e m

La ndes BiOSCienCE www.landesbioscience.com

Supplemental Material to:

Hisato Kobayashi, Eikichi Yanagisawa, Akihiko Sakashita,
Naoko Sugawara, Shiori Kumakura, Hidehiko Ogawa,
Hidenori Akutsu, Kenichiro Hata, Kazuhiko Nakabayashi
and Tomohiro Kono

Epigenetic and transcriptional features of the novel
human imprinted IncRNA GPR1AS suggestitis a
functional ortholog to mouse Zdbf2linc

Epigenetics 2013; 8(6)
http://dx.doi.org/10.4161/epi.24887

http://www.landesbioscience.com/journals/epigenetics/
article/24887/



SUPPLEMENTARY FIGURES
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ZDBF2_V1 101:DATEERPSEVSEPIEELHSRPHKSQEGTQEVSVRPSV IQKLEKGQQQPLEFVHKIGASVRKCNLVD IGQATNNRSNLVRPPV ICNAPASCLPESSNDRPV 200
ZDBF2_V2  99:DATEERPSEVSEP IEELHSRPHKSQEGTQEVSVRPSV IQKLEKGQQQPLEFVHKIGASVRKCNLVD IGQATNNRSNLVRPPV ICNAPASCLPESSNDRPV 198

ZDBF2_V1 201:TANTTSLPPAAHLDSVSKCDPNKVEKYLEQPDGASRNPVPSSHVETTSFSYQKHKESNRKSLRMNSDKLVLWKDVKSQGKTLSAGLKFHERMGTKGSLRV 300
ZDBF2_V2 199:TANTTSLPPAAHLDSVSKCDPNKVEKYLEQPDGASRNPVPSSHVETTSFSYQKHKESNRKSLRMNSDKLVLWKDVKSQGKTLSAGLKFHERMGTKGSLRV 298

ZDBF2_V1 301:KSPSKLAVNPNKTDMPSNKGIFEDT IAKNHEEFFSNMDCTQEEKHLVFNKTAFWEQKCSVSSEMKFDC I SLQSASDQPQETAQDLSLWKEEQIDQEDNYE 400
ZDBF2_V2 299:KSPSKLAVNPNKTDMPSNKGIFEDT IAKNHEEFFSNMDCTQEEKHLVFNKTAFWEQKCSVSSEMKFDC I SLQSASDQPQETAQDLSLWKEEQIDQEDNYE 398

ZDBF2_V1 401:SRGSEMSFDCSSSFHSLTDQSKVSAKEVNLSKEVRTDVQYKNNKSYVSKISSDCDD ILHLVTNQSQMIVKE ISLQNARHISLVDQSYESSSSETNFDCDA 500
ZDBF2_V2 399:SRGSEMSFDCSSSFHSLTDQSKVSAKEVNLSKEVRTDVQYKNNKSYVSKISSDCDD I LHLVTNQSQMIVKEISLQNARHISLVDQSYESSSSETNFDCDA 498

ZDBF2_V1 501:SPQSTSDYPQQSVTEVNLPKEVHIGLVDKNYGSSSSEVSADSVFPLQSVVDRPPVAVTETKLRKKAHTSLYDNYGSSCSETSFDCDVSLESVVDHPQLTV 600
ZDBF2_V2 499:SPQSTSDYPQQSVTEVNLPKEVHIGLVDKNYGSSSSEVSADSVFPLQSVVDRPPVAVTETKLRKKAHTSLVDNYGSSCSETSFDCDVSLESVVDHPQLTV 598

ZDBF2_V1 601 :KGRNLKGRQVHLKHKKRKPSSAKAHLDCDVSLGTVADESQRAVEK INLLKEKNADLMDMNCESHGPEMGFQADAQLADQSQVAE I ERQKVDVDLENKSVQ 700
ZDBF2_V2 599:KGRNLKGRQVHLKHKKRKPSSAKAHLDCDVSLGTVADESQRAVEK INLLKEKNADLMDMNCESHGPEMGFQADAQLADQSQVAE I ERQKVDVDLENKSVQ 698

ZDBF2_V1 701:SSRSSLSSDSPASLYHSAHDEPQEALDEVNLKELNIDMEVRSYDCSSSELTFDSDPPLLSVTEQSHLDAEGKERHIDLEDESCESDSSEITFDSDIPLYS 800
ZDBF2_V2 699:SSRSSLSSDSPASLYHSAHDEPQEALDEVNLKELNIDMEVRSYDCSSSELTFDSDPPLLSVTEQSHLDAEGKERHIDLEDESCESDSSEITFDSDIPLYS 798

ZDBF2_V1 801:VIDQPEVAVYEEETVDLESKSNESCVSEITFDSD IPLHSGNDHPEVAVKEV IQKEEY IHLERKNDEPSGSE I SSDSHAPLHSVTNSPEVAVKKLNPQKEE 900
ZDBF2_V2 799:VIDQPEVAVYEEETVDLESKSNESCVSEITFDSD IPLHSGNDHPEVAVKEV IQKEEY IHLERKNDEPSGSE I SSDSHAPLHSVTNSPEVAVKKLNPQKEE 898

ZDBF2_V1 901:QVHLENKENEPIDSEVSLDYNIIFHSVTGRSEDP IKEISLHTKEHMYLENKSVFETSLDSDVPLQAATHKPEV IVKETWLQREKHAEFQGRSTEFSGSKT 1000
ZDBF2_V2 899:QVHLENKENEPIDSEVSLDYNI IFHSVTGRSEDP IKE I SLHTKEHMYLENKSVFETSLDSDVPLQAATHKPEV IVKETWLQREKHAEFQGRSTEFSGSKT 998

