Table I.The 2009 frequency of four imprinting diseases in Japan in relation to use of assisted reproduction techniques (ART).

Imprinting disorders Total estimatgd patiept number The totalprevalence The number of patients
(95% confidence interval) of the syndrome after-ART/ Total (%)
BWS 444 (351-538) ~ 1in 287,000 6/70 (8.6%)
AS 949 (682-1217) 1in 134,000 2/123 (1.6%)
PWS 2,070 (1,504-2,636) ‘1 in 62,000 4/261 (1.5%)

SRS 326 (235-416) ) . 1in 392,000 4/42 (9.5%)
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Table . Abnormal methylation in patients with SRS and BWS.

BWS-7 - LIT1 Hypomethylated

A.SRS
Case ART Abnormal methylation
SRS-1 IVF-ET H19 Hypomethylated (mosaic) PEG1 Hypermethylated PEG10 Hypemmethylated (mosaic) GRB10 Hypermethylated ZNF597 Hypomethylated
SRS-2 IVF-ET H19 Hypomethylated (mosaic)
SRS-3 IVF-ET H19 Hypomethylated (mosaic) PEG1 Hypermethylated (mosaic)
SRS4 IVF-ET H19 Hypomethylated GRB10 Hypermethylated
SRS-5 IVF-ET H19 Hypomethylated (mosaic) INPP5SF Hypermethylated
SRS-6 - H19 Hypomethylated
SRS-7 - H19 Hypomethylated (mosaic) ZNF597 Hypermethylated (mosaic) ZNF331 Hypomethylated (mosaic)
SRS-8 - H19 Hypomethylated
SRS-9 - H19 Hypomethylated (mosaic)
SRS-10 - H19 Hypomethylated
SRS-11 - H19 Hypomethylated (mosaic) PEG1 Hypermethylated
SRS-12 - H19 Hypomethylated
SRS-13 - H19 Hypomethylated (mosaic) FAMS0B Hypomethylated
SRS-14 - H19 Hypomethylated
SRS-15 - H19 Hypomethylated
B.BWS
BWS-1 ICSI LIT1 Hypomethylated ZDBF2 Hypermethylated PEG1 Hypermethylated NESPAS Hypomethylated (mosaic)
—BWS—Z - LIT1 Hypomethylated T
BWS-3 - LIT1 Hypomethylated
BWS4 - LIT1 Hypomethylated
BWS-5 - LIT1 Hypomethylated
BWS-6 - LIT1 Hypomethylated ZDBF2 Hypomethylated ZNF331 Hypomethylated (mosaic)




! yTable 1. for PCR primers and conditions used for bisulfite-PCR analysis with a SNP.

Gene Target Primer sequence (5-3") plicon {bp) g A ion No. h | location
ZDBF2 BS ZDBF2BSF GTTTTGTTAGTTAGATTG A 210 57 AC007383 2q333
ZDBF2 BSR1 AAAATAATAATTACCTAARAATAAAAAC
as HigF2 TATATGGGTATTTTTGGAGGTTTTT 20 5
Hia HigR1 ATAAATATCCTATTCCCAARATAACCCC AF125183 1p155
SNP hH1SDMR sF1  AGGTTGGGGAGATGGGAGGAGATAC 195 o8
hH1SDMR sR1  GTGGATAATGCCCGACCTGAAGATC
aTl2 8s GTL2 BSF{ GGGTTGGGTTTTGTTAGTTGTTTGT 459 57 ALI17180 14q32
GTL2 BSR1 ACAATTTAACAACAACTTTCCTCCAAA
as DIRAS3BSF1  TGTTGTTTTGTTTGATATTTGTTGTT 249 57
DIRASIBSR1  CCTTAMACTTCTAAACTAACCCCTC
DIRAS3 AF202543 1p31
DIRAS3 SF1 ACTTACCTTTCTCGGAGGCACG
SNP 321 65

