Supplementary File 1

Class 1 breakpoints

AC198097 TAGCGGGCAGAGCCAAGCAGGGCTAAACTCCAACCCAGGGCCTGACGACAGGCACATTCCCAGCTAATGTTTGTATTTTTAGTAG
HSA Chr7 TAGCGGGCAGAGCCAAGCAGGGCTAAACTCCAACCCAGGGCCCGGTGTTGGACAAATTTTCTTTGCTCGTTTGTCTGTGTATTA-
HSA Chr2 AACAGAGCGATTCT---CCTGCCTCAGCCTCCTGAGTAGCTGGGACGACAGGCACATGCCCGGTTAATGTTTATATTTTTAGTAG

1%121*1**1111*112121*11*1**1*1*11*1111111*111 2F222FFFQIHFN22% 2 2222FFFFLFQFQF2HFHFFFQ

AC198100 CAGAGGAGTGAAGAATTATAGCTCCTAACAGGGGAACAAA

HSA Chr9 CAGAGGAGTGAAGAACTGTAGCTCCTAACAGGGAAACAAATIGA-————————- AACATTTGTCATTACAA-———- G

HSA Chr9 TATAGTTGAGTACCAACTCAGCTGC-AATAAAAGGAATGCOAGGTAGACTTCTAAGGTTTATGACTCTAGTCTCTG
1HFIF*11*1*1*10> 1 D 1xx* 1> 1112171111 1222222222222**22%F*2*2*2*22%222 22*

AC198101 CAAATAGGCCCTACTTTTCAAAAATACATTTATCAATGTTGTATACACCTCTACTAAAAATACAAATATTAGCCGGGTGTGCTG
HSA Chr8 CAAATAGGCCCCACTTTTCAAAAATACATTTATCAATGTTGTATACACH---——--—- AATGTAAATACTTTGCTGG-GTAGTG
HSA Chr8 TGAAG----TCAGGAGTTCGAGACCAGCCTGACCAACATGGTGAACATLTCTACTAAAAATACAAATATTAGCCGGGCATGCTG

117*1111171% 121221***1*F1*1* 11> DX DIHRFFLL*D>*LLFRHFHRAP222222222FF*QQHHFFFQH*PP*** 1 *22%*

AC198102 TGGAGTAGTGACAAGATGATGTGAGGCTTGGTGATGCTTGT
HSA Chr16 CAGTGAGTGATCTTGGCACCTTTGTCAAAAATCAGTTGGCTATAGATACATGG---—---—- ATTAATTTTTGCATTCCCTGT
HSA Chr5 ----- AGAAGT--TGGGATAGTAGTTA-------- CTCTTTIGTGGAGTAGTGACAACATGATGTGAGGCTTGGTGATGCTTGT

112221**121%11F**1*111*%1**1*111111110%11AMR*2**2222* %2222 222222*2* 2227 2*222* 2% 2%**

AC198146 TGATAGCAAATAAGTCTCACAAGACCTGATGGGTTTATCAGGTTAAAAACTAAAGCACAAACAGACACATTAGCCTAGGCCTA
HSA Chr3 TGATAGCAAATAAGTCTCACAAGACCTTATGGGTTTATCAGGH---- GATTTCCACTTTTGCATCCTCCTCATTTTTCTCTTG
HSA Chr8 TTTTTAAAACTTTTTTGTTAAAAACTAAAGCACAAAATTTTTITATTTTAGTTTTT----ACCAGACACATTAGCCTAGGCCTA

111%21221*11*1***1*111111**1* 1*11111*1*111*R22222*2*2222*22222**22*2*Q*2*222*222*2*2

AC198151 AATAATCAAAAACCATGAATGACAGAAGAGACCAGACCAGITTCTCAAATTATGCTCCACAAGTAATGTGTATTCTGC
HSA Chr10 AATAATCAAAAACCATGAATGACAGAAGAGACCAGACCAGE----- AAAATAT ————- ATGAACAGAAACCATCCTCC
HSA Chr10 CAGGA--GGCCACTGT-AGTGTTGGATATTCCTGGATCAGIITTCTCAAATCATTCTCCACAGGTAATGTCTATTCTCC

