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Abstract There has been increasing interest in integrating a regional tree of life with community assembly rules in
the ecological research. This raises questions regarding the impacts of taxon sampling strategies at the regional
versus global scales on the topology. To address this concern, we constructed two trees for the nitrogen-ﬁxing
clade: (i) a genus-level global tree including 1023 genera; and (ii) a regional tree comprising 303 genera, with taxon
sampling limited to China. We used the supermatrix approach and performed maximum likelihood analyses on
combined matK, rbcL, and trnL-F plastid sequences. We found that the topology of the global and the regional tree
of the N-ﬁxing clade were generally congruent. However, whereas relationships among the four orders obtained
with the global tree agreed with the accepted topology obtained in focused analyses with more genes, the regional
topology obtained different relationships, albeit weakly supported. At a ﬁner scale, the phylogenetic position of the
family Myricaceae was found to be sensitive to sampling density. We expect that internal support throughout the
phylogeny could be improved with denser taxon sampling. The taxon sampling approach (global vs. regional) did
not have a major impact on ﬁne-level branching patterns of the N-ﬁxing clade. Thus, a well-resolved phylogeny with
relatively dense taxon sampling strategy at the regional scale appears, in this case, to be a good representation of
the overall phylogenetic pattern and could be used in ecological research. Otherwise, the regional tree should be
adjusted according to the correspondingly reliable global tree.
Key words: global tree of life, N-ﬁxing clade, phylogeny, regional tree of life, supermatrix.

The tree of life has been widely applied as a useful tool in
different areas of ecological research (Ma, 2013; Lu et al.,
2014). An upsurge in ecological studies incorporating phylogenetic information with community dynamics has been seen
in the last decade (Webb et al., 2002; Kraft et al., 2007;
Cavender-Bares et al., 2009; Asner & Martin, 2011; Gregory
et al., 2014; Robert, 2015). Nitrogen-ﬁxing (N-ﬁxing) plants are
© 2016 Institute of Botany, Chinese Academy of Sciences

an important component of biological communities. The
ability to ﬁx and use atmospheric N through a process known
as biological N-ﬁxation complements the limited bioavailability of N and has received a lot of attention. In particular, there
is hope that N-ﬁxing genes can be transferred to non-N-ﬁxing
crop species (Soltis et al., 1995; Ferguson et al., 2010; Santi
et al., 2013; Venkateshwaran et al., 2013).
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Phylogeny of the N-fixing clade
The N-ﬁxing clade was ﬁrst recovered and proposed by
Soltis et al. (1995) based on initial molecular phylogenetic
analyses of angiosperms. The clade as now recognized
contains 28 families (of which, 10 families contain N-ﬁxing
species), over 1300 genera, and approximately 30 000 species.
Many species of the N-ﬁxing clade have great economic
importance as crop plants including legumes (Fabaceae), fruit
crops (Rosaceae), and vegetables (Cucurbitaceae). Many
other species play a crucial role in biological communities
because of their ability to ﬁx atmospheric N through a
symbiosis with N-ﬁxing bacteria in root nodules (Li et al., 2015).
Additionally, the clade possesses many woody species that are
distributed in temperate and tropical forests (e.g., Betulaceae,
Fagaceae, Fabaceae, and Ulmaceae) (Croat, 1978; Elias, 1980;
Lopez et al., 1987), forests of extreme importance to
biological communities (Wang et al., 2009; Fang et al., 2012;
Huang et al., 2012).
The N-ﬁxing clade has long been recognized as monophyletic and inclusive of the four orders Cucurbitales, Fabales,
Fagales, and Rosales (Soltis et al., 2000, 2008, 2011; Zhu et al.,
2007; APG III, 2009; Wang et al., 2009; Moore et al., 2010, 2011).
Relationships among these orders, as well as within these
orders, are generally well resolved. For example, the
relationships among families in Fagales are well resolved
except for the position of Myricaceae (Li et al., 2004; Herbert
et al., 2006; Bell et al., 2010; Soltis et al., 2011; Xiang et al.,
2014). Within Cucurbitales, the relationships of Begoniaceae,
Datiscaceae, and Tetramelaceae remain unclear (Swensen
et al., 1994, 1998; Zhang et al., 2006; Schaefer & Renner, 2011).
