
The brain’s thalamus has historically been 
thought of as a relay centre that transmits 
sensory and motor inputs to the cortex for 
processing, or that transmits information 
from one part of the cortex to another. In 
2017, three groups made the unexpected 
discovery that the thalamus also has a key 
role in short-term memory — specifically, in 
maintaining the recurrent patterns of corti-
cal activity that underlie memory1–3. However, 
the genetic basis of this role for the thalamus 
remained unexplored. Writing in Cell, Hsiao 
et al.4 reveal that the gene Gpr12 is key to  
thalamic maintenance of short-term memory. 
Their findings will have relevance for many 
fields, from cognitive therapeutics to artificial 
intelligence.

Perhaps one of the biggest scientific chal-
lenges of our time is explaining how intelligent 
behaviour arises in both natural and artificial 
systems. Resolving this question will have 
practical applications. For natural systems, it 
could allow us to describe and correct behav-
ioural disorders with unprecedented preci-
sion. For artificial systems, it would enable 
safe distribution of agents that will enhance 
many aspects of our lives, from controlling 
self-driving cars to fighting misinformation. 

Many parallels can be drawn between the 
two system types, but there are also many dif-
ferences. For instance, unlike a typical artificial 
system, the mammalian brain contains organ-
ized networks of tight reciprocal connections 
between two distinct components — the 

thalamus and the cortex. These two compo-
nents have different internal structures: neu-
rons in the cortex are highly interconnected, 
whereas thalamic neurons are not.

In artificial systems, recurrent neural 
networks can produce short-term memory 
patterns5. The cortex, at some level of abstrac-
tion, can be considered as a collection of recur-
rent networks that handles different types of 
short-term memory. So the question arises: 
why is a thalamus needed in the midst of all 
of this?

An understanding of the molecular mech-
anisms that regulate thalamocortical circuits 
might help us to tackle this question. But 
identifying genes associated with cognitive 
processes is hard, because genetic mapping 
requires many repeated measurements, 
which can be difficult to obtain from behav-
ioural studies. Hsiao et al. used an innovative 
approach to overcome this obstacle, making 
use of a method called quantitative trait locus  
(QTL) analysis that can link traits (such as eye 
colour, height or propensity to develop a given 
disease) to specific locations in the genome, 
or even to specific genes6.

The team tested the working memory of 
mice using a simple behavioural task — a maze 
test, in which the animals explored arms of a 
T-shaped maze at will. If they chose to explore 
arms they had not previously visited, they 
passed the test, whereas if they returned to 
familiar arms, they failed. The authors found 
that performance varied between mouse 
strains, which they reasoned might be partly 
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An innovative approach has been used to link genetics 
to behaviour in mice. The analysis reveals that the gene 
Gpr12 underpins the role of the brain’s thalamus region in 
maintaining short-term memory. 

Figure 1 | A gene involved in short-term memory. Hsiao et al.4 report that 
variability in expression of the gene Gpr12 in the thalamus of the mouse brain 
leads to variability in how well animals can keep short-term memory patterns 
in mind. The authors verified this finding using a working-memory task. 
a, Animals were placed in a T-shaped maze. In the initial sample phase of the test, 
one arm was gated off at random, allowing the animals to enter the other arm. 
b, During the delay between the first and second parts of the task, reciprocal 

signalling between the brain’s prefrontal cortex and mediolateral thalamus 
(MDT) becomes synchronized. c, The animals had been trained to know that, 
in the second part of the task, they could retrieve a food reward by visiting the 
previously unexplored arm. Those that expressed high levels of the gene Gpr12 
in the MDT were good at remembering which arm they had visited, and so 
choosing the arm that contained the reward. By contrast, those with low Gpr12 
expression performed poorly.
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explained by the ability of individual animals 
to keep previous actions in mind as short-term 
memory patterns.

The researchers performed QTL analysis, 
and found one genetic region that stood out 
as different between the various strains of 
mice; they named this region Smart1 (short 
for spontaneous T-maze alternation QTL 1). 
In particular, animals that had one particular 
DNA sequence at Smart1 (dubbed Smart1CAST) 
were especially good at the exploratory task, 
and those with another (Smart1B6) were 
especially poor.

Having identified this region, Hsiao and 
colleagues confirmed their findings from the 
high-throughput behavioural test using a sim-
ilar but more-complex maze assay designed 
to test spatial working memory. In this assay, 
which used fewer animals, mice had to remem-
ber which arm of a maze they had visited on a 
first visit, and choose to visit the other arm to 
get a reward on a second visit (Fig. 1). Again, 
Smart1CAST and Smart1B6 animals performed 
better or worse, respectively, than the group 
as a whole.

