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Figure S1: MCMC Bayesian analysis of the protein-coding gene dataset ‘cg75_stat’ assuming
homogeneous composition. 50% majority-rule consensus tree of the ‘post-burnin’ MCMC
(composition homogeneous GTR+I+Γ) sampled trees. The proportion of samples to discard as
‘burnin’ was estimated by eye by looking for a plateauing of the likelihoods of the trees sampled
by the Markov chain. Numbers at the nodes are their posterior probabilities, and branch lengths
represent the number of nucleotide substitutions per site. Colours indicate taxonomic group (see
legend Figure 1).
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Figure S2: MCMC Bayesian analysis of the protein-coding gene dataset ‘cg75_NDCH’ under
the NDCH model. 50% majority-rule consensus tree of the ‘post-burnin’ MCMC (node-
heterogeneous GTR+I+Γ+2CV) sampled trees. The proportion of samples to discard as ‘burnin’
was estimated by eye by looking for a plateauing of the likelihoods of the trees sampled by the
Markov chain. Numbers at the nodes are their posterior probabilities, and branch lengths rep-
resent the number of nucleotide substitutions per site. Colours indicate taxonomic group (see
legend Figure 1).
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Figure S3: MCMC Bayesian analysis of the protein dataset ‘cp75_stat’ assuming homogeneous
composition. 50% majority-rule consensus tree of the ‘post-burnin’ MCMC (composition homo-
geneous LG+I+Γ) sampled trees. The proportion of samples to discard as ‘burnin’ was estimated
by eye by looking for a plateauing of the likelihoods of the trees sampled by the Markov chain.
Values above branches are posterior probabilities, and branch lengths represent the number of
amino-acid substitutions per site. Colours indicate taxonomic group (see legend Figure 1).
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Figure S4: MCMC Bayesian analysis of the protein dataset ‘cp75_CAT’ under the CAT model
50% majority-rule consensus tree of the ‘post-burnin’ MCMC (site-heterogeneous CAT+LG+Γ)
sampled trees. The automatic stopping criterion implemented in Phylobayes considered a ‘burnin’
of 1

5 of the samples, so this was the proportion of trees discarded as ‘burnin’. Numbers at the
nodes are their posterior probabilities, and branch lengths represent the number of amino-acid
substitutions per site. Colours indicate taxonomic group (see legend Figure 1).
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Figure S5: MCMC Bayesian analysis of the protein dataset ‘cp75_NDCH’ under the NDCH
model. 50% majority-rule consensus tree of the ‘post-burnin’ MCMC (node-heterogeneous
LG+I+Γ+30CV) sampled trees. The proportion of samples to discard as ‘burnin’ was estimated
by eye by looking for a plateauing of the likelihoods of the trees sampled by the Markov chain.
It should be noted that the 30 composition vectors were not enough to pass the X2 test and that
another MCMC analysis under the same conditions yielded a tree with a slightly lower likelihood
that differed from the present tree by the grouping of red algae with glaucocystophytes. But
all topologies obtained displayed the sister-group relationship between core-cyanobacteria and
plastids. Numbers at the nodes are their posterior probabilities, and branch lengths represent
the number of nucleotide substitutions per site. Colours indicate taxonomic group (see legend
Figure 1).
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Figure S6: ML bootstrap analysis of the recoded protein-coding gene dataset ‘cg75_degen3’.
50% majority-rule consensus tree of 200 ML (GTR+I+Γ) bootstrap trees. Values above branches
are bootstrap proportions. Dataset characteristics are indicated in Table S3. The values above
the branches represent their bootstrap proportions. Colours indicate taxonomic group (see legend
Figure 1).
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Figure S7: ML bootstrap analysis of the recoded protein-coding gene dataset ‘cg75_degenLR3’.
50% majority-rule consensus tree of 200 ML (GTR+I+Γ) bootstrap trees. Values above branches
are bootstrap proportions. Dataset characteristics are indicated in Table S3. The values above
the branches represent their bootstrap proportions. Colours indicate taxonomic group (see legend
Figure 1).
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Figure S8: ML bootstrap analysis of the recoded protein-coding gene dataset ‘cg75_degen1LR’.
50% majority-rule consensus tree of 200 ML (GTR+I+Γ) bootstrap trees. Values above branches
are bootstrap proportions. Dataset characteristics are indicated in Table S3. The values above
the branches represent their bootstrap proportions. Colours indicate taxonomic group (see legend
Figure 1).
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Figure S9: ML bootstrap analysis of the recoded protein-coding gene dataset ‘cg75_degen’. 50%
majority-rule consensus tree of 200 ML (GTR+I+Γ) bootstrap trees. Values above branches are
bootstrap proportions. Dataset characteristics are indicated in Table S3. The values above the
branches represent their bootstrap proportions. Colours indicate taxonomic group (see legend
Figure 1).
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Figure S10: ML bootstrap analysis of the recoded protein-coding gene dataset ‘cg75_degen12S’.
50% majority-rule consensus tree of 200 ML (GTR+I+Γ) bootstrap trees. Values above branches
are bootstrap proportions. Dataset characteristics are indicated in Table S3. The values above
the branches represent their bootstrap proportions. Colours indicate taxonomic group (see legend
Figure 1).
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Trichodesmium erythraeum (OSC-2)
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Figure S11: Nucleotide composition at first codon positions. Composition at first codon positions in
the concatenated nucleotide dataset ‘cg75’. Each concatenated sequence is represented by its

