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1 Introduction

Overview VisRD is a software package allowing graphical inspection of
the phylogenetic content of a sequence alignment, that is primarily intended
for detection of recombination and recombination breakpoints [3]. It is a
quartet-based method, as such, analysis is performed on four-sequence sub-
alignments.

Installation The program, VisRD is freely available for any platform from
http://www.cmp.uea.ac.uk/~vlm/visrd/. This page describes how to
install the program and offers a number of test files to run as examples.
Any queries about the installation of the program should be directed to
Martin.Lott@Quea.ac.uk

Running the program For real world datasets a large number of quartets
(over 1000) may be required, to prevent Java running out of memory you may
use the following command-line extension.

—XmazNNNm

Where NNN is the size of the memory to allocate in megabytes, 512 or
1024 is best if they are supported by your computer. Where only a taxon
ranking is required you may set the number of quartets to display to 0, this
will further reduce memory requirements.

Note: VisRD 3.0 is a standalone program, unlike version 2 it does not
require SplitsTree.

Disclaimer This software is supplied as-is, with no warranty of any kind
expressed or implied. We have made every effort to avoid errors in design
and execution of this software, but we will not be liable for its use or misuse.
The user is solely responsible for the validity and consequences of any results
generated.



2 Getting started

Loading an alignment When the program starts, a prompt to load in a
sequence alignment appears. Alignments may be either protein or nucleotide
based and can be presented in either NEXUS or Fasta format. Ambiguous
sites are resolved to one of their possible states based on the nature of the
ambiguity. For example, a site denoted ‘M’ denotes either an ‘A’ or ‘C’
nucleotide; each is picked with equal probability. If a valid file is not given
the program will not start.

Quartet selection On each quartet (subalignments on four sequences)
there are three possible tree topologies. By default, quartets are formed
from all possible four-taxa subsets, this is known as included. Taxa may be
moved to the included in all and not included list if required by the user. To
do this, select the taxa and click the appropriate button below its list.

Where pre-defined groups of taxa are known the ‘use group model” option
should be selected, in this case VisRD uses the extra constraint that each
taxon in a given quartet must be from a different group. Initially four groups
are shown but unlike previous versions of VisRD, any number of groups may
be added, renamed and removed. If the start of each taxa name denotes their
group auto assign will create those groups and automatically assign the taxa
to their correct group.

Method parameters VisRD uses a sliding window approach to consider
each part of the sequence alignment in isolation and thus detect recombina-
tion. Consider the mosaic sequence in figure 2, the topology of the alignment
changes according to the three tree topologies shown below the mosaic se-
quence. A sliding window considers substrings of a sequence alignment of
fixed size, the window size. We consider the first window of that size which
starts at the first character in the sequence and iteratively move along the
alignment using a fixed step size.

The “number of quartets to display” is number of quartets which will
be used to produce the highway plot, occupancy plot and quartet mapping
triangle; where only a taxon ranking is required this number may be set to 0
to save memory. Note that these spinner objects do not register that a value
has changed until (1) the user clicks on another component or tab or (2) the
user finishes input by pressing “Enter”.



£ VisRD 3.0 Analysis of CRF02AG. nex

File BRun

Quartet selection Method parameters \

Use group model [ Output quartets to file

Assign taxon to groups {clusters) Avalible groups
A1UGA55585 A -

A2CYD17s94 A - Add | Update Remove
BHL320s86 B - Reset | Auto Assign
BWR27588 B ~ || A

CBROD4598 C - g

CIN101s93 c > |D

DUG1141s94 D - 22

DZRD85584 D > |G
02_AG.SN.98.MP1211_A.J251056 02 -||H

F2MP257s05 F - :

GDRCBLs96 G -

GHHE793s03 G -

HW1991s93 H -

HVI1997593 H -

HCFD56590 H -

JSE7022594 J -

JSE7887593 J -

KMP535596 K -

KEQTBs97 K -
02_AG.FR.91.DJ263_AF063223 0z -

F1BRO20s93 F -

Figure 1: Use of group model to assign HIV taxa to their subtype

Scanning the alignment The support for each quartet, as defined by a
distance metric and statistical geometry [2], is first computed by scanning the
alignment. When a recombinant-free null distribution is required the random
or shannon shuffling method may be used to shuffle sites in the alignment.
The “output to file” writes those generated datasets to a file, the name of
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Figure 2: An example of a mosaic (recombinant) sequence AB and the tree
topologies that give rise to it.



that file will be that of the input dataset with a _shuffled suffix.

Statistical geometry is the default weighting method, other options use
the weighted statistical geometry extension introduced in [5]. That method is
extended to distance-based inference, and depending on whether a nucleotide
or protein sequence is loaded appropriate model options are shown. Finally,
where the number of quartets is infeasible to process the user may “pick taxa
at random”. In this option, a subset of randomly selected quartets is used.

3 Viewing the results

Figure 3: In the quartet-mapping triangle, each dot represents the relative
support for the three unrooted topologies [5].

Quartet mapping triangle Quartets may be summarised in a quartet
mapping triangle [7] (e.g. see figure 3). For each quartet, a point is used
to display the support of each topology. Note that a point in the middle of
an edge on this triangle corresponds to a split network [1] representing the
splits of the two trees corresponding to the ends of the edge. Each frame



corresponds to the analysis of a given sequence window. A moving line close
to the bottom of the graph indicates which part of the sequence is displayed.

