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Abstract.  The Xist  sequence has several characteristics 
that make it a potential candidate for the X-inactivation 
center. To investigate the role of Xist  and adjacent se- 
quences lying within the X-inactivation center candidate 
region, a 460-kb region surrounding the murine Xist  se- 
quence has been arrayed in lambda contigs with a combi- 
nation of IRS-PCR-based hybridization and YAC frag- 
mentation. The orientation of the Xist  sequence in relation 
to the telomere and centromere of the X Chromosome 
(Chr) has been established with this contig and shown to 
be inverted compared to that in human. 

Introduction 

Transcription of the X Chr in mammals, including mouse 
and human, is subject to regulation such that activity of 
most X-linked genes is similar in both males and females, 
despite the presence of an additional copy of the X Chr in 
the female. This is achieved by the silencing of one of the 
two X Chrs present in each cell of the female adult soma, 
a process known as X-inactivation. 

Studies of chromosomal rearrangements, and in par- 
ticular reciprocal X-autosome translocations, have led to 
the assumption that a unique region, the X-inactivation cen- 
ter (Xic), is necessary for inactivation to be initiated. This 
is based on findings that in such X-autosome translocations 
only one of the two X Chr fragments undergoes X-inacti- 
vation (Russell 1983). With such translocations, the mouse 
Xic has been localized between the T16H translocation 
breakpoint, in the distal part of band XD (Rastan 1983), 
and the breakpoint characterized in the embryonic stem cell 
line HD3 (Rastan and Robertson 1985), lying close to the 
junction of bands XD and XE. Within this span, the region 
covered by the Ta25 I4 deletion can be excluded from con- 
sideration, since Ta25 H mice undergo normal X-inactiva- 
tion (Cattanach et al. 1991). The candidate region for the 
mouse Xic is compatible with that in human where, in a 
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similar manner, the existence of a larger number of re- 
arrangements has allowed the mapping of XIC to a more 
restricted region, between PHKA1 and PGK1. More re- 
cently, the report of a patient with a rearranged X Chr has 
refined the distal limit of XIC in a region lying 200-700- 
kb distal to XIST (Leppig et al. 1993). 

Comparative mapping has established that the murine 
and human X Chr are highly conserved (Amar et al. 1988), 
differing only by a series of intrachromosomal rearrange- 
ments involving a minimum of five breakage events, which 
have occurred during the period of evolutionary diver- 
gence separating primates from rodents. Within each of the 
segments so defined, conservation of gene order appears 
almost complete between the two species (Faust et al. 
1992), leading to the expectation that in the mouse the in- 
activation center must similarly lie distal to Phka and prox- 
imal to Pgkl .  

Recently, a sequence, known as XIST for X-inactive- 
specific-transcript, has been isolated in human (Brown et 
al. 1991). This sequence has the unique characteristic of be- 
ing specifically transcribed from the inactive X Chr. It 
has been assigned to Xql3 by in situ hybridization and its 
localization refined by use of somatic cell hybrids, which 
placed it within the XIC candidate region. A murine XIST 
homolog, Xist, has been identified, and its localization and 
expression pattern shown to be similar to those in human 
(Borsani et al. 1991; Brockdorff et al. 1991). On the basis 
of these observations, it has been suggested that Xist  may 
play a role in the X-inactivation process. 

As part of our ongoing studies concerning the X-inac- 
tivation process and the Xic region in the mouse in partic- 
ular, we report here on the analysis of a 460-kb mouse 
YAC containing the Xist  sequence. Joint use of an IRS- 
PCR-based technique for establishing clone overlap, which 
we have adapted for use in mouse, and a I-SceI based 
YAC fragmentation technique, allowing the orientation 
and distribution of primary contigs, has facilitated the 
rapid establishment of a contig array corresponding to the 
entire YAC, and the analysis and identification of structural 
features associated with the region. Such features include 
the apparent inversion of the murine Xist  sequence com- 
pared to human. 
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Materials and methods 

