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Disclaimer

DISCLAIMER - FOR INFORMATIONAL PURPOSES ONLY; USE AT YOUR OWN RISK

The protocol content here is for informational purposes only and does not constitute legal, medical, clinical,
or safety advice, or otherwise; content added to protocols.io is not peer reviewed and may not have
undergone a formal approval of any kind. Information presented in this protocol should not substitute for
independent professional judgment, advice, diagnosis, or treatment. Any action you take or refrain from
taking using or relying upon the information presented here is strictly at your own risk. You agree that
neither the Company nor any of the authors, contributors, administrators, or anyone else associated with
protocols.io, can be held responsible for your use of the information contained in or linked to this protocol
or any of our Sites/Apps and Services.
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Abstract

Coregistration of data from imaged brains unto a brain atlas is one step to establish significance and legitimize
differences in the densities/distributions of objects such as cells in the brain between separate channels or
experimental cohorts. In this method, | provide a free, simple, and largely automated pipeline to coregister and
analyze 3D mouse brain data using the tool ABBA, a free coregistration platform developed by Nicolas Chiaruttini,
as well as some python scripts and Imaged macros which | have developed. This protocol will go over
preprocessing steps to prepare your image for import into ABBA as a serial, multi-channel .tiff image. It will
provide instructions and tips on using ABBA to coregister 3D brains. Finally, it will explain a pipeline using python
and the free imaging software ‘ImagedJ’ to automatically obtain region specific information for all regions
simultaneously, such as cell counts, cell densities, and a normalized, robust clustering factor that can safely be
compared between heterogenous images, and provides a method for obtaining significance differences in regions
between two cohorts regions based on the extracted information.

Troubleshooting
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Introduction

Coregistration of data from imaged brains unto a brain atlas is one step to establish
significance and legitimize differences in the densities/distributions of objects such as
cells in the brain between separate channels or experimental cohorts. There are several
services that provide such analysis for 3D brain images, however they are often costly
and may occur outside of the laboratory preforming experiments. In this method, |
provide a free, simple, and largely automated pipeline to coregister and analyze 3D
mouse brain data using several pre- and post-processing scripts | developed, as well as

the tool ABBA', a free coregistration platform developed by Nicolas Chiaruttini.

The following method provides a free, fast, and accurate way to coregister mouse brains
to the Allen Brain Atlasz, automatically obtain region-specific data on 800+ regions, and
establish significant differences between regions of separate mouse cohorts. These
steps allow coregistration to be performed in-house, providing a great degree of control
over this analysis within a lab. Once a user is comfortable with this pipeline, a 3D brain
image can be converted into region-specific data in around two hours each. An example
of this pipeline is shown in Fig. 1. below.

. Region Specific Data
for 800+ Regions

Fig 1. This pipeline provides a fast, free, and largely automated way to accurately
coregister 3D brain data and obtain quick results for all 800+ regions.

Installation

2

The first step is to install ABBA' and other necessary tools. Detailed instructions for
ABBA installation can be found at https://biop.github.io/ijp-imagetoatlas/installation.html.
Using Windows, installation of all ABBA dependencies can be easily accomplished by
running an installer, but otherwise, each dependency will need to be installed individually
per the instructions in that link. ABBA can also be installed through Python using pip.
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3 Pre- and post- processing through this pipeline additionally requires the image
processing software FIJI/ImageJ3 [https://imagej.net/software/fiji/downloads], which
also must be installed for ABBA.

4 Next, to follow these pre- and post-processing steps, download the python scripts and
Imaged macros from my github:
https://github.com/mclaughlinliam3/ABBA_Coregistration_Analysis_Tools.git

5 Determining exact angular lineups, which will speed up coregistration in instances of
misangled images, can be aided with the platform Imaris
[https://www.oxinst.com/news/imaris-10-1-released], although the license is expensive,
and this step can be safely skipped.

6 Additionally, Python should be installed should be installed via the installer downloadable
at: https://www.python.org/downloads/release/python-3123/. When prompted by the
python installer, make sure the option to enable Python as an environment variable is
enabled to allow its scripts to be run in any directory.

7 Additionally, once python installed, please install the following modules by typing the
following commands into the command terminal:
pip install pandas==2.2.0
pip install numpy
pip install openpyxI
pip install tifffile
pip install scipy

Imaging

8 Imaging techniques may widely vary, including 3D lightsheet images to serial 2-photon
slices. However, be advised that the following tips will ease coregistration:

9 The brain should ideally be imaged perpendicular to either the coronal, sagittal, or
horizontal axis. For optimal coregistration, the entirety of the brain in the intended
coregistration plane should be imaged. As coronal coregistration is the easiest, optical or
serial sections may want to encompass the entirety of the brain in the coronal plane if
possible. Without the entire brain in the plane, the automated coregistration tools in
ABBA will not function properly, permitting only manual coregistration.

10 Additionally, coregistration will be easiest with a channel that provides a strong
autofluorescent background signal for the brain and associated subregions, for easy
matching of fiducials between image and atlas.

Preprocessing:
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11

This pipeline is designed for stitched tiff stack images. If the image field is taken over
multiple tiles, it can be stitched using a program such as the free imagedJ plugin
BigStitcher: [https://imagej.net/plugins/bigstitcher/]. If the image is not in .tiff format, it

can be converted using FIJI. Open the image stack in FIJI and select File>Save As->Tiff.

Downsampling and Reslicing:

1.1

11.2

Resave each channel as a tiff stack and complete the following same preprocessing
steps on each: Depending on the specifications of the computer being used for
downsampling, it may be a good idea to downsample the mouse brain data prior to
coregistration. This may be accomplished using FIJI. Open the tiff image in FIJI and
select Image->Scale and designate downsampling parameters in the X and Y plane only
(Fig. 3).

Fig. 3. Downsample if necessary. The above image is being downsampled 4x in X and Y.

