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Abstract
Runx genes encode a family of proteins defined by the highly conserved Runt DNA-binding domain.
Studies in several organisms have shown that these transcription factors regulate multiple aspects of
embryonic development and are responsible for the pathogenesis of several human diseases. Here
we report the cloning and expression of Runx3 during Xenopus development and compare its
expression pattern to other Runx family members, Runx1 and Runx2, and to Cbfβ, the obligatory
binding-partner of Runx proteins. Using in situ hybridization in the whole embryo and on sections
we show that Runx3 is co-expressed with Runx1 in the hematopoietic lineage and in Rohon-Beard
sensory neurons. In contrast Runx3 and Runx2 are co-expressed in craniofacial cartilage elements.
Runx3 shows also unique expression domains in a number of derivatives of the neurogenic placodes,
including the ganglia of the anteroposterior and middle lateral line nerves, and ganglia of the
trigeminal, glossopharyngeal, facial and vagal nerves. These observations suggest a critical role for
Runx3 in the development of cranial sensory neurons, while in other tissues its co-expression with
Runx1 or Runx2 may signify functional redundancy between these family members.
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1. Results and Discussion
Runx3, also known as Aml2/Cbfα3/Pebp2αC, belongs to the Runx family of transcription
factors, which include Runx1 (Aml1/Cbfα2/Pebp2αB) and Runx2 (Aml3/Cbfα1/Pebp2αA).
This class of molecules is defined by the presence of the runt domain, a highly conserved DNA
binding and protein-protein interaction domain. Runx proteins bind DNA in association with
the non-DNA-binding partner, Cbfβ, that confers high-affinity DNA binding and stability to
the complex. This heterodimeric complex has the ability to activate or repress transcription of
key regulators of cell growth, proliferation, survival and differentiation (reviewed in Blyth et
al., 2005; Ito, 2008).

The function of the three mammalian Runx genes has been studied using gene-targeting
technology in the mouse. Runx1 is primarily required for hematopoiesis and is essential for the
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generation of hematopoietic stem cells (Okuda et al., 1996; Wang et al., 1996; North et al.,
1999). RUNX1 is a frequent target of gene rearrangements and mutations in a spectrum of
human leukemias including acute myeloid leukemia (Speck and Gilliland, 2002). Runx2 is
required for bone development and is associated with human cleidocranial dysplasia, a skeletal
disorder characterized by bone and dental abnormalities (Komori et al., 1997; Otto et al.,
1997; Mundlos et al., 1997). Runx3 is expressed in a broader range of tissues compared to the
other two Runx genes, and has been implicated in development of axonal projections of a
subpopulation of neurons in the dorsal root ganglia (Levanon et al., 2002; Inoue et al., 2002)
and in the formation of the gastrointestinal tract (Li et al., 2002). There is also evidence that
Runx3 functions as a tumor suppressor in gastric cancers (Li et al., 2002; Brenner et al.,
2004).

The expression and function of Runx genes has been relatively well conserved during evolution.
For example, in zebrafish and Xenopus Runx1 is expressed in blood progenitors, and controls
hematopoietic stem cell specification (Tracey et al., 1998; Kalev-Zylinska et al., 2002; Burns
et al., 2005). Runx2 in fish and frogs is detected in developing skeletal elements where it
regulates chondrogenesis (Flores et al., 2004; 2006; Kerney et al., 2007). Zebrafish runx3 is
expressed in hematopoietic, neuronal and cartilaginous tissues and its function has been studied
in the context of hematopoiesis (Kalev-Zylinska et al., 2003) and chondrocyte differentiation
(Flores et al., 2006). Here we report the cloning of Xenopus Runx3 and provide a comprehensive
analysis of Runx3 expression during Xenopus embryogenesis, comparing its expression pattern
to that of Runx1, Runx2 and Cbfβ.

