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Abstract
The triplication of a region of chromosome 21 around 
D21S55 in 21q22.2-22.3 has been involved in the main fea
tures of Down syndrome including mental retardation (Down 
syndrome chromosome region: DCR). To improve the physi
cal map of this region, we screened yeast artificial chromo
some (YAC) libraries with ETS2 and ERG sequences. Five 
selected clones were analyzed by AluPCR, pulsed-field gel 
electrophoresis, and in situ hybridization. A 1.2-Mg contig, 
encompassing the protooncogenes ETS2 and ERG, was iden
tified, its restriction map established and compared to the 
genomic map. ERG is distal to D21S55 and proximal to 
ETS2. ERG and ETS2 genes are 400 kb apart and in opposite 
orientations. The contig contains the distal boundary and part 
of the DCR. Three putative HTF islands were identified.
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ever, the proximal part [3] and the distal part 
[4] of band 21q22 have independently been 
shown to be involved in the expression of 
Down syndrome.

More recently, the molecular study of two 
different patients with partial trisomy (FG 
and IG) have highlighted a region, around 
D21S55, involved in the pathogenesis of short 
stature, various facial, hand and foot anoma
lies characteristic of Down syndrome, muscu
lar hypotonia and mental retardation [5, 6], 
This region has been named DCR for Down

Introduction

Down syndrome (trisomy 21) is the com
monest birth defect and afflicts 1 in 700 live- 
born infants. It is characterized by a specific 
phenotype and mental retardation. In most 
cases, it results from the presence in all cells of 
an extra copy of chromosome 21 [1]. Karyo
type analyses of rare partial trisomy 21 cases 
have indicated that only the distal part of 
chromosome 21, band 21q22, is involved in 
the pathogenesis of the syndrome [2], How
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syndrome chromosome region [7], Using pa
tient IG, the proximal border of DCR has 
been mapped between D21S17 and D21S55 
and using patient FG the distal border of this 
region has been mapped between D21S55 and 
ETS2. Analysis of the genotype-phenotype 
correlation in other patients with partial tri
somy 21 has led to a more detailed Down syn
drome phenotypic map of chromosome 21: 
the D21S55 region or DCR is associated with 
the expression of mental retardation, muscu
lar hypotonia, joint hyperflexibility and 9 
morphological features. A larger region from 
D21S55 to MX1, which includes the DCR, is 
associated to the DCR features plus 6 other 
morphological features [8]. These data are 
consistent with and improve the accuracy of 
the previously reported DS phenotype maps 
[9, 10],

The size of the DCR has been estimated to 
range between 400 and 3,000 kilobases (kb) 
[5, 6]. The physical map of distal chromo
some 21 [11] suggests that the D21S55-MX1 
region is between 4.5 and 6 megabases (Mb). 
Only a preliminary physical map of the DCR 
is available and no gene has yet been identi
fied in this region.

To improve the physical map of this re
gion, we screened yeast artificial chromo
somes (YAC) libraries [12] which allow the 
study of large DNA fragments. Two YAC 
libraries were screened by polymerase chain 
reaction (PCR) and selected YAC clones were 
analysed by pulsed-field gel electrophoresis 
(PFGE), AluPCR and in situ hybridization. A 
1.2-Mb contig, encompassing the protoonco
genes ETS2 and ERG, was identified.

The genomic map of patient FG, which 
defines the distal boundary of the DCR [13], 
was compared with the normal genomic map 
and the YACs maps. The 1.2 Mb contig 
appears to contain the distal boundary and 
part of the DCR.

Materials and Methods
Genomic PFGE
High-molecular-weight DNA from human lym

phocytes or fibroblasts was prepared in low-melting- 
point agarose plugs as in [14].

Digestion of the plugs, separation by PFGE and 
DNA transfer were performed as in [ 15].