1*11*11212122*%*11*1*1**111**11111 111X *D>**P22*22*** ** 2222%22122*2222 2**2** *

AC198152 ACAACTTCGGGAGCCATCACTTATTTTTGTTGTGTTCCAGAAGGT|IGCCCCAGCAGCCCCGCTGCGGGCTGGGGGGTCCGGGA
HSA Chrl ACAACTTCGGGAGCCATCACTTATTTTIGITGIGI TECAGAAGGTGTCTCATAGACTGCAGTGTGAATAGTGTCCTCCATTA
HSA Chrl GTGACCCTGAGCCTCGTCGCTCCGCCAGGCCGGCTCGCGGAAGGEECCCICAGCAGCCCCGCTGCGGGETGGGGG-TCCGGGA

11177121 *1* 111711 ** 1111100 * 1> L A*RDDAFDFHFIFXNF2HF27*2222%22F22**Q*222% 2722 ***222%*

Topo llv site (84% similarity)

Immunoglobulin class switch repeats

AC198875 AACAACAATATTTGTTTAAAGGOCTTATACTACTGGTTTCAAGTAATTCTCCTGCCTCAGCCTCTCGAAGTGCCGAG
HSA Chrl12 AACAACAATATTTGTTTAAAGGCTTGCCAAAAACA--CAAAACAAAGCCTTAAACCCCAAACCTTTAAAGTATAAAA
HSA Chr19 TCTCACTTTGTT-GCCCAGGGGTICTTGAACTCCTEGTTTCAAGTGATTCTCCITGCCTCAGCCCCTCGAAGTGCTGAG

1111**12***FI*FLLA*LL**AR*2 *22122222222%*221%22**2222%F 2% 2% 2*22****22 2*2

Translin binding site Topo Ilv site (88% similarity)

AC198944 ATGGTTACCAATTATTTTCCCTACAGTGTCTAAATAGACTTGTAGCTTTCTTGTTCAACCTGTTTATCTGTTAAG
HSA Chr9 ATGGTTACCAATTATTTTCCCTACAGTGTCTAA-TATGTGTTTAATTGC---ATTTAGAGTATTTTTCATCTCAG
HSA Chr6 AAAATAAATAAATAAATAAATTTAAGTACGCGAATAGACTTGTAGCATTCTTGCTCAACCTGTTTATCTGTTAAG

FL1IFIFLD*F*FI**LL*1111*AA*F**LLLLNFPF*2222%2** 22122222217 2% 222* 2F+*2**222% 2% *

|:| Microhomology sequences |:|Topoisomerase cleavage sites Ig class switch repeats __Translin binding site | Breakpoint

|:| Recombination hotspot motif vSD insertion VLINE insertion vSINE insertion VLTR insertion vAT—rich repeat insertion




Class 2 breakpoints (breakpoint intervals between 9 bp — 669 bp)

AC198144 CCTTTTCTCTGTGGCCCCTTTCTTCAATCCCATCCTACTATTAGCTTCCCTCATCGTITCAAAAGGTGGAGAATTTGAATGATGAAA
HSA Chr5 CTTTTTCTCTGTGGCCCCTTTCTTCAATCCCATCCTACTCATGGTCTTCCCTCTIC-—+--AAGGTCTCACAAACTCCCTACC--AG
HSA Chrl6 CTTTGATTCAGCGGCCAAATTAAGGATTTAGGTCCTATGCTAAGATGGTCAGGGC-CTCAAAAGGTGGAGAATTTGAATGATGAAA

FORRPLIFFIFDFLLLFFLLLL*FLI*FLLLLA 212% 211 1* 22%FQ*Q222*2F*Q2%222*22222*2

Topo llv site (84% similarity)

