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DeepContact is a deep learning software for high-throughput quantification of membrane
contact site (MCS) in 2D electron microscopy images. This protocol will guide users through
incorporating available DeepContact models in Amira’s artificial intelligence module, thereby
allowing invoking of DeepContact functions in organelle segmentation and quantifying of MCS
with a user-friendly graphical user interface of Amira software.
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SUMMARY

DeepContact is a deep learning software for high-throughput quantification of
membrane contact site (MCS) in 2D electron microscopy images. This protocol
will guide users through incorporating available DeepContact models in Amira’s
artificial intelligence module, thereby allowing invoking of DeepContact func-
tions in organelle segmentation and quantifying of MCS with a user-friendly
graphical user interface of Amira software.

For complete details on the use and execution of this protocol, please refer to Liu
et al. (2022).

BEFORE YOU BEGIN

We have successfully incorporated DeepContact models into Al modules of Amira 2021.2 and Amira
2022.2.

Amira 2022.2 is commercially available and can be downloaded from its official website: https://
www.fei-software-center.com/avizo/amira-avizo-packagedownload-97932f0f/.

We have successfully tested the procedure of installing DeepContact into Amira on Windows 10 and
Windows 11.

“Deepcontact_Amira” installation package is publicly available at the figshare repository (https://
doi.org/10.6084/m?9.figshare.22655812).

Example two-dimensional (2D) EM images for testing are publicly available at the figshare reposi-
tory: https://doi.org/10.6084/m9.figshare.19898404.v3.

Preparation one: Operating environment preparation for DeepContact in Amira (2022.2)
O® Timing: ~30 min depending on the wire speed of the internet

1. Download Amira 2022.2 from its official website: https://www.fei-software-center.com/avizo/
amira-avizo-packagedownload-97932f0f/.

1)
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2. Install Amira according to the default settings.
3. Create a python3-based deep learning environment (Recommend to use Python 3.6).
a. On the tool bar, click “Project”.

2 Amira 3D - Untitled
File Edit Help

‘ @ Start ‘ - = Project £ Segmentation £ Recipes * Image Recipe Designer “o; Filament &5 Animation i@ Multiplanar

Project view
Open data, connect modules, open
and save projects.

(Home)

Welcome to Amira Software

b. On the menu bar, click “Python” -> "Environment” -> "Create New Environment".

STAR Protocols

B2 Amira 3D - Untitled

File Edit Project View Window XPand [Python| Help
@& Start '-E Project ‘ = Segmentation
Project View

Open Data... 3
P L Python Programmer's Reference

c. Enter environment name, e.g., "deepcontact” as indicated below, then Click "OK".

[ Create New Python Environment

Name |deepcontact

Install Deep Learning Packages (e.g. Tensorflow)

Warnings

® There are various requirements in order to properly create working Python environments.

Environment Create New Environment...
Open Prompt To Package Manager (EDM) Embedded Python Environment

Python Programmer's Guide User Environment(s)
® dpcuda

Please refer to the Requirements section of the page: n > Python Programmer’s Guide > Python Environment and Package Manager.

¢ This operation can take several minutes. A Terminal will appear on your screen.
Check it for error messages and to see when the operation is finished.

 Once the environment is created you can close the Terminal.

You must then select the new environment from the menu Python > Environment then restart the application.

(0] ¢ Cancel

d. The command-line interface popup and a new python environment which support running
DeepContact will be installed automatically. Installation is accomplished if the interface below

appears.

2 STAR Protocols 4, 102558, December 15, 2023
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Am Amira 3D 2022.2

done
done

cientific Amira-Avizo3

e. After creating the deepcontact environment, select “Python”->"Environment” ->"deepcon-
tact”, and then restart Amira.

Python| Help

Environment Create New Environment...

Open Prompt To Package Manager (EDM) Embedded Python Environment

Python Programmer's Guide User Environment(s)

Python Programmer's Reference deepcontact

Ortho Slice ® dpcuda

[ Amira: Warning X

o You need to restart the application to use the environment deepcontact.

Close

Preparation two: Installation of DeepContact in Amira
O® Timing: ~1-2 h depending on the wire speed of the internet

4. Download “Deepcontact_Amira” installation package (https://doi.org/10.6084/m?9 figshare.
22655812).

5. Decompress “Deepcontact_Amira” installation package and copy all components to the Amira
installation directory. The package contains multiple directories or files: requirements.txt, py-
thon_modules, python_script_objects and xml.

a. Copy "Deepcontact_Amira\requirements.txt" into "C:\Program Files\Thermo Scientific
Amira-Avizo3D 2022.2\bin".

