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a b s t r a c t

The previously released packages of the PhyloMaker series (i.e. S.PhyloMaker, V.PhyloMaker, and
V.PhyloMaker2) have been broadly used to generate phylogenetic trees for ecological and biogeo-
graphical studies. Although these packages can be used to generate phylogenetic trees for any groups of
plants and animals for which megatrees are available, they focus on generating phylogenetic trees for
plants based on the megatrees provided by the packages. How to use these packages to generate
phylogenetic trees based on other megatrees is not straightforward. Here, we present a new tool, which
is called ‘U.PhyloMaker’, and a simple R script that can be used to easily generate large phylogenetic trees
for both plants and animals at a relatively fast speed.

Copyright © 2022 Kunming Institute of Botany, Chinese Academy of Sciences. Publishing services by
Elsevier B.V. on behalf of KeAi Communications Co. Ltd. This is an open access article under the CC BY-

NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Phylogenetic trees have been commonly used in studies
addressing evolutionary, ecological and biogeographical questions
(e.g. Webb, 2000; Cavender-Bares et al., 2009; Qian and Jin, 2016;
Jin and Qian, 2019, 2022; Yue and Li, 2021; Zhang et al., 2021; Qian,
2023; Zhou et al., 2023). Because gene-based, well resolved phy-
logenies including all species of a study area are rare, researchers
have commonly used megatree-based (supertree) methods to
generate phylogenetic trees for their studies. Specifically, re-
searchers use existing megatrees as backbones to graft species in
researchers' species lists to the backbones based on taxonomic
information (e.g. genus, family, and order), and then prune the
resulting phylogenetic trees to include only those species present in
the researchers’ species lists.

The software Phylomatic developed by Webb and Donoghue
(2005) perhaps was the first tool to generate megatree-based
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phylogenies. However, it has a number of serious limitations,
which have been discussed in previous studies (e.g. Qian and Jin,
2016). Qian and Jin (2016) and Jin and Qian (2019, 2022) devel-
oped a series of tools (S.PhyloMaker, V.PhyloMaker, and V.Phylo-
Maker2, which are collectively called the PhyloMaker series) to
generate megatree-based phylogenies. The total number of studies
using these tools has increased continuously since they were made
available to researchers, and the total number of studies using these
tools per year exceeds the number of studies using Phylomatic
since 2020 (Fig. 1), based on Thompson Reuters ISI Web of Science.
For example, the total number of studies citing the publications of
the three PhyloMaker packages was 186 in 2021 whereas the
number of the publications citing the publication of Phylomatic in
the same year was only 45 (Fig. 1), indicating that the three Phy-
loMaker packages are useful tools.

The three PhyloMaker packages were developed with a focus on
plants and based on the megatrees embedded in the packages, but
they can be used to generate megatree-based phylogenies for any
groups of organisms, including animals, as long as megatree
backbones and taxonomic information for them are provided. This
was made clear by Jin and Qian (2019), and previous studies have
used these packages to generate phylogenetic trees based on
megatrees other than those embedded in the packages. For
. Publishing services by Elsevier B.V. on behalf of KeAi Communications Co. Ltd. This
censes/by-nc-nd/4.0/).
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Fig. 1. The number of the publications that used either Phylomatic (Webb and
Donoghue, 2005) or one or more packages of the PhyloMaker series (S.PhyloMaker,
V.PhyloMaker, and V.PhyloMaker2; Qian and Jin, 2016; Jin and Qian, 2019, 2022) in
each year, based on Thompson Reuters ISI Web of Science (access on October 29, 2022).
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example, Qian et al. (2021) used V.PhyloMaker and a megatree
published by Testo and Sundue (2016) for pteridophytes to
generate a phylogenetic tree. In order for these PhyloMaker tools to
be able to generate phylogenies based on megatree backbones
other than those provided by the three published PhyloMaker
packages, users need to modify R codes in some functions of the
PhyloMaker packages. Although this is doable with little effort for
those who are familiar with R language, doing so may be difficult
for other users. Here, we add a new tool, which is called ‘U.Phylo-
Maker’ (‘U’ stands for ‘universal’, meaning that the tool can be used
to generate phylogenetic trees for both plants and animals), to the
PhyloMaker series. This new tool, which was developed based on
the functions in S.Phylomaker (Qian and Jin, 2016) and V.Phylo-
Maker (Jin and Qian, 2019), allows users to easily generate
megatree-based phylogenies for any groups of organisms based on
megatrees available at present and in future.

