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The Wilms tumor gene WT'1, a proposed tumor suppressor
gene, has been identifled based on its location within a homo-
zygous deletion found in tumor tissue. The gene encodes a pu-
tative transcription factor containing a Cys/His zinc finger
domain. The critical homozygous deletions, however, are
rarely seen, suggesting that in many cases the gene may be
inactivated by more subtle alterations. To facilitate the search
for smaller deletions and point mutations we have established
the genomic organization of the WT1 gene and have deter-
mined the sequence of all 10 exons and flanking intron DNA,
The pattern of alternative splicing in two regions has been
characterized in detail. These results will form the basis for
future studies of mutant alleles at this locus. © 1982 Academic

Prees, Inc.

INTRODUCTION

Wilms tumor is a childhood nephroblastoma that af-
fects approximately 1 in 10,000 children and occurs in
both sporadic and familial form (Matsunaga, 1981). Epi-
demiological data suggested a two-hit model for Wilms
tumor formation (Knudson and Strong, 1972), inter-
preted as the inactivation of both alleles of a tumor sup-
pressor gene. The association of Wilms tumor with cyto-
genetic deletions and developmental malformations in
the WAGR syndrome (Wilms tumor, aniridia, genitouri-
nary abnormalities, and mental retardation) (Francke et
al., 1979) formed the basis for the later identification of
the Wilms tumor gene (WT1) on chromosome 11p13.
Studies on loss of heterozygosity in sporadic tumors and
linkage analysis in familial cases, however, provided evi-
dence for two additional loci (WT2, WT3) that may be
involved in this tumor type, either as tumor suppressor
genes or alleles that predispose to Wilms tumor (Grundy
etal., 1988; Henry et al., 1989; Huff et al., 1988; Koufos et
al., 1989; Reeve et al., 1989). The significance of each
individual locus for tumor formation and the possible
interactions between them has not yet been clarified.

Recently, we and others isolated a WT1 candidate
gene (LK15, WT33) that is expressed in fetal kidney and
encodes a zinc finger protein of the Kriippel type, sug-
gesting a role as a transcriptional regulator (Call et al.,
1990; Gessler et al., 1990). The gene is expressed mainly
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during development of the kidney and genitourinary
structures (Pritchard-Jones et al., 1990). There are
seven independent cases of homozygous deletions of this
gene described to date (Call et al., 1990; Cowell et al.,
1991; Davis et al., 1991; Gessler et al., 1990; Huang et al.,
1990; Huff et al., 1991; Ton et al., 1991). This clearly
establishes that loss of WT1 function must be an impor-
tant factor in the development of these tumors. The
search for homozygous deletions, however, will not iden-
tify all cases in which WT1 alterations occur. T'o detect
more subtle alterations in Wilms tumors, knowledge of
the genomic organization of this gene is required to per-
mit scanning of individual exons for small deletions or
point mutations.

In this report we present the genomic structure of the
WT1 gene with exon/intron boundaries established by
restriction mapping and sequence analysis of genomic
DNA. The pattern of alternative splicing at two exons is
characterized by sequencing of independent cDNA
clones and direct analysis of RNA transcripts.

MATERIALS AND METHODS

Isolation and mapping of genomic clones. Isolation of cosmids
cLFT3-3 and cLFT3-6 covering the proximal part of the WT1 locus
has been described (Gessler et al, 1990). Additional clones encom-
passing the 3’ end of the LK15 cDNA clone were identified by screen-
ing of a pWE15 cosmid bank from human placental DNA (Stratagene,
La Jolla, CA). Clones were characterized by restriction mapping and
hybridization with cDNA probes. All EcoRI fragments identified by
¢DNA probes were subcloned into pBLUESCRIPT vectors (Strata-
gene) and smaller exon-containing subfragments were recloned for
sequence determination.

Analysis of cDNA clones. During the isolation of the LK15 cDNA
clone a total of 12 cDNA clones with insert sizes >2 kb were found
(Gessler et al, 1990). Nine of these clones were subcloned into
pBLUESCRIPT and characterized by restriction mapping. The pres-
ence of exon 5 and the occurrence of the longer version of exon 9 was
tested by direct sequence analysis using cDNA primers. The same
information could also be obtained using digestion with diagnostic
restriction enzymes.

