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An Xp22.1-p22.2 YAC Contig 
Encompassing the Disease Loci for 
RS, KFSD, CLS, HYP and RP15: 
Refined Localization of RS
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To facilitate the positional cloning of the genes involved in retinoschisis (RS), 
keratosis follicularis spinulosa decalvans (KFSD), Coffm-Lowry syndrome 
(CLS), X-linked hypophosphatémie rickets (XLH, locus name HYP) and X- 
linked dominant cone-rod degeneration (locus name RP 15), we have extended 
the molecular map of the Xp22 region. Screening of several YAC libraries 
allowed us to identify 156 YACs, 52 of which localize between markers 
DXS414 (P90) and DXS451 (kQST80Hl). Analysis of their marker content 
facilitated the construction of a YAC contig from the region spanning (in this 
order): DXS414 - DXS987 - DXS207 - DXS1053 - DXS197 - DXS43 - 
DXS1195 - DXS418 - DXS999 - PDHA1 - DXS7161 - DXS443 - 
DXS7592 - DXS1229 - DXS365 - DXS7101 - DXS7593 - DXS1052 - 
DXS274 - DXS989 - DXS451. The region between DXS414 and DXS451 
covers about 4.5-5 Mb. Two additional markers (DXS7593 and DXS7592) 
were placed in the region, thereby increasing the genetic resolution. Using the 
deduced marker order, the analysis of key recombinants in families segregat
ing RS allowed us to refine the critical region for RS to 0.6 Mb, between 
DXS418 and DXS7161.

Keywords
Retinoschisis
Xp22
Contig

unravelling of other regions of the X chromosome, have 
not been reported in the Xp22.1-p22.2 region. Linkage 
studies have placed the gene for RS, between DXS43 [3- 
5] and DXS999 [1,6] and KFSD between DXS16 and 
DXS269 [7], As a first step towards identification of RS 
and KFSD, we have used known STS markers, Alu-PCR 
products of yeast artificial chromosomes (YACs) and new 
Généthon markers to screen YAC libraries and isolate

A number of disease loci have been mapped to the 
Xp22.1-p22.2 region [1], including spondylo-epiphyseal 
dysplasia (SEDL), retinoschisis (RS), keratosis follicularis 
spinulosa decalvans (KFSD), Coffm-Lowry syndrome 
(CLS), X-linked hypophosphatémie rickets (XLH, locus 
name HYP) and X-linked dominant cone-rod degenera
tion (locus name RP15) [2]. Contiguous gene syndromes 
and large deletions, which have greatly contributed to the
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Fig. 1. Marker-based YAC contig. Closed circles indicate pres
ence of the marker (after PCR or hybridization analysis), open circles 
indicate absence of the marker. Wavy lines indicate chimeric YACs. 
a900E08102 does not hybridize to chromosome 3 in all metaphases. 
bYACs 742H9 and 960A5 were found to be nonchimeric by FISH, 
but were found to be chimeric by Alitalo et al. [9] by analysis of YAC 
endclones. Boxed markers are reagents additional to those previously

located in contigs covering the region. The 23 YACs range in size 
from 210 to over 1,400 kb with an average size of 1,050 kb. Sizes for 
specific YACs were usually consistent with available data (i.e. Géné- 
thon database [17] and [9, 10]). The disease gene candidate regions 
indicated for HYP, CLS and RP15 are as published [1, 2]. During 
preparation of this paper, the gene mutated in HYP patients has been 
identified [18].

YACs from the Xp22 region. An 4/w-PCR-bascd finger
printing method [8; Coffey et al., unpubl. data] was used 
to assemble crude contigs and to determine overlaps 
between the YACs. Subsequently, PCR and hybridization 
analysis were used to refine the contig, order the markers 
and construct a physical map. The deduced map spans 
about 4.5-5 Mb and includes the loci for RS, KFSD, CLS, 
and HYP. Several groups published overlapping Xp22 
contigs [9-11], which are in agreement with the map pre
sented here. We place two additional markers (DXS7592, 
DXS7593) in the region. The mapping data, combined 
with linkage analysis, enabled refinement of the localiza
tion of RS, between DXS418 and DXS7161 and KFSD, 
between DXS7161 and DXS1226 [12],

