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1 Abbreviations: GFP: green fluorescent protein; CNS: central nervous system; hpf: 
hours post fertilization; 
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Abstract  

 

Laminin-111 (111) is a member of the Laminin family of extra-cellular matrix proteins 

that comprises 16 members, components of basement membranes. Laminin-111, one of 

the first Laminin proteins synthesized during embryogenesis, is required for basement 

membrane deposition and has essential roles in tissue morphogenesis and patterning. 

Yet, the mechanisms controlling Laminin-111 expression are poorly understood. We 

generated a zebrafish transgenic reporter line that reproduces faithfully the expression 

pattern of lama1, the gene encoding Laminin 1, and we used this reporter line to 

investigate lama1 transcriptional regulation. Our findings established that lama1 

expression is controlled by intronic enhancers, including an enhancer directing 

expression in the paraxial mesoderm, anterior spinal cord and hindbrain, located in intron 

1. We show that Hedgehog signalling is necessary and sufficient for lama1 transcription 

in the paraxial mesoderm and identify putative Gli/Zic binding sites that may mediate this 

control. These findings uncover a conserved role for Hedgehog signalling in the control of 

basement membrane assembly via its transcriptional regulation of lama1, and provide a 

mechanism to coordinate muscle cell fate specification in the zebrafish embryo.
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1. Introduction 

 

Laminins are proteins of the extracellular matrix that play critical roles during embryonic 

development and in adult tissues. As key components of basement membranes, 

Laminins are instrumental in defining boundaries, shaping tissues and organs, 

maintaining epithelial organization, and providing structural support [1-3]. They have also 

important signalling functions through their binding to and activation of two cell surface 

receptors, Integrins and Dystroglycan [4, 5].  

Laminins are heterotrimeric molecules containing one alpha, one beta and one gamma 

chain. Five genes encoding for Laminin alpha (Lama), four genes encoding for Laminin 

beta (Lamb) and three genes encoding for Laminin gamma (Lamc) have been identified 

and contribute to the formation of approximately 16 distinct Laminins in vertebrates [6-8]. 

Amongst those, Lamb1 and Lamc1 encode subunits shared by many Laminin isoforms, 

and thus display a broad, nearly ubiquitous expression pattern [9]. In contrast, Lama 

genes have a more specific expression pattern, consistent with the restricted distribution 

of the subunit they encode. Laminin  subunits are also required for the progression 

through the secretory pathway and extracellular release of Laminin heterotrimers [10]. 

Thus, it is crucial to uncover how Lama gene expression is controlled, as it dictates the 

distribution of a given Laminin. 

 

Laminin-111 (111) is the first Laminin protein produced in the developing mammalian 

embryo, and is detected by western blot at the 16-cell stage and by immunofluorescence 

within the Reichert’s and the embryonic basement membranes in pre-implantation mouse 

embryos [9, 11]. Consistent with this distribution, knockout of Lama1, the gene encoding 

Laminin 1, results in early peri-implantation lethality (around E6.5) associated with the 

loss of Reichert’s basement membrane [9]. During mouse embryogenesis, Laminin- 1 

is mainly incorporated in basement membranes associated with epithelia of the central 

nervous system, kidneys, lungs, and retina, as well as skeletal muscles [12-14]. In mouse 

adult tissues, Laminin 1 is mostly restricted to epithelial organs, including kidneys, testis 

and the eye [15, 16]. Thus, although Laminin 1 is abundant during embryogenesis, it is 
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largely down-regulated in adulthood. This indicates that Lama1 transcription is 

dynamically controlled during development.  

In mouse skeletal muscles, a Laminin 1- and Laminin 5-containing basal lamina 

associated with embryonic muscles is gradually replaced by a Laminin 2-containing 

basal lamina in adult muscles [14, 17-21].  As in mouse embryos, Laminin 1 is the 

earliest subunit detected in the tail bud and presomitic mesoderm of zebrafish embryos, 

closely followed by Laminin 2 in adaxial cells and Laminin 4 and 5 in slow and fast 

muscle cells [8, 22-24]. In amniotes and fish skeletal muscles, muscle-associated 

Laminins appear to have dual roles. First, they have a structural role, anchoring muscle 

fibres to the basal lamina and linking the extra-cellular matrix to the cytoskeleton, which 

stabilises the sarcolemma during muscle contraction. Consequently, Lama2 loss-of-

function mutations result in congenital muscular dystrophy in human, mouse and 

zebrafish [25-27], and immobilizing lama2-deficient zebrafish reduces the structural 

damages inflicted on myofibres upon contraction [28]. Interestingly, in zebrafish and in 

mouse congenital muscular dystrophy models, ‘embryonic’ Laminin 1 can compensate 

for the loss of Laminin 2, as forced expression of Lama1 in Lama2-deficient mice 

suppresses the dystrophic phenotype while loss of lama1 (bashful (bal) mutant) in lama2 

(candyfloss (caf)) mutant zebrafish exacerbates the fibre detachment phenotype [29-31]. 

Second, Laminins have also a role in the specification and patterning of skeletal muscle 

progenitor cells. In the mouse, loss of somitic Lama1 expression in Sonic Hedgehog 

(Shh)-deficient embryos impairs the assembly of the myotomal basement membrane and 

results in aberrant migration and differentiation of muscle progenitor cells [17]. Likewise, 

lamc1 (sleepy (sly)) mutation disrupts the pre-patterning of adaxial cells and Hedgehog-

mediated induction of muscle pioneer and medial fast muscle cell differentiation in 

zebrafish embryos [22]. Collectively, these findings suggest that Laminin 1 is a target of 

therapeutic interest in muscle pathologies, and its distribution and function is intricately 

associated with Hedgehog signalling in developing skeletal muscles; however, the nature 

of this relationship remains elusive. 

Here, we used BAC transgenesis in the zebrafish in order to identify the regulatory 

elements controlling lama1 expression during embryogenesis. We characterized an 

intronic enhancer sufficient to drive reporter gene expression in the embryonic central 

nervous system (CNS) and skeletal muscles. Further analyses showed that Hedgehog 
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signalling controls both endogenous lama1 expression and transgene expression driven 

from the intronic enhancer, revealing a central role for Hedgehog signalling in the 

regulation of lama1 expression in mesoderm-derived and neural tissues. Given our 

findings and the known role of Laminin 1 in patterning adaxial cells for Hedgehog-

mediated myogenesis, we propose that Hedgehog-controlled lama1 expression regulates 

spatially and temporally the deposition of Laminin-111 (111) and thus the timing of 

adaxial cell fate specification during embryonic myogenesis. Furthermore, it provides a 

novel line of investigations to exploit the therapeutic effects of Laminin 1 in congenital 

muscular dystrophies. 

