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In analysis of a conserved region of proximal mouse
chromosome 7 and human chromosome 19q, we have
isolated a novel mouse gene, Ziml (imprinted zinc-
finger gene 1), encoding a typical Kruppel-type (C2H2)
zinc-finger protein, located within 30 kb of a known im-
printed gene, Peg3 (paternally expressed gene 3). Our
studies demonstrate that Zim1 is also imprinted; the
gene is expressed mainly from the maternal allele and

at high levels only during embryonic and neonatal
stages. In contrast to most tissues,  Zim1 is expressed
biallelically in neonatal and adult brain with slightly
more input from the maternal allele.  Zim1 produces
multiple transcripts that range in size from 7.5 to 15 kb.
The 7.5 kb transcript is expressed at highest levels and
appears to be embryo specific. Whole mount  insitu hy-
bridization analysis indicatesthat ~ Zim1 is expressed at
significant levels in the apical ectodermal ridge of the
limb buds during embryogenesis, suggesting a poten-

tial role of Zim1 in limb formation. We have identified
the potential human ortholog of ~ Zim1 near PEG3in a
conserved, gene-rich region of human chromosome
19g13.4. The close juxtaposition of reciprocally im-
printed genes has also been seen in other imprinted re-
gions, such as human 11p15.5/Mmu7 ( H19/Igf2) and
suggests that the two genes may be co-regulated.
These and other data suggest the presence of an unex-
plored, conserved imprinted domain in human
chromosome 19g13.4 and proximal Mmu?.

INTRODUCTION

BO|UMO(]

relatively large chromosomal regions. Several studies hgve
provided evidence to suggest that relatively small sequence
elements, called imprinting center8,4), may regulate the§
imprinting of a whole domain and orchestrate coordinated
expression of individual |mpr|nted genes in each redigB).( &

Phenotypic studies of mice bred to carry part|aI unlparerﬁal
disomies have permitted the identification of nine major ifa-
printed domains located on seven different chromosoffes §
Similar observations drawn from surveys of human uniparetal
disomies §) indicated that imprinting is conserved W|th|g
mammals 9). Mouse chromosome 7 (Mmu7) contains at least
three different imprinted domains, located in the proximal, cen&al
and distal portions of the chromosome, respectively. Two of The
three known |mpr|nted Mmu7 domains are syntenically hom
gous to human regions that are also associated with |mpr|§'ted
genetic disorders. The central Mmu7 domain is related to hur%an
chromosome 15q11-q13 (H15g11-q13), which contains genes
associated with Prader—Willi and Angelman syndrorigsThe f,
distal Mmu7 imprinted domain is related to H11p15.5 agd
contains genes related to those associated with Beckwiih—
Wiedemann syndromé (). Although no clear human |mpr|nte
disorder has been mapped to chromosome 19q, maternal d|§0my
(paternal deficiency) of the related proximal Mmu7 region
associated with late embryonic lethality in micel)( Since —
animals disomic only for the proximal region have not be%n
studied, the effects of paternal disomy of this region are uncer@m
No imprinted genes had been identified within the proxmgal
Mmu7 imprinted region until recently, whéteg3 (paternally 3
expressed gene 3) was isolated and mapp®d The human &
homolog ofPeg3is located in the telomeric portion of H1913.4]
a gene-rich segment that harbors several families of clustéred
Kruppel-type zinc-finger (ZNF) gene$3 14)

Since imprinted genes are often clustered, we predicted ﬂwat
additional imprinted loci would be found in the region
conserved homology of H19g13.4 and proximal Mmu?7. Usmg

Genomic imprinting is an epigenetic process in mammals ithe well-defined physical map of human chromosome 19 @ a
which two parental alleles are marked during gametogenes@jide (L3), we have localized several known and novel gemes
resulting in parent-of-origin-dependent monoallelic expressiowithin the interval surrounding human and moB&G3IPeg3

or repression of certain genes during development. Approximatg<4; J. Kim, unpublished data). In this paper, we describe the
ly 30 different imprinted genes have been identified in human angblation and characterization of one ge#@éenl (imprinted
mouse {) and as many as 100 such genes are estimated to exisic-finger gene 1), a novel ZNF gene located within 30 kb of

in the mammalian genom&)( Most of the known imprinted Peg3 Zimlis expressed mainly from the maternal allele during
genes are clustered in chromosomal domains, indicating thée embryonic and neonatal stages and is expressed at high levels
genomic imprinting is a long-range phenomenon that affectenly in embryonic tissues. These studies indicate that an

*To whom correspondence should be addressed. Tel: +1 925 423 2274; Fax: +1 925 422 2282; Email: kim16@linl.gov
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uncharacterized imprinted domain surrouReg3in proximal
Mmu7 and suggests that conserved genes in H19913.4 may alS@gq13.4

A19q13.4
be imprinted. < ZNF cluster >
g 3
¥ < o
~Om s® e g
RESULTS =90 %% - s
. : T I | 1 8
Isolation of the Zim1 gene Distance (Mb) 3 2 1 0o
Previous studies had positione&G3/Peg3within human and
mouse regions also known to contain large numbers of tightlyB)
clustered ZNF gened4-16). To test whether genes adjacent to pistance (kb) 200 100 0
human PEG3 are ZNF genes we hybridized a conserved ! ! !
Kruppel-associated box (KRAB)-positive genomic fragment Zmi  Pogs
(25670Krab), isolated from theNF134 gene cluster [located I T T T 1T T T
[+ E CE E SC EC S

