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Temporal and Spatial Expression Patterns of Sox1
Gene in Xenopus laevis Embryo
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Abstract: We describe the temporal and spatial expression pattern of Sox 1 gene during Xenopus laevis early develop-
ment and compare the expression patterns of Sox1-3 in the developing eye and brain. Alignment of Sox1-3 amino acid
sequences shows a high conservation within the HMG-box DNA binding domains. RT-PCR analysis indicates that Sox1 is
expressed throughout development from the unfertilized egg to at least the tadpole stage, although at different expression
levels. The transcripts of XSox1 are detected in the animal pole at cleavage and blastrula stages and mainly in the central
nervous system ( CNS ) and the developing eve at neurula stages. The study of the developmental expression of XSox1 will
aid in the elucidation of the function of SoxB1 subgroup genes in vertebrate neurogenesis .
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Sox1 &

The Sox family transcription factors are character-
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homology outside . All three factors are co-expressed in

ized by their DNA-binding high-mobility group ( HMG )
domains and play crucial roles in neural development
(for reviews see Wegner & Stolt, 2005; Pevny &
Placzek, 2005 ). Among them, the SoxB1 subfamily
proteins { Sox1, Sox2 and Sox3 ) share more than
90% identity within their HMG domains and significant
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proliferating neural progenitors of the embryonic and adult
central nervous system { CNS ) and play important roles in
neural cell fate determination and differentiation .

The expression of the SoxB1 genes has been evo-
lutionarily conserved in the neural primordium during

early embryonic development ( for review see Pevny &
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Placzek, 2005 ). In the mouse, Sox2 and Sox3 are ex-
pressed in the epiblast and extraembryonic ectoderm of
the egg cylinder and then restricted to the neuroepithe-
lium at the onset of gastrulation. Sox1 expression then
appears in the neural plate ectoderm at the headfold
stage. After neural induction, their expression is con-
fined to the proliferating neural precursors along the
entire antero-posterior axis of the developing embryo
and subsequently in adult neural stem cells { Wood &
Episkopou, 1999 ). Compelling evidence suggests that
the SoxB1 factors function in neural precursors to main-
tain neural progenitor identity by counteracting neuro-
genesis ( Bylund et al, 2003 ). Because of their bio-
chemical similarities and largely overlapping expression
pattern, the SoxB1 proteins are believed to play redun-
dant roles in neural cell fate determination .

In addition to their roles in maintaining neural
precursor identity, the SoxB1 factors also have late
subtype-specific functions in postmitotic neurons. The
expression of SoxB1 proteins overlaps much less in the
matutre brain than during embryonic CNS development,
suggesting different roles of the individual factors. In
the mouse brain, Soxl expression is particularly strong
in the GABAergic neurons of the ventral striatum
{ Fkonomou et al, 2005 ), while Sox2 is expressed in
the pyramidal cells of the cerebral cortex, some striatal
neurons and many thalamic neurons { Ferri et al.
2004 ) and Sox3 is preferentially expressed in the ven-
tral hypothalamus ( Rizzoti et al, 2004 ). The SoxB1
factors are also differentially expressed in the develop-
ing eye and are crucial for eye development ( Kamachi
et al, 1998 ). In vitro, the SoxB1 factors also show
some differences in their activity. For example, over-
expression of Sox1, but not Sox2 or Sox3, in neural
progenitor cells is sufficient to promote neural differen-
tiation { Pevny et al, 1998; Kan et al, 2004 ). In
Xenopus embryos, Sox2 and Sox3 are similarly ex-
pressed in the newly induced neural plate and their ex-
pression is regulated by neural inducing signals
{ Mizuseki et al, 1998; Penzel et al, 1997; Koyano et
al, 1997 ). XSox2 plays important roles in establishing
neural fate and injection of dominant interfering forms
of Sox2 into Xenopus embryos inhibits neural differen-
tiation { Kishi et al, 2000 ). In addition, XSox3 is also
strongly maternally expressed and play an important
role in germ layer formation ( Zhang et al, 2004 ),

In this study, we have cloned the Xenopus Sox1

and studied in detail its temporal and spatial expression

pattern during early development. XSox1 is highly ex-
pressed matemnally and then in the developing central
nervous system, overlapping with that of Sox2 and
Sox3. In the brain and eye, the three SoxB1 factors
show overlapping but different expression domains. Our
results are similar as recently reported ( Nitta et al,
2006 ) but with some differences.