 

2. Results 

 

2.1. The BAC transgenic line lama1:GFP recapitulates lama1 expression during zebrafish 

development. 

The zebrafish lama1 locus is syntenic to the human and mouse Lama1 locus, and is 

characterised by the conserved presence of two genes upstream of lama1: ptprma, 

which encodes protein tyrosine phosphatase, receptor type, M, a, and lrrc30, which 

encodes for Leucine-rich repeat-containing protein 30 (Fig. 1A). To identify the regulatory 

elements controlling lama1 expression, we used a BAC recombineering approach to 

generate a stable zebrafish transgenic line (lama1:GFP) expressing the reporter gene 

EGFP under the control of lama1 regulatory sequences [32]. BAC zC34A17 contains the 

entire lama1 locus in addition to 39.76kb and 26.74kb of upstream and downstream 

sequences, respectively (Fig. 1A). A EGFP cassette was inserted at the start codon of 

lama1 in BAC zC34A17, and five independent founder lines were established and grown 

to the F3 generation. All lines showed a similar GFP expression pattern, which was 

assessed from the 1-cell stage to 96 hpf, and compared to the expression pattern of 

lama1 (Fig. 1B-N). Lama1 transcripts were detected in 1-cell stage through to 50% 

epiboly zebrafish embryos (Fig. 1B-F). However, no GFP-positive cell was observed at 

these stages (data not shown), indicating that as previously reported [23], lama1 was 

maternally expressed or that elements controlling the early expression of lama1 were not 

present in BAC zC34A17. At 75% epiboly, both lama1 transcripts and GFP were 
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expressed very broadly (Fig. 1G). However, by the 6-somite stage, lama1 and GFP 

expression became restricted to the anterior ventral CNS, notochord, and the paraxial 

mesoderm (psm and somites) (Fig. 1H). This expression pattern was maintained at the 

15-somite stage, when GFP also became detectable in the eye and otic vesicles (Fig. 1I). 

At 24 hpf, GFP expression was observed in the anterior CNS, including the 

telencephalon, the midbrain-hindbrain boundary, and the anterior spinal cord (Fig. 1J). 

GFP expression was also evident in both the lens and retina of the eye, and in the otic 

vesicles (Fig. 1J,K). In the trunk, reporter gene expression was observed in somitic 

muscles, the uro-genital opening, the pre-somitic mesoderm (psm) and the posterior 

notochord, in a pattern resembling that of endogenous lama1 (Fig. 1J,L-N). Closer 

examination of 24hpf zebrafish embryos following transient transgenesis and co-labelling 

with antibodies specific to slow muscle fibres (F59), fast muscle fibres (F310), and to the 

notochord (keratan sulphate) revealed that GFP expression was present in both slow and 

fast muscle fibres, and within the notochord (Fig. 1O-T). Similar to endogenous lama1, 

GFP expression presented an antero-posterior gradient in the trunk with higher 

expression in posterior somites, posterior notochord, and in the psm (Fig. 1J). However, it 

was noticeable that while lama1 expression was down-regulated in thoracic somites, 

GFP expression was maintained (Fig. 1J). We attributed this difference to the stability of 

GFP, as although observed in all somites in 24 hpf zebrafish embryos (Fig. 1J,U), gfp 

transcripts in somites declined in 48hpf embryos and by 72hpf were no longer detectable 

(Fig. 1V-Y and data not shown), indicating that the persistence of GFP in 24 hpf somites 

was transient and likely due to the higher stability of gfp compared to lama1 transcripts. 

Notable sites of expression in 48hpf embryos included the telencephalon, the eye, the 

midbrain-hindbrain boundary, the otic vesicles, the branchial arches, and the pectoral fins 

(Fig. 1V-Y). Thus, the transgenic line lama1:GFP recapitulates the expression pattern of 

endogenous lama1, suggesting that all regulatory elements necessary for lama1 

expression during zebrafish embryogenesis are contained within BAC zC34A17. 

 

2.2. An intronic enhancer drives lama1 expression in the CNS and skeletal muscles. 

To characterize the sequences required for lama1 expression, we performed a deletion 

series on the lama1:GFP transgene, and analysed the transcriptional output of deleted 

constructs by transient transgenesis in the zebrafish. Removal of sequences up to 3.3kb 
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upstream (-3.3lama1:GFP) and all downstream sequence (-3.3lama1:GFPex63) of 

lama1 had no effect on reporter gene expression (Fig. 2A,B, and compare Fig. 2C and 

D). Likewise, deletion of intragenic sequences downstream of exon 4 did not affect GFP 

expression (-3.3lama1:GFPex4) (Fig. 2A,B). This suggested that the enhancer(s) 

responsible for lama1 expression in the embryo are located either within 3.3kb upstream 

of the lama1 start site or in intragenic sequences within the first 4 exons. We cloned the 

3.3kb upstream sequence with EGFP into the TOPO vector and tested several deletions 

to identify the minimal sequence required for basal transcription and found that a 0.8kb 

sequence upstream of lama1, predicted by bioinformatics to act as a minimal promoter, 

drove weak GFP expression in 2/55 embryos at 15-somite stage and in 2/76 embryos at 

24 hpf (Fig. 2A,B). The 3.3kb upstream sequence tested in isolation in a GFP reporter 

construct yielded weak GFP expression in 10/58 embryos, which was significantly 

enhanced when intragenic sequences comprised between exons 1-4 were included (-

3.3lama1:GFPex4), indicating that specific enhancers for lama1 expression are likely to 

be intragenic. Thus, all constructs tested subsequently contained the minimal promoter 

(0.8kb) upstream of the reporter gene GFP. We assessed a 10kb sequence spanning 

exon 1 to 2 (-0.8lama1:GFPex2), which was sufficient to drive the complete pattern of 

lama1 expression at the 15-somite and 24 hpf stages (Fig. 2A,B,E).  

