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INTRODUCTION

The Evolution of Tree Diversity: Proceedings of the 2016 IUFRO
Genomics and Forest Tree Genetics Conference, Phylogenetics
and Genomic Evolution Session, Arcachon, France

Studies in the evolution of forest tree diversity face a common
suite of issues: phylogenetic resolution in the context of hybrid-
ization and incomplete lineage sorting, the balance between di-
vergence and introgression, the relative effects of local adaptation
and demographic history on population genetic structure, and
many others. While we know much about the impact of tree diver-
sity on ecosystem services (Cavender-Bares 2016; Liang et al. 2016)
and the assembly and maintenance of tree diversity at community
and regional scales (e.g., Mason et al. 2012; Dryflor et al. 2016), we
know less about the evolutionary forces shaping the origins and
maintenance of tree diversity. The Phylogenetics and Genomic
Evolution Session of the 2016 [UFRO Genomics and Forest Tree Genet-
ics Conference was convened in Arcachon, France, in May 2016
(Holliday et al. 2017) to bring together researchers addressing evolu-
tionary relationships within and among tree species. The papers in
the current issue sample from the topics covered in this session and
address three overarching subjects in the evolution of tree diversity.

Hybridization, the bugbear of many efforts to reconstruct the
tree of life or delimit species, figures prominently in these papers.
Cannon and Scher (2017) argue that in the oak syngameon (Burger
1975; Van Valen 1976), the genomic evidence of introgression so
commonly reported in oaks (Zeng et al. 2011; Moran et al. 2012;
Zhang et al. 2015; Sullivan et al. 2016; An et al. 2017), but often
without an obvious gradient of intermediate phenotypes between
parental species, is an expected outcome of their low chromo-
some number and conserved genome structure in conjunction
with high gamete production and conspecific gamete advantage.
Pham et al. (2017) revisit classic work on the geographic structure
of chloroplast variation in the white oak group (Whittemore and
Schaal 1991; Dumolin-Lapégue et al. 1997; Petit et al. 1997) using
whole plastome sequencing in combination with restriction-site
associated DNA sequencing (RAD-seq) of the nuclear genome.
They find that the geographic structure of the plastome we might
expect in the eastern North American white oak syngameon (cf.
Hardin 1975) is lacking: phylogenetic informativeness of the plas-
tome attenuates towards the tips of the white oaks, but it is not
associated, at least in eastern North America, with strong phylo-
geographic signal. McVay et al. (2017a) provide genomic evidence
of historic introgression between a lobed white oak of eastern
North America and two lobed white oaks of western North America
that are no longer sympatric, resolving in the process an old
phylogenetic puzzle: the placement of Quercus gambelii. The meth-
ods they use to tease apart the signal of ancient hybridization
from that of population divergence in reduced-representation se-
quencing data augments the analytical toolkit for reconstructing
the tree of life in hybridizing lineages.

Phylogenetic inference is often problematic in trees, particu-
larly oaks (Hipp 2015; Eaton et al. 2015; Hu et al. 2016; McVay et al.
2017b), where ongoing hybridization, high heterozygosity, and
incomplete lineage sorting all present challenges. Four papers in
this volume use genomic approaches to investigate phylogenetic
relationships in a genus or family. Two discussed above (McVay
etal. 2017a; Pham et al. 2017) utilize the RAD-seq method to recon-
struct phylogenetic relationships in the white oaks. RAD-seq,
however, is still somewhat in its infancy for phylogenetics, and
analytical approaches are not fully agreed upon (Ree and Hipp
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2015). Fitz-Gibbon et al. (2017) address one of the analytical ques-
tions that lingers with short-read, anonymous RAD-seq data: is it
preferable to map data back to a reference genome to identify
sequence regions for analysis? or is de novo clustering (using, e.g.,
PyRAD) (Eaton 2014) equally effective? They demonstrate that, at
least in their study, these alternative approaches recover congru-
ent phylogenies with approximately the same levels of support,
providing at the same time insights into the phylogeny of the
California white oaks. Kua and Cannon (2017) take a slightly dif-
ferent approach to phylogenetic inference in their study, using a
reference-free comparative analysis of genome skimming data in
Ficus and Lithocarpus against the context of life history differences;
they estimate the effect of hybridization on genealogical concor-
dance across the genome. Their work demonstrates that our
expectation of high rates of hybridization in the large-seeded, wind-
pollinated Lithocarpus is supported by higher among-species genome
sharing and genomic heterogeneity of the phylogenetic signal.

The last three papers in this issue address the evolution of ge-
netic diversity within species, both in selected genes (Meireles
et al. 2017) and at neutral loci (Costa et al. 2017; Merceron et al.
2017). Meireles et al. demonstrate patterns of natural selection on
two cold response candidate genes, using population genetic ap-
proaches to investigate selection within species, and phylogenetic
approaches to investigate selection during the course of diversifi-
cation of the approximate six species of Quercus section Virentes.
The authors demonstrate that a legacy of cold acclimation ability
in the northern temperate ancestors of this clade proved adaptive
as the Virentes migrated into the tropics, as populations of a single
species in the clade may encounter very different conditions of
winter cold across wide latitudinal distributions. Costa et al. re-
visit the population genetic structure of Eucalyptus globulus to iden-
tify the source of Portuguese introductions as southern and
eastern Tasmania, demonstrating that the Portuguese landrace
has remarkably high diversity relative to the species as a whole.
Finally, Merceron et al. undertake a rangewide investigation of
population genetic structure in northern red oak (Quercus rubra),
sampling populations from throughout its native range in eastern
North America and 38 populations from its introduced range in
Europe. They partition the continuous variation in North America
using a combination of clustering, AMOVA, and approximate Bayes-
ian computation to test alternative models of population genetic
divergence, concluding that European introductions likely find
their source in northeastern North America and that the contin-
uous variation observed in North America is due at least in part to
secondary contact between predominantly allopatric northern
and southern populations.

A motif woven through most of these papers—and indeed,
through the conference as a whole (Holliday et al. 2017)—is the
importance of genome-scale data and explicit model-based hypo-
thesis testing to addressing even basic questions in the evolution
of tree diversity. Analyses based on a handful of loci and summary
statistics will probably always play an important role in rangewide
surveys of genetic diversity, identification of hybrid individuals,
broad-scale or initial phylogenetic surveys, and the characteriza-
tion of phylogenetic and genetic diversity of communities. But
the work presented here demonstrates the power of integrating
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high-throughput sequencing data with hypothesis-driven model-
testing approaches to infer the complex and interacting forces
that shape biodiversity evolution. This integration is becoming
the standard across biodiversity science, and we look forward to
seeing how our insights into the origins of tree diversity evolve in
the years to come.
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