
Two devastating neurodegenerative diseases, 
motor neuron disease (amyotrophic lateral 
sclerosis; ALS) and frontotemporal dementia 
(FTD), share common risk factors and involve 
similar cellular abnormalities. Despite 
immense efforts, research has identified only 
a few genes in which variants are linked to the 
risk of developing these diseases. One such 
gene is UNC13A, variations in which have been 
strongly associated with the risk1,2 of both ALS 
and FTD, and with faster disease progression3. 
Brown et al.4 (page 131) and Ma et al.5 (page 124) 
now identify a functional link between UNC13A 
and the activity of TDP-43, a protein involved 
in neurodegeneration; they also provide 
evidence to explain the risk brought about 
by variations in UNC13A. Their work brings 
together disparate information to provide a 
more coherent picture of how ALS and FTD 
might progress.

In healthy cells, TDP-43 resides in the 
nucleus, where it can bind to RNA transcripts 
and edit their sequences in a process called 
splicing. Splicing shapes immature RNA, 
excluding unwanted sequence stretches to 
produce mature transcripts that accurately 
encode proteins. But a hallmark of most 
cases of ALS — and many cases of FTD — is 
that TDP-43 forms abnormal aggregates in 
the cytoplasm6. In addition to the cellular 
damage that might be caused by these aggre-
gates, the loss of nuclear TDP-43 leads to 
aberrant splicing of hundreds of transcripts7. 
Incorrectly edited transcripts are often unable 
to encode functional proteins, impeding 
proper cell function.

In the current studies, both groups set out 
to identify mis-splicing events that occur when 
TDP-43 is lost from the nucleus. Ma and col-
leagues used published RNA sequencing data 
obtained from analysis of the brains of people 

with FTD or ALS who had died, whereas Brown 
and colleagues used neurons grown in culture. 
The analyses revealed hundreds of erroneous 
splicing events, among which were several in 
the UNC13A transcript. The groups found that 
lower levels of TDP-43 correlated with higher 
expression of erroneous UNC13A transcripts 
and with lower levels of the normal UNC13A 
transcript. These data draw a direct link 
between loss of nuclear TDP-43 and incorrect 
UNC13A splicing. 

What are the consequences of UNC13A 
mis-splicing? The authors demonstrated that 
mis-splicing eventually results in lower levels 
of UNC13A protein (Fig. 1). They found that 
the erroneous transcripts include a sequence 
that causes premature cessation of the tran-
scripts’ translation into protein, and Brown 

et al. demonstrated that these transcripts are 
efficiently degraded. 

Next, the groups asked whether the 
observed UNC13A splicing errors occur only 
in cells lacking nuclear TDP-43. They screened 
tissue samples from cohorts of people with 
ALS or FTD, and found erroneous UNC13A 
transcripts in samples in which TDP-43 was 
mislocalized, but not in samples from cases 
of disease that had other underlying causes, 
or in samples from healthy individuals. These 
observations consolidate the idea of a specific 
link between TDP-43-induced neurodegener-
ative disease and UNC13A mis-splicing.

Finally, the authors set out to determine 
how UNC13A risk variants fit into the picture. 
Their results indicate that the presence of a 
risk variant can increase the propensity for 
erroneous splicing in cells depleted of nuclear 
TDP-43. Both groups found that TDP-43 can 
directly bind to the region of the UNC13A tran-
script in which the risk variants are located. 
Initial findings indicate that variants might 
change the interaction between TDP-43 and 
UNC13A transcripts, although more work is 
needed to confirm this result. 

Together, the groups’ data clearly demon-
strate direct TDP-43-mediated regulation of 
the UNC13A transcript, which is impeded by 
variations in UNC13A sequence. The risk var-
iants exacerbate mis-splicing when TDP-43 
is mislocalized, and so probably accelerate 
UNC13A-protein loss. A key unanswered 
question is, how does UNC13A loss lead to 
neurodegenerative disease? 

UNC13A is an essential component 
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Messenger RNA from the gene UNC13A is misprocessed in 
people who have neurodegenerative diseases known as 
ALS and FTD. The discovery could explain the disease risk 
associated with variants in this gene. See p.124 & p.131

Figure 1 | Mis-splicing of UNC13A transcripts in the absence of TDP-43 protein. a, In healthy neurons, 
TDP-43 resides in the nucleus. It is involved in splicing — a process through which unwanted RNA (red block) 
is excised from immature messenger RNA transcripts (such as the UNC13A transcript) to produce mature 
transcripts that move to the cytoplasm for translation into protein. b, In the neurodegenerative diseases 
amyotrophic lateral sclerosis and frontotemporal dementia, TDP-43 is often absent from the nucleus, 
instead aggregating in the cytoplasm. Brown et al.4 and Ma et al.5 report that UNC13A is mis-spliced when 
nuclear TDP-43 is absent. The erroneous mature transcript produced by mis-splicing is degraded, and less 
of the normal UNC13A protein is produced. How UNC13A loss is involved in neurodegeneration is unknown.
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of neuron-to-neuron communication, 
controlling the release of neurotransmitter 
molecules8,9. Interestingly, Ma et al. and Brown 
et al. found that loss of nuclear TDP-43 led to 
mis-splicing of transcripts encoding several 
proteins involved in neurotransmission. 
This suggests that changes in the properties 
of neuro transmission might have a general 
role in ALS and FTD. But how changes in 
UNC13A-dependent neurotransmission might 
be involved is uncertain.

