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In vertebrates, the patterning of anterior-posterior (AP) axis is a fundamental process during embryogenesis. Wnt and
FGF signalling pathways play important roles in regulating the patterning of embryo AP axis. Mouse 7bx6 encodes a
transcription factor that has been demonstrated to be involved in the specification of the posterior tissue in mouse em-
bryonic body. Here, we prove that morpholino-induced knockdown of X7hx6 impairs posterior development, indicating
the requirement of X7hx6 in this process. Meanwhile, gain of X7Thx6 function is sufficient to induce ectopic posterior
structures in Xenopus embryos. Furthermore, X7hx6 activates the expression of Xwnt8 and FGF§, which are two me-
diators of posterior development, suggesting a mechanism by which X7hx6 modulates posterior patterning via Wnt and

FGF signalling pathway activation.
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Introduction

All vertebrate embryos develop along a well-patterned
anterior-posterior (AP) axis. Distinct signalling centers,
known as organizers, have been identified for patterning
either the anterior part of the body (head) or the posterior
part (trunk/tail) [1]. In Xenopus, the posterior body develops
from tailbud, which contains pluripotent mesenchymal cells
[2]. It has been proved that tailbud tissues function as a tail
organizer and several signalling pathways are engaged in
Xenopus posterior development [3-6].

The Wnt/B-catenin signalling pathway functions in pos-
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terior development as an essential and conserved activity
module. Several Wnt family members such as wnt3a, wnt§
and wnt5 are expressed in the posterior part of the vertebrate
embryo and active Wnt/B-catenin signalling promotes the
formation of posterior structures [7-9]. Mice lacking the
wnt3 gene do not develop posterior structures, indicating
that Wnt/B-catenin signalling is required in this patterning
process [7, 10]. There are also extensive crosstalks between
signalling cascades. During posterior body patterning, Wnt
signalling pathway interacts with Notch signalling and
retinoic acid (RA), which has an activity gradient along
the A-P axis [11-13].

Another group of potent posteriorizing molecules during
vertebrate AP patterning are FGFs. FGFs are able to convert
anterior neural tissue to more posterior fates, and inhibi-
tion of FGF signalling causes strong posterior defects in
Xenopus [14, 15]. Experiments in mouse, chick and Xeno-
pus strongly suggest that FGF signalling regulates early
AP patterning via the modulation of Hox gene expression
[16]. The fact that FGFs function as posteriorizing factors
was also demonstrated in chicken neural tube formation,
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in which they mediate the maintenance of neural stem
cells at Hensen’s node. Therefore, FGFs might prolong
the time window during which cells are exposed to other
posteriorizing factors, such as RA or Wnts. [17]. However,
despite the importance of Wnt and FGF proteins in posterior
development, little is known about their transcriptional
regulation.

Thx6 encodes a T-box transcription factor expressed
in mesoderm tissues fated to form the posterior part of
the embryonic body. 7hx6 mutant mice show an enlarged
tailbud mainly composed of undifferentiated mesenchymal
cells, and three neural tubes form at the expense of the
posterior somites [18]. These data suggest that 7hx6 plays
an essential role in posterior patterning through transcrip-
tional regulation of its targets. In this study, we show in
Xenopus, antisense morpholino oligonucleotide-mediated
knockdown of XThx6 leads to disruption of the posterior
structures. Gain of X7hx6 induces well-patterned posterior
structures in embryos. Xwnt8 and FGF§ were identified as
targets of X7hx6, supporting the interpretation that X7bx6
exerts its function in posterior development by modulating
Wnt and FGF signalling.