DIRAS3 SR1 AACAGTTCCTCCCCAACCTGTAAC

NAP1L5 BS2F1  TGATAGTGGGAAGTTAGTTAAGTGT

BS . 348 57
NAPILS NAPLS BS2R1  AAAAATCTAAMACTCCTCAACCATC ACH08065 ta2t022
e NAP1LS SF{ GCTGTCACAGTCTCCACCCTGC 02 s a21-q2
NAP1L5 SR1 CCGCATCCGCAAGATCTCTCTG
as FAMSOB cBSF1  GGTTTTGAGGAGAGTGTTAGGTTTT - -
FAMS0B cBSR1  AMMACTCTCTAAATAACCACAACAACTTAC
FAM50B Y18504 6p25.2
snp  AMSOBSF1 CAGGTAATGTTCACGAGACGCCACAG 18 . RN
FAMS0B SRt GGGGCTCCTGTTTTCACGCTGTG
e 8s ZACF GGGGTAGTYGTGTTTATAGTTTAGTA 152 5 AL108755 Sy i
ZACR CRAACACCCAAACACCTACCCTA o Sa2kaq2
8s GRB10BSF2  GTTAGGGGTTTGYGGYGTAGAAAAT 5 55
GRB1IOBSR2  CCAATCCCTCRAAAACTAA L S
GRB10 AC004920 122
GRB10 SF1 GAACGCGCTAGCACGAAMAGC :
SNP 185 ] ;

GRB10 SR1 CAGTCCCTCGGAGGCTGAGTATTG

PEG10 BSF1 TITAGTTTGGTTAGTTTAGTATTAGTATTT

PEG10 BS 385 55
PEGIOBSR1  AAAAAATAAAATCCCACACCTAAAC Tat
as hPEG1 BSF1  AATTTTAATTATTTGATGAGTTATGAG 75 g
pEGH hPEG1 BSR1  ATATTTTTCAAATTTCAATAACAAAC s a2
snp  PEGIDMRsSF2  GTATCACGGTGGCGGGAGTC a5 - i 4
PEGIDMR sR2  ATGAGCGGAGACAATAAGCAAAC
INPPSFv2 BS4F1 TAGGAATTTTAATTATAAGTTTTGTAA
INPP5Fv2 BS 203 AL133461 10q26.11
INPP5Fv2 BS4R2 AATACAAACAACTATTTAAACCTC . R
LT1F TTTTGGTAGGATTTTGTTGAGGAGT o
L BS 307 57 Us0085 11p15
LT1 R CCTCACACCCAACCAATACCTC
8s RB1 BSF2 GTGAMAGTGGGTTTTGGGTAGTTTG 241 ”
1 RB1 BSR1 CTTAAACATTTCCAAAACTACCCTACC o AL302048 a4
op  RBISFI CCGCCGCCTCTACGTTTCCTTITG o o i
RB1 SR1 CCTAGACGCTGACCATTCCCCACAAG &

hSNRPNBSF1  AGGAGGTTATGGTAGTGGATTAGG

BS 383 59
SNRPN hSNRPNBSR1  CACCACAATAAACAAACCAAATAAC W1ass 154112
SNRPN-DMR sF3 ACCGAGGCGABGAGGCTATG i

SNP A 338 68
SNRPN-DMR sR3 GACTGTGCTACTGCCCCTTCTG
Bs ZNF587 BSF1 GTTTTTTGATAGGAGTTGTAGAAAG 254 57
ZNF597 BSR1 CAACTACCCAATAACTACAAATCCTC
ZNF597 AC025283 16p13.3
NP ZNF587 SF1 CGGGTGGGGAATGCCTTCTTCAAG o &
ZNF597 SR1 BAGAACTTCGACCAATCAAGGGCAGE
as INF331 BSF2  GTYGGGTTTTGTTGTGTTTGTATAT 270 57
NFaat ZNF331 BSR1 . ATCCCRCCACCCCCTAAAAACCAAC ACO11487 I
NP ZNF331 SF2 CGTGTCAGTGTGTCCGCGTGTCA 56 68 -
ZNF331 SR2 GGCTGCGTCACTGGTGCAAACG
BS PEG3 BS2F3 GGTTGTTGATTGGTTAGTATAGAAGTT 227 55
PEGS PEG3 BS2R0 CTCACCTCACCTCAATACTACRCAAC ACO0SHH5 19q134
PEG3-DMR sF{ CTGTGCCCACTCTCGGACTG Al
SNP 342 66