ZDBF2_V1 1001:SLDSGVPHYSVTEPQVAVNKINRKKQYVLENKNDKCSGSE I I LDSNVPPQSMTDQPQLAFLKEKHVNLKDKNSKSGDSK I TFDSEQLQEAVKKIDQWKEE 1100
ZDBF2_V2 999:SLDSGVPHYSVTEPQVAVNKINRKKQYVLENKNDKCSGSE I I LDSNVPPQSMTDQPQLAFLKEKHVNLKDKNSKSGDSK I TFDSEQLQEAVKKIDQWKEE 1098

ZDBF2_V1 1101:VIGLKNKINEPSTYKL IHHPDVSVQSVADQPKVA IKHVNLGNENHMYLEVKNSQYSCSEMNLDSGFLGQS IVNRPQITILEQEHIELEGKHNQCCGSEVS 1200
ZDBF2_V2 1099:VIGLKNKINEPSTYKL IHHPDVSVQSVADQPKVA IKHVNLGNENHMYLEVKNSQYSCSEMNLDSGFLGQS IVNRPQITILEQEH IELEGKHNQCCGSEVS 1198

ZDBF2_V1 1201:FDSDDPLQSVADRLRETVKE ISLWKDEEVDTEDRRNEAKGFE IMYDSDVLQPVAGQPEEVVKEVSLWKEHVDLENK IVKPTDSRINFDSHEPLQSVTNKI 1300
ZDBF2_V2 1199:FDSDDPLQSVADRLRETVKE ISLWKDEEVDTEDRRNEAKGFE IMYDSDVLQPVAGQPEEVVKEVSLWKEHVDLENK IVKPTDSRINFDSHEPLQSVTNKI 1298

ZDBF2_V1 1301:PGANKEINLLREEHVCLDDKGYVPSDSE I 1'YVSNIPLQSVIKQPHILEEEHASLEDKSSNSYSPEESSDSNDSFQAAADELQKPVKEINLWKEDHIYLED 1400
ZDBF2_V2 1299:PGANKEINLLREEHVCLDDKGYVPSDSE I 1'YVSNIPLQSV IKQPH I LEEEHASLEDKSSNSYSPEESSDSNDSFQAAADELQKPVKEINLWKEDHIYLED 1398

ZDBF2_V1 1401:KSYKLGDFDVSYASHIPVQFVTDQSSVPVKE INLQKKDHNDLENKNCEVCGSE IKCHSCVHLQSEVDQPQVSYKEADLQKEEHVVMEEKTDQPSDSEMMY 1500
ZDBF2_V2 1399:KSYKLGDFDVSYASH IPVQFVTDQSSVPVKE INLQKKDHNDLENKNCEVCGSE IKCHSCVHLQSEVDQPQVSYKEADLQKEEHVVMEEKTDQPSDSEMMY 1498

ZDBF2_V1 1501:DSDVPFQIVVNQFPGSVKETHLPKVVLVDLVPGDSDYEVISDDIPLQLVTDPPQLTVKDISCINTECIDIEDKSCDFFGSEVRCNCKASTPSMTNQCKET 1600
ZDBF2_V2 1499:DSDVPFQIVVNQFPGSVKETHLPKVVLVDLVPGDSDYEVISDDIPLQLVTDPPQLTVKDISCINTECIDIEDKSCDFFGSEVRCNCKASTPSMTNQCKET 1598

ZDBF2_V1 1601 :FKIINRKKDY I ILGEPSCQSCGSEMNFNVDASDQSMTYESQGPDEKMVKY IDSEDKSCGYNGSKGKFNLEDTSHRTTHRLQKAHKEASLRKDPRNAGLKG 1700
ZDBF2_V2 1599:FKI INRKKDY I ILGEPSCQSCGSEMNFNVDASDQSMTYESQGPDEKMVKY IDSEDKSCGYNGSKGKFNLEDTSHRTTHRLQKAHKEASLRKDPRNAGLKG 1698

ZDBF2_V1 1701:KSCQSSASAVDFGASSKSALHRRADKKKRSKLKHRDLEVSCEPDGFEMNFQCAPPLPSDTDQPQETVKKRHPCKKVSSDLKEKNHDSQSSSVLKVDSVRN 1800
ZDBF2_V2 1699 :KSCQSSASAVDFGASSKSALHRRADKKKRSKLKHRDLEVSCEPDGFEMNFQCAPPLPSDTDQPQETVKKRHPCKKVSSDLKEKNHDSQSSSVLKVDSVRN 1798

ZDBF2_V1 1801:LKKAKDVIEDNPDEPVLEALPHVPPSFVGKTWSQIMREDD IKINALVKEFREGRFHCYFDDDCETKKVSSKGKKKVTWADLQGKEDTAPTQAVSESDDIV 1900
ZDBF2_V2 1799:LKKAKDVIEDNPDEPVLEALPHVPPSFVGKTWSQIMREDD IKINALVKEFREGRFHCYFDDDCETKKVSSKGKKKVTWADLQGKEDTAPTQAVSESDDIV 1898

ZDBF2_V1 1901:CGISDIDDLSVALDKPCHRHPPAERPPKQKGRVASQCQTAKISHSTQTSCKNYPVMKRK I IRQEEDPPKSKCSRLQDDRKTKKKVKIGTVEFPASCTKVL 2000
ZDBF2_V2 1899:CGISDIDDLSVALDKPCHRHPPAERPPKQKGRVASQCQTAKISHSTQTSCKNYPVMKRK I IRQEEDPPKSKCSRLQDDRKTKKKVKIGTVEFPASCTKVL 1998

ZDBF2_V1 2001 :KPMQPKALVCVLSSLNIKLKEGEGLPFPKMRHHSWDND IRF ICKYKRNIFDYYEPL IKQIVISPPLSVIVPEFERRNWVKIHFNRSNQNSSAGDNDADGQ 2100
ZDBF2_V2 1999 :KPMQPKALVCVLSSLNIKLKEGEGLPFPKMRHHSWDND IRF ICKYKRNIFDYYEPL IKQIVISPPLSVIVPEFERRNWVK IHFNRSNQNSSAGDNDADGQ 2098

