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Figure S1: IGV view of a typical deletion involving mostly off-target regions. A common deletion on chromosome 8 is shown (gnomAD: DEL_8_91589, in green).
Sequencing data presented here are derived from (top to bottom): a homozygous, a heterozygous, and a wild type (WT) individual for the deletion. Split reads are shown as

red horizontal lines.
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Figure S2: Typical output files of OFF-PEAK, here for individual CHlaus0001. The
files listed at the top are common to all samples belonging to the same batch,
whereas those listed at the bottom are specific for each sample.
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Figure $S3: OFF-PEAK graphical outputs for all validated CNVs, detected in the retinal diseases cohort.
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Figure S6: Schematic view of CNV-quality (CQ) computation. A CNV determines an abrupt change in cover-
age, which can be represented by a rectangular function (in yellow). We can estimate the quality of a CNV
by computing how close such variation of coverage and this rectangular function are. For this purpose, we
sum the deviations in coverage of the targets (green squares) from this function. Deviations occurring out-
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CNV.The exact equation estimating CNV quality is indicated at the bottom of the image.
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Supplementary Methods

Details about noise removal using LOO-PCA
Noise removal was done using a leave-one-out principal components analysis (LOO-PCA)

approach. Specifically, the optimized number of PCs to be removed was computed by:

1. Downsampling of the targets, by randomly selecting a specific number of them (--
downsample, default: 20,000).

2. Creation of artificial (fake) heterozygous deletions and duplications by halving or
multiplying by 1.5 times the real coverage value of a defined number of regions in
the test sample (--nbFake, default: 500 each).

3. Computing PCA on the control samples only (LOO-PCA).

4. Starting to recover CNVs without PC removal, then incrementing the removal of
PCs and computing at every step the AUC based on Z-scores of the test sample
compared to control samples. The optimized PC removal was defined when the
performance increased by less than a specific threshold (--stopPC, default: 0.0001).
If the threshold was passed, 10 more PCs were sequentially removed to try to

increase the performance.

CNV annotation and graphical representation by OFF-PEAK
Following the detection process, all CNVs were annotated to include: the sample they
belonged to, their genomic coordinates (minimal and maximal), their type (deletion or

duplication), their reads ratio compared to controls, Z-score, ploidy, affected targets, affected



exons, genes, non-coding RNAs and functional elements affected (RefSeq), the number of
samples with overlapping CNVs, the overlapping CNVs from ClinVar and gnomAD databases,
as well as with various quality metrics.

The quality metrics were:

- PQ (ploidy quality) = minimal difference of Z-score between the called ploidy and other
ploidies divided by number of targets
- CQ (CNV quality) = measure of CNV quality based on divergence from a rectangular

function (difference between expected and observed ratios), defined as:

1
CQ = 52 |, S1+53

N 20

for a CNV going from target k to m:

S1 = abs Z(azi—l)

m—1 Zm—l T
S2 = abs Z g — =ik T

m—k—2
| k+1
fm+11
S3 = abs Z (x; — 1)
L m+2

(see Figure S6)

- QUAL=Z-score * PQ * CQ/ N-targets. It measures both, the quality of the called ploidy

(PQ), and that of the correct CNV “shape” (CQ)

The graphical representation of every CNV detected shows the ratio between the sample

considered and the control samples, the genes and exons involved, as well as frequent CNVs



from gnomAD and pathogenic CNVs from ClinVar. The canonical transcripts were indicated

based on NCBI RefSeq Select.

Other output files by OFF-PEAK

These additional output files were created when running OFF-PEAK:

- Detected CNVs with annotations

- CNV plots for top 20 CNVs per sample, including CNVs found in ClinVar and gnomAD
databases (examples in Figure 5 and Figure S3)

- Heatmap of the correlation between samples and the table of pairwise correlations

- Bar chart of the maximal pairwise correlation per sample, as well as the data in text
format

- BED file compatible with the AnnotSV software?

- BED file for the Integrative Genomics Viewer?

