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1993 Howard Hughes Medical Institute International Research Scholar  
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1997 Fellow, Royal Society of Biology  
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2001 William Bate Hardy Prize  
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Lab Name Developmental Biology Laboratory 

Research programme and achievements 

Most of my work concerns early Xenopus development. I have also collaborated with 
Gopal Sapkota (Dundee) on the functions of the FAM83 protein family, and with Crick 
colleagues Clara Collart, Kenzo Ivanovitch and Andreia Bernardo on heart development 
and on directing iPS cells to form left ventricular cardiomyocytes.  
  
Early Xenopus development  
Over the last five years we have focused on the first ten hours of Xenopus development, 
during which time the egg divides rapidly and synchronously for twelve cell cycles and 
gene activation begins. With respect to cell division, we have shown that these early 
cycles are remarkable in that Y-RNAs (which are necessary for all other somatic cell 
divisions) are not required, their place being taken by a specific Xenopus NuRD complex. 
We also found that the abrupt slowing of cell division after the twelfth cycle occurs 
particularly sharply because activation of the checkpoint kinase Chk1 causes the SCF -

TRCP-dependent degradation of Drf1, a replication initiation factor that is required for the 
rapid cell cycles.  
  
Most transcription in Xenopus begins at the twelfth cell cycle, at the mid-blastula transition 
(MBT), but a few genes were known to be expressed before this. We analysed gene 
activation by profiling transcription and RNA polymerase II engagement during early 
development. In this way we detected, from the 32-cell stage, a gradual increase in both 
the numbers of genes being expressed and in the lengths of their transcripts, with over 
1,000 genes being activated before the MBT. We also found that Wnt, Nodal, and BMP 
signalling together regulate the spatiotemporal elements of gene expression, directing the 
formation of orthogonal body axes and the three germ layers.  
  
We went on to ask what makes cells competent to respond to Wnt, Nodal and BMP 
signals. Thus, we identified regulatory DNA sequences associated with early-expressed 
genes and inferred from them potential activators of the zygotic genome. Of these, we 
found that the maternal pluripotency factors Pou5f3 and Sox3 define competence by 
causing extensive remodelling of compacted chromatin before inductive signalling begins. 
This remodelling includes the opening and marking of thousands of regulatory elements, 
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extensive chromatin looping, and the co-recruitment of signal-mediating transcription 
factors. This work is of general interest because it will inform our understanding of how 
pluripotent stem cells interpret inductive signals.  
  
Finally, we followed up our previous analysis of the early-activated transcription factor 
Brachyury. By creating mutations in both alleles of Xenopus tropicalis Brachyury (a 
significant challenge in pre-CRISPR days) we first confirmed experiments using antisense 
morpholino oligonucleotides about the function of Brachyury in the early embryo. More 
detailed analysis, using next-generation sequencing, revealed that morpholinos activate 
an innate immune response in the embryo and cause off-target mis-splicing. This is an 
important observation, albeit one that was not welcomed by everyone in the Xenopus 
community.  
  
The FAM83 family  
We have been interested in the FAM83 family of proteins since Gopal Sapkota (Dundee) 
contacted us to ask whether over-expression of FAM83G (then known as PAWS1—
Protein associated with Smad1) would, like Smad1, ventralise the Xenopus embryo. It 
proved not to; rather, it caused the formation of a complete secondary axis, suggesting 
that FAM83G activates the Wnt signalling pathway.  
  
Since that observation we have worked with Sapkota to show that FAM83G controls Wnt 
signalling through association with casein kinase 1  and that this interaction, and Wnt 
signalling, are disrupted in pathogenic FAM83G palmoplantar keratoderma mutations.  
  
More recently we have been working with the related protein FAM83F, which also induces 
secondary axes in Xenopus embryos. We have found that FAM83F interacts with p53 and 
that it modulates the DNA damage response. FAM83F is expressed in the hatching gland 
in zebrafish (below), and maternal/zygotic mutations of FAM83F hatch prematurely. We 
are trying to understand why this happens.  
  
