Universiteit

U Leiden
The Netherlands

Positional cloning in Xp22 : towards the isolation of the gene involved in

X-linked retinoschisis
Vosse, E. van de

Citation
Vosse, E. van de. (1998, January 7). Positional cloning in Xp22 : towards the isolation of the
gene involved in X-linked retinoschisis. Retrieved from https://hdl.handle.net/1887/28328

Version: Corrected Publisher’s Version

Licence agreement concerning inclusion of doctoral thesis in the
Institutional Repository of the University of Leiden

Downloaded from: https://hdl.handle.net/1887/28328

License:

Note: To cite this publication please use the final published version (if applicable).


https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/28328

Cover Page

The handle http://hdl.handle.net/1887/28328 holds various files of this Leiden University

dissertation.

Author: Vosse, Esther van de

Title: Positional Cloning in Xp22 : towards the isolation of the gene involved in X-linked
retinoschisis

Issue Date: 1998-01-07


https://openaccess.leidenuniv.nl/handle/1887/1
http://hdl.handle.net/1887/28328
https://openaccess.leidenuniv.nl/handle/1887/1�

CHAPTER 2.1
An Xp22.1-p22.2 YAC contig encompassing the disease loci for RS, KFSD, CLS, HYP

and RP15; refined localization of RS and KFSD

Van de Vosse,»E., Van der Wielen, M.J.R., Meershoek, E.J., Oosterwijk, J.C., Gregory, S.,
Bakker, B., Weissenbach, J., Coffey, A.J., Van Ommen, G.J.B., and Den Dunnen, J.T.

Extended from:
European Journal of Human Genetics 4:101-104, 1996






Positional cloning in Xp22

An Xp22.1-p22.2 YAC contig encompassing the disease loci for RS,
KFSD, CLS, HYP and RP15; refined localization of RS and KFSD.

Esther van de Vosse, Michiel J.R. van der Wielen, Arthur A.B. Bergen, Eric J. Meershoek , Jan
C. Oosterwijk, Simon Gregory, Bert Bakker, Jean Weissenbach, Alison J. Coffey, Gert-Jan B.
van Ommen and Johan T. den Dunnen.

ABSTRACT -

Genetic linkage studies have mapped several diseases, including retinoschisis (RS), keratosis
follicularis spinulosa decalvans (KFSD), Coffin-Lowry syndrome (CLS), X-linked
hypophosphatemic rickets (XLH, locus name HYP) and X-linked dominant cone-rod
degeneration (locus name RP15) to the Xp22-region. To facilitate the positional cloning of the
genes involved, we have extended the molecular map of the region. Screening of several YAC-
libraries allowed us to identify 63 Xp22 YACs, 52 of which localize between markers DXS414
(P90) and DXS451 (kQST80H1). Analysis of their marker content facilitated the construction
of a YAC contig partially overlapping the existing map from the region and extending 1.5 Mb
centromeric. The markers were ordered as follows: DXS414 - DXS987 - DXS207 - DXS1053 -
DXS197 - DXS43 - DXS1195 - DXS418 - DXS999 - PDHAL1 - DXS7161 - DXS443 - DXS7592
- DXS1229 - DXS365 - DXS7101 - DXS7593 - DXS1052 - DXS274 -DXS989 - DXS451. The
region between DXS414 and DXS451 covers about 4.5 to 5 Mb, 1.5 Mb of which is in the newly
mapped DXS1229-DXS451 region. Three additional markers (PDHA1l, DXS7161 and
DXS7592) were placed in the previously mapped region, thereby increasing the genetic
resolution. Considering the known genetic distances, this region shows a significantly increased
recombination frequency, of 0.2 Mb per cM. Using the deduced marker order, the analysis of key
recombinants in families segregating RS allowed us to refine the critical region for RS to 0.6 Mb,
between DXS418 and DXS7161. Similarly, the candidate region for KFSD could be limited to
a 1 Mb region between DXS7161 and DXS1226.