Southern Blot
We used human DNA, YAC DNA or DNA from a 

panel of somatic cell hybrids containing the totality 
(WA17) [16] or various segments of chromosome 21 
(ACEM, GA9-3,1881c-l 3b and 9542-5c) [17] as single 
human chromosome. To study YAC DNA, the total 
yeast DNA was used.

DNAs were digested, separated on a 0.8 % agarose 
gel and blotted onto Zetabind (AMF Cuno) or Biodyne 
B (Pall) by the alkaline procedure.

Gene Dosage Assay
Unique DNA sequence copy numbers were deter

mined by a slot blot method previously described
[18].

PCR Conditions
PCR was carried out in a Hybrid TRI thermal cy

cler, in a volume of 50 pi containing 500 ng of DNA, 
10 mM Tris-HCl pH 8.3, 50 mM KC1, 2 mM MgCl2, 
0.01% gelatin, 200 pM of each dNTP, 0.5-1 pM of 
one of each primer and two units Taq polymerase (Per- 
kin-Elmer Cetus), with a 100-pl mineral oil overlay. 
Samples were first denatured 5 min at 95 °C in the 
thermal cycler and then submitted to 30 cycles of 
amplification.

YAC Libraries and Screening 
Two YAC libraries were screened by PCR for 

ETS2 and ERG: the CEPH library [19] and the Chro
mosome 21 Joint YAC Effort (CHR21JYE) library
[20].

For ETS2, the primers ETS2-1 (5'AGATTCT- 
G ACT GTGACTC AT GCCAC 3') and ETS2-2 (5'AGG- 
T GCTT G AGTCCAT GGCT GTTTG3 ') correspond 
to positions 201-225 and 501-525 of the promoter 
sequence [21]. The cycle of amplification leading to the 
325-bp product was: annealing 30 s at 62 °C, elonga
tion 30 s at 72 °C, and dénaturation 20 s at 92 °C. For 
the CHR21JYE library, other primers, determined by 
Brennan [22] were used.

For ERG, the primers Al85 (5'GAAGGCAC- 
CAACGGGGAGTTCAA3') and 68C (5'GACCTT- 
GGTCATGATGTTCTTGTC3') correspond to posi
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tions 1208-1232 and 1332-1355 of the cDNA se
quence [23]. The cycle of amplification leading to the 
148-bp product was: annealing 2 min at 60 °C, elonga
tion 90 s at 700 C, and dénaturation 20 s at 92 ° C.

Restriction Mapping of the YACs
For total digestion, plugs were incubated overnight 

with 50 units of enzyme according to the manufactur
er’s recommendations.

For partial digestion, plugs were incubated for 2 h 
with 1 or 5 units of enzyme in the appropriate reaction 
buffer (Biolabs or Promega).

Digests were fractionated by PFGE [15]. Gels were 
blotted onto Zetabind (AMF Cuno) or Biodyne B 
(Pall) using the alkaline procedure. Filters were first 
hybridized with the pBR322-derivative DNA probes 
corresponding to each of the pYAC4 arms [12]. The 
left arm containing the yeast Trp gene was visualized 
by the 2.7-kb PvuII-BamHI restriction fragment of 
PBR322 (pBR2.7) and the right arm, containing the 
yeast Ura gene, was visualized by the 1.6-kb PvuII- 
BamHI restriction fragment of pBR322 (pBRl .6) [31]. 
Filters were then hybridized with each of the available 
internal probes.

Consensus restriction maps of each YAC were con
structed from the resulting autoradiographs.

Preparation of YAC DNA
Yeast was grown in SD medium [24] at 30 °C for 

30 h. High-molecular-weight yeast DNA plugs were 
prepared by the method described by Carle and Olson 
[25] with some modifications [15]. Each plug (22 pi) 
contained 7.5 X 106 cells.