The CEPH [13], ICI [14] and ICRF [15] YAC libraries 
were screened with 21 probes which resulted in the isola
tion of 156 positive clones. To rapidly obtain a rough 
physical map, all 156 YACs were Alu-PCR fingerprinted, 
revealing the presence of 10 ^4/w-PCR-based contigs, con
taining a total of 52 YACs. Four of these contigs were 
located in the Xp22.1-p22.2 region. Subsequently, the 
YACs from these contigs were tested for the presence of 
Xp22 markers including new Généthon markers which

could not be ordered by genetic mapping. Out of the 156 
YACs, 23 were positive for two or more markers. FISH 
analysis of the 23 YACs showed that 17 hybridized to 
Xp22 only, while 6 gave more than one hybridization sig
nal. The marker order that was obtained (fig. 1), is in 
agreement with the consensus map of the 5th X-chromo- 
some Workshop [1] and as published by Alitalo et al. [9]. 
The available genetic data indicate that the region ana
lyzed here has a highly increased recombination frequen
cy. The estimated physical distances, in combination with 
the published genetic distances [16, 17], indicate an 
increased recombination frequency of, on average, 0.2 
Mb/cM for the region between DXS987 and DXS989.

The candidate regions for the HYP, CLS, RP15, RS 
and KFSD disease genes are indicated in the physical map 
(fig. 1). The new data on the marker order generated were 
used to refine the localization of the candidate regions for 
RS and KFSD. For RS we performed an extended linkage 
analysis in 21 RS families [3]. Two key recombination 
events were identified (fig. 2). In family P 22.337, the 
recombination between RS and DXS418 in patient III-3 
places the disease gene proximal to DXS418. In family P 
24.130, the recombination between RS and DXS7161 in
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Fig. 2. Refined critical region for RS. a In family P 22.337, the 
RS disease locus cosegregates, with haplotype 1-2-2-1-1-1-1-1-2-1. 
The recombination observed in patient III-3 places RS proximal to 
DXS16, DXS987, DXS207, DXS43, DXS1195 and DXS418. b In 
family P 24.130, the phase of the markers could be obtained through 
the analysis of the haplotypes of male III-l and female III-2. Healthy 
male III-l inherited the X chromosome 2-2-2-2-2-2-2-3-3-2 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 recombinant for 2 (DXS7161) - 2 (DXS443) - 3 
(DXS365) - 2 (DXS41) - 3 (DXS451). The analysis of the recombina
tion breakpoints in this family suggests that RS localizes distal of 
DXS7161. DXS999 was not informative.

patient III-3 places the gene distal to DXS7161. DXS999, 
the most distal marker according to George et al. [6] was 
not informative in this family. Together, these data refine 
the localization of RS to between DXS418 and DXS999. 
In a parallel study, using the marker order established 
here, we were able to refine the localization of KFSD to 
between DXS7161 and DXS1226 [12], The candidate 
regions for both RS and KFSD have now become small 
enough to establish a transcriptional map directed at the 
isolation of the gene(s) involved in these diseases.

Acknowledgements
Gridded colony and Alu-PCR filters of YAC libraries were pro

vided by Denis Le Paslier and Ilya Chumakov (Centre d’Etude du 
Polymorphisme Humain, Paris, France), Günther Zehetner (Impe
rial Cancer Research Fund, London, UK) and the YAC Screening 
Center Leiden (The Netherlands, supported by NWO and EU-grant 
PL930088). These studies were supported by de Nederlandse Orga- 
nisatie voor Wetenschappelijk Onderzoek (NWO), de Nederlandse 
Vereniging ter Voorkoming van Blindheid, het Klinisch Genetisch 
Centrum Leiden (KGCL), the Medical Research Council (MRC) and 
the Wellcome Trust.

A YAC Contig in Xp22. l-p22.2 EurJHum Genet 1996;4:101-104 103



References
Chumakov IM, Le Gall I, Billault A, Ougen P, 
Soularue P, Guillou S, Rigault P, Bui H, De 
Tand M-F, Barillot E, Abderrahim H, Cherif 
D, Berger R, Le Paslier D, Cohen D: Isolation 
of chromosome 21 -specific yeast artificial chro
mosomes from a total human genome library. 
Nature Genet 1992;1:222-225.
Anand R, Riley JH, Butler R, Smith JC, Mark
ham AF: A 3.5 genome equivalent multi-access 
YAC library: Construction, characterisation, 
screening and storage. Nucleic Acids Res 1990; 
18:1951-1956.
Larin Z, Monaco AP, Lehrach H: Yeast artifi
cial chromosome libraries containing large in
serts from mouse and human DNA. Proc Natl 
Acad Sci USA 1991;88:4123-4127.
Rowe PSN, Gouldmg J, Read A, Lehrach H, 
Francis F, Hanauer A, Oudet C, Biancalana V, 
Kooh SW, Davies KE, O’Riordan JLH: Refin
ing the genetic map for the region flanking the 
X-linked hypophosphataemic rickets locus 
(Xp22.1-22.2). Hum Genet 1994;93:291-294. 
Cohen D, Chumakov I, Weissenbach J: A first 
generation physical map of the human genome. 
Nature 1993;366:698-701.
The HYP Consortium: A gene (PEX) with ho
mologies to endopeptidases is mutated in pa
tients with X-linked hypophosphatémie rick
ets. Nature Genet 1995; 11:130— 136.