ZDBF2_V1 2101:GSASAPLMAVPARYGFNSHQGTSDSSLFLEESKVLHARELPKKRNFQLTFLNHDVVKISPKSVRNKLLESQSKKKIHGKRVTTSSNKLGFPKKVYKPIIL 2200
ZDBF2_V2 2099 :GSASAPLMAVPARYGFNSHQGTSDSSLFLEESKVLHARELPKKRNFQLTFLNHDVVKISPKSVRNKLLESQSKKKIHGKRVTTSSNKLGFPKKVYKPIIL 2198

ZDBF2_V1 2201:QQKPRKASEKQSIWIRTKPSD I IRKY ISKYSVFLRHRYQSRSAFLGRYLKKKKSVVSRLKKAKRTAKVLLNSSVPPAGAEELSSAMANPPPKRPVRASCR 2300
ZDBF2_V2 2199:QQKPRKASEKQSIWIRTKPSD I IRKY ISKYSVFLRHRYQSRSAFLGRYLKKKKSVVSRLKKAKRTAKVLLNSSVPPAGAEELSSAMANPPPKRPVRASCR 2298

ZDBF2_V1 2301:VARRRKKTDESYHGRQKGPSTPVRAYDLRSSSCLQQRERMMTRLANKLRGNEVK 2354
ZDBF2_V2 2299:VARRRKKTDESYHGRQKGPSTPVRAYDLRSSSCLQQRERMMTRLANKLRGNEVK 2352

Supplementary Figure 1. Amino acid sequence alignment of the human ZDBF2 isoforms encoded by ZDBF2
splicing variants ZDBF2 vl and ZDBF2 v2. ZDBF2_ V1 matches the original ZDBF2 protein sequence
(accession number: NP_065974).
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Supplementary Figure 2. Map of the GPR1-ZDBF2 locus on human chromosome 2¢g33.3 (GRCh37/hg19, chr2:
207,030,001-207,190,000). Human RefSeq genes and ESTs were obtained from the UCSC Genome Browser
(http://genome.ucsc.edu/). Exons and orientation of the BE734382 EST are highlighted in red.
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GCATTCATTA CAAATCGTGT CCACAGCCCG CTTCCCAGCT TCCAACTTCC ACCTCCAGGG GAGGACTGGG GGCTGGAGAT TGCATTAATT TCCAATGGCC
120 130 140 150 160 170 180 190 200
AGTGGTTTAA TCAATCATGA CTAAGTAATG AGCCTCCGTA AAAACCAGAG CTTCCGGTCT GGTGAACACA CGGAGGTCCT GGAAATGGTG GCGCGCCCAG
210 220 230 240 F1 250 260 F2 270 280 290 300
AGGGCATGGA AGCTCCGCGC CCCTTCCCAC AGACCTTGTC CCGTGCATCG CTTCCATCCG GCTCTTCCTG AGTTCtGGCC CTTGTAGTAA ACCTGCAGTC
310 320 F9 330 340 _SRAZ 350 360 370 SRAI 380 390 400
TTgatcaatt ttctctcagg aggctcttca ttgactcatg caaacagatt tctggcggga actgctccaa ggccttccag atgtgcacag gcatggatga
410 420 430 440 450 460 470 480 490 500
atcagagcag aagtggacag atgtagctca aatggagggt tctgctatAA TCTCAATAAG TATCCAGGCT GGAGTGCAGT GGCGCGATCT CGGCTCACTG
520 530 540 550 560 R14 570 580 590 600
AAACCTCTGC CTCCCAGGTT CAAGCGATTC TCCTGCCTCA GCCTCTCGAA TAGCTGGGAT TACAGgcaac taccattttt ccccctctgt cttttgatgt
610 620 630 640 650 660 670 680 690 700
tcacctgaca agctcctggt ggtagccggt agctctgaca gagagcaaaa gaaataagGG GCGGTTTTAG CTGATAACCT CACCAGTCTT CACTTCGGCT
710 720 730 740 750 760 770 780 790 800
CTTCCTTCGC TGCCCCTTCA GCTGCGGGGA ACTTGCTCTA GGGCATCTTG GCAGGAGGGA GGGCGTCTGA GGGTACTGGT GCCTGCAGAC TTCAAGCACG
F6 810 820 830 F13 840 850 860 870 880 3RA1 890 900
GAGAGACTTC TTGAAGCGGT GCTGCCTGGC CACTTGGAAA AAGgtggatt aatttgggga tatccgagga gccccagagg gccattgtaa tEcaagatct
3RA2 910 920 930 R1 940 950 960 970 980 990 1000
fcagtaaact tctgccgtgy agaaagaace cggecagtat tgggaccatc gtggtgacge aggattggag gaacaggggt ttcggttgac tgagaagttc
R2 1010 1020 1030 1040 1050 1060 1070 1080 1090 R7 1100
ctgtgagaga aacaggctca aatagagaga atagaaagat gtcgtgagga gccaggaaac aaaattttcc aggggtcagg gaatgaattc taatcagaac
1110 1120 1130 1140 1150 1160 1170 R15 1180 1190 1200
aaggagccag caagaacttc cagcctagga ggtacttttc aaaagaagcc tgggactcta acccagcttc tgagagtata ctcagaattg ttaagaatca
1210 1220 1230 1240 1250 1260 1270 1280 1290 1300
ggcagggcgc ggcggctcat gcctgtaatc ccagcacttt gggaggctga ggcgggtgga tcacttgagg tccggagtgt gagatcagcc tgactaacaa
1310 1320 1330 1340 1350 1360 1370 1380 1390 1400
gatgaaaccc catctctact aaaaaaatac aaaattagct gggcgtcgta gcgcatgcct gtaatcccag ctacttggga ggctgaggca ggagaattge
1410 1420 1430 1440 1450 1460 1470 1480 1490 1500
ttgaacccag gaggtggagg ttgcagtgag ccaagatcgc gcccttgcac tccagcctgg gcaacaagag tgaaactctg cctcggaggg aaaaaaaaaa
1510 1520 1530 1540 1550 1560 1570 1580 1590 1600
aaaaa

Supplementary Figure 3. The GPR1AS IncRNA sequence. Odd and even exons are showed by upper and lower
cases, respectively. Allows indicated the positions of the primer sets used in the RACE (blue) and allelic expres-
sion (red) analyses. Red circles indicated positions of the SNPs.
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Supplementary Figure 4. Allele-specific RT-PCR sequencing analysis of the Zdbf2linc-specific exon in fetal
brain at E15.5 and the adult testis from BJF, hybrids.