ABBA allows coregistration along the sagittal, coronal, and horizontal axis. However, as
fiducials are easiest to match in the coronal plane, resampling the image in the coronal
axis will make the coregistration the easiest. Assuming it is perpendicular to one of the
three major brain axis, resampling can easily be accomplished in FIJI. In FIJI, select

protocols.io | https://dx.doi.org/10.17504/protocols.io.8epvsrzinglb/vi April 20, 2024

6/38


https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.8epv5rz1ng1b/v1

€3} protocols.io Partof SPRINGERNATURE

Image->Stacks—>Reslice (Fig. 4) and select the resample direction to transform the image
into the coronal axis. Before coregistration, the image should begin with the olfactory
bulbs at the start of the Z-stack (plane 1) and end with the brainstem at the end of the Z-
stack. Additionally, the brain should be positioned the cortex on top. In the instance the
brain is not aligned this way, it can be transformed in FIJI using the tools under Image-
>Transform (Fig. 5).
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Fig. 4. Reslice the brain in a new axis to make it coronal, if necessary. The above image is
already positioned correctly, but if | applied the parameters on the right, it would reslice it
starting from the "top" of the image, which would result in a horizontal axis slice.

protocols.io | https://dx.doi.org/10.17504/protocols.io.8epvsrzinglb/vi April 20, 2024 7/38



https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.8epv5rz1ng1b/v1

€3} protocols.io Partof SPRINGERNATURE

1§ » bvma
fie Cot [N Aocess Anayoe Phge Window |iep
I5E LS Twee L (L LT A A W IR k1

Fig. 5. Transform the brain to position it correctly, if necessary. The above image is
already positioned correctly, but if it was not, | would use this window to rotate it into the
correct position. Additionally, "Flip Z" may be used to position the olfactory bulbs near
slice 1 if the brain is backwards.

11.3 Because ABBA is limited in the number of planes it will process in parallel, it may be a
good idea to reslice the brain along the coronal axis if there are an abundance of slices,
such as in a lightsheet image. This may be accomplished using my reslice.py python
script available at
https://github.com/mclaughlinliam3/ABBA_Coregistration_Analysis_Tools.git. Run the
script from the command terminal in the same directory as the image to reslice (Figs 6,
7). Input the image's name in the console and select a reslice factor to generate an
imaged resliced by that factor in the Z-plane, aiming to end up with a few hundred slices
if possible, as too many will slow processing and too few will undersample the data.
Ultimately, after downsampling and reslicing, tiff-images with channel files that were
under 5 GB in size worked well for ABBA, while larger images may pose processing
challenges.
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Fig. 6: How to easily open the command terminal in a folder to run scripts (windows).
Click the filepath bar in the windows explorer, type 'cmd’, and press enter.

> This PC > DATA (D) » Userdata > Liam > Active v
[ nName Date modified Si

1 my brain_tiff

@ lﬂ reslice

‘ C\Windows\System32\cmd.exe - python reslice.py - a X

Microsoft Windows [Version 10.0.19845.4170]
(c) Microsoft Corporation. All rights reserved.

D:\Userdata\Liam\Active>python reslice.py e —j=—————x1.Initiate Script
Enter the location of the TIFF file: my brain_tiff.tif «<e== 2. Input file

Reslice factor?: 10 eemmmememmm— =003 3. Input reslice factor
4. Press enter

Fig. 7: How to run the reslice script (Windows). Making sure the script and brain image are
in the same folder as the command terminal, type "python reslice.py” to start the script.
The "python” command tells windows to apply the python compiler on whatever file is
called. Input the name of the file, including the ".tif" extension. Specify a reslice factor and
press enter to run the script.

Creating Qupath Import

protocols.io | https://dx.doi.org/10.17504/protocols.io.8epvsrzinglb/vi April 20, 2024 9/38



https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.8epv5rz1ng1b/v1

€3} protocols.io Partof SPRINGERNATURE

12

12.1

Transferring your image into ABBA requires first converting it into a new project in
QuPath. Prior to transforming the image into a QuPath project, it should be turned into a
set of serial images in a directory rather than a single tiff stack file. Open all image
channels in FIJI and merge them into one using Image-Color->Merge Channel (Fig. 8).
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Fig 8: Until this point, channels have been processed as separate files. Now, merge them
back into one image.

To ensure the brain image is imported into ABBA in its proper size, voxel-sizes (the true
micro-or-milimeter size of the 3D pixel) may be verified at this point using Image-
>Properties (Fig. 9). Please input the proper voxel sizes of the brain in the current XY
plane into the image, which may have changed if the axis were shifted. Ensuring proper
Z-axis size is not necessary. In addition, since the image will be warped onto the Atlas,
correct voxel size is not actually needed as the image can be freely resized during
coregistration, but this step will make initial alignment more straightforward.
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12.2

12.3

12.4
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Fig. 9: Adjust the voxel sizes of the image, if necessary. Since the image will be resized
during coregistration, these values do not actually matter but may make things more
straightforward. Keep in mind that if the brain image was resliced into a coronal axis, the
Z-axis which typically has different voxel sizes than X and Y will have been shifted into
either X or Y. This may make the image appear stretched out, but if proper voxel sizes are
designated, it will look normal when imported into ABBA.

Save this image as a sequence in a new folder using FIJI by selecting File>Save As-
>lmage Sequence, and choosing Tiff as the file format.

If the image is only a single channel, please skip to step 12.7. Otherwise, the saved image

sequence will not combine the channels from the same slice, which should be done

before importing into ABBA if multiple channels are to be coregistered. To transform the

image sequence containing multiple channels as separate images into an image

sequence containing all channels in one image per section, first create a new directory.

Open my channels_macro available at available at

https://github.com/mclaughlinliam3/ABBA_Coregistration_Analysis_Tools.git in FIJI and
select run (Fig. 10). There are several channels_macros, each which correspond to the
number of channels they will assemble into one slice. See step 12.6 for more explanation.

Note the first directory containing the channels to be merged should only contain the
data that FIJI saved by the steps described above, or the channel macro may fail.
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12.5
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Fig. 10. To run macros in FIJI, simply drag them into FIJI and press run. To merge the
serial, split-channel images into serial, multi-channel images, use the corresponding
channel_macro. in the above example, | am merging two channels with channel_macro_2.

When prompted, find the directory containing your serial images, and select the new
directory to save the output. The channels macro will iterate through the first folder,
combine the channels from the same slice together, and save the multi-channel slices in
the output folder.

Tip: Note that this is intended to only work for sequences saved using the pipeline
described above. In addition, there are multiple versions of the channels macro, each
designed for a certain number of channels. Use “channel_macro_2" for two channel
images, “channel_macro_3" for three channel images, “channel_macro_4" for four
channel images, etc. Using the wrong channel macro will either fail or cause separate
slices to merge as a multi channel image.

At this point, the image is ready to be opened as a QuPath project and exported to ABBA.
First, create an empty directory and open QuPath. Drag and drop the empty directory
into the project toolbar on the left side of QuPath (or use the “create project” ribbon).