AC198149 TCGCCTGAGGTTAGGAGTTCGAGACCAGCI CGAACTCACTAGCAETGGGGAGAAGCAGCGAGAGAGAAGGGGCCAGGGCA
HSA Chr2 TCGCCTGAGGTCAGGAGTTCGAGACCAGCLTGGCCAATATGGTGAAACCCCGTCTCTACAAAAAATACAAAAATTAGCCA
HSA Chrl7 TGGCCCCAGGCCTAAACATGAGGCCTAAALATGCAGAGAAACAGETGAGGAGRAGCAGCGAGAGAGAAGGGGCCAGG-TA

FLFFFLLFFFL 111*11*11+*1*1*11] 1 1 121 R222222%222*22*2*2*2*2*222222222* 1*

Translin binding site Topo llv site (84% similarity)

AC198526 ATCAGACTACTTAGGCTCAAATTICCACAACACCACTTAAAGGCTGTGTGACCTTGTCAGGTTTTTTAACCT
HSA Chr3 ATCAGACTACTTGGGCTCAAATTAC-——-TTCCTATGAAAGTGTATCTCATTTATCTCCATTTTATAGATG
HSA Chr3 GCCCCACCACCACCACCTGAATTICGAGGCCCACACTTAAAGGCTGTGTGACCTTGTCAAGTTTCTTAACCT

11%127%%1**11 11*%111*** P12 2 A 22X QFFFFQ2FQIQIQKRQ2H722222 2FFF12**2222

Translin binding site

| 1
AC198147 TAGACTGAGAGCACCAAAAATTTTCTGTAAARAAAAAAAAATTTTCTGTICTAAAAAAAAAAAAAAACTCAGGACATCTGGAC

HSA Chr1 TAGACTGAGGGCACCAAAAATTTTCTGTAAATTGGCCAGAGCATATTT-TF-————=——-- AGGCTTTGCAGGCCATATGGTT
HSA Chrl TAGCCTGGGCG-—---=—=——=——-~ ACAAA GTGAGACCTTGT TAAAAAAAABRAAAAAACT CAGGACATCITGGAC
FAxPFAALF *11111111111221111%F* *ox 2% * 1 1AP2222222222*2222222FFFFQIFAQFFFXQD

Topo Il site on reverse strand (88% similarity)

TAGACTGAGGGCACCAAAAATTTTCTGT

TAGACTGAGGGCACCAAAAATTTTCTGTAAA ©,

. . . e —’~\
Replication slippage 1 AAAAA
fmmm
tee———p
1 AAAAATTTTCTGT
|:| Microhomology sequences DTopoisomerase cleavage sites Ig class switch repeats __Translin binding site | Breakpoint

|:| Recombination hotspot motif vSD insertion VLINE insertion vSINE insertion VLTR insertion vAT—rich repeat insertion




Class 2 breakpoints (breakpoint intervals between 9 bp — 669 bp)

154 bp
AT-rich repeat insertion

AC198099 TTATTAATGAGATTTTTATCTAAGGAGGGTTTCTACCTCTCGATGGAGMBTATATATATATATATATATCCTGAGCAAAGACA
HSA Chrl9 TTATTAATGAGATTTTTATCTAAGGAGGGTTTCTGCCTCTTGATGGAGATIACTTAACATGACTAAACATGGATTGGGCAAAAGCG
HSA Chrl12 T-GTATGTGAAACTGTTACATAAATAAGAGTTAGAA---—- AAGAGAG. ATATATATATATATATATATCCTGAGCAAAGACA
FLIFALIFFFLFLFLFF*LLFF*1L*F1*F11*5*11201101 1*LLI**F*NR2H*22*2**222**Q*Q** QP F*QH *F** %D