Acer (C) > Program Files > Thermo Scientific Amira-Avizo3D 2022.2 > bin >

I arch-Win64

I arch-Win64VC16

W arch-Win64VC16-Optimize
v

Bedm

‘ opencv_python_headless-3.4.18.65-cp36-abi3-wi

B requirements

STAR Protocols 4, 102558, December 15, 2023 3
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b. Copy all contents under "Deepcontact_Amira\python_modules" to "C:\Program Files\-
Thermo Scientific Amira-Avizo3D 2022.2\share\python_modules".

<« Thermo Scientific Amira-Avizo3D 20222 > share > python_modules >

B AllTest I Invokable

I AvizoTest I JupyterNotebook

W Deepcontact I Parameter
W Deeplearning M pattern
I EM_Toolbox B Test

I hx I Utils

c. Copy all contents under "Deepcontact_Amira\python_script_objects" to "C:\Program Files\
Thermo Scientific Amira-Avizo3D 2022.2\share\python_script_objects".

<« Thermo Scientific Amira-Avizo3D 2022.2 > share > python_script_objects

I VolumeScope Am CopyTransform

Am Deepcontact . Deepcontact.rc

Am DeeplearningPrediction ‘ DeeplLearningPrediction.rc
#Am MyFirstPyScro Am PythonBoundingBoxVolume
Am PythonScriptObjectTemplate Am ScipyFFT

. ScipyFFT.rc Am SmartDilation
SmartDilation.rc Am StackAlignment

Am StackCLAHE #Am StackElastic

Am StackFlowAlignment #Am StackinnerRectangle

Am StackNormalization Am StackScale

Am SynchronizePorts . SynchronizePorts.rc

Am TwoDHistSegmentation2 TwoDHistSegmentation2.rc

d. Copy all contents under "Deepcontact_Amira\xml" to "C:\Program Files\Thermo Scientific
Amira-Avizo3D 2022.2\share\xml".

> ThisPC > Acer () > Program Files > Thermo Scientific Amira-Avizo3D 2022.2 > share > xml

. binseparate_config . FilterSandbox_config . HxAdjustSurface_config

. Camera-Path_config . FractionalAnisotropy_config HxAffineRegistration_config

. Deepcontact_config ' Hx2DMesh_config ' HxAlignBlocks_config

. DeeplearningPrediction_config . HxAddDvcDispField_config . HxAlignMolecules_config

IR FiBStackWizard_config R HxAdjustedSubvoxel_config [l HxAlignSlices_config

4 STAR Protocols 4, 102558, December 15, 2023
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6. Download Rust at https://www.rust-lang.org/tools/install, and then run "rustupp-init.exe" to
install it with the default configuration.

Install Rust

Using rustup (Recommended)

It books Lke you're running Windows. To start using Rust, download the installer, then run the program and follow the oascreen
instruct:ons. You may need 1o install the Yisual Studio Co« Baid 10015 when prompted 10 do so. If you aze not on Windows see “Other

[1559 100 M 3
DOWNLOAD RUSTUP-INIT.EXE (32-8I1T) DOWNLOAD RUSTUP-INIT.EXE (64-84T)

Windows Subsystem for Linux

If you're a Windows Sulsystem for Linux wser run the following in your terminal, then foliow the on-screen instructions 1o install Rust

B C:\Users\ibp\Downloads\rustup-init.exe - [m] X

but they don’t seem to be

7. Install the python dependencies required for Deepcontact
a. Give Amira software administrator privileges before installation to avoid errors caused by
insufficient permissions. If you are using the Windows 10 operating system, you can give soft-
ware administrator privileges by following these steps:
i. Select Amira software and right-click on it.
ii. Select 'Run as administrator’.
b. Return to the Amira interface and click "project” -> "Python" -> "Open Prompt To Package
Manager (EDM)" on the menu bar.
[ Amira 3D - Untitled
Eile Edit Project View Window XPand [Python| Help
Environment

@ Start ’ roject ‘ £ Segmentation
S Open Prompt To Package Manager (EDM)

Project View
Open Data...