Next, select all the serial, multi-channel slices of the brain image and drag them into the
left area of QuPath under “Image list". When prompted, change the “Image Provider”
option from “Default (Let QuPath decide)” to “Bio-Formats builder”, and uncheck "Auto-
generate pyramids” (Fig. 11).
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Fig. 11. Drag the serial, multi-channel slices into QuPath and open it with the above
settings.

Coregistering Using ABBA

13 An in depth, step-by-step tutorial to use ABBA can be found at f’o{
https://www.youtube.com/watch?v=sERGONVw4zE. This tutorial was created by
the platform's developer, Nicolas Chiaruttini, and should be referenced for more
detailed instructions.

Setup

14 Start ABBA by searching for “ABBA" in FIJI and pressing “start”. When prompted, select
"Adult Mouse Brain — Allen Brain Atlas V3p1" and the proper slicing plane, such as
“coronal”.

14.1  In ABBA, open your image by selecting [Import - Import Current QuPath Project] and
finding the QPPROJ file associated with your QuPath project within the directory created
for the QuPath project.

14.2  When the images are loaded in, separate them by selecting “Change Overlay Mode". To

spread the slices out, manually move the first in the stack to the left and the last in the
stack to the right, then select “distribute spacing”.
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14.3

14.4

14.5

It may be the case that a few slices were imported out of order. Check to make sure that
the slices are in serial ascending order from left to right. If they are not, the slices can be
selected and moved to their proper location.

Next, increase number of displayed atlas slices to aid coregistration using the slider next
to “Displayed slicing [atlas steps]. A display factor such as "8" is a good starting point.

Change the brightness on the Atlas and your image until both are easily visible.

Aligning Atlas in Z

15

15.1

15.2

Finding proper alignment in the Z plane is the most important step to ensure good
coregistration. In ABBA, this is accomplished by designating “key slices” where the
imaged brain's region fiducials match the atlas’s. Brain slices can be freely dragged to
match their locations in the Z plane with the atlases. Ctrl+a can be used to drag all slices
at once. However, any slices that are “designated” as key slices will remain rooted in
place.

Ensuring Proper Angular Alignment

To start, find where the hippocampus first appears in the coronally-sliced brain and drag
the entire brain until the hippocampus-slice matches where the hippocampus first
appears in the Atlas. Select the hippocampus-slice and choose “set as Key Slice” (Fig.
12). Key slices may also be removed by selecting a slice and choosing “Remove Key
Slice".
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Fig. 12. Example alignment of hippocampus appearance fidiciual. The atlas (yellow) and
the brain image (green) have been matched for the slice where the hippocampus first
appears coronally. Having found this match, | will mark this as a key slice and move onto
matching other fiducials as keys, allowing ABBA to interpolate a Z-alignment.

Ensuring Proper Angular Alignment

16 If the brain image was not taken perfectly-perpendicular to one of the three brain axis,
the angle of the atlas will need to be changed to permit proper alignment. If the brain
image is already perpendicular and not angled relative to the atlas, skip to step 17.

16.1 A perfect angle-adjustment can be obtained with the platform Imaris. If you do not have
Imaris, skip to step 16.5. Download the Allen Brain Atlas v3 from
[https://scalablebrainatlas.incf.org/mouse/ABA_v3] and convert both it and your brain
into .ims images using the Imaris file converter.

16.2  Open your image in Imaris and import the Allen Brain Atlas over it by selecting File - °
Load Image.
16.3 The atlas can be freely rotated and translated using its frame that is generated when it is °

opened in Imaris. In the image frame corresponding to the Allen Brain Atlas, input 90° as
the rotation factor and rotate and translate the Atlas until it is approximately aligned with
your brain.

16.4 Inthe instance there is an angular mismatch, input 1° as the Atlas Rotation Factor and °
rotate it 1° at a time until it is angularly aligned with the brain image. Write down how
many degrees it was moved in the X and Y planes.

16.5 In ABBA, input the number of X/Y rotation degrees with the rotation sliders beneath
“Atlas Slicing” to rotate the Atlas into angular alignment with the brain image.
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16.6

16.7

16.8

In the instance that Imaris is not available, rotation in X can be determined using
symmetrical mismatches between your brain at the atlas. For example, if the right side of
the brain has its hippocampus appear before the left side, the Allen Brain Atlas should be
rotated to match this.

In'Y, rotation can be determined by moving the atlas at until the base and top of the brain
in fiducial regions appear the same in the brain image and the Atlas.

For example, if the base of the brain image where the hippocampus appears is
significantly shorter than the atlas, rotate the atlas forward in Y until these regions
appear similar. Note that perfect angle is more difficult to obtain this way and may need
to be readjusted throughout alignment, which will also require reassigning key slices.

Continuing Z Align

17

171

17.2

17.3

Once approximate angular alignment is obtained, continue to create key-slices at points
where the brain image fiducials match the atlas. Note that angular alignment may need to
be reevaluated throughout, which will require moving key slices.

Other useful fiducials beyond the appearance of the hippocampus, in order in Z, are not
limited to but include:

. The appearance of the Olfactory Bulb.

. The appearance of the cortex (Frontal Pole)

. The appearance of the ventricles.

. The appearance of the hippocampus

. The point where the hippocampus begins to descend in the cortex.

. The point the hippocampus fully descends and connects with the lower cortex.

. The disappearance of the bright core of the hippocampus.

. The full disappearance of the hippocampus.

. The disappearance of the cortex.

. The appearance of the cerebellum.

. Various fidicuals throughout the cerebellum (Cerebellar layers appear in the center
before enlarging like rings and disappearing. These layers can be matched).

12. The disappearance of the cerebellum.

13. Various other fiducials throughout, such as the descent of the hypothalamus, etc.

© 00N O O b WDN P

(I
= O

After fiducials have been aligned, select “Distribute Spacing” to allow ABBA to interpolate
the rest of the Z-alignment. “Distribute Spacing” can be utilized throughout alignment to
assess the quality of the Z-alignment.

Tip: It may be the case that not all fiducials in Z can be aligned perfectly. For example, if
the brain image has a rather large cortex that overlaps with the appearing cerebellum,
whereas in the atlas, it disappears, there may be a few frames of slight mismatch. If this
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cannot be avoided, the more important region should be prioritized. Certain regions such
as the hippocampus may take priority due to how they act as a major central anchor
point for coregistration, but other regions can be instead prioritized if they are important
for the experiment. In most cases, however, this will not be a major issue.

Aligning the Atlas in XY

18  Once Z-alignment has been completed, move on to XY alignment by selecting the
"Review” mode (Z-alignment can be returned to by selecting the "Positioning” mode).

