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Large-scale analysis of sequence tags in Xp11.4-11.3 

and evaluation of candidate genes 

for X-linked ocular diseases 
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Abstract. The gene-rich region of Xp11.4-Xp11.3 was characterized by increasing 

the physical marker density. Sequence tags (STSs) were generated by IRS- and 

DOP-PCR techniques, subsequent cloning, sequencing, and creation of primer pairs for 

single-copy sites. A total of 224 novel STSs were collected, providing an average 

marker density of 18 kb in the Xp11.4-Xp11.3 region which is assumed to be ~4 Mb in 

size. Sequence analysis of generated and established STSs via data base searches iden- 

tified a novel gene highly homologous with the protein phosphatase | inhibitor 2 

(IPP-2) and two pseudogenes; all of which map to the ~1.5 Mb proximal region of 

the critical region for X-linked congenital stationary night blindness type I (CSNBI) 

between markers DXS993 and DXS228. Using well-defined DNA panels, 69 STSs 

were fine-mapped to this ~1.5 Mb region, providing a marker coverage of one marker 

per 22 kb. No allelic loss was observed when the total STS content was applied to pa- 
tient DNAs by PCR-mediated amplification. However, given the association of this re- 

gion with a number of inherited ocular diseases, the data presented here provide 

valuable tools for genetic linkage and large-scale association studies. 

Key words: genetic diseases, human X-chromosome, IPP-2, night vision, physical map, 

polymerase chain reaction, pseudogene, sequence tags 

Introduction 

Although the relative density of X-chromosomal DNA markers has steadily ш- 
creased over the past years, prominent gaps remain to be closed. This specially 

holds true for regions on the short arm of the human X chromosome. One of them 

is the gene-rich region Xp11 where a number of ocular disorders displaying severe 
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phenotypes have been mapped genetically (Figure 1). However, intense mapping 

efforts are required to obtain sequence data that may be associated with the respec- 

tive causative genes. For example, X-linked congenital stationary night blindness 

(XLCSNB) represents a distinct subgroup of non-progressive night vision disor- 

ders. The characteristic night vision defect from birth XLCSNB 1s frequently as- 

sociated with other clinical problems such as high myopia, nystagmus, decreased 

visual acuity and occasionally strabismus and optic disc abnormalities. Various 

linkage studies have narrowed the critical interval for the complete form of CSNB 

(i.e. CSNB1) to a consensus interval between markers DXS556 and DXS228 

(i.e. 3-5 CM) (BERGEN et al. 1995, THISELTON et al. 1995, HARDCASTLE et al. 
1997, BOYCOTT et al. 1998, ROZZO et al. 1999). Moreover, a number of other ocu- 

lar or retinal disorders map also to the same region or into close vicinity (Figure 1). 

Extensive positional cloning efforts, however, have not yet led to the identifica- 

tion of the causative gene for CSNB1 or of any other predicted disease-related 

genes, largely owing to a lack of sequence information and useful markers within 

human Xp11.4-Xp11.3. 

For a better characterization of the interval in Xp11.4-11.3, sequence tagged 

sites (STSs) were generated by interspersed repeat sequence (IRS-) and degener- 

ate oligonucleotide-primed (DOP-) polymerase chain reaction (PCR) techniques. 

The novel physical markers were assigned to the candidate region and their chro- 

mosomal Xp-sublocalization was determined by remapping them to a set of spe- 

cific and precisely typed templates. The STSs were further used as a source for 

homology searches at public data bases in order to attain additional sequence in- 

formation for the identification of potential candidate genes. In addition to 

the newly defined markers a set of established markers and cDNAs was used for 

deletion screening in CSNB1 patients by PCR and Southern hybridization. 

