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We describe a complex imprinted locus in chromosome 15q11-gl13 that encodes two genes, ZNF127 and
ZNF127AS. The ZNF127 gene encodes a protein with a RING (C 3HC,) zinc-finger and multiple C  3H zinc-finger
motifs, the former being closely related to a protein from variola major virus, the smallpox etiological agent. These

motifs allow prediction of ZNF127 function as a ribonucleoprotein. The intronless ZNF127 gene is expressed
ubiquitously, but the entire coding sequence and 5 " CpG island overlaps a second gene, ZNF127AS, that is
transcribed from the antisense strand with a different transcript size and pattern of expression. Allele-specific

analysis shows that ZNF127is expressed only from the paternal allele. Consistent with this expression pattern,

in the brain the ZNF1275' CpG island is completely unmethylated on the paternal allele but methylated on the
maternal allele. Analyses of adult testis, sperm and fetal oocytes demonstrates a gametic methylation imprint with
unmethylated paternal germ cells. Recent findings indicate that ZNF127 is part of the coordinately regulated
imprinted domain affected in Prader-Willi syndrome patients with imprinting mutations. Therefore, ZNF127 and
ZNF127AS are novel imprinted genes that may be associated with some of the clinical features of the polygenic
Prader—Willi syndrome.

INTRODUCTION antisense gene regulatioh3], but for other imprinted genes,
parental regulation involves a novel imprint switch mechanism
A specific subset of mammalian genes are marked durirduring gametogenesis that acts over a large domain of multiple
gametogenesis in a way that leads to the differential expressionprinted genes3).
of these genes from each of the parental alleles during somatiémprinted genes play an etiological role in several human
developmentl). This phenomenon, termed genomic imprintingdiseases, such as Beckwith—-Wiedemann syndrém@iader—
is an exception to the Mendelian tenet that identical gen&W§illi syndrome (PWS) and Angleman syndrome (AS), (
inherited from each parent have an equal effect on the devel@mong othersl{4). Human chromosome 15g11—q13 is among the
ment of offspring. Over 20 endogenous genes in the mouse amebt-studied imprinted regions and is associated with several very
in the human have been found to be imprinted and, as a rule, tliferent neurobehavioral syndromes. PWS is characterized by
imprint is evolutionarily conserved when analyzed in botmeonatal hypotonia, subsequent hyperphagia with severe obesity,
species 1-11). The nature of the differential modification is hypogonadism, short stature, mild to moderate mental retardation
likely to be complex, involving both gene-specific and chromosowith learning disabilities and abnormal behavior, including an
mal domain events such as DNA methylation, chromosomebsessive—compulsive disorder, and mild facial dysmorphism
condensation and DNA replicatiob-3). In some instances, the (15). AS patients typically display ataxia, severe mental retarda-
somatic regulation of imprinted genes has been shown to kien with a severe speech impairment, seizures, hyperactivity and
controlled by local events involving enhancer competitiéGh¢r  a happy disposition with frequent outbursts of inappropriate
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laughter (6). PWS and AS arise from a diverse set of genetiacceptor sites at either end of a 2 kb intron (Eg. We also
mechanisms of opposite parental origin, including 15q11-ql&nfirmed by isolation of the orthologous mouse o8 that
deletions, uniparental disomy (UPD), mutations in the imprintinghe splice acceptor site was highly conserved ([e)g suggesting
process and, in the case of AS, single gene mutatipns ( that the gene structure is conserved. Nucleotide sequence of the

The precise molecular pathogenesis of PWS is unknown, bsinse strand of the 3.0 kb cDNA revealed no substantial open
each of the mechanisms resulting in PWS leads to loss of paterredding frame (ORF) nor significant similarity to known
gene expressio). In contrast, loss of maternal gene expressiosequences in the database. Since ‘Hea® of the cDNA is rich
leads to AS, and single gene mutationd BE3A(E6-AP) have in A-T nucleotides, we assume that this represents’thied3of
been found in familial and sporadic AS patierit$,18). This  this transcript.
gene is expressed from the maternal allele only in the mammaliarSurprisingly, a long ORF potentially encoding a 507 amino acid
brain (L9-21) and the clinical features of AS thus arise from losgolypeptide was identified on the antisense strand of the DN34
of the imprinted E6-AP E3 ubiquitin ligase. TR¢BE3A  cDNA (Figslb and2a). We demonstrated that the sense strand
mutations were found within a subgroupl®P6 of AS patients encoding the ORF was expressed as an mRNA by multiple
in whom the inheritance patterns had been predicted to indicaixhniques, including northern analysis, RT-PCR, d&nd
a single, maternally expressed gene. However, an equivalent cl@ssapid amplification of cDNA ends (RACE) and database
of PWS patients has not been found, suggesting that mutationsearching (see below). This gene was desigizat€d 27 as the
single paternally expressed genes would only give some PVWWAcoded polypeptide includes a series of zinc-finger motifs (see
features and such patients are not presently recognizabtelow). The gene encoding the DN34 cDNA was designated
Therefore, it is thought that multiple, contiguous imprinted geneBNF127ASto signify its_aitisense orientation to thNF127
may each have additive roles in the classical PWS phen@ype (gene.

The SNRPNgene, encoding the small nuclear ribonucleopro- The transcription initiation site for thENF127 gene was
tein SmN subunit putatively involved in splicing in the postnataiapped by 5SRACE to a single A nucleotide, at a consensus CAP
brain, was the first gene shown to be functionally imprintedite, with a 109 bp'suntranslated region ®TR) (Figslb and d
within 15g11-q13, with expression from the paternal allele onlgnd2a). This is at the beginning of a typical mammalian CpG
(22-25). Only one other paternal-only expressed gene withifsland, which spans a 0.7-1.0 kb region at thenfl of the
15g11-g13 has been identified that encodes a putative prot@iNF127 gene, based on a G+C content >60% and an ob-
product,NECDIN(NDN) (26,27), a member of thMMAGEgene  served:expected ratio of CpG frequency of >03 Figsla and
family. Other non-coding transcripts within 15q11-ql3 area). Therefore, and as confirmed below, the methylation imprint
imprinted and paternally expressed and includelPWe gene previously detected by the DN34 cDNAZ corresponds to the
(28), several alternativé SNRPNranscripts that may play a role 5'-end of theZNF127gene. The sregion ofZNF127is notable
in the imprinting mechanisn2g) and several EST®ARSand  for potential transcription factor motifs for PEA3 at —60 and —90,
PAR] (24) that likely represent non-functional transcriptionalan SRE site at —390 and, at positions —-500 and —750, two copies
read-through of th&NRPNand IPW genes, respective\3(;  of the SRF motif (AACAAAG), which is the recognition site for
unpublished data). the SRY and related HMG transcription factd€){ however,