18.1  Important: Please note that certain other FIJI plugins may prevent the automated L
transforms from working correctly. If this is encountered, please download a new version
of FIJI and only install the ABBA update site using Help-»Update...>Manage Update
Sites—> Search for the update site “PTBIOP” and select it » Apply and Close » Apply
Changes. Use this version of FIJI when running ABBA.

18.2  First, find an approximate alignment by navigating to a central slice, using ctrl+a to select
all slices, and selecting Align-> "ABBA - Interactive Transform". Manually rotate, translate,
and resize the brain slice in the X/Y dimensions until it is approximately aligned with the
atlas.

18.3 At this point, the current slice may appear well-aligned, however the alignment will not
be consistent throughout all slices. However, now that the brain is overall in near-
alignment, an automated affine transform may be used to create a strong, initial aligned
state for all planes. Select all slices with ctrl+a and use align - “ABBA - Elastix
Registration (affine)”, inputting the desired parameters. The affine transform will attempt
to align all slices to the atlas, which may take several minutes (Fig. 13).

ABBA - Elastix Registration (Affine)
Atlas channels (channels comma separated) 0

Slices channels (channels comma separated) 1

re-sampling

Show registration results as ImagePlus

Background offset value

Fig. 13. Example settings for an automated affine transformation. An affine transform will
translate, rotate, and warp the brain onto the atlas and is essentially an automated
alternative to the interactive transform. However, it will not perfectly handle
heterogenously shaped regions, for which a spline transform (step 18.5) may be
necessary.
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18.4

18.5

18.6

18.7

18.8

18.9

After completion, look through all slices to verify a decent initial alignment has been
completed, comparing the before and after alignment by flipping between the previous
and current registration. In certain cases, the affine alignment may not have worked well.
If this occurs, remove the affine transform by selecting, then right-clicking the slices with
the wrong registrations and selecting “remove last registration. For such slices, instead
use the interactive transform option for a manual affine alignment.

Additionally, the brain imaged being clipped out of frame when originally imaged will
make automated alignment in general fail, meaning these slices will likely require manual
alignment alone. If lone manual alignment is utilized, one fast way to complete it is to
select several similarly-sized, nearby slices and preform an interactive transform.
Oftentimes, an interactive transform will work well for neighboring slices even when they
were not the reference point. Use this method for several brain slices at once until the
entire brain is approximately aligned.

After the affine transform, a closer-alignment may be achieved using a spline transform.
Select all slices and use Align - "ABBA - Elastix Registration (Spline)”, inputting the
desired parameters (Fig. 14).

ABBA - Elastix Registration (Spline)

Atlas channels (channels comma separated) 0

Slices channels (channels comma separated) 1
Number of contral points along X, minimum 2.
Registration re-sampling (micrometers)
Background offset value

Show registration results as ImagePlus

Fig. 14. Example settings for an automated spline transform. A spline will differentially
warp different parts of the image, allowing heterogenous regions to be stretched into the
correct places.

In many cases, the spline is sufficient to create a near-perfect alignment. However, like
before, look through all slices after the spline and remove any that resulted in a worse
registration.

Alternatively, failed splines can be manually edited by selecting Align-> "ABBA - Edit Last
Registration”, although this may be a time-consuming process. Additionally, splines may
be manually generated from scratch using Align - "ABBA - BigWarp Registration”,
although this is also time consuming and usually unnecessary.

It is often the case that a decent coregistration usable for analysis can be generated
regardless if the spline is successful, however a successful spline will lead to a near-
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perfect coregistration.

18.10  This manual alignment - Affine - Spline transform, with corrections throughout, is a
general all-purpose method to accurately coregister the brain, however the manual,
affine, and spline transforms may be repeated as needed.

18.11  Reminder: As stated in step 18.1, certain other FIJI plugins may result in the automated
transforms not completing. Please download a new version of FIJI with just the ABBA
update site if this is the case.

18.12  Finally, the current alignment in ABBA may be saved and reloaded if coregistration
cannot be completed in a single sitting using File->Save Sate (Or Load State).

Exporting the Coregistered Brain

19 At this point, the coregistered brain can be exported (Fig. 15). There are various export
options, however to use the below analysis pipeline, select the desired slices to export
(or ctrl+a to export all slices) and select Export - “ABBA - Export Registered Slices to
ImageJ”- and choose the desired naming format under Atlas ROl Naming, such as
"name” for full names.

19.1  Input * under “Slices channels” to export all channels in one multi-channel image.

19.2  Finally, designate the Pixel Size in microns. The default value of 20 microns per pixel is
generally sufficient. The coregistered brain will be exported to FIJI, which may take
around ten minutes. Once the export is finished, please save it as a tiff in FIJI.

ABBA - Export Registered Slices to Image)
Pixel Size in micron
Slices channels, 0-based, comma separated, ™ for all channels | *

Atlas Roi Naming | name

Exported image name  registere:

Imterpolate

Fig. 15. Example settings for exporting the coregisetered brain. Please note the are
several options for exporting the coregistered brain, but this pipeline will be for the
settings specifically shown here.

Post Coregistration Analysis
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20 Interacting with the Coregistered Brain in FIJI
The brain image will now have been warped onto the Atlas. This exported image will
have 20 um voxel-sizes in both X and Y (Assuming the default pixel size parameters
were not changed), while the Z-voxel size will be inconsistent and not utilizable as a
measurement, although that will not effect this analysis pipeline. The regions will be
stored in the image as an overlay. The regions may be interacted with using Image-
>Qverlay. Use “List Elements” to list all regions. Double clicking a region in the Elements
window will bring you to said region. Use “To ROl Manager” to convert the Overlay into
ROIs that may be used for quantification or transferring the overlay onto segmented
images.

Segmenting the Brain for Cells or Other Objects of Interest with Machine Learning

21 This section describes how to create a binary mask for cells in the coregistered brain
data, which will be used for region-specific quantification. A binary mask reduces an
image to only black pixels representing background or white pixels representing signal
which enables computational analysis. This pipeline is intended for cells, but
theoretically other stained structures such as axons could be segmented and analyzed
with these steps as well.

21.1  All analysis steps beyond this point must be completed on separate channels
individually. In the coregistered brain, separate channels in FIJI using Image-Color-
>Split Channels (Fig. 16), then saving each as a tiff.

