












Nevertheless, the expression of hgg1 showed that the prechordal
plate maintained its identity, again indicating that Snail1a is not a
fate determinant but rather an inducer of movement (Barrallo-
Gimeno and Nieto, 2005) and in agreement with the fact that the
hgg1 domain does not express any of the snail1 genes.

Interestingly, although it impairs the movements of the
posterior prechordal plate cells, the knockdown of snail1b does
not prevent the correct migration of those located in its anterior
domain since the pioneers seem to reach the appropriate anterior
position. Again, this behaviour reinforces the crucial role of
snail1a in driving the anterior migration of the prechordal plate
(Yamashita et al., 2004). The correct movement of the prechordal
plate cells depends on the expression and motility of the snail1a
cell population located underneath and in front of them. In
addition, the intermingling of the more posterior hgg1-expressing
prechordal plate cells and those expressing snail1b at gastrulation
stages in the wild-type embryo may explain why the polster shows
an abnormally elongated shape in embryos where snail1b function
is compromised. The increased cell to cell adhesion among the
axial mesendodermal cells that have aberrantly lost snail1b
expression disturbs the motility of the prechordal plate snail1-
negative and hgg1-positive cells that are forced to lag behind, and
that sometimes even detach from their pioneers. This effect would
only be observed when a significant proportion of axial
mesendodermal cells have lost Snail1b function, as occurs in
snail1b morphants. As such, small grafts of snail1b morphant

cells into wild-type hosts only show a cell-autonomous effect,
being unable to perturb the behaviour of surrounding normal axial
mesendodermal cells. This suggests that a sort of ‘community
effect’, i.e. certain number of abnormal cells, is required.

Our data indicate that the cell-autonomous function of snail1b
is necessary for the proper migration of the axial mesendoderm as
observed by the defects in migration of snail1b morphant cells
transplanted into WT embryos. In addition, the influence of
snail1a and 1b loss of function on snail1-negative, hgg1-positive
prechordal plate cells can be summarised as follows: the posterior
cells push and the YSL is likely to provide an active substrate for
prechordal plate migration (D’Amico and Cooper, 2001; Rohde
and Heisenberg, 2007). The latter explains the abnormal posterior
position of the prechordal plate in snail1a morphants (Yamashita
et al., 2004) (this work). In summary, the precursors of the polster
require the activity of Snail1a, which exerts a cell-non-
autonomous effect on them, to reach their correct position, and
they also require Snail1b function to acquire a normal shape.
Selective adhesion allows hgg1-expressing prechordal plate cells
to compact and separate from the more posterior cells while
migrating. Indeed, a clear morphological boundary between the
polster and the more posterior cells is evident in gastrulating fish
embryos. Hence, for the axial mesendoderm to migrate properly,
cells located adjacent to the hgg1-expression domain must
migrate actively. Although this does not exclude the need for
prechordal plate cells to actively migrate (Heisenberg and Tada,
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Fig. 6. The axial mesendoderm is subdivided into
different territories with complementary snail1 and E-
cadherin (Cdh1) expression. (A-H) Expression of snail1 genes
and that of E-cadherin protein. (A,B) At 70% epiboly, snail1a-
expressing cells surround the anterior limit of the hgg1-
expressing domain and snail1b transcripts are absent from the
hgg1-expressing prechordal plate region. (C,D) These
expression domains are better observed in sections. (E) The
domain of strong snail1a expression surrounding the hgg1-
expressing cells is already present at 60% epiboly. (F) Diagram
depicting the domains of snail1a, 1b and hgg1 expression in
the anterior half of the embryo. (G,H) snail1b and E-cadherin
(Cdh1) expression in the posterior half of an embryo at 90%
epiboly. Note the complementary domains of snail1b and
cadherin expression (compare E with F). (I) Diagram showing
the relationship between the expression of snail1 genes and
those of hgg1 and ntl. Also note the inverse correlation
between snail1 and Cdh1 expression.
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2002), it highlights the importance of a force driven by Snail1a in
the YSL and of the influence of actively migratory snail1b-
expressing cells located posteriorly.

We have unveiled an important function for snail1 genes in the
migration of the axial mesendoderm. The products of both genes
repress cadherin expression and by downregulating adhesion, they
facilitate the migration. The combination of the cell autonomous
action of these two transcription factors in two independent
populations influences the behaviour of the snail-free prechordal
plate region destined to become the hatching gland. In addition,
these results extend and confirm that Snail genes regulate cell
adhesion and cell movements in different tissues, and that their
function as adhesion regulators may or may not be associated with
the induction of a full EMT depending on the cell context (i.e. neural
crest cells or delaminating mesendodermal precursors versus
mesendodermal precursors located posterior to the hgg1-positive
cells). As such, the EMT is much more than just cell adhesion or
cadherin downregulation, highlighting the need to analyse the
different Snail targets and partners during the induction of cell
movements in the developing embryo.
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Fig. 7. Snail1a and Snail1b cooperate in the
directed anterior migration of the axial
mesendoderm. (A-D) Morphological
appearance of control embryos (A), and of
embryos injected with snail1a MOs (B), with
snail1b MOs (C) or with both (D). The
expression of hgg1 (green) and snail1b (red) is
superimposed. Note the abnormal position
and/or shape of the prechordal plate. The
arrows mark the territory occupied by the
polster. (E-H) High-magnification confocal
microscopy images of the same embryos at the
regions indicated with a red square in A-D. Red
arrows indicate the aberrant position of groups
of snail1b-expressing cells, and green arrows
that of hgg1-expressing cells. (I-L) Diagrams
summarising the phenotypes observed in the
snail1 morphants. (J) As previously described,
the injection of snail1a MOs altered the
posterior position of the prechordal plate
(shown in green, with the extent indicated by a
double-headed arrow). (K) snail1b morphants
developed an elongated prechordal plate,
which reached the normal anterior position.
(L) Co-injection of snail1b and snail1a MOs
produced a compound phenotype in the
prechordal plate, which adopted an elongated
shape and was situated at an aberrant
posterior position. Black arrowheads indicate
the anterior and posterior limits of the embryo.
The double-headed arrows on the outside of
the embryos mark the distance between the
embryo limits. (M-P) hgg1 in situ hybridisation
and DAPI (nuclei) staining show the cell density
in the regions indicated with a dotted blue
square in I-L. All embryos in this figure are at
tail bud stages.
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