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ABSTRACT  The PTB (polypyrimidine tract binding protein) family of RNA-binding proteins plays a 
critical role in development through the regulation of post-transcriptional events. We have deter-
mined expression patterns of the three members of this gene family ptbp1, ptbp2 and ptbp3 during 
Xenopus tropicalis embryogenesis using whole-mount in situ hybridization. Our results show that 
each paralog presents a unique pattern of expression. ptbp1 is the prevalent maternal mRNA and 
is differentially expressed in the three germ layers. Later in development, it is widely expressed in 
the embryo including the epidermis, the dermatome, the intermediate mesoderm, the lateral plate 
mesoderm and the neural crest. ptbp2 expression is restricted to the nervous system including the 
brain, the neural retina and the spinal cord and the intermediate mesoderm. In addition to being 
expressed in erythroid precursors, ptbp3 is present in specific subdomains of the brain and the spinal 
cord, as well as in the posterior part of the notochord, suggesting it may play a role in the pattern-
ing of the nervous system. In the eye, each of the three genes is expressed in a specific structure 
which emphasizes their non-redundant function during development. Strickingly, our experiments 
also revealed that none of the three paralogs was expressed in the myotome, suggesting that the 
absence of PTB activity is a key determinant to display myotomal splicing patterns.
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The polypyrimidine tract binding protein (PTB) also known as 
PTBP1 or hnRNPI is one of the most investigated RNA-binding 
protein (RBP) in vertebrates. It is a key factor in the control of RNA 
metabolism (reviewed in Sawicka et al., 2008) as it was shown to 
regulate mRNA alternative splicing events (Sauliere et al., 2006; 

 et 
al., 2004), mRNA stability (Knoch et al., 2004), mRNA localization 
(Cote et al., 1999) and internal ribosome entry-site dependant 
translation (Ohno et al., 2011). Its activity upon splicing regulation 

as a repressor factor, high throughput studies showed that it can 
promotes both exon repression and activation depending of its 
binding location relative to the regulated exon (Llorian et al., 2010). 
In vertebrates, PTBP1 is an essential protein. Its knockdown in 
Xenopus
apparition of blister-like structures and causes the subsequent 
death of tadpoles (Le Sommer et al., 2005). In mouse, PTBP1 is 
required for embryonic development before gastrulation and its 
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knockout results in lethality shortly after implantation (Shibayama 
et al., 2009; Suckale et al., 2011). In Drosophila, mutations in the 
hephaestus gene that encode the PTBP1 orthologue (dmPTB) 
have pleiotropic effects including oogenesis, spermatogenesis 
wing development and cardiogenesis defects. Neurogenesis is 
also suppressed in null embryos (Wesley et al., 2011).

PTBP1 is generally described as a widely expressed factor in 
adult tissues and accordingly it is present in most of the cell lines 
studied (Wang et al.
from tissue to tissue or depending on the cellular differentiation 
states. For example, while it is highly expressed in proliferating 
neuronal and muscle cells, its level is strongly reduced with the 
onset of neuronal or muscle differentiation (Makeyev et al., 2007, 
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Boutz et al., 2007b, Boutz et al., 2007a). The level of PTBP1 may 

the low PTBP1 level in both of these tissues (Llorian et al., 2010). 
In Xenopus embryos, it was formally demonstrated that the relative 

-tropomyosin mRNA isoforms. Its knockdown in the epidermis 
resulted in the apparition of a myotomal isoform with the splicing 

towards the non-muscle isoform (Le Sommer et al., 2005). The 
amount of PTBP1 is therefore crucial for its activity.