It is possible to stop and re-start the animation at any step, and to
jump to a given window as desired. By clicking the “Save EPS” button and
choosing a file name, the currently shown triangle graph will be saved as
a scalable encapsulated postscript file. The other controls above the graph
control how many quartets are shown and which part of the sequence to use.
By selecting a taxon or group under the “color quartets” down-down menu
all those quartets containing that taxon/group will be colored in black for
easy identification.

Highway plot The highway plot has three ‘lanes’; the center of each de-
notes maximal support for its corresponding topology. Each quartet becomes
a path on the highway plot, the position of each point on the path is deter-
mined by the topology support at that window position. Where recombi-
nation occurs we expect to see a shift in topology support for all quartets
which include that recombinant taxa. By clicking the graph, red vertical
marker lines are added. The delta threshold is a maximum fluctuation filter
which hides lines making unrealistically large jumps, setting this value to 1.0
disables the filter.

Like the quartet-mapping triangle, the highway plot also has “Color quar-
tets” and “Save EPS” options. The line connecting the two consecutive
points with largest shift in topology is colored red and the plot itself is built
up gradually to stop the program crashing. Unlike previous versions, all
quartets now start in the middle lane.

Occupancy plot The occupancy plot is intended to summarize the in-
formation displayed in the highway plot. Each lane in the highway plot
corresponds to a line in the occupancy plot, this shows the proportion of
quarters in that line at each window position. Because all quartets start in
the middle lane of the highway plot the blue line will start at 1.0 whilst the
red and green lines start at 0.0.

4 Additional options

Taxon ranking Depending on whether a group model is used, the rank for
each taxa or each groups is presented here. Because the absolute ranks are



180 ~

140

100

60

20 Y.

— <\ 7{7

-20 \

~-60

-100
~-140

~-180
‘250 ‘722 ‘1195 ‘1667 ‘2140 ‘2613 ‘3085 ‘3558 ‘4031 ‘4503 ‘4976 ‘5449 ‘5921 ‘6394 ‘6867 ‘7339 ‘7812 ‘8285 ‘8757 ‘9230

Figure 4: A Highway plot for the AB HIV recombinant ‘KAL153" using
standard statistical geometry. The top 50 quartets are drawn with those
containing the recombinant colored green.

sensitive to the evolutionary models and topology evaluation criteria used,
we also report the ranking values as percentages of highest ranking taxon or
group.

Finally, where a null distribution has also been computed and the results
(in CSV format) are in the same directory a P-value will be computed and
displayed.

Recombination statistic A P-value may be determined to indicate whether
or not the sequence alignment contains a recombinant taxa/group. This is
computed by counting the number of simulated recombination-free datasets
that have a higher average ranking than the real dataset. This P-value is
intended to indicate the presence/absence or recombinant taxa in a dataset
and has been used successfully for HIV/SIV datasets. For further details on
this approach or to cite the paper please see [4].

Command-line interface Where only a taxon ranking is required the
command-line interface may be used. This can be particularly useful for
running large datasets remotely on a cluster. To see the full list of command
line options use the -h switch as follows:-



< ¥isRD 3.0 Analysis of A-J-cons-kal153.fsa
File Run

[ Quartet selection | Method parameters | Taxon Ranking [X] |
Average: 0.044092985993022374, P-value:NaN from 0 datasets. No null distribution found.

axon name :|Mean distance -
KAL153 05049547 198351 hased on 56 gquartets. 100.00% of the
L3 0.047849360112037 144 based on 56 quartets. 94.76% of the maximum,
B 0.04657331121834042 based on 56 quartets. 92.23% of the maximum.
D 0.04331607655829141 based on 56 quartets. 85.78% of the maxzimum.
G 0.0429385353304 1932 based on 56 guartets. 85.03% of the maximum.
C 0.04196 193799013977 hased on 56 gquartets. 83.10% of the maximum.
W 0.041531444433827 19 based on 56 quartets. B2.25% of the maximum.
H 0.041332541733574105 based on 56 quartets. 81.85% of the maximum,.
F

0.040838194577062024 based on 56 guartets. 80.87% of the maximum.

Figure 5: The main program window

java -Xmx1024m -jar visrd.jar -h

Exporting an image EPS, for use in paper Any highway plot, quartet
mapping triangle or occupancy plot can be saved in EPS format for use in a
paper. If such images are to be used in scientific papers we ask that you cite
the original paper, [6].

5 Acknowledgements and Availability

The VisRD package was originally developed by Kristoffer Forslund and Vin-
cent Moulton at The Linnaeus Centre for Bioinformatics with contributions
from Korbinian Strimmer and Daniel Huson.

Version 3.0 was developed by Martin Lott and Vincent Moulton, whose
code was adapted from Version 2.3 by Martin Lott with contributions from
Philippe Lemey and Joe Parker. The current version is copyright (2002-2008)
of Martin Lott, Kristoffer Forslund and Vincent Moulton. This manual is
based on the manual for version 2.2 by Kristoffer Forslund.



The VisRD software is released under GNU General Public License 3.0 as
set down at http://www.gnu.org/licenses/gpl-3.0-standalone.html
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