1.1. Cloning of Xenopus laevis Runx3
A PCR product corresponding to a partial sequence of the Xenopus laevis Runx3 open reading
frame was amplified from stage 30 embryonic cDNA using primers designed based on Xenopus
tropicalis Runx3 sequence. The complete coding region of Xenopus laevis Runx3 was
subsequently established by two rounds of PCR using stage 41 embryonic cDNA and based
on the sequence of Xenopus tropicalis Runx3. Xenopus laevis Runx3 possesses an open reading
frame encoding 393 amino acids (Fig. 1A). At the amino acid level, Xenopus laevis Runx3
shares 76% identity with human RUNX3 (Levanon et al., 1994), 74% identity with mouse
Runx3 (Wijmenga et al., 1995) and 65% identity with zebrafish runx3 (Kataoka et al.,
2000;Burns et al., 2002). When compared to Xenopus laevis Runx1/Xaml1 (Tracey et al.,
1998) and Xenopus laevis Runx2 (Kerney et al., 2007), the overall amino acid identity drops
to 55% and 56%, respectively. Assignment of Xenopus laevis Runx3 sequence to the Runx
family was based on phylogenetic tree analysis of the predicted amino acid sequences
compared to that of selected vertebrate species (Fig 1B). This analysis indicates that Xenopus
laevis Runx3 represents an ortholog of mammalian Runx3.

1.2. Temporal expression of Runx3 and other Runx family members
To determine the temporal expression of Runx3 we performed RT-PCR of embryonic RNA at
different stages of development. We also compared Runx3 expression profile to that of
Runx1, Runx2 and Cbfβ (Fig 2A). These results were independently confirmed by real-time
RT-PCR (Fig 2B). Runx3 is first detected around stage 20, while Runx1 transcription is initiated
before stage 10, consistent with previous work (Tracey et al., 1998). Runx1 and Runx3
transcripts persist at least up to stage 40, the latest stage analyzed in this study. Runx2 and
Cbfβ are both maternally expressed, and while Cbfβ is expressed at all stages examined,
Runx2 exhibits a dramatic down regulation between stage 10 (gastrula) and stage 29/30
(tailbud). The biphasic temporal expression profile of Runx2 has not been previously described
in Xenopus (Kerney et al., 2007), presumably because we have analyzed a broader range of
embryonic stages here than in previous work. In zebrafish runx2b type2 follow a very similar
expression profile, with the maternal component detected in the early zygote, followed by a
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reduction in expression levels by 6 hpf, and a phase of upregulation around 18 hpf,
corresponding to the zygotic expression (Flores et al., 2008).

1.3. Comparative analysis of Runx3, Runx1, Runx2 and Cbfβ expression
1.3.1 Whole-mount in situ hybridization analysis—To determine the expression
pattern of Runx3, we performed whole-mount in situ hybridization on embryos at different
stages of development (Fig 3; Fig 4A). Antisense and control sense probes were analyzed to
established specificity of the signal for each gene (control sense hybridization, not shown).
Runx3 transcripts are first detected at stage 20 in two domains, the developing primary sensory
(Rohon-Beard) neurons in the dorsal spinal cord and the profundal-trigeminal placode, which
appear as bilateral clusters of cells posterior to the eye primordia (Fig 3). At the same stage
Runx1 is also expressed in Rohon-Beard sensory neurons, as well as in the ventrally located
blood progenitors (Fig 3). Runx1 can be detected in both of these domains as early as stage 13
(Fig 3 and not shown), as previously reported (Tracey et al., 1998). Runx3 is also detected in
the hematopoietic progenitors but not until stage 31, in a pattern that overlaps with Runx1 and
Cbfβ at least in the lateral most aspect of the lateral plate mesoderm (Fig 4). The apparent
difference in the expression of these genes in the hematopoietic lineage may reflect differences
in the expression level of these molecules, Runx1 being more strongly expressed than Runx3
and Cbfβ at the ventral midline (Fig 4). The obligatory partner of all Runx proteins, Cbfβ, is
detected in the same three domains as Runx3 and Runx1 (Fig 3 and Fig 4). Cbfβ expression in
blood progenitors is first detected at stage 22 (not shown) several hours after Runx1 onset of
expression in this lineage (Fig 3). Cbfβ expression at stage 13 is expressed at the neural plate
border in a pattern reminiscent to that of Pax3, and more broadly than the expression domain
of Runx1 in Rohon-Beard sensory neurons. At later stages, stage 25 and up, Runx3 expression
appears to be largely confined to the head region and in a number of cranial nerves including
the ganglia of the trigeminal, vagal and glossopharyngeal nerves, where it overlaps with Cbfβ
(Fig 3). Runx2 is first detected around stage 35/36 in the developing craniofacial structures as
previously described (Kerney et al., 2007). To confirm the tissue-specific expression analysis
of the Runx genes, we also performed in situ hybridization for Pax3 and Islet1 in staged matched
embryos (Fig 3). These two genes share common expression domains with Runx genes in the
profundal-trigeminal placode (Pax3 and Islet1), Rohon-Beard sensory neurons and cranial
ganglia (Islet1). In zebrafish Runx3 is expressed in the same four domains: hematopoietic
lineage, trigeminal ganglia, Rohon-Beard neurons and cartilaginous tissues in the head (Kalev-
Zylinska et al., 2003). While Runx3 has been reported to be expressed in the mouse
gastrointestinal tract (Li et al., 2002), and in zebrafish intestinal bulb (Kalev-Zylinska et al.,
2003), we could not detect Runx3 expression in the developing gut at the stages examined,
though we cannot exclude that it is expressed in this lineage later in development.

