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Viewed as strings of symbols, biological macromolecules

can be modelled as elements of formal languages. Genera-
tive grammars have been useful in molecular biology for
purposes of syntactic pattern recognition, for example in
the author’s work on the GenLang pattern matching sys-
tem, which is able to describe and detect patterns that are
probably beyond the capability of a regular expression

specification. More recently, grammars have been used to
capture intramolecular interactions or long-distance depen-
dencies between residues, such as those arising in folded
structures. In the work of Haussler and colleagues, for ex-
ample, stochastic context-free grammars have been used as
a framework for “learning” folded RNA structures such as
tRNAs, capturing both primary sequence information and
secondary structural covariation. Such advances make the
study of the formal status of the language of biological
macromolecules highly relevant, and in particular the find-
ing that DNA is beyond context-free has already created

challenges in algorithm design.

Moreover, to date, such methods have not been able to
capture relationships between strings in a collection, such
as those that arise via intermolecular interactions, or evolu-

tionary relationships implicit in alignments. Recently we
have attempted to remedy this by showing (1) how formal
grammars can be extended to describe interacting collec-
tions of molecules, such as hybridization products and,
potentially, multimeric or physiological protein interac-
tions, and (2) how simple automata can be used to model
evolutionary relationships in such a way that complex
model-based alignment algorithms can be automatically

generated by means of visual programming. These results
allow for a useful generalization of the language-theoretic
methods now applied to single molecules.

In addition, we describe a new software package—
bioWidget—for the rapid development and deployment of
graphical user interfaces (GUIS) designed for the scientific
visualization of molecular, cellular and genomics informat-
ion. The overarching philosophy behind bioWidgets is
componentry: that is, the creation of adaptable, reusable
software, deployed in modules that are easily incorporated
in a variety of applications and in such a way as to pro-
mote interaction between those applications. This is in
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sharp distinction to the common practice of developing

dedicated applications. The bioWidgets project addition-
ally focuses on the development of specific applications
based on bioWidget componentry, including chromo-

somes, maps, and nucleic acid and peptide sequences.

The current set of bioWidgets has been implemented in

Java with the goal in mind of delivering local applications

and distributed applets via Intranet/Intemet environments

as required. The immediate focus is on developing inter-
faces for information stored in distributed heterogeneous

databases such as GDB, GSDB, Entry, and ACeDB. The
issues we are addressing are database access, reflecting
database schemas in bioWidgets, and performance. We are

also directing our efforts into creating a consortium of

bioWidget developers and end-users. This organization
will create standards for and encourage the development of
bioWidget components. Primary participants in the consor-

tium include Gerry Rubin (UC Berkeley) and Nat
Goodman (Jackson Labs).
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Bayesian estimates for sequence similarity: There is an

inherent relationship between the process of pairwise se-
quence alignment and the estimation of evolutionary dis-
tance. This relationship is explored and made explicit. As-
suming an evolutionary model and given a specific pattern
of observed base mismatches, the relative probabilities of
evolution at each evolutionary distance are computed us-
ing a Bayesian framework. The mean or the median of this
probability distribution provides a robust estimate of the
central value. Bayesian estimates of the evolutionary dis-

tance incorporate arbitrary prior information about variable
mutation rates both over time and along sequence position,
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