Methods 

Generation and characterization of STSs 

Thirteen primer sequences for Inter-Alu-, Inter-Kpn-, and DOP-PCR were 

used: 
5-GTCCTGCGGCCGCCTCCCAAAGTGCTGGGATTACAG-3, 

5-AGGCTGGATCCTGAGCYRWGATYRYRCCAYTGC-3, 

5-TTGCAGTGAGCCGAGATCGCCN-3, 

5-GGCGATCTCGGCTCACTGGAAN-3, 

5-CTCCCAAAGTGCTGGGATTACAGG-3, 

5-GAGGTTGCAGTGAGCYRAGAT-3, 

5-GAGGCTGCAGTGAGCYRTGAT-3, 

5-GAGYRAGACTCYRTCTCAAAAAAA-3, 

5-GATGTGCTGCTGGATTCAG-3, 

5-GGACATGAACAGACAGTATN-3,
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5-CATCACGTTGTACACCTTAAATAT-3, 
5-CAATTGTCTGCTGTGAGTKTAYAATT-3;and 
5-CCGACTCGANNNNNNATGTGG-3. | 

Two-step IRS-PCRs were carried out using 80 ng DNA and 20 pmol of each 

primer in various combinations in a standard 50 ul reaction. The temperature pro- 
file used for amplification on a GeneAmp 9600 PCR cycler (ABI Perkin-Elmer, 

Weiterstadt, Germany) was 5 minutes at 96°C for 1 min, 10 cycles at 94°C for 

30 sec, 72°C for 3 min, 15 cycles at 94°C for 20 sec, 68°C for 2 min, and a final 

step at 72°C for 10 min. For DOP PCRs (exclusively applied onto PFGE-separa- 

ted and gel-extracted YACs) the annealing temperatures used were 50°C and 
40°C. 

Cloning of PCR products into the pCR®2.1 vector was performed as recom- 
mended by the manufacturer (Invitrogen, Groningen, The Netherlands). 
The recombinants were sequenced using M13 forward/reverse primers and ABI 
BigDye terminator cycle sequencing chemistry on an ABI 377 automated se- 
quencer. Sequence analysis was performed with the ABI analysis software and 
the Lasergene package (DNAStar Inc., Madison, WI, USA). The software pro- 
gram REPEATMASKER was employed to identify single copy regions, while 
PRIMER (GCG) was used to generate unique primer pairs for amplification (Ta- 
ble 1). STSs were remapped by PCR to (i) a whole genome panel, (11) a subregion- 
al panel of the X chromosome (both Coriell Cell Repositories, Camden, NJ, 

USA), (iii) a rodent/human radiation-reduced hybrid panel covering 
the Xp11.4-Xp11.3 region (BERGER et al. 1992), (iv) clones from two yeast artifi- 
cial chromosome (YAC) libraries (Research Génetics, USA; RZPD, Germany), 
and (v) a collection of 15 previously typed YACs. Prior to that, libraries (11) to (v) 
had been precisely typed with 19 published markers specific to 
Фе Хр11.3-Хр11.4 location and flanking regions: tel-DXS989, DXS1058, 
DXS556, DXS361, DXS8042, DXS1015E, DXS1368, DXS574, DXS993, 
DXS8012, DXS1207, DXS1201, DXS8085, DXS228, DXS7, MAOA/B, 
DXS8080, DXS8083, and DXS1003-cen. This was necessary to allow a precise 

remapping of the newly generated STSs to these templates. All PCR mixes and 

cycle-sequencing reactions were prepared using the pipetting workstation model 
BioRobot 9600 (Qiagen, Hilden, Germany). 

Sequence analysis and data base searches 

Novel STSs were characterized by submitting their single copy portion to 
homology searches (e.g. BLAST, FASTA, HOMOLOGY, GAP; GCG) at NCBI, 

EMBL and hgmp data bases. Matches displaying >90% identity on nucleic acid, 

and >80% similarity on amino-acid level were analysed by sequence comparison 
and multiple sequence alignments (MALIGN, CLUSTAL, PuleUp; GCG) in THC 

(TIGR) and UNIGENE clusters, using various software packages. The NIX anal-
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ysis package at hgmp was applied for identification and characterization of larger 
DNA segments. 

