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To try to extend the cloned coverage of the region
Due to its unique biology of partial sex linkage and and to refine the analysis of gaps, we have initiated

high recombination rates, the pseudoautosomal re- the construction of a YAC contig based on single-copy
gion (PAR1) on both X and Y chromosomes has at- marker content mapping, using 67 pseudoautosomal
tracted considerable interest. In addition, an ex- probes well distributed over the entire region (see Fig.
tremely high level of YAC instability has been ob- 1). A total of 82 YAC clones for contig construction were
served in this region. We have derived 82 YAC clones derived from St. Louis libraries (5, 13), an X-specific
from six different YAC libraries mapping to this 2.6- library (11), ICI library (3), ICRF library (10, 12), and
Mb region. Of these a subset of 22 YACs was analyzed CEPH library (2) in addition to the clones of Foote et
in detail. YAC contigs were assembled using 67 pseudo- al. (7). Of these, a subset of 22 YACs found to give the
autosomal probes, of which 64 were unambiguously best fit to the probes was analyzed in greater detailordered. All markers are well distributed over the en-

(shown in Fig. 1 and Table 2A). Results in Table 2B oftire region, including the middle part of the region,
the 60 remaining YACs appear to be in good agreementwhich has previously been found difficult to contig.
with Fig. 1.Two gaps of less than 50 kb within the genomic locus

Since many previously mapped markers were usedof CSF2RA and around XE7 remain, which could not
in the screening, YACs could be assembled initiallybe covered with YACs, cosmids, or phages. This YAC
based on the existing physical map. Overlaps betweencontig anchored on the physical map of PAR1 repre-
YACs were established by shared loci. FISH analysissents one of the best characterized large regions of the
and insert size of YACs, determined by pulsed-field gelhuman genome with a map completion greater than

90% at 100-kb resolution and has permitted the accu- analysis also assisted in determining the size of over-
rate localization of all known genes within this region. laps between the YACs (see Table 1). Insert sizes of
q 1995 Academic Press, Inc. the YACs ranged between 100 and 1400 kb of DNA

(see Table 1); 9 of 22 YACs (41%) were chimeric. Dele-
tions were revealed by inconsistencies in the presence

The human pseudoautosomal region (PAR1) covers or absence of markers of known position (see Table 2A)
2.6 Mb of DNA and is situated at the tip of the sex and 8 of the group of 22 YACs (36%) had detectable
chromosomes in Xp22.3 and Yp11.32 (for a review see deletions (see Tables 1 and 2A). For at least 2 of the
15). Interest in the pseudoautosomal region has been YACs (yOX44 and yOX225) changes in YAC marker
stimulated by its unique biology and its link between content occurred over time or with passaging compared
the different X and Y chromosomes. The development with earlier reports (7).
of a high-resolution physical YAC map of PAR1 will Despite intensive efforts to cover the entire region,
provide a framework for defining the structure and two minor gaps remain. One is a gap of less than 50
function of this unusual part of the genome. Previous kb within the genomic locus of CSF2RA, which could
physical maps anchored to the genetic map of the re- not be filled with YACs, cosmids, or phages; a further
gion (9, 14) and previous YAC maps (7, 16) have already gap of similar size around XE7 was also intractable. Inbeen proven useful. However, the middle part of this another case in which an overlap by YACs could not beregion has been found difficult to contig, with findings proven (between DXYS211 and DXYS60), overlappingof unstable clones or no clones at all. cosmids were used to fill the gap of approximately 15

kb. The telomere-adjacent region also was covered by a1 To whom correspondence should be addressed. Telephone: 49/
6221-563897 or -563890. Fax: 49/6221-565332. contig of cosmids (data not shown). Although we cannot
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TABLE 1

YACs

Size
YAC name (kb) FISH Size on PAR (kb) Deletion

yWXD4932 100 Not chimeric 100 Unknown
28HB9 450 Not chimeric 450 Unknown
18ED5 200 Not chimeric 200 Unknown
F10116 450 Not chimeric 450 Unknown
yOX28 350 Not chimeric 350 Yes
yOX224 100 Chimeric, 2p11–p12 20 Yes
yOX44 700 Chimeric, 5q12 350 Yes
yOX88 230 Not chimeric 230 Unknown
yWXD1408 320 Chimeric, 10qtel 150 Unknown
261G10 500/700 Chimeric, 2p12 375/525 Yes
320B7 250 Chimeric, 2q37 180 Yes
D1116 1100 Chimeric, 8p21 700 Yes
124E12 280 Not chimeric 280 Unknown
H1130 1400 Chimeric, 4qtel 400 Yes
yWXD2607 100 Not chimeric 100 Unknown
E10111 300 Not chimeric 300 Unknown
yOX222 490 Chimeric, 11q22–q23 340 Unknown
yOX225 290 Not chimeric 290 Yes
yOX223 410 Not chimeric 410 Unknown
YM1000 1000 Chimeric, 8p21–p22 500 Unknown
yWXD4241 150 Not chimeric 150 Unknown
yWXD5055 320 Not chimeric 320 Unknown

