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the group showed that the genomic sections
they had identified could explain 50% of the
variation in height.

Hence, the missing heritability of height has
beenfound. Further geneticstudiesin people
of European ancestry will not contribute any
more information — ‘saturation’ has been
achieved for this trait in this ancestry group.
This astonishing result will now motivate
effortstoachievesaturationforothertraitsand
diseases. Once achieved, attention might shift
morewidely tothe momentoustask ofidentify-
ingthe genes thatunderlie these associations,
and inferring mechanisms for some of them.

Effortstoachieve saturation for complexdis-
eases willface challenges. Heightis arelatively
stable trait that can be measured easily and
reliably. By contrast, it canbe difficult to deter-
mine how to measure outcomes for complex
diseases suchas major depressive disorder. Low
disease prevalence can makeit hard togenerate
large-enough sample sizes, and some diseases
might be affected by more genes than is the
case for height". But concerted international
efforts to overcome these challenges arealikely
outcome of Yengo and colleagues’ work.

Itisimportanttoacknowledge,astheauthors
do, thatsaturationis currently limited to only
oneancestral group. Yengo et al. used existing
datasets, in which diversity is limited. Out of
the 5.4 million samples that were included in
the study, 4 million were from participants of
European ancestry; fewer than 78,000 were
from those of South Asian ancestry.

Thereisalsoalack of geographical diversity.
Among the studies contributing data from
participants of African descent, to the best of
myknowledge, only oneisfromthe African con-
tinent, with the rest coming from the diaspora.
This single study, conducted in Nigeria, had
1,188 participants, implying that only 0.4% of
the participants of African descentincludedin
the GWAS were from Africa. The genetic and
linguistic diversity of Africa isimmense*>",
Although participants from the African dias-
pora add valuable data, these groups do not
capture Africa’s diversity.

Thus, this study, like other GWAS, did
not comprehensively cover human genetic
variation'. Some of the genetic variants
associated with height will have been missed.
Yengo et al. showed that, for participants of
African ancestry from the United States and
the United Kingdom, the identified genetic
variants could explain only 5-12% of variation
in height (in comparison to 40% in people of
European ancestry). Thisisin line with other
research demonstrating that GWAS based on
people of European descent can less accu-
rately predict gene-trait relationshipsinother
groups®. Moreover, astudy published earlier
this year demonstrated that, across different
sub-Saharan African populations, the per-
formance of genetic scores generated from
GWAS of African Americans varied widely'®,
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suggesting thatenvironment, as well as ances-
try, can affect genetic associations. Under-
standing how environmental factors might
affect gene-trait relationships” will require
more global diversity in genetic research.
Yengo et al. have demonstrated that it is
possible to achieve saturation for complex
traits. Now, ancestrally, ethnically, globally
and socio-economically diverse samples are
needed to reap the full benefits of GWAS.
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Aleapforwardinthe quest
for general catalysts

Manuel J. Scharf & Benjamin List

Truly general chemical reactions work well regardless of

the structural features and functional groups in the starting
molecule. A new screening protocol speeds up the identification
of suchreactionsin the field of asymmetric catalysis. See p.680

Whether a newly developed chemical reac-
tion finds its way into the chemist’s toolbox
for synthesis depends on various factors,
such as the convenience of the experimental
set-up and the toxicity of the reagents and
by-products. Mostimportantly, anideal reac-
tion should be general — it must generate the
expected products reliably for awide range
of previously unused substrate molecules.
However, the generality of a reaction typi-
callybecomes apparent only after it has been
used reproduciblyinavariety of syntheses.On
page 680, Wagen et al.' present a protocol for
screeningreactions that mightaccelerate the
development of general catalytic methods for
asymmetric synthesis, the field of chemistry
that aims to make single mirror-image isomers
of organic compounds.

Synthetic chemists strive to make complex
moleculesin the most efficient manner. Meth-
odsaretherefore constantly being developed
toenable the formation of previously unattain-
able chemical bonds and to prepare products
in high yields. A subfield of chemical synthe-
sisdeals withamoreintricate problem.Some
molecules possess a property called chirality,
whichmeansthatthey canformastwo possible
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isomers that are mirror images of each other.
Theseisomers —known as enantiomers —have
the same physical properties, but behave very
differentlywhen placedinchiralenvironments,
suchasthebinding pockets of proteinsin our
bodies. In the case of pharmaceutical com-
pounds, only one of the enantiomers might
have the desired biological activity; in the
worst-case scenario, the other enantiomer is
harmful?.

Medicinal chemiststhereforeneed tobeable
to make enantiopure compounds — that s, sin-
gle enantiomers — for biological testing. This
isnotstraightforward, because most reactions
generate chiral molecules as a one-to-one mix-
ture of enantiomers. Enantiopure compounds
cansometimes be made by starting achemical
synthesis from a single-enantiomer building
block found in nature — most biomolecules,
suchasamino acids and sugars, are produced
assingle enantiomers. However, thisapproach
isrestricted by the limited set of enantiopure
compounds found in biological systems?.

