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variant evidence for precise
probabilistic genomics
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Variant interpretation in clinical genetics has long relied on categorical labels
such as pathogenic or benign. These labels simplify communication but collapse
uncertainty, leaving most of the statistical evidence unquantified. A principled
framework should instead account for all possible outcomes, including
unobserved but plausible variants, and quantify their contributions to diagnostic
probability. Our approach reframes interpretation as a Bayesian inference
problem. Each variant is assigned a prior probability based on allele frequency,
classification, and inheritance mode, then updated with sequencing evidence to
generate a posterior probability distribution. The result is expectation-driven
inference: every variant, observed or not, is integrated into a coherent probability
model, and uncertainty itself becomes a measurable input to diagnosis.

1. Target set

4. Evidence and

The target set defines the scope of inference, counterfactuals

from a whole genome or just a small region.
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2. Priors

Based on population genetics, each variant
has a probability of occurrence from allele
frequency or de novo mutation. Mode of
inheritance maps this to disease risk.
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3. Weighting

Evidence sources (e.g. ClinVar, ACMG) are
converted to weights W. that scale variant
probabilities.

/. The shift

Instead of classifying variants as pathogenic
or benign, the method shifts from categorical
labels to expectation-driven inference. Every
variant, observed or not, is integrated.
Updating the interpretation based on
complete evidence gives a new high
confidence interval for a single diagnosis.
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g encodes presence, absence, or
unsequenced status. Missing data are treated
as probabilistic rather than ignored.

G(m) ~ Bernouui(Qi)
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5. Posterior

Posterior diagnostic probability is obtained by
combining weighted priors with observed or

possible presence, yielding credible intervals
(Crl).
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6. Scenarios

Each variant in a genome, compared to all
other candidates, represents a scenario.
Scenarios show how observed and missing
variants shift the posterior. Both certainty and
residual uncertainty are quantified.
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8. Validation

Validation is shown by accurate prediction of
the national-scale disease frequency and
cases in known causal genetic disease like
dominant NFKB1 or recessive CFTR. Tools
like AlphaMissense predict pathogenicity.
Now we can also model likelihood.
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A Pediatric National Data Stream
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Diagnostic confidence
given available evidence

Prior Crl 0.39-0.59
Posterior Crl 0.88-0.99
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Data sources and validation studies. Crl (credible interval), IEl
(inborn errors of immunity), VRE (variant risk estimate).
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Scenario in NFKB1. Consider six variants as cause of disease.
One known pathogenic variant p.Ser237Ter is present. Due
to quality, a possible likely-pathogenic c.159+1G>A is
unaccounted for. (A) Prior probability of observation, (B-D)
posterior weights for each variant, and (E) decomposition of
causal probability into observed (green) and missing (orange)
sources. The posterior probability of a complete diagnosis is
0.54 (95% Crl 0.26-0.80). We must confirm the missing
candidate to maximise the confidence interval.

O. Actionable

Stable confidence intervals based on
evidence available. We can judge empirically
when stronger clinical or mechanistic
evidence is required. Suitable for decision-
making and Al integration.

Parameter present missing
Gene NFKB1 NFKB1
HGVSc c.710C>G c.159+1G>A
HGVSp p.Ser237Ter :
Inheritance AD AD
Patient sex Male Male
gnomAD frequency 6.57e-06 6.57e-06
95% ClI lower 0.003 NA
p(median) 0.090 NA
95% Cl upper 0.551 NA
Posterior p(causal) 0.377 0.364
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