Twenty-two YAC clones spanning the pseudoautosomal region (PAR1) are listed according to their order along the chromosome. YACs
were derived from 6 different sources: We screened four YAC libraries using polymerase chain reaction assays or hybridization. YAC clones
yWXD4932, yWXD1408, yWXD2607, yWXD4241, and yWXD5055 were derived from the St. Louis YAC library (5, 13) using DXYS129,
CSF2RA, ASMT, and MIC2; YAC clones 28HB9 and 18ED5 were derived from the ICI library (3) using DXYS60; YAC clones F10116
(ICRFy900F10116), D1116 (ICRFy900D1116), H1130 (ICRFy900H1130), E10111 (ICRFy900E10111), and YM1000 were derived from the
ICRF YAC library (10, 12) using DXYS59, DXYS200, DXYS17, and MIC2. 124E12 was derived from the CEPH library (2) using DXYS203
as a probe. We analyzed all previously isolated pseudoautosomal YAC clones from Foote et al. (7), namely yOX28, yOX224, yOX44, yOX88,
yOX225, yOX222, and yOX223, in detail. In addition, we analyzed two YACs 320B7 and 261G10 from the middle part of the PAR1, derived
from the CEPH YAC library (2), published in Slim et al. (16). Each clone has been analyzed by FISH, PCR, and/or hybridization of probes
mapping to the respective subregion (see also Table 2A). Eight YAC clones had deletions as shown graphically in Fig. 1 (yOX28, yOX224,
yOX44, 261G10, 320B7, D1116, H1130, and yOX225; yOX225 has deleted its proximal pseudoautosomal and its Y-specific part). Nine
different YACs have been shown to be chimeric (yOX224, yOX44, yWXD1408, 261G10, 320B7, D1116, H1130, yOX222, and YM1000).

totally exclude that this array still includes any as yet YACs (41%) is comparable to the rates described for
YACs from other chromosomal subregions (4). Deletionundetectable gaps, they must be small.

In conclusion, we have analyzed 22 of a total of 82 rates (36%), however, seem high within pseudoautoso-
mal YACs and may be attributable to the particularpseudoautosomal YACs in detail and precisely posi-

tioned them on the physical map of the region. The structure of this region.
In general our results agree well with publishedestimated chimera frequency of pseudoautosomal

FIG. 1. Schematic representation of 22 YAC clones spanning the pseudoautosomal region on Xp/Yp (PAR1). The PAR1 is bounded by
the telomere (TEL) on its distal site and the boundary to the X-specific region (PABX) on its proximal site and covers approximately 2560
kb (9). YACs are drawn proportional to their size as horizontal black bars with the YAC identification number below. Their position can
vary within a range of {50 kb. Internal deletions within YACs are shown as broken lines between black bars. Hybridization of probes
against Southern blots of YAC DNA and PCR analysis has been used to identify overlaps. Several of the YACs are chimeric, and only the
portion within the PAR is drawn. Probes and respective DXYS numbers are indicated below the scale. Thirty-two probes represent STS
markers and 35 hybridization probes. Order of probes with respect to distance from the telomere (zero) has been derived by a combination
of PFGE analysis, YAC ordering, or the underlying cosmid map and is unambiguous for 64 of 67 probes used; physical distance from the
telomere is approximate. Probes were derived from different sources: New probes are from our group (DXYS160, 162, 200–208, 210–214,
219, 220, and ANT3), probes with an initial F are STS-derived probes from Slim et al. (16), and probes with an initial sY are STS-derived
probes from Vollrath et al. (17). Further probes were derived from 5* and 3* portions of genes mapping to this region or from classical
pseudoautosomal markers. Six genes that are known within the pseudoautosomal region have been mapped to this contig. The mapping
position of the colony stimulating factor receptor subunit (CSF2RA), the interleukin receptor subunit (IL3RA), the adenine nucleotide
translocase 3 (ANT3), the cell surface antigen (MIC2), the MIC2-related pseudogene (MIC2R), and the blood group factor (XG) are indicated
as a black bar below the scale. The detailed map position of the acetyl-serotonin-methyl-transferase (ASMT) and XE7 is new, indicated by
a vertical dashed line, and was deduced from the presence or absence of probes in all studied YACs and from pulsed-field gel electrophoretic
analyses (data not shown). B2–B6 represent BssHII containing CpG islands (15).
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5. Brownstein, B. H., Silverman, G. A., Little, R. D., Burke, D. T.,
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determination of cocloning rate and X-chromosome representa-with a special function.
tion. Genomics 12: 526–533.

