BAB8926 BAB8925 BAB8922

BAB8930

BAB8932

LT

esv2660393 <¢— !

PLPT

X(+)103188753-794

BAB8922

X(+)102713539-580

Not available

PLPT

X(+) 103322048-089

BAB8926

X(+) 102793954-995

X(+) 103267038-087

BAB8930

X(+) 102711998-047

PLP1

Not available

TACTCTCCACCACCTTGAGATCAACTTTTTTAGCTCTCCCAT
TACTCTCCACCACCTTGAGATCTTCCTAGCCTCAGTGGTCTT

GCTCATTAGTTGATGCAGTTTCTTCCTAGCCTCAGTGGTCTT

GATAGAGATTTAGGTAACCCGACTTGGTTGGGTTACAGTATC
GATAGAGATTTAGGTAACCCGAGCTCAGATATCAATCACAGC
TGTTTTTGAACTCACCTGGTGAGCTCAGATATCAATCACAGC

8/10 (80 %)
ABRACCTGGAAGTAACGAAGGTTTCTGTTTAAAAAGAAACGAAAAGATTAT
AAACCTGGAAGTAACGAAGGTTTCTGTTGATTGGAATAGTTTCGGAAGGA

GTTAGGGAGGATTCTCTCTTTTTCTATTGATTGGAATAGTTTCGGAAGGA

Fig S1-1



BAB8939 BAB8935 BAB8933

BAB8942

BAB8943

PLP

PLPY

PL

8 bp insertio

X(+) 103315010-049 AGGGTAAAATATCCCAATGG-—-—-——-——-— ATCTGGTTTCTCAAAAGGAC

BAB8933 AGGGTAAAATATCCCAATGGGATCCCAATGCTTGTGTACAGACAAGGA
N P

X(+) 102681856-895 TTTCCAAGGCAGAATTCATC---—----- TGCTTGTGTACAGACAAGGA

X(+) 103048710-754 CCCACACACCATAAACCTCCTTTTTTCTAACTGAAAGAGCTCTCT

BAB8935 CCCACACACCATAAACCTCC—T——GCCTGAGTCACTTATTTCGA

X(+) 102708868-912 GAGTGAGTGTCCATTTATGATTTTTGCCTGAGTCACTTATTTCGA

Not available

X(+) 103187702-742 GATAATGACATATAGTGTAGTACATTAAAGTTATATATAAA

BAB8942 GATAATGACATATAGTGTAG-ACACATAACAAGGAGGCATA

X(+) 1027985095-948 GAGCAAGTCTGAAAGAAGAT-ACACATAACAAGGAGGCATA

X(+) 103107600-642 CAGTAACCAAAGCAGCATGGTACTGGTACCAAAACAGAGATAT

BAB8943 CAGTAACCAAAGCAGCATGGTACCTAGAAACAGAAAGTATACC

X(+) 102591597-639 AGACTTTTTATAATCACAGATACCTAGAAACAGAAAGTATACC

Fig S1-2



BAB8947 BAB8946 BAB8945 BAB8944

BAB8948

PLP1

A B ﬁﬂ?ﬁawm

X(+) 103073616-657
BAB8944

X(+) 102511190-232

X(+) 103382317-359

BAB8945

X(+) 102942229-271

X(+) 103163803-842

BAB8946

X(+) 102801929-968

X(+) 103243066-110
BAB8947

X(+) 102875625-669

X(+) 103268320-364

BAB8948

X(+) 102845345-389

10/14 (71 %)
ATATATATTAAGTAAAAAAGATT-ACAGTGTGTGCAGTATCAA

ATATATATTAAGTAAAAAAGATTGACATGCATAATTGTTATGA

TGTGTCCCATTAAAAGAACTATTGACATGCATAATTGTTATGA

CCCTGAACCAACCAATCAGAGCTCATCTTCCTCAGCCAATCAG
CCCTGAACCAACCAATCAGAGCTGTGTTTGCAAGTGAGGGTCG

AAAGGCGCAGTGGGGGTTCTGCTGTGTTTGCAAGTGAGGGTCG

3 bp insertion
I

ATTAGCTCATTTCAAGAAAA—-—-AAAACCCTAAAAATTAGTTT
ATTAGCTCATTTCAAGAAAATTGATGAATTCAGTAAAACTGTG

AAAACTGTTGGAATTGATGA---ATGAATTCAGTAAAACTGTG

7/10 (70 %)
AGAATTCTTGTGATTTAGGTCTTAAAAATATAGACATGTATTCCC

AGAATTCTTGTGATTTAGGTCTTAAGAACATGGTGCCAGCAGATT

ACAGCTCTGGAGGCTGGAAGTTCAAGAACATGGTGCCAGCAGATT

Common SN|P: Rs578953 (G>A)
ACTGCGATGGTCCCGTTGCGTGGCATCTCGTCAACCAATCACAGTG

ACTGGATGGTCCCATTGCGTGGCATAGAGTTGTTCATATTAACTT

TCTATATTAACAAATTTGTAGGCATAGAGTTGTTCATATTAACTT

Fig S1-3



BAB8953 BAB8952 BAB8951 BAB8950

BAB8954

LeRe Jct: ACCTAGTCCTCAGCTTGTGGGATATATCCCCCCTCAGCCCTTTAAATGCTGAGACACAG 11 bpinsertion resulted