PTBP1 belong to a family of RNA binding proteins that include 
two additional members: PTBP2 also known as brPTB or nPTB 

neuronal cells but it is also expressed in testis and at lower levels 
in skeletal muscles and heart (Lillevali et al
2007). It is involved in the regulation of alternative splicing and 
accordingly in differentiated neurons it controls numerous neural 
alternative splicing patterns (Boutz et al., 2007b). Studies with 
reporter gene models indicate that PTBP2 has a weaker repres-
sive activity than PTBP1 (Ashiya and Grabowski, 1997). In testis, 

the three paralogs. It is considered to be predominantly expressed 
in embryonic and adult hematopoietic organs and it was shown 
that its overexpression in myeloid cells blocks both megakaryocytic 
and erythroid differentiation (Yamamoto et al.
date no molecular function was assigned to this RBP.

In addition to share structural homology, the three paralogs 

of PTBP1 has limited effect due to the strong up-regulation of 
PTBP2 which replaces many of the functions of PTBP1 in these 
cells. Accordingly, only the simultaneous inhibition of both PTBP1 
and PTBP2 modify strongly the transcriptome of these cells. A 
functional link between the three paralogs is also illustrated by 
the fact that they cross-regulate each other. Indeed, in addition 
to regulate its own level by mediating exon skipping, leading to 
nonsense-mediated decay (NMD), PTBP1 may also down regu-
late PTBP2 via a similar mechanism. Reduced level of PTBP1 or 

ptbp3 
mRNA (Spellman et al., 2007).

-
sion of ptbp1 and its paralogs ptbp2 and ptbp3 during Xenopus 
tropicalis embryogenesis. Our results show that each transcript 
presents a unique temporal and spatial expression pattern. Strik-
ingly, we observed that ptbp1 which is considered as a generally 
expressed RBP is present in only two of the primitive germ layers, 
the ectoderm and the mesoderm. Later in development it is pres-
ent in most mesodermal derivatives but not the myotome. ptbp2 
and ptbp3 are also not expressed in the myotome suggesting 
that the absence of any PTB activity is a major determinant to 

ptbp2 expression is restricted to the developing brain and the 
spinal cord underscoring its unique function in the development 
of the nervous system. Our results also show that in addition to 
be expressed in erythroid precursors, ptbp3 is present in several 

brain and the spinal cord suggesting it may have extended func-

in the patterning of the nervous system.

Results

Phylogenetic analysis of the Xenopus PTB family
The full length cDNA sequences for Xenopus tropicalis 

ptbp1 (NM_001011140), ptbp2 (NM_001079011) and ptbp3 
(NM_001127046) were obtained from Genbank database. The 
translated sequences were used to create a phylogenetic tree 
showing the evolutionary relationship between these proteins 
and their orthologs in Drosophila and different vertebrates (Fig. 

orthologs of the three paralogs described in other species, our 
analysis showed that the PTB proteins fell into two families, one 
corresponding to PTBP1 and PTBP2, the other corresponding 
to PTBP3.

Temporal expression of PTBP1, PTBP2 and PTBP3 during 
early Xenopus development

The temporal expression pattern of ptbp1, ptbp2 and ptbp3 
mRNAs were determined by RT-qPCR and are presented in 
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Fig. 1. Phylogenetic analysis of polypyrimidine tract binding protein 
(PTB) family members. The phylogenetic tree was constructed with the 
Neighbor-Joining method as described in the material and methods sec-
tion. Parallel slanted lines designate interruptions of the normal scale and 
correspond to a distance of 0.5. The scale bar represents the number of 
amino acids substitutions. The abbreviations used are Cf: Canis familiaris, 
Dm: Drosophila Melanogaster, Gg, Gallus gallus; Hs, Homo sapiens; Md, 
Monodelphis domestica; Mm, Mouse musculus; Xl, Xenopus laevis; Xt, 
Xenopus tropicalis.
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endogenous odc mRNA of each embryonic stage and to unfertil-
ized eggs (UFE) (Fig. 2A). Similar results were obtained when the 
normalization was realized with an exogenous luciferase reporter 
mRNA (data not shown). The three mRNAs are detectable in 
unfertilized eggs indicating their maternal origin, however after 

