[bookmark: _GoBack]Step-by-step User Manual for SproutAngio
A. INSTALLING
1. If you are new to Python, one of the best ways to install and use SproutAngio tool is by installing Anaconda Navigator. It simplifies the package management and installation process. Install Anaconda using their updated installation guide here: https://docs.anaconda.com/anaconda/install/ 
Note! After the installation of Anaconda update it to the current version if needed. 
2. Before installing SproutAngio and the necessary libraries, you need to create a new working environment using Anaconda. It always opens the base (root) environment as a default (marked by yellow rectangular in the figure below). 
[image: ]
3. Click “Environments” and then “Create” (marked in yellow in the figure below) to create a new working environment for SproutAngio.
[image: ]
4. After creating the working environment, you can now go back to the home tab of Anaconda Navigator. Then, you can install one of the interactive environment plugins, in this case we prefer using JupyterLab (marked with yellow rectangular to figure below) simply because we feel it is easier to use.
[image: ]
5. Once JupyterLab is installed, you can launch it (marked in figure with yellow).
[image: ]
6. JupyterLab will simply open using your internet browser. Notice that Jupyterlab has multiple tabs in both left and right sides. Left tabs are file browser, terminals and kernels, table of contents, extension manager. On the right tab, you can create new launcher tabs by clicking the + icon. 
[image: ]
7. Now select a file path for your working environment. As an example, here we double-click the Desktop in the browser (marked in yellow in the figure below). If you do not see your desktop, you can alternatively choose some other file path you know such as Documents or Downloads.
[image: ]
8. Then, click the new folder icon to make a new folder on your desktop (see arrow in the figure below). We name it here as SproutAngio.
[image: ]
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9. You can double click and get inside the newly created SproutAngio folder, which is empty right now. 
[image: ]
10. Now, you will install the necessary dependencies to use the SproutAngio tool. By clicking on the Terminal, we will open a terminal (marked in yellow in the figure below).[image: ]
[image: ]
11. Next part is the installation of the prerequisites to use SproutAngio. Before reading the next parts, just a reminder that installations might take couple of minutes especially for the first library (Napari) and when you run, it might seem that it is doing nothing in the beginning, but actually it is. So, be patient. 
Before you continue, to briefly explain the function of each library:
Napari is a multi-dimensional image viewer for Python environment. Czifile is a library to read confocal microscopy Carl Zeiss Image (CZI) files. Seaborn is a data visualization library. Fil-finder is a package to analyze filamentary structures in fibrin bead assay. Skan is a library to analyze skeleton structures in retina images. Openpyxl and XlsxWriter are libraries to handle and transfer data in excel files.
12. Now, copy (ctrl – C) paste (ctrl - V) the installation commends, one by one, for the prerequisites and press “enter” key on your keyboard. You can check when the installation of each package finishes, by seeing the same starting path for your new commend:
pip install "napari[all]"

13. Then press enter on your keyboard. Note that installation might take couple of minutes depending on the internet speed and processing time.
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14. Once you see the Users\your username... line, it means the installation is finished for that library. You can do the same copy-paste with these next libraries:

pip install czifile

Then press enter

pip install seaborn

Then press enter

pip install fil-finder

Then press enter

pip install skan==0.10.0

Then press enter

pip install openpyxl

Then press enter

pip install XlsxWriter

Then press enter

15. After all the packages are installed, you can close the terminal:
[image: ]
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16. Now you can download SproutAngio files from GitHub, i.e., a website and cloud-based service used for storage and management of codes. If you do not have experience with using GitHub, we recommend using GitHub desktop application. To install it: https://desktop.github.com/ 

17. After installing GitHub, you can clone SproutAngio repository following the next steps (steps 1,2,4,5). 
Manual Uniform Resource Locator (URL) for SproutAngio, for step 2 cloning steps below is: https://github.com/mbbio/SproutAngio 
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Note: Alternatively, you can download the SproutAngio-main files here: 
https://github.com/mbbio/SproutAngio/archive/refs/heads/main.zip
However, if you download the files from the link directly, you need to unzip the “SproutAngio-main" zipped folder. Then you need to copy paste the files into the SproutAngio folder you created previously in JupyterLab.

18. After you downloaded the SproutAngio-main files, you still need to re-download the test samples. Normally, test data are uploaded in GitHub but, currently GitHub protocol does not let the downloading of large sized files unless it is from a direct link or Git Large File Storage (Git LFS). So, if you are not familiar with using Git LFS, you can click download the data here:   
https://github.com/mbbio/SproutAngio/raw/main/test_data/VEGFA_1ng.czi 
https://github.com/mbbio/SproutAngio/raw/main/test_data/VEGFA_10ng.czi 
https://github.com/mbbio/SproutAngio/raw/main/test_data/VEGFA_20ng.czi 

19. After your download is complete, copy paste these test samples inside the test_data folder inside your SproutAngio folder. (Notice that SproutAngio folder is the one you created using Jupyterlab, while SproutAngio-main folder is the one you downloaded from GitHub.)
Note! When you open the test_data folder for the copy-paste, you can see that there are already files with the same name in test_data folder but their size is 1kb, so they are not the actual image files. You can delete them.

20. Turn off the GitHub application and be sure to copy paste all 6 files below from GitHub downloaded files and test samples into the “SproutAngio” folder which you created with Jupyterlab. After all these files are in your Jupyterlab created folder, when you open the Jupyterlab tab in your internet browser, you can see the files in your folder there.
[image: ]


21. Well done! Now, everything is ready to start using the SproutAngio tool.



B. USING THE TOOL:         
1. To start using the SproutAngio, double click the SproutAngio_main file on the left (yellow rectangular in the figure below).
[image: ]
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2. In this test run, we are using one of the images from our VEGFA dataset. So, if you cloned the github repository using github application and downloaded the test_data files seperately as instructed so far, then you do not need to change the path: 'test_data/VEGFA_10ng.czi'
However, if you downloaded the image samples from zenodo or if you are testing any other image file, then change the path. For example, if you have an image file named “FILENAME.czi”, inside test_data folder, then you need to change the image_path into: 
'test_data/FILENAME.czi'
[image: ]

3. If you are not familiar with using Python, the code on the right is separated into different sections. Every section has a name referring to its function. When you click inside each section, you can run the code for only that section by clicking the “run” button. You need to run the first section first. This section includes the user defined basic parameters.
[image: ]
4. Then, you can click inside anywhere the second section and run it (see below the yellow rectangular). This section includes: importing the necessary libraries, channel separation, filtering, thresholding, skeletonization, bead removal and sprout segmentation.[image: ]

Note! Running of this section will take some time depending on your computer’s power and you can observe this from the bottom of the panel which says “Busy” during the run. When the run finishes, it writes “Idle”.

