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Genomic Organization of TEL: The Human
ETS-variant Gene 6

Mathijs Baens, Pieter Peeters, Caiying Guo, Jeroen Aerssens, and
Peter Marynen'

Human Genome Laboratory, Center for Human Genetics, Flanders Interuniversity Institute for
Biotechnology, University of Leuven, Leuven, Belgium

We have constructed a detailed map of the genomic region containing the ETS-variant gene 6 (ETVé), involved
in translocations and deletions associated with hematologic malignancies. Thirty-eight cosmids were
characterized belonging to two contigs spanning 340 kb, and an EcoRI restriction map was developed. The
gap between the two contigs, 2 kb in size, was closed by PCR. The contigs contain the complete coding
sequence and the 5’ and 3’ UTRs of ETV4. Eight exons accounting for the ETV6 cDNA sequence were
identified. The helix-loop-helix (HLH) motif is coded by exons 3 and 4, whereas exons -8 code for the ETS
DNA-binding domain. All introns show consensus 5’ donor and 3’ acceptor splice sites. Introns | and 2 span
100 and 82 kb, respectively, and introns 3-7 range from 15 to 1.3 kb. An alternative exon 1 (exon IB) is
localized in intron 2. The 5' end of the ETVé gene is associated with a CpG island characterized by the
presence of four Not, four Sadl, and three BssHIl recognition sites and several SPI- and APZ-binding motifs.
Alternative polyadenylation at the 3’ end of the ETV4 gene generates the three transcripts of 6200, 4300,
and 2400 nucleotides, respectively. The ETVé gene spans 240 kb and is flanked at its 5' and 3’ end by
DI251697 and DI12598, respectively. The markers DI251095 and DI2589 are located in the first intron. Two new
DNA polymorphisms were identified in the ETVé gene, which will be useful for the analysis of loss of
heterozygosity reported for the ETVé gene in leukemia.

The ETS-variant gene 6 (ETV6, previously named
TEL) was cloned by Golub et al. (1994) by virtue
of its involvement in the t(5;12)(q33;p13) found
in a chronic myelomonocytic leukemia (CMML).
The ETV6 gene encodes a protein with a putative
helix-loop-helix (HLH) dimerization domain at
the amino terminus, conserved in a subset of ETS
family members, and an ETS DNA-binding do-
main at the carboxyl terminus. In the t(5;12) a 5’
ETV6-PDGFRB 3’ fusion occurs linking the HLH
domain of ETVé6 to the transmembrane and ty-
rosine kinase domains of PDGFRB. The reciprocal
fusion transcript is not expressed (Golub et al.
1994).

ETV6 appears to be involved in different leu-
kemia-associated translocations. In rare cases of
childhood acute lymphoblastic leukemia (cALL)
with t(9;12)(q34;p13) the HLH domain is fused to
the tyrosine kinase domain of ABL, which then
shows increased tyrosine kinase activity (Papado-
poulos et al. 1995). In myeloproliferative disor-
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ders with t(12;22)(p13;q11), resulting in the fu-
sion of ETV6 to the MN1 gene on 22q11, expres-
sion of both chimeric transcripts is reported
(Buijs et al. 1995). It is suggested that the 5’
MNI1-ETV6 3’ fusion protein is important for the
transformation of early myeloid precursors. This
fusion protein contains almost the entire MN1
protein linked to the carboxy-terminal part of the
ETV6 protein, providing an ETS DNA-binding do-
main, and might act as an altered transcription
factor. ETV6 is also implicated in the pathogen-
esis of cALL through its fusion to the AMLI gene
on 21q22 (Golub et al. 1995; Romana et al.
1995a). The chimeric transcript encoding the
ETV6 HLH domain fused to the AMLI runt and
trans-activation domains is predicted to have on-
cogenic potential, as the reciprocal 5 AMLI~
ETV6 3’ transcript is expressed only in a subset of
patients (Raynaud et al. 1996). Remarkable is the
systematic deletion of the normal ETV6 allele in
patients with 5’ ETV6-AMLI1 3’ fusions, which
results in the loss of wild-type ETV6 function in
the leukemic cells (Golub et al. 1995; Romana et
al. 1995a). Independently, Stegmaier et al. (1995)
and Cavé et al. (1995) detected frequent loss of
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heterozygosity (LOH) of the ETVé6 region in
cALL. It is now clear that these cases represent a
cryptic t(12;21) and a 5" ETV6-AML1 3’ fusion
(Raynaud et al. 1995).