Another strategy, known as asymmetric
catalysis, istouseachiral, enantiopure catalyst
totransform asubstrate into a chiral product
thatexists predominantly in one mirror-image



version.Suchareactionmustprovide the prod-
uctnotonlyinusefully highyields, butalsowith
highenantioselectivity —aproperty that quan-
tifiesthe distribution of the two enantiomersin
the product. Most asymmetric-catalytic trans-
formations are not highly enantioselective
when firstattempted, and require substantial
optimizationtoidentify theideal catalyst and
reaction conditions.

The conventional optimization process
involves testing numerous catalysts under
various conditions using a model substrate
—amoderately complex reactant molecule
thatis expected to undergo the desired reac-
tionsmoothly. Once high enantioselectivity is
achieved with the model substrate, the opti-
mized catalyst and conditions are tested using
more-complicated molecules, to explore the
generality of the reaction.

This approach is inherently problematic,
because it can overlook catalytic systems that
work well for molecular classes other than
the one represented by the model substrate.
Anotherissueis that the ideal catalyst for the
model might not work for other substrates. A
huge number ofindividual experiments would
berequiredtoscreenevery possible combina-
tionof catalystsandsubstrates, whichisneither
atime- nor aresource-efficient strategy. The
main hurdlein the development of general syn-
theticreactionsis thus to find away of extract-
ingmaximumdataatan early stage from as few
experiments as possible.

In1998, amethod known as multi-substrate
screening was devised as a possible solution®.
In this approach, a set of achiral substrates
isreacted catalytically in the same vessel to
give a set of chiral products (Fig. 1a); these
areanalysed simultaneously to determine the
enantioselectivity of the individual reactions
using, for example, high-performance liquid
chromatography (HPLC). The total number of
experiments required to obtain information
for all of the substrates is therefore consider-
ablyreduced, compared with the conventional
strategy.

However, as the authors of that paper
acknowledged®, only about five to ten
substrates could be analysed simultaneously,
to minimize therisk of the peaks for the prod-
ucts overlapping in the HPLC experiments
and thereby preventing an accurate analysis.
Only a few research groups have adopted
multi-substrate screening for the discovery
of asymmetric catalytic reactions (see, for
example, refs 5, 6), most probably because
of the difficulty in identifying an analytical
method that overcomes this problem.

Wagen et al. now report a new multi-
substrate screening procedure (Fig. 1b).
Instead of pooling substrates into one reac-
tion vessel, reactions with different substrates
were run individually and the products were
combined before analysis, which was carried
out using a method called supercritical
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Figure 1| Protocols for multi-substrate screening of asymmetric catalytic reactions. In the field of
asymmetric catalysis, a catalyst is used to promote reactions that transform substrates into single mirror-
image isomers (enantiomers) of products, rather than mixtures of enantiomers. a, A method known as multi-
substrate screening* has been used to identify catalysts and reaction conditions that are optimal for awide
range of substrates. A mixture of substrates is reacted in the same reaction vessel, and the resulting products
are analysed using, for example, high-performance liquid chromatography (HPLC); pairs of peaks represent
the enantiomers formed from each substrate. However, the peaks can overlap, preventing an analysis of the
ratio of enantiomers formed. b, Wagen et al.! carried out individual reactions of sets of substrates that were
selected to maximize molecular diversity, then combined the products and analysed them using supercritical
fluid chromatography-mass spectrometry (SFC-MS) — this provides a 2D plot that separates peaks that
would overlap in an HPLC analysis. This protocol could accelerate the search for truly general asymmetric-

catalytic reactions.

fluid chromatography-mass spectrometry
(SFC-MS).Inthistechnique, the products are
detected not only from their peaksin a chro-
matography analysis, but also by their molec-
ular mass. This is crucial to success, because
similar compounds that have overlapping
peaks can still be analysed simultaneously
aslong as they differ in their molecular mass.
Furthermore, the authors describe a com-
putational peak-fitting model that enables
accurate analysis of overlapping enantiomer
peaks.

Asaproofofprinciple, Wagenetal.investi-
gated aknown asymmetric-catalytic chemical
reaction that can be used to make medicinally
interesting natural products known as tetra-
hydro-B-carbolines. Impressively, the authors
demonstrated that the most general catalysts
and reaction conditions could be identified
quickly for a set of 14 substrates, which had
beenselected to maximize the structural diver-
sity represented inthe screeningset. The study
revealed thatthereactionsofelectron-richsub-
strates benefit from the use of certain solvents
—something that could have been overlooked
in a conventional study focusing on a single
substrate that was not electron-rich.

Multi-substrate screening holds great
promise for the rapid, resource-efficient devel-
opment ofgeneral synthetic methods by sub-
stantially reducing the number of screening
experiments needed. However, the benefits
will be reaped only if the method is widely
adopted by chemists. This, inturn, means that
the analytical methods used must be reliable,
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cheap andsimple. Givenadvancesinanalytical
instrumentation’®in the past few years, the
present study is aleap inthat direction.

The nextstep should be to refine the method
to conduct multiple experiments in a single
reaction vessel. If this can be achieved, then
Wagen and colleagues’ method opens the
door to a future in which the time-limiting
factorinasymmetric-catalysis researchisnot
the screening and analysis of reaction condi-
tions, but therational design and optimization
of catalytic platforms.
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