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Figure S1 



Fig. S1. Assessing centriole numbers during C. elegans embryogenesis 
(A) Timeline of C. elegans embryogenesis. Nuclear numbers increase during the proliferation
phase and are stable during the morphogenesis phase that follows (with increasing shades of red,
used throughout the manuscript), with some minor fluctuations reflecting cell division and rapid
programmed cell death events (the latter pertaining to 131 cells in total). Embryo age can be
estimated during morphogenesis based on the extent of elongation (bean, comma, 1.5- and 2-fold
stages, as illustrated with exemplary maximum z-projections of DNA-stained embryos in
magenta). Note that after the 1.5-fold stage, at ~470 min post-fertilization at 20-22 °C, the embryo
starts twitching (arrowhead and vertical dashed line). Number of nuclei and timing adapted from
(12). (B-D) Comparison of machine learning counts versus average manual count, performed twice
for B and D, plots show average, once for C; the average difference between the two manual counts
was -1 (+/- 3.6) (B) or -0.4 (+/- 2.6) (D). LabKit counts for GFP::SAS-7 foci detection in lattice
light-sheet data (B, colour code indicates developmental time post-fertilization (p.f.)), Ilastik
counts for GFP::SAS-7 foci detection in fixed samples (C), as well as Ilastik counts for SAS-6 and
SAS-4 foci in immunostaining experiments (D). (E-G) Quantifications of fixed (E) or
immunostained (F, G) images of GFP::SAS-7 (E), SAS-6 (F), and SAS-4 (G) foci according to
approximate time post-fertilization, estimated from the stage of the imaged embryos. Averages +/-
SD are shown, with the number of embryos analyzed indicated in each case. (H) High-
magnification views illustrating GFP::SAS-7 foci intensity in a 1.5-fold stage embryo [~460 min]
just before fixation for CLEM analysis. Images surrounded by a grey box indicate the examples
shown in Fig. 2. Brightness and Contrast was adjusted differently for embryo 1 and 2. In embryo
1, a centriole remnant was found for ADEshL by EM (indicated by remn. in the panel). In embryo
2, no structure was found in ADEshR by EM. (I) Quantification of signal intensities in the
indicated cells relative to H2L/R. Note that differences in GFP::SAS-7 intensities might stem from
the cells being in different cell cycle stages: at this stage the seam cells H2L/R are in G1, the seam
progenitor cells ABpl/rapapaa in G2, whereas ADEshL/R cells have exited the cell cycle. Dark
blue and dark red disks mark cells analyzed by CLEM. The red x marks cells in which no centriolar
structure was observed (n = 13). Interestingly, the cell with a potential centriole remnant (filled
disc) exhibited a brighter GFP::SAS-7 focus than the average of that cell type. Note that one
embryo in which no centriolar structure was detected in ADEshL/R by CLEM is not reported in
this plot, because intensities in H2L/R were much lower than in the other embryos, probably due
to the centriole being slightly out of focus, therefore yielding outlier values for ABpl/rapapaa (at
7) and ADEshL/R (at 1.4).
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Fig. S2. Highly stereotyped distribution of GFP::SAS-7 and GFP::SAS-4 foci in L1 larvae 
Worms expressing either GFP::SAS-7 (green) (n=7) or GFP::SAS-4 (blue) (n=4) scored for the 
presence or absence of foci in the indicated cells of L1 larvae; note that due to ambiguities in foci 
maintenance for excretory cells and vir cells, 4 additional worms were scored for these cells 
specifically. All proliferating (cyan) (n=41) and intestinal (brown) (n=20) cells maintained 
centrioles. Note that QL and QR cells had proliferated already upon scoring in two larvae, but are 
represented with their progenitor cells here for simplicity. Only 7 non-proliferating cells reliably 
maintain GFP::SAS-7 and GFP::SAS-4 foci (orange, high fidelity). In another 3 cells, GFP::SAS-
4 foci are either completely absent or often missing (grey, GFP::SAS-4 often missing), whereas 
GFP::SAS-7 foci are usually present. In addition, in 27 more cells, a GFP::SAS-4 or GFP::SAS-7 
focus was present occasionally, but this was likely noise given the low signal intensity observed 
in these cases (grey, noise). The number of cells within each group is indicated at the bottom right 
of the corresponding rectangle. 
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Fig. S3. Verification of cell identification in non-proliferating cells with persistent foci of 
centriolar proteins at the L1 larval stage 
(A) 3D rendition of lattice light-sheet imaging of paralyzed L1 larva expressing GFP::SAS-7 and

