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Table S1: Sample overview and information.

Overview of the family samples used in the study with extra information on site of origin, deletion type, sequencing approach, and final breakpoint
identification. POO = parent-of-origin, ONT = Oxford Nanopore Technologies, RL = recombination locus (based on Table 1).

Family | Site of origin | Individual Deletion type Sequencing Breakpoint identification
Patient /
ADO001 | Toronto LCR22-A/D Fiber-FISH: RL-AD2
Father (POO) /
Patient / . .
ADO02 | Toronto LCR22-A/D Fiber-FISH: RL-AD1
Father (POO) /
Patient / - .
AD003 | Toronto LCR22-A/D Fiber-FISH: RL-AD1
Father (POO) /
Patient Standard-long read sequencing (ONT)
ADO004 | Toronto LCR22-A/D Fiber-FISH and optical mapping: RL-AD1
Standard-, Ultra-long and high duplex read
Father (POO) sequencing (ONT)
Patient /
ADQO05 | Toronto LCR22-A/D Fiber-FISH: RL-AD2
Father (POO) /
Patient /
ADO006 | Toronto LCR22-A/D Fiber-FISH: RL-AD1
Mother (POO) /
Patient Standard-long read sequencing (ONT) Eiber-FISH: RII:)-IADld i
i e novo assembly and analysis:
ADOO7 | Toronto LCR22-A/D . intronic/exonic in GGT3P (LCR22-A) and GGT2P
Mother (POO) Standard-long read sequencing (ONT) (LCR22-D), L2 LINE element in locus.




Fiber-FISH: RL-AD1

Patient Ultra-long read sequencing (ONT) b o v and analvsi
. . i e novo assembly and analysis:
ADO08 | Philadelphia LCR22-A/D _ intronic/exonic in GGT3P (LCR22-A) and GGT2P
Mother (POO) Ultra-long read sequencing (ONT) (LCR22-D), L2 LINE element in locus.
Patient /
ADO009 | Leuven LCR22-A/D Fiber-FISH: RL-AD1
Father (POO) /
Patient /
ADO010 | Leuven LCR22-A/D Fiber-FISH: RL-AD1
Father (POO) /
Patient /
ADO11 | Leuven LCR22-A/D Fiber-FISH: RL-AD1
Mother (POO) /
Patient / - .
ADO12 | Leuven LCR22-A/D Fiber-FISH: RL-AD1
Mother (POO) /
Patient / . .
ADO013 | Leuven LCR22-A/D Fiber-FISH: RL-AD1
Mother (POO) /
Patient /
ADO014 | New York LCR22-A/D Fiber-FISH: RL-AD1
Father (POO) /
Patient /
ADO015 | New York LCR22-A/D Fiber-FISH: RL-AD1
Mother (POO) /
Patient Ultra-long read sequencing (ONT) — bl
ABOOL | Toronto LCR22-A/B Fiber-FISH: RL-B2

Father (POO)

Ultra-long read sequencing (ONT)

manual investigation sequencing reads: PATRR




Patient (mosaic) LCR_22-A/B Ultra-long read sequencing (ONT) Fiber-FISH: RL-B2
ABOOZ | Leuven deletion and manual investigation sequencing reads: PATRR
Father (POO) inversion Ultra-long read sequencing (ONT) g q 9 '
Patient /
AB003 | Leuven LCR22-A/B Fiber-FISH: RL-B1
Father (POO) /
Fiber-FISH: RL-B2
ABQ004 | Leuven Patient LCR22-A/B Long-range PCR and PacBio SMRT sequencin manual investigation amplicon: PATRR (same
g-rang a 9 | result observed in two children with LCR22-
A/B deletion)
Patient /
ABO005 | Leuven LCR22-A/B Fiber-FISH: RL-B1
Father (POO) /
Patient Ultra-long read sequencing (ONT) Fiber-FISH: RL-C
ACO001 | Toronto LCR22-A/C De novo assembly and analysis:
Father (POO) Ultra-long read sequencing (ONT) intronic in BCRP locus (AluJo element)
Patient Ultra-long read sequencing (ONT) Fiber-FISH: RL-C
De novo assembly and analysis:
AC002 | Toronto LCR22-A/C - :
. Proximal POM121L15P/4P, distal from AluS
Father (POO) Ultra-long read sequencing (ONT) SINE element
Patient /
ACO003 | Leuven LCR22-A/C Fiber-FISH: RL-C
Mother (POO) /
Patient LCR22-B/D Standard- and Ultra-long read sequencing (ONT) | Fiber-FISH: RL-B1
LCR22-A/B De novo assembly and analysis:
BDO001 | Toronto ( - S
rearrangement, ) . intronic in FAM230D (LCR22-A) and
Father (POO) Fig. 4A) Standard-long read sequencing (ONT) FAM230G (LCR22-B)
Patient Standard- and Ultra-long read sequencing (ONT) | Fiber-FISH: RL-C
CDO001 | Toronto LCR22-C/D De novo assembly and analysis:

