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            Abstract
Ciliary dysfunction leads to a broad range of overlapping phenotypes, collectively termed ciliopathies. This grouping is underscored by genetic overlap, where causal genes can also contribute modifier alleles to clinically distinct disorders. Here we show that mutations in TTC21B, which encodes the retrograde intraflagellar transport protein IFT139, cause both isolated nephronophthisis and syndromic Jeune asphyxiating thoracic dystrophy. Moreover, although resequencing of TTC21B in a large, clinically diverse ciliopathy cohort and matched controls showed a similar frequency of rare changes, in vivo and in vitro evaluations showed a significant enrichment of pathogenic alleles in cases (P < 0.003), suggesting that TTC21B contributes pathogenic alleles to ∼5% of ciliopathy cases. Our data illustrate how genetic lesions can be both causally associated with diverse ciliopathies and interact in trans with other disease-causing genes and highlight how saturated resequencing followed by functional analysis of all variants informs the genetic architecture of inherited disorders.
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                    Figure 1: In vivo assay of TTC21B variants in mid-somitic zebrafish embryos.[image: ]


Figure 2: In vitro rescue assay of cilia length defects in mIMCD3-Ttc21b shRNA cells.[image: ]


Figure 3: TTC21B mutant proteins mislocalize in photoreceptor sensory cilia.[image: ]


Figure 4: Summary of all TTC21B variants detected.[image: ]


Figure 5: In vivo modeling of TTC21B genetic interaction with other ciliopathy loci.[image: ]
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