A\Q D TECHNICAL NOTE

a bietechne brand
Using ImageJ to analyze RNAscope® and BaseScope™ data

Infroduction

This Technical Note provides guidelines for performing semi-quantitative image analysis using Fiji Image) on in
sitrhybridized slides using the RNAscope® or BaseScope™ assays. Download the Fiji image processing package
distribution of Image) using the following link: htps://fiji.sc.

Note: Image) has limited capability with handling large, high resolution images. We 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.

Workfow

Below is an example of an image stained with one probe. We will use this image to demonstrate image analysis
using FiJi Image).

Figure 1. Single-plex image example

Part 1: Counting the number of cells

Follow the steps to use color deconvolution to separate the cells from other marker signals.

From the Imagel tabs, select File > Open.

Select the image you want and click Open.

Find a region in the image where you can select a nucleus stain and a marker stain.
Zoom into your region of choice using the magnifying glass fool.
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5. Select the rectangle tool.

6.

[ 037_Stomach_T2_Cancer_Low.tif (50%)
1400x800 pixels; RGB; 4.8MB

" Split Channels
Merge Channels...
Arrange Channels...
: Channels Tool...

From the Image] tabs, select Image > Color > Color Deconvolution.
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From the Options menu, select From ROI.
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8. Using the rectangle fool, do the following in the image:
a. Select an example of a nucleus stain for color 1. Rightclick to move onto the next step.
b. Select an example of a probe stain for color 2. Right<lick to move onto the next step.
c. Select an example of a background stain for color 3. Right<lick to move onto the next step.

Selected nucleus stain example Selected probe stain example

Q. Run the color deconvolution.
You should see an output of three images, one for each channel. The first channel will contain the nudlei.

[ 037 Stomach_T2_Cancer_Low-1.tif-(Colour_1) (33.3%) — O x| [ 037_Stomach_T2_Cancer_Low-1.tif-(Colour_2) (33.3%)
1400x800 pixels; 8-bit; 1.2MB 1400x800 pixels, B-bit, 1.2MB
P oh T - EET Tt S

Channel 1 (nuclei)

10. If desired, save the image of the nuclei as a separate image.
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11. To automatically select a threshold based on the two pixel populations in the image (nuclei and background),
select Image > Adjust > Threshold and choose Otsu from the threshold options.

Threshold X
et
33.01%
i 0
4] i » [res

IlOtsu LII|B&W |

[ Dark background [~ Stack histogram

Auto Reset

12. Click Apply. See the following images for results (nuclei are shown in black):

Original nuclei image Converted image

13. If needed, adjust the image to make the nuclei smoother and remove background noise. Use the following

morphological operations:
e  Process > Binary > Close

e  Process > Binary > Open
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14. To split overlapping nuclei, use Process > Binary > Watershed. See the following image for results:

037_Stomach_T2_Cancer_Low-1.tif-(Colour_1).tif (75%)
1400x900 pixels; 8-bit (inverting LUT); 1.2MB

15. To count the cells, use Analyze > Analyze Particles.

Analyze Particles X

Size (inch*2): |0-Infinity
[ Pixel units

Circularity: |0.00-1.00

snow: TR <]

v Display results ™ Exclude on edges

¥ Clearresults ™ Include holes
v Summarize [~ Record starts

v Addto Manager [ Insitu Show

OK ‘ Cancel| Help‘
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16. Adjust the size and circularity options o avoid counting fragments and to count cells only.
The number of defected cells in the image example is 485.

] a
14005900 pixsls: 8-t (vorting LUT): 1 28
T .

[ Results - ] X
File Edit Font Results
|area [Mean [StdDev [Mode [Min [Max [intDen |Median -

477 544 255 255 255 255 138720 255
478 458 2586 265 255 255 116790 255
479 639 255 255 255 255 162945 255
480 447 255 255 255 255 113985 255

481 6B8 2535 2585 255 255 175440 255
482 3B3 2539 259 255 255 97665 255
483 302 255 255 255 255 77010 255
484 306 255 255 255 255 78030 255
485 343 255 285 255 255 67465 255

< I ::1
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Part 2: Quantifying the probe signal

To analyze the probe signal, use Weka classifiers.

1. Open the original image, and select Plugins > Segmentation > Trainable Weka Segmentation.

Shortcuts ’
Utilities ’
New »
Compile and Run...

Install... Ctri+Shift+M

o 3D Viewer
{ lyze »
BigDataViewer 4
L N, A} Bio-Formats ’
o g ; Cluster ,
? - % " Color Inspector 3D &
F - ; v Examples » o
: ﬁé‘ 7A\~‘ % Feature Extraction ’
Segment blob in 3D Viewer Image5D ’
Balloon Integral Image Filters »
Graph Cut Janelia H265 Reader
Blow/Lasso Tool LOCI »
Robust Automatic Threshold Selection LSM Toolbox ¢
Simple Neurite Tracer Landmarks ’
SIOX: Simple Interactive Object Extraction MorphoLibJ »
Apply saved SIOX segmentator Muiltiview Reconstruction  *
Statistical Region Merging Optic Flow L
process :
" Trainable Weka Segmentation 3D Registration ,
deprecated » | RetFM-J
Segmentation Editor SPIM Registration 4

The default number of classes is two.
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2. Depending on the number of probes you have, add more classifiers by selecting Create new class.
The example image has three classifiers: background, nuclei, and probe.
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3. Using the freehand selection tool, select 2—4 examples for each class as shown.
[F Trainabie Weka Segmentation v3.2.23 (400%) - =} x
10900 et OB 4 - . e U
Lo *
- 4 ”
g & o .
= § / Background
S~ et
1 | Opbons
Nuclel ~—— |
Load data I
[ s ]
WEKA
Probe
4. Click Settings.
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5. Select the following features and click OK.

[ Segmentation settings x
Training features:

I™ Gaussian blur ™ Sobel filter
™ Hessian i

r

¥ Mean

¥ Maximum ™ Median
™ Anisotropic diffusion I Bilateral
™ Lipschiz ™ Kuwahara
™ Gabor I™ Derivatives
I" Laplacian I™ Structure
¥ Entropy I™ Neighbors
Membrane thickness: [1
Membrane patch size: I19

Minimum sigma: [10

Maximum sigma: [16.0

Classifier options:
Choose |FastRandomForest -| 200 -K 2-5-1 33‘.'80]

Class names:
Class1 [dass1
Class 2 Idus!
Advanced options:
™ Balance classes
Save feature stack
Resultoverlayopacly «| [ »|[33

i 1 i

6. Click Train Classifier on the main screen, and check the results.
Note:  This step may toke a few minutes depending on the size of your image and computer specification.

7. If the results need refining, select more fraining regions and repeat steps 4—06.
You should see a result similar to the following image:
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8. Click Create result.
9. Separate the probe class from the other classes:
a. Select Image > Adjust > Threshold.
b. Change the range until only the probe class is visible in the image.
c. Click Apply, and close the window.
10. To count the probe spots:
a. Select Analyze > Analyze Particles.
b. Adjust the circularity and size parameters so that only the probe clusters are defected.
The area for each defected particle is displayed in a fable.

11. Visually inspect all of the detected particles, and exclude the particles that do not look like a real signal.
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Note:  To obtain the fotal probe count within each probe cluster, determine the area of a single probe using the
image and accompanying resulfs fable, then divide the area of the larger clusters by the single probe area.

12. Click Next to proceed. Ignore any pop-ups that may appear on the screen.
13. To caleulate the number of dots per cell, divide the total number of probe count obtained in Part 2 by the
number of cells obtained in Part 1.
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