It has previously been hypothesized that 
UNC13A might contribute to neurodegen-
eration by boosting the release of the excit-
atory neurotransmitter glutamate, which 
is known to have toxic effects that can lead 
to neuronal death2. However, the current 
studies do not favour this scenario, mainly 
because UNC13A loss is expected to cause a 
decrease in glutamate release8. In addition, 
past work does not support the idea that 
UNC13A-mediated changes in neurotrans-
mission would lead to neurodegeneration. 
Mouse mutants that completely lack UNC13A 
die at birth, but have a near-normal develop-
ment of the nervous system8,10,11, and mice 
harbouring mutated versions of UNC13A 
that lead to altered neurotransmission do 
not show signs of neurodegeneration9. 

One possible mechanism, and a probable 
focus for research in the coming years, is that 
it is the gradual loss of UNC13A in mature 
neurons that affects neuronal viability. But 
another, simpler mechanism could be con-
sidered. Neuronal loss prevents neurotrans-
mission, and UNC13A loss is expected to have a 
similar effect7 — the presence of neurons lack-
ing UNC13A in people with ALS or FTD might 
have similar consequences to degeneration of 
neurons, for example promoting muscle loss.

Although many details remain to be 
resolved, the two studies raise an array 
of promising directions for research. For 
instance, might it be possible that the pres-
ence of mis-spliced UNC13A could assist in the 
diagnosis of ALS and FTD and in monitoring 
disease progression? Could UNC13A loss 
be relevant in other neuro degenerative 
conditions involving TDP-43, for example 
in some cases of Alzheimer’s disease and 
Parkinson’s disease12? Although beyond the 
scope of the current study, it is tempting to 
speculate on the potential of UNC13A as a 
thera peutic target for slowing disease progres-
sion and improving the prognosis of people 
who have ALS and FTD.
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Particle accelerators are usually associated 
with the discovery of fundamental particles, 
but they also have a long history of power-
ing light sources. One such source is the 
free-electron laser, in which a high-energy 
beam of electrons from a linear accelerator 
generates ultrashort X-ray laser pulses by 
travelling through a series of magnets. How-
ever, conventional accelerators are expensive 
and unwieldy, needing up to one kilometre 
of space under Earth’s surface, and a smaller, 
cheaper accelerator based on plasma (ionized 
gas) might be capable of doing the job. The 
plasma in such a device needs to settle before 
each new interaction with the electron beam, 

but the interactions must be repeated at a 
high rate to power a free-electron laser that 
has sufficient average brilliance. On page 58, 
D’Arcy et al.1 report that the maximum repeti-
tion rate of a plasma-based accelerator could 
be as high as one million times per second — 
or even higher, putting it comfortably in the 
realm of nearly all potential applications.

Although the specific demands of experi-
ments using particle accelerators differ, the 
general themes remain the same. Namely, they 
require high-current, high-energy particle 
beams of extremely high quality. The quality 
of the beam is most simply quantified by the 

relative spread of the energy of the particles 
making up a single particle bunch, as well as 
the ability to focus the bunch to a small spot 
size — a quantity known as emittance. The 
beam current is the number of particles per 
bunch multiplied by the bunch repetition rate.

Maximizing the energy-use efficiency of 
the device and the energy gain of the parti-
cles while minimizing the spread of energies 
and increases in emittance has motivated 
much of the research on plasma accelerators 
over the past few decades, and there has been 
marked progress on these fronts2–4. The suc-
cessful demonstration last year of a 27-nano-
metre-wavelength free-electron laser powered 
by an electron beam originating from a plasma 
accelerator represented a milestone for the 
field5. In the context of such advances, research-
ers have begun to turn their attention towards 
other topics that might allow plasma-based 
accelerators to move from basic research to 
application-ready technology. An experiment 
in 2020 demonstrated the relatively stable 
operation of a laser-driven plasma accelerator 
over many hours at a kilohertz repetition rate6, 
representing another key advance. 

But many applications require a repetition 
rate higher than kilohertz, so understand-
ing the physical limitations associated with 
repetition rate is an area of ongoing inves-
tigation. To this end, D’Arcy et al. measured 
the recovery rate of a plasma source for an 
electron-beam-driven plasma wakefield 
accelerator. This type of accelerator uses an 
electron bunch to excite a density wave in a 
plasma that, in turn, increases the energy of 
a second, trailing electron bunch. Because 
the plasma source must be unperturbed for 
every shot of the electron beam, the recovery 
time of the plasma dictates the fundamental 
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A plasma-based device is set to challenge particle accelerators 
that generate high-quality light pulses, with evidence that the 
cheaper plasma platform can run at competitive repetition 
rates. See p.58

“Because the plasma must be 
unperturbed for every shot 
of the electron beam, the 
recovery time of the plasma 
dictates the upper limit on 
the repetition rate.”
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