1 Mb distal to humaREG3(14)], to restriction digests of cosmid

14378 containing humaPEG3. Subsequently, we detected and

isolated a positively hybridizing fragment in cosmid 14378 BACs308F8 —
(herein referred to as 14378Krab). To search for potential
Kruppel-type ZNF genes ne@eg3in mouse, a series of bacterial
artificial chromosome (BAC) clones containing moueg3
(Fig. 1) were hybridized with the human 14738Krab probe. The
h.uman KRAB Sequenc.e d.eteCted a 2.0 kb fragmeBtaRI- Figure 1. Comparative physical map of the human and m Zim1
digested BAC DNA, indicating the presence of related ZNF gen?egions. A) Theprelative Ehy);sical IocaF;ions BEG3and previouwntiﬁed
sequences near mouseg3 We screened a BAC 588F20 zNF genes are shown in the diagram of human chromosome 18tél. ( <
subgenomic library with the human 14378Krab sequence anghysical map of a 200 kb region of proximal Mmu7 gives the relative locatiogs
also with the ZNF consensus oligonucleotide probe to isolat@nd transcription direction @im1andPeg3 as well as the restriction enzyme 3
these potential ZNF sequences. Sequence analyses of positiv jsgsgiénJgfg;gg?gffﬁ:g%g}g'nc?stejsgiﬁ?wf (Clal) and S Gal).
hybridizing fragments indicated the presence of a novel, unchar-

acterized Kruppel-type ZNF gene. To obtain a full-length cDNA

for the predicted gene, several rounds of RT-PCR anahfl  sense and antisense directions. The antisense productss are
3-RACE were performed with 14.5 day embryo and adult braielieved to serve important functions despite containing ho
cDNA templates, using primers derived from the sequence ghvious ORF 18-20). Therefore, although the significance
positively hybridizing BAC fragments. These expefimentshese observations remains uncertain, the minor forrdan &
yielded a 3.0 kb nucleotide sequence containing one ORF, 5¢BNA we have detected may also represent functional form of
amino acids in length (FigA). The predicted ORF of this gene, RNA produced from this locus. Inspection 6fRACE clones o

calledZim1, is composed of the KRAB domain (A and B box) ata|so indicated thatim1may utilize multiple alternative polyade—
the N-terminus, 11 ZNF units at the C-terminus and a spacfyiation sites (Fig2). @

domain pOSitionEd between the KRAB and finger domains. This Physica| mapp|ng experiments demonstrated #iatl is

organization, KRAB, spacer and finger region, represents thgcated within 30 kb ofPeg3 and thatZiml and Peg3 are
typical structure of KRAB-containing, Kruppel-type ZNF genesyranscribed in opposite directions (FIg). To find the potential ¢
(16,17). Eleven finger units aZim1are typical C2H2 type and human homolog of mougémy, the KRAB and finger regions ofz
some of these finger units are also connected by a consengh1were hybridized to high density filter arrays of the human
linker sequence (HTGEKPY). _ chromosome 19-specific librarg§,21). TheZim1finger probe
To determine the exon—intron structureZohl, we employed  detected a single strong positive cosmid, located néXE@3 l
a long-distance PCR strategy using oligonucleotides deriveghd the same cosmid was also strongly positive with the KRAB
from theZim1 cDNA sequence (FigB). The cDNA sequence probe. These hybridization experiments indicate that the human
of Zim1lis Comprised of four different exons which are distributecﬁomomg of mous&imlor a related gene is a near neighbor 3§f

over a genomic interval fL3 kb. Most exon-intron boundary humanPEG3and also suggest conservation of Beg3Zim1
sequences aZiml are in good agreement with the consensugenomic interval in both human and mouse (Ejg.

sequence (AG/GT) of the exon—intron joining regidriRBCE
experiments also yielded two other minor form<Zwh1l (Fig.
2B). One alternative"SRACE clone obtained from adult brain
contained the intron located between the KRAB A and B exoniko test the imprinting status 8im1, we analyzed mRNA isolated

as a part of its transcript. OtheRACE clones contained a from tissues ofMus musculu§C3Hf)xM.spretushybrid animals.
different alternative exon—intron boundary; the intron locate€Comparison of the DNA sequence of ZNF regionZiohl
immediately 5 of the KRAB A sequence was included in thetranscripts identified the presence of a single base substitution
cDNA products. This region is composed largely of a simpl¢hat distinguishe®l.spretugrom C3Hf mMRNA. The result of this
dinucleotide repeat, (CACAH) and does not contain an ORF. single base change is that cDNA produced from C3Hf transcripts
Although both unusual transcript forms may simply represertontains a recognition site for the restriction enzyvihed,
unusually stable splicing intermediates, imprinted genes suchabereas th&Ziml cDNA from M.spretusdoes not. Since ZNF
Igf2, Igf2r andUbe3aare known to be transcribed in both thesequences afimlare encoded by a single exon, amplification of

247N19, 410M1

Proximal Mmu7
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Although this difference was consistent throughout several
independent trials, it is uncertain whether the reason for this

