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Figure S1: Four pairs of inverted LCRs generating DUP-TRP/INV-DUP events,
related to Figure 1. (43202a/43202a; 43221a/43221b (K1/K2); 43231a/43231b
(L1/L2)) shown within the MECP2 locus with the fourth pair being located at
Xg22.1 (37696a/ 37696b). The corresponding location in the UCSC genome
browser is shown.
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Figure S2: Possible pathogenic effects of a DUP-TRP/INV-DUP event, related to
Figure 1. Events include gene dosage (A) gene interruption (B) as characterized by
a disruption within the DMD gene 24 or gene fusion (C) events.
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Figure S3: VizCNV plots, Related to Table 1. Showing each of the 10
individuals where short-read WGS was performed showing both the Log2 ratio
as well as the B-allele frequency.



BABNumber Duplication Start Duplication End DUP1 Size Triplication Start Triplication End TRP Size Duplication Start Duplication End DUP2 Size Total Size

BAB15789 152934679 153473892 539213 153505538 153562778 57240 153562880 153623000 60120 688321
BAB15740 153206000 153504574 298574 153505538 153576037 70499 153576037 153623000 46963 417000
BAB15705 152191064 153420198 1229134 153505485 153565901 60416 153576037 153623000 46963 1431936
BAB15702 153190100 153504574 314474 153505538 153576037 70499 153576037 153623000 46963 432900
BAB15428 152922014 153751734 829720 153752634 153783184 30550 153820217 153836222 16005 914208
BAB15420 153000860 153352116 351256 153352787 153564086 211299 153576037 153623000 46963 622140
BAB15418 153055212 153504574 449362 153523215 153576037 52822 153576037 153623000 46963 567788
BAB14686 152754991 153420198 665207 153505538 153576037 70499 153576037 153623000 46963 868009
BAB14604 153189231 153504574 315343 153505538 153565901 60363 153576037 153623000 46963 433769
BAB14547 153130888 153504574 373686 153505538 153576037 70499 153576037 153623000 46963 492112
BAB14392 153180328 153723986 543658 153723986 153783184 59198 153783184 153877318 94134 696990
BAB12566 94346142 94393007 46865 94395899 101440936 7045037 101452290 101745566 293276 7399424
BAB3274 153183739 153504574 320835 153505538 153576037 70499 153576037 153623000 46963 439261
BAB3255 153074186 153374088 299902 153505538 153576037 70499 153576037 153623000 46963 548814
BAB3216 152930997 153246726 315729 153246726 153254972 8246 153254972 153505637 250665 574640
BAB3147 152850937 153353716 502779 153353716 153576037 222321 153576037 153623000 46963 772063
BAB3114 153027282 153097982 70700 153097982 153576037 478055 153576037 153623000 46963 595718
BAB2805 153015998 153108170 92172 153108170 153576037 467867 153576037 153623000 46963 607002
BAB2801 152976275 153286528 310253 152938984 153576037 637053 153576037 153623000 46963 646725
BAB2797 153027282 153045830 18548 153045830 153576037 530207 153576037 153623000 46963 595718
BAB2796 153116401 153390414 274013 153390414 153576037 185623 153576037 153623000 46963 506599
BAB2772 153167337 153504574 337237 153505538 153576037 70499 153576037 153623000 46963 455663
BAB2769 152763385 153084246 320861 153084246 153276174 191928 152929368 153504559 575191 741174
BAB2727 153183448 153505538 322090 153505538 153576037 70499 153576037 153623000 46963 439552

Table S1: Genomic location and size of each genomic fragment in the DUP-TRP/INV-DUP structure for each individual within the cohort, related to Table 1.
All coordinates are based on array positions in Hg19 genome reference.



Inverted Repeat (IR) Pair Location IR1 (Hg19)

Size IR1 (bp)

Location IR2 (Hg19)

Size IR2 (bp) Similarity Distance (bp)

43202a/43202b chrX:152762349-152763274
43221a/43221b (K1/K2) chrX:153564261-153575715
43231a/43231b(L1/L2) chrX:153783687-153819654
37696a/37696b chrX:101452532-101593093

926
11455
35968

140562

chrX:153081083-153081999
chrX:153613144-153624589
chrX:153841277-153877244
chrX:101603859-101744479

917
11446
35968

140621

98.12
99.23
99.92
99.89

317810
37614
21624
10767

Table S2: LCR summary table including the genomic location (Hg19) as well as nucleotide size (bp), distance between the inverted
pair and similarity score (%) each of the 4 pairs identified in this cohort, related to Figure 1