Total yeast DNA was obtained as follows: the cells 
were pelleted, incubated for 30 min at 37 °C in SCE 
( 1 M sorbitol, 0.1 M sodium citrate, 0.06 M EDTA-cit- 
ric acid pH 7) containing 171 mM betamercaptoetha- 
nol and 25 U/ml of zymolyase. After centrifugation (10 
min at 10,000 rpm) the pellet was resuspended in 
50 mM Tris-HCl pH 8, 50 vaM EDTA, 1 % sarkosyl, 
3 M urea, 500 pg/ml proteinase K and incubated for 
1.5 h at 55 °C. DNA was then extracted once with phe
nol, once with phenol:chloroform:isoamylalcohol 
(24:24:1 [v/v]) and once with chloroform:isoamylalco- 
hol (24:1 [v/v]). The last upper phase was ethanol pre
cipitated, and DNA was recovered by spooling and 
was dissolved in lOmM Tris-HCl, lmM EDTA, 
pH 7.5.

In situ Hybridization
Metaphasic chromosomes were obtained from 

blood lymphocytes from patient (FG) and from 
healthy donors. Cells were cultured by a standard pro
tocol and synchronized using thymidine [32]. The 
probes were labelled by nick translation using biotin- 
14 ATP (BRL), according to manufacturer’s protocol 
and purified by passage through G50 Sephadex, preci- 
pited with 3 M sodium acetate, in the presence of sal
mon sperm DNA (100 pg) and ethanol. The amount of 
labeled total yeast DNA depends on the size of the 
YAC. To obtain 50 ng of YAC labelled, 3 pg of yeast 
DNA were used for a YAC size from 500 to 800 kb. 
Probes were dissolved in 10 pi hybridization buffer 
with 300-fold human DNA as competitor, and dena
tured at 100 ° C for 10 min.

In situ hybridization was performed according to 
Zhang et al. [33], and antibiotin FITC-conjugated anti
body (Sigma) was used for detection. Chromosome 
preparations were counterstained with propidium io
dide (Sigma) and examined with a Zeiss Axiaphot 
microscope.

Isolation and Identification of YAC Ends 
Insert-terminal YAC segments were isolated by 

vector AluPCR. The primers for the right arm (1091) 
or the left arm (1089) [26] were used in combination 
with the Alu 3' primer (AluIV) [27] or with the Alu 5' 
primer (PDJ33) [28]. The conditions of amplification 
are the same as with AluIV primer alone or PDJ33 
primer alone, as described below. The YAC ends am
plified by PCR were fractionated in a 1.5 % agarose gel, 
melted in H2O and frozen at -20 °C for 1 h; the mix
ture was heated to 65 °C for 5 min, then labelled by 
random priming [29] and used as probes.

AluPCR
This technique allows the amplification of unique 

DNA sequences localized between two Alu sequences 
[27, 30], The PCR conditions for the AluIV primer 
were: annealing 2 min at 57 °C, elongation 4 min at 
72 °C and dénaturation 1 min at 93 °C, and for the 
PDJ33 primer: annealing 2 min at 60 °C, elongation 4 
min at 72 °C, and dénaturation 1 min at 93 °C. The 
PCR products were fractionated on an 1.5% agarose 
gel. The fragments shared by several YACs were pre
pared as described above and used as probes.

Probes
The D21S55 probe used was the 3.9-kb EcoRI 

genome fragment [34], The ETS2 cDNA probe was the 
2.3-kb EcoRI fragment of the cDNA [35]. The ETS2 
promoter probe was the 325-pb fragment amplified by 
PCR.