1 Materials and Methods

1.1 TIsolation of Xenopus Sox1 gene

Xenopus laevis Sox1 was isolated from a St. 30
X . laevis head ¢DNA library ( gift from Dr. C. Niehrs )
by PCR screening using the following primers designed
according to a XSox! EST eclone { GenBank accession
number: CA986222 ): forward 5'-TAAATACCGGCC-
GAGGCGAAAAAC-3 and reverse 5'-GCGGGTGGT-
GATGCGGGTGAT-3". The insert of the clone was full-
length sequenced and the sequence was submitted to
the GenBank under accession number EF672727.
1.2 Reverse transcription-PCR assay

Reverse transeription was carried out using the Re-
vertAid H minus first strand eDNA Synthesis kit ( Fer-
mentas ) and PCR assays were carried out in the linear
phase of amplification. H4 was used as an intemal control
(Glinka et al, 1997 ). Primers used for RT-PCR were:
XSoxl, forward: 5-GGGGCAATAAAGCCAGTCAG-3'
and reverse: 5-TTCCATGCGTTGTACCACCA 3" XSox-
3, forward: 5-ACA ACCCTATGATGACCICTG -3'; re-
verse: 5-AGTCTGATAGTTGCCAGCAGG -3'. The prim-
ers for XSox2 and H4 were used as reported { Matsuo-
Takasaki et al, 2005; Glinka et al. 1997).
1.3 Embryos, in situ hybridization and sections

In vitro fertilization, embryo culture and whole-
mount in situ hybridization of Xenopus embryos were
carried out as described by Gawantka et al ( 1995 ).
Developmental stages were determined according to
Nieuwkoop & Faber { 1967 ). The Sox1 probe was a
1.9 kb fragment including the 5" untranslated region
and the coding region. The 3’ untranslated regions of
XS0x2 and XSox3 were used for probe preparation for
in situ hybridizations . Stained embryos were embedded
in paraffin, sectioned at 30 um and the sections were

counter-stained with eosin.

2 Results

2.1 Alignment of Sox1-3 amino acid sequences
An XSox! clone was isolated from a St. 30 Xeno-
pus laevis head cDNA library by PCR screening. The
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XSoxi ¢cDNA contains an open reading frame of 393
amino-acid residues, showing 71% homology with
newt, 69% with chick, 68% with mouse and 69%
with human Sox1 genes ( see also Nitta et al, 2006 ).
Alignment of the Xenopus Soxl, 2 and 3 proteins
shows a high conservation of the HMG box ( Fig. 1)
and that Sox1 is less related to Sox2 and Sox3.
2.2 Temporal expression of Sox1 during Xenopus

development

Reverse transcription PCR ( RT-PCR ) analysis
was performed to examine the temporal expression pat-
tern of Sox1 -3 during Xenopus embryogenesis ( Fig.
2). The XSox1 transcripts are clearly detected in un-
fertilized eggs and blastula-stages. Its expression re-
mained at a relatively high level till late gastrula stage
(St. 11) but became weaker at early neurula stages

Sox1
Sox2
Sox3

Sox1
Sox2
Sox3

QENPKMHNSEISKRLGAEWKVMSEAEKRPFIDEAKRLRATHMKEHPDYKYRP
QENPKMHNSEISKRLGAEWKLLSEAEKRPFIDEAKRLRATHMKEHPDYKYRP
NPEKMHNSEISKRLGADWKLLSD SDKRPFIDEAKRLRAVHMEDY PDYKYRPRRK'

(St. 12 to 15, Fig. 2). Strong expression of XSox1
can be detected at stazel8, stage20 and stage30. In
contrast, Sox2 is not detected maternally and its zyzot-
ic expression started at late blastula stage and remained
relatively constant at later developmental stages ( Fig.
2, see also Mizuseki et al, 1998 ). Sox3 is detected
strongly throughout the stages tested ( Fig. 2, see also
Penzel et al, 1997; Koyano et al, 1997 ).
2.3 Spatial expression of Sox1 during Xenopus
lgevis early development

The maternal transcripts of Sox1 could be clearly
detected in the animal hemisphere at early cleavage
stages ( Fizg. 3 A, B, C, D) and in the presumptive
ectoderm in the late blastula embryos (Fig. 3 E ). At
gastrula stage ( St. 10.5 ), it seemed to be expressed
weakly in the anterior ectoderm distant from the blasto-
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Fig. 1 Alignment of Xenopus laevis Sox1, Sox2 and Sox3 amino acid sequences.
The DNA-binding HMG domains are boxed. [dentical aming acids are highlighted by gray background .

uc 7 g 9 11 11 12 13 14 15 18 20 30 e

Fig. 2 Temporal expression of Sox1-3 gene during Xenopus early development.