Materials and Methods

Xenopus embryo manipulation and microinjection

Xenopus laevis fertilized eggs were obtained, dejellied and cul-
tured as described previously [19], staged according to Nieuwkoop
and Faber [20]. In tailbud cutting experiment (Figure 1), the embryos
were manipulated in 1x MBS and the tailbuds were cultured in
1x MBS. In Figure 1, XTbx6Mo or XTbx6Mo mixed with X7hx6
mRNA or control Mo was injected into ventral marginal zone at
two-cell stage or four-cell stage. X7hx6 plasmid was injected into
dorsal animal pole at two-cell stage or four-cell stage. For co-im-
munoprecipitation, X7hx6 mRNA mixed with Lef-1 plasmid or
XTbx6Mo mixed with Lef-1 plasmid was injected into marginal
zone. For western blot, X7hx6 mRNA or XTbx6Mo was injected
into marginal zone. The final concentration for injection is X7bx6
mRNA 400 ng/ml, Lef-1-Engrailed mRNA 400 ng/ml, XFD mRNA
400 ng/ml, XThx6 plasmid 70 ng/ml and Lef-1-HA plasmid 70ng/ml.
Each embryo was loaded 3-5 nl mRNA or DNA.

Morpholino

The morpholino antisense oligonucleotide designed to act against
XThx6 was GAG CTC AGA GTG GTA CAT GGC TGC TG, and
its control was GTG CAG CCA TGT ACC ACT CTG AGC TG.
Morpholino was stored on —80 °C and diluted in TE to the final
concentration of 0.2 nM/ml for using.

The in vitro transcription/translation of XTbx6Mo specificity test
was performed according to Transcription and Translation kit (TNT)-
coupled reticulocyte lysate system (Promega, L4610).

Constructs and in vitro transcription of RNA and in situ
hybridization

XTbhx6 coding sequence was cloned into plasmid pCS2+ with
HindlIll (5") and Xbal (3"); for preparing X7hx6 mRNA, the pCS2-

XThx6 was linearized with Notl and transcribed with SP6 RNA
polymerase [19]. Xbra coding sequence was cloned into plasmid
pCS2+ with Xbal (5') and EcoRI (3'); for preparing Xbra probe, the
plasmid was linearized with Notl and transcribed with SP6 RNA
polymerase. For preparing Xwnt3a probe, a part of Xwnt3a cDNA
sequence was cloned into plasmid pCS2+ with EcoRI (5') and Xhol
(3'), and the primers for Xwnt3a probe were GCA GAA TTC AGA
TGG GCT GCT TTG GAT AT (forward) and CAAATT CTC GAG
ACA CCA TG (reverse). The pCS2+Xwnt3a-probe plasmid was
linearized with Notl and transcribed with SP6 RNA polymerase. The
other templates for probe synthesis were as follows: pCS2-FGF8 was
linearized with X%ol and transcribed with T7 RNA polymerase [21],
pCS2-XLDeltal was linearized with EcoRV and transcribed with
T7 RNA polymerase [22], pCS107-Xwnt8-HA was linearized with
Xhol and transcribed with T7 RNA polymerase (from Wylie-Heas-
man lab), pGS1-HoxB9 was linearized with EcoRI and transcribed
with T7 RNA polymerase [23], pBluescript]-Shh was linearized
with BamHI and transcribed with T3 RNA polymerase [24], Lef-1-
Engrailed was linearized with Kpnl and transcribed with SP6 RNA
polymerase and XFD was linearized with EcoRI and transcribed
with SP6 RNA polymerase [14].

The templates preparation for mRNA or probes were performed
as described previously [19] (Ambion, Roche ). In situ hybridizations
were performed as described [25] .

Immunohistochemical reaction

Whole-mount immunohistochemical reactions were performed
by using Xenl [26] (Developmental Studies Hybridoma Bank, Uni-
versity of lowa) or 12/101 [27] (Developmental Studies Hybridoma
Bank, University of lowa) antibody as described previously [28].