For ptbp1
minimum being reached around stage 7. Then, consequently 
to the zygotic transcription activation, ptbp1 transcripts raised 
to reach from stage 20 a three-fold-higher level than in UFE. 
For ptbp2 and ptbp3 mRNAs (medium and bottom panels), a 
decrease was also observed but the minimum was reached at 
stage 11 suggesting that the zygotic transcription resumes later 
for these two genes. From stage 16, ptbp2 transcripts increased 
progressively to reach a 2 fold-higher level at stage 34 than in 
UFE. On the other hand, ptbp3 mRNAs raised strongly during 
early development to achieve a 10 fold higher level. 

To compare the expression levels of the three paralogs, the 
levels of ptbp2 and ptbp3 mRNAs were also normalized to that 
of ptbp1 transcripts (Fig. 2B). In UFE, the amounts of ptbp2 and 
ptbp3 transcripts were respectively 3 and 11 times lower than 
ptbp1 mRNAs, indicating that ptbp1 is the prevalent maternal 
mRNA. During development, the level of ptbp2 transcripts is 
kept 3 to 6 times lower than ptbp1 while because of the strong 
increase in expression of ptbp3, the difference between ptbp3 
and ptbp1 transcripts is strongly reduced.

Spatial expression of PTBP1, PTBP2 and PTBP3 during early 
embryogenesis

The spatial expression pattern of ptbp1, ptbp2 and ptbp3 
mRNAs during early embryogenesis was studied by whole-mount 
in situ hybridization (Fig. 3). Since the three paralogs present a 
70% nucleotide sequence identity in the coding region, sequences 

experiments (data not shown). As expected from the RT-qPCR 
analysis, ptbp1 was maternally expressed in UFE (Fig. 3A panel 

In 
situ -

ptbp1
expressed in this region. At the blastula stage, the expression was 
still detected mainly in the animal hemisphere but was expanded 

gastrulation, the ptbp1 labeling covered the entire embryo except 
for the yolk plug, indicating a strong expression in ectoderm (Fig. 

was not the consequence of poor probe penetration because a 
similar pattern was observed with bisected gastrula embryos (Fig. 

sox17b  et 
al
Analysis of bisected gastrula stages also revealed expression in 
the mesoderm and no labeling in the deep endodermal cells (Fig. 

of PTBP1 between the three germ layers. At the neurula stages 
(stage 16-18) the ectodermic staining persisted associated with 
an accentuation of the expression in the neural plate region (Fig. 
3A panel d). Shorter detection times showed that the labeling 
was spatially present in the anterior and posterior neural plates 

which is consistent with data previously reported in X. laevis 
(Tamanoue et al., 2010), At the early tailbud stage (stage 25, 
Fig. 3A panel e), in addition to the strong epidermal signal, an 
enhanced expression was detected in the branchial arches, eyes, 
otic placodes and pronephros. In contrast to ptbp1, ptbp2 and 

Fig. 2. Temporal expression profiles of polypyrimidine tract binding 
protein (PTB) genes during Xenopus development. (A) mRNA expres-
sion profiles normalized to the endogenous odc mRNA of each embryonic 
stage. Results are expressed with the normalized expression of the gene 
of interest in the Unfertilized Eggs (UFE) arbitrarily set to 1. (B) mRNA 
expression profiles normalized to ptbp1 mRNA. The amount of ptbp2 and 
ptbp3 mRNAs presented in (A) were normalized to that of ptbp1 transcripts 
in UFE arbitrarily set to 1. (A,B) The horizontal axes represent the UFE and 
embryos at the different developmental stages determined according to 
Nieuwkoop and Faber (Nieuwkoop and Faber, 1956).
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ptbp3 showed no staining in UFE and blastula (Fig. 3 B,C panels 
a-c) suggesting that most of the maternal functions of this RBP 
family are performed by PTBP1.

