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Figure 2. Pattern formation during N. furzeri development. (A) Ndr2 mRNA expression 
during the dispersed phase. Inset shows zoom-in of boxed area. Asterisks indicate EVL cells that 
lack ndr2 mRNA. (B) Ndr2 mRNA expression during the incipient aggregate stage. (C) Ndr2 
mRNA expression during the early aggregate stage. (D) Smad2 shows nuclear localization closer 
to the center of re-aggregated deep cells (compare arrowhead to double arrowhead). Zoom-in 
view shows the periphery of the aggregate, which is positioned at the bottom. (E) Lefty1 mRNA 
expression, (F) Chordin mRNA expression, and (G) Tbx1 mRNA expression during the incipient 
aggregate stage. Dotted line demarcates the area of expression in (E) to (G). (A) to (C) and (E) to 
(G) aggregate views; (B) lateral aggregate view. Scale bars, 50 μm. 
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Figure 3. N. furzeri huluwa pseudogene lacks dorsalizing activity. (A) Alignment of genomic 
sequences for N. furzeri and K. marmoratus huluwa. Magenta bar indicates the single base pair 
insertion in the N. furzeri sequence. (B) Phylogenetic tree of Huluwa orthologous proteins in 13 
anamniote species. (C) Alignment of Huluwa orthologous proteins. Numbers correspond to the 
species indicated in (B). Amino acids are colored using the RasMol scheme. Cyan bar indicates 
the conserved transmembrane domain. Magenta arrow indicates the site of the frameshift 
mutation in the N. furzeri huluwa sequence (#13). (D) Embryos injected with 50 pg of control 
mRNA at the 1-cell stage (0% severely dorsalized, n = 91). (E) Embryos injected with 50 pg of 
N. furzeri huluwa mRNA at the 1-cell stage (0% severely dorsalized, n = 84). (F) Embryos 
injected with 50 pg of D. rerio huluwa mRNA at the 1-cell stage (94.6% severely dorsalized, n = 
92). (G) Embryos injected with 50 pg of K. marmoratus huluwa mRNA at the 1-cell stage 
(95.4% severely dorsalized, n = 107). Red arrowheads in (F) and (G) indicate embryos with an 
ovoidal morphology, indicative of severe dorsalization. Images of embryos in (D) to (G) were 
acquired at the 6-somite stage. 
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Figure 4. Nodal is required for coordinated morphogenesis. (A) Wild-type 10-somite stage 
embryo at day 5 (96.7% developed axes, n = 30). (B) Nodal inhibited embryo incubated with 1 
μM A-83-01 from the dispersed phase to the incipient aggregate stage, then assayed at day 5 (0% 
developed axes, n = 43). (C) Embryo injected with 25 pg of lefty1 mRNA at the 1-cell stage, 
then assayed at day 5 (5.9% developed axes, n = 17). (D) The top 200 cell trajectories with the 
most super-linear mean-squared displacement (MSD) curves from a time-lapse of wild-type 
development between 50-110 hpf. (E) The top 200 cell trajectories with the most super-linear 
MSD curves from a time-lapse of 2 μM A-83-01 inhibited development between 50-110 hpf. (F) 
Distributions of instantaneous speeds in wild-type and A-83-01 inhibited embryos. (G) 
Distributions of persistence indices in wild-type and A-83-01 inhibited embryos. (H) 
Comparison of local cell-cell alignment in wild-type and (I) A-83-01 inhibited embryos from 72-
108 hpf. Magenta arrows represent the direction and magnitude of the local alignment in each 
area bin. Cyan dots indicate the position of each cell at 108 hrs. The aggregate is positioned at 
zero on the x-axis. Scale bars, 80 μm in (A) to (C). 
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