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In this issue of Biological Psychiatry, Brazel et al. (1) report the
first large meta-analysis of array-based exome genotype data
including rare variant (RV) content for phenotypes related to
smoking and alcohol use. While there have been numerous
genome-wide association studies (GWASSs) of these traits and
of related traits, the custom—at least for smaller studies up to
this point—has been to sweep RVs under the rug (where they
formed only a very small pile) rather than take notice of them.
This has been a necessity, for the most part. Rare variants are,
after all, rare. A variant with a minor allele frequency (MAF) of
0.1% would be expected to be observed in about 20 individuals
in a sample of 10,000 individuals, for example; not enough total
observations to attain the power needed for any conclusion,
unless the variant had a large effect on the phenotype. For
phenotypes distributed in the population like alcohol use and
smoking—that is, common phenotypes with wide observed
ranges of values—this is, practically speaking, difficult to
establish with a small number of observations. Genotyping
microarrays with RV content, including arrays designed spe-
cifically to include exomic RV content, are available from both
major genotyping microarray suppliers, lllumina (San Diego,
CA) and Affymetrix (Santa Clara, CA), and have been popular
for years now. So while many investigators have acquired RV
(and other exome-wide) genotype information over the years,
they have not been able to do much with this information.
Many GWASs have used MAF cutoffs in the range of 0.01 to
0.03. That is, RV content (allele frequency <1%), directly
genotyped and imputed, is typically removed before analysis.
There are two obvious solutions to this problem—either ac-
quire the data in a study sample large enough for RV content
to be analyzable, or combine many studies with such data
meta-analytically. Brazel et al. (1) do the latter while making
great use of data from the UK Biobank, which does the
former. This follows on their recent article considering com-
mon variant content for the same traits (2). Depending on the
phenotype, this study includes roughly between 150,000 and
430,000 subjects—the UK Biobank provides a large majority
of analyzable subjects, from more than 70% to nearly 80%,
depending on phenotype. It is a recent development in the
field that such huge GWAS samples are no longer especially
unusual.

Brazel et al. (1) confirm several well-known risk loci for
smoking and alcohol use traits with high statistical significance.
The strongest findings by far implicate ADH1B*rs1229984 for
drinks per week and CHRNA5*rs16969968 for cigarettes per
week —neither of which is actually “rare.” Further down the list
of associated genes, there is much that is novel, including
significant associations mapped to NAV2 for smoking initiation
and SERPINAT protective with respect to drinks per week. This

is fodder for future studies, for example, evaluating the biology
of these variants in animal models.

Brazel et al. (1) also report that RVs with MAF <1% explain
11% to 18% of the observed single nucleotide polymorphism
heritability. There has been considerable debate about the
extent to which rare variation will explain what is commonly
termed “missing heritability,” or the difference between herita-
bility as determined by genetic epidemiology studies and
summing up the heritability explained by common variants
identified in GWASSs. RVs in the article by Brazel et al. (1) pro-
vide a sizable increment in the heritability that can be
accounted for. Recent work (3) based on whole genome
sequencing (WGS) shows that the “missing heritability” for
height and body mass index can be virtually completely
accounted for by RVs, in particular those in regions of low
linkage disequilibrium. There are several key differences be-
tween the approach taken by the authors of that article and
Brazel et al. (1). First, the traits are different; the genetic archi-
tecture of height and body mass index may differ substantially
from the genetic architecture of traits related to smoking and
drinking. Smoking and drinking, unlike height and body mass
index, have a key pharmacogenomic component. Second,
Wainschtein et al. (3) considered genome-wide data, whereas
Brazel et al. (1) considered exome-wide data. Third, the WGS
study considered sequence data, whereas Brazel et al. (1)
considered microarray data. Microarray data are only useful
for genotyping previously observed variants that have been
seen enough times either to make it onto a microarray or to be
imputable. New mutations can never be captured by array data.
Sample sizes like those obtained by Brazel et al. (1) are pres-
ently infeasible to undergo WGS because of its expense and
the needed computational bandwidth. But the increase in
heritability explained by means of exomic rare variation,
considered in the context of the greater increase for other
complex traits using WGS data, suggests that datasets with
much more genomic detail may allow substantial additional
progress in explaining the genetic basis of these traits quite
fully.