Animal cap reverse-transcription PCR

XTbx6 mRNA was injected into animal poles of frog embryos at
either two-cell stage or four-cell stage. Animal caps were dissected
at stage 8, cultured in 1x MBS and harvested at either stage 11 or
stage 11.5. RNA isolation and reverse transcription were performed as
described [19] (Invitrogen). The optimal programs were determined
by titration. ODC (55 °C, 25 cycles), FGF8 (55 °C, 28 cycles) and
Xwnt8 (55 °C, 28 cycles). Primers for ODC were CAG CTA GCT
GTG GTG TGG (forward) and CAA CAT GGA AAC TCA CAC
C (reverse) [29]. Primers for FGF8 were CTG GTG ACC GAC
CAA CTA AG (forward) and ACC AGC CTT CGT ACT TGA CA
(reverse) [30]. Primes for Xwnt8 were TAT CTG GAA GTT GCA
GCA TAC A (forward) and GCA GGC ACT CTC GTC CCT CTG
T (reverse) [31].

Co-immunoprecipitation and Western blot

HA-tagged Lef-1 constructs, alone or together with XTbx6MO
or XThx6 mRNA, were injected into the DMZ, and the embryos
were then cultured in 0.1 x MMR and collected until stage 20. The
embryos were lysed in lysis buffer containing 50 mM Tris-Cl (pH
8.0), 150mM NaCl, 10% glycerol, 1% Nonidet P-40 and cocktail
protease inhibitors (Bio Basics), stored on ice for 15 min and
mixed with 3/5 volume FREON. One-tenth of the supernatant after
13 000 rpm. centrifuge was saved for loading control and the rest
was incubated with protein-A agarose (Santa Cruz) and anti-HA
monoclonal antibody (dilution 1:1000) (Sigma, Cat. No. H9658)
with mild shaking at 4 °C for 2 h. The protein-A agarose beads was
washed three times and then boiled in 1x protein loading buffer and
subjected to western blot.
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Figure 1 Reduction of X7bx6 disrupts the posterior structure. (A and B) XThx6 was expressed in the chordoneural hinge (triangle)
and the posterior wall (asterisk). (A) Lateral view, head to the left. (B) Sagittal midline section of (A). (C) Schematic diagram il-
lustrating the morpholino oligonucleotides (XTbx6Mo) repressing X7hx6 mRNA translation and the specificity test of XTbx6Mo.
The specificity of XTbx6Mo is demonstrated by TNT assays. XTbx6 protein is synthesized when the XTbx6-myc construct was
incubated with an irrelevant morpholino (lane 1), but was abolished in the presence of XTbx6Mo (lane 2). XTbx6Mo could not
abolish the translation of XTbx6-s-Myc, which is similar to XTbx6-Myc but lacks the XTbx6Mo binding sites (lane 3). (D) Control
embryos. (E) XTbx6Mo injected into the ventral marginal zone at four-cell stage could induce disruption of the posterior structure.
(F) Co-injecting XTbx6Mo with X7hx6 mRNA could rescue the phenotype. (G) Control Mo injection has no obvious phenotype.
(D-G) Stage 36, lateral view, with head to the left. (H-K) Bisected tailbuds from stage 23 embryos were cultured for 24 h. (H)
Control tailbuds were cultured for 0 h. (I) Control tailbuds could autonomously produce a well-patterned posterior structure. (J)
XTbx6Mo-loaded tailbuds were cultured for 0 h. (K) Tailbuds loaded with XTbx6Mo failed to elongate and could not display the
morphological characteristics of tails.

Western blot was performed as described [32]. Polyclonal an- Results
tibody P14L was used for visualizing B-catenin (dilution 1:2 000)
and anti-HA monoclonal antibody (dilution 1:10 000) was used for

HA-tagged Lef-1. Both ERK (Cell Signaling Technology, Cat. No. velopment

Knockdown of XTbx6 function disrupts the posterior de-

9102) and phospho-ERK antibody (Cell Signaling Technology, Cat.
No. 9101) (dilution 1:2000) were used according to the manufac-
turer’s instructions. For loading control, 1/5 of the loading volume
for detection of ERK and phosphor-ERK was used for monoclonal
anti-B-actin antibody (Sigma, dilution 1:10 000).
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The previous study [33, 34] reported that X7hx6 mRNA
is expressed in the mesoderm of embryos from gastrulation
onward, especially in cells destined to form posterior me-
soderm structures. We performed a more detailed analysis
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of XThx6 expression in tailbud stage embryos, and found
that X7hx6 mRNA is present in the chordoneural hinge
and the posterior wall (Figure 1A and 1B), which are
both important components of the tail organizer [3]. This
distinct expression pattern strongly suggests that X7hx6 is
implicated in posterior pattern formation during Xenopus
embryogenesis.

