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EMito-Metrix application: Quick start tutorial



EMito-Metrix is a highperformance pipeline for analyzing mitochondrial morphology and the
ultrastructure in multiple tissues from low taghresolutionimages acquired with Electron microscopy (EM).
Interface allows to compute a set of morphometrics and texture meaments, and provides a list of graphs
for optimizing data visualization using dimensionality reduction (UMAP or PCA) and more conventional
depiction of data distribution (density curves, histograms, violin plots or star pkdslitionally, a machine
learning (ML) module with predictive analytic tools alladetermininghow any given experimental condition
would impact on mitochondrial morphology and ultrastructure

EMito-Metrix plugin was written by Mathieu Vigneau, Emmanuel Doumard andBkéippe Prdere
from the RESTORE Institute.

This section describésMlito-Metrix instructions for running and output descriptions
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T EmMitoMetrixX running............ooovvcmmmm e e e eenenen, @
1 Emito-Metrix output description....................cc.eeec.. (©]

EMito-Metrix application: Quick start tutorial



WARNINGS, ADVICES & PREREQUISITES

1- WARNINGS & ADVICES ABOUT ELECTRON MICROSCOPY IMAGES

- About EMmagnification& EM image resolution

In electron microscopyEM)mitochondrial analysis, panoramic images enable the visualization of the
tissue but not thedetails of each mitochondrion.akger images are useful fgraining finer mitochondria
measurements, such &r i st a e’ spamillelisre, antCa ti isquatiy’ within the mitochondria

In optical microscopythe resolution of imagesre closely related to the magnification used during
acquisition.The higher magnification, the greater resolution faorphology and ultrastructure details (see
figure below).

Magpnification 2k Magnification 12

EM image othe sameskeletal musclbiopsyof Zebrafishusing either a magnification of 2k (left panel) or 12k (right
panel). The higher magnification, the greater resolution of mitochondrion structure.

Before acquiring your EM images, wecommend that you adjust your magnification to the
accuracy you would like to obtain for your morphological and ultrastructure mitochondrial measurements.

Modifying magnification during the acquisition will affect the resolution of EM imagesthiee.
resolution of mitochondrial features Therefore, when running EMitMetrix analysis, this magnification
variation will result in variations of some mitochondrial measurementsespecially morphological
measurements, as shown in the followinfigure.
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If you plan toanalyze anccompare oneby-one several conditions, we highly recommetniat you use the
same maghnificatiorso that you can compare the corresponding morphological measurements

- About the effect ofmagnificationon our trained modelaccuracy

While using ahigh magnification may be necessary to obthigh-resolutionimages of mitochondria,
it is worth notingthat precisionand sensitivity of the model used for mitochondgagmentationis highly
dependenton mitochondrid environment,i.e.the type of tissuemaged(see below)

EMito-Metrix application: Quick start tutorial




Magnification 15k

EM image of the same skeletal musclepsip ofDrosophilaacquiredat magnification ofL.2k (left panel) od5k (right
panel).For each case, we have projectadochondria segmentationn the raw EM imageWNe observe an erroneous
segmentatiofromi KS wmp{1 YIFI3IyAFAOI A2y S gKAOK A& RdzS G2

2 KSy aSddadAy3a 020K Ytedoitd Fchudd wie fe@gimendédrthatliybuichodsd ana
area containing several mitochondria (at least 2 mitochondria) associated withitlissue environment.
This should guarantee better mitochondria detection (see below).

We tested if our fineauned GM model was working at high magnification. Specie per Specie, we
compared mitochondria segmentation from 1,2k to 20k resolutisee(figures below. We found that
mitochondria segmentation was working very well but with a variable accuracy depending on the specie.

Thus, we established that our model works at maximum 15k images for Fly, 12k imagéssiorarid 20k
images for Mouse.

1 Impact of resolutionon DROSOPHILAitochondria segmentation

Magnification 1.2k Magnification 2k  Magnification 4k  Magnification 6k
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1 Impact of resolutionon MOUSHNitochondria segmentation

Magnification 1.2k Magnification 2k  Magnification 4k  Magnification 6k  Magnification 8k

v

1 Impact of resolutionon ZEBRAFISiditochondria segmentation

- About the heterogeneityof mitochondriaQ & i@ adn ENimage

The Cellpose neural network used in our EMitoMetrix application has beparatelytrained on
imagesof skeletal musclefom different species resulting inso many different speciespecific models. For
each model, we annotated mitochondria with the same diameter; howaygngCellpose neural networik
an automatic wayeeds a usedefined mitochondria diameter (in pixel) as an input for segmentation.

User defines the size value as the averdgameterof mitochondria from a single image, fsom an
imageby-image basisChanging the diameter will change the reswoltshe algorithm outputgi.e. the objects
segmented. When the diameter is set smalltfran the true sizethen the neural network modemay over
split mitochondria Similarly, if the diameter is set too bihen the neural network modeinay overmerge
mitochondria
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User can definea singlediameter per image.Therefore, fi the tissué segion imaged contains
mitochondria withstrongsize heterogeneityi.e.large and small mitochondria in the same imagdieg, neural
network model may detect mitochondria with a poaiccuracy(for example an ovesplitting of large
mitochondriaand/or an overmergingof small mitochondriaas shown belojv

Over-merging

False detection

Over-splitting

R

Low user-defined diameter High user-defined diameter

Projection of EM image skeletal muscle biopsy bousewith mitochondria segmentation map (cotooded¥. We
used either a low value (left panel) or a high value as adstned diameter for mitochondria detection

*Images from CBM (CSU&AM), UAM UniversityLaura Formentini.

For better precision and sensitivity of detectiomye recommend choosing tissueQ i@gionto acquirewith
agood homogeneity of mitochondriQ size

- About the Generalist & Specialist trained models used for mitochondria detection

Aspreviouslyexplained each speciespecific model has been trained usingagesof the same tissue
- skeletal muscle from a single specie (i.&€ebraFish, Mouse, Fly or Human). This imphed dataset used
for each model training hadhighh o mo g e n e i t gnvironment.Onshs oppdsitewe used images of
skeletal muscle frorseveral species (i.e. ZebraFish, Mouse, Fly and Human) to train our Generalist model, that
is datasetwith a very highhet er ogenei ty of . Bedagsss of ghissheteeogendity;, and me n
dependingon the tissue and/or specie you use, you may haveeter mitochondria detection using the
Generalist model than the Specispecific models (see below).
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Mouse Skeletal muscle MouseLiver

Generalist model201 objects Mice-Specifianodel 230 Mice-Specifianodel: 96 Generalist model 117 objects
objects objects

Projection of EM image skeletal muscle biopgleft panels) and liver biopsy (right paned$Mice with mitochondria
segmentation map (colecoded}. For each tissue, we used either Generaliddioce-specific model as an input for
Cellpose mitochondria detection. The number of detection is indicated for each condition

* Images from CBM (CSUAM), UAM UniversityLaura Formentini

For better precision and sensitivity of detection, we recommetesting both Generalist and Specific
models on your dataset, before starting EMitoMetrix application

We do not recommend using Cellpose trained modejgo2, nucleus, cytopasthese modeldiave notbeen
trained on EM images
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2- APPLICATIORXPECTATIONS

- Expected input files & folders

EMito-Metrix applicatiorallows: * analyzing mitochondrial morphology and ultrastructure in EM
imagesfrom multiple experimentalconditions, 2- comparing these conditions onby-one in a single
(and same) angsis

Before runningsuchanalyze we recommend thayou organizeyour experimental conditions and
input files(i.e. rawEMimages)asshown below

mystudy_INPUT
— control_condition

—@ rawEM_image01.tif

"\_, rawEM_image02.tif

_@ rawEM_image03.tif

_@ rawEM_imageNN.tif

— test1_condition

S test2_condition

- Save H input filesand conditimsto analyze and@omparein a uniqueparent folder
(mystudy_INPUT
No preferences regarding the locationmoystudy INPUTolder

- mystudy_INPUmust contain as manyfdersas conditions to comparedhalyze
Example "control_conditionvs test condition

- mystudy_INPUThust containnothing butthe condition folderdo compared/analyze
No other files or folders saved in mystudy INPUT folder

- Eachcondition folder must contain aihput (raw) EMimages tcanalyze
Condition foldergnust contain nothing but the inpftaw) images

- Foldes name andnput filesname must respect the following rules:
no special characters: [['#$%&'()/*,;;<=>?@" {|}~]
no spaces, no accents
no dot (except the one for file extension)

- We recommendlte following file formats for the analysis:
tif images tiff images, bmp images
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IIEvenif accepted, we do not recommenasing jpg, jpeg angng file formats, because of their poor
resolution!!