[image: ]

5. Once it finishes, a Napari user interface window opens.

[image: ]
6. Now you have two application screens:
i) a SproutAngio Jupyterlab tab which is working on your browser
ii) a Napari viewer screen (not on your browser but as independent screen). Click on the Napari symbol to switch to Napari viewer screen.
[image: ]

7. Now continue in SproutAngio.   
The next section is nuclei segmentation part (marked with yellow rectangular in the image below). It includes importing the libraries and initial 3D nuclei segmentation. 

Reminder: Run finishes when you see “Busy” turn into “Idle” and it might take couple of minutes or more depending on your computer. After you run this section, you can click and see initial nuclei segmentation on the Napari screen if wanted. 

[image: ]
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8. Now run the next two parts one by one. Lumen analysis and results section includes segmentation of under-segmented nuclei, lumen space analysis (regional width and paired nuclei distance analyses) and printing the results in the Jupyter notebook. The volumetric analysis section includes 3D sprout segmentation and volume measurements.
[image: ]
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9. After both runs are finished, you can go to the Napari screen to see the result.

10. You can switch between the results by clicking on the eye symbol on the left. 
Also, as the top image is 3Dsprout segmentation result, you can move in the z-dimension using the bottom tool.
[image: ]

11. Since some of the results are in 3D such as “sprout_3D” and “Chan-Vese nuclei segmentation”, to see the 3D results, you can click “Toggle display” icon on the bottom left part. 
[image: ]

12. To simplify the view, you can make only a couple of selected results visible by clicking the eye icons. In 3D image such as this you can use your mouse to move the orientation. Also, in 3D view if you press “shift” in your keyboard then you can move the 3D image using your mouse without changing its orientation. 

13. For more detailed information related to Napari viewer, you can check its tutorials: https://napari.org/stable/tutorials/fundamentals/viewer.html 

14. When you switch to the SproutAngio JupyterLab tab, you can see that the results are written on the right side after section 4 run and the paired nuclei distance result image was saved as “analyzed_image.png” on the left in the SproutAngio folder.
[image: ]

15. You can easily change the parameters if needed for the filtering and % radius of the detected bead from the first section you ran. 
As examples: 
i) When you increase/decrease the rad_ it will increase/decrease the detected bead area. Therefore, it will change the sprout segmentation. E.g., test by changing median_filtering = (6,6,6) and rad_ = 1.1. 

ii) If you think the sprouts are not separated well enough, you can increase the radius and improve the sprout segmentation.
[image: ]

16. Another important section which you can easily change is the nuclei segmentation part (section #3). Depending on your image, if you are not satisfied with the nuclei segmentation, you can change the num_iter. 
As examples: 
i) You have nuclei that are not included in the segmentation, decrease the iterations (num_iter), as this changes the number of repetition steps for the algorithm to get a better segmentation.
ii) You have parts included in the nuclei segmentation which are not true nuclei, improve the analysis by increasing the num_iter value. Note that for num_iter values you can only use integers.

[image: ]
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17. For the segmentation of under-segmented nuclei and following calculations, you can change the area threshold values if needed (section #4 Lumen analysis and results). After you run the previous section (section #3), you will get a histogram for the area of the segmented nuclei. Area_threshold value in section #4 defines the threshold for the correct nuclei area. 
[image: ]
Note! Depending on your data, you can check the histogram and decide the correct area threshold for individual nucleus. For example, cell size might be different between your cell lines. 


18. For the sprout width measurement (section #4), you can change the part of the sprout from which the width is measured. By default, SproutAngio tool measures the width of 25%, 50%, 75% parts of the segmented sprouts. However, you can change this if you want to get measurements from different parts of the sprouts depending on your experiment.
[image: ]

19. For the volume measurement, similar to the nuclei segmentation part, you can change the num_iter value to get better segmentation. 
As examples:
i) If you have areas missing in the segmentation, you can decrease the num_iter integer value. 
ii) If you have regions which are not sprouts but still segmented as sprout volume, then you can increase the num_iter to improve the segmentation.
[image: ]

Note! In this user’s guide, we cover the most useful parameters that you can modify. However, you can also play with different parts of the sections to familiarize yourself with the code. There are more explanations related to the sections on the code itself.

20. The last part of SproutAngio_main is for writing the data into excel file. After you run this part (section #6), there will be an excel file created in the SproutAngio folder you created in the beginning on your desktop. Also, an image of the paired nuclei distance analysis used for studying lumens is automatically saved in the same folder as “analyzed_image.png”. 
[image: ]

21. Now, to turn off the analysis platform and the SproutAngio Jupyter tab, you need to close both the Jupyter notebook tab and the kernel (marked in the figure below in yellow). First, select on the left the “running terminals and kernels” and “shut down all”.
[image: ]

22. Close the SproutAngio_main tab.
[image: ]

23. When you work on your dataset, first optimize your analysis using SproutAngio_main tool as demonstrated in this guide. After you finish optimizing your parameters, if you want to run multiple files at once, then launch the “SproutAngio_multiple_run.ipynb” by double click opening it instead of “SproutAngio_main.ipynb”. Change the parameters you optimized previously, here. Note that there is only one section here and after you run it, it will take a while for the run to be completed depending on the number of images you analyze.