ERG cDNAs have been isolated by the screening of 
a human fetal liver cDNA library. These cDNAs corre-
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Table 1. Characterization of YAC clones

Size, kb Probe tested by hybridizationLibraryYACLocus

ETS2 ERG D21S55

cDNA5' cDNA3'promoter cDNA

380CEPH 
CHR21JYE 250 
CEPH 
CHR21JYE 280 
CHR21JYE 130

ETS2 448D5
A196B6
259H11
A125B12
B19C12

++
+

700ERG + +
+ +
+ +

+ = Presence, - = absence of a hybridization signal on the YAC.

for ETS2 (360 and 800 kb), and one fragment 
of 1,650 kb for D21S55 and ERG. With Noti, 
we identified a 700-kb ETS2 fragment, a 
1,450-kb ERG-D21S55 fragment and a 
2,100-kb partial Noti fragment common to 
the three probes (data not shown). With Nrul, 
these three probes hybridized to different 
complete restriction fragments: 600 kb ETS2, 
< 1,000 kb ERG and 1,200 kb D21S55. Fig
ure 1 shows the partial Nrul restriction frag
ments for these three probes. Two fragments 
from partial digests were common to ERG 
and D21S55 (1,900 and 2,400 kb), whereas 
no fragments from partial digests and carry
ing ETS2 contained ERG or D21S55. These 
fragments presumably contained contiguous 
Nrul fragments distal to ETS2.

These data established the physical linkage 
between ERG, D21S55 and ETS2 but are 
insufficient to map the ERG gene with respect 
to D21S55 and ETS2.

spond to alternative forms of the already described 
cDNAs [23], and differ in their 5' region. Two frag
ments of the longer cDNA have been used as probes: 
the ERG cDNA 5' probe (5'ERG) is 1.7 kb, contains 
the ATG start codon and corresponds to the whole 
coding region; the ERG cDNA 3' probe (3'ERG) is 1- 
kb and corresponds to the noncoding region. These 
two ERG probes overlap on 300 pb [M.D.-C., unpubl. 
data].

The probe for HMG14 is the PstI genomic frag
ment of 0.7 kb [36],

Results

Genomic Map of the D21S55-ETS2
Region
A partial physical map of this region in 

lymphocyte DNA has already been published 
[37] showing a physical linkage between 
D21S55 and ERG. We describe here a physi
cal linkage between D21S55, ERG and ETS2, 
established by complete and partial digestion 
of fibroblast DNA [15].

Fragment sizes, detected after hybridiza
tion with these three probes, for complete or 
partial digestion with the enzymes Noti, 
Nrul, Sfil, KspI, BssHII and Mlul, were ana
lyzed. No common fragment was found with 
Sfil, KspI, and BssHII with the three probes. 
With Mlul, we identified two Mlul fragments

YAC Contig
The YAC libraries were screened by PCR 

for ETS2 and ERG. The characteristics of the 
positive clones are summarized in table 1.

AluPCR. The AluPCR method allows the 
identification of unique sequences localized 
between two Alu sequences in human DNA.
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t<1000Fig. 1. Sequential hybridiza
tions of a PFGEblot with D21S55, 
ERG cDNA5', and ETS2 cDNA. 
Fibroblast DNA was digested with 
Nrul. 1 = 10 mMMg2+; 2 = 0.5 mM 
Mg2+.

The PCR conditions were determined for 
the amplification of a few fragments. By vary
ing the Mg2+ concentration, the number of 
visible bands could be increased but with a 
higher background signal as well [data not 
shown, and 37], As PCR fragments were cut 
out of the gels and used as probes with no fur
ther purification, we performed AluPCR in 
conditions giving the lowest background.

With the primer AluIV (fig. 2), we ob
tained fragments of the same size in different 
YACs. To determine their position on chro
mosome 21, their identity and the overlap 
between the different YAC clones, these frag
ments were used as probes on Southern blots 
of YAC (data not shown), human, and hybrid 
DNAs. Figure 3 shows an example of such an 
analysis: the two PCR products nl, namely 
AluIV: 1 from 259H11 and AluIV: 1 from 
448D5 hybridized with the same genomic 
fragment and are therefore identical, indicat
ing that these two YACs overlap in a region 
containing this AluPCR product. YACs 
B19C12,259H11 and A125B12 overlap as do 
259H11, A125B12 and 448D5. As 448D5 
and A196B6 both hybridize with the ETS2

t 2 3 4 5 6

PB

_2027 
_1605 
_11 98

n 1 _ 6 76 
- 530

Fig. 2. Ethidium-bromide-stained gel of inter- 
AluIV PCR products. 1 = 259H11; 2 = A125B12; 3 = 
448D5; 4 = A196B6; 5 = B19C12; 6 = yeast Saccharo
myces cerevisiae AB972; nl indicates the inter-Alu IV 
fragments used as AluIV: 1 probes (fig. 3, 4).

