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Identification of AARS Families
To identify the 33 AARS catalytic domain families, we inferred the phylogenies of Class I
and II catalytic domains using BEAST 2 [1]. These analyses, as described in Materials and
Methods of the main article, were performed in order to identify families used in subsequent
analyses and were based on an alignment of structural elements common to the entire class.
These elements are: S1-S5 and H1-H5 for Class I, and S1-S5, H1-H3, SH1 and Motif 1 for
Class II. The summary trees are in Fig. S4 and Fig. S2 demonstrate a high level of posterior
support for the families identified. The families are summarised in Table S1. Most families
are monophyletic with over 99% support. However, the following families have less than 75%
support.

1. Class I ValRS has 67% clade support. The Archaeal form is distinct from the Bacterial
and Eukaryotic form. With the remaining 33% support, these two ValRS clades belong
to distinct parts of the subclass Ia clade.

2. Class II GlyRS-A is not monophyletic because it contains GlyRS-E. However, the two
families combined are monophyletic with over 99% support. The closest GlyRS-A rela-
tive to the GlyRS-E family is from the Archaeal Euryarchaeota phylum.

1



00.
4

0.
8

1.
2

1.
6

22.
4

2.
8

1

1

0.
96

0.
76

TrpRS-A AF Arch Thermoplasma acidophilum DSM 1728 gene1456706 pdb

0.
99

TrpRS-A AF Arch Natrialba magadii ATCC 43099 gene8824932 pdb

1

TrpRS-A AF Arch Nitrosopumilus maritimus SCM1 gene5773245 pdb

0.
85

TrpRS-A AF Arch Sulfolobus islandicus M1627 gene7814138 pdb

1

0.
72

TrpRS-A AF Euk Cyanidioschyzon merolae strain 10D gene16993299 pdb
TrpRS-A AF Euk Drosophila melanogaster gene45399 pdb

0.
34

TrpRS-A AF Vir Megavirus chiliensis gene11257301 pdb

0.
83

TrpRS-A AF Euk Cryptococcus neoformans var neoformans JEC21 gene3254069 pdb
TrpRS-A AF Euk Saccharomyces cerevisiae S288C gene854056 pdb

1
0.

18

0.
91

TrpRS-B AF Bact Mycoplasma hyopneumoniae 168-L gene57101461 pdb
TrpRS-B AF Bact Porphyromonas gingivalis ATCC 33277 gene29255389 pdb

0.
97

TrpRS-B AF Bact Prochlorococcus marinus subsp marinus str CCMP1375 gene54200405 pdb
TrpRS-B AF Mito Cyanidioschyzon merolae strain 10D gene16992222 pdb

0.
57

0.
5

TrpRS-B AF Bact Anoxybacillus flavithermus WK1 gene7038388 pdb

0.
46

TrpRS-B AF Bact Helicobacter cinaedi PAGU611 gene66538868 pdb
TrpRS-B AF Mito Bufo gargarizans gene122922343 pdb

0.
49

TrpRS-B AF Bact Streptomyces albidoflavus gene15147734 pdb

0.
6

TrpRS-B AF Bact Brachyspira pilosicoli 95 1000 gene56440833 pdb
TrpRS-B AF Bact Thermus thermophilus HB8 gene3168998 pdb

0.
99

1

0.
97

TyrRS AF Arch Candidatus Korarchaeum cryptofilum OPF8 gene6094625 pdb

0.
86

TyrRS AF Arch Methanothermococcus okinawensis IH1 gene10772133 pdb

1

TyrRS AF Euk Drosophila melanogaster gene39829 pdb
TyrRS AF Euk Seriola dumerili gene111223086 pdb

0.
81

0.
92

TyrRS AF Arch Desulfurococcus amylolyticus 1221n gene7171652 pdb
TyrRS AF Arch Thermoplasma acidophilum DSM 1728 gene1456112 pdb

