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Next-generation omics techniques have clearly changed the

prospects in molecular evolution. Today we have access to

massive amounts of all types of molecular data, and the

possibility of obtaining much more at a reasonable cost.

More data is good news, but indeed it will require well-

planned collection, tractable models, new analytical

methods, and additional computational power. In other

words, we will need, more than ever, to be practical. In the

field of phylogenomics, concerned as it is with the recon-

struction and interpretation of evolutionary relationships

from genome-scale data, computational pragmatism will be

essential in order to efficiently analyze large number of

sequences for hundreds or thousands of loci. First, phy-

logenomic data is error-prone and its collection should be

carefully planned to avoid artifacts and to maximize the

amount of information we can extract from it. Fortunately,

recent advances in target enrichment techniques have

allowed the ‘‘easy’’ capture of thousands of conserved

(Faircloth et al. 2012) or rapidly evolving (Lemmon et al.

2012) homologous regions for multiple species, facilitating

the construction of large data sets. In the near future, these

techniques will inevitably become cheaper and better.

Once genome and sequence alignments are in place, we

need to think about proper models to describe the data.

Statistical models of nucleotide substitution, codon substi-

tution, or amino acid replacement—models of molecular

evolution sensu lato—have been traditionally used to

compute probabilities of change among DNA or protein

sequences given a certain amount of time and/or mutation

rate and therefore to understand and interpret past evolu-

tionary events. One of the first models of molecular evo-

lution was proposed together with Charles R. Cantor by

Thomas Jukes in 1969, who started this editorial column in

JME in the late 1980s. Since then, increasingly realistic (or

at least we think so) models of evolution have been devel-

oped under the implicit assumption that they should result

in more reliable phylogenetic inferences. For example, new

models have been proposed that consider site interdepen-

dence, context-dependent changes, insertions, deletions,

and genomic rearrangements, and there is a growing trend

to consider molecular structure and function, ‘‘bringing

back molecules into molecular evolution’’ (Wilke 2012).

While in general it is true that more realistic models

offer a better statistical fit to the data, in my opinion it is

also true that their performance is usually not carefully

benchmarked. For example, while amino acid replacement

models that consider biochemical profiles fit the data better

and can affect phylogenetic inference on selected, partic-

ular empirical data sets, as far as I know their phylogenetic

accuracy has not been systematically evaluated using

computer simulations. Still, the majority of phylogenetic

analyses are based on relatively simple models that work

pretty much at the sequence level. The reason for this

gap between theory and practice is analytical efficiency, as

sophisticated models can be computationally too expen-

sive. However, in recent years there have been significant

computational advances like better algorithms, faster pro-

cessors, multicore computing, and other parallelization

approaches (e.g., Ayres et al. 2012; Price et al. 2010),

which will facilitate more complex analyses.

In fact, the large amount of next-generation data avail-

able today can be seen as an opportunity or as a intimi-

dation. The former because with large data sets we will be

able to fit more complex models with more confidence and
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conceivably better performance. The latter because the

amount of data could be overwhelming. For example, Chan

and Ragan (2013) have argued that we should abandon

model-based phylogenomic approaches in favor of purely

informatic, more scalable alignment-free methods. How-

ever, such approaches lack any biological intuition—they

altogether discard the concept of homology—and in my

opinion they will not be able to generate any insight. So far,

in phylogenetics we have learned nothing new from them. I

am convinced that we do have the proper conceptual and

technical tools to carry out high-quality evolutionary

analyses for omic data sets, but, in order to couple them

with the massive amount of data, a compromise is required

between model complexity and performance. Besides

biological realism, which indeed is important, we should

always characterize the performance of new computational

models and methods ‘‘in the light of’’ the available com-

putational power.
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