Fluorescence in situ hybridization (FISH)
analysis of 12p abnormalities revealed that ETV6,
together with CDKNI1B, is frequently deleted in
hematopoietic malignancies (Sato et al. 1995;
Hoglund et al. 1996; Wlodarska et al. in press),
which has led to the speculation that ETV6 might
also have tumor-suppressor activity.

The ETV6 gene is therefore implicated in the
pathogenesis of a number of distinct hemato-
logic malignancies through the fusion of either
its HLH or its ETS DNA-binding domain to differ-
ent translocation partners, which is sometimes
associated with loss of the second ETV6 allele. In
the majority of the cases, the t(12;21) and the
rearrangement involving chromosomes 9 and 12
are not detectable by classic cytogenetics but can
be detected by FISH (Romana et al. 1995b). In
addition, genomic ETV6 probes are needed to
analyze the extent of ETV6 deletions. To develop
tools to investigate the promiscuous involve-
ment of the ETV6 gene in leukemia we have con-
structed a detailed physical map of the ETV6
gene, characterized its genomic structure, and
generated additional polymorphic markers
within the ETV6 gene.

RESULTS

Construction of a Cosmid Contig for the ETVé4
Gene

To isolate the ETV6 gene, first an ETV6 cDNA
fragment (bp 19-1567; Golub et al. 1994) and a
170-bp probe for alternative exon 1B (Romana et
al. 1995a) were hybridized to the arrayed
LL12NCO1 library (Montgomery et al. 1993).
Twenty-four cosmids were isolated. Restriction
analysis and Southern hybridizations with the
ETV6 cDNA revealed three nonoverlapping cos-
mid contigs. Contig 1 (179A6, 29F2, 51E2,
168G1, 118A6, and 15A4/15B5) contained exon
1 of ETV6 (see below); contig 2 (S0F4 and 95H4/
97D12) contained exon 2, and contig 3 (258D11,
171H6, 242E1, 2G8, 159A7/158H3, 189A3,
45E12, 163E7, 184C4, 54DS5, 24G12, 88A9, and
148B6) contained exons 3-8 and the alternative
exon 1B.

A walking strategy was then applied to close
the gaps between the three contigs. The ends of
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cosmids that flank the gaps were rescued by vec-
torette PCR and used as probes to screen the
LL12NCOL1 library. The cosmids isolated with
15A4T3 (67C6/68F8 and 145A11) and 50F4T7
(67C6/68F8, 6C11/7F1, and 205H1) did overlap
and joined the first and second contigs. Southern
hybridizations with the rescued T7 and T3 ends
of the isolated cosmids confirmed the overlaps
(Fig. 1). Cosmid 145A11, however, was very un-
stable, which might explain the undez-
representation of this region in the LL12NCO1
library. Restriction analysis (EcoRI) of a 10-kb
fragment (TELLRP1), generated by long-range
PCR and spanning the region of minimal cover-
age in the first intron, confirmed the restriction
patterns of cosmid clones 67C6 and 145A11 (data
not shown).