Previously, we reported identification of a cDNA, DN34, thatmost putative binding sites are within the CpG island just inside
showed differential DNA methylation between the maternal anthe transcription unit, such as a C/EBP site at +260, a testis-R site
paternal chromosomes of PWS and AS patiedits (Ve report  at +300 and two AP2 sites at +330 and +350.2ME127gene
here that this complex locus encodes two overlapping antiserisentronless and the-BITR extends 1.1 kb into tHENF127AS
transcripts that are differentially expressed in different tissuemtron (Fig.1b and d). While there are three potential polyade-
One of theseZNF127 is a functionally conserved, retroposednylation signals (Fig2a), at present we only have evidence for
gene encoding a novel zinc-finger protein of thCy and GH  utilization of the second one b{+RACE experiments (Fidd).

(C, Cys; H, His) families. We also demonstrate #dF127is  Consistent with these observations, we identified ZAM&127
functionally imprinted in human tissues where it is expresseexpressed sequence tags (GenBank accession nos T05078 an
exclusively from the paternally inherited chromosome. AA310871) @5) by database searches, the former of which maps
in the 3-UTR of theZNF127gene (Fig2a).

In conclusionD15S9%encodes a complex genomic locus with
two antisense genes: tNF127ASgene represented by the
DN34 cDNA and, on the other strand, tE&IF127 gene.
Remarkably, the enti&NF127coding sequence and CpG island
promoter is part of ZNF127ASantisense exon, with only the

The human DN34 cDNA detects a DNA methylation imprint af -end ofZNF127within an intron oZNF127AS

the D15S9locus within the PWS/AS regiorB1). Restriction

enzyme mapping using human genomic DNA showed that th@rientation of the ZNF127/ZNF127ASgenes

3 kb cDNA spans a genomic interval of 5 kb, with a single 2 kb

putative intron and each of the cDNA and genomic interval$o determine the orientation of tZeNF127ZNF127ASgenes
flanked byEcaRl restriction enzyme sites (Fitp—e). Therefore, with respect to other PWS/AS genes, we mapped various probes
the cDNA cloning method has resulted in deletion of thartd  within the 360 kb YAC 254B5 by pulsed-field gel electrophoresis
3-ends of the transcript from which the DN34 cDNA clone(PFGE). This YAC spans th&NF127 gene and the proximal
derived. A genomic clone spanning the putative intron waBWS/AS breakpoint region, with the right YAC end at a
isolated by PCR and sequenced to confirm the presence aa#ntromeric location 36, W. Gottlieb and R.D. Nicholls,
sequences conforming to consensus splice donor and splisgpublished data). Therefore, the left YAC end represented by

RESULTS

Identification of the human ZNF127 and ZNF127AS
genes
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Figure 1. Antisense gene structure of the hurdiF127andZNF127ASyenes. lllustrated schematically a@):d physical map of tHe15S9locus and location of
theZNF127CpG island; f) the positioning of the 3 kb intronlegslF127transcript; €) the PCR primers utilized in this studyl) the position of genomic, cDNA
and PCR clones, as well as the positioning of two exons for the an#d¢R$27ASranscript; €) the exon—intron boundary sequences for two exons X and Y of
the antisensBNF127ASyene; {) the centromere (cen)—telomere (tel) orientation of the two geiseiéHpall (M) restriction enzyme numbers in subscript refer to
the site numbers in previous DNA methylation analyses (31). The direction of transcriptioZ §Ftt&7andZNF127ASgenes are indicated (b and d-f) and the
open reading frame @\F127is shown by a hatched box in (b). p34 is a genomic clone representing the Brigig8locus (68), pDN34 is a 3 kb cDNA for the
ZNF127ASranscript, p5ZNF and p3ZNF are RACE clones obtained using reverse transcription primers specific IMEi€7gene and pZNF-ASintron is a
genomic PCR clone. TIENF127ASspecific exon probe (exon X) is shown by a black bar in (d) and probes by hatched boxeskedR|; &, Hindlll; Hh, Hhal;

M, Msp/Hpall; N, Not; N.D., not determined; R, purine; Tad; X, Xbd; Y, pyrimidine.

probe 254LL2 maps to a telomeric location. This probe (254LL2pecies, with a consensus EADXICXEX3E/DXs5_14CX-
hybridizes to the same 85 Kot fragment in YAC 254B5 as does HXF/YCX>CIX 2WXg_1LCPXCR (Fig.2b). Most strikingly, the

a 2 kb probe from the'-&nd of theZNF127gene (Figlf). In  ZNF127 RING zinc-finger is 53% identical (66% similar) to the
contrast, a 1 kb probe from thiedide of theNotl site inZNF127 D4R RING zinc-finger protein of variola virus (Fi2p) and the
detects a 275 kb fragment in YAC 254B5 (Fif). Combined, orthologous protein from related orthopoxviruses such as mouse
these data indicate that thé-3' orientation ofZNF127is  ectromelia virus p28 (data not shown).

centromere-telomere and, hence, thatZhNe&-127ASgene is ZNF127 also has threesB zinc-finger motifs at N-terminal,
transcribed in the opposite direction (Fif. central and C-terminal locations (Figa). Since the first
recognition in a mouse immediate early nuclear protein, Nup475
(38), this motif has been found in dozens more polypeptides from
yeast to human with variable copy number from one to seven. The
C3H motif contains highly conserved cysteine, histidine, aro-
The human ZNF127 507 amino acid ORF has five putativenatic and glycine residues at defined positions, forming a
zinc-finger motifs spaced throughout the molecule @g.Just  consensus X1_5Y/FXo_5GX1_CX2GX2CXY/FXH (Fig. 2¢).

