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Tissue, Developmental, and Tumor-Specific 
Expression of Divergent Transcripts in Wilms Tumor 

The Wilrns tumor  locus o n  chromosome l l p 1 3  has been mapped t o  a region defined 
by overlapping, tumor-specific deletions. Complementary DNA clones representing 
transcripts o f  2.5 (WIT-1) and 3.5 k b  (WIT-2) mapping t o  this region were isolated 
from a kidney complementary DNA library. Expression of  WIT-1 and WIT-2  was 
restricted to kidney and  spleen. RNase protection revealed divergent transcription o f  
WIT-1  and WIT-2,  originating from a DNA region o f  <600 bp. Both transcripts were 
present a t  high concentrations in  fetal kidney and at  much reduced amounts in  
5-year-old and adult kidneys. Eleven o f  12 Wilms tumors classified as histopatholog- 
ically heterogeneous exhibited absent o r  reduced expression o f  WIT-2, whereas only 4 
of  14 histopathologically homogeneous tumors showed reduced expression. These 
data demonstrate a molecular basis for the pathogenetic heterogeneity in  Wilms 
tumorigenesis. 

w ILMS TUMOR (\IT) IS A HERITA- 

ble embryonal renal malignancy 
n.ith complex genetic (1) and 

pathological (2) features. Although earlier 
statistical and molecular genetic analyses im- 
plicated a single recessive oncogene locus in 
the e t io log  of \\T (.3, 4) recent studies 
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suggest mutations in at least three loci (nvo 
mapping to 1 l p )  can cause or predispose to 
the dei~eloprncnt of l\T (.i, 6). Heterogenc- 
in. also characterizes LIT histopathology, 
such that these tumors can be categorized 
into: (i) intralobar \ ITS,  Lvhich feature het- 
erogeneous tumor his to lo^ and association 
lvith the \TAGR (\Tilms nunor, aniridia, 
genitourinan. . dvsplasia, . mental retardation) 
syndrome region on l l p 1 3 ;  or (ii) pcrilobar 
Ll'Ts. ~vhich are charactcrizeil by homoge- 
neous histology anil association with the 
Beck~vith-\Ticden~a~u~ syndrome mapped to 
1 1 ~ 1 5  (71. 

In Ronetta et (11. ( X i  \ve describe the 
identification and mapping of threc tran- 
scripts expressed in lu~ine!, tissues to a ho- 
mozygous 175-kb \\T deletion, using chro- 
mosome nallung and yeast artificial 
chromosomc (TAC) cloning. O n  the basis 
of data by Gessler et '11. ( Y ) ,  it appears that 
one of these transcripts I\frIT-3) maps out- 

less I~kelv to be ln\ol\ed In LIT. Here \ye 
report the biological characterization of 
cDNX clones corrcspondlng to the n \ o  
remaining transcripts, \TIT- 1 and \TIT-2 
These genes are transcribeil in di\.ergent 
directions from a single CpG islcuid, and 
their expression sho\vs a striking correlation 
\vith turnor histopatholop. 

T\vo phylogenetically consen-eil 1JNX 
fragments. A\ .Hl  .ind E9, which detected 
distinct tr<~nscripts of 2.5 (ITIT-1) and 3.5 
kb [\TIT-2). respecti\~el\, in human fetal 
ludnel Ki iA  ( 8 ) .  nere L I ~  ro ~ ~ o l a t e  n t o  
corresponding c l l N h  clones, GB16 
(\TIT-1) ,uld 31E1 (\TIT-2) Southern blot 
hybridization and LJNA sequencing con- 
firmed that these cL>NAs mapped to the 
hornoz!rgously ileleted region in the \\'iT-13 
cell line (10, 11 I .  Thc \\'IT-1 transcript 
corresponding to GB16 is no\.el, whereas 
31El  identities the same gene as nvo other 
pre\-iously clescribcd cDNhs ( 12). This gene 
encodes a potential zinc finger protein anil is 
deleted in \\'iT- 13  and in n\.o other cases of 
sporadic \Z'ilms tumor ( 9 .  12. 1.j). 