The four families within Fabales were strongly supported as
monophyletic, but branching orders of the families have not
yet been clariﬁed (Bello et al., 2009; Wang et al., 2009; Soltis
et al., 2011), and the main clades of Fabaceae are generally
resolved, however, the relationships among some of them are
still unclear (Wojciechowski et al., 2004; Cardoso et al., 2012a,
2012b; The Legume Phylogeny Work Group, 2013). The
interfamilial relationships within Rosales were resolved with
Rosaceae sister to the rest of the order (e.g., Savolainen et al.,
2000a, 2000b; Hilu et al., 2003; Soltis et al., 2007, 2011), with
the remaining families forming two distinct clades: one clade
of Ulmaceae and relatives, and a second comprising
Rhamnaceae and relatives (see Richardson et al., 2000;
Savolainen et al., 2000a; Sytsma et al., 2002; Zhang et al., 2011).
However, phylogenetic relationships among Barbeyaceae,
Dirachmaceae, Elaeagnaceae, and Rhamnaceae within Rosales remain unclear. Moreover, within Rosaceae, three
subfamilies are monophyletic with strong support, however,
the position of Dryadoideae remains uncertain (Potter, 2003;
Potter et al., 2007; Chin et al., 2014). Informally, Rosaceae may
be composed of clades of rhamnoids, ziziphoids, and
ampeloziziphoids; however, the relationships among these
are unresolved (Richardson et al., 2000).
The combination of many genes and whole plastid genome
sequence data has led to an improved understanding of
the deep-level phylogeny of the N-ﬁxing clade within the
framework of all angiosperms (Leebens-Mack et al., 2005;
Jansen et al., 2007; Moore et al., 2010, 2011; Soltis et al., 2011).
However, fewer than 40 taxa of the N-ﬁxing clade were
included in the most taxonomically robust of these studies.
Some studies recovered the basic phylogenetic framework of
the orders within the N-ﬁxing clade using broad taxonomic
www.jse.ac.cn
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coverage, but the support values for some crown clades was
low (Bello et al., 2009; Zhang et al., 2011). Crown clades may be
resolved with denser taxonomic sampling, but denser
sampling typically requires a prohibitive volume of sequence
data for a many-gene phylogeny. As an alternative, deep-level
phylogenies of families or orders may be resolved with a
smaller number of markers from spacer regions (Richardson
et al., 2000; Li et al., 2004; Zhang et al., 2006). Using spacer
regions is a possible way to construct a well-resolved
phylogeny with dense sampling.
A well-supported and resolved topology is crucial to carry
out reliable, downstream ecological analysis (Cavender-Bares
et al., 2009; Roquet et al., 2013). A regional tree of life is useful
for studying phylogenetic diversity, community assembly
rules, conservation biology, and niche evolution in a distinct
area (Whitney et al., 2009; Asner & Martin, 2011; Schaefer
et al., 2011). However, the impact of the taxon sampling
strategy on the topology at the regional compared to a global
scale has not been rigorously studied.
In this study, we selected three plastid regions, matK, rbcL,
and trnL-F spacer and reconstructed the most comprehensive
phylogeny (global tree) of the N-ﬁxing clade to date,
comprising 1023 species at the generic level using the
supermatrix approach. We also reconstructed a regional
tree for the N-ﬁxing clade with 303 genera native to China.
Another two global trees that include the remaining 726
operational taxonomic units (OTUs) and 303 randomly
selected OTUs from this remaining group (including 6
outgroups) were also reconstructed. Our aims are to establish
a tree of life of the N-ﬁxing clade at the generic level and to
test the impact of the taxon sampling density at the regional
or global scale by comparing the two topologies.

Material and Methods
Taxon sampling
Through our sampling approach we tried to maximize the
taxonomic coverage of each of the previously recognized
genera (Stevens, 2001 onwards and references therein) within
the N-ﬁxing clade. DNA samples for some species used here
were extracted from dried materials in silica gel. Sequences of
most species were obtained from GenBank. We constructed a
three-marker data matrix for 1023 species. Species names and
GenBank accession numbers are presented in Table S1.
