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The Prader-Willi syndrome (PWS) is caused by ge-
nomic alterations that inactivate imprinted, paternally
expressed genes in human chromosome region
15q11—ql13. IPW, a paternally expressed gene cloned
from this region, is not expressed in individuals with
PWS, and is thus a candidate for involvement in this
disorder. The IPWtranscriptdoes not appearto encode

a polypeptide, suggesting that it functions at the level

of an RNA. We have now cloned a mouse gene, named
Ipw, that has sequence similarity to a part of  /PWand
is located in the conserved homologous region of
mouse chromosome 7. The Ipw cDNA also contains no
long open reading frame, is alternatively spliced and
contains multiple copies of a 147 bp repeat, arranged

in a head-to-tail orientation, that are interrupted by the
insertion of an intracisternal A particle sequence. Ipw
is expressed predominantly in brain. In an interspecies
(M.musculus xM.m.castaneus ) F1 hybrid animal,
expression of Jpw is limited to the paternal allele. We
propose that Ipw is the murine homolog of  IPW.

INTRODUCTION

regulated protein component of the spliceosome expressed
predominantly in neuronal tissues. It is paternally expressed in
mice and human$L£7). ZNF127(D15S9 encodes a zinc finger-
containing protein, presumably a transcription factor, and is
located in the proximal end of the deletion regiéh @n
allele-specific methylation difference has been documented for
probes from this regio®), however, no expression studies have
been published other than in abstract fatf).(

A small number of PWS patients have deletions of <100 kb on
the paternal chromosome that are located just centromeric of the
SNRPNgene {1,12). These deletions result in loss of expression
of imprinted genes in this region, includBRPN11) andiPW
(13) and alter the differential methylation pattern of other loci,
such aPW71B(14). For one family (PWS-U) lack of expression
of ZNF127has also been reporteiby).

There is growing evidence that untranslated RNAs play a role
in establishment or maintenance of a chromatin configuration that
is necessary for the expression of nearby genes. The alternative
hypothesis is that the transcription of untranslated RNAs merely
reflects the transcriptional state of their chromosomal region,
while the RNAs themselves have no function. Deletion in mice
of the imprintedH19gene, which encodes a non-translated RNA,
disrupts imprinting in the region surroundingLis). A disruption
of DGCR5 a non-translated RNA from the DiGeorge syndrome
region, is implicated in regional control of nearby gerg3. (
Finally, paternally expressed alternat&RPNtranscripts are

ThelPWgene {) is located within an imprinted region on humanproposed to be involved in imprint epigenotype switching. Non-
chromosome 15 that is deleted in 70% of cases of Prader—Wilianslated exons upstreamSMRPNare disrupted in a subset of
syndrome (PWS)2]. Although thelPW transcript is widely PWS and Angelman syndrome patients, whose disorder is
expressed, spliced and polyadenylated, the 2.2 kb RNA sequeapparently caused by a failure to reset the chromosome 15 imprint
does not appear to have polypeptide-coding potential. THem one parental epigenotype to the otHes).(In a further
manifestations of PWS include mental retardation, neonatekample, disruption oXist, the inactive X-specific transcript,
hypotonia, hyperphagia leading to obesity, short stature ambtbcks X-inactivation incis-configuration {9). In this last
hypogonadism, suggesting a underlying hypothalamic defeexample, there is evidence that ¥Xist RNA may be directly
Since most non-deletion cases of PWS are due to unipareritalolved in X chromosome inactivation by physical association
maternal disomy for chromosome 1%4j and are clinically between th&ist RNA and the chromosomgd).
indistinguishable from those with paternally derived deletions, the IPW is located1180 kb from the putative imprinting center
genes responsible for the phenotype must be imprinted, expresseglired to maintain expression from this region on the paternal
only from the paternal allele and located in the deletion regiorchromosome 15. The functionl®W s apparent neither from its
IPW and two other paternally expressed genes have beexpression pattern nor from its sequence. HowiRMtmay be
identified within the deletion region, yet no causal connection h&svolved in regional gene control in the PWS region, in a manner
been made between the loss of expression of any particular ganalogous to the proposed roles of other untranslated RNAs. In
and the manifestations of PWSNRPNcodes for the small order to investigate further the functionIBfV and its role in
ribonucleoprotein-associated polypeptide N, a developmentaBWS and in gene regulation and chromatin configuration, we
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Figure 1.Genomic organization of thew locus as determined from seven independent genomic clones. The exons contained within each genomic clone are illustrat
but the positions and sizes have not been determined for all introns. The location of exon G was inferredR&@ alBne. For comparison, the structure of the
humanlPW gene is shown at the top with vertical lines indicating the location of the conserved sequences.

