


paper used a core dynamic programming algorithm imple-
mented in C, for speed). This is, however, purely a technical
issue, and modeling gaps is entirely feasible. Similar elabora-
tions of the substitution model, such as codon evolution (if the
region of interest was protein-coding) or an extra hidden state
determining coding and non-coding regions, might provide
more accurate modeling of large genome-scale alignments.

NARG-like trees and k The method currently does not
restrict thek-tuples of trees produced at each iteration. As
[26] point out, not all groups of trees can fit together to
produce an ARG. Restricting the tree groups would give a
more conclusive answer to the epidemiological recombination
question, and may even be helpful in informing the tree
selection heuristic. One can imagine a simple extension to our
method which attempts to learnk as well as producing
consistent trees:

At each training iteration:
- If the trees maximized in each hidden state are not consistent:

* First, find a set of trees in the usual manner, without regard to
whether they are consistent. Then, find the best-scoring set of
trees which are consistent. This is computationally intensive
but not intractable, since we can enumerate ordered spanning
trees for each of our hidden states from our E-Step. Once this
set has been found, if the likelihood difference between the
inconsistent and consistent set is deemed acceptable, accept
the trees and begin a new training iteration.

* Otherwise, if this likelihood penalty is deemed to large, we
recognize that the currentk is inadquate to describe the data,
and so we add a new hidden state to the model, and continue
training.

A simpler way of estimatingk would be to run a coarser
heuristic method (e.g., SimPlot) and seed the HMM with the
number of states that it finds.

Sequence Data
All sequence data used in this study was downloaded from

public databases (GenBank and LANL HIV Database). The
sequences were aligned with MUSCLE [27] with the default
parameters. Gaps in the alignments were treated as missing
information. Bootstrap analyses were performed with CLUSTAL
W [28] with 1000 replicates and the default parameters. The
GenBank identifiers for sequences used are as follows, grouped by
figure: Figure 3: argF: X64860, X64866, X64869, X64873; penA:
X59624–X59635; Figure 5: AF067158, AB253429, AF067159,
M17451, AF005494; Figure 4: AB032740, AB023804, AY713408,
EF495062; Figures 6–8: AF286228, AF005494, AY173956,
AB098332, AY173956, DQ085867, DQ085876, DQ085872.

The source code for our programs, though still being developed,
is available upon request or through CVS. For documentation,
contact, and download information See http://biowiki.org/
RecHMM

Supporting Information

Text S1 Results on simulated data; detailed descriptions of
training and decoding algorithms
Found at: doi:10.1371/journal.pcbi.1000318.s001 (8.74 MB PDF)
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