YAC PA-2 subcIoning 

Total yeast DNA containing YAC PA-2 was partially digested with Sau3 
A and size selected on a 0.8% agarose gel. DNA from slices containing 
fragments of 15-25-kb was electroeluted and purified on an elutip col- 
umn (Schleicher & Schuell). 250 ng of purified DNA was ligated with 
500 ng of )~ DASH vector (Stratagene) and packaged by use of a Strata- 
gene packaging extract, resulting in a total of 200,000 pfu. Half of this 
library was plated onto 210-ram plates at a density of 25,000 phages per 
plate, and colony lifts were taken with Hybone N+ membrane (Amer- 
sham). The mouse repeat probes used to identify mouse DNA contain- 
ing clones were B2 and Tu96 (derived from the R repeat) (Nelson et al. 
i984). The sublibrary was propagated in the E. coli SRB(P2) strain. 

Two additional genomic libraries were used for screening: a com- 
mercially available 129/Sv female mouse cosmid library from Stratagene 
and a female mouse lambda library constructed and kindly provided by 
Bernhard Hermann. 

PCR amplification 

Mixed oligonucleotide primers. Phage plaques were touched with a 
toothpick, which was then soaked in 50 gl of TE, 2 pA of which was then 
used for the PCR. A mix of 4 primers corresponding to the B2 and L1 
sequences were used in combination with vector primers. The B2 primers 
used were B2AI and B2A3, the L1 primers were R1 and R2 (Simmler et 
al. 1991), while the vector primers used corresponded to the T3 and T7 
promoter sequences. PCR was carried out with an automated thermal cy- 
cler (TECHNE) in a total volume of 50 gl under the following conditions: 
1 mM of each primer in 50 mM KC1, 10 mM Tris-HC1 pH 8.0, 1.5 mM Mg- 
C12, 0.01% gelatin, 125 mM each dNTP, and 2.5 units of Thermus Aquati- 
cus Polymerase (Perkin Elmer/Cetus). A denaturation step of 4 rain at 
94~ was followed by 30 amplification cycles consisting of a 94~ de- 
naturation (1 min), a 51~ annealing (1 min), and a 72~ extension (4 
min), step completed by a final 8-rain extension step at 72~ 

Specificprimers. For the walking step, two primers were used, one from 
the vector, the other corresponding to a mouse repeat. In this case, PCR 
was performed with 100 ng of purified phage DNA under the conditions 
described above. For each amplification reaction, control PCR with the 
B2A3 primer alone was performed to identify and exclude fragments that 
were due to internal IRS amplification between neighboring B2 se- 
quences. 

Labeling o f  PCR products, probes, and hybridization 

Out of the 50 gl of PCR, 30 gl was loaded onto a 1% low-melting 
agarose gel. Bands corresponding to the amplification products were cut 
out, and the equivalent of 50 ng of DNA was used for random priming 
(Amersham). Prehybridization of the probe with 300 gg of total mouse 
DNA was performed to block repetitive sequences. 

Hybridizations were carried out with 0.5 M sodium phosphate, pH 7.2, 
1 mM EDTA, and 7% SDS at 65~ modified from Church and Gilbert 
(1984). Filters were washed in 40 mM sodium phosphate, pH 7.2, 1% SDS 
at 65~ 

The HRI and HF2 fragments correspond respectively to the EcoRI- 
XbaI and KpnI-XbaI restriction fragments of the MR20 clone (Borsani et 
al. 1991; see Fig. 5D). 

Fragmentation 

E. coli and yeast strains. Integrative vectors were constructed and prop- 
agated in E. coli TG1 strain [(Alac pro) thil, sup E44, hsdD5, F' (traD36, 
proA+B+lacIQlacZAM15)]. The YAC-containing yeast strain is an AB 
1380 derivative (1): a, ura 3, ade2, trpl, lys2-1, his5, canl-lO0. 

Construction of integrative vectors with l-Sce I sites. Integration of I-Sce 
I sites at random positions. A 171-bp-long fragment corresponding to the 
B2 repeat sequence was PCR amplified with oligonucleotides B2RI: 
5'GGAATTCGGGCTGGAGAGATGGCT3' and B2Xbal: 5"GCTCTA- 
GATTTATTATATGTAAGTACACTG y. The amplified product was 
then digested with EcoRI and XbaI, and a three-way ligation of the 
HindIlI-XbaI Lys2 cassette from pAF i07 and this EcoRI-XbaI PCR 
fragment into the HindIII and EcoRI sites of the pSK + vector was per- 
formed (Stratagene). 

