cells.SP9iswhatistermedastapled peptide —
one that is constrained by a synthetic hydro-
carbon ‘brace’ that stabilizes its structure
and locks it into a specific conformation®.
Stapled peptides have better target affinity
andincreased cell penetration compared with
peptides lacking such staples, and they are
less susceptible to being degraded. They
are particularly well suited for the disruption
ofintracellular protein-protein interactions,
such asthose between synaptotagmin-2in the
secretory granule and proteins of the SNARE
complex inthe cellmembrane.

In designing SP9, the authors used knowl-
edge of key amino-acid residues in the
principal SNARE-protein-binding partner for
synaptotagmins to generate a peptide that
inhibits calcium-ion-triggered granule fusion.
SP9 also has a cell-penetrating peptide tail to
boostits entry into cells. Lai and colleagues’
work convincingly demonstrates that the
engineered SP9 enters airway epithelial cells
to block ATP-stimulated mucin secretion in
IL-13-primed airway epithelial cells in vitro and
invivoinmice.

It remains to be seen whether stapled
peptides could be administered by aerosol
in sufficient doses and with sufficient safety
(especially in a setting of routine administra-
tionin chronic illness) to become approved
therapeutics for mucus-associated lung
disease. But by confirming that it is possible
to block calcium-regulated mucin secretion,
Lai and colleagues have shown the potential
of such an approach as a new therapeutic
strategy for lung illnesses associated with
mucus pathology, including diseases such as
asthma and COPD, for which thereis a large
unmet medical need.
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Constrained humangenes

under scrutiny

A higher number of damaging variations in certain genes
isassociated with anincreased likelihood that a man will

be childless. A geneticist and an anthropologist discuss
what can — and can’t — be learnt from this finding. See p.858

The paper in brief

« Some genes are constrained, which
means that damaging variants of them
areremoved from the population by
natural selection.

« Onpage 858, Gardner et al.'investigated
the processes underlying this
evolutionary process in humans.

* Theyreportthat having a high
overall amount of damaging genetic
variation in constrained genes is

associated with childlessness in men.

* Theassociationis linked to only 1% of
the chance of childlessness between
individuals, but to larger effects over
many generations in a population.

« Thefindings are consistent with the
hypothesis that having a greater burden
of damaging genetic variation might
affect aman’s ability to find a mating
partner.

Loic Yengo
Anevolving understanding
of gene constraint

Loss-of-function (LoF) mutations inactivate
genes completely. Some genes in a human
population are able to ‘tolerate’ LoF muta-
tions, whereas others, known as constrained
genes, cannot — LoF variants in constrained
genes tend to be lost over time through natural
selection. As a result, fewer people would be
expected to have LoF variantsina constrained
gene than in an LoF-tolerant gene. A large
study of human genetic variation carried
out by Lek et al. in 2016 identified about
3,000 LoF-intolerant genes®. Gardner and
colleagues’ work might help usto understand
how natural selection has constrained them.

Itisthought that LoF mutations might affect
reproductive fitness — that is, the number of
offspringanindividual produces. For example,
these mutations might reduce the chance ofa
personlivingtoreproductive age, cause infer-
tility or affect a person’s ability to find a mate.

© 2022 Springer Nature Limited. All rights reserved.

About one-third of the 3,000 constrained
genes identified in Lek and colleagues’ study
have been linked to disorders associated with
mortality before theindividual reachesrepro-
ductive age and withreduced fertility (accord-
ingtothe Online Mendelian InheritanceinMan
database; https://omim.org). But whether and
howthe other genes might affect reproductive
fitness has been unclear.

To address this issue, Gardner and col-
leagues analysed rare protein-truncating
mutations in the 3,000 genes in more than
300,000 unrelated individuals who are
part of the UK Biobank — a database of
genetic and health-related information for
500,000 volunteers in the United Kingdom.
This cohort is made up largely of individuals
between 39 and 73 years old, ensuring that
most have, in principle, had the opportunity
to reproduce. The authors quantified the
overall association of all protein-truncating
mutations and gene deletions with reproduc-
tive success. Their main findingis that, cumu-
latively, LoF variantsin these 3,000 genes are
associated with childlessness in men but not
inwomen. Interestingly, this associationis not

Nature | Vol 603 | 31 March 2022 | 799



News & views

From the archive

A look at technological advances for
ocean studies, and an explanation
for why fish can rain from the sky.