1 MKRSVSEVKTKAPVNEASPSPSPDQTANQISEKKRRIPITSLPTWYK 5’UTR dlscrepancy mlght be due to dlﬁerences In genome |mpr|nt|ng
48  EPVIFKDVAVYFSQKEWQLLEPAQKDLYKDVMLENYENLISV KRAB A between different subspecies, as shown in anotherKasgl
90  EYYIFKPKLITRLEQGVDLFAKENDVPGDPQQGEAGVSRSDTSA KRAB B (22) It is also possible that this d|3(?repa_n(.:y might be caused
134 N — simply by an unknown artifact of our imprinting test.
SKITSLEKOKAADQGRGSOSLRAEKTSK . Analysis ofZim1 transcripts produced by mouse embryos at
FENTEA I POTESHOTEAATITROSADER pacer different stages of gestation confirmed monoallelic expression. In
KPTSGKDVEGKPQTMRSSSTNPKRKPAR i 1 1Nti 1
260 DORNIEROR SO TN AL SRR fact, Zim1 imprinting appears to be more pronounced during
TGEEPHKCDICGKSPRHL SYFLTAYR I embryonic stages, with no trace of paterdahl transcripts
SGEKPFKCDECGKTFKQSTKLTREORIH detected in 9.5 and 14.5 d.p.c. embryos (HG). Ziml
TOBKBYCCOUGCK FRUNCHL SEHORLE Finger expression was also examined in tissues isolated from 1-mayth-
R K NS S YLK old hybrid mice, but these studies were not conclusive Zintke 2
EANSRYRCKGCEKTFRCKSSTQRHERLH transcripts were present at very low levels in tissues isolated feom
AGEKPFVCHKCDKGFTDKTTLNNHLKIH H oY)
SODREDPGAOCGRTFRRLATLLTHORKH these older mice (data not shown). 8
572 IKKKPTDV o
B) Zim1 expression during embryonic development g
To examine the tissue-specific expressiafiofl, we hybridized =
20 15 10 5 0 . . . S
Distance (kb) | l | ( | theZim1cDNA probe to a northern blot carrying mRNA isolatet]
Zim1 Peg3 from 16.5 d.p.c. whole mouse embryos and a selection of aklult
: L tissues (Fig4A) High levels ofZim1 expression were detecteé—
SUTR KRAB Finger & FUTR in embryos; in agreement with RT—PCR results, very low Ievéls
exons : of the transcript were detected in tissues of 2-month-old mme

The majorZim1 transcript detected in embryonic tlssues%
(7.5 kb in length. Long exposure (1 week) of the same norﬂ@rn

-« F6
_ Krab-A+> ~ F7 blot indicated that the 9 KBim1 transcript, but not the 7.5 kb
primers periliteagy species that predominates in embryos, is present at low levels in

adult brain. Additional northern analyses indicated that otBer
adult tissues, including heart and fat, also contain low levels o&he
9 kb transcript (data not shown). To obtain more deta@d
information about the embryonic expression &ifml, we &
hybridized two differenZim1 probes, derived from the KRAB
and 3-UTR regions of the gene, to the embryo northern blot (Fﬁg
4B). Two different probes produced exactly the same resultgas
Figure 2. (A) The amino acid sequenceZiml The 3-UTR, KRAB A and shown in Flgure48 there are four differeriml transcrlpts o

B, spacer and finger domains are shown and the two single-letter codes, detected in embryos ranging in size from 7.5 to 15 kb and T:WO
ST g TElOr UANSCIpI, 7.5 and © Kb In size, show the Hghes
mgp. E, position of thEad restrictic?n enzyme sites. The positions of primers expressmn IeVE|S ”? 145 d.p.c. embryos The C.Ollecm.mIOf
used for the 5 and 3-RACE are indicated and the minor forms of Hie1 differentZim1transcripts may be products of alternative splicitig
cDNAs are also depicted. or, as suggested by their tissue-specific expression, may» be

produced through the use of alternaiu®1promoters. Alterna- @

tive use of different polyadenylation sites, suggested by RA{GZE

contaminating genomic DNA presented a potential comphcanogtudleS (see above), may also contribute to length dn‘ferences in
to these studies. To decrease and monitor the presence of genapifscripts produced from tizém1 gene.

DNA, all templates were treated with RNase-free DNase | before
cDNA generation and each PCR reaction was conduct
alongside a parallel reaction containing RNA that had not bee
treated with reverse transcriptase. To study the spatial expression patterZiofil during develop-
Analysis ofZim1transcripts produced in seven different tissuesnent, we performed whole moumt situ hybridization on
isolated fromM.spretusC3Hf hybrid neonates indicated that embryos isolated at different embryonic stages &)igﬁignifi-
Zim1lis expressed monoallelically in most tissues @Ag. Zim1l  cant levels ofZiml expression were detected in the aploal
transcripts are derived mainly from the maternal allele in neonatettodermal ridge (AER) of limb buds throughout the
liver, lung, kidney, testis, heart and spleen. In contZstl 9.5-14.5 d.p.c. period (Fi§A). As shown in FiguréA, Ziml
appears to be expressed from both maternal and paternal alledgpression is detected in the AER region of forelimb buds and
in neonatal brain, with slightly more input appearing to be derivedlso the future AER region of hindlimb buds, indicating Zail
from the maternal chromosome. To confirm this result, a&xpressionin AER precedes limb bud formation. The dark signals
reciprocal analysis was conducted using interspecific backcrogbserved in the otic vesicles of these embryos were also observed
progeny (the offspring of an interspecific hybrid female and &ith sense probes, although the AER signals were not (data not
C3Hf male; Fig3B). The results of this reciprocal analysis wereshown). The coloration of the otic vesicles is therefore due to
consistent with those obtained with hybrid mice, except that braimon-specific trapping of the probe, as confirmed by several
expression appeared to be monoallelic in the backcross animalantrol experiments. Th&m1expression patterns in AER were

minor forms

atial expression pattern oZim1 during development

eqopo L] UO Jasn J
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Figure 3. Monoallelic expression @im1 The schematic diagrams depict interspecific crosses used to determine parental alleles of imprinted loci. Rectangles r&pres

parental alleles, witMspl restriction enzyme site polymorphism indicated by an internal Bjengprinting test result using RNAs derived fromrfeonatal tissues <

