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In zebrafish, the organizer is thought to consist of two regions,
the yolk syncytial layer (YSL) and the shield. The dorsal YSL
appears to send signals that affect formation of the shield in the
overlying mesendoderm. We show here that a domain of dorsal
deep cells located between the YSL and the shield is marked by
expression of the iro3 gene. As gastrulation proceeds, the iro3
positive domain involutes and migrates to the animal pole. Iro3
expression is regulated by Nodal and bone morphogenic protein
antagonists. Overexpression of jro3 induced ectopic expression
of shield-specific genes. This effect was mimicked by an Iro3-
Engrailed transcriptional repressor domain fusion, whereas an
Iro3-VP16 activator domain fusion behaved as a dominant neg-
ative or antimorphic form. These results suggest that Iro3 acts as
a transcriptional repressor and further implicate the iro3 gene in
regulating organizer formation. We propose that the jro3-
expressing dorsal deep cells represent a distinct organizer do-
main that receives signals from the YSL and in turn sends signals
to the forming shield, thereby influencing its expansion and
differentiation.

In the early vertebrate embryo, specification of the dorso-
anterior axis is a critical step in body patterning that is
promoted by a small dorsal region called the Spemann organizer.
In Xenopus laevis, multiple regions are involved in organizer
formation and function (1). The Nieuwkoop center, residing in
the dorsal endodermal layer at mid to late blastula, has a role in
organizer induction, and its formation is initiated by B-catenin
signaling (2-4). In the zebrafish embryo, the dorsal yolk syncytial
layer (YSL) may be analogous to the Nieuwkoop center (5-7),
and its position is marked by the homeobox gene bozozok
(dharma, nieuwcoid) (8-10). The shield, a region of dorsal
mesendoderm that mainly gives rise to the prechordal plate and
notochord, is the zebrafish equivalent of the Spemann organizer
(11, 12).

In this article, we propose an additional organizer subdo-
main in zebrafish residing at the vegetal side of the shield in
dorsal mesendoderm as identified by expression of the ho-
meobox gene iroquois3 (iro3). Iroquois genes were discovered
in Drosophila as neural prepattern genes regulating proneural
genes in the achaete—scute complex (as—c) (13, 14). Loss of
iroquois genes alters neural differentiation, wing formation,
and dorsoventral polarity in the head region (15-19). Iroquois
genes have recently been isolated from several vertebrates.
Xenopus irol, iro2, and iro3 induce proneural markers includ-
ing the as—c homolog Xash3 (20, 21). In chicken, irx4 is
expressed in heart ventricles and regulates ventricle/atrium
cell fate determination (22). Zebrafish iro3 was reported to be
expressed in the notochord in the late gastrula and in the
neural tube during somitogenesis (23). Here, we report isola-
tion of an additional iro3 cDNA, which we demonstrate to be
the major splicing variant. We show that iro3 is also expressed
in the dorsal deep layer during blastula and gastrula and that
early iro3 expression is regulated by Nodal and anti-bone
morphogenic protein (BMP) signals. We further show that
ectopic expression of iro3 can induce several organizer genes.
These results suggest that the iro3-expressing region delineates
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a distinct organizer subdomain and that iro3 has a role in
organizer formation and function.

Materials and Methods

Radiation Hybrid Mapping. [ro3 was mapped on the LN54 radiation
hybrid panel (24), using the primers cattgtaagcatgtcctgtg and
ttcggatcacaagtatatac.

Reverse Transcriptase (RT)-PCR of iro3 Transcripts. Total RNA (2 ug)
was reverse-transcribed by Superscript II reverse transcriptase in
20-ul reactions, and 1 ul of this reaction was amplified by PCR
using Taq polymerase (Roche Molecular Biochemicals) in a
50-pul reaction under the following conditions: 94°C, 1 min; 60°C,
1 min; and 72°C, 2 min for 35 cycles, using primers 1062F/
ggcgaaccggtcaaaatcaa, 1459R/gcttccaaggeactagate, 1439F/
gatctagtgccttggaage, and 1743R /acatcaaatcctcacagagc.