[Fiji Is Just) Image) ~ = =
File Edit [[iECEH Process Analyze Plugins Window Help
OO Tye Y| | o fseur] o] 4|8 ]| 2] #]R]>

[Freshand sel  Agi;ct » i

Show Info. Ctri+|

Properties Ctri+Shift+P
Spi o
Stacks *  Merge Channels.
Hyperstacks »' Amange Channels.
Crop Ctrisshifex | IMvertLUTS
Duplicate Ctri+Shift+D Channels Tool Ciri+Shift+Z
Rename: Stack to RGB
Scale Ctri+E Make Composite
Transform *| Show LUT
Zoom »  Display LUTs
Overlay »| Edit LUT.
Lookup Tables ,| Color Picker... Curi+Shift+K
ANoioe . Colour Deconvolution

Drawing , Dichromacy

Video Editing ,  Simulate Color Blindness

Retinex

Axes ’ Replace Red with Magenta

Fig. 16. Once again, split the channels of the coregistered brain for individual processing.
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21.2 1o obtain cell count information for all regions, we will use the FIJI plugin labkit?, an
intuitive ML-aided segmentation tool. Labkit will come pre-installed with all current FIJI
downloads. A detailed tutorial for labkit may be found here:
https://www.youtube.com/watch?v=KopmsnC8GWI. Please also reference the
following steps if this tutorial is utilized, as these steps contain information
necessary to this specific analysis pipeline:

21.3  To train a segmentation model, open the channel for segmentation in FIJI and select
Plugins—>Labkit->Open Current Image with labkit (Fig. 17). For some reason, the first time
this is called, the overlayed image will take a long time to open in labkit, however this can
be circumvented by simply repeating this step, which will inmediately open the channel
in a new labkit window.
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21.4
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Fig. 17. How to open the image with labkit. Please note you may need to do this twice, as
the first time may take very long due to the overlay. If labkit's opening command was
executed twice, the original command may parse and open a second window of labkit
some ten minutes later. This other window can be closed if this happens.

In Labkit, select "Labkit Pixel Classification” to begin training a new model. Use the pencil
tool to label regions of positive signal with the red “positive” label, and regions of
background with the blue “background” label.
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21.5

21.6

21.7

Once a few examples have been labelled, train the model by pressing the arrow button
under the Segmentation window. After a few seconds of training, labkit will begin
attempting to segment the image based on the training parameters.

Use the pencil tool to correct any errors it makes while segmenting, such as applying the
blue "background” label unto wrongly labelled signal, or the red “positive” label to
correct wrongly missed positive signal, before retraining the model. Repeat this process
until the segmentation seems satisfactory.

Tip: While training in labkit, precise labelling should be used for better results. For
example, if my cells look like white dots, | may select a white dot with red but circle its
immediate surrounding pixels with blue, so the model knows to only select white dots
and not nearby background. However, in areas with clumps of overlapping cells, I will
highlight several interconnected white pixels with red so the model knows to select
larger, fused signal if available. In the case of autofluorescent background that may
appear similar to signal, | will trace them with blue in a way unique to only that
autofluorescent region which cannot be construed with positive signal. For example, if
the midline of the brain is highly autofluorescent, | will trace it all the way down with blue
fine in one stroke, so the model knows not to select very long, bright lines. If the edges of
the brain are autofluorescent, | will trace the edge and the immediate background
together with one stroke, so the model knows not to select bright regions that are
immediately adjacent to very dark ones. An ideal model will select most positive signal
and little background, prioritizing avoiding major false positives over selecting all signal.

" labeling Segmentation View Others Help Labkit - channel 2.4f N = ]

Image @ S 2 TR P o allow overlapping labels  Brush size: @ 1

Dimensions: (655, 459, 265]
¥ Display Modes

Labeling @ Fazed  Sowece  Fearest
¥ Sources
B background & @
4 current active color

Labeling

If you press "settings" on
the left, the image
brightness can be
adjusted here

Use foreground

for positive signal
and background for
background

+ Add label - Remove all

Segmentation @

#1 - Labkit Pixel Class.. =~ | & &

(Press to train)

1. Add new classifier
here

Fig. 18. Various instructions on using labkit to segment. Labkit offers a more-specific and
still fast segmentation alternative to simply applying a mathematical algorithm or
threshold, with machine-learning segmentation being generally superior.
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21.8

Once the segmentation seems sufficient, select Segmentation = “Calculate Entire
Segmentation Result” to have labkit segment the entire image, which usually takes
around a minute for images under 1 GB (Fig. 19). Scroll through the segmented image and
correct any mislabeled regions before retraining the model and repeating the entire
segmentation. Repeat this step until the segmentation is largely accurate at selecting

only the positive signal.

T Labeling IETRIGEL) View Others Help Labkit - coreg tif
Tr 1 Ctrl+Shaft+T & =
Image ¥ Train Classifer eshiftT p e / allow ovesiapping labels  Brush size: @ 1 Dy
€} Classifier Settings ... 4 ’ N
Dimensions: [€ _
Remove Classifier e P o ¥ Display Modes
auto contra = -] . 4 ;
Open Classifier ... AR o - D @ ‘
Save Classifier .. =R - o
. JREE Pised  Sescce ‘Weavest
Save Segmentation Result as TIF / HDFS .., . - ¥ Sources
Save Probability Map as TIF / HDFS ...
name current
— Show Segmentation Result in Image) 5 i 0
Show Probability Maj gel . Labeling
Calculate entire Seg R
Calculate entire Probability Map
Create Label from Segmentation ...
0 ¢
-
=5 ¥ Groups
@ (/| group 1
) group2
+ Add label = Remove all |+] group 3
[¥] group &
Segmentation @ (] group 5
|] group 6
21 Lobkit Pixel Class... =| @ B

|+] group 7
| group &
) group'3
] group 10

Fig. 19. Use "Calculate entire Segmentation Result" to have the model segment the entire
image (may take a minute or longer if the file is large). Scroll through the segmented

result and correct any errors, repeating this step until satisfactory.
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21.9  Once the overall segmentation is satisfactory, select Segmentation - “Show
Segmentation Result in ImageJ” to open the mask as a new channel in FIJI. (Fig. 20).
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Fig. 20. Once the segmented image is largely accurate, export it to FIJI for a few final
steps.