INTRODUCTION

To facilitate the isolation and study of disease genes, one has set out to completely characterize
the human genome. This involves three main stages; mapping (both genetic and physical),
cloning and sequencing. The first two steps are carried out in parallel and global physical and
genetic maps have been published [1,2]. These crude maps subsequently require verification and
refinement by detailed characterization of each region specifically. The human X chromosome
is one of the best mapped human chromosomes and, at present, has the highest proportion of
known markers and genes. Nonetheless, the Xp22.1-p22.2 region has a relative shortage of
markers and is consequently bare in cloned genes [3]. On the other hand, linkage analysis
mapped a number of disease loci to the Xp22.1-p22.2 region [4], including spondylo-epiphyseal
dysplasia (SEDL, MIM 313400), retinoschisis (RS, MIM 312700), keratosis follicularis spinulosa
decalvans (KFSD, MIM 308800), Coffin-Lowry syndrome (CLS, MIM 303600), X-linked
hypophosphatemic rickets (XLH, locus name HYP, MIM 307800) and X-linked dominant cone-
rod degeneration (locus name RP15, MIM 268000) [5]. Our group has a special interest in RS
and KFSD. Linkage studies have placed the gene for RS, a rare hereditary vitroretinal
degeneration, between DXS43 and DXS365 [6,7]. Recently, we have shown that KFSD, a rare
X-linked disorder characterized by follicular hyperkeratosis of the skin, scarring alopecia of the
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scalp, absence of eyebrows and corneal degeneration, to be located between DXS16 and DXS269
[8]. Contiguous gene syndromes and large deletions, which have greatly contributed to the
unravelling of other regions of the X chromosome, have not been reported in the Xp22.1-p22.2
region.

As a first step to resolve this lack of knowledge and towards identification of RS and
KFSD, we have used known STS markers, Alu-PCR products of YACs isolated in the course of
the project and new Généthon markers to screen YAC libraries and isolate YACs from the Xp22-
region. An Alu-PCR-based fingerprinting method ([9], and Coffey et al. unpublished data) was
used to assemble crude contigs and to determine overlaps between the YACs. Subsequently, we
have used PCR and hybridization analysis to refine the contig, order the markers and construct
a physical map. The deduced map spans about 4.5 to 5 Mb and includes the loci for RS, KFSD,
CLS and HYP. While this work was ongoing, Alitalo et al. [10] published an Xp22-contig, which
overlaps ours from DXS414 to DXS1229 and which is in complete agreement with the map we
will present here. We place three additional markers (PDHA1, DXS7161 and DXS7592) in the
overlapping region and our map extends at least 1.5 Mb proximally, spanning eight other
markers. The mapping data were used to refine the localization of RS by linkage analysis to 0.6
Mb between DXS418 and DXS7161, and the localization of KFSD to 1 Mb between DXS7161
and DXS1226 [11].

MATERIALS AND METHODS
YAC library screening
YAC library screening was performed by hybridization. High-density gridded filters from the ICI
library [12] and the X-specific subset of the CEPH megabase library ([13] and unpublished) were
provided by the EU-sponsored YAC Screening Center Leiden (The Netherlands). Gridded Alu-
PCR product filters from ICRF-library 900 [14] were provided by the ICRF (London, U.K.).
Filters'were hybridized in 0.5 M Sodiumphosphate pH 7.2, 7% SDS, 1% BSA, 1 mM
EDTA for 16 hours at 65°C. Filters were washed twice at RT in 40 mM Sodiumphosphate
pH7.2, 0.1% SDS before scanning using a PhosphorImager (Molecular Dynamics). Alu-PCR
products and cosmid probes were prehybridized with 100 pug sheared human placental DNA
(Sigma) and 25 pg Alu-dimer DNA.

Probes ‘

Probes used for the YAC library screening included unique probes and cosmids containing
markers known to be located in Xp22 and Alu-PCR products derived from positive YACs
isolated in the course of the project. Alu-PCR products were generated using primer PDJ34 [15].
Probes used for detailed YAC analysis included Pvull/BamHI fragments of pBR322 to identify
the pYAC4 vector arms, CRI-L1391 (DXS274) [16], P122 (DXS418) [17], pD2 (DXS43) [18]
and PCR products derived from the markers listed in Table 1. Probes for the analysis of
recombinant patient samples included, in addition to the markers used for YAC analysis, 782
(DXS85) [19], pXUT23 (DXS16) [20], C7 (DXS28) [21] and p99-6 (DXS41) [18].

YAC analysis

Yeast clones were colony purified and high molecular weight DNA was isolated in LMT agarose
plugs (Seaplaque, FMC) as described [22]. Initial characterization of YACs was performed by
PFGE, FISH and PCR. HindIlI-digested YACs were electrophoresed on 0.8% SeaKem LE
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agarose gels.