PEG3-DMR sR1 CACCTCGGTGCAGAAGTCTGG

PSIMCT-1 BS PSMOT-1BSF1  GOATGTAGTTGGATATA 328 55 AL110115 20qt1
) PSIMCT-1 BSR1 ACTTATCAAACCCTACTATTTCAAC at12

s NNATESZFI  TTTTAGTTAGTGGGGTTTTTTGTATT s .
NNATBS2R1  CATTACACCTCCATCTACTACTAACACTAT
NNAT NNAT S2F1 TCAAACAGCCCAGCGTCACTTTG ALt0ss14 20q11.2-q12
SNPNNATSZRI ACCTCTTTCCAGCAAGGTGGGTE =7 o

L3IMBTL BS LSVBTLESFO GTGTAGTTT GABE N 33 55 ALO31681 20q13.12
LIMBTLBSR2  AAACCCAACTCAAAACCTAAAAAAC Sl

Bs NESPAS BSF1  AGTAAAGTTTTTTAGGGAGTAGTTG 2 55
NESPAS NESPAS BRI _AAC TATAAT il A Al251760 20q13.32
NESPAS SF1 CATGGTATTTATCTGTGGGTTCAG
SNP NESPAS SRt GCAGGGTGCTCTCTTGTITATG =7 &2

8s GNAS1ABSF1  GTGTGAGTGTA ATTTATATGTAAGT 26 55
GNASTABSR1  AACAAAAATCTATTTACCCTCAAAC
GNASTA AF246983 20q13.3
NP GNAS1ASF1 GCTGCCTTGCGTGTGAGTGC 251 -
GNASTASR1 CGGATGGCAGGAGTCTGTTTACC

LINE-1 BSF TTGAGTTGTGGTGGGTTTTATTTAG

LINE-1 Bs 3 5
LINE-1 BSR TCATCTCACTAAAAAATACCAAACA 4 50 xse0r
Au BSF GATC’ ATTAAAAATATAAAAATTAGT
Alu BS 152 43 U14568
Au BSR GATCCCAAACTAAAATACAATAA
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Supplementary Table I . Results of the first postal survey and the number of four imprinting disorders.

Total departments

Departments that responded Response rate (%) BWS AS PWS SRS
University hospitals 255 131 509 59 45 322 46
Institutions for the mentally and s
physically handicapped 187 83 444 1 1 29 : 39 3
General hospitals 2500 beds 227 158 69.6 50 66 213 45
400-499 beds 215 126 58.6 24 39 127 27
300-399 beds 389 225 57.8 29 100 85 8
200-299 beds 348 175 50.3 12 23 63 10
100-199 beds 698 341 48.9 17 73 83 13
£99 beds 839 363 43.2 14 40 60 9
Total 3158 1602 56.3 216 415 992 161
Supplementary Table II. Results of the second postal survey and the number of four imprinting disorders.
Total departments Departments that responded Response rate (%) BWS AS PWS SRS
University hospitals 40 19 47.5 29 27 75 18
Instihlxtions for tl"xe mentally and 27 14 51.9 0 1 1" 3
physically handicapped
General hospitals 2500 beds 60 30 50.0 16 22 60 12
400-499 beds 79 47 59.5 4 18 32 2
300-399 beds 56 26 46.4 10 11 24 0
200-299 beds - 27 12 44.4 4 8 13 0
100-199 beds 46 23 50.0 20 35 4
599 beds 45 17 43.2 2 6 1 3
Total 380 188 49.5 70 123 261 42
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Supplementary Table IV. DNA methylation analyses of the DMRs in the SRS and BWS patients originated from ART.

