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SUMMARY

Autophagy measurement has been challenging due to the transient nature of
autophagy vesicles, in which degradation of cargo occurs. Here, we present a
protocol to monitor starvation-induced autophagy using a live high-throughput
microscopy system in a fast and automated manner without the need for sample
preparation. We provide a detailed protocol describing the generation of tur-
boGFP-LC3B expressing mouse embryonic fibroblasts (MEFs), the measurement
of autophagy over time and the analysis of data.

For complete details on the use and execution of this protocol, please refer to
Nowosad et al. (2020, 2021).

BEFORE YOU BEGIN
Generate cell lines stably expressing turboGFP-LC3B

O® Timing: 2 weeks

The first step to measure autophagy in live cells is to generate cells stably expressing a protein
that allows monitoring the autophagic response in real time. LC3B/MAP1LC3B/ATGS8 is a gold
standard for measuring autophagic activity. Upon autophagy induction, a cytoplasmic pool of
LC3B (LCB 1) is covalently conjugated to phosphatidylethanolamine. This lipidated form, called
LC3B Il, localizes on autophagosomes (Kabeya, 2000). Thus, the presence of autophagic vesicles
may be assessed by measuring LC3B Il levels (Mizushima and Murphy, 2020). Importantly, upon
fusion of autophagosomes with lysosomes, LC3B Il present on the inner membrane of autophago-
somes is degraded by lysosomal enzymes, whereas LC3B Il located on the outer membrane is con-
verted back to the LC3B | form by cleavage from the membrane and recycled in the cytoplasm,
resulting in an overall decrease of LC3B levels. Therefore, LC3B dynamics are routinely used in
autophagy research (Klionsky et al., 2021). Previous studies have shown the utility of using a
GFP-LC3B reporter to measure autophagy by monitoring lipidated LC3B Il following saponin
extraction of cytoplasmic LC3B | (Eng et al., 2010) or by detecting the free GFP fragment gener-
ated upon autophagy induction by immunoblotting (Ni et al., 2011). Since during nitrogen starva-
tion both LC3B | and -II levels decline, we developed this protocol to automatically monitor the
amount of LC3B in live cells without requirement for sample preparation. Another autophagy
marker that can also be monitored using the same procedure is SQSTM1/p62 (Klionsky et al.,
2021).
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We chose to use turboGFP as a reporter as it is characterized by higher fluorescence intensity than
eGFP and is easily detected using GFP/FITC filters (Evdokimov et al., 2006). LC3B and p62 were
cloned as fusion proteins with turboGFP in their N-terminus in a retroviral expression vector
carrying a puromycin resistance gene. TurboGFP was cloned in the EcoRI and Xhol sites of a modi-
fied pQCXIP vector (Clontech) and then either LC3B or p62 was inserted into the Notl and Pmel
sites of the resulting pQCXIP-tGFP vector. In this vector, the GFP fusion protein and puromycin
resistance are expressed from the same transcript due to the presence of an IRES. These con-
structs were validated in Nowosad et al. (2021) and are available from the Lead Contact upon
request.

To establish the turboGFP-LC3B cell line, Mouse Embryonic Fibroblasts (MEFs) were retrovirally
infected. Retrovirus production was performed using ecotropic Phoenix cells generated by Gary No-
lan’s lab (Stanford University), which is based on a HEK293T cell line (human embryonic kidney cells
transformed with adenovirus E1a and carrying a temperature sensitive T antigen co-selected with
neomycin) modified for retroviral production. For more information on the original protocol and
troubleshooting of viral production, please refer to the Nolan lab website: https://web.stanford.
edu/group/nolan/_OldWebsite/protocols/pro_helper_dep.html

Note: The protocol below describes the specific steps for measuring starvation-induced
autophagy. We tested this protocol for different types of starvation media (no amino acids,
no glucose, no serum) but it may be used to monitor autophagy induced by any kind of
stress (e.g. drugs, oxygen levels...) or basal autophagy. However, it may require more opti-
mization steps to determine LC3B dynamics and cell response to stress (see
troubleshooting).

Note: This protocol has been optimized for immortalized MEFs. Use of different cells may
require some modifications.

Note: High-throughput imagers require a robust fluorescent signal such as turboGFP. The use
of less bright fluorochromes such as eGFP is not recommended for this protocol (see
troubleshooting).

