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I- Matlab tutorial for analysis of C. elegans neuronal activation using a
calcium sensor

These codes have been created for tracking timelapse recordings of left and right
neuronal pairs expressing a calcium sensor such as GCaMP, and available at:
https://github.com/gcharvin/viewworm. Below are described the sequential functions to run
under Matlab to perform movie quantification.

Upon acquisition, movies should be cropped as small as possible to minimize
processing time and should be save as tif files.
Note: we recommend to first make a 4D-projection of the original movie, draw the smallest
ROI around the neurons and transfer it to the original movie, to ensure that all frames are
properly included in the cropped selection.

1. Movie registration

—> readworm_PHA (‘movie_name.tif')
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Please double click on ROl when done !

After ROI selection with the 2 neurons of interest (shown above), the function

readworm_PHA processes every movie time point and performs the alignment of neurons,
generating two files:

movie-registered.mat

movie.mp4
The mp4 allows the user to quickly verify that the movie has been correctly aligned.
Note: supplemental movies 1-14 were generated using this program.

2. Neuron segmentation, selection and tracking
—> viewworm_2(‘movie_name")

The function opens a figure project with several images and buttons.
The top left image allows movie traveling in the registered movie for each frame, using the
right and left keyboard arrows, or typing directly the frame number in the box at the bottom of
the window. To better visualize neurons, the intensity threshold of the image viewer can be
adjusted with the top and bottom keyboard arrows.



Using the ‘Pixel Train’ button, the user teaches the program which pixels should be
selected for neuronal segmentation by painting them in green (left mouse click). The pixels
which should not be included for segmentation are painted in red (right mouse click). This
needs to be done for several time points to obtain the best segmentation results, especially
during the neuronal response. Below is shown an example with the selected neurons in green
and the posterior neurite in red (excluded from the analysis), during the response.
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When this teaching has been done as often as needed, the user clicks ‘Classify pixels’,
leading to the neuron segmentation as defined by the user. Then the user defines each
neuron in the bottom segmented image, by clicking the ‘Select neurons‘ button:

right click—> red selection (left neuron);

left click —> blue neuron (right neuron);

Upon pressing the ‘Track’ button, left and right neurons will be tracked for all movie time

points. Upon pressing ‘Plot’, the mean fluorescence intensity is indicated as a function of
time, generating the red and blue curves in the bottom right panel, as shown below.

Frame:1 - Int:0.13

Poxel Train| | Classity pixels Clear training Save classifier Select neurons Track 1 Plot Save Movie

Important note : this step allows the correction of tracking errors at every frame.
The quality control is performed by the user by selecting the appropriate neuron and clicking
‘Track’ again until all tracking errors are corrected. Below is shown an example of error
correction at time point 164 (pixels colored in green are excluded from the quantification in
the bottom left box):



Frame:164 - Int:0.13

Pxel Train| | Classify pixels Clear training Save classifier ‘Select neurons Track 164 Piot Save Movie

When the movie is properly tracked to the end, click ‘Save’ button to obtain the .fig
files which will be used for subsequent analyses. The user needs to indicate the T0 in the
command window, which corresponds to the time point at which the stress/ stimulus was
applied.

Finally click on "Movie’ to generate an mp4 movie showing the registered, segmented
and tracked movies altogether, allowing an assessment of the global quality of the analysis.

Once all movies have been successfully processed, create a folder containing all the
individual .fig analyzed files, which will be used for processing the average curve.

3. Average curve processing

—> averageGCamp2(‘folder_name')

In the command window, assign [low, high, offset]=averageGCamp2(‘folder_name’)
—> processAverage(‘low,high,offset’)

This function will generate average curves for red and blue neurons, for raw and
normalized data.

Finally to retrieve individual intensity mean values at the response peak, run the
ExportSingleWormData function which will produce an Excel sheet with all individual peak
values.



II- Analysis of single cell transcriptomic data in ASH and PHA neurons (for
the generation of the dot plots in S13 Fig)

Single-cell RNA-sequencing data was generated by (Cao et al. 2017). Clusters and sub-
clusters were defined as described in (Lorenzo et al. 2020), using Louvain clustering at 8 PCs
and at 1.2 resolution. The dataset normalization was performed using Seurat v4 (Hao et al.
2021), and visualized using dot plots. We performed differential analyses using the
‘FindMarkers’ function of Seurat v4 to compare cluster 28 versus all neurons (data in S1
Table); cluster 28.0 (PHA) versus all neurons (data in S2 Table); clusters 28.1 (ASH) versus
all neurons (data in S3 Table). Selected genes were chosen among the most significantly
enriched from these lists.