99/

of an interspecific cross, maiéspretug SPTxfemaleM.musculugC3H). B) Result of reciprocal imprinting test using neonatal tissues derived from F2 oﬁsprgg

of the backcross, mald.musculugC3H)xfemale k. (C) Imprinting test result using day 9.5 and 14.5 embryos. Products of RT-PCR were digedW#spivatid
separated on 1.8% agarose gels to differentiate paternal (P) and maternal (M) transcripts.

A) Adult o B) ¢
bt = 2 a
caga™ o
EBTag w @90
olEn e i
(kb) : (kb)
. —9.5
—7.5 ‘ —9.5
—7.5
—4.4 L
—4.4
—2.37
—2.37

Figure 4. Northern blot analyses @m1 Each lane contains|®y of poly(A)*
RNA. The 3UTR of Zim1 was used as a probeéd)(Comparison of adult
organ-specific expression with day 16.5 whole embryo expres3jden{bryonic
expression profile. RNAs were isolated from embryos at 10.5-16.5 d.p.c.

compared with those of fibroblast growth factoF§fg) (Fig.5B

NS14q 96

that ofFgf8; Zim1lis expressed at the tip of the AER whereﬁs T

is expressed in the whole AER regldhml expression is alsom
consistently observed to be greater in the anterior region ofgthe
AER than in the posterior region whilegf8 is expressed g
throughout the anterior—posterior axis of the AER. We a%o
detected lower levels ofiml expression in other tissue
including somites and prlmordlal gut, but the significance of theSe
low levels of expression is unclear at present and needs tg be
studied more thoroughly before conclusions can be drawn.

DISCUSSION

0100 || U0 J

We have identified and characterized a novel imprinted gene,
Ziml, located neaiPeg3in the proximal Mmu7, and haves
confirmed the presence of a closely related human gene insthe
syntenically homologous region of H19g13.4. Likeg3 Zim1
contains regions that are predicted to encode Kruppel-type
(C2H2) ZNF domains. However, the two genes differ markedly
in structure. In addition to the ZNF segmeRgg3 contains
additional protein coding motifs, including proline-rich domains
that are not commonly found in genes of the Kruppel-tyge (

A

and C), which has been shown to be expressed in the AER andhicontrast, the sequence and organizatiadirofl are that of a
thought to be involved in limb formatio2%). Zim1 expression typical Kruppel-type gene, predicted to encode a protein with
in the AER appears to be much more restricted spatially than daggerminal KRAB domains linked through a spacer sequence to



Human Molecular Genetics, 1999, Vol. 8, No. 5851

ZimT Fgf8

sdny wouy papeojumo(

/-

Figure 5.Zim1expression in embryos by whole moimsitu hybridization. &) Day 9.5 embryo, lateral vie&im1 expressmn is detected in the forelimb buds (FL) ané;
hindlimb buds (HL). Note that the hindlimb buds have not fully formed in this stage embrntexpression is still detected in the future hindlimb bud reg|orﬁ
(B) Forelimb buds of day 9.5 embryos, lateral vie®). Forelimb buds of day 9.5 embryos, frontal view. Comparisatinat andFgf8 expression patterns in the AER.

