
value and zero.
Even though thermal radiation is completely 

chaotic, an almost perfect interference pattern 
can be seen in such a set-up for small time 
delays. However, when the time delay becomes 
larger than a temperature-dependent quantity 
called the coherence time, the amplitude of the 
oscillations with respect to the maximum value 
quickly decays and the minimum value is no 
longer zero. Benea-Chelmus et al. observed 
this behaviour in their experiment at about 
room temperature (300 kelvin) and found 
that the coherence time agreed with theoretical 
predictions.

If the temperature is lowered to a few 
kelvin, radiation in the terahertz frequency 
range, which is relevant to such experiments, 
is suppressed. For example, at 4 K, there are 
effectively no photons that have frequencies 
larger than 0.2 THz. As a result, in the standard 
set-up, the maximum amplitude of the oscilla-
tions drops to zero and there is no evidence of 
correlations. Remarkably, Benea-Chelmus and 
colleagues found that they could still observe 
correlations in their version of the set-up at 
4 K. They interpret these signals as a direct 
signature of correlations in the electric field of 
the vacuum.

The authors achieved this feat because of a 
sophisticated detection scheme. Based on a 
branch of research known as nonlinear optics, 
the scheme simultaneously provides two key 
components that can be pictured in terms 
of a modified Mach–Zehnder interferom-
eter (Fig. 1b). The first is a pair of elements 
called temporal gates that ‘observe’ electric 
fields in ultrashort time windows — the 

two observations differ by a time delay. In 
Benea-Chelmus and colleagues’ experiment, 
these gates are implemented by auxiliary ultra-
short pulses of near-infrared light that interact 
with the vacuum in a nonlinear optical crys-
tal. The second is a pair of detectors that are 
directly sensitive to the electric fields that have 
passed through the temporal gates and to the 
correlations in these fields.

Benea-Chelmus  et  al. note that the 
maximum amplitude of the oscillations, 
although non-zero, was so small that up to 
one trillion individual detection events at 
each value of the time delay were required 

for the correlations 
to be discernible 
f rom me asure-
ment-induced ran-
dom fluctuations 
(shot noise). Such 
a large number of 
events took about 
3 hours at a repeti-
tion rate of 80 MHz. 

An intriguing aspect of the experiment that 
deserves further investigation is the effect of 
the detection procedure, including the use of 
temporal gates, on the measured fields — a 
phenomenon called quantum back-action7.

Previous work has described how photons 
materialize in a vacuum for hypothetical, 
short-lived observers that, because of the 
finite speed of light, can access information 
only from restricted regions of space-time, 
called space-time diamonds8. By consider-
ing multiple observers in such settings, it 
has been shown that the photons display 

quantum correlation called entanglement9. 
The field of quantum optics began with sim-
ple experiments that probed amplitude and 
intensity correlations in optical fields, but now 
witnesses and applies sophisticated entangle-
ment-based protocols in nascent quantum 
technologies. Perhaps the authors’ results 
are the first steps towards ultrafast quantum 
optics that will one day observe and control 
the entanglement that lies hidden in the space-
time vacuum and in non-trivial ground states 
of interacting light–matter systems. ■
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M I L E S  F.  W I L K I N S O N

Conventional wisdom holds that 
modifying a gene to make the encoded 
protein inactive — ‘knocking out’ the 

gene — will have more severe effects than 
merely reducing the gene’s expression level. 
However, there are many cases in which the 
opposite occurs. In fact, the knockout of a gene 
sometimes has no discernible impact, whereas 
the reduction of expression (knockdown) of 
the same gene causes major defects1. Off-target 
or toxic effects of the re agents used for gene 

knockdown have sometimes been found to 
be the culprit2, but not always3, leaving one 
to wonder what else could be responsible. 
El-Brolosy et al.4 (page 193) and Ma et al.5 
(page 259) provide an intriguing solution to 
this paradox.

