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1

Introduction

Hidden Markov Models (HMMs) are probably the most powerful tool for the detection of protein sequence homology [4]. Maximization of their capabilities and biological usefulness requires the correct
interpretation of their scores, and suﬃcient coverage of the sequence variations that exist in diﬀerent protein families. Using information available from the SCOP database we investigated optimal
measures for these two aspects of HMMs [5].
The SCOP database is a hierarchical classiﬁcation of the domains that are found in all proteins of
known structure. Those evolutionary relationships of proteins which cannot be detected from sequence
can usually be inferred from structure. These are listed in the SCOP database where superfamilies
contain sets of proteins with evolutionary relationships derived from both sequence and structure.
Searches performed using a set of HMMs produced for each member of a superfamily of homologous
sequences worked more eﬀectively than a single HMM built from an alignment of those sequences.
Using the SAM-Target99 procedure (see below), HMM models were made for all PDB95 sequences,
that is the 4591 sequences of proteins of known structure which have sequence identities of 95% or less.
These sequences in the context of their SCOP classiﬁcation form the basis of the results described
below.

2

Method

The SAM-Target99 method which is described in detail by the authors [3], takes as input a single
sequence and searches the non-redundant sequence database (nrdb90) [2] using WU-BLASTP to produce a large set of potential homologues and a small set of close homologues. The small set is scored
against an HMM built on the single starting sequence, and all but low scoring sequences aligned to it to
provide the initial alignment for the ﬁrst iteration which is carried out on the large set. Four iterations
are used of a selection, training, and alignment procedure. Each iteration begins with an alignment
from which it creates: a model, and a large set of sequences found from a WU-BLASTP search of
nrdb90 which becomes broader with each iteration producing progressively larger sets. The model is
searched against the set, and the additional sequences found are added to the growing alignment.
The models which comprise the library are built from the ﬁnal alignments and associated sequence
weights produced by the SAM-Target99 procedure.
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Results

A complete model library was built from the sequence domain database of less than 95% identity [1]
comprising of 4591 models. These models were then scored against the 21828 sequences of protein
domains in SCOP, i.e. all available sequence domains of known structure including those with over
95% identity. The models themselves and the scores they made in matching the full set of PDB
sequences were then examined:
1. For all HMMs in each superfamily we determined the extent to which the sequences and weights
from which they were built are the same.
2. We determined the extent to which diﬀerent models from each superfamily detected diﬀerent
homologues.
3. We determined the scores each model made for correct and incorrect hits.
From the data available from 1. and 2. we were able to determine the redundancy of the models
produced from PDB95, that is how diﬀerent the starting sequences have to be before they create
models that will detect diﬀerent homologues. The information available from 3. provides the best
overall score to use for the detection of homologues at diﬀerent error rates and also the extent to which
these scores diﬀer for models produced for diﬀerent superfamilies.
On the basis of these results a complete and searchable library of superfamily proﬁles can be
created. Proﬁles consist of several redundancy-ﬁltered hidden Markov models each with tailored homology decision parameters. Although structural information is not explicitly imposed on the multiple
model proﬁles, it is included by their grouping and assessment according to the SCOP classiﬁcation.
All of the models are subject to ongoing validation, and although they are initially produced by
the same automatic procedure they are open to individual or group revision where it is found that
improvements can be made.
We intend to make the library publicly available and updated with new releases of SCOP.
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