Mother (POO)

Standard- and Ultra-long read sequencing (ONT)

intronic in POM121L8P (LCR22-D)




Suplementary Table S2: Sequencing run statistics

Sample Sequencing device Approach Sequencing output N50
ADO004 - Patient Promethion (R9) - Leuven Whole-genome standard-long 106.7Gh 21.5kb
Whole-genome standard-long 102.8Gb 34.7kb
ADO004 - Parent Promethion (R10) - Leuven Whole-genome ultra-long 20.7Gb 58.2kb
Whole-genome high duplex 74.57Gb 30.06kb
ADO0Q7 - Patient Promethion (R10) - Leuven Whole-genome standard-long 83.5Gh 30.9kb
ADO0Q07 - Parent Promethion (R10) - Leuven Whole-genome standard-long 115.4Gb 21.8kb
ADO008 - Patient Promethion (R9) - Leuven Whole-genome ultra-long 52.9Gb /12.6Gb / 82.7Gb 51.1kb / 55.3kb / 61.9kb

ADO0O08 - Parent

Promethion (R9) - Leuven

Whole-genome ultra-long

23.4Gb /19.9Gb / 55.14Gb

54.0kb / 52.8kb / 93.0kb

ABO0O01 - Patient Promethion (R9) - Leuven Whole-genome ultra-long 42.9Gh / 75Gb 61.2kb / 81.5kb
ABO0O01 - Parent Promethion (R9) - Leuven Whole-genome ultra-long 29.9Gb / 74.6Gb 104.0kb / 99.3kb
ABOO2 - Patient Promethion (R9) - Leuven Whole-genome ultra-long 52.6Gb /111.4Gh 75kb / 66kb
ABOO2 - Parent Promethion (R9) - Leuven Whole-genome ultra-long 26.6Gb / 14.8Gb 126kb / 132kb
ABO004 - Patient PacBio RSII - Leuven Long-range PCR 482 barcode reads 1.8kb

ACO001 - Patient Promethion (R9) - Leuven Whole-genome ultra-long 81.6Ghb 89.0kb

ACO001 - Parent Promethion (R9) - Leuven Whole-genome ultra-long 88.2Gb 76.0kb

ACO002 - Patient

Promethion (R9) - Leuven

Whole-genome ultra-long

6Gb /12.5Gb / 20.7Gb / 65.6Gb

114.7kb / 132.3kb / 102.1kb / 105.8kb

ACO002 - Parent Promethion (R9) - Leuven Whole-genome ultra-long 4.7Gb /4.4 Gb / 55.7Gb 32.5kb /29.9 kb / 107.7kb
BDOOL1 - Patient Promethion (R9) - Leuven Whole-genome ultra-long 54.5Gb 114.1kb
Promethion (R10) - Leuven Whole-genome standard-long 52.6Gb / 39.5Gb 20.6kb / 24.7kb




BDO001 - Parent Promethion (R10) - Leuven Whole-genome standard-long 47.1Gb /55.1Gb 29.6kb / 25.9kb

CDO01 - Patient Promethion (R9) - Leuven Whole-genome ultra-long 48.0Gb 90.5kb
Promethion (R10) - Leuven Whole-genome standard-long 106.8Gh 26.1kb

CDO01 - Parent Promethion (R9) - Leuven Whole-genome ultra-long 15.5Gb / 2.2Gb / 56.5Gb 76.8kb / 80.9kb / 109.0kb
Promethion (R10) - Leuven Whole-genome standard-long 38.6 Gb/36.3Gh 24.8kb / 24.4kb




