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ABSTRACT

Summary: Bayesian multiple change-point models accura-
tely detect recombination in molecular sequence data. Pre-
vious Java-based implementations assume a fixed topology
for the representative parental data. cBrother is a novel C
language implementation that capitalizes on reduced compu-
tational time to relax the fixed tree assumption. We show that
cBrother is 19 times faster than its predecessor and the fixed
tree assumption can influence estimates of recombination in
a medically-relevant dataset.

Availability: cBrother is freely downloadable from
http://www.biomath.org/dormanks/ and can be compiled on
Linux, Macintosh, and Windows operating systems. Online
documentation and a tutorial are also available at the site.
Contact: kdorman@iastate.edu

INTRODUCTION

The past20 years have yielded myriad methods for detec
ting rare recombination events among divergent molecular
sequences. The most common methods are phylogenetit-
based, inferring recombination by identifying discordant
phylogenetic relationships along the sequences. The Baye-
sian multiple change-point (MCP) model is one such
approach that simultaneously locates identifies parentaH
genotypes and crossover-points (COPs) locations and iden-
tifies possible parental genotypes while assessing statist

support for recombination (Suchaetial., 2002). TheJava

packageDualBrothersimplements recombination detection

via the Bayesian MCP (Miniet al., 2005).

To dramatically reduce the topology space and comput
tional complexity, MCP models generally assume a fixe
and known topology relates all parental genotype sequence%]
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a- . )
donshlps. Now the set of parental tregs,} consists of all

Unfortunately, the fixed tree assumption fails when recembi
nation among genotypes is possible, such as in HIV (Paras-
kevis et al., 2003). Even when genotype relationships are
stable, only a single recombinant can be analyzed and exten-
sive topological uncertainty within genotypes has prdkiti

the inclusion of multiple representative sequences peo-gen
type. We implement a novel version of the MCP model,
in C for native compilation, that relaxes the fixed parental
tree assumption and uses improved likelihood calculations
substantially reduce computational run-tineBrother both
runs faster and eliminates some current restrictions of MCP
models.estimates recombination more accurately.

SOFTWARE DESCRIPTION

As input,cBrother takes an alignment a¥ + (Q DNA/RNA
sequences in Phylip format and a command file. The st
sequences are representatives Fopossible parental geno-
types, and the las@ sequences are putative recombinant
sequences. Users specify the underlying evolutionary mode
riors for model parameters, and Markov chain Monte Carlo
CMC) conditions in the command file. Restarting previous
chains via check-pointing is also now possible and is a isefu
ool for achieving MCMC convergence and crash recovery.
The user can invoke the usual fixed parental tree assump-
on, specify only a fixed genotype tree, or avoid all fixed
tree assumptions using the command file opgiarent tree.
Setting parent_tree to a pre-estimated topologyy with

N terminal nodes specifies a fixed topology relating/dll
representative sequences. Specifying instead a topolpgy
with only P terminal nodes fixes just the genotype relati-

ossibleN-taxa trees where representative sequences from
the same genotype form monophyletic clades, but the bran-
ching order within genotypes varies. When ez ent_tree
option is set to "none,” the set of parental trees is simjlarl
constructed, except the relationship among genotypes is no
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longer constrained. In all cases, the complete topologgespa (posterior support> 0.95) under both models, but COP
includes all topologies produced by attaching €heutative  locations do not perfectly align. To quantify the differenc
recombinants anywhere in treg or all trees in{7,, }. between location estimates for the two models, we recon-
Experience withDualBrothers demonstrates that more struct posterior conditional location distributions foach
than90% of computational time is spent on likelihood cal- MCMC run. These conditional distributions describe COP
culations. Any small improvement in these calculationgsav locations among those posterior samples that have a mat-
tremendous run-time. Current MCP models employ evolutioching COP within a liberal range of the specified medians.
nary models in which tree branch lengths are integrated outhe two pairs of distributions generated under the same
analytically. Exploiting this integratiorgBrother computes  model (fixed or relaxed parental tree) are not significantly
and caches the finite-time transition probability matrixyon different (p-value > 0.05 by Wilcoxon Mann-Whitney test
once per likelihood calculation. Previous samplers reapmp of medians). However, distributions across models differ
ted this matrix along each branch and for each site of thép < 0.001), indicating that relaxing the fixed parental

sequence alignment. tree assumption can lead to significantly altered estimates
In particular, conditional distributions for the second EO
SPEED-UP (see Figure 1) are strikingly different. Accurate estinsaié

. : CORP locations are necessary to understand the effects-of pri
We compare the run-time afBrother to its predecessor - X
mary and secondary sequence characteristics on promoting

while testing for recombination in HIV sequence L11793. ecombination (Galettet al., 2004; Moumeret al., 2003).