Additionally, data base sequence information of established markers was re- 
trieved from GenBank in NCBI and subsequently submitted to hgmp, EMBL, and 
the TIGR Human Gene Index Data base for tentative human consensus sequence 
analysis. Primer pairs were designed for a collection of cDNA fragments, STSs, 
expressed sequence tags (ESTs) and full length cDNAs, putatively localized in Xp 
between the markers DXS556 and DXS228. 

Patients and mutation screening 

Nine male CSNB1 patients selected from the RetDis repository of the University 
of Tubingen were analysed in this study. Patients were diagnosed as having 

the CSNB1 phenotype based on clinical examination as well as electro- 

retinographical and psychophysical testing. Defective rod scotopic vision was 

demonstrated in all patients through electroretinographical recordings (ERGs) 

generated in response to a low luminance flash light in dark adaptation. All pa- 

tients showed a negative ERG, 1.e. a normal ‘a’ wave and a diminished ‘b’ wave 

typical of the type II or Schubert-Bornschein type of ERG, absent oscilla- 

tory-potential wavelets and a relatively normal 30Hz flicker response. 

Dark-adaptation curves were monophasic with an elevated final threshold indicat- 

ing a defect in the rod system. 

DNA was extracted from blood lymphocytes by standard procedures (MILLER 

et al. 1988). DNA was also purified from three non-affected male control persons. 

All investigations followed the tenets of the Declaration of Helsinki, and informed 

consent and full institutional review board approval were obtained. 

Previously, patients had been typed and mapped in family linkage studies to 

the Xp11.4-Xp11.3 region, and a minimal CSNB1 region of a ~1.5 Mb array was 

defined between the markers DXS993 and DXS228 (PUSCH et al., unpublished 

data) by haplotype analyses. Male patients of different haplotypes were selected 

in order to exclude genetic heterogeneity as a source of error. 

Three approaches were chosen to detect mutations in CSNB1 patients. 
(1) Deletion screening in patients and controls, performed by PCR, using a num- 

ber of different protocols specific for the STS primer pair of interest. 

(11) Deletion screening by Southern hybridization, which proceeded as follows. 

Restricted genomic DNA was separated on 0.7% NuSieve agarose gels (Biozym, 
Hessisch Oldendorf, Germany) in 1x TBE buffer and subsequently transferred 

onto Qiabrane plus membranes (Qiagen, Hilden, Germany) by capillary transfer 

in 0.4 M NaOH, 0.025 M KOH, and 1 M NaCl. The membranes were soaked in 

2 x SSC and pre-hybridized overnight in 10 ml of HybrisolXR™ (Oncor, Heidel- 

berg, Germany) at 55°C. One hundred pg/ml unlabelled sonified salmon sperm 

DNA, 100 pg/ml heparin and 10% dextran-sulphate were added. Probe DNA was 

labelled using each 1.48 MBq *P a-dCTP, **P a-dATP (Amersham Pharmacia
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Biotech Europe) and the Random Primed DNA Labeling Kit (Boehringer 
Mannheim, Mannheim, Germany). The probe was then purified by two passages 
through polymer cotton/sephadex G-50 columns at room temperature. The hy- 
bridization was carried out at 60°C for 20 h. Following hybridization, the filters 
were washed twice for 30 min in 4 x SSC and 0.15% SDS at 68°C, and twice for 

10 min in 0.1 x SSC, 0.1% SDS at 60°C. The filters were exposed to X-ray films at 
—80°С Юг 15 В. 
(11) A touchdown protocol involving PCR amplification of putative candidate 
genes in a standard 50 ul reaction on a GeneAmp 9600 PCR cycler: an initial de- 
naturation of 5 minutes at 94°C for 1 min, 5 cycles at 94°C for 15 sec, 60°C for 
30 sec, and 72°C for 30 sec, 5 cycles at 94°C for 15 sec, 57°C for 30 sec, and 25 cy- 
cles at 94°C for 15 sec, 52°C for 15 sec, 72°C for 30 sec, and a final step at 72°C 
for 5 min. The PCR products obtained were purified using Centricon 100 
(Millipore, Eschborn, Germany) one-way concentrators and sequenced with 
the respective forward and reverse PCR primers as described. 