Five additional cosmids were isolated with
the T7 end of 171H6 that extended the contig 25
kb farther into the second intron (Fig. 1). Subse-
quent attempts to close the second gap using the
T7 and T3 ends of 95H4 and 132B11, respec-
tively, were hampered by the absence of the in-
tervening sequence in the LL12NCO1 library. Di-
rect visual hybridization (DIRVISH) experiments
with cosmids 50F4 and 219D7, however, revealed
that the gap was <15 kb (data not shown). Long-
range PCR was therefore used to amplify the in-
tervening region. A 2100-bp PCR product
(TELLRP2) was obtained using both human DNA
and DNA of YAC 958B8, containing the ETV6
gene, as the template DNA with primers derived
from sequences of both cosmid end fragments.
No amplification product was obtained with
DNA of the cosmid pools of the LL12ZNCO1 li-
brary, suggesting the absence of this region in the
library. To demonstrate that TELLRP2 closed the
gap between the two cosmid contigs, both ends
were sequenced and shown to overlap with the
sequences of the cosmid end fragments used for
primer construction. Furthermore, hybridization
of genomic Southern blots with the T7 and T3
end probes of 95H4 and 132B11 detected EcoRI
restriction fragments of 3.4 and 2.8 kb, respec-
tively, as is expected by adding the length of the
EcoRI end fragments of the cosmids to the length
of the EcoRI end fragments of TELLRP2 (data not
shown). Finally, the T3 end fragment of cosmid
148B6 was used for a walking experiment and
yielded three cosmids (136B11, 167A6, and
244E8) extending an additional 40 kb toward the
centromere (Fig. 1).

The analysis of the EcoRI restriction patterns
of all isolated cosmids, combined with the analy-
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sis of partial EcoRI digests for 9 cosmids and
Southern hybridizations with 34 rescued T3 or T7
ends of selected cosmids (Fig. 1) allowed us to
construct a detailed EcoRI restriction map of the
region harboring the ETV6 gene. Double digests
of cosmids using EcoRI in combination with sev-
eral rare cutting restriction enzymes (Notl, Sacll,
Mlul, Sfil, and Sall) allowed us to integrate them
into this map and identified a CpG island with
four Notl and four Sacll sites at the 5’ end of the
ETV6 gene (Fig. 2B).

Structure of the ETVé Gene

Hybridizations of oligonucleotides derived from
the ETV6 cDNA to Southern blots of EcoRI-
digested cosmids identified exon-containing
fragments. These bands were isolated, cloned in
pGEM-3Z, and partially sequenced. Comparison
of the genomic and cDNA sequences revealed the
exon organization and the exon-intron bound-
aries of the ETV6 gene. Eight exons were identi-
fied (Fig. 2A). The sequences at the boundaries
are reported in Table 1: All of the splice junctions
showed the canonical GT/AG dinucleotides
(Breathnach et al. 1978). This revealed further
that the HLH domain is coded by exons 3 and 4,
whereas the ETS DNA-binding domain is present
in exons 6, 7, and 8 (Fig. 2A). The alternative

exon 1B was found upstream of exon 3 (Fig. 1). A
(CA),, repeat was identified immediately up-
stream of exon 1B (Fig. 3; GenBank accession no.
U45431). Furthermore, sequencing the ends of
the 5000-bp EcoRI subclone containing exon 1B
revealed the presence of a sequence identical to a
short 298-bp expressed sequence tag (EST) (acces-
sion no. T69511).

The partial cDNA for ETV6, published by
Golub et al. (1994), contains 57 bp of exon 1A,
which was sequenced in a 6000-bp EcoRI sub-
clone of 168G1. Additional sequences of the 5'-
untranslated region (UTR) of the ETV6 cDNA
were obtained following a single-strand ligation
to single-stranded cDNA (SLIC) protocol (Dumas
Milne Edwards et al. 1991). Amplification prod-
ucts of ~70 and 140 bp were obtained using an
antisense primer derived from exon 1A (bp 12-
30). Sequence analysis of eight clones identified
three different products containing 34, 39, and
108 bp, respectively, upstream of position +1,
which were colinear with the genomic sequence
(Fig. 4).

