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A paper1 published this week in 
Nature marks the culmina-
tion of a long debate about the 

genetic basis of a disorder sometimes 
considered psychiatry’s heartland2 — 
schizophrenia. No other psychiatric 
condition has evoked such diverse 
opinions. Its biological roots have often 
been denied and, in the anti-psychia-
try movement of the 1970s, there was 
even outright rejection of its existence. 
The latest paper, from the Schizophre-
nia Working Group of the Psychiatric 
Genomics Consortium, reports an 
analysis of more than 150,000 people 
and finds more than 100 genetic regions 
associated with schizophrenia, laying to 
rest forever the idea that genetics is not 
an important cause of the illness.

Dispute over schizophrenia’s genetic 
basis has been ferocious. This is hardly 
surprising given that Swiss psychiatrist 
Ernst Rüdin — an early proponent of 
the argument that the condition is a sin-
gle-gene disorder — advocated the view that 
people with mental illnesses should not have 
children3, and justified the sterilization and 
murder of people with schizophrenia. Despite 
the disease’s long and contentious history, by 
the end of the twentieth century there was con-
sensus that genetic factors were involved4. But 
agreeing that genetics has a part to play is not 
the same as finding individual genetic regions 
(loci) that contribute to disease susceptibility. 
Progress in this arena has been marked by false 
starts5,6, and by more than 800 genetic associa-
tions7 of dubious value.

Not unreasonably, many would ask why we 
should be any more confident that the con-
sortium’s geneticists have now got it right. The 
short answer is that the tests for associations 
between each gene in the human genome and 
disease are now mature. The correct criteria 
for determining significance in these tests 
are as familiar to human geneticists as their 
two-times table, and are exhaustively docu-
mented in the consortium’s paper. Since the 
first genome-wide analyses for schizophrenia 
emerged in 2009 (refs 8, 9), the size of the stud-
ies has increased, as have the numbers of loci 

associated with the condition (Fig. 1).
The Psychiatric Genomics Consortium has 

now confirmed the existence of 108 loci that 
contribute to disease susceptibility. But even 
this number is insufficient to entirely explain 
the genetic causes of schizophrenia. So what 
does this discovery mean?

First and foremost, it confirms that genetics 
is a major cause of the illness. The risk variants 
now identified are common — they contribute 
in most, if not all, cases. This is a tremendous 
advance, of the sort that rewrites textbooks. 
Given the turbulent history of the field, this is 
a point that deserves emphasis and should be 
cause for well-earned celebration among those 
who carried out the work.

Second, we now know something about the 
probable genes involved. Readers not familiar 
with the vagaries of genome-wide association 
studies need to be aware that there is a dif-
ference between finding a genetic locus and 
finding a gene. Usually, it is assumed that the 
relevant gene is the one that lies nearest to the 
identified locus, but, as recently reported10 for 
a locus involved in obesity, this is not neces-
sarily the case. As a rule of thumb, however, 

the closest gene is probably a good place  
to start. 

So what genes are involved? Expectant 
readers will have to turn to Table 3 of the  
Supplementary Information (go.
nature.com/koxm8i) to find all the 
details. Those who take the trouble 
will be rewarded with some delight-
ful insights. For many years, a leading 
hypothesis has been that schizophrenia 
arises from abnormal neuronal signal-
ling involving dopamine. This theory 
was based on evidence11 indicating 
that the efficacy of antipsychotic drugs 
correlates with their ability to block 
dopamine receptors. It turns out that 
those who championed the involve-
ment of dopamine-related genes were 
right (a dopamine-receptor gene, 
DRD2, is associated). However, by no 
means all dopamine-related genes are 
involved (the gene encoding catechol-
O-methyltransferase, an enzyme that 
metabolizes released dopamine, is not  
associated). 

Having climbed a mountain of genetic 
analyses, it is perhaps a shame that the authors 
do not offer much of a view from the peak — 
no new biological hypotheses are presented. 
But it is clear that the idea that schizophrenia 
is merely a disorder of neuronal signalling 
(either dopamine- or glutamate-related) stands 
in need of revision. By far the most significant 
association is a locus on chromosome 6 that 
includes a region containing genes involved in 
acquired immunity: the major histocompat-
ibility complex (MHC).

Given that the MHC also contains genes 
encoding various functional activities, the 
fact that the most significant association lies 
in the MHC is only suggestive of its role. How-
ever, Figure 2 in the paper contains another 
intriguing observation. The genetic effects in 
schizophrenia are enriched in regions outside 
the MHC that are also involved in acquired 
immunity. Is schizophrenia in part a disorder 
of acquired immunity? Surely this idea should 
start to be taken seriously. It is perhaps ironic 
that one of the earliest genetic associations 
reported12 was with the MHC.

