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ABSTRACT  Proper embryonic development requires a fine-tuned control of gene expression, 
which is achieved in part through the activity of transcription coactivators or corepressors. The 
nuclear coactivator cAMP-response element-binding protein (CREB) binding protein (CREBBP or 
CBP) interacts with numerous transcription factors and thereby plays a key role in various signaling 
pathways. Interestingly, in cell-based studies CREBBP activity is modulated by post-translational 
modifications such as methylation on arginine residues which is catalyzed by coactivator-associated 
arginine methyltransferase 1 (CARM1). However, whether and where CREBBP, and in particular its 
methylated forms, are expressed during development in vertebrates has not been addressed so far. 
Here, we analyzed the expression of the two crebbp genes (crebbpa & crebbpb) during zebrafish 
development using both RT-qPCR and in situ hybridization. We found that while crebbpa expression 
is higher in posterior, caudal nascent somites during somitogenesis, crebbpb accumulates in anterior, 
rostral, and more mature somites. In addition, crebbpa mRNA is enriched in the central myotome 
at 24 hpf indicating that its expression is spatially and temporally controlled. We next characterized 
the expression of CREBBP protein from blastula to gastrula stages by immunohistochemistry. We 
found that while CREBBP is clearly cytoplasmic in the early blastula, it becomes both cytoplasmic 
and nuclear at 30% epiboly before turning mainly nuclear during gastrulation. Of interest, CREBBP 
methylated species appear to be mainly nuclear from 30% epiboly to 6-somite stage. This suggests 
that methylation may regulate CREBBP import to the nucleus during zebrafish development and 
could therefore participate in the control of early developmental processes.
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During embryonic development, the expression of a given gene 
has to be temporally and spatially finely controlled. Transcrip-
tion co-activators such as the highly conserved cAMP response 
element-binding protein (CREB) binding protein (CREBBP or CBP) 
and its paralog p300 regulate gene transcription by connecting 
transcription factors to the basal transcriptional machinery (Vo & 
Goodman, 2001). CREBBP co-activates transcription dependent 
on a large spectrum of transcription factors e.g. pro-proliferative 
proteins such as c-MYC tumor suppressors and pro-apoptotic 
proteins like p53, the SMAD proteins but also MyoD (Vo & Good-
man, 2001). Through its protein interaction network, CREBBP 
is involved in many cellular processes such as DNA repair, cell 
growth, differentiation and apoptosis (for reviews, (Goodman & 
Smolik, 2000; Kalkhoven, 2004)). 

Besides its interaction with transcription factors, CREBBP 
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harbors a histone acetyltransferase (HAT) activity (Bannister & 
Kouzarides, 1996; Ogryzko et al., 1996) and activates transcrip-
tion by acetylating histones as well as non-histone proteins on 
specific lysine residues. Histone acetylation creates docking sites 
for effectors/partners that will modulate transcription, while acety-
lation on other proteins such as transcription factors will regulate 
their DNA binding activity, stability or nuclear import (for a review, 
(Musselman et al., 2012)). Of interest, we have previously shown 
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that CREBBP is methylated by the coactivator-associated arginine 
methyltransferase 1 (CARM1) (also called protein arginine methyl-
transferase 4 (PRMT4)) on four arginine (R) residues in vitro and in 
cell lines and that CREBBP methylation is important for estrogen 
receptor-mediated transcription (Ceschin et al., 2011; Chevillard-
Briet et al., 2002). Furthermore, using highly specific antibodies 
that recognize each CREBBP methylation site and comparative 
genome-wide chromatin immunoprecipitation sequencing in a 
human cancer cell line, we revealed the existence of distinct but 
overlapping binding site repertoires specific for each methylated 
CBP species, suggesting that CREBBP methylation by CARM1 
specifies distinct estrogen-induced sub-programs (Ceschin et al., 
2011). These results raise the possibility that CREBBP methylation 
may play an important role in the regulation of CREBBP function 
during embryonic development. Of note, we have previously shown 
that carm1 is dynamically expressed during zebrafish development 
and that CARM1 controls myogenesis in vivo (Batut et al., 2011). 
However, whether and where CREBBP and in particular its methyl-
ated forms are expressed during vertebrate development remain 
unexplored. Interestingly, CREBBP and its methylation sites are 
well conserved between human and zebrafish. Hence, zebrafish 
constitutes a valuable model to assess the expression pattern of 
CREBBP and its methylated forms during embryogenesis. 