1. DAY 1:

PM: Seed 4 x 10° ecotropic (to infect murine cells) or amphotropic (to infect human cells) phoenix
cells in 10 cm Petri dish.

Alternatives: Determine optimal antibiotic concentration for cell selection (this step needs to
be done only once for each cell line to be infected). Seed cells to be infected into 24-well cul-
ture plate at a density that will result in approximately 75% confluence the following day in the
appropriate culture medium and incubate overnight in a tissue culture incubator. The next day
replace normal medium to antibiotic selection medium. To this end, dilute antibiotic (here pu-
romycin) in culture media to obtain final concentrations from 0.5 to 10 ng/mL. Use medium
without antibiotic as a control. Monitor cells daily starting 24 h after treatment using a micro-
scope. Alternatively, colorimetric viability or cytotoxicity assays may be used to assess the cell
death (e.g., CellTox, CellTiterGlow [Promegal). The duration of selection depends on the anti-
biotic used, for puromycin, the selection should be complete within 2-4 days. Determine the
minimal concentration of antibiotic at which all uninfected cells die.
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2. DAY 2:

AM: Transfect phoenix cells with pQCXIP-turboGFP-LC3B or pQCXIP-turboGFP-p62 using a
method of choice. We obtained good viral production (>70% of infected cells) using a Calcium Phos-
phate transfection protocol and 10 pg of DNA.

Incubate cells for 24 h at 37°C.

3. DAY 3:

AM: Change medium of transfected cells and replenish with 5-6 mL of fresh medium per dish.
PM: Seed cells to be infected at 20%-30% confluence.

4. DAY 4:
AM
a. Collect the supernatant of Phoenix cells using a 5-10 mL syringe and filter through 0.45 pm
filter.

Alternatives: The viral supernatant can be concentrated by centrifugation or other methods
(e.g. Retro-X™ Concentrator [Takara]).

Il Pause point: The supernatant with viral particles may be frozen and stocked at —80°C for
later use. However, it may cause a major loss of viral titer and is not recommended unless using
concentrated viral supernatants.

Alternatives: Users may determine viral titer using a method of choice. In our experiments, the
viral load or infection rate was evaluated by determining the percentage of cells expressing
turboGFP following infection using an immunofluorescence microscope or the Incucyte, but
other methods such as FACS or gPCR may be used. Virus titration is especially useful when
freezing supernatants for later use.

Optional: If you wish to repeat viral infection, add 5-6 mL of fresh medium to the phoenix cells
and put them back at 37°C. We always do three rounds of infection before proceeding to anti-
biotic selection of infected cells.
b. Aspirate medium of cells to be infected and add 2-3 mL of filtered supernatant and 2-3 mL of
fresh cell culture medium.
c. Immediately add Polybrene at a final concentration of 5 ng/mL to infected cells to improve
transduction efficiency, swirl medium gently.
Optional: PM: Repeat infection (steps a—c) with the same procedure.
5. DAY 5:
Optional: AM: Repeat infection (steps a—c) using the same procedure.
6. DAY 7 (or 48 h after last infection):
Start selection using the proper antibiotic (puromycin for pQCXIP). The concentration depends on

the cell type used and should be determined experimentally (see Alternative in DAY 1 of infection
protocol). For MEF selection, puromycin was used at a final concentration of 2 ug/mL. The selection
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should be complete within 48 h of antibiotic treatment but puromycin was added to the cell medium
at all times to maintain selection pressure.

Alternatives: Infected cells may be selected by FACS based on turboGFP expression, which is
detectable in the FITC/GFP channel found in most FACS instruments. The excitation/emission
maxima of turboGFP are 482/502 nm.

Alternatives: Both antibiotic selection and FACS sorting will result in a polyclonal turboGFP+
population. A limitation of polyclonal populations is that expression levels of the protein of inter-
est will not be homogenous within the cell population (See problem 5). If you prefer working on
monoclonal populations, turboGFP-expressing cell lines should arise from single-cell clones. You
can obtain single cell clones either by FACS sorting or by performing limited dilution assay in 96-
well plates. Note that not all cell lines are compatible with single cell expansion.

7. DAY 9: Start to expand cells.

Il Pause point: Once expanded, you can freeze expanded cells in DMSO-containing medium/
FBS.

