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The sample size was determined by the condition that the analysis provides consistent trends across multiple experimental cycles. For
technically challenging experiments, three representative embryos with the most consistent timing and angle across groups were analyzed in
details. To overcome the small sample size, multiple different experiments to address the same question was combined to make a single
conclusion.

Embryos showing significant defects were excluded from the analysis. For the detailed analysis with a small sample number, the embryos in
significantly different angle or timing was excluded from the analysis.

Each experiment was repeated at least twice. Most of experiments were repeated numerous times, yet only the embryos in the most
consistent angle and timing across groups were chosen for analysis. All attempts at replication were successful.

This article was contributed by multiple authors using the same or similar constructs and technologies multiple times across the article, which
resulted in the same or similar results, providing a natural randomization.

Embryo handling and advanced live imaging requires a highly trained skill and eyes to confirm no technical mistake is involved in each
experiment. Blinding was therefore not appropriate in this article.

SpVasa, EF1A, RPS6, FITC-b-Tublin, mCherry, Cy3-Rabbit IgG, Alexa488-mouse IgG, HRP-rabbit IgG. Details are summarized in the
Table in the Methods section.

SpVasa was validated originally in Vaoronina et al,2008 (full reference information is in the Reference section).

Ef1A, PRS6 were validated first by manufacturers and then in this study by performing either by immunoblot or immunofluorescence.

EF1A: https://www.abcam.com/eef1a1ef-tu-antibody-ab175274.html

RPS6: https://www.cellsignal.com/products/primary-antibodies/phospho-s6-ribosomal-protein-ser235-236-d57-2-2e-xp-rabbit-
mab/4858

The below Antibodies are widely used across organisms and applications. Validations were performed by the manufacturer as below:

FITC-b-Tublin: https://www.sigmaaldrich.com/US/en/product/sigma/f2043

mCherry:https://www.thermofisher.com/antibody/product/mCherry-Antibody-Polyclonal/PA5-34974

Sea urchin (S. purpuratus). No sex or age information is available as these animals were obtained from the ocean by fisherman and