To exclude conditions and/or images from the analysis, insert the chavaatehe beginning of
the folder /anage msameyou need to excludésee example below).

4 M Gérer Condition_Control - a X
Accueil Partage Affichage Outils d'image o
« v « EMito-Metrix_DATA > mystudy_INPUT > Condition_Control ~ Q| | Rechercher dans : Condition_C.. P
__pycache__ ~ Nom Date Type Taille Motsclés
Adobe 2 #2m-02 chier Ti B
Dell & #2m-03 chier TI T Excluded image
v EMito-Metrix_DATA 2 2m-01 chier TIF
- mystudy_INPUT = 2m-04 chier TIF
[ #Condition_Test3 ] & 2m-05 ichier Tl
Condﬂion,Contro\ =l 2m-06 chier TI
| ] 2m- er TIF
Condition_Test1 2m-07 chierT!
L = 2m-08 chier TIF
Congition_Test2
| 2| 2m-09 chier TIF
myst“udy_OUTPUT & >m-10 Fichior TI R A 8.2
MATLAB v < >

30 élément(s)| [E=l=
|
/

Excluded condition/folder

- Expected output folders

Qreate anoutput folder (.e. mystudy OUTPUTedicated tooutput folders andfiles generated
by the EMitoMetrix application You must organizenystudy OUTPU®&s below

- mystudy OUTPUTust be empty when performing thapplicationfor the first time

- mystudy OUTPUTame must respect the following rules:
no special characters: [['#$%&'()/*,:;;<=>?@"{|}~]
Nno spaces, no accents

- While running, he applicationwill createoutput folders and filesn mystudy OUTPU®Ider.
mystudy OUTPUTust contain nothing but outpst

Do not modify output folders nameand images name, which may abort the applicationrunning

- Mitochondria segmentation settings

Before running=Mito-Metrix application youmustestimatemitochondriasizeas well agrained
modelto usefor mitochondria segmentation

To set these parametergie recommend using Cellpose graphical user interfdfodlowing these
instructions:

10
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i StartingCellposeapplication

Open an anaconda pmpt
From Windows start menu, type anaconda prompt in the searchdrapen a Terminalindow from
Linux

To activate your Cellpose python environmertype the following python command line in your
opened anaconda prompind press Enter:

conda activate cellpose

Tostart Cellpose graphical user interfacéype the following python command lines froyour
Cellpose python environmemind press Enter:

cellpose

 Setting mitochondria segmentation

In Cellpose window, drag and drgur input imageto analyze Here is an example of the
Cellpose graphical interface and its functionalities:

mito diameter
(pixels) T~

Custom models

(fine-tuned) \ ;
® Cellpose B
trained models

©)

Scale disk of mito diameter

Using Cellpose applicatioastimatethe following segmentation settings:

- Mitochondriasize(in pixels) defined aghe average diameter of mitochondria to detect in the
image(seeherefor more detailsabout diameter definitio

Usethe purplecircle (at the bottom of the view) as a scale disk ofuberdefineddiametervalue

11
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- Trained modelto usefor automatic segmentationseeherefor more details)
Youcan chooseithera Cellpose trained adel (cyto2, nucleus, cyto) or one of custom Generalist
or Speciespecific EM models.

Once you have sétoth diameter and trained modeclick on theun buttonto checkthe mitochondria
segmentation Adjust diameter accordinglyf the segmentation is not working

Depending on mitochondria size heterogeneity of your dataset, you may meexbt your
diameter value by image, by condition (single value for all images of the condition) or by shgly (s
value for all conditions)

For more details about Cellpose Ghbi$tructions check out thiglocumentation

12
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https://cellpose.readthedocs.io/en/latest/index.html

EMITOMETRIX RUNNING

1- HOW TO LAUNCH EMIAIMETRIX APPLICATIDN

EMito-Metrix setting and running are performed using Fiji application kBtoMetrix_Installation
tutorial for installation instructions).

1 Inyour Fiji pplicationdirectory, doubleclick thelmagedwin64.ex€file to start Fiji software

1  Once the Fiji pplication has started, go t&Mito_Metrixmenufrom FijiPluginsmenu,and start the
applicationselecting EMito_Metrix_Fijias shown below :

Tubeness

2- SETTING EMITRETRIX ANALYSIS

- Checlng EMito-Metrix application & environment

Once you have launchdiMito-Metrix application a windowwill ask you to confirm that the following
application & environment settingare fulfilled:

13
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B
File Edit Font

----------- STARTING EMITOMETRIX ANALYSIS

4 Plugin execution : PRE-REQUEST x

Checking FWI plugin

Checking software and 1- SOFTWARE
Python emironment..._installed? [ ~]
Python dependencies nstalied? [No <]
Celipose Python emvironment. instalied? [No v]
Fillinstallation & setting. installed? [No ]
Cellpose-FUl wrapper. installea? [No ~|
EMito-Metrix Python emviranment. installed? [No ~]

2. INPUTFILES & FOLDERS
Folderree. checked? [No +]
Folder name. checked? [No +]
File name checked? [No

3- OUTPUT FOLDERS
« Folder location. checked? [No ~

~lel

4- SEGMENTATION PARAMETERS
Mitachondria dlameter checked? [No
Trained mode! to use checked? [No

(See Holp Bulton for plugin instructons and installation)

0K | cance | wo|

9 Softwareconfiguration(see installation guidér detailed instructions

- Python environment
Python3 environment installed, usiRythonlike distribution (Anaconda for example)

- Python dependencies
Python packagemstalledfor data display andlata prediction modules

- Cellpose Python environment
Python virtual environmeninstalled and sefor Cellpose applicatiorCellposé&Ulinstalled

- Fiji installation and setting
Fiji software distributionnstalled Fiji plugin updating and settingk

- Cellpose Fiji wrapper
CellposeFijrwrapperset, using Cellpose python virtual environment

- Emitometrix Python environment
Python virtual environmeninstalled and sefor data display andlata prediction

1 Input files & folders(seeherefor detailed instructioj

- Folder tree
Valid input folders containing condition folders amagv input EMimages

- Folder name
Valid input foldes name andconditionfolders name

- Hle name
Valid input fils name
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9 Output folders(seeherefor detailed instructioh

- Folder location
Valid output folder containing nothing but the output files

T Segmentation parametergeeherefor detailed instructioh

- Mitochondria diameter
Estimatethe average mitochornth size (in pixels) for eaginage/conditionto process

- Trained model to use
Definetrained model tause for mitochondria detection

If not verified, the applicationexecution will abortand invitedyou to check eaclapplication and
environment settings

- SettingPythonvirtual environments

If the EMiteMetrix applicationinstallaion and setting is correcthe nextwindow will invited you to
set these followingython parameters:

& Plugin configuration x

Select folder with your CELLPOSE VIRTUAL ENVIRONMENT
CELLPOSE folder | Browse |

Did you install Cellpose with GPU computing ?

