	
	
	



Supplemental Tables 

Supplemental Table S1: Long-read genome sequencing quality metrics.
	Sample ID 
	Mean coverage
	Mean read length (bp)
	Sequencing Yield (Gb)

	P1
	26.5 
	12,307 
	82

	P2
	31.7
	14,896 
	98

	P3
	27.5
	12,563
	85

	P4
	21.2
	11,233 
	66

	P5 
	22.7
	9,567
	70

	P6
	19.9
	8,343
	62

	P7.1
	31.7
	14,265 
	98

	P7.2
	25.2
	12,277
	78

	P7.3
	25.2
	12,284 
	78

	P8.1
	32.1
	15,104
	99

	P8.2
	31.0
	17,612
	96

	P9 
	27.5
	13,285 
	86

	P10 
	20.1
	9,849
	63

	P11
	27.4
	15,716
	90

	P12
	24.9
	18,810
	84

	P13
	35.5
	17,940
	119



Bp, base pairs; Gb, giga bases




Supplemental Table S2: De novo assembly quality metrics.

	Assembly
	Contigs (n)
	Total length (bp)
	N50 (bp)
	Genome Fraction (%)
	Small variants (n)
	SVs (n)
	Indels

	P1 hap1
	952
	3011730018
	27656118
	97.294
	3573451
	34337
	706786

	P1 hap2
	809
	3020289601
	27627387
	97.003
	3579905
	11666
	703549

	P1 no hap
	497
	3055351291
	39172056
	97.545
	3602598
	33737
	707649

	P2 hap1
	528
	3049271102
	53162323
	97.431
	3625230
	35135
	713293

	P2 hap2
	607
	3022576100
	30089741
	97.345
	3639562
	13701
	716270

	P2 no hap
	373
	3077093992
	55656714
	97.596
	3665279
	34006
	718203

	P3 hap1
	805
	2968923625
	38003410
	95.147
	3629122
	35288
	714993

	P3 hap2
	683
	2955832984
	26901484
	94.768
	3608950
	14089
	709099

	P3 no hap
	470
	3070113002
	57555714
	97.867
	3727047
	32916
	732983

	P4 hap1
	2167
	3009507143
	10032076
	96.786
	3543724
	33,371
	723511

	P4 hap2
	1870
	2994360817
	10443380
	96.707
	3600158
	11455
	729278

	P4 no hap
	990
	3061337924
	31471136
	97.581
	3649743
	33158
	734887

	P5 hap1
	1410
	3021926484
	16791079
	97.001
	3564965
	33505
	710273

	P5 hap2
	1442
	3002452954
	10513426
	96.988
	3559703
	11743
	710897

	P5 no hap
	780
	3050115512
	32705197
	97.460
	3621814
	33780
	717110

	P6 hap1
	2891
	2990264780
	5665656
	96.073
	3589314
	33140
	734226

	P6 hap2
	2786
	2894053352
	5660041
	93.124
	3516636
	10247
	718105

	P6 no hap
	1092
	3059225159
	20150227
	97.822
	3667936
	32845
	746927

	P7.1 hap1
	543
	3038562420
	44240849
	97.376
	3620569
	35664
	708884

	P7.1 hap2
	516
	3037726858
	49152777
	97.415
	3627346
	14683
	709222

	P7.1 no hap
	387
	3070887463
	70906275
	97.538
	3650945
	34901
	710859

	P7.2 hap1
	1098
	3004917728
	26806592
	96.139
	3581699
	34708
	714973

	P7.2 hap2
	909
	2994455258
	23607483
	95.712
	3581148
	14310
	715250

	P7.2 no hap
	579
	3083744197
	43485889
	98.143
	3649458
	34144
	727696

	P7.3 hap1
	919
	3007113736
	29658224
	97.315
	3602776
	35187
	716780

	P7.3 hap2
	785
	3029744114
	24927346
	97.265
	3628930
	13774
	716232

	P7.3 no hap
	514
	3055007195
	53717007
	97.582
	3660593
	34144
	720613

	P8.1 hap1
	541
	3024919811
	56515313