The authors identify a molecular mecha-
nism that activates the transcription of genes 
related to an inactivated gene, thereby com-
pensating for the knockout. The existence of 
such a genetic compensation response was ini-
tially suggested by earlier studies, most nota-
bly the discovery3 that knockout of the egfl7 

gene in zebrafish upregulates the expression 
of genes that encode proteins related to 
those encoded by egfl7. This upregulatory 
response was triggered only by mutation of 
egfl7, and not by egfl7 knockdown, thereby 
explaining why knockdown caused biologi-
cal defects, whereas knockout largely did not. 
Similar observations have been made for other 
genes3,6, suggesting the existence of a general 
compensatory mechanism. 

How does the compensatory mechanism 
work? By studying the effects of a variety 
of mutations in zebrafish embryos, both 
El-Brolosy et al. and Ma et al. found that the 
upregulation of compensatory genes is specifi-
cally triggered by mutations that generate short 
nucleotide sequences known as premature 
termination codons (PTCs). These sequences 
— also known as nonsense codons — signal the 
early cessation of the translation of messenger 
RNAs into proteins. Thus, an apt name for this 
upregulatory response is nonsense-induced 
transcriptional compensation (NITC).

The role of PTCs in NITC suggested the 
involvement of an RNA-degradation pathway 
called nonsense-mediated RNA decay (NMD), 
because NMD is also triggered by PTCs7. In 
support of this idea, El-Brolosy and colleagues 

M O L E C U L A R  B I O L O G Y 

Genetic paradox 
explained by nonsense
Gene mutations that truncate the encoded protein can trigger the expression of 
related genes. The discovery of this compensatory response alters our thinking about 
genetic studies in humans and model organisms. See Article p.193 & Letter p.259

“The authors 
found that they 
could still observe 
correlations in 
their version of 
the set-up at 
4 kelvin.”
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observed that a protein called Upf1 — one 
of the main factors involved in NMD — is 
required for NITC. Further support came from 
Ma and co-workers’ discovery that PTCs that 
do not trigger NMD also failed to elicit NITC. 

The two papers provide several lines of evi-
dence suggesting that the agent that triggers 
NITC is the PTC-bearing mRNA generated 
from a mutant gene (Fig. 1). For example, both 
groups found that NITC is largely prevented 
when transcription of the mutant gene is com-
promised. As evidence that the PTC-bearing 
mRNA must be degraded by NMD to elicit 
NITC, El-Brolosy et al. found that injection of 
‘uncapped’ mRNA, which is inherently unsta-
ble, into zebrafish embryos elicited NITC, 
whereas ‘capped’ (stable) mRNA did not. 

Both groups found that NITC is mediated 
by increased transcription of genes that 
are ancestrally related to the mutant 
gene. The increased transcription of these gene 
paralogues was accompanied by increased 
occupancy of the genes’ promoter regions by 
H3K4me3 —  a transcription-inducing form8 
of a DNA-binding protein called histone H3. 
The two groups went on to find that NITC 
depends on the COMPASS protein complex, 
which catalyses8 the formation of H3K4me3, 
thereby providing further evidence that this 
H3 modification has a role in the increased 
transcription of the gene paralogues.

How could a decaying mRNA specifically 
trigger transcriptional upregulation of genes 
similar to itself, but not of unrelated genes? 
On the basis of the finding that some factors 
required for the decay of RNA in the cytoplasm 

also ‘moonlight’ as transcriptional regulators 
in the nucleus9, El-Brolosy et al. posit a model 
in which cytoplasmic-RNA decay factors asso-
ciated with PTC-bearing mRNA travel to the 
nucleus and recruit histone modifiers to activate 
the transcription of related genes. Specificity is 
provided by the RNA fragments generated by 
NMD, which bind to complementary nucleo-
tide sequences in the gene paralogues (Fig. 1). 
This model also predicts that heterozygotic 
zebrafish, which have both a mutant and a 
wild-type copy of a gene, will upregulate the 
expression of the wild-type gene. Indeed, both 
research groups found that this is the case.

