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&% < (DeBarn. Am J Hum Genet. 2003)
lTE AL DNA A FWVALEETH L &
BEENRTWD, TNIZIE, ART 25, A
TN T A VTN T AR OR
BTEBRIETLI2HEIPERNTSH 3 LHEE
SNTwa, LaL, AETIR, £
ERITHS LTl L v, DT L, Bt
DHEEFIZLD, 4% D ART BFHOD
BIMAERAINL D, £ 7)Y ME

L OREME, RSO RBEELM
AL L TRAGHICHLETH 5,

FIRA T rTa vy (GERIEFH
DiAA) EliE. BEOBHEROEETF I
BEROICERTLIHRTH L, £ D1
¥ 7)Y FREFEIBRE, BREORER
FLEE D B AR, WME 2 5E, T
FEERIZTEIHONTYS, 2045
FHEREICIT, EEMR BT - 98T K
KB THER - RSN 2 DNA 2 F V1t
(AFNVLA > T > b)) BEEREEE
Rz, BEROBREZTEROMEIZHE
WTWh, DX F VAL L T
. AFNVALERE L A FVILEEE (FH
e HER) SEREGBREERRATIL
PEES T ADBENTTHL P E o,
T, kRO (BGH) AT,
ZDAF ML ETHEEENS, T/,
Z @ DNA * F bz, THilaoE] &
LTSNS,

AT, 1) FEEL V¥ —REEL
HEEE RS CEEROER - /NERE
DI T, EEBEOEFREL TV,
A7) Y MROBAEFE, W, HRE
BOLBEIT). 51, RBONELE
EFZWeirv., BERF ERELZTS
BIZF OB AT o 2) ART iHHER A
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SRS DNA %32t U CTEV Z25ERNE,
FE2ZHETTIS B THoTzs FONR
X, BWS 26 A, AS %937 A, PWS %% 22
A-SRS %% 10 A\TNDM %50 AT - 72,
Eeld, INETIZ, TALKRBOERKE
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RICHRESEELIBEL T 5 380 Fiax
DY H 171 fEx & ). BRECIHEES
4EBIZoWToEE2FL: (BEEK
(454 &), NEEFEREZVI2ERIT 0~
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BLIENZHE (IVF) & %\ I3 SEEE i
(ICSI) (2L 23DTH o7, FH 174
FEDIVF+ICSIDO A RITER 1 TALLE
T, EHERD 086% &% b, AREDRE
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PLETH Do RALKFBEEAS R
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FCIEREZAIEROBRAEEITR > T2,
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THREMREQ) 7714 ~v—3) KtE
MR - T F VX7 LAFFEY o
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BE,HRET o020 57 84T
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B X 2 ENEACIZE T 25T,
[14 BLRAEST L VI -BIUHERER
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DREBEAT R 072, GHOMHEL T, W
KRETITEV, BB OBFIZ LI,

W5 #oFH & RE
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ERRRBOBEEZ WL PICT HLEND
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FIVALERE L OBEIC D W THERE FI0E
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BHdo, TOEBEEEIEROBES XL
DEGETFZW L BRERTOEEIIETY
e7u—Fyv— MR T 5, 28R
FREBREOFESLEER &L ORENE
DOV THLRPICL, BEICLY BVnE
RET T DO, HEERSLEHEICH
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MEOMERE, FNICESC YR ZER
DIFEIL. 412D ART Hiif O 15 AHs
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Bo FIZAF ML TEMEFL, X F
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NG LIFREIC, MBDOH T ) v
JERIEBOEIIZSEN Y, B
RO 2 HASH R L R 2 LT 5,
HAKRFTR AT v v 7EBNICH
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K1 TIEAEEDREE
HEE EM Eg 4R BB RE
Casel 4 &t KRVULNEEEEEE
Case2 4 B H428H (IVF-ET) . ATiEH (AIH). HE5R
(A)BHS Case3 4 Bt F42¥ (IVF-ET)
Cased 3 i RSZRE (IVF-ET)
Caseb 2  BM {F45% (IVF-ET)
Caseb 2  ZtE ZEWERKE (ICSI)
FHiS Casel 11  Ztt& BEORZER D&
Case2 2 Lt AIEHE (AlIH)
Casel 15 M AL (AIH) “HEEBTF
Case2 6  ZM: SEMISH (1CSI)
Case3 2zt SEMUSEE (1CSI)
(C)PWS Cased 1 =) SRR (1CSI)
Case5 3 &t 9% (IVF-ET) SEHISHE (I1CSI)
Caseb 4 & BEORFEOA
Case7 1 ==} BEREER D&
Casel 4  ZttE R4 (IVF-ET)
(0)SRS Case2 2 B F42% (IVF-ET)
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EEL E6 £® MR EE
Casel 5 B FFZFBE (well differentiated type) PLT-2IC & B2{bZEEE, EEE
ase BD#, BR., L2EEEFRERT, KA LR,
Case2 8 ot AWNilmslES. 2% CILFEEE & FF 2 1o
Case3 T Bt SMEEMAMK (M7)
Cased 3 E BEES
(A)BWS
Case5 3 Bt BEE
Caseb 2 7 FHRER
Case7 13 ot BFEEEE (stagelV. s3-s4%Ei%. 5.7X6.0cm) AFP37/
Case8 3 M FFERE. FrgtE
(B)PNS Casel 13 T RIREEES
(C)SRS Casel 8 Bt EMIEERES
4 INBEEDRE
Chr.7
Chr.6