X (+) 102757807-850

X(+) 103301537-576

BAB8951

X(+) 102812934-973

X(+) 103109709-751

BAB8952

X(+) 102682357-399

X (+) 103199113-156

BAB8953

X (+) 102773637-681

BAB8954

X(+) 99762660-701

from TS: ATCCCCCCTCA
6/8 (75 %)

|
i X (+) 103186844-886 CCTAGTCCTCAGCTTGTGGGAT-ATGACGCTATCTCCAGGTAGA
|

: -!"Eii Wil GHERmAMIg X (-) 103026459-517 TTGTAGGTAGCCARATTGGGTTCATATCCCCCCTCAGCCTGGGACATAGCACAGTAAAT

GCATGAAGTGGGACTTCAATGGCCCTTTAAATGCTGAGACACAG

2 bp insertion

CACCTTGTGAAATCTATTTT—CCTCCTCTTTGGAGACACCT
CACCTTGTGAAATCTATTTTGTCTTTAGCAAATATATCAGGA

TTTATTGGCTAATTGCATAG——CTTTAGCAAATATATCAGGA

Rare SNV, Rs765589952 (T>C)
TAAAGGAAAGCATGTAAAGTCCCCGGTACATGAAAGGCACATA

TAAAGGAAAGCATGTAAAGCCCCTTCTATGGGGCTTCTAACTA
ATCTGAGGTCAGGAGTCCTGCCCTTCTATGGGGCTTCTAACTA

10/13 (77 %)
TGGAGGACATAGTAGCTGGCTTTGG-GAAGATAGTTTGGGACAAT

TGGAGGACATAGTAGCTGGGTTTGGAGAACCCTAGGGAAACAACT

ATATCAACTCATTGCTTGCCTTTGGAGAACCCTAGGGAAACAACT

X(+) 104246617-658 GTGRAACAGAAATCAAAATCTAGTTAGGTTGGTAATTGGGACC

GTGAACAGAAATCAAAATCTAGCTTCCGGAGTAGCTGGGACT

TTACGCCATTCTCCTGCCTCAGCTTCCGGAGTAGCTGGGACT

Fig S1-4



BAB8958 BAB8957 BAB8956

BAB8961

BAB8963

X(+) 103369919-961 TTTACACAAACACARACATATCTATTCTTGTTCTTTTTCTATA

BABB8956 TTTACACAAACACAAACATATCTCCCCCTTCTCCTTTCCCCTC

X(+) 102612177-219 CCCTTTCCCCTCTTCTTTTCTCTCCCCCTTCTCCTTTCCCCTC

7/10 (70 %)
X (+) 103099862-911 CTTACATTGTTTAAATTGTCAGTTAAAAATTGGGAAAGCTCATTTTTTGA

BAB8957 CTTACATTGTTTAAATTGTCAGTTAAAAATCTTTTAATTTGTGTTCCCTG

X(+) 102150825-874 AAGGTAGTTTCCCTAGATCAAGTTACCAGTCTTTTAATTTGTGTTCCCTG

Not available

X(+) 103181871-913 AGGAAGCCTCTGAATATCCTCCAATGCACAGGACAGGGACCAA

BAB8961 AGGAAGCCTCTGAATATCCTCCAGCACTTTGGGAGGCCGAGAT
X (+) 102341077-119 GGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGAT
PLPT
4 bp insertion
L

X(+) 103289931-970 TTGTTGGCCACATGAATGTC----TTCTTCTGAGAAGTATCTGC

i g s g
ﬂi#gﬂqﬂﬁ%ﬁﬁﬁiﬂﬁﬁ .!ﬂiﬁﬂ BAB8963 TTGTTGGCCACATGAATGTCCCAAGCTGCCAGGCTTGGGACTTA
X(+) 102678465-504 TCTGTCAGCTTGTGCTGCAT----GCTGCCAGGCTTGGGACTTA

Fig S1-5



8 bp insertion

© X (+) 103175437-476 CATGG-AAACAGCATGCAGGG--———=—— CTGTCCAAAGTGAATGGCCA
o

» Lo

g mmm ik BABB966 CATGGAAAACAGCATGCAGGGEGGGACTGCTGGGGACAGGGCAATAGGA
§ " ; X(+) 102778226-265 TGACA-AAGTATTGTGTTTGT-——————- CTGGGGACAGGGCAATAGGA
N~ 7/10 (70 %)

8 * X (+) 103057046-087 CAATATTAAATGGATCGAAGTGGGTGCCTGAGGTGAGAGAGG

m ae. TN, " = g E! !ci i lc! ﬂ j E Q % a ! !

(11] m lﬁﬂﬁﬁﬂw R— Wh#ti lﬁl’- H‘W‘ BAB8967 CAATATTAAATGGATCGAAGTGCTTTAAAGGGCAAATAAAGA