ASRS
paternally DMRs maternally DMRs Non-imprinted
ART ZDBF2 H19 IGDMR DIRAS3  NAP1LS  FAMS0B ZAC GRB10 PEG10 PEG1 INPPSF L1 RB1 SNRPN  ZNF597  ZNF331 PEG3 NNAT L3MBTL NESPAS GNAS Alu LINE1
SRs-1 + 455 210 60.9 457 56.5 416 445 971 788 296 417 54.1 402 478 0.0 58.3 50.3 51.7 54.0 56.2 536 283 625
SRS-2 o 63.4 252 515 58.6 465 440 432 58.7 547 58.7 53.8 60.1 30.1 407 377 494 517 60.3 433 46.9 56.8 244 50.4
SRS-3 # 457 337 526 46.6 56.7 542 449 50.0 498 738 58.2 439 46.7 551 447 55.8 522 59.0 415 40.4 57.8 339 46.7
SRS4 # 429 03 54.5 56.5 429 429 53.3 95.9 48.4 534 546 490.0 417 49.5 52.8 56.9 60.2 571 46.2 475 50.7 266 56.0
SRS-5 + 46.4 26.2 536 49.2 44.1 413 463 55.6 51.0 63.3 973 532 54.9 45.9 47.7 46.3 529 54.4 40.0 50.6 59.6 29 51.6
TTsRss - 82 21 518 sea 415 487 s 4es 482 527 | 604 482 ez 497 4te w7 S5  sar 464 s w2z ms T o i
SRs-7 - 438 203 514 39.4 414 35.7 53.0 538 56.4 524 59.8 46.4 62.1 477 75.7 18.8 53.5 521 46.0 426 418 50.0 29 625
SRS-8 - 51.0 35 54.9 61.4 55.8 38.8 50.4 56.7 46.4 622 446 50.7 621 457 30.3 437 51.1 543 53.2 328 54.7 527 244 59.6
SRS-9 - 40.2 253 49.2 56.2 45.5 39.7 55.7 49.4 448 547 457 425 51.0 46.3 46.4 66.9 406 61.1 53.6 46.2 39.7 57.4 346 59.3
SRs-10 - 41.0 04 57.0 49.9 484 556 457 62.3 55.5 520 539 39.9 379 445 39.5 55.0 431 428 55.9 46.9 375 553 239 55.4
SRs-11 - 438 16.3 60.6 413 402 403 536 55.7 46.0 952 56.3 339 571 46.4 38.7 59.0 60.7 49.8 456 433 434 51.2 276 533
SRS-12 - 50.5 6.0 54.4 524 435 48.5 453 62.9 442 521 496 377 482 59.1 516 57.8 514 625 53.8 415 49.6 58.2 17.7 51.8
SRS-13 - 51.8 341 60.2 46.7 493 04 534 59.1 46.7 40.6 529 558 47.8 49.7 37.9 56.5 55.1 546 517 57.3 47.8 55.4 19.4 66.7
SRS-14 - 37.8 25 615 59.5 395 46.9 49.1 55.4 47.4 51.8 55.8 55.8 533 436 35.0 440 51.6 58.7 55.0 47.4 36.6 52.0 262 63.2
SRS-15 - 50.5 33 53.4 53.4 45.7 49.2 49.6 55.4 45.4 52.0 58.8 53.6 35.5 458 416 46.4 50.0 59.5 59.3 43.8 36.9 56.3 26.1 64.8
B.BWS
BWS-1 93.3 57.3 52.0 44.9 476 46.6 49.2 458 522 97.8 429 0.0 46.7 46.1 40.3 52.3 46.2 44.0 52.1 442 18.3 50.3 17.7 54.8
T ewsz - 473 93 496 S22 Se1 483 500 444 514 498 835 | 00 a7 w29 410 41 407 w2 s as w8 eis o ras
BWS-3 - 476 4.9 51.9 47.8 M2 376 411 46.0 50.0 53.3 527 0.0 423 527 373 528 441 521 51.1 44.4 437 58.1 22 59.6
BWS4 - 476 61.1 55.0 524 54.0 436 56.0 527 46.0 51.3 527 07 48.7 526 44.4 421 456 536 51.0 456 45.0 56.5 26.8 60.5
BWS-5 - 495 552 473 440 431 45.4 432 46.0 443 49.8 46.2 0.0 50.8 453 50.4 413 433 51.5 519 454 44.4 457 19.2 57.8
BWS-6 = 952 46.3 55.7 428 4.7 446 46.3 55.4 51.5 48.4 548 13 46.7 55.0 442 16.8 51.5 435 50.0 420 39.0 548 26.3 65.2
BWS-7 - 51.0 51.5 55.8 516 46.9 52.7 40.1 58.1 46.3 36.4 51.2 0.0 42.0 45.0 447 423 55.3 44.4 52.3 58.3 48.8 44.9 276 64.6
Normal Blood (n=20)
mean+SD 50.843.0 486442 53.3t1.2 52.6t50 458+41 533t56 484150 539123 51625 40.8:+53 522441 532437 450123 495i51 440¢82 566i7.4 409161 51.3t36 463:10 41384 54.0¢6.5 55.8+4.0 241313  60.5+3.9