Transient transgenic embryos carrying a transgene with further deletion into intron1 

removing the 3’ half of intron 1 (-0.8lama1:GFP4497) revealed good levels of GFP 

expression in the trunk musculature and somewhat lower GFP expression in the anterior 

spinal cord and CNS at 24hpf (Fig. 2A,B,F). A similar expression pattern was observed in 

19-somite and 49hpf embryos (data not shown). This suggested that this latest construct 

contained the enhancer(s) for mesoderm-derived (psm and axial mesoderm) and 

neuroectoderm-derived (neural tube, eye, brain) tissue expression. To further define the 

boundaries of the regulatory sequence(s) driving embryonic lama1 expression, we 

generated a construct containing sequences of intron 1 up to +2373 (-

0.8lama1:GFP2373), which activated, but did not maintain reporter gene expression 

(Fig. 2A,B,G,H). Further deletions into intron 1 until +1575bp (-0.8lama1:GFP1575) 

showed loss of reporter gene expression at both 15-somite stage and 24hpf (Fig. 2A,B,I), 

suggesting that no regulatory element is present within the 5’ end of intron 1. We 

concluded that the enhancer(s) driving lama1 expression in embryogenesis must be 
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situated between +1575 and +4497. Furthermore, as the construct 

0.8lama1:GFP2373 did not maintain reporter expression and a construct -

0.8lama1:GFP1551-2324 was not sufficient to activate or maintain reporter expression 

(data not shown), we hypothesized that the 3’ half of the intronic sequence of -

0.8lama1:GFP4497 contains the enhancer(s) for lama1. Indeed, both a fragment 

containing sequence between +2318 and +3226 (-0.8lama1:GFP2318-3226) and a 

fragment containing sequences between +2205-2922 (-0.8lama1:GFP2205-2922) were 

sufficient to activate and maintain reporter gene expression (Fig. 2A,B,J,K).  

To confirm our findings, embryos injected with -0.8lama1:GFP4497 and with -

0.8lama1:GFP2205-2922 were raised to adulthood and screened for transmission to the 

germ line. While the stable line for -0.8lama1:GFP2205-2922 had very low levels of 

expression, suggesting that this short sequence was not sufficient for robust, stable 

expression (data not shown), the stable line containing the construct -

0.8lama1:GFP4497 displayed strong GFP expression at the 10-somite stage in the 

paraxial and axial mesoderm, and in the CNS (Fig. 2L,M). In 24hpf embryos, GFP 

expression levels were high in the psm and posterior somites, labelling both slow and 

fast muscle fibres (Fig. 2N,P). GFP was also observed in the anterior CNS, including in 

the telencephalon, tegmentum, cerebellum and rhombencephalon, and in sensory 

structures such as the olfactory placodes (Fig. 2N,O). Overall, the expression pattern 

displayed by -0.8lama1:GFP4497 embryos mimics closely that of lama1:GFP 

embryos, although -0.8lama1:GFP4497 embryos did not present GFP expression in 

the eye nor in the otic vesicles (compare Fig. 2N,O with Fig. 1J,K). This indicates that 

enhancers controlling lama1 expression in the paraxial mesoderm and most of the 

anterior CNS are situated between positions +1-4497 of intron 1.  

 

2.3. Hedgehog signalling is necessary and sufficient to activate lama1 expression in the 

zebrafish paraxial mesoderm. 

Given our previous findings that Shh signalling is required for Lama1 expression in the 

mouse paraxial mesoderm and neural tube [17], we asked whether Hedgehog signalling 

was necessary for lama1 expression in the zebrafish embryo. 
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We first analysed smuhi1640 mutant embryos, which carry a misense mutation in 

Smoothened, a transmembrane protein essential for Hedgehog signalling [33]. 

Consistent with previous reports [33], the absence of Hedgehog response in smuhi1640 

mutant embryos resulted in the down-regulation of ptc1 transcripts in the anterior CNS, 

the eye and the paraxial mesoderm at 28hpf (Fig. 3A,B). Interestingly, there was also a 

down-regulation of endogenous lama1 expression in the psm and urogenital opening of 

smuhi1640 mutant embryos (Fig. 3C,D). Although lama1 expression was slightly reduced in 

the anterior CNS, expression in the spinal cord and vasculature/pronephric duct did not 

appear to be affected in smuhi1640 mutant embryos (Fig. 3C,D). Similarly, when Hedgehog 

signalling was inhibited by applying cyclopamine, a potent inhibitor of Smoothened 

activity [34], to wild-type zebrafish embryos, we observed a decrease in lama1 

expression, concomitant with a down-regulation in ptc1 expression, in the paraxial 

mesoderm and urogenital opening of treated compared to control embryos (Fig. 3E-H).  

Expression of lama1 in the anterior CNS, neural tube and the vasculature/pronephric 

duct was weakly reduced, as in smuhi1640 mutant embryos (Fig. 3G,H). Together, these 

observations indicate that Hedgehog signalling is necessary for lama1 expression in the 

paraxial mesoderm and urogenital opening, and contributes, but is not essential, to 

lama1 expression in the CNS. Finally, lama1 expression in the eye appears independent 

of Hedgehog signalling. 

We next asked whether Hedgehog signalling was sufficient to regulate endogenous 

lama1 expression. ptc1hu1062 and ptc2lep mutant zebrafish carry a splice donor mutation in 

ptc1 and a nonsense mutation in ptc2, respectively [35, 36]. While single homozygous 

embryos display a mild phenotype,  ptc1hu1062ptc2lep double mutant embryos exhibit 

aberrant activation of the Hedgehog signalling pathway characterised by an up-regulation 

of the Hedgehog target gene ptc1 in the paraxial mesoderm, neural tube, anterior CNS 

and the eye at 15-somite stage and 28hpf (Fig. 4A-D). Aberrant Hedgehog signalling 

caused also an increase in lama1 expression in the neural tube, psm, hypochord, uro-

genital region and the ventral vasculature and pro-nephric duct at 28hpf (Fig. 4E-H). 

Interestingly, lama1 expression was not up-regulated in somites at 28hpf, although we 

consistently observed increased lama1 expression in somites of 15-somite stage 

ptc1hu1062ptc2lep embryos (Fig. 4E-H), suggesting distinct temporal regulatory 

mechanisms in somites. Constitutive activation of the Hedgehog pathway can also be 

achieved through the injection of dominant negative protein kinase A (dnPKA) transcripts 

in zebrafish embryos [37-39]. Thus, one-cell stage zebrafish embryos were injected with 
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dnPKA mRNA and analysed at the 15-somite stage and at 28hpf. As reported previously, 

dnPKA caused constitutive activation of Hedgehog signalling, which was evidenced by a 

robust up-regulation of ptc1 expression in treated compared to control embryos at 15-

somite stage and at 28hpf (Fig. 4I-L). Endogenous lama1 expression was increased in 

the eye, anterior CNS, spinal cord and paraxial mesoderm (psm and somites) of dnPKA-

injected embryos at the 15-somite stage, and in the anterior CNS, spinal cord and psm, 

but not somites at 28hpf (Fig. 4M-P).  