Integration of I-Sce I sites into the Xist sequence. A 4832-bp HindII1- 
EcoRV fragment containing the Lys2 gene was introduced into the 
HindIII-SmaI sites of pAF100 (18) to produce pAF107. A 1270-bp 
HindIII-KpnI fragment internal to the Xist gene (Borsani et al. 1991) was 
subcloned into the pSK + vector to produce the pSKHF vector. The 4864- 
bp HindIII-XbaI fragment from pAFI07 containing the Lys2 gene and the 
I-Sce I site was then introduced into the HindlII-XbaI sites of pSKHF. 

Construction of transgenic strains. Yeast cells containing the YAC 
PA-2 were transformed by electroporation (Biorad) with 2 gg of in vit- 
ro linearized integrative DNA vectors. Transformants were selected on 
minimal glucose medium selective for lysine. Transformants were isolated 
on minimal glucose medium selective for uracil and tryptophan to ensure 
the presence of the YAC after electroporation. 

Digestion of yeast chromosomal DNA in agarose plugs. Agarose plugs 
and in vitro digestion by I-Sce I were carried out as described by Thier- 
ry and Dujon (1992). 

Results 

Organization into contigs o f  YAC subclones 

Y A C  P A - 2  was  i s o l a t e d  b y  s c r e e n i n g  a to ta l  m o u s e  ge-  
n o m i c  Y A C  l ib ra ry  m a d e  f r o m  EcoRI par t i a l ly  d i g e s t e d  
C 3 H  m a l e  D N A  (La t in  et  al. 1991)  w i t h  the  Xist c D N A  se- 
q u e n c e  ( B o r s a n i  et  al. 1991) .  B o t h  e n d s  o f  th i s  Y A C  w e r e  
s h o w n  to b e  X - d e r i v e d  ( H e a r d  et  al. 1993) .  A s c h e m a t i c  
m a p  o f  Y A C  P A - 2  is s h o w n  in Fig.  1A. A to ta l  g e n o m i c  
l i b ra ry  o f  the  yeas t  s t r a in  c a r r y i n g  Y A C  P A - 2  was  con -  
s t ruc t ed  in the  l a m b d a  D A S H  II vec tor ,  and  c l o n e s  o r ig i -  
n a t i n g  f r o m  m o u s e  g e n o m i c  D N A  w e r e  i d e n t i f i e d  b y  
s c r e e n i n g  the  l i b r a ry  w i t h  p r o b e s  for  B 2  and  R s e q u e n c e s ,  
b e l o n g i n g  r e s p e c t i v e l y  to the  S I N E s  and  L I N E s  f ami l i e s  o f  
m o u s e  r e p e a t  e l e m e n t s  (Has t i e  1989).  T h e s e  two  p r o b e s  
w e r e  c h o s e n  fo r  s c r e e n i n g  b e c a u s e  they  are b o t h  r o d e n t  
spec i f ic  and  o f  h i g h  copy  n u m b e r .  T h e y  are e x p e c t e d  to oc-  
cu r  a p p r o x i m a t e l y  o n c e  e v e r y  30  k b  (Has t i e  1989) .  A to- 
tal  o f  4 5 0  such  m o u s e - s p e c i f i c  c lones  w e r e  i d e n t i f i e d  and  
o r g a n i z e d  in to  f ive  96 -we l l  ma t r i ce s  w i t h o u t  fu r the r  p l a q u e  
pu r i f i c a t i on .  S e c o n d a r y  s c r e e n i n g  o f  t he se  o r d e r e d  ma t r i -  
ces  w i t h  the  s a m e  r epea t  p r o b e s  e l i m i n a t e d  fa l se  pos i t i ves .  
S u b s e q u e n t l y ,  410  c l o n e s  w e r e  u s e d  for  c o n t i g  c o n s t r u c -  
t ion.  