21.10 Before saving, first binarize the image by selecting Processing—>Binary->"Make Binary”,

using the "Mean" method (Fig. 21). This is a necessary step to ensure cell data can be
calculated.
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] O (2|, Smooth Ctri+Shift+S B |t | 7| 4 | & | %
[Developer Menu Sharpen
Find Edges
Find Maxima F]
C:105/265 (105), 655x4£
Enhance Contrast Memo [Wean ]
Noise » :
Background: W]
Shadows »
Make Binary ¥ Calculate threshold for each image
Math »  Convert to Mask ™ Only convert current image
FET » ¥ Black background (of binary masks)
Erade [™ Listthreshold
FlnEFS » D| IS resholds
llate I™ Create new stack
Batch *  Open
Image Calculator.. Close- &] fﬂl
Subtract Background Median
Repeat Command Ctri+R Outline
Calculator Plus Fill Holes
Morphology *|  Skeletonize
Image Expression Parser Distance Map
Image Expression Parser (Macro) Ulimate Points
Multiple Image Processor Walerched
Enhance Local Contrast (CLAHE) v
oronoi
c 4

Options

Fig. 21. Binarize the segmentation with the "Mean" method. This ensures the automated

region analysis will work correctly.

Additionally, select Image->Properties and correct the voxel dimensions so that the X and
Y dimensions contain the value 0.02 mm (mm will be added under “unit”; this is assuming
the exported data from ABBA had the default 20 micron/pixel value. If this was changed,
adjust the dimensions accordingly). Furthermore, labkit exports to ImagedJ will often
move their "slices" value into their "channels" value. This can also be corrected in
Image - Properties. If the "Channels (c)" is equivalent to the number of slices, cut this
value and paste it in "Slices (z)". Next, replace "Channels (c)" with "1". Save the
binarized, corrected image as a new segmentation mask (Fig. 22).
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21.11

(Fiji Is Just) Image) — O
E Edrtlm Process Analyze Plugins Window Help
‘EI,O_:[ Type v 1am| 4 De,_‘s“_‘m_ g a,,!& g p‘.}.!\f;
Freehand sel Adjust » |
Show Info... Ctri+l (&

Color » Channels (c): |1

). |265
Stacks Slices (z): |26

Hyperstacks Frames (t): |1
Note: ¢*z*t must equal 265
Crop Ctri+Shift+X
Duplicate Ctrl+Shift+D Pixel width: [0.02 [mm
Rename Pixel height [0.02 Imm
Voxel depth: |1 Ipixel

Scale Ctri+E

Transform Frame interval: |0 sec

Origin (pixels). 10,0

[ Invert Y coordinates

Zoom

Overlay

Lookup Tables I Global

Annotate 0K Cancel

Drawing
Video Editing

Axes

Fig. 22. Correct the voxel sizes. Width and height should be 0.02 mm each. Due to the
interpolation in Z, the "Voxel Depth” will now be an inconsistent step size and cannot be
used for analytical purposes. This value can be replaced with the step size of the original
image (multiplied by the reslice factor used in step 11.3) for convenience. Additionally,
correct the "Slices (z)". If the number of slices has become "1" due to switching values
with the "Channels (c)" value, switch these values back.

This mask will be used to make quantifications. To align the mask with the coregistered
overlay, open both the mask and the coregistered channel it came from together in FIJI.

Select the coregistered channel and choose Image-Overlay->To ROl Manager (Fig. 23).

Close the coregistered channel. Next, select the segmented mask and choose Image-
>QOverlay->From ROl Manager (Fig. 24), which will import the overlay onto the
segmentation. Save this segmented volume with the coregistration. This step is
necessary, as the ROl overlay must be present in the segmentation for any analysis.
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Fig. 23. To get the coregistration overlay on top of the segmentation, first move it off the

coregistered brain and into the ROl manager.
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Fig. 24. Next, move the ROIs from the ROl manager onto the segmentation and save this
overlayed segmentation. This file will be used for quantifications. The overlay must be

present to identify regions.

Quantifying and Saving the Data from the Coregistered Segmentation as a .csv File

22

The following step is accomplished using my cells_macro available at my github:
https://github.com/mclaughlinliam3/ABBA_Coregistration_Analysis_Tools.qgit. First, save
the coregistered segmentation as an Image Sequence in a new folder using File->Save

As-Image Sequence, specifying Tiff (Fig. 25).
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Fig. 25. The segmented, overlayed image must be saved in a new folder as an image
sequence to enable automated analysis.

22.1 Create another empty folder and open the cells macro in FIJI. Select Run, then select the
folder containing the coregistered segmentation Image Sequence, then the empty folder
to save the data to. FIJI will then execute an analysis pipeline contained in the macro on
all the images in the folder, saving the data to the empty folder (Fig. 26). This may take a
few minutes.

Note: This script will not run if there are any slices missing overlays (signaled by the
script crashing along with an error message about missing overlays), which can occur if
slices from the imaged brain that were that existed beyond that start of the atlas’s
olfactory bulbs were exported from ABBA. To circumvent this, either only export slices

from ABBA that are aligned to atlas slices, or simply delete any overlay-empty slices from

the folder containing the coregistered slices.
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22.2
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Fig. 26. Run the cells macro to get automated results on all 800+ regions. First, select the
folder with the segmented, serial overlayed slices. Next, select an empty folder to save the
data in. This folder must be empty as the order of the output .csv files is relevant for
further processing. Note this macro will fail on slices with no overlay (which may exist
before the olfactory bulb). Please delete these before running the macro.

Due to the constraints of the FIJI macro language, this data will be separated into many
different .csv files for each slice. However, the data in all the .csv files may be merged
into one using the “excel_crunch” python script available at my github:
https://github.com/mclaughlinliam3/ABBA_Coregistration_Analysis_Tools.git. Simply open
the command prompt in the directory containing the folder that has the .csv files. In the
command prompt, type “python excel_crunch.py”. When prompted, input the name of the
.csv file folder. A combined excel file for the entire brain will then be created (Fig. 27).

“ Userdata > Liam > Active viD |
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egmentations 5 e cell density,

iles to be merged are stored. Do not put other files in s

MX_MS

Fig. 27. Use the "excel_crunch.py" script to merge all the .csv files from the cells_macro
into one file. Please note that this script expects only the .csv output from the cells_macro
in the order it was created to exist in the input folder. If there are other files in said folder,
or the .csv outputs of the cells_macro have been manipulated in any way, this script may
not run correctly.
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22.3

The combined excel file will contain 6 columns with the following information: The first
column will contain the names of all the regions in the brain. The second column will
contain an estimated cell count per region based on the FIJI “Analyze Particles”
algorithm. This value may be unreliable on samples with lots of overlapping cells, as the
algorithm itself rates each cell based on them being distinct binary objects in space.
Therefore, this value should not be used beyond general appraisal in samples with lots of
overlapping cells. The third column will contain the size of all segmented signal in said
region, in square mm. This value represents a more reliable measurement than cell
counts in the case of overlapping cells. The fourth column will contain the size of said
region itself, in square mm. The fifth column will contain the density of positive signal in
said region, obtained by dividing the third value by the fourth value.