have searched for a mouse homolog. We report here tbemmon 5splice site. Together with the finding that this locus is
identification of an imprinted genlp{) with sequence similarity similarly imprinted (see below), these results provide evidence
to IPW that contains tandem 147 bp repeats and appears nothat Ipw is the mouse gene equivalent )V, but that the

code for protein. sequence similarity between the two genes is limited.
RESULTS Characterization of Ipw transcripts and genomic structure

Mouse genomic clones hybridizing ttPW map to a Partial mouse brain cDNA clones were generated by three
conserved syntenic region and contain a partially independent methods: rapid amplification of cDNA ends
homologous gene (RACE) (23) with primers derived froripw exon C, RT-PCR and

cDNA library screening (Fid). The RACE and RT-PCR cDNA

Seven overlapping clones (fohrphage clones and three P1clones contained overlapping sequences, termed exons A-G (Fig.
clones) were identified by hybridization to a probe from humaBA). The 5 region of thdpw cDNA contained multiple tandem
IPW exon 3 and by PCR screening of mouse genomic DN#Aepeats of a 147 bp sequence termed exon A. Two slightly
libraries (Figl). Partial sequencing of clohmgl revealed a 319 different copies of exon A (Al and A2) were found by sequencing
bp region of similarity téPW with 79% nucleotide identity and subclones oAmgl. Exons Al and A2 were present in phage
four gaps (Fig2). The 5 end of this region (later named mouseAmgl as single exons. The genomic structure of the other A
exon C, 142 bp) is 70% similar to tHeehd oflPW exon 3, and repeats is unknown. Southern blot analysis with a probe from
the 3 end of mouse exon C corresponds to the middIP\WWf  exon A revealed strongly hybridizing 0.8 and 2.5BdiRI
exon 3. The Ssplice sites are at identical positions when thdragments in total mouse DNA and in DNA from the P1 clones.
human exon 3 and mouse exon C are aligned. A splice siteTikis finding suggests that the repeats are in separate exons, giver
presentin mouse DNA at position 143 that is not present in humtire absence of restriction sitesEmoR| within each exon. It also
DNA. Itis most unusual, however, that the similarity between thguggests that the genomic sequence containing the A repeats is
human and mouse sequences extends throughspiec8 site of organized in tandem repeats [@.8 kb, defined byEcdRlI
mouse exon C into the adjacent intron for an additional 176 bp arestriction sites. Itis noteworthy that the sequence of exon B bears
diminishes thereafter. some resemblance to that of exon A (RB@), indicating an

A fragment from this region of sequence similarity was mappeahcient evolutionary relationship.
by PCR to mouse chromosome 7 using a meusdent somatic Hybridization screening of a mouse brain cDNA library
cell hybrid mapping paneR{). Furthermore) phage clones yielded 12 cDNA clones (mbr0-2, 6-9, 11, 12, 15, 17 and 18)
Amgl andimg2 were mapped to the middle region of mouséFig.3A and B). The first clone isolated (mbr0) contained slightly
chromosome 7 by fluorescenitesitu hybridization (data not more than two copies of exon A, followed by exon B, exon C and
shown). Thus]pw falls into a previously identified region of part of exon F (FigBC). When this clone was used to rescreen the
conserved synteny with proximal human chromosom@2)5 ( library, 11 additional clones were isolated. The homology of these