A
A+T and G

G+C ratios at first codon positions. The colours used for the dots indicate the groups
to which the sequences belong (see Table S1). Only Prochlorococcus marinus and Trichodesmium
erythraeum are labelled. G+C proportions are displayed on Figure 3.
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Figure S12: Nucleotide composition at second codon positions. Composition at second codon posi-
tions in the concatenated nucleotide dataset ‘cg75’. Each concatenated sequence is represented
by its A

A+T and G
G+C ratios at second codon positions. The colours used for the dots indicate

the groups to which the sequences belong (see Table S1). Only Prochlorococcus marinus and
Trichodesmium erythraeum are labelled. G+C proportions are displayed on Figure 3.
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Figure S13: Nucleotide composition at third codon positions. Composition at third codon positions
in the concatenated nucleotide dataset ‘cg75’. Each concatenated sequence is represented by its

A
A+T and G

G+C ratios at third codon positions. The colours used for the dots indicate the groups
to which the sequences belong (see Table S1. Only Prochlorococcus marinus and Trichodesmium
erythraeum are labelled. G+C proportions are displayed on Figure 3.
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Table S1: Data matrix properties with respect to potential phylogenetic signal from synony-
mous codons. Phylogenetic signal resulting from codon synonymy as properties of the different
constucted data matrices. Present ("yes") or absent ("no"). ‘1LR’ designates the signal associated
with first codon position synonymy among leucine and arginine codons. ‘12S’ designates the signal
associated with first and second codon position synonymy among serine codons. ‘3’ designates
the signal associated with third codon position synonymy among all codons families. The ‘degen*’
analyses are performed under standard maximum likelihood, but some of the signal associated with
codon synonymy is suppressed by recoding some of the codon positions where codon degeneracy
exist. The amino-acid dataset (‘cp75’) does not contain any of these signals because synony-
mous codons are represented by a common amino-acid. ‘CAT’ designates the site-heterogeneous
model implemented in Phylobayes. ‘NDCH’ designates the non-stationary composition model im-
plemented in P4.

Codon-synonymy signal
Analysis 1LR 12S 3
cg75_mlboot yes yes yes
cp75_mlboot no no no
cp75_stat no no no
cp75_CAT no no no
cp75_NDCH no no no
cg75_stat yes yes yes
cg75_NDCH yes yes yes
cg75_degen3 yes yes no
cg75_degen no no no
cg75_degenLR3 no yes no
cg75_degen1LR no yes yes
cg75_degen12S yes no yes
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Table S2: Amino acid and codon-family variant exchange rates. The data were recoded so that each
codon family of Arg, Leu, and Ser was individually distinguished: AGR: ArgA, CGN: ArgC, TTR:
LeuT, CTN: LeuC, AGY: SerAG, TCN: SerTC. Instantaneous substitution rates in a 23 character
state amino-acid model were estimated from a P4 MCMC chain using a GTR+I+Γ model with
fixed topology, α parameter of the Γ distribution, and proportion of invariable sites, the values of
which were taken from the optimal ML results obtained by RAxML under a CPREV+I+Γ model
on the standard 20 state amino-acid data.

