








 
 
Figure 5. Among the major GRN genes, 
the maximal number of onsets occurs 
between EB and HB stages, consistent 
with the PCA results. A. A summary of the 
onset analysis for 68 genes in the known 
endomesodermal or ectodermal gene 
regulatory network (GRN) models, 
presented as the number of GRN gene 
expression onsets at each developmental 
stage. B. Genes with maternal onsets, 
separated into endomesodermal and 
ectodermal genes. C.-H. Genes with zygotic 
onsets are separated by stage of onset and 
tissue (primary mesenchyme cells (PMC), 
endomesoderm, or ectoderm). Onsets at 
midgastrula (MG) or later are combined into 
single plots (H). I. The network relationships 
among the GRN genes, sorted by time of 
onset  in Lv and tissue. The expression 
onset for the indicated genes is depicted by 
their appearance along the horizontal axis, 
representing time, with the associated 
stages indicated schematically along the 
top. The ectodermal territories are ventral 
(light blue), dorsal (medium blue), the ciliary 
band (royal blue), which is positioned as a 
stripe at the boundary between the dorsal 
and ventral ectodermal territories, the 
animal plate, which is neurogenic (deep 
blue), and the posterior-most ectodermal 
belt which is derived from vegetal 
blastomeres (light green). The 
endomesodermal territories are the primary 
mesenchyme cells (PMCs, red), the 
secondary mesenchyme cells (orange), and 
the endoderm (yellow). Maternally 
expressed genes are also indicated (grey). 
Midgastrula and late gastrula onsets are 
combined into a single column. Colored 
edges are drawn based on relationships 
identified in Sp and/or Pl. Some genes are 
expressed in more than one tissue. In some 
cases, the gene is shown in both tissues 
(e.g. Bra, FoxA). In other cases, the gene is 
shown in the earliest tissue (e.g. ß-catenin). 
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Figure 6. Metabolic gene expression changes coincide with expression phase transitions. Metabolic 
genes were analyzed using iPath, and expression changes between stages were determined for each 
metabolic gene. A. The number of changes in the expression levels of 372 genes encoding metabolic enzymes 
is shown at the indicated thresholds for each sequential transition in the dataset. B., C. The sea urchin 
metabolic network, with increases (green) and decreases (red) above a 4-fold threshold mapped onto the 
network for the first two phase transitions, EB to HB (B) and LG to EP (C). See also Fig. S9. 
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