GPU computing ? |No ~

Select folder with your EMITOMETRIX VIRTUAL ENVIRONMENT

EMITOMETRIX folder I Browse |
Choose your computer environment

Environment:  |Windows

(See Help Button for plugin instructions and installation)

OK Cancel | Help

- Cellpose folder specifyparentfolder containing your Cellpose virtual environment

from WindowsC:/Users/username/AppData/Local/anaconda3/envs/cellpose/
from Linux: /home/username/anaconda3/envs/cellpose/
from MacOS/opt/anaconda3/envs/cellpose/

15
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&

‘Select ol win your CELLPOSE VRTUAL ENVIRONMENT

Qom-

[ Qe — =

Troedefer  Tamies i e

- GPU computingspecify if you havimstall a GPU version of Cellpose

- EMitometrix folder. specifyparentfolder containing your Emitometrix virtual environment
from Windows C:/Users/username/AppData/Local/anaconda3/envs/emitometrix/
from Linux: /home/username/anaconda3/eneshitometrix/
from MacOS/opt/anaconda3/envsémitometrix/

- Environment specify youcomputerenvironment usd for EMto-Metrix running
Gompatible with Windows, MacOS and Linux environments

Theapplicationwill check the validity of your specified Cellpose and Emitometrix virtual environments
(see installabn instruction guide for Python virtual environment setting)

If virtual environment folders arenot valid, theapplicationwill abort andinvite you to checkit

- Setting the analysisworkflow steps, input & outputfolders

If virtual environmens are correct, yowvill haveto definethe followinganalysissettings:

¥ Image analysis : General parameters bd

1- Enter the EXPERIMENTAL NAME :  |mystudy

2- Select WORKFLOW STEP to perform

Mitochondria Segmentation. No -

&L Analysi No ~
Morphometrics Display & Visualization. No =

Data Computation & Prediction........ [ves =

3- Select INPUT folder containing raw images to process

INPUT directory |D/Pro/Datatest/MyStudy_INPUT/ Browse

4- Select OUPUT folder containing output files

OUTPUT directory |D:/Pro/DatatestiMyStudy_OUTPUT/ :Bmwse

(See Help Button for plugin instructions and installation)

0K Cancel | Help

- Experimental protocolname
String of characters

16
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9 Select Workflow step to perform

- Mitochondria Segmentation
Imagepreprocessing and mitochondria segmentation

- Morphology &Ultrastructure Analysis
Quality control of segmentation Blorphometrics measurement of segmented mitochondria

- Morphometrics Display
Datavisualizationof morphometrics, usingraphs & distributions

- Data computation & prediction
Predictive analyticdols that determine the impact of one condition on morphometrics

Theapplicationchecks the following condition$: S @Sy A F y2G aSt SOGSRZ (GKS &y
option isrun when theapplicationis unable to find mitchondriasegmentation mapin the output folder 2- even if not
selected by user, thapplication will automatically rudmorphology& ultrastructureay | f @ aA aé¢ 2LIiA2Yy SKSY
mitochondriametricsfilesin the output folder

The optionto run dmorphometrics displadyand @ Rl G LINBRA Ol A 2 ydditochondri&k 2 dzi
ASAYSY YR 2¢¥2NLIK2f 23& g aliaivsironhing Sdgataielcondifod compaBsadayithout
restartingmitochondriadetection and morphometrics measureme(iess time consuming).

9 Input & output folders

- INPUTDirectory: specifyroot directory containing condition folders amaput files
ExampleC\User$usernamé&DocumentsEMito-Metrix_DATAmystudy _INPUT

- OUTPUDirectory. specifyroot directory used to save output files, images andasurements
Example: CUserSusernaméDocumentsEMito-Metrix_DATAmMystudy OUTPUT

o x
]
5
- N
1-Enterthe EXPERIMENTAL NAME :  |mystudy
2- Select WORKFLOW STEP to perform
Mitochondria Segmentation...... [ves ~
&L Analysi: Yes -
Metrics Display & Computation........ [Yes «
3- Select INPUT folder raw images to process
INPUT directory [\ INPUT folder Browse

4- Select OUPUT folder output file:

OUTPUT uwenory[ QUTPUT folder Sruwsel

(See Help Button for plugin instructions and installation)

OK | Cancel

17
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Theapplicationwill check the validity of INPUT and OUTPUT folders andstil@srefor detailed instructio

If INPUT and/or OUTPUT folders and files aa# valid, the applicationexecution willabort andinvite you
to checkINPUT and OUTPUT folders/files

- Setting the analysisworkflow parametersfor each step

OncelNPUT and OUTPUbIders are valid, define settgs for each workflow step previously
selected as shown below

¥ Image analysis : Parameters - part 1 X

1- GEMERAL PARAMETERS

Unit of length for output  (ANE ~
Normalization method | Standard score =

2- MITOCHONDRIA SEGMENTATION
Filterimages for optimized segmentation Yes -

Mitochondria size Same size i

3- MORPHOLOGICAL MEASUREMENTS
MitoMetrics to use for display and prediction |default -

4- Data DISPLAY & COMPUTATION

Graphicto display |default

5- PREDICTION ANALYSIS

Prediction model to use  |default -

(See Help Button for plugin instructions and installation)

OK Cancel | Help

 General parameters

- Unit of length unit used for morphometrics measurements

pixel or calibrated

If you selectcalibrated you willhaveto definepixel width pixel heightandunit of length

¥ Image analysis : Pixel dimensions X

Please fill out the following parameters:

Unit of Length ||

Pixel Width |0
Pixel Height |0

OK Cancel

18
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- Normalization method Raw EMmages are normalized on amplitude to attenuate global gray
level variatons observed between images, whictay be related to variations in the amount
of staining agent.

min-max scalingconsists in rescalintpe range of features to scale the range in [Q, This method is
preferred when your datdoes notfollow a normal distributionDoes nohandle outliers well.

standard scorevalues (x) are centereth mean (mean(x)) with a unit standard deviation (3i(Xhis
method is preferred when your data follows a normal distribution. Handles outliers well.

x’=  x-min(x) x' = x-—mean(x)
max(x)— min(x) sd(x)
Min-max scaling Standard score

 Mitochondria segmentation

Filtering images for optimized segmentatiomwhen EM images are acquir@dth high resolution
and/or high magnification, mitochondria detection can be improved using Gaussian filtering

Yes or No (default value)

Gaussian filtering appliefr segmentation onlynot for mitometrics analysis

Mitochondria size dedde if mitochondria size varieacrossconditionsor/and imagesor is the
samefor allconditionsandimages

same sizédefault value)r variable sizéacross conditions and/or images)

If you selectvariable sizeselect the level of mitochondria size variability
BGSLISYRAY I 2y SOSWRMIYATZ y2¢y 2ANJ | 635S & ¢

g:, Automatic Mitochondria Segmentation - p.. X

Condition : 02M_wt_1

2- MITOCHOMNDRIA SEGMEMTATION

Mitochondria size :  |IELEGGIEGTEGLITIE ~
OK Cancel

9 Morphological measurements

Morphological and texture measurements used for data displaypeediction analysis

default (all metrics) or custom (uselefinedmetricy

19
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9 Data display & computation