DNA sequencing. Plasmid DNA was prepared from 1.6-ml over-
night cultures by the alkaline lysis procedure and sequenced using the
Sequenase kit (United States Biochemical Corp., Bad Homburg, Ger-
many). G/C rich regions in the 5' part of the gene were resolved by
substituting 7-deaza-dGTP in all reactions. Either internal primers
designed from the cDNA sequence or external universal primers for
pBLUESCRIPT were employed. Sequences were determined com-
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FIG. 1. Genomic organization of the WT1 locus. A part of the cosmid contig spanning the WT1 locus is shown on top with vertical lines
indicating EcoRI cutting sites. Shaded boxes represent WT1 exons (not drawn to scale). Exons affected by alternative splicing are marked by
asterisks. The assembly of exons into the 3-kb mRNA is shown in the bottom part of the figure.

pletely on both strands in most cases. Within exons 1 and 10 and
downstream of exon 10, sequences were determined on one strand
only. The HUSAR/UWGCG computer program package (DKFZ,
Heidelberg, Germany) was used for sequence assembly and compar-
ison.

Polymerase chain reaction. Amplification of DNA sequences was
achieved by polymerase chain reaction (PCR) using 100 ng DNA tem-
plate and 100 ng of each oligonucleotide primer (nucleotides 2714~
2733 and 2821-2840 of the LK15 cDNA sequence for the amplification
of the (GT), repeat sequence). DNA was denatured for 30 s at 94°C,
annealed with PCR primers at 55°C for 30 s, and extended with 1 unit
Taq DNA polymerase (Amersham) for 60 s for a total of 25 cycles with
the first and last step prolonged to 56 min. Polymerase buffer supplied
by the vendor was used and supplemented with 100 ug/ml bovine
serum albumin and 200 M (dGTP, JATP, dTTP). Radioactive [a-
3PIdCTP (1 xCi) was used together with unlabeled dCTP at a final
concentration of 2.5 uM (adapted from Weber and May, 1989). Reac-
tion products were resolved on a 6% polyacrylamide gel, followed by
methanol/acetic acid fixation, drying, and autoradiography.

Analysis of RNA transcripts (RT-PCR). RNA was isolated from
Wilms tumor tissue by the guanidinium-isothiocyanate/cesium chlo-
ride method (MacDonald et al.,, 1987). Single-stranded cDNA was pre-
pared from 5 ug of total RNA (First strand kit, Stratagene) and ampli-
fication reactions were set up with 1/50 of the cDNA using primers
corresponding to nucleotides 779803 and 1581-1605 of the published
LK15 ¢cDNA sequence (Gessler et al., 1990; Genbank X51630). The
annealing temperature was set at 61°C with 40 cycles of amplification
under standard conditions. One-half of the reaction mix was digested
with Sacl and products were visualized by ethidium bromide staining
after agarose gel electrophoresis.

RESULTS

Two overlapping cosmid clones from the WT1 locus
that encompass the 5’ CpG island have been described
previously (Gessler et al., 1990). Expansion of this locus
using cosmid end fragments and 3' ¢cDNA probes re-
sulted in a 80-kb cosmid contig that spans the entire
genomic region for the WT1 gene (Fig. 1). Exon-con-
taining fragments of individual cosmids were identified
by hybridization of restriction digests with parts of the
LK ¢DNA clones. On Southern blots of EcoRI-digested
genomic DNA the longest cDNA clone, LK15, hybrid-
izes to eight distinct bands. All of these fragments were
found in different cosmid clones as predicted from the
restriction map. Fine mapping with additional enzymes

revealed the presence of 10 different genomic restriction
fragments detected by cDNA probes, suggesting the pres-
ence of 10 exons in the WT'1 gene (Fig. 1).

The sequence of all exons and flanking intronic se-
quences were determined on appropriate genomic sub-
clones or through the use of exon-specific oligonucleo-
tide primers (Fig. 2). No differences were found between
the cDNA sequence and genomic exon sequences. The
position of mRNA splice sites was identified by compari-
son of sequences from genomic clones and correspond-
ing ¢cDNA clones. The sequences of splice donor and ac-
ceptor sites and the size of the resulting exons are listed
in Table 1. Each of the four zinc fingers is encoded by a
separate exon as has been noted by Haber et al. (1990). A
stretch of 409 nucleotides upstream of the start of the
LK15 ¢cDNA sequence has been determined. As the
LK15 insert size closely matches the apparent mRNA
length, the sequenced upstream region likely contains
part of the promotor region and transcriptional start
site. There is a potential binding site for the transcrip-
tion factor Spl (nts 232-237) and a sequence (nts 249-
257) resembling the consensus binding site for the Egr-1,
Krox-20, and WT1 proteins (Rauscher et al,, 1990). The
significance of these sequences is presently not known.