[image: ]


C. RETINA ANALYSIS:     
1. To start using the SproutAngio_retina, double click the SproutAngio_retina file on the left (yellow rectangular in the figure below). Then, run the first section which imports the necessary libraries such as Skan Skeleton Analysi library and define necessary functions to exclude the central part during image processing.
[image: ]

2. Next, run the second section. This section first reads all the files in defined “retina_sample” folder. If you create another folder in this file, simply change the file_path to open the new folder. 
In our retina_sample folder there is only 1 retina image file. However, if you have multiple files, you can change to the next image file by simply changing the “folder_names[0]” into “folder_names[1]”. Read the instructions above the code for more information.
[image: ]

3. After running the previous section, Napari viewer tab should open in your computer. Open the Napari viewer.
[image: ]
Now click the “new shapes layer” as shown below image to create a new shape layer to draw the region of interest.
[image: ]

4. When “Shapes layer” is selected, change the color into something you can easily see/ differentiate during drawing on this black and white image. After that choose “add polygon” to start drawing the region of interest.
[image: ]

5. Now draw around the retina area by clicking one by one, on your last click you either use double clicking or “space” key on your keyboard to stop drawing. If you make a mistake you have multiple options shown in below figures.
[image: ]

If you make a mistake, you can click to the selection tool and move each individual dot you have put so far.
[image: ]
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Or you can delete the whole shape and draw a new one:
[image: ]

6. After you finish drawing your region of interest, in our case it is the whole retina, you can return to Jupyter notebook and run the next section. This section’s purpose here is to get the drawn points into an array to use in the pipeline.
[image: ]

7. After the last section’s run finishes, run the next section. This part is all about the exclusion of user defined central part. You can easily change the radius you want to remove. Here, we will use 0.3 R, 0.5 R and 0.7 R radius exclusion.
[image: ]

After the run ends (when you see Idle instead of Busy on the left bottom part of the notebook), you can open Napari viewer to check the images. Remember to switch between the images by clicking the eye symbol as shown below.
[image: ]

8. Next section is branch length analysis. Run this section. You will get total skeleton length (pixels), total branch number and long branch number results printed. Also, you will see three histograms of branch lengths for 0.3R, 0.5R, 0.7R radius selections. At the end of the run, you can also check the napari viewer to see the skeletonization of the branches. We will explain these steps in detail below. 
[image: ]
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9. On histograms, x-axis shows the branch length (pixels) and y-axis shows the number of branches. Long branch number results give here the branch number which are longer than 40 pixels. However you can easily change this in the code. For example looking at the histogram, if you think you want to use 50 pixel length as threshold here, to get the number of branches longer than 50 px:
[image: ]
Simply change these “40” values into “50”:
[image: ]

10. You can look at the Napari viewer to check the skeletonizations. You can open the same branch and skeleton to look at them together. Here we will choose 0.3 R branch and its skeleton together:
[image: ]
First, only select these two from the eye symbol:
[image: ]
Then select the skeleton channel by simply clicking on it, and change the color of skeleton something visible and reduce the opacity. We used 0,60 for opacity here. Then zoom in using your mouse scroll to see in detail.
[image: ]
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11. Now run the last part of the code. Output of this section gives you vessel density % area measurements and radial expansion result. 
[image: ]

12. Remember to turn off JupyterLab!
[image: ]

D. RESULT GRAPHS AND STATISTICAL ANALYSIS:     
1. The purpose of this part is to help you do statistical analysis and draw graphs in the same platform easily. Open “Result_graphs” file by double clicking on it.
[image: ]

2. If you followed the guide so far, you already created multi_analysis_results excel document during part B Using the tool, step 23. We will not work on it as an example. 
Run the first section to define the file path, which is the excel document we created previously here:
[image: ]

3. Run the next section. It will print the results in the excel file for you to check.
[image: ]

4. Run the next section. The purpose of this part is to check your data to see if it is normally distributed or not.
[image: ]

5. Run the next section. It draws a correlation heatmap. You can delete or add the parameters you want to include by changing inside the part shown in yellow rectangular below:
[image: ]

6. Run the next section. This section draws individual correlation graphs between two parameter results you choose. Here it shows a graph correlation of nuclei number and total skeleton length. Also, this part, removes the “0” data points, not including them in the correlation calculation.
[image: ]

7. Next section draws bar graphs. One way of using this part is grouping your data in your excel file. For example, below we show a sample excel document and we added a column to group our data into untreated, 1ng and 10ng. So, we have three groups.
[image: ]

If we had used this excel for defining the path in step 2, then, running the section would give a bar graph with statistics:
[image: ]
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8. The last section is an example of Kruskal Wallis test. Here we tested sprout length in our grouped excel data shown above in step 7.
[image: ]You can use other statistical tests: https://docs.scipy.org/doc/scipy/reference/stats.html
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)
Requirement already satisfied: mdurl~=0.1 in c:\users\mustafb\appdata\roaming\python\python39\site-p
ackages (from markdown-it-py<3.0.8,>=2.1.8->rich->npe2>=0.5.2->napari[all]) (©.1.2)
Requirement already satisfied: wcwidth in c:\programdata\anaconda3\envs\sproutangio\lib\site-package
s (from prompt-toolkit<3.1.0,>=3.0.30->IPython>=7.7.0->napari-console>=0.08.6->naparif[all]) (8.2.5)
Requirement already satisfied: asttokens in c:\programdata\anaconda3\envs\sproutangio\lib\site-packa
ges (from stack-data->IPython>=7.7.0->napari-console>=0.0.6->napari[all]) (2.8.5)
Requirement already satisfied: pure-eval in c:\programdata\anaconda3\envs\sproutangio\lib\site-packa
ges (from stack-data->IPython>=7.7.0->napari-console>=0.0.6->napari[all]) (©.2.2)
Requirement already satisfied: executing in c:\programdata\anaconda3\envs\sproutangio\lib\site-packa

onsole>=0.0.6->napari[all]) (0.8.3)
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Requirement already satisfied: charset-normalizerc3,>=2 in c:\prograndata\anaconda3\envs\sproutangio

\lib\site-packages (fron requests>=2.5.8->sphinx<5->napari[all]) (2.6.4)
Requirement already satisfied: urllib3c1.27,>=1.21.1 in c:\prograndata\anaconda3\envs\sproutangio\li
b\site-packages (from requests>=2.5.8->sphinxcs->napari[all]) (1.26.1)

Fle Edt View Run Kemel Tabs Settings Help

B - c B CAWINDOWS\System32\Win X |
[ Fiter fls by name Q

8/ Desktop / SproutAngio /

Name - Last Modified || Requirement

ready satisfied: idna<4,>s2.5 in c:\prograndata\anaconda3\envs\sproutangio\lib\site-pa
ckages (from requests>=2.5.0->sphinx<s->napari[all]) (3.4)
Requirement already satisfied: towli>s1.1.8 in c:\programds
ckages (fron build->npe2>=0.5.2->naparilall]) (2.6.1)
Requirement already satisfied: pyproject_hooks in c:\users\mustafb\appdata\roaming\python\python3s\s
ite-packages (from build->npe2>=e.5.2->napari[all]) (1.6.8)