(A)

Chr.1

T T T T T T T T T
Base Position 63,242,000 63,256,000 63,270,000 63,284,000 63,298,000 63,312,000 63,326,000 63,340,000 63,354,000 63,3

Cytogenetic Band

| Gpr1 i+ - 72
CpG islands n] n] u] u]
o 2 0.20
Qo
& : 0.10 ” (
R R Ly W Y VO, NNRVUY L'V NOVUEK. SRR VIV SV 1) M VOWN', IV, SOTY.A NON .S WEIVY S, VYU | VR

Gpr1 promoter

R Pk A

u.; l‘!

100

%° , oo, [E10.5male PGCs

E13.5 male PGCs

E16.5 male PGCs

Sperm cells

CpG methylation levels (%)

58 E10.5 female PGCs

E13.5 female PGC

E16.5 female PGCs

Fully grown
. . . oocytes (FGO)
Gpr1 DMR Zdbf2 DMR1-3
(B)
- 100 B ES cells
3 O Blastocysts
s 75 O E10.5 male PGCs
2 O E13.5 male PGCs
- B E16.5 male PGCs
= B Sperm cells
. O E10.5 female PGCs
£ @ E13.5 female PGC
& O E16.5 female PGCs
0- B FGO

Gpr1 DMR Gpr1 promoter Zdbf2 DMR1 Zdbf2 DMR2 Zdbf2 DMR3 Zdbf2 promoter

Supplementary Figure 5. High-resolution DNA methylome map of mouse chromosome 1 imprinting cluster.
(A) Illumina GenomeStudio viewer displays the locations of genes in the GprI-Zdbf2 locus (NCBI37/mm9, chrl:
63,228,001-63,368,000). Open boxes represent the location of CpG islands. Black line plots depict the distribu-
tion of CpG densities (number of CpG per 200 nucleotides) of individual CpGs. Dot plots represent the methyla-
tion levels at individual CpGs in ES cells (khaki), blastocysts (green), male PGCs at E10.5 (pale blue), E13.5
(light blue), and E16.5 (blue), sperm cells (dark blue), female PGCs at E10.5 (pale red), E13.5 (light red), and
E16.5 (red), and fully grown oocytes (dark red). Yellow-shaded areas show the extent of the Gpr/ DMR
(63,246,657-63,247,300), Gprl promoter (63,260,283-68,261,282), Zdbf2 DMR1 (63,302,559-63,307,835),
Zdbf2 DMR2 (63,309,532-63,312,061), Zdbf2 DMR3 (63,313,912-63,316,206), and Zdbf2 promoter
(63,319,260-63,320,704). (B) Bar graphs show the average methylation levels of Gpr/ DMR, Gprl promoter,
Zdbf2 DMRs, and Zdbf2 promoter.



file name: GPR1

file name: GPR1AS

sequences: 1 sequences: 1
total length: 2326 bp total length: 1505 bp
GC level: 1.06 % GC level: 1.76 %
bases masked: 340 bp ( 14.62 %) bases masked: 1079 bp ( 71.69 %)
number of length percentage number of length percentage
elements* occupied of sequence elements* occupied of sequence
SINEs 1 326 bp 14.02 % SINEs 2 409 bp 27.18 %
ALUs 1 326 bp 14.02 % ALUs 2 409 bp 27.18 %
MIRs 0 0 bp 0.00 % MIRs 0 0 bp 0.00 %
LINEs: 0 0 bp 0.00 % LINEs: 0 0 bp 0.00 %
LINEL 0 0 bp 0.00 % LINE1 0 0 bp 0.00 %
LINE2 0 0 bp 0.00 % LINE2 0 0 bp 0.00 %
L3/CR1 0 0 bp 0.00 % L3/CR1 0 0 bp 0.00 %
LTR elements: 0 0 bp 0.00 % LTR elements: 3 670 bp 4452 %
ERVL 0 0 bp 0.00 % ERVL 1 258 bp 17.14 %
ERVL-MaLRs 0 0 bp 0.00 % ERVL-MaLRs 0 0 bp 0.00 %
ERV_classl 0 0 bp 0.00 % ERV_classl 1 311 bp 20.66 %
ERV_classl| 0 0 bp 0.00 % ERV_classlI 0 0 bp 0.00 %
DNA elements: 0 0 bp 0.00 % DNA elements: 0 0 bp 0.00 %
hAT-Charlie 0 0 bp 0.00 % hAT-Charlie 0 0 bp 0.00 %
TcMar-Tigger 0 0 bp 0.00 % TcMar-Tigger 0 0 bp 0.00 %
Unclassified: 0 0 bp 0.00 % Unclassified: 0 0 bp 0.00 %
Total interspersed repeats: 326 bp 14.02 % Total interspersed repeats: 1079 bp 71.69 %
Small RNA: 0 0 bp 0.00 % Small RNA: 0 0 bp 0.00 %
Satellites: 0 0 bp 0.00 % Satellites: 0 0 bp 0.00 %
Simple repeats: 0 0 bp 0.00 % Simple repeats: 0 0 bp 0.00 %
Low complexity: 1 14 bp 0.60 % Low complexity: 0 0 bp 0.00 %
file name: ZDBF2_v1 file name: ZDBF2_v2
sequences: 1 sequences: 1
total length: 10304 bp total length: 10198 bp
GC level: 38.21 % GC level: 37.43 %
bases masked: 459 bp ( 4.45 %) bases masked: 567 bp ( 5.56 %)
number of length percentage number of length percentage
elements* occupied of sequence elements* occupied of sequence
SINEs 1 287 bp 2.79 % SINEs 1 287 bp 2.81 %
ALUs 1 287 bp 2.79 % ALUs 1 287 bp 2.81 %
MIRs 0 0 bp 0.00 % MIRs 0 0 bp 0.00 %
LINEs: 1 80 bp 0.78 % LINEs: 2 188 bp 1.84 %
LINEL 0 0 bp 0.00 % LINE1 1 108 bp 1.06 %
LINE2 0 0 bp 0.00 % LINE2 0 0 bp 0.00 %
L3/CR1 1 80 bp 0.78 % L3/CR1 1 80 bp 0.78 %
LTR elements: 0 0 bp 0.00 % LTR elements: 0 0 bp 0.00 %
ERVL 0 0 bp 0.00 % ERVL 0 0 bp 0.00 %
ERVL-MaLRs 0 0 bp 0.00 % ERVL-MaLRs 0 0 bp 0.00 %
ERV_classl 0 0 bp 0.00 % ERV_classl 0 0 bp 0.00 %
ERV_classl| 0 0 bp 0.00 % ERV_classl|I 0 0 bp 0.00 %
DNA elements: 0 0 bp 0.00 % DNA elements: 0 0 bp 0.00 %
hAT-Charlie 0 0 bp 0.00 % hAT-Charlie 0 0 bp 0.00 %
TcMar-Tigger 0 0 bp 0.00 % TcMar-Tigger 0 0 bp 0.00 %
Unclassified: 0 0 bp 0.00 % Unclassified: 0 0 bp 0.00 %
Total interspersed repeats: 367 bp 3.56 % Total interspersed repeats: 475 bp 4.66 %
Small RNA: 0 0 bp 0.00 % Small RNA: 0 0 bp 0.00 %
Satellites: 0 0 bp 0.00 % Satellites: 0 0 bp 0.00 %
Simple repeats: 3 92 bp 0.89 % Simple repeats: 3 92 bp 0.90 %
Low complexity: 0 0 bp 0.00 % Low complexity: 0 0 bp 0.00 %