Heart development and stem cell differentiation  
It has long been my ambition to apply my early work on Xenopus mesoderm inducing 
factors to the question of how one might drive the differentiation of human embryonic 
stem cells. With this in mind I have been working with colleagues Clara Collart and Kenzo 
Ivanovitch, studying heart development in the mouse, and Andreia Bernardo, developing 
methods to drive human iPS cells to form left ventricular cardiomyocytes—the cells that 
are lost after myocardial infarction. The work with Bernardo has been particularly 
successful, and we filed a patent application last year.  
  
Plans  
I have just over a year left as a Crick researcher, and my aims are to support my team to 
find new positions and to publish our remaining work.  



 

Research outputs 

Collart, C., Smith, J.C. and Zegerman, P. (2017). Chk1 inhibition of the replication 
factor Drf1 guarantees cell-cycle elongation at the Xenopus laevis mid-blastula 
transition. Developmental Cell 42, 82-96. DOI: 10.1016/j.devcel.2017.06.010  
This builds on earlier work (Collart et al., 2013) in which we identified four replication 
initiation factors whose depletion causes the slowing of the cell cycle that occurs at the 
mid-blastula transition (MBT) in Xenopus. The paper shows that activation of the 
checkpoint kinase Chk1 at the MBT results in the SCFTRCP-dependent degradation of 
Drf1—one of those four factors. This downregulation of Drf1 is an important mechanism in 
coordinating the regulation of the cell cycle and of other developmental events.  
 
Gentsch, G., Spruce, T., Monteiro, R.S., Owens, N.D.L., Martin, S.R. and Smith, J.C. 
(2018). Innate immune response and off-target mis-splicing are common 
morpholino-induced side-effects in Xenopus. Developmental Cell 44, 597-610. DOI: 
10.1016/j.devcel.2018.01.022  
By creating mutations in both alleles of Xenopus tropicalis Brachyury we were able to 
confirm conclusions based on the use of antisense morpholino oligonucleotides about the 
function of Brachyury in the early embryo. Next-generation sequencing revealed that 
morpholinos activate an innate immune response and cause off-target mis-splicing—an 
important observation, albeit one that was not welcomed by everyone in the Xenopus 
community.  
 

Christov, C.P., Dingwell, K.S., Skehel, M., Wilkes, H.S., Sale, J.E., Smith, J.C. and 
Krude, T. (2018). A NuRD complex from Xenopus laevis eggs is essential for DNA 
replication during early embryogenesis. Cell Reports 22, 2265-2278. DOI: 
10.1016/j.celrep.2018.02.015  
We knew from earlier work that Y-RNAs are not required for cell cycle progression in early 
Xenopus or zebrafish embryos. In this paper we discovered that a Xenopus NuRD 
complex substitutes for Y-RNAs. This is an intriguing result that we hope will tell us 
something about the functions of NuRD complexes and may give a clue as to the 
mechanism of action of Y-RNAs.  
 

Gentsch, G., Spruce, T., Owens, N.D.L. and Smith, J.C. (2019). Maternal pluripotency 
factors initiate extensive chromatin remodelling to predefine first response to 
inductive signals. Nature Communications 10, 4269. DOI : 10.1038/s41467-019-
12263-w 
This paper, and another published the same year (10.1016/j.isci.2019.06.013), analysed 
gene activation in the early Xenopus embryo and asked what causes cells to become 
competent to respond to Wnt, Nodal and BMP signalling. We identified regulatory DNA 
sequences associated with early-expressed genes, and deduced from them that the 
maternal pluripotency factors Pou5f3 and Sox3 remodel compacted chromatin before the 
onset of inductive signalling. This remodelling includes the opening and marking of 
thousands of regulatory elements, extensive chromatin looping, and the co-recruitment of 
signal-mediating transcription factors. Our work informs our understanding of how 
pluripotent stem cells interpret inductive signals.  
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