Chr.15

2T SRS |

Chr.11

12 o

LIT1

SNRPN mm
i

BIRFEAFIMEAI T T2 T
TNDM : #4 R — 81 $EFR%® BWS : Beckwith -WiedermanniE & &
AS : AngelmaniE & &% PWS : Prader-WillijiE & &f
SRS : Silver-Russellfi {& &

5 %£XM (BFEM) RBEENE LA LT LT 1 > J4EE

. BTFEXFIMEI LTI T 02 T



H19 (AF125183) ZAC (AL109755)

=
- 12 3 4 58 910  11-14 ~~1~5jl;-‘---' 1 2-456 7-10 11-1314-1718-23  24-2728-323334 3;—39~~~
111 L L0 Il I 00 Lrrrinem geninry o
e <« -> =
7877 8096 52452 52761
SNP ID: 152071094 (C/A) SNP ID: rs2281476 (C/T)
LIT1 (U90095) PEG1 (AB045582) SNRPN (U41384)

—>
67435 4485 14726
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ABSTRACT

The parent-of-origin specific expression of imprinted
genes relies on DNA methylation of CpG-
dinucieotides at differentially methylated regions
(DMRs) during gametogenesis. To date, four pater-
nally methylated DMRs have been identified in
screens based on conventional approaches. These
DMRs are linked to the imprinted genes H19, Gti2
(IG-DMR), Rasgrff and, most recently, Zdbf2
which encodes zinc finger, DBF-type containing
2. In this study, we applied a novel methylated-
DNA immunoprecipitation-on-chip (meDIP-on-chip)
method to genomic DNA from mouse parthenogen-
etic- and androgenetic-derived stem cells and sperm
and identified 458 putative DMRs. This included
the majority of known DMRs. We further
characterized the paternally methylated Zdbr2/
ZDBF2 DMR. In mice, this extensive germ line DMR
spanned 16 kb and possessed an unusual tripartite
structure. Methylation was dependent on DNA
methyltransferase 3a (Dnmt3a), similar to H19 DMR
and IG-DMR. In both humans and mice, the adjacent
gene, Gpr1/GPR1, which encodes a G-protein-
coupled receptor 1 protein with transmembrane
domain, was also imprinted and paternally ex-
pressed. The Gpr1-Zdbf2 domain was most similar
to the Rasgrf1 domain as both DNA methylation and

the actively expressed allele were in cis on the
paternal chromosome. This work demonstrates the
effectiveness of meDIP-on-chip as a technique for
identifying DMRs.

INTRODUCTION

Genomic imprinting describes the expression of a subset
of mammalian genes from one parental chromosome (1).
Many imprinted genes play developmentally important
roles particularly during embryogenesis and also in the
adult animal (2,3). The majority of imprinted genes
reside within complex domains. Although the domain
itself remains imprinted throughout the life of the
organism, individual genes within the domain can be ex-
pressed in tissue- and developmentally specific patterns
and some also show temporal or spatial differences in
their imprinted status.

Imprinted domains are established in the germ line and
the epigenetic profile of germ cells changes dynamically
during development (4). Most strikingly, the DNA methy-
lation of CpG-dinucleotides at differentially methylated
regions (DMRs) is erased as the primordial germ cells
migrate from the base of the allantois to the genital
ridge and differentially re-established during oogenesis
and spermatogenesis (5). In the female neonatal mouse,
methylation is acquired asynchronously in a gene-specific
manner in oocytes arrested at prophase I and during
the transition from primordial to antral follicles
in the postnatal growth phase (post-pachytene) (6-8).
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