Requirement already satisfied: markdown-it-py<3. . in s\nustafb\appdata\roaming\pyth
on\python39\site-packages (from rich->npe2>=8.5.2->napari[all]) (2.2.8)

Requirement already satisfied: parsoce.3.9,>:8.8.8 in c:\prograndata\anaconda3\envs\sproutangio\lib\
site-packages (from jedi>=0.16->IPython>a7.7.0->napari-console>=0.9. 6->napari[all]) (0.8.3)
Requirement already satisfied: entrypoints in c:\programdata\anaconda3\envs\sproutangio\lib\site-pac
kages (from jupyter-client>=6.1.12->ipykernel>=5.2.9->napari-console>=0.8.6->napari(all]) (€.4)
Requirement already satisfied: pywin32>=1.0 in c:\prograndata\anaconda3\envs\sproutangio\lib\site-pa
ckages (from jupyter-core->qtconsolel=d.7.6,>=4.5.1-napari-console>=0.0.6->napari[all]) (365.1)
Requirement already satisfied: platformdirs>=2.5 in c:\programdata\anaconda3\envs\sproutangio\lib\si
te-packages (from jupyter-core->gtconsole!=4.7.6,>=4.5.1->napari-console>=0.8.6->napari[all]) (2.5.2
)

anaconda3\envs\sproutangio\1ib\site-pa

Requirement already satisfied: mdurle=2.1 in c:\users\mustafb\appdata\roaming\python\python3s\site-p
ackages (fron 9¢3.0.0,>=2.1.0->rich->npe2>=0.5.2->napari [al1]) (9.1.2)
onda3\envs \sproutangio\lib\site-package

s (frum prompt-toolkit<3.1. .36->TPython>=7.7.8->napari-console>=0.0.6->napari[all]) (€.2.5)

already satisfied in e:\progr \envs\spr i0\1ib\site-packa
g5 (from stack-data->IPythons=7.7.0-napard-console>=0.0.6-napard(a1l]) (2.0.5)

already satisfied: p 1 in \envs\spr \1ib\site-packa
ge5 (Fron stack-cata-oTPythons=7.7.0-napari-consoler=0.0.6-onapari (a11]) (.2.2)
Requirement already satisfied: executing in c:\prograndata\anaconda3\envs\sproutangio\lib\site-packa
ges (from stack-data->IPython>=7.7.8->napari-console>=8.8.6->napari[all]) (2.8.3)
PS C:\Users\mustafb\Desktop\sproutangio> ||
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e Click the tab that corresponds to the location of the repository you want to clone. You can also
click URL to manually enter the repository location.
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o To select the local directory into which you want to clone the repository, next to the "Local Path"
field, click Choose... and navigate to the directory.
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o At the bottom of the "Clone a Repository” window, click Clone.
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Python 3 (ipykernel) | Idle

@ Launcher
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[21:

X | [ SproutAngio_mainipynb X | +
D () » m C » Code v

image_path = 'test_data/VEGFA_l0ng.czi'
median_filtering = (7,7,7)
second_filtering = (5,5)
nuclei_median_filtering = (3,3,3)

# bead radius:

rad_ =1

# Importing necessary Libraries and defining functions for the analysis:
import numpy as np

from czifile import Czifile

from skimage.filters impert threshold_li

import scipy

import matplotlib.pyplot as plt

from skimage.measure import label

from scipy import ndimage

from fil_finder import FilFinder2d

import astropy.units as u

from skimage.morphology import skeletonize as skeletonize_sci

def getlargestCC(segmentation):
labels = label(segmentation)
assert(labels.max() != @)
largestCC = labels == np.argmax(np.bincount(labels.flat)[1:])+1
return largestCC

def modified_max_inscribed_circle(bw, f):
D = ndimage.distance_transform_edt (bw)
Rs = -np.sort(-D, axis=Nene)
R = Rs[o]
RInds = np.argsort(-D, axis=Nene)
RInds = RInds[Rs >= f*R]
[y, ex] = np.unravel_index(RInds, D.shape)
return R, cx, cy
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# Importing necessary Libraries and defining functions for
import numpy as np

from czifile import CziFile

from skimage.filters import threshold 1i

import scipy

import matplotlib.pyplot as plt

from skimage.measure import label

from scipy import ndimage
L i
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@ Launcher

X | [ SproutAngio_mainipynb X | +

8 + Xmoo0o E After clicking inside a section, run the code.

[11:

# 1- Basic parameters:
image_path = 'test_data/VEGFA_10ng.czi'

median_filtering = (7,7,7) Click anywhere inside

second_filtering = (5,5) B R
nuclei_median_filtering = (3,3,3) the section first.

# bead radius:

rad_ = 1

# 2- Sprout segmentation:

# Importing necessary Libraries and defining functions for the analysis:
import numpy as np

from czifile import CziFile

from skimage.filters import threshold 1i

import scipy

import matplotlib.pyplot as plt

from skimage.measure import label

from scipy import ndimage

from fil_finder import FilFinder2d

import astropy.units as u

from skimage.morphology import skeletonize as skeletonize_sci

def getlargestCC(segmentation):
labels = label(segmentation)
assert(labels.max() != 0)

largestCC = labels == np.argmax(np.bincount(labels.flat)[1:])+1
return largestCC
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second section, then run it.

X | [ SproutAngio_mainipynb X | +

8+ X DO e com oo -

# 1- Basic parameters:

image_path = 'test_data/VEGFA 10ng.czi'
median_filtering = (7,7,7)
second_filtering = (5,5)
nuclei_median_filtering = (3,3,3)

# bead radius:

rad_ =1

# 2- Sprout segmentation:

# Importing necessary Libraries and defining functions for the analysis:
import numpy as np

rom czifile import CziFile

rom skimage.filters import threshold_li

import scipy

import matplotlib.pyplot as plt

rom skimage.measure import label

rom scipy import ndimage

rom fil_finder impert FilFinder2D
import astropy.units as u

rom skimage.morphology import skeletonize as skeletonize_sci

def getlargestCC(segmentation):
labels = label(segmentation)
assert(labels.max() != 0)
largestCC = labels == np.argmax(np.bincount(labels.flat)[1:])+1

def modified_max_inscribed_circle(bw, f):
D = ndimage.distance_transform_edt(bu)
Rs = -np.sort(-D, axis=None)
R = RelO]
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from czifile import CziFile

from skimage.filters import threshold 1i

import scipy

import matplotlib.pyplot as plt

from skimage.measure import label

from scipy import ndimage

from fil_finder import FilFinder2d

import astropy.units as u

from skimage.morphology import skeletonize as skeletonize_sci

def getlargestCC(segmentation):
labels = label(segmentation)
assert(labels.max() = @)
largestCC = labels == np.argmax(np.bincount(labels.flat)[1:])+1
Section is still running return largestCC

def modified_max_inscribed_circle(bw, f):
D = ndimage.distance_transform_edt(bu)
Rs = -np.sort(-D, axis=Nene)
R = Rs[0]
RInds = np.argsort(-D, axis=Nene)
RInds = RInds[Rs