Graphs and data distributions used fopbrphometricsvisualization

default (alldata distribution$ or custom (usedefineddistribution9

9 Prediction analysis

Machine learningnodels used for data predicticanalysis

default (all models) or custom (useefinedmodel9

- Setting the analysismitochondria segmentation parameters

Depending on th@ptionssetin the previoussection (seéiere), you will have to define the following
mitochondria segmentatiosettings

s Automatic Mitochondria Segmentation - part2 X

Condition : 02M_wt_1
1- Select TRAINED MODEL to use for segmentation

[ RLENRULLENCEL Generalistiodel GMEM |4 ]‘\ Emito-Metrix trained models

2- If CUSTOM MODEL, select your own model used for segmentation

[ Select Custom model to use | Browse J‘x Own custom model

3- Mitochondria diameter for segmentation

@ [ Diameter for condition 02Mwt1: |0 ].\

(See Help Button for plugin instructions and installation)

OK Cancel | Help

Mitochondria diameter

- Trained modelusedfor mitochondria segmentatiotseeherefor detailed instruction)

Cellpose models (cyto, cyto2 or nucleEs)jto-Metrix trained modes$ (Specialist or Generalist models)
or custom model§your own trained/finetuned model)

- If custom model specify your own custom trained/finéuned model

Select your trained/finréuned model file with a dialog box

- Mitochondria diameter (in pixels): average size of mitochondria to detect in the imagnere
for detailed instruction

Same sizethe userdefinedvaluemust be set only once.
Variable size, depending on conditiothe userdefinedvaluemust be set for each condition

Variable size, depending on imagéhe userdefinedvaluemust be set for each image

20
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- Setting the analysismorphometricsmeasurementsselection

Next, you will have to select morphological and texture measuremeémtssefor data display and

predictionanalysis

24 Mitochondria Metrix Analysis >,4
Select AT LEAST 3 mitochondria metrics to compute
1- GENERAL PARAMETERS
@ [ wcondtionnamel @ oo R Wto Ceniroiax @ o Centolay |« Condition & mitochondrial labels
2- MORPHOLOGICAL MEASUREMENTS :
@ ¥ Mito Area ¥ Mito Perimeter v AreaPerimeter Ratio W Mito Circularity ¥ Mito Roundness ]<_ ____ Mitochondrial morphology
¥ Mito Solidity ¥ Mito AR ¥ Mito Feret Diameter ¥ Mito FeretX ¥ Mito Ferety
3- TEXTURE MEASUREMENTS :
@ ¥ Mito Meanint ¥ Mito Medianint ¥ Mito Totalint [¥ Intensity SD ¥ Intensity SD percent ]4 —— Mitochondrial tdxture
3- TEXTURE MEASUREMENTS - CORRECTED Y
@ ¥ Mito Meanint CORR ¥ Mito Medianint CORR ¥ Mito Totalint CORR ¥ Intensity SD CORR ¥ Intensity SD percent CORR ]
3- CRISTA MEASUREMENTS
(® | © skewness ¥ Kurtosis ¥ CristaOj Major ¥ CristaO Minor W CristaO Area ]
(See Help Button for plugin instructions and installation) .\
Mitochondrial Cristae j(J Cancel

1 General parameters

Condition& images name,mitochondria labelsind spatial position (Centroid X&Y)

9 Morphological measurement

Mitochondriashape measurements

METRIC NAME DEFINITION

Illustration

Mito_Area Areaof the mitochondria

Mito_Perimeter Thelength of theoutside boundaryf the

mitochondria.
AreaPerimeter_Ratio Ratio betweerPerimeterand Area
Mito_CentroidXand X and Y coordinates of tleenter pointof the
Mito_CentroidY mitochondria.

Shape of themitochondriadefined aq4 "~
*areal perimeter*2). A value of 1.0 indicates a
perfect circle. As the value approaches 0.0, i

indicates arincreasingly elongated shape

Mito_Circularity

EMito-Metrix application: Quick start tutorial

SIS

21



Mito_Roundness

Mito_Solidity

Mito_AR

Mito_Feret_Diameter

Mito_FeretX and
Mito_FeretY

Shape of the mitochondria defined as
(4*areal(” *major_axig‘2)), or the inverse of the
aspect ratio.

Ratio betweerareaandconvex area

Aspect Ratio : Ratio betweenajor axisand
minor axis

Thelongest distancéetween any two points
along themitochondriaboundary, also known as
maximum caliper

Starting coordinates

{ Texture measurements

Ultrastructure measurements, based distribution ofnormalizedgray valuesn mitochondria

METRIC NAME

DEFINITION

Illustration

Mito_Meanint

Mito_Medianint

Mito_Totallnt

Intensity_SD

Intensity_SD_percent

Average intensitg¢ al cul at ed f r g
normalizedgray values

Median intensityc al cul at ed f r g
normalizedgray values.

Sum of t he nmonalzeddray n g
values

Standard deviatiom f t he mit o
normalizedgray values used to generate the
mean intensity Measureot r i st a’ s

within the mitochondria

Ratio betweerntensity SCand Meanint
Measure of crista’{
mitochondria

EMito-Metrix application: Quick start tutorial
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 Texture measurementg corrected

Ultrastructure measurements, based distribution ofcorrectedgray valuesalculatedin

mitochondria

Corrected gray values are calculated from normalized gray vayéittering noise with a high
frequency filter (Fast Fourier Transformation).

METRIC NAME

DEFINITION

lllustration

Mito_Meanint_ CORR

Mito_Medianint_CORR

Mito_Totalint. CORR

Intensity_SD_CORR

Intensity_SD_percent_COR

Average intensitg al cul at ed f r g
gray values after High frequency filtering (FF
noise correction)

Median intensityc al cul at ed fr g
gray values after High frequency filtering (FF
noise correction)

Sum of t he graytvauesafeemHigh
frequency filtering (FFT noise correction)

Standard deviatom f t he mitoc
valuesused to generate thenean,after High
frequency filtering (FFT noise correction).
Measur e of w@ithinthe a’ 3
mitochondria

Ratio betweerintensity SD_CORIRd
Meanint_ CORRMMeasur e of cr
within the mitochondria

A
A
A

 Cristameasurements

Measurenents2 ¥ ONRX &Gl SQ& 2NHIyAT I GA2Yy | YR

2NRASYydGlGAzZY

METRIC NAME

DEFINITION

Illustration

Skewness

Kurtosis

Third order moment about the mean. Measurg
of the asymmetry of
normalizedgray values about thenean intensity

The fourth order moment about the mean.
Measure of thé'tailedness"of the

mi t o ¢ h mormdalizedgraysvalues about the

mean intensity.
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Primary axi®f the bestfitting ellipsecalculated
from the frequency spectrum of the
CristaOrientation_Major mi t o ¢ h mormdaliZedgraysvalues. Measure
of the Crista’s ori
number within the mitochondria.

Secondary axiaf the bestfitting ellipse
calculated from tle frequency spectrum of the
CristaOrientation_Minor mi t o ¢ h mormdaliZedgraysvalues. Measure
of the Crista’s ori

number within the mitochondria.

Angle(between theprimary axisand aline
parallel to the xaxisof the image) of the best
CiistaOrientation_Angle fitting ellipsecalculated from the freggency

spectrum of t hoemalaédgray g
values. Measure of t
alignment and number within the mitochondrid

Area of the best fitting ellipsealculated from
the frequency spectr

CristaOrientation_Area normalizedgr ay val ues. Me§4g
orientation, alignment and number within the

mitochondria.

- Setting the analysis: graphs and data distributiselection

Then,select graphs and data distributions usedfoorphological and texturgisualization

&84 Mito Metrics Data computation

Data distribution type

X

Select atleast 1 graph or data distribution to display /

[V radar

[v spatial clustering

@ M UMAP v violin v density ¥ histogram
@ (T Dontsave output graphic J
i i <
e .
™ Dont display output graphic Output settings

(See Help Button for plugin instructions and installation)

OK Cancel

EMito-Metrix application: Quick start tutorial
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9 PCA distribution

The principal component analysis (PCA) is a linear dimensionality reduction technique that consists
in transforming data onto a new coordinate system such that dimensions are orthogonal and
capture the most variation in the data. We keep only the first timensions to be plotted.