Python Programmer's Guide

Python Programmer's Reference

STAR Protocols 4, 102558, December 15, 2023 5
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c. Make sure the current directory is in "C:\Program Files\Thermo Scientific Amira-Avizo3D
2022.2\bin", if not, use "cd bin" to enter the directory.
d. Run the following command to install pycocotools and pywinpty,

>edm install pycocotools -e deepcontact ("STAR Protocols.Rdata")

>edm install pywinpty -e deepcontact ("STAR Protocols.Rdata")

D vinvedm i
done

e. Enter "edm shell -e deepcontact” to switch to the "deepcontact” virtual environment,

>edm shell -e deepcontact ("STAR Protocols.Rdata")

f. Check if your GPU has at least 6 GB memory for Deepcontact inference. If not, skip the
following step (step 4-h) to install CPU version instead. The pytorch-cpu can be installed
directly via step 4-i. One way to use Task Manager to check the total memory for the Nvidia
GPU is:

i. Click the “More details” option at the bottom of the Task Manager window if you see the
standard simple view,

ii. In the full view of Task Manager, click the “Performance” tab,

iii. Select your Nvidia GPU from the list on the left side,

iv. You will see a graph and some numbers that show your GPU memory usage and total
memory.

6 STAR Protocols 4, 102558, December 15, 2023
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(]
fa-'uom Giiz NVIDIA GeForce GTX 1060

Memory
B.7/159 GB (35%)

Disk 0 (C)
550

Video Encede % Video Decode

Intel{R) UHD Graphic..
o%

GPU1

NVIDIA Geforce GTX..
% (33°0)

3red GPU memary Lsage

0.0/6.0 GB
Shaced GPU memory PC1 bus 1, device 0, function O

0.0/13.9GB 0.0/7.9 GB voy: 101M8
GPU Temperatare

39°C

g. Run "pip install typing-extensions”,

>pip install typing-extensions ("STAR Protocols.Rdata")

h. Toinstall a GPU version, run the following commands to install pytorch-gpu and torchvision,

>pip install torch==1.8.0+culll torchvision==0.9.0+culll -f https://download.pytorch.org/whl/
torch_stable.html ("STAR Protocols.Rdata")

(deepcontact)C: \Pro'-’ram Files\Thermo bc1ent1f1c Amira-Avizo3D 2022. 2\bin>pip install torch==1. 8. 0+culll torchvision==0.9
.0+culll -f https

Lunkm’ in ind . com/p rpl/bJ.rnple,

Luukmg in 11nk'- St K fwhl/torch_ st’xble html

Collecting torckh

Using cached https /’do-mloar‘l pytorch. org/whl/culll/torch-1. 8. 0%2Bculll-cp36-cp36m-win_amd64. whl (3055.7 NB)
Collecting torchvisi on=

Using cached https:, 7 . pytorch. org/whl/culll/torchvision-0. 9. 0%2Bculll-cp36-cp36 n_amd64. whl (1.9 NB)

thquirement already satisfied. numpy in c:\users\gwawh\. edm\envs\deepcontact\lib\site-packages (from torch==1.8. 0+culll)
1.17. 4
Collecting dataclasses
Dovnloading http://mirrors. aliyun. com/pypi/packages/fe/ca/75fac5856ab5cfa51 efa250182e50441074fdc3f803£6e76451fab43
classes-0. 8-py3-none-any. whl (19 kB)
Requirement already satisfied: typing-extensions in c:\users\gwawh\. edm\envs\deepcontact\lib\site-packages (from torch==
1. 8. 0+culll) (3.10.0.2)

: pillow>=4. 1.1 in c:\users\gwawh\. edm\envs\deepcontact\1ib\site-packages (from torchvision

Installing collected p'u*ktges taclasses, torch, torchvision
Successfully ir e .8 torch-1.8. 0+culll torchvision-0.9. 0+culll

Run the following commands to install labelme and other required packages,

STAR Protocols 4, 102558, December 15, 2023 7
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contact\lib\site-

installed.

.1 termcolor-1.1.0

>pip install labelme ("STAR Protocols.Rdata")

>pip install -r requirements. txt ("STAR Protocols.Rdata")

Possible issues: "failure to install opencv-python-headless" or "fail to build wheel for opencv
python" (refer to troubleshooting session, problem 1 also).

