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ABSTRACT  Whole-mount and sectioned in situ hybridization was used to identify genes with

restricted expression pattern in the presomitic and somitic mesoderm during Xenopus early

development. Here we report the dynamic expression pattern of six distinct genes differentially

expressed in these regions. These include Xenopus homologues of purine nucleoside phospho-

rylase, acetylcholine receptor, aspartate aminotransferase, glycine amidinotransferase and brain

and muscle isoform creatine kinases. Purine nucleoside phosphorylase was initially expressed in

the marginal zone at gastrula stage and then localized to the tail bud. Although the other genes

showed no significantly localized expression at gastrula or neurula stages, they are progressively

restricted in the somitic mesoderm as development proceeds. A common feature for these genes

is that their deficiency in humans leads to an impairment of several tissue or cell functions. An

analysis of their expression pattern could provide information regarding their implication in early

development.
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Introduction

During the early process of skeletal muscle cell differentiation,
the specification and commitment of myogenic cells are initiated
by the activation of different members of the bHLH myogenic gene
family including Myf5, MyoD, myogenin and Mrf4. These genes
exhibit distinct expression pattern and have specific function
during the specification and differentiation process of muscle cells
(reviewed in Buckingham, 2006). They have the activity to induce
myogenic conversion in a variety of cultured cells. During the
differentiation process of muscle cells, the expression and activity
of other genes are required and mutations of these genes result
in dysfunction of muscle cells. Thus, identification and analysis of
novel genes expressed in the presomitic and somitic mesoderm
can provide insight into the molecular mechanism involved in
myogenesis and muscle cell function. We have previously used
whole-mount in situ hybridization approach to identify genes with
restricted expression pattern during early development (Bourdelas
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et al., 2004). The present study reports the identification and
analysis of the spatial and temporal expression pattern of six
genes during early development. Two of these genes (purine
nucleoside phosphorylase and aspartate aminotransferase) are
novel genes in Xenopus. Although the other genes have been
previously characterized in Xenopus, there was no detailed
analysis of their early expression pattern. The cDNA clones
corresponding to these genes were obtained by sequencing a
gastrula cDNA library and blast search indicates that full-length
cDNA sequences corresponding to these clones could be found
in the database. Their expression pattern at different develop-
mental stages was analyzed both by whole-mount and sectioned
in situ hybridization.
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Results and Discussion

Purine nucleoside phosphorylase
Purine nucleoside phosphorylase (PNP) catalyzes the phos-

phorolysis of nucleosides and deoxynucleosides, generating ri-
bose 1-phosphate and the purine base, which is an important step
of purine metabolism pathway. The lack of such an activity in
humans leads to an impairment of T-cell function (Bzowska et al.,
2000). The Xenopus homologue of PNP has not been described
previously. Sequence alignment (Supplementary Fig. S1) indi-
cates that the Xenopus protein exhibits 65% and 68% overall
identity to its mouse and human homologue, respectively. The
gene shows dynamic expression pattern during early develop-
ment. It is first strongly expressed in the dorsal marginal zone and
relatively weakly in the lateral and ventral marginal zones at the
early gastrula stage (Fig. 1A). As gastrulation proceeds, the
strong expression also extends to the lateral and ventral domain
(Fig. 1B). In sectioned gastrula, the transcripts were localized to
the deep layer of the prospective neural plate (Fig. 1C). This
expression persists until at the end of gastrulation (not shown). At

neurula stage, it is strongly expressed in the posterior region
above the blastopore, and in the deep layer of the neural plate, but
not in the somites or notochord (Fig. 1D, E). From the end of
neurulation or the early tail-bud stage onward, the expression is
essentially restricted to the posterior tail-bud region composed of
both unsegmented mesoderm and posterior neural tissue, and in
the forming otic vesicle (Fig. 1F-J).

Acetylcholine receptor
The nicotinic acetylcholine receptor is a ligand-gated channel

that mediates signalling at the vertebrate neuromuscular junction
and is consisted of four subunits. In Xenopus, there are two α
subunits, α1a and α1b, encoded by distinct genes (Hartman and
Claudio, 1990). Although these two α subunits were found to be
muscle-specific, there is no detailed description of their temporal
and spatial expression during early development (Baldwin et al.,
1988; Hartman and Claudio, 1990). The cDNA clone 6D08 that we

Fig. 1 (Left). Expression of purine nucleoside phosphorylase. (A)

Vegetal view of an early gastrula (stage 10.5), with a strong expression
in the dorsal marginal zone. (B) Vegetal view of a stage 11 gastrula. The
transcripts are detected in the entire marginal zone. (C) Section from the
line in (B), showing expression in the deep layer of dorsal marginal zone
cells. (D) Dorsal view of a stage 15 early neurula. Expression is localized
to the posterior region and the entire neural plate. (E) Section from the
line in (D), showing expression in the deep layer of neural plate and
absence of expression in the somites and notochord. (F) Lateral view of
a stage 22 early tail-bud embryo, with the expression essentially de-
tected in the tail bud and the forming otic vesicle (OV). (G) Section from
inset in (F), showing expression in deep cells of the tail bud. (H) Lateral
view of a stage 28 tail-bud embryo. The expression is restricted in the
posterior tip of the tail bud and in the otic vesicle (OV). (I) Section from
inset in (H), with higher magnification of the otic vesicle. (J) Section
corresponding to inset in (H), showing expression in the tail bud including
both unsegmented posterior mesoderm and neural precursor cells.