In order to investigate the potential role of X7hx6 in
posterior patterning, we performed the knockdown experi-
ment by targeting X7hx6 translation with a morpholino oli-
gonucleotide (XTbx6Mo), which is complementary to the
initial codons of X7hx6 mRNA (Figure 1C). The specificity
of XTbx6Mo was examined in the in vitro transcription
and translation system. As shown in Figure 1C, the 67 kDa
XTbx6-Myc protein was synthesized when control morpho-
lino (a mutant version of XTbx6 morpholino) was added
into the in vitro transcription and translation system (Figure
1C, lane 1), but the 67 kDa band was abolished when XT-
bx6Mo was added (Figure 1C, lane 2). However, XTbx6Mo
could not abolish the translation of XTbx6-s-Myc, which
has a sequence similar to XTbx6-Myc but just lacks the
XTbx6Mo binding sites (Figure 1C, lane 3). XTbx6Mo
was injected at four-cell stage into the ventral marginal
zone, which will later form the posterior mesoderm, and
embryos were cultured to NF stage 35. XTbx6Mo-injected
embryos displayed severe posterior defects (47/50), such as
shortened tailbud, distorted posterior body axis and disor-
ganized somites (Figure 1E). In contrast, embryos injected
with control Mo did not display any defects (Figure 1G).
Co-injection of XTbx6Mo with X7hx6 mRNA completely

rescued the defects (Figure 1F).

Xenopus tailbuds isolated and cultured in vitro will
continue to grow, forming a tail that is morphologically
identical to the endogenous one with myotomes, notochord,
neural tube and fin [3]. To further test whether XTbx®6 is
required for patterning posterior body, we dissected the
tailbud region including X7hx6-positive tissues at stage
23, and cultured them until stage 35. While control tail-
buds elongated and formed tails (Figure 1H and 11), XT-
bx6Mo-injected explants did not elongate and displayed
no morphological changes, except the development of fin
(Figure 1J and 1K). Taken together, these results indicate
that XThx6 is required for posterior body patterning of
Xenopus embryo.

Ectopic expression of XTbx6 induces axis structures with
the posterior characteristics

To further investigate the biological significance of
XTbx6 in posterior patterning, gain-of-function experiments
were performed in Xenopus embryos. When X7hx6 was
ectopically expressed after midblastula transition (MBT)
by injection of X7hx6 expression plasmid into the dorsal
animal blastomeres (Figure 2A), ectopic structures were
induced (34/73) (Figure 2B). These ectopic structures
had well-developed fins (Figure 2B), correctly distributed
melanocytes (Figure 2C) and a proctodeum (Figure 2D
and 2E), which are all morphological characteristics of
posterior body.

Immunohistochemical staining and in situ hybridization
were performed to define the tissues within the X7hx6-in-

Figure 2 Ectopic expression of X7bx6 induces the posterior structure. (A) A schematic representation of X7bx6 plasmid injected
into the dorsal animal pole at four-cell stage. (B) The posterior structure was induced. (C—E) This structure has perfect morpho-
logical characteristics such as well-developed fin, melanocytes with the right configuration and distribution (C), and a fully-grown
proctodeum (D and E). (B) and (E) Lateral view, head to the left. (C) Magnification of the boxed area in (B). (E) Magnification of

the boxed area in (D).
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duced structures. Well-developed neural tubes, marked with
the neural specific antibody Xenl, were observed (Figure
3A and 3B). Notochord identified by the expression of Shh
positioned underneath the neural tube, and the Shh signal
was also visible in the floor plate of ectopic neural tube
(Figure 3C). Using the muscle-specific antibody 12/101,
we found very strong staining in X7hx6-induced struc-
tures. In some cases, 12/101-positive cells showed typical
metameric arrangement (Figure 3D and 3E), indicating
the differentiation of somites. Our results clearly show
that the structures induced after X7hx6 ectopic expression
contain muscle, notochord and neural tissue. The spatial
arrangement of these tissues in the ectopic structures
is identical to the endogenous pattern. Gain of XTbx6
function is sufficient to induce well-patterned posterior
structures.