PCA colored by Condition_Name

Condition_Name

«  magnitude_02k
magnitude_04k

+  magnitude_D6k

+  magnitude_08k

+  magnitude_10k

+  magnitude_12k
magnitude_1_2k

PCA second dimension

PCA first dimension

PCA distribution ahitochondria (one point per mitochondria), according to the magnitude
used for EM acquisitions.

1 UMAP distribution

The Uniform Manifold Approximation for Projection (UMAP) is a-lnwar dimensionality
technique based on Rimannian manifold. It connects each point to its nearest neighbors in
high dimension, and project the manifold in low dimension to be plotted.ripgrties ensure
that closeston the projection are close in high dimension, and points that are far from each
other on the projection are far from each other in high dimension.

UMAP colored by Condition_Name

Condition_Name

- magnitude_02k
magnitude_04k

+  magnitude_06k

+  magnitude_08k

. magnitude_10k

+  magnitude_12k
magnitude_1_2k

UMAP second dimension

UMAP first dimension

UMAPprojectionof mitochondria (one point per mitochondria), according to the magnitude
used for EM acquisitions.
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1 Violin distribution

A violin plot is used to easily compare distributions between conditions. Each condition is plotted
on a separate axis, but they areigaled with each other for comparisoffhe density is
smoothed by a kernel density estimator.

Mito_area Mito_Perimater AreaPerimeter_Ratio

SO0000 i §200
; ! ‘ l frse0 l l ‘ : . ' ‘ \
Eoal - i ! — ."n,‘+. ! — e b ' ——
i i L
Mito_Meanint . Mito_Meanint_CORR Mito_Medianint
Y - + — BT
e teeeep] et —H] H4eeeeey
o {2
g e Gk che g et Sk cwgdikydaghiode_1_7% £ gt Gk chor 4 o gk it che ik g B de_1_2k gt e Sk s el cn Gk, i PEk R e gERlode 1 7k
Mito_Medianint CORR Mito_Totalint Mito_Tatalint CORR
Lt = & = - 4 §as00
A T S (B [
§-02 ! . H .
= 1 7k 1 3K 1 2k

Intensity_SD Intensity_SD_CORR Intensity_SD_percent

|¢¢+¢4~¢H *‘oii "RW_¢*“——
+ 20000 ;
Intensity_SD_percent CORR o Mito_Circuler| \ry u Mito_Roundness -
i of[— + | — e
2 ‘ fos “’."’.'
Mito_Solidity o Wito_AR Mito_Feret_ Dismeter -
10
ARl a¢‘¢¢$¢¢ TR
g gt e SR ek e R g Tode 17k GRS BRRTRI | e © migttmi e S pa e gt 1 7
Mito_Feretx Mito_Ferety Skewness
J()Oﬂ 2000
N AXXXXAIREIRasnedll m¢¢+¢¢v¢

+ CristaOrientation_Major M o

ﬂ“¢¢¢oﬂ ﬁ-4tal$* B Qq

FET FE

Violin plots of mitochondria measurements (one plot per measurement), according to the
magnitude used for EM acquisitions.

urtosis

CristaOrientation_Anale CristaOrientation_Area

+"“H§T_.J||}_

SR - 9k b ey R e e 1 2k

9 Density distribution

A density plot is used to represent the distribution of each condition, superimposed on each
other. The line represent the kernel density estimator smoothed distribution of density.

7000 1500 2000 7500 3000
Mito_Perimeter

05
Mito_Meanint_CORR

o0 aubboo suoboo

Mito_Totallnt

E o T
Mita_Medianint

00 2000 3000 acoo
Mito_Totalint CORR

ey

0.d 06 3 10
Intensity_SD_CORR

000 10000 5000 4
Intensity_SD_percent

—

05 ]
Mite,_Circularity

.

% o 035 O
Mito_Solidity

o 15 20
Mito_AR

25

)

Mito_FeretY

- H
500 1000 1300 2000 2500 3000

@a 6> 6a 05 6E 1
Mito_Roundness

EES

0 20 a0 6w @00 1000
Mito_Feret_Diameter

CristaOrentation _Major

0o 200 300 400 500

G 1w 200
CristaOrientation_Minor

RS

Cristadrientation _Angle CristaOrientation_Area

Density distribution of mitochondria measurements (one distributiompeEasurement),

—a000n—20000 0 Z0000 40000 A0AAD 60A0D L00Ann

according to the magnitude used for EM acquisitions.

26

EMito-Metrix application: Quick start tutorial



9 Histogram distribution

Similar to density plots, histograms are ugedepresent the density of the distribution of each

condition, superimposed to each other. It depicts the distribution with more precision, as it is
not smoothed by a kernel density estimator.

1000 200000 300000 4
Mito_Area

1000 1500 2000

Mito_Perimeter

2500

60 BO 100 120 140 160
AreaPerimeter_Ratio

=010 =008 -006 =004 =002 0.00
Mito_Meanint CORR

=
-1.0 -0.5

i} 05
Mito_Medianint

~0.150 —0.125 —0.100 —0.075 —0.050 —0.025 0.007
Mito_Medianint CORR =

Sao
750 —50000 © 50000 1000DO1S00002000025000050
Mito_Totalint

-500 0 500 10 T 2000 2500 3000
Mitee= JRR

a9, L I
—15000 —12500 -10000 -7500 -5000 -2500 . .0 i}
Intensity_SD_percent

-1.0 0.5 0.0 06D D65 070 075 080
Intensity_SD_percent_CORR e Mite_Circularity

0.6 0.7 08
Mito_Roundness

[ —

094 0.96 0.98
Mito_Solidity

. 14 16 18 20 22 2.4 26
Mito_AR

400 600 00
Mite_Feret_Diameter

0 250 500 750 100D 1250 17
Mito_Ferety

0 250 500 750 1000 1250

Mito_FeretX
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Skewness

G.o-04 -02 00 02
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Kurtosis

50
CristaOrientation_Major

1
CristaOrientation_Minor

N

== - (S
2550 #5100 125 150 175 0 10000 20000 30000 40000 50000
CristaOrientation_Angle CristaQrientation_Area

Histogram distribution of mitochondria measurements (digribution per measurement), according
to the magnitude used for EM acquisitions.

9 Radar plot distribution

A radar plot (or radar chart) represent all the features of each condition on a single radial plot for
comparison. To compare between features, two scaler have been used: a MinMax Scaler,
rescaling all values between 0 and 1 for all features, and a Str8taler, substracting the

mean value of each feature and dividing by its variance in order to have a pgaudsian
distribution centered on 0 with unit variance.
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MinMax Scaler

Radar plot

area
Perimeter CristaOrientation_Area

AreaPerimeter_Ratio

Meanint

Meanint CORR

Standard Scaler

Radar plot

area
Perimeter CristaOrientation_Area

AreaPerimeter_Ratio CristaOrientation_Angic

Meanint CristaOrier -~ magniude 1 2k

Meanint_CORR CristaOrientation_Major

Medianint Kurtosis Medianint Kurtosis
Medianint_CORR Skewness Medianint CORR Skewness
Totalint Ferety Totalint Ferety
Totalint_CORR Feretx Totallnt_CORR Feretx
Intensity_SD Feret. Diemeter intensity_SD Feret_Diameter
Intensity_SO_CORR " Intensity_SD_CORR Py
e B3
Intensity_SO_percent Solidity Intensity.SD_percant Solidity
Intensity_SO._percent CORR Poundness Intersity_SO_percent CORR  Roundness

Grewlarity

Radar plot distribution of mitochondrimeasurements according to the magnitude used for EM acquisitions.