Here, we report the expression patterns of zebrafish crebbp 
transcripts during early development and the expression of CREBBP 
methylated on two arginines from the blastula to somitogenesis using 
invaluable monospecific antibodies. Notably, by in situ hybridization, 
we observed an enrichment of crebbpa mRNA expression in the 
newly formed caudal somites at 18 somite stage (ss) that persisted 
in the central myotome domain at 24 hours post-fertilization (hpf), 
whereas crebbpb mRNA accumulated in rostral and more mature 
somites. Moreover, immunofluorescence experiments revealed 
that CREBBP subcellular localization is extremely dynamic dur-
ing early development: while it is cytoplasmic at the oblong stage 
(3.6 hpf), it becomes both cytoplasmic and nuclear at 30% epiboly 
(or 4.75 hpf) and finally accumulates in the nucleus at the shield 
stage (or 6 hpf). Furthermore, we investigated the localization of 
CREBBP methylated on either R714 or R742 with monospecific 
antibodies and found that these two CREBBP methylated species 
are exclusively nuclear from 30% epiboly onwards.

Taken together, our data reveal that beyond a spatial and tem-
poral regulation of crebbpa and crebbpb expression, CREBBP 
protein subcellular localization is dynamically regulated during 
early zebrafish development. Moreover, our results suggest a 
potential role of CREBBP in the cytoplasm at early stages and a 
role of CREBBP arginine methylation in the regulation of CREBBP 
import/retention into the nucleus.

Results

Crebbp transcripts are dynamically expressed during zebraf-
ish development

In zebrafish, two genes encode CREBBP or CBP proteins: 
crebbpa (also called CBP-B) and crebbpb (also called CBP-A). To 
analyze their relative expression during zebrafish development, 
real time PCR was performed on RNAs extracted at different em-
bryonic stages (Fig. 1A). We found that both crebbpa and crebbpb 
were robustly expressed at the 2-cell stage indicating that they are 
expressed maternally. Strikingly, their expression decreased after 

the mid-blastula transition to reach their lowest level at the shield 
stage. While crebbpa expression peaks again at the 16-somite 
stage (16 ss), crebbpb is less expressed and remains at a plateau 
from 14 ss to 20 ss. Finally, the expression of both crebbpa and 
crebbpb decreases at 24 hpf and remains low until 48 hpf (Fig. 
1A). Of note, both genes exhibit a similar expression trend with a 
peak of expression between 14 ss and 20 ss, a period that cor-
responds to myogenesis. These data suggest that CREBBP may 
contribute to this process as previously described for the arginine 
methyltransferase carm1 (Batut et al., 2011).