cDNA probe, they are also overlapping. These 
data allow the construction of a contig be
tween the ERG and the ETS2 YACs. More 
bands were amplified with the primer PDJ33 
than with the primer AluIV. A similar analy
sis of the results with the primer PDJ33 con-
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Fig. 3. Sequential hybridizations of EcoRI restricted DNAs. 1 = Human fibroblast; 2 = 
hybrid Acem; 3= hybrid GA9-3; 4= hybrid 1881c-l 3b; 5= hybrid 9542c-5a; 6= Chinese 
hamster; 7 = WA17, and 8 = mouse with AluIV: 1 probes from 448D5 and 259H11 identifying 
the same 15-kb fragment.

Table 2. Isolation and characterization of YAC ends

Hybridization on Southern blot (EcoRI fragments in kb)Primers PCR 
fragment 
size, bp

Matrix

hybrid 259H11 A125B12 B19CI2 448D5 A196B6
WA17

Vector Alu human

R = 1091 
L= 1089 
R= 1091 
L= 1089 
R= 1091 
L = 1089 
R= 1091 
L = 1089 
R = 1091 
L= 1089

PDJ33259H11 450 5.5 5.5 5.5
ND

A125B12 ND 850 7 7 7 7
AluIV

B19C12 2,700ND 8
AluIV

448D5 2,900 2.4/2.7 2.4/2.7 2.4ND 2.7 2.4
PDJ33
PDJ33 1,900 2.5A196B6 2.5 2.5
ND

ND = Not determined; - = absence of hybridization signal.

firmed the YAC overlaps identified with 
AluIV (data not shown).

YAC Ends. YAC ends were identified by 
vector-AluPCR and the results are summa
rized in table 2. Only 50% of the ends could 
be isolated by this method. The amplification

products were used as probes on Southern 
blots to determine their localizations on chro
mosome 21 and the overlap between YAC 
clones (table 2). The right arm of 259H11 and 
that of A196B6 did not hybridize with any 
other YACs, indicating that these ends map at
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Fig. 4. EcoRI polymorphism detected by LE448 probe. A YAC DNAs from 259H11 (1), 
A125B12 (2), 448D5 (3), and A196B6 (4). B Nine different human DNAs.

each extremity of the contig. A125B12 (left 
arm) hybridized with A125B12 and 448D5, 
and 448D5 (left arm) with A125B12, 259H11 
and 448D5. Thus these three YACs overlap 
and can be oriented with respect to each oth
er. The left arm of B19C12 hybridized with 
259H11, but not with the other YACs. This 
confirms the overlap between B19C12 and 
259H11, as determined by AluPCR, and 
orients B19C12 with respect to 259H11 and 
A125B12.

Probing YAC Southern blots with the left 
YAC end from 448D5 (probe LE448) visual
ized an EcoRI fragment of 2.4 kb in the two 
clones from the CEPH library (259H11 and 
448D5) and an EcoRI fragment of 2.7 kb in 
the clone from the CHR21JYE library 
(A125B12) (fig. 4A). This size difference may 
be due to polymorphism. To test this hypoth
esis, we tested this probe on hybrid DNAs 
(data not shown) and on 9 different human 
DNAs (fig. 4B). In hybrid DNAs, we found 
either the 2.4- or the 2.7-kb fragment. Similar
ly, using human DNAs we found the 2.4-kb 
fragment in 5 individuals, the 2.7-kb frag
ment in 1 individual and both fragments 
(2.4 kb + 2.7 kb) in 3 individuals. These re
sults confirm that probe LE448 detects an 
EcoRI polymorphism.