Using GB16 ~ ~ l d  31E1 as probes for 
southern blot hybridization of cloned ge- 
nomic LINA, \ve found that the transcrip- 
tlon units for these nvo genes \vere tightly 
l i k e d .  KNase protection analyses ( 14j de- 
termined that the MTT-1 rnRNh \vas tran- 
scribed in a telomeric-to-centromeric direc- 
tion, ~vhile transcription of the M'TT-2 
rnRNX \vas in the opposite direction (Fig. 
1 ) DNA sequencing mapped the 5 '  termini 
of GRlh  and 31E1 to a single genomic 
fragment of < 3  kb. As both GB16 ( 2  kb) 
and 31E1 (2 .7  kb) d d  not represent filll- 
length cDNA clones, xve used RNase pro- 
tection analysis of the intcnening genornic 
region to identify and map transcribed se- 
quences corresponding to the uncloned 5 '  
regions of each gene. ItUA probes comple- 
mentan, to both <tr,u~ds of genornlc DNA 
lvere used to shon that the most 5' exons 
detected for each transcript xvere non- 
o\~erlapping and divergently mapped 
Lvithin approximately 600 bp. Sequence 
analysis re\~ealed the presence of nvo puta- 
tive TATX boxes and a C C U T  box within 
this intenening region (Fig. 1'1) that could 
potentially function as a biilirectional pro- 
moter. 

\Then \ve cxarnincd the sequence ofGB16 
(Fig. 1W). lve found the LI'IT-1 transcript 
spanned CpG island 6, ~vhich \vc had iden- 
tified prc\.iously by pulscd-field gel clectro- 
phoresis (8, 1.7). r\lthough RSase protec- 
tion espcrinlents indicated GI316 contained 
only exon sequences. the largest open read- 
ing frame ( O R F )  discernible ~ i ~ i t h i n  the 
2025-bp insert of GR16 was 276 bp (Fig. 

A - 
1R). Subscqucnr isolat~on (from indepen- 
dent libraries) of three shorter cDNA clot~es *To \%horn reprlnt requests should be addressed side the putatl\e \TT locus and thu5 seems 
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with identical 3' ends and complete se- 
quence overlap with GB16 confirmed that 
ill these sequ;nces were part of the WIT-1 
transcriptional unit. Anchored polymerase 
chain reaction (PCR) (16) from the 3' ter- 
minus of WIT-1 produced several clones 
with a 3'-terminal polyadenylate [poly(A)] 
tract, which extended the GB16 sequence by 
114 bp. Sequencing of the genomic DNA 
downstream of GB16 revealed complete se- 
quence agreement up to a series of more 
than 16 adenine residues. Although the 
presence of a genomic poly(A) tract i d  lack 
of a long ORF suggested WIT-1 might 
represent a processed pseudogene (17) or a 
human repeat element (18), the WIT-1 se- 
quence is not represented in nucleic acid or 
protein data bases. Thus WIT-1 is a unique 
transcriptional unit that encompasses CpG 
island 6. 

Since secondary tumors are rare in pa- 
tients with WT, expression of genes impli- 
cated in Wilms tumorigenesis may be 
kidney-specific. To  determine whether this 
was the case for WIT-1 or WIT-2, we 
analyzed RNA from different established 
cell 'lines and various tissues by Northern 
blot hybridization. Neither transcript was 
detectable in polyadenylated [poly(A)+] 
RNA preparations of HeLa, Daudi, or 
G401 cells, but very low concentrations of 
WIT-2 could be detected in transformed 
human embryonic kidney 293 cells (19). 
Both transcripts were seen in fetal kidney 
and spleen RNA, but were absent from 
other fetal tissue RNAs (Fig. 2A). In gen- 
eral, the WIT-1 transcript was much less 
abundant than WIT-2, but was readily de- 
tected in poly(A+) RNA. 

