
Community phylogenetics require phylogenies reconstructed from plastid

genomes

Lu Jin1,2,§, Jia-Jia Liu2, §, Tian-Wen Xiao2,4, Qiao-Ming Li3, Lu-Xiang Lin3, Xiao-Na Shao3,4, Chen-Xin

Ma2,4, Bu-Hang Li5, Xiang-Cheng Mi6, Xiu-Juan Qiao7,8, Ju-Yu Lian9, Gang Hao1*, Xue-Jun Ge2* 

1College of Life Sciences, South China Agricultural University, Guangzhou 510642, China 

2Key Laboratory  of  Plant Resources Conservation  and Sustainable  Utilization,  South  China Botanical

Garden, Chinese Academy of Sciences, Guangzhou 510650, China 

3CAS Key Laboratory of Tropical Forest Ecology, Xishuangbanna Tropical Botanical Garden, Chinese

Academy of Sciences, Kunming 650201, China

4University of Chinese Academy of Sciences, Beijing 100039, China 

5School of Life Sciences, Sun Yat-Sen University, Guangzhou 510275, China 

6State Key Laboratory of Vegetation and Environmental Change, Institute of Botany, Chinese Academy of

Sciences, Beijing 100093, China

7Key Laboratory of Aquatic Botany and Watershed Ecology, Wuhan Botanical Garden, Chinese Academy

of Sciences, Wuhan 430074, China

8Center of Conservation Biology, Core Botanical Gardens, Chinese Academy of Sciences, Wuhan 430074,

China

9Center of Plant Ecology, Core Botanical Gardens, Chinese Academy of Sciences, Guangzhou 510650,

China

§: Lu Jin and Jia-Jia Lu contributed equally to this work.

*Corresponding authors: 

Xue-Jun Ge: xjge@scbg.ac.cn

1

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

1
2

mailto:xjge@scbg.ac.cn


Gang Hao: haogang@scau.edu.cn 

Running title: phylogeny and community phylogenetics

Abstract

Phylogenetic  trees  have been extensively  used in community  ecology.  However,  how the

phylogenetic reconstruction affects ecological inferences is poorly understood. In this study,

we reconstructed three different types of phylogenetic trees (a synthetic-tree generated using

VPhylomaker,  a  barcode-tree  generated  using  rbcL+matK+trnH-psbA and  a  genome-tree

generated  from  plastid  genomes)  that  represented  an  increasing  level  of  phylogenetic

resolution among 580 woody plant species from six dynamic plots in subtropical evergreen

broadleaved  forests  of  China.  We  then  evaluated  the  performance  of  each  phylogeny  in

estimations  of  community  phylogenetic  structure,  turnover  and  phylogenetic  signal  in

functional traits.  As expected, the genome-tree was most resolved and most supported for

relationships  among  species.  For  local  phylogenetic  structure,  the  three  trees  showed

consistent  results  with  Faith’s  PD  and  MPD;  however,  only  the  synthetic-tree  produced

significant  clustering  patterns  using  MNTD  for  some  plots.  For  phylogenetic  turnover,

contrasting  results  between the  molecular  trees  and  the  synthetic-tree  occurred  only  with

nearest  neighbor  distance.  The  barcode-tree  agreed  more  with  the  genome-tree  than  the

synthetic-tree  for  both  phylogenetic  structure  and turnover.  For  functional  traits,  both  the

barcode-tree and genome-tree detected phylogenetic signal in maximum height, but only the

genome-tree detected signal in leaf width. This is the first study that uses plastid genomes in

large-scale community phylogenetics. Our results highlight the outperformance of genome-

trees over barcode-trees and synthetic-trees for the analyses studied here.  Our results  also
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point to the possibility of Type I and II errors in estimation of phylogenetic structure and

turnover and detection of phylogenetic signal when using synthetic-trees. 

Keywords:  community  phylogeny,  DNA  barcoding,  phylogenetic  alpha  diversity,

phylogenetic beta diversity, phylogenetic community structure, phylogenetic signal, plastid

genome

1 INTRODUCTION

Over the last decade, phylogenetic trees have been increasingly used in community ecology to

represent  all  the  component  species  in  a  community  according  to  their  phylogenetic

relationships (Cavender Bares et al., 2009; Miller et al., 2017; Swenson, 2013; Webb et al.,‐

2002). The underlying core assumption of community phylogenetics is phylogenetic niche

conservatism, that is, phylogenetic relationships can be used as a proxy for ecological niche

similarity  among  species,  because  closely-related  species  retain  ancestral,  niche-related,

ecological traits over time (i.e., phylogenetic signal in functional traits) (Crisp & Cook, 2012).

Based  on  this  assumption,  ecologists  can  infer  the  patterns  of  phylogenetic  structure  in

communities  by  comparing  metrics  that  measure  phylogenetic  diversity  in  communities

between  observed communities  and random communities  generated  by  null  models  (e.g.,

reshuffled taxa) (Cavender Bares et al., 2009; Webb et al., 2002)‐ . A significant, non-random

pattern means that species in a community are more or less similar than expected by chance,

which  may  indicate  the  role  of  environmental  filtering  or  competitive  exclusion  in  local

community assembly  (Cavender Bares et al., 2009; Webb et al., 2002; but see Mayfield &‐
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Levine, 2010). Phylogenetic signal in functional traits is often quantified simultaneously to

investigate  the  ecological  similarity  of  related  species  and  to  determine  if  phylogenetic

relatedness can be used as a proxy for ecological niche similarity (Losos, 2008; Yang et al.,

2014). Further, phylogenetic turnover between communities (i.e., phylogenetic beta diversity)

may be more informative for inferences of regional processes (e.g., dispersal and speciation)

(Graham  &  Fine,  2008;  Swenson,  2011).  Despite  the  insight  provided  by  phylogenetic

relationships  of  species  to  species  coexistence  and  community  assembly  processes,  the

robustness of inferences made from limitations in the reconstruction of phylogenetic trees is

poorly known. 

Since the pioneering work of Webb (2000) and Webb et al. (2002), synthetic-trees, which

are generated by pruning and grafting taxa from an existing supertree (i.e.,  APG III tree,

Angiosperm Phylogeny Group, 2009), often using the online software Phylomatic  (Webb &

Donoghue, 2005), have become popular among ecologists. Phylomatic is a convenient way to

generate phylogenetic trees for species under study in the absence of sufficient, molecular

data.  Recently,  Jin  and Qian  (2019) developed  an  R package V.PhyloMaker,  which  may

outcompete Phylomatic by including far more species (74,533 species) and all families of

extant vascular plants. Using a dated mega tree derived primarily from Smith and Brown‐

(2018) and  Zanne  et  al.  (2014),  V.PhyloMaker  can  generate  phylogenies for  very  large

species lists in a short amount of time. However, synthetic-trees are limited by unresolved

nodes (i.e., polytomies), especially at terminal branches (e.g., generic and species level), and

inaccurate  branch  lengths  estimation  (Beaulieu  et  al.,  2012;  Kress  et  al.,  2009;  Molina-

Venegas & Rodríguez, 2017), which may lead to biased results (i.e., Type I or II error) in

community phylogenetic structure, turnover, and trait evolution (Boyle & Adamowicz, 2015;

Jantzen et al., 2019; Mazel et al., 2016; Molina-Venegas & Rodríguez, 2017; Swenson, 2009).