<

o o X (+) 102364332-371 GTAGGTGACAAAGATC-ACATGCTTTAAAGGGCAAATAAAGA

Not available

BAB8968
g

PIP1
' 2 bp insertion
|_|_I
X(+) 103243760-799 ACACCAAATACGTGAATCCG—ACTCCTAACCTCTCATCTCT

'_ "‘{ﬁ BAB8969 ACACCAAATACGTGAATCCGTATGACGTGAGGAAGCTAGAGG

BAB8969

X(+) 102839709-748 ACGCTCTGATTGGATGTTGT——-TGACGTGAGGAAGCTAGAGG

Not available

BAB8971

. Fig S1-6



Fig S1. aCGH and breakpoint junction sequencing results for 30 of the 33 PMD individuals with single duplications at the PLP1 locus. The breakpoint junctions for
24 of the 30 individuals shown here indicate that the duplications are tandem and head-to-tail. \We were not able to resolve breakpoint junctions of the remaining six
individuals. The three additional individuals with single duplications, BAB8949, BAB8929, and BAB8921, are shown in Figures S2, S3, and S4. The small deletion within
the duplication in BAB8922 is a common polymorphism which has been previously reported in normal controls from African ancestry in the DGV database (esv2660393;
8/1151). Based on the genomic position of the deletion in UCSC Genome Browser (GRCh37/hg19), it is unlikely to be mediated by repeats or repetitive elements. Among 30
individuals shown here, replication errors including small insertions (BAB8933, BAB8946, BAB8951, BAB8963, BAB8966, and BAB8969), small deletions (BAB8935 and
BAB8942), and a very rare single nucleotide variant (BAB8952; Rs765589952) with ~ 0.00005 allele frequency in the Genome Aggregation Database (gnomAD) were
noted at breakpoint junctions and/or flanking regions. The G>A change (Rs578953) seen in BAB8948 is a common SNP with the allele frequency of ~0.17 in gnomAD). The
spaces that are devoid of signal on the array of individual BAB8954 are due to a large LCR and consequent lack of uniquely mapping array probes used or interrogating
copy number states. LCRAla, LCRA1b, and LCRC are indicated on the arrays by arrows for individuals whose breakpoints map in these elements. Light brown rectangles
and curved arrows in BAB8933 and BAB8966 show where insertions are possibly templated. Color code for nucleotides: blue for the distal end of duplication, green for the
proximal end of duplication, red for microhomology or microhomeology, light brown for insertion, purple for single nucleotide variant (SNV) or deletion.



X(+) 103280868-919 CATTAATATTAACATTGACATCCCAGGAGGAGAAAGGAGGGATCATCTTAGT

102304420 103280891
1 JP1 CATTAATATTAACATTGACATCCCTGGCCCCTGATGCCTGTCCTACCTACCT
Reference [ ]
. . X(+) 102308739-790 GACTTCATTTAGTTACTGAATCAATGGCCCCTGATGCCTGTCCTACCTACCT
. - .i". - 3 -'5.. - e . -
g K YA i I 6 bp insertion (resulted from replication error)
A Y 8/10 (80 %) :
Q j X(+) 102308825-875 TTAATAGTTAAGCTAGTTGQGAGGGGAT-TATT ——~———- TTTTATATACAGCTAAAACT
& deacecaa
o
JP2 TTAATAGTTAAGCTAGTTCGAGGGGAT-TATTICCCCTCAAAAGATATTCCATGTGAAT
PLP1
| ¥X(-) 102303971-4020 CCAAATATAGAATGGAAATARAAGGGATGTA-——————-— AAAAGATATTCCATGTGAAT
JPL e e X(-) 102303199-250 CTAAGAATACAAAAAAATTAGCTGGGCCTGGTGGCGGGTGCCTGTAGTCCCA
........................................ frrrerrrerreerreerreerreerr eereerr o 1t
e JP3 CTAAGAATACAAAAAAATTAGCTGGGCGTGGTGGCACGCACCTGTAGTCCCA

S . CEEE e rere reeer vererr e ere e e e et
i X (+) 102304398-448 CTAAAAATACAGAAAA-TTAGCCGGGCGTGETGGCACGCACCTGTAGTCCCA

JP3 ‘I—_

Chimeric Alus 861 bp insertion (resulted from TS)
— D Aluy
JP1 JP2 JP3
VR D Aluy
Rearrangement product -—»‘I—_
o
Jct

Fig S2. Breakpoint junction sequencing in subject BAB8949 with a single duplication revealed insertions with multiple join-points at the breakpoint junction. Among all
samples with single duplications and sequenced breakpoint junctions, this was the only sample with a large insertion that resulted from three TSs. In this subject, TSs have occurred
in which the second TS forming join-point 2 (JP2), is microhomeology-mediated, and the third TS (JP3) is Alu-Alu mediated, in which AluY (yellow) has been used as a substrate for
an Alu-Alu (yellow-green)-mediated rearrangement forming a chimeric AluY/AluY (88% identity) at the join-point. Bases in light brown rectangles show where the insertion of
sequence at JP2 is likely templated. Coordinates are based on breakpoint junction analysis. Color code for nucleotides: blue for the distal end of duplication, green for the proximal
end of duplication, red for microhomology/microhomeology, light brown for insertion. Jct: Breakpoint Junction, JP: join-point.



102651193 103164455

(o))
o
(*))]
(7]
(11]
D O EO
o
SO SSSNY =< ¥ = SO
7 bp insertion
X (+): 103164435-536 CACTAGGTTTTCTGTATTCTG-——————-— TGTACTCGTCATTCATGAATATTTTCATTTTTGACAACTAATTACTGAGAAAATTAATAGGGGGATTAAAATCATGACTCA
BAB8929 CACTAGGTTTTCTGTATTCTGGCATGGTAGGCAGGAAAGGGTGAA——————— TGTGAATACATTTGAGGGGGTGGCATGATCTAA-GGGCATGTGGAGAGAAG————— A
X (+): 102651172-273 TTTCCTGGCTAGTAGTGGAGG--—--——-— AGGCAGGAAAGGGTGAACTACAAATGTGAATACATTTGAGGGGGTGGCATGATCTAAAGGGCATGTGGAGAGAAGAAAAAA
r A 1 |r ! 1I |r ! 1I
| | . .
7 bp deletion 1 bp deletion 5 bp deletion

Fig S3. Replication errors at the breakpoint junction and/or flanking regions in BAB8929. In this case with a single tandem duplication, a small insertion at the breakpoint
junction and three small deletions in the flanking region are likely the result of replication errors. Coordinates are based on breakpoint junction analysis. Color code for nucleotides:
blue for the distal end of duplication, green for the proximal end of duplication, light brown for insertion, purple for deletion.