Together, these findings demonstrate that Hedgehog signalling has a differential effect 

on embryonic tissues that express lama1 in the zebrafish embryo: it is necessary and 

sufficient to drive expression in the zebrafish tailbud, pre-somitic and paraxial mesoderm 

where lama1 expression appears to be subject to a temporal regulation as Hedgehog 

signalling drives lama1 expression in early (15-somite stage), but not late (28hpf), 

somitogenesis. Finally, in other sites expressing lama1 such as the anterior CNS, the 

spinal cord and the eye, Hedgehog signalling is sufficient but not necessary for lama1 

expression. These observations suggest that the spatial and temporal expression pattern 

of lama1 may result from the combinatorial input of different signalling pathways, 

including the Hedgehog pathway, acting upon a single enhancer or distinct enhancers. 

 

2.4. Gli/Zic binding sites within the lama1 intronic enhancer form specific transcriptional 

complexes  

Given the control of mesodermal lama1 expression by Hedgehog signalling and the 

identification of zebrafish lama1 regulatory sequences within intron 1, we performed in 

silico analyses of lama1 first intron to identify transcriptionally active regions and putative 

Hedgehog response elements. We searched for mono and tri-methylation on histone H3 

at lysine 4 (H3K4me1 and H3K4me3) that are often associated with active chromatin [40, 

41]. Data mining of a genome-wide study of histone modification marks found in 24hpf 

zebrafish embryos revealed a sequence marked by H3K4me3 overlapping with the 

transcriptional start site of zebrafish lama1 [42], consistent with the known association of 

H3K4me3 histone modifications with promoter elements and the presence of the lama1 

promoter immediately upstream of exon 1 [43] (Fig. 5A). Of particular interest was the 

presence of a sequence marked by H3K4me1, a modification often associated with 

enhancer elements, located at position +2324-3283, a region situated within the 4497bp 
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transgene that contains most lama1 regulatory sequences (Fig. 5A,B). Interestingly, the 

domain marked by H3K4me1 overlapped only partially with the sequence -

0.8lama1:GFP2205-2922  tested in transgenesis (Fig. 5B), providing a possible 

explanation for the reporter expression observed in transient, but not in stable transgenic 

fish (Fig. 2K). Additional H3K4me1 marks present in intron 1 fall in regions, which did not 

display reporter gene expression when tested by transgenesis (Fig. 5A). Based on these 

analyses, we hypothesized that the enhancer driving lama1 expression in the paraxial 

mesoderm, urogenital region and anterior CNS is located at the site marked by H3K4me1 

within the -0.8lama1:GFP4497 transgene. We performed a search for binding sites for 

Gli proteins, the mediators of Hedgehog signalling, and for Zic proteins, which are zinc 

finger transcription factors of the Gli superfamily forming heterodimers with and 

modulating Gli proteins (Fig. 5C,D) [44]. Notably, we identified two alternative Zic binding 

sites (Zic sites 1 and 3) and one site with similarities to both conventional Zic and Gli 

binding sites (Gli/Zic site 2) within the putative enhancer region marked by H3K4me1 

(Fig. 5C,D). No other putative Gli binding site was present within the rest of the -

0.8lama1:GFP4497 construct. We tested whether proteins from zebrafish embryo 

nuclear extracts could form complexes on the Gli and Zic binding sites by electromobility 

shift assay (EMSA) using radioactively labeled oligonucleotides encompassing sites 1–3. 

The oligonucleotides containing sites 1-3 formed specific complexes in the presence of 

nuclear extract from 24hpf zebrafish embryos (black arrowheads in Fig. 5E). Binding to 

sites 1-3 was efficiently competed by an excess of non-radiolabelled oligonucleotides 

(competitor), indicating that the complexes observed were specific (Fig. 5E). 

Furthermore, the addition of an excess of unlabelled oligonucleotides in which the Zic 

binding site was mutated was unable to compete complex formation at site 1, and to a 

lesser extent at site 3, suggesting that the high-molecular complexes detected by EMSA 

form at the Zic binding sites (black stars in Fig. 5E). Mutations within the Gli binding site 

of site 2 did not abolish competition by excess unlabelled oligonucleotides suggesting 

that either the complexes observed do not involve Gli, or more likely that the mutations 

introduced in the Gli/Zic site 3 were not sufficient to fully abolish binding. Combined, 

these findings suggest that lama1 transcriptional control by Hedgehog signalling may 

operate from a region located within the 5’ half of intron 1, and could involve a direct 

control via binding to at least one binding site with a consensus sequence for Zic 

proteins. 
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2.5. Hedgehog signalling controls the transcriptional activity of the lama1 reporter lines 

Given the presence of Gli/Zic binding sites within the lama1 intronic enhancer, we next 

investigated whether Hedgehog signalling regulates lama1 expression at the 

transcriptional level through its control of the intronic enhancer activity. We manipulated 

Hedgehog signalling and assessed the effect on reporter gene expression from the two 

stable lines we generated, lama1:GFP and -0.8lama1:GFP4497.  Decreased 

Hedgehog signalling was achieved by growing lama1:GFP and -0.8lama1:GFP4497 

zebrafish embryos in the presence of cyclopamine, and aberrant Hedgehog signalling 

was achieved by injecting lama1:GFP and -0.8lama1:GFP4497 with dnPKA transcripts 

(Fig. 6). Consistent with the fact that lama1:GFP reporter gene expression mirrors lama1 

expression pattern, we observed that gfp expression was down-regulated in the psm, 

urogenital region and anterior CNS of cyclopamine-treated compared to control 

lama1:GFP embryos (Fig. 6A,B). In contrast, there was a lesser effect of cyclopamine on 

the eye, midbrain-hindbrain junction, and the vasculature/pronephric duct (Fig. 6A,B). 