4

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

7
8



In  contrast,  barcode-trees,  which  are  reconstructed  using  either  single  or  multilocus

regions from the chloroplast  and/or nuclear genomes (i.e.,  DNA barcodes),  provide better

resolution  at  the  generic  or  species  level  and  allow  direct  estimates  of  branch  lengths,

resulting in increasing application in community phylogenetics (Erickson et al., 2014a; Kress

et al., 2009; Liu et al., 2019; Pei et al., 2011). However, barcode-trees are constrained by a

limited  number  of  DNA  barcodes  (e.g.,  rbcL,  matK,  and  trnH-psbA),  which  may  lack

sufficient genetic variation to fully resolve community phylogenetic relationships, especially

for species-rich tropical and subtropical regions (Hollingsworth et al., 2016; Li et al., 2015;

Liu  et  al.,  2015).  Although  several  studies  have  recently  indicated  that  synthetic-trees,

especially those from V.PhyloMaker, and barcode-trees may have comparable performance

for inferring community phylogenetic structure and phylogenetic signal in traits  (Jantzen et

al.,  2019; Li et  al.,  2019; Qian & Jin, 2021; Xu et al.,  2020), it  is unclear whether these

methods are robust for communities of species-rich genera. 

To better resolve phylogenetic relationships among species from species-rich genera,

biologists have recently proposed ‘ultra-barcoding’  (Kane et al., 2012) or ‘super-barcoding’

(Li et  al.,  2015), which represents whole plastid genomes.  Genome-trees, which are often

based  on  plastid  genomes,  have  been  shown  to  be  more  powerful  than  barcode-trees  in

resolving intrageneric phylogenetic relationships (e.g., Taxus, Fu et al., 2019; Diospyros, Li et

al.,  2018;  Calligonum,  Song et  al.,  2020;  and  Ilex,  Yao et  al.,  2021)  because  the  plastid

genome  provides  more  informative  and  variable  loci  (Hollingsworth  et  al.,  2016;  Tonti‐

Filippini, Nevill,  Dixon, & Small, 2017). Furthermore, recent studies  (Ahrendsen, Aust, &

Roxanne Kellar, 2016; Pischl, Burke, Bach, & Duvall, 2020) have indicated that more robust

phylogenies,  which  have  resulted  from  genomic  methods,  may  provide  more  reliable

phylogenetic diversity (PD) metrics. Nonetheless, genome-trees have rarely been assessed in
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the context of community phylogenetics. 

Subtropical evergreen broad-leaved forest (EBLF) is a major type of forest across the

world (Corlett & Hughes, 2015). Developed under the influence of the East Asian monsoon,

which  is  caused by the  uplift  of  the  Qinghai-Tibetan  Plateau,  subtropical  EBLFs  inhabit

approximately  1/4  of  China  and  have  high  seed  plant  diversity  (Song,  1988).  In  these

biodiversity hotspots, limited species resolution has been found for closely related species

from species-rich genera, such as  Ilex,  Ficus,  Viburnum, and Rhododendron,  using standard

DNA barcodes  (Liu et  al.,  2019,  2015).  Plastid  genomes  may have the  power  to  resolve

relationships among species within these complex genera and to provide a robust community

phylogeny,  which  may  contribute  to  more  accurate  estimates  of  community  phylogenetic

structure, turnover, and phylogenetic signal in traits. 

Here, we hypothesize that (1) genome-trees outperform barcode-trees and synthetic-trees

in  resolving  closely  related  species  and  in  detecting  phylogenetic  signal  in  community

structure, turnover, and functional traits, and (2) barcode-trees will agree more with genome-

trees than synthetic-trees in inferences of community phylogenetic structure, turnover, and

phylogenetic signal in traits. We tested these hypotheses in six dynamic plots from subtropical

EBLFs in China. We reconstructed three different types of phylogenetic trees, representing an

increasing level of species resolution, for 580 woody plant species from the dynamic plots. A

synthetic-tree was assembled using V.PhyloMaker. A barcode-tree was generated using three

standard DNA barcodes: rbcL, matK, and trnH-psbA. A genome-tree was generated using 79

protein-coding genes from the chloroplast genome. For each phylogenetic tree, we estimated

local community phylogenetic structure for each plot using three different PD metrics: Faith’s

PD, mean  pairwise  distance  (MPD),  and mean  nearest  taxon distance  (MNTD).  We also

assessed  intercommunity  phylogenetic  turnover  using  the  mean  phylogenetic  dissimilarity
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between communities based on pairwise species distance (Dpw) and nearest neighbor distance

(Dnn). Three functional traits were compiled for target species and analyzed for phylogenetic

signal:  maximum height (m),  leaf length (cm),  and leaf width (cm).  Non-random patterns

were identified for each of the analyses above and then compared among the three different

trees. Finally, we regressed phylogenetic structure and turnover resulting from the genome-

tree to that resulting from the barcode-tree and the synthetic-tree, respectively, and compared

their  model  performance  to  determine  whether  the  barcode-tree  was  more  similar  to  the

genome-tree than the synthetic-tree.  

2 MATERIALS AND METHODS

2.1 Data compilation and sampling

The community composition data used in this study were compiled from six dynamic plots,

which covered the main regions of subtropical EBLFs in China (Fig. 1). These plots were

permanent  and  established  following  the  standard  protocol  of  Center  for  Tropical  Forest

Science-Forest Global Earth Observatory (CTFS-ForestGEO) (Condit, 1998). They ranged in

area from 20 to 25 ha, in elevation from 350 to 2500 m, and in number of species from 88 to

232 (Table 1).  Within each plot,  all  free-standing,  woody individuals  with stems ≥ 1 cm

diameter  at  breast  height  (DBH,  1.3  m)  were  tagged,  mapped,  and identified  to  species.

Species  names  in  the  dataset  were  standardized  according  to  The  Plant  List

(www.theplantlist.org).  For  each  species  in  a  plot,  voucher  specimens  were  sampled  and

deposited in the herbarium of South China Botanical Garden (IBSC), and fresh leaf material

was sampled from one to two tagged individuals and dried in silica gel for subsequent DNA

extraction.  For  each  species,  we  first  searched  the  National  Center  for  Biotechnology
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Information (NCBI) (www.ncbi.nlm.nih.gov) for plastid genome data and downloaded data

for  101  species  belonging  to  66  genera  and  38  families  (Supplemental  File  1).  For  the

remaining species, we extracted, sequenced, assembled, and annotated their genomic DNA

(see below). As a result, incorporating with 479 newly generated plastid genomes (GenBank

accession  MW800906-MW801384),  a  total  of  580  assembled  plastid  genome  sequences

representing  580  woody  species,  35  orders,  82  families,  and  229  genera  (Angiosperm

Phylogeny  Group,  2016;  Christenhusz  et  al.,  2011) were  included  in  our  final  dataset

(Supplemental File 1).