Pulsed Field Gel Electrophoresis (PFGE)

PFGE-analysis, using a CHEF-system, was performed under standard conditions [22]. Agarose
gels (1%) in 45 mM Tris, 45 mM Boric acid, 0.5 mM EDTA, pH 8.3 were electrophoresed for
24 h at 180 V, with pulse times ranging from 20 to 70 s. Lambda oligomers and AB1380 yeast
genomic DNA were used as size standards. After electrophoresis, gels were stained,
photographed, blotted on Hybond-N* [22] and fixed by UV crosslinking. Filters were washed to
1x SSC at 65°C before autoradiography.

Fluorescent In Situ Hybridization (FISH)

FISH-experiments, including two-colour FISH, were performed according to Dauwerse et al.
[23]. Total yeast DNA was labelled by nick translation in the presence of Dig-11-UTP and biotin-
14-dATP and detected by FITC (green) and TRITC (red) respectively.

Polymerase Chain Reaction (PCR)

PCR was carried out in a Perkin-Elmer Cetus thermal cycler in 30 pl reactions containing 50 mM
Tris-HCI pH 9.0, 50 mM KCl, 1.5 mM MgCl,, 0.01% gelatin, 0.1% Triton X-100, 0.2 mM each
dNTP, 0.2 mg/ml BSA, 25 pmol of each primer and 0.25 U Tag polymerase (SuperTaq, HT
Biotechnology) with 50 pl mineral oil overlay. An initial denaturation step of 5 min 94°C was
followed by 30 cycles of 94°C 1 min, 50-65°C (Table 1) 1 min, 72°C 1 min. Products were
separated on a 2% agarose gel.

PCR for linkage analysis in the RS families was performed in 15 pl reactions containing
150-210 ng DNA, 1.5 mM MgCl,, 10 mM Tris-HCI pH 9.0, 50 mM KCl, 0.01% gelatin, 0.1%
Triton X-100, 0.2 mM dATP, 0.2 mM dGTP, 0.2 mM dTTP, 0.025 mM dCTP, 0.6 U Amplitaq™
(Cetus Inc), 0.27 pmol o*’P-dCTP, 5 pmol of each primer with 50 ul mineral oil overlay. An
initial denaturation step of 5 min 94°C was followed by 30 cycles of 94°C 1 min, 50°C 1 min
(or according to Table 1), 72°C 2 min and a final step of 10 min 72°C. Products were separated
on a sequencing gel.

Alu-PCR fingerprint analysis

Primary Alu-PCR was performed as described previously [9] using primers ALE1 and ALE3
together in a combined reaction [24]. A dilution of the primary PCR (Fig.1a) was used in a
secondary PCR for 10 cycles in the presence of end-labelled ALE1 and ALE3. The products were
run on a gel (Fig.1b) as described previously [25]. After autoradiography, the fingerprints were
analyzed using the semi-automated gel scanning and analysis system used for the C.elegans
cosmid fingerprinting project [26]. The positions and intensities of the products are compared
and the probability of overlap between YACs is analyzed. In the resulting contig the length of
a clone is depicted as the number of products it contains (Fig.1c).

Recombinants analysis

For RS, linkage analysis has been carried out with at least six Xp22.2 markers in 21 families, 15
of which have been published previously [6,7]. From these studies, two families with key-
recombination events were selected. DNA samples of 13 individuals from these two families
were analyzed with 10 (family P 22.337) or 11 (family P 24.130) polymorphic markers.
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Locus Marker Product T, Reference
size (bp)
DXS414 P90 330 55 [27]
DXS987  AFMI20xa9 206-224 55 [27]
DXS207 pPA4B 500 52 [27]
DXS1053  AFM164zd4 194-206 60 [2]
DXS197 pTS247 250 52 [27]
DXS43 pD2 86-130 55 [28]
DXS1195  AFM207zd6 235-239 56 [2]
DXS418 P122 140-158 58 [29]
DXS999 AFM234yf12  260-276 50 [27]
PDHA1 PDHALI 125 58 [27]
DXS7161 AFM291wif5 240-254 55 [4]
DXS443 pRX-324 204-210 50 [30]
DXS7592  AFMa244zgl  225-233 55 IW.
DXS1229  AFM337wd5  202-230 56 [2]
DXS365 pRX-314 201-217 50 [30]
DXS7101 AFMal76zbl  156-164 55 JW.
DXS7593  AFMa346zcl  209-223 55 JW.
DXS1052  AFMI163yh2 143-159 62 [31]
DXS989 AFM135xe7 173-199 50 [27]
DXS451 kQST80H1 182-204 55 [30]

Table 1. PCR markers used in the analysis.