50yearsago

A visit to the Oceanology International 72
Exhibition in Brighton left a bewildering
impression of an array of technological
advances and techniques ... There were,
however, several items exhibited which are
of particular interest to anyone who has
worked in ... university research. Perhaps
the shining example of a piece of research
which is beginning to find a niche in the
technological world is that of the laser.

No longer is this a solution searching for a
problem, and indeed many of the problems
which can be solved by laser applications
are related to the oceans. Survey lasers ...
have already been used successfully for
tunnelling ... [T]here are also examples

of technological developments which

aid research almost accidentally. One
example of this which was on view in
Brighton is a bottom sounder ... so sensitive
that it detects individual fish ... To the
oceanographic surveyor this is an irritation
to be regarded as noise ... But one man'’s
noise could be music to other ears.

From Nature 31 March 1972

100 years ago

For just on four hundred years
circumstantial stories of fish falling with
rain have appeared in various parts of the
world. Naturally, such strange occurrences
have given rise to much speculation

and many even stranger theories by way
of explanation. The whole subject is
admirably reviewed by Dr. E. W. Gudger
in the November-December issue of
Natural History — the Official Organ of
the American Museum of Natural History,
which has just reached us. Dr. Gudger
accepts such occurrences, and rightly,
as well authenticated; he accounts for
them as due to the agency of high winds,
whirlwinds, and water-spouts, which
could easily draw up either from the sea or
rivers, shoals of small fishes swimming at
the surface in the track of these uplifting
agencies. As their force is spent they
distribute their victims along their path.
From Nature 1 April 1922
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mainly driven by reproductive dysfunction.
Instead, men with a higher number of dele-
terious mutations in these genes are more
likely than those with fewer numbers to exhibit
behavioural and cognitive traits that might
reduce their likelihood of finding a partner.

One of the key implications of these findings
is that cultural practices such as mate choice
might have had aprominentroleinthe course
of natural selection. The association between
mutations constrained in our distant past and
modern human behaviours could be a funda-
mental discovery, suggesting that traits asso-
ciated with mate choice are the sametoday as
they were thousands of generations ago.

But for studies such as those of Gardneretal.
and Lek et al., the sample size determines the
evolutionary period that the study can tell us
about. Forexample, larger samples are needed
totrackmore-recent natural selection, because
more-recent genetic changes willbe presentin
fewer individuals®. And there is a near-sixfold
difference in sample size between these two
studies. This suggests that the evolutionary
period over whichthe 3,000 genes became con-
strained might differ from the time over which

“The authors’ findings
seem to be consistent
with Charles Darwin’s
still-debated theory
of sexualselection.”

naturalselection has produced the genetic asso-
ciations with reproductive fitness observed in
the UK Biobank. Thisis a caveat that canweaken
Gardner and colleagues’ conclusions. But it
could be addressed in the future by using a
larger, updated list of constrained genes*.
Overall, Gardner and colleagues’ findings
seem to be consistent with Charles Darwin’s
still-debated theory of sexual selection®, which
positsthatreproductive fitnessis partly driven
by within-sex competition and mate-choice
preferences between sexes. It isimportant to
note, however, that the current associations
involve only a limited number of (genetic)
factors, which are not sufficient to explain all
causes of childlessness. More evidence for the
mechanisms underpinning Gardner and col-
leagues’ findingsis needed, throughreplication
in other populations (and species), in which
mate choice could be influenced by different
cultural standards from those of ancestors of
the contemporary UK population. This should
improve our understanding of the mutational
constraints that shape our evolution.

Loic Yengo is at the Institute for Molecular
Bioscience, The University of Queensland,
Brisbane, Queensland 4072, Australia.
e-mail: Lyengodimbou@ug.edu.au
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Heidi Colleran
Mate choice
beyond genetics

About 20% of people in the United Kingdom
never have biological children®. Many inter-
acting social, biological and demographic
factors contribute to the dynamics of child-
lessness, whether or not a person is childless
by choice. Gardner and colleagues’ work high-
lights one element of this complexity, point-
ing to a possible connection between human
behaviour and genetics as a component of
childlessness.