We then investigated whether similarly to carm1, crebbp tran-
scripts are regionally expressed during somitogenesis. Somites 
are transient mesodermal units that form by segmentation of the 
presomitic mesoderm (PSM) located at the caudal part of the 
embryo. Each newly formed somite rapidly differentiates into the 
dorsal dermomyotome from which originate myogenic precursors 
(Holley, 2007). To further analyze their expression in the somites 
(where myogenesis takes place), expression of crebbpa and 
crebbpb was assessed in 10 rostral (anterior) somites versus 10 
caudal (posterior) somites of 20 ss embryos. During myogenesis, 
the early Myogenic Regulatory Factor (MRF) myf5 labels the young 
nascent somites and is therefore strongly expressed in the caudal 
somites and in the PSM (Ochi & Westerfield, 2007), while mlc2f 
encoding the fast myosin light chain skeletal muscle isoform is 
expressed at around 16 hpf in the first anterior somites formed (Xu 
et al., 1999). Consistent with these data, RT-qPCR on dissected 20 
ss embryos revealed a stronger expression of mlc2f in the rostral 
somites as compared to the caudal somites, while myf5 expression 
was detected only in the caudal somites (Fig. 1B). Interestingly, 
we found a differential expression of the two crebbp genes: while 
crebbpa was enriched in myf5-positive nascent somites, crebbpb 
expression correlated with myf5-negative but mlc2f-positive mature 
somites (Fig. 1B, caudal and rostral somites respectively). This 
regionalized expression of crebbpa and crebbpb may reflect a dif-
ferential function during myogenesis. In particular, the preferential 
co-expression of crebbpa with the myogenic factor myf5 suggests 
that crebbpa may play a major role in early myogenesis. 

We then analyzed crebbpa and crebbpb expression pattern by in 
situ hybridization. In line with the qPCR expression data (Fig. 1A), 
we observed a maternal expression of crebbpa and crebbpb at the 
2-cell stage (Fig. 1C). Both genes appear ubiquitously expressed 
at the shield and 70% epiboly (Fig. 1C and Supplementary Fig. 
1). However, crebbpa expression becomes spatially restricted in 
the more caudal regions (trunk and tail somites) at 18 ss with an 
enriched expression in the PSM (Fig. 1C, asterisk and Fig. 1D 
upper panels), the structure that gives rise to the somites and 
strongly expresses myf5 (Holley, 2007). At 24 hpf, crebbpa is also 
expressed in the lens (Fig. 1C and 1F, red arrow) and in the retina 
(Fig. 1F, red arrowhead), the otic vesicle (Fig. 1C, white arrowhead) 
and weakly in the myotome (Fig. 1C and 1F black arrow). Higher 
magnification views of the trunk somites at 18 ss showed a graded 
expression of crebbpa along the rostral-caudal axis with a stronger 
expression in caudal somites and in the PSM at 18 ss (Fig. 1D, up-
per panels). Hence, while crebbpa is ubiquitously expressed from 
2-cell stage to 14 ss, its expression is progressively enriched in 
the caudal somites of the trunk and tail regions at 18 ss (Fig. 1E). 
In addition, transverse sections at 18 ss and 24 hpf confirmed that 
crebbpa expression is enriched caudally (Fig. 1F, black arrowhead). 
Of note, if crebbpb transcript is ubiquitously expressed from the 
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black lines, respectively) of flat-mounted embryos. Black arrowhead, enrichment in caudal somites; red 
asterisk, enrichment in rostral somites. (E) Schematic summary of crebbpa and crebbpb expression at 
18 ss. A dorsal view is represented (anterior to the top). (F) Transverse sections of 18 ss (upper panels) 
and 24 hpf (bottom panels) embryos from red (rostral) to black (caudal) lines noted in (D), showing 
crebbpa enrichment in the myotome at 18 ss (black arrowhead), in the lens (red arrow), in the retina 
(red arrowhead) and in the myotome (black arrow) at 24 hpf. 