A CRITICAL: Viral production and infection should be handled using appropriate biosafety pre-
cautions and according to regulations in your institution/country. Personal protective equip-
ment (PPE) should be worn at all times when working with viral particles and infected cells.

KEY RESOURCES TABLE

REAGENT or RESOURCE SOURCE IDENTIFIER

Antibodies

LC3B Cell signalling TECHNOLOGY Cat#4108 RRID:AB_2137703
B-actin Sigma-Aldrich Cat#A2228 RRID:AB_476697
Chemicals, peptides, and recombinant proteins

Polybrene (Hexadimethrine bromide) Sigma-Aldrich Cat#H9268

Experimental models: Cell lines

Phoenix-ECO cells ATCC Cat#CRL-3214 RRID:CVCL_H717
Phoenix-AMPHO cells ATCC Cat#CRL-3213 RRID:CVCL_H716
Mouse embryo fibroblasts N/A N/A

Recombinant DNA

pQCXIP turboGFP LC3 Nowosad et al., (2021) N/A

PQCXIP turboGFP pé2 Nowosad et al., (2021) N/A

Software and algorithms

IncuCyte ZOOM 2018A Essen BioScience N/A
Microsoft Excel 2010 Microsoft N/A
GraphPad Prism 8.0 Prism N/A

Other

DMEM w/o glucose cell medium Sigma-Aldrich Cat#D5030
DMEM w/o amino acids cell medium USBiological life sciences Cat#D9800-13
DMEM high glucose medium Sigma-Aldrich Cat#D6429,
Earle’s Balanced Salt Solution (EBSS) Sigma-Aldrich Cat#E7510
IncuCyte® FLR, ZOOM or S3, equipped Sartorius N/A

with 10x or 20x objective

dialysis tubing 3,500 MW cut-off Spectrum Labs Cat#132111
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STEP-BY-STEP METHOD DETAILS

Conduct IncuCyte experiment
O® Timing: Varies in function of length of starvation, but typically 2-3 days

The monitoring of turboGFP-LC3B signal in live cells upon starvation was performed using an Incu-
Cyte system (https://www.sartorius.com/en/products/live-cell-imaging-analysis/live-cell-analysis-
instruments). This live-imaging platform consists of a microscope residing in a standard tissue cul-
ture incubator maintained at 37°C and 5% CO, that allows automated image acquisition and
analysis through the IncuCyte software. This protocol was tested using IncuCyte FLR and ZOOM
models but more recent versions should also be compatible. The main difference between FLR
and ZOOM is that the latter has both green (Ex: 460 [440,480] nm; Em: 524 [504,544] nm) and red
(Ex: 585 [565,605] nm; Em: 635 [625,705] nm) LEDs, whereas the FLR offers only the green fluores-
cence. Both have phase contrast imaging.

Importantly, this protocol may be used to monitor autophagy using any high-throughput imaging
platform (i.e., N Cell Analyzer [GE] or Cytation Multi-Mode Reader [BioTek/Agilent]) but some ad-
justments may be required depending on the system.

During starvation experiments, DMEM high glucose supplemented with 2 pg/mL penicillin—
streptomycin and 10% FBS was used as a control and cells were starved in starvation media (for
example DMEM without glucose, DMEM without amino acids or Earle’s Balanced Salt Solution
[EBSS], supplemented with 2 pg/mL penicillin—streptomycin and 10% dialyzed FBS).

FBS was dialyzed at 4°Cin 3,500 MW cut-off dialysis tubing against PBS for 6 h and then overnight to
remove amino acids and glucose.

For more detailed starvation protocol, refer to (Nowosad et al., 2020) and (Nowosad et al.,
2021).

In the current manuscript, starvation was performed using EBSS medium supplemented with 10%
FBS and non-essential amino acids.

1. Seed turboGFP-LC3B expressing cells into multi-well plates.
a. Trypsinize cells, inactivate trypsin with serum-containing medium and count cells using a
method of choice.
b. Seed appropriate number of cells to obtain 50%-70% confluence the day of starvation (the
exact density depends on the type and duration of treatment). MEFs were seeded at 12
000 cells per well in 24-well plates but the optimal number of cells should be determined
for each cell types in a pilot experiment. Allow cells to adhere overnight in the incubator.

Note: Seeding the cells at the right density and without cell clusters is crucial for the success of
the experiment. Autophagy was shown to be affected by contact inhibition. Thus, particular
attention should be paid to obtain the appropriate seeding density. See troubleshooting
for more information.

