


Detecting Breakpoints

paper used a core dynamic programming algorithm imple- A simpler way of estimatinge would be to run a coarser
mented in C, for speed). This is, however, purely a technicaheuristic method (e.g., SimPlot) and seed the HMM with the
issue, and modeling gaps is entirely feasible. Similar elaboramumber of states that it finds.

tions of the substitution model, such as codon evolution (if the

region of interest was protein-coding) or an extra hidden statesequence Data

determining coding and non-coding regions, might provide Al sequence data used in this study was downloaded from
more accurate modeling of large genome-scale alignments. public databases (GenBank and LANL HIV Database). The
NARG-like trees and k The method currently does not sequences were aligned with MUSCLE [27] with the default
restrict thek-tuples of trees produced at each iteration. As parameters. Gaps in the alignments were treated as missing
[26] point out, not all groups of trees can fit together to information. Bootstrap analyses were performed with CLUSTAL
produce an ARG. Restricting the tree groups would give aw [28] with 1000 replicates and the default parameters. The
more conclusive answer to the epidemiological recombinatiorgenBank identifiers for sequences used are as follows, grouped by
question, and may even be helpful in informing the treefigyre: Figure 3: argF: X64860, X64866, X64869, X64873; penA:
selection heuristic. One can imagine a simple extension to oux59624—X59635: Figure 5. AF067158, AB253429, AF067159,
method which attempts to leartk as well as producing 17451, AF005494; Figure 4: AB032740, AB023804, AY713408,

At each training iteration:

consistent trees:

If the trees maximized in each hidden state are not consistenFS

EF495062; Figures 6-8: AF286228, AF005494, AY173956,
AB098332, AY173956, DQ085867, DQ085876, DQ085872.

The source code for our programs, though still being developed,
available upon request or through CVS. For documentation,

* First, find a set of trees in the usual manner, without regard tocontact, and download information See http://biowiki.org/
whether they are consistent. Then, find the best-scoring set dReCHMM

*

trees which are consistent. This is computationally intensive

but not intractable, since we can enumerate ordered spannin@upporting Information

trees for each of our hidden states from our E-Step. Once this
set has been found, if the likelihood difference between th
inconsistent and consistent set is deemed acceptable, acc
the trees and begin a new training iteration.

Otherwise, if this likelihood penalty is deemed to large, we
recognize that the currerit is inadquate to describe the data, A

dext S1 Results on simulated data; detailed descriptions of
%ﬁining and decoding algorithms
0

und at: doi:10.1371/journal.pcbi.1000318.s001 (8.74 MB PDF)

uthor Contributions

and so we add a new hidden state to the model, and continu€onceived and designed the experiments: OW IH. Performed the

training. experiments: OW. Analyzed the data: OW. Wrote the paper: OW.
References

1. Awadalla P (2003) The evolutionary genomics of pathogen recombination. NatLl5. Puigbo P, Garcia-Vallve S (2007) TOPD/FMTS: a new software to compare
Rev Genet 4: 50-60. phylogenetic trees. Bioinformatics 23: 1556—1558.

2. Minin VN, Dorman KS, Fang F, Suchard MA (2007) Phylogenetic mapping of 16. Rambaut A, Grassly NC (1997) Seq-Gen: an application for the Monte-Carlo
recombination hotspots in human immunodeficiency virus via spatially simulation of DNA sequence evolution along phylogenetic trees. Comput Appl
smoothed change-point processes. Genetics 175: 1773-1785. Biosci 13: 235-238.

3. Hein J, Shierup H, Wiuf C (2005) Gene Genealogies, Variation and Evolution.17. Bowler LD, Zhang QY, Riou J, Spratt B (1994) Interspecies recombination
New York: Oxford University Press. between thepenAgenes oNeisseria meningiidés commensaNeisserispecies

4. Gomes JP, Bruno W, Nunes A, Santos N, Florindo C, et al. (2007) Evolution of  during the emergence of penicillin resistancalimeningitidigtural events and
Chlamydia trachomatis diversity occurs by widespread interstrain recombination  |aboratory simulation. J Bacteriol 176: 333-337.
involving hotspots. Genome Res 17: 50-60. . 18. Lau K, Wang B, Kamarulzaman A, Ng K, Saksena N (2007) Near full-length

