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The benchmark species trees used in this analysis 
The inference method and input data for each of the species trees for each of the 12 datasets used 

in this analysis. 

Birds  (Jarvis et al. 2014) 
Data: exons from 8251 protein coding genes, introns from 2516 genes, 2769 ultraconserved 

elements x 48 species. Total ~48.1 million base pairs. GTR + GAMMA. 

Method: CMSA nucleotides, partitioned by data type. Third nucleotide of codons excluded 

Diptera (Wiegmann et al. 2011)  
Data: Tier 1: 42 species x (14 nuclear genes + mitochondrial genome + 371 morphological 

features). Tier 2: 202 taxa x 5 nuclear genes. GTR+GAMMA 

Method: CMSA nucleotides. Likelihood & Bayesian. Data partitioned by type. Nucleotide with 3rd 

codon removed 

Fish (Betancur et al. 2013) 
Data: 16 nuclear gene exons + 1 intron + 4 mitochondrial genes x 1184 taxa 

Method: CMSA, nuclotide, partitioned by codon position. GTRGAMMA & GTRCAT 

Fungi (James et al. 2006)  
Data: 3 protein coding genes, 3 RNA genes x 214 taxa 

CMSA of AA (JTT+I+GAMMA) and nucleotides (GTR+I+GAMMA/GTR+GAMMA), partitioned by 

gene. Bayesian. Assessment of conflict. 

Hymenoptera (Mao et al. 2015)  
Data: nucleotide for the 13 protein coding + 2 rRNA genes of the mitochondrial genome x 48 

species 

Method: CMSA, best partitioning & model by BIC. With/without 3rd codon. ML & Bayesian. 

Kinetoplastids (Kelly et al. 2017)  
Data: AA for 375 genes x 19 species  

Method: CMSA, 47,625 AA using equal sampling from each gene. ML tree PROTGAMMAAUTO 

Laurasiatheria (Meredith et al. 2011) 
Data: 171 species x 26 genes (35,603bp/11,010 AA) 

Method: CMSA, amino acids and nucleotide. ML & Bayesian. Model selection by AIC. 

Coalescence with STAR & STEAC. 

Metazoa (Dunn et al. 2008)  
Data: 77 taxa x 150 genes 

Method: CMSA, amino acids ML (WAG selected by MyBayes), Bayesian (CAT & WAG) 

Nematoda (Liu et al. 2013) 
Data: AA for 12 mitochondrial protein-coding genes x 65 species 

Method: MP, ML & Bayesian. AIC to select best model. MSA, SSU rRNA 

Primates (Perelman et al. 2011)  
Data: 191 taxa x 34,972 bp: nucleotide, 6 partitions (X-chromosome, Y-chromosome, autosome, 

intron, exon and UTR segments)  
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Method: CMSA of nucleotides, MP, ML & Bayesian. Partitions analysed separately & combined. 

Model selection by AIC. 

Rodents (Meredith et al. 2011)  
Data: 171 species x 26 genes (35,603bp/11,010 AA) 

Method: CMSA, amino acids and nucleotide. ML & Bayesian. Model selection by AIC. 

Coalescence with STAR & STEAC. 

Plants (Ruhfel et al. 2014; Byng et al. 2016)  
Data: Expert review of latest molecular studies including 17 nuclear and plastid genes x 640 taxa 

(Byng) & 78 protein-coding plastid genes x 360 taxa (Ruhfel) 

Method: Ruhfel: separate and partitioned, concatenated alignments of. 78 partitioned, 

concatenated plastid genes including AA; nucleotide; 1st & 2nd codon; and RY-coding. Soltis: with 

and without mitochondrial genes, ML, GTRGAMMA . Individual & concatenated alignments. 
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Supplementary Figures 
Supplementary Figure S1 

 
 

Supplementary Figure S1. The RAM (A) and time (B) requirements for STAG on the 12 datasets 

on a single core versus the number of species and RAM (C) and time (D) requirements versus the 

number of trees with all species present. 
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Supplementary Figure S2 
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Supplementary Figure S2. Selection of single-copy orthologues with high proportion of species 

present for CMSA, NJst (Plants only) and ASTRAL applied to the 12 biological datasets. Each plot 

shows the number of orthogroups (blue line, left y-axis) in which a given fraction of species are 

single-copy. Single-copy orthogroup selection starts by identifying all orthogroups that are single-

copy in all species. In most cases there are sufficiently many such orthogroups (≥1000, top grey 

band). If not, the requirement for all species to be present is relaxed until at least 100 orthogroups 

are identified (middle white band). The minimum fraction of single copy species required is then 

further relaxed so as to identify more orthogroups provided that the proportional increase in 

orthogroups is more than double the proportional decrease in minimum fraction of species (green 

line, where applicable) or until 1000 orthogroups are identified. The number of orthogroups selected 

and the minimum fraction of species in each orthogroups is shown (black line, text annotation). The 

number of orthogroups identified and the cut-off minimum proportion of single-copy species are given 

in Supplementary Table S1. 
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Supplementary Tables 
Supplementary Table S1 

Supplementary Table S1 contains 59134 rows and is available separately as an .xlsx file. 

Supplementary Table S2 

Supplementary Table S2 contains the species tree in newick format inferred by each of the five 

tested methods as is available as an .xlsx file. 

Supplementary Table S3: p-values for correlation between branch length estimates across 

methods. 

  Branch length, correlation p-value 

  STAG CMSA ASTRAL NJst 

STAG 0 2.71E-78 7.71E-22 3.31E-10 

CMSA 2.71E-78 0 5.61E-22 1.11E-09 

ASTRAL 7.71E-22 5.61E-22 0 2.51E-21 

NJst 3.31E-10 1.11E-09 2.51E-21 0 

 

Supplementary Table S4 

Clade 
Single-copy orthogroups, all 

species present 
Single-copy orthogroups, most species 

present 

  
Orthogro
ups 

CMS
A 

NJs
t 

ASTR
AL 

Orthogro
ups 

Min. 
species 
present 

CMS
A 

NJs
t 

ASTR
AL 

Birds 2616 
0.47

7 
0.40

9 0.409 2616 100.0% 
0.34

1 
0.40

9 0.409 

Diptera 513 0 0 0 2263 85.7% 0 0 0 

Fish 518 
0.12

5 
0.12

5 0.25 1904 90.9% 
0.12

5 
0.12

5 0.125 

Fungi 338 0 0 0 1182 90.9% 
0.05

3 0 0 
Hymenopt
era 3947 0 0 0 3947 100.0% 0 0 0 
Kinetoplas
tids 1476 0 0 0 1476 100.0% 0 0 0 
Laurasiath
eria 1386 

0.18
2 

0.18
2 0.182 1386 100.0% 

0.18
2 

0.18
2 0.182 

Metazoa 102 
0.27

8 
0.11

1 0.167 1030 85.7% 
0.22

2 
0.16

7 0.167 

Nematoda 517 0.25 0.25 0.25 1935 85.7% 0.25 0.25 0.25 

Plants 0 - - - 109 35.7% 
0.05

1 
0.20

5 0.308 

Primates 286 0 0 0 1196 91.7% 0 0 0 

Rodents 2505 0.25 0.25 0.25 2505 100.0% 0.25 0.25 0.25 

Mean (ex. 
plants) - 

0.14
2 

0.12
1 0.137 - - 

0.12
9 

0.12
6 0.126 

 