In this article, in addition to introducing the package U.Phylo-
Maker, we provide information about how to use this package and
some of the existing megatrees for plants (vascular plants) and
vertebrate animals (amphibians, birds, fishes, mammals, and rep-
tiles) to generate phylogenetic trees for users’ species lists. We
provide a simple R script that can be used to generate any
Box 1

R script for using U.PhyloMaker to generate a phylogenetic tree fo

‘amphibian_megatree.tre’, build.nodes.1, and scenario 3. The R scri

Supplementary data, and from the website at https://github.com/jiny

# load the package

library("U.PhyloMaker")

# input the sample species list, the megatree and genus-family re

sp.list <- read.csv("amphibian_sample_species_list.csv")

megatree <- read.tree("amphibian_megatree.tre")

gen.list <- read.csv("amphibian_genus_list.csv")

# generate a phylogeny for the sample species list

result <- phylo.maker(sp.list, megatree, gen.list, nodes.type ¼ 1, s

write.tree(result$phylo, "output_tree.tre")

write.csv(result$sp.list, "output_splist.csv")
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phylogenetic trees when some minor changes (e.g. file names) are
made by users (see Box 1).
2. Package description

The package ‘U.PhyloMaker’ uses the functions reported in
S.PhyloMaker and V.PhyloMaker with some modifications. Details
about the package are described in the document entitled “Intro-
duction to the ‘U.PhyloMaker’ package”, which is provided along
with the package (see below for website address), and the docu-
ment entitled “Descriptions of scenarios and functions.doc”, which
is one of the supplementary files of this article. As in other packages
of the PhyloMaker series (i.e. S.PhyloMaker, V.PhyloMaker, and
V.PhyloMaker2), U.PhyloMaker allows the user to determine how
the user wants U.PhyloMaker to graft species in user's species list to
the specified megatree by making two selections (i.e. select one
from the two node-adding options for non-monophyletic families
or genera; select one of the three species-adding scenarios; see the
supplementary information for details).

Unlike the other packages of the PhyloMaker series (i.e. S.Phy-
loMaker, V.PhyloMaker, and V.PhyloMaker2) in which data files
(e.g. megatrees and taxonomic information) supporting the func-
tions of the packages were embedded within the packages, in order
to make U.PhyloMaker to be able to generate phylogenetic trees
based on megatrees available at the present time and in future, we
separated data files from the package U.PhyloMaker. Data files for
some groups of organisms that can be directly used by the package
are available from the megatree website at https://github.com/
megatrees (see below for more information).

The U.PhyloMaker package was written in RStudio (RStudio
Team, 2015), is for use in the R language (R Core Team, 2016), and
requires a standard installation of R and the ‘ape’ package (Paradis
et al., 2004). When the user loads U.PhyloMaker, the ‘ape’ package
will be automatically loaded.

U.PhyloMaker is an open-source package (published under GPL-
2). The R package of U.PhyloMaker, together with documentation, is
available from GitHub (https://github.com/jinyizju/U.PhyloMaker).
3. Data files

To run U.PhyloMaker, the user needs to specify three data files in
the R console of U.PhyloMaker or the R script provided by us (Box
1): a file with user's species list, a file with the megatree that the
user wants to use as a backbone, and a file with the genusefamily
relationship for the megatree. Files for megatrees and
r the species in ‘amphibian_sample_species_list.csv’ based on

pt in this box is also available in the file “R codes_in_Box_1.r” in

izju/U.PhyloMaker or https://github.com/ISMRCC/U.PhyloMaker.

lationship files

cenario ¼ 3)
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genusefamily relationships for some groups of plants and animals
are available from the website at https://github.com/megatrees/.