The sequence similarity of the moupev clones to human cDNAs, however, was limited to exon A based800 bp of
IPW, and the localization of these clones to a region of homologequences obtained from each end (BB). The 147 bp
to human chromosome bands 15q11-q13, suggedipthas  tandemly repeated exon A sequences that were present in severa
indeed the mouse homologBiN. Furthermore, hybridization of RACE clones and in all mbr clones were not completely identical.
either a humatPW exon 3 probe or a mouse exon C—intron CThey differed by 1-6 nucleotides correspondind26—99%
probe to restriction digests of mouse DNA on Southern bloequence conservation. In additidhjn 20 of the exon A repeats
resulted in identical band patterns (data not shown). Tihws, had internal deletions of 18—22 contiguous nucleotides. Three of
appears to be the only locus with high sequence similatRyfo the mbr clones contained part of an intracisternal A particle repeat
in the mouse genome. No hybridizing fragments were seeftAP) adjacent to the exon A repeats. The full length of the IAP
however, when moudpw probes from upstream of exon C weresequenceXd) is 7096 bp (GenBank entry MUSFLIAP). Based on
hybridized to Southern blots of human DNA, indicating that théybridization and partial sequence analysis, the nine other mbr
region of homology is limited to the sequence similarity betweetlones appeared to be lacking IAP DNA, but they were not
mouselpw exon C—intron C andPW exon 3, including the sequenced completely.
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‘ CECTTE TEEEEE e e e e e e e e e e e e b e 1
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IPW 304 CCCATAAATATACATTTATAATTTTCATTTGCCACACGGTAAACTGAAAAATACAGACTAT
Ipw 330 attaaaaataaaatgcatgattaaacaaacctgaatgcatacttatataattaatacataa
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IPW 365 ATTAAAAAGAAACTGCATGATTTTTTTTCAAAAATTCAAAGCATATTTAAATAATATATAA
Ipw 387 aatatgtgctgccacttttttgaaggctatccccatagtttetctectgttaagagaaggat
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IPW 422 ATTAAATGCCCTCCTCTCTTCCAATTCTGTCCCTATAGTTTTCCTCTATTAAGTGAACTAC
Ipw 448 atacatgcttttaacgaataaatatacaagcagatacacatactgtctggtggggge

P T A NN R Y | (1l
IPW 483 ATGCATTCTTTTAGTGGATAGATGCACACAAACACACAAGCCATTATGGGGAAGGAT. ..

Figure 2. Alignment of mousgw exon C—intron C and hum#PW exon C sequences. Exon sequences are in upper case, intron sequences in lower case, and sequel
identities are marked with vertical lines. Thesplice sites are at equivalent positions in the two cDNAs, wheredssihlea sites differ.

A pattern of alternative splicing at thé éhd of the cDNA  other tharlPW. No sequence similarity betwekmyv and human
clones (Fig3A) was confirmed by RT-PCR of mouse brain RNA.IPW was detected beyond the region noted in Figur&he
Reverse primers were designed from the sequence of exons DigRgest open reading frame (ORF), starting with a potential
F, G and H, and a forward primer was designed from the exoni@tiator methionine, predicts 104 amino acids and covers part of
sequence. RT-PCR between these reverse primers and the exex@h A2, all of exon Al and part of exon B. No similarities were
forward primer vyielded products from mouse brain RNAfound when the protein databases were searched with this
corresponding to the RACE clones. In all of these clones, thetranslated sequence. The potential initiator methionine is not
same exon C splice donor site was used. In addition, RT-PGRrrounded by the consensus sequefBe Furthermore, the
product clone R3-82-5 contained an alternatively spliced cDNprogram CODONPREFERENCE, which analyses sequences for
not represented among tHeRACE clones. Exons D, H and G coding potential using a codon usage table, detected no evidence
appear to represent alternativeeBds to the message sin¢e 3for coding potential within thdpw cDNA sequence. Most
RACE was performed with an oligo(dT) primer. Although theremarkably, however, the putative ORFSIRAV (1) andlpw are
mbr clones were derived from a random and oligo(dT)-primedot within the conserved region of sequence similarity and, thus,
brain cDNA library, none of them had poly(A) tails. The order ofthe conceptual translation products are completely different. We
exons D, E, F and H was established by hybridizing oligonuclecenclude from this comparative analysis that both genes are
tides complementary to each exon to Southern blots of restrictioon-coding and that their function must be at the RNA level.
digested DNA from each of the genomic clones (Eigexon G
was present only in RACE clone R3-3 and not in any of thepq Ipw transcript is highly expressed in brain
genomic clones. The sequence of exon F and its intron—exon
boundaries was determined from clone mbr0 and from Bhe expression ofpw in mouse tissues was examined by
subcloned fragment of the P1 clone P1-5150. Northern blot hybridization of total RNA with a probe from exons
B and C. There was no signal in heart, liver or skin fibroblasts, but
a strong smear ranging in size from 0.5 to 12 kb was seen in total
brain RNA (data not shown). By using RT-PCR with primers
A similarity search of sequence databases revealed no significanplifying exons B and C, a specific product was obtained only
similarity of the sequence shown in Fig@f@ to known genes from brain RNA. Expression in other tissues was detected