exchange rate
arginineA ↔ arginineC 20061.9
leucineC ↔ leucineT 15275.5
serineAG ↔ serineTC 4393.5

lysine ↔ arginineA 3136.8
asparagine ↔ serineAG 2783.9
threonine ↔ serineAG 2262.4
isoleucine ↔ valine 2015.7
aspartate ↔ glutamate 1804.1
glutamate ↔ glutamine 1786.7
aspartate ↔ asparagine 1505.3

lysine ↔ glutamine 1500.6
alanine ↔ serineTC 1473.2

histidine ↔ asparagine 1395.8
histidine ↔ glutamine 1363.5

phenylalanine ↔ tyrosine 1268.1
histidine ↔ tyrosine 1249.0
leucineC ↔ methionine 1047.8
threonine ↔ serineTC 955.8
cysteine ↔ serineTC 923.6
leucineC ↔ isoleucine 857.7

asparagine ↔ glutamine 842.3
lysine ↔ arginineC 832.5

isoleucine ↔ methionine 824.7
leucineT ↔ methionine 767.6
cysteine ↔ serineAG 729.8
glycine ↔ serineAG 666.5

asparagine ↔ threonine 654.7
arginineA ↔ glutamine 644.7
glutamine ↔ arginineC 611.7

lysine ↔ asparagine 574.8
isoleucine ↔ leucineT 564.8
cysteine ↔ valine 549.8

aspartate ↔ serineAG 522.0
glutamine ↔ serineAG 516.0
cysteine ↔ threonine 490.5
alanine ↔ cysteine 485.5

methionine ↔ glutamine 473.1
phenylalanine ↔ leucineT 462.8

threonine ↔ valine 451.7
proline ↔ serineTC 450.8

histidine ↔ arginineC 450.4
arginineA ↔ serineAG 450.2

continued on next page

16



continued from previous page
exchange rate

alanine ↔ threonine 420.8
methionine ↔ threonine 377.2

phenylalanine ↔ tryptophan 373.8
histidine ↔ serineAG 373.0

glutamine ↔ threonine 355.9
leucineC ↔ phenylalanine 325.6

lysine ↔ threonine 310.0
glutamate ↔ serineAG 306.8

alanine ↔ serineAG 306.0
asparagine ↔ arginineA 296.5
glutamate ↔ lysine 293.2

alanine ↔ glycine 288.8
glycine ↔ asparagine 286.9

asparagine ↔ serineTC 286.1
alanine ↔ valine 286.0
cysteine ↔ tyrosine 280.4
lysine ↔ serineAG 280.0

methionine ↔ valine 278.4
isoleucine ↔ threonine 272.8
histidine ↔ arginineA 271.2

glutamine ↔ serineTC 268.4
phenylalanine ↔ methionine 267.3

alanine ↔ proline 250.6
tryptophan ↔ tyrosine 244.9

leucineT ↔ valine 236.2
alanine ↔ glutamine 233.2
cysteine ↔ phenylalanine 229.4
cysteine ↔ arginineA 225.5
leucineC ↔ valine 222.0
histidine ↔ lysine 219.0

arginineA ↔ threonine 216.8
alanine ↔ glutamate 214.2

aspartate ↔ glutamine 210.7
cysteine ↔ asparagine 209.6

aspartate ↔ histidine 207.5
cysteine ↔ leucineT 202.5
cysteine ↔ methionine 200.6
cysteine ↔ arginineC 199.1

arginineC ↔ serineAG 195.8
histidine ↔ serineTC 190.2

glutamate ↔ asparagine 173.5
glutamate ↔ threonine 172.4

phenylalanine ↔ isoleucine 162.8
cysteine ↔ histidine 162.1
proline ↔ threonine 161.5

leucineC ↔ glutamine 161.0
phenylalanine ↔ histidine 158.2

leucineT ↔ glutamine 153.7
histidine ↔ threonine 152.2
cysteine ↔ glycine 145.0

continued on next page
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continued from previous page
exchange rate

arginineA ↔ tyrosine 142.5
asparagine ↔ tyrosine 142.1
leucineC ↔ cysteine 140.4
proline ↔ glutamine 134.1

leucineT ↔ serineTC 129.3
glutamate ↔ histidine 125.4
glutamine ↔ tyrosine 123.8
glutamate ↔ serineTC 119.5
histidine ↔ tryptophan 115.6

phenylalanine ↔ serineTC 112.1
leucineC ↔ histidine 111.4
cysteine ↔ proline 111.0