The analysis of different cDNA isolates has suggested
the presence of alternatively spliced transcripts for the
WT1 locus. Exon 5 is absent from ; of the fetal kidney
c¢DNA clones analyzed. This ratio of <50% skipping of
exon 5 can also be demonstrated directly by PCR ampli-
fication of reverse transcribed RNA (RT-PCR) from fe-
tal kidney and Wilms tumors (Fig. 3a). Using primers
located in exons 1 and 9 two amplification products that
differ by about 50 bp, the size of exon 5, are observed.
The larger fragment containing exon 5 can be selectively
cut by digestion with Sacl, an enzyme that cuts only in
exon 5 of the cDNA (Fig. 3b).

A second site of alternative splicing is located at the
splice donor site of exon 9. Two different splice donor
sequences can be used, resulting in the presence or ab-
sence of a nine-nucleotide sequence in the H/C link re-
gion between zinc fingers 3 and 4. Again, the presence of
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initiation site in exon 1 {Buckler et al., 1991
lowercase letters. The nine nucleotides that are different between the alternat

gcccotcecctoccanaccactettttagattaacaacceeatctctactcccacegcattegaccetgoeceggacteactgettacctgaacgacteteca
gtgagacgaggctcccacactggegaaggecaagaaggggagytyggggygagggttgtgecacaccggccagetgagagegegtgttgggt tgaagagga
gggtgtctceegagagggacgctocetogg gecct cagctgcgagggegeccecaaggageagegegegetgectggecgggettgggetge
tgagtgaatggageggecgageetectggetectectett gcgeegecggeccctettatttgagetttgggaagetgagggcagecaggeagotg

9g9gtaaggaGTTCAAGGCAGCGCCCACACCCEGGEGCTCTCOGCAACCOGACCGCCTGTCCGCTCCCCCACTTCCCGCCCTCCCTCCCACCTACTCATTC
exon 1 SerArgGlnArgProHisProGlyAlaLeulrgAsnProThrAlaCysProleuProHisPheProProserLeuProProThriigse

ACCCACCCACCCACCCAGAGCCGGGACGGCAGCCCAGGCECCCGGECCCCGCCGTCTCCTCGCCGCCATCCTGGACTTCCTCTTGCTGCAGGACCOGGLT
rProThrHisProProArgAlaGlyThrAlaAlaGlnAlaProGlypProArgArgleuleudladlalleLauAspPheleulauLeuGlnAspProAla

TCCACGTGTGTCCCGGAGCCGGCGTCTCAGCACACGCTCCGCTCCGGGCCTGGGTGCCTACAGCAGCCAGAGCAGCAGGGAGTCCGGGACCCGGGCGGCA
SerThrCysValProGluProAlaserGlnHisThrleuArgSerGlyProGlyCysleuGinGlnProGluGlnGlnGlyvValArgAspProGlyGlyl

TCTCGGCCAAGTTAGECGCCGCCGAGGCCAGCGCTGAACGTCTCCAGGGCCGGAGGAGCOGCEGGGCGTCCGGOTCTGAGCCTCAGCAAATGGGCTCCGA
leTrpAlalysleuGlyAlaAlaGluAlaSerAlaGluArgleuGlnGlyArgArgSerArgGlyAlaSerGlySerGluProGinGinMetGlySerAs

CGTGCGGGACCTGAACGCGLTGOTGCCCGCCETCCCCTCLOTGGGTGGOGGCGGCGECTGTCCCCTGCCTGTGAGCGGCGCGGCGCAGTGGGCGCCEGTG
pValArgAspLeuAsnAlaleuleuProAlavalProSerLeuGlyGlyGlyGlyGlyCysAlaLeuProvValSerGlyAlaAlaGlnTrpAlaProval

CTGGACTTTGCGCCCCCGGECGCTTCGGCTTACGGGTCGTTGGECGGCCCCECECCGCCALCGECTCCGLOGLCACCCCOGCCGCCGCOGCCTCACTCCT
LeuAspPhehlafroProGlyAlaSerAlaTyrGlySerLeuGlyGlyProAlaProProProAlaProProProProProProProProProlisserpP

TCATCAAACAGGAGCCGAGCTGGGGCGGCGCGGAGCCGCACGAGGAGCAGTGCCTGAGCGCCTTCACTGTCCACTTTTCCGGCCAGTTCACTGGCACAGC
helleLysGlnGluProSerTrpGlyGlyAlaGluProHisGluGluGlnCysLeuSerAlaPheThrValHisPheSerGlyGlnPheThrGlyThral

