PROTEIN SEQUENCE MOTIF

Ready for a motif
submission? A proposed
checkdist

The Protein Sequence Motifs column is
now eatering its fourth year, and its
popularity is underlined not only by its
longevity, but also by the steadily
increasing number of submissions to the
column. In order to improve
reproducibility of the results and the
widespread acceptance of new motifs, we
would like to give some guidelines that
reflect common practices in the field of
sequence analysis. Some criteria for
submission of Protein Sequence Motifs
have already been discussed', and some
additional guidelines are given in Box 1.
Sequence motifs ca: be classified into
two basic types: most comprise patterns
that imply common descent of the
proteins or domains under consideration
(divergent evolution), while a few are
analogous (convergent) functional motifs.
Before either type of motif is submitted, it
is necessary to check whether a genuine
motif Is being described for the first time,
or whether extension of a previously
identified motif is of sufficiently novel
functional significance to warrant
publication. Second, and most important,
the demonstration of statistical
slmiﬁcmcels.andshouldrmmm

A:mz ‘ng statistical significance is
particularly difficult for convergent motifs
(for example, short functional motifs such
as glycosylation sites, RGD motifs or PEST
sequences), since it is only based on
accuracy estimates (ratio of putative true
positives over false positives) within the
current set of database proteins. Thus,
even significant deviations from a random
distribution are not sufficient to predict
the existence of such a motif in a
particular protein. Although convergent

estimates can therefore be applied. These
estimates should be used before fitting a
subtle similarity to a tempting functional
hypothesis. Pairwise identities as low as
3% might still reflect a homology, while in
other cases amino acid identities above
30% may not be significant, particularly
for short sequences (see, for example,
Refs 2,3).

Since similarity, and not just identity, of
amino acids has to be taken into account,
the exact and empirical theories available
for this kind of problem, such as Poisson
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o An alignment of representative sequence segments that comprise the motif provides !
strong support for its existence.

« The zelected set should contain distantly related members of the respective family rather
than a subset that fits best with the proposed motif.

« The alignments should include information about (1) Protein names/abbreviations that cor-
respond to the text {figure caption); (2) positions of the displayed sequence regions within
the respective proteins; and (3) accession numbers from widely used sequence databases
for unique identification.

Significance ustimates

¢ As the currently used aigorithms for evaluating the significance of a similarity are far from
optimal [for example, the gap problem is not completely solved; the statistics depend
strongly on elements such as empirically derived similarity matrices or the redundant (and
partially erroneous) data of public databases], novel methodologies can be used, but they
should be described explicitly and briefly (or extensively elsewhere). In such cases, how-
ever, there should be a justified reason why standard methods cannot produce similar
results.

« The scoring schemes in the BLAST or FASTA series of piograms already give hints for pair-
wise comparison but require the presence of giobular domains, i.e. compositionally biased
(low complexity) regions need to be filtered®.

« The amino acid substitution matnx and gap parameters used should be mentioned if they
differ from standard implementations (for example, BLOSUM62 for BLAST and PAM250
for FASTA). Furthermore, different matrices should be applied in comparisons, and should,
ideally, result in similar alignments.

« The probability of homologies within a multiple alignment increases if certain amino acids
are conserved in all sequences. Programs such as MACAW!® and MoST*!, algorithms
associated with the Blocks database!? and motif finders (such as those base on Gibbs-
samplers or hidden Markov models) can at least provide support for ungapped motifs by
assigning probabilities of matching by chance.

* Again, these tests should be complemented by searches for compositionally biased
regions such as coliled coils, transmembrane sequences. short repeats or segments rich

in certain amino acids!®.

scores! or extreme value statistics®,
should be made use of for this kind of
problem. Computer programs are
available for such methods, and are
widely used.

Another approach is the incorporation
of the random background of sequences,
as measured in several database search
programs such as FASTA® and rigorously
applied in BLASTP'3, There are several
powerful metl: 2ds that take into account
the conservation of amino acids in an
alignment. Widely used pattern and
profile search methods can verify the
significance of a newly discovered motif
(see, for example, Ref. 9 and subsequent
improvements such as better sequence
weights).

Only a rigorous analysis of a putative
novel motif hints at its significance and
functional relevance; any conclusion
drawn regarding function requires an
even more careful interpretation of the
background of the respective proteins.
For the transfer of functional information
on the basis of sequence similarity, no
recipe can be given here, but experience
shows that care is required at this stage
to prevent erronecus functional
predictions and to save efforts in
experimental analysis.
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