T,= annealing temperature. J.W.= Jean Weissenbach (unpublished).
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Figure 1. Alu-PCR fingerprinting. (A) 5 pl of primary Alu-PCR products of 9 YAC clones run on a 2.5
% agarose minigel. Marker (M) is a 1 kb ladder. (B) Autoradiograph showing the Alu-PCR fingerprint of
the 9 YAC clones. Marker (M) is a Sau3 Al digested *S-labelled lambda DNA marker. Sizes are indicated
on the left of the autoradiograph. (C) Contig constructed after analysing the Alu-PCR bands using software
originally written by J.Sulston for the C.elegans project [26).
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RESULTS

YAC Library Screening

The CEPH [32], ICI [12] and ICRF [14,33] YAC libraries were screened with 21 probes which
resulted in the isolation of 156 potential positive clones. To rapidly obtain a rough physical map,
including potential overlap data, all 156 YACs were first Alu-PCR fingerprinted. An example
of the Alu-PCR-based fingerprinting is shown in Fig.1. YACs 36BE8, 28AB7, 26BF4 and 32BE2
share several bands (Fig.la and b) and therefore clearly overlap and form a contig (Fig.1c).
Analysis of all 156 YACs revealed the presence of ten Alu-PCR-based contigs, containing a total
of 52 YAC:s. Four of these contigs, 13, 23, 25 and 82 (Fig.2) were located in the Xp22.1-22.2
region as described below. The remaining 6 contigs were in other regions of the X chromosome
and not further analyzed. Due to screening of the YAC library with Alu-PCR products of a
chimeric YAC, contig 25 originally contained YACsS that were located on chromosome 4 or 5
as deduced from FISH analysis.

contig 23  contig 82 contig 13 contig 25
o323 = 906B3 *
764D7 * 99:;81?80 SRS oo
789C8 900G0537
681F6 900E08102 * 850G2 901B128
810l *
10E1 966F1 693D1 900A0997
= 900G053 —— 40GH7*  960A5 965H5 706
—_— 90000287 39GH4 — ———  850C3 2FAG 68188
961E6 * 25HA10 — —————— 939H7 900G0732
900G0437
| N N S S N TN N N S N T T N (S T N N N T N T N N N I v | N N N N N N TN O T N N S T I I |

LJ 10 Aiv-PCR bands

Figure 2. Alu-PCR fingerprinting contigs 13, 23, 25 and 82. The size of the clones is determined by the
number of Alu-PCR bands it contains. An asterisk indicates YACs that give FISH-signals on Xp22 as well
as on other chromosomes. Not all YACs in these contigs have been analyzed in detail.

YAC analysis

Guided by the contigs derived from the fingerprinting, the YACs were tested for the presence of
Xp22 markers. Out of the 156 YACs, 63 were positive for at least one marker, and 23 were
positive for two or more markers. Since the density of YACs was high enough to construct a
good contig, we only analyzed YACsS containing two or more markers in greater detail and we
did not analyze the 40 YACsS containing only one marker. The remaining set of 93 YACs which
were not positive for any of the markers, includes both false positives and YACs which, while
located in an Alu-PCR contig, did not contain a reference marker.

The 23 YACs analyzed in detail ranged in size from 210 to over 1400 kb with an average
size of 1050 kb (Table 2). The 19 CEPH YACsS ranged in size from 590 to 1400 kb (1150 kb
average), the 2 ICRF YACs were 580 and 1180/1300 kb (1020 kb average), and the 2 ICI YACs
were 210 kb and 500 kb (380 kb average). These sizes do not differ significantly from those
published (900 kb average for the CEPH library [32], 620 kb average for the ICRF library {14]
and 350 kb average for the ICI library [12]). Sizes for specific YACs (Table 2) were usually
consistent with available data (that is Généthon database [1] and [10]). One exceptional case was
939H7, which we find to be 1300 kb while it is reported as 270 kb in the database [1]. Since we
performed a colony purification of the YAC clones it is possible that we have isolated the minor
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component of a mixed YAC population. However, our data are consistent with those of Alitalo
et al. [10] who report a length of 650 to 1500 kb and state that this YAC is unstable.