2. Starve cells.
a. Remove medium and wash cells twice with warm PBS followed by one wash with starvation me-
dium. Add full (control) or starvation medium to the wells.
3. Begin plate imaging with IncuCyte.
a. Place plate in available slot and ensure that plate is seated securely.

STAR Protocols 2, 100966, December 17, 2021 5
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Figure 1. Processing definition for autophagy assay

Images represent MEFs expressing turboGFP-LC3B with and without masks using parameters set up in processing

definition. The merge channel shows overlap between the green mask (purple) and the phase mask (yellow). For phase
channel analysis, the following parameters were applied: segmentation adjustment: 1.1; adjust size: —1 pixel; area:
min 200 pm. For green channel analysis, the following parameters were used: Top-Hat segmentation; radius: 90 pm;
threshold (GCU): 2; area: min 200 um. Scale bars are 300 um.

b. Open IncuCyte software and select the appropriate plate type and imaging pattern. Schedule
scan every 2 or 4 h for 2-5 days (depending on the cell type and starvation medium), selecting
phase and green fluorescence channels.

4. Complete IncuCyte experiment.
a. Remove plate from scan schedule in the IncuCyte software.
b. Remove plate from the IncuCyte.

Generate processing definition
® Timing: 45-60 min

Creating a "processing definition" aims to “train the software” using the selected images to deter-
mine the optimal settings for automated object detection in all images generated in the experiment.
This step is required only the first time the experiment is performed. Once defined and saved in the
software, the same workflow can be applied to subsequent experiments.

Note: This step is specific for the Zoom software and is not present in the FLR version.
Note: You can also generate a new processing definition for previously analyzed experiments.

5. Add representative images to Image Collection. We recommend using at least 2-3 images for
each condition representing different time points of the experiment.
6. Define parameters for object detection (Figure 1) for phase contrast and green fluorescence
channels.
a. Define the parameters for the phase contrast channel.
i. Click Preview Current and apply the Confluence Mask to visualize the preset values already
present in the analysis software.
ii. Refine the parameters within the confluence mask:
Set up Segmentation adjustment, which aims at adjusting the Background/Cells slider
bar. We used a 1.1 value.

6 STAR Protocols 2, 100966, December 17, 2021
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Clean up by adjusting size. This parameters allows to either enlarge (by choosing a pos-
itive value) or shrink (by using a negative value) the mask by a specific number of pixels.
We set up —1, which means that the mask was reduced by 1 pixel.
Define minimal object area to filter out dead cells and debris (in the Zoom software, dis-
tance measurement can be made by clicking a ruler icon on the right side of the image).
In our analysis, we excluded objects smaller than 200 um?.
Preview all the images. If you are satisfied with the parameters, proceed to the process-
ing definition of the green channel.

b. Define the Analysis Parameters for the green Channel.

i. Define the mode of object segmentation by selecting top-hat processing, which allows
subtracting the local background from brightly fluorescent objects within a given radius

ii. Setup a fluorescence threshold. Increasing the threshold will eliminate masking of back-
ground while decreasing the threshold will include dimmer objects. We used a threshold
of 2 GCU.

iii. Adjust edge sensitivity to optimize the segmentation mask for adjacent objects. As we will
be extracting confluence and not the number or area of objects, there is no need to switch
the Edge Split on.

iv. As above, define minimal object area to filter out dead cells and debris. In our analysis, we
excluded objects smaller than 200 pm?.

v. Preview all images to control the segmentation mask. If you are satisfied with the param-
eters, launch the analysis.

Extracting and analyzing data
This protocol explains how to exploit and further analyze data generated with the IncuCyte software.

O® Timing: 1-3 h (depending on the number of wells and conditions)

7. Extract raw counts from IncuCyte software.
a. Export the results for confluence (percent) calculations for phase contrast and green channels.
8. Copy raw data to Excel file and calculate the ratio of the percentage of confluence in the green
channel by the confluence in the phase contrast channel using the following formula:
Green confluence (percent)/Phase contrast confluence (percent)

Alternatives: Instead of normalizing data with phase confluence, you can label cell nuclei us-
ing an appropriate red probe (e.g. IncuCyte® Nuclight Rapid Red Dye) and normalize the
number of fluorescent green objects [in this case edge split should be turned on to precisely
determine the number of objects] by the number of nuclei (only applicable in IncuCyte models
equipped with more than one fluorescence channel).

