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    ABSTRACT
Purpose Better methods are required to interpret the pathogenicity of disease-associated variants of uncertain significance (VUS), which cannot be actioned clinically. In this study, we explore the use of a tractable animal model (Caenorhabditis elegans) for in vivo interpretation of missense VUS alleles of TMEM67, a cilia gene associated with ciliopathies.

Methods CRISPR/Cas9 gene editing was used to generate homozygous knock-in C. elegans worm strains carrying TMEM67 patient variants engineered into the orthologous gene (mks-3). Quantitative phenotypic assays of sensory cilia structure and function measured if the variants affect mks-3 gene function. Results from worms were validated by a genetic complementation assay in a human TMEM67 knock-out hTERT-RPE1 cell line that tests a TMEM67 signaling function.

Results Assays in C. elegans accurately distinguished between known benign (Asp359Glu, Thr360Ala) and known pathogenic (Glu361Ter, Gln376Pro) variants. Analysis of eight missense VUS generated evidence that three are benign (Cys173Arg, Thr176Ile, Gly979Arg) and five are pathogenic (Cys170Tyr, His782Arg, Gly786Glu, His790Arg, Ser961Tyr).

Conclusion Efficient genome editing and quantitative functional assays in C. elegans make it a tractable in vivo animal model that allows rapid, cost-effective interpretation of ciliopathy-associated missense VUS alleles.


Competing Interest Statement
The authors have declared no competing interest.
Footnotes
	Figure 1B was updated to improve labels.
A phenotypic analysis of VUS8 in C. elegans was added to the manuscript. This included quantitative analysis in three phenotypic assays (dye filling, roaming, and chemotaxis) and quantification of VUS8::GFP fluorescence at the transition zone.
The worm strains containing VUS6 and VUS7 were outcrossed to remove unintended unc-58 mutations that were present in the original strains. These outcrossed worm strains were then re-characterized in the phenotypic assays. This analysis did not change the conclusions about VUS6 but VUS7 is now classified as benign. The transmission electron microscopy of VUS7 was removed because this analysis was performed on the original unc-58 mutation containing strain.
Two supplemental figures that appeared in version 1 were removed (complementation test with mks-3 null of benign VUS alleles in dye filling assay and negative osmotic avoidance data).
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