For newly generated sequences, we isolated genomic DNA
from silica gel-dried materials using a Plant Genomic DNA Kit
(Beijing Biomed, Beijing, China) or from herbarium samples
following a modiﬁed CTAB procedure (Doyle & Doyle, 1987).
DNA regions were ampliﬁed with polymerase chain reaction
(PCR). We carried out PCR ampliﬁcations using the primers in
Li et al. (2013) and 2 Taq PCR MasterMix (Beijing Biomed) in
25-mL reactions with the following thermocycler program:
2 min at 95 °C for denaturation, then 35 cycles of 30 s at 95 °C,
30–60 s at 53–57 °C for annealing, 2 min 30 s at 72 °C for primer
extension, and a 10-min incubation at 72 °C following the
cycles. The PCR products were puriﬁed using a GFX PCR DNA
and Gel Band Puriﬁcation Kit (Amersham Pharmacia Biotech,
Piscataway, NJ, USA) and then directly sequenced them.
Sequencing reactions were carried out using an ABI Prism
BigDye Terminator Cycle Sequencing Kit (Applied Biosystems,
J. Syst. Evol. 54 (4): 392–399, 2016
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Beijing, China). We then processed the sequences using ABI
3730xl DNA Analysis Systems and following the manufacturer’s protocols.
For sequences from GenBank, all available nucleotide
sequences were selected from the three plastid regions
(matK, rbcL, and trnL-F) representing the N-ﬁxing clade. For
each taxon, we tried to use the same species and DNA sample
across the three plastid markers, but some composite
accessions were necessary to represent genera. The longest
sequence was selected when multiple sequences were
available, and randomly selected one sequence when there
were multiples of the same length. Most of the DNA
sequences have been used in previously published studies
(e.g., Li et al., 2004; Wojciechowski et al., 2004; Zhang et al.,
2011).
DNA alignment
The rbcL sequences were aligned directly in the program
MUSCLE using the default settings at the high accuracy
parameter (Edgar, 2004), and the resulting alignment was
manually adjusted by eye, using BioEdit version 5.0.9 (Hall,
1999). A two-step strategy was used to align the fast-evolving
matK and trnL-F regions. First, we divided the sequences into
clusters according to sequence length and taxonomic unit.
Each cluster was aligned in MUSCLE under default high
accuracy parameters, and then manually adjusted the
alignment. Then we aligned the clusters with the proﬁle–
proﬁle alignment algorithm in MUSCLE. Final adjustments
were made to the alignments for these two genes using the
MUSCLE reﬁnement algorithm and then manually, especially
to trim for quality and maximum coverage. The aligned global
matrix contains 1023 OTUs. To compare with the global tree of
the N-ﬁxing clade, we constructed a regional matrix with 303
OTUs representing the N-ﬁxing clade. In the regional matrix,
all the genera have representatives distributed in China. The
remaining 726 OTUs and 303 randomly selected OTUs from
this remaining group (including 6 outgroups) were also
prepared for the maximum likelihood (ML) analyses.
Phylogenetic analyses
The program RAxML version 7.6.6 (Stamatakis, 2006) was
used to carry out the initial phylogenetic analysis under the ML
criterion for each marker. No signiﬁcant bootstrap (BS)
support for conﬂicting nodes was evident (taken here as
exceeding 70%), so the data from different markers for
subsequent analyses were combined. Phylogenetic analyses
of the combined dataset of three DNA regions using ML
methods were carried out. The ML analysis was performed
using RAxML with the following options: three data partitions
(rbcL, matK, and trnL-F), GTR þ I þ G nucleotide substitution
model, and 1000 non-parametric BS replicates. The gaps were
treated as missing data. The program was run on the CIPRES
network (Miller et al., 2010).

Results
For most nodes, the three-marker global tree showed higher
BS support than the individual marker and regional trees.
Thus, only the global tree is described below (Fig. S1; and
interconnected subtrees in Fig. S2 for clearer visualization).