The sixth column is a normalized clustering factor, called Cluster%, that can be used for
robust comparison between samples that circumvents potential confounding factors
caused by differences in image quality or segmentation. The Cluster% value is obtained
by dividing the cell density in a region by the cell density of its entire brain, providing a
description of how many times more likely a cell is to cluster in that region as compared
a random location in the brain. For example, a value of three for "hippocampus” means
cells are three times as dense in the hippocampus then they are in the entire brain. This
is a useful statistic for describing where cells generally are in the brain, and can be
safely compared between different images, channels, and cohorts.

Note: | strongly recommend comparing data with the Cluster% value to see where cells
are in the brain, as it is by far a more robust statistic than the others. Only compare other
values such as "sizes" or "densities" to investigate if cell counts have globally increased
or decreased.

Analyzing the Data and Establishing Significance

23

24

At this stage, the data for one channel detailing region-specific information will be ready
for analysis. Before manipulating any of the .csv files, create a backup copy, as the
original state of the data and the .csv format may be relevant for additional analytical
steps.

The data within the .csv file can be easily organized with Microsoft Excel. Open the file in
Excel. To sort regions (such as high to low density/cluster%, or by region size, etc),
press ctrl+a to select all columns, then select Data->Toggle the “Filter” option on-> Sort.
In the sort window, select the column to sort by and the order to sort the columns by
(such as highest to lowest). This will sort all columns according to these specifications,
allowing an easy way to browse the data based on magnitude (Fig. 28). Within Excel,
graphs and batch calculations within and between regions may be easily generated.
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Fig. 28. Please use this method to sort all the data with reference to one column. This will
allow regions to be sorted while all region-specific information is preserved.

In the case there are several datasets that should be merged into a single, large excel
file, my python script “excel_merge”, available at
https://github.com/mclaughlinliam3/ABBA_Coregistration_Analysis_Tools.git, will combine
multiple .csv files that were created via the above steps into a single file. Take all .csv
files which were combined from the "cells_macro" output by "excel_crunch" and place
them into a new, empty folder. In the higher folder containing the folder with the .csvs,
run excel_merge from the command terminal and identify the target folder (Fig. 29). A
combined .csv file will be generated. Please note this script may not work in versions of
pandas (the python module that works with excel documents) beyond 2.2.0.

As this script was specifically designed to work for this pipeline, only run it on multiple
files generated as .csv output from the “excel_crunch” script. Importantly, excel_merge is
designed to handle files that do not have their regions in the same order, or are missing
regions. When combining all the files together, it preserves the necessary region-
specific information across multiple samples, even when certain samples are missing
regions or in a different order. This may be crucial in more heterogenous or angled brain
images that cause the FIJI cells_macro to encounter regions in different orders while
iterating through the slices, where information would not be properly transferred by
simply copy and pasting all the data to one excel file.

protocols.io | https://dx.doi.org/10.17504/protocols.io.8epvsrzinglb/vi April 20, 2024

33/38


https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.8epv5rz1ng1b/v1

€3} protocols.io Partof SPRINGERNATURE

24.2

24.3

24 4

with_cell_data

Fig. 29. How to merge multiple .csv files from different samples (generated by the
cells_macro followed by excel_crunch) using excel_merge. Please note that there will be
some deprecation errors thrown, which indicate this script may not run in future versions
of pandas beyond 2.2.0. If the script will not run, please revert pandas to version 2.2.0.

The order of regions in the aggregate file generated by "excel_merge" represents the
master order of regions in the study. From this point on, any manipulation to the order of
rows within excel should be done on a new sheet, preserving the master order, as it may
be relevant to future analysis. In the excel_merge output, data from all samples included
will correspond to the same region within a row, allowing graphs and batch calculations
between samples within excel.

To establish significance between two aggregated cohorts (which can be between two
different channels within one group of mice or one channel between two different groups
of mice, etc), the stat_test scripts at my github
(https://github.com/mclaughlinliam3/ABBA_Coregistration_Analysis_Tools.git ) can be
used.

Organize each cohort into its own excel file by copy and pasting each row from the first
cohort into one excel file, then copy and pasting each column for significance testing
from the other cohort to a second excel file (Fig. 30). These files should be in the .xlsx
format. For example, if | wanted to compare the Cluster% value across two cohorts of
different ages to see if cells have changed their relative locations between the sample
groups, | will make an excel file containing just the Cluster% values from the young
mouse group and a second excel file containing the Cluster% values from an older
mouse group. The values for a single group should be pasted side-by-side, without
headers, in the same “master order” as established by the “excel_merge" script.
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A B C A B C
1 1 1 101 1 1 1
2 0.831949 0.913313 0.870125 2 0.685206 0.885107 0.71465
3 0.909788 1.078376 0.942212 3 0.806468 1.195978 0.6045
4 | 0.650006 1.025416 0.70201 4 0.88716 1.039807 0.589958
5 0.637471 1.023442 0.680806 5 0.893398 1.072052 0.59673
6 0.560708 1.331147 0.503704 6 0.586462 1.351619 0.422729
7 0.484236 0.313814 0.521256 7 0.272233 0.503837 0.363026
8 1.978396 1.328209 1.7215 8 0.499085 1.830942 0.665323
9 2181739 1.502229 1.824886 9 0.568415 2.056344 0.749728
10  1.275824 1.447669 1.349026 10 1.182852 0.582215 2.491644
11 1.902187 1.721732 2.02771 11 3.614827 1.811443 3.36721
| | | !
COHORT 1 DATA COHORT 2 DATA
IN .XLSX SHEET 1 IN .XLSX SHEET 2
Sample 1 in Sample 4 in
Col A, Sample Col A, Sample
| 2 in Col B, 5 in Col B,
Sample 3 in Sample 6 in
Col C Col C

Fig. 30. After multiple samples have been combined into one .csv file with
‘excel_merge.py", create two new .xIsx excel files for significance testing. Please copy the
relevant data from one cohort into the first excel file. Do not use headers. Each column
should represent its own sample. Please copy and paste this data in the exact order as it
exists in the combined .csv file created by "excel_merge.py” - the "master order”. Do the
same for a second cohort. These excel files are now ready for batch significance testing.