COGAGCCTETCGCTACGGGCCCTTCSGTCCTCCTCCOCCCAGCCAGGCGTCATCCGGCCAGGCCAGGATGTTTCCTAACGCGCCCTACCTGCCCAGCTGE
aGlyAlaCysArgTyrGlyProPheGlyProProProProSerGlnAlaSerSerGlyGlnAlaArgMatPhaProAsnAlaProTyrLeuProSerCys

CTCGAGAGCCAGCCCGCTATTCGCAATCAGGGtaagtaggccggggageg tacgcgcggggoagtggegecagggactetoegetctaggacace
LeuGluSerGlnProAlalleArgAsnGlnG

ccectetectaccecttttgacegeagetott. gctgettec gggccgtgaggatageggaageggeggotagagaggaggecggagagtgyy
agtgcacgcaggcactgg gacatcctccaaagecaggcagagetaggagectgactgttegeasgagecgggagggegtetggggeee. .. ... .-

agagaccgtagaagactgcggcataaataaattgggaaaaagegaggtggggttttagtcagaaaagyatggagaagectgtcecaaggtecacatecagg
gacttgggcogtcetteotgecgaaagtectggaggottgtggggetggattetecteegetgggggtecgaatgeggggttcagegeacaceccecccego

ccgtggctggtteagacceactgeccccgtcttgegagag gctgacactgtgcttctetecgecegotecegeagGTTACAGCACGGTCACCTTCGAL
exon 2 lyTyrSerThrvalThrPheAsp

GGGACGCCCAGCTACGGTCACACGCCCTCGCACCATGCCECECAGTTCCCCAACCACTCATTCAAGCATGAGGATCCCATGGGCCAGCAGGGCTCGOT GG
Gly‘rhrprosgﬂyrclyﬂ1s'rhrProsorHis!nnAlulaclnrhertokmmnsa?heLysHioGIuLspProuetGlyclnclnG lySerLeuG

.

gtaagcgagcggaaccaagtggagtoottcteccecttctteegtgetatestectetecoccagg ctaacc gcaaattaggcaaaggagg
catct:aaaaqgaccttaqaaatcnttaccccaatgqcnctqtatttaquacaaqactgqqtctccctccatcccaagtacqtuggqacatcgccatc
caactnqtctatgaatqtccqqagqqcctttttqqtgcacachcacgqactqctagqqgutqcaugtqaqquctugcttcttgcat:tctqgacq
gccthctctgcacgccqctcatacaggccccagtgccccagqctugqatctoqtqfrfﬂ'r ctgecegecagectegeaccecgageccttg

qqchcacthctcnqctgtctthqttctctctgcaqG‘I‘GAGCAGcAG’I'ACTCGG’!‘GCCGCCCCCGGTCTATGGC‘I‘GCCACACCCCCACCGAC&GCI‘GC
exon 3 1yGluGlnG1lnTyrSerValProProProvalTyrGlyCysHisThrProThrAspSerCys

ACCGGCAGCCAGCCTTTGCTGCTGAGGACGCCCTACAGCAGGt aggaaggegotgggetetgcgtetgggtecttygggaccocggaggggacgcatgage
ThrGlySerGlnAlaLeuLeuLeuArgThrProTyrSerse

cggcggacttgggaacgecccagecgggcagecctgactgogggcatgoagggtattggaggcacgagacgcctegactecactctactacttagaggaa
att:aaagctqatctccctggtctctqagttgttcttatqttqtataaaaatgagqacauttactctt.tcgagctquagnaqgachchCtcqng .....

T A R R R R R R RN R AR R AR AR AR AR R AR AL A AR LA AR NS

tttcccctcaaaggtttaa tacttctttagaaacttcaatagttgctatacaaaggttttaaaaaatgettctgagttactctea catcecttetgetgt
gtaegugtgtataactqtqcagaqatcaqtqqqntqaaatgaaaataa\:tcagatttgcatattctgtcattctqqaantqtggaqqcttgcactttc
ugaaaagttaanctccattqcttttqaaqauacaqttqtgtattattttgtqgttatgtqtttctuctctaqatgtttttctaacaqTGACAA'I'X'Ta