S e v e r a l  a p p r o a c h e s  to c o n t i g  e s t a b l i s h m e n t  i n c l u d i n g  
f i n g e r p r i n t i n g ,  r e s t r i c t i o n  m a p p i n g ,  a n d  s e q u e n c i n g  h a v e  
b e e n  d e s c r i b e d  ( E v a n s  1991).  A l l  t he se  m e t h o d s  r equ i r e  
D N A  e x t r a c t i o n  o f  i n d i v i d u a l  c l o n e s  a n d  are  thus  t i m e  
c o n s u m i n g ,  e spec ia l ly  w h e n  l a m b d a  con t igs  are b e i n g  con-  
s t ruc ted .  W e  h a v e  c h o s e n  to a d a p t  for  use  in  the  m o u s e  a 
r e c e n t l y  d e v e l o p e d  m e t h o d  b a s e d  on  the  a m p l i f i c a t i o n  o f  
r a n d o m  f r a g m e n t s  w i t h i n  c l o n e d  in se r t s  w i t h  d i r ec t  A l u -  
P C R  o f  lys i s  s u p e r n a t a n t s  (P ie re t t i  et  al. 1991) .  A m p l i f i e d  
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Fig. 1. Map of YAC PA-2. The open box represents the 460-kb insert, 
arrows the YAC's vector arms. The YAC is orientated with respect to the 
X Chr centromere and telomere. (A) Localization of known markers 
within the YAC. (B) The I-Sce I map deduced from PFGE measure- 
ments. Physical intervals separating the different insertions (Yri for YAC 

random integration) are indicated. The length variation observed for some 
intervals is due to the limit in the precision of PFGE measurements. As 
an example, the distribution of one of the initial contigs with flanking 
members IID1 and IVH3 is shown in relation to insertion Yri02. 

fragments are then used to probe clone matrices and iden- 
tify overlapping clones. An example of such a hybridiza- 
tion is shown in Fig. 2. 

In the initial phase of contig establishment, the lamb- 
da clones used as substrates for PCR were chosen randomly 
from the YAC-derived lambda library, and a mix of three 
primer pairs was used. One set corresponded to the 3' and 
5' ends of the B2 sequence, and another pair of primers to 
the ends of the R sequence. These primer pairs are known 
to allow efficient IRS-PCR amplification of mouse mate- 
rial in IFGT hybrids (Simmler et al. 1991). The other pair 
of primers used corresponded to the T3 and T7 promoter 
sequences flanking the cloning site of the vector and allow 
the amplification of IRS-vector products. Simultaneous 
use of more than a single primer pair increased signifi- 
cantly the number of clones yielding useful amplification 
products (data not shown). Using this method, we were ini- 
tially able to establish a series of 12 contigs, each 30-70 
kb long, covering approximately 350 kb of the 460 kb in- 
sert of the original YAC PA-2. 

Random overlap strategies of contig mapping rarely re- 
sult in the establishment of complete physical maps, but in- 
stead generate sets of "islands" of ordered clones separat- 
ed by gaps. The closure strategies necessary to fill such 
gaps all require the isolation of end-specific probes. End- 
specific probes corresponding to the clones located at the 
extremities of the existing contigs were, therefore, gener- 
ated by IRS-vector PCR. The efficiency of this approach 
depends on the representation and orientation of repeats 
in proximity to the vector arm, which serve as the second 
internal primer. Since preliminary experiments demon- 
strated that the B2A3 primer gave a high percentage of 

amplification products, it was used for such IRS-vector am- 
plification (data not shown). Higher end-specific amplifi- 
cation efficiency was observed when such PCR were car- 
ried out directly on purified DNA rather than on lysis 
products. 

Through the use of this approach, eight of the initial 
dispersed contigs were increased in size and then consol- 
idated into four longer ones, covering approximately 400 
out of the 460 kb of the YAC insert. 