distal of a central location, ZNF127 has a typicsllC4or RING A third cysteine- and histidine-rich motif,,28,CH, is also
zinc-finger motif, a motif more commonly found at the N-terminipresent in the ZNF127 polypeptide between the secgiidhad

of proteins 87). The motif spans 58 amino acids in ZNF127 andRING motifs (Fig.2a). Nevertheless, other closely related motifs
is related to similar zinc-fingers from multiple proteins of diversedo not occur in the databases. A potential basic nuclear

The ZNF127 gene encodes a putative zinc-finger
protein
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(a) ZNF127 gene ®)

GAATTCAGTATGCAGTCATGATACGTACTCTCAGCAAAGTAGGAATACAAAAAAATGATT 60 fy"_.l
AATCTACTACATTTATCTGCAAAAATGACAAAACGCTCATACATGGAAATTAAAGACCAT 120 852311
TCCTTTGTGGATAATATGGCACAGGATATGTTATGAAAGGCTGTCCTGCCACAACACAGC 180 Prf
ACAGATGGGGTTGAAAGAAAGGAAGGGAAACAAAGGGCTGCCATGAATTAAACCAGTAGA 240 ICPD
GAAAATAAAAGCCTGGGTCATGCAGGGGACAGTGTCTTATTAGGCCAGCATCAGGACTGG 300 )
TTGAAGTCTGGCGCTTCTAACACAGTGGGAAAATGAGCATAGTAATCACAATAAAGAAAG 360 -
ACATCTGAAAGGTGCTAACTTAGCCTCGGATCAGAAGTGCTCTCTGCTAATGCCTTGCTG 420 ORCA1
GTGAAAAGCGTATCCAGTGTAAGCCCTCAGAAATCCCAGAAAACAAAGACCAAAAGARAC 480 Ksl2 [orosc
GGCGCCTTGTCAACCGAACGAATTGAAAAAAGCTTCCTGCCGCGATCGGGCATTAAAAGA 540 & &
AAAAAACCACAGACATAAGATGGAGTGAATAAAAAAAGAATTTATATAATTCATGGATGA 600 Censensus , € IC4E § 5

AATGTTTCAGAATCTATAGGATTATATTTTTTTTTAAGGCAGACAGATACGAAAATACAA 660
CGAGCGTGCATGACCGAAACCAGAAGAGATTAAAGTAAAACCTCATTCTCCTGAGGAAAT 720
CGTGTGAGAAGGGACTTAGGGACTGCCGGAACACAGCGAACGAGAGGCAGAAGGCAGACA 780
AAAGGGGCTGGGTTGGTCCCCGCCTGTGTGAACGAAAAAATATGTCAGATTGGAAAATTG 840
CGGTAAAAACCAGGCAGAGCACGTACGTTGCCCCCACAGGAAGTGTCCGCCATGCTGCCT 900
GTGCCCGGAAGTGGTAGGAACACACAGTCAGAGGGACCCAAAAGCAGGGGGGAAGGAAAA 960 P p
AGAGATGCACACTTCCCCCAGAGAAGCCTCCGAGCGCGGCCGCCATTCCGGGCCTCAAGC 1020 =t INFLZT
CCATAAAGAAAAAATACCGGAGAGGTTCTGGCACCATTTCGGGGTGCCAAAGCAGCCATG 1080

M
GAAGAGCCTGCAGCTCCCTCAGAAGCCCACGAGGCAGCCGGGGCCCAGGCAGGTGCTGAG 1140 29K [HR 5V}
EEPAAPSEA AHTEA AHA AGA AT OA ATGAE
GCAGCAAGGGAGGGTGTGTCTGGGCCGGACCTTCCCGTCTGTGAGCCCTCCGGGGAATCT 1200 U2afl-rsl
A AREGVYV SGPDTLTPVCETPSGES
CC’I‘GCTCCAGAT’I‘CI\GCCCTGCCACA’ICCGGCAAGGGGCTGGGCCCCC'I'I‘CCCTG’I‘AGCT 1260 KIEATS )

P H A ARG WA P F P V A
CCACTC(‘C'ICCCCACCTCCGCAGAGGAGGCC’I‘GAGL;CCTGCCCCAGCCTCAGGAGGAGGA 1320

R R GGULTU RPAPASGG G G Suis) 1Brosophiia) 1

GCCTGCCCCAGTCCGT’I‘GCCAAGCCGAAGCAGCGGCATTTGGACAAAGCAGATCA’I‘C‘KCC 1380
Ay e LT k2 CPSF 30K
AGGTATTATATACA’I‘GGGCAGTGCAAGGAGGGGGAGAACTGTCGCTA’I’I‘CGCACGACCTT 1440 HES

Q E N C
TC'I‘GGTCGGAAGA’ICG\.CACTGA\:W TGGCGTTTCGCCGCCTGGGGCCTC A\,(_AGG’K;GA 1500
A

S K M A T E G P P G S A G
GGCCCTAGCACGGCTGCGCACATCGAGCCCCCGACTCAGGAAGTGGCGGAAGCCCCCCCG 1560
G P $ T A A H I E P P T @ vV A E A P P

