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Summary

Split Decomp is an Excel workbook that performs split decomposition on a set of four
DNA sequences and their associated amino acid sequences. The user can type in the
sequences or paste them in from a text file. The program then translates the DNA
sequences into amino acid sequences and calculates split indices for each of the three
possible unrooted phylogenies. The user can use these values to assess the data's support
for each of these topologies.

Note: Split Decomp uses a macro to calculate genetic distances between sequences.
Many antivirus software packages include options for disabling macros. These options
must be turned off and macros must be enabled for Split Decomp to run on your
computer.

Introduction

In reconstructing a phylogenetic tree, we are essentially framing a series of hypotheses
about the relationships between species. Generating hypotheses is an important
component of the scientific process, but not the entirety. If we want to have confidence
in the tree we have just constructed (or in any other hypothesis), we need to test it.

One simple technique for testing phylogenetic hypotheses is split decomposition (Bandelt
and Dress 1992). This procedure measures the support for evolutionary relationships
among a set of four sequences, or quartet. There are three different ways in which
members of a quartet can be related, assuming a strictly bifurcating tree:
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Note that these are unrooted trees, also called phylogenetic networks: split decomposition
doesn’t depend on the identity of the sequences' common ancestor. Also note that
because we are interested in the system’s topology, the physical position of the sequences
is irrelevant. For example, the networks ((A,B), (D,C)), ((C,D), (B,A)), and ((D,C),
(A,B)) are all equivalent to topology 1.



Given a distance matrix for the four sequences, we can calculate split indices for each of
the three topologies shown above. We begin by adding together the distances between
sequences at opposite corners of the phylogenetic network. Next, we sum the distances
between sequences on each end of the internal branch, and subtract this sum from the
previous result. Finally, we divide by two to obtain the length of the internal branch. It
may help to envision this procedure schematically:
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For topology 1, for example, we could calculate the split index as
(AD + BC) - (AB + CD)
2
where XY is the distance between sequences X and Y.
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Alternatively, since the physical position of sequences doesn’t matter, we could just as
well twist topology 1 around the internal branch and then calculate its split index as

(AC +BD) - (AB + CD)
5 .
Thus, each topology has two split indices, which may or may not be equal.

In practice, only one of the three possible topologies can correctly describe the four
sequences' phylogenetic relationship. That topology’s split indices are approximately
equal to the length of its internal branch. (If no individual position within the sequence
changes more than once, this equality will be exact.) We can also find the "internal
branchlength" for the other two topologies by calculating their split indices; however,
since those topologies describe incorrect phylogenetic relationships, these indices have
no biological interpretation and can differ widely (or even be negative). Finally, we can
test the four-point condition:

d;+dy, smax(d,. +dg, ,d,, +dg,)
Theoretically, if the correct topology is ( (A,B), (C,D) ), then this inequality should hold
even if we replace the max with min. In practice, phylogenetic noise (homoplasy) may
distort the branchlengths, so most phylogeneticists use the conservative form of the
inequality as shown above.

For datasets including more than four taxa, it is often still feasible to consider each
possible quartet in turn. Split decomposition can therefore serve as a quick way of testing
the relative support for each possible topology of even a large phylogenetic network.



Output: What do I see?

Nucleotide sequences

Distance matrix Split decomposition
A B C D
Local Local Split Split
Dentist Patient E control 3 control 22 Putative tree index 1 index 2
A) Dentist 14 43 40 ( (A,B), (C,D)) 11 12.5
B) Patient E 43 37 ( (A,C), (B,D)) -11 1.5
C) Local control 3 44 ((AD), (B,C)) -125 -1.5

D) Local control 22

Amino acid sequences

Distance matrix Split decomposition
A B C D
Local Local Split Split

Dentist Patient E control 3 control 22 Putative tree  index 1 index 2
A) Dentist 13 28 25 ( (A,B), (C,D)) 6.5 7
B) Patient E 26 26 ((AC),(B,D)) -6.5 0.5
C) Local control 3 28 ( (AD), (B,C)) -7 -0.5
D) Local control 22

Figure 1. Screen shot of Split Decomp's "Results" worksheet.

The "Sequences" worksheet displays the four DNA sequences under study, as well as
their names, lengths, and alphabetic labels (A-D). Much of this information is duplicated
between the red and orange sections. This is because the former section enables user
input of either sequence data or sequence length, while the latter section generates and
displays the corresponding information (see Controls section below). The DNA
sequences are also translated into amino acid sequences, displayed in the blue section.
The 1nitial data shown in EvolSeq come from a study of HIV transmission between
patients (see Ideas section below), but you can enter your own or have Split Decomp
generate random sequences.

The upper left-hand corner of the "Results" worksheet shows the distance matrix for the
nucleotide sequences. Each cell in this matrix displays the number of nucleotide
differences between the sequence on the left side of that cell's row and the sequence at the
top of that cell's column. For example, cell F6 shows the number of differences between
patient E and local control 22. Split indices for each tree are given in the upper right-
hand corner. For example, the tree that groups the sequence "Dentist" (label: A) with the
sequence "Patient E" (label: B) has split indices 11 and 12.5. Recall that these are
estimates of the length of the internal branch separating these two sequences from the
other two in this sample.