Northern analysis with the ETV6 cDNA de-
tects three transcripts of 2400, 4300, and 6200
nucleotides, respectively (Golub et al. 1994).
To investigate the origin of the different tran-
scripts, we first screened the GenBank data base
with the 1580-bp ETV6 cDNA. Three overlapping

A HLH domain ETS DNA-binding domain
57 187 352 487 1033 1176 1277
! i ] ] T T
ETV6 cDNA a2 [ -3 | 141 H 8 @@
(S S| L
B : A
[ prasiser D1251005 | l Drases CA159A.7“:. i forstie | pr2sss |
W‘ 1 L ] L v . L v v v W 2
1 Ll LI I 1 1 LB
£ B %3 > 53 3 2 3 b
3 2 &5 @ aa 8 § @ § &
Q 3‘ = - 10 kb
x T8
Ll

Figure 2 (A) The exon structure of the ETV6 gene. The position of the last base of each exon is indicated above
the ETV6 gene according to the numbering of the sequence reported by Golub et al. (1994). The positions of the
putative HLH domain and the ETS DNA-binding domain are indicated. (B) Physical map of the ETV6 gene. The
map was determined by restriction digests of the cosmid clones with Notl, Sacll, Sfil, Miul, and Sall. (V) The
exons. Also indicated are the positions of the chromosome 12 STSs. The scale in kb is indicated.
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Table 1. Exon and Intron Junctions of the Human ETV6 Gene
Exon Sequence at exon/intron junctions
nucleotide

no. position in cDNA? 5’ splice donor intron size (kb) 3’ splice acceptor
1A 1-57 CATTAAG gtaaaa | 100 tatttttaacag CAGGAAC
2 58 - 187 CACCTGC gtgagt Il 82 tctctccaacag GCTTGCA
3 188 - 352 CATTCAG gtgaga n 14.1 ttttetttccag GTGATGT
4 353 - 487 GAAGAAG gtactg v 15.4 tctgctccacag ATAACTG
5 488 - 1033 ATAGCAG gtgagt V' 14.2 tttectctgtag ACTGTAG
6 1034 - 1176 CCATAAG gtaaaa Vi 13 titgaacaaacag AACAGAA
7 1177 - 1277 TGTTCAG gtagca Vil 52 cttcttccaaag GTTTATG
8 1278 - ...

1B CTGTAGG gtcaga

#The numbering is based on the human ETV6 cDNA sequence (Golub et al. 1994).

cDNAs were identified (accession nos. T79177,
T79261, and T91395) extending 371 bp toward
the 3’ end of the gene and indicated that an EcoRI
restriction site flanked the 3’ end of the pub-
lished sequence (bp 1580). Sequencing the ends
of the 3400-bp EcoRI fragment, which hybridized
with exon 8, and its flanking 6300-bp fragment
confirmed that exon 8 extends in the latter over
the EcoRI site. A detailed restriction map was

gccaggggattagtaacctttacaactctaatactagggaatatattaataactggtgag
aaaaaagattacagcttttttattgataggtctataaaagccatttocegtatgaatgtee
tcagaaa?gaggaataaggggatgagatagaatagaatagagagaagtctgtctcacaca
cacacacacacacacacacacacacacacacacacaaatgcaacacaattatctttaaat
agaagttgcettctccaagtttgttttttittgtttgtttgtttcatgaggegtecageaac

gctgttaaaatgatttcea gcct CTGCCCCGCGAA

ATCAGCAGCAGCCCAGACAGCCTTTCGGTGGAGGGTAGATTCGACACCCARAGGCAACCA
p'a

ACCGGGCCTTTGAAAGCACTTGGAAGCACTCTCCAAAGAGCCAGOGARGAGGACARGGAR

GAAGGGGGTGCAGTGBARTTATCCTTAAAAAACAGCATGTTCTAGARAAGCCATGCTTTG

GAGGTGCTGTAGGgtcagatttyg

Figure 3 Characterization of the 5'-upstream re-
gion of exon 1B. The nucleotide sequence of exon
1B is shown in uppercase letters, the internal EcoRI
site (box) and the 5’ splice donor (italics) are indi-
cated. The primers used for amplification of the
(CA),, repeat are marked by arrows. The sequence
was submitted to GenBank under accession no.
U45431.