Next we undertook a detailed analysis of Runx3 expression using in situ hybridization on
sections at stage 20 and 40, focusing on the early expression of Runx3 in the profundal-
trigeminal placode and Rohon-Beard sensory neurons (Fig 5), and its later expression in the
branchial arches (Fig 6) and derivatives of the neurogenic placodes (Fig 7).

1.3.2 Runx3 expression in profundal-trigeminal placode and Rohon-Beard
sensory neurons at stage 20—The profundal and trigeminal placodes are initially fused
into a single profundal-trigeminal complex located immediately dorsal and posterior to the
developing eye. These placodes give rise to neurons of the profundal and trigeminal nerves,
respectively (Schlosser and Northcutt, 2000). To confirm the expression of Runx3 in this
domain we also analyzed Islet1 expression in staged matched embryos. We found that
Runx3 and Islet1 are co-expressed in this placode, however unlike Islet1, which is expressed
in the entire placodal domain, Runx3 and Cbfβ are detected only a sub-region of this developing
placode (Fig 5 A-C).
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Lower vertebrates develop a unique set of primary sensory neurons located in the dorsal spinal
cord. These cells, known as Rohon-Beard sensory neurons, innervate the skin and are critical
to mediate the escape response to touch during larval stages (Roberts, 2000). Later in
development, these neurons undergo apoptosis and are replaced by the neural crest-derived
dorsal root ganglia neurons. Runx3 is detected in Rohon-Beard sensory neurons and this
expression appears to overlap with that of Islet1, Runx1 and Cbfβ in these cells (Fig 5D).
Islet1 is also detected in a second row of primary neurons that will give rise to interneurons,
located ventral to the row of Rohon-Beard neurons (Fig 5D). To confirm the co-expression of
these genes in Rohon-Beard sensory neurons we performed in situ hybridization on adjacent
sections of the same embryo alternating in situ probes. We found that while Runx3 is only
expressed in a subset of Rohon-Beard neurons (Fig 1S), it is co-expressed in these cells with
Cbfβ, Runx1 and Islet1 (Fig 1S). Runx1, Islet1 and Cbfβ appear to be co-expressed in the entire
population of Rohon-Beard neurons (Fig 1S), although each one with slightly different onset
of expression (not shown).