axon 4 TrAspAsnLeu

'X'ACCAAATGACATCCCAGCTTGMTGCATGACCI‘GGMTCAGATGMC‘ITAGGAGCCACCTTWGGGQtaaggttttctctattccattqccutccac
'ryrslnnat'rhrBsrclnhucluw:uatrhr‘rrpunclnxamnuuelyua‘rhruuwscl

aqtaaattatacctqtttgaaccatttcaaaggtqcttaqaacttlt:qaaganqtacaqttttagaaqnagggcanqctctct:gtqacnttaqaacq
ctt;tcctccttcccctaqttqqtqaqttqtqttcagtattnattttcaaaucatuaacgtqqqtt:gtttctatctqgaacquaatattqaqgacac
ttatutgqtcttqttqntgttttntaattcttcaaaqqctattcaacctcatttntuttqtqtttuctatqatatcacaqttqtt. ersaranes
agatctqattccanqcccaaqctctttqcaqcctccqqtgqtqccttccaccccaccattgqcccca-, gggactggggacttagttcagcactcttga
tngctaqcttqatqtctctqtgtattqlgngcttttcactgqattctqqqatctggggggcttqccagatccntqcatgctccattccccactccccac

ctcttcttcttttctaqLGmC'BGC'I'GGGAGCTCCAGCTCAGTGAMTGGACAGMGGGCAGAGCMgtqagtgqacaltgcggaqatqgcanqcaaa
exon 5 yVaulaMaGlySuSerSQrsn:'ValLysa'rp’l‘hrGluclyclns-rAa

tgchtaqqccctqccgactqqcacctngqcaatqcagqagttaqgactgacgtngcaatcaqggtagcatttgqtqgatqqqaaq;atctctctccc
ccqcccccacctcttcttattcatcatucaca\:qctgqqqacaanatqqaqqqagtaqcatttctcatc&acntgcccctqgaaaacaatgtaaaaaatt

signal is marked by double underline. All numbering refers to individual exons with surrounding sequences.
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FIG. 2. Sequence of the WT1 gene. The nucleotide sequence of the 10 exons and flanking intronic sequences are shown. Exon sequences

present in cDNA clones are shown in uppercase letters with the corresponding amino acid translation shown below. The pu‘tative trax_ulatitfn
) is marked in boldface. All intron sequences and the putative promotor region are prmteq in
ively spliced forms of exon 9 are underlined. The polyadenylation
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atqcaqcatcctgttcatttctttqtgaatacttcacaaaatactaaatactaaatttqtgqcattacaaccataatqccacatqttcctgttaqatcag
tcaaagctt.................-.........................‘............... treraanens .
qgatccaqqqqcctcgccctccgcagaaccctgcatctaaagtqgcccca‘,, gggaggcaaa tatttttgttctgtyagetttaaaaacca

tcnt’cccctcctgnctgcaqataaqcatttccaaatqchactqtgagccacactqagcctttttcccttctttgtgtttgcaqccamchcma'mc
axon € nHisSerThrGlyTyr

GAGRGCGATMCCACACAACGCCCATCCTCTGOGGAGCCCMTACAGMTACACAOGCACGG’!‘GTC‘I‘PCAGAGGCA’I'I‘CA agcacacagac o
GluSerAspAanls'rhr'rhrPtoIloLaucyaclyAIaGIn'rytArqIleuii'rhrﬂiselyhlPhaArgclynecliqtq 9 cagacagge

ccagcgqqaaqqgggccgcactgectcttcctacttacoqgccctttagttccttactgatgqa ctetttggcecctggcagectettottcactycag. .

attgtagaatgtcctgatctagcatccatta ctqutqtctqccutggqgatctggagtqtgaatgggaqtqqttttaggtctgcacctgccaccccttct

ttggata tGthcaqtgctcactctccctcaaqacctacqtqaatgttcacatqtqqcttaaagcctcccttcctcttactctCtgci.‘.tgcaqGATGTGC
exon 7 AspValA

GACGTGTGCCTGGAGTAGCCCCGACTCTTGTACGGTCGGCATCTGAGACCAGTGAGAAACGCCCCTTCATGTGTGCTTACCCAGGCTGCAATAAGAGATA
rgArgValProGlyva lAlaProThrLeuValArgserAlaserGluThrSng1uLysArgPtoPthctCy8k1aTerroGlyCysAsnLysAquy

