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INTRODUCTION. Unlike a genetic map which provides information on the rela-
tive position of genes or markers based upon the frequency of genetic recombina-
tion, a physical map provides a topographical picture of DNA, i.e. distances in base
pairs between landmarks. The landmarks may be genes, gene markers, anonymous
sequences, or cloned DNA fragments. Perhaps the most useful type of physical
map is one that consists of an overlapping set of cloned DNA fragments (contigs)
that span the chromosome. Once genes are assigned to this contig map, sequencing
of the genomic DNA can be prioritized to complete the most interesting regions
first. While, in practice, complete coverage of a complex genome in recombinant
clones may not be possible to achieve, many gaps in a clone map may be closed by
using multiple cloning vectors or uncloned large DNA fragments such as those sep-
arated by electrophoretic methods.

Human chromosorle 19 contains about 60 million base pairs of DNA and tcp-
' resents about 2% of the haploid genome. Our initial interest in chromosome 19

originated from the presence of three DNA repair genes which we localized to a
l region of this chromosome. Our approach to constructing a physical map of human

chromosome 19 involves four steps: 1) building a foundation of overlapping cos-
mid contigs; 2) bridging the gaps in the cosmid map with hybridization-based
methods to walk onto DNA oloned in yeast and cosmids; 3) orienting the contigs
relative to each other and linking them to the cytological map; and 4) coupling the
contig map with the genetic map. This contig mapping approach is similar to the
approach that was used to create a physical map of C. elegans (1). The methods we
use and the current status of the map are summarized below.

CONTIG BUILDING. The source DNA for our cosmid library is derived from
chromosome 19 purified by flow sorting from a hamster-human hybrid cell line
containing chromosome 19 as the only human material (2). The cosmid library was
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packaged into two bacterial hosts, ED8767 and DH5(o0mcr, and screened for hu-
man inserts. Cosmid overlap is detected by an automated fluorescence-based re-
striction fragment fingerprinting method (3,4,5). Basically, we digest each cosrnid
with a series of restriction enzymes and label the ends of the fragments with a fluo-
rochrome. This is accomplished using a Beckman Biomek workstation. The re-
striction fragments are then separated on a polyacrylarnide gel on an Applied Bio-
systems DNA Sequencer where fragment mobility data is captured. Because we
can use four fluorochromes on this system, we add three cosmids (each with a dif-
ferent fluorochrome) in each lane of the gel plus a size standard which is labeled
with the fourth fluorochrome. Once the mobility is detenrfined, we process these
data through a suite of programs we developed for the SUN workstation. The soft-
ware thresholds the fluorescence signal, identifies peaks which represent restric-
tion fragments, converts mobility data from each peak to fragment length, and then
performs a pairwise comparison of the fragment lengths for ali cosmids. If cosmids
share a significant number of fragments, they are inferred statistically to overlap.

Figure 1 provides the results f_romthe processing of 8304 cosmids from chro-
mosome 19. The restriction fragment fingerprinting meth_ yields an average of
80 labeled fragments per cosmid. At the present time, we exclude those cosmids
from analysis that have fewer than 50 fragments. The majority of cosmids that fall
into this category either contain tandemly repeated alphoid DNA or are unstable in
the bacterial host so that they delete upon propagation. Thus a total of 6411 cg._-
mids have e_tered the pairwise analysis to detect overlap. This represents about a
3.8-fold coverage of chromosome 19. Of the 6411 cosmids, 4622 (72%) group
into 710 contigs for an average of 6.5 cosmids per contig. Our anqysis software
also selects the near "minimal" set of cosmids that a:_eneeded to span the length of
genomic DNA represented by the contig. This is called the tiling path. The 2318
cosmids cn the tiling path provide an average path length of 3.3 cosmids or about
100 kbp. Our fingerprinting method detects, on average, a 30% overlap between
cosmids. The average cosmid insert size is about 39 kbp. From these estimates, the
amount of chromosome 19 covered in cosmid contigs can be e'stimated _o be about
38 Mbp or 64%. The figure also displays a histogram of the crrntig and tiling path
sizes. More than half of the contig tiling paths and about 70% of the contigs have
greater than three cosmid members.
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GAP CLOSUPE, We have begun the process of closing the gaps in the cosrnJd
contig map by hybridization-based procedures. Probes are created from the end
members of cosmid contigs and are used to screen a yeast artificial chromosome
(YAC) library or the existing cosmid library to identify clones that extend the con-
tig. The probes are created in one of two ways. The cosmid vectors contain T7 and
SP6 promoter regions flanking the insert and hence these sites can be used to gen-
erate RNA transcripts. The RNA transcripts are then used as probes against the

• cosmid or YAC library to identify extend;_ng clones. A secor, d procedure exploits
the power of the polymerase chain reaction (PCR) to generate probes from cos-

: mids, In this case, the PCR primers are either based on an ALU consensus se-
quence to amplify inter-ALU DNA or priming is done between Alu and vector

sequences. The amplified fragment:, then become probes for screening libraries by
hybridization. We have used both of these methods successfully to extend our con-
tigs.

CON'FIG LOCALIZATION, Contigs are localized to the chromosome 19 cyto-
logical map by fluorescence in situ hybridization (6). Cosmids from each contig
are nick-translated in the presence of biotin--dUTP or digoxigenin--dUTP. The nick
translated material is hybridized in situ to metaphas_ cells and to somatic inter-
phase nuclei. Fluorescence is observed by staining with fluorescein or Texas Red
conjugated antibodies to biotin or digoxigenin. The fluorescent dots that mark the
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spot of hybridization are localized to the light or dark DAPI bands in metaphase
spreads. For somatic interphase cells, three cosmids are hybridized simultaneously, .
two are labeled with the same fluorochrome and the third with the other fluoroch-
rome. The relative order of the three cosmids and two colors are noted. The same

three cosmids are hybridized again but the fluorochromes are altered. This process
not only provides relative order of the three cosmids along the genomic DNA but
also can provide distance information. We have used this procedure to localize
over 80 contigs to the chromosome 19 map.

LINKAGE TO THE GENETIC MAP. Of ultimate importance is the linkage of
the cosmid map with known genetic information. There are currently about 100
genetic markers known for chromosome 19. We have systematically collected the
probes associated with these markers and used them in hybridization experiments
against our cosmids. We have now screened the library with about thirty of the
markers and have associated them with existing contigs. Tt,ese include single
gtmes as well as multigene families. Several of these gene regions are now being
studied in depth. As we close the map further, our goal will be to identify and col-
lect the chromosome 19 cDNAs expressed in a variety of tissues and localize them
to cosmids in the contig map. We have already begun sequencing one of the more
interesting regions of chromosome 19 associated with genes involved in DNA re-
pair adjacent to the gene for myotonic dystrophy.
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