1.3.3 Runx3 expression in craniofacial cartilage at stage 40—Whole-mount in
situ hybridization indicates that Runx3 is expressed in the branchial arches starting at stage
35/36 and is co-expressed in this domain with Runx2 and Cbfβ. To determine the specific
cartilage elements in which Runx3 is expressed, we performed in situ hybridization on serial
sections of stage 40 embryos. Cartilage elements (Fig 6A-C) were identified based on the
nomenclature of Sadaghiani and Thiebaud (1987). With the exception of the basihyal Runx2
is detected in all cartilage elements (Fig 6D-H). Runx3 on the other hand is expressed in the
basihyal cartilage in addition to the Meckel’s, ceratoyal, and ethmoid-trabecular cartilages (Fig
6D-H). Runx1 is detected in a few scattered cells within the ceratohyal cartilage (Fig 6F) and
in the pharyngeal endoderm overlying the developing branchial cartilages (Fig 6H). This is in
contrast to what has been reported in Zebrafish where runx3 is expressed in the pharyngeal
endoderm (Kalev-Zylinska et al., 2003;Flores et al., 2006). As expected, Cbfβ is uniformly
expressed in all cartilage elements (Fig 6D-H). Co-expression of Runx2 and Runx3 in the
developing cartilage is conserved in zebrafish, chick and mouse embryos (Flores et al.,
2006;Stricker et al., 2002).

1.3.4 Runx3 expression in neurogenic placode derivatives at stage 40—
Neurogenic placodes in Xenopus laevis comprise the olfactory placode, the profundal and
trigeminal placodes, a series of epibranchial placodes, two hypobranchial placodes, the otic
placode, and five lateral line placodes (Schlosser and Northcutt, 2000). To precisely evaluate
the expression of Runx3 in the derivatives of these placodes we also analyzed the expression
of Islet1 a gene expressed in all cranial ganglia and nerves (Brade et al., 2007). We performed
sections at three different levels along the anteroposterior axis focusing on the pre-otic, otic
and post-otic regions.

In the pre-otic region Runx3 is expressed in the ganglia of the trigeminal, anterodorsal lateral
line nerves and the fused ganglia of the facial and anteroventral lateral line nerves, though at
a lower level in the anterodorsal lateral line ganglion (Fig 7; pre-otic). Ventral to the otic vesicle,
Runx3 is detected in the fused ganglia of the glossopharyngeal and middle lateral line nerves
(Fig 7; otic). In this region Runx1 is expressed in the statoaccoustic ganglia associated with the
otic vesicle, where it is coexpressed with Islet1 (Fig 7; otic). Interestingly, posterior to the otic
vesicle, in the fused ganglia of the vagal and posterior lateral line nerves, Runx1 and Runx3
have complementary and non-overlapping expression domains. Runx1 and Runx3 are restricted
to the ganglion of the posterior lateral line nerve and to the ganglion of the vagal nerve,
respectively (Fig 7; post-otic). Runx2 is not detected in any of these ganglia, and Cbfβ is
ubiquitously expressed in all of them (Fig 7).
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In summary, Runx3 is co-expressed with Runx1 in blood progenitors and Rohon-Beard neurons
and with Runx2 in craniofacial cartilage (Table 1). Runx3 also has a unique expression domain
in a number of derivatives of the neurogenic placodes not shared with other Runx family
members, including ganglia of the anteroposterior and middle lateral line nerves, and ganglia
of the trigeminal, glossopharyngeal, facial and vagal nerves (Table 1). Our data suggest that
Runx3 is an important player in the regulation of cranial sensory neurons development.

2. Experimental Procedures
2.1. Cloning of Xenopus Runx3

A partial sequence of the Xenopus laevis Runx3 ORF was amplified using PCR from stage 30
cDNA using a set of primers designed against two conserved regions of Runx3 in several
species (F: TGCGGAAAGATGGGCGAGAA; R: TCCATTCTTCCAC TAGTGGT) and
based on the sequence of Xenopus tropicalis Runx3 (Ensembl ID, ENSXETT00000002249).
The resulting 1100 bp PCR product was purified, subcloned into pGEMTeasy (Promega) and
sequenced. This construct is referred as pGEMT-XRunx3. Based on Xenopus tropicalis
sequence we designed a second set of primers outside Runx3 ORF (F:
AACACCCTGCTGTTGTAATG; R: GGCTGTATTCACAAAG TCTC) to amplify the entire
coding region of Xenopus laevis Runx3. This product was predicted to include 17 bp of 5'UTR
and 20 bp of 3'UTR. The PCR was performed using Taq polymerase and stage 41 cDNA as
template. The resulting 1224 bp product was subcloned into pGEMTeasy and multiple clones
were sequenced to confirm the sequence of Xenopus laevis Runx3. Based on this information,
we designed a third set of nested primers (F: ATGCTCATTCCCGTAGACCC; R:
TCAATAGGGTCTCCAAA CTG) to amplify the Xenopus laevis Runx3 ORF using Pfu
polymerase and stage 41 cDNA. The PCR product encoding Xenopus laevis Runx3 ORF was
subcloned and sequenced. The sequence has been submitted to GeneBank (accession #
GU725438).