2.2 DNA extraction, sequencing, assembly, and annotation

Total  genomic DNA was extracted  from approximately  100 mg of silica gel-dried  leaves

following  the  hexadecyltrimethylammonium  bromide  (CTAB)  method  (Doyle  &  Doyle,

1987).  The extracted DNA was subsequently sheared to 300-500-bp fragments for library

construction. Paired-end (PE) reads (2 × 150 bp) were sequenced on a Illumina HiSeq X Ten

platform in Beijing Genomics Institute (BGI, Shenzhen, China). Trimmomatic v0.35 (Bolger,

Lohse,  &  Usadel,  2014) was  used  to  trim  adapters  and  to  remove  low-quality  reads,

generating  approximately  3  Gb  of  clean,  PE  reads  per  sample.  Plastid  genomes  were

assembled from the filtered data using NOVOPlasty v1.1 (Dierckxsens, Mardulyn, & Smits,

2017) and GetOrganelle v1.7.0 (Jin et al., 2020) and were annotated using DOGMA (Wyman,

Jansen, & Boore, 2004) and GeSeq (Tillich et al., 2017). Start and stop codons were manually

adjusted in Geneious v11.0.2 (Ripma, Simpson, & Hasenstab-Lehman, 2014) when necessary.

2.3 Phylogenetic tree reconstruction
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Three  different  types  of  mega-phylogenies  were  reconstructed  for  a  dataset  of  580  total

species sampled in this study. A synthetic-tree was generated using the ‘mega-tree’ function

and scenario 3, as recommended by Qian & Jin (2021), in the R package V.PhyloMaker (Jin

& Qian, 2019). This mega-tree is currently the largest, dated phylogenetic tree for vascular

plants and includes 74,533 species and all families of extant vascular plants. A barcode-tree

was generated  using  three  standard  DNA barcode markers  (rbcL, matK,  and trnH-psbA),

which were extracted from assembled plastid genomes using a python script  (Jin, 2020). A

genome-tree was generated using 79 protein-coding genes (coding sequences [CDS]), which

were also extracted from the same assembled plastid genomes as DNA barcodes. For both the

barcode-tree and the genome-tree, sequence alignment for each locus was performed using

MAFFT v7  (Katoh & Standley, 2013) and then concatenated to build a DNA supermatrix

(Supplemental File 2 & 3). After model selection using jModelTest v2.0 (Darriba, Taboada,

Doallo,  & Posada,  2012),  the  maximum likelihood (ML) tree  was reconstructed  for  each

supermatrix  using  RAxML  v8.2.12  (Stamatakis,  2014) in  the  CIPRES  Science  Gateway

(Miller  et  al.,  2010) under  the  GTRGAMMA model.  Node support  was  estimated  using

bootstrap  (BS)  values  with  1,000  replicates.  In  addition,  divergence  time  analyses  using

penalized  likelihood  method  were  conducted  to  infer  ultrametric  chronograms  for  both

barcode-tree and genome-tree in  treePL  (Smith & O’Meara,  2012).  Secondary calibration

points were taken from a dated phylogeny published by Magallón (2015) (Supplemental File

4 & 5). 

2.4 Community phylogenetic structure and turnover

For each of the three phylogenetic trees reconstructed above, we quantified local community
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phylogenetic structure and intercommunity phylogenetic turnover using several metrics that

are widely implemented in community phylogenetics. To evaluate community phylogenetic

structure for each plot, we used (1) Faith's PD, which sums all branch lengths in a phylogeny

that connect species in a community  (Faith, 1992); (2) MPD, which is the average pairwise

phylogenetic distance for all species in a community  (Webb et al., 2002); and (3) MNTD,

which is the average shortest phylogenetic distance for each species to its closest relative in an

assemblage  (Webb  et  al.,  2002).  Given  that  our  plots  varied  markedly  in  the  number  of

species, we calculated standardized effect size (SES) for each metric (SES.PD, SES.MPD,

and  SES.MNTD)  using  a  null  model,  where  the  tip  labels  in  a  phylogenetic  tree  were

randomly shuffled (Swenson, 2014). Here, we reshuffled the taxa 1,000 times and calculated

each metric for each random permutation. The SES for each metric was calculated as follows:

SES .Metric=
Metric observed−mean(Metricrand )

sdMetricrand
,

where Metricobserved is the observed value of a metric, and mean(Metricrand) and sdMetricrand are

the mean and standard deviation of the random permutations for a metric,  respectively.  A

negative  SES.Metric indicates  phylogenetic  clustering,  whereas,  a  positive  value  indicates

phylogenetic overdispersion (Webb et al., 2002). 

To  assess  phylogenetic  turnover  among  plots,  we  applied  two  distance-based

measurements for phylogenetic dissimilarity between communities: Dpw, which is sensitive

to variation at shallow phylogenetic levels, and Dnn, which evaluates deeper turnover in the

phylogeny (Swenson, 2011; Webb, Ackerly, & Kembel, 2008). The SES of the two metrics

was also  calculated  to  evaluate  whether  the  phylogenetic  dissimilarity  between two plots

differed from randomly expected. Here, the null model and the calculation of the SES were

the  same  as  above.  MPD,  MNTD,  Dnn,  and  Dpw  were  weighted  by  abundance.  All
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phylogenetic metrics were calculated with the R package Picante (Kembel et al., 2010). 

2.5 Phylogenetic signal in functional traits

To test  whether  phylogenetic  tree  reconstruction  influences  the  detection  of  phylogenetic

signal in functional traits, we compiled data for three fundamental traits that are involved in

plant  ecological  strategies  for  species  in  our  plots  from the  Flora  Reipublicae  Popularis

Sinicae (Flora Reipublicae Popularis Sinicae Editorial Committee, 1959–2013) and the Flora

of China (Wu & Raven, 1994–2011): maximum height (m), leaf length (cm), and leaf width

(cm) (Pérez-Harguindeguy et al., 2013; Westoby, Falster, Moles, Vesk, & Wright, 2002). The

degree of phylogenetic signal in functional traits was tested with each phylogenetic tree using

Blomberg's  K  (Blomberg,  Garland,  & Ives,  2003) and Pagel's  λ  (Pagel,  1999),  which are

based on the assumption of a Brownian model of trait evolution. For both Blomberg's K and

Pagel's λ, values close to 0 indicate no phylogenetic signal, and values close to 1 indicate that

closely related species tend to share similar trait values. The statistical significance of both

Blomberg’s K and Pagel’s λ was assessed by randomly shuffling trait  distributions across

phylogenetic tips 999 times using the ‘phylosig’ function in the R package phytools (Revell,

2012). 