J. Syst. Evol. 54 (4): 392–399, 2016
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We examine the regional tree (Figs. S3, S4) in the Discussion
section under “Comparison of global and regional trees of the
N-ﬁxing clade” (below). The topologies with 726 and 303
OTUs are shown in Figs. S5 and S6.
Based on the combined three-marker dataset, we generated a well-resolved phylogeny of the N-ﬁxing clade. Each of
the four orders is strongly supported as monophyletic with BS
value >80% (Fig. S1). Fabales are sister to the other three
orders (BS ¼ 100%), and Rosales are sister to Fagales and
Cucurbitales (BS ¼ 84%). Relationships within the four orders
are summarized as follows.
Within Fabales, the monophyly of the four families are well
supported (BS  99%). Within Fabaceae, subfamily Caesalpinioideae are paraphyletic and at the base of the family,
whereas subfamilies Mimosoideae and Papilionoideae are
well supported as monophyletic. In subfamily Caesalpinioideae, eight monophyletic clades were recovered: Cercideae,
Deterieae s.l., Dialiinae s.l., Umtiza clade, Cassia clade,
Caesalpinia clade, Tachigali clade, and Peltophorum clade.
Within Mimosoideae, resolution of the large, higher-level
mimosoid clades (e.g., tribal or generic level) is problematic.
In subfamily Papilionoideae, 15 monophyletic clades were
recovered: Swartzioid, Dipterygeae clade, Amburana clade,
Cladrastis clade, Andira clade, Lecointeoid clade, Vataireoid,
Dalbergioid s.l., Genistoid, Baphioid, Mirbelioids, Robinioid
clade, inverted repeat-lacking clade (IRLC), Indigofereae, and
Millettioid clade (inverted-repeat-lacking clade).
Within Rosales, Rosaceae were resolved as sister to other
members of Rosales. The remaining families comprise a
well-supported clade (BS ¼ 99%). Within Rosaceae, three
subfamilies Spiraeoideae, Dryadoideae, and Rosoideae were
retrieved. Informally, we identiﬁed three well-supported
clades in Rhamnaceae: Ampeloziziphoids (BS ¼ 100%), Rhamnoids (BS ¼ 99%), and Ziziphoids (BS ¼ 100%). Ulmaceae
comprise two well supported clades, each with BS ¼ 99%:
Ampelocera þ Holoptelea and Hemiptelea þ (Zelkova þ Ulmus).
Within Cannabaceae, Aphananthe was well supported
as sister to the rest of the family. Gironniera þ Lozanella
was sister to the remainder. Within Moraceae, wellsupported monophyletic clades of Castilleae (BS ¼ 99%)
and Dorstenieae s.l. (Clement & Weiblen, 2009) (BS ¼ 99%)
were detected. Two additional well-supported clades were
Moreae (minus Streblus) (BS ¼ 100%) and Artocarpeae
(excluding Hullettia and Parartocarpus) (BS ¼ 90%). In
Urticaceae, four strongly supported clades (clade I–IV,
Fig. S2k) were recognized and the relationships among them
were well resolved.
In Cucurbitales, strong support (BS ¼ 100%) was found for a
clade of Corynocarpaceae þ Coriariaceae as sister to a
moderately supported (BS ¼ 63%) clade consisting of the
remaining Cucurbitales. Cucurbitaceae were well represented
at the genus level in the current study. We recovered most
tribes, including Fevilleeae, Actinostemmateae, Telfairieae,
Bryonieae, Sicyeae, Schizopeponeae, Coniandreae, Cucurbiteae, and Benincaseae, sensu Schaefer & Renner (2011) based
on the analyses of 14 DNA regions from the three plant
genomes.
All families within Fagales had BS ¼ 100%. Nothofagaceae
were sister to the remaining Fagales (BS ¼ 100%), followed by
Fagaceae, which are sister to the remainder of the Fagales,
with strong support (BS ¼ 100%). The rest of Fagales formed
www.jse.ac.cn
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two clades: Casuarinaceae þ (Ticodendraceae þ Betulaceae)
(BS ¼ 100%) were sister to Myricaceae þ (Rhoipteleaceae þ
Juglandaceae) (BS ¼ 59%). In Betulaceae, Alnus was the sister
to the remainder of Betulaceae (BS ¼ 100%), with subsequent
divergence order of Betula as sister to two clades: Corylus þ
Ostryopsis (BS ¼ 99%) and Ostrya þ Carpinus (BS ¼ 100%).