Sequence analysis reveals no coding potential
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Figure 3. Transcripts and sequencdmi . The clones in (A) and (B) are aligned to show their location relative to each/oti3ecNA clones. R5-14 and R5-49

are 5 RACE clones, R3-3, R3-4 and R3-6 ar&@BCE clones, R3-82-5 is an RT-PCR product, and mbr0 is a library cDNA clone that contained only part of exon
F. Poly(A) tails on RACE clones are indicatds) § cDNA clones. Eight independent clones had exon A repeats at both ends and ranged in size from 1.1 to 5 kb
Clones mbrl, mbr9 and mbr18 have IAP sequences at'teenl8 The position of the sequence present within the complete 7096 bp IAP sequence is noted for eacl
clone. Gray areas represent regions not sequenced. Triangles represent small (18—22 bp) deletions within some copies of exon A. The exon structure of these
clones has not been determinég). $equence dpw cDNA clone mbr0 that was extended by sequencing genomic clones to include exon F. Each exon sequenc:
is written on a separate line and exons Al, A2 and A3 are aligned. The polymorphic site within exon B is underlined.

subsequently by using a hemi-nested RT-PCR, which detects vergall intestine, brain, kidney, liver and large intestine) @Ay.

low abundance transcripts. This contrasts with huitRd&  To ensure that the maternal allele was indeed present in the
which is expressed at a low but relatively constant level in alhterspecies hybrid mouse, we performed PCR on liver DNA
tissues tested. HumalPW transcripts are easily detected byfrom the same animal with intron primers flanking exon B. Upon
RT-PCR, without the use of the more sensitive hemi-nestatirect sequencing of this DNA PCR product, an overlapping

procedure X). signal from the two alleles was seen (BiB). Parallel control
experiments on RNA from Bl.musculusnouse demonstrated

reaction (Fig4C). We conclude thdpw is an imprinted gene

To determine the imprinting status kgw, we searched for with expression limited to the paternal allele in all adult tissues
sequence polymorphisms among different strains of mice laxamined, as is the case B\, its human counterpart.
direct sequencing of PCR products from exons B and C,
amplified using primers from flanking introns. No sequence
polymorphisms were found in three straindofusculugICR  DISCUSSION
outbred, C57BL/6J, 129/SvJ) and NIH3T3 cells. However,
between these strains ®l.musculusand M.m.castaneusa  Aside from the apparent lack of any other sequences homologous
polymorphism was identified in exon B that consisted of ‘taaactb IPW within the mouse genome, the specific evidencdlat
in M.musculusand ‘taaccaccc’ iM.m.castaneus is the murine homolog dPW is 4-fold. The two genes share a