1

TyrRS AF Euk Plasmodium falciparum 3D7 gene2655248 pdb
TyrRS AF Vir Megavirus chiliensis gene11257765 pdb

1

1

TyrRS AF Bact Brachyspira pilosicoli 95 1000 gene56440491 pdb

0.
69

TyrRS AF Bact Prochlorococcus marinus subsp marinus str CCMP1375 gene54200747 pdb
TyrRS AF Bact Streptobacillus moniliformis DSM 12112 gene29673957 pdb

1

TyrRS AF Mito Aspergillus fumigatus Af293 gene3509181 pdb

0.
95

TyrRS AF Euk Cryptococcus neoformans var neoformans JEC21 gene3254328 pdb

0.
67

0.
95

TyrRS AF Bact Serratia plymuthica AS9 gene57666950 pdb

0.
97

TyrRS AF Bact Bifidobacterium animalis subsp lactis BLC1 gene66533077 pdb
TyrRS AF Bact Lactococcus lactis subsp cremoris KW2 gene61108704 pdb

0.
99

TyrRS AF Mito Cyanidioschyzon merolae strain 10D gene16996209 pdb

0.
53

TyrRS AF Bact Chlamydia psittaci 6BC gene12242888 pdb
TyrRS AF Bact Porphyromonas gingivalis ATCC 33277 gene29255602 pdb

0.
55

1

0.
42

LysRS-I AF Arch Halorubrum lacusprofundi ATCC 49239 gene7400505 pdb

1

LysRS-I AF Bact Cereibacter sphaeroides KD131 gene67447319 pdb

1

LysRS-I AF Arch Candidatus Bathyarchaeota archaeon proteinRJS75864 1 pdb
LysRS-I AF Arch Candidatus Nitrosopumilus koreensis AR1 gene13726042 pdb

0.
49

0.
72

LysRS-I AF Arch Ferroplasma acidarmanus Fer1 gene16025146 pdb
LysRS-I AF Bact Cyanobacteria bacterium J007 proteinRMH73500 1 pdb

1

LysRS-I AF Bact Streptomyces albidoflavus gene15147364 pdb
LysRS-I AF Bact Treponema denticola ATCC 35405 gene2739918 pdb

0.
7

1

ArgRS AF Arch Methanothermococcus okinawensis IH1 gene10773248 pdb

0.
04

3

1

0.
97

ArgRS AF Bact Anoxybacillus flavithermus WK1 gene7039015 pdb
ArgRS AF Bact Mycoplasma hyopneumoniae 168-L gene57100855 pdb

0.
04

8

ArgRS AF Bact Corynebacterium ulcerans 809 gene75260071 pdb

0.
44

ArgRS AF Bact Brachyspira pilosicoli 95 1000 gene56439668 pdb
ArgRS AF Bact Cupriavidus taiwanensis LMG 19424 gene29762022 pdb

0.
53

0.
95

ArgRS AF Arch Candidatus Nitrosopumilus sediminis gene13697696 pdb

1

ArgRS AF Arch Candidatus Korarchaeum cryptofilum OPF8 gene6093502 pdb
ArgRS AF Arch Desulfurococcus mucosus DSM 2162 gene10153309 pdb

1

0.
55

ArgRS AF Mito Caenorhabditis elegans gene174023 pdb
ArgRS AF Mito Saccharomyces cerevisiae S288C gene851942 pdb

1

ArgRS AF Bact Streptobacillus moniliformis DSM 12112 gene29674021 pdb

0.
77

ArgRS AF Vir Megavirus chiliensis gene11257368 pdb

1

ArgRS AF Euk Polyodon spathula gene121324634 pdb

0.
96

ArgRS AF Euk Micromonas commoda gene8250062 pdb

0.
93

ArgRS AF Bact Chlamydia psittaci 6BC gene12242456 pdb

0.
94

ArgRS AF Euk Thalassiosira pseudonana CCMP1335 gene7449555 pdb

1

ArgRS AF Bact Prochlorococcus marinus subsp marinus str CCMP1375 gene54199571 pdb
ArgRS AF Euk Paulinella chromatophora gene6481434 pdb

