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We have improved the accuracy of predictions of functional linkage from whole genomic gene
content [1] by seeking not correlated presence and absence of genes, but rather correlated gains and
losses of those genes on branches of a phylogenetic tree of species [2]. This may be modelled
within a maximum likelihood (ML) framework [2,3]. As originally applied to gene content [2], this
method involves estimation of rates of gene gain as well as rates of gene loss.

We here simplify the ML models, by not estimating the initial rates of gain of genes but
fixing them to constant, low values. The motivation for this novel approach is to better model gene
content evolution, by preventing the modelling of multiple gains of the same gene in different parts
of the phylogeny. A suitable low rate of gene gain is estimated using an initial training step with a
grid search for the optimal rate, judged by specificity and sensitivity of predictions according to
known test data.

We compare our new method with the ML method of [2], the across-species method [1] and
a method seeking correlated gain and loss of genes based on Dollo Parsimony. Dollo parsimony [4]
provides a rapid, non-statistical method of reconstructing ancestral states on a phylogenetic tree. It
allows zero or one gains of a trait, but any number of losses subject to the constraint that the total
number of changes on the phylogenetic tree is minimized. The implied assumptions seem suitable
for reconstructing gene content evolution in eukaryotes and it has been used for this purpose [5].

Using 21 species of fungi and animals, we test each method on large positive and negative
test data derived from known protein complexes [6]. We compare the quality of methods according
to sensitivity and specificity. We find that all three phylogenetic methods (using ML models or
Dollo parsimony) give higher quality predictions than the across-species method. The ML approach
with rates of gene gain constrained to a low value gives by far the best results. The specific value
used for rates of gain is not critical, and values of half or double the optimum for the study are
found to give results of almost equal quality. Thus the novel version of the ML phylogenetic
method, using simpler ML models of gene gain/loss, will be able to give high quality predictions of
functional linkage even for studies of species for which little training data is available.
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