Choose one of the following solutions to resolve the issue:

(1) Update pip and cmake, and then reinstall opencv-python.

i. Update pip: enter "pip install —upgrade pip"

ii. Update cmake: enter "pip install cmake"

iii. Install opencv-python: enter "pip install opencv-python==4.3.0.38"

(2) Install opencv-python-headless manually

iv. Go to https://pypi.org/project/opencv-python-headless/3.4.18.65/#files ,

v. Download "opencv_python_headless-3.4.18.65-cp36-abi3-win_amdé4.whl". If you
are on a 32-bit machine, download "opencv_python_headless-3.4.18.65-cp36-abi3-
win32.wh!",

vi. Copy the downloaded Files to "C:\Program Files\Thermo Scientific Amira-Avizo3D
2022.2\bin",

vii. Return to the Amira interface, On the menu bar, Click "project" -> "Python" ->
"Open Prompt To Package Manager (EDM)",

viii. Enter "edm shell -e deepcontact”,

ix. Enter "pip3 install opencv_python_headless-3.4.18.65-cp36-abi3-win_amdé4.whl".

8 STAR Protocols 4, 102558, December 15, 2023
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Dovnloading http://mirrors
bY2. py3-none

snl- rnodules
le h, whee
prompt-toolkit, pi
-_1tdb, bm,h ° i, timm, tens ar orboard, pretraine ldPl:, }.)10?1,-, openc
ientnet-pytorch, depre v 32¢ segmentation-models-pytorch, ipdb,

ntation
:«.ttc'mptmﬁ Lumrtall pa
lation: parso O.

Found existing ins
Uninstalling j
ccessfull

2 3.post0 d "tlun— 1 0 effi
~omfhll -0.4.6 grpcio-1.48. 2 imgaug-0.2.6 mlportlllrr
15 3.3.7 munch-2.5.0 o xufhllb 22 ncv-python-4. 3. 0. 38
it-3. 0. 36 py 4. 8 Hnl modules-0. 2.8 requ
. 2 tensorboard
tqdm-4. 64. 1 traitl

j-  Reinstalling the "protobuf" package. Run the following commands to update “protobuf”
package and install the “google” package.

>pip uninstall protobuf
>pip install google

>pip install protobuf

nt 1 fic Amira-A

62cad07977bf8fed

Obe8378e04edf ch80c526b923d4dbebe

dbbcel08edf

(deepcontact)C: \Program Fl 1 es Th91 mo Scientific Amira
inde
g prot ubuf
Dovml md'
/protobuf

Installing
Successfully i

(deepcontact)C: \Progra ile cientific Amira-

STAR Protocols 4, 102558, December 15, 2023 9
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mands to install “openmim

STAR Protocols

Deepcontact is implemented based on the mmdetection framework. Run the following com-
mmengine” and “mmcv”, which are the bases of the mmdetec-

tion framework.

>pip install -U openmim ("STAR Protocols.Rdata")

-extensions, ordered-s

Found ir ions 3.10.0.2

Uninstalling t

et, commonmark, Click, te, rich, model-index, openmim

. 1. 11 openmim-0. 3. 7 ordered-set-4.0 6.0 tabul

izo3D 2022. 2\bin’

>mim install mmengine ("STAR Protocols.Rdata")

iyun. com/pypi
liyun. con/pypi

//mirro
: d
3 hl (190 kB)

—none

iirement

equirement
38)

D onunmps
Opency-p
Requiremen

. 4)

Q
t alrez : matplotlib in c:)

ges
lequirement alrea
: R
lotlib->mmengine)
Requirement a

tuptools in c:\user

tisfied:
ine) (41.6.0)

es: yapf, reg

ict-2. 4.0 mme -0.4.0

2022. 2\bin>mim install mmengine

e68f18a5870b4f

es (from mmer
(from mmengin

{(from mmengine) (3.3

e251£e8070793b

>dm’\ ens pcontactilib (from matplotlib->

h\. edm\envs\deepcontact\lib} (from matplot
.. edm\envs\deepcontact\lib\site-packages (from matplotlib-
vh\. edm\envs\deepcontact\lib\site

th\. edm\envs\deepcontact\lib\site-packages (from matp
(from cycler>=0. 10->matplot

risolver>=1.

addict, mmengine

>mim install "mmcv>=2.0.0rcl" ("STAR Protocols.Rdata")

10 STAR Protocols 4, 102558, December 15, 2023



STAR Protocols

alresz

equirement alrea
4.0)
quirement :

opencv-python>=3 in

termcolor in c:\use

pyparsing>=2.0.2 in
1er>=0. 10 in c:\users)

er>=1.0.1 in c:\us

on-dateutil>=2.1 in

1->ms tplotlib—>mme
i oll

insta

. edm\envs\deepcontact\lib\site-pack

.. edm\envs\deepcontact\lib\site-pac

h\. edm\envs\deepcontact\lib\site-pa

¢ CellP’ress

_amd64. whl (13.1 MB
(from mmev>=2. 0. Orcl)