5. Archer J, Pinney JW, Fan J, Simon-Loriere E, Arts EJ, et al. (2008) Identifying  sequence analysis of a unique CRFO1_AE/B recombinant from Kuala Lumpur,
the important HIV-1 recombination breakpoints. PLoS Comput Biol 4: Malaysia. AIDS Res Hum Retroviruses 23: 1139-1145,
€1000178. doi:10.1371/journal.pchi.1000178. ) ~19. Filho D, Sucupira C, Caseiro M, Sabino E, Diaz R, et al. (2006) Identification of

6. Husmeier D, Ked_2|erskaA (2006) A h_eurlstl_c Bayesian methoc_i fo_r segmenting  yyo HIV type 1 circulating recombinant forms in Brazil. AIDS Res Hum
DNA sequence allgnrlngnts ar:\;li (lige(l:tlsn%e\_mljer;e for recombination and gene  pairoviruses 22(1); 1-13.
conversion. Stat Appl Genet Mol Biol 5: Article 27. .

7. Andeson 3 Haubold 5, Wilams 3. Esada Franco 6, Fhrcson L oo, %* 17507 1 DS0R0 vt . vaemoss 1, P % < 0, 007
Sﬁgg?i)ahglgrrg:ietléel;ltgsmi:jiﬁrrrs\ fr:|\<1: Ei};ari;p?\;l:z)rlugo? E'\J/?)iljli?'“i?les;fﬁgges in the ciency virys type 1 BF intersubtype recombinant viruses from_Argentina revealed

8. Song YS, Hein J (2005) Constructing minimal ancestral recombination graphs21 l'):y‘analyss of near fuII-Iepgth genome sequences. J Gen Virol 83: 1.07_119'

J Compu Biol 12: 147-169. . Friedman N _N|n|o M, Pe'er I, Pupk(_) T ('2001) A structural EM algorithm for

9. Minichiello MJ, Durbin R (2006) Mapping trait loci by use of inferred ancestral phylo_genetlc inference. J Comput B'.Ol 9 331-353. ) .

recombination graphs. Am J Hum Genet 79; 910-922. 22. DurbmA R, Eddy SR, Kr.ogh A,lMltch|spn G (1998) Biological Sequence
10. Lole K, Bollinger R, Paranjape R, Gadkari D, Kulkarni S, et al. (2001) Full- Analysis. (_Zambndge, UK: Ca_mbrldge University Press. .

length human immunodeficiency virus type 1 genomes from subtype C-infected>: l_:els_ensteln J (1981) Evolutionary trees from DNA sequences: a maximum

seroconverters in India, with evidence of intersubtype recombination. J Virol 73; lkelihood approach. J Mol Evol 17: 368-376. ) ) i

152-160. 24. Elston RC, Stewart J (1971) A general model for the genetic analysis of pedigree
11. Siepel AC, Korber BT (1995) Scanning the database for recombinant HIv-1 _ data. Hum Hered 21: 523-534. .

genomes. In: Human Retroviruses and AIDS 1995: A Compilation and Analysis25- McGuire G, Denham MC, Balding DJ (2001) Models of sequence evolution for

of Nucleic Acid and Amino Acid Sequences. Myers G, Korber BT, Hahn BH, DNA sequences containing gaps. Mol Biol Evol 18: 481-490.

Jeang KT, Mellors JW, McCutchan FE, Henderson LE, Pavlakis GN, eds. Los26. Hudson R, Kaplan NL (1985) Statistical properties of the number of

Alamos, New Mexico: Los Alamos National Laboratory. recombination events in the history of a sample of DNA sequences. Genetics
12. Husmeier D, Wright F (2001) Detection of recombination in DNA multiple 111: 147-164.

alignments with hidden Markov models. J Comput Biol 8: 401-427. 27. Edgar RC (2004) MUSCLE: multiple sequence alignment with high accuracy
13. Hasegawa M, Kishino H, Yano T (1985) Dating of the human-ape splitting by a  and high throughput. Nucleic Acids Research 32: 1792-1797.

molecular clock of mitochondrial DNA. J Mol Evol 22: 160-174. 28. Thompson JD, Higgins DG, Gibson TJ (1994) CLUSTAL W: improving the
14. Arenas M, Posada D (2007) Recodon: coalescent simulation of coding DNA  sensitivity of progressive multiple sequence alignment through sequence

sequences with recombination, migration and demography. BMC Bioinfor-
matics 8: 458.

PLoS Computational Biology | www.ploscompbiol.org 13

weighting, position-specific gap penalties and weight matrix choice. Nucleic
Acids Research 22: 4673-4680.

March 2009 | Volume 5 | Issue 3 | e1000318