102476739* 103143213

» &%&M@Wﬁ%ﬁm
Ehodiiss M P ufgm

BAB8921

g
|
F;
5

Translocation &
to ChrY

-?

.

)
o

+

0

HINE B ‘E N EcUE .

Chr Y

BAB8921

1 bp insertion

X(+) 103143193-247 CGTTTATTTTTAATCTAACA-AACACATAATGCTTACACTA

RN T e N
....'

BAB8921 CGTTTATTTTTAATCTAACATGTGGCCTATCTATGTGGCTC

Y(+) 23730449-505 TTGAGTCTCCCAATCTTTTG-GTGGCCTATCTATGTGECTC Chr X

Fig S4. The aCGH result for BAB8921 showed a 666 Kb single duplication at the PLP1 locus. Further study by interphase and metaphase FISH indicated an insertional
translocation of the PLP1 locus into YQ. A representative metaphase spread and interphase nucleus are shown. In the interphase nucleus, two green signals from the PLP1 probe
indicate duplication of PLP1, and a single red signal from the X centromeric probe indicates one X chromosome. Metaphase FISH shows the locations of the PLP1 on chromosome
Xq and Yq. Whole genome aCGH indicated that there was a duplication on Yq (coordinates: ~23,735,612-23,790,612 and 23,840,612-23,885,612; GRCh37/hg19). We were able to
resolve one of the two breakpoint junctions for the insertional translocation, indicating that the distal end of the PLP1 duplication was insertionally translocated to a position at the
proximal end of the proximal duplication on chromosome Y. Coordinates are based on breakpoint junction analysis where possible. The one based on aCGH is marked by *. Color
code for nucleotides: blue for the distal end of inserted segment, green for one end of break on ChrY, one base pair insertion at the join-point is shown with light brown.



LCRC LCRA1a LCR2 LCR3 LCRA1b LCRD

ChrX: 103303997-103324337 BABS942

BABB8961
LCRD g<<<< BABB8966

ChrX: 103338727-103358289 BAB3959

Bl single duplication Segmental DUPs 5355553 [<<<< <L
B cor Human Self-Chain Alignments |l Il NEEE B  BEEE
s PLP1 | {
[ Triplication BABB9ES - l I
— BABES31 — .
[ ] Quadruplication giggggg — l
BAB8937 . I
Coordinates (hgl9) giggg;ﬂ e I
LCRC [s55555s BAB8940 — |
ChrX: 103172645-103200000 BAB8971 | I
BAB8955 . |
o — |
BAB8963 I I
LCR2 BAB8953 I |
ChrX:103260112-103268365 BAB8949 - I
BAB8939 || |
BAB8948 N I
LCR3 BAB8930 . |
chrX:103294323-103300676 BAB8947 | I
BAB8969 | |
LCRA1b 2T BAB8922 — |
BAB8950 | i
- |
— I
L !

Distal end of rearrangements

Fig S5. The distal breakpoint junction points of genomic rearrangements in 28 PMD subjects are grouped within the LCR distal of PLP1. LCR blocks and self-chain
alignments are shown above the schematic diagram of the array results in the region on chromosome X from 103172645 to 103358289 (GRCh37/hg19). Approximate positions of
breakpoints were determined by aCGH data and then the UCSC genome browser (GRCh37/hg19) was used to align genomic rearrangements. The position of the PLP1 locus is
highlighted with a light blue rectangle. Rearrangements are depicted as follows: duplicated genomic segments in red, triplications in blue, quadruplication in yellow, and deletion in
green. LCRC and LCRD (gray) have 90 - 98% similarity and LCRA1a and LCRA1b (orange) have greater than 98% similarity. LCR2 and LCR3 (olive green) have 88% similarity
with each other, LCR2 (olive green on left) has 87% similarity with LCRAla and LCRAL1D (orange), and LCR 3 (olive green on right) has 91% similarity with LCRA1a and
LCRA1D (orange). Arrows on LCR blocks indicate the relative orientation of each LCR pair. In the UCSC genome browser (GRCh37/hg19), LCRs 2 and 3 can be found in the self-
chain track but not segmental duplication track.



98855903 102581871
i 99498194 ! 103366577

Reference | | 3084 Kb i
)|
’ R

BAB8923

o [l pur1
= |
o — |
J e
o e
2 e ————— ] Ay
o Y — ) E—
Jetl Jet2
Rearrangement product N ST ) ) I
' ' 3 bp insertion
——=
AluY X (+) 99498175-214 GCACTCCAGCCTGGGCGACAAGGCGAGACTCCGTCTCAAA X(+) 103366558-597 ATGGTATGATTCATATATAT---ATATATATATATATATATAT
PECVEEENEEE R T T E e FEE P e e
BABB923 Jctl GCACTCCAGCCTGGGCGACAGAGCGAGACTCCGTCTCAAA BAB8923 Jct2 ATGGTATGATTCATATATATGAATCCTCTGTCAAAGCTGGAAA
RN RN RN NN R RN RRNARRNARRRA RN
AluY X(+) 102581851-890 GCACTCCAGCCTGGGCAACAGAGCGAGACTCCGTCTCAAA X (+) 98855883-922 ATATTTACTTGCAGGACCTT TCCTCTGTCAAAGCTGGAAA

Fig S6. Breakpoint junction analysis indicates that three patients have a directly oriented DUP-NML-DUP pattern of rearrangement. S6-1. In individual BAB8923,
duplications were separated by a 3,084 kb copy number neutral interval region. In this individual, the first TS is mediated by directly-oriented Alus with 90% identity. Vertical lines
in Jctl are used to show sequence similarities of Alus that created a chimeric element. A three bp insertion was found in Jct2. Coordinates are based on breakpoint junction analysis.
Color code for nucleotides: blue for the distal end of join-point, green for the proximal end of join-point, and light brown for insertion.



