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Insertions and deletions (indels) represent a substantial source of human genetic 
variation, yet remain less well characterized than missense variants, posing a 
persistent challenge for variant classification. Relatedly, computational predic
tors for in-frame indels have yet to be rigorously evaluated and calibrated for 
clinical use, limiting their adoption in clinical variant interpretation workflows. 
Here, we present a calibration framework, extending a previous approach 
for missense predictors, for eight in-frame indel prediction tools, including 
MutPred-Indel, VEST-indel, and CADD, enabling their integration into ACMG/
AMP-based clinical classification. We first estimated the prior probability of 
pathogenicity for rare in-frame indels in disease-associated genes, finding dis
tinct priors for insertions and deletions. Applying a likelihood ratio framework 
based on local posterior probabilities, we established score thresholds for each 
tool corresponding to distinct pathogenic and benign evidence strengths. All 
tools achieved multiple calibrated evidence strengths, demonstrating that exist
ing indel predictors carry measurable clinical utility. Combining these calibrated 
computational thresholds with functional data we have separately generated and 
calibrated, we assigned quantitative evidence to ClinVar variants of uncertain 
significance (VUS), enabling reclassification of indels to a likely pathogenic/
pathogenic or likely benign/benign status. Across ten genes, we resolved up to 
55% of the existing ClinVar VUS and further preclassified up to 5,500 in-frame 
indels not yet reported in ClinVar, providing a precomputed resource for future 
variant classification. Our results demonstrate that the combination of calibrated 
computational and functional evidence can substantially reduce the VUS burden 
of in-frame indels and ultimately improve clinical variant classification and 
decision-making.
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In-frame (non-frameshifting) insertions and deletions (indels) constitute a substantial source of human genetic variation. 
Nevertheless, they remain less well characterized than missense variants and continue to pose a challenge for clinical 
variant classification. To address this challenge at scale, it is essential to develop accurate computational predictors and 
generate high-throughput functional data for evaluating the effects of these variants, and to subsequently calibrate both 
sources of evidence for clinical use. In this work, we present the results of two separate but related studies of in-frame 
indels related to their clinical use for rare disease diagnosis. First, we recognized that computational predictors for 
in-frame indels have yet to be rigorously calibrated for clinical use, which limits their adoption in clinical variant 
interpretation workflows. We addressed this problem by extending a previously proposed framework for the calibration of 
missense variant effect predictors,1 and calibrating eight in-frame indel prediction tools (CADD, ESM1b, FATHMM-indel, 
INDELpred, MutPred-Indel, ProGen2, PROVEAN, VEST-indel), enabling their integration into ACMG/AMP-based 
clinical classification compatible with forthcoming SVCv4. We estimated the prior probability of pathogenicity for rare 
in-frame indels in disease-associated genes, and found distinct priors for insertions and deletions. Applying a likelihood 
ratio framework, we then established score thresholds for each tool corresponding to distinct pathogenic and benign 
evidence strengths. All evaluated tools achieved multiple calibrated evidence strengths, demonstrating that existing indel 
predictors carry measurable clinical utility. Second, we generated high-throughput functional data for ten 
disease-associated genes using Saturation Genome Editing and calibrated these data using ExCALIBR2. We then 
combined these two sources of evidence to assign quantitative scores to ClinVar variants of uncertain significance (VUS), 
enabling reclassification of in-frame indels to a likely pathogenic/pathogenic or likely benign/benign status.3 Across the 
ten genes, we resolved up to 55% of the existing ClinVar VUS and further preclassified up to 5,500 in-frame indels not yet 
reported in ClinVar, providing a precomputed resource for future variant classification. Our results demonstrate that the 
combination of calibrated computational and functional evidence can substantially reduce the VUS burden of in-frame 
indels and ultimately improve clinical variant classification and decision-making.  
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