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1 Introduction

HMMs have been proven useful in protein sequence analysis. However, a full search of
a sequence database using an HMM is computationally expensive. HMMERHEAD is a
software package, incorporated into the HMMER [4] HMM suite, that efficiently filters out
most of the unrelated sequences while retaining nearly all related ones. A full scan of the
NR database [7] takes 767 seconds using HMMERHEAD, while an unfiltered search takes 5
hours.

In RECOMB 2004[6] we presented the first version of the HMMERHEAD acceleration
package. There, we have reported a fifteen fold acceleration while retaining over 99% of
the matches of Pfam [1] HMMs scanning the Swiss-Prot database [2]. While still the most
widespread use of protein sequence HMMs, Pfam HMMs proved too easy a benchmark
when compared to HMMs constructed from structural families. In this work we present
improvements of the HMMERHEAD algorithm that enable it to maintain high sensitivity
even when applied to more demanding HMMs modeling protein structural families.

The current HMMERHEAD filtering process is composed of an initialization step fol-
lowed by a four tier filtering scan of the target sequences. Those sequences that pass the
filtering are scored by full dynamic programming, as in unfiltered HMM scan.

HMMERHEAD is provided both as a stand-alone C++ template library which can be
employed by different model-to-sequence scan software, and incorporated into HMMER, at
http://www.cs.huji.ac.il/∼elonp/hmmerhead.

2 HMMERHEAD filtration

HMMERHEAD filtration is achieved by seeking a high-scoring partial alignment between
the target sequence and the HMM model. The procedure that seeks this partial alignment
is composed of four filtering stages with increasing computational cost. At the end of each
stage, candidates that are unlikely to reach a good alignment are filtered out. At the end of
the filtration process, the remaining sequences are passed to standard HMMER scoring.

The first filter seeks short k-mers in the target sequence that get a high score from
match-states alone. Next, each such hit is extended without gaps in both directions, and
low-scoring hits are discarded. In the third filter, pairs of hits whose positions on both query
and target are close to each other, and whose diagonals are close are passed. Finally, each
pair of hits is extended to a limited alignment by first connecting the two hits in a gapped
alignment, and then extending the resulting hit in an ungapped manner in both directions.
Sequences with at least one such hit that scored above a threshold are passed on to HMMER.
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3 Results

We followed the benchmark of remote homology detection described in [5]. This benchmark
uses HMMs based on Astral SCOP [3] sequences as queries. The searched database is
composed of all 2,521 Astral SCOP sequences plus over two million shuffled sequences as
decoys. Hits to sequences of the same SCOP superfamily as the query HMM are considered
true positives, while hits to decoy sequences are considered false positives. Search outputs
of all queries are combined and sorted by e-value.

This benchmark is significantly harder than bench-
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Figure 1: HMMERHEAD Per-
formance. Results for three param-
eter settings of HMMER 2.5 local For-
ward search. Error bars represent 95%
confidence intervals

marks defined using Pfam HMMs, mainly because of
the need to identify more distant homologous at the
superfamily, rather than family level. To accommo-
date for the requirements of this benchmark, we em-
ploy the much more sensitive but slower Forward al-
gorithm rather than the more commonly used Viterbi
algorithm . We show results for three searches: an
unfiltered (no HMMERHEAD) search, and two HM-
MERHEAD filtered searches with two different pa-
rameter settings.

Figure 1 shows performance of HMMER 2.5, lo-
cal forward searches, for unfiltered search and for two
HMMERHEAD parameter settings. The unfiltered forward search takes an average of 5
hours per HMM query. The first parameter setting takes 767 seconds per query (24 fold
acceleration), while the difference between its sensitivity and that of unfiltered search is sta-
tistically insignificant. Some loss of sensitivity is suffered when using the second parameter
setting, but it reaches a 27 fold acceleration (676 seconds per query).

We conclude that by achieving 24 fold acceleration, HMMERHEAD filtration allows
searches of large databases using the Forward algorithm, with insignificant loss of sensitivity
when compared with unfiltered Forward searches and significant increase of sensitivity when
compared with Viterbi searches.
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