The authors performed a battery of
genetic-association analyses that indicate
that men (but not women) who have a high
number of rare damaging genetic variants
are slightly less likely to have children than
arethose with fewer of these variants. Arange
of other associations exist, too, although the
effectsaresmallinall cases. Forinstance, both
men and women with the highest number
of variants are more likely to score lower in
intelligence tests thanare people with alower
number. They are less likely to have university
degrees or high incomes, and are more likely
to be socio-economically deprived or have
mental-health conditions. The strongest cor-
relation is related to being single: men with a
high number of damaging variants were more
likely than comparable women to be living
alone at the time of data collection.

These results explain less than 1% of the
variation in reproductive outcomes between
individuals. But, compounded over many
generations, the authors infer, this sex differ-
ence means that about 20% of the selective
pressures that act on these genes as they
evolve are attributable to sexual selection —
that s, to female mate choice.

First,some crucial caveats. Causality cannot
beinferred fromany of Gardnerand colleagues’
results, given the associative nature of the
analyses. And even men with the highest
numbers of genetic variants have a 50% chance
of reproducing, so these aren’t ‘genes for child-
lessness’. In addition, the authors have only
asnapshot of each individual’s relationship
status at the time of recruitment to the UK
Biobank, and no information about the type
or length of their current or past relation-
ships, or their partnership and reproductive
preferences. Taken together, these factors
would paint a more complex picture of each
individual’s life, making it harder to draw
strong conclusions from these correlations.

Some demographic evidence corroborates
Gardner and colleagues’ findings: across
13 European countries, men with low incomes
are more likely to be childless”. But broader
demographic factors, which don’t always
affect men and women symmetrically, also



play a part. There are typically more male
children born than female. Men more often
father children with multiple women than
the reverse, and are regularly older than
their reproductive partners. In declining
populations, these differences can leave a
larger proportion of men without partners®.

Unpicking many interrelated factors to
tease out why men might forgo or miss out
on having children is a huge challenge. For
instance, poverty has adverse effects onboth
academic achievement and mental health®™°.
Broader social and cultural influences on
partnership and reproductive preferences will
surely outweigh the 1% of variance explainable
by genetic differences.

Inasimplified world, in which sexual selec-
tion alone determines the chances of having
children, one possible assumption might be
that men desire sex and reproduction, and
that women choose mates who are wealthy
and (in contemporary economies) well
educated. Gardner and colleagues’ work is
centred around the genetic outcomes of such
apotential scenario, butitis risky tointerpret
the findings too strongly. We must be careful
nottoreduce childlessnesstoadeviation from
apresumed (hetero-)norm. Todo so playsinto
problematic narratives about the ‘childless’
poor beinglonely and unwanted, or the ‘child-
free’ rich being selfish.

In fact, there are many more dimensions
to mate choice. First, priorities vary between
individuals and over time. Although some
women might seek educated, neurotypi-
cal men to father their (increasingly few)
desired children, evidence suggests that,
in the United Kingdom, more women cur-
rently prioritize kindness and supportive-
ness (see go.nature.com/3hnvxlv). Second,
individuals don’t always freely choose their
reproductive partners. Arranged marriages,
still common today, were historically wide-
spread. Darwin’s own marriage didn’t clearly
follow straightforward sexual-selection
criteria: his cousin (and sister-in-law) Emma
Wedgwood accepted his proposal largely
because of amutual goal of family consolida-
tion™. The cross-cultural variation in human
mating and marriage practices is vast —
inferring human universals from just one
population would therefore be premature.

Although the genetics here have little
predictive power on anindividual level, a key
message is that the ways in which we socially
construct and organize our biological repro-
duction — which are at the heart of human
social life — might have important genetic
legacies at the population leveland over many
generations. A better understanding of the
co-evolution of reproduction, culture and
genetics is now crucial®.
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Hello Naturereaders,

Today we celebrate the launch of India’s Moon mission, discover thg
protein-folding algorithms solving structures faster than ever and
hearwhat not to do in graduate school.

Heat Shock Protein 90 in a larger protein

Artificial intelligence takes on protein folding

Fresh approaches to deep learning are going head-to-head in a raq]
to crack one of biology’s grandest challenges: predicting the 3D
structures of proteins from their amino-acid sequences. These
approaches are cheaper and faster than existing lab techniques s