2.6 Statistical analyses

To statistically  test  whether  the  barcode-tree  agreed  more  with  the  genome-tree  than  the

synthetic-tree for inferences of community phylogenetic structure and turnover, we regressed

the SES of each metric calculated above from the genome-tree to the corresponding value

from the synthetic-tree or the barcode-tree with the ‘lm’ function in the R package stats  (R
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Core  Team,  2020).  All  regression  lines  were  forced  through  the  origin.  Therefore,  a

regression slope higher or lower than one indicates that the predictor variable tends to under-

or over-estimate the response variable  (Swenson, 2009). Two linear regression models for

each  metric  were  compared  and  ranked  according  to  the  corrected  Akaike  Information

Criterion  (AICc; Burnham & Anderson, 2002, 2004) using the ‘model.sel’ function in the R

package MuMIn  (Bartoń, 2020). We also used the percentage of deviance explained in the

response variable (DE) as a measure of the goodness-of-fit for each model. 

2.7 Assumption checks

To test whether our results for the whole community were robust among major clades in the

phylogeny, we chose three orders (Aquifoliales, Ericales, and Rosales) containing species-rich

genera  that  are  common  in  subtropical  EBLFs  (e.g.,  Ilex,  Rhododendron,  and Ficus,

respectively)  and  three  major  clades  of  vascular  plants  (angiosperms,  core  eudicots,  and

magnoliids). Then, we constructed a series of linear models for each metric, similar as above,

except  that  clade  was  an  additional  variable  that  was  considered  alone  or

additively/interactively with the SES of each metric using the synthetic-tree or the barcode-

tree.  Models  were  ranked  according  to  the  AICc,  and  DE  was  calculated  as  a  model’s

goodness-of-fit as above.

3 RESULTS

3.1 Species resolution

We reconstructed three different phylogenetic trees using different types of data (supertrees,
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DNA barcodes, and plastid genomes) to assess their performance on species resolution and

support. The three phylogenetic trees, the synthetic-tree, the barcode-tree, and the genome-

tree, respectively, are shown in Figure 2. At the ordinal level, the topologies of the synthetic-

tree and the barcode-tree were nearly identical with that of the genome-tree, except for the

position of Crossosomatales in the barcode-tree and Boraginales, Lamiales, Celastrales, and

Malpighiales  in  the  synthetic-tree  (Fig.  S1).  In  the  synthetic-tree,  10.02% of  the  internal

nodes,  most  of which belonged to complex genera (e.g.,  Ilex,  Acer,  and  Magnolia),  were

unresolved,  whereas,  both  the  barcode-tree  and  the  genome-tree  had  well-resolved

phylogenetic relationships among all species. The genome-tree was more supported by higher

ML bootstrap values than the barcode-tree, especially in species-rich genera (e.g., Prunus and

Ficus)  (Fig.  2, Table  2).  Specifically,  in  the  genome-tree,  4.32% of  nodes  had moderate

bootstrap support values (70 < BS ≤ 85), and 83.94% of nodes showed had high bootstrap

support  values  (BS  >  85);  whereas,  in  the  barcode-tree,  6.74%  of  nodes  had  moderate

bootstrap support values, and 66.49% had high bootstrap support values (Table 2). 

3.2 Phylogenetic structure, turnover, and signal in functional traits

We  calculated  a  variety  of  metrics  for  inferences  of  community  phylogenetic  structure,

turnover, and phylogenetic signal in functional traits from each tree reconstruction above to

assess the performance of tree reconstructions on these methods. We conducted three tests for

community  phylogenetic  structure  across  all  three  trees:  SES.PD,  SES.MPD,  and

SES.MNTD. For both SES.PD and SES.MPD, all three phylogenetic trees showed generally

consistent  patterns  of  local  community  phylogenetic  structure  with  three  plots  being

significantly clustered. However, only two plots (ALS and BDGS) showed consistent patterns
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of phylogenetic structure between the two metrics in all three trees (Fig. 3). For SES.MNTD,

only three plots (ALS, BDGS, and GTS) showed consistent patterns of phylogenetic structure

in all three trees, and only the synthetic-tree showed significant phylogenetic clustering for

the remaining plots (Fig. 3). In the linear models constructed for each metric (including the

intercept-only model), the SES of each metric from the barcode-tree vastly outperformed the

corresponding metric from the synthetic-tree (Fig. 4, Table S1), implying that the barcode-

tree is more similar to the genome-tree than the synthetic-tree for inferences of phylogenetic

structure. This result was robust regardless of the major clades used in our study (Table S2).

Further, for some clades containing species-rich genera (e.g., Aquifoliales and Rosales), the

deviation between the synthetic-tree and the genome-tree was evident, e.g., the slopes and R2

of the regressions were both close to 0 (Fig. S2, Table S3).

We conducted  two tests  for  community  phylogenetic  turnover  across  all  three  trees:

SES.Dpw and SES.Dnn. Similar results to the patterns of phylogenetic structure were found

for phylogenetic turnover. Generally, all three phylogenetic trees showed consistent patterns

of phylogenetic turnover for both SES.Dpw and SES.Dnn. For SES.Dpw with all the three

trees  reconstructed,  four  plots  (GTS,  CBL,  BDGS,  and  ALS)  showed  significant

dissimilarities between each other whereas DHS and BSZ showed no significant dissimilarity

between other plots (Fig. 5). For SES.Dnn with all three trees, there was also no significant

dissimilarity  between  DHS  and  other  plots,  while  significant  dissimilarities  were  found

between ALS and the other four plots (GTS, CBL, BDGS, and BSZ), and between BDGS and

BSZ.  However,  only  the  synthetic-tree  showed significant  phylogenetic  turnover  between

CBL and BDGS with SES.Dnn (Fig. 5). Meanwhile, the patterns of phylogenetic turnover

derived using the barcode-tree were more congruent with those using the genome-tree than

those using the synthetic-tree . For both SES.Dpw and SES.Dnn, the barcode-tree displayed
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higher R2 (0.99 and 1, respectively) and DE (98.6 and 99.6, respectively) than the synthetic-

tree (R2: 0.95 and 0.93, respectively; DE: 95.3 and 93.2, respectively) when regressing against

the genome-tree (Fig. 6, Table S4).

We conducted two tests for phylogenetic signal in maximum height, leaf length, and leaf

width across all three trees: Blomberg’s K and Pagel’s λ. For maximum height, Blomberg’s K

detected significant phylogenetic signal in the barcode-tree and the genome-tree, but not in

the synthetic-tree (Table 3). For leaf length, no phylogenetic signal was detected in any of the

trees using  either  Blomberg’s  K  or  Pagel’s  λ  (Table  3).  For  leaf  width,  significant

phylogenetic signal was detected only in the genome-tree using Blomberg’s K (Table 3). For

all  of  the  three  functional  traits,  the  Barcode  tree  and  Genome  tree  of  the  three  trees

reconstructed here obtained the most similar values of K and λ (Table 3). 