Iro3, En-iro3, and VP-iro3 Expression Constructs. The Iro3 coding
region was amplified by PCR and subcloned into the pCS2 +
expression vector. For the construction of En-iro3, the iro3
sequence encoding the homeodomain and flanking region (82—
204 aa) was amplified by PCR, using primers ggcgaattcgccge-
catgggcgtccageatectggatttg and ggegaattccgtaaacatttecttectegtce.
The product was inserted into the EcoRI site upstream of the
engrailed repressor domain in pCS2 + En (25). To generate
VP-iro3, the same region was amplified by using primers gecctc-
gagggcgtccageatectggatttge and getctagagtaaacatttecttectcg and
inserted into the Xbal/Xhol sites upstream of the VP16 activator
domain in pCS2 + VP16 (295).

mRNA Synthesis and Embryo Injections. nRNA was synthesized by
MMESSAGE MMACHINE (Ambion, Austin, TX). The following
genes were injected: iro3, En-iro3, VP-iro3, squint (sqt) and
cyclops (cyc) (26), TaramA* (27), B-catenin (4), and mouse noggin
(gift of M. Hibi, Osaka University, Osaka).

Whole-Mount in Situ Hybridization. Embryos were fixed in 4%
paraformaldehyde in PBS at 4°C and manually dechorionated.
Embryos were stored in methanol, permeabilized in acetone for
8 min, and rehydrated in 0.1% Tween-20 in PBS. The in situ
hybridization was performed essentially as described (28). The
following probes were used: iro3, ntl, gsc, sqt, cyc, axl, liml,
BMP2b, BMP4, chd, nogl, follistatin, dkkl, sox17, and mixer.
B-galactosidase (B-gal) was stained by Salmon-p-D-galactoside
(Biosynth, Naperville, IL).

Mutant Analysis. The following mutants were used for in
situ hybridization: one eye pinhead™3* (oep), squint®*® (sqt),

Abbreviations: BMP, bone morphogenic protein; YSL, yolk syncytial layer; RT, reverse
transcriptase; g-gal, p-galactosidase.
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Fig. 1. (A) Alignment of C-terminal sequences between zebrafish Iro3 splice

variants, Xenopusiro3 (Xiro3), and mouse Irx3 (m-irx3) proteins. Iro3-s1is from
Tan et al. (23); Iro3-s2 is reported in the present work. Iro3-s2 contains 40 aa
at the C terminus that are different from Iro3-s1; this region has high homol-
ogy to Xiro3 and m-irx3. (B) Structure of iro3-s7 and iro3-s2 mRNA at the 3’
region compared with iro3 genomic sequence. In this genomic region, four
splice sites (arrowheads) could be identified, defining two introns of 488 and
330 ntin length. Whereas iro3-s2 is fully spliced, iro3-s1 is essentially identical
to iro3 genomic DNA in this region. Translation of the penultimate intron in
iro3-s1 leads to the addition of six nonhomologous amino acids and prema-
ture termination. Two pairs of RT-PCR primers, designed to detect these two
putative introns, are indicated below the maps. (C) Ratio of spliced and
unspliced mRNA of jro3. C1 and C2 represent iro3-s2 cDNA and iro3 genomic
DNA, respectively, used as control templates. Total RNA was prepared from
50% epibody (50%ep) and 20 somite stages (20s), reverse-transcribed (RT+),
and amplified by PCR using the primers indicated. Open arrowhead, unspliced
product; closed arrowhead, spliced product.

cyclops®'6 (cyc), no tail (ndl), floating head™" (flh), swirl'3% (swr),
and chordino'>° (din).