3

\deepcontactilib\site-pac > (from mmev 0. 0rel)
(from mmev>=2. 0. Orcl) (2
epco t\1ib\site-pack (from mmev>=2. 0. Orcl)
epcontactili (from mmev>=2. 0.0rcl) (5
(from mmev>=2. 0. Orcl) (0
(from mmev>=2. 0. Orcl) (20
(from mmev>=2. 0. Orcl) (1.
(from mmengine->mmev
(from mmengine
s\deepcontact\lib\site-packages
.. edm\envs\deepcontact\lib\si s (from p
s (from matplotlib->
\deepcontact\lib\site-packages (from matplot
(from matp

\deepcontact\lib\site-

0. 10->matplot

[. Enter "cd ..\share\python_modules\Deepcontact\mmdetection" to switch the current
directory to "C:\Program Files\Thermo Scientific Amira-Avizo3D 2022.2\share\python_

modules\Deepcontact\mmdetection”

>cd . .\share\python_modules\Deepcontact\mmdetection ("STAR Protocols.Rdata")

(deepcontact)C:\Program Files\Thermo Scientific Amira-Avi
ion

(deepcontact)C:\Program Files\Thermo Scientific Amira-ivi

m. Run the following command.

3D 2022. 2\bin>cd .. \share\python_modules\Deepcontact\mmdetect

2. 2\share\python_modul es\Deepcontact\mmdetection>

>pip install packaging==20.9 ("STAR Protocols.Rdata")

9

am Files\Thermo Scientific Amira-i:

STAR Protocols 4, 102558, December 15, 2023 11
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n. Run the following commands to install mmdet.

STAR Protocols

>pip install -v -e . ("STAR Protocols.Rdata")

Possible issues: “PermissionError: [WinError 5] Access denied” (refer to troubleshooting ses-

sion, problem 2).

Solution: Use administrator privileges to open Amira.

Select the Amira and right-click on it.
Select “Run as administrator”.

KEY RESOURCES TABLE

REAGENT or RESOURCE IDENTIFIER

Software and algorithms

“Deepcontact_Amira” installation package, including model files of Figshare website https://doi.org/10.6084/m9 figshare.22655812
DeepContact

Testing data Figshare website https://doi.org/10.6084/m9 figshare.19898404.v3

STEP-BY-STEP METHOD DETAILS

O® Timing: 15 min to analyze 30 electron microscopic images using a workstation with GPU

NVIDIA Quadro RTX 8000

The following steps are for Usage of DeepContact in Amira GUI.

1. Select “Python” -> “Environment” -> “deepcontact” in the menu. Restart Amira when change py-

thon environment.

2. Select an image file: Click Project -> open data, and select an Image file in common EM image

formats, e.g., Digital Micrograph, MRC and TIFF, for processing.

3 Amira 3D - Untitled
File Edit Project View Window XPand Python Help

@ start = Project g Segmentation <> Meshing

Project View

Open Data...

12 STAR Protocols 4, 102558, December 15, 2023
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Create Deep Contact Prediction function: Right click on the image panel, select Al -> Deep Contact
Prediction -> Create.

) Amira 3D - Untitled
File Edit Project View Window XPand Python Help

"\ Start ‘ roject ‘ § Segmentation > Meshing l}z Recipes ¥ Image Recipe Designer ": Filament E Ani

Project View 0o X | 3 ‘T‘ ¢ Q O D
Open Data... ~HME WS

Deep Contact Prediction § Deep Learning Prediction

©

>

(3 Favorites

[©) Recents

[ Editors

[F3 Templates

Oa

[ Animate

[ Annotate

[ compute

[ convert
Properties [ correlation

[ pisplay

(0 @ [ Fiber Tracing
La ) Geometry Transforms

% DL Training - Segmentation 2D Deep Contact pe

#* DLTraining - Segmentation 3D Prediction

& Deep Contact Prediction Image Processing using Deep Neural
T Deep Learning Prediction Networks

Ocreate  More Info...

<

’VVVVVVVVVEEYVVV

D: D Image Processing

3. Define “Deep Contact Prediction” functional parameters in “Properties” interface.

Properties

I Y Deep Contact Prediction

Data: U20S1_26.tif ~ =p
v Inputs
Single/Batch: Single v
v Outputs
Save to folder:
v Args

Resolution:

Crop Size:

Console:

auto-refresh

STAR Protocols 4, 102558, December 15, 2023 13
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a. Inputs: “Single” or "Batch” can be selected here.

v Inputs

Single/Batch: Single v

v Outputs Single

Save to folder: Batch

Single: process initially selected data, and the visualization result will be shown directly in Amira;
Batch: an input folder and an output folder must be selected respectively, and all the images in
the input folder will be processed automatically.