Within the Myricaceae, Canacomyrica was resolved as sister
to Myrica þ Comptonia. In Juglandaceae, two major clades
were recovered: (i) Alfaroa þ (Engelhardia þ Alfaropsis) with
BS ¼ 99%; and (ii) Annamocarya, subsequently followed by
Platycarya, Cyclocarya, and Pterocarya as sister to Juglans þ
Carya with BS ¼ 98%.

Discussion
New interfamilial and intrafamilial relationships
Within the Fabales, deﬁning the relationships among the four
families has been particularly problematic in the past
(Wojciechowski et al., 2004; Bruneau et al., 2008; Bello
et al., 2009, 2012; Bell et al., 2010; Soltis et al., 2011). The
topology resolved here is Quillajaceae þ Surianaceae as sister
to a weakly supported clade of Polygalaceae þ Fabaceae.
Persson (2001) suggested the relationships Polygalaceae þ
(Surianaceae þ (Quillajaceae þ Fabaceae)), but there was
little support. In Doyle et al. (2000), Quillajaceae are sister
to the other three families. Qiu et al. (2010) supported the
relationships of Quillajaceae þ (Fabaceae þ (Surianaceae þ
Polygalaceae)) with weak support. In other analyses, the
topology Polygalaceae þ (Leguminosae þ (Quillajaceae þ Surianaceae)) is considered as the most likely hypothesis of
interfamilial relationships of the order (Wojciechowski et al.,
2004; Bruneau et al., 2008; Bello et al., 2009, 2012). Soltis et al.
(2011) recovered a topology (Polygalaceae þ Quillajaceae) þ
(Leguminosae þ Surianaceae) upon the analyses of 17 genes,
however, the support was weak and the taxon sampling in
Fabales was low.
In the Rosales, the monophyly of Rhamnaceae has not been
resolved by our work. Nevertheless, we identiﬁed three wellsupported clades in Rhamnaceae: Ampeloziziphoids, Rhamnoids, and Ziziphoids. Ventilago was sister to Rhamnoids sensu
Richardson et al. (2000) with strong support and should be
included in Rhamnoids. Within Rosaceae, in agreement with
Chin et al. (2014), Spiraeoideae are sister to Dryadoideae þ
Rosoideae. This result differs from a prior study focused on
the family (Potter et al., 2007). However, the sister
relationship of Dryadoideae and Rosoideae was supported
by the result of the independent gene trees of rbcL and matK
in Potter et al. (2007).
Relationships in Cucurbitales are similar to other recent
analyses (e.g., Zhang et al., 2006; Soltis et al., 2007, 2011;
Schaefer & Renner, 2011). However, we found that there was
strong support (BS ¼ 100%) for a clade of Corynocarpaceae
þ Coriariaceae as sister to the remaining Cucurbitales.
Begoniaceae were resolved as sister to a well-supported
(BS ¼ 86%) clade of Datiscaceae þ Tetramelaceae. However,
Begoniaceae are resolved as sister to Datiscaceae with only
moderate support in some analyses (Zhang et al., 2006;
Schaefer et al., 2009; Schaefer & Renner, 2011).
Within the Fagales, the position of Myricaceae we present
here is in agreement with the results of previous analyses (Li
www.jse.ac.cn
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et al., 2004; Bell et al., 2010; Soltis et al., 2011). In contrast,
Xiang et al. (2014) shows a close relationship between
Myricaceae and clade Casuarinaceae þ (Ticodendraceae þ
Betulaceae). In Betulaceae, Alnus is the sister to the remainder
of Betulaceae (BS ¼ 100%), followed by Betula as sister to two
clades: Corylus þ Ostryopsis (BS ¼ 99%) and Ostrya þ Carpinus
(BS ¼ 100%). These results agree well with Li et al. (2004). In
some prior analyses (e.g., Forest et al., 2005; Grimm & Renner,
2013) Betula was resolved as sister to Alnus, but the support
value was low.