Next, Hsiao et al. examined gene-expression 
patterns across several brain regions in these 
two mouse strains. The most significant dif-
ferences between the two were in the med-
iodorsal thalamus, in expression of a gene 
called Gpr12 that is located in Smart1. This 
brain region is strongly connected to the pre-
frontal cortex, which is involved in higher-level 
cognitive functions such as working memory. 
The authors found that reducing expression 
of Gpr12 led to poorer task performance in 
Smart1CAST mice, whereas overexpressing the 
gene improved the performance of Smart1B6 
animals.

Gpr12 encodes a protein belonging to a 
family known as orphan receptors, in which 
no ligand molecule that binds to and activates 
each receptor has been identified. Gpr12 prob-
ably enhances the activity of mediodorsal 
thalamus neurons once they are engaged by 
external inputs (such as those from the pre-
frontal cortex). Indeed, Hsiao et al. found that 
patterns of neuronal activity in the medio-
dorsal thalamus became much more in-sync 
with those in the prefrontal cortex during 
those parts of the maze test when animals 
were presumably remembering where they 
had been on the previous maze run.

Hsiao and colleagues’ work provides key 
evidence to reinforce the conclusions of the 
2017 papers1–3. Their findings also indicate that 
coordinated thalamocortical activity patterns 
depend on the version of Smart1 present: the 
more Gpr12 is expressed from this region, 
the more thalamocortical coordination occurs 
and the better the performance of spatial 
working memory.

The discovery of this role for Gpr12 could 
lead to the development of pharmacolog-
ical agents that boost working-memory 

performance. However, it would be important 
to first determine the types of cortical activity 
pattern that are enhanced by thalamic Gpr12. 
For example, in tasks in which animals have 
to withhold actions while remembering a 
task-relevant piece of information2,7,8, would 
we see the same type of effect?

It is also intriguing to speculate on what 
other types of cognitive function could be 
linked to genetic underpinnings using a QTL 
approach. The mediodorsal thalamus is known 
to be involved in switching between tasks9,10; 
could one find a simple and scalable behav-
ioural test that could be used to assess this 
process and probe its genetic underpinnings? 

Finally, to return to the comparison between 
natural and artificial systems, is the lack of a 
thalamus-like architecture in most artificial 
models of intelligence a missed opportunity? 
On the one hand, artificial recurrent neural 
networks require no such structure to maintain 
memory patterns or switch them across tasks. 
On the other, perhaps incorporating this bio-
logical inspiration into artificial- intelligence 
systems would enable us to expand their com-
putational capabilities, power efficiency or 

both. It is exciting to think about the many 
possibilities ahead as we continue to draw 
biological inspiration from innovative work 
such as that of Hsiao and colleagues.
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On page 577, the Borexino Collaboration1 
reports results that blast past a milestone in 
neutrino physics. They have detected solar 
neutrinos produced by a cycle of nuclear- 
fusion reactions known as the carbon–nitro-
gen–oxygen (CNO) cycle. Measurements of 
these neutrinos have the potential to resolve 
uncertainties about the composition of the 
solar core, and offer crucial insights into the 
formation of heavy stars.

Neutrinos are tiny, subatomic particles. 
They were first postulated to exist by Wolfgang 
Pauli in 1930, to account for the energy that 
was apparently missing during β-decay, a pro-
cess in which energetic electrons are emitted 
from an atomic nucleus. The presence of a 
massless particle that could carry any fraction 
of the energy from the decay would explain 
why the spectrum of emitted electron ener-
gies is continuous. Pauli’s explanation for why 
neutrinos had never been observed was that 

they interact incredibly weakly with matter. 
Subsequent decades of research have yielded 
a wealth of information about Pauli’s ‘ghost 
particle’, including the Nobel-prizewinning 
discovery that neutrinos do, in fact, have a 
mass2–4, albeit one so small as to be beyond 
the reach of current measurements.

Fusion reactions in the Sun produce an 
astonishing number of neutrinos: roughly 
100 billion solar neutrinos pass through each 
of your thumbnails every second. Because of 
the weakness of their interactions, they are 
barely deterred from their path even when 
they have to pass through the entire body 
of the Earth: cutting-edge experiments5  (see 
also go.nature.com/ 36sktyj) have struggled to 
observe a difference in the measured neutrino 
flux between daytime and night-time, owing 
to the vanishingly small scale of this effect.

Neutrinos are therefore both challenging 
to observe and yet able to offer insights into 
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The first detection of neutrinos produced by the Sun’s 
secondary solar-fusion cycle paves the way for a detailed 
understanding of the structure of the Sun and of the 
formation of massive stars. See p.577
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