constructed for this 6300-bp EcoRI fragment,
and different fragments were then used for
Northern analysis (Fig. 5). A ¢cDNA probe con-
taining the coding region of ETVé6 detects the
three described transcripts, probes A and B detect
the signals of 4300 and 6200 nucleotides, and
probe E hybridizes only with the longest tran-
script. Probes C and D do not yield a signal upon
Northern analysis, indicating that this 6300-bp
EcoRI fragment delimits the ETV6 gene and that
the reported transcripts are the result of differen-
tial polyadenylation in the 3’ region.

The ETV6 Promoter Region

Three 5'-end cDNAs of different length were iso-
lated applying a SLIC protocol (Fig. 4). Sequence
analysis revealed the absence of additional 5’ ex-
ons and suggests that transcription starts in the
genomic region preceding exon 1A (Fig. 4). To
identify promoter elements, we determined 3 kb
of sequence 5’ to exon 1A (GenBank accession
no. U45432). Sequence analysis revealed a high
GC content, especially in the 1500 bp upstream
of exon 1A, with the presence of four Notl, four
Sacll, and three BssHII recognition sequences.
Southern analysis with a single-copy probe flank-
ing exon 1A showed the Notl and Sacll sites to

GENOME RESEARCH @ 409
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-420 TTCTGCACTGAAACTCTCAAGATCAATGAGCAAAGAGCTTTCTCAGTTCTGCCTTTCAGTTTCTCTCTTC -351
-350 CAGGAAGGAAAACATTCGAGAGAGCGAGGGAGAGCCGCGGGAGGGCGGEEECRGEEACGCCCECTCERGE] ~281

-280 [GGGAGGAGAGACCGGGAGECCGECCEEECTGCGTCCCGGETECCCGCGICGCGCCGCGACCTGCAGAEE —211

-210 [ECGECEcCGCGCTCGGGCCCGTCTECCACGCCCCCGCCGCCCCACACECCCARCTCCGCCGGCCGCCCa ~141

-140 [CCCCGCCCCACGARCTCCAGACCCCCGEECCGCTGCCGGCAGAGATGCTGGAAGAAACTTCTTARATGA 71
*

=70 CCGCGTCTGGCTGGCCGTGGAGCCTTITCTGGGTTGGGGAGAGGARAGGARAGTGGAAAAACCTGAGRACT -1
* *

+1 TCCIGATCICTCTCGCTGTGAGACATGTCTGAGACTCCTGCTCAGTGTAGCATTAAGgtaaaaatcttet +70

primer 256

Figure 4 Characterization of the 5’ end of the ETV6 gene. The nucleotide
sequence of the 5'-flanking region of ETV6 is shown. The sequence is num-
bered relative to the start of the ETV6 ¢cDNA (Golub et al. 1994), which is
marked as +1. The 5’ ends of the cDNAs isolated by SLIC are indicated with
asterisks. Consensus sequences factor-binding sites, identified by GCG soft-
ware, are underlined (SP7) or boxed (AP2). The sequence has been submitted

stream of exon 1B by partially
sequencing the exon 1B sub-
clone (Fig. 3). PCR analysis
using 32 unrelated individu-
als showed this markers to be
polymorphic: Fifteen alleles
were identified with a hetero-
zygosity of 0.7.