1 Spatial clustering distribution

The spatial clustering plot simply represent the physical position of the centroid of each
mitochondria on a twedimensional plot. A densitpased clustering@lgorithm, HDBSCAN, is
used to automatically capture groups of mitochondria, and each of them are averaged for each

variable to be compiled in an output csv file.

Il Spatial clustering will increase calculation time !!

Pre-processed TEM image

Spatial clustering

@ clusterl  @cluster2 @ cluster3

2000
1750 ° i 4
15001 o
1250 : °
1000

750

500 L4

250
L]

0 250 S(')O 750 1000 1250 1500 1750 20’00

(X,Y) projection of Mitochondria’s centroid
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9 Others datacomputation settings

-Don’t save output graphic

Graphs anddata distributions areadisplayed during the analysisutnot savedn the outputfolder

-Don’t display output graphic
Data graphs and distributieare saved in the output foldebut not displayedduring the analysis

8% Mito Metrics Data computation Data distribution type X

Select at least 1 graph or data distribution to display /

V UMAP [V violin [V density [V histogram [V radar [V spatial clustering

b

[~ Dont save output graphic
@ [~ Dontdisplay output graphic N Output settings

(See Help Button for plugin instructions and installation)

OK Cancel I
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- Setting the analysisMachine learning modelselection

We developed a machine learning (ML) module with predictive analytic tools in order to determine
how any given experimental condition woultfluencemitochondrial morphology and ultrastructurén the
next window, you have to select at least on machine learning model to use for the predictive analysis.

g:j Data computation and prediction it

Select at least 1 model to use for prediction

[~ Print out the explanation for each model
[~ Dont save output graphic
[~ Dont display output graphic

(See Help Button for plugin instructions and installation)

Ok | Cancel| Help|

1 Confusion Matrix(LR, RF, XGB, MLP)

A confusion matrix presents the predictiperformances of a modeglsee below) The cell (i,)
represents the proportion of mitochondria of true class j that have been predicted of dgss i
the model. The diagonal (from tdpft to bottom-right) represents the correct predictions. Train
and test performances have been separated for overfitting assessment, and models
performances in term of precision and-$tore are displayed above eaclatmix.

Train confusion matrix Test confusion matrix

Train accuracy score : 0.7471 1.0 Test accuracy score : 0.4483 1.0
Train f1 score : 0.6937 Test f1 score : 0.2679
magnitude_02k -JUEE LRV R E] 0 0 0 . magnitude_02k
0.8 0.8
magnitude_04k -RUALEL m 0 0 o magnitude_04k
i (1] 0.2 0.4 0.2 0.2 i
magnitude_06k 0_ﬁrna(.]nltudeﬁl?lﬁk 06
] @
s 8
o Magnitude 08k 0.083 0.25 o Magnitude_08k
= g
magnitude_10k 0'4magnitude_1(]k 0.4
magnitude_12k magnitude_12k
0.2 0.2
magnitude_1_2k magnitude_1_2k
magnitudedikudedrikude driude diudadikdeghitiude_1_2 magnitudediituce dritudadikudeddudadiidaghitode_1_2
Predicted label 0.0 Predicted label 0.0

30

EMito-Metrix application: Quick start tutorial



Four models are proposed for@glcomputing of confusion matrix

LinearRegression model (LRjee-based algorithms

RandomForrest model (REjree-based algorithms

XGBost model (XGBjree-based algorithms

MultiLayerPerceptron model (MLPheural network

1 Summary plotgexplanation option):

A summary plot represents the explanation of a model, for a given (dassbelow) The feature
are displayedrom the most important (at the top) to the least important (at the bottom). Only
the 14 most important features are displayed, and if there are more, they are summed together
on a 15th axis. On each axis, each dot represent a mitochondria, its posititimeaxaxis
represent the contribution of the associated feature to the prediction, and its color represent
its relative feature value (red represents high values, while blue represents low values). For
binary prediction, a single summary plot is displiyleecause the summary plot for the second
class is the exact opposite of the first one.

Summary plot for magnitude_04k prediction High
e}

Mito Area d
Intensity_SD
Intensity_SD_CORR
AreaPerimeter_Ratio
Mito_Perimeter

Mito_Feret_Diameter

Feature value

Skewness
Mito_AR
Intensity_SD_percent_CORR .

Sum of 15 other features

r T T T 1 T T T T Low
-04 -03 -0.2 -0.1 0.0 0.1 0.2 0.3 0.4

SHAP value (impact on model output)

SHAP values generated with Linear Regression algorithms (LR), for the magnitude_04k condition

To compue summary plots, ativate print out the explanationfunction

I Others data computation settings

-Don’t save output graphic
Graphs anddata distributions are displayed during the analy&istnot savedn the outputfolder

-Don’t display output graphic
Data graphs and distributiaare saved in the output foldghbut not displayediuring the analysis
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3- USER INTERACTION DURINE APPLICATION RUNNING

Setting live image display

A batch mode is proposed, that allows masking image display dapplgcationexecution

Eﬂ- Macro Execution : Parameters

Live image displaying during macro execution ? -

Warning : displaying images will slow down macro execution

OK | Cancell

Selectingive image displayingYessettings)may slow down theapplicationexecution

Settingimage size reduction ahput EMimages
Before running mitochondria segmentation amibrphologicaknalysisyou cancropyourinput EM

imagesfor each condition separately
- If it is necessaryclick onYes Then select an areaof interest to keep in your imageusing the
rectangle toolfrom Fiji application Once the region of tarest is selected, cliclok. The

applicationwill crop all images of the conditionin the same way

=
Fle Edt image Process Analyze Plugns Window Help
BolclolzczNAlplaR olsl=ls|s|a]elol e[5>

"Rectangle". rounded rect o rotated rect (ak or long ciick to switch)

L

Select area to crop and click OK.
¥ you don't need to crop, simply cick OK

_ox |

- If it is not necessaryclick onNo. The application will continuavithout croppingimages.

32

EMito-Metrix application: Quick start tutorial



- Live quality control of Mitochondria segmentation

Once mitochondria detection done,validate or invalidate mitochondria segmentation for each input
EM image oéach condition, as shown below:

Saving morphological measurements.

Candftion 36M_we_1 and image 36M_02
1 MTOCHONDRIAL SEGMENTATION VALID 2

STARTING

L8
RTING

@@ o

RTING

b3 |

- Click onNo button if you consider that m@chondriadetection is notgood.

- Click onYesbutton if you consider that mitochondridetection is good

Once segmentatiowvalidation is done, the application will continue using all imageaad all
mitochondria but the invalid ones

- Selecting conditiongo usefor data display & predictioranalysis

Select conditions to use for dat@sualization and those fodata prediction.You must selecttdeast
one condition for data visualization, and two conditions for data predicfsee below)

gj Mito Metrics Data computation

Select conditions to use for data display and computation

i I¥ Condition Test! | Condition Test2

(See Help Button for plugin instructions and installation)

DK | Cancell
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EMITOMETRIX OUTPUT DESCRIPTION

In this section, we describ®lders, imagesmeasurement files and data distributions saved in the
output folders.