This is a meta-analysis, and the meta-analysis format re-
quires compromise in terms of genetic variants that are included
and the phenotypes that are studied. The analyzed phenotypes
must be reasonably consistent across the analyzed constituent
samples. For some smoking and alcohol use phenotypes, such
phenotypes can be found quite readily. That is not the case for
other phenotypes of urgent interest for public health, such as
opioid use disorder (much lower prevalence than alcohol and
tobacco use and less well captured in biobank data) and other
illegal drug dependencies; nor is it the case for alcohol use
disorder (AUD) per se, which is less likely to be collected for
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biobank use or for studies based on other traits, such as cardiac
phenotypes or cancer, where basic alcohol use data are quite
likely to be collected. Well-powered studies of traits such as
illegal substance dependencies require larger samples than can
be assembled at present, even in meta-analysis; this will require
more directed recruitment of affected subjects. Measures of
quantity and frequency of substance use (such as alcoholic
drinks per week) are easier to obtain in large samples. Such
traits have great medical importance but are not identical to
dependence traits. Recent work has shown that alcohol
quantity/frequency measures are quite different genetically from
AUD (4,5).

This study shares a limitation with almost all meta-analytic
studies of psychiatric traits: the study sample is almost
entirely of patients of European ancestry (<9000 African
ancestry subjects are included). Populations—e.g., European,
African, Asian, Native American, and others—can differ in ge-
netic risk for many traits. Famously for alcohol use phenotypes,
European, African, and Asian subjects share a major overall risk
mechanism: variation in the genes encoding alcohol-
metabolizing enzymes. For all three populations, ADH1B is a
major risk gene. Europeans and Asians share their major risk
variant [also identified in the Brazel et al. (1) study], but Africans
have a completely different major risk variant, absent in these
other populations. And Asians also have a major large effect
risk variant that maps to ALDH?2 that is absent in Europeans
and Africans (6). RVs tend to be even more population specific
than common variants. In focusing exclusively on subjects of
European ancestry, we restrict our discovery to a subset—
possibly a small subset—of the genetic variation and the ge-
netic risk that is present worldwide. Medication development
based on genetic findings may be specific to the discovery
population; the same goes for risk prediction (7). Further, post-
GWAS analyses that rely on the comparison of GWAS results
with publicly available GWASs of other traits [like linkage
disequilibrium score regression (8) used by Brazel et al. (1)] and
transcriptomics depend on those comparison datasets being
available in similar populations. Accordingly, even when
GWASSs of substantial non-European populations are pub-
lished, post-GWAS analysis and biological understanding is
limited by the lack of availability of these other resources. It is
our obligation as a research community to address this lack.
While only a few findings emerged from the African ancestry
portion of the sample studied (1), the publication of this GWAS
information will allow for progress in understanding alcohol use
and smoking in this population, and in identifying pleiotropy
with other traits studied by future investigators.

In large biobanks with appropriate genotyping and imputa-
tion, the study of RV association comes into play naturally, and
indeed in a recent analysis of alcohol use disorder and AUDIT-C
(a quantity-frequency measure of alcohol use), the MAF cutoff
for analysis was 0.0005 in European-Americans (5). (Numerous
RV associations were identified, most near ADH1B.) This was
feasible because the sample, from the Million Veteran Program,
was large (>270,000 subjects) and was genotyped uniformly.
With the advent of samples like the Million Veteran Program and
the UK Biobank, we may expect to gain greatly in our under-
standing of the role that (array-genotypable or imputable) RVs
play in risk for complex genetic traits in future. Relatively few
people in a population are carriers with respect to particular rare
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variants, but RVs are still important because they often have a
greater effect on disease risk than common variants; and they
can also be valuable indicators of disease pathophysiology.
The classic example is RVs at the PCSK9 locus (9,10) impli-
cating a mechanism involving its protein product in lipid
metabolism leading to a new treatment target for modulating
low-density lipoprotein levels. Novel findings in the present
study could similarly point to new understandings of the
biology of cigarette smoking and habitual drinking behaviors.
And in future, we will all be paying careful attention to the role of
RVs in complex psychiatric traits.
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