4 DISCUSSION

4.1 Greatest species resolution with a genome-tree

Our results  demonstrate  that  plastid genomes,  used for super-barcoding, can reconstruct  a

phylogenetic tree that has greater species resolution than a barcode-tree or a synthetic-tree. It

is  not  surprising  that  the  synthetic-tree  performed  the  worst  in  resolving  closely  related

species because the genera/species that were present in our plots but absent from the mega-

tree were attached to the synthetic-tree as polytomies, at the midpoint of the family/genus

branch in scenario 3 of V.PhyloMaker (Qian & Jin, 2020). Meanwhile, the 79 protein-coding

genes that were extracted from plastid genomes for the genome-tree may have provided more

informative and variable sites than the limited number of standard DNA barcodes used in the

barcode-tree,  resulting in greater species resolution in the genome-tree and in species-rich
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genera. Further, our genome-tree agreed with a mega-phylogeny that was reconstructed from

80 genes from 2,881 plastid genomes (Li et al., 2019), representing 85% of extant angiosperm

families  and  all  orders  in  China;  the  phylogenetic  relationships  of  all  angiosperm orders

shared by both trees were nearly identical (Fig. S1). We also noted that the ML bootstrap

support values of our barcode-tree (BS > 70: 73.23% and BS > 85: 66.49%) were slightly

higher than those of previous studies (BS > 70: 65.3% and BS > 85: 54%, Kress et al., 2009;

BS >  70:  60.17% and  BS >  85:  53.53%,  Liu  et  al.,  2019).  This  implies  that  the  direct

extraction of DNA barcodes from assembled plastid genomes can produce more complete

barcode markers than experimental extraction with PCR. 

4.2 Consistent patterns of phylogenetic structure and turnover among three different

phylogenetic trees

The estimation of phylogenetic diversity within and between species assemblages has been

increasingly used by ecologists  to infer processes in shaping community structure and by

conservation biologists to prioritize areas for conservation (Cadotte & Davies, 2010; Miller et

al., 2017; Webb et al., 2002). The results of these analyses may be affected by the choice of

method used in phylogenetic reconstruction as phylogenetic diversity metrics are calculated

based on the topology and branch lengths of phylogenies  (Faith, 1992; Webb et al., 2008,

2002). Two common approaches for generating phylogenies for a set of target species are

pruning  and  grafting  from  a  supertree  or  using  DNA  barcodes  for  tree  reconstruction

(Erickson et al., 2014; Li et al., 2019; Lu et al., 2020). The effects of these approaches on

estimating  patterns  of  phylogenetic  structure  and  turnover  have  been  assessed  in  several

studies, and most have indicated that strong correlations of phylogenetic diversity estimates

16

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

31
32



exist between synthetic-trees and barcode-trees  (Boyle & Adamowicz, 2015; Jantzen et al.,

2019; Li et al., 2019; Liu et al., 2019; Xu et al., 2021). However, there are still debates about

the usage of  both approaches  because the deviation  between the patterns  of  phylogenetic

structure  and turnover  from a  synthetic-tree  or  a  barcode-tree and the corresponding true

values is still poorly understood. 

This  is  the  first  study  that  explicitly  quantifies  the  deviation  between  phylogenetic

diversity estimates using synthetic-trees and barcode-trees and the most realistic values using

a large community phylogeny reconstructed from plastid genomes. First,  our results found

generally consistent patterns of phylogenetic structure and turnover among the three different

phylogenetic  reconstructions,  especially  for  SES.MPD  and  SES.Dpw.  Both  metrics  were

calculated based on pairwise phylogenetic distance in a community (Webb et al., 2008, 2002),

and  Mazel  et  al.  (2016) indicate  that  MPD  may  be  highly  sensitive  to  deep  branching

structure. Our results seem to agree with Mazel et al. (2016) since our three phylogenetic trees

shared similar topologies at the ordinal level. Second, for SES.MNTD and SES.Dnn, which

were calculated based on nearest neighbor distance of species in a community (Webb et al.,

2008, 2002), the synthetic-tree rejected null expectations more often than the barcode-tree and

the genome-tree, although the three trees generally shared similar patterns. This could be due

to MNTD being highly sensitive to terminal branching  (Mazel  et al.,  2016; Tucker et al.,

2017). Different scenarios of community phylogenetic structure (clustering or overdispersion)

in  deep  versus  terminal  nodes  in  phylogenies  may  reflect  the  temporal  hierarchy  of

biogeographic processes  (Bose, Ramesh, Pélissier, & Munoz, 2019). Similarly, higher basal

turnover  would suggest  that  entire  clades  track environmental  conditions;  whereas,  higher

terminal turnover would suggest that selective pressures promote divergence into habitats, and

modern species likely occupy different niches than their ancestors  (Jin et al., 2015). Thus,
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inaccurate  estimates  of  phylogenetic  structure  and turnover  at  shallow evolutionary  time-

scales in synthetic-trees may lead to erroneous interpretations of ecological and evolutionary

processes. Third, our results show that barcode-trees vastly outperform synthetic-trees when

using  genome-trees  as  references,  although  synthetic-trees  provide  a  reasonable

approximation of genome-trees for phylogenetic diversity measurements. 

These findings may have important implications for selecting tree reconstruction methods

in  community  phylogenetics  and  biodiversity  conservation.  On  one  hand,  the  use  of  a

synthesic-tree  may  be  sufficient  when  researchers  just  focus  on  the  metric  values  of

community  phylogenetic  diversity  or turnover,  e.g.,  the relationship  between phylogenetic

properties  and  the  environment  for  macroecological  patterns  (Qian  &  Jin,  2020)  or  the

identification of key areas with high PD scores for biodiversity conservation  (Forest et al.,

2007), rather than their significance. On the other hand, the use of a synthetic-tree may be

valid in regions with less congeneric species, where more consistent results can be obtained

from phylogenies that are resolved at the species or genus level (Lehtonen et al., 2015; Qian

& Jin, 2020). However, we still recommend the use of barcode-trees when genomic data are

unavailable, not only because the synthetic-tree often rejected the null expectation (i.e., Type I

error), but also because the estimates of community phylogenetic structure and turnover from

the barcode-tree were nearly identical to those from the genome-tree for different metrics and

clades.  Moreover,  barcode-trees  will  be  produced  with  less  effort  and  cost  as  sequence

databases (e.g.,  NCBI and Barcode of Life Data System [BOLD]) grow with increasingly

cheaper and faster sequencing technologies (DeSalle & Goldstein, 2019; Li et al., 2015).