aspartate ↔ glycine 110.7
lysine ↔ serineTC 103.8

phenylalanine ↔ valine 101.3
alanine ↔ methionine 97.5
tyrosine ↔ serineTC 97.2
glycine ↔ arginineA 95.2
glycine ↔ serineTC 94.8

aspartate ↔ proline 93.7
glutamine ↔ valine 92.6
aspartate ↔ serineTC 92.6

lysine ↔ methionine 91.3
glutamate ↔ proline 90.9
cysteine ↔ tryptophan 90.7
lysine ↔ proline 87.7

arginineA ↔ tryptophan 85.1
leucineC ↔ arginineA 84.8
alanine ↔ asparagine 84.3

leucineT ↔ threonine 82.3
leucineT ↔ tryptophan 79.8

tryptophan ↔ serineTC 77.3
proline ↔ serineAG 77.1
alanine ↔ lysine 76.9

leucineC ↔ tryptophan 76.5
asparagine ↔ arginineC 76.2
histidine ↔ proline 75.7
serineAG ↔ tyrosine 74.6
leucineC ↔ threonine 70.3

methionine ↔ serineAG 67.6
leucineC ↔ proline 67.1

asparagine ↔ proline 66.8
glycine ↔ glutamine 66.8

aspartate ↔ threonine 65.9
alanine ↔ aspartate 65.1

methionine ↔ tryptophan 64.5
threonine ↔ tyrosine 60.4
glutamate ↔ arginineA 60.4
methionine ↔ tyrosine 60.3

alanine ↔ histidine 59.4
continued on next page
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continued from previous page
exchange rate

proline ↔ valine 58.8
glutamine ↔ tryptophan 58.1
leucineT ↔ arginineA 57.2

methionine ↔ serineTC 56.7
isoleucine ↔ arginineA 54.3

alanine ↔ leucineT 53.9
leucineC ↔ lysine 51.8

glutamate ↔ glycine 50.1
arginineC ↔ serineTC 49.9
glutamate ↔ valine 49.3
methionine ↔ asparagine 49.0

proline ↔ arginineC 48.7
threonine ↔ arginineC 48.4
leucineT ↔ tyrosine 48.3

methionine ↔ arginineC 48.2
leucineC ↔ tyrosine 48.0
isoleucine ↔ serineAG 47.3

methionine ↔ arginineA 47.1
glycine ↔ lysine 47.1

aspartate ↔ lysine 46.8
cysteine ↔ glutamine 45.7
histidine ↔ methionine 44.2
isoleucine ↔ asparagine 43.9
cysteine ↔ lysine 43.0
lysine ↔ valine 42.7

isoleucine ↔ tyrosine 41.3
leucineC ↔ arginineC 40.9

phenylalanine ↔ threonine 40.1
arginineA ↔ serineTC 39.9
arginineA ↔ proline 39.0
isoleucine ↔ glutamine 38.8

glycine ↔ proline 38.2
valine ↔ serineAG 37.8

arginineC ↔ tryptophan 37.6
alanine ↔ isoleucine 37.2

phenylalanine ↔ proline 36.4
methionine ↔ proline 36.1

alanine ↔ leucineC 35.6
leucineT ↔ proline 35.5

valine ↔ serineTC 35.4
alanine ↔ phenylalanine 34.3

arginineA ↔ valine 34.2
phenylalanine ↔ glutamine 34.2

cysteine ↔ isoleucine 34.0
phenylalanine ↔ arginineA 32.5

cysteine ↔ aspartate 32.5
histidine ↔ valine 32.3

phenylalanine ↔ asparagine 32.3
histidine ↔ leucineT 31.3
arginineC ↔ tyrosine 30.8

continued on next page
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continued from previous page
exchange rate

isoleucine ↔ proline 29.4
valine ↔ tyrosine 28.3

aspartate ↔ arginineA 27.8
aspartate ↔ tyrosine 27.5
leucineT ↔ asparagine 27.4
isoleucine ↔ lysine 27.2

glycine ↔ histidine 27.2
glutamate ↔ tyrosine 27.0

proline ↔ tyrosine 26.8
lysine ↔ tyrosine 23.7

glutamate ↔ arginineC 23.3
alanine ↔ tyrosine 23.0

tryptophan ↔ serineAG 22.8
alanine ↔ arginineC 22.0
alanine ↔ arginineA 22.0

glutamate ↔ leucineT 21.8
asparagine ↔ valine 21.3
leucineC ↔ serineAG 20.3
leucineT ↔ serineAG 19.7
cysteine ↔ glutamate 19.4

