistogram Feature type Speckles

® & ExportToSpreadsheet Fetine sl 20 ‘y
Speed and accuracy Slow -

Q. Select the IdentifyPrimaryObjects module, and choose the settings from the dropdown menus.

Example: Figure 12 displays the recommended settings for this module {ISH channel). Name the primary object fo be
identified (in this case RNA). Start with sefting the (Min,Max) object diameter to (1,10) and discard objects outside of the
diometer range. Set the threshold strategy and method to Adaptive and Otsu, and use twoclass thresholding. As a sfarting
point we recommend using the (Min,Max) object diameter (1,10) and to discard objects outside of the diameter range.
Use Intensity to disfinguish clumped objects and to draw dividing lines between obijects. VWe recommend filling holes in
identified obijects after both thresholding and declumping.

CellProfiler Analysis Guidelines Rev A/Date 09192019



D

a bietechne brand

Figure 12. Module settings: IdentifyPrimaryObjects (ISH)

File Edit Test DataTools Window Help
€ Images
& Metadats identifies RNA signal
E NamesAndTypes
& Groups
@ E UnmixColors
@ Smooth
@ & IdentifyPrimaryObjects
o EnhanceOcupprenbestures MName the primary objects to be identified| RNA ? b
PO identifyPrimaryObjects !
@ E IdentifySecondaryObjects Typical diameter of objects, in pixel units (Min,Max)| 1 |IB \ ?
@ B MaskObjects
© & RelateObjects Discard objects outside the dismeter range? @)ves () ;
® [ MeasureObjectSizeShape i 7= @¥es ONo
@ @ DisplayHistogram =
® E ExportToSpreadsheet Discard objects touching the border of the image? @) ves () No =
Threshold strategy Adaptive ?
Thresholding method Otsu
Two-class or three-class thresholding? Two classes ~ ?
Threshold smoothing scale| 0 ?
Threshold correction facter| 1.0 4
Lower and upper bounds on threshold| 02 | 1.0 2
Size of adaptive window| 20 ?
Method to distinguish clumped objects| Intensity ~ ?
Method to draw dividing lines between clumped objects Intensity ?
=
Automatically calculate size of smoothing filter for declumping? @) ves () Ne :
?
Automatically calculate minimurm allowed distance between local maxima? @) Yes ()Mo
;
Speed up by using lower-resolution image to find local maima? @) ves () Ne
View output settings = =
Fill holes in identified objects? After both thresholding and declumping ?
7 Adjustmoduless | + | | - | [+ ][ v
Handling of objects if excessive number of objects identified Continue ? 5
10. Select the IdentifySecondaryObjects module, and choose the seftings from the drop-down menus.
Example/Recommendations: Figure 13 displays the recommended settings for this module. Make sure fo sef the
method fo identify secondary obijects to Distance-N. For our sample image, we used a value of 50 pixels fo
propagate the cell cytoplasm from the nuclear outlines.
Figure 13. Module settings: IdentifySecondaryObijects (cells)
File Edit Test DataTools Window Help
© Images
o Mkt increases dismeter of nuclei to cells, in order to account for somatic localization
© NamesAndTypes
G Groups
@ & UnmixColors
®E Smooth
® & IdentifyPrimaryObjects
@ & EnhanceOrSuppressFestures 3 - . =
iy Select the input image | FitteredHematoxylin ~  (from Smooth £06) ?
o Select the input objects Nucle: | (from IdentifyPrimsryObjects 507) ?
@ & MaskObjects
® E RelateObjects Name the objects to be identified | Cells T
® © MeasureObjectSizeShape
&G DisplayHlistogram Select the method to identify the secondary objects Distance - N v T
© & EponToSpreadshest Number of pixels by which to expand the primary objects| 50 r
r

Fill holes in identified objects? @)yes (O)No

Discard secondary objects touching the border of the image? (ves @ No

11. Select the MaskObjects module, and choose the settings from the drop-down menus.

Example/Recommendations: Figure 14 displays the recommended settings for this module. You must select RNA for the
objects to be masked if your primary object identified is RNA (see Step 8). Select Cells for the masking object.