YAC size (kb) FISH
CEPH 961E6 1350 + >1400 (1680)  Xp22 +4q + 16p
CEPH 810E1 1050 (1100) Xp22

CEPH 681F6 950 (1060) Xp22

CEPH 743A8 830  (700) Xp22

ICI 40GH7 420 +210 Xp22 + 6qcen
CEPH 764D7 N.A. (1420) Xp22 + 8q1/2
CEPH 932E3 1280 (900) Xp22

ICI 25HA10 430 Xp22

CEPH 811D11 1450 (800) Xp22

CEPH 911F3 1150 (950) Xp22

ICRF 900H0623 1180+1300 Xp22

CEPH 939H7 1300 (270) Xp22

ICRF 900E08102 580 Xp22 +(3p)
CEPH 742H9 580 + 850 (1250) Xp22

CEPH 966F1 950 (N.A.) Xp22 + 19qtel
CEPH 960AS 1300 (1310) Xp22

CEPH 850C3 590 (N.A.) Xp22

CEPH 789C8 >1200 (1430) Xp22

CEPH 850G2 1300 (1000) Xp22

CEPH 693D1 1400 (1720) Xp22

CEPH 965H5 1150 (1200) Xp22

CEPH 681B8 930 (980) Xp22

CEPH 933D5 900 (890) + 1450 Xp22 + 9ptel

Table 2. Detailed characterization of the YACs.

The YAC lengths as reported in the Généthon database are given between brackets. All YACs hybridized
to Xp22, six YACs hybridized to other chromosomes as well. 900E08102 does not hybridize to #3 in all
metaphases. YACs 742H9 and 960A5 were found to be non-chimeric by FISH, but have been found to
be chimeric by Alitalo et al. [10] by analysis of YAC endclones. N.A.= not analyzed.

FISH analysis

To verify the chromosomal localization of the YACs and to assess potential chimerism, we
performed FISH analysis of all 23 YACs. Seventeen YACs showed a hybridization signal on
Xp22 only, while six YACs gave more than one hybridization signal (Table 2). The CEPH data
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of hybridizations of YAC-derived Alu-PCR products to gridded somatic cell hybrids confirm
these data; 966F1 hybridizes to X and 18, 764D7 hybridizes to X and 8, 961E6 hybridizes to X,
10, 14, 16 and 18 and 933D5 hybridizes to X, 1 and 9. Two of the six, 900E08102 and 966F1,
contained a single YAC as determined by PFGE and are thus most likely chimeric. Four clones
contained more than one YAC. Since we performed a colony purification, they probably result
from co-cloning of two different YACs in one yeast cell. Four YACs hybridized to Xp22 as well
as to the heterochromatic regions on chromosome 1, 9 and 16. These YACs were not analyzed
in detail because they did not contain more than one reference marker. However, this observation
indicates that there is probably homology between Xp22 and these heterochromatic regions. Our
data are not sufficient to localize this homology to a specific region within the contig.

For the ICI and ICRF YACs too few were studied to draw any significant conclusion
about the chimerism frequency (ICRF less than 25% according to [34,35]). From the CEPH mega
YAC:s only 2 out of 19 (11%) were chimeric. Alitalo et al. [10] analyzed YAC endclones and
report chimerism in two more YACs (742H9 and 960AS5). Small regions in YACs originating
from other chromosomal regions are unlikely to be detected by FISH analysis which explains the
differences observed.

DXS414 DXS987  DXS207 DXS1053 DXS197 DXS43 DXS1185 DXS418  DXS999 DXS7161 DXS443[DXS7592| DXS1229 DXS365 DXS7101[ DXS7593| DXS1052 DXS274 DXS983  DXS4S1
P00 AFMIZOGD P AFMIGGd4 pTSHT  pD2  AFMZOTINS P12 AFMZIGIZ  POHAI  AFMZIIWIS pRX24 |AFMa44rgiAFMGITwds pRX31A  AFMai7Srbi[ASMaMSIci| AFMISHNZ  CRMLIIN AFMidSm7  KGSTEOH
%1l ————— ——O0——e—~~ doam
RI0K| —————— ———e— 90010623 45062
I ————————— e ——— THICK

TR . ——
D e T S

TN —————— ————————— 710"

76417 — @~ ——————————~ sl
—_————
n2 960+ IR
9IS —
251A10 —9————————— 00— H50C3 DS
DI} ————O——O0——0 o0—o0
91113 —8—————O0——0 o——o0——o0

Figure 3. Marker based contig of the YACs. Closed circles indicate presence of the marker (after PCR or
hybridization analysis), open circles indicate absence of the marker. Wavy lines indicate chimeric YACs.
Multiplicity of YACs consistent with this order. Boxed markers are reagents additional to those previously
located in contigs covering the region.

