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Summary: Finite-state string transducers are probabilistic toolsproduce Figure 1. It can also be used for dynamic programming ali-
similar to Hidden Markov Models that can be systematically exten-gnment and inference. The program is written in C++ and requires
ded to large numbers of sequences related by indel and substihke GNUgcc andnmake utilities.

tution processes on phylogenetic trees. The number of states in The phyl oconposer distribution includes the examples of
such models grows exponentially with the number of nodes inFigure 1 along with more realistic transducers, incorporating geo-
the tree, with the consequence that even quite small trees cametric and mixture-of-geometric length distributions (i.e. affine &
be difficult to analyze or visualize. Here, we present two tools,general convex gap penalties).

phyl oconposer andphyl odi r ect or, for working with string Applications of the HMMs generated by the program include
transducers. The former tool implements previously descicbed multiple alignment (including progressive (Higgins and Sharp,
position algorithms for extending transducers to arbitrary tree topo-1989), multidimensional (Sankoff and Cedergren, 1983) and
logies, while the latter generates short animations for arbitrary inpuMCMC (Holmes and Bruno, 2001)); simultaneous phylogeny and
alignments and phylogenetic trees, illustrating the state path througalignment (Lunteret al., 2005); inference of ancestral “protose-

the composed transducer. guences”; measurement of evolutionary rates; and analysis of indel
Availability: phyl oconposer andphyl odi r ect or are freely  models.

available athtt p://bi ow ki . org/ Phyl oConposer and Figure 2 illustrates the output gfhyl odi r ect or. The pro-
http://bi ow ki . org/Phyl oDi rect or gram takes as input a Stockholm-format alignment, including a
Contact: i hh@er kel ey. edu Newick-format phylogenetic tree. The output is an MPEG-format

animation illustrating the state path through the composed phylo-
String transducers are finite-state automata with input and outtransducer required to generate the tree, along with a still image for
put tapes. They are closely related to Hidden Markov Modelseach column of the alignment. The program requires Perl, the GD
(HMMs) and indeed may be regarded as conditionally-normalizedyraphics library (and GD.pm Perl module), and the Berkeley MPEG
Pair HMMs. Given a string transducer and a phylogenetic guideEncoder.
tree, one can systematically derive a multi-sequence HMM that cor- Animations produced byphyl odi r ect or are available at
rectly handles nested indels and neighbor-dependent substitutiots owi ki . or g/ Phyl oFi | m
(Holmes, 2003).
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Fig. 2. Three frames from phyl odi r ect or movie, showing alignments
of twelve Drosophila species to Flybase gene CG31973.

Fig. 1. Composed phylo-transducers for the TKF91 model (Thatra., _
1991), generated usinghyl oconposer and GraphViz. The basic trans-  1ree  Branches  States Transitions
ducer (A), which is self-similar when composed in series (Bjj be used to

infer common ancestors (C) or sample over alignments (D) or pleylies A 1 6 11

(). B 2 (series) 11 39
C 2 (parallel) 12 69
D 3 20 127
E 4 38 620

Table 1. State spaces of composed TKF91 transducers. Refer to Figure 1
for tree topologies.