0.
38

1

CysRS AF Bact Treponema pallidum subsp pertenue str SamoaD gene57878631 pdb

0.
8

1

0.
25

CysRS AF Euk Cyanidioschyzon merolae strain 10D gene16993418 pdb
CysRS AF Mito Morone saxatilis gene118339815 pdb

0.
06

9

CysRS AF Vir Megavirus chiliensis gene11257271 pdb

1

CysRS AF Euk Drosophila melanogaster gene36784 pdb
CysRS AF Mito Saccharomyces cerevisiae S288C gene855474 pdb

0.
89

CysRS AF Arch Methanospirillum hungatei JF-1 gene3922979 pdb

0.
24

0.
62

CysRS AF Arch Aciduliprofundum boonei T469 gene8827372 pdb

0.
6

CysRS AF Bact Mycobacterium canettii CIPT 140010059 gene45427568 pdb
CysRS AF Bact Porphyromonas gingivalis ATCC 33277 gene29256960 pdb

0.
61

0.
8

CysRS AF Bact Lactobacillus amylovorus GRL1118 gene66523130 pdb

0.
29

CysRS AF Bact Mycoplasma hyopneumoniae 168-L gene57101512 pdb
CysRS AF Bact Streptobacillus moniliformis DSM 12112 gene29673427 pdb

0.
73

0.
61

CysRS AF Arch Candidatus Nitrosopumilus sediminis gene13696907 pdb
CysRS AF Arch Pyrobaculum ferrireducens gene11593896 pdb

0.
45

0.
93

CysRS AF Bact Bordetella avium 197N gene41394405 pdb
CysRS AF Bact Prochlorococcus marinus subsp marinus str CCMP1375 gene54200571 pdb

0.
99

CysRS AF Euk Arabidopsis thaliana gene833874 pdb
CysRS AF Euk Micromonas commoda gene8246535 pdb

0.
05

3

1

0.
88

GluRS AF Bact Paracoccus denitrificans PD1222 gene75500422 pdb

1
0.

44

0.
84

GluRS AF Bact Mycoplasma hyopneumoniae 168-L gene57101016 pdb
GluRS AF Euk Plasmodium knowlesi strain H gene7321821 pdb

0.
3

GluRS AF Bact Prochlorococcus marinus subsp marinus str CCMP1375 gene54199839 pdb

1

GluRS AF Euk Ostreococcus tauri proteinOUS48355 1 pdb

0.
84

GluRS AF Euk Arabidopsis thaliana gene836526 pdb
GluRS AF Mito Cyanidioschyzon merolae strain 10D gene16997617 pdb

0.
93

GluRS AF Bact Bifidobacterium animalis subsp lactis BLC1 gene66532600 pdb

0.
87

GluRS AF Bact Chlamydia psittaci 6BC gene12242467 pdb

0.
77

0.
61

GluRS AF Bact eligens ATCC 27750 gene41357084 pdb
GluRS AF Euk Cryptococcus neoformans var grubii H99 gene23890400 pdb

0.
15

GluRS AF Mito Drosophila melanogaster gene39828 pdb

0.
72

GluRS AF Bact Porphyromonas gingivalis ATCC 33277 gene29255772 pdb
GluRS AF Bact Treponema pallidum subsp pertenue str SamoaD gene57879197 pdb

0.
92

1

GlxRS AF Arch Methanothrix soehngenii GP6 gene10459943 pdb
GlxRS AF Arch Sulfolobus islandicus LAL14 1 gene15298417 pdb

1

0.
99

GlxRS AF Arch Candidatus Korarchaeum cryptofilum OPF8 gene6094352 pdb
GlxRS AF Arch Nitrosopumilus maritimus SCM1 gene5773999 pdb

