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Quantifying
variant evidence for precise 
probabilistic genomics

Result

The target set defines the scope of inference, 
from a whole genome or just a small region.

Quant Group 1, Simon Boutry 2, Ali Saadat 2, Maarja Soomann 3, Johannes Trück 3, 
D. Sean Froese 4, Jacques Fellay 2, Sinisa Savic 5, Luregn J. Schlapbach 6, and 
Dylan Lawless 6
 
1 The quantitative omic epidemiology group. 2 Global Health Institute, School of Life Sciences, École 
Polytechnique Fédérale de Lausanne, Switzerland. 3 Division of Immunology and the Children’s 
Research Center, University Children’s Hospital Zurich, University of Zurich, Zurich, Switzerland. 4 
Division of Metabolism and Children’s Research Center, University Children’s Hospital Zürich, University 
of Zurich, Zurich, Switzerland. 5 Leeds Institute of Rheumatic and Musculoskeletal Medicine, University 
of Leeds, Leeds, UK. 6 Department of Intensive Care and Neonatology, University Children’s Hospital 
Zurich, University of Zurich, Zurich, Switzerland. 

Swiss National Science Foundation (SNF) 320030_201060, and NDS-2021-911 
(SwissPedHealth) from the Swiss Personalized Health Network and the Strategic 
Focal Area ‘Personalized Health and Related Technologies’ of the ETH Domain 
(Swiss Federal Institutes of Technology).

The quantitative omic epidemiology group, et al. 
“Quantifying prior probabilities for disease-causing 
variants reveals the top genetic contributors in 
inborn errors of immunity” medRxiv preprint (2025).

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. 

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

qi encodes presence, absence, or 
unsequenced status. Missing data are treated 
as probabilistic rather than ignored.

Posterior diagnostic probability is obtained by 
combining weighted priors with observed or 
possible presence, yielding credible intervals 
(CrI).

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.

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.

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.

1. Target set

2. Priors

3. Weighting

4. Evidence and 
counterfactuals

5. Posterior

6. Scenarios

7. The shift 8. Validation

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.

“Multiomic analysis showed that the nonsense variant is 
technically robust and functionally deleterious. RNA 
sequencing confirmed that the transcript is preserved 
without evidence of decay, yet proteomic profiling 
demonstrated absence of the normal protein product, 
consistent with truncation and loss of function. 
Metabolomic readouts supported disruption of ... ”

Verifiable evidence 
interpretation RAG:

accurately characterized for clinical reporting and genetic research.

2.3 Annotation and interpretation
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Figure 2: Variant annotation and interpretation.

In our approach to DNA annotation and interpretation, we employ tools such as
Variant Effect Predictor (VEP) to systematically incorporate data from roughly 160
genetic databases, aiming to improve the clarity and utility of variant interpretations.
Our protocols conform to ACMG/AMP standards, facilitating accurate clinical and
research classifications. This methodical application is handled by our Guru software
for genomic data to ensure reliable identification of pathogenic variants, grounded in
detailed annotation and rigorous analysis (figure 2.3).

2.4 Qualifying variants

Compatible with specific 
inheritance mode
and disease.

> 200’000 technical 
qualifying variants.

Rare candidate qualifying 
variants.

> 20’000’000 variants pass 
quality control.

Figure 3: Qualifying variants (QV).

This report relied on qualifying variant
filter protocol Design QV SNV INDEL v1
(figure 2.4). This is our comprehensive
framework for the identification and
qualification of SNV and INDEL variants
in genomic studies. It uses a flexible
approach, incorporating quality control
and multiple filtering stages to refine
datasets for downstream analysis. The
protocol is tailored to accommodate
various research needs, balancing
stringent filtering for rare disease

confidential Design DNA SNV INDEL v1

2 Methods

2.1 Introduction
Sample ID: was analysed for the clinical diagnosis
of . Clinical grade sequencing (ISO 15189 accredited) was used to
generate whole genome sequence (WGS) data at the Swiss Multi-Omic Center
(SMOC) (SMOC). We handled this sensitive clinical data according to established
SPHN/BioMedIT guidelines on the sciCORE platform the SwissPedHealth momic
tenant (SPHN/BioMedIT). The full set of SwissPedHealth pipeline documentation
can be found at our pipedev docs homepage. The analysis design documents
for this specific report can be found at https://swisspedhealth-pipelinedev.gi
thub.io/docs/pages/design_dna_snvindel_v1.html. The pipeline used here is
Design DNA SNV INDEL v1 and concerns WGS germline short variant discovery (SNVs
+ Indels) and interpretation.

2.2 Sequencing and processing

Figure 1: Illumina WGS data generation.

We used Illumina whole genome
sequencing (WGS) with TruSeq DNA
PCR-free library protocol. Sequencing
was performed on NovaSeq 6000,
for paired-end 150 bp reads with
indexing. We mapped to the human
reference genome GRCh38/hg38
assembly (link to ref docs) ensuring
high accuracy and comprehensive
coverage for genomic analysis (figure
2.2). The Design DNA SNV INDEL v1
protocol allows for the discovery and
interpretation of germline short variants
(SNVs and INDELs) from whole genome
sequencing data. This protocol includes
GATK best practices to process raw
sequencing data into a joint cohort
gVCF, followed by variant qualification
and annotation for clinical and research applications. Key stages include quality
control, genome alignment, variant calling, and rigorous filtering to identify disease-
associated variants, ensuring that both known and novel genetic determinants are

confidential Design DNA SNV INDEL v1

1 Snapshot
This patient, was analysed to identify genetic determinants for the clinical
diagnosis of phenotype (and phenotype subgroup . The age of
onset was . The following candidate causal variant(s) were identified with the use
of Design DNA SNV INDEL v1 pipeline, which implements Design QV SNV INDEL v1
criteria, with the controlled dataset Design DNA SNV INDEL v1 release . This
pipeline is concerned with WGS germline short variant discovery (SNVs + Indels) and
interpretation.

Guru score range: ≤ -7 , -1 to -6 , 0 to 5 , 6 to 9 , ≥10

Impact range: MODIFIER , LOW , MODERATE , HIGH

Patient candidate variant 1

Patient ID:
Guru score: 31
Impact: MODERATE
GRCh38: chr C/G
Gene symbol:
Consequence: missense variant
HGVSc (cDNA change): ENST00000 : c. >C
HGVSp (Protein change): ENSP00000 : p Ser
Genotype: Homozygous
gnomAD allele frequency: NA
Compound heterozygous flag: 1
ACMG count: 4
Patient max score: 31
ACMG criteria: PS1, PS5, PM3, PP3

confidential Design DNA SNV INDEL v1

SwissPedHealth
Design DNA SNV INDEL v1

Genomic analysis
patient report
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9. 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 AI integration.

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% CrI 0.26–0.80).  We must confirm the missing 
candidate to maximise the confidence interval.
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Gene: NFKB1

Diagnostic confidence
given available evidence

Prior CrI  0.39-0.59
Posterior CrI 0.88-0.99

Data sources and validation studies. CrI (credible interval), IEI 
(inborn errors of immunity), VRE (variant risk estimate).

Causal
Not causal Uncertainty