12. Lehrach, H., Drmanac, R., Hoheisel, J. D., Larin, Z., Lennon,
ACKNOWLEDGMENTS G., Monaco, A. P., Nizetic, D., et al. (1990). In ‘‘Genome Analy-

sis’’ (K. E. Davies and S. M. Tilghman, Eds.), Vol. 1, pp. 39–
81, Cold Spring Harbor Laboratory Press, Cold Spring Harbor,We thank E. Rao and K. Schiebel for discussions and helpful data
NY.from cosmid analyses. We also thank D. Le Paslier and B. Franco

for the CEPH YAC 124E12, T. Monaco and Z. Larin for the ICRF 13. Nagaraja, R., Kere, J., MacMillan, S., Masisi, M. W. J., Johnson,
YACs, and G. Zehetner and H. Lehrach for access to the ICRF refer- D., Molini, B. J., Halley, G. R., Wein, K., Trusgnich, M., Eble,
ence library system. This work was supported by the Deutsche B., Railey, B., Brownstein, B. H., and Schlessinger, D. (1994).
Forschungsgemeinschaft. R.N. and M.T. were supported by NIH Characterization of four human YAC libraries for clone size,
Grant HG00201. chimerism and X chromosome sequence representation. Nucleic

Acids Res. 22: 3406–3411.
14. Petit, C., Levilliers, J., and Weissenbach, J. (1988). PhysicalREFERENCES mapping of the human pseudoautosomal region: Comparison

with genetic linkage map. EMBO J. 7: 2369–2376.
1. Affara, N. A., and Lau, Y. F. C. (1994). First International work- 15. Rappold, G. A. (1993). The pseudoautosomal regions of the hu-

shop on the human Y chromosome mapping. Cytogenet. Cell man sex chromosomes. Hum. Genet. 92: 315–324.
Genet. 67: 359–406. 16. Slim, R., Le Paslier, D., Compain, S., Levilliers, J., Ougen, P.,

2. Albertson, H. M., Abderrahim, H., Cann, H. M., Dausset, J., Billaut, A., Donohue, S. J., Klein, D. C., Mintz, L., Bernheim, A.,
Le Paslier, D., and Cohen, D. (1990). Construction and charac- Cohen, D., Weissenbach, J., and Petit, C. (1993). Construction of
terization of a yeast artificial chromosome library containing a yeast artificial chromosome contig spanning the pseudoau-
seven haploid human genome equivalents. Proc. Natl. Acad. tosomal region and isolation of 25 new sequence-tagged sites.
Sci. USA 87: 4256–4260. Genomics 16: 691–697.

3. Anand, R., Riley, J. H., Butler, R., Smith, J. C., and Markham, 17. Vollrath, D., Foote, S., Hilton, A., Brown, L. G., Beer-Romero,
A. F. (1990). A 3.5 genome equivalent multi access YAC library: P., Bogan, J. S., and Page, D. (1992). The human Y chromosome:
Construction, characterization, screening and storage. Nucleic A 43 interval map based on naturally occurring deletions. Sci-
Acids Res. 18: 1951–1956. ence 258: 52–59.

18. Yi, H., Donohue, S. J., Klein, D. C., and McBride, O. W. (1993).4. Bates, G. P., Valdes, J., Hummerich, H., Baxendale, S., Le Pas-
lier, D., Monaco, A. P., Tagle, D., MacDonald, M. E., Altherr, Localization of the hydroxyindole-O-methyltransferase gene to

the pseudoautosomal region: Implication for mapping of psychi-M., Ross, M., Brownstein, B. H., Bentley, D., Wasmuth, J. J.,
Gusella, J. F., Cohen, D., Collins, F., and Lehrach, H. (1992). atric disorders. Hum. Mol. Genet. 2: 127–131.

/ m4055$3641 09-18-95 18:46:16 gnma AP-Genomics