TTTTAAGCTGTCCCACTTACAGATG CACAGCAGGAAGCACACTGgtaagtgtgcecgctgtccagtct tgggcaaacat: ttecaagagctectttt
rPhelysLeuSerHisLeuGlnMetHisSerArgLysHisThrG geocgets 9 99 99 gagetes oo

qgctctcacactgctaaqqacccaqqttacttccagqatgq&aaqnaqcactgctttqaaaqgtctgatccaqqtqttqtaaagagqctgtggqgccat
tttqcattctgnttatctatcctttattacagaqqtcaqtauctqtcttccagaaagqcagagcn. R R T T,

R R e R R R R T TR L R T T T,

ttttttttttttaatqgcugagctagatgtgaqccttqngcaqaatcctctggcccctqaqctcccattcatttgteacttgcugttggggatcatcc
taccctaacaaqctccagcqaagt:qccttaqqcattttqqqntctgttcagtcctaqtaqqagagqttgcetttaatqagatccccttttccaqtatcat

tttcaaatagaatatgtqtcttccccaaqGTGAGAAACCATACGAGTGTGACTTCAAGGACTGTGAACGAﬁGGTTTTCTCGTTCAGACCAGCTCAAAAGA
exon 8 lyGluLyuPtoryrGlncylAinthyoAsprlG1uArqArgPhasarhrgsarAspGInuuLysArg

CACCAMGGAGACATACAGqtttgtaggttcacttctcattgctgqcagctqtgttcccttgqgctaqqqttqatttcatqattctctttqttgt.tqnt
HisGlnArgArgHisThrG

atgaatgaqaqaqtcagccatgtqtttaqtttttccaqtattttccccccutaatctctqqaqatgttcctcctcttaaataaaqaaaaaqaaaqanaq
gaaacaccccacattteeoctyg < gaacagtgagatcccactagcagtgygetgatgatacactgagcatcagcaaagaatgagggtgatygga
gagcggaatccaatttgtagegtgtgattcacttttecctgtctctgacacagotgagatcttcecagetggtgagaagetggacctetgtggttaaggant
ggttgttcccaag gaagcaggtccttgaagattactgtgcagaatcagtgattettgttgggcetyggggactggggaaatctaagggtgaggcaga
*attgcaggcatggcaggaaatgctgggetoctcaagotgceggaagtcagecttgtgggectoactgtgeccacattyttagggcogaggcta

t

gaccttctetgtecatttagGTGTGAAACCATTCCAGTGTARAAGCTTGTCAGCGAAAGTTCTCCCGGTCCGACCACCTGAAGACCCACACCAGGACTCAT
exon 9  lyValLysProPheGlnCysLysAlaCysGlnArgLysPheSerArgSerAspHislLeuLysThrEisThrargThriis

ACAGGTAAMACAAgtgcgtaaacttttcttcacatttatttttcattatttttttaaactattgtggaatgaaattgtgatgagagggattggaanagac
ThrGlyLysThrs

tagtgtasaagttctaaggtttagactcagttgagagaaggaatagtgogtggctatctttanataataaataataacatttttta. .covininvsns.

R R I R R R R A R R R R R R R R R R R N I I e

tttotgacctaagaatataactttttacaatatttcgatccttaaagececoaagaggtgetgetgtttoaaggotgectyggaaatgagctcagttggtt
agctcagggacagaatgatgggaaattcagagtgggtgccttgtgatgacttcactegggecttgatagttgaacttgtgocctgtetetttgttgcaagt
gtctetgactggeaattgtgtcaacagGTGAAAMAGCCCTTCAGCTGTCGGTGGCCAAGTTGTCAGAAAAAGTTTGCCCGGTCAGATGAATTAGTCCGCCA

exon 10  er¢luLysProPhaSerCysArgTrpProSerCysGinLyslysPheAlaArgSerAspGluLleuvalArgHi

TCACAACATGCATCAGAGAAACATGACCAAACTCCAGCTGGCGCTTTGAGGGGTCTCCCTCGGGGACCGTTCAGTGTCCCAGGCAGCACAGTGTGTGAAC
sHisAsnMetHisGlnArgAsnMetThriysLeuGlnLeuAlaLeunk+