- Sample information, such as quality or number of detected CNVs

- RData files for creating additional plots

- Plot showing performance of PC removal on artificial CNVs and plot showing the
cumulative explained variance

- Genome and chromosome plots (example in Figure S7)

Parameters used for CNV detection on the ICR96 data
ICR96 data (FASTQ files and target BED file)> were downloaded from the European

Genome-phenome Archive (EGA), with the agreement of Prof. Nazneen Rahman at The



Institute of Cancer Research, London. The FASTQ files were used as described in the “Mapping

and variant calling” section to produce processed BAM files. CNV detection was run as follows:

- OFF-PEAK: default parameters with target BED file

- cn.mops: default parameters

- CNVkit: default parameters with target BED file

- CODEX2: default parameters with target BED file, without chromosome X

- CoNIFER: did not work due to insufficient number of target regions (“Error: This
chromosome has fewer informative probes than there are samples in the
analysis!”)

- ExomeDepth: default parameters

- Control-FREEC: default parameters

- GATK: default parameters with target BED file

- SavvyCNV: default parameters; after running CoverageOffTarget command,

SavvyCNV was run with -d 200

Data processing for the validation on the ICR96 dataset

We retrieved the outputs of each tool and processed them as follow:

- OFF-PEAK: all CNVs detected (deletion if ratio < 1 and duplication if ratio > 1)
affecting targets (CNVs-targets-only.tsv file)

- OFF-PEAK-HQ: all HQ CNVs detected (deletion if ratio < 1 and duplication if ratio >
1) affecting targets (CNVs-targets-only.HQ.tsv file)

- cn.mops all CNVs detected (deletion if CN < 2 and duplication if CN > 2)



- CNVKkit: all CNVs detected (deletion if CN < 2 and duplication if CN > 2)

- CODEX2: all CNVs detected (deletion if Iratio < 2 and duplication if Iratio > 2)

- CoNIFER: the tool could not be run on this dataset

- ExomeDepth: all CNVs detected (deletion if Reads-ratio < 1 and duplication if Reads-
ratio > 1)

- Control-FREEC: all CNVs detected (deletion if CN < 2 and duplication if CN > 2)

- GATK: all CNVs detected (deletion if CN < 2 and duplication if CN > 2)

- SavvyCNV: all CNVs detected (deletion if relative dosage < 1 and duplication if

relative dosage > 1)

All detected CNVs overlapping with the true set and with the correct ploidy (heterozygous
or homozygous events) were considered as true positives. Events without any overlaps
were considered as false negatives. In a second step, the same analysis was repeated for
CNVs overlapping exactly the captured regions found in the validated CNVs. Sensitivity was
computed as the number of detected CNVs divided by the total number of validated CNVs;

specificity as the number of validated CNVs divided by the total number of detected CNVs.

Parameters used for CNV detection in the retinal disease samples

CNV detection was run separately for each capture kit (1 to 3), as follows:

- OFF-PEAK: default parameters with target BED file, using both, all-targets, and on-
targets-only output. Columns “begin-min” and “end-max” were used for additional
analysis. For performance analysis, overlapping CNVs detected by on-target and

off-target approaches were counted only once. For further investigation with lower



stringency, the following parameters were used: minOntarget=30,
maxOntarget=75, minZ=3.

- cn.mops: default parameters

- CNVkit: default parameters with target BED file

- CODEX2: default parameters with target BED file, without chromosome X

- CoNIFER: default parameters with target BED file, with 1 SVD component removed
for kit 1 and kit 3. For kit 2, CoONIFER BED file was used with 4 SVD components
removed

- ExomeDepth: default parameters

- Control-FREEC: default parameters

- GATK: default parameters with target BED file

- SavvyCNV: default parameters; after running CoverageOffTarget command,
SavvyCNV was run with -d 200 for on-target analysis; for off-target analysis, it was
run with -d 19800 for kit 1, -d 29800 for kit 2, and -d 27400 for kit 3. For
performance analysis, overlapping CNVs detected by on-target and off-target

approaches were counted only once.