phenylalanine ↔ serineAG 19.1
glycine ↔ tryptophan 18.7
glycine ↔ methionine 18.2
glycine ↔ threonine 17.4

isoleucine ↔ tryptophan 17.2
glycine ↔ leucineT 16.7

leucineC ↔ asparagine 16.7
isoleucine ↔ arginineC 16.5
glutamate ↔ methionine 16.1
histidine ↔ isoleucine 15.6

valine ↔ tryptophan 15.2
glycine ↔ valine 14.4
glycine ↔ arginineC 13.2

phenylalanine ↔ glycine 12.9
leucineT ↔ lysine 12.0
proline ↔ tryptophan 11.9

leucineC ↔ glutamate 11.4
asparagine ↔ tryptophan 11.3
aspartate ↔ methionine 10.7
alanine ↔ tryptophan 9.6

aspartate ↔ arginineC 9.4
leucineC ↔ serineTC 9.0
aspartate ↔ tryptophan 8.4

glycine ↔ tyrosine 8.1
lysine ↔ tryptophan 7.9

phenylalanine ↔ arginineC 7.4
threonine ↔ tryptophan 6.4
glutamate ↔ isoleucine 6.3
leucineT ↔ arginineC 6.2

arginineC ↔ valine 5.2
continued on next page
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continued from previous page
exchange rate

phenylalanine ↔ lysine 5.1
glutamate ↔ tryptophan 5.0
aspartate ↔ phenylalanine 5.0
glutamate ↔ phenylalanine 4.6
aspartate ↔ valine 4.4
leucineC ↔ glycine 4.2
aspartate ↔ leucineT 4.1
aspartate ↔ isoleucine 2.9

glycine ↔ isoleucine 1.9
isoleucine ↔ serineTC 1.8
leucineC ↔ aspartate 1.7
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Table S3: Taxonomic sampling. Taxa included in the study, and the NCBI GenBank accession number
of their genome (or plastidial genome). The taxonomic groups to which they belong are indicated
and represented in the same colour that was used in the figures.

Taxon NCBI accession Taxonomic group Sub-goup
Bacillus subtilis NC_000964 Bacteria Firmicutes
Heliobacterium modesticaldum NC_010337 Bacteria Firmicutes
Herpetosiphon aurantiacus NC_009972 Bacteria Chloroflexi
Roseiflexus castenholzii NC_009767 Bacteria Chloroflexi
Chlorobium limicola NC_010803 Bacteria Chlorobi
Bdellovibrio bacteriovorus NC_005363 Bacteria δ-proteobacteria
Rhodopseudomonas palustris NC_008435 Bacteria α-proteobacteria
Novosphingobium aromaticivorans NC_007794 Bacteria α-proteobacteria
Gloeobacter violaceus NC_005125 Cyanobacteria GBACT
Synechococcus JA33Ab NC_007775 Cyanobacteria GBACT
Acaryochloris marina NC_009925 Cyanobacteria UNIT+
Thermosynechococcus elongatus NC_004113 Cyanobacteria UNIT
Cyanothece PCC7425 NC_011884 Cyanobacteria UNIT+
Trichodesmium erythraeum NC_008312 Cyanobacteria OSC-2
Synechococcus elongatus NC_006576 Cyanobacteria SO-6
Synechococcus RCC307 NC_009482 Cyanobacteria SO-6
Prochlorococcus marinus NC_009091 Cyanobacteria SO-6
Nostoc punctiforme NC_010628 Cyanobacteria NOST-1
Nostoc PCC7120 NC_003272 Cyanobacteria NOST-1
Synechococcus PCC7002 NC_010475 Cyanobacteria SPM-3
Synechocystis PCC6803 NC_000911 Cyanobacteria SPM-3
Microcystis aeruginosa NC_010296 Cyanobacteria SPM-3
Cyanothece PCC7822 NC_014501 Cyanobacteria SPM-3
Cyanothece PCC8801 NC_011726 Cyanobacteria SPM-3
Cyanophora paradoxa NC_001675 Glaucophyta Glaucocystophycae
Cyanidium caldarium NC_001840 Rhodoophyta Bangiophycae
Cyanidioschyzon merolae NC_004799 Rhodoophyta Bangiophycae
Porphyra purpurea NC_000925 Rhodoophyta Bangiophycae
Gracilaria tenuistipitata NC_006137 Rhodoophyta Florideophycae
Chlorokybus atmophyticus NC_008822 Viridiplantae Streptophyta
Aneura mirabilis NC_010359 Viridiplantae Streptophyta
Zygnema circumcarinatum NC_008117 Viridiplantae Streptophyta
Ostreococcus tauri NC_008289 Viridiplantae Mamiellophycae
Micromonas RCC299 NC_012575 Viridiplantae Mamiellophycae
Nephroselmis olivacea NC_000927 Viridiplantae Prasinophycae
Pyramimonas parkeae NC_012099 Viridiplantae Prasinophycae
Monomastix oke1 NC_012101 Viridiplantae Prasinophycae
Pycnococcus provasolii NC_012097 Viridiplantae Prasinophycae
Chlorella vulgaris NC_001865 Viridiplantae Trebouxiophycae
Bryopsis hypnoides NC_013359 Viridiplantae Ulvophycae
Chlamydomonas reinhardtii NC_005353 Viridiplantae Chlorophycae
Scenedesmus obliquus NC_008101 Viridiplantae Chlorophycae
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Table S5: Summary statistics of the data matrices of the 75 chosen loci. Numbers of taxa, total
alignment length (length), and numbers of sites included (sites included) for each of the loci that
formed the combined 75 loci multi-gene data matrix (‘cp75’).