M = | MyStudy_OUTPUT - m] X
Accuel  Partage  Affichage - @
- v 1 > CePC » DATA (D) » Pro » Datatest > MyStudy OUTPUT » ~ U Rechercher dans : MyStudy O.. 2
autres ~  Nom - Modifié le Type Taille

CNCNRS IE_2023 Data_visualization 04/07/2024 1435 Dossier de fichiers
Pro Data_visualizationspatial_clustering 04/07/2024 11:35 Dossier de fichiers
BDD_Median Image_output 04/07/2024 11:35 Dossier de fichiers
conda-envs Log_files 04/07/2024 13:13 Dossier de fichiers
Datatest Measurements 04/07/2024 11:38 Dossier de fichiers
MyStudy_INPUT Measurements_ALL 04/07/2024 11:43 Dossier de fichiers
MyStudy_OUTPUT Measurements_TMP 04/07/2024 14:34 Dossier de fichiers
Data visualization Prediction_Analysis 04/07/2024 14:31 Dossier de fichiers
ROL_mito 04/07/2024 11:38 Dossier de fichiers

Data_visualizationspatial
Image_output
Log_files
Measurements
Measurements_ALL
Measurements_TMP
Prediction_Analysis
ROLmito

Fiji.app

9 élément(s) =

1 Image outputfolder

- processed_imagesiormalized & cropped EM images
- cellpose_masHKabel maps containing segmented mitochondria

Onevalue(i.e. oneregion of interest RPpermitochondria detected

S
Cellpose

segmentation

Pre-processed TEM image Label map of mitochondria
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- control_quality_maskprojection ofmitochondriasegmentationrandnormalizedEM image

Used for the quality control of mitochondria detection

Label projection

Pre-processed TEM image Mitochondria label projection

9 ROI mitofolder

Label regions of mitochondridetected with Cellposer custom modelsTheseaegions of interest
(ROI¥ilesare opened and displasd usingthe Fij-rROI manager tool

Drag and drop your EM image in Fiji, then open the ROI file Asialgze/Tools/ROI manager

5 ROIManager - o x
0001-0048

00010083 kol
0001-0030

0001004 Update
000100 —
00010066 Delete
00010036 e
et Rename
00010091

00010104

010131 )
00010100 | ——
w0018 Desslect
00010128 —
00010163 Progerses
o001-01%8

0001-0163-1 Fasen )
0010153 b

frccminsd | Mores
0010178 |

0001-0184

postfstns ¥ showan
00010200

00010188 T~ Lavess.
s
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i Measurementsolder

Morphometrics filesontainingmorphological and texture measuremerggeherefor a detailed
description of mitochondrial measurements)

One text file per image ancde line per mitochondridetected

T 2m_01_MITO_measurements - Bloc-notes - o x
e e e Atuge e
Experiment Mame Condition Mame Image Name Mito ID Mito Area Mito Perimeter AreaPerimeter Ratio Mito MeanInt Mito MeanInt CORR Mito MedianInt Mito MedianInt CORR |

([act Mt 1 ol 1 6981 312.530: 33,3368 -0.06167 ~60.604026 “0.05716 ~0.0008295 426 3378 ~28.1025 0.4677 0.2227 -765.900. e
qdf M _wt 1 2m_01 2 11893 511.73 23.24@8 -0.7016 -0.89933 -@.6979 -8.09971 -8344.3512 -1181.3179 9.3563 0.2324 -50.7793 -234.9036 1617.133¢
qdf 02M_wt_1 ol 3 1953 173.2376 11.2735 -0.603 -0.02239 -8.5685 -0.02142 -1177.6578 -43.7275 08.3939 0.2237 -65.3282 -999.008" . .
qdf ezt 1 mo1 4 8872 380.9188 23.2911 -0.6594 -0.807736 -8.654 -9.006852 -5850.3188 -68.6349 ©.3697 ©.2366 -56.07L -3058.3494 . one mitochondria
qdf oM wt_1 2m_01 5 6543 323.0193 20.2558 -1.0429 -0.0587 -1.0027 -0.0553 -6823.4232 -384.0978 ©.4204 0.2438 -40.3126 -415.3535 1948.238!
qdf @2M_wt_1 201 6 13190 471.9554 27.9476 -0.1724 0.003827 -0.1623 0.005157 -2273.4178 26.0162 0.3545 ©.2401 -205.6705 6272.5357 N
qdf 82M_wt_1 2m_01 7 6897 324.2914 21.2679 -0.9806 -0.004952 -0.9355 -9.00003239 -6763.2874 =34.1567 9.4517 ©.2379 -46.0667 -4802.93.
qdf oM wt_1 2m_01 8 3935 301.5462 13.8494 -0.9806 -0.1174 -08.9683 -0.1118 -3858.7965 -461.8261 9.4034 0.2352 -41.1351 -200.4353 1889.486.
qdf 02M_wt_1 01 9 10724 449.0021 23.8841 -0.7 -0.003162 -0.6819 -0.0005848 -7566.3373 -33.9143 0.4855 ©.2327 -57.9361 -7358.50:
qdf 02M_wt_1 2m_01 10 1243 131.7817 9.4323 -9.3205 -0.01397 -0.2963 -0.01684 -398.434 -17.3625 9.3838 ©.2186 -119.733 -1565.087¢
qdf oM wt_1 2m_01 1 7742 341.9899 22.6381 -0.6879 -0.00009283 -0.6623 0.006115 -5325.4526 -9.7032 0.4424 0.2322 -64.3115 -255669.153 -
qdf oM wt_1 2m_01 12 4785 285.9066 16.7362 -0.5823 -0.00126 -0.5725 0.001737 -2786.36 -6.0285 0.342 ©.2184 -58.7356 -17333.9617 N
qdf 2m_01 13 6753 326.0488 20.7116 -0.7786 -0.006959 -0.767 -8.907595 =5257.9681 -46.9932 9.3685 ©.2252 -47.3298 =3235.77;
qdf 2m_01 14 5039 265.7645 18.9604 -0.8067 -0.005083 -0.7627 ©.001284 -4864.8878 -25.6117 9.4275 ©.2349 -52.9912 -4621.78:
qdf 2m 01 15 2114 205.5807 10.2831 -0.6716 -0.01036 -0.6721 -0.0101 -1419.8414 -21.907 0.4052 0.2348 -60.3255 -2265.7065 1710.144;
qdf 2m_01 16 3139 223.6224 14.8371 -0.99024 -9.02236 -0.8751 -0.01503 -2832.6219 -70.1731 9.3918 ©.2382 -43.4211 -1065. 541
qdf 2m_01 17 4437 255.5219 17.3645 -0.6175 -0.0005558 -0.5811 ©.004858 -2739.6386 -2.4662 @.4268 0.2275 -69.129 -40938.6229 1197.298:
qdf 2m_01 18 11897  442.4579 26.8884 0.99387 -0.003251 0.0957 -0.002608 1116.7628 .3676  ©0.2327 391.6332 -7158.3372 i
qdf 2m_01 19 6770 323.7645 20.9103 -1.1791 -0.1385 -1.1894 -8.1363 -7982.3739 ~937.4166 .245 -37.3383 -176.9488 1994.550"
qdf 01 20 8438 379.6051 22.2178 -0.3993 -0.002337 -0.4238 ©.0008001 -3368.075 0.4542 ©.2292 -113.7369 -9807.77¢ \ .
qdf 2m 01 21 3704 228.5513 16.2064 -0.456 -0.01277 -0.4712 -9.01008 -1689.1481 9.384  ©.2261 -84.2047 -1771.27¢ One |mage
qdf 2m 01 22 1172 130.7107 8.9664 -1.2159 -9.0624 -1.2189 -8.05645 -1425.0604 -73. .3298 ©.2292 -27.1249 -367.3492
qdf 2m_01 23 2338 190.4508 12.2761 -1.3732 -0.01275 -1.389 -0.01201 -3210.5897 -29.8055 0.4 9.2418 -29.1302 -1896.98.
qdf 01 24 6700 330.7767 20.2554 -1.4013 -0.03214 -1.3864 -0.02637 -9388.4246 -215.3667 0.3967 ©.249 -28.3122 -774.742«
qdf 2m_01 25 6107 332.6346 18.3595 -1.4623 -0.002317 -1.4329 ©.001523 -8930.0728 -14.1503 9.4513 ©.2474 -30.86 -10678.8229 o
qdf 2m_01 26 60836 322.6518 18.7875 -1.3528 -0.003638 -1.361 ©.801198 -8165.2238 -21.9569 9.3919 ©.2537 -28.972 -6974.2511 N
qdf 2m_01 27 11179 415,487 26.9058 -1.2457 -0.05706 -1.2542 -9.05687 -13925.1558 -637.9256 9.4331 0.249 -34.7685 -436.353 "