CellProfiler Analysis
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Figure 14. Module seftings: MaskObject

File Edit Test DataTools Window Help
Images

Metadata

NamesAndTypes

masks RNA that lays in cells

RREER

Groups

® & UnmixColors

@ G Smooth

@ © IdentifyPrimaryObjects

@ [ EnhanceOrSuppressFeatures

Select objects to be masked RNA  +~ (from IdentifyPrimaryObjects 09)
@ & IdentifyPrimaryObjects g ( iyl ryObj )

@ B IdentifySecondaryObjects Mamne the masked objects| MaskedRNA
L Yl MaskObjects
® © RelateObjects Mask using a region defined by other abjects or by binary image? Objects +

@ B MeasureObjectSizeShape
@ G DisplayHistogram
® & ExportToSpreadsheet

Select the masking object |Cells | (from IdentifySecondaryObjects £10)
Invert the mask? (Yyes @ No

Handling of objects that are partially masked Keep v

Numbering of resulting objects| Renumber

12. Select the RelateObjects module, and choose the seftings from the dropdown menus (see Figure 15).

Figure 15. Module settings: RelateObjects

File Edit Test DataTools Window Help
Images

Metadata

NamesAndTypes

Groups

@ G UnmnColors

® E Smooth

® & IdentifyPrimaryObjects

® © EnhanceOrSuppressFeatures

@ & IdentifyPrimaryObjects

@ IdentifySecondaryObjects Child objects MaskedRNA | (from MaskObjects #11)
@ & MaskObjects

relates RNA signal to individual ccells

RRRE

R

Parent objects  Cells | (from IdentifySecondaryObjects #10)

R

°C Name the output object| RelatedRNA
® © MeasureObjectSizeShape
@ © DisplayHistogram

Calculate per-parent means for all child measurements? @)ves () No
@ & ExportToSpreadsheet < 2

Calculate child-parent distances? Both v

Calculate distances to other parents? (Jyes @ No

13. Select the MeasureObijectSizeShape module, and choose the object to measure from the dropdown menu. The object is the

output of the RelateObjects module (see Figure 16).

Figure 16. Module settings: MeasureObijectSizeShape

File Edit Test DataTools Window Help
Images -
Metadata measures size of RNA dots

NamesAndTypes

ARAE

Groups

@® & UnmixColors

®E Smooth

@ G IdentifyPrimaryObjects

@ & EnhanceOrSuppressFeatures
® G IdentifyPrimaryObjects

@ & IdentifySecondaryObjects Ak s st
@ MaskObjects

® G RelateObjects

°

& @ DisplayHistogram Calculate the Zemike features? () ves @ No

® & ExportToSpreadsheet

Select objects to measure RelatedRNA | (from RelateObjects #12)

14. Select the DisplayHistogram module, and choose the seffings from the drop-down menus (see Figure 17). Start with the

default number of bins (100) to quickly visualize the cell population disfribution and adjust from there.

CellProfiler Analysis Guidelines
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Figure 17. Module settings: DisplayHistogram

File Edit Test DataTools Window Help
Images

Metadata

NamesAndTypes

Groups

@ E UnmixColors

® E Smocth

@G IdentifyPrimaryObjects

@ & EnhanceOrSuppressFeatures

RRRE

& Mo PriarOliecs Select the object whose measurements wil be displayed | Cells ~ | (from IdentifySecondaryObjects #10) i
@ & IdentifySecondaryObjects Category: | Children i
@ G MaskObjects Select the object measurement to plot A

@® G RelateObjects MaskedRNA_Count

: g &m Number of bin] 100 |
@ & ExportToSpreadsheet How should the X-axis be scaled? linear ~

How should the V-axis be scaled? linear

Enter a title for the plot, if desired|

Specify min/max bounds for the X-axis? () ves ® No

15 Adjust the ExportToSpreadsheet settings to suit your requirements.

Part 3: Interpreting the Data

CellProfiler Analysis Guidelines

The CellProfiler workflow includes a histogram showing the dots per cell identified using the pipeline. Figure 18 displays
the histogram of the dafa taken from the example in Figure 1.