2.2. Molecular Phylogeny
Multiple sequence alignment of the deduced amino acid sequences of Runx3 was performed
using ClustalW (Thompson et al., 1994), and phylogenetic tree was constructed by using the
neighbor-joining method (Pearson et al., 1999) through the EMBL–EBI interface
(http://www.ebi.ac.uk/Tools/clustalw/). The sequences used in Fig. 1 are human RUNX1
(NP_001001890), mouse Runx1 (NP_001104493), chicken Runx1 (Ensembl ID,
ENSGALP00000029722), Xenopus laevis Runx1 (AAC41269), zebrafish runx1 (NP_571678),
human RUNX2 (NP_004339), mouse Runx2 (NP_001139392), chicken Runx2 (NP_989459),
Xenopus laevis Runx2 (ABM05616), zebrafish runx2a (NP_998023), zebrafish runx2b
(NP_998027), human RUNX3 (NP_004341), mouse Runx3 (EDL29993), chicken Runx3
(XP_001232978) and zebrafish runx3 (NP_571679).

2.3. RT-PCR analysis
Embryos were staged according to Nieuwkoop and Faber (1967). Total RNA was extracted
from embryos at indicated stages using an RNeasy micro RNA isolation kit (Qiagen). To avoid
contamination from genomic DNA, the RNA samples were digested with RNase-free DNase
I before RT-PCR was performed. RT-PCR experiments were performed using the One Step
RT-PCR kit (Qiagen) according to the manufacturer’s instructions using the following primer
sets: Runx1 (F: ACTCTGAGTCCGGGGAAGAT; R: CCATATTCCGGTCTGTGCTT; 30
cycles), Runx2 (F: GCTTCCTGCTATCTCCGA TG; R: GGAGGGCTGTACGTGAATGT;
33 cycles), Runx3 (F: CACACTGGCCAACAC AAATC; R: TACGAGGGTCGGTAAACCT
G; 30 cycles), Cbfβ (F: GAACGACAAGCA CGTTTTCA; R:
CTCCCGTTCAAAGTCCACAT; 26 cycles) and ODC (F: ACATGGC ATTCTCCCTGAAG;
R: TGGTCCCAAGGCTAAAGTTG; 25 cycles). For real-time RT-PCR the reaction was
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performed using the same primer sets and the QuantiTect SYBR Green RT-PCR kit (QIAGEN)
on a LightCycler (Roche Diagnostics). The reaction mixture consisted of 10 µl of QuantiTect
SYBR Green RT-PCR Master Mix, 500 nM forward and reverse primers, 0.2 µl of RT, and
60 ng of template RNA in a total volume of 20 µl. The cycling conditions were as follow:
denaturation at 95°C (3 sec.), annealing at 55°C (4 sec.), and extension at 72°C (12 sec.). By
optimizing primers and reaction conditions, a single specific product was amplified as
confirmed by melting curve analysis. Each reaction included a control without template and a
standard curve of serial dilutions (in 10-fold increments) of test RNAs. In each case, ornithine
decarboxylase (ODC) was used as an internal reference (data not shown). Each bar on the
histograms has been normalized to the level of ODC.