The recapitulation of nephrogenesis seen 
in many WTs led us to examine the expres- 
sion of WIT-1 and WIT-2 in kidnevs from 
three different age groups on the assump- 
tion that developmentally regulated expres- 
sion might be a feature of genes important 
for nephrogenesis. In Northern analyses, the 
two transcripts exhibited similar patterns of 
developmen;al expression. Both &ere most 
abundant in RNA from fetal kidney, but 
expressed at much lower levels in 5-year-old 
and adult kidney (Fig. 2B). 

The gene corresponding to WIT-2 has 
been proposed as a candidate WT gene 
based on its deletion in WiT-13 (13). Con- 
firmation of WIT-2 or WIT-1 as a WT gene. 

" ,  

however, requires an indication that expres- 
sion is altered in at least some tumors. 
Accordingly, we examined the gross struc- 
ture and expression of the WIT-1 and 
WIT-2 genes in 32 cases of sporadic WT by 
Southern and Northern hybridization of 
DNA and RNA extracted from frozen tu- 
mor tissue. Although no genomic alter- 
ations were detected, a significant number of 
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Fig. 1. (A) WIT-1 and 
WIT-2 are divergent tran- 
scripts. A detailed restriction 
map of the 6-kb genomic 
region encompassing all of 
WIT-1, the first exon of 
WIT-2, and the putative bi- 
directional promoter from 
which WIT-1 and WIT-2 
are divergently transcribed 
(diverging arrows above the 
restriction map) is schemat- 
ically diagrammed. The lo- 
cation of two TATA boxes 
and an intervening CCAAT 

GAGGTGGGAG GAGTTCCCTCI CAGCCTGCGG GGCCMGMG AAAGTGCTM GCTGAGGAGC CGCAGTCGGA 
GGACCCCAGG GACCCGACAG GMGTCTCCG TACGACCCCA ACGGATCCAC ATGCCCGGM GCCCAGGCGA 
CACTMGCCA GCGCTGGGSA ACTGACGTAC TCCTGCAGTC GCAGGGCGCT CCATGCCTCT CTGTCCTCTT 
CTTTGTTGTG GGTMCGTTC TCTGCGGGAG ACCTGAGGTT TTCCUGGGG GACATGCCAG CTACACTGGC 
CTTGGCGCCC TGAGCTMGC ACCAGGACTC ACAGCCTAGC ACGLIGGCAG GTAGCACCTT CACCCGCCGC 

~ -~ . - - - - -  - ... .-.- - .. .... -~ - - ~  - - -  -~ - ~ - - ~  

TGGCCCCAGA A T W C C T C  AGCTCTGCCA GGTAACCMC AGCTGTGTGA CCCTAGACGA GTTCCGCAGT 
CTCTCTGAGC CTCAGTTTCC TTACTGGTCA MCGGGATM TGGGATACTA GCGCCCACCT CATAGAGTTG 
TTCTGAGGAT TAGATAGGAG AGCAGTGTGG GCCTTTGACT C M T C M C T T  TACAGTTTTT GTTACTACTA 
CTGTTTMGG ACAGGMACA AGTTAGTGGC MCGCGAGCT GAAACCCGGG TCTCTCMCG TCCAGTTGGA 
GGTTTTACCC XCCACCCCTC TACCTGTTCA GAGCTMTGG G ATG CAG AGG CGA GGA CAG CCC 

CTG G M  M C  CAT GTG GCG TTG ATA CAC TGG C M  
L E N H V A L I H W Q  

GTG CAT. M T  TAT TGC M T  ATG AAA AAA TCG AGG 
V H N Y C W W K r S R  ~ ~ . . 