Fig. 1. Expression patterns of crebbpa and 
crebbpb transcripts during zebrafish embryo-
genesis. (A) Expression levels of crebbpa (red 
line) and crebbpb (blue line) were monitored 
by RT-qPCR at 2-cell, dome, shield, 6 ss, 14 ss, 
16 ss, 20 ss, 24 hpf and 48 hpf. (B) Expression 
levels of crebbpa, crebbpb, myf5 and mlc2f in 
10 anterior somites (rostral, red bars) and 10 
posterior somites (caudal, black bars) of 20 ss 
embryos. Myf5 expression is specific of the 
nascent caudal somites while mlc2f, a specific 
marker of fast differentiating muscle fibres, is 
preferentially expressed in the rostral somites 
at this stage. All RT-qPCR data were normalized 
to EF1alpha housekeeping gene expression 
and data shown were from 3 independent ex-
periments. (C) Whole-mount in situ hybridization 
against crebbpa at the indicated developmental 
stages. The line on the right at 18 ss indicates 
crebbpa enrichment in the trunk and caudal 
somites. *, PreSomitic Mesoderm; red arrow, 
lens; white arrowhead, otic vesicle; black arrow, 
somitic expression. (D) In situ hybridization 
against crebbpa and crebbpb at 18 ss (18 hpf) 
with rostral and caudal magnifications (red and 

shield to 24 hpf (Supplementary Fig. 1), higher magnifications at 
18 ss revealed that crebbpb is strongly expressed in mature rostral 
somites (Fig. 1D, lower panels, red asterisk). 

All together, our data show that crebbpb and crebbpa expression 
patterns are complementary at 18 ss with crebbpa and crebbpb 
being enriched caudally and rostrally, respectively. In addition, 
these results suggest that crebbpa could be involved in the early 
step of myogenesis and that both genes could participate in muscle 
fiber differentiation. 

Dynamic regulation of CREBBP subcellular localization during 
zebrafish early development

We next investigated by immunohistochemistry the subcellular 
localization of CREBBPb (or CBP-B), the protein product of crebbpa, 
after expression of the zygotic genome (512-cell stage or 2.75 hpf 
in zebrafish) at blastula and gastrula stages. We found that while 
CREBBPb was mainly cytoplasmic in the early blastula (Fig. 2A, 
2B; oblong and sphere, respectively), it was detected both in the 
cytoplasm and in the nucleus in the late blastula (Fig. 2C, 30% 

epiboly) before accumulating in the nucleus at gastrulation (Figure 
2D, shield stage). In conclusion, these data show that CREBBPb 
subcellular localization is highly dynamic from blastula to gastrula 
stages (Fig. 2E).

CREBBPb methylated species expression patterns during 
zebrafish early development

CREBBP is methylated by CARM1 on several arginine residues 
in vitro and in human cell lines (Ceschin et al., 2011; Chevillard-
Briet et al., 2002) but it is currently unknown if and where the 
different CREBBP methylated species are expressed during 
development. To address this question, we took advantage of 
monospecific antibodies that were raised against human CREBBP 
methylated by CARM1 at arginines 714 and 742 (noted R714me2a 
and R742me2a). Importantly, the specificity of these antibodies 
was extensively validated in human cells as well as in zebrafish 
in which CREBBP methylation sites are conserved ((Ceschin et 
al., 2011), Fig. 3A and Supplementary Fig. 2). In particular, us-
ing morpholino (Mo) against crebbpa (CREBBPb or CBP-B) we 
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found that antibodies recognizing R714me2a and R742me2a of 
human CREBBP were specific for CREBBPb as revealed by im-
munofluorescence (Supplementary Figure 2A, 2B). As CREBBPb 
could not be detected by immunofluorescence after 1 ss (data not 
shown), western blots were performed on CREBBPb- or control 
morpholino-injected embryos to confirm that anti-CREBBP antibody 
was specifically recognizing CREBBPb. Consistently, CREBBPb 
protein expression was extinguished following CREBBPb-MO 
injection (Supplementary Fig. 2C).