GCTGCATCCTCCCTTTCCTTGCCTGTGATTGGC TCGGCTGCTGAAAGGGGTTTCTTTGAA 1620 PIE-1

A A S s L S L P V I G S A A ER G F F E

GCCGAGAGAGACAATGCAGACCGTGGAGCTGCTGGAGGAGCAGGTGTAGAAAGCTGGGCG 1680

A E R DNADU RGAAGGA GV E S W A Consensus

GATGCCA’I'I‘GAG’I'I"I‘GT’I‘CCAGGGCAGCCC'I‘ACCGGGGCCGC’IGGG’H"GCATCT(’CCCCC 1740
Q R G R W V A S A P

(;AGGCTC(,TC TA(_AGAGCTCAGAGACTGAGAGGAAGCAGATGGC'IC'I‘GGGCAGTGGG’I‘YG 1800

Q

o (d)
(‘GC'I"I"I"IY‘CTA'I"I‘ATCC'I'I‘CCAGGGGAG’I“I'I‘GCT'I'I‘CGTGGGGAGAGC‘ICTATGTACCTC 1860
R FCYYASRGV VT CTPTR RGEST CHMZYL
CATGGAGACATATGCGACATGTGTGGGCTGCAGACCTTGCACCCCATGGATGCTGCCCAG 1920 2 - !
HGDTICDM®CGTILOTTLTHTPMDAALQ _.
AGGGAAGAACATATGAGGGCCTGCATTGAAGCACACGAGAAAGATATGGAACTCTCGTTT 1280
R EEHKMPRACTITEA BATHTETKTDMETLSF 17 -
GCTGTGCAGCGTGGTATGGACAAGGTGTGTGGCATCTGCATGGAGGTTGTCTATGAGAAG 2040 —
AV OQRGMDIXUV C G ICMETVVYEHTK
GCCAACCCCAA'I‘GA\,CGCCG\.T’I'I‘GGCA‘I'FCT“I'TCCAAT'ICCAACCA’I‘I‘CCT‘I‘CTGTATF 2100
N P NDERRPFGILSNCNTUHSTFTC CTI
AGGTCTATCCGCAGGTGGAGAAG'!CCCAGACAG’I‘I‘TGAGMCAGGA’I‘CGTCAAGTCTTCC 2160
B B W R R Q F ENR IV KSC
CC‘ACAG’I‘GCAGGGTCACCTCTCAA'['!‘GGTCA'['I‘CCCAG'I‘GAG’I"I‘CTGGG']‘GGAGGAGGAG 2220 L e
Q L VIPSETFTHWVEEE —
CAAGAGAAGCAGAAAC‘I'I‘A’I'I‘CAGCAATACAAGGAGGCAA’XCAGCAACAAGGCCTGCAGG 2280
Q L Q Q

TAT’I"I"I‘GCGGAAGGCAGGGGTAACTGCCCAT’I'I‘GGAGACACATGC‘I'I'I‘TACAAGCATGAA 2340
Y F A
TA(‘(("I‘CAGGC‘C’I\:GCGAGATCA("CCTCC'TGGGCCAGGTGGTGGGTCAT'I‘CAGCGCATAC 2400
Y P E G W G D E P
T(‘C(‘AT(*AA(’TTCTG(‘AGCCTCT(‘CC'AATGGC'AGAGGGCAACATGCTCTATAAAAGCA’I‘T 2460
W H Q L V E P V RM G E G NMTULY K §
AAGAAGGAGC'I']"GTCG’I‘GC’I'I‘CGGCTGGCCAGTC'TG’I'IC’I"I“TAAGCGGH'TC'I'[‘I‘CAC'IG 2520
K K E L V V L R L A S L L F KR F L S L
AGAGATGAGTTACCCTTCTCTGAGGACCAGTGGGACTTGC TTCATTATGAGCTGGAAGAAR 2580
R D E L P F S E D Q W DL L H Y E L E E
TATTTCAATTTGATTCTGTAGCATCGTGCTGTGGCATGTGGTCTAGTCTGCTGAGGTTCT 2640
Y F N L I L *

GTCGTCTGCTATTGCCTGTTTTCCCTGTGTTGACACTCTTACTGCTTTCAGGGGCTGTTG 2700
AGGCAGTGCTTCTGTTTTC TTGTCTATTCTGCATATCTTTCCCCCTAGGATTATGGTGAT 2760
TATctgtgttaaaaaataagtccttaaagttactgttttggtgaaattaatattaatgte 2820
agcttatggcttttttttgtcatctctgttgtcaacaggattaactcagttctagtgtag 2880
tgtttactgaatttccacacttattttgaagaccctcaagagtaaatgtggcagagtgaa 2940
aggagaagttttaattgaactagtagctttgtgctataatagecttaacaaatggaccct 3000
tgcagggctttgeagetgetcatetgtttgtttacagtttgttctttecctecttecoct 3060
tcaagtgcacttgttaaactgtgatgaacttgtgattttgtgttttacttgaccaaaacc 3120
aagtgtatatgtttacatgtttttatcctgtttagocttgacatgaaataatttatatttg 3180
gaaatatatatttaagaattatatatataaaaatatatatgtataagagttatgtatttg 3240
aaaaaaatatataaaagaatatacatcacaatataatatttatgtttatgtmgta 3300

aata 3360
gttgtg taatctttety a 3420
a¢ g g tot gca 3480
tatattggtaattctt a 3540
tttcctatgcagtt tctcattaattcetttgt tect. 3600
ttegtatttgatat, g 3660

t, t aaaaata 3720

ttaaaaccaatgagaataaaagaatggaaagataaaataataaaatatagaaagcactaa 3780
aaactaagtgtaagagtaatatagaaaatttacatacaacttaattagattaaatgaaag 3840
cagtttaaagactgaaagtcaaaggctataagacttcattacaatcagaatgaaacatce 3900
tgtttaaaatacacacaacatgaaaatacagaaacactcaaagtagtaggatgggaaaaa 3960

Figure 2. The humarZNF127gene and encoded zinc-finger polypepti@g.Nucleotide sequence of tiNF127 gene and flanking regions, with conceptual
translation. The nucleotide structural features highlighted include, in-tt# érientation for th&NF127sense strand, the transcription start site a NMi€127gene

(nt 969, bold), the intron sequenceZiF127ASlower case), the conserved putative unstable mMRNA element in-thER3of ZNF127 (bold), three potential
polyadenylation signals (bold and underlined), EST02966 (bold and italic) and an 8 nt sequence conserved in the mousSeofjéme padg(A), addition (bold).
The putative structural features of the ZNF127 polypeptide include, in order, the methionine initiation codon (bold aned)nttede gH putative zinc-finger
motifs and additional conserved cysteine or histidine residues (bold), the RIN§BIGK Zinc-finger motif (bold and italics), putative nuclear localization signal
(underlined) and stop codon (asterisk). The GenBank accession no. for BNf&27is U19107. If) The RING zinc-finger motif of ZNF127 and additional
representative proteins. The human and mouse ZNF127 RING zinc-finger motifs are most significantly related to that fromprdteifDdRvariola virus (PIR
D36837). Other RING zinc-finger sequences and database accession nos are: mouse Rpt-1, PIR A30891; yeast S52511, B8P 1PHR S49445; human
herpesvirus ICPO, PIR 12721BrosophilaMs|2, PIR S55554; human BRCA1, PIR U14680; human EFP, GenBank D29)20% GH zinc-finger motif of ZNF127
and other proteins. The proteins shown contain from one to five copies aHmedilf. The GenBank database accession nos are: HSRV 22K, M11486; U2af1-rs1,
D17407; NUP475, M92843; Su(s), X59364; CPSF, U96448; PIE-1, U6289@. \itro transcription and translation aZNF127cDNA. T7 promoted constructs
containing either firefly luciferase (luc), human ZNF127 (ZNF) or an empty vector (T7) were transcribed and tianglabed he translation products were
visualized by $H]leucine incorporation and autoradiography. Molecular weight marker migration distances are indicated.
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localization signal occurs in the RING zinc-finger, and other O
domains previously implicated in transcriptional activation are i N . el
found in ZNF127, such as an acidic region of five glutamic acic 30— 0 - “Bew i.. e _zFiz
residues between the RING and the thigH@notifs and the 20-ENSsen® e e ee - an
N-terminal region rich in Pro, Ala, Gly and Ser residues ¢&y. - '