Restriction Map of the YACs. The five 
YACs were completely digested each with 
BssHII, Mlul, Sail, Nrul, Noti, Sfil and Kspl. 
448D5 and 259H11 (fig. 5) were partially di
gested by Nrul, Kspl, Sfil and BssHII and by 
Nrul, Sail, BssHII and Kspl, respectively. 
The resulting blots were hybridized with both 
YAC vector arms (pBR2.7 and pBR1.6) and 
the internal probes 5'ERG, 3'ERG, ETS2 
promoter and ETS2 cDNA. The resulting 
data allowed the construction of the restric
tion map for the five YACs (fig. 6).

The probes 5' and 3'ERG overlap for 
300 bp. The orientation of the ERG gene in 
the contig was deduced from the following 
data (shown in fig. 6): in 259H11 and 
A125B12, these two probes mapped on the 
same fragment (15 kb Nrul, 30 kb Sail and 
90 kb partial Sail fragments). The 5'ERG 
probe mapped on a 60-kb Sail and on a 170-kb 
Nrul fragment. In A125B12, pBR1.6 mapped 
on the same 30-kb Sail fragment as the two 
ERG probes, whereas the 5'ERG 60-kb Sail 
fragment was not visualized. In B19C12, the 
two ERG probes and the pBR1.6 probe map
ped on a 20-kb Sail and on a < 10-kb Nrul 
fragment. The 5'ERG 60-kb Sail and 170-kb 
Nrul fragments are not found in this YAC. 
Thus, the use of two ERG probes allows the 
orientation of this gene in the YACs 259H11
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_46 0

• Æk ^
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p B R 1 6 ERG c DNA 5 p BR 2 7

Fig. 5. Sequential hybridizations of a PFGE blot with pBR 1.6, ERGcDNA5' and pBR2.7 
probes. 259H11 YAC DNA was partially digested with 5 U Sali (0), 1 U Sali (1), 5 U Nrul (2), 
1 U Nrul (3), 5 U BssHII (4), 1U BssHII (5), 5 U KspI (6), and 1 U KspI (7).

and A125B12, and indicates that the YAC 
B19C12 does not contain the entire gene.

To orient the ETS2 gene in the YACs 
448D5 and A196B6, we used two internal 
probes: the ETS2 cDNA probe hybridized 
with the two YACs and the ETS2 promoter 
probe hybridized only with 448D5 (shown in 
fig. 6). In 448D5, the probes pBR1.6, ETS2 
cDNA and ETS2 promoter were on different 
Nrul fragments (40, 48 and 42 kb, respective
ly), but on single Sail (150 kb) and Mlul 
( 120 kb) fragments. Probes pBR 1.6 and ETS2 
cDNA were on the same 90 kb KspI, 90 kb 
BssHII and 88 kb partial Nrul fragments. 
Probes ETS2 promoter and ETS2 cDNA were 
on the same 65 kb Sfil fragment. In A196B6, 
pBR2.7 and ETS2 cDNA mapped on 45 kb 
Sfil, 50 kb Nrul, 130 kb Sail, 140 kb KspI, 
140 kb BssHII and 180 kb Mlul fragments. 
Thus the probes for the ETS2 gene can be 
ordered as follows in 448D5: right arm - 
ETS2 cDNA - ETS2 promoter; and in 
A196B6: left arm - ETS2 cDNA. This shows 
that the overlapping of these two YACs in
volves the coding region of the ETS2 gene.

An overlapping contig map (fig. 6) was 
constructed by comparing the restriction

maps of the five YACs. There were a few dif
ferences between the maps of these YACs: 
one Mlul site and one Sail site, which were 
not digested to completion in 259H11, were 
not found in A125B12. Similarly one Nrul 
site which was only partially cleaved in 
259H11 was not found in B19C12. This con- 
tig contains the two protooncogenes ERG and 
ETS2 in a head-to-head orientation. Based on 
the genomic map, ERG is localized between 
D21S55 and ETS2.

