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To aggregate or not, that is the question. A commentary
on single-nucleotide variant proportion in genes: a new
concept to explore major depression based on DNA
sequencing data
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In the early days of gene mapping, linkage
analysis was carried out with less than two

dozen genetic markers.1 Subsequent develop-
ment of an abundance of DNA polymorph-
isms provided a boost to linkage analysis and
eventually led to the development of genetic
association analysis in the form of case-
control studies. These analyses are powerful
when variant alleles are relatively frequent, so
rare variants are generally disregarded. Newer
thoughts have given more credence to the
value of rare variants2 and current efforts,
particularly for single-nucleotide variants
(SNVs) obtained through sequencing, are
directed towards linkage and association ana-
lyses including variants with low minor allele
frequencies (MAFs).
But how do we carry out association analysis

for variants with low MAF? The paper by Yu
et al.3 in the current issue of the journal has
made a contribution by proposing a particular
method for aggregating the effects of multiple
SNVs into a single statistic. For candidate
disease genes, they propose the proportion of
SNVs in a gene (SNVP) as a quantitative
marker. On the basis of 46 candidate genes
for major depressive disorder and a total of 25
case and control individuals, the authors
demonstrate highly significant differences in
mean SNVP between cases and controls for
some of their candidate genes. They also
applied a support vector machine classifier to
the SNVP values of all candidate variants and
were able to obtain complete separation

between case and control individuals. Although
aggregating SNVs into a single statistic for a
whole gene will not identify a causal variant,
such aggregation at least has the potential to
pinpoint genes harboring functional SNVs and
to rank-order them. The concept of SNVPs
makes sense—the higher the proportion of
SNVs in a gene, the larger the chance that it is
disrupted. However, the report discussed here3

only addresses the concept of SNVPs and does
not contain proof that genes with high SNVPs
are in fact disease genes.
Aggregating SNVs over a gene has

previously been proposed. In the simplest
approach, genotypes are collapsed over a
gene4 and an individual is assigned a code
of 1 if an SNV is present in the gene and a
code of 0 otherwise. One may then test
whether the proportion of individuals with a
code of 1 is significantly different between
cases and controls.4 These types of aggregat-
ing variants over genes are now known as
burden tests,5 and various forms of these tests
have been developed.6

Aggregating information over multiple
neighboring variants had been developed
before collapsing and burden tests were
introduced: SNV-specific test statistics or
other characteristics may be summed over a
sequence of SNVs and lead to the concept of
scan statistics.7 The SNVP is also a sum over
variants, as are statistics in burden tests and
analogous approaches. The authors, Yu et al.,3

have now added a new wrinkle to this
growing family of tests.
A somewhat different form of aggregation

over SNVs is based on the Hamming distance

(HD). In a comparison of a sequence of SNVs
between two individuals, the relative HD as
the proportion of SNVs that are different in
the two individuals has been shown to provide
top ranks to known disease variants.8,9
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