	97.460
	3627237
	35517
	708068

	P8.1 hap2
	571
	3025639302
	38174944
	97.279
	3594413
	15832
	706405

	P8.1 no hap
	367
	3065271514
	69545151
	97.632
	3643325
	36161
	709464

	P8.2 hap1
	628
	3027302868
	62105149
	97.384
	3621918
	
	706580

	P8.2 hap2
	526
	3015816193
	49998385
	97.365
	2469965
	4138
	491224

	P8.2 no hap
	415
	3058931416
	73038069
	97.708
	3667377
	33791
	711103

	P9 hap1
	655
	3034915555
	54793259
	97.408
	3600299
	33117
	711583

	P9 hap2
	706
	3025770706
	28512459
	97.274
	3570230
	12307
	2861175

	P9 no hap
	554
	3066133149
	53797994
	97.617
	3604444
	33028
	712078

	P10 hap1
	2742
	3014608061
	8875707
	96.653
	3548895
	35094
	722959

	P10 hap2
	2623
	2886636947
	7067025
	92.984
	3473909
	10671
	704156

	P10 no hap
	1301
	3062985831
	27709462
	97.976
	3617165
	29860
	732080

	P11 hap1
	940
	3033114741
	40056718
	96.571
	3621609
	34036
	711084

	P11 hap2
	884
	2978655919
	31312892
	95.787
	3525896
	
	699382

	P11 no hap
	597
	3051400356
	62335257
	97.275
	3647060
	33749
	714031

	P12 hap1
	1300
	3036918378
	23705991
	96.653
	3610216
	34670
	750021

	P12 hap2
	1047
	2916967371
	21936164
	93.432
	3550325
	
	730708

	P12 no hap
	746
	3088070636
	40766497
	97.750
	3699510
	32626
	759519

	P13 hap1
	305
	3021367031
	58169784
	96.398
	3602439
	34989
	707153

	P13 hap2
	278
	2936874730
	60498075
	93.783
	3563910
	
	694026

	P13 no hap
	276
	3101975158
	85852130
	97.896
	3677600
	36840
	716890





Supplemental Table S3: MultiQC.
[image: ]
Cov., Coverage; Vars, Variations total; SNP, Variation single nucleotide polymorphisms (SNPs); Indel, Variation insertions/deletions; Ts/Tv, variant SNP transition/transversion ratio; % Dups, Duplicate reads; M Seqs, Total sequences (millions); Avg, Average

Supplemental Table S4: Number of SNV calls compared to GnomAD.
	CaseID
	Total
	In GnomAD 
	%
	Not in GnomAD
	%

	P1
	4734962
	4542063
	96%
	192899
	4%

	P2
	4812148
	4602457
	96%
	209691
	4%

	P3
	4760088
	4556324
	96%
	203764
	4%

	P4
	4673347
	4495067
	96%
	178280
	4%

	P5
	4723037
	4538478
	96%
	184559
	4%

	P6
	4710397
	4535321
	96%
	175076
	4%

	P7.1
	4826412
	4614965
	96%
	211447
	4%

	P7.2
	4717344
	4525412
	96%
	191932
	4%

	P7.3
	4773762
	4574527
	96%
	199235
	4%

	P8.1
	4797782
	4592086
	96%
	205696
	4%

	P8.2
	4774075
	4562894
	96%
	211181
	4%

	P9
	4651202
	4477303
	96%
	173899
	4%

	P10
	4726621
	4522039
	96%
	204582
	4%

	P11
	4764356
	4558042
	96%
	206314
	4%

	P12
	4666255
	4459085
	96%
	207170
	4%

	P13
	4849424
	4617296
	95%
	232128
	5%


SNV, single nucleotide variants; INDELS, insertions/deletions; GnomAD, genome aggregation database


Supplemental Table S5: De novo assembly variant calling.
	Sample ID  
	ChrA  
	posA  
	chrB  
	posB  
	Found? 