Fig. 2 (Right). Expression of acetylcholine receptor ααααα1a. Lateral view
for all embryos, except in (E) which is a section at the level of the line in
(D). (A) Stage 20 late neurula with weak expression in the trunk somites.
(B) Stage 22. (C) Stage 25. (D,E) Stage 32. (F) A stage 41 larva. h, hypaxial
muscle cells.
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identified corresponds to α1a. Sequence alignment indicates that
it is highly conserved in vertebrates (Supplementary Fig. S2). It is
a maternal mRNA without any detectable localized expression
during gastrulation and neurulation (not shown). At the end of
neurula stage, it is weakly detected in the formed somites, but not
in the posterior presomitic mesoderm (Fig. 2A). This suggests that
acetylcholine receptor may function as early as the first somite
forms. The somitic expression persists and becomes strong as
development proceeds (Fig. 2B-D). In sectioned embryo at the
trunk region, it is clear that α1a subunit is somite-specific and is
localized in all the compartments of the somite (Fig. 2E). At larval
stage, the expression is also detected in the hypaxial muscle cells
and head muscle cells (Fig. 2F).

Aspartate aminotransferase
 The cDNA clone 27F11 encodes a protein corresponding to

Xenopus aspartate aminotransferase. This protein is highly con-
served among vertebrates and the Xenopus protein shows 81%
and 80% overall identity to its mouse and human homologue,
respectively (Supplementary Fig. S3). This enzyme is involved in
liver glyceroneogenesis (Ferris and Williamson, 1978), but its
expression pattern and function during early development in
different species remains unknown. At gastrula and neurula
stages, there is no localized expression (not shown), but re-
stricted expression in the formed somites becomes evident at the
end of neurulation or early tail-bud stage (Fig. 3A). As develop-
ment proceeds, strong expression can be found in the somites,
but not in the posterior presomitic mesoderm. Beginning at stage

30, it can be also detected in the proctodium and pronephric duct,
but not yet in the pronephros anlag (Fig. 3B). This expression
pattern then persists during late development, with an additional
expression site in the pronephros analg from stage 32 (Fig. 3C, D)
onward to at least larval stage (Fig. 3E). At these stages, the
transcripts could be also detected diffusely in the ventral region of
the branchial arches and in the heart primodium (Fig. 3C, E).

Glycine amidinotransferase
Glycine amidinotransferase or L-arginine:glycine

amidinotransferase (AGAT) is one of the proteins strongly con-
served (Supplementary Fig. S4) and is involved in the synthesis
and uptake of creatine and thus in energy metabolism. This gene
exhibits dynamic expression pattern during development. The
first detectable expression of AGAT is localized in the marginal
zone at the early gastrula stage, with a higher level in the dorsal
region (Fig. 4A). At the end of gastrulation, it is weakly expressed
in the dorsal region corresponding to the presumptive neural plate
(Fig. 4B). At the end of neurulation, it is diffusely expressed in the
somitic mesoderm and in the ventral endoderm at the trunk region
(Fig. 4C). This expression pattern persists during later develop-
ment and extends to the entire formed somites and the endoder-
mal mass (Fig. 4D, E). In sectioned embryo at the trunk region, it
is clear that AGAT is localized in the somite and endodermal
mass, as well as weakly in the notochord, but not in the neural tube
and lateral plate mesoderm (Fig. 4F). At larval stage, strong
expression remains in the somites, while the endodermal expres-
sion becomes relatively weak. A weak expression can be also
found in the hypaxial muscle cells (Fig. 4G). The cDNA clone
4A07 obtained in this study was identical to a previously identified
sequence. However, some differences exist between previous

Fig. 3 (Left). Expression pattern of aspartate aminotransferase. Lateral view for all embryos, except for (D). (A) A stage 23 early tail-bud embryo.
(B) Stage 30, with strong expression in the somites, pronephric duct (arrow). Expression also appears in the proctodium (p). (C) Stage 35. Additional
expression site is found in the pronephros anlag (arrow head). (D) Section from the line in (C), showing expression in somites and pronephros (arrows).
(E) Stage 41.