nO'O!LU

C-terminal finger regions. Most KRAB-containing Kruppel-type Animals carrying partial paternal disomy (uniparental disorr?g/)
ZNF genes are expected to act as transcriptional repressors baselliding proximal Mmu7 exhibit reduced postnatal growth ra@s
on the evidence that the KRAB domain shows a repressirapd viability 30). Since the breakpoint of the translocation used
activity when joined to other DNA-binding modulési@5) and  to produce these partial disomies is located below the cefral
also that the ZNF domains of C2H2-type ZNFs exhibit DNAimprinted domain, these animals are disomic not only for the
binding capability 26). Zim1-Peg3 but also for theSnrpr-Ube3a region (31). The %
Zim1lis expressed at high levels only in embryonic tissues amghenotype associated with partial disomy of proximal Mmei7
is transcribed primarily from the maternal allele during embrymay therefore be associated with the absence of transcripts it from
onic and neonatal stages. The gene is expressed at significardre than one maternally expressed gene. The imprinting si@tus
levels inthe AER of the developing limb buds. The AER is knowmf Ube33g which represents the only maternally expressed ane
to be a major signaling center for the developing limb; the AERliscovered so far in the central Mmu7 imprinted regin i§ &
controls the growth and differentiation of cells located underneatiestricted spatially and temporally, with imprinted expressr%n
the AER to form proper limb£{). The high expression levels in documented only in a specific region of the adult bra®).( ©
AER might suggest a potential roleZimlin AER and also a Therefore, the extent to whitlbe3ainfluences neonatal growthr
possible link to other genes that are involved in limb formatiormay be limited. With the discovery @m, it is possible to £
such ad=gf8, Sonic hedgehodshl) andWnt7a imagine that the loss of regulatory control of a downstream
In contrast to the function of other known imprinted genesgene(s) may in fact be a contrlbutlng factor to the retardatlorg of
Zimlis unique in that the predicted function of this Kruppel-typepostnatal growth in disomic mice.
ZNF gene is transcriptional control of other downstream genes.The close proximity oEZim1 (maternally expressed) aReg3 3
Developing embryos are expected to require multiple layers ¢paternally expressed) is reminiscent of gene organization
transcrlptlonal regulation to coordinate precise timing of expressbserved in other imprinted domains, such as those contalﬁlng
ion for many genes and it is interesting to speculatedinat  Igf2 and H19 (Beckwith—-Wiedemann syndrome region) argi
might play a role in regulating genes which must be repress&hrpn and Ube3a (Prader-Willi and Angelman syndromé&.
during normal development. Many imprinted genes, includingegion). Although this close juxtaposition of pairs of reciproca
Igf2, Ins2 Igf2r, Grfl andGnas] are known to be involved in cell imprinted genes cannot be generalized as a common featuge of
growth and signal transduction. Therefore, the imprinting effectsnprinted domains, this trend is compatible with one recght
of these genes on growth and development is eaS|Iy envisionéypothesis. The enhancer competition mo@glhfpothesizes N
However, the effects of silencing or overexpressing a transcrifhat two reciprocally imprinted genes compateisfor a single, S
tion factor gene would be more complicated and indirect anshared enhancer, with the result that only one gene can be
manifested in the function of unknown downstream genexpressed at a given time from one parental allele. In support of
Considering the hypothesis that parent—offspring conflict is onghis model)gf2 andH19have been shown to rely upon the shared
of the major reasons for imprinting in placental mammalendoderm-specific enhancer. Although it remains to be studied in
(28,29), it is possible thaZim1might be part of a genetic cascadefuture whethePeg3andZim1 share unidentified enhancers and
involved in fetal and/or neonatal growth. Although the functioralso whether the imprinting 8eg3Zimlcan be explained by the
of Ziml remains to be proven, imprinting of a potentialenhancer competition model, the identification of a second
transcription factor adds a potentially interesting twist to ouimprinted gene near a known imprinted gene in proximal Mmu7
understanding of this complicated genetic phenomenon. suggests that the imprinting BEg3andZim1 might be related
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to each other and also that this region might have more imprint&dRAB motif associated with many ZNF gen&s)(indicated that

genes. a Kruppel-type ZNF gene was located negG3. The KRAB-
containing fragment was subcloned from the cosmid and used to

MATERIALS AND METHODS screen the subgenomic library generated with BAC 588F20.
Fragments isolated from the BAC contained a conserved KRAB

Mouse BAC clone isolation and analysis sequence representing portions of a novel mouse gene. ZNF

To obtain | insert ¢l taini encoding sequences were isolated from the same mouse BAC by
0 obtain large-insert clones containing mouseg3 We  gueaning the subgenomic library with a degenerate ZNF
screened hlgh_ density mouse 129/$v BAC library filters (Reéligonucleotide probe  [CA(C/T)AC(A/T)GG(A/T/G)GA-
search_Genencs, Huntsville, AI__) with a pool of_ three mous G)AA(A/G)CC(T/CIA)TA (37)]; this probe corresponds to
genomic fragments corresponding to the transcribed regions gl conserved amino acid sequence motif HTGEKPY, which is
Peg3 (12,14). BAC DNA samples were prepared with the ,niqe to Kruppel-type ZNF genes. The nucleotide sequence
alkaline Iy$|s prqtocoIE(S), digested with several rare-cutting linking the KRAB A and finger regions @im1was obtained by 2
enzymes, includin@lal, Eag, Sal andNot, and separated on a1 7ing RT-PCR products generated from a 14.5 day emBryo
pulsed-field gels (run in a Chef Mapper instrument; Blo-Rad:DNA template (mouse 14.5 day embryo Marathon cDNA
Hercules., CA). DNA was transferred to nonn_ membfa“e mplate; Clontech, Palo Alto, CA) with two oligonucleoticff'é
(Hybond; Amersham, Uppsala, Sweden) and hybridized accor fimers, KRAB A (5AGGAACCAGTGATCTTCAAA-3) and =

ing to standard protocol$4). BAC end clones were isolated g5 (g cTTGCACCGGTACCTGGAGT-3. To obtain the
using a single primer PCR approadh)( Subgenomic libraries and 3-ends ofziml, we employed the RACE techniques),

were generated from oeg3eontaining BAC clone (588F20) Two different cDNA tem ; o
- 9" . . plates derived from 14.5 day emb
by ligating SatBAI digests of BAC DNA iNtAZAP-II (Strata- g aqult brain RNA were used. The sequences of oligonucieo-

eg sdny wou

gene, La Jolla, CA) and M13 phage vectors. tides used for the'5and 3-RACE of Zim1are as follows: F6 &
o (5-GCTTTGGATTTGTGGAACTG-3 and F7 (BTTGA- &
Imprinting tests GATGGCCTGTCATCAC-3) for 5-RACE; UTRL (5-CCCT- 2
ACTTGGAGCATTTGTG-3) and UTR2 (5CTTGCCTTC- &

To test the expression6im1from maternal and paternal alleles,
we isolated tissues from hybrid offspring produced by crossin
M.musculus(C3Hf) females withM.spretusmale mice. To

confirm monoallelic expression &iml, we analyzed tissues
from offspring ofM.musculugM.spretushybrid females, tested