Despite the variation in patterns of phylogenetic structure due to different phylogenetic

trees and different  metrics,  we found consistent  patterns of clustering in local  community

phylogenetic  structure for two plots,  ALS and BDGS, which were further away from the
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coastline than other plots and distributed at relatively higher elevations, implying that more

environmental  stress  existed  in  these  plots  due to  drought  and cold  (Shepherd  & Wynne

Griffiths, 2006). However, for patterns of phylogenetic turnover, it is surprising that DHS, a

plot closest to the tropics (Fig. 1), showed no significant dissimilarity from other plots using

both Dpw and Dnn. A possible explanation may be that the tropics are acting as both a cradle

and a museum for biodiversity, with the majority of clades originating and persisting (Bowen,

Rocha, Toonen, & Karl, 2013; Cavender Bares, Gonzalez Rodriguez, Pahlich, Koehler, &‐ ‐

Deacon, 2011; Jablonski, Roy, & Valentine, 2006; Mittelbach et al., 2007); more in-depth

explanations will be the object of future study.

4.3 Genome-trees  have the most  potential  to  detect  phylogenetic  signal  in functional

traits

The  presence  of  phylogenetic  signal  in  functional  traits,  which  suggests  an  association

between  phylogenetic  relatedness  and  interspecific  similarities  (Blomberg  et  al.,  2003),

provides  important  insights  into  the  ecological  and  evolutionary  processes  underlying

community structure (Mouquet et al., 2012). Our results showed that the genome-tree had the

highest  number  of  functional  traits  exhibiting  phylogenetic  signal.  This  implies  that  the

genome-tree has the most power to detect phylogenetic signal in functional traits among the

three trees. However, the limited number of functional traits used in this study may constrain

the plausibility of the hypothesis that functional traits show phylogenetic signal when species

resolution is better supported. More functional traits are required to confirm this assumption.

Moreover,  contrasting  results  for  phylogenetic  signal  in  functional  traits,  i.e.,  maximum

height and leaf width, among the three phylogenetic trees were found only with Blomberg’s
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K. This suggests that Pagel’s λ may be more insensitive to variation in tree topology and

branch  lengths  than  Blomberg’s  K  (Boyle  &  Adamowicz,  2015;  Molina-Venegas  &

Rodríguez,  2017;  Münkemüller  et  al.,  2012),  and  that  Blomberg’s  K  may  have  higher

statistical power in identifying phylogenetic signal than Pagel’s λ (Li et al., 2019). Davies et

al. (2012) concluded that Blomberg’s K can inflate estimates of phylogenetic conservatism in

highly unresolved trees.  Our results  partially  agree with Davies et  al.  (2012) because we

found that the highest values of both statistics for all  traits  occurred in the synthetic-tree.

Therefore,  our study suggests  that  both Pagel's  λ and Blomberg’s  K should be evaluated

together when estimating phylogenetic signal. Second, caution should be taken when using a

pruned synthetic-tree as a proxy for phylogenetic relationships to estimate phylogenetic signal

in traits because synthetic-trees often falsely accept null expectations (i.e., Type II error). 

5 CONCLUSIONS

Our  study  demonstrates  the  outperformance  of  genome-trees  over  synthetic-trees  and

barcode-trees  in  systematics  and  community  phylogenetics.  Although  the  patterns  of

phylogenetic structure and turnover were generally consistent among the three phylogenetic

tree  reconstructions,  our  results  point  to  the  possibility  of  Type  I  error  associated  with

synthetic-trees, even though the mega-tree used was the current, largest dated phylogenetic

tree for vascular plants. Second, our results validate the use of barcode-trees when genomic

data are not available. On one hand, cost and time can be reduced with a limited number of

DNA markers. On the other hand, the results from barcode-trees can be nearly identical to

those  from  genome-trees.  Third,  the  inference  of  trait  evolution  strongly  depends  on

phylogenetic reconstruction and test statistic. Caution should be taken when interpreting the
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phylogenetic signal of functional traits when using highly unresolved trees and/or a single test

statistic.
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Tables and Figures

Table 1.  Six dynamic plots in the subtropical evergreen broadleaved forests of China used in

this study.

Plot Size (ha) Elevation (m) Species Genera Families Coordinates

Ailaoshan (ALS)* 20 2500 63 41 24 24.54N, 101.03E

Badagongshan (BDGS) 25 1401 194 97 55 29.77N, 110.09E

Baishanzu (BSZ) 24 1527 135 78 41 27.76N, 119.20E

Chebaling (CBL) 25 793 176 109 59 24.43N, 114.15E

Dinghushan (DHS) 20 350 131 85 47 23.17N, 112.51E

Gutianshan (GTS) 20 581 136 89 52 29.25N, 118.12E

*Consisted of 20 1-ha separated dynamics plots.
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Table 2. Comparison of ML bootstrap support values between barcode-tree and genome-tree

reconstructed for 580 species of woody plants across six dynamic plots in the subtropical

evergreen broadleaved forests of China. 

Resolution

Clades (n= ) Phylogeny 0~50% 51%~70% 71%~85% 86%~100%

All (580)
barcode-tree 16.23 10.19 6.74 66.49

genome-tree 7.08 4.32 4.32 83.94

Ilex (31)
barcode-tree 43.33 6.67 3.33 46.67

genome-tree 20 13.33 13.33 53.33

Acer (15)
barcode-tree 14.29 14.29 21.43 50

genome-tree 0 21.43 14.29 64.29

Prunus (14)
barcode-tree 23.08 2 15.38 61.54

genome-tree 0 0 0 100

Ficus (12)
barcode-tree 36.36 36.36 0 27.27

genome-tree 9.09 9.09 27.27 54.55

Notes:  the  barcode-tree  and  genome-tree  were  reconstructed  using  three  standard  DNA
barcodes (rbcL +  matK +  trnH-psbA)  and 79 protein-coding genes from plastid genomes,
respectively. Some species-rich genera (Ilex, Acer, Pruns, Ficus) are also shown in the table,
with the number of nodes per genus given in parentheses after the genus name. Values shown
are the percentage of nodes that exhibit a particular range of ML bootstrap level.
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Table 3. Phylogenetic signal tests of functional traits for 580 species of woody plants across 

six dynamic plots in the subtropical evergreen broadleaved forests of China with three 

phylogenetic trees.