Comparison of global and regional trees of the N-fixing
clade
To test whether regional taxon sampling results in a tree with
different branching patterns compared to a global tree, we
compared the differences in the phylogenetic relationships of
the N-ﬁxing clade among our global and Chinese regional
trees. The global and regional trees showed congruence in
general, but the regional tree showed weaker support for
some relationships (Figs. S1–S4). Within the Fabales, Polygalaceae were sister to Fabaceae in the regional tree, as in the
global tree, although the support was lower (BS ¼ 39%
regional; BS ¼ 45% global). In Surianaceae of the Fabales,
our global tree showed strong support for Recchia þ Lundellia
as sister to Suriana þ (Cadellia þ Stylobasium), as described in
Crayn et al. (1995), Forest et al. (2007), and Bello et al. (2009).
In Polygalaceae, we found four monophyletic tribes with
Xanthophylleae sister to the remaining Polygalaceae and
Moutabeae sister to Carpolobieae þ Polygaleae. These results
are in agreement with previous molecular studies, especially
Forest et al. (2007) and Bello et al. (2012). We recovered major
clades in Fabaceae that were in accordance with previous
studies (Doyle et al., 1997; Bruneau et al., 2001, 2008;
Wojciechowski et al., 2004; Cardoso et al., 2012a, 2012b;
Manzanilla & Bruneau, 2012). Similar topologies were also
recovered in the regional tree. However, in a small number of
relationships within Fabaceae, the regional tree showed
higher support than the global tree. For example, Cassia clade
was sister to Caesalpinia clade with BS ¼ 66% in the regional
tree, but support was <50% in the global tree. The sister
relationship between Millettioid and Indigofereae got higher
BS support in the regional tree (BS ¼ 90%) than in the global
tree (BS ¼ 77%). In Rosales, both the global and regional trees
agree with other analyses in providing strong support
(BS ¼ 99% global; BS ¼ 98% regional) for the placement of
Rosaceae as sister to other members of Rosales (Wang et al.
2009; Soltis et al. 2011; Zhang et al., 2011). The clade
Ulmaceae þ (Cannabaceae þ (Moraceae þ Urticaceae)) was
recognized with strong support (BS ¼ 99% global; BS ¼ 100%
regional) and the relationships among these four families
were well resolved as in Soltis et al. (2011) and Zhang et al.
(2011). Within Urticaceae, the global and regional trees
resolved clade I as sister to clade IV (BS ¼ 96% global;
BS ¼ 70% regional), and clade II as sister to clade III (BS ¼ 98%
global; BS ¼ 68% regional). Similarly, the topology of Cucurbitales in the regional tree was comparable to the global tree,
but the support value of the clade Cucurbitaceae þ Tetramelaceae þ Begoniaceae was lower (BS ¼ 63% global; BS < 50%
regional). In Fagales, our global tree showed that Nothofagaceae were sister to the remaining Fagales, followed by
Fagaceae as sister to the remainder of Fagales. These ﬁndings
J. Syst. Evol. 54 (4): 392–399, 2016
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are congruent with other published phylogenies (Li et al., 2004;
Soltis et al., 2007, 2011; Bell et al., 2010; Xiang et al., 2014).