AATAACTAAG-3') for 3-RACE. Amplified RACE products%
ere separated on 0.8% agarose gels and the major fragmeats in
terms of mass were isolated from the gels using a gel extraglion
column (QIAquick gel extraction kit; Qiagen, Valencia, CA). The

to carryM.spretusalleles ofZim1, which were backcrossed to fragments were subcloned into the TA cloning vector (TA cIomgg

C3Hf males. Embryos at two different stages (E9.5 and E14.g5t; Invitrogen, Carlsbad, CA).
and tissues from 7-day-old and 1-month-old animals were . )
collected from each cross. RNA was isolated using a commerciai€duencing and sequence analysis

ly available kit (rapid total RNA |sola'glon kit;'83, Boulder,  gpcloned genomic and cDNA fragments were sequenced fﬁ)m
CO). RNA samples were treated with RNase-free DNase Hoty directions using a fluorescence-based cycle sequenging
(Stratagene) for 30 min at 3¢ and 50ug were used for the pNA sequencing kit (dye terminator sequencing core kit; PE
synthesis of CDNA (using the cDNA synthesis module; Ameranpjied Biosystems, Warrington, UK) and reactions analyzedon
sham). The final volume of each reverse transcription reactigf, Ag| 373 automated sequencer. Sequence alignmentsaand

was 40pl, and 1pl of this material was taken for each PCRyatapase searches were analyzed using GCG softwares v.8
reaction. For imprinting tests gfm1, two oligonucleotides were (Genetics Computer Group, Madison, WI).

used, Ziml F5 (5SGAGAAGCCGTACTGCTGTCA-3) and
Ziml F2 (3-CTTGCACCGGTACCTGGAGT-3. PCR ampli-
fication of theZiml finger region was performed using the
following program in a Perkin Elmer-Cetus (Foster City, CA)Poly(A)* RNA was isolated from embryos and from adult tissuiés
GeneAmp 9600 instrument: 96 for 30 s, 60C for 1 min, 72C  using oligo(dT) columns [rapid poly(A)mRNA isolation kit; %

for 1 min for 30 cycles; 72 for 5 min for 1 cycle. PCR reactions 5-3]. Two micrograms of purified poly(A) RNAs were o
were carried out in a §d reaction mixture containing 300 ng of separated on a 1.0% formaldehyde—agarose gel, transferre@to a
each primer, 10 mM Tris—HCI (pH 8.3), 50 mM KClI, 1.5 mM nylon membrane (Hybond; Amersham) and cross-linked to the
MgClp, 1 mM dNTPs, 1% Triton X-100 and 1.25TdqDNA  plot by UV irradiation. Northern blots were hybridized wits
polymerase. The quality of PCR reactions was checked on 1.8%obes representing differeAtm1 transcribed regions: (i) the?
agarose gels. cDNA templates were checked for genomic DNRRAB A region or (ii) the 3UTR region of the gene. Procedures
contamination by performing parallel PCR reactions usingind conditions for generating probes and for performing hybfid-
templates that had not been treated with reverse transcriptase. i@flions were as previously describéd)(

microliters of each PCR reaction mixture was digested with 10 U

Msp in a 30ul reaction and the digests examined after separatiofynole mountin situ hybridization

on 1.8% agarose gels.

99/.¥8/S

0 s90UBI0g

Northern blot analysis

To generate an antisense and a sense riboprobe Zimthia situ
cDNA isolation and 5- and 3-RACE hybndlzatl_on, onéEcaR| fragment on|ml(_:orrespond|ng to the
finger region ofZiml (Genbank accession no. AF111101, nt
Hybridization of a human cosmid containiREG3 sequences 1354-2495) was subcloned into predigested pBluescript and used
(cosmid 14378) with a probe corresponding to the conservex a template DNA fom vitro transcription reactions. The
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template DNA for an antisense probe was generated by PGR Kuroiwa, Y., Kaneko-Ishino, T., Kagitani, F., Kohda, T., Li, L-L., Tada, M.,
using two oligonucleotide primers, T3{&TTAACCCTCAC-
TAAAG-3') and F3 (5GGTTTCACTGACAAAACTAC-3),

and the template DNA for a sense probe with T-THATAC-

13

GACTCACTATAG-3) and F2 (5CTTGCACCGGTAC-
CTGGAGT-3). Amplified PCR products were treated once with
phenol—chloroform, washed with TE on a microcon-100 (Ami-

con, Beverly, MA) and concentrated tqu@/ul concentration.

14

One microgram of each template DNA was used for ipagtro
transcription reac_tlon with T7 and T3 RNA polymerase_s. Tas. stubbs, L.J., Carver, E.A., Shannon, M.E., Kim, J., Geisler, J., Generoso,
generate an antisense probe for mouse Fgf8, two different E.E., Stanford, B.G., Dunn, W.C., Mohrenweiser, H., Zimmermann, W., Wat,

oligonucleotides,

FgfBa ®CTGGGCAGGGAGCCCA-

CTT-3) and Fgf8b (BCTTCTGCCATGGCGTTGATG-3,

were used to amplify exons 2 and ¥gf8 (GenBank accession no. ;¢

Z46883;39) and then this PCR product was used for the secon
round PCR to prepare the template DNAifowitro transcription

with two primers, Fgf8a and Fgf8c'{BAATACGACTCACTA-

17

TAGGGCTTCTGCCATGGCGTTGATG-3. For the detection of

probes, antisense and sense probes were labeled with digoxigenin-

UTP with an RNA labeling kit (DIG RNA labeling kit; Boehringer

Mannheim, Indianapolis, IN) and anti-DIG-alkaline phosphatases. Moore, T., Constancia, M., Zubair, M., Bailleul, B., Feil, R., Sasaki, H.