	P1
	4
	181414917
	9
	13043905
	Yes, in both haps 

	
	16 
	28454138 
	16 
	29 482 543 
	Yes, hap 2 

	P2 
	-  
	-  
	-  
	-  
	-  

	P3 
	22  
	50618055  
	22  
	50624868  
	Yes, hap1 

	
	22  
	50624361  
	22  
	50626277  
	Yes, hap 1 

	P4  
	2  
	5549092  
	2  
	5858296  
	Yes, hap2 

	
	2  
	5620671  
	2  
	7241289  
	No 

	
	2  
	6246303  
	2  
	7734100  
	Yes, hap2 (called as del) 

	
	2  
	6248808  
	2  
	7246507  
	Yes, both haps 

	
	2  
	132954122  
	2  
	137703180  
	Yes, hap2 

	
	2  
	133434126  
	2  
	141163928  
	Yes, hap2 

	P5 
	3  
	54518907  
	3  
	63614153  
	Yes, hap2 

	
	3  
	59407900  
	3  
	135767535  
	Yes, hap2 

	
	3  
	63614153  
	3  
	145600155  
	Yes, hap1 

	
	3  
	80981660  
	3  
	135891958  
	Yes, hap2 

	
	3  
	80981660  
	3  
	148110490  
	Yes, hap2 

	P6 
	9  
	97596764  
	X  
	153779639  
	Not found, but calls a deletion on X between the two breakpoints shown here 

	
	9  
	97598236  
	X  
	153724706  
	

	P7.1 
	1 
	19783172  
	10 
	95395335  
	Yes, hap1 

	
	1 
	19783105  
	10 
	95395328  
	Yes, hap2 

	
	2 
	189694535  
	2 
	202576085  
	Yes, hap2 

	
	2 
	189694533  
	2 
	202576083  
	Yes, hap2 

	P7.2 
	-  
	-  
	-  
	-  
	 - 

	P7.3 
	1  
	19783172  
	10  
	95395335  
	Yes, hap2 

	
	1  
	19783105  
	10  
	95395328  
	Yes, hap2 

	
	2  
	189694535  
	2  
	202576085  
	Yes, hap1 

	
	2  
	189694533  
	2  
	202576083  
	Yes, hap1 

	P8.1 
	X  
	9420014  
	X  
	154113037    
	Yes, hap2 

	
	X  
	9768909  
	X  
	154208530  
	No 

	P8.2 
	X  
	9420014  
	X  
	154113037  
  
	Yes, non-phased 

	
	X  
	9768909  
	X  
	154208530  
	Yes, BPJ 1: 9768884 
BPJ 2: 154208531  

	P9  
	9  
	75862011*  
	X  
	3044233  
  
	 Yes, hap 2. BPJ 1: 75862276 

	
	9  
	75862011*  
  
	X  
	3044228  
  
	Yes, hap2. BPJ 1: 75862011 

	P10  
	-  
	-  
	-  
	-  
	 - 

	P11 
	X 
	101431832 
	X 
	55349282 
	Yes, hap2 

	P12 
	4 
	80390384 
	6 
	20052376 
	Yes, hap2 

	
	1 
	58205788 
	4 
	106505089 
	Yes, in both haps 

	
	6 
	20052374 
	4 
	94218568 
	Yes, in both haps 

	
	4 
	106505092 
	1 
	58205785 
	Yes, hap1 

	
	6 
	48002694 
	6 
	49160076 
	Yes, hap2 

	P13 
	- 
	- 
	- 
	- 
	-




Supplemental Table S6: Number of SV calls, filtered and unfiltered.