the pan-nuclear marker mCherry::HIS-58, as well as segmentation of proliferating (cyan, top),
intestinal (brown, middle) and non-proliferating (orange, bottom) cells that maintain centrioles
with high fidelity overlaid. Boxes indicate cells with centrioles magnified in Figure 2B. (B)
Confocal microscopy maximum z-projections of select planes of paralyzed L1 larva verifying
GFP::SAS-7 focus maintenance in rectal epithelial cells marked by col-34p::HIS-24::mCherry.
Arrows point to GFP::SAS-7 foci. (C) Maximum z-projection confocal microscopy of selected
planes of paralyzed L1 larva verifying RFP::SAS-7 maintenance in AMsoL/R marked with grl-
2p::GFP. Arrows point to RFP::SAS-7 foci associated with AMsoL/R, arrowheads to foci
associated with H0. Note that the RFP::SAS-7 focus is less bright in H0 than in AMso and was
sometimes even absent (see fig. S2). (D) Fraction of cells maintaining GFP::SAS-7 foci in rectal
epithelial cells and RFP::SAS-7 in AMsoL/R. The number of cells analyzed in each case is
indicated at the bottom.
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Fig. S4. Tracking centriole fate in rectal epithelial cells through larval development and in 
the adult 
(A, B) Quantification of GFP::SAS-7 foci fluorescence intensity relative to the average in H2R for 
proliferating (blue, A), intestinal (brown, A) and non-proliferating cells maintaining centrioles in 
L1 larvae (orange, B) (n=8). Note that the B cell, which has the highest proliferative potential in 
the male, has the highest intensity here. (C-E) Centriole fate of rectal epithelial cells during post-
embryonic development. Fraction of worms without (gray), with weak (yellow) or with strong 
(green) foci in the indicated cell (C: U cell, D: F cell, E: B cell). col-34p::HIS-24::mCherry was 
used to identify rectal epithelial cells in the case of GFP::SAS-7, and the pan-nuclear marker 
mCherry::HIS-58 in the case of GFP::SAS-4. Note that GFP::SAS-4 was analyzed in adults in a 
glp-4(bn2) mutant background where germ cells, which harbor many centrioles, are essentially 
lacking; morphologically, these worms are healthy, with an apparently normal somatic gonad (63). 
Numbers of cells analyzed at each stage are indicated below in gray. As can be seen, GFP::SAS-7 
foci are maintained until adulthood in all three cases, whereas GFP::SAS-4 foci start disappearing 
in L3 for U and F, and in adulthood for B. Therefore, lower intensities of GFP::SAS-7 foci in the 
L1 stage do not reflect ongoing elimination at that stage, although they may reflect centrioles fated 
to be eliminated at much later stages in some cases.  
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Fig. S5. Workflow for tracking GFP::SAS-7 foci in individual cells in the embryo 
Markers for specific nuclei were selected based on their expression in the EPIC database (60, 61) 
and crossed with GFP::SAS-7. Imaging was performed on the lattice light-sheet microscope. 
Nuclei were automatically segmented, tracked in 3D and subsequently manually corrected (see 
Material and Methods), before segmenting GFP::SAS-7 foci in Imaris. Using a MatLab script, 
GFP::SAS-7 foci were then associated to the closest nucleus if positioned within an edge-to-edge 
distance of 0.1 µm. Based on WormGUIDES atlas, individual nuclei were identified, as were the 
number of foci adjacent to the nucleus. Finally, the result was plotted manually on the lineage tree. 
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Fig. S6. Kaplan-Meier curves for centriole fate of tracked nuclei 
(A-C) Kaplan-Meier curves reporting the presence of GFP::SAS-7 foci adjacent to nuclei in 
indicated cells in minutes following the last mitosis. The dataset includes the indicated 
proliferating (A) and non-proliferating (B) cells. Note that the scale of the x-axis differs between 
plots, with the end of the x-axis always corresponding to twitching onset, thus allowing to better 
recognize potential differences between sister cells. 95 % confidence interval and p-values (upper 
right corner) of pairwise log-rank test are shown for all sister cells. If not indicated, mirror cells 
are shown on the same plot and neither confidence nor p-values are shown. (C) Note that in the 
cases of SAAVL/AWCL, RIVL/AVBL and RIVR/AVBR, the two sister cells are significantly 
different. The equivalent mirror cells SAAVR/AWCR also exhibits a low p-value, although just 
below significance probably due to low numbers (see B). AWCR/L are sensory neurons where 
centrioles migrate away from the nucleus before templating sensory cilia (22). The number of cells 
analysed is indicated in gray in each case. If two values are provided, the first number indicates 
the number of cells analyzed in 3 min interval movies, the second the number of cells analyzed in 
1 min interval movies. Note that centrioles appeared to be missing in rare proliferating cells (in 
V2R and V3R) just before twitching, likely because of technical reasons since GFP::SAS-7 foci 
are invariably present in L1 larvae in these cells.  
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Fig. S7. Further analysis of transdetermination experiments imparted by excess ELT-7 
 (A, B) Maximum z-projections of live wide-field microscopy of embryos that were heat-shocked 
prior to overnight incubation; embryos express RFP::SAS-7 and the intestine-specific marker elt-
2p::GFP (A), plus ELT-7 under a heat-shock promoter (denoted hsp::ELT-7 to abbreviate hsp16-
2/41p::ELT-7) (B). Control embryos hatched as L1 (n=6/6) (A). After global heat-shock leading 
to ELT-7 overexpression in embryos of the proliferation phase (B), embryos arrested and did not 
go through morphogenesis (n =11/11). Boxes indicate areas highlighted in insets with z-projection 
of the planes where only the nucleus is located. (C) Number of excess elt-2p::GFP positive nuclei 
detected after heat-shock. In the wild-type, 20 elt-2p::GFP cells are expected; this number was 
subtracted in each case to obtain the excess number of intestinal cells. (D) Fraction of excess elt-
2p::GFP positive cells maintaining RFP::SAS-7 foci. Note that although ELT-7 overexpression 
before morphogenesis led to embryonic arrest, most supernumerary elt-2p::GFP positive cells 
harbored RFP::SAS-7 foci. (E) Quantification of RFP::SAS-7 foci in head region of control and 
locally transdetermined cells. Significance as computed by Welch test. P-value = 8.17*10-5. (F) 
Plot of overall RFP::SAS-7 foci number in head region as a function of elt-2p::GFP positive cells 
in the pharynx for control (green) and transdetermined (blue) animals. A linear model is shown 
with 95 % confidence interval in gray. (G) Fraction of pharyngeal versus intestinal cells expressing 
elt-2p::GFP and maintaining centrioles after local transdetermination of pharyngeal cells. Note 
that the two larvae with the highest fraction of transdetermined cells maintaining RFP::SAS-7 were 
also the two youngest locally heat-shocked embryos that still managed to hatch. Late 
overexpression of ELT-7 when centrioles are already eliminated does not lead to reappearance of 
RFP::SAS-7 foci. In control conditions, ~3% of cells in the head maintain RFP::SAS-7 foci.  