Phylogeny

Maximum Height (m) Leaf Length (cm) Leaf Width (cm)

Blomberg's K
Pagel's

λ
Blomberg's K

Pagel's

λ
Blomberg's K Pagel's λ

genome-tree 0.007** 0.211* 0.003 0.067 0.005* 0.255***

barcode-tree 0.011** 0.216* 0.004 0.086 0.004 0.225***

synthetic-

tree
0.010 0.281* 0.018 0.122 0.021 0.307***

Notes: the  synthetic-tree  was reconstructed using R package  V.PhyloMaker,  the  barcode-tree  and
genome-tree were reconstructed using three standard DNA barcodes (rbcL + matK + trnH-psbA) and
79 protein-coding genes from plastid genomes, respectively. For both Blomberg's K and Pagel's λ,
value close to 0 indicates no phylogenetic signal, and value close to 1 indicates that closely-related
species tend to share similar trait value. Significance levels are * p < 0.05, ** p < 0.01, *** p < 0.001.
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Fig 1.  The distribution of the six dynamic plots in the subtropical  evergreen broadleaved

forests of China used in this study. The map was generated using ArcGIS 10.1.
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Fig. 2. Three different type of phylogenies reconstructed for 580 species of woody plants 

across six dynamic plots in the subtropical evergreen broadleaved forests of China. (a) A 

synthetic-tree was generated using R package V.PhyloMaker, the barcode-tree (b) and 

genome-tree (c) were reconstructed using three standard DNA barcodes (rbcL + matK + trnH-

psbA) and 79 protein-coding genes from plastid genomes, respectively. Colored bars around a

phylogeny represent seven major taxonomic groups (Gymnosperms, Basal angiosperms, 

Magnoliids, Monocots, Basal eudicots, Superrosids, and Superasterids). Different colors of 

the dots at the branches of the barcode-tree and genome-tree represent the different levels of 

bootstrap values.
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Fig. 3. Patterns of standardized phylogenetic community structure  of each dynamic plot 

calculated using synthetic-tree, barcode-tree and genome-tree. For 580 species of woody 

plants across six dynamic plots in the subtropical evergreen broadleaved forests of China, the 

synthetic-tree was reconstructed using R package V.PhyloMaker, the barcode-tree and 

genome-tree were reconstructed using three standard DNA barcodes (rbcL + matK + trnH-

psbA) and 79 protein-coding genes from plastid genomes, respectively. Negative values 

indicate phylogenetic clustering, and positive values indicate phylogenetic overdispersion. 

Significance levels are * p < 0.05, ** p < 0.01, *** p < 0.001. Detailed information on 

SES.PD, SES.MPD and SES.MNTD see Materials and Methods.
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Fig. 4. Linear regression of standardized community phylogenetic structure calculated using 

genome-tree against those based on synthetic-tree (left) and barcode-tree (right). For 580 

species of woody plants across six dynamic plots in the subtropical evergreen broadleaved 

forests of China, the synthetic-tree was reconstructed using R package V.PhyloMaker, the 

barcode-tree and genome-tree were reconstructed using three standard DNA barcodes (rbcL +

matK + trnH-psbA) and 79 protein-coding genes from plastid genomes, respectively.
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Fig. 5. Heatmaps and cluster dendrograms (UPGMA) based on standardized phylogenetic 

turnover (SES.Dpw and SES.Dnn) calculated with different phylogenies. For 580 species of 

woody plants across six dynamic plots in the subtropical evergreen broadleaved forests of 

China, the synthetic-tree was reconstructed using R package V.PhyloMaker, the barcode-tree 

and genome-tree were reconstructed using three standard DNA barcodes (rbcL + matK + 

trnH-psbA) and 79 protein-coding genes from plastid genomes, respectively. Tiles with warm 

tones indicate high turnover between plots; cool tones indicate lowturnover between plots. 

Tiles with stars  show pair of plots with higher or lower turnover than expected by chance (*p 

≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001).
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Fig. 6. Linear regression of standardized phylogenetic turnover (SES.Dpw and SES.Dnn) 

calculated using genome-tree against those based synthetic-tree (red) and barcode-tree (blue). 

For 580 species of woody plants across six dynamic plots in the subtropical evergreen 

broadleaved forests of China, the synthetic-tree was reconstructed using R package 

V.PhyloMaker, the barcode-tree and genome-tree were reconstructed using three standard 

DNA barcodes (rbcL + matK + trnH-psbA) and 79 protein-coding genes from plastid 

genomes, respectively.
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Table S1.  Linear regression models of standardized phylogenetic structure calculated using

genome-tree of a function of those based on synthetic-tree and barcode-tree.

Model df logLik AICc wAICc weight DE

SES.PD

~barcode-tree 3 7.962 2.076 0.000 0.999 99.5

~synthetic-tree 3 -1.334 20.668 18.593 <0.001 89.8

~1 2 -8.189 24.378 22.303 <0.001 0.0

SES.MPD

~barcode-tree 3 8.020 1.961 0.000 0.986 99.1

~synthetic-tree 3 3.734 10.531 8.570 0.014 96.2

~1 2 -6.079 20.157 18.196 <0.001 0.0

SES.MNTD

~barcode-tree 3 5.464 7.072 0.000 0.998 99.0

~synthetic-tree 3 -0.767 19.534 12.463 0.002 92.2

~1 2 -8.427 24.853 17.782 <0.001 0.0

Notes: For  580  species  of  woody  plants  across  six  dynamic  plots  in  the  subtropical  evergreen
broadleaved forests of China, the synthetic-tree was reconstructed using R package V.PhyloMaker, the
barcode-tree and genome-tree were reconstructed using three standard DNA barcodes (rbcL + matK +
trnH-psbA) and 79 protein-coding genes from plastid genomes, respectively. Detailed information on
SES.PD, SES.MPD and SES.MNTD see Materials and Methods. Values are shown for the estimated
number  of  model  parameters  (df),  maximum  log-likelihood  (logLik),  the  information-theoretic
Akaike’s  information  criterion  corrected  for  small  samples  (AICc),  AICc  weight  (wAICc,  model
probability), and the percentage of deviance explained (DE) as a measure of the model’s goodness-of-
fit.
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Table S2. Linear models of standardized community phylogenetic structure calculated using

genome-tree as a function of those based on synthetic-tree and barcode-tree and major clades.