The lower portion of the "Results" worksheet shows the distance matrix and split indices
for the amino acid sequences. Finally, the "Translation" worksheet lists the universal
genetic code used by Split Decomp to translate DNA sequences into amino acid
sequences.



Controls: What can I do?

You can freely edit the sequence labels and names in cells A3-B6 of the "Sequences"
worksheet. This information is immediately updated throughout the entire workbook.

In cells C3-C6, under the header "Input", enter information about the sequences you want
to study. For each sequence, enter either a specific nucleotide sequence less than 300
base pairs long or else a number between 1 and 300. If you entered a sequence, Split
Decomp will then use that sequence; if you enter a number, Split Decomp will generate a
random nucleotide sequence of that length and use that instead. Note that you can have
some sequences be user-specified and others be random.

If you are working with nucleotide data that use a different genetic code, you can edit the
code table on the "Translation" worksheet. If you do, you should save the modified
version under a new name to remind yourself of the change in code; otherwise, all your
subsequent work may be invalidated.

How it works: Model details

Split Decomp breaks down each user-entered sequence into individual codons. The first
codon for each sequence consists of that sequence's first three nucleotides, the second
codon consists of the next three nucleotides, and so on.

For sequences where the user entered only a sequence length, Split Decomp generates
each codon individually by conjoining three random nucleotides. These are generated by
sampling three times, with replacement, from a distribution that assigns equal probability
to each of the four nucleotides (A, C, G, and T). The codons are then strung together to
form the sequence.

Next, the program translates the nucleotide sequence codons into amino acids using the
universal genetic code on the "Translation" worksheet, and strings these individual amino
acids together into amino acid sequences.

The distance matrices for both nucleotide and amino acid sequences are then calculated
using the custom "differences" macro. This macro compares two text strings by
determining at each position whether same character is present in both strings. The
number of positions where the sequences are not the same is the number of differences.
(If the two strings have unequal length, the macro curtails or pads the second string as
needed.)

Finally, Split Decomp calculates split indices using the formulae in the Introduction
section above.



Ideas for classroom use

Split Decomp can be used to address a number of overarching issues in phylogenetics.
For example, students can explore the relationship between branchlength and
phylogenetic confidence by generating random DNA sequences of given length and using
split indices to determine the length of the inferred central branch. Because the
sequences are random, there is in fact no central branch, but phylogenetic methods will
still infer one based on chance resemblances among sequences. (This can be shown
using Biology Workbench, EvolSeq, or any of the numerous other phylogenetic tools
available online.) This exercise can reinforce the concept of phylogenetic trees as
hypotheses to be tested. A similar approach can illuminate other important topics such as
long-branch attraction (see Figure 2 below) and recombination.
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Figure 2. Long-branch attraction. The left-hand figure shows the actual phylogeny for four sequences; the
right-hand figure shows the phylogeny reconstructed using CLUSTALW in Biology Workbench.

Sequences B and C, at the end of the two longest branches, have been mistakenly clustered together. Long-
branch attraction is a well-known problem for several phylogenetic methods, notably parsimony
(Felsenstein 1978).

Split Decomp can also be used to explore and analyze a specific phylogenetic question.
For example, a 1992 study (Ou et al.) examined whether an HIV-infected dentist had
inadvertently transmitted the virus to several of his patients during invasive dental
surgery. This case had enormous implications for health care practice and received
international attention. The study focused on sequence data from the viruses infecting the
dentist, the HIV-positive patients, and a number of HIV-positive local controls with no
known epidemiological link to the dentist. Curricular materials already exist (Donovan
2003) for introducing students to phylogenetic concepts and methods using the data from
this study. Students can then further analyze their findings using Split Decomp to
estimate the lengths of individual branches and determine whether they are well
supported by the data (Figure 3).
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Figure 3. Phylogeny of sequences from the dentist, three patients, and two local controls (LC). How
would you interpret this phylogeny? Can you use split decomposition to quantify the statistical support for
your conclusions? (Modified from Donovan 2003.)

The profusion of molecular sequence data enables similar exploration of a vast array of
questions from medicine, agriculture, conservation, systematics, and many other fields.
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Terms and Conditions:

You may use, reproduce, and distribute this module, consisting of both the software and
this associated documentation, freely for all nonprofit educational purposes. You may
also make any modifications to the module and distribute the modified version. If you
do, you must:

* Give the modified version a title distinct from that of the existing document, and
from all previous versions listed in the "History" section.

* In the line immediately below the title, replace the existing text (if any) with the text
"© YEAR NAME", where YEAR is the year of the modification and NAME is your
name. If you would prefer not to copyright your version, then simply leave that line
blank.

* Immediately below the new copyright line (even if you left it blank), add or retain
the lines:

Original version: Split Decomp 1.0 © 2004 Anton E. Weisstein and John R. Jungck
See end of document for full modification history

* Retain this "Terms and Conditions" section unchanged.

* Add to the "History" section an item that includes at least the date, title, author(s),
and a description of the modifications, while retaining all previous entries in that
section.

These terms and conditions form a kind of "copyleft," a type of license designed for free
materials and software. Note that because this section is to be retained, all modified
versions and derivative materials must also be made freely available in the same way.
This text is based on the GNU Free Documentation License v1.2, available from the Free
Software Foundation at http://www.gnu.org/copyleft/.
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