TGCTTTCAAGTCTGACTCTCCACTCCTCCTCACTAAAMAAGGAAACTTCAGTTGATCTTCTTCATCCARCTTCCAAGACAAGATACCGGTGCTTCTGGAAA
CTACCAGGTGTGCCTGGAAGAGTTGGTCTCTGCCCTGCCTACTTTTAGTTGACTCACAGGCCCTGGAGAAGCAGCTAACAATGTCTGGTTAGTTAAAAGC
CCATTGCCATTTCCTCTGEATTTTCTACTS TAAGARGAGCCATAGCTGATCATGTCCCCCTGACCCTTCCCTTCTTTITTTATGCTCGTTITCGCTG GGG
ATGGAATTATTGTACCATTTTCTATCATGGAATATTTATAGGCCAGGGCATGTGTATGCTCTCTGCTAATGTAAACT TTGCTCATGGTTTCCATTTACTAAS
AGCAACAGCAAGAAATAAATCAGAGAGCAAGGCATCGGGGGTGAATCTTGTCTAACATTCCCGAGGTCAGCCAGGCTGCTAACCTGGAAMGCAGGATGTA
GTTCTGCCAGGCAACTTTTAAAGCTCATGCATTTCAAGCAGCTGAAGAAAGAATCAGAACTAACCAGTACCTCTGTATAGAAATCTAAAAGAATTT TACC
ATTCAGTTAATTCAATCTGAACACTGGCACACTGCTCTTAAGARMACTATGAAGATCTGAGATTTTTTTGTGTATGTTTTTGACTCTTTTGAGTGGTAATC
ATATGTGTCTTTATAGATGTACATACCTCCTTGCACAAATGGAGGGGAATTCATTTTCATCACTGGGACTGTCCTTAGTGTATAAAAACCATGCTGGTAT
ATGGCTTCAAGTTGTAAAAATGAAAGTGACTTTAAAAGAAMA TAGGGGATGGTCCAGGATCTCCACTGATAAGACTGTTTTTAAGTARCTTAAGGACCTT
TGGCGTCTACAAGTATATGTGAAARAAATGAGACTTACTGGGTGAGGAAATCCATTGTTTAMAGATGG TCGTGT G TG TG TG TCTCTC TG TGTGIGTG TTGT
GTTCTGTITTGTTTTTITAAGGGAGGGAATTTATTATTTACCGTTGCTTGAAATTACTGIGTAAATATATGTCTGATAATGATTTGCTCTTTGACAACTAA
AATTAGGACTGTATAAGTACTAGATGCATCACTGGGTGTTGATCTTACAAGATATTGATGATAACACTTAAMATTGTAACCTGCATTTTTCACTTTGCTC
TCAATTAAAGTCTATTCAAAAGGaaagtggcaagattccatcagetgtattgtgttcaaatctcaaggecactgagectcttttaaacaggtaagagaag
acgccaccgacatcgacggoetactagtgagectatccaggtectgaccacaatttatttctototgtcaaacticaggagggacttatatgtectagaag
caacagagaatatcttcaccttgtgttacagagtgattgtgoteatgetgtgyttgaatgggg 1863

FIG. 2—Continued
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TABLE 1
Sizes of Exons and Splice Junction Sequences of the WT1 Gene
Nucleotides 3 splice Size &' splice
Exon of cDNA (t/c),*/.ag/GTN (bp) NAG/gtaagta
1 1-822 >822 AGG/gtaagta
2 823-945 ctctecgecgeteecgeag/GTT 123 TGG/gtaagcg
3 946-1048 tcttcggttctctctgeag/GTG 103 CAG/gtaggaa
4 1049-1126 ctagatgtttttctaacag/TGA 78 6GG/gtaaggt
5 1127-1177 acctcttcttcttttctag/AGT 51 CAA/gtgagtq
6 1178-1274 cccttetttgtgtttgeag/CCA 97 CAG/gtgagca
7 1275-1425 tcttactctctgectgcag/GAT 151 CTG/gtaagtg
8 1426-1515 aatatgtgtcttccccaag/GTG 90 CAG/gtttgta
9 1516-1599 accttctctgtccatttag/GTG 84 CAG/gtaaaac
9° 15161608 93 CAA/gtgcgta
10 1609-3007 ctggcaattgtgtcaacag/GTG 1399

Note. Numbering of the corresponding cDNA sequence refers to the published sequence (Gessler et al., 1890).

? Alternatively used splice donor site.

the 9-bp insert can be identified in any RNA sample by
RT-PCR and testing of the product for the Hphl restric-
tion site that is created by the sequence insert. Of the
nine cDNA clones analyzed, each contained either exon
5 or the 9-bp insert at exon 9, with two clones containing
both.

At the 3’ end of the cDNA sequence a (GT), repeat
that shows a different number of repeat units in other
cloned DNA samples has been observed. Analysis of re-
peat length in 27 unrelated individuals revealed 6 differ-
ent alleles with 65% heterozygosity, resulting in a calcu-
lated PIC value of 0.61 (Fig. 4, Table 2). The presence of
this repeat in transcribed RNA makes it possible to
identify parental origin of the allele being expressed.
This can be used to assess possible parental imprinting
at this locus.