Consistent with previous studies in mouse (Lillevali et al., 
2001), the expression of ptbp2 coincided with the formation of 
the nervous system and ptbp2
neural plate of late neurula stage (stage 18, Fig. 3B panel d and 

form the brain. In early tailbud, with the progression of neurulation, 
ptbp2 transcripts 
the whole fore, mid- and hindbrain as well as in the spinal cord 

observed (Fig. 3B panel e).
For ptbp3, a slight and general expression started at the neurula 

stage (stage 14) (data not shown) suggesting it is expressed in the 
ectoderm from this stage. At early tailbud stage (stage 22, Fig. 3C 

A low level of ptbp3 expression was also consistently present in 
the ventral blood islands (vbi), the primary site of hematopoiesis. 
This expression domain is in agreement with a function of PTBP3 
in erythroid differentiation (Yamamoto et al., 1999). At later tail-
bud stages, in addition to the epidermal staining, accentuated 
expression was observed in the eyes, the branchial arches and 
the notochord (Fig. 3C panel e) while the ventral labeling was no 

Spatial expression of PTBP1, PTBP2 and PTBP3 in late tailbud 
embryos

To further explore the expression of ptb genes in the later 
stages of embryogenesis, transversal and longitudinal sections of 
late tailbud (stage 34) that were subjected to whole-mount in situ 
hybridization were realized and analyzed (Fig. 4). With the three 
probes a staining was observed in the ventral region of the head 

since similar labeling was obtained with the sense probe (data not 
shown). For ptbp1
observed in the eyes, mandibular, hyodial and branchial arches 
and otic vesicles (Fig. 4A panels a,b,c,d,e and g). In the eyes, 
the expression was restricted to the retinal cilliary marginal zone 
(CMZ) (Fig. 4A panels b,c and e), the region where retinal stem 
cells proliferate and differentiate. In transversal troncal sections, 
a strong ptbp1 expression domain was observed in the somatic 
layer of lateral plate mesoderm as well as in the intermediate me-
soderm that includes both pronephros and mullerian duct (Fig. 4A 
panels h and i). This labelling was not apparent with whole-mount 
observations because of the general epidermal staining. Ventrally, 
ptbp1
while no labeling was observed in the heart (Fig. 4A panels f and 

Fig. 3. Spatial expression profiles of polypyrimidine tract binding protein (PTB) genes during early Xenopus development. Whole-mount in situ 
hybridization was performed to study the spatial expression of ptbp1, ptbp2 and ptbp3 at different developmental stages. (A). ptbp1 (a) lateral view 
of an unfertilized egg (UFE), (a’) UFE bisected through the animal-vegetal axis, (b) lateral view of a blastula, (b’) blastula bisected through the animal-
vegetal axis, (c) lateral view of a gastrula, (c’) vegetal view of panel c, (c’’) gastrula bisected through the animal-vegetal axis, (c’’’) higher magnification 
view of the boxed area in panel c’’, (d-d’) dorsal views of neurula stages with two different detection times, (d”) lateral view of panel d’, (e) lateral view 
of an early tailbud embryo at stage 24. sox17  (f) vegetal view of a gastrula, (f’) gastrula bisected through the animal-vegetal axis. (B) ptbp2 (a) lateral 
view of an UFE, (b) lateral view of a blastula, (c) lateral view of a gastrula, (d) dorsal view of neurula stage, (d’) lateral view of panel d, (e) lateral view 
of an early tailbud embryo at stage 24, (e’) dorsal view of panel e. (C) ptbp3 (a) lateral view of an UFE, (b) lateral view of a blastula, (c) lateral view of a 
gastrula, (d) ventral view of an early tailbud embryo at stage 20, (d’) lateral view of panel d, (e) lateral view of an early tailbud embryo at stage 24, (e’) 
ventral view of panel e. Abbreviations used are: ba, branchial arches; br, brain; ec, ectoderm; en, endoderm; ey, eye; mes, mesoderm; nc, neural crests; 
nt, notochord; op, otic placode; pn, pronephros, vbi, ventral body island; sc, spinal cord.
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g). Dorsally, ptbp1 mRNAs were expressed in the dermatome 
and the area surrounding the notochord and the spinal cord that 
contains the sclerotome and neural crest cells migrating ventrally, 
a strong staining was also present in neural crest cells migrating 

ptbp1 labeling was present in 

fxr1 
(Bourdelas et al.
not due to poor probe penetration in this tissue (data not shown). 

