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Nodal and Lefty are members of the transforming growth factor- 8 (TGF-8) family of proteins and play a
central role in left-right (L-R) patterning during mouse development. Nodal functions as a left-side
determinant, whereas Lefty functions as a feedback inhibitor of Nodal. Furthermore, Nodal induces both its
own synthesis and that of Lefty. We and others therefore previously suggested that Nodal and Lefty might
constitute a reaction-diffusion system, a theoretical model that involves two diffusible molecules, an activator
and a feedback inhibitor. Since an activator and an inhibitor coexist and diffuse, they can autonomously
generate localized patterns. A reaction-diffusion system has been proposed to underlie pattern formation
during development because a “self-enhancement and lateral-inhibition” nature of the model can produce
“self-organizing patterns”.

In the mouse embryo, symmetry breaking for L-R patterning takes place in or around the node. The
symmetry-breaking event is the leftward flow of fluid in the node cavity, referred to as nodal flow. An
asymmetric signal generated in the node is then thought to be transferred to the lateral plate mesoderm (LPM),
where it induces left-sided expression of Nodal It is not clear, however, whether nodal flow alone is sufficient
for the generation of robust asymmetry, represented by exclusively left-sided expression of Nodalin the LPM.
It is thus possible that nodal flow may generate only a small difference between the left and right sides, which is
then converted to robust asymmetry by some other mechanism. Given that Lefty and Nodal have the potential
to function as a self-enhancement and lateral-inhibition (SELI) system, they may convert a small asymmetry
generated by nodal flow into robust asymmetry.

While manipulating Nodal and Lefty gene expression, we have observed phenomena that are indicative of the
involvement of a self-enhancement and lateral-inhibition (SELI) system. We constructed a mathematical SELI
model that not only simulates, but also predicts, experimental data. As predicted by the model, Nodal

expression initiates even on the right side. These results indicate that directional flow represents an initial
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small difference between the left and right sides of the embryo, but is insufficient to determine embryonic situs.
Nodal and Lefty are deployed as a SELI system required to amplify this initial bias and convert it into robust

asymmetry.
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