Results

Cloning of iro3 cDNA. We isolated a cDNA for the iro3 homeobox
gene during an in situ-based screen (T. K. M. Tsang, N. A.
Hukriede, J. Chen, M. Dedekian, C. J. Clarke, A. Kiang, S.
Schultz, J. A. Epstein, R. Toyama & 1.B.D., unpublished obser-
vation). Recently, Tan et al. (23) reported the cloning of an iro3
cDNA. Our iro3 isolate encodes a different sequence in the
C-terminal 40 aa; we refer to the Tan et al. clone as iro3-s1 and
to our clone as iro3-s2. Iro3-s2 is similar to Xiro3 and mouse Irx3
throughout the C terminus, whereas similarity of Iro3-s1 and the
frog and mouse proteins ends abruptly upstream of the C
terminus (Fig. 14). Iro3 genomic DNA was sequenced, proving
to be very similar to iro3-s/ in this region, with only a few
differences that may be polymorphisms (not shown), suggesting
that iro3-s1 represents incompletely spliced mRNA that termi-
nates prematurely (Fig. 1B).

The ratio of splicing variants of iro3 was examined by RT-PCR
with RNA from 50% epibody and 20 somite embryos. The
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spliced variant was the major product at both stages, although
the unspliced variant, including the last intron, was easily de-
tectable (Fig. 1C).

The iro3 gene was mapped by the radiation hybrid method
with the LN54 panel (24). The gene resides on LG7, with the
closest marker being Z6819 (see http://mgchdl.nichd.nih.
2ov:8000/zfrh/current.html for details).

Iro3 Expression in the Blastula and Gastrula Embryo. We found
expression of the iro3 gene in a unique pattern in the mesend-
odermal layer of the early embryo, as illustrated by double-label
in situ hybridization with the mesodermal marker no tail (ntl) and
the organizer marker goosecoid (gsc) (Fig. 2). Iro3 was expressed
initially at the sphere stage on one side of the blastoderm margin,
expanding throughout the margin by 30% epibody, when iro3
and ntl domains largely coincide. At 40% epibody, nt/ expands
slightly toward the animal pole, whereas iro3 remains restricted
to the vegetal side of the margin (Fig. 2C), similar to the pattern
of the endodermal marker gata5 (29) (Fig. 2V), and squint (sqt)
(26) (Fig. 2W). The similarity to gata5 implies that iro3 expres-
sion marks a presumptive endodermal domain. At the 50%
epibody stage, when the marginal layer starts to involute, iro3
expression becomes restricted to the dorsal side. The iro3
domain involutes toward the animal pole, and at midgastrula a
few iro3-positive cells surround the anterior edge of the pre-
chordal plate that is marked by gsc (Fig. 2 E and O, arrowhead).
Iro3 RNA disappears from the deep layer around the bud stage
(not shown). As previously described, iro3 is also expressed in the
notochord at the late gastrula stage and in the neural tube during
somitogenesis (23).

Iro3 Expression Is Regulated by a Nodal Signal. In sq/~/~ embryos,
where a nodal family gene is defective (30), iro3 expression was
specifically lost on one side of the margin at 40% epibody (Fig.
342, arrow). This is most likely the dorsal side, as sqf embryos
at 65% epibody miss iro3 expression dorsally, whereas some
staining remains at the edges of the defective dorsal domain (Fig.
344, arrow). In one eye pinhead (oep) mutants where the activity
of all Nodal factors is impaired (31), iro3 expression was lost
entirely (Fig. 3BI). Other mesendodermal mutants including
cyclops (cyc), no tail (ntl), and floating head (flh) did not show
obvious defects in iro3 expression during gastrulation.

