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During early vertebrate development, the embryonic
axes, consisting of dorso-ventral (DV), anterior-posterior
(AP), and left-right (LR) axes, are established through a
series of inductive signals that are followed by the con-
certed cell movements and differentiation of a group of
cells. We have been studying the mechanisms by which
the body axes are established (axis formation). We also
investigate neural patterning and neurogenesis as a model
of cell fate determination that is linked to axis formation.
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1. Molecular basis of axis formation during early
vertebrate embryogenesis

We isolated a zebrafish novel maternal-effect recessive
mutation, tokkaebi (tkk), which affects the formation of
the dorsal axis. Severely ventralized phenotypes, includ-
ing a lack of dorso-anterior structures, were seen in the
embryos obtained from tkk homozygous females. tkk em-
bryos displayed defects in the nuclear accumulation of -
catenin on the dorsal side, and a reduced or complete lack
of expression of dorsal-specific genes. We found that the
tkk gene product functions upstream of or parallel to the
[-catenin-degradation machinery to control the stability of
[-catenin. Positional cloning of tkk is under way.

We studied the function of a novel gene, charon, which
encodes a member of the Cerberus/Dan family of secreted
factors. In zebrafish, charon is expressed in regions em-
bracing Kupffer’s vesicle, which is considered to be the fish
equivalent to the region of mouse definitive node, which is
required for left-right patterning. Charon physically inter-
acts with the Nodal-related protein Southpaw, and thereby
inhibits its activity. Inhibition of Charon’s function by
anti-sense morpholino oligonucleotide (MO) led to a loss
of left/right polarity, and elicited bilateral expression of
left side-specific genes. Our data indicate that the antago-
nistic interaction between Charon and Southpaw plays an
important role in left/right patterning.

We studied the mechanisms by which Wnts control
the individual processes of body patterning. In zebrafish,
wnt3a and wnt8 are expressed in overlapping domains
during early embryogenesis. The combined inhibition of
Wnt3a and Wnt8 by MOs led to anteriorization of the
neuroectoderm, expansion of the dorsal organizer, and loss
of the posterior body structure—a more severe phenotype
than with inhibition of each Wnt alone—indicating a re-
dundant role for Wnt3a and Wnt8. We found that the
ventrally expressed homeobox genes vox, vent, and ved
mediate Wnt3a/Wnt8 signaling to restrict the organizer
domain, and that the caudal-related cdria and cdzr/ me-
diate Wnt-dependent posterior body formation.

2. Neural patterning and neurogenesis

In teleost and amphibians, the proneuronal domains,
which give rise to primary-motor, primary-inter and
primary-sensory neurons, are established at the beginning
of neurogenesis as three longitudinal stripes along the ante-
riorposterior axis in the dorsal ectoderm. The proneuronal
domains are prefigured by the expression of the proneu-
ral genes, and separated by domains (inter-proneuronal
domains) that do not express the proneural genes. We
found that the zebrafish hairy- and enhancer of split-
related (Her) genes her3 and her9 are expressed in the
inter-proneuronal domains, and are required for their for-
mation. Our data indicate that her3 and her9 function as
prepattern genes that link the positional dorsoventral po-
larity information in the posterior neuroectoderm to the
spatial regulation of neurogenesis.

We previously isolated the zebrafish forebrain-specific
zinc finger gene fez-like, which displays sequence similar-
ity to Xenopus fez. We isolated mouse Fez and Fez-like
c¢DNAs, and investigated their expression and functions.
By investigating the phenotypes of Fez-, Fez-like-, and
Fez; Fez-like-deficient mice, we found that Fez-like plays
an important role in the formation of subplate neurons
and thalamcocortical axons, and the formation of fim-
bria/fornix system; Fez is required for the axon formation
of the olfactory sensory neurons and the proper formation
of the olfactory bulb; and Fez and Fez-like redundantly
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function in the formation of the olfactory bulb, neocortex,
hippocampus, prethalamus, and thalamus.
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