It is possible that environmental exposure 
explains some of the genetic associations 
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Genesis of a complex disease
The largest genome-wide analysis of schizophrenia performed so far has identified more than 100 genetic regions that 
contribute to disease risk, establishing new leads for understanding this form of mental illness. See Article p.421
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Figure 1 | Progress in identifying schizophrenia-associated 
genes. Since 2009, genome-wide analyses of the genetic loci 
associated with schizophrenia (including the current study by 
the Schizophrenia Working Group of the Psychiatric Genomics 
Consortium1, labelled 2014) have yielded increasing numbers of 
‘hits’1,9,15,16. Over this time, there has been a correlation between 
the number of people tested and the number of susceptibility-
associated loci found. 
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Interactions between climate, erosion and 
deformation of the solid Earth have been 
hotly debated in recent decades. 

If climate dictates spatial patterns in 
erosion, as some researchers con-
clude, then it may also change mass 
distribution enough to influence 
deformation. A pair of papers1,2 from 
Whipple and Gasparini, published 
in Lithosphere, now examines rela-
tionships between climate, erosion, 
river-channel steepness and relief 
in the Bolivian Andes. The authors 
find unexpectedly little evidence for 
climatic control of erosion patterns 
or topography. Instead, they con-
clude that over the past 12 million 
years (Myr), the region has uplifted 
by approximately 3 kilometres.

The tantalizing potential for 
atmospheric processes to drive 
deformation of the solid Earth has 
inspired much research, with results 
being exuberantly paraded in support 
of this theory. The central Andean 
plateau is a compelling region in 
which to study this issue, because of 
the correlated spatial variability of its 
topography, climate and mountain-
belt geometry (Fig. 1). Whipple and 
Gasparini’s evidence1 for recent, 
large-scale surface uplift comes from 
low-relief (largely flat) surfaces in the 
northern Bolivian Andes.

To understand their results, picture 

the studied region as a series of small, gently 
sloping plateaus surrounded by steep river can-
yons on all sides. The authors interpolated the 
landscape between these plateaus and found 

that they form part of a ramp about 300 km 
long, gently dipping to the north and grading 
into sedimentary deposits of approximately 
11–9 Myr old. This suggests that the topogra-
phy of the region about 10 Myr ago was more 
gently sloping than it is now, and that the land 
surface has uplifted and tilted since that time.

Flat areas surrounded by incised river val-
leys are unusual. Typically, there is no differ-
ence in elevation at places where tributaries 
meet; smaller streams maintain steeper slopes 
to match the pace of erosion of the larger river. 
However, fluvial hanging valleys — which have 
floors that are higher than the main channel 
into which they flow — form in some tectoni-

cally active areas where small tribu-
taries intersect with a river that  is 
experiencing a sudden increase in 
erosion3. The stranded small tribu-
taries, separated by waterfalls from 
the main stream, do not undergo 
the rapid erosion occurring around 
them, and are maintained as relicts 
of the former land surface. 

Whipple and Gasparini used river 
channels on a relict surface to esti-
mate the extent of downcutting of 
the main river, and assumed that this 
downcutting was caused by uplift of 
the surface since its formation. The 
authors extrapolated trends in chan-
nel slopes to reconstruct the channels’  
positions before the uplift. These 
reconstructed channels are roughly 
2–3 km above current channel bot-
toms in the incised valleys — in other 
words, the surface has uplifted by this 
amount. The timing and magnitude 
of this surface uplift correspond 
approximately to estimates of these 
quantities for the southern Bolivian 
Andes4, suggesting that the northern 
and southern Bolivian Andes evolved 
in parallel, despite marked contrasts 
in climate and mountain-belt width 
for the two regions.

A strong point of these studies is 
the observation and interpretation 

documented in this report. For instance, 
DNA-sequence variations in the CHRNA5-
A3-B4 gene cluster are strongly associated 
with heavy smoking13. Smoking is extremely 
common (more than 80% prevalence) in peo-
ple with schizophrenia14, and the consortium’s 
identification of an associated variant in the 
CHRNA5-A3-B4 gene cluster might reflect a 
dose–response relationship between heaviness 
of smoking and schizophrenia risk, instead of 
— or as well as — a direct relationship. As ever-
larger genome-wide association studies are 
conducted, we will presumably begin to pick 
up indirect effects. In other words, such studies 
may tell us about the environmental as well as 
the genetic causes of the disease. ■
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Rain on the parade
An analysis of landforms in the Bolivian Andes suggests that surface uplift has 
shaped the climate and landscape. This contrasts with previous work suggesting 
that climate controls topography and deformation along the mountain range.
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Figure 1 | Precipitation patterns across the Central Andean 
Plateau. The wet, steep and narrow northern Bolivian Andes strongly 
contrast with the broad, gently sloped and dry southern Bolivian Andes. 
Two papers propose1,2 that the topographic difference between them is 
driven mainly by changes in tectonic deformation of the mountain belt, 
and that precipitation varies as a function of topography. Solid lines are 
topographic contours; the contour interval is 500 metres. Precipitation 
data shown are from ref. 7.
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