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Sample size

Data exclusions

Replication

Randomization

StarryNite is a free software package for identifying and tracing fluorescently-labeled cell nuclei in C. elegans embryos.

AceTree (http://waterston.gs.washington.edu/AceTree.html); Version used in this study: [DOI: 10.1186/s12859-018-2127-0];

AceTree is a cell lineage editor through which one can manually fix the errors in nucleus identification and tracing by StarryNite.

TensorFlow (https://www.tensorflow.org); Version used in this study: Tensorflow-gpu 2.2.0;

TensorFlow is an open source platform for machine learning. The deep learning model DMapNet used in CShaper was constructed with
TensorFlow libraries;

Custom codes were used to segment the C. elegans embryos. Source code is publicly available in the Github repository [https://github.com/
cao13jf/CShaper.git]

The datasets generated and analyzed in this study are available at the figshare repository [https://doi.org/10.6084/m9.figshare.12839315.v4]. The raw confocal
microscopies before deconvolution are available upon reasonable request.

No specific statistical method was used to determine the embryo sample sizes in both parts of segmentation algorithm and imaging
experiment.

For the segmentation algorithm, there are 54 volumes (from 2 samples) and 21 volumes (from 3 samples) used for training and evaluating the
network, respectively. The number and group of samples are chosen to help the deep learning model learn effectively as well as validate its
generalization on different imaged samples sufficiently. The trained network can segment embryos with cell loss ratio below 5% up to the
200-cell stage, reaching our expected performance. These samples need to be segmented semi-automatically, which is labor-intensive and
time-consuming, and thus limits the sample size we can afford.

For the imaging experiment, membrane segmentation on 17 embryos and nucleus tracing on a total of 46 (17+29) embryos are performed
and used for further analysis (Supplementary Data 1). The embryos with membrane information are increased until that all the 322 cells with
a complete lifespan were successfully segmented without any frames lost in at least three embryos. Since a recently published paper
systematically analyzing C. elegans cell/nucleus position used a sample size of 28 [DOI: 10.1016/j.celrep.2018.12.052], we collected more
embryos (29 with only nucleus marker and 46 in total) to achieve a high performance in spatial and temporal normalization.

A total of 52 embryos are collected and imaged. Two of them fail to be segmented for all the cells in at least one frame, and excluded in the
analysis. The other 50 embryos are all used in this study (Supplementary Data 1).

All attempts at replication are confirmed to be successful.

The performance of CShaper is evaluated on 3 different embryo samples with total 21 images, which shows high accuracy and reproducibility
regarding the Wilconxon rank-sum test, low variation and low cell loss ratio (Figures 2a, b, c, d, e).

Derivation of effective contact (Figure 3f; relative contact area " 1/48, continuous contact duration " 3 min) and illustration on embryo
morphology (Figure 3c and Supplementary Figures S4, S5, S6) are performed using all the 17 embryo samples.

Analysis on cell size (Figures 3d, e; goodness of fit > 0.99, CV < 0.2), cell size ratio (Supplementary Figures 7a, b, c, d, e, f) and power law
relationship between cell cycle duration and cell volume (Supplementary Figures 10a, b) is performed using all the 17 embryo samples.

Natural variability of shape dynamics including orientation bias, separation time and contact state (Figure 5a), is illustrated with at least 2
replicates, using 6 embryo samples in total, for that they can together represent and summarize the variable dynamics well.

Natural variability of contact state, especially for the connecting state, is illustrated using all the 17 embryo samples (Figure 5b).

6 embryos were chosen to summarize the variable cell shape dynamics, including orientation bias, separation time and contact state (Figure




