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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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ClinVar patho. del.
ClinVar patho. dup.
gnomAD >1% del.
gnomAD >1% dup.

Sample: CHbasl0159  /  Position: chr19:54613418−54621350
High quality targets

0.
0

0.
5

1.
0

1.
5

2.
0

On−targets

Off−targets

Selected sample

2*SD controls

CNV region

O
bs

er
ve

d 
/ E

xp
ec

te
d 

re
ad

 ra
tio

Tr
an

sc
rip

ts
an

d 
ex

on
s

* i
nd

ic
at

es
 c

an
on

ic
al

 is
of

or
m

s

C
lin

Va
r a

nd
gn

om
AD

 C
N

Vs

444 22 1OSCAR_NM_133168.6

333 22 1OSCAR_NM_001282350.3

555 33 2 1OSCAR_NM_133169.6*

444 33 2 1OSCAR_NM_001282349.3

666 44 3 2 1OSCAR_NM_130771.6

555 44 3 2 1OSCAR_NM_206818.4

1 2 3 444NDUFA3_NM_004542.4*

666 5 4 3 2 1TFPT_NM_001321792.2

666 5 4 3 2 1TFPT_NM_013342.4*

2 3 4 5 6 7 8 9 10 11 12 13 1414PRPF31_NM_015629.4*

1 2 3 4 5CNOT3_NM_014516.4*

ClinVar patho. del.
ClinVar patho. dup.
gnomAD >1% del.
gnomAD >1% dup.

Sample: CHbasl0042  /  Position: chr6:66405320−66505080
High quality targets
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12 11 10 9 8 7 6 5 4444 3 2 1EYS_NM_001142801.2

10 9 8 7 6 5 4 3333 2 1EYS_NM_198283.2

11 10 9 8 7 6 5 4444 3 2 1EYS_NM_001142800.2*

11 10 9 8 7 6 5 4444 3 2 1EYS_NM_001292009.2

ClinVar patho. del.
ClinVar patho. dup.
gnomAD >1% del.
gnomAD >1% dup.

Sample: CHbasl0058  /  Position: chr6:66355440−66505080
High quality targets
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12 11 10 9 8 7 6 5 4444 3 2 1EYS_NM_001142801.2

10 9 8 7 6 5 4 3333 2 1EYS_NM_198283.2

11 10 9 8 7 6 5 4444 3 2 1EYS_NM_001142800.2*

11 10 9 8 7 6 5 4444 3 2 1EYS_NM_001292009.2

ClinVar patho. del.
ClinVar patho. dup.
gnomAD >1% del.
gnomAD >1% dup.

Sample: CHbasl0108  /  Position: chr19:54598229−54632746
High quality targets
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2 33CACNG6_NM_145815.2
2 3 44CACNG6_NM_145814.2*

22CACNG6_NM_031897.3
6 5 4 3 2 1VSTM1_NM_001288793.2
9 8 7 6 5 4 2 1VSTM1_NM_001288791.2
8 7 6 5 4 3 2 1VSTM1_NM_001288792.2
9 8 7 6 5 4 3 2 1VSTM1_NM_198481.4*

5 4 3 2 11TARM1_NM_001330650.1
5 4 3 2 1TARM1_NM_001135686.3*

4444 22 1OSCAR_NM_133168.6
3333 22 1OSCAR_NM_001282350.3
5555 33 2 1OSCAR_NM_133169.6*
4444 33 2 1OSCAR_NM_001282349.3
6666 44 3 2 1OSCAR_NM_130771.6
5555 44 3 2 1OSCAR_NM_206818.4

1 2 3 444NDUFA3_NM_004542.4*
666 5 4 3 2TFPT_NM_001321792.2
666 5 4 3 2 1TFPT_NM_013342.4*

2 3 4 5 6 7 8 9 10 11 12 13 1414PRPF31_NM_015629.4*
2 3 4 5 6 7 8 9 10 1111 12 13 14 15 16 17 18CNOT3_NM_014516.4*

4LENG1_NM_024316.3*

ClinVar patho. del.
ClinVar patho. dup.
gnomAD >1% del.
gnomAD >1% dup.

