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Disk-Covering methods (DCMs) are a family of divide and conquer strategies for large-scale phylogeny reconstruction. Merging subproblems, as in any divide and conquer strategy, is a critical aspect of all DCMs.
In order to avoid introducing unnecessary error, the traditional DCM subtree merging technique is highly conservative. We present a framework for better discerning troublesome components in subproblems. We in turn
utilize our framework as a basis for a new subtree merging algorithm.
I.

INTRODUCTION
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Most problem formulations for phylogenetic reconstruction
are computationally hard[1, 2]. Approximation algorithms are
generally ineffective in this regime, as often solutions must be
within orders of magnitude less than one percent from optimal in order to be useful[3]. The most effective approaches,
in practice, tend to be heuristics that do not reasonably scale
to more than a few thousand taxa. As systematic biologists
desire to reconstruct high-quality phylogenies for datasets of
tens to hundreds of thousands of taxa, methods must be pioneered in order to accommodate such large datasets. Diskcovering methods constitute a family of algorithms that address large datasets.

II.

TERMINOLOGY

A phylogenetic tree T is an undirected, leaf-labeled, connected, acyclic graph. The leaves of the tree, also called taxa
or tips, form a set S where |S| = n. Removing an edge e from
T breaks the tree into two smaller trees – Tr and Tl (with leaf
sets Sr and Sl , respectively). Thus the effect of e is to split
S into Sr |Sl . A split is trivial if either |Sr | = 1 or |Sl | = 1.
The set of non-trivial splits induced by all of the edges in T is
denoted Σ(T ). It is the case that |Σ(T )| ≤ (n − 3). The inequality becomes an equality whenever the tree is binary (i.e.
contains no polytomies – internal nodes of degree greater than
three), which is also referred to as fully resolved. A consensus
method (see survey in [4]) is an algorithm that takes as input a set of trees (all with the same taxa) and returns a single
“summary” tree (over the same set of taxa).

III. DISK-COVERING METHODS (DCMs)

DCMs[5–8] conceptually resemble a standard divide and
conquer approach. One notable deviation from standard divide and conquer is that subproblems must be overlapping in
order to enable merging. DCMs proceed by decomposing the
set of taxa into overlapping subsets. Once suitably decomposed, the subproblems are solved using a standard phylogenetic reconstruction algorithm, i.e. TNT, PAUP*, RaxML,
GARLI, POY, et. cetera. Finally the subproblems are re-
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FIG. 1: The strict consensus merger often yields polytomies.
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FIG. 2: Removing the taxon X would uncover structural similarity.

assembled into a single tree. In certain DCM variants (notably, Rec-I-DCM3[7]) the entire process is repeated numerous times in pursuit of iterative refinement. Another DCM
(DCM-GRAPPA[8]) addresses large-scale reconstruction with
gene orders instead of sequence data.
To date, DCMs have handled subproblem merging with the
so-called Strict Consensus Subtree Merger (SCM), a conservative approach that discards all edges (in the subproblem overlap) that are not common to all subproblems. Fig. 1 illustrates
a common occurrence with SCM – the introduction of polytomies. DCMs resolve polytomies by random refinement and
as such inevitably give rise to unnecessary error.
IV. ROGUE TAXA

We are interested in detecting situations when removing a
small subset of taxa uncovers strong structural similarities between the induced subtrees. In other words, is it possible to
avoid some of the polytomies arising from SCM? Fig. 2 illustrates a case in which removing a single taxon reveals strong
structural similarities among the induced subtrees.
In the preceding case the removal of a single taxon dramatically improved consensus resolution. There are, however,
more subtle situations for which it would be desirable to detect. In fact there are cases in which removing a small subset
of taxa U produces results nearly as dramatic as the preceding
example, yet removing any subset V ⊂ U does not improve
resolution whatsoever. Fig. 3 illustrates such a case. Obviously, there is a tradeoff between increasing resolution and
removing so many taxa so as to discard valuable information.

2
A

X

C

A

X

A

C

B

X
B

Y

D

B

Y

D

Y
D

C

FIG. 3: Removing any subset of U = {X, Y } does nothing to improve resolution, yet removing U itself dramatically improves resolution.

V. FORMALIZING TAXON IMPACT

Since we wish for our framework to be applicable in the
context of any consensus method, we refer in a general
S fashion
to consensus method C. Thus for a set of trees i Ti (over
taxa S) and a consensus method C we define the impact of a
subset of the taxa U ⊂ S informally as the improvement in
resolution between the consensus of the original tree set and
the consensus of the induced subtrees by removing U from
each. Formally,
X
I(U ) = |Σ(C(∪i (Ti − U )))|−|Σ(C(∪i Ti ))|+r−
I(V )
V ⊂U

where r is aScorrective factor to account for non-trivial bipartitions in C( i Ti ) becoming trivial when removing U . It may
be desirable to incorporate a penalty proportional to |U | in
order to accommodate the concern of losing too much information. It may also be desirable to introduce a normalization
factor.

O(mnk · g(n, m)), where g(n, m) indicates the complexity
of the employed consensus method. Thus it is reasonable to
expect acceptable performance for a merge routine examining
all subsets of size k ≤ 3 (give or take, based on the situation). This small value should be sufficiently small in practice
(most DCMs bound subproblem size, so n should be relatively
small), as well as address the concern of removing too many
taxa in the name of resolution.
If the k ≤ 3 constraint is worrisome (if, for example,
the concept of taxa impact were utilized in a setting other
than DCM merge), another possibility is to examine all subtrees. For a set of m trees over n taxa there are no greater
than O(mnlog n) such subtrees. It is also the case that the
sum of the sizes of all subtrees is also O(mnlog n) and thus
examining all subtrees would constitute a perfectly reasonable, and tractable, approach. It is natural to conjecture that
this approach is relevant in situations where the reconstruction method is based upon pruning and regrafting subtrees
(clades), and is prone to misplacing whole subtrees.
We finally present a new subtree merger based upon taxa
impact. Assuming a threshold parameter p and a constant
k, calculate the taxa impact for subsets of size less than or
equal to k and of all subtrees. Whenever subsets are identified
whose impact exceeds p, exclude the subset from the source
trees, and then apply the strict consensus merger as before. In
an application regime such as Rec-I-DCM3 the implication is
that the reassembled (and subsequently decomposed) tree is
missing taxa. However, our aim is that by guiding the search
with strong components, we will better accomodate reincorporating rogue taxa.

VI. REMOVABLE TAXA CONSENSUS MERGER

As the expression for taxa impact is defined in terms of subsets of U , scoring the impact of any taxa subset of size Θ(n)
implies the examination of an exponential number of subsets.
While we have not yet attempted to prove so, we suspect that
most natural optimization problems based upon the full definition of taxa impact will be N P-hard. We remark, however, that restricting the definition of impact to all subsets of
fixed size k yields a computation that scales no worse than
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FUTURE WORK

There are many ways to define taxa impact. In this extended
abstract we have presented one definition, however we plan to
investigate others. In addition, we plan to implement and perform experimental evaluation of the proposed subtree merger
routine in the context of a new disk-covering method.
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