locus number of taxa length sites included
rps2 42 3447 579
rps3 42 2556 411
rps4 43 939 363
rps7 42 585 444
rps8 42 510 297
rps9 38 777 321

rps11 42 420 333
rps12 42 459 360
rps14 43 354 300
rps18 43 663 147
rps19 42 357 228
rpl2 42 969 672
rpl5 41 639 522

rpl12 34 456 297
rpl14 42 402 348
rpl16 42 486 387
rpl19 35 606 276
rpl20 42 411 306
rpl22 33 459 297
rpl23 41 384 216
rpl32 38 294 54
rpl33 33 210 99
rpl36 41 255 114
petA 34 1116 777
petB 40 2496 618
petD 34 507 468
petG 34 123 93
petL 20 111 72
petN 28 117 81
psaA 33 2523 2049
psaB 37 2781 2052
psaC 33 249 243
psaI 30 183 75
psaJ 32 195 87

psaM 29 135 78
psbA 54 1149 1044
psbB 34 1686 1482
psbC 34 1560 1251
psbD 36 1107 1020
psbE 35 297 207
psbF 34 354 105
psbH 34 306 165
psbI 33 183 96
psbJ 34 228 96
psbK 34 198 108
psbL 34 163 99
psbM 26 159 87
psbN 35 213 117
psbT 34 156 87
psbZ 33 345 180
rbcL 35 1473 1320
ycf 3 33 552 483
ycf 4 32 783 459
accD 35 2031 726
atpA 42 1671 1350
atpB 42 1575 1296
atpE 42 489 171
atpF 42 666 369
atpH 42 396 195
atpI 40 1296 447
ccsA 35 2523 525

cemA 32 2154 537
chlB 31 2463 1164
chlI 39 1326 882
chlL 32 1140 756
chlN 32 1788 396
clpP 83 1890 483
ftsH 83 2664 1437
inf A 40 378 201
rpoA 41 2118 402
rpoB 39 6219 2145

rpoC1 41 11382 945
rpoC2 42 16206 933
tuf A 40 1278 972
ycf 12 29 315 96
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Table S7: Selected loci The 75 markers retained in this study. For each marker, the table gives the model
used in the RAxML and P4 NDCH analyses, for nucleotide (‘nuc’) and amino-acid (‘aa’) datasets.
‘I’ indicates that the model included a proportion of variable sites. ‘Γ’ indicates that the model
included four gamma-distributed discrete evolutionary rate categories. In the case of amino-acid
evolution models, ‘F’ indicates that the amino-acid frequencies are estimated from the data instead
of taking the frequencies implied by the empirical transition matrix. In the case of P4 NDCH
analyses, the optimal number of composition vectors is given (‘CV’).