Temporal expression of Soxl-3 gene was analyzed by RT-PCR. Numbers indicate the developmental stages. H4 was used as an

internal control. The product from a RT reaction without reverse transeriptase using stage 30 embryo total KNA was wsed as tem-

plates for the negative controls { ne }; ue, unfertilized epE,
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Fig. 3 Embryonic expression of Xenopus laevis Soxl gene.
Whale-mount in situ hybridization resudts at indicated development stages. A-D, K, L, M, 0, lateral views; F-H, I", T,
dorsal views, anterior to the left; I, J, K, anterior views, dorsal to the top. {E} Sertion of a fine-cell hlastula stage embryo
{ 819}, animal pdle to the top. {N} Longitudinal section of the head region of an embryo at stage 32, nr, newral retina. op,
optic vesicle. of, otic vesicle.

pore ( Fig. 3 F ). At neural plate stages ( St. 14, 15),
weak expression of Soxl could be detected broadly in
the forming neural plate but was absent in the midline
(Fig. 3 G, H). At neural fold stage ( St. 20), Soxl
showed relatively strong expression in the anterior region
of the neural tube ( Fig. 31, 1' ). At stages 23 and 25,
its expression became stronger in the presumptive brain
area and appeared in the forming eye-anlagen ( Fig. 3

J. T, K, K'). At rail-bud stages, Sox1 was strongly
expressed in the brain, eye and weakly in the spinal
cord (Fig. 3 L, M, N, O ). At tadpole stages, the ex-
pression of Sox1 was much stronger in the dorsal roof of
the brain vesicles than in the ventral part ( Fig. 3 N ).
2.4 Comparison of the expression of XSox1-3 in
the brain and eye
At stage23, both 3ox] and Sox2 were expressed in
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the primitive brain and the optic vesicle but the expres-
gion of Sox2 at the anterior neural tube was stronger and
broader than Sox1 ( Fig. 4 A, B ). Sox3 was only ex-
pressed in the neural tube but not the primitive eye do-
main at this stage. In addition, Sex3 is also expressed
in a crescent-shaped domain surrounding the anterior
neural plate ( Fig. 4 C ). At tail-bud stages, Sox1, 2
and 3 showed slightly different expression patterns in the
brain. Sox1 seemed to be strongly expressed in the dor-
sal part of the brain while Sox2 was strong in several
patches along the anterior-posterior axis in the telen-

Sox?

cephalon, midbrain-hindbrain boundary and hindbrain.
Sox3 is more or less continuously expressed in the
brain region ( Fig. 4 D, E, ¥, D', E', F'; Fig. 3
N J. The three genes are all expressed in the otic vesi-
cle at this stage. Sox2 and Sox3 but not SoxI are ex-
pressed in the branchial arches (Fig. 4 D, E, F). In
the eye, Sox1 is expressed in the neural retina but not
the lens (Fig. 4 D, G ) while Sox2 can be detected
both in the neural retina and the lens ( Fig. 4 E, H ).
Sox3 expression was not detected in the neural retina
and weakly in the lens at stage 30 (Fig. 4 F, 1).

1h&

Fig. 4 Comparison of the expression of XSox1-3 in the brain and eye.
{ 4-C )} Expression of XSox1 {4}, XSox2 { B}, and XSox3 { 0) ar etage?3, anterior views. Arrowhead in C mark the crescent-shaped expression
domain of XSex3 swerounding the arterior newral plate. { D-F, D'-F' } Expression of XSox1 {D, D'}, X502 {E, E' J and Sox3{E, E' } a
stage33, D-F, lateral views; D'-F', dorsal views; { G-I} Transversal sections through the eye region showing the expression of XSaxl { G,
Stage33 ), XSox2 { H, Stage33 ) and XSox3 {I, Stage30 )} in the brain and eye. br, branchial aches. le, lens. nr, newral retina. o, otic vesicle,
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3 Discussion

We show here strong maternal expression of
XSox1 by RT-PCR and ir situ hybridization analysis,
which was not shown by Nitta et al { 2006 ). This could
be due to different primers and probes used in the ex-
periments . XSox3 is also strongly matemally expressed
and has been shown to be important in germ layer for-
mation ( Zhang et al, 2004 ). The maternal expression
of XSox1 might suggest a similar role in the early pat-
terning of the ectoderm in Xenopus. The widely over-
lapping expression of the SoxB1 genes in the central
nervous system might suggest redundant roles of the

three genes in neural patterning and differentiation .
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