9. Normalize the obtained values with that of the first scan (time 0 h).

Optional: Import your data into graphing software to create graphs. We used GraphPad Prism
for statistical analysis and data visualization but this step may also be performed in Excel.

10. Generate a curve representing the levels of green fluorescence normalized by the number of
cells (Figure 2). In the example shown Figure 2, cells were starved in EBSS supplemented with
10% serum and non-essential amino acids for the indicated times. Upon starvation, there is a
progressive decrease of turboGFP-LC3B fluorescence (Figure 2A). A similar observation is
made by immunoblotting endogenous LC3B (Figure 2B) at various times following starvation,
indicating that turboGFP-LC3B behaves similarly to the endogenous protein in starvation con-
ditions.

STAR Protocols 2, 100966, December 17, 2021 7
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Figure 2. Quantification of autophagy in turboGFP-LC3B MEFs

(A) turboGFP-LC3B MEFs were kept either in full or starvation medium (EBSS supplemented with 10% serum and non-
essential amino acids) and fluorescent object confluence was measured every 2 h for 72 h. Fluorescent object
confluence results were divided by phase confluence results at the same time point and normalized with the first scan
(0 h).

(B) Immunoblot of LC3B levels in MEFs starved for the indicated times as in (A). Actin was used as loading control.

EXPECTED OUTCOMES

Green objects represent cells containing LC3B-positive autophagy vesicles. During starvation, LC3B
fluorescence should decrease and its decline is inversely correlated with autophagic activity
(Methods video S1 and Figure 3). Conversely, little or no loss of signal should be observed in control
full medium conditions.

QUANTIFICATION AND STATISTICAL ANALYSIS

Data extracted from the IncuCyte software were exported to Excel to perform the normalization.
Normalized values were copied to GraphPad 9 (Prism) to generate graphs. Results from at least 3
independent experiments are needed to perform statistical analysis. This may be done in GraphPad
software by comparing each time point between several groups. This may be done using 2-way
ANOVA followed by multiple testing correction (e.g., Bonferroni test). For examples and more de-
tails on statistical analyses, see Nowosad et al., (2021).

LIMITATIONS

This protocol was validated for adherent monolayer cell cultures and does not work for 3D or suspen-
sion cultures. For the latter, an option may be to coat culture plates with agents that promote adhe-
sion (e.g., collagen, poly-L-lysine) prior to cell seeding. In addition, suspension cells have a tendency
to aggregate, which may make segmentation difficult during image processing.

8 STAR Protocols 2, 100966, December 17, 2021
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Figure 3. TurboGFP-LC3B fluorescence during starvation
Examples of images showing MEFs expressing turboGFP-LC3B during a 3-day starvation in EBSS supplemented with
10% serum and non-essential amino acids. Scale bars are 300 pm.

The IncuCyte system has low sensitivity, requiring very bright fluorescent signal for detection, and
some fluorochromes may not be compatible. For instance, while this protocol allows detecting tur-
boGFP-LC3B. In similar experiments using eGFP-LC3B, the signal was too weak to distinguish it from
background (Figure 4).

This protocol is based on LC3B degradation as autophagy indicator, assuming that there is no pro-
tein neosynthesis. Some pilot experiments with protein synthesis inhibitors (e.g., Cycloheximide)
may be required to exclude the possibility of LC3B synthesis upon autophagy induction. We also
recommend using another autophagy marker in parallel to validate the results. We obtained
good results with MEFs expressing turboGFP-p62 (Methods video S2). Furthermore, in addition
to autophagic degradation, LC3B levels are regulated by multiple pathways, including ubiquitin-
mediated proteasome degradation (Jia and Bonifacino, 2019, 2020) and transcriptional regulation

turboGFP-LC3B MEFs eGFP-LC3B MEFs

Figure 4. Comparison between turboGFP-LC3B and eGFP-LC3B
MEFs were infected with plasmids expressing either turboGFP-LC3B (left) or eGFP-LC3B (right) and imaged using the
IncuCyte. Representative images are shown. Scale bars are 300 um.
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Figure 5. Impact of cell clustering on turboGFP-LC3B signal

(A) MEFs clusters due to incorrect cell seeding technique. Cell clusters exhibit high turboGFP-LC3B fluorescence
levels due to induction of autophagy by contact inhibition.