YAC contig and marker order

Figure 3 shows the marker based contig of the YACs which could be constructed. YACs
961E6, 681F6, 25HA10, 939H7, 811D11 and 850G2 together span the entire region. Three
YACGs, 40GH7, 811D11 and 911F3, appear to contain internal deletions, since several markers
were negative. In order to increase the marker density in the region and to locate markers which
could not be ordered by genetic mapping, we tried to localize 18 new Généthon markers within
the Xp22 region (Table 3). A first rough localization was achieved by testing on the somatic cell
hybrids TG2sc1 [36] and AM445x393 [37]. TG2scl is a hamster hybrid containing Xp21.3-pter
as the only human material, while AM445x393 contains Xp22.2-qter in a mouse background.
DXS1223 and AFMa282vd1 were localized to Xp22.3 and fell outside our target region. Twelve
markers located in the Xp21.3-p22.2 region, i.e. positive in both cell lines, were tested on the
YACs from the contig. Five markers did not give discernable PCR products or gave inconclusive
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data. We were able to localize DXS1195 between DXS418 and DXS43, DXS7161 between
DXS443 and PDHA1, DXS1229 between DXS443 and DXS365, DXS7592 between DXS443
and DXS1229, DXS7101 between DXS365 and DXS1052, DXS1052 between DXS365 and
DXS274, and DXS7593 between DXS7101 and DXS1052. DXS7105 is probably located
between DXS365 and DXS7593 but only one YAC was positive with this marker (Table 3).

Marker Total AM445

human TG2scl %393 Localization YAC results
DXS1028 + - - ? (not on X) N.A.
DXS1043 + + + Xp21.3-p22.2 no positives
DXS1052 + + + Xp21.3-p22.2 see Figure 3
DXS1061 + + + Xp21.3-p22.2 no positives
DXS1065 smear - + (Xqtel-Xp21.3)  N.A.
DXS1195 + + + Xp21.3-p22.2 see Figure 3
DXS1202 + + + Xp21.3-p22.2 yeast also positive
DXS1223 + + - Xp22.3 N.A.
DXS1224 - - - ? N.A.
DXS1229 + + + Xp21.3-p22.2 see Figure 3
DXS1233 - - - ? N.A.
DXS7101 + + + Xp21.3-p22.2 see Figure 3
DXS7105 + + + Xp21.3-p22.2 811D11
DXS7161 + + + Xp21.3-p22.2 see Figure 3
AFMal52xfl - 400 bp 400 bp ? N.A.
DXS7592 + + + Xp21.3-p22.2 939H7, 850C3
DXS7593 + + + Xp21.3-p22.2 see Figure 3
AFMa282vdl + + - Xp22.3 N.A.

Table 3. Localization of the new Généthon markers. TG2sc1 contains Xp21.3-pter as the only human
material in a hamster background. AM445x393 contains Xqter-Xp22.2 in a mouse background. '+' = a
product of the expected length was detected, '-' = no product of the expected length was detected. Between
brackets; additional products or products with unexpected sizes amplified by the PCR.

Candidate regions for KFSD and RS

The new data on the marker order generated was used to refine the localization of the candidate
regions for RS and KFSD. For RS we have carried out linkage analysis with at least six Xp22.2
markers in 21 RS families, 15 of which have been published previously [6,7]. From these studies,
two key-recombination events were identified, further refining the RS-gene candidate region
(Fig.4). In family P 22.337 the recombination between RS and DXS418, observed in patient III-3,
places the disease gene proximal to DXS418. In family P 24.130, the recombination between RS
and DXS7161 observed in patient II-3, places the disease gene distal to DXS7161.
Unfortunately, DXS999 was not informative in this family.
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Figure 4. Refined critical region for RS. (A) In family P 22.337 the RS disease locus cosegregates, in
general, with the haplotype 1 (DXS16) - 2 (DXS987) - 2 (DXS207) - 1 (DXS43) - 1 (DXS1195) - 1
(DXS418) - 1 (DXS999) - 1 (DXS443) - 2 (DXS365) - 1 (DXS451). The recombination observed with
patient ITI-3, between RS and DXS16, DXS987, DXS207, DXS43, DXS1195 and DXS418, places the
disease gene proximal to these loci. (B) In family P 24.130 the phase of the markers could be obtained
through the analysis of the haplotypes of male III-1 and female ITI-2. Healthy male III-1 inherited the X-
chromosome; 2 (DXS85) - 2 (DXS987) - 2 (DXS207) - 2 (DXS1195) - 2 (DXS418) - 2 (DXS7161) - 2
(DXS443) - 3 (DXS365) - 3 (DXS451) - 2 (DXS41) from his mother (II-2). The phase of the maternal X
chromosomal alleles of female III-2 is also 2-2-2-2-2-2-2-2-3-2, since she inherited the X chromosome
characterized by 2-1-1-3-1-1-1-2-1-1 from her father. Thus, patient III-3 is most likely recombinant for 2
(DXS7161) - 2 (DXS443) - 3 (DXS365) - 2 (DXS41) - 3 (DXS451). The analysis of the recombination
breakpoints in this family suggest the order Xpter-(DXS85, DXS987, DXS207, DXS1195, DXS418, RS) -
(DXS7161, DXS443, DXS365, DXS41, DXS451) -Xcen. DXS999 was not informative.