Since Wnt and FGF signalling pathways are essential for
posterior body patterning, we asked whether these pathways
are also involved in the formation of the ectopic structure.
The XThx6-induced posterior structures expressed the Wnt
ligands Xwnt8 (Figure 3F), Xwnt3a (Figure 3G) as well as
the Wnt pathway downstream target XDeltal (Figure 3H)

Xin Lou et al. @

in a spatial pattern similar to that in endogenous develop-
ment. The same was true for FGF8 (Figure 3I) and the
FGF target genes Xbra (Figure 3J) and HoxB9 (Figure
3K). These data argue that the X7Thx6-induced structures
are formed by the same or similar mechanisms as those in
endogenous embryos.

XTbx6 mediates posterior patterning via Wnt and FGF
signalling activation

In the X7Thx6-induced posterior body structure, Xwnt§,
Xwnt3a, XDeltal, FGF§ and Xbra were expressed (Figure
3). It suggested the possibility that X7bx6 might function
in transcriptional regulation of some molecules controlling
posterior patterning. Therefore, we raise a hypothesis that
XThx6 might mediate posterior patterning through acti-
vating the Wnt and FGF signalling pathways.

Animal cap assay was used to elucidate whether X7hx6
induces Xwnt8, Xwnt3a and FGF8 expression. We found
XTbx6 mRNA induces the expression of Xwnt8 and FGF8
(Figure 4F), but Xwnt3a was not induced in the animal cap
assay (data not shown). Endogenous Xwnt8§ and FGF§ ex-
pression were downregulated when XTbx6Mo was injected

Figure 3 The posterior structures induced after X7hx6 ectopic expression contain muscle, notochord and neural tissue, which were
perfectly patterned. (A—E) In the ectopic posterior structure, Xenl (neural tube marker) (A and B), shh (notochord marker, also
expressed in the floor plate of neural tube) (C) and 12/101 (D and E) (myotome marker) stainings are all positive and form a perfect
pattern that is the same as the normal embryo. (F-H) Xwnt8 (F), Xwnt3a (G) and XDeltal (H) are also expressed in the structure
and represent a correct pattern as in the tailbud. (I-K) FGF§ (I), Xbra (J) and HoXB9 (K) are expressed in the ectopic structure and
represent a correct pattern as in the tailbud. (A) Dorsal view, head to left. (D, F—K) Lateral view, head to the left. (B) Cross-section
of (A) as the line indicated. (C) Cross-section of an ectopic structure. (E) Magnification of the boxed area in (D). The white trigons
indicate signal in ectopic structure, and the white pentacles indicate signal in endogenous tissue.
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Figure 4 Xenopus Tbx6 mediates posterior patterning via Wnt and FGF signalling pathways. (A—E) Knockdown of X7hx6 through
injecting XTbx6Mo into one side of the ventral marginal zone at four-cell stage led to reduced expression of Xwnt8 (A), XDelta I
(B), FGF8 (D) and Xbra (E) but not Xwnt3a (C). (A-E) Stage 23, lateral view, head to the left. The embryos bend to the side injected
with XTbx6Mo, and the other side serves as the control. White dot lines indicate the midline of the embryos. (F) X7hx6 could induce
Xwnt8 and FGF8. Con cap, control cap; WE, whole embryo at stage 12. NO-RT, no reverse transcriptase control with whole embryo
total RNA; ODC, ornithine decarboxylase as the loading control. (G) XTbx6 could influence nuclear localization of 3-catenin. Lane
1: Embryos were injected with XTbx6Mo+Lef-1-HA; lane 2: embryos were injected with Lef-1-HA only; and lane 3: embryos were
injected with X7hx6 mRNA+Lef-1-HA. IgG represents the loading control. (H) XTbx6 could influence phosphorylation of ERK.
Lane 1: Embryos were injected with XTbx6Mo; lane 2: control embryos; and lane 3: embryos were injected with X7hx6 mRNA.
P-ERK: phosphorylated ERK. Actin serves as the loading control. (I-L) Antagonists of Wnt or FGF signalling pathway could block
the induction ability of X7hx6. (I) Embryos were injected with Lef-1-Engrailed mRNA. (J) Embryos were injected with X7bx6
plasmid and Lef-1-Engrailed mRNA. (K) Embryos were injected with XFD mRNA. (L) Embryos were injected with X7hx6 plasmid
and XFD mRNA. (I-L) Stage 25, lateral view, head to the left.
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into ventral marginal zone at four-cell stage (Figure 4A and
4D), with Xwnt3a not affected (Figure 4C). Importantly,
XDeltal and Xbra, two important downstream effectors of
Wnt and FGF signalling pathways, respectively [35-37],
also showed marked downregulation (Figure 4B and 4E).