102138188 102411921 103122574

1102215833 |
Reference | |
0
o~
(<)]
o0
@
<
a P
=)
o
|
= -
(o
=)
[a)
--------------------------------------------- [ pur1
S
) . ) I obup2
Jetl Jet2
Rearrangement product IEEEINN) I T—) ) B )
X(+) 102215810-848 CAGGGAGTCRAaGGGGATCTTCTGAGCACAGGGTTGTGAA X(+) 103123554-602 GAATGAAATGAAGCGAGAAGGGAAGTTTAGAGAAAAAAG
BARB928 Jctl CAGGGAGTCAgGGGGATCTTCTGATATTTAATTTTGTTG BARB928 Jct2 GAATGAAATGAAGCGAGAAGGTTGTTTAGTCATATGATT
X(+) 102411906-944 TTCTCAAAATTTTAAATCTTCTGATATTTAATTTTGTTG X(+) 102138170-208 ACATATTTTGGTGTCCCTAGGTTGTTTAGTCATATGATT

Fig S6-2. In individual BAB8928, junction sequencing revealed that both TSs are microhomology-mediated. Coordinates are based on breakpoint junction analysis. Color code for
nucleotides: blue for the distal end of join-point, green for the proximal end of join-point, red for microhomology, and purple for SNV.



10%319763 10;836592 c _X(+} 102775497-533 TATGTACTAGGAACTAAATAGGATTGACATGATGCAC

| i 103352823
a Reference : 102775516 | ! JP1 TATGTACTAGGAACTAAATACTCCCATGTATTTTCTG

|
_—-—_ X(+) 103352814-850 TGGGAGGGGAGTTCGTGTTTCTCCCATGTATTTTCTG
: 9/11 (82%)

X (+) 103352834-867 CTCCCATGTATTTTCTGTTAAGATGCCAGGCTTT

Rearrangement product

Fig S6-3. In individual BAB8965, the breakpoint junctions suggests at least 6 TS events. Microhomeology was found in three out of six join-points (2, 3, and 6). Two small
insertions were observed at Jct2 in this subject. Coordinates are based on breakpoint junction analysis. Color code for nucleotides: blue for the distal end of join-point, green for the
proximal end of join-point, red for microhomeology, and light brown, light green and yellow for insertions.

3 Jctl — P2 Microhomeology CTCCCATGTATTTTCTGTGCTCAAGGACCTCCAR
N X(+) 103281327-360 CAGAACAGTAATTTCAGTGCTCAAGGACCTGGAA
0 s/7
o (71%)
< ¥(+) 103281344-384 TCCTCAARGGACCTGGAA-TAGTGAGATGCTTCCTGAAAATTC
(28] JP3 Microhomeology TGCTCAAGGACCTGGAA-CAGGARAAGCCCTTTGATAAAATT
PLP1 X(+) 102836574-614 TGATTATCGCAATAGATGTAG-AAARGCCCTTTGATAARATT
Q. Sequence at the IP1 P2 IP3
: JP1 breakpoint junction | |
Q. b _— ............................................... TATGTACTAGGAACTAAATACTCCCATETAT T PTOTC TCCTCARGGACCTE GAACAGGARAR AGCCCTTTGATARART TCAG
e . |:> o 4 bp insertion resulted from replication error
2 e X(+) 103352804-843  TTCCATTTTATCCCACGCCA-——GTTCCTGETTTCTCCCATGTA
= e P2 — Jetl
1 JP4 TTCCATTTTATGGCAGGCCAGTAAGTAAGGACTACTTGAGGTTA
o > »
| JP3 e ’ X(-) 102775540-579  AGCTGTCAGGAATTTTTATT----GTAAGGACTACTTGAGGTTA
Q l— _ 3 bp insertion resulted from replication error
- PA 3 X(-) 102775496-535 CTCTCCATCATCTCAATCCT ——-ATTTACTTCCTACTACATAT
.................................. Jet2 -
E> PR JP5 CTGTGCATCATGTCAATCCTCTGAATTCTTGCGAATTTGGAGTG
Jet2 JP5 X(-) 102775638-677 CCAGTAAATCAACCTCAATA-—-AATTCTTGGAATTTCGAGTC
6 |:> A 7/8 (87%)
------------------------ X(-) 102775551-599 ATACAT - TTGTATGTCACTGAAGCTGTCACGAATTTTTATTGTAAGGACT
e | .
i N | JP6 Microhomeology ATACATACATTTGTATCTCACTGAAGTTCTCAGATCTTGGCCATTTTATGTAR
. DUP1 : X(+) 102319742-790 AAATCT----TCAGGAAACAGTTCTGTTGTCAGATCTTGGCCATTTTATGTAR
Jct1; 38 bp insertion Jet2; 182 bp insertion Sequence at the P4 JP|5
. DUP2 resulted from TS resulted from TS breakpoint junction . i
AATCCAATCCTTTCCAT TTTATGCCAGGGCASTA AGTARGGACTACTTCGAGE TTAATTACTG TGCATCATGTCARTCCT - TC ARTTC TTGGAATTTGG
— 0 AGTGCTGAGAGGCTGAGCAAGCATATATGTATGTGAGTATGTATACATACATT TGTATGTCACTGAACT TCTCAGATCTTCGCCATTT TATGTARATA
- ~Nom < W e
o & o A o o \
| |
| |