The computing time for each batch and each tool was recorded. All tools were used on the

same machine, a DELL Power Edge R640 with 36 CPUs (Intel Xeon Gold 6150).

SNV filtering for the retinal disease cohort
DNA variants were filtered to be rare, with an allelic frequency lower than 0.01 in
gnomAD,* as well as in ToMMo,> ABraOM,® ESP6500,” and present in an in-house inventory

of sequenced samples. Moreover, they were selected to be of high quality (GQ > 30,



allelic_ratio > 0.25, FS < 25, VQSLOD > -5, and ExcessHet < 50) and to have a predicted impact
at the protein level (nonsense, frameshift, missense, canonical splice site or splicing variants
[MaxEntScan, SpliceAl and dbscSNV-ADA]). Variants were further selected to affect genes

known to cause IRD phenotypes based on OMIM? (Table S4).

Detection of potentially pathogenic CNVs in the IRD cohort

The CNVs detected by all tools except controlFREEC (due to too many calls, low specificity)
and CNVKkit (too many CNVs called for a few specific cases) were first selected to be rare
(detected in less than 5 samples per tool) and to affect genes known to cause retinal
phenotypes. During the selection process the operator was not blinded with respect to the
tool examined, but there was no bias in the selection of calls, which were all considered as
equivalent and processed in the same way in the following steps. All genes were first selected
from OMIM to have a solid association with IRDs and then filtered to have known mechanism
of disease corresponding to loss-of-function (for autosomal recessive and X-linked conditions)
or haploinsufficiency (for autosomal dominant phenotypes) (Table S4).

In addition, CNVs linked to autosomal recessive or X-linked phenotypes were retained if:

- they were detected as likely homozygous events (homozygous deletion or
duplication defined as ploidy < 0.25 (for deletions), or between 3.25 and 5 (for
duplications)

- there were two CNVs detected in the same gene (compound heterozygous)

- there was a rare and deleterious SNV or small indel affecting the same genes

(compound heterozygous)

and for autosomal dominant phenotypes if:



- they were detected as likely heterozygous events (ploidy is not 2)

The selected events were then manually filtered to make sure they were: not artefactual
(based on IGV visualization of BAM files), affecting exonic regions, and compatible with the
phenotype of all affected individuals (Table S3). They were then all validated either through
PCR, WGS or MLPA (Table 1). The list of primers used for the PCR validations can be found in
Table S11. MLPA analysis for copy number variation detection on EYS gene was carried out
using MLPA Salsa P328-A2 probemix (MRC Holland, Netherlands). WGS was performed either
at CeGaT GmbH (Tlbingen, Germany) or at D-BSSE (ETHZ, Basel) on a Novaseq 6000 (CeGaT)
or a Novaseq SP flowcell (50-8-8-50, D-BSSE). Libraries were generated with TruSeq DNA PCR-
Free kit (Illumina) for CeGaT or with the Watchmaker DNA Library Prep Kit with Fragmentation
(Watchmaker Genomics, USA) and indexed with TruSeq™—-Compatible Duplex Y Adapters

(Integrated DNA Technology) for D-BSSE.

Data processing for the validation on the IRD set

All detected CNVs overlapping with the true set and with the correct ploidy (heterozygous
or homozygous events) were considered as true positives. Events without any overlaps were
considered as false negatives. In a second step, the same analysis was repeated for CNVs
overlapping exactly the captured regions found in the validated CNVs. Sensitivity was
computed as the number of detected CNVs divided by the total number of validated CNVs;
specificity as the number of validated CNVs divided by the total number of detected CNVs. To
avoid double scoring of the same events, the total number of CNVs detected by OFF-PEAK

was the sum of non-overlapping CNVs for all targets and of on-target-only analyses. Similarly,



for SavvyCNV, the total number of CNVs was the sum of non-overlapping CNVs from on-target

and off-target analyses.
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