Suzuki, R., Yokoyama, M., Shiroishi, T., Wakana, S., Barton, S.C., Ishino, F.
and Surani, M.A. (1996peg3imprinted gene on proximal chromosome 7
encodes for a zinc finger proteMature Genef12, 186-190.

. Ashworth, L.K., Batzer, M.A., Brandriff, B., Branscomb, E., deJong, P.,
Garcia, E., Garnes, J., Gordon, L., Lamerdin, J.E., Lennon, G., Mohren-
weiser, H., Olsen, A., Slezak, T. and Carrano, A.V. (1995) A metric physical
map of human chromosome Mature Genet 11, 422—-427.

. Kim, J., Ashworth, L., Branscomb, E. and Stubbs, L. (1997) The human
homolog of a mouse-imprinted gene, Peg3, maps to a zinc finger gene-rich
region of human chromosome 19g1%4nome Res7, 532-540.

S.M. and Ashworth, L.K. (1996) Detailed comparative map of human
chromosome 19q and related regions of the mouse ge@®Enemics35, g
499-508. 2
Shannon, M., Kim, J., Ashworth, L., Branscomb, E. and Stubbs, L. (1@8)
Tandem zinc-finger gene families in mammals: insights and unansweged
questionsDNA Seq 8, 303-315. o
. Bellefroid, E.J., Marine, J.-C., Ried, T., Lecocq, P.J., Riviere, M., Amemiya,
C., Poncelet, D.A., Coulie, P.J., de Jong, P., Szpirer, C., Ward, D.C. &and
Martial, J.A. (1993) Clustered organization of homologous KRAB zing-
finger genes with enhanced expression in human T lymphoidE&IBO J,
12, 329-335.

e//:sd

dnd

from sheep and BM Purple AP substrate (Boehringer Mannheim) Reik, W. (1997) Multiple imprinted sense and antisense transcripfs,
were used according to the manufacturer’s instructions. Whole differential methylation and tandem repeats in a putative imprinting congol

mountin situ hybridization experiments were performed accordingl9

to a standard protocct @) with minimum modification.

ACKNOWLEDGEMENTS

We would like to thank Dr Xin Wei and Jihwan Song for theirz;. osen, A., Conbs, J., Garcia, E., Elliot, J., Amemiya, C., deJong, P.

20

technical advice and thorough discussions of whole niogitt

hybridization. We also thank Dr Elbert Branscomb for his a
encouragement and comments throughout the experiments @3dJiang. S.. Hemann, M.A., Lee, M.P. and Feinberg, AP. (1998) Strdin-
Xiojia Ren, Anne Bergmann, Loren Hauser and Don Carpenter

for their technical support. This work was performed under the;

region upstream of mouse Igf&oc. Natl Acad. Sci. US84, 12509-12514. o
Wutz, A., Smrzka, O., Schweifer, N., Schellander, K., Wagner, E.F. &nd
Barlow, D.P. (1997) Imprinted expression of the Igf2r gene depends organ
intronic CpG islandNature 389, 745-749. 3
. Rougeulle, C., Cardoso, C., Fontes, M., Colleaux, L. and Lalande, M. (1@8)
An imprinted antisense RNA overlaps UBE3A and a second materrially
expressed transcriptlature Genet 19, 15-16. “_:1
nd
Treadgill, G. (1993) Automated production of high density cosmid and Y
colony filters using a robotic workstatidBioTechniquesl4, 116-123. a
dependent developmental relaxation of imprinting of an endogenous m@';:se
gene, kvlgtlGenomics53, 395-399. ot
Crossley, P.H., Monowada, G., MacArthur, C.A. and Martin, G.R. (1986

auspices of the US Department of Energy by the LLNL under Roles for FGF8 in the induction, initiation and maintenance of ch
contract no. W-7405-ENG-48.

REFERENCES

24

development of the tetrapod limBell, 84, 127-136. <

. Margolin, J.F., Friedman, J.R., Meyer, W.K.H., Vissing, H., Thiesen, HizJ.
and Rauscher, F.J. (1994) Kruppel associated boxes are potent transcriptional
repression domainfroc. Natl Acad. Sci. USA1, 4509-4513. )

25. Witzgall, R., O'Leary, E., Leaf, A., Onaldi, K. and Bonventre, J.V. (1994) T?ée
. . Kruppel-associated box-A (KRAB-A) domain of zinc finger proteing
1. Morrison, I.I_\/I._ and Reevg, A.E. (1998) Acatalogue of imprinted genes and  yediates transcriptional repressioBroc. Natl Acad. Sci. USA91, ©.
parent-of-origin effects in humans and anima#eim. Mol. Genef 7, 4514-4518. o
2 1859?_1689'5 1997) C . if for the imprinti 26. Choo, Y. and Klug, A. (1994) Selection of DNA binding sites for zincfing@s
- Barlow, D.P. (1997) Competition—a common motif for the imprinting  ;qjng rationally randomized DNA reveals coded interactimsc. Natl o
mechanismEMBO J, 16, 6899-6905. Acad. Sci. USA1, 11168-11172 =
3. N|cho||_s, .R'D'.(l.994) New insights reveal complex mechanisms involved B7. Gilbert, S.F (1997pevelopmental Biologysth Edn. Sinauer Associates(%
genomic imprintingAm. J. Hum. Gengt4, 733-740. ' sund ’I .d. MA ' o
4 underland, MA. °

10.

