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From black and white to
fifty shades of grey
Andrew D. Paterson | The Hospital for Sick Children and University of Toronto

In this issue of Blood, Stefanucci et al1 used whole-exome sequencing
generated from blood from UK Biobank participants to describe the
magnitude of effects on both laboratory and clinical phenotypes for selected
“pathogenic” or “likely pathogenic” rare coding variants in genes, of which
some variants have previously been claimed to be causal for bleeding,
thrombotic, or platelet disorders (BTPDs).
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First, some historical background as to
how variants and genes were believed to
be causal in individuals with specific
BTPDs. Initially, genetic linkage analysis
was performed in families with multiple
affected individuals. These families were
commonly referred to tertiary centers,
likely had severe clinical disease, and were
often selected to have a large number of
affected relatives, and patterns of disease
consistent with simple modes of inheri-
tance (ie, autosomal dominant or recessive
or X-linked recessive). After regions of the
genome that segregate with the pheno-
type were identified, sequencing of cod-
ing regions of genes within the linked
region(s) was performed, and coding var-
iants that were bioinformatically predicted
to change the amino acid sequence of the
protein were identified and claimed to be
causal for the disease. Sometimes, the
frequency of such variants (minor allele
frequency [MAF]) was examined in popu-
lation cohorts, but often the sample size
was limited.

Now, fast forward to the current era where
next-generation sequencing, either whole-
exome sequencing (all coding regions of
all genes) or whole-genome sequencing,
is performed to make a molecular genetic
diagnosis in individuals affected with
BTPDs. This is phenotype-first analysis:
individuals and families with a phenotype
are studied genetically. Variants identified
in probands are passed through bio-
informatic pipelines, and community
guidelines2 are used to assess whether
they are likely “pathogenic” for the pre-
senting phenotype(s). It has been shown
that when rare variants are identified in a
modest number of small families with a
disorder, even if they play a causal role,
their penetrance estimates are grossly
inflated.3

Although there are databases with MAFs
obtained from multiple large cohorts
(eg, Genome Aggregation Database4,5),
they however contain no phenotypic
information, severely limiting application
to understand the relationships of spe-
cific variants to traits and diseases. Par-
allel community databases of variants
identified from phenotype-first analysis,
ClinVar (https://www.ncbi.nlm.nih.gov/
clinvar),6 are typically based on unre-
lated individuals, have sparse phenotype
data, have no statistical analysis, and
predictably result in inconsistencies in
classifications for the same variant from
different submitters.

So, how do these approaches compare
with what is now possible from popula-
tion cohorts, like the UK Biobank?7
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Participants were invited and included
without regard to phenotype, were
extensively phenotyped across many
domains, and were subjected to multiple
detailed molecular analyses, specifically
whole-exome sequencing. Variants pre-
sent in subjects can be tested for asso-
ciation with numerous phenotypes using
robust statistical methods.1,8 This
approach is in sharp contrast to the
phenotype-first analysis (above) where
the number of individuals with each
variant is typically small, commonly just a
few individuals from a single family,
which results in limited power for statis-
tical association analysis between each
variant with phenotypes.

In the current work, variants in genes
thought to be responsible for BTPDs
were classified by multidisciplinary teams
of clinicians, geneticists, and bio-
informaticians, blind to clinical informa-
tion, into 1 of the following: pathogenic/
likely pathogenic, undecided, or rejected.
Variants with MAF >0.1% were excluded.
Those variants present in >5 individuals
were subjected to statistical analysis for
association with continuous platelet traits
(count and mean volume), measured
centrally at baseline. This analysis was
restricted to 213 variants present in 46
genes (including VWF, F8, and F9 for
bleeding; PROC, PROS1, and SERPINC1
for thrombosis; and 41 genes for platelet
traits) present in 7432 participants.

The effects of 2 specific rare missense
variants (1 each in RUNX1 and MECOM),
which both have >100 individuals with
the minor allele, are shown (see figure).
These results show that they both are not
significantly associated with either
platelet count or volume, contrary to
previous claims of pathogenicity. In
contrast, numerous other variants met
statistical significance criteria, with the
magnitude of effects on platelet and
clinical traits shown, which are important
for variant interpretation and clinical
translation. This work provides both use-
ful positive and negative data; some
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Effects of 2 variants on platelet count (y-axis) and mean platelet volume (x-axis). RUNX1 rs200431130 p.Met52Lys
(n = 164 individuals with minor allele) and MECOM rs200049869 p.Met1005Val (n = 127). Values are mean ± 95%
confidence interval (CI), and units are SD. The figure has been adapted from Figure 3B in the article by Stefanucci
et al that begins on page 2055.
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variants that have previously been found
in affected individuals may now have their
role in the disease questioned, whereas
for other variants, their role is strength-
ened. MacArthur et al noted, “Unambig-
uous assignment of disease causality for
sequence variants is often impossible,
particularly for the very low-frequency
variants underlying many cases of rare,
severe diseases.”9(p 469)

Other questions that are addressed in
this work include the following: What is
the true mode of inheritance for specific
variants? Loss-of-function variants inMPL
have been reported to have an auto-
somal recessive mode of inheritance for
congenital amegakaryocytic thrombocy-
topenia. However, they are paradoxically
associated with higher platelet count
than controls in (presumably) simple
heterozygotes (carriers), consistent with
overdominant inheritance. Also, the
authors showed the additive effects of
(poly)genetic (risk) scores on platelet
traits in combination with some of the
rare variants that they examined.

Limitations of the work include that UK
Biobank subjects were aged 40 to 69
years at baseline and had a participation
2038 14 DECEMBER 2023 | VOLUME 142
rate of 5.5%, with participants signifi-
cantly healthier and wealthier and
more likely women than the general
population.10 It is likely that individuals
with BTPDs are underrepresented in the
UK Biobank, and those who did partici-
pate have milder disease than the gen-
eral population, which could tend to
attenuate phenotypic associations.

A further limitation is that the authors
restricted analysis to variants with MAF
<0.1%, because they are more likely to be
responsible for rare Mendelian diseases.
This unfortunately resulted in the exclu-
sion of several well-known variants (eg,
VWF p.Thr1034del [rs368366214, MAF in
African ancestry individuals=1.5%] and
p.Tyr1584Cys [rs1800386, MAF in UK
Biobank=0.43%]) for which insights about
the association with traits would provide
important information. Platelet function
tests were absent, as were relevant protein
levels (F8, F9, and VWF), but the latter are
being generated from large-scale prote-
omics in the UK Biobank.

Are the findings from the UK Biobank
specific to just hematology? No, similar
findings have been previously reported for
monogenic diabetes and developmental
, NUMBER 24
disorders,8 among others, and are
expected to be expanded to other disor-
ders. But the data published here provide
valuable insights into DNA variants in
coagulation and platelet disorders.
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