We compared the responses of iro3 and ntl to Nodal signaling.
Whereas nt/ was induced by injection of low doses of sqgt mRNA,
iro3 was only induced at high doses (Fig. 3 C1, C2, D1, and D2).
Further, nfl was induced at a distance from the sqg¢ injection
domain, which was marked by B-gal, but iro3 was restricted to the
marked region (Fig. 3 C2 and D2). Similar results were obtained
by overexpression of the Nodal factor Cyclops, by Activin, and
by the activated form of the putative Nodal receptor TaramA*
(27) (Fig. 3 C3 and D3; data not shown). When mRNA encoding
the Nodal inhibitor Antivin was injected, iro3 expression was
inhibited at a low dose, whereas nt/ was suppressed only at a
higher dose (Fig. 3 EI-F4). Thus, ntl responds to a low level of
Nodal signaling, whereas iro3 requires a high level for its
activation. The difference in levels of Nodal signaling required
for induction of ntl and iro3 is consistent with previous reports
in Xenopus and zebrafish, showing that endoderm induction
requires higher levels of Nodal/Activin signaling than mesoderm
induction (29, 32-34).

Iro3 Expression Is Regulated by p-Catenin and BMP Signals. In swir/
(swr) mutants, which are defective in bmp2b (35), the normal
dorsally restricted iro3 expression was expanded ventrally (Fig.
3B3). Consistently, injection of RNA encoding the BMP antag-
onist Noggin induced ventral expansion of iro3 (Fig. 3H2), and
hyperdorsalized embryos generated by LiCl treatment expressed
iro3 strongly in the entire blastoderm margin (Fig. 3B4). Like-
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Fig. 2.

Iro3 expression in the early mesendodermal layer. Iro3 (purple) and the mesodermal marker nt/ (red) (A-J), or the anterior axial marker gsc (red) (K-T),

were visualized by double-staining in situ hybridization. At the sphere stage, iro3 starts to be expressed at one side of the blastoderm margin (A), spreading across
the margin subsequently (B). At 40% epibody, nt/ expression extends slightly toward the animal pole, whereas iro3 stays at the lower margin (C) but subsequently
involutes as a deep layer (D, I, and N). At 60-65% epibody, axial mesendoderm differentially expresses gsc (anterior) and nt/ (posterior). The jro3 positive region
extends to the most anterior end at the edges of the gsc expression domain but is excluded from the axial domain (E and O, arrowhead). Lower marginal
expression of jro3 is similar to the expression of gata5 (V) and sqt (W), whereas ntl extends slightly further in the animal direction (U and X). A-E, K-O, and U-X,

dorsal-lateral view; F—J and P-T, animal view.

wise, B-catenin mRNA injection induced ectopic iro3 expression
(Fig. 3 G2 and G#4). These results suggest that iro3 expression
during gastrulation is maintained dorsally by B-catenin-induced
BMP antagonists. In swr mutants and in noggin-injected em-
bryos, ventral deep cells expressed iro3, but this expression
domain did not migrate toward the animal pole, unlike the
natural, dorsal expression domain of iro3 (Fig. 3 B3 and H2, open
and filled arrowheads, respectively). In contrast, the iro3-positive
ventral region expanded toward the animal pole in B-catenin-
injected embryos (Fig. 3G4). The same expansion was observed
in embryos in which Noggin and the Wnt inhibitor Dkk1 were
coexpressed (Fig. 3H3, open arrowhead); it is known that
inhibition of BMP and Wnt signaling is required for anterior
development in the gastrula (36).

Iro3 Induces Organizer Markers in a Noncell Autonomous Manner. To
test the possible role of iro3 in organizer formation, we injected
iro3 mRNA into two-to four-cell stage embryos and looked for
the induction of organizer markers. Iro3 was capable of inducing
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the organizer genes lim1, axial (axl), chd, flh, and cyc (Fig. 4 and
data not shown). These genes were mostly induced just outside
of the injected domain as visualized by B-gal staining, suggesting
that iro3 induces organizer gene expression in a noncell auton-
omous manner. In contrast to the genes mentioned above, gsc,
amarker for the anterior-most axial mesoderm, was induced only
weakly and inconsistently by iro3.