When long-range PCR
was applied to generate a
probe for the genomic region
between exons 5 and 6
(TELLRP3; Fig. 1), EcoRI re-
striction analysis of the am-
plification product (10 kb) re-
vealed a discrepancy with the
established map of ETVé6. A
5600-bp EcoRI fragment was
visualized instead of the ex-
pected 6300-bp fragment.
Southern analysis using a

to GenBank/EMBL under accession no. U45432.

be unmethylated (P. Peeters, unpubl.). No TATA
or CAAT boxes could be identified, as has been
described for the promoters of different house-
keeping genes. A sequence analysis shows the
presence of numerous SPI1 and AP2 recognition
sequences as can be expected for a CpG island
(Fig. 4).

Integration of the ETVé Gene in the Physical Map

Krauter et al. (1995) presented a sequence-tagged
site (STS)-based yeast artificial chromosome
(YAC) contig map of human chromosome 12.
The presence of markers flanking D12S1114
(exon 8 of ETV6) was evaluated to integrate the
ETV6 gene in the physical map of the short arm
of chromosome 12. The ETV6 gene spans 240 kb
and is flanked by D1251697 (AFM333wbS5), 7 kb
upstream of exon 1A, and D12598, ~50 kb down-
stream of exon 8. D1251095 and D12S89 are pre-
sent in the first intron immediately downstream
(6 kb) and upstream (<7 kb) of exons 1 and 2,
respectively. Our map determines the relative or-
der of D1251697 and D125§1095, which remained
undefined in the YAC-based map (Krauter el al.
1995).

New Polymorphic Markers in the ETV6 Gene
A (CA), repeat was identified immediately up-
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single-copy Xbal fragment

6300

Probe

2400 nt
~
4300 nt "

6200 nt

bp 1580

cONA probe B probe E

6200

4300

Figure 5 Northern blot analysis of poly(A)" RNA
from human fibroblasts using an ETV6 cDNA probe
containing the coding region and probes derived
from the 6300-bp EcoRl subclone of cosmid 148B6
containing the 3’ UTR of the £ETV6 gene. The sizes of
the ETV6 transcripts are indicated. The restriction
map of the subclone (left) shows the positions and
the sizes of probes A, B, C, D, and E and the restric-
tion enzymes required for their purification.
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(2000 bp) derived from the EcoRI fragment re-
vealed the existence of two alleles of 5600 and
6300 bp, respectively. One hundred thirty-four
chromosomes were analyzed, and the frequency
of both alleles was determined to be 0.44 (5600
bp) and 0.56 (6300 bp).

DISCUSSION

In this study a 340-kb contig covering the entire
ETV6 gene locus was constructed using 33
unique cosmid clones and one PCR amplification
product. A restriction map for EcoRI, Notl, Sacll,
Mlul, §fil, and Sall was then generated, and six
chromosome 12p STSs were localized within this
region. Overall, a fourfold coverage of the region
was obtained. Regions with lower coverage were
shown to be unstable or absent in the LLI2ZNCO1
library and were analyzed further using long-
range PCR. A minimum tiling path (15A4, 67C6,
6C11, 95H4, TELLRP2, 132B11, 242E1, 184C4,
88A9, 136B11) covers 300 kb of the ETV6 gene
locus and has only 45 kb of overlap (15%). Thus,
these cosmids can serve as a resource for determin-
ing the complete sequence of the ETV6 gene locus.
The ETV6 gene is a member of the ETS family
of transcription factors (Wasylyk et al. 1993). The
highest homology is found with the subfamily
containing ETS1 and ETS2. The members of this
subfamily encode a protein with a HLH domain
at the amino terminus and an ETS DNA-binding
domain at the carboxyl terminus. ETS1 also con-
sists of eight exons with a very large first intron
and a long (6 kb) 3’ UTR (Jorcyk et al. 1991).
Sequence analysis of the putative promoter
region of ETV6 further revealed the presence of
recognition sequences for SP1 and AP2 factor-
binding sites and the absence of a CAAT or TATA
box. The same characteristics were reported for
the promoter region of ETS1. Promoters lacking a
TATA box are found for many housekeeping
genes, which correlates with the expression of
ETV6 in all tissues examined (Golub et al. 1994).
The presence of an unmethylated CpG island
with several recognition sequences for transcrip-
tion factors immediately upstream of exon 1A of
ETV6 and the analysis of the 5'-end cDNAs for
the gene isolated by means of a SLIC protocol
strongly suggests transcription initiation in this
region. Primer extension experiments or a RNase
protection assay need to be performed to identify
the transcription start sites. '
Northern analysis with ETV6 ¢DNA consis-
tently detects three transcripts of 6200, 4300, and
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2400 nucleotides, respectively. Consecutive
probes generated for the 6.3-kb region flanking
the published sequences of exon 8 progressively
detect only the longer transcripts. In all cases, the
positions of the different probes according to the
restriction map of the region coincide with the
lengths of the detected transcripts. Although no
sequence data are available, these experiments
strongly suggest the presence of alternative poly-
adenylation sites that give rise to the three tran-
scripts described. However, the existence of an
additional (small) intron in the 6300-bp EcoRI
fragment cannot be excluded. In the cell lines
examined by us, the expression of the smallest
transcript is consistently low. Romana et al.
(1995a) reported variation of the relative levels of
the three transcripts in different cell lines.