The presence of HMG14 in this contig was 
tested by hybridization on YAC Southern blots. 
The human fragment specific for HGM14 was 
not found in the YACs of the contig.

In situ Hybridization. All the five YACs 
were used for in situ hybridization assays on 
metaphasic lymphocyte chromosomes of nor
mal individuals, to check the absence of coli
gation artifacts in these five YACs, and their 
localization on chromosome 21. All the YACs 
gave a hybridization signal in the same region, 
the 21q22.2-21q22.3 junction, and no signal 
on other chromosomes. Thus there are no col
igation artifacts in these YACs.

The 3 ERG YACs (259H11, B19C12 and 
A125B12) were hybridized with the meta-

58 Crété/Gosset/Théophile/
Duterque-Coquillaud/Blouin/
V ay ssettes/Sinet/Créau-Goldberg

1.2-Mb YAC Contig in the Down
Syndrome Chromosome Region



CDWja mCD

o
o _ <CO - ßj

DCo
o _CU

mQ00̂ 3 tö ---------Oo .

CE zxa
O 3oo

/ 8CM
.......z UjOCD

____
o wo CM
05

X tr< g «<J>in COzacCM

\T©O “à
3 i----

«___« —
o "A3- <Dohs z — 3

o
o
<£3 » ——

*1 _— 3--- iS
S' 3- __ OC ./ iooo -:;gin

z3* •— ä«ac iniz \ +
3$

CCoo
3

oo CM«0
O

CQo
o
CU <B ' '

2 —■—
o

Fig. 6. Contig map of overlap
ping YAC clones. Right arm (R), 
left arm (L) and enzymes used for 
the restriction map are indicated 
on the figure. Dashed lines corre
spond to maximum size of the re
gions hybridizing with the ERG 
and the ETS2 probes. (?) = Restric
tion site not found.

O B : BssHII 
M : Miul 
Sa: Sail 
Nr * Nrul 
No : Noti 
Sf : SM 
K : Kspl

"X
e sc ——

<3 2o
X

t

59



<
%

Fig. 7. In situ hybridization on 
metaphasic chromosomes of the 
patient FG with the YAC 259H11. 
Spots of hybridization on the nor
mal and rearranged chromosomes 
are indicated by white arrows.

phasic lymphocyte chromosomes of patient 
FG. The karyotype of this patient is 46 XY, 
dir dup (21) (pter->q22.300:ql 1.205-»qter). 
Previous data obtained by in situ hybrid
ization with probes close to the borders of 
the duplicated segments were consistent 
with a true tandem duplication of chromo
some 21 [13]. Only 259H11 gave 2 signals 
on the duplicated chromosome, showing 
that a large part of this YAC is duplicated in 
this patient (fig. 7). These data indicate 
that part of the 259H11 YAC is within the 
DCR.

duplication of this gene in patient FG was 
found (data not shown).

Previous PFGE analysis of the patient FG, 
with D21S55 and D21S16, indicated an ab
normal Noti restriction fragment which con
tains the distal boundary of the DCR [13]. 
PFGE analysis with the ERG probes did not 
reveal this abnormal Noti restriction frag
ment (data not shown). This confirms that the 
ERG gene is distal to D21S55 and shows that 
it is outside the DCR.