1\11 TCT C M  CCC TTA C T I  TCA CCC CGG CGC TGT 
I S Q P L L S P R R C  

W Q R R G Q P  
AGC GCA GGC ATC CCG GCC TCG M G  

S A G I P A S K  
CTG GGT AGG AGC AGG GCA GTG AGG 

L G R S R A V R  
CCA CTG CAT CTG ACA GAG CGC GGA 

P L H L T E R G  
GCT GGG CTG CTA CAG CCG CM ccc CAG GGA CCA GTG CGC ACG CCT GGG CCG ccc TCC 

A G L L Q P P P Q G P V R T P G P P S  
GGG AGT CAC CCA GCG GCC GCG GAC M C  TGA ATAAACACC CCAAAGCGCT GCGGTCGGTC 

G S H P A A A D N E ~ ~  9," box (as detectedvb~ DNA MGGGCGGGG ACAGCCACAG TGCGCGCGGG GCCCGCAGGC CGTAATAAAG AGTGGCTCGA CCTCGCTGCT 1>29 

sequencing) within the pu- GCCTGTCGCG GGAGAGGAAC MGCTTTCGA CTAGCGCCTC TCCCCGU;GC CCGCGCCCCG AGCCCCACGC l3rr 

GCMGACAGC CCMCAGCTG TTCCTCCCCT CCCCGCCGAC TCCMCTCTT CGGMTCTGC CCACTCGGGG lac* tative promoter region is in- GCTGCAGGGC MGTGTTTAG GATGGTTccc A G c c c c G c G c  TGcGCGGTGA M T T T c M c  G T c A T T c c m  151. 

dicated. The C M T T M A M  MGGGGGGGG CMGGGAGGG GCTTTGTGAT MCTACTCCC AGCTTCTTCT GATCATTTCA 1.09 

AAATTMGTC GATTTTTTTT MCCAGTCCC CACTTACTGT CCTMCTCTC CTCGCTGACC CTATCTGGGA IS79 

cates the position of a GCCGGMCCG TTAGGTACTG CCGMTGCGG TGCAAATTTC CCCTCTCCCC CAGTTCGCAG TGCCTGGAGC 1719 

CGCTGGGGTT ACTCGTCTGT TCTGATGCCA CCGCGAGATG GTCCCCGAGC TCCCCGAGAG TCCTCAGTGA 1119 

stretch adenine residues AAGGAITCCG CGGCAC, TCTATTATTA TACCGTAAAT CTTTTTAAAT TCTGGMCTA ATTATATAGA I,,, 

on genomic sequence to GGATATGTCT C u r n G r r c  TGCATTMTG CCACAGTGGG GATGGAGGCC AGGCCGTGGC CAGAGCAGAT 1959 

ACGTAGGCCC ATGAAATTM TGMCTGAGA GTTGTCTTCC AGTCCTGAGC GCACCATCTG GMTTCCAGT 2029 which the 3' end of WIT-1 c r G r a r r a c  MTTAGMCT CCTGACCCCA GATTCMCIT TGI-CMC AGGGGW MTGGGGAAA 1099 
maps, The spiked lines de- A G W C C A  CGAGCGAGGA AAAAAATTAT CTGCACCTGT 111. 

note the location of intron sequences as determined by RNase protection and DNA sequencing. The 
broken lines below the restriction map mark the location of the terminal 5' region of the WIT-1 and 
WIT-2 transcriptional units as predicted from RNase protection data. (B) Nucleotide sequence of 
overlapping cDNAs corresponding to the WIT-1 transcript. Positions 1 to 2025 represent the longest 
cDNA clone obtained (GB16). The sequence 3' to position 2025 was obtained from PCR extension 
clones. Nucleotide 2139 is followed by a poly(A) tract. The deduced amino acid sequence of the longest 
ORF (position 951 to 1227) is indicated (GenBank accession number M37983). 