The AUG start codon of theNF127mRNA (GCaGCCaug; 12345678 9 10111213141518
Fig. 2a) is present in an optimal context for translation initiation
(GCCRCCauds) (39). To demonstrate that the intronless (b ic)
ZNF127transcript can be efficiently translated and thus is likely
to encode a functional polypeptide,vitro translation analysis
was performed. Major translation products of the expected siz¢
were found for ZNF127 and the luciferase control, but not in th
negative control (Fig2d). Minor bands most likely represent
truncated or degraded products. These data clearly show tr
ZNF127 RNA is efficiently translated in rabbit reticulocyte
lysatesn vitro and is therefore likely to be robustly transldted
vivo as well.

Bull K
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12 3 4 12 3 4
ZNFI12TAS ZNFIZTIZNF127AS

Tissue-specific expression patterns @iNF127 and

ZNF127AS Figure 3. Expression analysis of the antise@##-127andZNF127ASyenes.
mMRNA expression fora) ZNF127in adult human tissued))(ZNF127ASn

TheZNF127gene is expressed ubiquitously aBRkb transcript fetal human tissues ang) poth transcripts in human fetal tissues. Multi-tissue

; : ; : - rthern blots containing poly(A)RNAs were hybridized in (a) and (c) with

n .a” tested human adu'.t tissues, with the highest level Ir.].teSt probe common to both genes (RN33-RN35; Fig. 1c) and in (b) with a probe

(Fig.3a). In human fetal lissues, a DN34 cDNA probg SpeQIfIC folunique tozNF127AS(Fig. 1d). For (a)p-actin was used as a control probe.

exon X of the overlapping antiserd&F127ASranscript (Fig.  Tissue sources: B, brain; C, colon; f, fetal; H, heart; K, kidney; L, liver; Lu, lung;

1le and f) detects unique transcripts of 7 and 11 kb predominantfy: ovary; P, placenta; Pa, pancreas; PB, peripheral blood leukocytes; Pr,

in the brain and lung (Figb). When a probe common to both prostate; S, spleen; Si, small intestine; SM, skeletal muscle; T, testis; Th,

ZNF127and ZNF127ASis used on the same northern blot of ™™

human fetal tissues (Fi@c), the 3 kbZNF127 transcript is

detected at significantly greater levels than the two larger

transcripts observed with Z2NF127ASprobe alone. Although NL PWS AS
ZNF127ASwas not detectable in most adult tissues by northet v = e 5 W o o ol
blot analysis, long exposures of autoradiograms from northe!

blots of brain tissues showed expression of the 11 kb transcr znvFiz7- | g8 -. -9

only in cerebellum, the 7 kb transcript in frontal lobe and tempor:
lobe and both transcripts in cerebral cortex, medulla, putame ™ S W - & - - B 8 -

occipital pole and spinal cord (data not shown). TR G Dioh o A S ot Wa W

ZNF127 is functionally imprinted in human

Functional imprinting oZNF127was tested in RNA samples Figure 4. Functional imprinting of the huma&NF127 gene. Expression

prepared from skin fibroblasts of PWS and AS patients with &naysis of thezZNF127.and control transferrin receptor (TR) genes were
xamined by multiplex RT-PCR (+, with RT; —, without RT). NL, normal

deletion or UPD, representing gene expression from_only th%dividual (lane 1); PWS, PWS patients with a paternal 15q11-q13 deletion
maternal or paternal chromosome 15q11-q13, respectively. Dypw102, lane 2; PW139, lane 3) or maternal UPD (PW134, lane 4; PW135, lane
to the presence of overlapping transcripts, primers for reversg; AS, AS patients with a maternal 15q11-q13 deletion (AS136, lane 6;
transcription (RT) were designed to obtain specific amplificationAS162P.1, lane 7) or with biparental inheritance of 15q11-q13 (AS021, lane 8;
of either ZNF127 or ZNF127ASin the RT-PCR analysis. No 751l [ne 9). AS021 has a karyotype 46 XX, 15+
amplification specific forZNF127ASwas detectable by this er(19)t(15718)(p13:q12.2)mat.

analysis (data not shown). Since #¢F127gene is intronless,

PCR amplification resulting from genomic DNA contamination

in the RNA samples was ruled out by control reactions witho e ;

RT (RT-) (Fig4). In a multiplex RT-PCR reaction which aIIowslggf:ﬁ;%’:ggethylamn Imprints in somatic and

guantitation of allelic expressiafiNF127specific products were
detected in fibroblasts from normal and two AS individuals wittOur previous studies GZNF127 DNA methylation had only

a deletion or UPD, but not in fibroblasts from four PWS patientexamined peripheral blood leukocyte3l)( and uniparental

with deletion or UPD, whereas the non-imprinted controtonceptuses such as ovarian teratomas and hydatidiform moles
transferrin receptor (TR) gene was expressed in all samples testéd). We have further examined DNA methylation atZzhg-127

(Fig. 4). These data indicate thaNF127 is imprinted and CpG island (Figla) in brain and a range of fetal tissues and germ
expressed only from the paternal chromosome in fibroblastells, using the methyl-sensitive enzykipall combined with
derived from neonates to adults. the methyl-insensitive enzyniedR| (Fig. 5a). Complete lack of



788 Human Molecular Genetics, 1999, \ol. 8, No. 5

(a)

Eco (c}

kb Msp P M T AT Sp Te 10 fK #H flu 1B fl Sk PB Mormal  AS
52— - PE B 8
ii‘l: F =
35 — — - — =2~ (- — mat
4.3 "
10— . = mat
- s = oot I E—  — — pat

- - - .

