
published studies, this framework is poised to update taxonomy
in a phylogenetically informed manner far more rapidly than has
occurred historically (see Fig. S1 for workflow).
We used recently developed graph methods (14) to synthesize

a tree of life of over 2.3 million operational taxonomic units
(OTUs) from the reference taxonomy and curated phylogenies.
Taxonomies contribute to the structure only where we do not
have phylogenetic trees. Advantages of graph methods include
easy storage of topological conflict among underlying source
trees in a single database, the construction of alternative syn-
thetic trees, and the ability to continuously update the tree with
new phylogenetic and/or taxonomic information. Importantly,
our methodology also highlights the current state of knowledge
for any given clade and reveals those portions of the tree that
most require additional study. Although a massive undertaking
in its own right, this draft tree of life represents only a first step.
Through feedback, addition of new data, and development of
new methods, the broader community can improve this tree.

Results
Open Tree Taxonomy. To align phylogenies from different sources,
the tips, which may represent different taxonomic levels, must be
mapped to a common taxonomic framework (14). For synthe-
sizing phylogenetic data, taxonomy also provides completeness
and structure where phylogenetic studies have not sampled all
known lineages (true of most clades). Available taxonomies
differ in completeness and how closely the hierarchy matches
known evolutionary relationships. The Open Tree Taxonomy
(OTT) is an automated synthesis of available taxonomies, max-
imizing the number of taxa and preferring input taxonomies that
better align to phylogenetic hypotheses in various clades (Mate-
rials and Methods). It contains taxa with traditional Linnaean
names and unnamed taxa known only from sequence data. OTT
ver. 2.8 has 2,722,024 OTUs without descendants and includes
382,564 higher taxa; 585,081 of the names are classified as non-
phylogenetic units (e.g., incertae sedis) and were therefore not in-
cluded in the synthesis pipeline. The taxonomy is available for
download and through online services, including a taxonomic
name resolution service for aligning other trees with our taxon-
omy (see Data and Software Availability, below).

Input Phylogenies. We built a user interface for collection and
curation of potential trees for synthesis (https://tree.opentreeoflife.
org/curator). The complete database contains 6,810 trees from
3,062 studies. At the time of publication, 484 studies in our
database are incorporated into the draft tree of life. Our goal is
to generate a best estimate of phylogenetic knowledge; based
on our tests, we give several reasons not to use all available
trees for synthesis. First, including trees that are incorrect does

not improve the synthetic estimate. In each major clade, expert
curators selected and ranked input trees for inclusion based on
date of publication, underlying data, and methods of inference
(see Materials and Methods for details). These rankings generally
reflect community consensus about phylogenetic hypotheses.
Second, including trees that merely confirm, or are subsets of,
other analyses only increases computational difficulty without
significantly improving the synthetic tree. For example, although
we have many framework phylogenies spanning angiosperms, we
did not include older trees where a newer tree extends the same
underlying data. Third, inclusion of trees requires a minimum
level of curation; where most OTU labels have been mapped to
the taxonomic database, the root is correctly identified, and an
ingroup clade has been identified. This information is not in the
input file and requires manual curation from the associated
publication. Not all trees are sufficiently well-curated; at this point,
we have focused curation efforts on trees that will most improve
the synthetic tree. The full set of trees in the database is important
for other questions such as estimating conflict or studying the
history of inference in a clade, highlighting the importance of
continued deposition and curation of trees into public data re-
positories. See Dataset S1 for a list of input trees and metadata
and see Fig. S2 for size and scope of input trees.

A Draft Tree of Life. We constructed a tree alignment graph (14),
the graph of life, by loading the Open Tree Taxonomy and the
484 rooted phylogenies into a neo4j database. The graph of life
contains 2,339,460 leaf nodes (after excluding nonphylogenetic
units from OTT), plus 229,801 internal nodes. It preserves con-
flict among phylogenies and between phylogenies and the tax-
onomy. To create the synthetic tree, we traversed the graph,
resolving conflict based on the rank of inputs, and labeled ac-
cepted branches that trace a synthetic tree summarizing the
source information. This method allows for clear communication
of how conflicts are resolved through ranking, and of the source
trees and/or taxonomies that support a particular resolution. The
synthetic tree contains phylogenetic structure where we have
published trees, and taxonomic structure where we do not. See
the Supporting Information, including Figs. S3–S6, for details.
The tree is available to browse and download, and online services
allow extraction of subtrees given lists of species (see Data and
Software Availability, below).
Coverage.Of the 2,339,460 tips in the synthetic tree of life, 37,525
are represented in at least one input phylogeny, with an addi-
tional 4,254 nonterminal taxa represented as tips in phylogenetic
inputs (Fig. 1). In Bacteria, Fungi, Nematoda, and Insecta, there
is a large gap between the estimated number of species and
what exists in taxonomic and sequence databases (Fig. 2). In
contrast, Chordata and Embryophyta are nearly fully sampled in
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Fig. 1. Phylogenies representing the synthetic tree. The depicted tree is limited to lineages containing at least 500 descendants. (A) Colors represent pro-
portion of lineages represented in NCBI databases. (B) Colors represent the amount of diversity measured by number of descendant tips. (C) Dark lineages
have at least one representative in an input source tree.
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