Use the histogram to examine the distribution of dots/cell, verify the mean dots/cell, and view the maximum and
minimum dots/cell in your image. Make sure to spotcheck the data and correlate the results with a visual inspection of
your image. In the example, most cells have two fo three dots/cell, which matches a scan of the raw image. To translate
the dots/cell info a semiquantitative score or Hsscore using the binning criteria established by Advanced Cell
Diagnostics, refer fo the dafa analysis guidelines provided on the ACD website.

A csv file containing the per cell data for every cell is also exported in the final module. You can transform this
information info our typical Hscore output or your preferred data presentation format.

Note:  The cells can be sorted according to expression level within the CellProfiler workflow using a series of
ClassifyObijects modules, by specifying the binning criteria for each round of cell sorting.

Figure 18. Example histogram module output
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Part 4: Adding Another Channel to the Chromogenic Assay Analysis Workflow

To analyze a duplex chromogenic assay, modify the singleplex chromogenic workflow by duplicating the initial ISH
channel modules (EnhanceOrSuppressFeatures and IdentifyPrimaryObijects) and by modifying the UnmixColors module fo
accurately separate the channels. For each additional ISH channel, another set of MaskObijects and RelateObjects
modules must be added to the workflow. To calculate the number of cells that are positive for both ISH fargets (co-
expressing cells), use the ClassifyObjects module. See Figure 19 and Table 2 for the workflow overview. Notes on each
of the modules, especially on those modules that differ from the singleplex workflow, are given in Table 3. Figure 20
provides the defails for the ClassifyObjects module.

Figure 19. Sample chromogenic duplex assay workflow
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Table 2. Duplex chromogenic workflow

Module Input Name(s) Output Name(s)
Images N/A N/A
Metadata N/A N/A
NamesAndTypes All images Rawdata
Groups N/A N/A
UnmixColors Rawdata Hematoxylin
RedISH
Exclusion
GreenlSH
Smooth Hematoxylin FilteredHematoxylin
IdentifyPrimaryObijects FilteredHematoxylin Nuclei
EnhanceOrSuppressFeatures RedISH FilteredRNA
IdentifyPrimaryObjects FilteredRNA RNA
EnhanceOrSuppressFeatures GreenlSH FilteredGreenlSH
IdentifyPrimaryObijects FilteredGreenISH GreenRNA
IdentifySecondaryObjects FilteredHematoxylin Cells
Nuclei
MaskObjects RNA (Objects to be masked) MaskedRNA
Cells (Masking objects)
RelateObjects Cells (Parent objects) RelatedRNA
MaskedRNA (Child objects)
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Module Input Name(s) Output Name(s)
MaskObjects GreenRNA (Obijects to be masked) MaskedGreenRNA
Cells (Masking obijects)
RelateObjects Cells (Parent obijects) RelatedGreenRNA
MaskedGreenRNA (Child objects)
MeasureObijectSizeShape RelatedRNA N/A
RelatedGreenRNA
ClassifyObijects Cells (object name) NotExpressing
Children RedExpressing
MaskedGreenRNA_Count GreenExpressing
Children Coexpressing
MaskedRNA_Count CoexpressingCells
DisplayHistogram Cells MaskedRNA_Count
DisplayHistogram Cells MaskedGreenRNA_Count
ExportToSpreadsheet N/A N/A

Table 3. Notes on duplex chromogenic workflow and modules

Notes
Images N/A
Metadata N/A
NamesAndTypes Use ‘color image’
Groups N/A

UnmixColors

Add GreenlISH with settings (1,0.05,1)

Smooth

Same settings as singleplex

IdentifyPrimaryObijects

Identify nuclei as in the singleplex chromogenic workflow

EnhanceOrSuppressFeatures

Enhance speckles feature size = 20

IdentifyPrimaryObijects

Min, Max (1,10)

EnhanceOrSuppressFeatures

Enhance speckles feature size = 20

(see Figure 20)

IdentifyPrimaryObijects Min, Max (1,4)
Green ISH dots tend to be smaller than red ISH dots.