08 _ iy s - -
075 ————— -
17— = — mat
12 3 4 5 6 7 8 9101112131415 16— 4 — mat
{b)
Eco -— — mat
kb Msp P M T AT Sp Te [0 IK T fLu 1B 1l iSk PB = mat
g:g: .- = .F 0.8 — — — mal
28= ."==—'“ = ons- —— el
2.0 — - T - il
12 34 56 7 8 9101112131415 1 2 3
(d)
- Mf!:wu
NN .
Mg M im
i ﬁh C
Brain PATASI O 0 ooooo o_© . M:"f“-"""""
T MAT T ETYY . ® &5% methylated
0 TE% mathylated
Spe-rn‘l o O 00000 [= =] 0 50-60% melhylaled
O Unmathylated
Blood leukocytes, PAT;s) o o seses * ©
fetal issues,ovary mMaTipws) ® o (€ 1 8 ®

Figure 5. Tissue-specific DNA methylation imprints within td&lF127gene. DNA methylation ofj theZNF127CpG island and flanking sites in adult (A) and
fetal (f) tissues, detected bipall (double digested witkcaRl) and the DN34 cDNA probeh) the controP3gene, detected by a pGD3 probe (40) anthéZNF127

gene in normal and AS braird)(Summary of allelic DNA methylation patterns in brain, sperm and fetal tissues. Abbreviations for restriction enzymeg and tiss
sources are as for Figures 1 and 3, respectively. Arrow, transcription start site; filled circles, methylated sites;d3@53,filled circles, partial methylation; open
circles, unmethylated sites; MAT, maternal allele; PAT, paternal allele; fl, fetal intestine; fSk, fetal skin; M, hydatdiferi8p, sperm; Te, teratoma.

methylation is shown by the 0.75 and 3.5 kb fragments otat seen in peripheral blood lymphocytes (lane 15). The complete
EcdRI/Msp double-digestion, sinddsp is a methyl-insensitive lack of the unmethylated 0.75 kb band indicates that both the
isoschizomer oHpall (Fig. 5a, lane 1). The same unmethylatedpaternal and maternal alleles are hypermethylated in non-brain
pattern is seen witHpall in placenta (lane 2), hydatidiform mole tissues at site M5 (Fi§d; 31). In contrast, brain (Fidha, lane 12;
(lane 3), adult testis (lane 5) and sperm (lane 6). The latter residtso teratoma, lane 7), represents the only fetal tissue with a
indicate that the paternal allele is unmethylated in the matumominent unmethylated fraction (0.75 kb bandfME127 This
gamete, as it is after fertilization with a paternal genome onlynmethylated DNA represents the paternal allele, as identified by
(hydatidiform mole), confirming previous results). The fetal DNA methylation analysis of an AS brain which demonstrates only
ovary sample is hypermethylated at tANF127 locus, as the 0.75 and 3.5 kb bands characteristic of completely unmethylated
indicated by the lack of a prominent unmethylated fraction (lacPNA (Fig. 5¢, lane 3). In contrast, the maternal allele in brain must
of a 0.75 kb fragment in Figa, lane 8). In contrast, all other be represented by the completely methylated 5.2 kb and the partially
genes and loci that have been examined in previous studies fromthylated 4.0 and 4.3 kb bands (Eg. lane 2). A summary of
other chromosomes, such asB3gene from the X chromosome DNA methylation patterns &NF127in brain, sperm and fetal
(Fig. 5b), have demonstrated a significant unmethylated fractiotissues is shown in Figubel.
in the fetal ovary which is representative of the 20—-30% of the
cells in the ovary that are germ celld) Therefore, th&NF127  piscuUSsSION
gene appears to have the unique feature of being methylated in
female germ cells, although direct analysis of oocytes will b&he novel genes identified he@ENF127andZNF127AS map
necessary to confirm this suggestion. 1-1.25 Mb centromeric of thENRPNgene within the PWS
Most fetal tissues (Figa, lanes 8—14) show a pattern of completaegion in chromosome 15q11-q13. ENF127locus defines the
(5.2 kb band) and partial (0.9-4.3 kb bands) methylation, similar foroximal extent of the 1.5 Mb imprinted domain spanning
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Fetal and adult somatic cells Germline Although the functional role of this type of arrangement has not
Imprinted gene been determined in most cases, proposed functions for temporal
expression P IC function or spatial developmental control of antisense genes include roles

2NF127 (imprint switching) in: transcriptional inhibition, with steric hindrance precluding
transcription from both strands; interference of splicing, proces-
Bidirectional spread sing of MRNA or nuclear mRNA export; translational inhibition
, , of IC signal over 2 Mb by formation of RNA duplexes in the cytoplasm:; or an effect on
Preimpilantation o
embryo 3 mMRNA s_tablllty @13—49)._ _
g;:e:?’gf'f";. Intriguingly, overlapping antisense gene arrangements have
Imprinted gene 4——— ethylation b f dfori inted di d h
expression ZNF127 een found for imprinted genes, as predictel), @nd may thus
Ztp127 lay regulatory roles in the imprinting process. Nevertheless, the
play reg y p gp

mechanism by which antisense genes exert an effect appears tc
differ between loci. The moug#pl27andZfpl27asantisense