In some cases, a number of deep level relationships were
sensitive to taxon sampling, but the support values of these
internal nodes were lower than 80%. The relationships among
the four orders in the global tree are congruent with those
recovered using large numbers of genes, but with a lower
density of taxon sampling (Wang et al., 2009; Moore et al.,
2010; Soltis et al., 2011). However, in the regional tree the
relationships among the four orders were different or poorly
resolved. In the regional tree, Cucurbitales are sister to the
other three orders. Fabales were resolved as sister to a
moderately supported Fagales þ Rosales (BS ¼ 65%) with BS
< 50%, which is different from our global tree (Fig. S1). The
placement of Fabales within the 726 global tree (Fig. S5) and
303 global tree (Fig. S6) are congruent with that in the global
tree. Within Rosaceae, subfamily Dryadoideae were sister to
Spiraeoideae in the regional tree with BS < 50%, but different
in the global tree with Dryadoideae as sister to Rosoideae
(BS ¼ 76%). The relationships among the three subfamilies of
Rosaceae in both the 726 global tree and 303 global tree
are the same as that in the global tree, other than that in
the regional tree. This indicates taxon sampling strategy at the
regional scale could lead to a different topology in some cases
compared with the sampling strategy at a global scale, albeit
with BS < 80%. In Rhamnaceae, the sister relationship of
Rhamnoids and Ziziphoids was found in our global tree, and in
a number of studies (Richardson et al., 2000; Bell et al., 2010;
Soltis et al., 2011; Zhang et al., 2011), although our BS support
for the relationship was only 55%. The regional tree recovered
a similar relationship, however, Ventilago of Rhamnoids is
sister to Ziziphoids with low support (BS < 50%). In particular,
Myricaceae were sister to Casuarinaceae þ Betulaceae with
BS ¼ 72% in the regional tree, rather than sister to Juglandaceae in the global tree with BS ¼ 59%. The position of
Myricaceae in the 726 global tree agrees with that in the
global tree, whereas the position of Myricaceae in the 303
global tree is the same as that in the regional tree. This
indicates that the different placement of Myricaceae is caused
by the density of taxa sampling other than the regional scale
sampling strategy.

> 80%) are found among the major clades of global and
regional trees of life. Internal support throughout the
phylogeny could be improved with denser taxon sampling.
A well-resolved phylogeny with relatively dense taxon
sampling strategy at the regional scale does not have
a negative impact on deep-level branching patterns of the
N-ﬁxing clade. Thus, a well-resolved phylogeny (internal nodes
with BS > 80%) with a taxon sampling strategy at the regional
scale could be used in ecological research. Otherwise, the
regional tree should be adjusted according to the correspondingly reliable global tree before being used in ecological
research.

Conclusions and Perspectives

Bello MA, Rudall PJ, Hawkins JA. 2012. Combined phylogenetic
analyses reveal interfamilial relationships and patterns of ﬂoral
evolution in the eudicot order Fabales. Cladistics 28: 393–421.

The N-ﬁxing clade, sensu APG III, contains 28 families (of which
10 are N-ﬁxing), over 1300 genera, and approximately 30 000
species. We present the most comprehensive genus-level
phylogenetic hypothesis to date for the N-ﬁxing clade,
developed after analysis of three plastid loci, matK, rbcL,
and trnL-F. Furthermore, we tested the impacts of taxon
sampling strategy at the regional or global scale on the
topology by comparing the global and regional trees.
Based on the combined three-marker dataset, we generated a well-resolved phylogeny of the N-ﬁxing clade composed of four plant orders. Each of the four orders was
strongly supported as monophyletic (Fig. S1). The deep and
crown clades of the global tree recovered in our analyses are
largely congruent with those in previous studies, highlighting
the utility of spacer regions with sufﬁcient taxon coverage for
phylogenetic resolution. Generally, no strong conﬂicts (BS
J. Syst. Evol. 54 (4): 392–399, 2016
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Fig. S1. Summary tree resulting from maximum likelihood
analysis of three genes (5564 bp; matK, rbcL, and trnL-F) for
1023 genera in the N-ﬁxing clade, with tips representing
families and major clades based on APG III (2009) and
references therein.
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Fig. S2. Majority-rule consensus of maximum likelihood trees
containing 1023 genera in the N-ﬁxing clade.
Fig. S3. Summary tree of the 303-species tree from maximum
likelihood analysis of the N-ﬁxing clade, with tips representing
families and major clades based on APG III (2009) and
references therein.
Fig. S4. Large-scale maximum likelihood majority-rule consensus containing 303 species of the N-ﬁxing clade.
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Fig. S5. Maximum likelihood majority-rule consensus containing 726 species that represent genera of the N-ﬁxing clade
with distributions outside China.
Fig. S6. Maximum likelihood majority-rule consensus containing 303 species randomly selected from the 726-species matrix
of the N-ﬁxing clade.
Table S1. Taxa used in this study of the N-ﬁxing clade with
GenBank accession numbers.
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