Model df logLik AICc wAICc weight DE

SES.PD

~ barcode-tree 3 -6.051 18.852 0.000 0.997 96.2

~ barcode-tree + clades 8 -5.03 31.393 12.541 0.002 96.4

~ barcode-tree * clades 13 4.59 33.366 14.514 0.001 97.9

~ synthetic-tree 3 -34.94 76.629 57.777 <0.001 81.2

~ 1 2 -65.022 134.408 115.556 <0.001 0.0

~ clades 7 -59.611 137.221 118.369 <0.001 26.0

SES.MPD

~ barcode-tree * clades 13 6.295 29.955 0.000 0.982 99.4

~ barcode-tree 3 -15.811 38.371 8.417 0.015 97.9

 ~ barcode-tree + clades 8 -9.947 41.228 11.273 0.003 98.5

~ synthetic-tree 3 -39.109 84.969 55.014 <0.001 92.3

~ 1 7 -77.973 173.946 143.992 <0.001 33.6

~ clades 2 -85.343 175.049 145.094 <0.001 0.0

SES.MNTD

~ barcode-tree 3 4.023 -1.296 0.000 0.975 95.4

~ barcode-tree + clades 8 7.652 6.030 7.326 0.025 96.3

~ barcode-tree * clades 13 8.510 25.526 26.821 <0.001 96.5

~ synthetic-tree 3 -35.971 78.693 79.989 <0.001 58.0

~ 1 2 -51.585 107.534 108.83 <0.001 0.0

~ clades 7 -46.961 111.921 113.217 <0.001 22.7

Notes: For  580  species  of  woody  plants  across  six  dynamic  plots  in  the  subtropical  evergreen
broadleaved forests of China, the synthetic-tree was reconstructed using R package V.PhyloMaker, the
barcode-tree and genome-tree were reconstructed using three standard DNA barcodes (rbcL + matK +
trnH-psbA) and 79 protein-coding genes from plastid genomes, respectively. Clades included  three
orders (Aquifoliales, Ericales and Rosales) containing species-rich genera that are dominated
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in  subtropical  EBLFs (e.g.,  Ilex,  Rhododendron  and Ficus)  and three  major  phylogenetic
groups of vascular plants (Angiosperms, Core Eudicots and Magnoliids). Detailed information
on  SES.PD,  SES.MPD  and  SES.MNTD  see  Materials  and  Methods.  Values  are  shown  for  the
estimated  number  of  model  parameters  (df),  maximum  log-likelihood  (logLik),  the  information-
theoretic Akaike’s information criterion corrected for small samples (AICc), AICc weight (wAICc,
model  probability),  and  the  percentage  of  deviance  explained  (DE)  as  a  measure  of  the  model’s
goodness-of-fit.

38

828
829
830
831
832
833
834

75
76



Table  S3.  Linear  regression  of  standardized  community  phylogenetic  structure  calculated

using genome-tree  against  those  based  on synthetic-tree  and barcode-tree  across  different

clades.

SES.PD SES.MPD SES.MNTD

clades model Slope R2 Slope R2 Slope R2

Angiosperms
 ~ synthetic-tree 0.876 0.947 1.196 0.998 1.026 0.893

 ~ barcode-tree 0.891 0.999 1.208 0.995 0.919 0.991

CoreEudicots
 ~ synthetic-tree 0.939 0.987 1.102 0.947 1.065 0.855

 ~ barcode-tree 0.940 0.989 0.966 0.993 0.976 0.995

Magnoliids
 ~ synthetic-tree 0.677 0.215 0.979 0.982 1.047 0.569

 ~ barcode-tree 0.482 0.507 0.917 0.977 0.980 0.919

Ericales
 ~ synthetic-tree 0.784 0.914 1.232 0.888 1.268 0.958

 ~ barcode-tree 0.885 0.977 1.030 0.962 1.004 0.984

Aquifoliales
 ~ synthetic-tree 0.338 0.153

-

0.190
0.242

-

0.026
0.023

 ~ barcode-tree 1.035 1.000 0.825 0.667 0.542 0.471

Rosales
 ~ synthetic-tree 1.191 0.697 0.577 0.561

-

0.041
0.006

 ~ barcode-tree 0.980 0.996 0.878 0.986 1.132 0.984

Notes: For  the  clades,  the  synthetic-tree  was  reconstructed  using  R  package  V.PhyloMaker,  the
barcode-tree and genome-tree were reconstructed using three standard DNA barcodes (rbcL + matK +
trnH-psbA) and 79 protein-coding genes from plastid genomes, respectively. Detailed information on
SES.PD, SES.MPD and SES.MNTD see Materials and Methods. Values are shown for the slope of the
linear regression and proportion of variance explained (R2).
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Table  S4.  Linear  regression  models  of  standardized  phylogenetic  turnover  between  plots

calculated using genome-tree against those based on synthetic-tree and barcode-tree.

Model df logLik AICc wAICc weight DE

SES.Dpw

 ~ barcode-tree 3 14.088 -19.994 0.000 0.999 98.6

 ~ synthetic-tree 3 4.825 -1.468 18.526 <0.001 95.3

~ 1 2 -18.151 41.302 61.296 <0.001 0.0

SES.Dnn

 ~ barcode-tree 3 12.198 -16.214 0.000 0.999 99.6

 ~ synthetic-tree 3 -8.444 25.071 41.285 <0.001 93.2

~ 1 2 -28.66 62.319 78.533 <0.001 0.0

Notes: For  580  species  of  woody  plants  across  six  dynamic  plots  in  the  subtropical  evergreen
broadleaved forests of China, the synthetic-tree was reconstructed using R package V.PhyloMaker, the
barcode-tree and genome-tree were reconstructed using three standard DNA barcodes (rbcL + matK +
trnH-psbA) and 79 protein-coding genes from plastid genomes, respectively. Detailed information on
SES.Dpw, SES.Dnn see Materials and Methods. Values are shown for the estimated number of model
parameters  (df),  maximum log-likelihood (logLik),  the  information-theoretic  Akaike’s  information
criterion  corrected  for  small  samples  (AICc),  AICc  weight  (wAICc,  model  probability),  and  the
percentage of deviance explained (DE) as a measure of the model’s goodness-of-fit.
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Figure legend

Fig  S1.  Comparison  of  ordinal-level  phylogenetic  relationships  among  (a)  synthetic-tree

(generated by R package V.PhyloMaker), (b) genome-tree (based on 79-CDS-gene matrix)

and (c) barcode-tree (based on  rbcL +  matK +  trnH-psbA matrix) generated from the ML

analysis. Branch colors correspond to major groups, as in Fig. 2.
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Fig. S2. Linear regression of standardized community phylogenetic structure calculated using 

genome-tree against those based on synthetic-tree (red) and barcode-tree (blue) across 

different clades. For 580 species of woody plants across six dynamic plots in the subtropical 

evergreen broadleaved forests of China, the synthetic-tree was reconstructed using R package 

V.PhyloMaker, the barcode-tree and genome-tree were reconstructed using three standard DNA 

barcodes (rbcL + matK + trnH-psbA) and 79 protein-coding genes from plastid genomes, respectively.

Clades included three orders (Aquifoliales, Ericales and Rosales) containing species-rich 

genera that are dominated in subtropical EBLFs (e.g., Ilex, Rhododendron and Ficus) and 

three major phylogenetic groups of vascular plants (Angiosperms, Core Eudicots and 

Magnoliids). Detailed information on SES.PD, SES.MPD and SES.MNTD see Materials and 

Methods.
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Supplemental Files

Supplemental File 1. Species sampled in six dynamic plots for this study.

Supplemental  File  2.  Alignment  file  of  the  three  standard  DNA barcode markers  (rbcL,

matK, and trnH-psbA) used in this study.

Supplemental File 3.  Alignment file of the 79 protein-coding genes (CDS genes) extracted

from plastid genomes.

Supplemental File 4. Input file for treePL used to date barcode-tree.

Supplemental File 5. Input file for treePL used to date genome-tree
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