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Introduction

Primary cilia has been considered for a long time as a cellular vestige!. However, it is now defined as a major sensory organelle involved in signalling pathways
essentials for the cellular development such as Sonic Hedgehog signaling pathway (SHH). The term “ciliopathy” gathers together all diseases caused by ciliary
proteins (~1500) impairment. In particular, the Bardet-Biedl syndrome (BBS) is an autosomal recessive disorder characterized by multiple affected organs (e.g.
eye, kidney...)2. Variations in 24 genes have been identified to cause this rare syndrome (~1/150000)3. Among those, BBS5 is a minor contributor of the disease
(~2% of the patients), encoding a peripheral subunit of the BBSome a multiprotein complex located at the base of the cilium. Today 32 distinct pathogenic
variations have been reported (8 nonsenses/frameshift, 2 startloss, 14 missenses, 5 splice, 3 large deletions). In this study, we identified two novel variants in
BBS5 using whole genome sequencing. The two variants are representative of actual genetic challenges (1 missed by WES but rescued by WGS and 1
required functional assay).

Patient and Methods Results and discussio

¢ The index patient is born from a Caucasian non-consanguineous

union with typical BBS phenotype including: * Variant 1 cohort screening
@p Retinitis pigmentosa ’ Obesity § Intellectual disability -BBS cohort screening using duplex PCR is negative (n=430)

-Bioinformatics screening WGS cohort (FranceGenRef consortium) is negative (n=862)

Renal abnormality w Polydactyly 8¢ Uterine atrophy -Despite being missed by panel & WES, the deletion of exon 1 and 2 is a rare variant.

* Molecular diagnosis:
Gene panel (58 genes), whole exome sequencing (WES) and whole * Variant 2 analysis
genome sequencing (WGS) analysis.

* Variant confirmation (k ic status) and path icity: A
Sanger sequencing, duplex PCR, gRT- PCR and western blot (WB)
using patient’s RNA since parents’ samples were not available. so0bp = ! S,
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Figure 4: A. PCR and Sanger sequencing performed on RNA. B. WB of BBS5 protein expression
Results discus:

* Genetic analysis:
Variant 1: large heterozygous deletion (5920 bp) encompassing exons
1 and 2 (c.1-2272_142+879del) (Fig.1B and 2) (likely pathogenic -No expression of BBS5 protein in patient’s fibroblasts (Fig.4B). The duplication is
variant, class 4). Missed by Panel and WES but not WGS. likely destabilizing the protein. This redefines the variant 2 classification to
Variant 2: heterozygous duplication (c.550_552dupAAT, p.Asn184dup) probably pathogenic (class 4)
in exon 7 (variant of unknown significance, class 3)
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-Direct RNA sequencing revealed variant 2 at the homozygous state. Given the
non expression of the allele carrier of variant 1, this demonstrate their biallelic
status (in trans) (Fig.4A).
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Figure 1: A. Pedigree. B. Vi: ization of the y deletion ing exons et W1 el
1and 2 using IGV (Integrative Genomics Viewer) and the AA duplication in BBS5 Figure 5: A. Cilia immunostaining using @ARL13B (green) and @y-tub (red) of the patient’s skin
fibroblast. B. Quantification of ciliogenesis and measurement of cilia length. (Mann Whitney Test: ****:
<+ Variant 1 was only observed using WGS? p<0.0001)
-The patient has 25% less ciliated cells compared to the control (n=900)
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Figure 6: PTCH1 and GLI1 expression (qRT-PCR in 4 conditions, +/- FCS and SAG). (ANOVA test:
* Variant 1 analysis ****:p<0.0001)
" . - SHH pathway activation is less important in the patient’s fibroblasts
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300be-1 s P P e §§ status of the variant despite absence of parents’ DNA as well as the pathogenicity of
BESS13  BESSST BRS040 both variations using the patient’s cells (one variant reclassification). We also
Figure 3: A. Duplex PCR and Sanger. B. GRT-PCR on RNA (ANOVA test). ****:p<0.0001 demonstrate alterations of the cilia morphology and function on the patient’s cells.

This study illustrates the usefulness of WGS sequencing to identify causative
-Breakpoint sequencing and duplex PCR confirms the deletion (Fig.3A). variations specially CNVs in highly heterogeneous genetic disorders.
-Expression analysis revealed only a single allele of BBS5 (Fig.3B).

1 Goetz et al., 2009, 2 Gouronc et al., 2020, *Imani et al., 2019
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