Fig. 4 (Right). Expression of glycine amidinotransferase. (A) Vegetal view of a stage 10.5 early gastrula showing the expression in the marginal
zone. (B) Dorsal view of a stage 12 late gastrula with weak expression in the neural plate. (C) Stage 22, lateral view. Expression can be seen in the
somites and endoderm. (D) Lateral view of a stage 25 tail-bud embryo. (E) Stage 35, lateral view. (F) A section made at the level of the line in (E).
(G) A stage 41 larval stage embryo. nt, neural tube; lp, lateral plate.
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Fig. 5 (Left). Expression pattern of the brain isoform creatine kinase. (A) Lateral view of a stage 23 tail-bud embryo. (B) Stage 25, lateral view.
(C) Stage 30, lateral view. (D) Section at the level of the line in (C). (E) A stage 41 larva, lateral view. Arrow indicates the pronephric duct.

Fig. 6 (Right). Expression pattern of the muscle isoform creatine kinase. (A) Stage 18, dorsal view. (B) Stage 20, dorsal view. (C) Stage 25, lateral
view. (D) Stage 30, lateral view. (E) Section at the level of the line in (D). (F) A stage 41 larva, lateral view. h, hypaxial muscle cells. Arrow indicates
head muscle cells.

and adult tissues (Robert et al., 1990; 1991a, b). However, mRNA
expression data of these two genes during early development has
been lacking. The cDNA clone 6F01 showed an identical se-
quence with the Xenopus brain isoform creatine kinase found in
the database (Table 1). The predicted amino acid sequence
shows 85% overall identity with the Xenopus muscle isoform
creatine kinase. To better distinguish the expression pattern
between these two isoforms, we amplified by PCR a cDNA
fragment corresponding to the muscle isoform and used it as a
probe. The results indicate that they exhibit both overlapping and
distinct expression. The brain isoform is uniformly expressed in
the ectoderm during gastrulation and neurulation (not shown).
Beginning from the tail-bud stage (stage 25), it can be weakly
detected in the somites (Fig. 5A, B). As development proceeds,
strong expression is detected in the somites (Fig. 5C, D). At larval
stage, strong expression persists in the somites, other sites such
as head muscle, the heart region and the pronephric duct also
express the transcripts corresponding to the brain isoform (Fig.
5E).

The muscle isoform creatine kinase is restricted in the somites.
It is not detectable during gastrulation (not shown). At neurula
stage, it is expressed in the formed somites at the trunk region
(Fig. 6A, B). Strong expression in the somites persists as devel-
opment proceeds (Fig. 6C-F). At larval stage, it is also strongly
expressed in the head muscle and in the hypaxial muscle cells
migrating away from the somites, a diffuse expression could be
observed in the heart region (Fig. 6G). Unlike the brain isoform,
the muscle isoform is not expressed in the pronephros. Thus, this
expression pattern is much similar or identical as other muscle

and our present study. Previous analysis by whole-mount in situ
hybridization detected Xenopus AGAT expression in the noto-
chord and gut endoderm, but not in the somites (Zhao et al.,
2001). We cannot explain this discrepancy, one possibility might
be the probes used in different study. In the present study, we
have used the full-length cDNA sequence as a template for probe
synthesis (Table 1; Supplementary Fig. S4).

Creatine kinase
As AGAT, creatine kinase (CK) enzymes are remarkably

conserved (Supplementary Fig. S5 and S6) and are also involved
in energy metabolism. They catalyse the reversible phosphoryla-
tion of creatine from ATP. In higher vertebrates, there are two
subunits, the brain and muscle isoforms, encoded by two distinct
genes (Robert et al., 1990). In Xenopus, immunochemical char-
acterization of these two isoforms has been described for larval
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cDNA clones Genes Accession numbers Probe regions 

21A04 Purine nucleoside phosphorylase BC054317 3’-UTR 

6D08 Acetylcholine receptor α1a  X07067, X17244 aa 102 onward 

27F11 Aspartate aminotransferase BC106292 aa 331 onward 

4A07 Glycine amidinotransferase AF187863, BC047973 aa 24 onward 

6F01 Creatine kinase, brain isoform 
Creatine kinase, muscle isoform 

BC042282 
BC042249 

aa 268 onward 
aa 94 to 342 

 

TABLE 1

cDNA CLONES IDENTIFIED BY WHOLE-MOUNT IN SITU
HYBRIDIZATION SCREENING
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marker genes such as muscle actin and myosine light chain.
These results suggest that the brain isoform creatine kinase is
also strongly expressed in the somites while the muscle isoform
exhibits indeed a restricted expression in the somites. Although
the two isoforms have a higher overall identity at the protein level,
the nucleotide sequences of the coding region are significantly
divergent, and the 3’ non-coding regions do not have any similar-
ity. Thus, we can exclude the possibility of a cross-reactivity.

Materials and Methods

Whole-mount in situ hybridization screening of a gastrula cDNA library
was previously described (Bourdelas et al., 2004). The muscle isoform
creatine kinase was PCR amplified according to published sequence
(accession number BC042249) using the following primers: upstream,
(5’-ATTGAGGATCGTCACGGTGG-3’; downstream, 5’-
GCGTCTGAAGACTTCTTTCAT-3’. The PCR product was cloned in the
T-easy vector, linearized by Nco I and transcribed with SP6 RNA poly-
merase to obtain antisense probe.
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