Supplementary Figure 6. Identification of repetitive elements in nucleotide (cDNA) sequences of human GPR1,
GPRI1AS, and ZDBF2. The repeat files were generated by RepeatMasker (http://www.repeatmasker.org/).



QUE£¥ Rande: 11323 Query sequence: Human GPR1 protein

, INT.Score: 936, OPT.Score: 1690 Target sequence: Mouse GPR1 protein
Identlty 284 7 355 (80%)
Similarity: 336 / 355 (94%)
Query 1 MEDLEETLFEEFENYSYDLDYYSLESDLEEKVQLGVVH VSLVLYCLAFVLGIPGNATV IWFTGFKWKKTVTTLWFLNLAIADFIFLLFLPLY ISYVAMN 100
soct 1 Mbvskbul ML ot HAVAL B L IR A el A ARV REUA TS R LB R HU R A LA B LAV WA s 200
Query 101 FHWPFGIWLCKANSFTAQLNMFASVFFLTVISLDHY IHL IHPVLSHRHRTLKNSL IV IFIWLLASL IGGPALYFRDTVEFNNHTLCYNNFOKHDPDLTL 200
g o1 ML LA AT A AT oL S LG S ST o
Query 201 IRHHVLTWVKFIIGYLFPLLTMSICYLCL IFKVKKRSILISSRHFWT ILVVVVAFVVCWTPYHLFS IWELT IHHNSYSHHVMOAG IPLSTGLAFLNSCLN 300
SO AT A1 YY1 IR D RS 1R 1

Query 301 PILYVLISKKFiARFRSSVAEILKYTLWEVSCSGTVSEELRNSETKNLCLLETAE 355

sojct 200 AIIWEIUFAMEAAL el ALLERALE sl el s IS s

uery Range: 20 - 2294 : i
gb y Range 20 - 224 Query sequence: Human ZDBF2 protgln
2362 bp, INT.Score: 340, OPT.Score: 3257 Target sequence: Mouse ZDBF2 protein

Identlty 996 / 2362 842%%
Similarity: 1815 / 2362 (76%)

Query 20 HLFSAQHRSLTRQSRRQ1CT-SSLMERFLODVLQHHPYHCQESSSTQDETHVNTGSSSEVVHLDDAFSEEEEEDEDKVED-EDATEERPSEVSEPIEEL 117
Shjct 15 iﬁ!#&é@ﬁ&% *&igﬁﬁRTA4NNT1&E$&Ii&b1RﬁﬁéYNYiDNR%APNEPEAAAAAAAAADPGSPEVVVVLBBébEKED&TA&sGAéﬁNgéDgGsvéé| 114
Query 118  HSRPHKS! EGTQEVSVRPSVI KLEKGOQOPLEFVHK IGASVRKCNLVDIG ATNNRSNLVRPPVICNAPASCLPESSNDRPVTANTTS-LPPAAHLDSV 216
SO Y G YT 171 70 o VAT P A M e

SLELAHKVESGVKKVNSVGVV
Query 217 SKCDPNKVEKYLEQPDGASRNPVPSSHVETTSFSYQKHKESNRKSLRMNSDKLVLWKDVKSQGKTLSAGLKFHERMGTK-GSLRVKSP---SKLAVNPNK 312

Sbjct 214 ﬁAé&fé&[&fYﬁbs&&qéﬁéN-- Q-——————— PKTKDPKKK- Ls|NL&KLLAQ@&LéAkéAsFéPVVRVRéLT&SELC§V$A5§SELEAGTLGN$RE 302
Query 313  TDMPSNKGIFEDT I AKNHEEFFSNMDCTQEEKHLVFNKTAFWEQKCSVSSEMKFDC I SLOSASDQPQETAQDLSLW 388
Shjct 303 *&TLﬁEQAR—&éAIﬁKéééASRgNTVRﬁEEEféLVL&&PTLLKEKR%V%&&ER&S&GgRiAVﬁéﬁégAAVé$LgLLEEEVEEEKQEEEEEEEQEEEEEHE 401