102765476 102929346

102801040 103106237

Reference | X(+) 102801021-060 AACAGTGTGAAGAGAAGTGA-—-————————— ACAGCTATATGGCAAAAAAT
L S eee— 170 bp

: DUP1 BaBs962 IJctl AACAGTGTGAAGAGAAGTGA-Insertion-CTTTCACAAATACATATATA

X(+) 102765456-495 TGAGTAGAATGAARACTTTGT----—-—---—-—-- CTTTCACAAATACATATATA

BAB8962

[] (-)102702187-298 AACAGTGTGAAGAGAAGTGACATTAGTGGTGGAACACTETTTCACAACAAAC
[ (-)103099796-821 AGATEGTTGGAAACTGTTATCAGCTTGTGAGAGTAGTGAGGGATAARAGACAAT
__________________________________________________________________________________________________________________________________________ ATATTGGGTACCGTATATACTGCTGAGATGACAGGTACACCAARATCTCAGAA

% I:l Unknown GtCACCACTAAATAACTCATCCATGTAACTCACTTTCACAAATACATATATA
Q
S
% e *4 """"""" X(+) 103106217-257 TTCTTCAAGGTGGTTGTTCCAATTTTCACTCCCTTGTGCAG
,,,,,, - Jetl

Q o DUP2 BaB8962 Jct2 TTCTTCAAGGTGGTTGTTCCATTACAAATATTTACGTATAC

- X(+ 102929326-366 AAAAATGTTGTATGATCTTTATTACAAATATTTACGTATAC

+ ) ————) . (
Jet2 e
DUP1
Jetl Ict2 []

Rearrangement product —«@-———— [ pup2

170 bp insertion
resulted from TS

Fig S6-4. Two head-to-tail tandem duplications were detected by aCGH in subject BAB8962. Coordinates are based on breakpoint junction analysis. Color code for nucleotides: blue
for the distal end of join-point, green for the proximal end of join-point, red for microhomology, and light brown and yellow for insertions.



102739577 110969769

' 103107466 | 111181107
| 7863Kb |

()
(o]
(¢))]
o0
(aa]
g : ,
o | Il pur1
2 ' ro— .
5 — loaehimenclE = " M our2
S et LINE1PAS
= JCtz ...................................................................................................................................... ‘q. L]
= [T T unEsas
< e
% :
A Jcﬁl Jet2

Rearrangement prod uct I ) )

L1PA5 X (+)103107447-486 AGCTACCAATGACTTTCTTCACAGAATTGGAAAAAACTAC X(-) 110969749-792 TAGTATAGGTCATCAARACACTGAGTCATCCATGGCCAGGCACG

teerrrrrrrreeererrrr reerrrrrrrrrrrrernd
BAB8920  Jctl AGCTACCAATGACTTTCTTCGCAGAATTGGAAAAAACTAC

trerrrrrrerrrrrrrrreeerrrrrrrerrrerrrrnd
L1PA3 X (-)111181087-126 AGCTACCAATGACTTTCTTCGCAGAATTGGAAAAAACTAC X(+) 102733557-600 GTCAGGAGTTCGAGACCCGCCTGACCACCtE:GT ceeete

BABB920 Jct2 TAGTATAGGTCATCAAAACACTGACCAaCaTAGTAAAACCCGTC

Rs2858073 Rs2858072

Fig S7. Breakpoint junction analysis indicates that two patients have a DUP-NML-INV/DUP pattern of rearrangement. LINE- or Alu-mediated events can be seen in both
individuals. The orientation of the LINE and Alu interspersed repeats is a determining factor for the overall rearrangement patterns observed in these individuals. S7-1. In individual
BAB8920, the proximal duplication (including PLP1) was separated by a 7,863 kb copy number neutral region from an inverted distal duplication. In this individual breakpoint junction
analysis showed that opposite-oriented LINEs, L1PA5 and L1PA3, with 93% identity mediated the first TS, reversing the direction of replication. The second TS is microhomology-
mediated restoring the direction of replication. Vertical lines at Jctl is used to show the sequence similarities of repeats that created chimeric elements. Color code for nucleotides: blue
for the proximal side of join-point, green for the distal side of join-point, red for microhomology, and purple for SNPs.
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BAB8934 Jctl CACCTCATCCCAGGCTCAGGCATATGAGAA-CATCGAAATTAGCAATCAAACTTETCGACACATCATAGTAAAGCTATTT

X(+)96917863-905 CACCTCATCCCAGGCTCAGGCATGGGAGAAGGCCCAGAGTTGT
X(-)103158696-774 AAATATAAAGTATAAAAGCACATATGAGAATCATGAAATTAGCAATCAAACTTGTCGACTTATCTTAGGGTAATAGTTT

X(-)103163250-289 JP1 8/10 (80%) b[; 3l AAACTTGAAGCACACCTGGACACATCATAGTAAAGCTATTT
P2 9/12 (75%)
ALUSX1 X (-)102764948-987 GGTTGAGGCGGGTGGATCAC--GAGGTCAGGAGTTTGAGACC
Frererrreererrrrrerr rerererererererrrend
BAB8934 Jct2 GGTTGAGGCGGGTGGATCAC--GAGGTCAGGAGTTTGAGACC
Fr o rrrrerrerrrrreer rerererererrrerrrend
ALUSG X (+)96605071-112 GGCCGAGGCGGGTGGATCACCTGAGGTCAGGAGTTTGAGACC