Patient Identifier Internal Identifier ArrayCGH Short-Read WGS Oxford Nanopore HiFi Sequencing Optical Genome Mapping Strand-Seq

BAB15740 BH16610_1 X X N/A N/A X N/A
BAB15705 BH16611_1 X X N/A N/A X N/A
BAB15702 BH16609_1 X X N/A N/A X N/A
BAB15789 N/A X N/A X N/A X N/A
BAB15428 BH16301_1 X X N/A N/A X N/A
BAB15418 BH16300_1 X N/A N/A X X N/A
BAB15421* BH16299_2 X N/A N/A X X N/A
BAB12566 BH13842_1 X X X X X N/A
BAB14686 BH15640_1 X X N/A X X N/A
BAB14604 BH15701_1 X X X X X N/A
BAB14547 BH15700_1 X X X X X X
BAB14392 BH15645_1 X X N/A X N/A N/A
BAB3274 BH16112_1 X N/A X X X N/A
BAB3255 BH16108_1 X N/A N/A X X N/A
BAB3216 N/A X N/A N/A N/A N/A N/A
BAB3147 BH16111_1 X N/A N/A X X N/A
BAB2805 N/A X N/A N/A N/A N/A N/A
BAB2801 BH15649_1 X N/A N/A X X N/A
BAB2797 N/A X N/A N/A N/A N/A N/A
BAB2796 BH16110_1 X N/A N/A X X N/A
BAB3114 BH14245_1 X X X X X X
BAB2772 N/A X N/A N/A N/A X N/A
BAB2769 N/A X N/A N/A N/A X N/A
BAB2727 BH16106_1 X N/A N/A X N/A N/A

Table S3: Sequencing methodology that was performed on each sample within this cohort, related to Table 1



Data S1: ArrayCGH showing the MECP2 critical region, nucleotide-level resolution of junction 2 as well as
resolved haplotype and OGM data for the region (where applicable) for each sample, related to Table 1.
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Data S2: Structural variant haplotype possibilities within a DUP-TRP/INV-DUP event
during and interchromosomal and intrachromosomal template switch between
inverted LCRs, related to Figure 2.
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Data S3: CRISPR-Cas9 targeted ONT data for BAB3114 family, Related to Figure 5.



COMPARING THE DUPLICATED FLNA INVERTED REPEATS

Differences between R and L repeats |

(from previous slide)
v (1] |

TRP/INV DUP

<_________,___<_ T L "‘ \

G PO I I I AR )
Scenario 1 “ I

Original FLNA (D) features

/ Duplicate FLNA (D’)
Scenario 2 “ ||



GENERATE PHASED VARIANTS AND HAPLOTAG

i & | ey D’
D i & i | >
i & i i [)’
D i & | | »
D | B & | & >
| B & | e )
| B & | —f—— =) )’

|
\_/




BAB3114 HAPLOTYPING SEGREGATES READS INTO D AND D’
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A single 530 kb read resolves opsin cluster allele in BAB3114
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Data S4: Strand-Seq data analysis techniques for BAB14547 and BAB3114, related to Table 1.



BAB14547

BAB3114

MECP2
B mn w—

Ssian

PASOjgy CMRE |

e

2000000

2008500
[h38] chvX 151464510-158521068

20000
[Ng8) chrx 151464510-156521068

3
X1 AGAS1O-195521.900 4087 ATIBD. [y i s sy s s

)

[t cogen

() e

o e s e e e ven

/
o 7
=3
(g k151404 59015 521388 4057479 .
0
"

181 | | BN

v

Joasiwer

i

om0 0am_reads
homdiotum reass | |

W

ML
L)
Uil

i

Inv  InvDup

!

LS

LUCRUNLRRU AR B |

I 1

i

potmaunden, e || |
portmduowm_reads | |11




1234|

-1

0

43 -2

153.11 Mb

o —oo De
HJo—mocoa

i
it
i

!
E
il

o S D,

o e D
o s >,

e . S,

e e D e
D . T
e . Erre_ et |
o —o o re——
o . T —
e D D _ -

———e Der_reacs

153.36 Mb

153.61 Mb




BAB14547

153.11 Mb

153.24 Mb

153.36 Mb 153.49 Mb 153.61 Mb

multi-region | chrX:153,590,509-154,643}48 1,052,740 bp. [gene, chromosome range, search terms, help pages, see examples | [ go

| examples

|cth (a28)

