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The map assembly problem can be understood in terms of the followmg analogy.
Imagine several copies of a book cut by scissors into thousands of pieces. Each
copy is cut in an individual way such that a piece from one copy may overlap a
piece from another copy. For each piece and each word from a list of key words,
we are told whether the piece contains the key word. Given this data, we wish to
determine the pattern of overlaps of the pieces.

Double Digest and Partial Digest techniques allow a biologist to construct re-
striction (physical) maps of small DNA molecules, such as viral, chloroplast, or
mitochondrial DNA. However, these methods do not work (experimentally or com-
putationally) for large DNA molecules. Although the first restriction map of a viral
genome was constructed in 1973, it took more than a decade to construct the first
physical maps of a bacterial genome by assembling restriction maps of small frag-
ments. To study a large DNA molecule, biologists break it into smaller pieces, map
or fingerprint each piece, and then assemble the pieces to determine the map of the
entire molecule. This mapping strategy was originally developed by Olson et al.,
1986 [257] for yeast and by Coulson et al., 1986 [76] for nematode. However, the
first large-scale physical map was constructed by Kohara et al., 1987 [204] for E.
Coli bacteria

pleee by cloning them. Clomng incorporates a"fragmehtu of DNA
g vec{gr a small art1ﬁc1ally constructed DNA molecule that c or1g1nate§
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As a result, biologists obtairgone libra nsisting of thousands of clones
(each representing a short DNA frag tom the same DNA molecule. Clones
from the clone library may overlap (overlapping can be achieved by using a few
restriction enzymes). After the clone library is constructed biologists want to order
the clones, i.e., to reconstruct the relative placement of the clones along the DNA
molecule. This information is lost in the construction of the clone library, and
the process of reconstruction starts with fingerprinting the clones. The idea is to
describe each clone using an easily determined fingerprint, which can be thought
of as a set of “key words” present in a clone. If two clones have substantial overlap,
their fingerprints should be similar. If non-overlapping clones are unlikely to have
similar fingerprints then fingerprints would allow a biologist to distinguish between
overlapping and non-overlapping clones and to reconstruct the order of the clones.
The following fingerprints have been used in many mapping projects.

® Restriction maps. The restriction map of a clone provides an ordered list of
restriction fragments. If two clones have restrictions maps that share several
consecutive fragments, they are likely to overlap. With this strategy Kohara
et al., 1987 [204] constructed a physical map of the E. coli genome.

o Restriction fragment sizes. Restriction fragment sizes are obtained by cutting
a clone with a restriction enzyme and measuring the sizes of the resulting
fragments. This is simpler than constructing a restriction map. Although an
unordered list of fragment sizes contains less information than an ordered
list, it still provides an adequate fingerprint. This type of fingerprint was
used by Olson et al., 1986 [257] in the yeast mapping project.

o Hybridization data. In this approach a clone is exposed to a number of

~ probes, and it is determined which of these probes hybridize to the clone.
Probes may be short random sequences or practically any previously identi-
fied piece of DNA. One particularly useful type of probe is the Sequence Tag
Site (STS). STSs are extracted from the DNA strand itself, often from the
endpoints of clones. Each STS is sufficiently long that it is unlikely to occur
a second time on the DNA strand; thus, it identifies a unique site along the
DNA strand. Using STS mapping, Chumakov et al., 1992 [68] and Foote et
al., 1992 [111] constructed the first physical map of the human genome.