This polymorphism resides outside of the potential ORF. Treegion of 79% sequence similarity over 319 bp, although part of
look for parent-of-origin specific expression, we examined ththis region includes similarity between a human exon and a
transcripts in tissues from an F1 productidfian.castaneusiale  mouse intron. Thipw gene is located in the central part of mouse
crossed to aM.musculusfemale mouse. When hemi-nestedchromosome 7, a region of known conserved synteny with human
RT-PCR products containing the exon B polymorphism werehromosome region 15q11-13, wh&é/is located. Both genes
sequenced directly, only the pateriaim.castaneusllele was lack protein-coding potential and both are imprinted, with
expressed in all tissues (stomach, heart, testes, muscle, splespression limited to the paternal allele.
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In contrast tolPW, which is ubiquitously expressed at a
A moderate level in all human tissuigsy is expressed primarily in
brain, and elsewhere at a very low level. The presence of tandem
repeats within the cDNA, encoded by separate exons, is a
distinctive feature ofpw. Restriction digests of genomic clones
containing the exon A repeats suggest a repetitive organization of
a larger genomic unit. As recently suggested, sequence repeats
may be a common feature of imprinted ger#&s. (The high
degree of sequence conservation between the copies of exon A
may indicate a recent expansion of these repeats or, less likely, a
functional importance of their sequences. In contrdBtbthe
mouse gene is expressed in multiple alternatively spliced forms.
Whether they have distinct functions, either in different regions
of the brain or during mouse development, remains to be
TACCLGEGTAACCACQCCOCCCECCE investigated.

Ipw joins a growing list of genes known to be imprinted in the
mouse. There are now nine imprinted genes on mouse chromo-
some 7, including three in the central regenrpn(22), Znf127
B (10) andIpw]. The other six genes are either in the proximal

[Peg3 (27)] or distal Ins2 Igf2, H19, Mash2 and p57kip2
(28,29)] region. One or more of these genes probably account for
the imprinting effects observed in experimentally produced mice
with uniparental disomies for regions of chromosome 7.

At least eight other mammalian genes produce spliced and
polyadenylated transcripts with no long ORF and, therefore,
appear to function at the level of RNA. Gene deletion experiments
have been performed for two of these geht) and Xist
Deletion of the imprintedH19 gene disrupts imprinting in the
region surrounding itl6). H19 has been proposed to regulate the
imprinting status of the neighboring genkg2 and Ins2
(16,30,31). This model supposes that the transcriptiofl D9
blocks access of adjacent imprinted genes to shared enhancer
elements, thus preventing their transcription. Lack of expression
of H19 allows access to these enhancers, and transcription of the
other genes proceeds.

The murine inactive X-specific transcripfist contains no
conserved ORF and plays a major role in X-inactiva@@h (n
support of this hypothesis, disruptionXi$t blocks X-inactivation
in the cis configuration {9), and transposition of a genomic
fragment containingist and flanking sequences to autosomes
causes them to be counted and chosen for the X-inactivation
process Z0). In the early mouse embryist is expressed
exclusively from the paternal X chromosorfig)(

BothH19andXISTshare >70% sequence conservation with their
mouse homologs. Sequence comparison of additional mammalian
homologs ofXISTandH19 suggests that the sequence of these
two untranslated RNAs is more conserved than introns of coding
genes, but less conserved than coding exons. Furthermore,
although the human and mouXé¢ST genes are similar in
sequence and gene structure, only tlead of theXISTsequence
appears to be conserved in other mammalian spédjes (
TACCAGTAAACCCCCCC Five other untranslated genes whose expression has not beer
assessed for imprinting have been described recentlgatid@
cDNA was isolated from Chinese hamster cells as one of a group
of genes induced by DNA damage. Overexpressiogadfl7
Figure 4. Imprinting analysis. Exon B sequence including the polymorphic leads to growth arrest in both hamster and human cells. The 900 nt
nucleotides was obtained from RT-PCR products of tissue RNA and fromgadd7cDNA does not cross-hybridize to RNA from human or
genomic DNA PCR productsA] Brain RNA from aM.musculu¢C57BL/10) mouse, and so is apparently poorly conser@8f The murine
x M.m.castanejysF1 mouse contains only th®.m.castaneuspecific . ! . . . . : .
transcript. B) DNA from the same mouse contains both alle@sRNA from H'Sjj locus is a common_sr[_e Of_ retroviral insertions leading to
M.musculusbrain reveals expression of themusculusspecific transcript, ~ murine myeloid leukemiaHisl is conserved across several
demonstrating its detectability by this assay. species, yet its 3 kb transcript has no OBgy. (A gene proposed