Figure 6. Model for imprinted gene regulation. The regulation of imprinted 9€NES are both expressed only from th_e p_atema| aigtey. In )

genes within human chromosome 15q11-g13 begins in the germline, witthis instance, we propose that transcription of one strand in the
initiation of imprint switching at the IC (3). The IC signal then spreads human and mouse precludes that on the other strand, as mutually
bidirectionally across several Mb and is recognized by each target imprintecéxdusive expression of these two genes has been found in
gene, each of which then switches its own DNA methylation imprint, within iff I duri d | s0(and thi dv:

germ cells. This gametic mark then regulates allele-specific expression ir‘jl erent cell types during _eve opmeritD(and this study; J.
somatic tissues, beginning in preimplantation development for genes such adones, M.T.C. Jong, R.D. Nicholls and B.M. Cattanach, unpub-
the mouse ortholog GNF127 lished data). Another model proposes that antisense transcripts to
thelGF2 gene may prevent production of IGF2 peptide in Wilms
tumors despite increased expressionGF2 mRNAs 61). A

cen-5-ZNF1273-NDN-C-SNRPNIPW-tel, which to date Second class dfGF2 antisense mRNAs occurs at an upstream
contains genes with expression from the paternal allele only. Itiggulatory region, although the function is unkno&@#).(Mouse
likely that additional imprinted genes will be found within U2afl-rslis an imprinted intronless gene located within an intron

uncharacterized intervals frofNF127to theUBE3Agene (the Of an antisense, non-imprinted gene and, similar to transgenes,
latter located 250 kb telomeric ofPW). may have become imprinted as a consequence of retrotransposi-
Each imprinted gene within chromosome 15q11-q13 i§on (53). Perhaps the mostintriguing mechanism comes from the
coordinately regulateid cis during gametogenesig)( Analysis ~ recent finding that the paternally_repr_esse_d allele o_f the imprinted
of microdeletions at the'®nd of theSNRPNgene in PWS and 19f2r gene expresses an oppositely imprinted antisense mRNA,
AS patients with a mutation in the imprinting process has led #§f2rAS that may function to regulate developmentally con-
identification of an imprinting center (IC) that functions in thetrolled imprinting ofigf2r (13). Similarly, a paternally expressed
initiation of imprint switching and generation of a molecularantisense RNA may regulatlBE3Aexpression uniquely in the
signal that spreads in a bidirectional manner over the entire 2 N#ain ©4). Other naturally occuring antisense genes therefore
imprinted domain (Fig8). In the absence of IC function, none of represent antisense gene pairs that may be imprinted.
the imprinted genes switches its methylation impriit As a The presence of multiple classes of zinc-finger motifs within
consequenc&ZNF127and each of the other known paternallythe ZNF127 protein implies diverse functional roles and it is
expressed genes are silenced in PWS imprinting mutatidéely that ZNF127 has specific interactions with multiple other
patients, whereas they are biparentally expressed in AS patieftglecules. Over 100 RING zinc-finger proteins from diverse
(42). Similarly, the maternally expresseE3Agene must be species have now been identifi€d) with known or suggested
silenced in AS imprinting mutation patients in the relevant braifunctions ranging from transcriptional activation, modulation of
tissue. The precise molecular basis of imprint switching over lacus-specific chromatin complexes, developmental control,
large domain is currently unknow®29). However, the outcome  signal transduction, peroxisome biosynthesis and cellular trans-
of the IC-initiated germline process is the setting of gametic DNAormation. The RING zinc-finger is likely to function in
methylation imprints at each imprinted gene, includihFr127  protein—protein interactions and many RING proteins may
which provides the parental epigenetic mark dictating postnediate formation of macromolecular complexés);( the
zygotic regulation of these imprinted genes during developmewidely spaced zinc-fingers of ZNF127 would be ideally suited for
(Fig. 6). Our finding that the'send of the humad@NF127gene the latter function.
is unmethylated in sperm but is likely to be methylated, at leastSeveral subfamilies of the RING zinc-finger protein family
partially, in oocytes suggests that this may represent the gamegiist, where members contain additional classes of zinc-finger or
imprint for this gene. This finding is consistent with the imprintedbther protein motifs 7). ZNF127, and two other proteins
expression of mous&p127during preimplantation development identified to date, are included in a separate subfamily with
(Fig.6; J. Jones, M.T.C. Jong, R.D. Nicholls and B.M. Cattanacl;-terminal RING zinc-finger and4El motifs. This includes the
unpublished data). Drosophila unkempt proteing5) and a putative yeast protein
TheZNF127gene is located within an exon and intron of thgGenBank accession no. 662126). Th&l inc-finger motif is
overlapping antisense ge@#&F127ASand this arrangement has similar to the GHC zinc-knuckle of retroviral nucleocapsid and
been conserved since prior to the human—rodent diverg&f)ce ( related proteins as well as thgHCzinc-fingers of NAB2 and
Transcription of both strands of the same DNA locus has be®&NA polymerasessg), which are thought to interact with RNA
described in a number of eukaryotic genes, in some cases with @se part of ribonucleoprotein complexes. ThgHQoroteins
gene embedded in an intron of the other gene, but many oth&2AF3 andDrosophilaSuppressor of sable [Su(s)] are involved
having overlapping exons within the transcriptional unitsin pre-mRNA splicing%7,58), where Su(s) binds RNA, while the
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30 kDa subunit of the cleavage and polyadenylation specifici@CTCCAC-3), flanking the splice junctions. PCR parameters
factor (CPSF) is involved in RNA'®&nd processing5@).  were 30 cycles of 1 min at 9&, 2 min at 68C and 3 min at 72C
Interestingly, theU2afl-rs1 gene, encoding a 38 protein and PCR fragments were cloned using the TA vector (Invitrogen,
homologous to U2A$, is also an intronless, imprinted geneCarlsbad, CA). DNA preparations used the Minipreps DNA
(53,60). Recently, the gH protein tristetraprolin was found to Purification system (Promega, Madison, WI) and DNA sequenc-
bind to the AU-rich mRNA instability motif of the tumor necrosising was performed by the dideoxy termination method with the
factor-o mMRNA and it was suggested that thgH(roteins as a Sequenase Sequencing kit (US Biochemical, Cleveland, OH).
class may be RNA-binding proteir&slj. Based on the preceding Some DNA sequences were confirmed using fluorescent labeled
observations, we suggest that the role of the thgelen@tifs in  primers andTaq DNA polymerase, on an Applied Biosystems
ZNF127 may be to mediate RNA binding as part of anodel 370A DNA sequencer (Applied Biosystems, Foster City,
ribonucleoprotein complex in conjunction with the RING CA). DNA and amino acid sequences were analyzed using the
zinc-finger. BLAST (http:/Ammww3.ncbi.nlm.nih.gov/cgi-bin/BLAST/nph-
Remarkably, the RING zinc-finger motif of the D4R protein ofnewblast ) and ProSite (http://ww/expasy.ch/sprot/scnpsitl.html )
variola major virus§2) and of p28 from the closely related mouseprograms and one specific for conserved amino acid mofifs (
ectromelia and cowpox virusésdj is closely related tothe RING ~ YAC DNA isolation in agarose blocks and PFGE analysis were
motif of ZNF127. The N1R protein from the distant poxvirus,by standard methods, using a hexagonal CHEF-DR Ill PFGE
rabbit fibroma virus, is also related to these protéids Based apparatus (Bio-Rad, Hercules, CA), with switch times of
on the close homology of the RING zinc-finger of ZNF127 an®.1-27.6 s at 6 V/cm for 16 h. Subsequent analysis and DNA
the orthopoxvirus proteins, it is possible that an ancestral virusethylation determination was by standard Southern blot and
gained the RING zinc-finger from a mammalian hosF127  hybridization analyses, as describ28,29,31,42). The isolation
gene (or close paralog; see &f). Both the viral p28 and N1R of the YAC 254B5 right (probe 254RL2) and left (probe 254LL2)
proteins have been localized to virus factoigst). Disruption  ends by Alu-YAC end PCR will be described elsewhere (J.M.
of the p28 gene abolishes the lethality of ectromelia virus forAmos-Landgraf, Y. Ji, W. Gottlieb, T. Depinet, A.E. Wandstrat,
susceptible mice6@) and demonstrates that p28 is essential fo6.B. Cassidy, D.J. Driscoll, P.K. Rogan, S. Schwartz and R.D.
viral DNA replication in macrophages in cell culturéSy,  Nicholls, unpublished data). Probes were labeled by random
Furthermore, the variola ortholog D4R is mutated or missing ihexamer priming (Rediprime DNA labelling system; Amersham
attenuated vaccinia virus straii$64). Given that variola virus Life Science, Arlington Heights, IL). Tissue samples were
is the etiological agent of smallpox, it will be of significance toobtained from the following sources: fetal organs except for
determine the evolutionary relationship and the potential interagermline tissues were from a terminated 23-week-old female
tion of viral and host ZNF127-related proteins in infected animdketus with a large sacrococcygeal teratoma, but that was otherwise
models. normal; fetal testes and ovaries from normal 17-18-week
Each of the multiple paternally expressed genes withiterminated fetuses; placenta from a term male fetus; testis, sperm
chromosome 15q11-q13 is a candidate to play a role in tlad peripheral blood from adult males; brain from a deceased
pleiotropic clinical features of PWS, which is suggested to be Eb-month-old male AS patient with a 15q11-q13 deletion. Full
contiguous gene syndront®.(It will be necessary to identify the IRB Human Subjects approval and informed consent from the
completeZNF127AQyene before its role in PWS can be assessegatient or parent was obtained for these and all human studies
Since the DNA methylation imprint @NF127is only complete  described below.
in brain and germ cells, this suggests that these are critical tissues
for ZNF127 function. Therefore, th&NF127 gene may be a Determination of the transcription start site
candidate for behavioral abnormalities, obesity or hypogonadism o .
and infertility in PWS. While a mougip127knockout is viable, | h€ transcription start site for the humaNF127 gene was
non-obese and fertile (A.H. Carey, M.T.C. Jong, R.D. Nicholl§n@pped using the’ AmpliFINDER kit (Clontech, Palo Alto,
and C.L. Stewart, unpublished data), behavioral studies have fieft)- First strand cDNA was synthesized from poly{Ajman
been performed on these mice and it is likely that the presenceR#cental RNA supplied in the kit with a gene-specific primer,
related genes3@) suggests some degree of functional redunRN79 (3-CTCTCAGTCTCTGAGCTC-3. Subsequent PCR
dancy for this gene. Therefore, we cannot at present rule in or @ipPlification was performed using the AmpliFINDER anchor