Fig S7-2. In subject BAB8934, we detected a proximal duplication separated by a 5,847 kb copy neutral region from a distal duplication. In this individual two TSs occurred by
microhomeologies and a third one by opposite-oriented Alu-Alu (both from AluSX1 family, 89% identity) mediated rearrangement. Vertical lines at Jct2 is used to show the sequence
similarities of repeats that created chimeric elements. Color code for nucleotides: blue for the proximal side of join-point, green for the distal side of join-point, red for
microhomeology, light brown for insertion, and purple for a single base pair deletion.
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Fig S8. Three possible rearrangements for the generation of DUP-NML-INV/DUP structures satisfy the breakpoint junctions that we obtained on patients BAB8920 and
BAB8934. a. As shown in Figure S8, TS from the distal end of DUPL1 to distal end of DUP2 in the first TS and from proximal end of DUP2 to proximal end of DUPL1 in the second
TS would result in inversion of DUP2 and its insertion at the junction between the two copies of DUP1. b. ATS from the distal end of DUP2 to distal end of DUPL1 in the first TS and
proximal end of DUP1 to the proximal end of DUP2 in the second TS would result in inversion of DUP1 and its insertion at the junction between the two copies of DUP2. c. ATS
from the distal end of DUPL to the distal end of DUP2 in the first TS and from the proximal end of DUP1 to the proximal end of DUP2 in the second would result in inversion of
both duplicated segments and the copy normal region between them. The large arrowheads on the end of genomic segments indicate the orientation of segments with respect to each
other on the chromosome and the little arrowheads on blue dotted lines indicate the direction of replication.
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Fig S9. Three individuals with a DUP-NML-DUP pattern on aCGH (BAB8940, BAB8955, and BAB8960) have the distal duplication and copy neutral region
between the two duplications mapping within IRs LCRAla to LCRA1b. We were able to sequence one breakpoint junction in two of them (BAB8940 and BAB8955)
indicating an inversion had occurred. One possibility to explain the inversion is that these patients have a single duplication and their duplication occurred on a known
inversion haplotype between LCRAla and LCRA1Lb called H2. The blue dashed arrow above the LCRAla and LCRA1b repeats (orange/yellow arrows) over the expanded
portion of the arrays indicates where the inversion occurs. Note that there are no probes on the array in LCRAla and LCRA1b because they would not be unique. If the
duplication in these individuals occurred on the H2 haplotype, the pattern seen on the arrays below would be due to showing the data for H2 individuals on the array with
probes positioned for a normal control H1 individual. If the arrays were to be inverted between the LCRs to simulate the H2 inversion haplotype, the duplicated region
between the repeats would become part of the proximal duplication on the left and the CNR between the repeats would become part of the CNR distal of the duplication,
indicating that these individuals would have a single duplication. Another possibility is that the inversion occurred as the result of a second TS between the inverted IRs
LCRA1la and LCRAL1b. In BAB8940, we found a 9 bp indel, flanking the breakpoint junction that was likely due to a replicative repair error. Coordinates are based on
breakpoint junction analysis where possible. Those based on aCGH are marked by *. Color code for nucleotides: blue for the proximal end of join-point, green for the distal
end of join-point, red for microhomeology, and purple for deletion.
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Fig S10. CGRs with DUP-TRP-DUP pattern of rearrangement on aCGH. In two out of three subjects BAB8964 (S10-1) and BAB8970 (S10-2), a pattern shift from triplication
to duplication was seen to occur at LCRAla on the array. S10-1. The breakpoint junction resolved in BAB8964 indicated that an inversion had occurred, a DUP-TRP/INV-DUP
structure, as was the case in the previously published triplication rearrangements at the PLP1 locus. The genomic rearrangement in BAB8964 probably resulted from two iterative TS
events creating the inversion, the first strand TS mediated by LCRA1a and LCRALb reversing the direction of replication, and the second strand TS mediated by a microhomeology
reversing the direction of replication back to the original direction. Color code for nucleotides in BAB8964: blue for the proximal end of triplication, green for the proximal end of
duplication, and red for microhomeology. Coordinates are based on breakpoint junction analysis where possible. Those based on aCGH are marked by *.
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Fig S10-3. The breakpoint junction resolved in BAB8938 indicated that an inversion had occurred, a DUP-TRP/INV-DUP structure, as in BAB8964 and probably BAB8970, but the
rearrangement was not mediated by LCRAla and LCRALDb. There is an 84 bp insertion likely originating from replication of several distinct templates, most of which can be found
nearby the junction. The sequence across this breakpoint junction has three direct repeats (indicated by pink, blue, and yellow curved arrows) and an inverted repeat of 10 bases
(indicated by curved green arrow). Coordinates are based on breakpoint junction analysis where possible. Those based on aCGH are marked by *. Color code for nucleotides in
BAB8938: blue for the distal end of duplication, green for the distal end of triplication, and light brown for insertion.
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Fig S11. The most complex rearrangement in this study, DUP-TRP-QUAD, was observed in individual BAB8937. In the previously published case with this pattern of
rearrangement, breakpoint analysis revealed the presence of three breakpoint junctions in which two out of three junctions (Jctl & 2) were identical [31]. In this case also three Jcts
are expected, and two of them (Jctl & 2) are likely identical. The copy number changes in the distal part of this rearrangement were located in the homologous LCR2 and LCRAL1b
sequences, indicating a possible role for NAHR between these elements in the formation of CGRs with higher order amplifications. LCR2 (olive green) has 87% homology with
LCRAL1Db (orange). Coordinates are based on breakpoint junction analysis where possible. Those based on aCGH are marked by *. Color code for nucleotides: blue for the distal end
of quadruplicated segment, green for the proximal end of duplication, red for microhomology.
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Fig S12. Samples with DUP-NML-DUP-NML-DUP pattern of rearrangement (based on aCGH).