To confirm whether the X7hx6-induced expression of
Wnt and FGF ligands indeed leads to activation of these
two signalling pathways in vivo, we checked the amount
of the nuclear localized B-catenin and phosphorylation of
ERK, which indicate the activation of these two respective
pathways. Result from co-immunoprecipitation between
injected HA-tagged Lef-1 and endogenous B-catenin
showed that the amount of nuclear localized B-catenin
in XThx6 mRNA-loaded embryos was higher than that
in Lef-1 injected alone, and the opposite phenomena
appeared in XTbx6Mo-loaded embryos (compared with
control embryos) (Figure 4G). ERK phosphorylation
is an indication of FGF signalling pathway activation.
Western blot with the antibody specifically recognizing
phosphorylated ERK protein showed that the amount of
phosphorylated ERK protein was upregulated in the em-
bryos loaded with X7hx6 mRNA, and was downregulated
in the embryos loaded with XTbx6Mo, compared with
control embryos (Figure 4H).

To further prove that FGF and Wnt signalling mediate
XTbx6 function, Wnt signalling antagonist Lef-1-Engrailed
mRNA or FGF signalling antagonist XFD mRNA was co-
injected with X7hx6 (Figure 4J and 4L) into dorsal animal
pore at four-cell stage. Lef-1-Engrailed is a fusion protein
consisting of the full-length Lef-1 and the transcriptional
repressor domain of the Drosophila Engrailed protein
added to C-terminal of Lef-1 protein. Lef-1 binds to the
same DNA sequence as Tcf-3 [38], and overexpressed
Lef-1-Engrailed efficiently represses Wnt target genes in
Xenopus (our unpublished results and reference [39]). In
both cases (46/54 with XThx6 and Lef-1-Engrailed, 43/50
with XThx6 and XFD), the effect of XTbx6 induction was
largely blocked. Taken together, our results demonstrate
that X7Thx6 plays a crucial role in posterior patterning
through modulating endogenous FGF and Wnt signalling
pathways.

Discussion

The patterning of the vertebrate posterior body has been
investigated in mouse, avian, fish and amphibian embryos.
Accumulating evidence indicated the existence of a tail
organizer, which, like the head organizer, plays key roles in
patterning the posterior body structures. Molecular mecha-
nism involved in organizer activity has been studied and
signalling pathways like FGF and Nodal are demonstrated
to be the tail organizer components. However, there is still

www.cell-research.com | Cell Research
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much remaining unknown about this complicated process,
especially about the interaction of signalling pathways.

