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ABSTRACT

Summary: RDP2 is a Windows 95/XP program that exam-
ines nucleotide sequence alignments and attempts to identify
recombinant sequences and recombination breakpoints using
10 published recombination detection methods, including
GENECONV, BOOTSCAN, MAXIMUM x2, CHIMAERA and SISTER
SCANNING. The program enables fast automated analysis of
large alignments (up to 300 sequences containing 13000
sites), and interactive exploration, management and verific-
ation of results with different recombination detection and tree
drawing methods.

Availability: RDP2 is available free from the RDP2 website
(http://darwin.uvigo.es/rdp/rdp.html)

Contact: darren@science.uct.ac.za

Supplementary information: Detailed descriptions of RDP2
and the methods it implements are included in the program
manual, which can be downloaded from the RDP2 website.

A major problem encountered while using standard phylogen-
etic methods in studies involving recombining organisms is
that theevol utionary history of arecombinant sequence cannot
be described with a single phylogenetic tree. A single recom-
binant sequence in an alignment can seriously influence the
branching order and branch lengths of the phylogenetic trees
constructed using the alignment (Posada and Crandall, 2002).
In addition, recombination compromises the validity of sev-
eral phylogenetic inferences one can make by examining
trees (Schierup and Hein, 2000a,b). A number of computa-
tional tools for detecting and quantifying various aspects of
recombination have therefore been developed (for a list of
available recombination detection programs see http://www.
umber.embnet.org/~robertson/recombination/index.shtml). A
Comparison of the recombination detection power of 14 of
these methods using simulated and real datasetsindicated that
while some always performed better than others, no single
method can be adjudged to be best in detecting recombination

*To whom correspondence should be addressed.

under al conditions (Posada and Crandall, 2001; Posada,
2000).

Sharing major componentsof itsuser interface and the RDP
recombination detection method with its predecessor, RDP,
RDP2 implements a variety of additional non-parametric
recombination detection methods (i.e. methods that do not
make use of popul ation genetic model sand make no attempt to
estimate the popul ation recombination rate; Table 1). Among
thenew inclusionsare many methodsthat have performed well
incomparativetests(Drouinet al., 1999; Posadaand Crandall,
2001; Posada, 2000). We have focused on published methods
that can be used to (1) identify recombinant sequences, (2)
identify recombination breakpoints and (3) identify parental
sequences. The program can use any combination of six
methods to automatically (RDP, GENECONV, MAXIMUM 2,
BOOTSCAN, CHIMAERA and SISTER SCANNING) identify recom-
binant and parental sequences, estimate breakpoint positions
and calculate probability scores for potential recombination
events. Once all potential recombination events are identi-
fied, RDP2 sorts analysis results and attempts to determine
the number of unigue recombination events identifiable in
an alignment. RDP2 can be set to automatically (1) filter
out unique events detected by fewer than a specified num-
ber of methods, (2) identify consensus daughter and parental
sequencesusing al evidencefor asingle actual recombination
event (often involving many potential parental and daughter
sequence combinations detected using multiple methods) and
(3) usedl evidencefor asingle actual event to determine most
probable breakpoint positions using amodified maximum y 2
approach (Maynard-Smith, 1992).

RDP2 permits exploration and checking of analysis results
inahighly interactive and user-friendly way. For any detected
recombinations event, informations such as the method used
to detect the event, breakpoint positions, parental sequences,
probability values, degrees of agreement with results obtained
using other detection methods, raw plot data, informativesites
in the alignment and phylogenetic trees, can be displayed by
simply clicking on a graphical representation of the event.
Once an event is selected for more detailed study, checking
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Table 1. A brief description of recombination detection methods implemented in RDP2

Method (ak.a) Sequence Variable (V)/ Sliding Automated References

comparisons? All (A) sites window scans®

scanned?

RDP (RDP method) T \% + —+ Martin and Rybicki (2000)
GENECONV (Sawyer's runs test) T/D \% - + Padidam et al. (1999)
BOOTSCAN T A + —+ Salminen et al. (1995)
MAXIMUM x 2 (MaxChi) T/D \% + + Maynard-Smith (1992)
CHIMAERA T \% + —+ Posada and Crandall (2001)
SISTER SCANNING (SiScan) TIF A + + Gibbs et al. (2000)
LARD T A — — Holmes et al. (1999)
DISTANCE PLOT (SimPlot) T/D A + — Loleet al. (1999)
TOPAL T A + — McGuire and Wright (2000)
RETICULATE (compatibility matrix) F Y — — Jakobsen and Easteal (1996)

aT, every possible combination of three sequencesin an alignment scanned; D, every possible combination of two sequencesin an alignment scanned with variable sitesinferred from
full alignment; and F, full alignment or substantial part thereof (4+ sequences) scanned with variable sites inferred only from the sequences being scanned.

bThe exact subset of sites scanned will differ between methods and can also differ for the same method with different program settings.

¢Only six methods can be used to automatically identify recombinant sequences and breakpoints from an alignment. Methods can aso be run in either amanual or a checking mode

allowing users to test specific recombination hypotheses.

the evidence for recombination using 10 different recombina
tion detection methods (besides the six automated methods
these also include LARD, TOPAL, RETICULATE and DISTANCE
PLOTS) is achieved by simply selecting the methods from a
menu. To further aid in evaluating evidence for recombina-
tion, RDP2 can aso use PHYLIP components simultaneously
(Felsenstein, 1989; Olsen et al., 1994) to display phylogenetic
trees (UPGMA, bootstrapped neighbor-joining, least squares
or maximum-likelihood) constructed from different portions
of an alignment.

Asthe amount of detectable recombination in an alignment
increases, the complexity of correctly inferring which
seguences are parental and which are recombinant increases
as well. RDP2 encourages user verification of its anaysis
results and permits user acceptance and rejection of potential
recombination events (useful for tracking the progress of an
analysis), andinteractive’ correction’ of apparent parental and
daughter sequence misidentification.

Wehavenot placed any restrictionsonthesize of alignments
that can be examined using RDP2. For example, automated
analyses using al the detection methods together on a PC
with 256 MB RAM and a1 GHz Celeron Processor can take
5 min for a 50 sequence alignment of 3kb long sequences
and lessthan 48 h for a 316 sequence alignment of 13kb long
sequences.
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