Sample: CHbasl0212  /  Position: chr6:64694275−64694496
High quality targets
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151515151515151515151515PHF3_NM_015153.4

151515151515151515151515PHF3_NM_001370350.2

151515151515151515151515PHF3_NM_001370349.2

171717171717171717171717PHF3_NM_001290259.2

161616161616161616161616PHF3_NM_001370348.2*

444444444444444444444444 43 42 41 40 39 38 37 36 35 34 33 32 31 30 29 28 27 262626262626 25 24 23 22 21 20EYS_NM_001292009.2

434343434343434343434343 42 41 40 39 38 37 36 35 34 33 32 31 30 29 28 27 262626262626 25 24 23 22 21 20EYS_NM_001142800.2*

ClinVar patho. del.
ClinVar patho. dup.
gnomAD >1% del.
gnomAD >1% dup.

Sample: CHbasl0228  /  Position: chr13:50123593−50141459
High quality targets
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12 1313 14 15SETDB2_NM_031915.3
11 12 13 14 15 16 17 18 19 2020SETDB2−PHF11_NM_001320727.2
10SETDB2_NM_001393980.1
12SETDB2_NM_001393977.1
11SETDB2_NM_001393979.1
11 1212 13 14SETDB2_NM_001160308.3*
11 1212 13 14SETDB2_NM_001320699.2
10 1111 12 13SETDB2_NM_001393975.1

10 11SETDB2_NM_001393978.1
11 12SETDB2_NM_001393976.1

1 2 3 4 5 6 7 8 9 1010PHF11_NM_001040443.3*
2 3 4 5 6 7 8 9 1010PHF11_NM_001040444.2

13 12 11 10 9 8 7 6 5 4 3RCBTB1_NM_001352500.2
12 11 10 9 8 7 6 5 4 3 2RCBTB1_NM_001352501.2
12 11 10 9 8 7 6 5 4 3 2RCBTB1_NM_001352502.2
13 12 11 10 9 8 7 6 5 4 3RCBTB1_NM_001352503.2
13 12 11 10 9 8 7 6 5 4 3RCBTB1_NM_018191.4*
14 13 12 11 10 9 8 7 5 4 3RCBTB1_NM_001352506.2

12 11 10 9 8 7 6 5 4 3RCBTB1_NM_001352504.2
9 8 7 6 5 4 3RCBTB1_NM_001352505.2

222ARL11_NM_138450.6*
44 3 2 1EBPL_NM_032565.5*
55 4 3 2 1EBPL_NM_001278636.1

17 16 15 14 13 12 11 10 9 8 7KPNA3_NM_002267.4*

ClinVar patho. del.
ClinVar patho. dup.
gnomAD >1% del.
gnomAD >1% dup.

Sample: CHbasl0288  /  Position: chr6:66405320−66505080
High quality targets
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12 11 10 9 8 7 6 5 4444 3 2 1EYS_NM_001142801.2

10 9 8 7 6 5 4 3333 2 1EYS_NM_198283.2

11 10 9 8 7 6 5 4444 3 2 1EYS_NM_001142800.2*

11 10 9 8 7 6 5 4444 3 2 1EYS_NM_001292009.2

ClinVar patho. del.
ClinVar patho. dup.
gnomAD >1% del.
gnomAD >1% dup.

Sample: CHbasl0303  /  Position: chr10:56523898−56722994
High quality targets
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7 6 5 4 3 2 1PCDH15_NM_001142767.2
8 7 6 5 4 3 2 1PCDH15_NM_001354420.2
8 7 6 5 4 3 2 1PCDH15_NM_001354430.2
9 8 7 6 5 4 3 2 1PCDH15_NM_001142771.2
8 7 6 5 4 3 2 1PCDH15_NM_001384140.1*
8 7 6 5 4 3 2 1PCDH15_NM_033056.4
8 7 6 5 4 3 2 1PCDH15_NM_001142772.2
8 7 6 5 4 3 2 1PCDH15_NM_001142764.2
9 8 7 6 5 4 3 2 1PCDH15_NM_001142763.2

10 9 8 7 6 5 4 3 2PCDH15_NM_001354404.2
7 6 5 4 3 2 1PCDH15_NM_001142773.2
8 7 6 5 4 3 2 1PCDH15_NM_001142770.3
8 7 6 5 4 3 2 1PCDH15_NM_001142766.2
8 7 6 5 4 3 2 1PCDH15_NM_001354411.2
8 7 6 5 4 3 2 1PCDH15_NM_001142765.2
7 6 5 4 3 2 1PCDH15_NM_001142768.2
8 7 6 5 4 3 2 1PCDH15_NM_001354429.2
9 8 7 6 5 4 3 2 1PCDH15_NM_001142769.3

ClinVar patho. del.
ClinVar patho. dup.
gnomAD >1% del.
gnomAD >1% dup.