11.

. Nicholls, R.D., Saitoh, S. and Horsthemke, B. (1998) Imprinting in

. Dittrich. B., Buiting,

Prader-Willi and Angelman syndromd@sends Genet14, 194-200. 28

K., Korn, B., Rickard, S., Buxton, J., Saitoh, S., Nicholls,

R.D., Poustka, A., Winterpacht, A., Zabel, B. and Horsthemke, B. (1996%9
Imprint switching on human chromosome 15 may involve alternative
transcripts of the SNRPN geri¢ature Genef 14, 163-170. 30

. Tilghman, S.M., Caspary, T. and Ingram, R.S. (1998) Competitive edge at the

imprinted Prader—Willi/Angelman regiomMfature Genet 18, 206—208.

. Beechey, C.V. and Cattanach, B.M. (1996) Genetic imprinting Maypse

Genet, 94, 96-99. 31

. Ledbetter, D.H. and Engel, E. (1995) Uniparental disomy in humans:

development of an imprinting map and its implications for prenatal diagnosis.
Hum. Mol. Genet4, 1757-1764. 32

. Barlow, D.P. (1995) Gametic imprinting in mamma$cience 270,

1610-1613.

Reik, W. and Maher, E.R. (1997) Imprinting in clusters: lessons from
Beckwith—Wiedemann syndromg&ends Genetl3, 330-334. 33
Searle, A.G. and Beechey, C.V. (1990) Genome imprinting phenomena on
mouse chromosome Genet. Res56, 237-244.

. Moore, T. and Haig, D. (1991) Genomic imprinting in mammalian
development: a parental tug-of-warends Genet7, 45—-49.

. Haig, D. (1993) Genetic conflicts in human pregnaqryRev. Bial 68, 9
495-532. <)

. Cattanach, B.M., Barr, J.A., Evans, E.P., Burtenshaw, M., Beechey, @V
Leff, S.E., Brannan, C.1., Copeland, N.G., Jenkins, N.A. and Jones, J. (1892)
A candidate mouse model for Prader-Willi syndrome which shows %n
absence of Snrpn expressidlature Genet 2, 270-274.

. Cattanach, B.M., Barr, J.A., Beechey, C.V., Martin, J., Noebels, J. and Jones,
J. (1997) A candidate model for Angelman syndrome in the mivlasem.
Genome8, 472-478.

. Albrecht, U., Sutcliffe, J.S., Cattanach, B.M., Beechy, C.V., Armstrong, D.,
Eichele, G. and Beaudet, A.L. (1997) Imprinted expression of the murine
Angelman syndrome gene, Ube3a, in hippocampal and Purkinje neurons.
Nature Genet 17, 75-78.

. Sambrook, J., Fritsch, E.F. and Maniatis, T. (1988ecular Cloning: A
Laboratory Manual 2nd Edn. Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, NY.

N



854 Human Molecular Genetics, 1999, Vol. 8, No. 5

34. Stubbs, L., Huxley, C., Hogan, B., Evans, T., Fried, M., Duboule, D. an88. Frohman, M.A., Dush, M.K. and Martin, G.R. (1988) Rapid production of
Lehrach, H. (1990) The hox-5 and surfeit gene clusters are linked in the full-length cDNAs from rare transcripts: amplification using a single
proximal portion of mouse chromosomeGznomics6, 645—650. gene-specific oligonucleotide primeProc. Natl Acad. Sci. USA85,

35. Kim, J., Carver, E.A. and Stubbs, L. (1997) Amplification and sequencing of  8998-9002.
end fragments from bacterial artificial chromosome clones by single-prime39. Crossley, P.H. and Martin, G.R. (1995) The mouse Fgf8 gene encodes a
polymerase chain reactioAnal. Biochem 253 272-275. family of polypeptides and is expressed in regions that direct outgrowth and

36. Bellefroid, E.J., Poncelet, D.A., Lecocq, P.J., Revelent, O. and Martial, J.A. patterning in the developing embnevelopmentl21, 439-451.

(1991) The evolutionarily conserved Kruppel-associated box domain definet). Hogan, B., Beddington, R., Costantini, F. and Lacy, E. (198#)pulating
a subfamily of eukaryotic multifingered proteifRsoc. Natl Acad. Sci. USA the Mouse Embryo: A Laboratory Manu@hd Edn. Cold Spring Harbor
88, 3608-3612. Laboratory Press, Cold Spring Harbor, NY.
37. Hoovers, J.M., Mannens, M., John, R., Bliek, J., Van Heyningen, V., Porteus,
D.J., Leschot, N.J., Weterveld, A. and Little, P.F.R. (1992) High-resolution
localization of 69 potential human zinc finger protein genes: a number are
clusteredGenomics12, 254-263.

1202 1890100 || UO J8sn 11D $80UsIos UNesH NS Aq 960£99/.¥8/S/8/9101e/Buiy/woo"dno olwepese//:sd)y woly papeojumoq



	Zim1, a maternally expressed mouse Kruppel-type zinc-finger gene located in proximal chromosome 7
	Recommended Citation

	tmp.1633960715.pdf.SOaR0