3.1. Species list

A species list to be used byU.PhyloMaker should be in the format
of comma-separated values (csv) with five columns (i.e. species,
genus, family, species.relative, and genus.relative) as shown in the
file ‘sample_species_list.csv’ in Supplementary data. The first col-
umn is mandatory and the other four columns are optional. How-
ever, if the user does not provide the family name of a species and if
the genusefamily relationship of the species is not available in the
file with the genusefamily relationship for the megatree, the spe-
cies cannot be grafted to the megatree backbone (see below for
details). Because the spelling and nomenclature of species names in
many megatrees were standardized according to standard taxo-
nomic databases (e.g. the plant megatrees used by V.PhyloMaker2,
which are available at https://github.com/megatrees/; Jin and Qian,
2022), to maximize matching in species names between the user's
species list and a megatree chosen by the user, we suggest the user
standardize spelling and nomenclature of species using appropriate
taxonomic databases. All names in the user's species list that are
considered as synonyms should be replaced with their accepted
names. Because taxa at terminal branches in most megatrees are
species-level taxa (i.e. binomials), infraspecific taxa (e.g. subspecies,
variety, and forma) in the user's species list should be combined
with their parental species. Duplicate names should be removed.
Zhang and Qian (2023) recently developed a tool (i.e. ‘U.Taxon-
stand’) for standardizing scientific names of any groups of organ-
isms, and prepared databases for standardizing scientific names of
bryophytes, vascular plants, amphibians, birds, fishes, mammals,
and reptiles in the world, using U.Taxonstand to standardize sci-
entific names for these groups of organisms is fairly easy.

Because a hybrid sign in front of the genus name of a species
may cause a problem when adding the species to the megatree
specified by the user, we suggest the user removes the hybrid sign
in front of the genus name from both the megatree and user's
species list. Hybrid species may be indicated with “�”, “x” or “X”
between the genus name and species epithet in a species name.
However, for the same hybrid species, if different hybrid signs are
used in themegatree and user's species list, the species in the user's
species list cannot be matched to the species in the megatree. To
maximize the matching of species names in the user's species list
and species names in themegatree, the user may change the hybrid
sign either in the megatree file or in the user's species list so that
the same sign is used to indicate hybrid species in both the user's
species list and the megatree.

Some species or genera that are absent from themegatree in use
may be sister to or closely related with some species or genera in
the megatree.When the information of their closely related species
or genera is given in the user's species list (columns ‘spe-
cies.relative’ and ‘genus.relative’), these species or genera will be
attached to their closely related species or genera as sister species
or genera in a phylogeny generated by U.PhyloMaker (see fig. 1 of
Jin and Qian (2019) for details).

3.2. Megatree

In order for U.PhyloMaker to generate a phylogenetic tree for the
species list provided by the user, the user must specify the mega-
tree that the user wants to use as a phylogenetic backbone to
generate a phylogenetic tree for the species list. U.PhyloMaker can
work with a megatree file in the Newick or Nexus format, once the
file is successfully imported in R as a ‘phylo’ object. Fortunately,
megatrees for vascular plants and all major groups of vertebrates in
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the world are available online, although some of them do not
include all families. We selected some of them as examples to show
how they can be used by U.PhyloMaker. These megatrees are
available from their original sources (see below) and from the
website at https://github.com/megatrees/. New megatrees may be
found at thewebsite in future.When the users of U.PhyloMaker use
the megatrees available from the website at https://github.com/
megatrees/, the users should cite the original references of the
megatrees in their publications, some of which are indicated below.