The alternative exon 1B (Romana et al.
1995a) was identified 12 kb upstream of exon 3.
No in-frame ATG start codon was identified in
the 223-bp sequence of exon 1B. Translational
initiation at the third in-frame ATG (nucleotides
289-291, exon 3) would generate a shortened
protein that partially lacks the putative HLH mo-
tif. Interestingly, the transcription start site at
exon 1B is proximal to the class I breakpoint
found in the t(12;22) cases (Buys et al. 1995). The
expression of the shortened ETV6 protein could
therefore be unaffected by this translocation. Se-
quence analysis of exon 1B in the cosmid clones
confirmed the existence of a putative 5’ splice
donor site. The 5’ upstream region of exon 1B,
however, contains a (CA), polymorphic repeat.
The promoter activity of this region needs to be
analyzed further.

The detection of an EST in infron 2 in in-
triguing in view of its involvement in myelopro-
liferative disorders with class I breakpoints. The
absence of an open reading frame in EST T69511
suggests that the clone is derived from the 3' UTR
region of a gene in intron 2 of ETV6 or is a ge-
nomic contaminant present in the cDNA library.
The latter is supported by the fact that no addi-
tional ESTs with this sequence are present in the
Human cDNA Database (HCD) [The Institute for
Genomic Research (TIGR) data base; Adams et al.
1995].

LOH at the ETV6 gene locus was reported is
association with t(12;21) in cALL. Two new DNA
polymorphisms were detected within the ETV6
gene that will aid the analysis of LOH. A poly-
morphic (CA),, repeat was identified upstream of
alternative exon 1B. The second polymorphism
was identified by performing long-range PCR be-
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tween exons 5 and 6. PCR generated an amplifi-
cation product 700 bp shorter than expected
from the map data. Restriction analysis showed
that the polymorphism originated from a dele-
tion/insertion in the 5600/6300 EcoRI fragment.
In patients showing t(12;21)(p13;q22), the trans-
location breakpoint occurs in the fifth intron of
the ETV6 gene. Therefore, when analyzing cALL
samples for potential rearrangements of ETV6 by
Southern hybridization, the occurrence of a size
polymorphism in intron 5 needs to be taken into
consideration.