arole for th&NF127gene in some aspect of the PWS phenotypd)!Mer and either of two gene-speci,fic primers, RN13
Determination of which imprinted genes contribute to thd>-CCCGAGGTGGGCAGGGACTGGAGE  or  RN34

complex neurobehavioral phenotypic components of Pradef2-CAGGGAGCTGCAGGCTCTTCC-3, both upstream of
Willi syndrome will require mouse models and the identificationRN79. PCR products were cloned into the TA vector and the

and phenotypic correlations, of mutations in specific genes withfi@hsformants were screened using radioactive probes. One
the 15q11-q13 imprinted domain. identical start site was mapped in this way using either RN13 or

RN34 for theZNF127gene.
MATERIALS AND METHODS :
Preparation of RNA samples

DNA analyses Skin fibroblasts were isolated from normal individuals and

Isolation of the DN34 cDNA from a human fetal brain library hagatients with PWS (1 month to 21 years old) or AS (3-10 years
been described3(). Isolation of theZNF127ASintron (pZNF-  old) by punch biopsies and cultured in RPMI1640 w/HEPES
ASintron) was by PCR amplification of genomic DNA usingmedium (Gibco BRL, Gaithersburg, MD) supplemented with
primers RN40 (BAATTCGCATTAAGAAGGAGCTTGT- 10% fetal bovine serum, 0.3%/ml amphotericin B, 2 mM
CG-3) and RN61 (5CGAAGCTTCAAGTCCATCTTT- L-glutamine, 100 U/ml penicillin and 0.1 mg/ml streptomycin.
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Cells were harvested from culture flasks with trypsin and washethain reaction; PFGE, pulsed-field gel electrophoresis; PWS,
with Hank’s balanced salt solution (Gibco BRL). Poly{(/RNA  Prader-Willi syndrome; RACE, rapid amplification of cDNA
was prepared from the cell pellets using the PolyATract Systeends; RT, reverse transcription; TR, transferrin receptor; UPD,
1000 (Promega). To remove genomic DNA contamination imniparental disomy; UTR, untranslated region.

RNA samples, 200 ng of poly(ARNA or 2pug of total RNA

were digested with fil DNase | (1 Udl; Gibco BRL) for 15 min

at room temperature. DNase | was inactivated by the addition 6 KNOWLEDGEMENTS

1 ul of 20 MM EDTA and heating for 10 min at®85. The RNA
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isopropanol precipitation and storage at *@0For northern
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