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Targeted NGS gene panel  

Different gene panels were used, containing 156 IRD genes (patients XZ-358338 and EB-163150), 208 

genes (patient IM-4476), 266 genes (patient HD-2011304), and 124 genes (patient IA-CIC08269) (see the 

panels list in Table S1). The target regions were comprised of the coding exons and their flanking 

intronic regions. Capture oligonucleotide probes were designed using the HaloPlex Target Enrichment 

System (Agilent Technologies Inc., Santa Clara, CA, USA) according to the manufacturer’s protocol. 

DNA libraries were sequenced on a NextSeq500 sequencer (Illumina Inc., San Diego, CA, USA). The 

generated sequences were analysed using an in-house developed pipeline, compiling the data obtained 

from Seqnext (JSI Medical System, Ettenheim, Germany) and MiSeq reporter (Illumina) software. The 

Institut de la Vision strategy was previously described [1,2].  

Targeted exome sequencing of 266 genes related to retinitis pigmentosa was performed. Exons of DNA 

samples were captured by an in-solution enrichment methodology (Agilent QXT SureSelect custom 

panel) and sequenced with an Illumina NextSeq 550 instrument (paired-end sequencing 2x150 bases, 48 

libraries per lane). SNVs and indels were called with the Genome Analysis Toolkit v.3.4.46 with the help 

of our in-house pipeline (STARK) and following the GATK best practice. Annotation and ranking of 

SNVs and indels were performed by VaRank [3]. CNVs were called using the CANOES program [4] 

and annotated with AnnotSV [5]. 

 

Variant validation 

Sanger sequencing of TTLL5 exons and exon-intron boundaries (OMIM 615860, NM_015072.4) was 

performed to confirm the presence of the variations obtained by NGS (PCR and sequencing conditions 

available under request). PCR products were purified on a P10 gel (Bio-Rad, Hercules, USA) and 

bidirectionally sequenced using the BigDye® Terminator v3.1 Cycle Sequencing Kit on a 3730 DNA 

Analyzer (Applied Biosystems, Carlsbad, USA).  

 

CNV detection 

The detection of CNVs was performed by a quantitative analysis of the data obtained from the bam 

files. For each patient and for each target (i.e., exon), we calculated the ratio as follows: the depth of the 

reads for the target divided by the depth of the reads for all targets, and this ratio was divided by the 
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full mean coverage for all control samples analysed on the same NGS run. A ratio value of 1 indicated 

that the copy number was identical to that of the control samples, and a ratio value of 0.5 revealed only 

one copy of the allele and a heterozygous deletion. CNV was confirmed by quantitative PCR (qPCR) 

using an ABI PRISM 7900 HT instrument (Applied Biosystems) in triplicate for each sample, according 

to the manufacturer’s protocol.  

 

Identification of repetitive elements and microhomology at deletion breakpoints  

To decipher the mechanisms underlying large deletions, repetitive elements were searched by 

submitting the 150-bp segments flanking each breakpoint to the RepeatMasker 

(http://www.repeatmasker.org) and Censor (https://www.girinst.org/censor/) [6] online software tools. 

The presence of microhomology at the breakpoints was assessed by multiple sequence alignment 

between the junction fragment and the proximal and distal breakpoint regions using Clustal Omega 

(https://www.ebi.ac.uk/Tools/msa/clustalo/) [7]. Possible involvement of non-B DNA conformation 

elements in deletion formation was assessed with two different online software tools: Quadruplex 

forming G-Rich Sequences (QGRS) Mapper (http://bioinformatics.ramapo.edu/QGRS/analyze.php) [8] 

to identify (Oligo)n tracts forming tetraplex structures and the non-B DNA motif search tool (nBMST) 

(https://nonb-abcc.ncifcrf.gov/apps/nBMST/default) [9] to provide the location for direct repeats and 

slipped motifs, G quadruplex forming repeats, inverted repeats and cruciform motifs, mirror repeats 

and triplex motifs, Z-DNA motifs, and short tandem repeats.  

 

Variant pathogenicity assessment 

The pathogenicity of missense variants was assessed by the use of in-silico prediction tools using 

Alamut Visual software version 2.11 (Biosoftware, 2018; Interactive Biosoftware, Rouen, France; 

www.interactivebiosoftware) (i.e., Mutation Taster [http://www.mutationtaster.org/ [10]], Sorting 

Intolerant FromTolerant SIFT (https://sift.bii.a-star.edu.sg/ [11]), Polymorphism Phenotyping v2 

Polyphen-2 (http://genetics.bwh.harvard.edu/pph2/ [12]), and the Varsome program [13], which 

queried multiple prediction tools. The Combined Annotation Dependent Depletion (CADD) score was 

also used [14]. The pathogenicity of splice site variants was determined by using five different 

algorithms, including SpliceSiteFinder‐like (SSFL), MaxEntScan, NNSPLICE, GeneSplicer, and Human 

Splicing Finder (HSF), using Alamut Visual software version 2.11 [15–19] and SpliceAI [20]. Grantham 

[21] and PhyloP [22] scores were also assessed to predict the physiochemical effect of nucleotide changes 

on the TTLL5 protein and conservation of the nucleotide positions, respectively. Guidelines from the 

American College of Medical Genetics and Genomics were used for variant classification [23]. 

 

http://www.repeatmasker.org/
https://www.girinst.org/censor/
https://www.ebi.ac.uk/Tools/msa/clustalo/
http://bioinformatics.ramapo.edu/QGRS/analyze.php
https://nonb-abcc.ncifcrf.gov/apps/nBMST/default
http://www.interactivebiosoftware/
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