=]
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to have a role in differentiation or sex determination (irRACE and identification of cDNA clones
acampomelic campomelic dysplasia) produces an untranslatgd :
3.7 kb transcript 7). DGCR5 is an alternatively spliced, BOth 8 and 3 RACE were performed on mouse brain RNA

untranslated transcript disrupted in an individual with DiGeorgrissem'aIIy as describefty, with the exception that Severse

: . fanscription products were tailed with dGTP rather than dATP.
syndrome 7). Finally, the introns but not the exons of the huma . .
U22 host geneUHG) are highly conserved with the mouse ACE products were cloned into pBluescript (Stratagene) and

homolog, consistent with the hypothesis that the function of trEgduenced. I RACE experiments, reverse primers in exon C
untranslated gen&HG is to provide a host gene fafHG were used to isolate clone R5-14 and identify exon B, then reverse

intron-encoded small nucleolar RNAS). primers from exon B were used generate clone R5-49. Forward

. i from exon B were used ih RACE to isolate clones
Both IPW andlpw are members of a family of untranslatedP’Mers ;
RNA molecules. Although the possibility that the short ORI%‘?'}]?;i'ﬁRg"l darr]i?1 R3-6. EX?]niE’ an&molcoglﬁs olf?eA?EA\lNire also
noted in thépw cDNA codes for a polypeptide has not formally¢NH1€d dunng sequencing gl 'he R clones
been excluded, it is made less likely by the dissimilarity to th@ustrated represent a subset of those identified. Poly(A) tails
ORF in humarlPW. Identification ofIPW homologs in other were found at the’3ends of clones R3-3, R3-4 and R3-6,

; - : : e indicating that multiple polyadenylation sites are used. Since 3
organisms may help to identify regions of critical importance t . )
gene function in this poorly conserved gene. EACE was performed using an oligo(dT) adapter, we assume that

: : ese correspond tdénds ofpw. Clone R3-82-5 was generated
There are two possible roles for untranslated RNAs. First, eagh RT-PCR with primers from exons C and F.

RNA product could have a separate cellular function, unrelat .
to its genomic location, perhaps as part of a ribonucleoproteinA CDNA probe containing parts of exons B and C was used to

complex. The products of thé19, gadd7 andHis1 genes all SCreen a mouse brair] CDNA library (Stratagene #936.309)'
appear to be involved in regulat’ion of cell growah,6,39) yielding clone mbr0. This clone was used to rescreen the library,
Expression oH19 andgadd7inhibits cell growth, an'cH-Iiél ié yielding 11 additional clones, ranging in size from 1.1 to 5 kb.

- - : ; - ._Clone names and sizes were: mbr0, 652 bp; mbrl, 1.6 kb; mbr2,
:g\s/glr\t/li(:l inmurine leukemia when activated by retrowraEl kb; mbr6, 2.2 kb; mbr7, 5 kb; mbr8, 3 kb; mbr9, 1.6 kb; mbrl1,

- - kb; mbr12, 1.3 kb; mbrl5, 2 kb; mbrl7, 1.6 kb; and mbr18
Second, genes encoding untranslated RNAs may be import ' T ' ! ! ' P g
regulators of regional gene expression. In favor of this ide%gbrﬁ'u&%ﬁp‘ l'{'jlbr&;y Sﬁ;ﬁ::?ig]r?avmii\?oegféggg ;é;'rlé?rr] lift
targeted disruptions of eithd 9 or Xistin mice cause alterations 10 the instruc’tigng of trf)le manufacturer 9

in the expression of other genes indiseonfiguration. Inherited ’

microdeletions in PWS patients that include portions of alternativ . :
transcripts of theSNRPNgene causes loss of expression ogequencmg and sequence analysis

paternally expressed genes when inherited isi¢heonfiguration  Sequence analysis was performed using the BLAST search
through the paternal germlinegj. Transcription of these genes algorithm  @0) through the NCBI WWW site