A key discrepancy between the two papers 
is that El-Brolosy et al. found that knockout 
of the upf1 gene prevented NITC, whereas 
Ma et al. observed that NITC was not impaired 
by knockdown of Upf1, nor by knockdown of 
the NMD factors Upf2 and Upf3b. It remains 
to be seen whether this apparent discrepancy 
results from the use of different approaches 
for perturbing Upf1, from introducing PTCs 
in different genes, or from other factors. 

An intriguing discovery made by Ma et al. is 
that NITC requires the Upf3a protein, an enig-
matic NMD factor that was previously shown10 
to either repress or modestly promote NMD, 
depending on the mRNA targeted for degrada-
tion. The authors found that Upf3a interacts 
with several components of the COMPASS 
complex, and increases H3K4me3 occupancy 
at the promoter regions of upregulated para-
logue genes. These findings led Ma et al. to 
propose that Upf3a recruits the COMPASS 
complex to gene-paralogue promoters to 

generate the H3K4me3 mark responsible for 
activating gene transcription.

The discovery of NITC will probably alter 
how genetic studies are interpreted and 
conducted in the future. For example, the 
unexpected finding that healthy humans 
typically have several loss-of-function muta-
tions11 can now potentially be explained by 
compensation conferred by NITC. When 
constructing genetically engineered model 
organisms, it will be important to make 
mutants that do not trigger NITC, to avoid 
biological defects being masked. Indeed, NITC 
might explain why many knockouts produce 
few biological changes in mice, whereas 
chemical agents that block or activate the same 
targets have profound effects12,13.

El-Brolosy et al. demonstrated that NITC 
provides protective compensation not only 
in zebrafish embryos, but also in mouse cell 
lines. NITC’s reach might extend much fur-
ther than this, given that gene knockouts in 
diverse organisms have been shown to produce 
less-severe defects than corresponding gene 
knockdowns1. How broadly does NITC act in a 
given organism? El-Brolosy et al. and Ma et al. 
together identified eight zebrafish genes and 
four mouse genes that, when mutated, trigger 
the NITC mechanism, but it remains unclear 
whether this is a property of most genes. It is 
also unknown what dictates NITC’s strength 
and specificity. Both research groups identi-
fied some specific mutant genes and mutations 
that trigger NITC only weakly, implying 
that there are factors yet to be understood 
that modulate NITC. 

NITC adds to the arsenal of mechanisms 
that confer robustness on organisms in 
response to mutations. Indeed, NITC provides 
hope even when a gene has been completely 
inactivated by mutation. In the words of the 
writer Henry David Thoreau: “If we will 
be quiet and ready enough, we shall find 
compensation in every disappointment.” ■
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Figure 1 | Proposed mechanism for mutation-induced biological compensation. El-Brolosy et al.4 
and Ma et al.5 report that mutations that lead to the production of truncated, often non-functional 
proteins indirectly activate the expression of related genes, to provide functional compensation. a, The 
mutations observed to trigger this process generate DNA sequences (red star) that lead to the production 
of messenger RNA molecules for which translation is prematurely terminated. b, These sequences also 
trigger mRNA degradation by a process called nonsense-mediated RNA decay (NMD), which both 
studies implicate in the compensatory response. c, El-Brolosy et al. propose that mRNA fragments 
generated by NMD bind selectively to complementary nucleotide sequences in related genes, and carry 
unknown regulatory factors to induce transcription.  One of these factors might be Upf3a, an NMD factor 
that Ma et al. show is crucial for the transcriptional compensatory mechanism. They also find that Upf3a 
interacts with COMPASS — a protein complex that activates gene transcription by modifying one of the 
histone proteins (H3) with which genes are packaged in the nucleus. Both groups find that COMPASS is 
integral to the genetic compensatory response.
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