24.5 Next, open the command prompt in the same folder containing the two excel files each
containing data from separate cohorts and call the corresponding stat_test script. (Use
stat_test_clusters.py when comparing the Cluster% statistic, which | recommend,
and stat_test.py for the other values! See step 24.7 for more info).

24.6 This script offers three tests for comparing two cohorts: A Mann-Whitney U test, a
Student's Two Sample t-test, and a Welch's Two Sample t-test. Mann-Whitney U tends to
preform superior to t at low sample sizes (n<10, for example) and makes no assumptions
about the distribution’s shape. Welch's t-test additionally makes no assumptions about
the population variance and is generally more robust when Student's t-test'’s stringent
assumptions of equivalent population variances cannot be met. Welch's t-test is ideal for
most instances of larger sample sizes, but Student'’s t-test will offer slightly more power

if its assumptions are met.®
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Next, input the name of the Group1 excel file, then the Group2 excel file. Finally, input an
alpha value, such as 0.05 (Fig. 31).

Name - Date modified Type Size
E stat_test_clusters 4/17/2024 8:35 PM PY File 6 KB
B Group 1 4/17/2024 8:43 PM Microsoft Excel W. 39 KB
B Group 2 4/7/2024 3:25 PM Microsoft Excel W. 38 KB
B C:\Windows\System32\cmd.exe - python stat_test_clusters.py — (m] X

Microsoft Windows [Version 10.0.22631.3296]
(c) Microsoft Corporation. All rights reserved.

C:\Users\mclau\Desktop\Active>python stat_test_clusters.py
This program can be used to do a few significance tests between groups for the data created in this pipeline.

Please note this version 'stat_test_clusters' is meant for only the Cluster% statistic, since it compares the
distributions' logarithm

since Cluster% is on a multiplicative scale. If your data is on an additive scale (such as 'cell counts')
Please use 'stat_test' instead

The output of this file will be a single column. A value of 1 indicates Groupl is significantly greater for t

hat row (region).

IA value of -1 indicates Group2 is significantly greater.

A value of @ indicates no significance

Please select intended stat test. Type 'st' for a student's two sample t test. Type 'wt' for welch's two samp
le t test. Type 'mw' for a Mann-Whitney U test: mw

Group 1 excel file?: Group 1.xlsx

Group 2 excel file?: Group 2.x1lsx

Alpha value?: 0.05,

Fig. 31. Use the "stat_test_clusters.py” script to obtain signficances for all regions when
comparing the Cluster% value. Use "stat_test.py" to obtain significances for all regions
when comparing the other values.

247 Note: There are two versions of the “stat_test” script. The first, “stat_test_clusters”
is designed specifically for the “Cluster %" value. Unlike the default “stat_test”,
“stat_test_clusters” takes the log of values before comparing them. This is because
Cluster% is a multiplicative distribution, where 0.33 represents an equivalent distance to
1as 1does to 3. Taking the log returns these values to an additive distribution, allowing
direct statistical comparison. Please note that 0.1is temporarily added to all values in
“stat_test_clusters” prior to significance testing, since log(0) is undefined and requires
the distribution to be shifted by some factor for analysis. Although adding a value such
as 0.1to a multiplicative distribution shifts values a non-standard amount after the log is
taken, 0.1is a small enough value as to make this shift negligible and is unlikely to affect
significance results. However, this 0.1 value can be adjusted in the code as needed in the
“list_logs” method. The default “stat_test” script does not utilize logs. Therefore,
Cluster% should only be analyzed with “stat_test_clusters”, while all other values should
be analyzed with “stat_test’.

24.8 The test will output a new csv file with a single column containing values of 1, 0, or -1. A
score of 1represents a significant difference where Group1 was greater. A score of 0
represents no significant difference. A score of -1 represents a significant difference
where Group 2 was greater.
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24.9

2410

2411

To sort by significances, this column should be copy and pasted alongside a column
containing the regions sorted into their "master order” (generated by the excel_merge
script). In this sheet comparing significances, excel can sort the regions by the
significances column from high to low with the same sorting steps described previously.
This will shift all Group1 greater significance regions to the top of the excel file. Similarly,
a low-to-high sort will shift all Group2 greater significance regions to the top of the excel
file.

To ensure associated region-specific data is sorted as well, use the significance column
to sort in a sheet containing the regions, significances, and any desired region-
associated data starting from their "“master order”. Like before, preform these
manipulations in a new sheet so the master order is preserved. Doing this, all significant
regions and associated data of interest can be easily sorted and exported into new excel
sheets for specific calculations or graphical analysis (Fig. 32).

A 8 c D e F & H l ) K L M
1 Region Name ~ Significanc - Group 1 Average Cluste: ~ Group 2 Average Cluster ~
2 [Midorain, motor related 3 (Evaluate 17.14684226 2,034619268|
3 |Ammon's horn .
Field CAL Group 1
Primary visual area Significantly
arbor vitae Greater
[Anterior olfactory nucleus Regions, for
Agranular insular area, dorsal part
Lobalai example)
Superior colliculus, motor related, intermediate gray layer
fimbria

6.277640986'1.0346192683876547 . I

4.0962545320.5477894983959753
20.045700320.1632487910352082
3551807115 0| | column Sorton onder
14.70675350.3830253437699961 Sortby  significances Cell Values Largest to Smallest
5439485632 0094663533
8088568478 9 2. Sort Data by Significances from High-to-
7.1468524490.1240174576262165 o e Siomifics Sreater (or
e <} Low for (..mupbl S{ m(lnlil_\ Greater (or
Low-to-Hight for Group 2 Greater)

AddLevel < DeleteLevel  [[3Copy Level Options. 8 My data has headers

1. Insert Significance Output Column from stat_test Scripts Adjacent
to Region Names and Associated Data, still in "Master Order"

Fig. 32. Copy all significances into a new sheet in an excel file. Copy all regions, and any
associated data, still in their "master order” that was generated by excel_merge, into the
sheet adjacent to the significances column. Next, sort by the significances column high-
to-low to sort Group1 significantly greater regions to the top, or low-to-high to sort Group2
significantly greater regions to the top. Again, these manipulations should happen in a
new sheet, as the original "'master order"” should always be preserved.

An ideal use case of this analysis pipeline would be to use the Cluster% statistic to
establish significant difference between where cells are in the brain. However, Cluster%
cannot describe changes that are grossly the same between regions, such as a general
reduction of cells in all regions of the brain, for which the density measurement may be
preferred, although it may be confounded in the case of imaging and segmentation
artifacts.
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