For KFSD, recombinants were selected from a large Dutch pedigree Oosterwijk 1992[11].
Twenty polymorphic markers, 19 of which were informative, were tested (Fig. 5). Two
individuals, VII-10 and VI-13 show key recombinations that refine the localization of the disease
gene. VII-10, an affected male, determines the proximal border since the alleles of the affected
chromosome recombine proximal to DXS257/DXS7161 with the healthy chromosome. VI-13,
an affected male, determines the distal border by a recombination between DXS365 and
DXS1229 [11].
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Figure 5. Refinement of the localization of the
critical region for KFSD. Family members,
with a recombination in the Xp22-region, were
selected from a large Dutch pedigree [11].VI-
13 and VII-10 are affected males.

We have generated a contig map of Xp22.1-p22.2, thereby evaluating the use of two
complementary methods: Alu-PCR fingerprinting and direct STS-content analysis of individual,
overlapping YACs. Ultimately, the most informative data were obtained by testing specific
markers directly on the individual YACs. However, the Alu-PCR fingerprinting method was
found to be a fast and simple initial step to decrease the total workload allowing to divide the
YAG:s into groups with overlapping sequences. The contigs derived by Alu-PCR fingerprinting
are consistent with the contig based on marker content of the YACs. The four contigs generated
on the basis of the fingerprinting alone were found to be all part of a single contig based on the
STS content of the YACs. Similar results were obtained in a large chromosome 22 contig by
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Coffey et al. (unpublished data). Chimerism of the YACs at the extremities of the contigs seems
to play an important role. The gaps between contigs 23/82 and contigs 13/25 are both bordered
by chimeric YACs, 764D7/40GH7 and 938C10/906B3 respectively. Furthermore, an overlap
between a YAC that contains many Alu-PCR products and a YAC that contains only a few, will
not be scored by the ContigC software used, since a 40% cut-off value of shared bands was used
to determine overlap. This may explain why there is a gap between contigs 82 and 13, flanked
by 25HA10 (producing 6 PCR-products) and 939H7 (producing 58 products).

Alu sequences are known to have a non-random distribution. Giemsa-positive bands -like
Xp22.1- have a low Alu-repeat content [38]. The average number of Alu-PCR products of the
YACs in our contig was 3.4 per 100 kb, varying from 1.2 to 10. Although our contig is supposed
to span the Xp22.1/Xp22.2 border, we did not observe any significant differences in the number
of Alu-PCR products derived from the YACs throughout the contig. However, we did observe
a significantly decreased frequency of chimerism for the CEPH YACs isolated; 11% compared
with the 40-50% chimerism reported [1]. Since a major cause of chimerism is probably
recombination during the cloning step at homologous, mainly repetitive DNA sequences [39] the
low frequency of chimerism in this region also indicates that it contains a lower number of highly
repetitive DNA sequences.

Marker order and physical distances

The marker order that was obtained, DXS414 - DXS987 - DXS207 - DXS1053 - DXS197 -
DXS43 - DXS1195 - DXS418 - DXS999 - PDHAI - DXS7161 - DXS443 - DXS7592 -
DXS1229 - DXS365 - DXS7101 - DXS7593 - DXS1052 - DXS274 - DXS989 - DXS451 is in
agreement with the consensus map of the 5" X-chromosome Workshop [4] and as published by
Alitalo et al.[10]. Markers DXS443 and PDHAI, not separated previously [4], could be
physically ordered by YACs 742H9 and 966F1, which both contain PDHA1 and DXS999, but
not DXS443. Consequently, PDHAL1 is distal to DXS443. Markers DXS7161, DXS7592,
DXS7593 and DXS7101 were not physically mapped before.