One of the three remaining gaps was just proximal to 
the lambda 510 (Fig. 4). We were unable to generate IRS- 
vector product from the proximal end of this clone, but this 
in itself is not surprising since this region corresponds in 
part to the first exon of the Xis t  sequence (Brockdorff et 
al. 1992). A set of primers was therefore designed from the 
Xis t  cDNA sequence and the probe derived used to screen 
the initial lambda sublibrary (without prescreening with 
mouse-specific repeat probes). Among the clones isolated, 
one was shown to overlap lambda IVH3 and thus fill the 
gap. 

Screening not only of the lambda sublibrary but also of 
a cosmid library with flanking probes to the two remain- 
ing gaps was unsuccessful. We have, therefore, construct- 
ed a "mini-YAC" to cover these gaps in the contig. A se- 
ries of shortened derivatives of YAC PA-2 have been cre- 
ated by means of B l - sequence  targeted mouse YAC 
fragmentation based on the technique described by Pavan 
and his colleagues (Pavan et al. 1990) for human YACs 
(Heard et al. in press). One of these YAC PA-2 derivatives, 
1PAS9, which is about 150 kb long and covers the distal 
(TRP1) portion of YAC PA-2, covers the uncloned re- 
gion. The finalized map is shown in Fig. 4. 
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Fig. 2. Replica filters of a lambda clone matrix hybridized with IRS-PCR probes. (A) A IlIC3-derived probe and (B) A IB6-derived probe. A differ- 
ent subset of clones is detected by each of the probes. 

Localization and orientation of  the initial contigs 

Fragmentation of endogenous yeast chromosomes by the 
introduction of artificial restriction sites for the endonu- 
clease I-Sce I has been described previously (Thierry and 
Dujon 1992) and the feasibility of using a similar frag- 
mentation approach for mammalian inserts cloned in YACs 
established (Colleaux et al. 1993). In this method, yeast 
cells carrying such YACs are transformed by a plasmid in 
which a I-Sce I site has been artificially inserted close to 
a cloned B2 repeat sequence. Homeologous recombination 
between the cloned B2 sequence and B2 repeats present in 
the YAC insert leads to the integration of the plasmid 
within the YAC. It has been shown that YACs having un- 
dergone such recombination normally carry a unique I-Sce 
I site, suggesting that multiple recombination events rarely 
occur. Digestion of such recombinant YACs with I-Sce I 
generates two fragments whose size depends on the local- 
ization of the plasmid insertion and can be determined by 
successive hybridizations with YAC arm-specific probes 
(URA3 and TRP1). 

A series of ten recombinant YACs was obtained from 
YAC PA-2 and an I-Sce I map constructed (Fig. 1B). The 
position and left/right orientation of the contigs with re- 
spect to the YAC arms has been deduced from hybridiza- 
tion experiments with PCR probes corresponding to the 
most terminal clones in each primary contig. In all cases, 
only one arm of the digested YAC gave a positive signal, 
allowing easy positioning of each probe and the corre- 
sponding contig. Figure 3 shows the results obtained with 
probes from clones IID1 and IVH3, corresponding to op- 
posite ends of a 70-kb-long contig (see Fig. 1B). The hy- 
bridization pattern of these two probes on recombinant 
YACs appears similar except in the case of modified YAC 
Yri 02. Probe IID1 r hybridized with the URA 3 arm of the 
Yri02 (Fig. 3B), while IVH3 l hybridized to its TRP1 arm 
(Fig. 3C). It can be deduced from this that the contig must 
span Yri 02. The rescue of a short genomic fragment ad- 
jacent to the I-Sce I site in YAC YRI 02 has confirmed this 
result. The clone identified with this genomic fragment as 
probe was found to lie in the middle of the above-men- 
tioned contig (data not shown). 

Phage DNA from four of the initial contigs was shown 
during such screening experiments to hybridize to yeast 
chromosomes, indicating that they contained yeast DNA. 