IdentifySecondaryObijects Propagate cell boundaries as in the singleplex chromogenic
workflow

MaskObjects Same seftings as singleplex

RelateObjects Same settings as singleplex

MaskObjects Add GreenRNA

RelateObjects Add MaskedGreenRNA

MeasureObijectSizeShape Measure RelatedRNA and RelatedGreen RNA features
separately

ClassifyObijects Classify the MaskedGreenRNA_Count separately from the

MaskedRNA_Count
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Module Notes
DisplayHistogram Display data from MaskedRNA_COunt
DisplayHistogram Display data from MaskedGreenRNA_Count
ExportToSpreadsheet Same settings as singleplex

Figure 20. ClassifyObjects module output
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Make each classification decision on how many measurements? Single measurement

Select the object to be classified | Cells

| (from IdentifySecondaryObjects #12)

Category: Children

Select the measurement to classify by

Measurement packedGreenRNA_Count ~

Select bin spacing Evenly spaced bins

Number of bins| 3

Lower threshold| 0.0
Use a bin for objects below the threshold? — JYes @ No
Upper threshold| 1.0

Use a bin for objects above the threshold? (ves @ No
Give each bin a name? (-

)Yes @®No

Retain an image of the classified objects? () ves @ No

Select the object to be classified | Cells

«| (from IdentifySecondaryObjects £12)

Category: Children
Select the measurement to classify by
Mezsurement: MackedRNA_Count ~

Select bin spacing Evenly spaced bins
Number of bins| 3

1 vssms Shrachntd| 0.0

Found | imacectc

Part 5: Fluorescent Assay Analysis Workflow

To analyze a multiplex fluorescent assay, modify the duplex chromogenic workflow by eliminating the color deconvolution step
and duplicating the ISH channel modules (EnhanceOrSuppressFeatures, IdentifyPrimaryObjects, MaskObjects, and
RelateObjects) until the desired number of ISH channels have been included. To calculate the number of cells that are positive
for two ISH fargets (coexpressing cells), use the ClassifyObijects module or the FillerObjects module. A good sfarting point for a
multiplex fluorescent assay CellProfiler workflow is the pipeline published by Erben ef al. (2017). Download this pipeline from
the CellProfiler website ot https://cellprofiler.org/examples/published_pipelines (see Figure 21). Table 4 and Figures 22-24
contains the names and unique module details associated with this workflow.

Note:  The Erben et al. analysis workflow focuses on the red FISH signal. If needed, adjust the workflow, including the
names, fo calculate your desired dafa output,
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Figure 21. Sample fluorescent assay workflow from Erben et al (2017)
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RelateObjects
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List of publications v

Jones TR, Carpenter AE, Lamprecht MR, Moffat J, Silver SJ, Grenier JK, Castoreno AB, Eggert US, Root View output settings
About DE, Golland P, Sabatini DM (2 ies in image-basex
e PMID: 19188593 PMCID ? Adjust modules: | + e e

Download pipelines at
https://cellprofiler.org/examples/published pipelines

— BaseScope quantification.cppipe
— Multiplex RNAScope quantification.cppipe

Erben L, He M-X, Laeremans A, Park E, Buonanno A (2017). QA Novel Ultrasensitive In Situ
Hybridization Approach to Detect Short Sequences and Splice Variants with Cellular Resolution. Mol
Neurobiol. / doi. PMID: 29264769

[Download] (CellProfiler version 2.2.0)

CellProfiler” search

cell image analysis software

Download Published pipelines

Help CellProfiler enables r ible research because a saved pipeline includes al modules and

hed studies, as well as the version of

e Most ci t ve of CellProfiler

If you used CellProfiler in a publication and would like to post your pipelines here, please contact v
we would be happy to host them. Please remember to give CellProfiler the proper citation in your
paper
Blog Please note that each download link contains a compressed ZIP file with the following:
The CellProfiler pipelines.

Supplemental notes describing the pipelines.

