
 

 

 
 

 

Edinburgh Research Explorer 
 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 
 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Limb development, evolution, and regeneration and repair

Citation for published version:
Gros, J, Davey, M & Sears, KE 2022, 'Limb development, evolution, and regeneration and repair: Part two',
Developmental dynamics : an official publication of the American Association of Anatomists, vol. 251, no. 9,
pp. 1387-1388. https://doi.org/10.1002/dvdy.521

Digital Object Identifier (DOI):
10.1002/dvdy.521

Link:
Link to publication record in Edinburgh Research Explorer

Document Version:
Peer reviewed version

Published In:
Developmental dynamics : an official publication of the American Association of Anatomists

General rights
Copyright for the publications made accessible via the Edinburgh Research Explorer is retained by the author(s)
and / or other copyright owners and it is a condition of accessing these publications that users recognise and
abide by the legal requirements associated with these rights.

Take down policy
The University of Edinburgh has made every reasonable effort to ensure that Edinburgh Research Explorer
content complies with UK legislation. If you believe that the public display of this file breaches copyright please
contact openaccess@ed.ac.uk providing details, and we will remove access to the work immediately and
investigate your claim.

Download date: 26. May. 2023

https://doi.org/10.1002/dvdy.521
https://doi.org/10.1002/dvdy.521
https://www.research.ed.ac.uk/en/publications/c7835453-8e5f-4f70-9799-d067cbf3233f


In this second volume of Developmental Dynamics' special issue dedicated to “Limb 
development, evolution, regeneration and repair,” scientists keep addressing these 
research themes using a variety of animal models (eg, insects, fish, amphibians, 
birds, mammals and reptiles) and in the wide range of tissue types that compose the 
limb (eg, nerve, bone, muscle, skin, connective tissues, etc.). Altogether, these 
studies illustrate the multifaceted nature of the limb, demonstrating if necessary that 
the limb remains a conceptual playground and a very medically relevant system. 

In this issue, several articles explore limb patterning, in the context of digit formation. 
First Huang and Mackem,1 critically review the current state of the field. They start by 
describing the central role of digit organizing centers (named phalanx forming 
regions [PFR] or digit crescents), previously identified by Juan Hurle's and John 
Fallon's group and then highlight the critical role of interdigital (ID) signals. ID tissue 
act as late signaling centers regulating BMP activity at the PFR to assign digit 
identity, by controlling phalange number. Another article by Lancman et al.,2 shows 
that the downregulation of Gremlin1 (Grem1), an inhibitor of BMP signaling 
expressed in the distal mesenchyme of the autopod, is necessary for proper Smad 
activity at the PFR and thus for phalange formation. Their data indicate that the 
downregulation of Grem1 enables the metatarsal-to-phalanx transition. This is in 
stark contrast with the current view that Grem1 downregulation triggers the 
termination of the limb outgrowth. This conclusion is indeed supported by 
Fernandez-Guerrero et al.,3 in this issue, who analyze the transcriptome of distal 
mouse limb mesenchyme and ectoderm across different stages. Their analyses, 
which show that a transcriptional transition operates between E9.5 and E10.5, does 
not support a role for Grem1 in the termination of limb outgrowth. They find that the 
timing at which FGF activity peaks in the AER to trigger the downregulation of 
Grem1 is simply inconsistent with such role and with limb outgrowth termination. 
Finally, an article from Waldmann et al.,4 investigates the functional conservation of 
Gdf5 in fin endoskeleton. Gdf5 is a secreted TGF-β family member that is necessary 
for the formation of phalangeal cartilages and joints in tetrapods. Generating a 
CRISPR/Cas9 knockout of Gdf5, the authors describe the loss of radial pectoral fins, 
which suggests a functional conservation in digit and fin formation. 

Following the same rationale, three other studies test gene function conservation 
during limb development. First, Tümecke and Shröder5 show that in the beetle, the 
drumstick gene is required for leg formation, a situation that differs from drosophila, 
where drumstick and odd skipped appear to act redundantly. Second, Nord et 
al.,6 show that contrary to amniotes, loss of Pax3 genes does not prevent muscle 
formation in zebrafish fins. They find that this is due to a compensatory mechanism 
by which Pax7, normally not required for limb myogenesis, overcomes the loss of 
Pax3. Only mutants for both Pax3 and Pax7 genes show an absence of muscle in 
their fins. The evolutionary aspect of limb muscles is also addressed in a study 
performed by Diaz et al.,7 where they perform a comparative analysis of muscle 
development in three different lizards (the desert grassland whiptail lizard, the central 
bearded dragon and the veiled chameleon). They describe that despite a major 
rearrangement in the skeleton of the veiled chameleon, which displays a bifurcated 
autopod adapted to arboreal locomotion, minor yet functional changes occurred in 
muscle development. A study from Lin et al.,8 reminds us that the limb is not just 
bone and muscle to show that Keratins expression are regulated by an epigenetic 
switch at the cluster rather than at the single-gene level during regional skin 
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specification. Finally, using an allelic series resulting in progressively decreased 
gene dosage, Lopatka and Moon9 show that the paralogs tbx2 and 3 have functional 
redundancy during development of both the forelimb and limdlimb of the mouse. 
Their results further show that both genes have complex, compound functions in 
both forelimbs and hindlimbs. 

Limb regeneration is not left out in this special issue. Lorenzo Alibardi10 discusses the 
loss of regeneration in amniotes as they evolved a terrestrial lifestyle. He proposes 
that the complexity of the nervous system and the adaptive immune system might 
have been a barrier to organ regeneration. Leigh and Curie11 review the impact that 
advances in single-cell transcriptomics, deep tissue imaging and genome 
engineering technologies had on the field of limb regeneration in salamanders. In 
particular, they highlight how these methods have clarified the lineage relationships 
of blastemal cells, and how they will likely help understanding the regenerative niche 
effect that characterizes the blastema. They provocatively conclude that technical 
obstacles no longer limit our understanding of limb regeneration and that the key 
rather resides in the creative use and adaptation of these new tools. Finally, a 
research article by Yamamoto et al.,12 shows that Lmx1b, restricted to the dorsal skin 
during development, is reactivated in a dorsal-specific manner during limb 
regeneration and that this process requires neural factors. 

A special issue would not be complete without the development of new tools. 
Ferregrino and Tschopp13 develop a user-friendly bioinformatics workflow to identify 
gene co-expression modules from single-cell RNA sequencing data. Using chicken 
and mouse limb buds, they test the conservation of such expression modules across 
developmental time and species. This strategy, applicable beyond the limb model, 
reveals the evolutionary turn-over rate of these modules but also the effect of 
extracellular vs cell intrinsic factors. Rockwell et al.,14 generate a new Alx4-
CreERT2 transgenic mouse line, that enables the expression of an inducible Cre in 
the anterior cells of the limb. This transgenic line should facilitate lineage tracing and 
gene function perturbation in the anterior limb, which was previously limited. Finally, 
Tomizawa et al.,15 describe a simple method for electroporating the chick limb bud 
ectoderm. Using a promoter-specific vector, they direct gene expression specifically 
to the AER. Such method allows the design of targeted approaches to decipher gene 
function in the specifically in the AER. 
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