plant_megatree.tre: This megatree is the ‘GBOTB.exten-
ded.WP.tre’ megatree implemented in V.PhyloMaker2 (Jin and
Qian, 2022), which was based on the botanical nomenclature of
the World Plants (WP) database (https://www.worldplants.de). In
addition to the ‘GBOTB.extended.WP.tre’ megatree, Jin and Qian
(2022) also presented the magatrees ‘GBOTB.extended.TPL.tre’
and ‘GBOTB.extended.LCVP.tre’, which were based on the botanical
nomenclature of The Plant List (TPL; http://www.theplantlist.org)
and the LCVP database (Freiberg et al., 2020), respectively. Subse-
quently, the ‘GBOTB.extended.WCVP.tre’ megatree, which was
based on the botanical nomenclature of the World Checklist of
Vascular Plants (WCVP; http://sftp.kew.org/pub/data-repositories/
WCVP/; Govaerts et al., 2021), was generated. All these plant
megatrees are available from the website at https://github.com/
megatrees/. When a phylogenetic tree generated based on any
one of these megatrees is used in a publication, the user should cite
Jin and Qian (2022) as the source of the megatree and should point
out which of the original megatrees (e.g. GBOTB.extended.WP.tre)
is used. Each of the megatrees includes all families of extant seed
plants in the world and some families of pteridophytes. Each of the
megatrees included the megatree of seed plants reported by Smith
and Brown (2018) and the pteridophyte part of the megatree re-
ported by Zanne et al. (2014). When the user uses a phylogenetic
tree generated based on the ‘plant_megatree.tre’ megatree in a
publication, the user should point out in the publication that the
megatree is ‘GBOTB.extended.WP.tre’ reported by Jin and Qian
(2022).

fern_megatree.tre: This megatree is the “ftol_sanger_con_da-
ted.tre” megatree reported by Nitta et al. (2022). It includes all
families of the extant ferns in the world.

amphibian_megatree.tre: This megatree is the same as the
megatree “amph_shl_new_Consensus_7238.tre” available from
https://data.vertlife.org/, which was originally reported by Jetz and
Pyron (2018). This megatree includes all families of the extant
amphibians in the world.

bird_megatree.tre: This megatree is one of the 10,000 trees for
birds provided by https://data.vertlife.org/, which were originally
reported by Jetz et al. (2012).

fish_megatree.tre: This megatree is one of the 100 megatrees
for fishes reported by Rabosky et al. (2018).

mammal_megatree.tre: This megatree is one of the 10,000
trees (each with 5911 species) for mammals provided by https://
data.vertlife.org/, which were originally reported by Upham et al.
(2019).

reptile_megatree.tre: This megatree is one of the 10,000 trees
for species in the order Squamata of reptiles provided by https://
data.vertlife.org/, which were originally reported by Tonini et al.
(2016).

As shown in the VertLife website (https://data.vertlife.org/),
many vertebrate groups each have multiple posterior phylogenies
(e.g. 10,000 trees for birds; Jetz et al., 2012). If a user would like to
generate two or more phylogenetic trees based on different pos-
terior phylogenies to account for uncertainty (variation) among
different posterior phylogenies, the user may download two or
more megatrees from https://data.vertlife.org/ or the original
sources of the megatrees, and use U.PhyloMaker to generate more

https://github.com/megatrees/
https://github.com/megatrees/
https://github.com/megatrees/
https://github.com/megatrees/
https://github.com/megatrees/
https://www.worldplants.de
http://www.theplantlist.org
http://sftp.kew.org/pub/data-repositories/WCVP/
http://sftp.kew.org/pub/data-repositories/WCVP/
https://github.com/megatrees/
https://github.com/megatrees/
https://data.vertlife.org/
https://data.vertlife.org/
https://data.vertlife.org/
https://data.vertlife.org/
https://data.vertlife.org/
https://data.vertlife.org/
https://data.vertlife.org/
https://data.vertlife.org/