0.
99

1

GlxRS AF Euk Medicago truncatula gene11407510 pdb

0.
71

GlxRS AF Euk Xylariaceae sp FL0804 proteinKAI0483267 1 pdb

0.
26

GlxRS AF Euk Cyathus striatus proteinKAF9013924 1 pdb
GlxRS AF Euk Lichtheimia hyalospora proteinKAI7879902 1 pdb

1

GlnRS AF Euk Encephalitozoon romaleae SJ-2008 gene20564565 pdb

0.
49

0.
99

0.
99

GlnRS AF Euk Candida dubliniensis CD36 gene8049124 pdb
GlnRS AF Euk Myodes glareolus gene125393344 pdb

0.
97

GlnRS AF Euk Dictyostelium discoideum AX4 gene8627167 pdb
GlnRS AF Mito Cyanidioschyzon merolae strain 10D gene16997184 pdb

1

0.
99

GlnRS AF Bact Anaerostipes hadrus gene15230984 pdb
GlnRS AF Bact Thermus thermophilus HB8 gene3168786 pdb

0.
99

GlnRS AF Bact Pasteurella multocida subsp multocida str Pm70 gene1243875 pdb

1

GlnRS AF Bact Cutibacterium avidum 44067 gene29843447 pdb
GlnRS AF Bact Porphyromonas gingivalis ATCC 33277 gene29257033 pdb

1

1

1

MetRS AF Bact Mycoplasma hyopneumoniae 168-L gene57101263 pdb

0.
95

MetRS AF Bact Streptobacillus moniliformis DSM 12112 gene29673607 pdb

0.
46

1

MetRS AF Bact Prochlorococcus marinus subsp marinus str CCMP1375 gene54200313 pdb
MetRS AF Mito Brachypodium distachyon gene100843706 pdb

0.
99

MetRS AF Mito Arvicanthis niloticus gene117706247 pdb

0.
05

4

MetRS AF Euk Trypanosoma brucei brucei TREU927 gene3662741 pdb

1
MetRS AF Bact Brucella suis 1330 gene45052047 pdb
MetRS AF Bact Nocardia farcinica IFM 10152 gene61135500 pdb

1

0.
83

MetRS AF Arch Candidatus Nitrosopumilus sediminis gene13696902 pdb
MetRS AF Arch Halalkalicoccus jeotgali B3 gene9420443 pdb

1

1

MetRS AF Arch Candidatus Korarchaeum cryptofilum OPF8 gene6093355 pdb

0.
61

MetRS AF Arch Aciduliprofundum boonei T469 gene8827030 pdb
MetRS AF Bact Bacillus anthracis str Ames Ancestor gene45024892 pdb

0.
95

MetRS AF Bact Chlamydia psittaci 6BC gene12243105 pdb
1

MetRS AF Vir Megavirus chiliensis gene11256705 pdb

0.
78

MetRS AF Bact Treponema denticola ATCC 35405 gene2740824 pdb

0.
76

MetRS AF Euk Scheffersomyces stipitis CBS 6054 gene4836672 pdb

0.
85

MetRS AF Euk Drosophila melanogaster gene37177 pdb
MetRS AF Euk Oryza sativa Japonica Group gene4341140 pdb

0.
98

1

0.
99

0.
68

LeuRS-A AF Arch Aciduliprofundum boonei T469 gene8828435 pdb
LeuRS-A AF Arch Methanobrevibacter smithii ATCC 35061 gene5216355 pdb

1

LeuRS-A AF Arch Candidatus Korarchaeum cryptofilum OPF8 gene6093520 pdb
LeuRS-A AF Arch Candidatus Nitrosopumilus koreensis AR1 gene13725794 pdb

1

LeuRS-A AF Euk Neurospora crassa OR74A gene3879366 pdb

0.
99

LeuRS-A AF Euk Arabidopsis thaliana gene837489 pdb

0.
79

LeuRS-A AF Euk Drosophila melanogaster gene326262 pdb
LeuRS-A AF Euk Leishmania major strain Friedlin gene5650139 pdb