We sought to identify putative secreted molecules that might
mediate iro3 induction of organizer genes. However, iro3 injec-
tion did not activate sqt, cyc, dkkl, chd, follistatin, or nogginl in
the injected domain (not shown). We also examined the effect of
iro3 injection on the ventral markers bmp2b and bmp4. Embryos
injected at the two-cell stage with iro3 RNA showed decreased
ventral expression of the bmp genes not only on the injected (red)
but also the uninjected side (Fig. 4 F and H); the dorsal bmp
domain was unaffected or occasionally expanded (arrowhead).
Asiro3 seems to be expressed in the endoderm, we examined the
endodermal genes sox!7, mixer, and gata5 in iro3-injected em-
bryos but found none to be induced.

Kudoh and Dawid
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Fig. 3. Iro3 expression is regulated by Nodal, B-catenin, and BMP antago-

nists. (A and B) Embryos mutant for sqt (A2 and A4), oep (B1), and swr (B3), and
LiCl-treated embryos (B4), were hybridized with iro3. In sqt embryos, there is
a gap in iro3 expression at the dorsal side (A2 and A4, arrows). Zygotic oep
mutant embryos do not express iro3 during blastula and gastrula stages (B7).
Iro3 expression in the dorsal deep layer at early gastrula was expanded
ventrally in swr embryos (B3) and LiCl-treated embryos (B4). (Cand D) Sqt and
TaramA* mRNAs were injected into two- to four-cell stage embryos together
with B-gal mRNA. Embryos were fixed at 45-55% epibody and stained for
B-gal (red) and iro3 (C) or nt/ (D) (purple). Sqt induces iro3 only at a high dose
(C2), but ntl at all doses (D7 and D2). (E and F) Antivin (atv) mRNA, encoding
an antagonist of Nodal, was injected at different doses, and embryos at 45%
epibody were stained for iro3 (E) and ntl/ (F). Even a low dose of atv mRNA
suppressed iro3 (E2), whereas only a high dose suppressed nt/ (F4). (G and H)
Embryos were injected with RNAs encoding B-catenin and the BMP antagonist
Noggin with or without the Wnt antagonist Dkk1, and were stained with iro3
at 60% epibody. Note that in swr mutant and noggin-injected embryos, the
iro3 domain expanded ventrally but not toward the animal pole (B3 and H2,
open arrowhead), whereas in $-catenin or noggin+dkk1 RNA-injected em-
bryos, the ectopiciro3 domain did expand toward the animal pole (G4 and H3,
openarrowhead). (A, B1, B4, C-F, G1, and G2) Animal view. (B2, B3, G3, G4, and
H) Lateral view.
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Fig. 4. Iro3 induces dorsal and represses ventral markers in a noncell

autonomous manner. [ro3 mRNA (200 pg) was injected as indicated at the two-
to four-cell stage together with g-gal mRNA, and embryos were fixed at the
shield stage (A-H; animal view) or 90% epibody stage (/-K; dorsal view).
Organizer markers, lim1 (A and B) and axial (C and D), and ventral markers,
bmp2b (E and F) and bmp4 (G and H), were stained purple by in situ hybrid-
ization, and red staining identifies the injected region. Lim1 and axial were
activated in iro3-injected embryos outside the B-gal-positive region. The
intrinsic expression domain (shield) and ectopic domain are indicated by filled
and open arrowheads, respectively (A-D). Ventral expression of bmp2b and
bmp4 was suppressed in both the injected and uninjected side (F and H), but
the dorsal expression domain of the bmp2b and bmp4 was retained (arrow-
head). At 90% epibody, the axial-stained notochord was expanded (J) or
duplicated (K) in injected embryos.