Results 

Generation and mapping of STSs 

STSs are short tracts of operationally unique DNA sequences that can be detected 
by PCR. STSs were generated by IRS- and DOP-PCR, using degenerate 

oligonucleotides that amplified a population of different fragments originating 
from 15 YACs, 4 rodent/human radiation-reduced hybrids, and flow-sorted 

X-chromosomes covering the Xp11.4-Xp11.3 region. A total of 62 amplifications 
Were performed in triplicate, using varying amounts of template DNA and apply- 
ing diverse annealing temperatures. The resulting products were cloned into 
plasmid vectors, and 788 clones were selected for sequencing. Doublets were ex- 
cluded from further processing by multiple sequence alignments. Unique 
oligonucleotide pairs for subsequent STS amplification were generated by ex- 
cluding repetitive regions with the REPEATMASKER software (GCG). Assign- 
ment of 224 novel/unique STSs — including 31 markers available from data bases 
~ to the CSNB1 interval was confirmed by remapping them to (i) a whole genome 

panel, (ii) a subregional panel of the X chromosome, (iii) a rodent/human radia- 
Hon-reduced hybrid panel covering the Xp11.4-Xp11.3 region, and (iv) two col- 
lections of YAC clones. Assuming approximately 4 cM (i.e. ~4 Mb) for this 

region, the marker content provides an average of 18 kb sequence tag density in 
the Xp11.4 region from DXS556 to DXS228. From the total of 224 sequence tags, 
69 were fine-mapped to the ~1.5 Mb array of the minimal CSNB1 region between 
markers DXS993 and DXS228 (Table 1, Figure 1). The evaluated marker cover- 
48¢ of one marker per 22 kb for this sublocation is in agreement with the one pre- 
“lously observed for the whole region. Fine-mapping of the STSs allowed for



Table 1. Collection of newly generated sequence tags. Order of primer pairs corresponds 
to the boxed lists shown in Figure 1 (i.e. from distal to proximal) 

  

  

  

      

Name Sequence (5' > 3' orientation) "EG Size [bp]/feature 

2 3 4 
STRIF GAACAGCAAACCAAATCCAAA 
STRIR TCTTGGCTTTACTCCCTCCC 57 (BAJa(TGja 
STR2F TGTGGTGGAGTGTCTCCAAA sę TG 
STRZR AGGCTGCAGCTGGAGAATC 
W14-9F AGATCATGCCACTGCACTC są 129 
WI4-9R | TTGCTGTATGTTGCCCAGG 
W2-56F CCCAAAGTGCTGGGATACAGG и „65 
W2-56R | AGCCTCTAGATCTGCACTGTCC 
W9-22F CACCAAGAGTAAACCCTAACG sg 100 
W9-22R | TATCAATATCCCCCACCAGAG 
WII-8F GGCAACACACACCCTATTC 53 107 
W11-8R | TGTACCAAAGCCTGGACTG | 
W15-27F | ATCACCCAGCAGAGAACAC 53 Ha 
W15-27R | GGGCACATGGTATGTTGAG 
W23-44F | TCCCTCAACATACCATGTGCC 59 107 
W23-44R | TTCTGACCCACCAACTACTGC 
W17-1F ATGCTGAAATGATCTCGTCTG 55 100 
WI7-1R | CAAAGAGCACACAAGTGCTG 
W11-9F GATTACAGGTGTGAGCCACC sg 993 
WII-9R | ТСТСАСАССТСТТТСТТТТСТВ 
WI4-10F | CTGATTGACTTGTAGTCTTGGA = 14s 
W14-10R | AGCCTATATGATGGATGACTTG 
W3-12F ATGATGAACATCCCAGCA 59 м 
W3-12R | GTACAGCACTGGCTGTACTTC 
W1-1F GAACCGTGATCATGGCTCAG 58 5 
WI-IR GACTAATAATTGTCAAAGCAGGG 
STR17F AGGTTGCAGTGAGCCAAGAT 0 (CT)n(CA)n 
STRI7R | CTAGAGTGCAGTGGTGCGAC 
STR21F TTTAAGTGCCTTTTTCTTGGAA są moja 
STR2IR | TTCTTCATCATAGGTACATCC 
STR22F ATCGATGCCGTGTGTCCATA 55 An 
STR22R | TCAACGTCCATTCAGGTTCC 
W21-19F | TAGCACTTTCACTTTTTGATCTCC «0 543 
W21-19R | TGTTTGGTTGTTATTGCCTTCC 
W24-32F | TCTCACACTGGCCTGAAGC 55 147 
W24-32R | TGGCAAGTCTGCCTCATTAG 
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W20-32F 