0.
8

1

LeuRS-B AF Mito Homo sapiens gene23395 pdb

0.
27

1

1

LeuRS-B AF Bact Brachyspira pilosicoli 95 1000 gene56439070 pdb
LeuRS-B AF Bact Clostridium botulinum A str ATCC 3502 gene5187707 pdb

0.
82

LeuRS-B AF Bact Orientia tsutsugamushi str Ikeda gene66652454 pdb
LeuRS-B AF Bact Thermus thermophilus HB8 gene3168656 pdb

1

LeuRS-B AF Euk Plasmodium falciparum 3D7 gene2655460 pdb

0.
96

0.
6

LeuRS-B AF Bact Mycoplasma hyopneumoniae 168-L gene57101518 pdb
LeuRS-B AF Bact Porphyromonas gingivalis ATCC 33277 gene29256038 pdb

0.
68

0.
55

LeuRS-B AF Bact Bifidobacterium longum subsp longum JCM 1217 gene69578373 pdb
LeuRS-B AF Bact Chlamydia psittaci 6BC gene12243068 pdb

0.
98

LeuRS-B AF Euk Thalassiosira pseudonana CCMP1335 gene7441753 pdb

0.
35

LeuRS-B AF Mito Treponema denticola ATCC 35405 gene2739434 pdb

0.
98

LeuRS-B AF Euk Bathycoccus prasinos gene19015540 pdb
LeuRS-B AF Euk Klebsormidium nitens protein971510658 pdb

1

0.
67

1

ValRS AF Arch Methanobacterium paludis gene10668809 pdb

0.
95

ValRS AF Arch Thermoplasma acidophilum DSM 1728 gene1455707 pdb

1

ValRS AF Arch Candidatus Korarchaeum cryptofilum OPF8 gene6094666 pdb
ValRS AF Arch Thermosphaera aggregans DSM 11486 gene9166030 pdb

1

ValRS AF Bact Mycoplasma hyopneumoniae 168-L gene57101556 pdb

0.
97

ValRS AF Bact Chlamydia psittaci 6BC gene12243133 pdb

0.
62

0.
31

ValRS AF Bact Corynebacterium jeikeium K411 gene3433539 pdb

0.
36

0.
92

ValRS AF Bact Brucella abortus 2308 gene3789053 pdb
ValRS AF Bact Prochlorococcus marinus subsp marinus str CCMP1375 gene54201173 pdb

0.
55

ValRS AF Bact Lacticaseibacillus paracasei gene61269477 pdb

0.
48

ValRS AF Bact Porphyromonas gingivalis ATCC 33277 gene29256433 pdb
ValRS AF Bact Streptobacillus moniliformis DSM 12112 gene29673078 pdb

1

ValRS AF Euk Trypanosoma brucei brucei TREU927 gene3658082 pdb

0.
22

ValRS AF Euk Plasmodium knowlesi strain H gene7322020 pdb

0.
96

1

ValRS AF Euk Arabidopsis thaliana gene838023 pdb
ValRS AF Mito Oryza sativa Japonica Group gene4333799 pdb

0.
34

ValRS AF Euk Giardia intestinalis gene5702288 pdb
ValRS AF Mito Falco naumanni gene121082178 pdb

1

1
0.

59

IleRS AF Bact Streptobacillus moniliformis DSM 12112 gene29674186 pdb

0.
86

IleRS AF Bact Lactobacillus acidophilus La-14 gene56942445 pdb
IleRS AF Bact Mycoplasma hyopneumoniae 168-L gene57100872 pdb

1

0.
78

IleRS AF Euk Cyanidioschyzon merolae strain 10D gene16992835 pdb
IleRS AF Euk Ustilago maydis 521 gene23568123 pdb

0.
6

IleRS AF Mito Drosophila melanogaster gene39762 pdb
IleRS AF Mito Homo sapiens gene55699 pdb

