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DISCUSSION

Selectivity of Profile Analysis. An ideal method for detecting
homologous proteins would separate a database of sequences
into two groups with no overlap in scores between them: the
homologous proteins and all other proteins. Fig. 2 suggests
that profile analysis is powerful by this criterion. This
selectivity comes from (i) the information implicit in aligned
sequences, encoded in the flexible scoring system of the
profiie, and (if} the ability of dynamic programming methods
10 position gaps, as guided by the penalties in the profile. The
essence of the profile is that both the gap penalty and amino
acid preference are position dependent. The position-depen-
dent gap penalty introduces structural information, such as
the known locations of secondary structure elements. The
position-dependent amino acid preference introduces infor-
mation about the character of the allowed side chains in each
position.

Comparison with Other Methods. The profile method is
useful for learning whether a protein sequence belongs to a
known family of sequences. The method differs from both
rapid database methods and standard dynamic programming
methods in that these methods are designed for pairwise,
rather than family, comparisons. Dynamic programming
methods have been applied to align three sequences (24) but
may be hard to apply for large numbers of sequences. With
dvnamic programming methods. information from a family of

proteins can be included by comparing the members of the -

familv by twos or threes and then synthesizing an overall
alignment from the individual alignments. This tedious pro-
cess is replaced in profile analysis by the position-specific
scoring table.

The profile method shares characteristics of template
methods. Template (20, 25} or fingerprint (27) methods fit a
sequence to a rigid pattern of amino acid residues with no
gaps allowed. This rigidity can be softened by breaking the
template into segments separated by variable-length regions
where any residue is allowed (functionally equivalent to
gaps). The size of these regions is determined either by fitting
each segment independently and checking that the order and
spacing of the segments is reasonable (20), or by making a
different template for every possible allowed spacing (27).

A template can be considered a special case of a profile in
which any amino acid occurring in the probe sequences is
given a score of 1.0. and in which the insertion/deletion
penalty is set high in regions corresponding to segments (to
prevent gaps), and low in the regions between segments. In
contrast, profile analysis assigns positive scores even to
target amino acid residues that are not observed in the probe
and permits gaps within segments if a2 much better alignment
can be obtained. Profile analysis thus includes template and
fingerprint methods as special cases.

Extensions of the Method. Any set of properties that can be
represented as similarity or difference scores for pairs of
amino acids can be used to construct profiles. The scoring
system used in the examples shown here is based on observed
frequencies of replacement in homologous proteins. Other
properties such as hydrophobicity, « or 8 structural prefer-
ence (28), or side-chain volume can be used as scoring tables.

A possible eventual use for the profile method is to infer
information on three-dimensional structure from sequence.
Creation of a set of profiles for a variety of protein families
will offer a library of structural motifs. Comparison of any
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newly discovered sequence with the library may vield infor-
mation on structural motifs within the protein.

Copies of this program may be obtained from the authors
at the University of California at Los Angeles. Programs are
available in a format compatible with the University of
Wisconsin Genetics Computer Group (UWGCG) software
package or in an independent implementation. Program
development was aided by the UWGCG procedure hbrary
(26).
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