W20-32R 

W20-21F 

W20-21R 

W3-21F 

W3-21R 

W20-9F 

W20-9R 

W21-22F 

W21-22R 

W22-35F 

W22-35R 

W21-34F 

W21-34R 

W21-28F 

W21-28R 

W20-27F 

W20-27R 

W21-17F 

W21-17R 

'W21-24F 
W21-24R 

W21-31F 

W21-31R 

W22-36F 

W22-36R 

W21-35F 

W21-35R 

W21-39F 

W21-39R 

W13-43F 

W13-43R 

STR3F 

STR3R 

STRSF 

STRSR 

STR18F 
STRI8R 

W20-19F 

W20-19R 

W21-26F 

W21-26R   

GCTATACTTCTCTTTGCCCAGC 

TGTTGCTCAGGCTGAGAAAC 

CTTGGCATGTTTCTACGTGC 

AAAAGACATTTCAGGCAGAAGG 

CACAAAATCATTTTATAAGCCGG 

CTCCTGAGCTCAGGTGATCC 

AACAAGAGCTGCTTCTGCCC 

CATTCTCCATCTGACCACCC. 

CAGGTTAAGAAGCTGGTGATCC 

AGGAAATAATTGAGCCGAAGG 

AACAGTACCACAAACAAAGCCC 

GCCTATGTCCCCATCTTTCC 

TCAACCTTTTTGTATCCTTGGG 

AAAAACATGGAATAGGTGGTGC 

GCATCCTCCTTATCTCCTGGG 

CGTAGCAGCTATAGAAGCAATC 

CGGAAATTTGCTTGATTGAGC 

GCAAAGCAAAGACTGGAACC 

AATAAACCCCAGCATACTGGTC 

AATCTCCAGGGGAGAAAAAGAC 

TCATGGTTGGCTGTATATCGAG 

GAAAACATAAGGCCATGTTCTAG 

GTATCAAAGGGGACTTAGTG 

GGAAGATTCTGAAGGTAAGC 

TGCTGCTTCTAAGTAGCCAAC 

GCTCAGGTTATGGGTTATCTG 

ACTAGCCATAGATTGACCCTTG 

TCAACTGTGAGTGCTTCTGTTC 

AAAAATGTATTGGATGGAACGG 

AATCCCAGGCATGTAACTATTC 

CTCCTGAGCTCAGGTGATCC 

GTAATCCCAGCACTTTGGGAG 

GGACCTGACAACTAATGGGC 

ATTCATTTTCCCCACAACCC 

TCAAAGGTACACCTGCACTCA 

TGTTGCTGCAAATGACATGA 

TTCAAATAAACCAATCACATTGC 

TAAAGATGCCCATACCCTGG 

TGTACACCCATGTAATCATCACC 

CAGTTCAATAATGCCTCAACAGTG 

GAGTGTTGAGGATTTCCAGG 

CCTACCATGTTCCCATTTCTT   

57 

56 

58 

57 

56 

58 

57 

61 

55 

59 

ый 

53 

57 

59 

56 

59 

60 

55 

58 

61 

55   

81 

136 

102 

108 

179 

188 

195 

149 

195 

100 

105 

162 

138 

118 

158 

325 

(TG)n 

(TA)n 

(TG)n 

130 

133 
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W23-23F 

W23-23R 

W23-45F 

W23-45R 

W15-21F 

W15-21R 

STR9F 

STR9R 

W20-28F 

W20-28R 

W20-29F 

W20-29R 

W21-37F 

W21-37R 

W19-13F 

W19-13R 

W20-13F 