Oosterwijk JC, Nelen M, van Zandvoort PM, 
van Osch LDM, Oranje AP, Wittebol-Post D, 
Van Oost BA: Linkage analysis of keratosis fol
licularis spinulosa decalvans, and regional as
signment to human chromosome Xp21.2- 
p22.2. Am J Hum Genet 1992;50:801-807. 
Coffey AJ, Roberts RG, Green ED, Cole CG, 
Butler R, Anand R, Gianelli F, Bentley DR: 
Construction of a 2.6-Mb contig in yeast artifi
cial chromosomes spanning the human dystro
phin gene using an STS-based approach. Ge
nomics 1992;12:474-484.
Alitalo T, Francis F, Kere J, Lehrach H, Schles- 
singer D, Willard HF: A 6-Mb YAC contig in 
Xp22.1-p22.2 spanning the DXS69E, XE59, 
GLRA2, PIGA, GRPR, CALB3 and PHKA2 
genes. Genomics 1995;25:691-700.
Ferrerò GB, Franco B, Roth EJ, Firulli BA, 
Borsani G, Delmas-Mata J, Weissenbach J, 
Halley G, Schlessinger D, Chinault AC, Zoghbi 
HY, Nelson DL, Ballabio A: An integrated 
physical and genetic map of a 35 Mb region on 
chromosome Xp22.3-Xp21.3. Hum Mol Genet 
1995;4:1821-1827.
Francis F, Rowe PSN, Econs MJ, Gee See C, 
Benham F, O’Riordan JLH, Drezner MK, 
Hamvas RMJ, Lehrach H: A YAC contig span
ning the hypophosphatémie rickets disease 
gene (HYP) candidate region. Genomics 1994; 
21:229-237.
Oosterwijk JC, Van der Wielen MJR, Van de 
Vosse E, Voorhoeve E, Bakker E: Refinement 
of the localisation of X-linked keratosis follicu
laris spinulosa decalvans (KFSD) gene in 
Xp22.1-p22.2. J Med Genet 1995;32:736-739.

131 Poustka AM, Schlessinger D: Report of the 
Fifth International Workshop on Human X 
Chromosome Mapping 1994. Heidelberg, 
April 1994. Cytogenet Cell Genet 1994;67: 
295-358.

2 McGuire RE, Sullivan LS, Blanton SH, Church 
MW, Heckenlively JR, Daiger SP: X-linked 
dominant cone-rod degeneration: Linkage 
mapping of a new locus for retinitis pigmentosa 
(RP15) to Xp22.13-p22.11. Am J Hum Genet 
1995;57:87-94.

3 Bergen AAB, Ten Brink JB, Bleeker-Wagemak- 
ers LM, Van Schooneveld MJ: Refinement of 
the chromosomal position of the X-linked juve
nile retinoschisis disease gene. J Med Genet 
1994;31:972-975.

4 Pawar H, Bingham EL, Lunetta KL, Segal M, 
Richards JE, Boehnke M, Sieving PA: Refined 
genetic mapping of juvenile X-linked retino
schisis. Hum Hered 1995;45:206-210.

5 Dumur V, Trivier E, Puech B, Peugnet F, Zan- 
longhi X, Hache JC, Hanauer A: Genetic anal
ysis of new French X-linked juvenile retino
schisis kindreds using microsatelhte markers 
closely linked to the RS locus: Further narrow
ing of the RS candidate region. Hum Genet 
1995;96:79-82.

6 George NDL, Payne SJ, Barton DE, Moore 
AT, Yates JRW: Genetic mapping of X-linked 
retinoschisis. Cytogenet Cell Genet 1994;67: 
354.

7

14

159

16
10

17

11
18

12

Van de Vosse et al.Eur J Hum Genet 1996;4:101-104104