Y. Jin and H. Qian Plant Diversity 45 (2023) 347e352
than one phylogenetic tree for the user's species list. Alternatively,
the user may use the R script in the “R_codes_for_generating_-
trees_based_on_multiple_megatrees.r” file, which is available from
the file “R codes and an example to use U.PhyloMaker to generate
multiple trees.zip” located at https://github.com/jinyizju/U.
PhyloMaker or https://github.com/ISMRCC/U.PhyloMaker, to auto-
matically generate multiple trees from a single execution of
U.PhyloMaker. We would like to point out that for many studies
that are based on phylogenetic metrics such as phylogenetic di-
versity (PD), mean pairwise distance (MPD), mean nearest taxon
distance (MNTD), net relatedness index (NRI), and nearest taxon
index (NTI) (Faith, 1992; Webb, 2000; Webb et al., 2002), using the
average value of a phylogenetic metric derived from two or more
phylogenetic trees for an assemblage of species may not be
necessary, because average values derived from multiple phyloge-
netic trees are often strongly and positively correlated with those
derived from a singly phylogenetic tree (e.g. r ¼ 0.999 for fresh-
water fish assemblages in North America; Qian et al., 2020).
3.3. The genusefamily relationship

Nearly all megatrees do not have information about the
genusefamily relationship. Without such information, species in
those genera that are not present in the specified megatree (see
above) cannot be grafted to the megatree. In the other packages of
the PhyloMaker series (i.e. S.PhyloMaker, V.PhyloMaker, and
V.PhyloMaker2), because megatrees with them were included in
the packages, the genusefamily relationship files for the megatrees
were also included in the packages. Furthermore, a file with such
relations for all genera of vascular plants is available online (https://
github.com/jinyizju/genus.family.relationship). Because megatrees
are not part of the package U.PhyloMaker, a file with the genus-
efamily relationships for the megatree to be used by the user must
be specified by the user (see below and Box 1 for details). We
generated the genusefamily relationship files for all the megatrees
described above based on various data sources, and placed the files
at https://github.com/megatrees/. When new megatrees are avail-
able from the website, we will upload the genusefamily relation-
ship files for them to the website. Because the genusefamily
relationship files are not part of U.PhyloMaker, we take no re-
sponsibility for the accuracy of the data in these files. We suggest
users check and update the data if needed. Users can expand these
files by adding those genera that are absent from the current ver-
sions of them, or modify the genusefamily relationships. For
example, the genusefamily relationships for angiosperms in the
current version of the plant genus list for the aforementioned four
plant megatrees (i.e. GBOTB.extended.WP.tre, GBOTB.exten-
ded.TPL.tre, GBOTB.extended.LCVP.tre, and GBOTB.exten-
ded.WCVP.tre) were based on APG IV (Angiosperm Phylogeny
Group, 2016). Thus, the genusefamily relationships in the genus
list may differ from those in the respective botanical databases
based on which the botanical nomenclature in the megatrees was
standardized. If the user would like to use the genusefamily re-
lationships in a particular botanical database (e.g. WP), the user
needs to generate a genus list with genusefamily relationships
based on the botanical database, or modify the genus list provided
by us (https://github.com/megatrees/).
4. Installation of U.PhyloMaker

The package U.PhyloMaker can be installed in R using the
install_github function in the ‘devtools’ package (Wickham et al.,
2018), as follows:

devtools::install_github("jinyizju/U.PhyloMaker")
350
A stand-alone version of the package can be downloaded from
the website at https://github.com/jinyizju/U.PhyloMaker or https://
github.com/ISMRCC/U.PhyloMaker.

5. How to use U.PhyloMaker

We suggest the user puts the megatree and the genusefamily
relationship files in the folder where the user's species list is
located. As stated above, megatrees for plants and vertebrates and
their respective genusefamily relationship files are available from
the megatree website at https://github.com/megatrees/. We pro-
vided an R script in Box 1, as well as in Supplementary data, to run
the package on a species list for amphibians as an example (the files
specified in the R script of Box 1 are available from the website at
https://github.com/megatrees/). If the user uses the file names and
the default settings as shown in Box 1, the user does not need to
make any change in the R script. Otherwise, the user only needs to
specify (modify) five places at maximum in the five command lines
in the R script as shown below.