Simple 0
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[31:] # 3- Nuclei segmentation

Name - Last Modified # importing the necessary Libraries, median filtering the nuclei array and creating a

™ test data 4 days ago from sk:}mage.transform-xnp?rt resize .
from skimage.segmentation import morphological_chan_vese, checkerboard_level set

lays ago from skimage.measure import labe: regionprops
DO LICENSE 4 days ag kimag P label, regionprop:
» M READMEmd 4 days ago from scipy.ndimage import gaussian_filter

from skimage.morphology import local_maxima

[R] Resuit_graphs.ipynb 4 days ago import skimage.graph

[ SproutAngi ipynb

y def shortest_path(bw, st_p, end_p):
[ SproutAngio_retina.ipynb 3 days ago costs = np.uhere(bw, 1, 1000)

path, cost = skimage.graph.route_through_array(
costs, start=st_p, endzend_p, fully_connected=True)
return path, cost

viewer.add_image(im_nuclei, mame="im_nuclei")
med_nuclei = im_nuclei
for _ in range(2):
med_nuclei = scipy.ndimage.median_filter(med_nuclei, sizeznuclei_median_filtering)
viewer.add_image(med_nuclei, name="med_nuclei")

max_projection_n = np.max(med_nuclei, axis=@)
viewer.add_image(max_projection_n, name="max_projection_n")

# Nuclei segmentation continues, omitting bead part (bead2) and other beads/migrated c
bead2 = np.zeros(sz, dtype=bool)
bu_not = np.logical_not(bu)

if len(cx) > 200: sp = 10
else: sp = 20

P P S
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A SproutAngio_retina.ipynb 3 days ago # Nuclei Tocation detection

# Based on histogram, you can change area_threshold:
area_threshold = [30, 400]
correct_obj = (np.array(objects_library["area_n"])>area_threshold[0]) & (np.array(c
in_range_eqds = np.array(objects_library["eqds_n"])[correct_obj]
cents = np.array(objects_library["centroid_n"])[correct_obj]
cents_f = cents.astype(int)
rep = np.zeros(med_nuclei.shape, dtype=np.bool )
for i in cents_f:
rep[tuple(i)
large_obj = np.array(objects_library["area_n"])>=area_threshold[1]
intensity_thr = 0.1
theta_gd = np.mean(in_range_eqds)
himg = med_nuclei / np.max(med_nuclei)

for i in range(len(large_obj)):
if large_obj[il:
#print(i)
bb = objects_library["box_n"][i]
= himg[bb[0]:bb[3], bb[1]:bb[4], bb[2]:bb[5]]
= bu_nn[bb[@]:bb[3], bb[1]:bb[4], bb[2]:bb[5]]

Dfil = gaussian_filter(np.pad(D, [5]), sigma=0)
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(=] print("stalk_width_avg”,sum(stalk_width_list)/len(stalk_width_list))
print("root_width_avg", sum(root_width_list)/len(root_width_list))

M/ ... /my_git/ SproutAngio /

N N print()

Name Last Modified if len(paired_dist_list)>0:

W test_data 4 days ago print(“paired_dist average per bead:",sum(paired_dist_list)/len(paired_dis
» D LIceNSE 4 days ago i

¥ READMEmd 4 days ago

R Result_graphs.pynb 4days ago med_n_sp = (med_sprout(:, ::2, ::2]).astype(np.float6d)

W SproutAngio_main.ipynb 3 minutes ago

# Creating a mask which does not include the bead part only includes the sprou

W SproutAngio_retina.pynb 3 days ago sprouts_2D = (resize(sprouts, output_shape=(med_n_sp.shape[1],med_n_sp.shape[2
med_n_sp_copy = med_n_sp.copy()

for i in range(med_n_sp_copy.shape[0]

med_n_sp_copy[i, = sprouts_2D

# Chan-Vese segmentation part. You can increase iterations if there are extra
# or decrease iterations if there are some target parts not segmented

bu_sp = morphological_chan_vese(image=med_n_sp, num_iter=8, init_level set=med
sprout_3D = (resize(bu_sp, output_shape=(med_sprout.shape), order=e)).astype(n
viewer.add_labels(sprout_3D)

volume = np.count_nonzero(sprout_3D)
print("volume:",volume)
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[1]: |# 1- Basic parameters:

image_path = 'test_data/VEGFA_l@ng.czi'
median_filtering = (7,7,7)
second_filtering = (5,5)
nuclei_median_filtering = (3,3,3)

# bead radius:

rad_ =1
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# 3- Nuclei segmentation

# importing the necessary Libraries, median filtering the nuclei array and creati
from skimage.transform import resize

from skimage.segmentation import morphological_chan_vese, checkerboard_level set
from skimage.measure impert label, regionprops

from scipy.ndimage impert gaussian_filter

from skimage.morphology import local_maxima

import skimage.graph
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# increasing/decreasing iterations for more precise detection of nuclei.
# Decrease iterations if not enough nuclei segmented. For details you can check scikit image chan-vese segmentation.
0)

max_proj_med_nuclei2 = np.max(med_nuclei2, axi
mask_ = np.zeros(med_nuclei2. shape)

for i in range(med_nuclei2.shape[0]):
max_proj_med_nuclei2
md]).astype(np.float6a)

bu_n = morphological_chan_vese(image=med_n_ds, init_level_setzmask, lambdal=1, lambda2=1)

# Histogram of objects. To select the area threshold and correct object afterwards.
bu_nn = bu_n.astype(np.bool_)

bu_nn = (resize(bu_nn, output_shape=(med_nuclei.shape), order=0)).astype(np.bool_)
viewer.add_labels(bu_nn, name="Chan-Vese_segmentation")