	Case
ID
	All Calls
	Unique Calls
	Unique Calls affecting exons in genelist

	
	Intrachr
	Interchr
	Intrachr
	Interchr
	Intrachr

	
	100bp – 1kbp
	1kbp – 10kbp
	10kbp – 100kbp
	> 100kbp
	100bp – inf
	100bp – 1kbp
	1kbp – 10kbp
	10kbp – 100kbp
	> 100 kbp
	100bp – inf
	100bp – 1kbp
	1kbp – 10kbp
	10kbp – 100kbp
	> 100 kbp

	P1
	12844
	2983
	258
	270
	628
	977
	216
	11
	8
	61
	0
	0
	0
	4

	P2
	13254
	3305
	331
	342
	716
	1050
	276
	17
	31
	63
	1
	1
	0
	4

	P3
	13075
	3134
	328
	303
	673
	1391
	313
	23
	15
	61
	1
	3
	0
	4

	P4
	12233
	2676
	209
	226
	539
	903
	188
	18
	17
	49
	0
	0
	0
	5

	P5
	12432
	2746
	244
	255
	543
	921
	201
	14
	23
	35
	0
	0
	0
	14

	P6
	13322
	3257
	324
	378
	842
	755
	173
	20
	21
	68
	0
	0
	0
	10

	P7.2
	13113
	3005
	304
	288
	663
	1081
	252
	12
	7
	49
	0
	0
	0
	1

	P7.3
	12936
	2998
	292
	297
	688
	1025
	250
	24
	24
	71
	0
	0
	0
	10

	P8.1
	13185
	3090
	319
	346
	779
	1004
	223
	8
	18
	101
	0
	0
	0
	9

	P9
	12245
	2625
	226
	234
	539
	936
	183
	14
	16
	46
	2
	0
	0
	10

	P10
	12899
	3107
	298
	325
	620
	984
	254
	14
	17
	59
	1
	0
	0
	6

	P11
	12819
	3041
	256
	266
	625
	965
	248
	14
	18
	64
	1
	0
	0
	6

	P12
	12583
	3029
	275
	261
	534
	1130
	302
	17
	16
	39
	3
	0
	1
	3

	P13
	13664
	3478
	425
	408
	831
	1358
	342
	31
	25
	96
	0
	0
	1
	11



Intrachr, Intrachromosomal; Interchr, Interchromosomal; Inf, infinity; Bp, base pairs; Kbp, kilo-base pairs

Supplemental Table S7: DNA extraction methods.
	CaseID
	FemtoPulse
	Extraction method
	Manufacturer

	
	300 bp - 10 kbp
	10 kbp - 25 kbp
	25 kbp - 300 kbp
	
	

	P1
	8,10%
	12,80%
	77,30%
	QiaSymphony (bead-based)
	QIAGEN

	P2
	3,80%
	8,40%
	84,90%
	Qiacube (Qiagen blood mini kit)
	QIAGEN

	P3
	6,00%
	20,20%
	73,60%
	Qiagen blood mini kit (Manual extraction)
	QIAGEN

	P4
	10,80%
	14,60%
	74,00%
	QiaSymphony (bead-based)
	QIAGEN

	P5
	13,90%
	30,00%
	52,80%
	QIAamp DNA Blood Mini Kit (Manual extraction)
	QIAGEN

	P6
	12,00%
	31,50%
	55,80%
	QIAamp DNA Blood Mini Kit (Manual extraction)
	QIAGEN

	P7.1
	1,80%
	3,00%
	93,20%
	SP Blood & cell culture DNA isolation kit (Manual extraction)
	Bionano genomics

	P7.2
	1,90%
	2,30%
	94,20%
	SP Blood & cell culture DNA isolation kit (Manual extraction)
	Bionano genomics

	P7.3
	16,30%
	7,50%
	74,10%
	SP Blood & cell culture DNA isolation kit (Manual extraction)
	Bionano genomics

	P8.1
	3,70%
	9,80%
	85,60%
	Nanobind CBB kit (Manual extraction)
	Pacific biosciences

