10. Falseoccurrencesof functionalmotifs on protein sequenceshighlightevolutionary
constraints.
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We carried out a statistical and biological analysis of the relationship between the false predictions of sequencefunctional
patternsandtheir occurrencesin randomsequences.Resultsare discussedin the perspectiveof the evolutionarymechanisms
that mighthaveaffectedthe chanceoccurrenceof functionalmotifsin biological sequences.

A functional motif is a set of residues that is characteristic of a specific biochemical function. The
detection of a functional motif in yet uncharacterized protein sequences is a well-established method
for assigning function to proteins. A critical problem, however, concerns the evaluation of the false
prediction rate of a motif in sequence databases, i.e. the significance of finding a motif in several
proteins. The number of false positive (FP) matches of a pattern has been often assessed from the
number of its occurrences expected by chance (E) for the mere aggregation of letters in a database
search, as can be calculated from the residues frequency in the database ([1], [2], [3], [4]) . The
relationship between E (expected) and FP (observed), however, has not been thoroughly investigated so
far. It is reasonable to expect that the function fitting the set of data (E,FP) is linear, but it is not clear a
priori if there are exceptions (i.e. number of false predictions on a biological database sensitively
greater or lower than the expected number of hits on the corresponding random database), how frequent
they are, and the reason why they occur. In this work, we carried out a statistical study of such
relationship and an analysis of the unexpected behaviours, thus providing insights into the random
nature of protein sequences. The analysis described in this work was performed on 1226 PROSITE
patterns in the form of regular expression and based on three sequence datasets: the complete Swiss-
Prot database (sprot100), the set of H. sapiens sequences, and the set of S. cerevisiae sequences derived
from sprot100. We assumed for the expectation E of a pattern P, the mean number of hits on N
database randomizations. In order to preserve the local sequence composition the datasets were
randomized by reshuffling each single sequence. As a control, the statistical analysis was also
performed on PROSITE reversed patterns, which represent a reliable sample of non-functional patterns.
Our results show that a) the relationship (E, FP) is linear, b) the great majority of functional motifs
(group II) have a number of false occurrences comparable to the number of matches on a random
database, c) there is a group (group I) of PROSITE patterns for which FP >> E and another one (group
II) for which E >> FP. Both groups I and II are outside the 95% confidence interval around the value E
= FP. A detailed analysis of patterns belonging to each group revealed several interesting features. In
particular patterns belonging to different groups do share specific statistical and biological properties.
We compared groups using the patterns information content ([1], [2]) — as a statistical parameter — and
the tendency of their false positive hits of being in either disordered or ordered/globular regions of
proteins, as a biological parameter.

Our findings suggest diverse fascinating mechanisms and constraints occurring during evolution, which
might “regulate” the random appearance of functional motifs in protein sequences.
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