When iro3 mRNA was injected into eight- to 16-cell stage
embryos, a low incidence (less than 10%) of secondary axis
formation was observed. At least part of the reason for this low
incidence may be that the injections could not be targeted to the
future ventral domain. In addition, many embryos showed
gastrulation defects and therefore could not be analyzed. Those
secondary axes that did arise were incomplete, missing anterior
structures. We also injected iro3 mRNA into Xenopus embryos
and observed efficient induction of incomplete secondary axes
(65%, n = 86). Likewise, Xenopus iro3 mRNA injected into
Xenopus embryos induced secondary axes at similarly high
efficiency. Thus, iro3 is capable of inducing organizer activity in
the ventral domain of different vertebrate embryos.

VP-iro3 Inhibits Organizer Formation. Artificial repressor (En-iro3)
and activator (VP-iro3) forms of Iro3 were constructed, and the
corresponding mRNAs were injected into one blastomere of
two-cell zebrafish embryos (Fig. 5). En-iro3 mRNA induced ax/
like wild-type iro3 mRNA (Fig. 5 B and C). In contrast, VP-iro3
mRNA injection decreased ax! expression; repression of ax/
expression was seen in the injected side of the embryo, although
both cells that were and that were not injected with tracer were
affected (Fig. 5D). Coinjection of iro3 and VP-iro3 mRNAs
induced ax! like the wild type alone, showing that the interfering
effect of V’P-iro3 could be rescued by coexpression of the
wild-type form (Fig. 5G). These results indicate that iro3 func-
tions as a transcriptional repressor in organizer formation and
that VP-iro3 acts as a dominant negative or antimorphic form.
The fact that Iro3, a repressor, activates expression of several
genes suggests that this effect is indirect. This agrees with the
noncell autonomous nature of the induction, which also implies
involvement of a mediator.

Discussion

Iro3 Marks a Specific Domain in the Early Mesendodermal Layer. /ro3
is expressed in the lower blastoderm margin at late blastula in a
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Fig. 5. Opposite effects of iro3/en-iro3 and VP-iro3 on axial induction. Iro3
(Band H), en-iro3(C), orVP-iro3 (D and F) mRNAs (200 pg) were injected at the
two-cell stage into one blastomere. Axial was stained at 60% epibody.
Whereas iro3 and en-iro3 injection induced axial strongly, VP-iro3 injection
suppressed axial around the injected area visualized by B-gal staining (D,
arrowhead). When iro3 and VP-iro3 mRNAs (200 pg each) were coinjected,
axial expanded (G), as by iro3 single injection (H). All panels shown are dorsal
views.

control

pattern similar to that of gata5 (29) and different from n¢l, which
is expressed more widely, suggesting that most of the iro3
expression domain gives rise to endodermal derivatives. During
gastrulation, ventral iro3 expression is lost while the dorsal iro3
domain involutes, continuing to occupy a deep layer that mi-
grates toward the animal pole. This behavior is consistent with
lineage analysis, indicating that vegetal cells in the dorsal germ
ring give rise to pharyngeal endoderm (37, 38).

Iro3 Induction Requires a Nodal Signal. /ro3 was suppressed in the
presumptive organizer region but not in ventro-lateral marginal
cells in sgf mutants in a similar way as several other genes such
asliml, ntl, gata5, and mixer (29, 39) (data not shown). It appears
that all mesendoderm specification is defective in the dorsal-
most quadrant of sqf embryos. In contrast, iro3 expression was
unaffected in cyc embryos. The fact that the oep mutation affects
iro3 expression more strongly than sqf implies that cyc does play
a role in iro3 expression that is not apparent in cyc mutants
because of some redundancy between the two Nodal factors (30,
31, 40, 41). In zygotic oep mutants where Nodal signaling is
depressed (31, 42, 43), iro3 expression was lost. Such mutants,
however, retain some Nodal signal as a result of maternal oep
mRNA. The total loss of iro3 expression in zygotic oep embryos
can be explained by the dependence of iro3 on a strong Nodal
signal (Fig. 3).