Thx6 is believed to be involved in vertebrate posterior
body development. In 7hx6 null mouse, the differentiation
of paraxial mesoderm was profoundly affected, with the
posterior paraxial tissue differentiating into neural fate
instead of forming somites, and the formation of posterior
body was also largely impaired [18]. This dramatic altera-
tion indicates that mouse 7bx6 is needed for cells adopting
the paraxial mesoderm cell fate, and needed to pattern the
posterior body structure as well. However, the multiple
morphological defects in 7bx6 knockout mouse make it
difficult to identify how XTbx6 functions in different de-
velopmental events. Our data presented here provide solid
in vivo evidence that XThx6 is sufficient and required for
the formation of posterior structures in Xenopus embryos.
The XThx6-induced ectopic posterior structure displays a
perfect morphological and histological pattern. We have
also transplanted X7hx6-loaded animal tissue into stage
13 neural plate, to test the induction capacity in a similar
assay as that performed by Beck and Slack [4], and found
that the animal tissue was indeed able to induce posterior
structure similar to that induced by injection of X7bx6 into
animal pole (data not shown). Furthermore, we found that
the initiation of posterior structure by introducing X7bx6
into embryos could only be achieved by injecting DNA
into the dorsal animal pole, whose descendants are destined
to neural ectoderm, but not the other part of the embryos.
Injecting mRNA was less effective in terms of producing
the ectopic posterior structure. Since the previous reports
have indicated that interaction between neural ectoderm
and mesoderm is important for development of the tail [4,
5], the evidence we presented here provides valuable cues
for further investigation about how 7hx6 exerts its function
in posterior patterning.

The finding that X7bx6 is sufficient and required for
the formation of posterior structures in Xenopus embryos
(Figures 1 and 2) also allows us to incorporate X7hx6 into
the signalling network of regulators for the posterior body
formation. There is a substantial set of data demonstrating
that the Wnt signalling pathway is an essential component
of'the posterior organizing center in vertebrate embryos [40,
41], and members of the FGF family are thought to play
important roles in trunk and tail formation [14]. Brachyury,
another T-box transcription factor, which can engage in
mutual activation with FGF and maintains a positive-feed-
back loop [36], is also essential for the development of the
posterior part of the embryo [42]. In this current work, we
identified Wnt8 and FGF8 as downstream targets of X7hx6,
and manipulation of X7hx6 level in embryos could strongly
affect the endogenous activities of Wnt or FGF signalling
pathways (Figure 3). As XThx6 is regulated by BMP, FGF
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Figure 5 The model of X7hx6-mediated posterior patterning. Multiple
signalling pathways such as BMP, FGF and activin/Nodal signalling
can regulate X7hx6, and it could influence FGF and Wnt signalling
pathways during posterior patterning.

and Nodal/activin signalling pathways [19], it is thus rea-
sonable to position X7hx6 in the molecular network, which
controls the posterior development in Xenopus (Figure 5).
For further investigation, experiments should be carried
out to examine how the positive-feedback loop between
FGF and XTbx6 is maintained and determine the direct
target genes activated by X7bx6 (XWnt8, FGF§ and Xbra
all are candidates). These efforts will help us to understand
how the molecular network is synchronized during embryo
posterior patterning.

In Thx6 null mouse, three neural tubes form at the ex-
pense of the posterior somites [18] and the 7bx6 null ES
cells fail to populate posterior somites in chimeric embryos
[43]. It is worthy to perform lineage-tracing experiments to
identify the cell fate of XThx6-loaded cells in the induced
posterior structure. Results from this experiment could
drop a hint to us that X7hx6 might direct the mesoderm
differentiation in a cell-autonomous manner, and promote
ectoderm patterning in a non-cell-autonomous way.

During the preparation of this manuscript, Li et al.[44]
reported that FGFS8, Xwnt8 and XMyf5 are target genes of
XTbx6, and that these target genes act downstream and me-
diate the function of X7hx6 in anteroposterior specification.
Our results are consistent with this study, which together
with our in vivo loss-of-function and gain-of-function ex-
periments provided convincing evidence to the conclusion
that XThx6 mediates posterior patterning via regulation of
Wnt and FGF signalling.
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