Given that YACs are deletion prone and may rearrange, we have tested for the criterium
that two or more YACs needed to be consistent with the derived marker position. This criterium
applies for the entire contig (2-7 YACs multiplicity, average 4) except for the distal end and the
interval DXS43-DXS1195 which was mapped independently by Alitalo ez al. [10]. Combining
the YAC marker content (Fig.3) and YAC length (Table 2) allows the construction of a physical
map of the region (Fig 6). For example, YAC 25HA10 is relatively small (430 kb), indicating
that the markers DXS1053-DXS418 map close to each other. 932E3 overlaps with 25HA10 and
‘measures 1280 kb. Since only DXS1053-DXS43 are shared, 932E3 extends at least 850 kb to the
telomeric side, a region which contains DXS207 (present in 932E3, absent in 25HA10).
Similarly, the 830 kb YAC 743A8 extends in the same direction, although it misses DXS43.
Combining the data of 810E1 and 681F6 leads to the conclusion that DXS987 is separated by
about 900 kb from the start of a 400 kb cluster containing DXS1053, DXS197, DXS43,
DXS1195 and DXS418, while DXS207 maps somewhere in between.

The combined data shows that the region between DXS414 and DXS451 measures 4.5
to 5 Mb (Fig.6). We were not able to determine the distance between DXS414 and DXS987,
since only one chimeric YAC (961E6) was analyzed and since no markers telomeric of DXS414
were tested. The physical distances reported by Francis et al. [40] and Alitalo et al. [10], are in
full agreement with the map presented here.
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The ratio between physical and genetic distance is roughly 1 Mb/cM for the entire human
genome. The available genetic data indicate that the Xp22.1-p22.2 region analyzed here has a
highly increased recombination frequency (Fig.6). The estimated physical distances, in
combination with the published genetic distances [31,41], give an average ratio of approximately
0.2 Mb/cM for the region between DXS987 and DXS989. This effect is more pronounced
proximal to DXS1053 and reaches a peak value of 8 cM over 900 kb, about 1 cM per 100 kb,
between DXS7161 and DXS1052.
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Figure 6. Physical map of the Xp22.1-p22.2 region. Physical map of the region obtained after combining
marker content and length of all 23 YACs analyzed in detail. Only the YACs that form the minimal contig
covering the entire region are shown. The indicated disease gene candidate regions are according to the
5™ X-chromosome Workshop [4] and updated with the results published in this paper. The genetic
distances (in cM) indicated at the bottom of the figure are according to ~Weissenbach et al. [41] and
“Francis et al. [40]

Disease gene candidate regions
The candidate regions for the HYP, CLS, RS, KFSD and RP15 disease genes are indicated in the
physical map (Fig.6). The candidate region for HYP was localized between DXS365 and
DXS274 by Francis et al. [40], a localization which was refined recently to between DXS365 and
DXS1683 (a new marker between DXS365 and DXS1052) [4]. In our contig, this region
measures less than 0.3 Mb. The CLS candidate region was first localized between DXS7161 and
DXS1052 [42], a localization refined recently to between DXS7161 and DXS1683 [4], in our
contig a region of approximately 1 Mb. The RP15 candidate region was localized between
DXS1048 and DXS1229 by McGuire et al. [5].

The results presented here, combined with linkage data of Oosterwijk et al. [11], refine
the localization of KFSD to less than 1 Mb between DXS7161 and DXS1226. The localization
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of RS is refined to 0.6 Mb between DXS418 and DXS7161. Strikingly, and illustrating the
relative underdevelopment of this region in terms of reagents, the limiting factor for each of these
candidate regions to further refine the localization of the disease genes still is the lack of
informative polymorphic markers rather than the absence of recombinants. The contig
constructed allowed us to outline the specific requirements for a marker which will further
narrow down the disease candidate regions. For instance in the case of KFSD, an informative
marker between DXS7161 and DXS365 would be especially valuable and could potentially,
decrease the candidate region from 1 Mb to less than 200 kb. Similarly, the candidate region for
RS now spans a 600 kb region devoid of any informative marker. Development of new
polymorphic markers, based on the clones in the contig presented, is therefore a rewarding effort
which we are currently undertaking. On the other hand, the candidate regions for the diseases
mentioned have now become small enough to consider establishing a transcriptional map in order
to isolate the gene(s) involved in these diseases.
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