Conversely, dnPKA-injected lama1:GFP embryos displayed an up-regulation of gfp in 

most tissues expressing lama1, including the psm, somites, urogenital region, and 

anterior CNS at 15-somite stage and 24hpf (Fig. 6C-F). These data confirm that the 

lama1:GFP line mimics closely endogenous lama1 and that the Hedgehog response 

elements are contained within the BAC sequence of lama1:GFP. We next asked whether 

the 5kb intronic region of -0.8lama1:GFP4497 was Hedgehog responsive. We applied 

cyclopamine to -0.8lama1:GFP4497 embryos, and observed a strong down-regulation 

of reporter gene expression in the psm and a moderate decrease of reporter gene 

expression in the anterior CNS at 24hpf (Fig. 6G,H). Conversely, reporter gene 

expression was up-regulated in the psm of 15-somite stage and 24hpf -

0.8lama1:GFP4497 embryos with dnPKA mRNA at the 1-cell stage compared to control 

embryos (Fig. 6I-L). As observed with endogenous lama1 and with the lama1:GFP 

transgene, reporter gene expression was transiently up-regulated at the 15-somite stage, 

but not at 24hpf, in somites of dnPKA-injected embryos (Fig. 6I-L), confirming the 

temporal effect of Hedgehog signalling on lama1 expression in somites. We conclude 

that Hedgehog signalling-mediated control of lama1 in the psm and somites maps to the 

intronic enhancer present in the -0.8lama1:GFP4497 transgene. 
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3. Discussion 

In this study, we report on the generation of a stable transgenic zebrafish line 

recapitulating the endogenous expression pattern of lama1. Through deletion analyses, 

we further established that lama1 expression in the anterior CNS and paraxial mesoderm 

is driven by an enhancer located within intron 1.  Furthermore, we demonstrate that both 

endogenous lama1 expression and reporter gene expression driven by the intronic 

enhancer is controlled by Hedgehog signalling, possibly through Gli/Zic binding sites 

within the lama1 intron 1 enhancer, in the paraxial mesoderm. We propose a model 

whereby the dual control of lama1 and muscle cell fate determinants by Hedgehog 

signalling coordinates the temporal and spatial specification of muscle pioneer and 

medial fast muscle cells in the zebrafish embryo.  

 

3.1. Conservation of lama1 expression pattern in vertebrates.  

Lama1 has a complex expression pattern with near ubiquitous expression in early 

zebrafish embryogenesis, which becomes restricted over time to tissues of mesodermal 

and ectodermal origin, including the neural tube, anterior CNS, most sensory organs 

(eye, otic vesicles and olfactory placodes), somitic and limb muscles, urogenital tissues 

and notochord [8, 23, 24, 45]. Thus, as in mammals, zebrafish lama1 is temporally 

regulated to be expressed broadly in early embryogenesis and down-regulated in late 

embryogenesis. This expression pattern overlaps with the distribution of Laminin-111, the 

main Laminin -containing isoform in embryos, and is consistent with defects in the 

development of the notochord, cerebellum and the eye in zebrafish bal mutant and 

conditional Lama1 knockout mice [23, 45-50]. Furthermore, the emergence of LAMA1 

mutations associated with developmental defects in the cerebellum and retina in humans 

suggests a conversed expression pattern and function for Laminin 1 during evolution 

[51].  

Our stable transgenic line lama1:GFP recapitulates faithfully the temporal and spatial 

expression pattern of lama1 in the zebrafish embryo, providing a useful resource to 
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monitor the transcription of lama1. Overall, the expression pattern of lama1 reported in 

this study and by others in the zebrafish embryo shows a high degree of similarity with 

the expression pattern observed in chick and mouse embryos, indicating that lama1 

expression is conserved during vertebrate evolution. However, there are notable 

differences between species in lama1 expression in the notochord and the paraxial 

mesoderm. In the zebrafish embryo, lama1 is transiently transcribed in the 

chordamesoderm and notochord between the tail bud stage and the 19-somite stage, 

and is likely to contribute to the deposition of Laminin-111 around the notochord [23, 24]. 

In contrast, no Lama1 expression has been observed in the chick and mouse notochord, 

although Laminin-111 is deposited in the peri-notochord basement membrane [14, 17, 

52]. Likewise, the spatial distribution of lama1 transcripts in the paraxial mesoderm differs 

between zebrafish and mouse embryos. Although deposited in the myotomal basement 

membrane assembled at the surface of muscle progenitor cells, Laminin 1 is 

transcribed by sclerotomal, and not myogenic cells in the mouse embryo [17]. In contrast, 

lama1 is transcribed by adaxial, slow and fast muscle cells in the zebrafish embryo and 

contributes to the somitic basement membrane and myotendinous junction [23, 24, 53]. 

The molecular basis for these differences may reside in the existence of different 

regulatory elements controlling lama1 expression in these domains. Alternatively, it could 

be due to differences in the availability of specific combinations of transcription factors 

between mouse and fish tissues.  

 

3.2. Lama1 expression in the zebrafish embryo is controlled by distinct intronic regulatory 

elements 

The expression pattern of lama1:GFP demonstrates that it contains all necessary 

regulatory elements for lama1 transcription and involves the activity of a 5’ intronic 

element driving expression in the paraxial mesoderm and anterior CNS and a 3’ intronic 

element driving expression in the neural tube, uro-genital opening, notochord and 

sensory organs, contained within intron 1 (Fig. 7A,B). Our findings point to the existence 

of one or two enhancers within a 1kb region of the 5’ intronic element controlling lama1 

expression in the paraxial mesoderm and anterior CNS: a) this genomic region drives 

robust reporter gene expression in transient transgenesis; b) it is marked by the histone 

methylation H3K4me1 associated with active enhancers; c) Gli/Zic binding sites are 
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concentrated in the 1kb region labelled by H3K4me1, suggesting a possible direct control 

of 0.8lama1:GFP4497 transcription by Hedgehog signalling. At present, we cannot 

rule out the existence of two distinct enhancers within the 1kb region, given that loss of 

Hedgehog signalling affects differently reporter gene expression in the paraxial 

mesoderm and the anterior CNS.  

In human and mouse, Lama1 transcription operates from a conserved proximal promoter 

containing essential Sp1/3 and Kruppel-like factor (KLF) binding sites [54, 55]. In the 

zebrafish, our deletion analyses coupled with bioinformatics have also identified that 

lama1 transcription is initiated from a short proximal promoter of 800bp. However, the 

zebrafish promoter shares no sequence homology with the mouse or human Lama1 

promoter (data not shown). Likewise, the zebrafish intronic enhancer identified in the 

0.8lama1:GFP4497 construct does not appear to be conserved in mammals (data not 

shown). This is perhaps not surprising given that a number of functionally active 

enhancers, while driving similar expression patterns, are not conserved at the sequence 

level between distant vertebrates (such as mouse and zebrafish) [56]. Instead, these 

non-coding regulatory elements tend to be found in syntenic regions and share 

conserved transcription factor binding sites or sequence blocks, albeit in a different order 

[56]. In mammals, the regulatory elements controlling Lama1 expression in the embryo 

have not been identified yet, although an enhancer responsible for Lama1 expression in 

the parietal endoderm located 3kb upstream of Lama1 and controlled by Sox7 and Sox17 

has been previously characterized [57, 58]. Further work is required to determine 

whether lama1 regulation in vertebrates is controlled by functionally conserved 

enhancers.  