Table S3: Inversion screening via interphase-FISH in families AB002 and BD001

(LCR22-A

Sample Screener 1 Screener 2 Screener 3

ABO002 patient N =50 N=21

(LCR22-A/B deletion and LCR22- normal - deletion = 25 (50%) normal - deletion = 7 (33%) i

AJ/B inversion) normal - inversion = 19 (38%) normal - inversion = 12 (57%)
other = 6 (9%) other = 2 (10%)

Control individual N =50 N=24

(negative control) normal - normal = 42 (84%) normal - normal = 22 (92%) -
other = 8 (16%) other = 2 (8%)

Individual with LCR22-A/B deletion N =50 N =239

(positive control for deletion) normal - deletion = 43 (86%) normal - deletion = 34 (87%) -
other = 7 (14%) other = 5 (13%)

BDO001 patient N =26

inversion = 100%

BDO001 parent-of-origin
(LCR22-A/D inversion)

N =17
inversion = 53%

BDO001 non parent-of-origin
(no inversion)

N =28
inversion = 15%




Table S4: CNV and size polymorphisms in PATRR-HSATI-AluY fragments

Copy numbers of PATRR-HSATI-AluY fragments determined by RepeatMasker on the first PATRR site in LCR22-A and all the PATRR sites in LCR22-B
and —D of publicly available assemblies. The allele column is based on the assembly names extracted from public databases and is not applicable (NA) for
GCh38/hg38 and T2T-CHM13v2.0 due to the nature of these assemblies.

Assembly Allele LCR22-A #1 LCR22-B LCR22-D #1 LCR22-D #2
3 2 3 3
GCh38/hg38 NA (6168 bp) (3268 bp) (4148 bp) (4049 bp)
3 26 3 4
T2T-CHM13v2.0 NA (6312 bp) (25311 bp) (4288 bp) (6871 bp)
Paternal y ! > :
(6312 bp (7458 bp) (4288 bp) (4288 bp)
HG002 3 5 2 4
Maternal (6337 bp) (8550 bp) (3159 bp) (8269 bp)
Paternal 3 ° > ;
(6352 bp) (8308 bp) (4288 bp) (8068 bp)
HG005 > 2 3 2
Maternal (3630 bp) (5515 bp) (4146 bp) (8039 bp)
Paternal 2 ° > :
(6336 bp) (9168 bp) (4288 bp) (8053 bp)
HGO00733 3 10 5 4
Maternal (6312 bp) (12382 bp) (5690 bp) (8055 bp)
Paternal 3 ! > ,
(6311 bp) (5560 bp) (4288 bp) (8073 bp)
HG01109 > 5 3 4
Maternal (3839 bp) (8250 bp) (3943 bp) (7903 bp)




Figure S1: Fiber-FISH recombination patterns

Visualization of fiber-FISH recombination patterns. Alleles are de novo assembled compiling regions
of interest based on matching colors and distances between the probes. The LCR22 haplotypes involved
in the recombination are depicted: proximal and distal LCR22 for the parent-of-origin, the
recombination for the patient. The red box indicates the region of overlap between the three alleles,
indicating the region where the recombination should have taken place. In addition, the RL locus (Table
1) is reported, as well as a zoom of the locus with specific probe IDs, based on Demaerel et al, 2019.
Only the rearranged parental alleles are presented. The other alleles are not shown.
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Family AD003 (LCR22-A/D deletion):
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Family AD006 (LCR22-A/D deletion):
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Family AD009 (LCR22-A/D deletion):

Parental LCR22-A:
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Parental LCR22-A:

Parental LCR22-D:

Patient LCR22-A/D:

11



Family ADO11 (LCR22-A/D deletion):
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Family AD013 (LCR22-A/D deletion):

Parental LCR22-A:

Parental LCR22-D:
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Parental LCR22-A:

Parental LCR22-D:

Patient LCR22-A/D:

13



Family AD015 (LCR22-A/D deletion):
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Family AB002 (LCR22-A/B inversion and LCR22-A/B deletion):
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Family AB005 (LCR22-A/B deletion):

PARENTAL LCR22-A:
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PATIENT LCR22-A/B:
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Family AC003 (LCR22-A/C deletion):