Properties

§ . (UMY Deep Contact Prediction

X Data: U20S1_26.tif v =p

v Inputs
Single/Batch: Batch v
Information: You should select a folder to process.
Data Folder:

v Outputs
Save to folder: Yes v
Information: You should select a folder to save the results.
Output Folder:

v Args
Resolution:

Crop Size:

Console:

b. Outputs: an output folder is selected to save the processed visual and statistical results.

c. Args:
Resolution: the current system will transform the image into 10 nm/pixel resolution according
to the resolution parameter.
Crop Size: the size of the cropping file is calculated automatically according to the resolution
of the inputting image, and which ensures the normalization of a patch size into 10 pm x 10 um
field of view. For example, ifimage data is in 5 nm/ pixel resolution the Crop Size will be auto-
matically determined as 2048.

d. Console: click “Show" to display the status of the program operation in Console.

4. Click "apply” to execute the task

The loading of the program will take some time in the initial run, which requires user’s conformation.
Click "Continue” to execute task immediately, Click “Quit” to quit the task.

[ Amira: Question ?

Contact analysis will take a long time.
Do you want to continue?

Continue Quite
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5. Result.
a. The statistical result will be displayed in Console, and the information marked in red can be
ignored, which will not affect the execution of the program.

Consoles

Td Console  Main Python Console

= X

ontact load Model OK!

4.471 Form Factor: 1.26

Mito Detect Begin!
Mito Detect OK!

ER Detect Begin!

ER Detect OK!

Mito:30| Contact:12| Mito Contact_le 0 ! .04 3 -25| Form Factor:

9 |Mito:34| act:16| Mito len:8297| Contact_len:206] ER 1len:25132| ER Elongation:2.03| Area Perimeter: 12.13| Form Factor:

b. When you select “Single” in the “Input” panel, the visualization result will be displayed in
Amira with “Ortho Slice”.

Project View

Open Data...

Deep Contact Prediction | Deep Contact Test § Ortho Slice

‘ m = B1-1_01.predictt* @ p

01.predict2* @

o &=
Lattice Info: 1024 x 1024 x 3, uniform coordinates
Data Info: grayscale, 8-bit unsigned, min-max: 0...254

Memory Size: 3.0MB

Physical Size: 3071, 2047, 1 from0,0,0

Voxel Size: 3.00196 x 2.00098 x 0.5

Preview:

Master: Deep Contact Prediction v

Shared Colormap:
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c. When select "Batch” in the Input panel, both the visualization result and two *.csv files with
statistical results will be given in the folder named in “"Outputs” panel.

d. Visualization result will be given in *.png format in 10 um X 10 pm field of view in the “output
folder”.

> DeepContact > Service > 20220920Suda-hushijun > 202210110utput v 0 O TE 202210110ut

gﬁ e > B s i e
1_3.png 1 4.png 1.5.png 1_9.png

;\.-;. 220 & ) = : e : 2
ﬁre;" \ "ﬁ’,; -'?,,: § ¥
22.png 2 3.png 2 4.png

AT
'L% : 3 | :E by
3 5.png 3 6.png

ety By B : SR
4 5.png 4 6.png 4 7.png 4 8.png 4 9.png 4_10.png F33_1.png F3_3 2.png F3_3 3.png

e. Statistical result will be given as Result.csv and Result_dist.csv in the “output folder” folder.
f. Parameters in Result.csv are listed as below:
i.  Mito_length: perimeter of all segmented mitochondrial in an EM image.
ii. Mito_length_mean: mean perimeter of the mitochondria.
iii. Contact_length: length of all segmented contact in an EM image.
iv. Ratio_number: the number of segmented contact in an EM image / the total number of
segmented mitochondrial in an EM image.
v. Ratio_length: length of all segmented contact in an EM image / perimeter of all
segmented mitochondrial in an EM image.
vi. ER_Length: the perimeter of all segmented ER in an EM image.
vii. Mito_Elongation: mitochondria_perime‘cer2 / (At Xarea).
viii. ER_Elongation: ER_perimeter? / (47X area).
g. Parameters in Result_dist.csv are listed as below:

B Result.csv
B Result_dist.csv
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o

Figure 1. Visualization result

i. dist_N: N is pixel-based contact width intervals. One pixel corresponds to a length of 10 nm.
dist_N give the value of contact length ratio in of N pixel (Nx 10 nm) width interval.