When comparing by immunohistochemistry the subcellular lo-
calization of CREBBPb and its methylated forms in the late blastula 
(30% epiboly), we found that while CREBBPb was expressed both 
in the cytoplasm and in the nucleus, CREBBPb methylated forms 
were enriched in the nucleus (Fig. 3B). In addition, both CREBBPb 

Fig. 2. CREBBP protein expression patterns from blastula to gastrula. 
(A-D) Immunohistochemistry with CREBBP specific antibody at (A) oblong, 
(B) sphere, (C) 30% epiboly and (D) shield stages. Nuclei are visualized in 
blue with TO-PRO3 staining and a merged picture is shown. (E) Schematic 
illustration of CREBBP subcellular localization at these stages, cells are 
shown with CREBBP labeled in red.
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methylated species remained nuclear at least until somitogenesis 
(6 ss) (Fig. 3C). These results suggest that CREBBP methylation 
could regulate CREBBP nuclear accumulation.

Discussion 

The transcriptional co-activator CREBBP has been involved in 
many biological functions due to its HAT activity and to its inter-
action with numerous transcription factors. CREBBP plays a key 
role in transcriptional control by modifying histones but also non 
histone proteins. Hence, CREBBP controls many major signaling 
pathways, such as TGFb, nuclear receptors, Hh and Wnt (Good-
man & Smolik, 2000). These signaling pathways cooperate during 
embryonic development to achieve the formation of a proper body 
axis. In addition, CREBBP can be post-translationally modified 
and these modifications regulate CREBBP function. In particu-
lar, CREBBP is methylated on specific arginine residues (R) by 
CARM1 (Chevillard-Briet et al., 2002; Ceschin et al., 2011) and 
CARM1 has been found to control myogenesis and muscle fibers 
differentiation during zebrafish embryogenesis (Batut et al., 2011). 
The fact that crebbpa transcript was enriched in the caudal myf5-
positive somites and in the presomitic mesoderm could reflect its 
function in the control of early somitogenesis/myogenesis events 
such as somite formation. The caudal expression of crebbpa could 
also indicate that its transcriptional regulation depends on Notch, 
Wnt/b-catenin, Retinoic Acid (RA) or fibroblast growth factor (FGF) 
signaling pathways, which are known to control somitogenesis 
(Pourquie, 2011). Thus, CREBBP could regulate transcriptional 
programs required for proper somite/muscle development down-
stream of these major signaling pathways. We also found that 
crebbp transcripts are widely expressed in the head area from 18 
ss to 24 hpf. Of interest, at 24hpf, crebbpb expression is enriched 
in the lens and in the otic vesicle, two cranial sensory organs (for 
a review, Schlosser, 2014). Among others, FGF signaling pathway 
is required for both lens and otic placode development (Schlosser, 
2014). Hence, it will be of interest to analyze whether CREBBP 
fine-tunes this pathway to control proper somite/muscle, lens and 
otic vesicle development. 

Of note, a systematic analysis of the dynamic spatiotemporal 
expression of all nuclear receptor transcripts as well as their main 
transcriptional coregulators (including CREBBP) by whole-mount 
in situ hybridization has been previously conducted during zebraf-
ish development. This study revealed that crebbpa and crebbpb 
profiles were ubiquitous during development and suggested that 
the tissue specificity of hormone action was primarily conferred 
by the localized expression of the receptors (i.e transcription fac-
tors)(Bertrand et al., 2007). However, this study was performed 
on a large set of nuclear receptors and the expression pattern of 
crebbpa and crebbpb was not examined in detail. Here, we found 
that the expression of these two genes is distinct and is spatio-
temporally regulated. 

In addition, we provide the first description of the expression 
and the subcellular localization of CREBBP and in particular of its 
methylated species in vivo during early development. Our data 
indicating that CREBBP was cytoplasmic at early zygotic expres-
sion stages (such as blastula stage) was unexpected for a tran-
scriptional co-activator. Of interest, CREBBP localizes both to the 
cytoplasm and the nucleus when epiboly begins and accumulates 
in the nucleus at the start of gastrulation. The nuclear accumulation 
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of CREBBP at epiboly and gastrulation stages suggests that the 
movements occurring at these stages require CREBBP to regulate 
gene transcription. In contrast, in the early blastula, our data indi-
cate that CREBBP is unlikely to function as a nuclear transcription 
co-activator but may exert a critical role in the cytoplasm. In this 
view, it would be of great interest to unravel CREBBP acetylation 
targets in the cytoplasm and to characterize how its import to the 
nucleus and/or retention to the cytoplasm are regulated.