Breakpoint

84 bp
AT-rich repeat insertion

AC198945 TAATTGAATGCCCTTTATTTCCTTCTCCTGCCTGATTGCCA!ITTCTTGCGCTTACTGGACAGCACTTCAGCAGTGCAGT
HSA Chr10 TAATTGAATACCCTTTATTTCTTTCTCCTGCCTAATTACCAG--TTTTTGCCCATTCAGTATGATACTGCTGTGGGTTTGT
HSA Chr4 CTAT---ACCTTATTTAATATATATTGTGGATTTACTAACAGCCTTCTTGCGCTTACTGGACAGCACTTCAGCAGTGCAGT
11**111%1 1121****1*11 *11*111*10* *1* IXFMR2*HAQI*IIRDIRDRDXRD*D DD PFFH*QH*QHRDD*DP22**

Breakpoint

669 bp
Retroviral integration target motif v LTR insertion
AC198096 AGAGCATCCTGAAAAAAATTAAATATACATTICIG
HSA Chr12 AGAGCATCCTGAAAAAAATTAAATATGCATTTCT CAAATCTAGATTATACAAAAATATGCAAATTTTTCAGTTTTG
HSA Chrl19 GGTGTAGTCTCCCCAAGCTTTATTCCAAGCTTTT:‘ééTTTGGGTTTTTAAGTGGCTCTCTTCCAATTCCTTTTTTGGCT
1*1*1*11**1111**11**1*1*112111**1* [22222222*222%222222222222% ****22**222*2212

Breakpoint

313 bp
Retroviral integration site/TSD '\v LTRinsertion

AC198183 TCACCCCAGCCAACACTGTAACTCGCTTCTTAGACTGTTGTCTTAAAGAAGAACACAAAAATAAGCTGGGCATGGTGGCGTGCAC
HSA Chr4 TCACCCCAGCCAACACTGTAACTCCCTTCTTAGACTGTTGACTTAAAG----- CA-AAAAATTAGCCGGGCGTAGTGGCGGGCGC
HSA Chr22 TCAAATCGGCCAAACTTAGGAGA---—--— TCAGATGATT---TGAAAGAAAAACACAAAAATAAGCTGGGCATGGTGGCGTGCAC
FARX]LLFLFFFF*]]]*111*%11] 1111 *I**F*111**] 1*1F**AR2 22%*2 2%**Q 2*2 2%*Q*

Breakpoint

210 bp

Y AluY insertion
AC198150 TAGCAATCTAATTGAATGGAAAAGGAACTTCTAGTAACAGAGAACTTTCTAAAACTAGAGA
HSA Chrl1l4 CAGCAATCTAATTCAATGGAAAAGGAACTTCITTTCATGAACCAGTTCTTTAAAAAGCGAAG
HSA Chrl1l4 TAAACTAAAAAAAAAGAATGTAGAGGGAGATITAGTAACAGAGAACTTTCTAAAACTAGAGA
1*1111111*%*11 *11211211*11*111121F222*22*222*22*2*2*****222*22
Breakpoint

|:| Microhomology sequences |:|Topoisomerase cleavage sites Ig class switch repeats __Translin binding site | Breakpoint
[ Recombination hotspot motif W/ SD insertion \/LINE insertion W SINE insertion \/LTR insertion W AT-rich repeat insertion

Retroviral integration site/target site duplication for LTR v Mosaic insertion (LTR5 + L1+ non repeats)




Class 2 breakpoints (breakpoint intervals >1 kb — 20 kb)

AC198153

20 kb
YSegmentaI duplication insertion (mosaic)
C

CCCTGCAGCAATTAGTGATAACAGCTTATATTAGTAGCA

HSA Chrl7 TAATGTTAACTATGATTACTTGGCTAGAAATCGATGTCTGC--CAGATTTCTACATTGTAATCTTACTATATT-GTCCTTT
HSA Chr2 TCCATCTGTTGTTGATAAAGCAGGAGTTAATCTTAG-AAGTCTCCTGCAGCAATTAGTGATAACAGCTTATATTAGTAGCA

*1111111222211***1*1111

1111****111*111*R2 *22222222*222222*222222**2222*22222222
Breakpoint

43kb
Segmental duplication insertion (mosaic)