 

3.3. Hedgehog signalling controls lama1 expression in the paraxial mesoderm 

Hedgehog signalling is necessary and sufficient for lama1 expression in the paraxial 

mesoderm and the uro-genital region, and is sufficient to up-regulate expression in the 

anterior CNS and spinal cord. In line with these observations, it is worth noting that in 

addition to the Gli and Zic binding sites present in the region controlling lama1 expression 

in the anterior CNS and paraxial mesoderm, we identified two further Gli binding sites in 

the region controlling uro-genital and spinal cord expression (Fig. 7A). Therefore, 
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although indirect control by Hedgehog signalling cannot be fully ruled out at this stage, 

we favour the possibility that, at least in the paraxial mesoderm, Hedgehog signalling 

acts directly on lama1 transcription through its control of the intronic enhancer(s) 

identified in this study. First, Hedgehog signalling has a similar effect on the 

transcriptional output from the lama1:GFP and 0.8lama1:GFP4497 reporter lines than 

on endogenous lama1 expression. Second, the putative Gli/Zic binding sites identified 

within the paraxial mesoderm intronic enhancer form specific transcriptional complexes in 

the presence of zebrafish embryo nuclear extracts. The close proximity of Gli and Zic 

binding sites is a common feature of several enhancers of developmentally important 

genes, and is consistent with the known synergistic transcriptional activity and nuclear 

transport control of Gli by Zic proteins [59-61]. Both gli and zic genes are expressed in 

the paraxial mesoderm. zic2b and zic3 are of particular interest, given their expression in 

the paraxial mesoderm and down-regulation during somitogenesis [62, 63], and the 

essential roles their mammalian counterparts play in patterning and differentiation of 

somite derivatives [64, 65]. Combined with the well-established function of hedgehog 

signalling in the specification and differentiation of zebrafish adaxial cells [34], these 

observations support a dual control of lama1 by Gli and Zic proteins.  

Together with our previous report that Hedgehog signalling is required for Lama1 

expression in the mouse embryo [17], our observations suggest that Lama1 control by 

Hedgehog signalling is conserved in vertebrates, albeit with some differences between 

mouse and zebrafish embryos. Hedgehog signalling is differentially required for lama1 

expression in the pre-somitic mesoderm and spinal cord between zebrafish and mouse 

embryos [17]. Shuffling of Hedgehog response elements between tissue-specific 

enhancers may underlie these differences [66]. Alternatively, the differential requirement 

for Hedgehog signalling between zebrafish and mouse embryos may reflect a spatial and 

temporal difference in Hedgehog response, as suggested by the expression pattern of 

Ptc1, a generally accepted readout of Hedgehog signalling, in the pre-somitic and somitic 

mesoderm of zebrafish and amniote embryos [67, 68]. 

The conservation of a Hedgehog-mediated control of lama1 regulation during evolution 

evokes a selective pressure and suggests a functional role for the tandem Hedgehog 

signalling and lama1 in the developing paraxial mesoderm. Consistent with this 

possibility, we previously showed that by controlling both Lama1 and Myf5 expression in 

the developing mouse myotome, Sonic Hedgehog signalling coordinates myogenic cell 
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fate determination and muscle patterning [17, 19, 69]. A similar relationship between 

Hedgehog signalling and lama1 may be at play in the control of zebrafish muscle cell fate 

specification. Indeed, muscle cell fate specification is impaired in the absence of Laminin 

Ȗ1, the  chain associated with Laminin 1 in zebrafish embryos [22, 70] (Fig. 7C). 

Laminin-111 (111) deposition at the surface of adaxial cells pre-patterns the paraxial 

mesoderm by establishing a BMP-free zone and creating a permissive environment for 

Hedgehog signalling-mediated induction of muscle pioneer and medial fast muscle cell 

differentiation [22, 70]. As Laminin   has a leading function in the secretion of Laminin-

111 heterotrimers [10], we propose that Hedgehog-mediated control of lama1 expression 

in the zebrafish pre-somitic mesoderm provides a mechanism to coordinate spatially and 

temporally the inductive activity of Hedgehog signalling on muscle pioneer and medial 

fast muscle cell differentiation (Fig. 7C). Given that other embryonic tissues displayed 

Hedgehog-mediated control of lama1 expression and are patterned by Hedgehog 

signalling, we predict that the tandem Laminin-111/Hedgehog is likely to be re-iterated in 

distinct contexts and to operate in a similar manner in other tissues.  

 

4. Experimental procedures 

 

Maintenance of zebrafish lines 

Wild-type, smuhi1640 (Chen et al., 2001), ptc1hu1062/ptc2lep [35, 36], 0.8lama1:GFP4497 

and lama1:GFP zebrafish lines were maintained at 28°C on a 14-hour light/10-hour dark 

cycle and staged following standard methods [71]. Pigmentation was prevented by 

immersion in 0.2mM N-phenylthiourea. All procedures involving any experimental 

animals were performed in compliance with local animal welfare laws, guidelines and 

policies. n numbers are indicated in figure legends and correspond to the ratio of 

embryos displaying the phenotype illustrated over the total number of embryos analysed. 

  

Cyclopamine treatment of embryos 
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Cyclopamine (Calbiochem) dissolved in 100% ethanol was added to E3 medium to a final 

concentration of 100µM, and added to zebrafish embryos at stage 80% epiboly. Control 

fish were treated with ethanol dissolved in E3 medium. 

  

dnPKA micro-injection in embryos 

dnPKA RNA was synthesised from pCS2MT vector using Not1/Sp6 RNA polymerase and 

the Sp6 mMESSAGE mMACHINE Kit (Ambion). Embryos were injected with 1-2nl of 

RNA solution containing phenol red at the 1 cell stage using a micromanipulator. 

 

Bacterial artificial chromosome and promoter constructs 

eGFP was inserted at the lama1 ATG start site in BAC zC34A17 by using an eGFP-

SV40pA-FRT-Kn-FRT recombineering targeting cassette, as previously published [32]. 