ARARRRARARARARARARAARARARRARAARRAANARAARARRRRRR®

8). Scoring diverse cellular ens

vith e feedback and machine learning. PNAS 106(6):1826-1831 / d

CellProfiler Analyst

| Start Test Mode P Analyze Images

Table 4. Multiplex fluorescent assay CellProfiler analysis workflow

Module Input Name(s) Output Name(s)
Images (see Figure 22) Note: Load single images for each N/A
channel. Include C1 through C4 in
the file names.
Metadata N/A N/A
NamesAndTypes (see Figure 23) Cl DAPI (color image)
C2 Green (color image)
C3 Red (color image)
Cc4 White (Grayscale image)
Groups N/A N/A
ColorToGray (see Figure 24) Ql OrigNuclei
Split
RGB
ColorToGray C2 OrigGreen
Split
RGB
ColorToGray C3 OrigRed
Split
RGB
CellProfiler Analysis Guidelines Rev A/Date 09192019

15



AED

a bietechne brand

Module Input Name(s) Output Name(s)
EnhanceOrSuppressFeatures OrigGreen EnhancedGreen
EnhanceOrSuppressFeatures C4 EnhancedWhite
EnhanceOrSuppressFeatures OrigRed EnhancedRed
IdentifyPrimaryObijects OrigNuclei NucleiArea
IdentifyPrimaryObijects OrigGreen GreenArea
IdentifyPrimaryObjects OrigRed RedArea
IdentifyPrimaryObijects C4 WhiteArea
Measurelmagelntensity OrigNuclei/ NucleiArea N/A

C4/ WhiteArea N/A
OrigRed/ RedArea N/A
OrigGreen/ GreenArea N/A
IdentifyPrimaryObijects OrigNuclei Nuclei
IdentifyPrimaryObijects EnhancedGreen Green
IdentifyPrimaryObijects EnhancedRed Red
IdentifyPrimaryObijects EnhancedWhite White
IdentifySecondaryObjects OrigNuclei Cells
Nuclei
RelateObjects Cells (Parent objects) RelateObjects
Red (Child obijects)
RelateObjects Cells (Parent objects) RelateObjects
Green (Child obijects)
RelateObjects Cells (Parent objects) RelateObjects
White (Child objects)
FilterObjects Cells RedCells
FiltlerObjects Cells WhiteCells
FilterObjects Cells GreenCells
RelateObjects RedCells RelateObjects
Red
RelateObjects RedCells RelateObjects
Green
RelateObijects RedCells RelateObjects
White
FilterObjects RedCells RedandGreenCells
FiltlerObjects RedCells RedandWhiteCells
FilterObjects RedCells RedandNoneCells
FilterObjects RedCells RedandBothCells
RelateObjects RedandGreenCells (Parent objects) RelateObjects
Red (Child Objects)
RelateObjects RedandWhiteCells (Parent Obijects) RelateObjects
White (Child Objects)
RelateObjects RedandNoneCells (Parent Obijects) RelateObjects
Red (Child Objects)
RelateObjects RedandBothCells (Parent Objects) RelateObjects
Red (Child Objects)
MaskObjects Red RedDotsonRedandGreenCells
MaskObjects Red RedDotsonRedandWhiteCells
MaskObjects Red RedDotsonRedandNoneCells
MaskObjects Red RedDotsonRedandBothCells
MeasureObijectSizeShape Red N/A
MeasureObijectintensity OrigRed (Image) N/A
Red (Objects)
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Module

Input Name(s)

Output Name(s)

RedDotsonRedandGreenCells
(Objects)

RedDotsonRedandWhiteCells
(Objects)

RedDotsonRedandNoneCells (Objects)

RedDotsonRedandBothCells (Objects)

ExportToSpreadsheet

N/A

N/A

Figure 22. Fluorescent assa

y Images module
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Filter images? No filtering

To begin creating your project, use the Images medule to compile a list of files and/or folders that you want to analyze. You can also specify o set of rules to include only the desired files in your selected folders.

Figure 23. Fluorescent assa

y NamesAndTypes module
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The NamesAndTypes module allows you to assign a meaningful name to each image by which other modules will refer to it.
Files are loaded as single channel RGE files. DAPI is blue and named C1, the green channel files contain C2, the red channel files contain C3, and the white channel files contain C4,
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Figure 24. Fluorescent assay ColorToGray module
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