Scale
| chrX:

kbl
154,000,000|
28 _

BedGraph_of_breakpoints_BreakpointConfIntSummary_allChr

BreakpointConflIntSumm

| 0

Duplications of >1000 Bases of Non-R: atMasked Sequence
Segmental Dups B | < < | < </
GENCODE V43 (378 items filtered out)
CCNQ|ZK BCAP31 LicAM IRAK1 OPN1LW Hi TEX28 |Hh EMD) LAGE3| CTAG1A|
cCNQ|ZK| BCAP31 L1CAM @il IRAK1 f OPN1MW Hi TKTLT HiHH GDI1] GePDKHH
DUSP9 H PLXNB3 | AVPR2| IRAK1 | OPN1MW2 Hif FLNA R UBL4A| CTAGIA|
DUSP9 | PLXNB3 AVPR2 | IRAK1 OPN1IMW3 Hii  FLNA Il UBLA4A | CTAG1B|
RN7SL687P | SRPK3 ] AVPR2 | MIR7181 TEX28 | EMD ) UBL4A | CTAG1B|
PNCK ) SRPK3{ ARHGAP4H{ MECP2 mfeecH TEX28 || EMD| SLC10A3} FAM223B |
PNCK ) SRPK3] ARHGAP4H MECP2 seq TKTL1 HiHH gDt GePDHH
PNCK ) SRPK3] ARHGAP4 MECP2 feee<H ENSG00000231830 | FAMsoAl GePDH
PNCK | SRPK3|] ARHGAP4 MECP2 peseee FLNA 1R SLC10A3 )
PNCK || SRPK3 | NAA10 § FLNA i SLC10A3|
sLceAsfl IDH3G B NAA10| ENSG000002850181  SLC10A3})
sLceAs]_ IDH3G § _NAA1o]

EMD) SLC10A3}




A £
I I I
152.99 Mb 153.11 Mb 153.24 Mb 153.36 Mb

153.49 Mb

| multi—reg;} chrX:154,318,820-154,399,595 80,776 bp. ‘gene, chromosome range, search terms, help pagj;,/ee examples | ";;‘
muTti-region ' (99

[ohx (28) (I T2 I W BRI W 00 »<(IE_ 1 B3Rl

Scale kb}

o chrX: 154,330,000]  154,340,000] 154,350,000/  154,360,000|
27

examples

intConfIntSummary_allChr

BreakpointConfIntSumm

5
Duplications of >1000 Bases of Non-RepeatMasked Sequence
| Segmental Dups (S cclcc ]
WholeGenome_GRCh38 Collapsed Inverted Repeats
2:154396713-154397017 | 43783a:154796017-154796431 | 43781b:154335 54347347 RERRERRRRRRRR]
2:154396251-154396538 | 43784a:154377936-154378621 || 7 543305809-154330881| |
1:154384783-154396248 335555333355>> 43782b:1543478 1348196 | 4378 |
o 43782a:154375596-154375892 | A3784b;154371716-154372388 ||
GENCODE V43 (43 items filtered out)
TKTL1 Kt=p1- FLNA HWMMHW%HWH EMD HH ENSG00000280195 I
TKTL K-l FLNA Hfi-Hth-e 44l EMD it RPL10[{
ENSG00000231830 I FLNA HHHH - H - EMD #iHH RPL1{{Y
FLNA aaanl
ENSG00000285018 -8

EMD jHh

153.61 Mb 153.7¢

First LCR K1



I
153.61 Mb 153.7¢

153.49 Mb /

I I I
153.11 Mb \\ 153.24 Mb 153.36 Mb
/

\
\ /
/

multi-region | cth:153,590,509-154,%,248 1,052,740 bp. [gene, chromosome range, search terms, help pages, see examples | [ go | examples
7

[ehex @28) ] 51 .
Scale 500 kb | T
chrX: \ 154,000,000| » 154,500,000|
BedGraph_of_breakpoints_BreakpointConfIntSummary_allChr

28 \

BreakpointConfintSumm

o s
Dupli‘ations of >1000 Bases of Non-R« atMas k. Seque
| < <41
Dy
7

Segmental Dups == B
N\ AEMAARE \an 276 iame filbaead Lo

\

N\ //
\ 7
N\ 7

'

1 | —— |

N 7
K2/K1’ /‘<
Matches

K1 Junction 1, 7 jqnction 2
b Haplotype

7 K1 K2
A B C B’ A B c Telomere
—_—— — — —|— — — Structure

Centromere



BAB3114

BAB3114

|- L - = A C j— ] ol [ ] [* [e— ] = - Lx. g ¥
[ f T | | 1 1
1523 Mb 1525 Md 152.7 Mb 152.9 Mb 153.1 Mb 1533 ™Mb 1535