Query 389  -KEEQIDQED-NYESRGSEMSFDCSSSFHSLTDQSKVSAKEVNLSKEVRTDVQYKNNKSYVSK1SSDCDDILHLVTNQSOMIVKE ISLQNARHISLVDQS 486
sbjct 402 Eeééev$ié$Aé¢££&é&5&&&&&@&&o@£1§AL£EL%Lé£ihvéeé___%HAiéépéNEfﬁ%vééATé$___NeééséivIf@&IQL _____ WL 400
Query 487  YESSSSETNFDCDASPQSTSDYPQOSVTEVNLPKEVHIGLVDKNYGSSSSEVSADSVFPLQSVVDRPPVAVTETKLRKKAHTSLYDNYGSSCSETSFDCD 586
Sbjct 491 &ééé@éé@h&&G&ﬁéLﬁ§+éﬁR$ﬁiﬁ&—é¢VV$————LR é&KSYé%GéééPCE&&————GéSA$ET$ALSRQQNPV§NfHANLV E---NYGSS &ss 578
Query 587  VSLESVVDHPQLTVKGRNLKGRQVHLKHKKRKPSSAKAHLDCDVSLGTVADESQRAVEK INLLKEKNADLMDMNCESHGPEMGFQADAQLADQSQVAEIE 686
Shjct 579 ——SDAAL&H&EVPVQEGSPR&&AVG QGNEEQ&ggAELHPER&G%LE*V*H&LE&ESQEINLPNQ&&TSLG&&&&&%A&&&V&lHL&AiL——EADQSPVN 673
Query 687  RQKVDVDLENKSVQSSRSSLSSDSPASLYHSAHDEPQEALDEVNLKELNIDMEVRSYDCSSSELTFDSDPPLLSVTEQSHLDAEG-KERHIDLEDESCES 785
sojet 674 peedbibllodladaidildedduld- @@&LN&@&E@LWGEJ&loéLho$&£¢ngéé£££é'4&&&&@ AR IS idosenl tdidvd 772
Query 786  DSSEITFDSDIPLYSVIDQPEVAVYEEETVDLESKSNESCVSE I TFDSD IPLHSGNDHPE Y IHLERKNDEPSGSE I SSDSHAPLHSVT 884
sbjct 773 sééal+l$§$l$DD§VA$i$QvL &ééépveLéNKéhééévéeI%&&é&l& MAALS &évL &é&l.&éDéNvﬁﬁéG&h$N$ééééICL$éNv$ W ez
Query 885  NSPEVAVKKLNPQKEEQVH---LENKENEPIDSE VSLDYNI I FHSVTGRSEDP IKE ISLHTKEHMYLENKSVFET 956
Sbjct 873 &g—bvl®&&I&éPKéDiVQIEQIéQKéNééT&gELNLDCNSVNSKPGCSEDPIILRVSETRL&SHVP&Q%VIRKC&VVVKNVC1QKEKAAELTSK%T és 970
Query 957  SLDSDVPLQAATHKPEVIVKETWLQREKHAEFQGRSTEFSGSKTSLDSGY-PHYSVTEPQVAVNK INRKKQYVLENKNDKCSGSE I ILDSNVPPQSMTDQ 1055
Sbjct 971 HsévésASTAéHﬁvfépYVGkkAKékaHLéEvNébb ..égéﬁfﬁkFDVFéRTMTEK&z """ z 1067