DISCUSSION

The genomic sequence of the WT1 gene is an impor-
tant tool for the analysis of mutations in Wilms tumor

nt

-— 827
- 776

— 464
— 363

FIG. 3. Detection of alternative splicing of exon 5. (a) Two differ-
ent transcripts for WT1 can be detected in unrelated Wilms tumor
RNA samples (1-3) by RT-PCR using primers located in exons 1 and
9. The difference in length (827 vs 776 bp) seen upon agarose gel
electrophoresis results from the presence or absence of exon 5. (b) The
longer transcript detected by RT-PCR contains exon 5. There is only
a unique site for the restriction enzyme Sacl within the WT1 tran-
scribed sequences, located in exon 5. Comparison of RT-PCR prod-
ucts from Wilms tumor RNA either undigested (lane A) or digested
with Sacl after amplification (lane B) shows that only the upper band
containing exon 5 can be cut.

material. In cases where no expression or only
aberrantly sized transcripts can be detected, the analysis
of genomic exons can reveal the nature of the underlying
mutations. There are also numerous instances where
only DNA is still available on tumors or tumor necrosis
after chemotherapy has made extraction of intact RNA
impossible.

The WT1 gene has been postulated to play a role in
the genitourinary malformations seen in WAGR pa-
tients (van Heyningen et al., 1990). A certain percentage
of individuals with abnormalities of the genitourinary
system, especially those with a family history of aniridia
or Wilms tumor may carry mutations of the WT1 gene.
Given the restricted expression pattern of this gene, it
will be difficult to assess its regular expression in these
cases. The possibility of amplifying individual exons by
PCR will permit the scanning of the WT'1 locus for sub-
tle mutations that cannot be detected by Southern blot
analysis. The intron sequences presented exhibit no sig-
nificant homology to known human repeat sequences,
so all sequences can be considered to design primers
for PCR.

The presence of a highly informative intragenic (GT)
repeat polymorphism will facilitate the screening for
loss of heterozygosity in Wilms tumors and other tumor
types for which evidence of chromosome 11 alterations
exist (Atkin and Baker, 1985; Sait et al,, 1988). The oc-

n=

1234567 8 8 1011 12131415161713192021_/,« 18
i 17
{ ) = 16

g dis a4 1

™~ 13

FIG. 4. A polymorphic (GT) repeat in the 3'-untranslated region of
the WT1 cDNA. PCR amplification of the GT repeat sequence was
carried out on DNA from 21 unrelated individuals. After gel electro-
phoresis and drying of the gel, six different alleles can be identified on
the autoradiogram.
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TABLE 2
Frequency of (GT), Repeat Alleles

Number of (GT) Frequency®
repeats (%)
13 7.4
14 53.7
15 1.8
16 11.1
17 20.4
18 5.6

® Numbers are calculated from 54 alleles tested. Heterozygosity,
0.65; PIC = 0.61.

currence of this repeat sequence in transcribed DNA
will, in addition, permit the identification of the paren-
tal origin of the transcribed allele. The preferential loss
of maternal alleles in Wilms tumors has suggested a role
for parental imprinting during tumor development
(Wilkins, 1988). The comparison of the (GT) repeat al-
leles in genomic DNA and reverse transcribed mRNA
can show whether there is a molecular basis for an un-
equal functional potential of the two parental alleles of
the WT1 gene.

The WT1 gene can be alternatively spliced, thereby
leaving out exon 5 or altering the length of exon 9 by
nine nucleotides. In each case the two different forms
occur at a similar frequency, but all of our cDNA clones
contained at least one of the longer splice variants. In
the analysis of the murine WT1 homolog Buckler et al.
(1991) observed similar types of alternative splicing,
suggesting that it may be of functional importance. This
is further strengthened by the results of Rauscher et al.
(1990) who showed that the addition of the three amino
acid residues between the third and fourth zinc finger
may alter DNA binding capacity and perhaps specificity.

The role WT'1 plays in Wilms tumor development and
the fraction of tumors that have mutations at this locus
is still unresolved. The present report provides tools for
a thorough study of the involvement of WT1 in Wilms
tumor formation and in the induction of genitourinary
malformations. Identification of small deletions or point
mutations in these cases may identify functionally im-
portant sites in the gene product besides the DNA bind-
ing domain.
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