The BMP Pathway Regulates Dorsal Restriction of iro3 Expression.
Dorsal iro3 expression was expanded ventrally by LiCl treat-
ment, B-catenin, or noggin injection, and in swr mutants. These
results suggest that ventral loss of iro3 expression at the onset
of gastrulation is caused by a BMP signal. [ro3 expression was
not affected in the din mutant where chordin activity is
missing, presumably because of redundancy between BMP
antagonists. In the mouse, noggin and chordin double knockout
mutants show strong dorso-anterior defects, but single mutants
do not (44, 45).

In noggin-injected and swr mutant embryos, iro3 expression
expanded ventrally but did not expand toward the animal pole,
as the dorsal iro3-expressing domain does (Fig. 3 B3 and H2).
This suggests that suppression of the BMP signal is sufficient to
activate iro3 in the deep marginal cell layer but not to recruit
these cells to anterior migration. In contrast, anterior expansion
of the ectopic iro3 domain was seen in p-catenin-injected
embryos (Fig. 3G4), in agreement with the ability of B-catenin
to induce complete secondary axes (2-4). A combination of
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Fig. 6. A model for the position of iro3 and the iro3-expressing dorsal
endodermal domain in organizer patterning. In the dorsal YSL, the p-catenin
signal is activated and sqt is expressed. The activation of iro3 in the overlying
endoderm depends on the function of the YSL. In turn, iro3 has a role in
inducing organizer genes in the overlying mesoderm, presumably through the
mediation of an unknown secreted molecule. Each of the arrows implies
multiple steps in molecular pathways. This model is similar to a model in
Xenopus that distinguishes the Nieuwkoop center, late blastula organizer,
and gastrula organizer. See text for additional details.

BMP and Wnt antagonists likewise can induce complete axes
(46), and coinjection of noggin and dkk1 mRNAs led to ventral
expression of iro3 and expansion of the positive domain toward
the animal pole (Fig. 3H3).

Noncell Autonomous Induction of Organizer Genes by iro3. Iro3
mRNA injection induced ectopic expression of several organizer
markers and suppressed ventral genes, both in a noncell auton-
omous manner. As dorsally restricted iro3 expression is found
adjacent to axial mesoderm forming the shield, an indirect effect
of Iro3 on organizer formation may be expected. Such an indirect
role also is suggested by the results indicating that Iro3 acts as a
repressor, requiring at least one intermediate step in a pathway
in which Iro3 elicits gene activation in the organizer. In the
simplest model, Iro3 would repress the expression of a signaling
factor that inhibits organizer formation. More complex models
involving additional intermediate steps can be envisioned and
remain to be explored.

Role of the iro3-Expressing Domain in Patterning the Mesendoderm.
We suggest that iro3, activated by Nodal factors and restricted
to the dorsal side by signals ultimately dependent on B-catenin,
has an important role in patterning the mesendoderm in the
early gastrula. The iro3-expressing domain may define a region
with a distinct role in organizer formation in the early embryo.
A multiple-organizer model, in which distinct regions act in
temporal and spatial succession, has been proposed in Xenopus
(1). The Nieuwkoop center is thought to induce the late
blastula organizer in the vegetal half of the Spemann orga-
nizer; the blastula organizer region gives rise to head meso-
derm, anterior notochord, anterior somites, and pharyngeal
endoderm. The late blastula organizer, in turn, induces im-
mediately above it the gastrula organizer, which develops into
the notochord.

This model in Xenopus has some similarities in temporal and
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spatial aspects to a model we suggest for zebrafish on the basis
of our studies on iro3 (Fig. 6). Here, the iro3-expressing domain
corresponds to the Xenopus late blastula organizer and, like this
structure, includes pharyngeal endoderm precursor cells. We
suggest that the iro3 domain is spatially and functionally inter-
spersed between the YSL, which represents the Nieuwkoop
center equivalent, and the gastrula organizer. In sum, we pro-
pose that the early expression domain of iro3 marks a distinct
region of the evolving organizer, and that Iro3 activity in this
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domain has an important role in organizer expansion and
differentiation.
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