Orientation of  Xist using an integrative vector approach 

With experiments similar to those performed with B2, an 
I-Sce I site was integrated within the Xist sequence of the 
YAC. The digestion of the recombinant YAC with I-Sce I 
generates two fragments whose size can be determined by 
hybridization with URA3 and TRP 1 probes. Hybridization 
has demonstrated that Xist is positioned 150 kb from the 
URA3 arm, a position consistent with data previously ob- 
tained from pulse field gel electrophoresis (PFGE; Heard 
et al. 1993). The configuration of the Xist/I-Sce I integra- 
tive plasmid used was such that the I-Sce I site was inte- 
grated between two sub-sequences of the murine Xist lo- 
cus, HR1 and HF2 (Fig. 5D). These sequences had previ- 
ously been shown to lie 5'-3' respectively according to the 
direction of transcription of Xist. Hybridization of the frag- 
mented YAC with probes for HR1 and HF2 has allowed 
the orientation of Xist with respect to the YAC, since HR1 
hybridized with the short arm of the digested YAC (Fig. 
5B) while HF2 hybridized to its long arm (Fig. 5C). The 
orientation of Xist with respect to the YAC must therefore 
be URA3 arm-5"Xist3'-TRP1 arm. Since the YAC itself 
had previously been oriented with respect to the centromere 
and telomere of the X Chr (see Fig. 1A), the overall ori- 
entation of the murine Xist sequence can be shown to be 
centromere-5'Xist3'-telomere. 

Discussion 

On the basis of data obtained both in human and mouse, 
the candidate region for the murine Xic has been located 
between the Phka and PgkI loci. Recently, the identifica- 
tion of the human and murine Xist sequence and the defi- 
nition of some of its attributes, such as transcription from 
the inactive X Chr and localization within the candidate re- 
gion for Xic, have led to the suggestion that Xist and Xic 
may be one and the same. In order to investigate system- 
atically the involvement in X-inactivation of Xist and oth- 
er sequences lying within the Xic candidate region, we 
have established lambda contigs covering almost the entire 
460-kb region surrounding the murine Xist sequence. The 
lambda subclones were derived from a YAC isolated after 
screening of a mouse YAC library with the Xist sequence 
(Heard et al. 1993; Larin et al. 1991). 
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Fig. 3. Hybridization of lambda clones to the fragmented YACs. Chro- 
mosomes from strains Yri02, 07, 20, and 13 were digested with I-Sce I 
under conditions described in methods. DNAs were electrophoresed on 
a 1% agarose (Seakem) gel in 0.25 • TBE buffer at 130 V and 12~ on 
a Rotaphor apparatus (Biometra) for 70 h by use of 30- to 100-s increas- 
ing pulse times. (A) Ethidium bromide-stained gel. Chromosomes from 

AB1380 are indicated as control. The numbers on the left of the figure 
indicate the yeast chromosomes used as calibration standards; other yeast 
chromosomes were unresolved. (B) The IIDl-derived probe hybridized 
with the URA3 arms of Yri02, 07, 20, and 13. (C) The IVH3-derived 
probe hybridized with the URA3 arms of Yri07, 20, and 13 and the TRP 1 
arm of Yri02. 

The strategy developed here to array the lambda clones 
into contigs is based on the adaptation and combination of 
two previously described methods. In an initial phase, a se- 
ries of eight contigs was established with a technique based 
on the serial hybridization of IRS-PCR probes obtained 
from lambda phage plaques against lambda clone arrays. 
This method was initially developed and applied to human 
DNA-containing clones with probes being generated by 
Alu-PCR (Pieretti et al. 1991). We have successfully adapt- 
ed it for use in the mouse with a panel of primers derived 
from mouse-specific repeats. We have, moreover, shown 
that the simultaneous use of several repeat derived primers 
increases the overall efficiency of amplification. This in- 
creased efficiency may in part be a reflection of the low 
PCR annealing temperature used, which was chosen in or- 
der to allow coamplification from the T3 and T7 primers. 
This may have had the effect of increasing priming effi- 
ciency with respect to degenerate B2 and L1 consensus se- 
quences present in the genomic DNA. The use of IRS-PCR 
confers a number of advantages, since it can be carried out 
directly on phage supernatants and eliminate time-con- 
suming procedures such as plaque purification of lambda 
phage clones, isolation of phage DNA, and the subcloning 
of insert termini. Moreover, IRS-PCR amplification gen- 
erates efficient probes since 70% of the amplification prod- 
ucts gave usable hybridization signals. IRS-vector PCR 
was used for contig closure rather than RNA probes, which 
are known not only to be unstable but also to require a large 
amount of matrix DNA for their synthesis. As the bacter- 
ial host strain used [SRB(P2)] is deficient for a number of 
loci involved in recombination, obtaining sufficient lamb- 
da DNA for RNA probe synthesis proved to be problem- 
atic. Despite this drawback associated with the SRB(P2) 
strain, we believe its use is helpful in ensuring the repre- 