Flg. 2. Northern blot analy- 
sis of WIT-1 and WIT-2 WIT-1 WIT-, m* 

I I l l  expression in normal tissues. C E Z .  rr o 
Total RNA (10 pg) isolated 5 & $  ,o g'% m--  - " - u r n  3 Yz- g3&.z$~!g~~~g~3 - .& 2 g,5 
from frozen tissues (28) ~ L O - C L L L ~ ) ~  1 - I 
were separated by electro- 
phoresis on a 1% agarose- 
formaldehyde gel, trans- 
ferred onto nylon Gene .' 
Screen membranes, and hy- 2.4 
bridized with GB16 or 1.4 
31E1 DNA probes radiola- 
bekd by r i d o m  primiig. aZ4C 
Hvbridizations were carried 
o;t at 65°C in 1% bovine EtB 
serum albumin, 0.5 M so- 
dium phosphate. l mM 
E D T A , ' ~ ~ ~ '  7% SDS (29). 
When detection of low amounts of transcript was required, 1 to 5 pg of poly(A)+ RNA was used. The 
positions of hybridizing bands in relation to RNA markers are indicated. (A) The hybridization of cDNA 
clones GB16 and 31E1 to transcripts of 2.5 kb and 3.5 kb in select fetal tissues is shown. The WIT-1 and 
WIT-2 blots were exposed for 8 and 3 days, respectively. (B) Decreasing amounts of WIT-1 and WIT-2 
transcripts in poly(A)+ RNA of fetal, 5-year-old, and adult kidneys is shown. In the left panel, ethidium 
bromide fluorescence of the RNA gel indicates overloading (>5 pg) of 5-year-old and adult kidney 
RNA. In the right panel, less than 1 pg of poly(A)+ RNA was loaded; hence, hybridization to 
glyceraldehyde phosphate dehydrogenase [GAPDH (30)] was used to monitor RNA loading. In this 
hybridization, the WIT-2 transcript was detected in adult kidney RNA upon prolonged autoradio- 
graphic exposure. 
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tumors exhibited strikjng diffmnces in the 
expression of WIT-1 and WIT-2. From a 
total of 32 tumors, 16 showed no detectable 
WIT-1 aansaipt (20). For WIT-2, a varied 
range of expression was evident, as shown in 
Fig. 3. In total, 14 tumors expressed WIT-2 
at amounts comparable to those seen in 
normal fetal kidney RNA, whereas 7 tumors 
showed reduced amounts of WIT-2 mRNA. 
In 11 tumor samples, no WIT-2 aansaipt 
was detectable. In most of the WT samples 
we analyzed, the presence of WIT-1 tran- 
scripts correlated with the presence of 
WIT-2 transcripts. In other words, WIT-1 
transcripts were present in tumor samples 
with significant concentrations of WIT-2 
mRNA and absent in samples with little or 
no WIT-2 (Fig. 3). Exceptions to this coor- 
dinate pattern of WIT-1 and WIT-2 expm- 
sion were seen in four tumor samples, in- 
cluding WiT-38 (shown in Fig. 3). 

The analysis of tumor RNA concentra- 
tions together with the tissue and develop 
mental regulation of WIT-1 and WIT-2 
expression suggest that theses genes are co- 
ordinately regulated during normal kidney 
development and tumorigenesis. Beckwith 
and co-workers have bund an association 
between the 1 lpl3-associated WAGR syn- 
drome and the occurrence of WT with het- 
erologous elements, such as skeletal muscle 
not n o d y  found in embryonic kidney 
(7). These tumors are associated with poten- 
tial precursor lesions termed intralobar 
nephogenic rests (ILNR). In contrast, tu- 
mors without heterologous elements are tie- 
quently associated with pedobar nephro- 
genic rests (PLNR), lesions that are also 
seen in patients with the Beckwith- 

Wiedemann syndrome. This syndrome has 
been mapped to chromosome llp15 (6). 
Hence, only a subset of WT with specific 
histology would be predicted to show aber- 
rant expression of the WT genes on llp13. 
Prompted by this prediction, we performed 
a double-blind analysis comparing the 
expression data described above with a his- 
topathological classification of the 32 tu- 
mors (21). We found the differences in 
expression of WIT-1 and WIT-2 in WT 
directly reflect differences in the histopatho- 
logical phenotypes of these tumors. Of 12 
WT classified as histopathologically hetero- 
geneous (designated het in Fig. 3), 11 ex- 
hibited no or low expression of WIT-2 by 
Norchem analysis. In contrast, of 14 WTs 
dassSed as histopathologicaUy homoge- 
neous (designated hom in Fig. 3), only 4 
Showed reduced amOUnts of WIT-2 atpres- 
sion. Thus, sporadic tumors with an llp13- 
associated histopathological phenotype also 
exhibit aberrant expression of WIT-2. 