In agreement with the pictures of whole-mount in situ hybrid-
ization, ptbp2 mRNAs were strongly expressed throughout the 
whole fore, mid- and hindbrain as well as in the spinal cord (Fig. 

staining was noticed within these tissues which is in accordance 
with a general function of PTBP2 in neuronal development. The 

mutually exclusive pattern of expression of ptbp1 and ptbp2 in 
the diencephal is clearly observed (Compare panels e of Fig. 4A 
and 4B) and is in agreement with the model that in brain, ptbp2 
mRNA expression is relieved in absence of PTBP1 activity (Boutz 
et al., 2007b; Makeyev et al.
expression in differentiated neuronal cells, in the eyes, the labeling 
was limited to the neural retina and is excluded from the CMZ (Fig. 
4B panels c and d). A faint expression domain was also present 
in the intermediate mesoderm (Fig. 4B panel f).

Among ptb genes, ptbp3 presented unique localizations in the 
central nervous system. It was weakly expressed in the forebrain 
except for a strong labeling in a region corresponding to the dor-
sal hypothalamus (Fig. 4C panels c, e and f). Interestingly, ptbp3 
positive cells were present in the ventricular area (Fig. 4C panel 
e) that corresponds to a zone of neuroepithelium proliferation. 

Fig. 4. Spatial expression profiles of 
polypyrimidine tract binding protein 
(PTB) genes in late tailbud embryos. 
Whole-mount in situ hybridization followed 
by longitudinal and transverse sections 
were performed to examine the spatial 
expression of ptbp1, ptbp2 and ptbp3 in 
late tailbud embryos. (A) ptbp1 (a) lateral 
view of a stage 34 embryo, the white lines 
indicate the level of transverse and longi-
tudinal sections shown in panels b-i, (b-d) 
longitudinal sections of the head along the 
dorso to ventral axis, (c’) longitudinal section 
of the trunk realized at the same level as 
panel c, (e-i) transverse sections along the 
anterior to posterior axis, (i’) higher magni-
fication view of panel i. Black arrowheads 
point to the CMZ of the retina (B) ptbp2 
(a) lateral view of a stage 34 embryo, the 
white lines indicate the level of transverse 
and longitudinal sections shown in panels 
b-g, (b-d) longitudinal sections of the head 
at the level of the brain, (d’) longitudinal 
section of the trunk realized in the same 
plan as panel d, (e-g) transverse sections 
of head and trunk. Black arrowheads point 
to the neuronal retina. (C) ptbp3 (a) lateral 
view of a stage 34 embryo, the white 
lines indicate the level of transverse and 
longitudinal sections shown in panels b-j, 
(b-d) longitudinal sections of the head along 
the dorso to ventral axis, (c’) longitudinal 
section of the trunk realized at the same 
level as panel c, (e,f) transverse sections 
of the head at the level of the diencephal. 
(g,h) higher magnification views of trans-
verse sections of the head at the level of 
the rhombocephal, (i,j) transverse sections 
of the trunk, (j’) higher magnification view 
of panel j. Black arrowheads and arrows 
point respectively to the posterior lens and 
the hypothalamic labeling. Abbreviations 
used are: da, dorsal aorta; di, diencephal; 
dm, dermatome; h, heart; im, intermediate 
mesoderm; m, myotome, nc, notochord, ov, 
otic vesicle; rb, rhombocephal; sc, spinal 
cord; va, ventral aorta.
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Discrete and symmetric areas of labeling were observed in the 
ventral rhombocephal. In the anterior part, the expression area 
corresponded to two symmetric nuclei that expand then posteriorly 
into four patches (Fig. 4C panels g and h). In the trunk, the spinal 
cord was slightly labeled with a marked expression in the dorsal 