Deletions were generated by homologous recombineering using ultramers with homology 

to either sides of the BAC DNA sequence to be deleted. To delete sequences present 

upstream of the lama1 start site, an iTol2-Amp-iTol2 cassette was inserted, whereas a 

Kanamycin resistance gene was inserted into the BAC to delete sequences downstream 

of the lama1 start site. Deletions were confirmed by PCR analysis. The -3.3lama1:GFP 

and -0.8lama1:GFP constructs were generated by Phusion Hot Start DNA Polymerase 

(2U/µl) (Finnzymes) PCR using lama1:GFP DNA as the template. PCR products were 

cloned into pCRII TOPO vector (Invitrogen). Intronic enhancer sequences were amplified 

by PCR and Kpn1/BamH1 cloned downstream of GFP in the -0.8lama1:GFP vector, 

following the addition of Kpn1 and BamH1 linkers. 

 

In silico analyses 

Promoter prediction was performed using McPromoter and Transcription factor binding 

sites were identified using MatInspector provided by Genomatix 

(http://www.genomatix.de/). Histone methylation marks were extracted from the ChIP-

Seq data performed by Aday et al. on 24hpf zebrafish embryos, mapped on the zebrafish 

genome (zv7) and uploaded on the UCSD genome browser server [42]. 
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In situ hybridisation 

In situ hybridisation was performed as previously described [72]. Digoxygenin labelled 

lama1 antisense RNA was transcribed (T7 polymerase/HindIII) from a 929bp DNA 

template generated by RT-PCR, using RNA extracted from 19-somite stage zebrafish 

embryos and the following primers: forward 5’- GAAGTTTGAA 

TGAGAGAAAGACGGAC-3’ and reverse 5’- CCTTGATGGAGTAATAATACCGTCG-3.’ 

The gfp RNA probe was amplified from a pBluescript vector containing the GFP 

sequence (from S. Elworthy, University of Sheffield) using the primers: forward 5’-

GCCTCGGTGAGTTTTCTCCTTC-3’ and reverse 5’-GATGCCGTTCTTCTGCTTGTCG 

and the probe generated using BamH1 and T7. The ptc1 antisense RNA probe was 

generated from a pGEM-T-Easy vector, using ApaI/Sp6 polymerase.  Whole-mount 

embryo images were captured under a MZ12.5 stereomicroscope (Leica) using a SPOT 

INSIGHT Colour camera, and SPOT Advanced digital image capture software 

(Diagnostic Instruments). 

  

Immunofluorescence  

Methanol-fixed embryos were permeabilised in 0.05% Trypsin-EDTA (Gibco) at 37oC. 

Embryos were then incubated overnight at 4oC in 0.1% Tween-20, 2% heat inactivated 

goat serum, 0.2% BSA in PBS, and primary antibody. Primary antibodies were F59 

(DSHB at 1:10), F310 (DSHB at 1:50), and Keratan sulphate (DSHB at 1:100). 

Secondary antibody was Alexa 594 goat anti mouse (Invitrogen at 1:500). Embryos were 

photographed using either a Leica MZ160F fluorescence stereomicroscope (Leica), with 

a DFC300FX camera (Leica) with Leica FireCam Mac V3.1.0 (Leica), an Olympus FV-

1000 confocal microscope, with Olympus FluoView FV-1000 ASW 1.6 confocal software, 

or an Apotome.2 microscope (Zeiss) with an Imager.Z1 camera (Zeiss) and Zen2 

software.    

 

Electro-mobility shift assay (EMSA)  
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Electro-mobility shift assay was carried out as described previously [73] using 

oligonucleotides described in Table S1. Nuclear extracts were prepared from 24hpf wild-

type zebrafish embryos. 
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Figure legends 

 

Figure 1: A BAC transgene recapitulates lama1 expression during zebrafish 

development. (A) Genomic organization of the zebrafish lama1 locus on chromosome 

24. (B-N) GFP reporter expression in the stable lama1:GFP transgenic line compared to 

lama1 expression at the 1-cell (B), 4-cell (C), 8-cell (D), 64-cell (E), 1000-cell (F), 75% 

epiboly (G), to 6-somite stage (H), 15-somite stage (I), and at 24 hpf (J-N). Panels K-N 

are high magnification of the transgenic fish shown in J as indicated by white boxes. In 

B,C, and F, antisense and sense probes for lama1 are shown. (O-T) Confocal 

microscopy images of transient 24 hpf transgenic lama1:GFP zebrafish embryos 

analysed by immunofluorescence using antibodies against GFP and slow myosin heavy 

chain (F59, red) (O,P), fast myosin heavy chain (F310, red) (Q,R), and keratan sulphate 

(red) (S,T). White arrowheads points to the co-localization of GFP with the relevant 

antibody. (U-Y) Comparison of endogenous lama1 (V,X) and gfp expression pattern in 

lama1:GFP zebrafish embryos (U,W,Y) at 24hpf and 48hpf. Note the transient 

maintenance of gfp transcripts in the paraxial mesoderm at 24hpf, which is down-

regulated at 48hpf. All embryos are shown with anterior to the left, except in panels X and 

Y where anterior is up. ptprma: protein tyrosine phosphatase, receptor type Ma; lrcc30: 

Leucine-rich repeat-containing protein 30; kan: kanamycin; ba: branchial arches; bp: 

blood pool; CNS: central nervous system; fp: floor plate; mhb: midbrain-hindbrain 

boundary; mf: muscle fibre; nc: notochord; ov: otic vesicle; pf: pectoral fin; psm: pre-

somitic mesoderm; som: somite; te: telecephalon; uro: uro-genital organs; Va/pn: 

vasculature/pronephros. 
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Figure 2: A BAC deletion analysis identifies an intronic enhancer controlling 

reporter gene expression in skeletal muscles. (A) Schematic representation of the 

deletion constructs tested by transient transgenesis in the zebrafish. Exons are 

represented as red boxes, introns are represented as red lines, BAC sequences are 

shown in blue, GFP is shown as a green box. (B) Transient reporter assay to assess 

skeletal muscle-specific reporter gene expression. Data are shown for the 15-somite and 

24hpf stages. Presence (+) or absence (-) of GFP-positive skeletal muscle cells is 

indicated. Number of GFP expressing fish compared to the total number of injected fish is 

shown in parentheses. * indicates very weak GFP and few positive fibres observed. (C-K) 

GFP expression in representative transient transgenic zebrafish embryos injected with 

the deletion constructs indicated. Embryos are shown at the 24 hpf stage except in (H), 

which shows a 19-somite stage embryo. Skeletal muscle expression is indicated by red 

arrows; notochord expression is indicated by white arrowheads; anterior CNS expression 

is indicated by yellow arrows. (L-P) GFP expression in the 0.8lama1:GFP4497 stable 

zebrafish line at the 10-somite stage (L,M), 21hpf (N), and 24hpf (O,P). Embryos are 

shown with anterior to the left. ce: cerebellum; ha: heart anlage; me: mesencephalon; op: 

olfactory placodes; ot: optic tectum; rh: rhombocephalon; sm: slow muscles; so: somites; 

te: telencephalon; tg: tegmentum. 