	P8.2
	4,30%
	10,60%
	83,80%
	Nanobind CBB kit (Manual extraction)
	QIAGEN

	P9
	3,80%
	13,00%
	79,80%
	Qiagen EZ1
	QIAGEN

	P10
	11,40%
	20,60%
	52,00%
	QiaSymphony (bead-based)
	QIAGEN

	P11
	23,50%
	45,50%
	31,20%
	Chemagic 360 (bead-based)
	Perkin Elmer

	P12
	17,40%
	16,80%
	65,70%
	Chemagic 360 (bead-based)
	Perkin Elmer

	P13
	27,70%
	40,60%
	23,30%
	QiaSymphony (bead-based)
	QIAGEN


Bp, base pairs; kbp, kilo base pairs

	
	
	




	
	
	



Supplemental Figures

Supplemental Fig S1: Read coverage variation across chromosome 15. Average read coverage per 1 MB segments of chromosome 15 for sample P2. 
[image: ]
	
	
	




	
	
	



Supplemental Fig S2: Subway plots of characterized rearrangements. Schematic illustrations of the resolved rearrangements in P3, P6, P4, P11 and P8. Red and pink segments are deleted in the patients and arrows show the inverted segments. Der: derivative chromosome.
[image: ]
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A modular tool to aggregate results from bioinformatics analyses across many samples into a single report.
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Bcftools

Bcftools contains utilities for variant calling and manipulating VCFs and BCFs. DOI: 10.1093/gigascience/giab008.

Variant Substitution Types

Number of Substitutions

P1
P10
P11
P12
P13

P2

P3

P4

PS5

P6
P7.1
P7.2
P7.3
P8.1
P8.2

P9

Percentages

Bcftools Stats: Substitutions

=]

250k

500k

® A>C

Variant Quality

Count SNP | Count Transitions =~ Count Transversions =~ Count Indels

Count

35000

30000

25000

20000

15000

10000

5000

750k 1000k 1250k

@ A>G

o AT

1500k

® c>A

20

30

1750k 2000k 2250k
# Substitutions

® Cc>G

® T

2500k

G>A

2750k

® G>C

file:///Users/jeseis/Downloads/multiqc_report(5).html

3000k 3250k

®G>T

Bcftools Stats: Variant Quality Count

50
Quality

60

70

¥, Export Plot

3500k 3750k 4000k 4250k 4500k 4750k
™A ©T17>C @T>G
Created with MultiQC
%, Export Plot
80 90

Created with MultiQC

2024-07-01 11:51




https://samtools.github.io/bcftools/


https://samtools.github.io/bcftools/


https://doi.org/10.1093/gigascience/giab008


https://doi.org/10.1093/gigascience/giab008





MultiQC Report file:///Users/jeseis/Downloads/multiqc_report(5).html

Indel Distribution

Bcftools Stats: Indel Distribution
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Variant depths

Read depth support distribution for called variants

Bcftools Stats: Variant depths
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FastQC
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FastQC is a quality control tool for high throughput sequence data, written by Simon Andrews at the Babraham Institute in Cambridge.

Sequence Counts

Sequence counts for each sample. Duplicate read counts are an estimate only.
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Sequence Quality Histograms

The mean quality value across each base position in the read.
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Per Sequence Quality Scores

The number of reads with average quality scores. Shows if a subset of reads has poor quality.

FastQC: Per Sequence Quality Scores Export Plot
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Created with MultiQC
Per Base Sequence Content
The proportion of each base position for which each of the four normal DNA bases has been called.
O Click a sample row to see a line plot for that dataset.
@ Rollover for sample name
Position: - %T: - %C: - %A: - %G - .1. Eapart Mt
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Per Sequence GC Content

The average GC content of reads. Normal random library typically have a roughly normal distribution of GC content.
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Per Base N Content D

The percentage of base calls at each position for which an N was called.

FastQC: Per Base N Content
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Sequence Length Distribution

The distribution of fragment sizes (read lengths) found. See the FastQC help
FastQC: Sequence Length Distribution Export Plot
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Sequence Duplication Levels (ED

The relative level of duplication found for every sequence.

FastQC: Sequence Duplication Levels Export Plot
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Overrepresented sequences N

The total amount of overrepresented sequences found in each library.

16 samples had less than 1% of reads made up of overrepresented sequences
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Adapter Content ETD

The cumulative percentage count of the proportion of your library which has seen each of the adapter sequences at each position.