Interestingly, we found that the two CREBBP methylated species 
that we analyzed are nuclear at 30% epiboly, while “total” CREBBP 
protein is observed both in the nucleus and in the cytoplasm. This 
indicates that at this stage, nuclear CREBBP is mostly methyl-
ated, while cytoplasmic CREBBP corresponds to non-methylated 
forms on these sites. Hence, methylated CREBBP species are 
likely to participate in controlling gene expression during epiboly 
and gastrulation. Moreover, the fact that CREBBP methylated 
forms are mainly nuclear suggests that methylation may regulate 
CREBBP import to the nucleus. Finally, we found that during early 
somitogenesis (6 ss) CREBBP methylated forms on R714me2a 
and R742me2a are present in the nucleus of the somites. Since 
CARM1 has been found to participate in myogenesis and muscle 
fibers differentiation (Batut et al., 2011), our observations suggest 
that CREBBP methylated on these sites could control the gene 
networks that drive somitogenesis/myogenesis. Indeed, CREBBP 
methylation has been shown to enhance CREBBP HAT activity and 
to regulate CREBBP target gene repertoire (Ceschin et al., 2011). 
Along that line, it would be interesting to analyze the recruitment of 
CREBBP and its methylated species on chromatin to identify the 
genes that are regulated by CREBBP and/or methylated CREBBP 
at these stages.

In conclusion, our results revealed a spatial and temporal 
regulation of CREBBP expression and methylation during devel-
opment as well as a probable cytoplasmic function for CREBBP. 
Deciphering the function(s) of CREBBP in the cytoplasm and the 
role of its methylation during development would be an exciting 
and promising opening in the field of epigenetics in development.

Materials and Methods

Ethics Statement and Embryos
All embryos were handled according to relevant national and interna-

tional guidelines. French veterinary service approved the protocols in this 
study, with approval ID: A-31-555-01. Zebrafish were raised according to 
standard procedures (Westerfield, 1995). 

RNA extraction and reverse transcription
Total RNAs were extracted from 25 embryos at the indicated stages with 

the Aurum total RNA mini kit (Bio-Rad), and reverse-transcribed with the 
iScript cDNA Synthesis Kit (Bio-Rad) according to the supplier’s instruc-
tions. Note that at 20 ss embryos were sectioned in two parts, the first 10 
somites (rostral somites) and the remaining 10 somites (caudal somites), 
which were subsequently subjected to RNA extraction and reverse tran-
scription independently.

Whole-mount in situ hybridization, immunostaining and image ac-
quisition

Whole-mount in situ hybridization and antibody staining were performed 
according to standard protocols. In situ hybridization was performed with 
digoxigenin-labeled RNA probe transcribed from plasmid containing crebbpa 
and crebbpb probes. crebbpa anti-sense probe (crebbpa-727) was obtained 
by cloning a 727 bp PCR amplicon from cDNA of 25 embryos at 24 hpf 

Fig. 3. CREBBP-methylated species expression pattern at late blastula 
(30% epiboly) and during somitogenesis (6 ss). (A) Alignment of the 
epitopes of human CREBBP (hCREBBP) arginines R714 and R742 with the 
corresponding sequences of zebrafish crebbpa coding protein (CREBBPb 
or CBP-B). (B,C) Immunohistochemistry with CREBBP and CREBBP-
methylated specific antibody as indicated at (B) 30% epiboly and (C) 6 
ss. Nuclei are visualized in blue and a merged picture is shown. (B’, C’)
Schematic illustration of subcellular localization of CREBBP and CREBBP-
methylated proteins, with CREBBP labeled in red.