S12-1a. In BAB8924, the breakpoint junction sequence of Jct2 indicates that an inversion has occurred and the distal copy number neutral region seen on aCGH maps within IRs
LCRA1la to LCRALD, so this may have occurred as a result of displaying the H2 haplotype of the individual on H1 haplotype aCGH, as was the case with BAB8940, BAB8955, and
BAB8960. This individual may have two separate tandem head to tail duplications on the H2 haplotype, or may have three duplications, with one of the TSs occurring between IRs
LCRA1la and LCRAL1D, shifting the direction of replication. S12-1b. In BAB8936, we were not able to resolve breakpoint junctions and we do not know if two small copy number
neutral regions are products of an unrelated cell division event or events.

S12-2. Breakpoint junction sequencing for the subject BAB8959 revealed deletion junctions corresponding to the two copy neutral regions and a duplication breakpoint junction for
the region encompassing all three duplications. We hypothesize that the deletions may have been present on one of the ancestral chromosomes, and an interchromosomal TS during
oogenesis with a chromosome not harboring the deletions could explain the genomic rearrangement in this individual. In fact, the coordinates of the larger deletion match closely to
three polymorphic deletions, esv2740365, esv2672593, and nsv1141074, in the database of genomic variants (DGV). Homologous self-chain blocks (direct repeats shown by blue
rectangles) flank these deletions and could have mediated their formation. In order to test our hypothesis, we performed a genome-wide SNP array on this sample but we did not
detect any dimorphic SNPs across the CNV and therefore our results did not support this hypothesis. Therefore, the duplication and deletions seen in this individual likely occurred
as part of an intrachromosomal event. Vertical lines (Jct3 in BAB8959) are used to show the sequence similarities of the chimeric element with reference sequences. Coordinates are
based on breakpoint junction analysis where possible. Those based on aCGH are marked by *. Color code for nucleotides: blue for the proximal side of join-point, green for the distal
side of join-point, and red for microhomology/microhomeology.
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Fig S13. One individual, BAB8931, exhibited DUP-NML-DEL pattern of rearrangement. We detected a ~283 kb duplication (breakpoint junction in LCRA1a), followed by
~106 kb of copy number neutral region and then a ~16kb deletion (breakpoint junction in LCRA1D) in this individual. We present two hypotheses for the formation of this
rearrangement. In the first, the rearrangement could be a product of two TS events, the first between IRs LCRAla and LCRALb leading to an inverted duplication, and the second
from the proximal end of the duplicated region to the distal end of deletion leading to the copy number loss distal of LCRA1b. In the second hypothesis, the rearrangement could be
due to an intrachromosomal TS during gametogenesis occurring on a chromosome with an inherited benign deletion. In this case, the de novo duplication would be unrelated to the
inherited deletion. No breakpoint junctions were identified in this individual. Coordinates based aCGH are marked by *.



Fig S14. The sequence similarity
comparison of reference sequences
surrounding join-points. For each of
the join-points having a microhomology
(2bp or more match; flanked by solid
vertical lines) and/or a microhomeology
(dotted vertical lines), the 5’ reference
sequence of 300 bp in size was plotted
as a rectangle on the top while the 3’
was on the bottom. We further group
the nucleotide-level join-points
resolved in this project into three
groups:

Sl4a. 15 join-points where only a
microhomology is present. The heat
map shading indicates the sequence
similarity level of a 20 bp moving
window: orange-high similarity, blue-
low similarity, and white-gap.
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S14b. 16 join-points where both a
microhomology and a microhomeology
occur. In 12 cases the microhomology is
located to one end of the
microhomeology, supporting the donor-
acceptor hypothesis. The end of the
breakpoint with perfect sequence match
to the  junction (where  the
microhomology is located) is shown as
the priming strand and the end with
imperfect matches shown as the target
annealing strand. In four cases with
microhomology located in the middle of
the microhomeology, BAB8944,
BAB8947, BAB8953 and BAB8964, we
were not able to define the target
annealing and priming strands because
replication could have occurred in either
direction.
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Fig S15. Similarity comparisons of
reference sequences surrounding join-
points were done after re-analyzing of
break-point junction sequences by a
retrospective study. For each of the join-
points having a microhomology (solid
vertical lines) and/or a microhomeology
(dotted vertical lines), the 5" reference
sequence of 300 bp in size was plotted as a
rectangle on the top while the 3’ was on the
bottom.

S15a. 20 join-points where only a
microhomology is present (2bp or more
match). The heat map shading indicates the
sequence similarity level of a 20 bp
moving window: orange-high similarity,
blue-low similarity, and white-gap.
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S15b. 29 join-points where both a
microhomology and a microhomeology
occur. In 25 cases the microhomology is
located to one end of the microhomeology
and defined as the priming strand and the
end with imperfect matches is defined as
the target annealing strand. In four cases
with microhomology located in the middle
of the microhomeology, we were not able
to define the target annealing and priming
strands.
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S15c. 3 join-points at which only a ¢- Only microhomeology locates at JP

microhomeology was observed.
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