PLALKEGHADP———KDKITELRéMAVNVNTADCLD VLS
Query 1056 PQLAFLKEKHVNLKDKNSKSGDSK-----— I TFDSEQLQE--AVKK I DQWKEEV I GLKNK INEPSTYKL IHHPDVSVQSVADQPKVAIKHVNLGNENHMY 1147
Shjct 1068 $ELL SN&NCVELK&?ﬁéKﬁé&%KASADSTGH&HéLPKEEFDVVSKMNEWKKEAKVLEQKISDLIYSKIIHDSNV&FR%AM&ELELLLKQISL&NNDQVS 1166
Query 1148 LEVKNSQYSCSEMNLDSGFLGQSIVNRP--QITILEQEHIELEGKHNQCCGSEVSFDSDDPLQSVADRLRETVKE I SLWKDEEVDTEDRRNEAKGFEIMY 1245
Shjct 1167 1&—5&%@Df&géT 1&%&&SVEAVVEPéEPEV*VLEPéHVéQééRNNVP&Dgéng$ANééViLEAGQHS&SGENR%——QKDTD&*&GK&DDAQ&&GITC 1263
Query 1246 DSDVLQPVAGQPEEVVKEVSLWKEHVDLENK IVKPTDSRINFDSHEPLQSVTNK I PGANKE INLLREEHVCLDDKGYVPSDSE I 1YVSNIPLQSVIKQPH 1345
sbjct 1264 &&Népiéalég_.é&&@si5H®&5A¢$EE5&LGEékN£thlﬁéb&éliA¢4NA%QEﬁvgéIhlp&_ééAépNéNéegéyé£%vavav.ﬁc£vlék$¢ 1361
Query 1346 ILEEEHASLEDKSSN--—-—-——— SYSPEESSDSNDSFQAAADELQKPVKE INLWKEDH I YLEDKSYKLGDFDVSYASHIPVQFVTDQS--SVPVKEINL 1434
Sbjct 1362 Rﬂékkcféﬂkéﬁé&ﬁPCPEVNVDséDé&évév&éﬁ&ﬁcié&léﬂﬂi&$o&éMﬁﬂ-&é$ﬁI@ﬂé&&&@&ﬂv&&épf¢6§bn$¢i&¢+vﬁ§VEA¢éi&é&ﬁﬁ 1460
Query 1435 KKDHNDLENKNCEVCGSEIKCHSCVHL SEVDQP VSYKEADLQKEEHVVMEEKTDQPSDSEMMYDSDVPF IVWNQFPGSVKETHLPKVVLVDLVPGD 1534
Shjct 1461 i&ﬁNﬁb&LéNENFQPéCgEVAéNgAV igéA$PéiVACK£A$ LDKKA- LDI&DKGSVTCVP&VVY&%&VS&EIb&&ivéngGé*ﬁséévvﬁv&@véé& 1559
Query 1535 SDYE-VISDDIPLQLVTDPPQLTVKDISCINTECIDIEDKSCDFFGSEVRCNCKASTPSMTNQCKETFK I INRKKDY I I LGEPSCQSCGSEMNFNVDASD 1633
sbjct 1560 &&esagv.é$3NiﬁEQLeééiM4¢&Ef£DIh#béaésAANe kvvekrcolbvehd- @&o#hi@&é@l&lI'&&N&@IIléséféﬁgééHéahlh¢$ﬁ£$ 1657
Query 1634 QSMTYESQGPDEKMVKY IDSEDKSCGYNGSKGKFNLEDTSHRTTHRLOKAHKEASLRKDPRNAGLKGKSCQSSASAVDFGASSKSALHRRADKKKRSKLK 1733
Shjct 1658 EPT+CQLEQ$$———RNFI&Pé&KNFéSKCPKRKLNW&$+AHPV+HQLEKTGEAT§L&K&QKNRFK@bééWEééSFLG$HALYAV 1Y/ [ R 1742
Query 1734 HRDLEVSCEPDGFEMNFQCAPPLPSDTDQPQETVKKRHPCKKVSSDLKEKNHDSQSSSVLKVDSVRNLKKAKDY I EDNPDEPVLEALPHVPPSFVGKTWS 1833
Shjct 1743 éTAlN—gé———éséﬂ&lszfFYHg$i&ﬁéi——P&&kGQGK&VfF$LRka?EYﬁﬁNﬁMYGEGEEVAEDDLKEVV———VH&ASPQG——QA&&%IV&K* C 1830
Query 1834 QIMREDDIKINALVKEFREGRFHCYFDDDCETKKVSSKGKKKVTWADLQGKEDTAPTQAVSESDD IVCG 1SDIDDLSVALDKPCHRHPPAERPPKOKGRY 1933
Sbjct 1831 PQGAE&&VKTNT———QACQ&Y&YSYY&GGSE*KKILLGéééKfiﬁé Lommmmmmm Nzﬂffé|éﬁVKGKVé&%@&ﬁgvaéK--éécéLAEGLﬁézﬁéév 1917
Query 1934 ASQCQTAKISHSTQTSCKNYPVMKRK I IRQEEDPPKSKCSRLQDDRKTKKKVK I GTVEFPASCTKVLKPMQPKALVCVLSSLNIKLKEGEGLPFPKMRHH 2033
Sbjct 1918 T i—NQQéWéCéiiAé----éekkékIfEiéé&é&&é&é--ﬁﬁﬁ éékKKKAQAéITéL&EPQ+KVLE$VE$DSLVYIFééLS——MKéDQSLNP&KTKPG 2008
Query 2034 SWDNDIRFICKYKRNIFDYYEPLIKQIVISPPLSVIVPEFERRNWVK IHFNRSNQNSSAGDNDADGQGSASAPLMAVPARYGFNSHQGTSDSSLFLEESK 2133
Shjct 2009 g &S&LPHI?éééEHf——SSGéRRKRTVIN&&QNLMV&&V ------ GIDLN&HDPKPNL&&DSAKRENLV%TSFMLM&KKSVLKFQR 4NQ§% lLKK%E 2097
Query 2134 VLHARELPKKRNFELTFLNHDVVKISPKSVRNKLLESESKKKIHGKRVTTSSNKLGFPKKVYKPIILQQKPRKASEKQSIWIRTKPSDIIRKYISKYSVF 2233

Shjct 2098 DVGLTQV&KD Nl Q*LVNR&GAKKF&K&VKKEDLE& .....

| 111
NQRKFWKKKM VAANKLCLIKNAYKTMVLRKKSKLL&EKLAIWIQLKAT$IIAKYV&RCHGL 2195
Query 2234 LRHRYQSRSAFLGRYLKKKKSVVSRLKKAKRTAKVL-LNSSVPPAGAEELSSAMANPPPKRP 2294

Sbjct 2196 MPR ﬂLéKTVLIRMQLRKKKIVARKIKELK&ALEALALKLéR&SCPPRAPCPPRLLC&&RA& 2257

Supplementary Figure 7. Amino acid sequence alignment of imprinted gene products. Alignments of the human
and mouse GPR1-ZDBF2 sequences are shown; >40% identity and >70% similarity were observed.



Table S1. Exon locations of human GPR1AS-ZDBF?2 isoforms and mouse Zdbf2linc

Gene/Transcript name

Exon number

Position (GRCh37/hg19)

exon 1 chr2: 207,068,100 - 207,068,401
exon 2 chr2: 207,105,167 - 207,105,312
exon 3 chr2: 207,120,590 - 207,120,706
GPRIAS exon 4 chr2: 207,121,153 - 207,121,245
exon 5 chr2: 207,124,555 - 207,124,739
exon 6 chr2: 207,128,103 - 207,128,764
exon la chr2: 207,139,365 - 207,139,670
exon 2 chr2: 207,144,264 - 207,144,316
ZDBF?2 vl exon 4 chr2: 207,146,525 - 207,146,633
exon 6 chr2: 207,161,970 - 207,162,097
exon 7 chr2: 207,169,441 - 207,179,148
exon 1b chr2: 207,139,752 - 207,139,803
exon 2 chr2: 207,144,264 - 207,144,316
exon 3 chr2: 207,145,273 - 207,145,317
ZDBF2 v2 exon 4 chr2: 207,146,525 - 207,146,633
exon 5 chr2: 207,156,738 - 207,156,840
exon 6 chr2: 207,161,970 - 207,162,097
exon 7 chr2: 207,169,441 - 207,179,148
Transcript name Exon number Position (NCBI37/mm9)
exon A chrl: 63,246,932 - 63,247,248
exon B chrl: 63,254,089 - 63,254,188
exon C chrl: 63,310,073 - 63,310,129
Zdbf2linc exon 3 chrl: 63,324,505 - 63,324,557
exon 4 chrl: 63,327,341 - 63,327,451
exon 6 chrl: 63,341,490 - 63,341,620
exon 7 chrl: 63,349,214 - 63,361,149