AC198148 AGAAGCTACTTTTCATGGCACTAT

TTTCATTTTCATGTTTTCAGTT[GTAATACTCTGTAGCTCATTTAATA

HSA Chrl2 AGAAGCTACTTTTCATGGCGCTATTTTCATTTTCATGT TTTCAGTAGAATTT-TAAAAATCCCTTTTCAGT
HSA Chr3 CAAACAAAAAATCTCACATTCTCCCAATGTGCCAAATTTCA---G-GTAATACTCTGTAGCTCATTTAATA
11**111*111*111212111 **1112121211*1111*%11**111111 [F2*2*22%2222*2*2*2***2*22

Breakpoint

1.2 kb
LINE, SINE, LTR insertion

AC198155 GCACGTGACTCTACACTTGTGTGCAGAGATGGGTGTGCATGACTCCA%TCAGAAGCTTGTGCTATGAGTCACCATGTCCCTGG
HSA Chrl17 GTGTGTGGAC--ACTTGTGTGTGCAGAGACGGGTGCGTGTGACTCCATGCGT--GTGTGCAGAGACGGGTGCGTGTGGACACG

HSA Chr2 ------------ T--TCTAACCC CTCA----GGGACAGGGGCTGTGCTCAGAAACTTGTGCTATGAGCCACCATGTCCCTGG
1 111 11 *11212121211111 11*1* 1 11*1**111p222222 2222222222222 22222222222222
Breakpoint
5.5 kb

Topo lld site

v L1PA4 insertion

AC198098 CCATTGTGTATATTCACCATACTTTCTT[TATCCATTCATCTGT]

HSA ChrX CCATTGTGTATATTCACCATACTTTCTTTATCCATTCATCTGTJITTAGGTTTCTTCCAAATCTCAAA

HSA ChrX AAACTGATGATTAGCAAGGAAGCATGG---AGAAGTTCA---—— CTGAGGACACTTTTAAAAACAGT
121*1**111**12121**1111*111*11111111*1*111111112*22%22222*222**222**22

Breakpoint

1.1kb ) )
L1P insertion

AC198154 TGAAAGTGGAACGTTGTGGGAAGATGAACATGAGGGCAGGATATTCCCACCXAAACTACTTTAAAGTTCATATGGAGCCT
HSA Chr19 TGAAAGTGGAACGTTGTGGGAAGATGAACATGAGGGCAGGGTATTCCCGCCCCCATTTGTAACCCTTCACTCGTTGCTTCA-

HSA Chr7 TTTTAA-AACCCCATTCA----- TTAACACAAACTA-TGTATTAGACACAGAACAAACTA-TGTATTAGACACAGAGAGCCT
*111*1111211*11*111111111*11121111*11111112*1111*1 11 *22222 2 22 22 211222*22
Breakpoint

8 kb

v L1PA4 insertion
TTAGTCCAAGAAAGATAAGGGCAGTGGCAGTTCAACAAAGACTACTCATATATATAATATATATATATGTATATGCACACTTCTATT

AC198103 TTAGTCCAAGAAAGATAAGGGCAGT
HSA Chr2 GAAGTATCATTAGCAAATCGAATA
HSA Chr6 111111***11111***11111111

—————— TCAACCAAGACTACCCATTAGTTTTTTGGAGA-----AAAAGTTAAGAAACTAAAG
--ATGGTGCATATACATATATA-TATATATATTATATATATATGTATATGCACACTTCTATT
2 FL1*121*1*1111211f< 222722 *22*2*2222222*22*22*2*22222*22

Breakpoint
AGAAAGATAAGGGCAGT
AGAAAGATAAGGGCAGT B
Replication slippage N
GGCAG
|:| Microhomology sequences |:|Topoisomerase cleavage sites Ig class switch repeats __Translin binding site | Breakpoint

|:| Recombination hotspot motif vSD insertion VLINE insertion vSINE insertion VLTR insertion vAT—rich repeat insertion

VHodgepodge of LINE, SINE, and LTR Vmosaic of L1PA4 with simple repeats, LIMA3, or non repeats
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