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T

he Elizabeth W. Jones Award for Excellence in Education recognizes an individual or group that has had signiﬁcant,
sustained impact on genetics education at any level, from K-12 through graduate school and beyond. Bruce Weir
(University of Washington) is the 2019 recipient in recognition of his work training thousands of researchers in the rigorous
use of statistical analysis methods for genetic and genomic data. His contributions fall into three categories: the acclaimed
Summer Institute in Statistical Genetics, which has been held continuously for 23 years and has trained . 10,000 researchers worldwide; the popular graduate-level textbook Genetic Data Analysis; and the training of a growing number of forensic
geneticists during the rise of DNA evidence in courts around the world.

T

he 2019 Elizabeth W. Jones Award for Excellence in
Education allows me this opportunity to reﬂect on the
symbiotic relationship between statistics and genetics, as well
as to recall my pleasant interactions with Beth Jones on the
National Institutes of Health Genetics Study Section and on
the GENETICS Editorial Board. The award recognizes the success of the Summer Institute in Statistical Genetics (SISG),
now in its 24th year, and here I will focus on a couple of
themes running through SISG planning.
The SISG provides short courses in statistical genetics,
primarily for graduate students in the biological sciences. It
presents modern statistical methods for current genetic data,
with an emphasis on adding to understanding of the biological
processes leading to those data. The impetus for SISG came
from the explosive growth we have seen in genetic data. As
a newly minted Ph.D., I joined the laboratory of Robert W.
Allard who was collecting genetic marker data at a new scale
for plant populations. My year in Davis led to a pair of papers in
this journal (Allard et al. 1972; Weir et al. 1972), describing
our ﬁndings for esterase allozyme data in an experimental
population of barley, where we proudly showed our analyses for 30,000 plants scored at four loci. Fifty years after
my postdoc I am associated with the project of the National Heart, Lung, and Blood Institute (www.nhlbiwgs.org),
where there are now 140,000 whole-genome sequences for
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individuals in . 80 populations and over 1 billion variants
have been revealed.
Fortunately, the growth in data has been accompanied by
growth in computing power and in statistical software. We did
not need to provide the punch-card facilities I used as a postdoc
for SISG participants when we started in 1996, but we did
need to set up computing laboratories. Now participants bring
their own laptops with preloaded software, and we provide
some of them with cloud access. As recently as 2015, the SISG
offered three courses in R, at different levels of complexity, and
these were fully subscribed, but for 2019 we had trouble ﬁlling
a single course. Students across the biological sciences now
come to the SISG with R skills, and all our courses use R scripts
and packages as a routine matter. The drop in numbers for R
courses has been offset by a rise in numbers for statistical
mixed model instruction and steady numbers in the Markov
chain Monte Carlo course.
The SISG focuses on statistical genetics, and progress in this
ﬁeld may be viewed through the lens of testing for Hardy–
Weinberg equilibrium (HWE). This foundational result featured in the ﬁrst issue of GENETICS (Jennings 1916) as the
basis for predicting genotype proportions in populations under various mating schemes, and by 1948 testing for consistency with HWE was being used to infer the action of
selection in natural populations (Dobzhansky and Levene
1948). Statistical methods for detecting selection, including
HWE testing, became of great interest during the debate over
the neutral theory of evolution, and HWE testing features in
the continuing “validation” of forensic frequency databases
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(e.g., Ghiani et al. 2019) following some analyses surrounding the ﬁrst US court case where DNA evidence was successfully challenged (Lander 1989). This forensic activity could
be regarded as one instance of the use of HWE testing for data
cleaning, most often seen in genome-wide association studies
(GWAS) (Gogarten et al. 2012).
Dobzhansky and Levene (1948) gave the standard goodness-of-ﬁt test statistic that has a chi square distribution
when HWE holds, and it previewed the use of the binomial
distribution by Levene (1949). Levene attached normal distribution approximations to the exact P-values allowed by
the binomial, and it was not until later that computational
resources allowed complete enumeration of all possible sets
of genotypes for a given set of allele counts (Vithayasai