is thus implicated in control of regional gene expressionhttp://www.ncbi.nim.nih.gov/BLAST/) and the program CODON-
Similarly, Ipw could be a candidate for regulation of other geneBREFERENCE from the GCG package (Genetics Computer
in the imprinted region of central mouse chromosome 7. Ge@roup, Madison WI). Sequencing was performed either using a
knockout studies will be useful to address this possibilitydouble stranded dideoxy chain termination method and Seque-
Alternatively, transcripts from an imprinted region in which thenase Il (USB-Amersham) or by cycle sequencing (Perkin-Elmer
chromatin conformation differs on the paternal and the materngbrp.) and an ABI 377 automated DNA sequencer.
chromosome could simply reflect the opportunistic transcription

from a region with open chromatin. Whether such transcriptioRNA and DNA preparation

is the prerequisite or the consequence of the underlying mechanism . ) o
that maintains parent-specific chromatin configuration becomd®tal RNA was prepared from mouse tissues by first grinding

the crucial unanswered question. under liquid nitrogen, then adding RNA-STAT (TelTestB Inc.,
Friendswood, TX) and proceeding according to the manufac-
MATERIALS AND METHODS turer’s directions. DNA was extracted from tissues by grinding

under liquid nitrogen, proteinase K-SDS treatment and phenol—

Identification of genomic clones chloroform extraction followed by ethanol precipitation.

Two phage clonesAingl (13.3 kb),Amg2 (16.2 kb)] were PCR and RT-PCR

isolated from aFIX Il mouse 129 library by hybridization to a Reverse transcription-PCR was performed using Superscript
probe fromlIPW exons 2 and 3 [PCR product C-D)]( Two  reverse transcriptase (Gibco-BRL). For expression and imprint-
additional clonesN67 (10.4 kb) and68 (9.5 kb)], were isolated ing analysis, a hemi-nested PCR strategy was used. RNA was
from a 129SvJ embryonic stem cell library by hybridization to aeverse transcribed using random hexamers. The first round of
subclone ohmg1 that included exon C and part of intron C. Thre®CR (95C for 5 then 20 cycles of 9% for 30 s, 55C for 30 s,

P1 clones [P1-5150 (60 kb), P1-5151 (55 kb), P1-5152 (60 kbjp°C for 30 s, then 7Z for 5 min) was performed with primers
were identified by PCR screening of a P1 library (Genom&F2092-UF2077. The second round of PCR, under the same
Systems) using primers derived from the exon C—intron C. Rbbnditions but for 30 cycles, was performed using primers
clone DNA was prepared by alkaline lysis. ChromosomdlF2100-UF2077. Amplification of exons B and C from DNA
mapping of thépw gene by mouse rodent somatic cell hybrid was performed using primers UF2164-UF2165 and UF2135-
analysis and fluorescenicesitu hybridization was performed as UF2034 respectively, under the same PCR conditions, for 30 cycles.
describedZ1). Primer sequences for imprinting analysis were2092, 5ACT-



GTTGTGGTGTTGCTGAC; UF2100,6ATGCATTCCTTTTC-
CTTCA; UF2077 STGGTAGAAGAAATGGCACC; UF2164
S'CATCTCAATGTGCATGGTG; UF2165, '®TTTGGTCCA-
CAAAGTCTTG,; UF2135, CTTTCCCTATGTAGTGTAACCA;
and UF2034, BGTTTGTTTAATCATGCATTTT. Oligonucleo-

tides for hybridization and RT-PCR were: exon A, UF2092
(forward); exon B, UF2077 (forward); exon C, UF2100 (reverse}s.

exon D, UF2183 (reverse), ACCTCCAGGTGGCTTCT, exon
E, UF2181 (reverse), GTGCACTGTGCAATTTCTTT, exon F,
UF2182 (reverse), 'AGGGCACCCTTTTTTGATA; exon G,

14.

UF2361 (reverse), GCTTCCAAACTGGTTCAGAG; and exon 16.

H, UF2362 (reverse), ATAGTTAGGTTTTATGGCCTTC.

17.
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