FastQC: Adapter Content &, Export Plot
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Status Checks

Status for each FastQC section showing whether results seem entirely normal (green), slightly abnormal (orange) or very unusual (red).
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WhatsHap
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WhatsHap is a program for phasing genomic variants using DNA sequencing reads, also called read-based phasing or haplotype assembly. It is especially suitable for long
reads, but also works well with short reads. . DOI: 10.1101/085050.

Phased Basepairs per Sample

This plot show the total number of phased base pairs for each sample.
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WhatsHap statistics

A Copy table

i Configure Columns ~ JliPlot  Showing /46 rows and %3 columns.

Sample Input
Name Variants

P1 8399 992
P10 8371 117
P11 8 517 248
P12
P13
P2
P3
P4
P5
P6
P7.1
P7.2
P7.3
P8.1

P8.2

9av 10

Heterozygous Heterozygous Unphased Phased Phased Blocks Singletons Total Phased Avg Variants
Variants SNVs Variants Variants SNVs per Block
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144.4

225.1

2024-07-01 11:51




https://whatshap.readthedocs.io/


https://whatshap.readthedocs.io/


https://doi.org/10.1101/085050


https://doi.org/10.1101/085050





MultiQC Report file:///Users/jeseis/Downloads/multiqc_report(5).html

MultiQC v1.12 - Written by Phil Ewels, available on GitHub. o
This report uses HighCharts, jQuery, jQuery Ul, Bootstrap, FileSaver.js and clipboard.js. SCILlfeLab
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A modular tool to aggregate results from bioinformatics analyses across many samples into a single report.

Report generated on 2024-04-04, 14:06 based on data in: 

/proj/nobackup/sens2022541/esmee/qc

General Statistics

 Copy table  Conﬁgure Columns  Plot Showing / rows and

 

/ columns.

Sample

Name

Mean Cov. Vars SNP Indel Ts/Tv % Dups % GC Read

Length

M Seqs % Phased

Variants

Avg bp per

Block

P1

P10

P11

P12

P13

P2

P3

P4

P5

P6

P7.1

P7.2

P7.3

P8.1

P8.2

P9

  

16

16

11

14

26.5X 4734962 3962372 780025 1.96 1.5% 40% 12307 bp 6.7 73% 154502

20.1X 4651202 3927132 731704 1.97 1.3% 40% 9849 bp 6.4 71% 105913

27.4X 5379210 4438162 950953 1.79 1.7% 40% 15664 bp 5.4 73% 177608

24.9X 5333700 4417822 925560 1.78 1.1% 40% 18688 bp 4.2 70% 253816

35.5X 5433028 4477543 965080 1.79 0.8% 40% 17835 bp 6.2 73% 284022

31.7X 4812148 4010785 808517 1.96 1.6% 40% 14896 bp 6.6 72% 224639

27.5X 4760088 3979135 787915 1.96 1.6% 40% 12563 bp 6.8 72% 199989

21.2X 4673347 3944661 736234 1.97 1.5% 40% 11233 bp 5.9 73% 128917

22.7X 4723037 3966066 764568 1.97 2.8% 40% 9567 bp 7.4 73% 146562

19.9X 4710397 3977163 740120 1.98 2.2% 40% 8343 bp 7.5 73% 93446

31.7X 4826412 4020225 813765 1.96 1.7% 40% 14265 bp 6.9 73% 197182

25.2X 4717344 3956362 768122 1.96 1.6% 40% 12277 bp 6.4 72% 174239

25.2X 4773762 4005810 775855 1.96 2.2% 40% 12284 bp 6.4 72% 172508

32.1X 4797782 3993974 810992 1.96 1.6% 40% 15104 bp 6.6 73% 143003

31.0X 4774075 3983172 798315 1.96 1.3% 40% 17612 bp 5.5 72% 190729

27.5X 4726621 3950770 782583 1.96 1.6% 40% 13285 bp 6.5 73% 154254
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