W20-13R 

W21-32F 

W21-32R 

W19-4F 

W19-4R 

W3-81F 

W3-81R 

W21-36F 

W21-36R 

SNPIF 

SNPIR 

SNP2F 

SNP2R 

SNP3F 

SNP3R 

STR13F 

STR13R 

STRISF 

STRISR 

W2-60F 

W2-60R 

W2-62F 

W2-62R   

CCAAACCACTGTGGATTCTAGC 

GAAGAAAAACCTGGGCAGACTG 

GGACCAAACAGGGACAGAAC 

TGTGAACTCCACCTACCACC 

GGATTGTTAAGGCTACTCGGG 

GGAAGTGCAAGGCTAATAAATG 

CTGCAGTCTCAAGCACTCCAC 

TGCCTAGGTGTTAATACACACCA 

TCACTAGAGACCCTCATGCC 

GACTACATGCACCAAGTCCA 

CAAACAATGAAGTCCATTGAGG 

AAGGACAGATGTCTCTCCAAG 

CAAGAGGAATACGCAGACAC 

GCCATTGAAGTACCACAACC 

GGCAGAAGTCTGGAAACTGG 

GTGATGATTACATGGGTGTACA 

TGTGTCTCCCAGTAGAATGCG 

CCCAATTTCTCTGGTAGGCTC 

AGGAAGCAACAAGAACATCC 

TCTAGCTCTTCCAACTTTCC 

CATACATTCACGTAACATCCAC 

AGTGATAGGAAATAGGTCAGTG 

CCCTCAAATGACTATAGCCCTG 

ТТТТТАСТСТТССАССАСАССС 

GTGGTTCTCAAAGTATGGTCCC 

TGGTCCTCTAACATCAACATGC 

TTATATCAGCTGGGAATCTGCG 

ATTCTACAAGCCCAAGTTTAGGC 

CAGATTTCAGTTCAATCATCATTGAC 

ATTCTACAAGCCCAAGTTTAGGC 

GAGGAACAAAGGACAGAGGTTG 

TCTCTCGCAGCCCTTCTCTC 

TCAGACTGAAGATGACAGGTGA 

GACATCCTGCCTAGTTCCCA 

AGTACGAAGATCGTCCCAGG 

CCTCATCTGGGGTTGGAGTA 

GGCCATGAGTCATTGTGTTG 

GATTCTGATCCAACCTCTACGG 

TGTAGTGATGTGACAGTGCAGC 

ATTTTCCTATATTTGTGGCTGAACT   

61 

57 

59 

56 

57 

57 

55 

57 

59 

55 

57 

60 

60 

61 

65 

61 

60 

61 

60 

61   

120 

108 

250 

(CA)n 

197 

102 

135 

185 

174 

162 

105 

369 

176 

C-A 

A-A 

(CA)n 

(CA)n 

179 

110 
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assigning the 69 markers (i.e. 12 from data bases, 57 new sequence tags) to 5 dis- 
tinct sublocations (Figure 1). Furthermore, out of the 57 new sequence tags identi- 
fied, 11 display a highly polymorphic character, as each was confirmed in 
35 control subjects (PUSCH et al., unpublished data). These short tandem repeat 
(STR) markers may therefore prove useful for refining linkage or haplotype stud- 
ies. 

