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Fig. S6 | Aplnr internalizes upon Toddler signaling. (A) Schematic representation of experimental set-up. Aplnrb-GFP mRNA 
(green) was injected together with F’BFP mRNA (farnesylated, membrane-tethered blue-fluorescent protein) into 1-cell stage 
embryos to be ubiquitously expressed. Dextran-AlexaFluor568 alone or together with toddler mRNA was injected into one 
blastomere of a 32-cell stage embryo to achieve mosaic expression. (B) Representative confocal images of Aplnrb-GFP 
localization in the absence (top, n = 32 cells) or presence (bottom, n = 27 cells) of Toddler. (C) Quantification of the subcellular 
localization of Aplnrb-GFP. Data are means ± SD. Significance was determined using unpaired t test; ****, p < 0.0001.  
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Fig. S7 | Overexpression of Toddler disrupts self-generated gradient but can be compensated by increasing the number 
of mesodermal cells. (A) Numerical simulation of mesoderm (light blue) migration upon Toddler (red) overexpression (10-fold, 
i.e. T0 = 10), assuming a finite capacity of Aplnr (dark blue) to remove Toddler and cells sensing relative Toddler gradients (see 
Materials and Methods for details). Toddler over-expression causes a decrease in Aplnr concentration, which prevents efficient 
Toddler gradient formation, resulting in slower mesoderm migration. Unbroken lines represent wild-type scenario, dotted lines 
depict the changes upon Toddler overexpression. (B) Numerical simulation of mesoderm migration upon Toddler and Aplnr 
overexpression (same parameters as in (A) for Toddler; Aplnr overexpression by 2.25-fold, see Materials and Methods for 
details), which rescues normal mesoderm migration. Representation as described in (A). (C) Experimental confirmation of the 
simulation presented in (A-B). Toddler was overexpressed at different concentrations in wild-type embryos (rescuing 
concentration of toddler mRNA injection into 1-cell stage toddler-/- embryos is 2 pg) injected with control or lefty2 MO to assess 
the compensation of increased Toddler levels upon increase of mesodermal cells (reducing the levels of the Nodal inhibitor 
Lefty2 increases the amount of Aplnr-expressing mesodermal cells). (Top) Representative in situ hybridization images using 
aplnrb as a probe to detect mesodermal cells. Embryos are shown as lateral views, with dorsal on the right. The white vertical 
line was used to measure the mesoderm spread from the margin towards the animal pole. (Bottom) Quantification of the 
mesoderm spread in each condition relative to the average mesoderm spread in wild-type embryos. Data are means ± SD. 
Significance was determined using one-way ANOVA with multiple comparison; ****, p < 0.0001;  **, p < 0.01; n.s., not significant. 
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Supplementary Movie Legends 
Movie S1 | Internalized wild-type cells polarize and extend actin-rich lamellipodia towards the animal pole. Light sheet 
time-lapse imaging (time interval: 1 min) of LifeAct-GFP-labelled wild-type cells transplanted to the margin of a wild-type host 
embryo. Establishment of a polymerized actin network and lamellipodia is marked by accumulation of LifeAct-GFP at the front 
of the cell. Movie starts after cells have successfully internalized and shows efficient animal-pole directed migration of these 
cells. Each frame is a maximum intensity projection of a z-stack. Animal pole is to the top. Scale bar, 10 µm. 

 
Movie S2 | Internalized toddler -/- cells fail to polarize and fail to form actin-rich lamellipodia. Light sheet time-lapse imaging 
(time interval: 1 min) of LifeAct-GFP-labelled toddler -/- cells transplanted to the margin of a toddler -/- host embryo. Cells display 
a loss of polarization and lamellipodia formation, as well as the formation of ectopic filopodia around the cell periphery. Movie 
starts after cells have successfully internalized. Cells fail to move towards the animal pole. Each frame is a maximum intensity 
projection of a z-stack. Animal pole is to the top. Scale bar, 10 µm. 

 
Movie S3 | A subset of internalized toddler -/- cells displays an increased blebbing phenotype. Light sheet time-lapse 
imaging (time interval: 1 min) of LifeAct-GFP-labelled toddler -/- cells transplanted to the margin of a toddler -/- host embryo, 
revealing the lack of actin-rich protrusion. Instead, actin-deficient blebs are formed as observed in a subset of analyzed toddler -

/- cells. Movie starts after cells have successfully internalized. Cells fail to move towards the animal pole. Each frame is a 
maximum intensity projection of a z-stack. Animal pole is to the top. Scale bar, 10 µm. 