Sample: CHbasl0339  /  Position: chr16:28497667−28497985
High quality targets
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3 2 11XPO6_NM_015171.4*
4 3 11XPO6_NM_001270940.2

2 3 4444SBK1_NM_001024401.3*
88 2NPIPB6_NM_001395275.1*
99 3NPIPB6_NM_001282524.2

15 14 13 12 11 10 9 8 7 6 5 4 3 22CLN3_NM_001286104.2
13 12 11 10 9 8 7 6 5 4 3 2 11CLN3_NM_001286105.2
14 13 12 11 10 9 8 7 6 5 4 3 2 11CLN3_NM_001286110.2
15 14 13 12 11 10 9 8 7 6 5 4 3 2 11CLN3_NM_000086.2
16 15 14 13 12 11 10 9 8 7 6 5 4 3 22CLN3_NM_001042432.2*
13 12 11 10 9 8 7 6 5 4 3 2 11CLN3_NM_001286109.2

1 2222222222 3 4APOBR_NM_018690.4*

ClinVar patho. del.
ClinVar patho. dup.
gnomAD >1% del.
gnomAD >1% dup.

Sample: CHlaus0295  /  Position: chrX:85212859−85213982
High quality targets
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11 10 9 8 7 6 5 4 3 22POF1B_NM_024921.4*

11 10 9 8 7 6 5 4 3 22POF1B_NM_001307940.2

1515 14 13 12 11 10 9 8 7 6 55 4 3 2CHM_NM_001362517.1

1515 14 13 12 11 10 9 8 7 6 55 4 3 2CHM_NM_001320959.1

1515 14 13 12 11 10 9 8 7 6 55 4 3 2CHM_NM_001362519.1

1515 14 13 12 11 10 9 8 7 6 55 4 3 2 1CHM_NM_000390.4*

1515 14 13 12 11 10 9 8 7 6 55 4 3 2CHM_NM_001362518.2

5 4 3 2 1CHM_NM_001145414.4

111 2 3 4 5 6 7 8 9 10DACH2_NM_001139514.1

111 2 3 4 5 6 7 8 9 10 11DACH2_NM_053281.3*

2 3 4 5 6 7 8 9 10 11DACH2_NM_001139515.1

ClinVar patho. del.
ClinVar patho. dup.
gnomAD >1% del.
gnomAD >1% dup.

Sample: CHLaus0021  /  Position: chr1:216270424−216270555
High quality targets
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4141 40 39 38 37 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 2121 20 19 18 1717 16 15 14 131313 12 11 10 9 8 7 6USH2A_NM_206933.4*

2121 20 19 18 1717 16 15 14 131313 12 11 10 9 8 7 6USH2A_NM_007123.6

ClinVar patho. del.
ClinVar patho. dup.
gnomAD >1% del.
gnomAD >1% dup.

Sample: CHLaus0028  /  Position: chr6:42650770−42672349
High quality targets
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23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 4747UBR2_NM_015255.3

23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 4747UBR2_NM_001363705.2*

33 2 111PRPH2_NM_000322.5*

11111TBCC_NM_003192.3*

4 5 6 777777 8 9 10BICRAL_NM_001318819.2

2 3 4 555555 6 7 8BICRAL_NM_015349.3

3 4 5 666666 7 8 9BICRAL_NM_001393499.1*

ClinVar patho. del.
ClinVar patho. dup.
gnomAD >1% del.
gnomAD >1% dup.

Sample: CHlaus0216  /  Position: chr10:85967929−85979377
High quality targets
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5 6 7 8 9GHITM_NM_014394.3*

1 2 333C10orf99_NM_207373.3*

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 171717CDHR1_NM_033100.4*

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1717CDHR1_NM_001171971.3

4444 3 222 1LRIT2_NM_001284223.1

3333 222 1LRIT2_NM_001017924.5*

4444 33 22 1LRIT1_NM_015613.3*

1 2RGR_NM_002921.4

1 2RGR_NM_001012720.2*

1 2RGR_NM_001012722.2

ClinVar patho. del.
ClinVar patho. dup.
gnomAD >1% del.
gnomAD >1% dup.