B’

B

C

C’

A
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with the primers F- 5’-CTCTACAGTAGGCAATCTGAGTAAC-3’ and R-5’-
CATGTTGACGTTCATGGTGTTGGTG-3’ into pGEM-TEasy vector (Pro-
mega). The resulting vector, pGEM-TEasy-CREBBP-727 was sequenced 
and was found to be identical to crebbpa-201 (ENSDART00000087250). 
crebbpa anti-sense probe was generated by linearizing the plasmid with ApaI 
followed by transcription with SP6 polymerase. crebbpb anti-sense probe 
(exon 14) was obtained by cloning a 330 bp PCR amplicon from cDNA of 25 
embryos at 14 ss with the primers F- 5’-CAGCAGCAGCAGAACGCTAAC-3’ 
and R- 5’-CGGAGTGCTTGGCTGCTGCG-3’ into pGEM-TEasy. The re-
sulting vector, pGEM-TEasy-crebbpb was sequenced and was identical to 
crebbpb-201 (ENSDART00000091873) exon 14 (ENSDARE00000948500). 
crebbpb anti-sense probe was generated by linearizing the plasmid with 
SacII followed by transcription with SP6 polymerase. 

For cross-sections, embryos were embedded in gelatine/albumin after 
whole-mount in situ hybridization and 30 mm sections were performed 
using a Leica vibratome (VT 1000S).

Zebrafish protein crebbpa (also called CREBBPb or CBP-B) corresponds 
to protein ID ENSDARP00000081684, while crebbpb protein ID (also called 
CREBBPa or CBP-A) corresponds to ENSDARP00000086306.

For immunohistochemistry, the following antibodies were used: anti-
CREBBP (A22, from Santa Cruz Biotechnology), anti-CREBBPR714me2a and 
anti-CREBBPR742me2a (Ceschin et al., 2011), together with appropriate Alexa 
Fluor-conjugated secondary antibodies (Molecular Probes). Nuclei were 
stained with TO-PRO3 (Molecular Probes) according to the manufacturer’s 
protocol. Embryos were dissected, flat-mounted in 70% glycerol or mounted 
in Mowiol and images were recorded on a microscope (NIKON Eclipse 
80i) using a 20x Plan Apo na 0.5 or a 40x plan Apo na 1 with the NIS-
element AR 2.30 software, or on a confocal microscope (TCS SP5, Leica 
Microsystems) with a 20x Plan Apo na 0.7 objective (zoom X4) using the 
scanner resonant mode. Confocal images are stacks of the anterior somites 
of 6 ss embryos, animal region of 30% epiboly embryos or at the indicated 
stages in figure legends. For whole embryos, imaging was performed using 
a stereomicroscope (Leica MZ FL III) with the ACT-1C software.

Quantitative PCR
Q-PCR analyzes were performed on MyIQ device (Bio-Rad) with the Sso-

Fast EvaGreen Supermix (Bio-Rad), according to the manufacturer’s instruc-
tions. All experiments included standard curves. Samples were normalized 
to EF1 mRNA copies. Primer sequences were: crebbpa F- 5’-CGAAAAGTG-
GAAGGGGACAT-3’, R- 5’- TTCTCTTCCAGCTCTTTCTGG-3’; crebbpb F- 
5’-CAGGTTCCTCAAGGGATGG-3’; R-5’-CCATCATGGCTTGAGCTTG-3’; 
myf5 F- 5’-GAGAGCATGGTTGACTGCAA-3’, R -5’-GAATCACTTCCG-
GTTGGAGA-3’; mlc2f F- 5’-ACGACCTTAGGGACGTGTTG-3’, R- 5’-CTT-
GAAGGCAGACACGATGA-3’; EF1a F- 5’-GATGCACCACGAGTCTCT-
GA-3’, R- 5’-TGATGACCTGAGCGTTGAAG-3’.
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