Divergent transcription initiating h m  
DNA sequences spanning 3 kb or less has 
been described for a number of genes (22- 
25). The close physical location of the 5' 
most exons detected for WIT-1 and WIT-2 
and their very similar patterns of expression 
sugg~ they are aanscribed divergently 
from a common promoter, or at the very 
least share some upstream regulatory se- 
quences. The WIT-1 sequence is remines- 
cent of transcribed elements upstream of the 
prom-oncogenes, c-mos and c-H-ras, and the 
epsilon globin gene (2S25). It has been 
shown that differential expression of some of 
these elements arc vital in regulating the 
expression of their associated genes in spe- 

Fb. 3. (A) Norehem blot analysis - 
E -  A - -  

of total RNA from WT tissue. ~ q ~ { ~ ~  Variable expression of a normal- I=> ----- - - 7 0  m w V ) *  
sized 3.5-kb WIT-2 anxript  in ~ w ~ ? ~ o M o ~  

E + +  c +I- + c 
different WT tissue is shown in this 8 5 5 5 5 5 5 5  1 5 5 5 5 3 3  
representative Northern blot. Com- 
parabk amounts of WIT-2 are seen 
in tumors 34,40, a metvasis from 
34 (34M), and the normal fctal 
kidney sample. Tumors 43 and 38 
show n0 dete~abk amOUnts of WIT-2 
m - 2 .   he blot was ~~errxposad 
to detect the signal in tumor 35. An 
ethidium bromide tluonxencc 
stain of the corresponding RNA gel 
is shown. The expression of WIT-1 
in the same tumor samples (xpa- 

r, 
rate arperiment) is also indicated 
(+I-). The histopathological das- 
sifkation of the tumor m indicated 
as hernologous (het) or homolo- 
gous (horn). For this analysis, N- 
mor tissues were collected and 
stored as described (31). RNA d o n  and Northem hybridization were performad as in Fig. lA, 
using a 1.8-kb merit of 31El as a ptobc tbr WIT-2. (B) RNasc protection analysis of total RNA 
from WT tissue. As the WlT-1 anxript was not readily detected by Northern hybridization of total 
RNA from WT samples, RNasc protection (14) was also performed on 10 pg of total RNA with a 
175-bp probe representing nubtides 1 to 175 of WIT-1 (Fig. 1B). Pnxncc of the protected 
fragment of WIT-1 IS indicated. 

cific cellular and developmental contexts (23, 
24). Thus, deregulated expression of WIT-2 
could potentially result from mutations in 
either WIT- 1 or WIT-2. Unlike the WiT-13 
tumor, none of the tumors analyzed here 
showed any gross DNA rcamngements (in- 
cluding those that expressed little or no 
WIT-2 transcript). However, the majority 
of tumors may carry mutations in other WT 
genes or subtle alterations that would not be 
d e t d  by Southem analysis. A more sen- 
sitive analysis, such as PCR amplification, 
will be necessary to detect small deletions or 
point mutations within the WIT-1 or 
WIT-2 genes. A more intriguing pcmibility 
to explain deregulated expression arises 
&om our observation that the WIT-1 gene 
sequence spans a CpG island. These islands 
have been shown to bind constitutively ex- 
pressed cellular factors when they are meth- 
ylated at CpG (26). Because of data that 
suggest a role for genomic imprinting in 
Wilms tumorigenesis (ZT), it is tempting to 
speculate that methylation may have a cen- 
tral role in regulating both WIT-1 and 
WIT-2 gene expression. 
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Wilrns Tumor Locus on l lp13  Defined by Multiple 
CpG Island-Associated Transcripts 

