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What SDVQuartets is ....

SVDQuartets is a method for species tree inference based on the
multispecies coalescent that can be applied to multilocus, SNP, or coalescent
independent sites data.

The theory underlying the method is valid for data arising from very general
models:

I GTR+I+G model and all submodels

I with or without the molecular clock

I variation in rates and effective population sizes along branches

I gene flow between sister taxa
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What SDVQuartets is not ....

SVDQuartets is not a concatenation method!

It is NOT a summary statistics method – at least not in the traditional way.

It does NOT try to approximate maximum likelihood (or anything else).

It is NOT model-free.
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Why is it called SVDQuartets?

Basic idea:

I Break the problem into quartets = sets of 4 taxa

I Infer the unrooted four-taxon tree for each quartet – this is done using a
mathematical technique called singular value decomposition (SVD)

I Reassemble the quartets to form an overall species tree estimate

Lots of small details for each step – we’ll review the major ideas in the first
half of today’s tutorial
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Site pattern frequencies

Example:

Laura Kubatko and Dave Swofford SVDQuartets Tutorial June 4, 2018 5 / 41



Site pattern frequencies

Laura Kubatko and Dave Swofford SVDQuartets Tutorial June 4, 2018 6 / 41



Site pattern frequencies

Laura Kubatko and Dave Swofford SVDQuartets Tutorial June 4, 2018 7 / 41
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Site pattern frequencies

For each set of 4 sequences (quartet), we can count the relative
frequencies of the 256 possible site patterns
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Flattening matrix

For each set of 4 sequences (quartet), we represent the pattern
frequencies by a flattening matrix:

Matrix rank: number of linearly independent rows and columns

Main result: when the flattening corresponds to the tree that generated the
data, the matrix rank will be fewer than the number of rows/columns
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Intuition on reduced rank/linear dependencies
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Numerical example
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Numerical example
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What if we construct a flattening matrix for a tree that did
NOT generate the data?
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How can we use this for species tree inference?

Fact: Under the multispecies coalescent model for DNA sequence data:

I the flattening matrix corresponding to the true tree has rank 10

I the flattening matrix corresponding to each of the two alternative topologies
has rank 16 (there are 16 rows and 16 columns)

Complication: For empirical data, the site pattern frequencies approximate
the true probabilities, but aren’t exact

Solution: Find a a way to measure how close we are to a reduced rank matrix
Use singular value decomposition!
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Singular value decomposition

Basic idea: Decompose an initial matrix into 3 new ones, such that multi
plying the new matrices as shown below returns the original matrix exactly

M = UΣV
′

The matrix Σ contains the singular values (16 values here, since the
flattening matrix is 16 × 16)

Fact: The number of non-zero singular values is equivalent to the matrix rank
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The SVD Score
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More than 4 taxa
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On to the tutorial!
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