METHODS
Isolation and Characterization of Cosmid Clones

Cosmid clones were derived from the arrayed human chro-
mosome 12 library LL1ZNCO1 (Montgomery et al. 1993)
by colony hybridization using 32P-labeled probes. A 1549-
bp ETV6 cDNA probe was generated by PCR using primers
derived from the published cDNA sequence (Golub et al.
1994) and liver cDNA as template. A probe for alternative
exon 1 (exon 1B) (Romana et al. 1995a) was a gift from R.
Berger (Institut de Génétique Moléculaire, INSERM U301,
Paris, France). Cosmid end fragments were rescued by li-
gating a vectorette unit (Riley et al. 1990) to Rsal-digested
cosmids, followed by PCR with the T3 or T7 vector primers
together with a primer complementary to the vectorette.
EcoRI-digested cosmid DNA was electrophoresed in 0.7%
agarose gels and blotted onto Hybond-N* membranes
(Amersham) using 0.4 N NaOH. Exon-containing frag-
ments were identified using oligonucleotides derived from
the ETV6 cDNA. An EcoRI restriction map was generated
from the EcoRI digestion patterns of overlapping clones, by
probing Southern blots of EcoRI cosmid digests with res-
cued T3 or T7 end-fragments of selected cosmids (Fig. 1),
and by hybridizing Southern blots of partial EcoRI digests
of Sfil-digested clones with 32P-labeled T3 and T7 oligo-
nucleotides.

DIRVISH Analysis

Cosmid DNA was labeled by nick translation with biotin-
11-dUTP (Sigma) or digoxigenin-16-dUTP (Boehringer
Mannheim) using a commercially available kit (Life Tech-
nologies) and used as probe to construct a high-resolution
visual map of stretched DNA by fluorescence hybridization
(DIRVISH). DNA stretching and hybridization were per-
formed as described by Parra and Windle (1993). The sig-
nals were visualized by digital imaging microscopy using a
cooled charge-coupled device camera (Photometrics Ltd.,
Tucson, AZ) and Smart Capture software (Imagenetics,
Stuttgart, Germany).

PCR and SLIC Analysis

Long-range PCR was performed with Tag and Pwo DNA
polymerases according to the recommendations of the
manufacturer (Boehringer Mannheim).
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TELLRP1 was generated using primers 404 (5'-
ggagtggtacagagatgcatacagcaactt-3’') and 471 (5'-
gtaacttgcccgaagttcatgattcattg-3'), derived from the T3 end
sequences of cosmid 15A4 and 6C11, respectively.
TELLRP2 was generated using primers 402 (5'-
ctttctgctataccatgecggcecacctgaaa-3') and 403 (5'-
accattccaatgcaatctaattgcaaagtg-3') derived from the T3 and
T7 end sequences of cosmid 132B11 and 95H4, respec-
tively.

TELLRP3 was generated using primers 400 (5'-
gccaacacatccgcattgcagagaaacat-3') and 401 (5'-
ggtggttgaggtcagtgtattgetgtgaat-3'), derived from sequences
of subclones containing exons 5 and 6/7, respectively.

The 5' end of the ETV6 cDNA was cloned following
the SLIC protocol (Dumas Milne Edwards et al. 1991). Hu-
man brain cDNAs with adaptor sequences ligated to their
5’ ends (Clontech) were amplified using an antisense
primer derived from exon 3 (5'-ctgaatgaggagatcgatagcg-3')
and the adaptor. Heminested amplification was performed
with 1/100 of the first reaction product using the adaptor
primer and an internal ETV6 primer (exon 1A; 5'-
agacatgtctcacagcgag-3'). After phosphorylation, fragments
were cloned in pUC18, linearized with Smal, and se-
quenced.

DNA Sequencing and Analysis

The exon-intron boundaries were sequenced from ge-
nomic EcoRI fragments subcloned in pGEM-3Z (Fig. 1;
fragments marked with an asterisk). All primers were de-
rived from the ETV6 cDNA. The 5'-upstream region was
sequenced by primer walking. Nucleotide sequencing was
carried out by dideoxynucleotide chain termination with
FITC-dATP or fluorescently labeled primers and analyzed
on an ALF sequencer (Pharmacia). Cosmid end fragments
were rescued by vectorette PCR and sequenced using a
solid-phase approach with a biotinylated vectorette primer
and FITC-labeled T3 or T7 primers. Data bases were
searched using the BLASTN algorithm (Altschul et al.
1990). The sequence of the promoter region was analyzed
with the GCG software.
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