 
Movie S4 | Confocal imaging of internalized wild-type cells. Confocal time-lapse imaging (time interval: 5 min) of LifeAct-
GFP-labelled wild-type cells transplanted to the margin of a wild-type host embryo, confirming morphology and animal pole-
directed migration observed in movie S1. Each frame is a maximum intensity projection of a z-stack. Animal pole is to the top. 
Scale bar, 50 µm. 

 
Movie S5 | Confocal imaging of internalized toddler -/- cells. Confocal time-lapse imaging (time interval: 5 min intervals) of 
LifeAct-GFP-labelled toddler -/- cells transplanted to the margin of a toddler -/- host embryo, confirming morphology and lack of 
animal pole-directed migration observed in movie S2. Each frame is a maximum projection of a z-stack. Animal pole is to the 
top. Scale bar, 50 µm. 

 
Movie S6 | toddler -/- cells display normal morphology and migration to the animal pole when transplanted into a wild-
type host embryo. Confocal time-lapse imaging (time interval: 5 min) of LifeAct-GFP-labelled toddler -/- cells transplanted to 
the margin of a wild-type host embryo. Each frame is a maximum projection of a z-stack. Animal pole is located towards the 
top. Scale bar, 50 µm. 

 
Movie S7 | Wild-type cells display defects in protrusion formation, polarization and migration to the animal pole when 
transplanted into a toddler -/- host embryo. Confocal time-lapse imaging (time interval: 5 min interval) of LifeAct-GFP-labelled 
wild-type cells transplanted to the margin of a toddler -/- host embryo. Each frame is a maximum projection of a z-stack. Animal 
pole is located towards the top. Scale bar, 50 µm. 

 
Movie S8 | Aplnr-expressing cells are attracted by a localized source of Toddler. Confocal time-lapse imaging (time interval: 
5 min) of Aplnrb-sfGFP-expressing cells reacting to an ectopic Toddler source. Left: Aplnrb-expressing cells (blue) are placed 
next to a control source (grey). Middle: Aplnr-expressing cells (blue) are placed next to a Toddler-overexpressing source (red). 
Right: Aplnr-deficient cells (grey) are placed next to a Toddler-overexpressing source (red). Mesodermal and source cells are 
labelled with LifeAct-GFP and Dextran-AlexaFluore568, respectively. Each frame is a maximum projection of a z-stack. Source 
is located towards the top. Scale bar, 20 µm. 

 
Movie S9 | Wild-type reporter cells lose directional migration and polarity in MZoep -/- host embryos. Confocal time-lapse 
imaging (time interval: 5 min interval) of wild-type reporter cells (blue) transplanted into MZoep -/- embryos to test for the 
necessity of a mesendodermal Toddler sink. Left: Reporter cells transplanted to the margin of an MZoep -/- host embryo, which 
is deficient of mesendodermal progenitor cells. Middle: Reporter cells transplanted to the margin of an MZoep -/-, toddler -/- 
double mutant host embryo, which is deficient of mesendodermal progenitor cells and Toddler expression. A control source 
(grey) was transplanted to the animal pole. Right: Reporter cells transplanted to the margin of an MZoep-/-, toddler -/- double 
mutant host embryo, which is deficient of mesendodermal progenitor cells and Toddler expression. A Toddler source (red) was 
transplanted to animal pole to mimic an ectopic Toddler gradient. Each frame is a maximum projection of a z-stack. Animal pole 
is located towards the top. Scale bar, 50 µm. 

 
Movie S10 | Wild-type reporter cells lose directional migration and polarity in MZoep -/- host embryos. Confocal time-
lapse imaging (time interval: 5 min interval) of wild-type reporter cells (blue) transplanted into aplnrMO embryos to test for the 
effect of individual versus collective cell migration in an environment of ubiquitous Toddler levels. Left: Reporter cells 
transplanted to the margin of an aplnrMO host embryo, which forms mesoderm but is deficient in Aplnr expression. Middle: Co-
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transplantation of reporter cells and a control cluster of Aplnrb-deficient cells (grey) to the margin of an aplnrMO host embryo. 
Right: Co-transplantation of reporter cells and a cluster of Aplnrb-expressing cells (magenta) to the margin of an aplnrMO host 
embryo to mimic sink activity. Each frame is a maximum projection of a z-stack. Animal pole is located towards the top. Scale 
bar, 50 µm. 
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