PARENTAL LCR22-A:

PARENTAL LCR22-C:

PATIENT LCR22-A/C:

PARENTAL LCR22-A inverted/D:

<
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PARENTAL LCR22-D:

PATIENT LCR22-C/D:




Figure S2: Bionano optical papping of parental AD004

Bionano optical mapping of the parent of AD004 family. The Bionano de novo assemblies are shown
for the 22911 locus (top picture) and specifically for LCR-A (middle picture) while the bottom picture
represents the hg38 and parental LCR-A Fiber-FISH probes. All assemblies are mapped against the
hg38 reference genome. The Bionano data shows a deletion starting between 18.18M and 18.34M and
ending around 18.75M in hg38. Such a deletion corresponds to the one obtained using the ONT de novo
assembly (blue rectangle, bottom picture).
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Figure S3: Nucleotide-level recombination patterns

Each family overview consists of three parts. (Upper part) Schematic representation of the Fiber-FISH
haplotypes of the family. The black box indicates the shared subunits between the two parental alleles
where crossover had taken place. Drawings are not to scale. (Middle part) Zoom of the shared LCR22
loci and representation of the LCR22-specific SNPs based on alignment of the LCR22-proximal
(parent), LCR22-distal (parent), and LCR22-rearranged (patient) assemblies. SNPs present in the
parental LCR22-proximal and patient LCR22-rearranged, but not in the parental LCR22-distal, are
considered as LCR22-proximal specific SNPs (red, lower band). SNPs present in the parental LCR22-
distal and patient LCR22-rearranged, but not in the parental LCR22-proximal, are considered as
LCR22-distal specific SNPs (blue, upper band). The LCR22-specific SNPs are plotted along the patient
assembly position. A SNP-specific density switch is observed from LCR22-proximal to LCR22-distal
in a locus (red box), considered as the crossover site. (Lower part) This crossover site coordinates of
the proximal and distal LCR22 in hg38 in combination with the observed fiber-FISH probes (subunit),
SNP pattern, genes, and repeats.
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Family AD007 (LCR22-A/D):
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Family AC001 (LCR22-A/C).
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Family BD0O01 (LCR22-B/D):.

Parent:
LCR22-A -
LCR22-B (inverted) cg 18 2
Patient:
LCR22-A/B(inverted) 83 — A3 B 0530 18 v
Cew . 1o
w)
g LCR22-D -
S Lcr22-A
7 ) =
o 20000 40000
et Assembly position B
Chr22 18.187.091 (A) / 20.353.653 (Binv) 18.187.290 (A) / 20.353.454 (Binv)
Subunit
swepaten (B ®®
Genes Intronic: FAM230D (A) / FAM230G (B)
Repeats
Family CD001 (LCR22-C/D):
Parent:
LCR22-C o5
LR o O 103 N S o7 ms o6
Patient:
LER22-C/D om A B A3 Bl 03 (06 [
"
3 LCR22-D . -
ks!
S i1cr22-¢ e co— ——n " ——— 4 8 50— oo 5905 ¢ 00 S
0 5000 . 10000 15000
e Assembly position e
Chr22 20.697.210(C) / 21.290.000 (D) 20.697.607 (C) / 21.290.400 (D)
Subunit | A2 /D2 |
swepattern (€0 © ©@ © ® ® O
Genes POM121LEP (D)
Repeats

22



Figure S4: Principal Component Analysis

Principal Component Analysis clustering of our cohort (patients and parents of origin) and

1000genome individuals of African (AFR), Ad Mixed American (AMR), East Asian (EAS), European
(EUR) and South Asian (SAS) populations, built using the first 2 components.
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Figure S5: Relatedness score

The relatedness score of all pairs of samples for which genome wide long read sequencing data was
available are represented as Parent-Child or Unrelated depending on the a priori relatedness
knowledge. All duos consisting of patients only or parents only were considered as unrelated. Duos
consisting of parents and patients from different families were also considered as unrelated.
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Figure S6: Circos plot of the NOVOLoci and Verkko assemblies of the 2211 regions

Visualisation of the maternal and paternal assemblies of the HG002 22q11 regions produced by
NOVOLoci with ONT data only, Flye using ONT data only and Verkko using ONT data only and a
combination of ONT and PacBio data.
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