Array Comparative Genomic Hybridization



BAB3114

1525 M0

1523 M

479 b

| ehrx:151,464.510-155,521,988 4.057

sl

chri< (9z8)

1 Mb

153,000,000

o0oo0.000]|

1SS,

- = -
m. = =
g = =
= p—
8§ & go=——=_== S==8
" = | — et
— = = B el T e T
ev.n.n, m _”“sﬁus“ssssssssssussssssssssss
Gy 0 -SRRERREEEERRCEERERREREEREREERE
687§ OEBBEEERREEBRERRREREEEREEELLEE
c
0 BB EEEEECEE LR EEEEEEEEEs
g $000000000000800000000000880004
£ WDDDDDDDDDDDDDDDDDDDDDDDPDDPnyﬂ
] 2333333333333 3333232333333333233
u. eddddddddddddddddddddddddddddd
] P EEEEEEEEEEEEEEEEEEEEEEEEEEEEE
[} 4k 8 48— A, G 8 A -
g $88989800688308888809988889¢3

i i
0 0 0 I T




UCSC Genome Browser on Human (GRCh38/hg38)

Reference Assembly Fix Patch Sequence Alignments
Reference Assembly Alternate Haplotype Sequence Alignments

move | < << < > >> >>>|zoomin|[15x 3x 10x base |ZOOmout|15x 3x  10x 100x
multi-region | chrX:153,46§ 456-154,799,347 1,336,892 bp.lgonc. chromosome range, search terms, help pages, see examples go
chrX (q28) P 11 BE 3.1 221 B Xq 26.3 Xa2
! | ]
Scale 500 kb | Ba3s
chrX: | 153,600,000|] 153,700,000 153,9@p.000] 153,900,000 154,000,000| 154,100,000| 154,200,000 154,300,000 154,400 154,500,000| 154,600,000|  154,700,000|
38 _ BedGraph_of_breakpoints_BreakpointSummary_allChr
G6PD
BreakpointSummary
LI il — — i
|
|




BAB3114

multi-region | chrX:154,309,918-154,423,028 113,111 bp. |gene, chromosome range, search terms, help pages, see examples | go | examples

chix@ee) [ I (PN N EBE BT p(iE TEEEINNEN | PCFE<EES & N |

Scale 50 kb| | hg3s
chrX: 154,350,000| 154,400,000|
41 BedGraph_of_breakpoints_BreakpointConfiIntSummary allChr

BreakpointConfIntSumm

2
280.276 _ Read depth in 10kbp bins

Read depth

50.7165 _

WholeGenome_GRCh38 Collapsed Inverted Repeats
InvRepeatsCol_GRCh38 11 I | 1 |

Duplications of >1000 Bases of Non-RepeatMasked Sequence
| segmental Dups AR RRERRRRRET

11.sort.mdup.bam_reads| | 1}l




multi-region | chrX:154,329,488-154,397,941 68,454 bp. |gene, chromosome range, search terms, help pages, see examples | go | examples

|cth @28 [ 12

Scale 20 kb | hg3s
chrx: | 154,340,000] 154,350,000| 154,360,000 154,370,000| 154,380,000 154,390,000|
41 _ BedGraph_of_breakpoints_BreakpointConflntSummary_allChr

BreakpointConfIntSumm

3

Segmental Dups

Duplications of >1000 Bases of Non-RepeatMasked Sequence

My )jstom track (+ strand)

My custom track (- strand)

My track (-)




BAB3114

<

K1/K2’
Junction 1

A B c’ B A B' C '
—_— — — — — — | — —_

Centromere

K1’ Junction 2 K1 K2

-
_— b8 ' )
a
i - B e e A e
1 1 1 1
152.7 Mb 152.9 Mb 153.1 Mb 1533 Mb 1535
UCSC Genome Browser on Human (GRCh38/hg38)
move | < << < > >> >>>|zoomin|1sx 3x 10x base |ZOoOmout|15x 3x 10x 100x
multi-region | chrX:153,4@R,456-154,799,347 1,336,892 bp. [gene, chromosome range, search terms, help pages, see examples li [ go | examples
chrX (g28)
Scale 500 kb ] 38
chrX: | 153,600,000] 153,700,000 153.§90.000| 153,900,000|  154,000,000]| 154,100,000 154,200,000|  154,300,000| 154,400,0@b|  154,500,000]| 154,600,000 154,700,000|
38 _ BedGraph_of_breakpoints_BreakpointSummary._allChr
G6PD
BreakpointSummary
1 _ | il -y oy
| Reference Assembly Fix Patch Sequence Alignments
ol Reference Assembly Alternate Haplotype Sequence Alignments

Telomere
—