# if satisfied continue.

# It would be good if segmentation covers all the nuclei and you observe a seperation between nuclei groups.
# We will seperate the individual nucleus soon.
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[4]: | # 4- Lumen analysis and results

# Nuclei Location detection:
ou_can change area_threshold:
[30, 400]

# Based on_histogran,
area_threshold
correct_obj
in_range_eqds =
cents = np.array(objects_library["centroid_n"])[correct_obj]
cents_f = cents.astype(int)

rep = np.zeros(med_nuclei.shape, dtype=np.bool )
for i in cents f:

1750 2000

np.array(objects_library["area_n"])>area_threshold[6]) & (np.array(
np.array(objects_library["eqds_n"])[correct_obj]
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if len(L)>30:

range(tip_sp-2,tip_sp+2)
range(mid_sp-2,mid_sp+2)
= range(end_sp-2,end_sp+2)
prop[“tip_width"] = np.mean(thick[tip_sp])*2
prop["stalk_width"] = np.mean(thick[mid_sp])*2
prop[“root_width"] = np.mean(thick[end_sp])*2

tip_width_list.append(prop["tip_width"])
stalk_width_list.append(prop["stalk_width"])
root_width_list.append(prop[ "root_width"])

else:
mid_sp = int(0.56%1en(L)); mid_sp = range(mid_sp-1,mid_sp+1)
prop["stalk_width"] = np.mean(thick[mid_sp])*2
stalk_width_list.append(prop["stalk_uidth"])
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# 5- VOLUMETRIC ANALYSIS
med_n_sp = (med_sprout[:,

1).astype(np.floated)

2,

# Creating a mask which does not include the bead part only includes the sprout part for segmentation
sprouts_2D = (resize(sprouts, output_shape=(med_n_sp.shape[1],med_n_sp.shape[2]), order=@)).astype(np.bool )
med_n_sp_copy = med_n_sp.copy()
for i in range(med_n_sp_copy.shape[0]):

med_n_sp_copy[i, sprouts_2D

# Chan-Vese segmentation part. You can increase iterations if there are extra parts segmented

# or decrease iterations if there are some target parts not segmented

bu_sp = morphological_chan_vese(image=med_n_sp, init_level set=med_n_sp_copy, lambdal=1, lambda2=1)
sprout_3D = (resize(bu_sp, output_shape=(med_sprout.shape), order=e)).astype(np.bool )
viewer.add_labels(sprout_3D)

volume = np.count_nonzero(sprout_3D)

print("volume:",volume)
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File Edit View Run Kemel Tabs Settings Help

= IE + c B Launcher X | sproutangio_mainipynb @ | +
8 + X OO » m Cc » Cde v

Filter files by name Q

&8/ ... /my_git/ SproutAngio / port xLsxwr.

Name - Last Modified # Creating the excel file, once.
W test data analysis 4 days ago workbook = xLsxuriter.Workbook('analysis_results.xlsx')

worksheet = workbook. add_uorksheet ()
* D) analysis_resultsxisx | pacq|ts sayad secondsago

I analyzed_imagepng - | an hour ago # writing the data into excel sheet:
In excel worksheet.write('B1', str("total skeleton length"))

O License document 5 days ago worksheet.urite('B2", sum(skel len list))
M README.md 5 days ago

) worksheet.urite(*CL’, str("average skeleton length"))
[A] Result_graphsipynb 4 days ago worksheet.write('C2', sum(skel_len_list)/len(skel len_list))
™ SproutAngio_main.ipynb an hour ago
7] SproutAngio.retinaipynb 3 days ago worksheet.write('D1’, str("sprout number"))

worksheet.urite('D2', len(skel_len_list))

worksheet.write('E1', str("nuclei number”))
worksheet .write('E2', nuclei_count)

worksheet.write('F1', str("tip width"))
worksheet.write('F2', sum(tip_width_list)/len(tip_width_list))
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- C || B Launcher X | B SproutAngio_mai

ipynb X |+
OPEN TABS Close All 8 + X O [ » m C » Code v

& Launcher
[ SproutAngio_mainipynb ‘ [1]: # 1- Basic parameters:

image_path = 'test_data/VEGFA_10ng.czi’
KERNELS Shut Down All

median_filtering = (7,7,7)
[ SproutAngio_main.ipynb

second_filtering = (5,5)
nuclei_median_filtering = (3,3,3)
# bead radius:

» TERMINALS Shut Down All rad_ =1

# 2- Sprout segmentation:

# Importing necessary Libraries and defining functions
import numpy as np

from czifile import CziFile

from skimage.filters import threshold 1i

import scipy

import matplotlib.pyplot as plt

from skimage.measure import label

from scipy import ndimage

from fil_finder import FilFinder2d

import astropy.units as u

from skimage.morphology import skeletonize as skeletoni

def getlargestCC(segmentation):
labels = label(segmentation)
assert(labels.max() != 0)
largestCC = labels == np.argmax(np.bincount(labels.
return largestCC
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C || B Launcher X | [ SproutAngio.
OPEN TABS Close All B +X DO » = cC
@ Launcher

Code v

]
o

1]: # 1- Basic parameters:
image_path = 'test_data/VEGFA_10ng.czi'
KERNELS. Shut Down All median_filtering = (7,7,7)
second_filtering = (5,5)
_median_filtering = (3,3,3)
TERMINALS Shut Down All oo p———
* rad =1

[ SproutAngio_main.

nucle:

# 2- Sprout segmentation:

# Importing necessary Libraries and defining functions
import numpy as np

from czifile import CziFile

from skimage.filters import threshold 1i

import scipy

import matplotlib.pyplot as plt

frnm ckimaogn manciing Smmmand 1ahal
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File Edit View Run Kemel Tabs Settings Help

Fiter files by name Q

* C

M/ ... /my_git/ SproutAngio /

Name -~ Last Modified

B test_data 5 days ago

» D analysis_results.xisx 16 minutes ago

M analyzed_image.png 2 hours ago
O LICENSE 5 days ago
D mutt results in excel go
M README.md 5 days ago
[® Result_graphs.ipynb 4 days ago
[ Sproutas an hour ago