I11- List of strains used

N2 wild type, reference strain

CTD1051.3 N2 whEx127 [fNHO059 (PRDX-2::GFP)+pRF4 (rol-6(sul006)] (Hirani et al. 2013)
SXBO01 prdx-2(gch01[PRDX-2::GFP, unc-119(+)]) II; unc-119(ed3) 111

SXBO05 prdx-2(gch03[PRDX-2::GFP, unc-119(+)] 11; unc-119(ed3) 111

SXB15 5 times outcrossed SXBO1 prdx-2(gch01[PRDX-2::GFP, unc-119(+)] 1

SXB19 5 times outcrossed SXBO05 prdx-2(gchO03[PRDX-2::GFP, unc-119(+)] 1

HT1593 7 times outcrossed unc-119(ed3) 111 (Dickinson et al. 2013)

QV22S skn-1(zj15) IV (Tang, Dodd, and Choe 2016)

SXB21 prdx-2(gch03) 11; skn-1(zj15) IV

MT21650 nls575[flp-15prom::GCaMP3, lin-15(+)] III; lin-15(n765) X (Bhatla and Horvitz
2015)

MT21570 nils575 111, lite-1(ce314) lin-15(n765) X (Bhatla and Horvitz 2015)

MT21785 nils575 111, gur-3(0k2245) lin-15(n765) X (Bhatla and Horvitz 2015)

KU4 sek-1(km4) IV (Kim et al. 2002)

KU25 pmk-1(km25) IV (Mizuno et al. 2004)

VC289 prdx-2(gkl69) 11 (The C. elegans Deletion Mutant Consortium et al. 2012)

SXB53 prdx-2(gk169) 11; nls575 111

SXB63 unc-119(ed3) 111, gur-3(gchl 6] GUR-3::GFP, unc-119(+)]) X

SXB67 nls575 11l; pmk-1(km25) IV

SXB70 nls575 11; sek-1(km4) X

All SXB strains were made in the course of this study.



IV- List of the oligonucleotides used to generate CRISPR/Cas 9 knock-in
lines

All primers listed below are in the 5°-3orientation.

1°) PRDX-2::GFP knock-in

Introduction of prdx-2 sgRNA (into pMLS256):
Forward: TTGAGTGCTTCTTGAAGTACTCT
Reverse: AACAGAGTACTTCAAGAAGCACT

PCR amplification of 5’ and 3° homology arms (HAs) of prdx-2 (including Sapl restriction
site and template-specific overhangs):

— 5’ HA PCR product (542bp), upstream prdx-2 stop codon:
Forward: TGTGCTCTTCTTggACCCACTTGACTTCACT
Reverse: gtgGCTCTTCgCGCGTGCTTCTTAAAGTATTCTTGACTTTCTTTGA  (with
silent mutations to change the PAM sequence)

— 3’ HA PCR product (570bp), starting at prdx-2 stop codon:
Forward: actGCTCTTCGggtTA Aatgtcttacatctctaatttcc
Reverse: ttaGCTCTTCTtacatctccgtectectctaatgatgt

2°) GUR-3::GFP knock-in

Introduction of gur-3 sgRNA :
Forward: TTGtaagacaattttatTTACAC
Reverse: AACGTGTA Aataaaattgtctta

PCR amplification of 5* and 3° HAs of gur-3 (with Sapl restriction site and template-specific
overhangs):
— 5’ HA (614bp), upstream gur-3 stop codon:
Forward: tgaGCTCTTCaTGGgttatcatttaaccgtgattgcatgca
Reverse: gacGCTCTTCtCGCCACAGGTGGTTGGACAATGAGCA

— 3’ HA (555bp), downstream gur-3 stop codon:
Forward: tccGCTCTTCtGGTTA Aataaaattgtcttaacattttccccatattga
Reverse: tttGCTCTTCgTA Ctctcgtttaacgatttctcctgtctga
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