Marker RAxML model (nuc) RAxML model (aa) P4 model (nuc) P4 model (aa)
accD GTR+I+Γ WAG+Γ GTR+I+Γ+4CV LG+Γ+3CV
atpA GTR+I+Γ WAG+I+Γ GTR+I+Γ+2CV LG+I+Γ+1CV
atpb GTR+I+Γ WAG+I+Γ GTR+I+Γ+2CV LG+I+Γ+1CV
atpE GTR+I+Γ CPREV+I+Γ SYM+I+Γ+3CV LG+I+Γ+2CV
atpF GTR+I+Γ RTREV+Γ GTR+I+Γ+6CV LG+Γ+F+6CV
atpH GTR+Γ RTREV+Γ GTR+Γ+2CV LG+Γ+F+1CV
atpI GTR+Γ RTREV+Γ GTR+Γ+2CV LG+Γ+1CV
ccsA GTR+I+Γ CPREV+I+Γ GTR+I+Γ+4CV CPREV+I+Γ+F+2CV
cemA GTR+I+Γ CPREV+I+Γ GTR+I+Γ+3CV CPREV+I+Γ+3CV
chlB GTR+I+Γ CPREV+Γ GTR+I+Γ+2CV LG+Γ+1CV
chlI GTR+I+Γ WAG+I+Γ GTR+I+Γ+4CV LG+I+Γ+1CV
chlL GTR+I+Γ RTREV+Γ GTR+I+Γ+2CV LG+Γ+1CV
chlN GTR+I+Γ WAG+Γ GTR+I+Γ+2CV LG+Γ+1CV
clpP GTR+I+Γ RTREV+Γ GTR+I+Γ+3CV LG+Γ+1CV
ftsH GTR+I+Γ RTREV+I+Γ GTR+I+Γ+4CV LG+I+Γ+4CV
infA GTR+I+Γ RTREV+Γ SYM+I+Γ+2CV LG+Γ+1CV
petA GTR+I+Γ WAG+I+Γ GTR+I+Γ+3CV LG+I+Γ+2CV
petB GTR+Γ RTREV+Γ GTR+Γ+2CV LG+Γ+1CV
petD GTR+I+Γ CPREV+Γ GTR+I+Γ+2CV LG+Γ+1CV
petG GTR+I+Γ CPREV+Γ GTR+I+Γ+2CV CPREV+Γ+1CV
petL GTR+Γ JTT+Γ HKY+Γ+2CV MTART+Γ+F+1CV
petN GTR+I+Γ BLOSUM62+Γ GTR+I+Γ+2CV MTART+Γ+1CV
psaA GTR+I+Γ CPREV+I+Γ GTR+I+Γ+3CV LG+I+Γ+F+1CV
psaB GTR+I+Γ CPREV+I+Γ GTR+I+Γ+3CV LG+I+Γ+1CV
psaC GTR+I+Γ DAYHOFF+I+Γ GTR+I+Γ+2CV D78+I+Γ+1CV
psaI GTR+Γ CPREV+Γ GTR+Γ+2CV MTART+Γ+1CV
psaJ GTR+I+Γ RTREV+Γ GTR+I+Γ+2CV MTART+Γ+1CV
psaM GTR+Γ CPREV+Γ GTR+Γ+4CV LG+Γ+1CV
psbA GTR+I+Γ CPREV+I+Γ GTR+I+Γ+3CV LG+I+Γ+1CV
psbB GTR+I+Γ CPREV+Γ GTR+I+Γ+3CV LG+Γ+1CV
psbC GTR+I+Γ CPREV+Γ GTR+I+Γ+3CV LG+Γ+1CV
psbD GTR+I+Γ CPREV+I+Γ GTR+I+Γ+3CV CPREV+I+Γ+1CV
psbE GTR+I+Γ WAG+Γ GTR+I+Γ+2CV LG+Γ+1CV
psbF GTR+I+Γ CPREV+Γ GTR+I+Γ+3CV CPREV+Γ+1CV
psbH GTR+I+Γ CPREV+Γ GTR+I+Γ+3CV CPREV+Γ+1CV
psbI GTR+I+Γ MTREV+Γ GTR+I+Γ+2CV MTART+Γ+1CV
psbJ GTR+I+Γ CPREV+Γ GTR+I+Γ+2CV LG+Γ+1CV
psbK GTR+Γ CPREV+Γ GTR+Γ+2CV CPREV+Γ+1CV
psbL GTR+I+Γ CPREV+Γ GTR+I+Γ+2CV LG+Γ+1CV