amphibian_sample_species_list.csv: This is the name of a file
with species list for which U.PhyloMaker will generate a phyloge-
netic tree for the user. The user may use a different file name.

amphibian_megatree.tre: This is the file name of the megatree
for amphibians (see above for details).

amphibian_genus_list.csv: This is the name of the file with the
genusefamily relationship for amphibians (see above for details),
and it works with the megatree “amphibian_megatree.tre”.

nodes.type ¼ 1: This is the default option, which means that
U.PhyloMaker uses the “build.nodes.1” function to graft species to
the megatree. If the user prefers to use the “build.nodes.2” function
to graft species to the megatree, the user needs to change
“nodes.type ¼ 1” to “nodes.type ¼ 2”. Difference between these
two node-finding functions was described in the Supplementary
data. The previous users of S.PhyloMaker, V.PhyloMaker, and
V.PhyloMaker2 used “nodes.type ¼ 1” more frequently than
“nodes.type ¼ 2”.

scenario ¼ 3: This is the default option, which is more
commonly used by the previous users of S.PhyloMaker, V.Phylo-
Maker, and V.PhyloMaker2, compared to the other two scenarios
(i.e. scenarios 1 and 2). Differences among these three scenarios
were described in the Supplementary data. If the user prefers to use
scenario 1 or scenario 2 to generate a phylogenetic tree for the
provided species list, the user needs to change “scenario ¼ 3” to
“scenario ¼ 1” or “scenario ¼ 2”, respectively.

Note that due to potential changes during type-setting by the
publisher of this article, the R script in Box 1 may not work if the
user copies the command lines in Box 1 to a file or to the R console.
If this happens, we suggest the user uses the R script in the
Supplementary data, which are also available from the website at
https://github.com/jinyizju/U.PhyloMaker or https://github.com/
ISMRCC/U.PhyloMaker.

Each execution of U.PhyloMaker results in two output files. One
file, which is called “output_tree.tre”, as shown in Box 1, includes
the phylogenetic tree generated by U.PhyloMaker for the species
list provided by the user; and the other file, which is called “out-
put_splist.csv”, as shown in Box 1, includes the information in the
species list provided by the user plus two additional columns,
which are called “family.in.genus.list” and “output.note”. The col-
umn “output.note” includes the information about if and how a
particular species is grafted to the megatree: the term “present in
megatree” means that the species is present in the megatree; the
term “insertion based on genus” means that the species is absent
from themegatree but its genus is present and the species is grafted
to the genus; the term “insertion based on family” means that the
genus of the species is absent from the megatree but its family is

https://github.com/jinyizju/U.PhyloMaker
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present and the species is grafted to the family; the term “no
insertion” means that the family of the species is absent from the
megatree and thus the species is not grafted to the megatree (note
that if the genus is not present in the genusefamily relationship file
and the column family in the species list provided by the user is
blank for the species, the species will not be grafted to themegatree
even if the family of the species is present in the megatree). For a
given species, if the family name in the species list provided by the
user differs from that in the genusefamily relationship file,
U.PhyloMaker uses the family name in the latter when grafting the
species to the megatree, and put the family name in the column
“family.in.genus.list” of the “output_splist.csv” file. If the user pre-
fers to use the genusefamily relationship of the species in the
species list provided by the user, the user needs to modify the
genusefamily relationship for its genus in the genusefamily rela-
tionship file, and then re-runs U.PhyloMaker on the user's species
list.

Box 1 provided an example to show how to use U.PhyloMaker to
generate a phylogenetic tree for a species list of amphibians. If the
user would like to use the script in Box 1 to generate a phylogenetic
tree for a species list of a different group of organisms, the user needs
to specify the file name of megatree and the file name of the genus
list for the group of organisms in the script. For example, if the user's
species list is for mammals, the user can use the script in Box 1 to
generate a phylogenetic tree for the species list after replacing
“amphibian_megatree.tre” and “amphibian_genus_list.csv” with
“mammal_megatree.tre” and “mammal_genus_list.csv”, respec-
tively. As noted above, megatrees and genus lists for many major
groups of organisms, including thosementioned above, are available
from the website at https://github.com/megatrees/.