 

Figure 3: Hedgehog signalling is necessary for lama1 expression. (A-D) Impaired 

lama1 expression in Smoothened mutant zebrafish. ptc1 (A,B) and lama1 (C,D) 

expression was examined by in situ hybridization in 28hpf wild-type (A,C) and smuhi1640 

mutant (B,D) zebrafish embryos. n= 10/10 (A), 6/6 (B), 362/362 (C), 48/111 (D). (E-H) 

Impaired lama1 expression in cyclopamine-treated embryos. Control (ethanol) (E,G) and 

cyclopamine-treated (F,H) 25hpf embryos were analysed by in situ hybridization using 

probes against ptc1 (E,F) and lama1 (G,H). n= 8/8 (E), 12/12 (F), 31/31 (G), 21/23 (H). 

Insert in C,D,G, and H are high magnification images of the embryo tail. Black arrows 

indicated expression domains affected in smuhi1640 mutant and cyclopamine-treated 

embryos. 

 

Figure 4: Hedgehog signalling is sufficient to up-regulate lama1 expression. (A-H) 

Lama1 expression is up-regulated in ptc1hu1062ptc2lep double mutant embryos. ptc1 (A-D) 
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and lama1 (E-H) expression was examined by in situ hybridization in 15-somite stage 

(A,C,E,G) and 28hpf (B,D,F,H) wild-type and ptc1hu1062ptc2lep double mutant zebrafish 

embryos. n= 12/12 (A), 15/15 (B), 4/4 (C), 3/3 (D), 23/24 (E), 243/243 (F), 3/3 (G), 17/17 

(H). (I-P) Lama1 expression is upregulated in dnPKA-injected embryos. Control (PBS) 

(I,J,M,N) and dnPKA-injected (K,L,O,P) 28hpf embryos were analysed by in situ 

hybridization using probes against ptc1 (I-L) and lama1 (M-P). n= 31/31 (I), 19/19 (J), 

22/22 (K), 44/44 (L), 45/52 (M), 45 (N), 33/41 (O), 42/53 (P). Insert in F,H,N, and P are 

high magnification images of the embryo tail. Black arrows indicated expression domains 

up-regulated in ptc1hu1062ptc2lep double mutant and dnPKA-injected embryos. 

 

Figure 5: Hedgehog control of lama1 expression is mediated by Zic/Gli binding 

sites. (A) Distribution of H3K4me1 and H3K4me3 methylation marks within the zebrafish 

lama1 locus. (B) Schematic representation of the two stable transgenic lines generated. 

Note the presence of a region rich in H3K4me1 (in blue) at +2324-3283, which is 

comprised within the -0.8lama1:GFP4497 transgene sequence and partially overlaps 

with the -0.8lama1:GFP2205-2922  transgene sequence. (C) Schematic representation 

of the lama1 intronic sequence present in -0.8lama1:GFP4497 showing the position of 

the enhancer identified at position +2205-2922 (brown), and the position of the H3K4me1 

methylated region (blue). Putative binding sites for Zic and Gli transcription factors are 

indicated. (D) Sequence comparison of the three Zic/Gli binding sites identified (in red) 

with consensus sequence (cons). (E) Electromobility shift assay (EMSA) using 

radiolabelled oligonucleotides encompassing sites 1-3 and nuclear extract prepared from 

24hpf zebrafish embryos. Black arrowheads indicate specific complexes that are 

competed in the presence of unlabelled wild-type oligonucleotides. Black stars indicate 

specific complexes that fail to be competed in the presence of mutated oligonucleotides. 

 

Figure 6: Hedgehog signalling controls reporter gene expression from the 

lama1:GFP and -0.8lama1:GFP4497 stable lines. (A-F) The lama1:GFP reporter line 

is Hedgehog-responsive. (A,B) gfp expression in 24hpf control (n=48/48, A) and 

cyclopamine-treated (n=44/54, B) embryos. (C-F) gfp expression in 15-somite stage and 

24hpf control (n= 17/20, C; n=47/47, D;) and dnPKA-injected (n=6/7, E; n=63/82, F) 
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embryos. (G-L) The -0.8lama1:GFP4497 reported line is Hedgehog-responsive. (G,H) 

gfp expression in 24hpf control (n=17/17, G) and cyclopamine-treated (n=15/24, H) 

embryos. (I-L) gfp expression in 15-somite stage and 24hpf control (n=6/7, I; n= 8/9, J) 

and dnPKA-injected (n=11/12, K; n=7/11, L) embryos. Black arrows indicate expression 

domains affected by Hedgehog signalling. 

 

Figure 7: Model for Hedgehog signalling coordination of muscle cell fate 

specification in the zebrafish embryo. (A) Schematic representation of the modular 

structure of intronic enhancers for lama1. (B) Summary of the modular transcriptional 

control of lama1 expression pattern by intronic enhancers. (C) Model for the coordinated 

control of cell fate specification and Hedgehog response in the zebrafish paraxial 

mesoderm. Hedgehog signalling induces lama1 transcription in the pre-somitic 

mesoderm (), leading to the synthesis and deposition of laminin-111 in the somitic 

basement membrane (in green) associated with adaxial cells (). Laminin-111 prevents 

BMP signalling and the accumulation of phospho-Smad, allowing Hedgehog-mediated 

induction of eng2a and the specification of muscle pioneer and medial fast muscle cells 

(red area in somites) (). 
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Highlights 

 

 A transgenic line, lama1:GFP, recapitulates the expression pattern of lama1 in the 
zebrafish embryo. 

 Hedgehog signalling is necessary and sufficient to drive lama1 expression in the 
zebrafish paraxial mesoderm. 

 An intronic enhancer controls lama1 transcription in the paraxial mesoderm and 
anterior CNS. 

 lama1 intronic enhancer activity is regulated by Hedgehog signalling. 


