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C. Thomas Caskey 

A. Progress 7/1/8&12/1/88 

Progress on this project has been made in several areas. These will each be discussed in detail 
below. Overall, the progress has been quite impressive, wkh some of the major goals of the application 
nearly achieved. The areas currently underway are: 1) The establishment of a large number of cloned 
DNA segments from the region of the X chromosome retained in the X3000-11.1 cell line, 2) The 
development and use of a sub-chromosomal localization panel of somatic cell hybrids for mapping 
cloned probes from the region, 3) The development of Nu PCR as a technique for isdating human- 
specific DNA from a variety of sources, 4) The construction of a long-range restriction map of Xq28, and 
5) The establishment of methods for identification and isolation of expressed sequences. 

isolation and Mapping of Clones from Xq24-ter 

A recombinant library In the X DASH vector was constructed from DNA derived from the X3000- 
11.1 ce!l line. Screening a portion of this library with radidabeled total human DNA has provided a total 
of 450 purified clones. This represents approximately one-fourth of the human sequences in !he cell 
line. These clones have been stored in 8 by 12 arrayed 'tier tubes" for easy storage and access. DNA 
has been prepared from approximately 200 of these clones, and fitty of these have been mapped on a 
panel of somatic cell hybrids. Results from this mapping of clones are included in Table 1. Several 
clones were apparently of hamster origin. Additionally, a disproportionate number of clones was found 
to reside in the interval Xq26-Xq27.1. In fact, over one-half of the mapped clones were derived from this 
region. Inspection of the cell line by cytogenetics revealed no abnormalities, and use of several of the 
clones mapping to this region demonstrates no visible amplification of the region in the hybrid. This 
remains a surprising and unexplained result. We have constructed new libraries in both X and cosmid 
vectors. Analysis of a like number of clones from each of these new libraries will allow us to determine 
whether this phenomenon is related to the original library. 

In order to determine the localization on the X chromosome of each of the X clones described 
above, we established a mapping panel containing DNA from several hybrid cell lines with varying 
amounts of the X chromosome in a hamster background. This panel is shown in Figure 1. Creation of 
the panel required both the establishment of new hybrids and the collection of previously established 
lines. Additional hybrids are also being pursued in order to further refine the mapping panel (see Table 
2) 

Analysis of X clones was carried out using DNA derived frgm human positive clones selected at 
random. DNA from the entire phage clone was radiolabeled with P by random hemmer primed 
labelling with Klenow. Each probe was applied to a Southern filter carrying Eco RI digested DNA from 
each member of the mapping panel. Probes and filters were pre-associated with an excess of human 
placental DNA in order to eliminate hybridization to repeated sequences in the probe. Establishment of 
this capability has been extremely valuable in this and other areas of this project. We have developed 
methods for the isolation of human placental DNA in large scale, and established a working relationship 
with a local maternity ward in order to obtain the materials. Typical yields from a single placenta are 
800-900 mg of DNA. It is possible with these methods to unambiguously map 8590% of the X clones. 
Some clones have required second hybridizations, and the usual difficulties related to Southern 
hybridization are also noted. The results of mapping studies through late November are shown in Table 
1. 

Establishment of N u  PCR Technique 

One of the major goals of the original proposal was the esiablishment of the Alu PCR method. 
This goal has largely been met. Oligonucleotides derived from the consensus Ah repeat sequence from 
humans have been Synthesized and tested for their ability to amplify human DNA specifically from a 
variety of sources. One region of the Alu sequence has been found to be useful in such experiments. 
All other regions have proven to contain sufficient homology to rodent sources to prime amplification of 
the rodent sequences in somatic cell hybrids when oligonucleotide primers derived from these 
sequences are used. Figure 2 shows the Nu consensus sequence and positions of oligonucleotide 
probes thus far synthesized. Of particular note is that the location of the sequence capable of priming 
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amplification in a human specific manner is in the 31 bp primate-specific Insert in the second repeat of 
the human sequence. 

Conditions have been established which permt amplfication of the human sequences specifical- 
ly from somatic cell hybrid DNA, both bulk DNA and DNA that has been size-fractionated by pulsed-field 
electrophoresis, as well as from YAC and X clones. The amount of sequence amplified appears 
dependent upon the particular digonucleotide and the amount of target human DNA as a proportion of 
the total target DNA Results from the original effective primer, TC-65 will be described in a manuscript 
in preparation. This primer used alone allows amplification between Nu sequences in opposite 
orientation and within a distance of up to 5-6 kb. It does not amplify every such pair of Alu sequences, 
demonstrating some preference for particular Nu repeats. This can be demonstrated in the X3OOO-11.1 
hybrid, where amplification wlth TC-65 shows individual bands numbering between 25 and 50. Since this 
hybrid contains about 40 Mb of human DNA, and Nu sequences are thought to occur every 4 kb on 
average, there should be approximately 10,OOO Alu repeats In this region. Of these, a reasonable 
estimate of copies in opposite orientation and within an amplifiable distance would be 1500. Since only 
50 species appear wilh this primer, there must be chamcteristics o! thess 1/30 pairs of A h  repeats that 
favor amplification with this primer. Fortuitously, one d the sequences (a 3.5 kb.band) amplified by this 
primer from the X3OOO-11.1 cell line hybridizes with a cDNA probe for the HPRT mRNA While confirm- 
ing that a bone fide human-specific sequence Is amplHi from this somatic cell hybrid, this sequence 
also affords the opportunfty to Investigate the sequence of the Alu repeats involved in this amplification. 
To localize the repeats within the hprt gene, we amplified DNA from 6 phage clones encompassing the 
entire coding region using the TC-65 primer. Two of the clones demonstrate the expected 3.5 kb band, 
which also hybridizes to the cDNA probe. Slnce these clones overlap and contain only exons 7, 8 and 
9, we can predict that the Nu repeats priming synthesis of this sequence are located 3.5 kb from one 
another, in opposite orientation and spanning one or more of the last three exons in the gene. 
Inspection of the sequence from this region (which Is being generated in a collaborative arrangement 
with W. Ansorge at EMBL/Heidelberg) has allowed us to identify the Nu sequences invdved. The Nu 
repeats span exon 9. This sequence information should help us understand the selective nature of the 
amplification with the TC65 digonucleotide, as well as provide a pair of Ah sequences that can be 
amplified with other primers to determine the parameters important in this reaction. - 