(B) Correctly seeded cells. Scale bars are 300 pm.

(Settembre et al., 2011). Therefore, it is important to determine the dynamics of LC3B before using
LC3B as areporter protein. This may be done by monitoring MAP1LC3 RNA levels by using RT-qPCR
and LC3B protein levels by immunoblotting (Figure 2B).

The IncuCyte Zoom software does not allow analyzing fluorescence in single cells over time. How-
ever, the Incucyte® Cell-by-Cell Analysis Software permits to perform the segmentation and treat
exported measurement as single-cell data. This module is available for IncuCyte® SX1, SX5 and
S3 platforms as well as on other high-content imaging devices. Alternatively, recently developed mi-
crofluidic platforms (such as EVORION CellCity) can be used to refine the analysis and obtain single
cell resolution. Furthermore, machine-learning approaches (Morone et al., 2020) may be helpful to
classify fluorescent cells into different categories based on their fluorescence intensity or pattern.

TROUBLESHOOTING
Problem 1
Low viral titer

Potential solution

Split Phoenix cells regularly (1:5 ratio) and never let them reach confluence. Every ~20 passages,
select Phoenix cells by adding Hygromycin (at 300 ug/mL) and Diptheria Toxin (1 ug/mL) in culture
medium for one week. Try to use low-passage Phoenix cells.

Problem 2
Cell clusters within wells.

Potential solution

It is very important to seed cells homogeneously and at the appropriate density when performing
autophagy assays as contact inhibition is known to affect autophagy (Leontieva et al., 2014; Pavel
et al., 2018) (Figure 5).

To improve cell seeding, we recommend preparing the cell suspension at the final concentration in a
larger volume in a tube, homogenize it by pipetting and distribute evenly to all wells from that same

solution instead of adding a small volume of concentrated cell suspension to the wells.

Problem 3
High background fluorescence in the green channel.

10 STAR Protocols 2, 100966, December 17, 2021
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Potential solution
Low riboflavin culture media (<0.2 mg/L) may be used to reduce green background fluorescence.

Problem 4
High mortality of starved cells.

Potential solution

Every cell type responds differently to starvation. We recommend performing a pilot experiment to
determine how cells respond to different types of metabolic stress (amino acid, glucose, serum star-
vation...). It will help adjusting the composition of the starvation medium and the duration of
starvation.

Problem 5
Only a fraction of LC3B* cells are detected by the IncuCyte.

Potential solution

As the antibiotic selection results in a polyclonal LC3B™ population, LC3B levels may vary among
cells, leading to heterogeneous signal. As fluorescence intensity is normalized by the initial number
of cells expressing GFP-LC3B, this protocol may be also applied to heterogeneous population. If it is
preferable to work on a more homogeneous cell population, single cell GFP™ cells may be isolated
by FACS and expanded in culture. However, be aware that the selection pressure that occurs
through cell culture passaging may create deviations in how a clonal cell line responds to starvation
over time. Therefore, we recommend to store your clonal cell lines at a low passage and to use
similar low passage number in each experiment.

Problem 6
Loss of GFP signal in necrotic cells

Potential solution

Necrosis-triggered increased in membrane permeability may lead to the leakage of LC3B to the
cytoplasm and decrease in green fluorescence signal. The nature of cell death (apoptosis versus ne-
crosis) depends on cell type and stress conditions. We recommend to discriminate cell death
response in experimental conditions before starting to monitor autophagy using turboGFP-LC3B.
To this end, we have successfully used the IncuCyte Caspase-3/7 Dye for Apoptosis (SARTORIUS)
reagent but other approaches such as Annexin V combined with propidium iodide (Pl) staining
may be used for FACS experiment.

Problem 7
Cells lose turboGFP signal over time

Potential solution

It is common that cells lines lose GFP expression over time due to selective pressure in culture (tur-
boGFP expression may results in a growth disadvantage compared to cells wild-type cells). Clonal
cell expansion (see problem 5) or maintaining cells under antibiotic selection during the expansion
step may help to overcome this problem. We recommend storing infected cells post-selection to be
able to go back to early passage cells in case of inconsistent results.

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, Arnaud Besson (arnaud.besson@univ-tlse3.fr).
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Data and code availability

This protocol does not involve any specific dataset or code.
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