Localization of the ERG Gene with Respect 
to the DCR. To test if the ERG gene is within 
the DCR, we estimated the copy number of 
the 5'ERG sequence in blood DNA from 
patient FG by the slot blot method [18]. No

Discussion

In this study, a YAC contig of 1.2 Mb in 
the DCR, and encompassing the two protoon
cogenes ETS2 and ERG, has been established
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by studying five YACs positive with either 
ERG or ETS2. The overlaps between these 
YACs were first determined by AluPCR. The 
extent of the overlapping regions were as
sessed by AluPCR, ETS2 and ERG PCR and 
by restriction mapping. 50% of the YAC ends 
were isolated by vector AluPCR (table 2) and 
localized on chromosome 21, especially the 
ends of the contig (259H11 right arm and 
A196B6 right arm). In two cases, B19C12 
right arm and A196B6 left arm, the extremi
ties hybridized with ERG or ETS2 cDNAs 
respectively, indicating their localization on 
chromosome 21. YAC ends for 259H11 left 
arm, A125B12 right arm, and 448D5 right 
arm were not isolated, but showed identical 
restriction maps with at least one other YAC. 
For these three ends, a minor rearrangement 
cannot be excluded. The AluPCR fragments 
isolated from these YACs allowed the identi
fication of new potentially polymorphic 
markers on chromosome 21 : the left YAC end 
of 448D5 (probe LE448) detects an EcoRI 
polymorphism. These new markers therefore 
constitute powerful tools for the systematic 
physical and genetic mapping of chromosome 
21 and for the analysis of partial trisomy 21.

Previous PFGE mapping data reported a 
restriction fragment common to D21S55 and 
ERG [36]. Our genomic map shows a physical 
linkage between D21S55, ERG and ETS2, but 
whether ERG is distal or proximal to D21S 5 5 
cannot be determined. Comparison of the ge
nomic and YAC maps indicates that D21S55 
is more proximal than ERG to ETS2. This 
was confirmed by the analysis of patient FG. 
The distance between ERG and ETS2 is 
about 400 kb. The genomic Noti map indi
cates that the distance between D21S55, 
which is not present in this contig, and ERG 
is about 1,000 kb. Two other sequences, 
HMG14 and D21S3, previously mapped in 
this region of the chromosome [17], can be 
excluded from the contig: HMG14 did not

hybridize on YAC Southern blots, and D21 S3 
PCR screening [CHR21JYE and I. Chuma
kov, personal commun., for the CEPH libra
ry] was found negative with these YACs.

There are more rare cutter restriction sites 
in YAC DNA than appear on the genome 
map. This is likely due to differential DNA 
méthylation since DNA cloned in YACs does 
not undergo cytosine méthylation [38], Only 
Noti digestion did not reveal any additional 
sites. It has been suggested that multiple sites 
containing CpG identify HTF islands (Hpall 
tiny fragment islands) associated with many 
mammalian genes [39]. At least three putative 
islands (BssHII + KspI) were identified in the 
contig: one is located in the ETS2 promoter 
region [21], which is also identified on the 
genomic map [40]; two others, one distal to 
ETS2 and one proximal to ERG at the ex
tremity of the contig (right end of 259H11) 
may be landmarks of unknown genes.

ERG (Ets-related gene) and ETS2 are two 
related protooncogenes that are 400 kb apart 
and in opposite orientations on the chromo
some. They encode proteins which are spe
cific DNA-binding molecules acting as se
quence-specific transcriptional activators 
[41-43 and M.D.C., unpubl. data]. ETS2 is 
expressed in various adult cells, particularly 
those with dividing potentiality [44, 45], and 
the presence of a HTF island in its promoter 
region is consistent with the characteristics of 
an ubiquitous gene. Conversely, no HTF was 
found in the 5' region of the ERG gene, the 
expression of which was not observed in a 
variety of normal tissues [46], except in trans
formed cells [23], Thus, ERG might be ex
pressed in a cell- or tissue-specific way during 
embryogenesis and play a role in develop
ment.

As tissue-specific genes lacking HTF is
lands have been described [39], the search for 
genes in this region will be carried out after 
subcloning in phages or cosmids by several
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alternative approaches: conservation of se
quences by hybridization on Zooblots indi
cating putative exonic sequences, exon trap
ping, and screening of cDNA libraries. More
over, chromosome walking from the extrem
ity of 259H11 is in progress to extend the con- 
tig towards D21S55, and to identify the gene 
content of the DCR.
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