Wilms tumor is an embryonal kidney tumor involving complex pathology and genetics. 
The Wilms tumor locus on chromosome l l p 1 3  is defined by the region of overlap of 
constitutional and tumor-associated deletions. Chromosome walking and yeast artifi- 
cial chromosome (YAC) cloning were used to clone and map 850 kilobases of DNA. 
Nine CpG islands, constituting a "CpG island archipelago,'' were identified, including 
three islands that were not apparent by conventional pulsed-field mapping, and thus 
were at least partially methylated. Three distinct transcriptional units were found 
closely associated with a CpG island within the boundaries of a homozygous DNA 
deletion in a Wilms tumor. 

T HE DISTAL HALF OF CHROMOSOMAI, 

band 1 l p  13  has attracted consider- 
able interest as a target for positional 

cloning because patients with l l p 1 3  dele- 
tions develop four abnormalities comprising 
the LVAGR syndrome: U'ilms rumor (n I ) ,  
an embryonal malignanc? of the kidney; 
aniridia, or hypoplasia of the iris; genitouri- 
nary dysplasia, including kidney and genital 
malformations; and mental retardation ( 1 ) .  
Sporadic, non-WXGR U'ilms rumor atfccts 
that a gene isolated from l l p 1 3  is the WT 

gene, b! virtue of its location, although its 
1 in 10,000 children and represents a puta- 
tive tumor-suppressor model fulfilling 
Knudson's nvo-hit hypothesis, the para- 
digm of ~vhich is retinoblastoma (2). Ho\v- 
ever, as Lve and others have sho\vn, the 
c t io log  of Wilms tumor is complex and 
involves an additional locus at 1 lp15, and in 
Lunilial cases a locus on another chromo- 
some (3). T\vo laboratories ha\,e proposed 
expression was ~lnaltered in m'ilms nu-nors 
(4 ,  7 ) .  In this and the accompanying report 

( 6 ) ,  we describe the presence and location of 
rnultiple transcribedsequences from this re- 
gion, including nvo that show altered 
eunrcsslon 111 some \ V ~ l n ~ s  tumora. 

I 

Our starting point in these efforts Tvas S1 
( D l  lS37), a random DNA segment within 
a region homoz!~gously deleted in WiT-13, a 
sporadically occurring U'ilms nunor (7).  \Ve 
had pre\,iousl!. set the upper size limit of the 
M'iT-13 deletion at 375 kb, on the basis of 
mapping of random clones isolated from 
chromosome- or  band-specific libraries ( 8 ) .  
T o  define the boundaries of the WiT-13 
deletion and to identic regions for Inore 
intensive screening for the genitourinan 
and rnental retarditlon genes: ~vhlch have 
been mapped close to \.5T ( 9 ) .  Tve used yeast 
artificial chromosome (YXC) cloning, 
therebi generating a cornplete phvs~cal rnap 
of the region, unhampered b\ DNA meth- 
vlation of genonuc human DNA 

T o  obtaln TACs n l th  human genonuc 
DNA Inserts from t h ~ s  reglon, n e  sinthe- 
sized ol~gonucleot~des o n e  basls of the 
DNA sequence of S1, and used these as 
primers to screen a hunlan T h C  Ilbran. ( I f ) )  
b\ polxmerase cham reactlon (PCR) and 
filter h\ br~d~zat ion ( 11) Southern (DNA) 
blot h \br~diza t~on  confirmed that n i o  
clones, designated vF12 and vG6, ~ncluded 
S1 In thelr sequence, \\ h ~ l e  onlv vG6 in- 
cluded  robe AlrHl, \\ hlch had been ISO- 
latcd b3 genomlc ~ v a l h n g  and \vas located 
65 kb telomer~c from S1 Thls ~ndicated that 
the two YACS have only a small reelon of 

L 

o~rerlap and thus span a relatlvelv large re- 
glon of DNA The TAC clones \\ere 
happed by pulsed-field gel electrophoresis 
(PFGE), bp means of partial digestion con- 
ditions with a set of eight rare-cutting re- 
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