Ln 153, Col 19 100%  Windows (CRLF) UTF-8
Containsaverage morphological and texture measurements for each ing@geere for a detailed
description of mitochondrial measurements)
One text file per condition, andche line per image

) Mouse_MITO_measurements ALLIMAGES - Bloc-notes - =] X
fichier Edition Fgrmat Affichage Aide
Experiment Name Condition Name Image Name Mito TotalNumber Mito Densit Mito TotalArea Percent Mito Area Mito Perimeter AreaPerimeter MeanRatio M Mito MeanInt (]

[]A11 species Mouse J110 123 090002935 8.5191 2902.1767 189.2132 13.0212 0.5582 0.5237 0.9027 9174.1527 ©.8676_ 0.8107 0.9626 1.2549 64,1837 0.1887 ¢ |
AIT Species Mouse 315 121 ©.00002668 6.8468 2371,0413 181.211 12.005 -0.5273 -0.5406 0.6121 -41.3971 ©.832 0.741 0.0548 1.4048 63.2444 0.1728 0.1622
All Species Mouse 16 92 ©.00002196 6.0687 2764.8435 189.6911 12.7155 -0.7303 -0.7494 9.413 -7.1104 ©.8436 ©.7418 ©.9596 1.3954 66.4254 ©.226 9.2459 .
All species  mouse 119 a2 ©.00001002 2.2307 2225.a524 176.2747 11,6957 -0.5326 -0.5363 0.3706 12.996 0.8386 0.7566 0.9553 1.3776 60.9345 0.@5606 0.0904 one image
All species Mouse 321 21 5.8117€-6 ©.9491 1893.8095 166.1323 10.7911 0.04659 ©.03186 ©.5675 -15.249 0.8212 ©.7453 ©.9454 1.3875 58.2476 0.1123 -0.017
All Species Mouse 122 1 0.00002649 7.3777 2785.0541 195.514 12.9017 ©.2285 0.1738 0.8069 -4@7.5394 0.8346 0.7508 ©.9561 1.3674 67.6214 0.3319 0.2323
All Species Mouse 323 95 0.00002267 6.9063 3046.2 204,2157 13.472 -0.007004 -@.08048 9.8465 -35.141 0.8373 ©0.7656 0.9577 1.3394 70.2224 0.3646 ¢
All Species Mouse 129 57 0.0000136 5.0208 3690.8772 227.6535 14,0806 0.08414 0.06278 2.6056 357.5003 09.7994 ©.7559 0.9448 1.3587 77.1761 0.194 k1
ALl Spe(ies Mouse monseli)langltbl_lkFieldlo 29 6.9209E-6 1.8533 1521.9655 152.1911 9.1802 ©.82955 -0.84411 1.1193 831.658 0.7699 0.6449 0.9334 1
ALl Spe(its Mouse mcnstll)langltBl_ZkFieldl] 26 6.2049E-6 B.9577 1543.5 144.6302 9.5556 ©.06391 -0.008381 1.8581 1.3663 ©.8332 0.6887 0.9541 1.5069 °
All species Mouse  mousell32angleel 2kfield12 73 ©.00001742 2.8105 1630.4521 153.1298 9.9779 0.00194 -0.04777 0.9183 178.1589 0.8232 0.7272 ¢
All species Mouse  mousell32angleal 2kfield13 38 9.0688E-6 1.1727 1203.1653 137.3909 8.7544 -0.07569 -0.149 1.0604 -342.1485 ©.8046 ©.6734 ¢
All Species Mouse mcuseuszauglwl_zkfielam 51 2.00001217 1.8412 1512.7843 148,378 9,2566 @.1714 0.1244 09,9839 -1135,9978 9.7995 ©.6692 0,943 1.589 ¢
All species Mouse meusenszauglealizkfieluls 35 8,3528E-6 1.1192 1339,8857 138.768 9.1706 -0,04915 -0.1063 1.1036 7295.4419 9.8359 @.7073 0.,9532 1
All Species Mouse mousel132angleal_2kfieldl 32 7.6369E-6 @.8865 1160.8438 134.8586 8.2363 -0.08726 -8.03056 8.9063 468.8725 0.7766 €
ALl Spe(izs Mouse muustl]IEanglzBI_EkFizldl 75 8.0000179 2.6887 1502.1467 146.7631 9.5858 -0.07022 -8.87661 8.9289 -221.2951 9.8189 ¢
All Species Mouse mousell32angledl_2kfield3 28 6.6822E-6 1.0674 1597.3214 169.8195 8.9594 ©.9793 0.868 1.2972 -79.062 0.7008 ©.5198 0.9204 2.1452 ¢
All species Mouse mousell32angleal 2kfielda 35 8.3528E-6 1.3519 1618.5143 160.7667 9.2195 0.7726 0.6382 1.2646 -60.3141 0.7626 ©.5066 ©.9383 1
All species Mouse  mousel132angleal_2kfields 17 2.0571E-6 0.5798 1429.1176 139.229 9.4562 0.03175 -0.03726 1.6439 1610.7316 ©.8550 0.7718 ©.9517 1
ALl species Mouse mousell32angleel 2kfielde 3a 8.1142E-6 1.2171 1499,9706 149.0244 9.6237 ©.07248 @.02272 1.025 -255.7235 9.821 2.6957 ©0.9518 1 \ -
All Species Mouse mousell32angleel 2kfield? 34 8.1142E-6 1.0877 1340.5 139.2944 8.9897 -0.0002524 9.05112 ©.9842 195.6294 2.8127 0.6947 ¢ One condltlon
All Species Mouse mousel132angle@l_2kfields 45 2.00001074 1.9299 1797.0222 161.7145 10.5184 -9.01255 -9.04534 0.9869 -21.3566 9.8284
All Species Mouse  mousell32angle@l_2kfieldd 35 8.3528E-6 1.2329 1476.08857 138.3496 9.1963 -0.06378 -9.09955 1.0407 15998.8319 0.8409 ¢
. ,

e o e o

1 Measurements TMPRolder

Temporary folder used durirgpplicationexecution

36

EMito-Metrix application: Quick start tutorial



9 Data visualizationfolder

Foldercontaininggraphs and distributions for data visualization
density.png density distribution of mitometrics for each condition
histogram.png histogram distribution omitometrics for each condition
MinMaxScaler_radar_plot.pngradar plot of MinMaxrescaled mitometrics for each condition
StandardScaler_radar_plot.pngadar plot ofStandardrescaled mitometrics for each condition
PCA_Condition_Name.pn@CA distributionf mitochondria according to the conditions
UMAP_Condition_Name.pndJMAP projection of mitochondria according to the conditions

violin.png: violin distribution of mitometrics for each condition

9 Data visualizatiospatial clusterincfolder

Foldercontainingspatial clusterg of mitochondriadetectedfor each imagegpatial_clustering
file), as well aglensity grapHdensityfile) andmean morphometricgclustersfile) computed
for each cluster

I Prediction analysigolder

Folder containinggHAP vaks peeswarntile) and confusion matrixcpnfusion_matrixile) for
each machine learning algorithms used.

9 Log_files folder

Foldercontainingapplicationsettings(Users_general_parameters.bahd segmentation settings
(Users_Mitochondria_size.txt)
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