Table S2. PCR primer information

Primers name Target region Target SNP Amplified region (hg19) Primer sequence (forward and reverse) Sl:;;)c;l;(;t) PCR Pro-denature Denature AnneaIl)iSR proglr;n ation ol enyron Ol
2 nnealing  Blongat 1nal elongat
GPRIAS_Ex2SNP_F9 GPRIAS ID: 151024809 2. 207105183 - 207120618 5-GGAGGCTCTTCATTGACTCATGC-3' 150 RT-PCR, 94°C, 94°C, 60°C, 72°C, 72°C, "
GPRIAS_Ex3SNP_R14 exon 2 chr2: 207,105,300 RN R 5-GCACTCCAGCCTGGATACTTATTG-3' Real-time RT.PCR 1 min 30s 30s 30s 5 min
GPRIAS_Ex6SNP_F6 GPRIAS ID: rs34523400 - 5-AGCACGGAGAGACTTCTTGAAG-3' 94°C, 94°C, 60°C, 72°C, 72°C,
GPRIAS_Ex7SNP_R7 exon 6 chr2: 207,128,132 Ci2: 207,124,691 - 207,128,270 5-TTCTCTCACAGGAACTTCTCAGTC-3' 217 RT-PCR 1 min 305 30 30s 5 min 40
GPRIAS_Ex5SNP_F13 GPRIAS ID: 1510206513 ] 5 TGCCTGGCCACTTGGAAAAAG-3' 94°C, 94°C, 60°C, 72°C, 72°C,
GPRIAS_Ex7SNP_R15 exon 6 chr2: 207,128201 i3 207,124,719 - 207,128,340 5-CCCTGACCCCTGGAAAATTTTG-3' 259 RT-PCR 1 min 305 30 30s 5 min 40
e v B N B R
ZDBF2_DMR_BSF2 ZDBF2 ID: 1510206513 ] 5-CTTCCTTAAATAAACAAACCATCATACATC-3' - 98°C, 98°C, 57°C, 72°C, 72°C,
ZDBF2_DMR_BSR1 DMR chr2: 207,128201  hr2: 207,128,034 - 207,128,504 S-TTTTTAAAGTGTTGGGATTATAGGTATGAG-3' 471 Bisulfite 30 10s 30 30s 5 min 40
ZDBF2_exlalb_BSF2 ZDBF2 ] 5-GTTTATGAGTTTAGTTATTTTTGTTGG-3' - 98°C, 98°C, 53°C, 72°C, 72°C,
ZDBF2_exlalb_BSR2 promoter chr2: 207,139,168 - 207,139,407 5-TTACAACCCTAATAAAAATTTAACRTC-3' 240 Bisulfite 30 10s 30 30s 5 min 40
ACTB_RT_F ACTB L 5 TACAATGAGCTGCGTGTGG-3' ) 94°C, 94°C, 60°C, 72°C, 72°C,
ACTB_RT_R exon3 & 4 chr7: 5,568,325 - 5,568 884 5-GGGGTGTTGAAGGTCTCAAA-3' 19 Real-time RT-PCR 1 min 30 30 30s 5 min 40
3 . . . . Product PCR program
Primers name Target region Target SNP Amplified region (mm9) Primer sequence (forward and reverse) i ({70 PCR Pro-denature Denature Annoalin Elongation Final elonaation Cydles
Zdbf2linc_F6 Zdbf2linc B6: T, JF: C ehrl. 63247050 - 63254157 5" TACGTCAGCAAGAGCATCATGG-3' 267 RT-PCR 04°C, I min___94°C,30s _ 62°C.30s__ 72°C,30 s 72°C, 5 min 35
Zdbf2linc_R6 exon A& B chrl: 63247248 02 % 5-TTAACTGAGTCCATCGGCTCTTC-3' Real-time REPCR 795°C. 305 05°C.5s | 62°C.30s  72°C. 30 40
Zdbf2_RT_ex7F Zdbf2linc B6:A,JF: G - 5-TACGTCAGCAAGAGCATCATGG-3' 94°C, 94°C, 60°C, 72°C, 72°C,
Zdbf2_RT_ex7R exon 7 chrl: 63361079 chrl: 63,360,906 - 63,361,130 5-TTAACTGAGTCCATCGGCTCTTC-3' 225 RT-PCR 1 min 305 30 30s 5 min 3
Gprl_DMR_BSFI Gpri — - 5-AGATTAGGTTAGTTTGGAATT-3 98°C, 98°C, 57°C, 72°C, 72°C,
Gprl_DMR_BSR2 DMR see Fig. 6 chrl: 63,246,988 - 63,247,117 5-AACACTAATCACCAAATAATTC-3' 130 BS 30s 105 30s 30s 5 min 3
Actb_RT_F Acth ] 5-AGGTGACAGCATTGCTTCTG-3' ) 95°C, 95°C, 62°C, 72°C,
Actb_RT_R exon | chr3: 143,664,856 - 143,665,043 5-GCTGCCTCAACACCTCAAC-3' 188 Real-time RT-PCR 30s 5s 30 30s 40
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