Additional primers complementary to the same region of the Nu repeat have also been found to 
amplify human DNA specifically from hybrid cells. Primers without tails have been particularly useful in 
this regard, as they allow considerably more sequence to be amplified from a given DNA source. As an 
example, the X3000-11.1 line when amplified by these primers shows a smear of bands numbering in the 
hundreds, while hybrids containing smaller amounts of human sequence (1-2 Mb) show a discrete 
number of bands (10-20). Amplified sequence of this type has already proven useful for screening 
libraries as a probe specific to the region in the hybrid. These probes should allow the extension of the 
N u  PCR technique to a number of different areas, including amplification from pulsed-field gel fragments, 
YAC and cosmid clones. Characterization of additional oligonucleotides is important in defining the 
parameters important in this reaction. 

Long Range Restriction Mapping in Xq24-ter 

One of the aims of the original proposal was the development of a long range restriction map of 
the Xq24-ter region. We have initiated this in the Xq28 region utilizing previously isdated clones. The 
map we have developed stretches from GGPD/GdX to the cdor blindness locus, covering over 3 Mb of 
DNA. A difficulty with this map is the lack of probes in a 1.5 to 2 Mb region between Factor VI11 and 
9 1 4 .  We are attempting to develop techniques for the isolation of DNA from this region directly from 
pulsed-field gel slices of DNA from the m000-11.1 hybrid. Two methods are being used. The first 
involves the Nu PCR protocol described above. The technique is not hindered by the presence of 
agarose in the reaction, thus PFG slices can be amplified directly. No evidence of hamster DNA 
amplification is found, while a considerable amount of DNA is produced. Currently, we are attempting to 
isolate clones from this material. The second method involves cloning the DNA from the gel slice 
directly. The gel fragment is dialyzed to remove the gel buffer, then equilibrated with restriction digestion 
buffer and cut with Eco RI. Digested DNA from the gel slice is eluted and cloned into a X phage vector. 
Clones are screened for the presence of human repeat sequences, and selected. This method has 
provided two candidates for the Xq28 gap. The Ah PCR method is still being developed. but should 
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constitute a more rapid protocol for isolation of human DNA of a given PFG fragment specifically from a 
somatic cell hybrid. 

Development of Methods 10 Identify Expressed Sequences 

importance that We have devoted some resources to its development. Establishment Of techniques ior 
the identification and/or isolation of DNA sequences containing expressed genes will be important not 
only for genome projects in general, but also for the pursuit of disease loci in particular. In this regard, 
we have attempted to adapt the N u  PCR method to the isolation of expressed sequences from Somatic 
cell hybrids, again utilizing X3OOO-11.1 as a test case. In this general protocol, oligonucleotides with Alu 
Specificity have been used to prime synthesis of CDNA from nuclear RNA isolated from either X3000-11.1 
or its rodent parent, RJK 88. Using T C a ,  this procedure demonstrates cDNA can be made from 
X3000-11.1, but not from RJK 88. This human SpecifjcQ appears to derive from transcribed sequences 
from the human region contained in the hybrid. These results are still preliminary, and We are attempting 
to use the cDNAs both as probes to ideritrty .A clones COntailiing trie express4 region, an3 as substrate 
for cloning these sequences directly. PCR is also being used to amplify these transcripts. While this 
protocol may not be useful for the isolation of tissue or developmental stage specific RNAs, tt should 
allow the identification and isolation of a number of 'housekeeping' genes from a region Of interest 

Our second method for ident*Qing expressed sequences uses oligonucleotide probes to 
determine whether cloned fragments might contain sequences unique to expressed genes. Thus far, two 
oligonucleotide probes show considerable promise. The first is designed to recognize the consensus 
sequence for transcription initiation factor SPi. SP1 binding sites occur in a large number of gene 
promoter regions. This oligonucleotide recognizes a subset of clones derived from the X3000-11.1 
region as well as control clones containing expressed genes. The second probe is designed to 
recognize the consensus sequence for a splice site acceptor. It too recognizes some of the clones from 
the X3OOO-11.1 region and the positive control clones. Additional probes are being developed, and the 
clones recognized by these probes are being analyzed to determine whether they contain expressed 
sequences. 

This area represents a departure from the stated aims in the original propod, but is Of sufficient 
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