psbM GTR+Γ CPREV+Γ HKY+Γ+2CV CPREV+Γ+1CV
psbN GTR+I+Γ CPREV+I+Γ HKY+I+Γ+2CV LG+I+Γ+1CV
psbT GTR+Γ CPREV+Γ HKY+Γ+2CV LG+Γ+1CV
psbZ GTR+I+Γ CPREV+Γ GTR+I+Γ+2CV LG+Γ+F+1CV
rbcL GTR+I+Γ RTREV+I+Γ GTR+I+Γ+3CV LG+I+Γ+1CV
rpl2 GTR+I+Γ RTREV+I+Γ GTR+I+Γ+4CV LG+I+Γ+1CV
rpl5 GTR+I+Γ RTREV+Γ GTR+I+Γ+3CV LG+Γ+2CV
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Marker RAxML model (nuc) RAxML model (aa) P4 model (nuc) P4 model (aa)
rpl12 GTR+I+Γ RTREV+Γ GTR+I+Γ+3CV LG+Γ+F+2CV
rpl14 GTR+I+Γ RTREV+I+Γ GTR+I+Γ+4CV LG+I+Γ+1CV
rpl16 GTR+I+Γ RTREV+Γ GTR+I+Γ+2CV LG+Γ+1CV
rpl19 GTR+I+Γ CPREV+I+Γ GTR+I+Γ+4CV LG+I+Γ+2CV
rpl20 GTR+I+Γ JTT+Γ GTR+I+Γ+2CV LG+Γ+2CV
rpl22 GTR+I+Γ WAG+Γ GTR+I+Γ+3CV LG+Γ+2CV
rpl23 GTR+I+Γ WAG+Γ GTR+I+Γ+3CV LG+Γ+4CV
rpl32 GTR+Γ RTREV+Γ HKY+Γ+2CV LG+Γ+6CV
rpl33 GTR+I+Γ JTT+Γ GTR+I+Γ+2CV LG+Γ+3CV
rpl36 GTR+Γ CPREV+Γ GTR+Γ+2CV LG+Γ+1CV
rpoA GTR+I+Γ RTREV+I+Γ GTR+I+Γ+2CV LG+I+Γ+2CV
rpoB GTR+I+Γ CPREV+I+Γ GTR+I+Γ+3CV LG+I+Γ+4CV
rpoC1 GTR+I+Γ CPREV+I+Γ GTR+I+Γ+3CV LG+I+Γ+1CV
rpoC2 GTR+I+Γ CPREV+I+Γ GTR+I+Γ+2CV LG+I+Γ+2CV
rps2 GTR+I+Γ CPREV+I+Γ GTR+I+Γ+3CV LG+I+Γ+2CV
rps3 GTR+I+Γ RTREV+I+Γ GTR+I+Γ+2CV LG+I+Γ+1CV
rps4 GTR+I+Γ RTREV+I+Γ GTR+I+Γ+3CV LG+I+Γ+2CV
rps7 GTR+I+Γ CPREV+Γ GTR+I+Γ+3CV LG+Γ+1CV
rps8 GTR+I+Γ CPREV+I+Γ GTR+I+Γ+4CV LG+I+Γ+1CV
rps9 GTR+I+Γ RTREV+I+Γ GTR+I+Γ+3CV LG+I+Γ+4CV
rps11 GTR+I+Γ CPREV+Γ GTR+I+Γ+2CV LG+Γ+1CV
rps12 GTR+I+Γ JTT+I+Γ GTR+I+Γ+4CV LG+I+Γ+1CV
rps14 GTR+I+Γ WAG+I+Γ GTR+I+Γ+3CV LG+Γ+1CV
rps18 GTR+I+Γ CPREV+Γ GTR+I+Γ+5CV LG+Γ+3CV
rps19 GTR+I+Γ WAG+Γ GTR+I+Γ+2CV LG+Γ+1CV
tufA GTR+I+Γ WAG+I+Γ GTR+I+Γ+3CV LG+I+Γ+1CV
ycf 3 GTR+I+Γ CPREV+I+Γ GTR+I+Γ+2CV LG+I+Γ+1CV
ycf 4 GTR+I+Γ CPREV+I+Γ GTR+I+Γ+8CV CPREV+I+Γ+5CV
ycf 12 GTR+I+Γ CPREV+Γ GTR+I+Γ+2CV LG+Γ+1CV
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