Sample: CHlaus0264  /  Position: chr1:111661422−111661523
High quality targets
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3 4 5 6 7 8 9CD53_NM_001040033.2
2 3 4 5 6CD53_NM_001320638.2
2 3 4 5 6 7 8CD53_NM_000560.4*

444 3 222222 11LRIF1_NM_018372.4*
333 2 11LRIF1_NM_001006945.2

10 9 8 7 6 5 4DRAM2_NM_001349884.2*
10 9 8 7 6 5 4DRAM2_NM_001349886.2
11 10 9 8 7 6 5 4DRAM2_NM_001349891.2
9 8 7 6 5 4DRAM2_NM_001349890.2
9 8 7 6 5 4DRAM2_NM_001349892.2
9 8 7 6 5 4 3DRAM2_NM_178454.6
10 9 8 7 6 5 4DRAM2_NM_001349882.2
9 8 7 6 5 4 3DRAM2_NM_001349887.2
9 8 7 6 5 4DRAM2_NM_001349893.2
8 7 6 5 4 3DRAM2_NM_001349889.2
10 9 8 7 6 5 4DRAM2_NM_001349888.2
10 9 8 7 6 5 4DRAM2_NM_001349881.2
9 8 7 6 5 4 3DRAM2_NM_001349885.2

22 3 4 5 6 7 8 9CEPT1_NM_001007794.3
22 3 4 5 6 7 8 9CEPT1_NM_006090.5*
22 3 4 5 6 7 8 9CEPT1_NM_001330743.2

12 11 10 9 8DENND2D_NM_024901.5*
12 11 10 9 8DENND2D_NM_001271833.2

ClinVar patho. del.
ClinVar patho. dup.
gnomAD >1% del.
gnomAD >1% dup.

Sample: LL332  /  Position: chr6:64940484−64978789
High quality targets
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1515151515151515PHF3_NM_015153.4

1515151515151515PHF3_NM_001370350.2

1515151515151515PHF3_NM_001370349.2

1717171717171717PHF3_NM_001290259.2

1616161616161616PHF3_NM_001370348.2*

4444444444444444 43 42 41 40 39 38 37 36 35 34 33 32 31 30 29 28 27 262626262626 25 24 23 22 21 20 19 18 17 16EYS_NM_001292009.2

4343434343434343 42 41 40 39 38 37 36 35 34 33 32 31 30 29 28 27 262626262626 25 24 23 22 21 20 19 18 17 16EYS_NM_001142800.2*

ClinVar patho. del.
ClinVar patho. dup.
gnomAD >1% del.
gnomAD >1% dup.

Sample: LL264  /  Position: chr1:215844313−215848958
High quality targets
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9 10 11 12 13 14 15 16 17 181818KCTD3_NM_016121.5*

9 10 11 12 13 14 15 16 17 181818KCTD3_NM_001319295.2

9 10 11 12 13 14 15 16 17 181818KCTD3_NM_001319294.2

72 71 70 69 68 67 66 65 6464 636363636363 62 6161 60 59 58 57 56 55 54 53 52 51 50 49 48 47 46 45 44USH2A_NM_206933.4*

ClinVar patho. del.
ClinVar patho. dup.
gnomAD >1% del.
gnomAD >1% dup.

Sample: LL274  /  Position: chr6:65707474−65767620
High quality targets
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29 28 27 262626262626 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4444EYS_NM_001292009.2
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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 S4: Performance of OFF-PEAK and other tools with respect to di�erent testing sets, taking only CNVs with exact captured regions 
detected. (A) Specificity-sensitivity plot for the ICR96 dataset of 96 cancer samples, on 68 validated CNVs. (B) Specificity-sensitivity plot for 
the cohort of 130 individuals with retinal phenotypes, on 37 validated CNVs. (C) Bar plots of sensitivities for the latter cohort, stratified 
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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: 

 

for a CNV going from target k to m: 

 

 

  

(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 software1 

- BED file for the Integrative Genomics Viewer2 

- 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)3 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) 



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

- CODEX2: all CNVs detected (deletion if lratio < 2 and duplication if lratio > 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, CoNIFER 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,4 as well as in ToMMo,5 ABraOM,6 ESP6500,7 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, SpliceAI and dbscSNV-ADA]). Variants were further selected to affect genes 

known to cause IRD phenotypes based on OMIM8 (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 CNVkit (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 (Tübingen, 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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