Lab designation Genotype References 

Centriole elimination in embryo and L1 

GZ1663 sas-7(or1940[gfp::sas-7])III; 

bqSi189[pBN13(unc-119(+) Plmn-

1::mCherry::his-58)] II; glo-1(zu931)X, may 

carry unc-119(ed9) III 

(46, 64) 

GZ1854 sas-4(bs195[gfp::sas-4] III,  glo-1(zu931)X, 

bqSi189[pBN13(unc-119(+) Plmn-

1::mCherry::his-58)] II 

(64) 

GFP::SAS-4 is a gift from 

Kevin O’Connell;  

GZ1848 sas-7(is1[rfp::sas-7+loxP])III; glo-

1(zu931)X 

wIs54 [scm::GFP] V 

(65, 66) 

GZ1866 (expression of 

grl-2p::GFP) 

dpy-5(e907) I; 

sEx12852[rCesT16G1.8::GFP + pCeh361], 

sas-7(is1[rfp::sas-7+loxP])III, glo-

1(zu931)X; 

(66, 67) 

GZ1808 stIs10661 [ceh-16.b::H1-Wcherry::his-

24::mCherry + unc-119(+)]II; glo-

1(zu931)X; pcmd-1(syb486[gfp::pcmd-1]) I 

(61, 68) 

Embryo Lineaging 

GZ1731 stIs10661 [ceh-16.b::H1-Wcherry::his-

24::mCherry + unc-119(+)]; sas-

7(or1940[gfp::sas-7])III; glo-1(zu931)X 

(46, 61) 

GZ1754 stIs10544 [hlh-16::H1-wCherry::let-858 3' 

UTR], sas-7(or1940[gfp::sas-7])III, glo-

1(zu931)X 

(46, 61) 

GZ1692 stIs10088 [hlh-1(3.3kb)::HIS-24::mCherry 

+ unc-119(+)]II, sas-7(or1940[gfp::sas-

7])III ; glo-1(zu931)X

(46, 61) 



Transdifferentiation/transdetermination 

GZ1840 sas-7(is1[rfp::sas-7+loxP])III, wIs125[hsp-

16-2::elt-7 hsp-16-41::elt-7]; rrIs1 [elt-

2::GFP + unc-119(+)], glo-1(zu931)X;

(66, 69) 

GZ1841 sas-7(is1[rfp::sas-7+loxP])III, rrIs1 [elt-

2::GFP + unc-119(+)]; glo-1(zu931)X; 

(66, 69) 

GZ1927 sas-7(or1940[gfp::sas-7])III; glo-

1(zu931)X,  gaIs245[col-34p::HIS-

24::mCherry; unc-119(+)] V; 

(46, 70) 

GZ1868 syIs63 [cog-1::GFP + unc-119(+)], sas-

7(is1[rfp::sas-7+loxP])III, glo-1(zu931)X 

(66, 71) 

GZ1945 sem-4(n1971)I, sas-7(or1940[gfp::sas-

7])III, glo-1(zu931)X, gaIs245[col-34p::HIS-

24::mCherry; unc-119(+)] V; 

(46, 70, 72) 

Table S1. Strains used in this study. 

Movie S1. Movie from dual-color time-lapse lattice light-sheet microscopy showing embryo 
expressing GFP::SAS-7 and HIS-58::mCherry. Corresponding still images are shown in Figure 
1A. Time indicates minutes after fertilization. The timepoint of twitching was set to 470 min post-
fertilization. 
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