W SproutAngio_multiple_run,
[W Sproutangio_retina.ipynb

A SproutAngio_multiple_run.ip ® | +
B+ XO B » m C » Code v

You can change the folder path and
excel document name here

import scipy

import matplotlib.pyplot as plt

from skimage.measure import label

from scipy import ndimage

from fil_finder import FilFinder2d

import astropy.units as u

from skimage.morphology import skeletonize as skele
from skimage.transform import resize

from skimage.segmentation import morphological_chan

if you want to analyse from skimage.measure import label, regionprops

from scipy.ndimage impert gaussian_filter

multiple files in a folder  from skimage.morphology import local maxima

import skimage.graph
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File Edit View Run Kemel Tabs Settings Help

* c @ Launcher X | [ SproutAngio_retina.ipynb @ | +

B+ X OTM » m C » Code v
Filter files by name Q
= W/ - /my_git/ SproutAngio / «[1]: |# 1- Importing necessary Libraries and def
# Opening the retina image .tif file
Name - Last Modified import numpy as np
[Spp— 2doyogo irport matplotlih pyplot as ple
import scipy
* M test_data 8 days ago from scipy import ndimage
O LICENSE 8 days ago impert tifffile
from tifffile import imread
DO multi_analysis_results.xlsx 3 days ago from skimage.measure import label
M READMEmd 8 days ago from skimage.morphology import skeletonize, skeletonize_3d
from skimage import morphology, filters
[A] Resuit_graphs.ipynb 8days ago from skan import Skeleton, summarize
[ SproutAngio_main.ipynb 3 days ago from skan import draw
[ SproutAngio_multiple_run.ipynb 3 days ago from skinage.draw dmpert polygon
import napari
[ SproutAngio_retina.ipynb 4 minutes ago import os
def modified_max_inscribed_circle(buw, f):
D = ndimage.distance_transform_edt(bu)
Rs = -np.sort(-D, axis=Nene)
R = Rs[e]
RInds = np.argsort(-D, axis=Nene)
RInds = RInds[Rs >= f*R]
[cy, cx] = np.unravel index(RInds, D.shape)
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ge file in "retina_sample” folder

ile_path = "retina_sample/"

folder_names = os.listdir(file_path)

# To open the files one by one in this folder you can siiply change the "0" value.
imread(file_path+folder_names[1]) for example opens the second image file
# iml= imread(file_path+folder_names[2]) opens the third image file

# Instead yoo can write the file name directly: iml= imread("wt_retina.tif")

# im.

image_arrayl = np.array(iml)
print(image_arrayl.shape)
print(folder_names)

viewer = napari.Viewer()

viewer.add_image(image_array1)
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# Now, open Napari viewer screen and draw a polygon, which includes all the retina area you want to analyze!
# Then, after that continue running the next section.
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# 3- Creating a filled polygon to draw a central bead:
shapes = viewer.layers["Shapes"].data
substitute_sprout = np.zeros((image_arrayl.shape[@], image_arrayl.shape[1]), 'uints')
for i in shapes:
polygonl = []
for ii din i
polygonl.append(ii)
for iii in polygoni:
int_array = i.astype(int)
listem = []
for iiii in int_array:
a = iiii[e]
b ii[1]
listem.append((a,b))
listem_array = np.array(listem)

poly = listem array

rr, cc = polygon(poly[:,0], poly[:,1])
substitute_sprout[rr,cc] = 255
sprout_subs = np.array(substitute_sprout)
plt. imshou(sprout_subs)
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R, cx, cy = modified_max_inscribed_circle(sprout_subs, f=0.9)
im_med = scipy.ndimage.median_filter(image_arrayl, size=(6,6))
sz = im_med.shape

bead_03 = np.zeros(sz, dtype
bead_05 = np.zeros(sz, dtyps
bead_07 = np.zeros(sz, dtype
bead_1 = np.zeros(sz, dtypezbool)

for i in range(®, len(cx), len(cx)//2):
# You can change radius to R*n in order to get the correct seperation of soro
circ_03 = create_circular_mask(sz[0], sz[1], (enter‘:((x[i],(y[i]),
bead_63 = np.logical_or(bead_03, circ_03)

circ_05 = create_circular_mask(sz[0], sz[1], center
circ_07 = create_circular_mask(sz[0], sz[1], center=(cx[i],cy[i]),|radius=R*6.7)

bead_05 = np.logical or(bead_05, circ_05)
bead_07 = np.logical or(bead_7, circ_07)

circ_1 = create_circular_mask(sz[@], sz[1], center=(cx[il,cy[i]), radius=R*1)
bead_1 = np.logical_or(bead_1, circ_1)

bead_removed_03 = im_med.copy()
bead_removed_05 = im_med.copy()
bead_removed_67 = im_med.copy()

bead_removed_03[bead_03==1]=0
bead_removed_05[bead_05==1]=0
bead_removed_67[bead_07==1]=0
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skeleton_scikit@3 = skeletonize(branches_83)
skeleton_scikit05 = skeletonize(branches_05)
skeleton_scikit07 = skeletonize(branches_07)

branch_data®@3 = summarize(Skeleton(skeleton_scikit@3))
print(“skeleton_length_03:", branch_data@3["branch-distance"].sun())
print(“total_branch_number_3:", len(branch_data@3["branch-distance"]))
print(“Long_branch_number_03:", len(branch_data63[branch_data@3["branch-distance"]>40]))

branch_data®5 = summarize(Skeleton(skeleton_scikit@s))
print(“skeleton_length_05:", branch_data@5["branch-distance"].sun())
print(“total_branch_number_05:", len(branch_data@s["branch-distance"]))
print(“Long_branch_number_05:", len(branch_datad5[branch_data@5["branch-distance”]>40]))

branch_data®7 = summarize(Skeleton(skeleton_scikite7))
print(“skeleton_length_07:", branch_data07["branch-distance"].sun())
print(“total_branch_number_07:", len(branch_data@7["branch-distance"]))
print(“Long_branch_number_67:", len(branch_data67[branch_data@?["branch-distance"]>40]))

# showing the histograms of branch analysis
branch_data®3.hist(column='branch-distance', bins=100, range=[0,250])
branch_data@5.hist(column='branch-distance', bins=100, range=[0,250])
branch_data@7.hist(column="branch-distance', bins=100, range=[0,250])

viewer.add_image(skeleton_scikite3)
viewer.add_image(skeleton_scikit@s)
viewer.add_image(skeleton_scikit@7)




image59.png
@ Launcher

X | [ SproutAngio_retinaipynb X | +
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skeleton_length_03: 503432.4089439144
‘total_branch_number_03: 14875
Long_branch_number_83: 4859
skeleton_length_05: 419293.85091264255
‘total_branch_number_05: 12152
Long_branch_number_@5: 4084
skeleton_length_07: 273364.3113147277
‘total_branch_number_07: 8594
Long_branch_number_07: 2544