sentativeness of libraries constructed from repeat rich re- 
gions such as the one under study here. The IRS-vector 
PCR closure strategy proved to be particularly efficient in 
that several clones identified by this method showed less 
than 3 kb of overlap (unpublished results). 

The efficiency of the contig assembly approach we 
have used depends on (a) the degree of cloning bias across 
the region; (b) the distribution of mouse-specific sequences 
within the region, which will influence the identification 
efficiency of lambda clones containing mouse insert; and 
(c) the efficiency of IRS-PCR or IRS-vector PCR product 
generation from individual lambdas, which is also influ- 
enced by the distribution of the repeat sequences. 

Among the 410 secondarily screened clones derived 
from the YAC PA-2 sublibrary, 14 (3.4%) were negative 
with all of the probes used. These clones may be derived 
from yeast genomic DNA. The 396 remaining clones rep- 
resent approximately 6000-kb of insert, or close to 13- 
fold coverage of the region of interest. Cloning bias was 
almost certainly occurring, because not all the regions of 
the YAC were represented equally. Probes derived from 
lambda IB6, for example (see Fig. 4), recognized 11% of 
the total matrix of clones, while probes from IVE3 recog- 
nized only 1% of the matrix. 

Although we are not in a position to ascertain precise- 
ly the reasons for our failure to close the two remaining 
gaps, the ~3 clone, which closed a previous contig gap be- 
tween IVH3 and 510, appears to be deficient in repeat se- 
quence and would have been picked only up by the type 
of direct selection with a unique probe that was finally used 
for gap closure between the 510 and IVH3 clones. 

Our efforts to apply a similar approach, involving iso- 
lation of a unique sequence probe, to the lambdas sur- 
rounding the two remaining gaps has, however, been ham- 
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the short yeast chromosomes used as calibration standards. (B) HR1 
probe hybridizes to the URA3 arm of Ydi02. (C) HF2 hybridizes with the 
TRP1 arm. (D) Representation of the inserted I-Sce I site between the HR1 
and HF2 fragments of the Xist sequence. 

pered by the extremely repeat-rich nature of these lambdas. 
FISH (fluorescence in situ hybridization) analysis of lamb- 
das IB8 and IIH3 has confirmed the unusually repeat-rich 
nature of lambda clones in this region (C. Vourch, personal 
communication). 

On the basis of our experience, some 10% of a given 
region may be expected to prove refractory to contig as- 
sembly by the sole use of the IRS-PCR technique. The ne- 
cessity of using several independent approaches if contig 
closure is to be achieved completely has been amply 
demonstrated in other experimental systems. 

The initial contigs were subsequently mapped and ori- 
entated with respect to one another and to the URA3 and 
TRP1 arms of the YAC vector by use of a panel of YAC 

derivatives obtained by I-Sce I-based fragmentation of the 
initial YAC. The construction of this I-Sce I map, with an 
average resolution of 45-kb, allowed positioning of the 
eight initial contigs on this map and showed five of them 
to be regularly spaced across the YAC. These observations 
are consistent with the distribution of the B2 and Llmd re- 
peats (from which the primers used in IRS-PCR were de- 
rived) deduced from hybridization experiments (see be- 
low). Four other initial contigs were identified by this 
mapping step as being yeast derived, presumably owing to 
contamination of mouse lambda clones by other clones 
containing yeast DNA. 

The combined use of two independent strategies to or- 
der YAC-specific lambda subclones significantly increased 
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the rapidity and feasibility of contig establishment. The 
mouse repeat B2 has proved to be efficient not only as a 
primer in the IRS-PCR approach, but also as target during 
fragmentation of the YAC, since it enabled the construc- 
tion of the 45-kb average resolution I-Sce I map. Howev- 
er, the combined use of different repeats, such as B 1 and 
L1, as targets would undoubtedly increase the resolution 
of the map. 