Warning or note messages may appear during the execution of
the functions in the package. The user may ignore the messages if
the execution can successfully generate a phylogenetic tree for the
species list of the user.

6. Discussion

U.PhyloMaker is a new package of the PhyloMaker series.
Although the main functions used in this package are the same as
those used by the other packages of the PhyloMaker series (i.e.
S.PhyloMaker, V.PhyloMaker, and V.PhyloMaker2; Qian and Jin,
2016; Jin and Qian, 2019, 2022), U.PhyloMaker makes it much
easier to generate megatree-based phylogenetic trees for different
groups of organisms, including both plants and animals. Jin and
Qian (2019, 2022) showed that these packages can generate very
large phylogenetic trees at a relatively fast speed. For example, Jin
and Qian (2022) tested the functions used by the packages of the
PhyloMaker series against a list of 365,198 species, which included
all angiosperm species in the world, and a phylogenetic tree was
generated within about 42 h. We have tested U.PhyloMaker on
multiple species lists, each of which included 20,000 to 50,000
species, and found that each test completed with success within
less than 1 h in most cases, and the speed of U.PhyloMaker is faster
than the other packages of the PhyloMaker series, even in the case
that the nodes.info files were already embedded in the other
packages of the PhyloMaker series and thus would save some
execution time for them to execute the PhyloMaker functions. For
example, in our tests on the species list with all 29,158 seed plant
species in China, 61% of which are absent from the “plant_mega-
tree.tre”, generating a phylogenetic tree for this species list took
55 min when using V.PhyloMaker2 and 49 min when using
U.PhyloMaker (the same computer was used for the two tests).
Because most of species lists at continental, regional, and local
scales each include only thousands of species or fewer, and the
running time of U.PhyloMaker on these species lists is usually much
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less than 1 h, thus, the speed of generating phylogenetic trees with
the functions of U.PhyloMaker is relatively fast, although the
packages may run faster when the functions within it are further
optimized.

Several studies have shown that phylogenetic trees generated
based on megatrees are robust for studies on community phylo-
genetics (Qian and Zhang, 2016; Li et al., 2019; Qian and Jin, 2021).
For example, Qian and Zhang (2016) showed that values of phylo-
genetic metrics derived from the phylogenetic tree resolved at the
family level are strongly and positively correlated with those
derived from the phylogenetic tree resolved at the species level.
Qian and Jin (2021) showed that values of phylogenetic metrics
derived from a fully-resolved species level tree are nearly identical
to those from a tree resolved only at the genus level (Pearson's
correlation coefficient ranges from 0.966 to 1.000). Thus, megatree-
based phylogenetic trees are appropriate for studies on community
phylogenetics, particularly in the case that the vast majority of
genera in a species list are resolved in the megatree. However,
megatree-based phylogentic trees may not be appropriate for those
studies that require a high resolution of a phylogenetic tree
resolved at the species level.

In order for the users of U.PhyloMaker to be able to use the
package easily, wemake a number of megatrees available at https://
github.com/megatrees/. We may place more megatrees on the
website in future. We would like to make it clear that all megatrees
at the website should not be considered as part of either the
package U.PhyloMaker or this article. We recommend the users of
U.PhyloMaker cite the original sources of the megatrees [e.g. citing
Jin and Qian (2022) when using the ‘plant_megatree.tre’ megatree
or one of the ‘GBOTB.extended.WP.tre’, ‘GBOTB.extended.TPL.tre’,
‘GBOTB.extended.LCVP.tre’, and ‘GBOTB.extended.WCVP.tre’ mega-
trees available at https://github.com/megatrees/ to generate a
phylogenetic tree for plants, in addition to citing Smith and Brown
(2018) and Zanne et al. (2014)].
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