[10]: <Image layer 'skeleton_scikit®7' at @x146a45b2fde>

branch-distance
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# 5- BRANCH LENGTH ANALYSIS

skeleton_scikite3 = skeletonize(branches_03)
skeleton_scikite5 = skeletonize(branches_05)
skeleton_scikite7 = skeletonize(branches_67)

branch_data@3 = summarize(Skeleton(skeleton_scikit@3))
print("skeleton_length_03:", branch_data@3["branch-distance"].sun())
print(“total_branch_number_03:", len(branch_data@3["branch-distance"]))

, len(branch_data03[branch_data@3["branch-distance"

print("Long_branch_number_6

branch_data®5 = summarize(Skeleton(skeleton_scikit@s))
print("skeleton_length_05:", branch_data@5["branch-distance"].sun())
print(“total_branch_number_05:", len(branch_data@s["branch-distance"]))
print("Long_branch_number_05:", len(branch_data05[branch_data@5["branch-distance!

branch_data®7 = summarize(Skeleton(skeleton_scikite7))
print("skeleton_length_07:", branch_data07["branch-distance"].sun())
print(“total_branch_number_7:", len(branch_data@7["branch-distance"]))
print(“Long_branch_number_67:", len(branch_data07[branch_data@7["branch-distance!

# showing the histograms of branch analysis
branch_data®3.hist(column='branch-distance', bins=100, range=[0,250])
branch_data@5.hist(column='branch-distance', bins=100, range=[0,250])
branch_data@7.hist(column='branch-distance', bins=100, range=[0,250])

viewer.add_image(skeleton_scikite3)
viewer.add_image(skeleton_scikit@s)
viewer.add_image(skeleton_scikit@7)
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# VASCULAR DENSITY:

# Vascular density = vessel area / total area:
filled_03 = ndimage.binary_fill_holes(branches_03) * 1
filled_05 = ndimage.binary_fill_holes(branches_05) * 1
filled_07 = ndimage.binary_fill_holes(branches_07) * 1

counting_branches_03 = np.count_nonzero(branches_03)
counting_filled_03 = np.count_nonzero(filled_03)
vessel_density_03 = counting_branches_63 / counting_filled_03+100
print("vessel_density_03 vessel_density_83)

counting_branches_85 = np.count_nonzero(branches_05)
counting_filled_@5 = np.count_nonzero(filled_05)
vessel_density @5 = counting_branches_05 / counting_filled_05+100
print("vessel_density_05:", vessel_density_05)

counting_branches_07 = np.count_nonzero(branches_07)
counting_filled_07 = np.count_nonzero(filled_67)
vessel_density_07 = counting_branches_67 / counting_filled_67+100
print("vessel_density_07:", vessel_density_07)

# radial expansion:
# the mean distance covered by the vessels growing from the optic nerve
print(“radial expansion, R)

vessel_density_83: 45.85932612496476
vessel_density_85: 49.24384696118892

vessel_density_07: 54.69395189976605
radial expansion 2799.843031314434
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File Edit View Run Kemel Tabs Settings Help

= B + c B3 Launcher X | B Result_graphsipynb .+

O

B+ X DO [ » m C » Code v
Filter files by name Q
o ™/ - /my_git/ SproutAngio / [1]: path_for_results = "multi_analysis_results.xlsx"
print(“ready")
Name - Last Modified
M retina_sample 2 days ago [2]: dmport pandas as pd
import matplotlib.pyplot as plt
» B test data 8days ago import seaborn as sns
O LICENSE 8 days ago import scipy.stats as stats
D multi_analysis_results.xisx 4 days ago df = pd.read_excel(path_for_results).fillna(value=0)
M README.md 8 days ago print(df.head(5))
[W Result_graphs.ipynb 2 minutes ago
= — # Testing if your data has normal distribution:
SproutAngio_main.ipynb 4 days ago datas = "nuclei number"
[ SproutAngio_multiple_run.ipynb 4 days ago
hapiro_test = stats.shapiro(df[dat.
[ SproutAngio_retina.ipynb 13 minutes ago sipi st S S Gae)

print(shapiro_test)
# if p<0.65 then NON normal distribution.
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path_for_results
print(“ready")

"multi_analysis_results.xlsx"
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import pandas as pd

import matplotlib.

import seaborn as

pyplot as plt
sns

import scipy.stats as stats

df = pd.read_excel(path_for_results).fillna(value=@)

print(df.head(s))

sample name
© VEGFA_leng.czi
VEGFA_1ng.czi
2 VEGFA_2eng.czi

n

sprout number

[} 8
1 B
2 B

sprout volume
) 190300
45160
2 362644

n

total skeleton length average skeleton length \

831
463
626

nuclei number tip width stalk width
69 12.699429  13.938117
14 6.142078 8.039168
78 13.613886  20.152475

average paired nuclei distance
14.701755
3.605551
18.839058

103.875
92.600
125.200

root width \
18.764493
9.571318
31.282204
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shapiro_test = stats.shapiro(df[data_s])
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# drawing a_heatmap_to_show all the data_correlation:

df2 = ,"average skeleton length","sprout number”,"nuclei number",

df 2 =

sns.heatmap(df_2.corr(), square=True, cmap='icefire')
#plt.savefig('SproutAngio correlation.png', dpi = 360)
plt.shou()
plt.clf()
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# drawing detailed, individual correlation graphs:
zero_midvsnuc = df[[ total skeleton length"]]

zero_midvsnuc = zero_midvsnuc.loc[(zero_midvsnuc != 8).all(axis=1)]
it e s oo et ] =il hsietn g, dstassre i)
#plt.savefig('nuclei_num_vs_spr_length.png', dpi = 366,
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# drawing boxplot graphs, showing also each data point:

ax = sns.boxplot(x="group", y="sprout length", data=df, palette:
ax = sns.stripplot(x="group", y="sprout length”, datazdf, color=
#plt.savefig('nuclei number.png’, dpi = 300)

plt.shou()

"colorblind")
".15")

# Showing the basic statistics:
df .groupby ([ "group”])["sprout length"].describe()
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# Group compar
print("nucle:

, df["sprout lengt

nuclei_number ttest KruskalResult(statisti .009023438818080334)
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