EXPECTED OUTCOMES

Visualization result (Figure 1).

a, Original patch image in 1024 X 1024 pixels with 10 nm/pixel sampling size. Segmentation of
mitochondria (b), ER (c) and Membrane Contact Sites (MCSs, d) on a. e-h, enlarged area framed
in a-d. Scale bar = 2 pm. i, the color gradients of color bar indicate 0 pixel to 10 pixel width intervals,
corresponding to a width range from 0 nm to 100 nm of the ER-Mito MCS in d and h.

Statistical result (Figure 2) refers to Figure 2 of Liu et al., 2022 (https://doi.org/10.1083/jcb.
202106190)," as represented below.

a, Total ER perimeter in control and HBSS-treated U20S cells. b, Total ER area in control and
HBSS-treated U20S cells. ¢, ER elongation condition in control and HBSS-treated U20S cells. Elon-
gation factor, perimeter2 / (4t X area). d, Total number of Mito in control and HBSS-treated U20S
cells. e, Total Mitoperimeter in control and HBSS-treated U20S cells. f, Mean Mito perimeter in con-
trol and HBSS-treated U20S cells. g, Total Mito area in control and HBSS-treated U20S cells. h, Mito
elongation condition in control and HBSS-treated U20S cells. Elongation factor, perimeter2 / (4w x
area). i, Ratio of MCS length / Mito perimeter is plotted with width of contact sites ranges from O to
100-nm in 10 nm width intervals with HBSS treatment. The sample size of each experimental setting
is 30, and individual dots in the plot represent the mean value of a 15 pm X 10 um cellular image.
Bars indicate 95% Cls in a-j.

QUANTIFICATION AND STATISTICAL ANALYSIS

Significance was calculated by two-tailed unpaired t-test with Welsh's correction (nonparametric, do
not assume equal SDs). Data distribution was assumed to be normal but this was not formally tested.
Plots and statistics were generated using GraphPad Prism 8.3.0. Individual values in each plot indi-
cate a summed or averaged value of the corresponding parameters from one micrograph,
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Figure 2. Statistical result

representing the organelle information from the main body part of a cell. The sample size was 30
unless otherwise indicated. 30 Measurements for each experimental setting were from independent
EM images from different batches of cells.

LIMITATIONS

e Training functions of DeepContact are not incorporated into Amira yet. Prediction function of
DeepContact could be accomplished in Amira by pre-trained models.

e Current model of DeepContact for each organelle is not generalized, and contains morphologies
of Mito, ER of several cell lines (e.g., U20S, Cos7, TM4) and tissues (Liver cell). Most of the samples
for cultured cell were prepared by ROTO? method, which ensure a more accurate segmentation of
the organelles boundary with DeepContact models by enhancing lipid membrane staining of the
organelles. Currently we offer services for model refinement upon request for new morphologies
or new types of organelles, which we plan to release in the next version of DeepContact.

e Image data were normalized by Resize/Crop/affine transformation to 10 nm resolution in the pre-
processing steps before training/prediction process, which is relatively low resolution to represent
the nanoscale size of the contact width. Resolution of the models will be optimized in the higher
version of DeepContact.

e Unified python environment of different organelle models has been achieved, which enhances the
flexibility of DeepContact installation. The training function of DeepContact will be further incor-
porated on this basis, which will allow the users to build their own models or refine the current

models.

TROUBLESHOOTING

Problem 1
The installation of opencv-python failed. The error "failure to install opencv-python-headless" or
"fail to build wheel for opencv python" occurred in the command line window of the EDM.
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Potential solution
Choose one of the following solutions to resolve the issue.

e Update pip and cmake, and then reinstall opencv-python.
o Update pip: enter "pip install —upgrade pip"
o Update cmake: enter "pip install cmake"
o Install opencv-python: enter "pip install opencv-python==4.3.0.38"
o Install opencv-python-headless manually
o Go to https://pypi.org/project/opencv-python-headless/3.4.18.65/#files ,
o Download "opencv_python_headless-3.4.18.65-cp36-abi3-win_amdé4.whl". If you are on a
32-bit machine, download "opencv_python_headless-3.4.18.65-cp36-abi3-win32.whl",
o Copy the downloaded Files to "C:\Program Files\Thermo Scientific Amira-Avizo3D
2022.2\bin",
o Return to the Amira interface, On the menu bar, Click "project" -> "Python" -> "Open Prompt
To Package Manager (EDM)",
o Enter "edm shell -e deepcontact”,
o Enter "pip3 install opencv_python_headless-3.4.18.65-cp36-abi3-win_amdé4.whl".