1973) or Monte Carlo methods for loci with multiple alleles
(Guo and Thompson 1992). It is now common to conduct
HWE testing with publicly available software, such as
HardyWeinberg by Graffelman (2015). The ease of applying
these tests to data with millions of genetic variants has
meant that the limitations of frequentist hypothesis tests
are exposed, not least among these limitations being the
perceived need to adopt the ad hoc “genome-wide signiﬁcance level” of 5 3 1028 as the P-value below which a SNP is
declared not to be in HWE and may thus not be used in
further analyses. It is unlikely that a ﬁxed threshold is appropriate for all sample sizes, numbers of tests, and variant
frequencies (Fadista et al. 2016), although similar comments hold for the traditional 5% threshold for single tests.
My forensic science colleague Ian Evett (personal communication) asks why population geneticists acknowledge that
HWE does not hold in natural populations, proceed to test
for HWE, and then fail to reject HWE when P . 0:05. I make
the standard response about the convenience of replacing
genotype proportions by products of allele proportions
when these two quantities are similar, but I see the attraction of Bayesian alternatives to HWE testing (Wakeﬁeld
2010) and there is a Bayesian option in HardyWeinberg.
Frequentist and Bayesian methods are both covered in the
SISG.
A variant that occurs only once or twice in a sample, as
happens for over one-half of the variants revealed by wholegenome sequencing, offers very little chance of detecting
signiﬁcant population-level departures from HWE. The same
problems of low power arise in GWAS, where the remedy
has been to summarize rare variant information within a
gene or a region by a single genetic score, or genetic burden,
before performing an association test (e.g., Chen and Wang
2019). Another method for aggregating single-variant
test statistics is to employ variance component methods
(e.g., Dutta et al. 2019). Two SISG modules address these
approaches.
HWE testing is applied to single loci, but many biological
questions beneﬁt from analyses of genomic regions. In our
current work, following on from Weir and Goudet (2017),
we have been struck by how well inbreeding levels for individuals are estimated from quite naive implementation of
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methods using runs of homozygosity when compared to
a range of single-SNP-based likelihood and moment estimators. Single-SNP-based methods for estimating distant kinship for pairs of individuals cannot compete with methods
based on identity-by-descent (IBD) regions as reviewed
by Browning and Browning (2012). We have all been
impressed by the recent emergence of forensic methods that
identify distant relatives of the source of an evidential proﬁle
by the degree of inferred IBD sharing with proﬁles in a genealogy database, following procedures such as those described
by Henn et al. (2012) and Erlich et al. (2018). The SISG covers
kinship estimation, the use of kinship in GWAS, and forensic
applications of kinship.
SISG courses present statistical methods that recognize
current genetic understanding. Statistical models are described with parameters that have genetic interpretations,
such as allelic contributions to a quantitative trait, the probability that an individual with a particular genotype contributes to the next generation, or the probability that an
individual carries IBD alleles at a locus. Now that we are well
into the “small-large p” era, where the number (p) of parameters is far greater than the number (n) of observations, there
is movement to the use of machine-learning approaches. Kinship estimation, for example, could be addressed by regressing kinship values on SNP genotypes for many pairs of
individuals in a training set with known relationship and then
evaluating the predictor on an independent set of pairs of
individuals. There would be no appeal to an IBD model to
identify a function of SNP genotypes that allowed kinship
prediction. Two recent reviews of progress in this direction
have been given by Li et al. (2018) for economic traits in
cattle and by Ho et al. (2019) for precision medicine. The
SISG spun off a sister institute, the Summer Institute in Statistics for Big Data, in 2015, where machine-learning topics
are covered.
The SISG has a large alumni group and now plans to extend
its service to that group, and to others with an interest in the
ﬁeld, by hosting a Virtual Institute in Statistical Genetics. This
will preserve online versions of course notes and it will provide
a forum for exchanging new methods, posting queries and
their solutions, and providing a general service to an important community. Details will appear on the SISG website
(www.biostat.suminst/sisg).
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