Short and long interspaced nuclear elements have been 
shown by in situ hybridization (Boyle et al. 1990) to be 
non-uniformly distributed in most metaphase chromo- 
somes, with SINEs being concentrated within R bands and 
LINEs within G bands. The X Chr, however, failed to 
show significant R banding by this technique. On this ba- 
sis, it has been concluded by Boyle and her colleagues that 
the X Chr is so rich in L1 sequences that R bands are vir- 
tually obscured. At the level of resolution afforded by this 
technique, LINEs and SINEs on the X Chr do not appear 
necessarily to be clustered into mutually exclusive chro- 
mosomal subregions. The establishment of the contig al- 
lowed investigation of the distribution of B2 and L 1 repeats 
by hybridizing B2 and R probes to phage clones consti- 
tuting the entire contig. Out of the 34 lambda clones re- 
quired to cover the 460-kb insert, only three (9%) proved 
to be negative upon hybridization with the B2 probe. Both 
these clones localize proximal to Xist. Nineteen clones 
(56%) were positive with the R probe. The R-positive 
clones did not, however, fall within a single region, but are 
instead organized into several clusters dispersed along the 
YACs. Similar results have been reported for human YACs 
by Arveiler and Porteous (Arveiler et al. 1992). As ex- 
pected, no clones were found to be hybridization negative 
with both probes, with the exception of the clone )~3, iso- 
lated by direct screening of the initial sublibrary. The 
murine X-inactivation center has been mapped to the dis- 
tal part of the D band, a Giemsa-negative, or R band. Such 
a region would be expected to be rich in B2 sequences, as 
observed in our hybridization experiments. If the X Chr is 
particularly rich in L1 and such LINEs are not organized 
into well-separated subregions of the X Chr, our finding 
that over 50% of the lambda clones from this region con- 
tain L1 sequences is not surprising. 

The establishment of this contig surrounding the Xist 
sequences has enabled the identification of several features 
specific to this part of the X-inactivation center candidate 
region and in particular the immediate vicinity of Xist. It 
has, for example, enabled a SalI site, known from PFGE 
to lie approximative 10-40-kb distal to Xist and which 
possesses an intriguing pattern of methylation with specific 
methylation associated with the active rather than the in- 
active X Chr, to be located in lambda ~1 (see Fig. 4). The 
identification of this clone has allowed experiments to be 
undertaken to prove whether this SalI site is indicative of 
a transcriptionally active region restricted to the inactive 
X Chr and whether such a region is contiguous with Xist 
itself (Courtier et al. submitted). 

The contig has also facilitated the identification of 
(CA)~ microsatellites in this 460-kb region, which were 
subsequently used to map the Xce locus (Simmler et al. 
1993). 

Studies concerning the comparative organization of 
the human and murine X Chr have generally shown a high 

degree of conservation, and it has been shown that re- 
arrangements between the human and the mouse can be ex- 
plained by only a limited number of intrachromosomal 
breakage events. Within the blocks so defined, the gene or- 
der appears to be conserved, although an exception in- 
volving the mouse homolog of the human factor VIII has 
been recently described by Faust and her colleagues (Faust 
et al. 1992). The Xist sequence provides a second exam- 
ple of such apparent local non-conservation. Insertion by 
homologous recombination of a I-Sce I site within the 3' 
end of the Xist sequence enabled the orientation of Xist to 
be established as centromere-5' Xist 3'-telomere, an ori- 
entation that appears to be the opposite to that found in hu- 
man (Brown et al. 1992). This finding raises questions as 
to the extent of this inversion. Is it specific to Xist, or 
does it involve a larger region? Although the absence of 
cross-reacting conserved markers in the immediate region 
of Xist does not currently allow this question to be an- 
swered, the finding of several HTF islands within the YAC 
PA-2 (Heard et al. 1993) and their localization to restrict- 
ed parts of the contig array described here suggest that cod- 
ing sequences which would be expected to show cross- 
species hybridization will rapidly become available. 
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