ptbp3 
is also expressed in the eyes in the region that correspond to the 
posterior lens and in the otic vesicles (Fig. 4C panels b, f and g). In 
transversal troncal sections, ptbp3 transcripts were present in the 
notochord while they were not detected in the anterior notochord 
adjacent to the rhombocephal (Compare Fig. 4C panels i-j and 

ptbp3 mRNAs is also detected in the dermatome while as already 
noticed for the two other paralogs no staining of the myotome was 

j). ptbp3 mRNAs were also broadly detected in the intermediate 
mesoderm and the lateral plate mesoderm (Fig. 4C panels i and j).

Discussion

Our data revealed that the three paralogs encoding PTBP1, 

the three genes, ptbp1 is the prevalent maternal transcript and 
it preferentially localizes to the animal hemisphere in UFE and 
blastula. This temporal and spatial expression pattern suggests 
that PTBP1 may play important functions in the post-transcriptional 
regulations that take place during early development. Accordingly, 
VgRBP60, one of the PTBP1 isoforms, is involved in the transport 
of the maternal Vg1 transcript to the vegetal hemisphere of the 
oocyte (Cote et al., 1999). 

At the early gastrula stage, ptbp1 which is considered as a 
generally expressed RBP is present in only two of the primitive 
germ layers, the ectoderm and the mesoderm suggesting its early 
differential expression may play important function in establish-
ing the basic body pattern of the embryo. Since PTBP1 may self 
regulates through a negative feed back loop that uses alternative 
splicing to generate a NMD-targeted isoform (Wollerton et al., 
2004) it will be of interest to investigate whether the absence of 
expression in the endoderm results from a transcriptional silencing 
or is the consequence of a post-transcriptional regulation. Later 
in development ptbp1 is widely expressed in many tissues includ-
ing the dermatome, the intermediate mesoderm, the lateral plate 
mesoderm and the neural crest that will give rise to numerous cell 
lineages. Our data also show that neither ptbp1 nor the two other 
paralogs are expressed in the myotome that will form the skeletal 
muscles. This observation suggests that the absence of any PTB 
activity in this tissue is a key determinant to induce skeletal muscle 

splicing patterns and additional post-transcriptional mechanisms. 
Accordingly, we previously showed that a low level of PTBP1 

isoform of the -tropomyosin (Le Sommer et al., 2005). All three 
family members are expressed in the eye, however, their expres-
sion pattern is strikingly non-redundant. While ptbp1 is restricted 
to the proliferative CMZ, ptbp2 appears restricted to the neural 
retina and excluded from the CMZ. Ptbp3 is mainly expressed 
in the posterior part of the lens. This emphasized the potentially 
diverse functions of each PTB family members.

Among the three paralogs, ptbp2 displays the more restricted 
pattern of expression since it is expressed only in the brain, the 
neural retina, the spinal cord and the intermediate mesoderm. 
Its expression in different regions of the central nervous system 
enlightens the key function of this RBP in the establishment and 
maintenance of the neurogenic program. Its expression in the in-
termediate mesoderm is shared with the two other paralogs. Since 
this tissue may give rise to many organs it will be interesting to 
further investigate whether their expression domains overlap and 
if so, their functional interplay. 

Our analysis also showed that ptbp3 is present in the ventral 
blood islands which is in agreement with its role in erythroid dif-
ferentiation (Yamamoto et al.
several non-hematopoietic tissues such as the lens and dermatome 
also suggests unexplored functions for PTBP3 during development. 

spinal cord as well as in the posterior part of the notochord evoking 
a possible role in the regionalization of the nervous system. To study 
further the function of ptbp3 during Xenopus embryogenesis it will 
be of interest to use functional approaches including morpholino 
mediated loss of functions experiments.