2.4. In situ hybridization
Sense and antisense DIG-labeled probes (Genius kit, Roche) were synthesized using template
cDNA encoding Runx1/Xaml1 (Tracey et al., 1998), Runx2 (Kerney et al., 2007), Pax3 (Bang
et al., 1997), Islet1 (Brade et al., 2007), Cbfβ (Sport6-Cbfβ; Open Biosystems) and Runx3
(pGEMT-XRunx3). Whole-mount in situ hybridization was performed as described (Harland,
1991). In some cases to ease visualization of the staining embryos were cleared in a mixture
of benzyl alcohol and benzyl benzoate (1v:2v). For in situ hybridization on sections, embryos
at stage 20 and 40 were fixed in MEMFA for 1 hour, embedded in Paraplast and 12 µm sections
hybridized with the appropriate probes as described (Henry et al. 1996). Sections were then
briefly counter stained with eosin.
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Figure 1. Sequence and structure comparison of Runx3 proteins across species
(A) The predicted amino acid sequences from Xenopus laevis, human, mouse and zebrafish
Runx3 were aligned using ClustalW. Conserved amino acids in all four species or in at least
two species are highlighted in black and grey, respectively. The Runt domain, signature motif
of this class of molecules, is underlined in red. (B) Phylogenetic tree analysis of Runx proteins
from Xenopus laevis (Xl), human (Hs), mouse (Mm), chicken (Gg) and zebrafish (Dr).
Accession numbers for the source sequences are indicated in materials and methods.
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Figure 2. Temporal expression of Runx3, Runx1, Runx2 and Cbfβ during embryogenesis
(A) RT-PCR analysis of the developmental expression of Runx3, Runx1, Runx2 and Cbfβ.
Stages are according to Nieuwkoop and Faber (1967). Ornithine decarboxylase (ODC) is
shown as a loading control. G, onset of gastrulation; N, mid-neurula stage; T, tailbud stage; H,
hatching stage. (B) Real-time RT-PCR analysis of Runx3, Runx1, Runx2 and Cbfβ. Each value
has been normalized to the level of ODC.
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Figure 3. Comparative analysis of the expression of Runx and Cbfβ genes by whole-mount in situ
hybridization
Runx3 is first detected at stage 20 in two domains, the developing primary sensory (Rohon-
Beard) neurons and the trigeminal-profundal placode. At the same stage Cbfβ is also co-
expressed in both domains, while Runx1 is restricted to Rohon-Beard neurons. At later stages,
stage 25 and up, Runx3 expression appears to be largely confined to the head region and in a
number of cranial nerves including the ganglion of the trigeminal, vagal and glossopharyngeal
nerves. To confirm the tissue-specific expression of Runx genes, we also performed in situ
hybridization for Pax3 and Islet1 in staged matched embryos. Pax3 and Islet1 share common
expression domains with Runx genes in the profundal-trigeminal placode (Pax3 and Islet1),
Rohon-Beard sensory neurons and cranial ganglia (Islet1). Stages are according to Nieuwkoop
and Faber (1967). Stage 13, dorsal view anterior to top. Stage 20d, dorsal view anterior to the
left. Stage 20f, frontal view dorsal to top. Stage 25–40, lateral view of the head region, anterior
to the left and dorsal to top. ba, branchial arches region; bp, blood progenitors; hf, heart field;
hg, hatching gland; gp, glossopharyngeal; nb, neural plate border; ol, olfactory placode; pr,
profundal ganglia; rb, Rohon-Beard neurons; sa, statoaccoustic ganglia; tg, trigeminal ganglia;
pt, profundal-trigeminal placode; va, vagal nerve. The scale bars in the upper row represent
500 µm.
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Figure 4. Comparative analysis of Runx3, Runx1 and Cbfβ in blood progenitors
(A) Whole-mount in situ hybridization of stage 31 embryos viewed from the ventral side,
anterior to the left, highlights the expression of Runx3, Runx1 and Cbfβ in blood progenitors.
In these cells Runx1 appears to be expressed at higher level than Runx3 and Cbfβ. The scale
bar represents 500 µm. (B) In situ hybridization on adjacent sections of a stage 31 embryo
shows that Runx3, Runx1 and Cbfβ expression domain overlap at least in the lateral most aspect