Assessing microdeletions in CSNB1 patients 

The 224 markers, together with the short tandem repeat-based sequence tags, 
ESTs and cDNA fragments already mapped and published elsewhere, were used 
in PCR screening for possible microdeletions in DNA from control subjects and 9 

CSNBI patients. In none of the cases investigated was a loss of allelic signals de- 

tected, indicating either that the deletions were non-existent in these cases or that 
they were too small to be detected by the coverage chosen. Three genes, namely 
CASK (DIMITRATOS et al. 1998), DFFRX (JONES et al. 1996), and GPR34 
(MARCHESE et al. 1999), which have been recently localized to the Xp11.4 re- 

gion, were tested for rearrangements. Southern hybridization techniques showed 

the banding patterns of patients and healthy controls to be identical. 

Data base searches, candidate gene assembly and analysis 

The novel marker sequences were used for constructing an STS map of 
the CSNB1 region, and were therefore characterized by homology searches in 

a number of data bases. With markers w17-1, w20-13, and w2-60/62 (Table 1) hits 

were obtained with three clones (hCIT200L4, dJ50A13 and dJ154K9 respec- 

tively) in different phases of high throughput genomic sequencing (HTGS). It was 

possible to assign them to regions adjacent to the markers DXS993, DXS1207, 
and DXS228, respectively. Sequence analysis using the NIX software revealed 

sequence similarity to three genes highly homologous with the subunit ‘c’ of mito- 

chondrial ATP synthase, a membrane protein of the intracellular chloride channel 

protein p64H1 and the protein phosphatase 1 inhibitor-2 (JPP-2). 

Expression of the subunit ‘c’ of mitochondrial ATP synthase has been reported 

in sheep and a possible association with ovine ceroid lipofuscinosis has been in- 

vestigated (MEDD et al. 1993). A match with a 136 aa rat ATP synthase protein 

(Q06645) was obtained, exhibiting a similarity of 72% to the sequence in 

dJ50A13 (position 126,008-126,412). However, the presence of several stop 

codons and frame shifts rendered this sequence a pseudogene. 

Intracellular chloride channels, the probable seat of the second candidate gene, 

are located in vesicular organelles and may function as regulators of organelle vol- 

ume and intracellular electrolyte balance. The p64H1 protein has recently been 

described as a member of a family that shows marked expression in the rat brain 

and retina (CHUANG et al. 1999). Data base analysis revealed that this channel on 

hCIT200L4 displays 93.1% identity in a 1.015 nt overlap to Homo sapiens p64H1
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(AF109196; 1633 bp) and the human H1 chloride channel (AF097330; 999 bp). 
However, two stop codons in the putative coding region raised the possibility of 
HTGS sequencing errors. A total of 1256 bp (position 156,345-157,601) was se- 
quenced in 9 patients and control persons to confirm the presence of the two stop 
codons and thereby the classification of the p64H1 homologue as a pseudogene. 

The third candidate gene was found ona 136,144 bp PAC clone dJ154K9 and 
is highly homologous with the inhibitor 2 of protein phosphatase 1 (JPP-2 or 
PPPIR2; AJ133812, X78873). Protein phosphatase inhibitors are a group of pro- 
teins that have been assigned a fundamental role in the coordination of regulation 
processes through inhibition of phosphatases. The large number of IPPs and 
the existence of PP-1 isoforms account for the diverse functions ascribed to IPP 
both in a tissue-specific and developmental, stage-dependent manner (SAKAGAMI 
et al. 1995, OLIVER, SHENOLIKAR 1998). The congenital nature and occasional 
association of CSNB1 with other ocular abnormalities raise the possibility of a de- 
velopmental defect in CSNB1 and render the newly identified IPP a tentative can- 
didate gene for CSNB1. The IPP coding region is located at position 
113,299-112,691 of the PAC sequence, encoding a 204 aa protein 
(Z94277.sw_release). An amino acid sequence comparison using the algorithm 
GAP matches JPP-2 (P41236) vs. Z94277 with a similarity of 52%, and an iden- 
tity of 43%. FASTX analysis of Z94277.owl using the SwissPir data bases deter- 
mined up to 46% identity in 200 aa overlaps of diverse IPP matches. In contrast, 
using GAP for comparison of the corresponding nucleic acid sequences (X78873 
vs. dJ154K9) reveals a coincidence of coding sequences as high as 63.3%, and 
65% when the 3’-UTR of 647 bp is additionally included in the comparison. Using 
Z94277.owl for a BLASTP analysis in SwissPir, protein phosphatases of several 
species were identified, amongst them up to 68% positive matches of IPPs in hu- 
Mans, rats, and rabbits. 