Normal Sperm (n=20]

mean+SD 98.2¢0.9 96.6:+1.0 97.3:0.4 0.4:0.1 0.7t0.8 16405 05t0.6 07+1.0 03:04 04:04 03:02 09409 06:0.7 05:06 08:0.8 0.7:05 0.2+0.4 0.6:0.5  0.2¢0.4  06:0.7 07404 08103 21.0+5.0 50.5+2.3




SupplementaryTable V. Clinical characterization of patients with SRS and BWS.

A SRS

Case ART 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
SRS-1 + 00-00—-———-—0——0— — — 0 —
SRS-2 + O O — 0 — = = — 0 =— = Q = =— — —
SRS-3 + 00 —0 — — — =0 — —0 — — — — —
SRS-4 + 00 — 0 — — — — 0 — — — — — — - —
SRS-5 + 00 -0—- === —=—0 = — — — —
TSRSE - o0 O —0 o0 - - - o - o - - T”C
SRS-7 -~ -0 -0-—-——-—=—0-——0-—-0o0 -
SRSB  —  x x x x x x x x x x x x x x x x x
SRS-9 - 00 -00-=—-=—0=—-—-0— — — — —
SRS-10 - 00000 —-—-——0——00— — o0 —
SRS-11 — -0 -0 —-—=--=-=-==-0 - - - — =
SRS-12 - oo—oq-——-—-o—_o_._._o._
SRS-13 - 00 — 0 — — = — — — -0 - = — — -
SRS-14 - 0 0 -0 — — — — - 0 — — — —
SRS-15 -~ 00 -00 - — ~ — — O = =
B.BWS s

Case 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
BWS-1 ~ R _ - — 0 - — — _— _
BWS-2 —%k 0 — — - - 0O — — — — — 0 — — —
BWS3  — x x x x x x x x x x x x x x x x x x
BWS-4 - 0 —m -0 - — — — 0 - — 0 - — — — — _
BWS-5 - -— - - - = = — 00 —-=0 = = = — — —
BWS-6 - 0 - - e - 0 — — -
BWS-7 - - = - e
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Supplementary Figure 1
A. Paternal DMRs

(a) ZDBF2 (AC007383)

B. Maternal DMRs
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Supplementary Figure 3

1. SRS-1 (IVF-ET)
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Supplementary Figure 2
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