Materials and Methods

cDNA clones
Plasmids containing the full-length cDNA for Xenopus tropicalis 

ptbp1 (IRBNp992F0722D), ptbp2 (IRBNp992A0837D) ptbp3 (IRAK-

cDNA clone for Xenopus tropicalis sox17b (IRBNp992D099D) was 
obtained from Source BioSciences LifeScience. Alignment of PTB pro-
tein sequences from several organisms was realized using the MAFFT 
program (Katoh et al., 2002) and the phylogenetic tree was calculated 
with the Neighbor-Joining method and Poisson estimates and bootstrap 

following sequences were used: Homo sapiens ptbp1 NM_002819, ptbp2 
NM_021190, ptbp3 NP_001231826; Mus musculus ptbp1 AK053926, 
ptbp2 AK137348, ptbp3 BC057641; Canis familiaris ptbp1 XM_542215, 
ptbp2 XM_001381797, ptbp3 XP538790; Gallus gallus ptbp1 AJ851444, 
ptbp2 XM_422322, ptbp3 XM_424912; Monodelphis domestica ptbp1 
XM_542215, ptbp2 XM_001381797, ptbp3 XM_001376071, Xenopus 
laevis ptbp1a NM_001086700 ptbp1b NM_001090346, ptbp3 BC072378; 
Drosophila melanogaster PTB AAL14775.

qRT-PCR assays
To get an independent normalization of qPCR analysis, reporter mRNA 

luciferase (Promega) was added to frozen embryos (10 pg/ embryo). Total 
RNA was extracted from X. tropicalis embryos at the indicated stages 
according to Niewkoop and Faber (Nieuwkoop and Faber, 1956) using 
Tri-reagent (Molecular research center) and genomic DNA contamina-
tion was removed by treatment with TurboTM DNase (Ambion). RNAs 
were reverse transcribed using Superscript II reverse transcriptase and 
random primers following the manufacturer recommendation (Invitrogen). 
Real-time quantitative RT-PCR analysis was performed on the qPCR 7900 

TM Green master mix and the fol-
lowing primers: Xenopus odc Forward (fw) tgtgaatgatggcgtgtatg, Reverse 
(rv) ggtcgaacctttccacaatac; luciferase fw cattcttcgccaaaagcactgtgc, rv 
agcccataccttgtcgtatccc; ptbp1 fw ttacaccccaatgcctcttt, rv cattgcaagtt-
gagcttggt; ptbp2 fw cagcttgcaatgagtcatctta, rv acattgcctcctgtgtttgtaa; ptbp3 
fw tgaagaagcagctgtcagtatg, rv caatgcagcctgtgctcta. For each primer pair, 
the PCR product was examined by gel electrophoresis, and its melting 

expression level of luciferase reporter (data not shown) or odc mRNA and 
2 delta Ct was calculated. Relative level of each mRNA was calculated to 
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expression level of ptbp1 mRNA level in UFE normalized to odc mRNA. 

In situ hybridization and section

generated by in vitro transcription using T7 and SP6 RNA polymerase 
(Promega), respectively.

Whole-mount in situ hybridization was performed essentially as described 

Phosphatase conjugated antibodies (Roche) and staining was performed 
with NBT/BCIP (Promega) as the alkaline phosphatase substrate. Embryos 
were bleached afterwards with 1.2% hydrogen peroxide in SSC. For more 
detailed analysis, stained embryos of selected stages were embedded in 
agar and sectioned at 50 m using a vibratome VT1000S (Leica). Pictures 
were captured using a Zeiss Axiolab microscope (Leica). To reveal deep 

animal-vegetal axis using a razor blade and subjected to in situ hybridization.
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