To determine whether this protein phosphatase inhibitor is the dis- 
case-causative gene in CSNBI, direct sequencing was carried out on genomic 
DNA from 9 CSNB individuals from different families and three healthy males. 
A total of 3,190 bp including the entire IPP coding region (Z94277.sw_release) as 
Well as 5’- and 3’-UTRs were amplified and sequenced in all cases. No mutations 
Were found to segregate with the disease phenotype in any of the patients exam- 
ned, ruling out a causative role of this IPP in the etiology of CSNB1. I was able to 

identify a sequencing error at nucleotide position 112,331 of the reference se- 
quence dJ154K9, consistent with an adenine to cytosirie change. In addition, three 
Single nucleotide polymorphisms (SNPs) were identified at position 

114,173 (C-A), 114,541 (G-T) upstream of the IPP coding region, and at position 

112,064 (A-A) downstream of IPP (Figure 1, Table 1).
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Discussion 

Genetic changes on the human X-chromosome have been linked to a variety of in- 

herited and sporadic disorders. Some sets of disorders have been traced to specific 

genes, while others have been merely linked to chromosomal regions. Although 

the relative density of anonymous markers on the X-chromosome has steadily in- 

creased over the past years, significant gaps still remain on this map, particularly 

in some regions on the short arm of chromosome X. One of them is the region 

Xp11.4-Xp11.3, and further mapping efforts are required to elucidate the genomic | 

sequences associated with various disease states there. One reason is that these re- | 

gions are refractory to YAC cloning, as demonstrated by the significant number of | 

chimeric and/or partly deleted YAC clones. This is most probably due to the pres- _ 

ence of gene-rich regions and high GC-contents. Thus, the new markers obtained 

from this region will help to establish a physical map based on sequence-ready © 

templates, such as BACs and PACs, that will provide a basis for large-scale asso- 

ciation genetic studies and for the identification and characterization of further 

genes. 

I have contributed to the characterization of this region that is so poorly repre- 

sented with useful markers by mapping of a protein phosphatase inhibitor and 

the two pseudogenes of the intracellular chloride channel p64H1 protein and 

the subunit ‘c’ of mitochondrial ATP synthase. It was possible to identify and 

sublocalize 224 STSs within that region, thus improving its current mapping sta- 

tus. Moreover, the identification of 3 SNPs and 11 polymorphic STR markers lo- 

cated in Xp11.4 will prove useful in subsequent genetic mapping studies. 

The chromosomal region Xp11.4-Xp11.3 marks a gene-rich region to which 

several other eye diseases of currently unknown etiology, such as idiopathic con- 

genital nystagmus (CABOT et al. 1999), X-linked progressive cone dystrophy 

(HONG et al. 1994), Aland island eye disease (GLASS et al. 1993) and X-linked op- 

tic atrophy (ASSINK et al. 1997) have been mapped (Figure 1). The extension of 

the physical mapping of the Xp11 region should facilitate future investigations 

into the molecular basis of the above-mentioned ocular disorders and presents the 

IPP-2 homologue as a candidate gene for the ocular disorders of idiopathic con- 

genital nystagmus (NYS1) and X-linked optic atrophy (XLOPT). 
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