The1480bp alignment contains the putative recombinant and.. : . . ! .
) . ! ince the difference in medians is almost twice the length
eight representative parental sequences. For comparnigen p .
of the sequence bound to reverse transcriptase when recom-

poses, we employ both samplers to draw inference undet;. ; . ) .
: ) . : . Pbination occurs, an erroruncertainty this large could iotpa
identical models with the fixed parental tree assumption

and default transition kernel options. We generate MCMCdownstream analyses.
chains with51,000 steps and discard the first 000 steps

as burn-in. Standard diagnostics suggest adequate conveTONCLUSION

gence and mixing under these conditionBrother takes = cgyother’s improved speed, check-pointing, and ability to
b6secE 2.7sec (meant standard deviation, based on 10 papgie topological variation permits the analysis of large
independent runs) to simulate its chain, wiillealBrothers o more complex datasets with improved accuracy. With
takes17min 53sec+ 39.8sec. Through better caching and growing numbers of recombinant sequences availaBleg-

native compilation, these results indicate toBrother is  {pers apility to analyze multiple recombinants will also
about 19 times faster tharDualBrothers. Better caching prove useful for illuminating recombinant origins.

alone accounts far5% of the improvement.

FIXED PARENTAL TREE IMPACT ACKNOWLEDGEMENTS

HIV sequence U88823 is a putative genotype AL/C recom- NiS work was supported by NIH grant GM06895S.

binant virus isolated from a Rwandan patient (Gaal.,

1998), but the evolutionary relationship between genatypeREFERENCES

Al and C vane; anng the gen.ome (Anderswlal., 2000)' Anderson,J.P., Rodrigo,A.G., Learn,G.H., Madan,A., Delahunty,CqontM.,

To examine the impact of relaxing the parental tree, we con- Girard,M., Osmanov,S., Hood,L., Mullins,J.I. (2000) Testing tiypdthesis of a

sider a fuII-Iength alignment of U88823 with the consensus ecombinant origin of human immunodeficiency virus type 1 subtypeViol, 74,
10752-10765.

sequences of Al’ C and three other randomly chosen genealetto,R., Moumen,A., Giacomoni,V., Veron,M., Charneau,P., Nedvoii2004) The

types. We run two independent chains under each model structure of HIV-1 genomic RNA in the gp120 gene determines a recombination ho

and check-point incrementally until stringent convergeisc . SPFOt ";Vil‘)'o;f BiO'DC{‘H“6279v;662523§633 SonS.G. JianBench B

. . . ao,F., Robertson,D.L., Carruthers,C.D., Morrison,S.G., Jian,Ben arre-
aChIeved'_ The' final MCMC chains Cont‘?ﬁﬁ’ 000,000 steps Sinoussi,F., Girard,M., Srinivasan,A., Abimiku,A.G., Shaw,G.Msharp,P.M.,
when estimating the genotype tree at@ 000,000 when Hahn,B.H. (1998) A comprehensive panel of near-full-length clones and reference

assuming a fixed genotype tree. The extra samples neededseduences for non-subtype B isolates of human immunodeficiency virus type 1
. d but d limi Virol, 72, 5680-5698.
to estimate genOtype trees reduce, but do not eliminate, tI’}\%nin,\/.N., Dorman,K.S., Fang,F., Suchard,M.A. (2005) Dual mudtiphange-point

speed advantage oBrother. model leads to more accurate recombination detecBéinformatics, 21, 3034—
Both models confirm isolate U88823 is an A1/C recombi- 3042

. . . . . Moumen,A., Polomack,L., Unge,T., Veron,M., Buc,H., Negroni,M. @0Bvidence
nant with very hlgh posterlor pl’Ob&lbI“t@D 0'999)' Flgure for a mechanism of recombination during reverse transcription dependent on the

1 reports the genotype assignment to each region of U88823 structure of the acceptor RNA, J. Biol. Cher?iz8, 15973-15978.

along Wlth estlmated medlan COP |0cat|0ns and thelr postet_’araskeViS,D., Lgmey,P., Salemi,M., Such_ard,M., Van de Peer,Y., Vandanihne,
(2003) Analysis of the evolutionary relationships of HIV-1 and SIVcpz seqgas

ror support:Here, COPs indicate locations where the query’s using Bayesian inference: implications for the origin of HIVMol Biol Evol, 20,
nearest neighbor change#ll COPs are well supported 1986-1996.




Faster, more flexible recombination detection

Posterior histogram

of 2nd COP location ixed |
1790\1800 y‘m Most probable recombinant structures
Fixed| C AL © Al c
1019 [1.00] 1855 [0.98] 5283 [1.00] 7512 [1.00]
Relaxed| c [ AL ] [ AL \ c |
1022 [1.00] 1904 [0.96] 5282 [0.99] 7512 [1.00]

Fig. 1. Estimated recombinant structure for isolate U88823 under a fixed éacbceparental tree. We report inferred genotypes, median
COP locations, and their posterior support in brackets. Inferenceeagebond COP is significantly altered, as shown by the location

distributions obtained using a fixed (white) or relaxed (grey) tree.
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