Problem 2
The installation of mmdet failed. The error "PermissionError: [WinError 5] Access denied" occurred
in the command line window of the EDM.

Potential solution
Use administrator privileges to open Amira.

e Select the Amira and right-click on it.
e Select “Run as administrator”.

Problem 3

Missing of “Al"” module when right click on the inputting image data if the data is in RGB format, e.g.,
* jpg, due to the limitation of “Al” module of Amira software. Consequently, DeepContact predic-
tion function within “Al” module cannot be invoked.

Properties

5o-
Data: 1-2364f v =
v Inputs
Single/Batch: Single v
v Outputs
Save to folder:
v Args
Data Type:
Resolution:
Crop Size:
v Model

Mito Weight File: eepcontact/checkpoint/cell_mito.pth

Mito Config File: peontact/checkpoint/mito_config.py

ER Weight File: /Deepcontact/checkpoint/cell_er.pth

Console: Show

¢? CellPress

OPEN ACCESS
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Potential solution

Open an 8bitimage in “tif” format, and invoke DeepContact Prediction function by Right click on the
image panel and select “Al -> Deep Contact Prediction -> Create”. Apply “Deep Contact Predic-
tion” in “Single” inputs mode to load the DeepContact model, then Select RGB image data folder
as an "batch” inputs option.

Problem 4

Fail to process the input data with the DeepContact model. An window pops up with an error “An
error has occurred during parsing of the script-object class or during the __init__(). Please see error
in python console.”

Potential solution

Click the “show"” button at the bottom of “Properties” window to show the python console,
and then check the specific problem. Possible problems are listed below with corresponding
solutions.

orthoslice J volume Rendering |8

| CoDAT g

S DATA1 ¥

] orthoslice

= 0@
™ 2uos1 256 v O &
{§] Favorites

[&) Recents

[Z) Editors

E2 Templates

[ Animate

() Annotate

[ compute

[ convert

[ pisplay

[ Fiber Tracing

) Geometry Transforms
[ Image Processing

() Image Segmentation

[) Measure And Analyze
& v

[¥) Favorites “ & DLTraining - Segmentation 2D
[®) Recents

[#) Editors

[3 Templates

Oa

[ Animate

[ Annotate

[ compute

[ convert

[ correlation

[ pisplay

[ Fiber Tracing

[) Geometry Transforms

£ DL Training - Segmentation 3D
& Deep Contact Prediction
i ) Deep Learning Prediction

Properties Properties

e

>
>
>
>
>
>
>
>
>
>
>
>
>
>

e S ) 1mage Processing
e =

e "AttributeError: ‘Version’ object has no attribute ‘release’”.
o Enter “edm shell -e deepcontact” in EDM to switch to “deepcontact” virtual environment, and
then enter “pip install packaging==20.9" to install packaging.
e "ModuleNotFoundError: No module named ‘google.protobuf”.
e Enter “edm shell -e deepcontact” in EDM to switch to “deepcontact” virtual environment, and
then enter the following commands to reinstall protobuf.
o pip uninstall protobuf.
o pip uninstall google.
o pip install google.
o pip install protobuf.

Problem 5
DeepContact option is missing or could not be invoked from the sublist of Al module. (step 1, a).

Possible solution

e Reselect Python environment: Click menu bar “Python” -> “Environment” -> deepContact”, and
restart Amira software. Python environment should be switched between deepcontact environ-
ment and default deeplearning environment when invoking different submodules.
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RESOURCE AVAILABILITY

Lead contact
Further information and requests for resources and reagents should be directed to and will be ful-
filled by the lead contact, Liging Liu (liuliging@ibp.ac.cn).

Materials availability
"Deepcontact_Amira” installation package is publicly available at the figshare repository (https://
doi.org/10.6084/m?9.figshare.22655812).

Example images for testing (https://doi.org/10.6084/m9.figshare.19898404.v3) are publicly avail-
able at the figshare repository.

The DeepContact source code is available on GitHub: https://github.com/LX-doctorAl1/
DeepContact.

Data and code availability
Example images for testing (https://doi.org/10.6084/m9.figshare.19898404.v3) are publicly avail-
able at the figshare repository.

The DeepContact source code is available on GitHub: https://github.com/LX-doctorAl1/
DeepContact.
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