of the lateral plate mesoderm (arrows). The scale bar represents 100 µm
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Figure 5. Comparative analysis of Runx3, Runx1, Cbfβ and Islet1 expression in the profundal-
trigeminal placode and Rohon-Beard sensory neurons at stage 20
(A) Schematic representation of a stage 20 embryo view from the dorsal side, anterior to the
left. Modified from Nieuwkoop and Faber (1967). (B) Schematic representation of a transverse
section at the level of the diencephalon, corresponding to the line labeled “B” in panel (A).
Dorsal to top. The blue areas indicate the position of the developing profundal-trigeminal
placode. The boxed area labeled “C” is the region of the section shown in subsequent panels
(C). (C)Runx3, Cbfβ and Islet1 are coexpressed in the profundal-trigeminal placode (blue
arrows), while Runx1 is not detected in this tissue. (D) Transverse sections in the trunk region
corresponding to the line labeled “D” in panel (A). All four genes are coexpressed in Rohon-
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Beard sensory neurons (red arrows). Islet1 is also expressed in the population of ventral
interneurons (black arrows). The notochord is outlined with a solid line, while the position of
the neural tube is underlined with dashed lines. The probes are indicated in the lower right
corner of each panel. di, diencephalon; no, notochord; ov, optic vesicle. The scale bar in panel
C represents 100 µm.
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Figure 6. Comparative analysis of Runx3, Runx1, Runx2 and Cbfβ expression in the craniofacial
cartilage at stage 40
(A) Schematic representation of the head of a stage 40 embryo viewed from the lateral side,
dorsal to top, anterior to the left. Modified from Nieuwkoop and Faber (1967). (B, C) Schematic
representations of the ventral (B) and dorsal (C) cranial cartilage elements. Modified from
Sadaghiani and Thiebaud (1987). The cartilage elements are color-coded: ethmoid-trabecular
(brown), quadrate (black), Meckel’s (blue), cerathoyal (green), basihyal (red) and branchial
(yellow). In panels (A), (B) and (C) the lines labeled “D”, “E”, “F”, “G” and “H” indicate the
level of the transverse sections shown in the subsequent panels. cg, cement gland; he, heart;
ph, pharynx; st, stomodeum. The scale bar in panel D represents 100 µm.
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Figure 7. Comparative analysis of Runx3, Runx1, Runx2, Cbfβ and Islet1 expression in neurogenic
placode derivatives at stage 40
Transverse sections were performed at three levels along the antero-posterior axis; the pre-otic,
the otic, and post-otic regions. Each column shows sections from approximately the same level.
Trigeminal ganglion (red arrows), ganglion of anterodorsal lateral line nerve (black
arrowheads), ganglia of facial and anteroventral lateral line nerves (blue arrowheads), ganglia
of glossopharyngeal and middle lateral line nerves (blue arrows), statoaccoustic ganglion
(black arrows), ganglion of vagal nerve (green arrows), ganglion of posterior lateral line nerve
(purple arrows). hb, hindbrain; no, notochord; ov, otic vesicle; The scale bar in the upper left
panel represents 100 µm.
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Table 1

Summary of Runx1, Runx2, Runx3, and Cbfβ tissues expression during Xenopus development

Runx1 Runx2 Runx3 Cbfβ

Blood progenitors + − + +

Rohon-Beard sensory neurons + − + +

Profundal-trigeminal placode − − + +

Olfactory placode + − − +

Trigeminal ganglion − − + +

Ganglion of anterodorsal lateral line nerve − − +/− +

Ganglia of facial and anteroventral lateral line nerves − − + +

Statoaccoustic ganglion + − − +

Ganglia of glossopharyngeal and middle lateral line nerves − − + +

Ganglion of posterior lateral line nerve + − − +

Ganglion of vagal nerve − − + +

Meckel’s cartilage − + + +

Ceratoyal cartilage +/− + + +

Basihyal cartilage − − + +

Branchial cartilage − + − +

Quadrate cartilage − + − +

Ethmoid-trabecular cartilage − + + +

“+”, gene strongly expressed in the corresponding tissue; “+/−”, weakly expressed; “−”, undetected.
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