1

IleRS AF Arch Candidatus Korarchaeum cryptofilum OPF8 gene6094904 pdb

1

IleRS AF Arch Pyrobaculum aerophilum str IM2 gene1465853 pdb

0.
71

0.
71

IleRS AF Arch Candidatus Nitrosopumilus sediminis gene13697091 pdb
IleRS AF Arch Thermoplasma acidophilum DSM 1728 gene1456418 pdb

0.
94

0.
91

IleRS AF Bact Porphyromonas gingivalis ATCC 33277 gene29255747 pdb
IleRS AF Bact Thermus thermophilus HB8 gene3168241 pdb

1
0.

35

IleRS AF Bact Orientia tsutsugamushi str Ikeda gene66653313 pdb
IleRS AF Vir Megavirus chiliensis gene11256744 pdb

0.
55

IleRS AF Euk Ostreococcus lucimarinus CCE9901 gene5000489 pdb

0.
29

IleRS AF Euk Trypanosoma brucei brucei TREU927 gene3663037 pdb

0.
34

IleRS AF Bact Chlamydia muridarum str Nigg gene1246458 pdb
IleRS AF Bact Treponema pallidum subsp pertenue str SamoaD gene57878975 pdb

0.
49

8

2.
16

rate

Fi
g.

S1
:

Ph
yl

og
en

y
of

th
e

C
la

ss
I

co
m

m
on

ca
ta

ly
tic

do
m

ai
n

se
qu

en
ce

el
em

en
ts

.
T

hi
s

su
m

m
ar

y
tr

ee
is

th
e

m
ax

im
um

cl
ad

e
cr

ed
ib

ili
ty

[2
]

tr
ee

w
ith

in
te

rn
al

no
de

s
la

be
lle

d
by

po
st

er
io

r
cl

ad
e

su
pp

or
t

an
d

no
de

he
ig

ht
s

ar
e

in
su

bs
tit

ut
io

ns
pe

r
si

te
.

B
ra

nc
he

s
ar

e
co

lo
ur

ed
by

re
la

tiv
e

su
sb

si
tu

tio
n

ra
te

un
de

rt
he

re
la

xe
d

cl
oc

k
m

od
el

[3
].

2



00.
4

0.
8

1.
2

1.
6

22.
4

2.
8

1

0.
73

1

1 GlyRS-Bα AF Euk Ostreococcus tauri gene9837276 pdb
GlyRS-Bα AF Mito Nymphaea colorata gene116265348 pdb

0.
68

0.
8

GlyRS-Bα AF Bact Prochlorococcus marinus subsp marinus str CCMP1375 gene54200602 pdb

1 GlyRS-Bα AF Bact Lacticaseibacillus paracasei gene61269714 pdb
GlyRS-Bα AF Euk Vulpes lagopus gene121489478 pdb

0.
62

GlyRS-Bα AF Bact Streptobacillus moniliformis DSM 12112 gene29673275 pdb

0.
82

GlyRS-Bα AF Bact Salmonella enterica subsp enterica serovar Typhimurium str LT2 gene1255180 pdb

1 GlyRS-Bα AF Bact Brachyspira pilosicoli 95 1000 gene56440230 pdb
GlyRS-Bα AF Bact Chlamydia pneumoniae TW-183 gene45051002 pdb

1

1 AlaRS AF Arch Candidatus Nitrosopumilus koreensis AR1 gene13725795 pdb

1 AlaRS AF Arch Candidatus Korarchaeum cryptofilum OPF8 gene6094822 pdb

0.
87

AlaRS AF Arch Sulfolobus islandicus YG5714 gene7807284 pdb
AlaRS AF Arch Thermoplasma acidophilum DSM 1728 gene1456391 pdb

1

0.
92

AlaRS AF Bact Brucella melitensis bv 1 str 16M gene29593597 pdb

0.
99

AlaRS AF Bact Chlamydia psittaci 6BC gene12242512 pdb

1 AlaRS AF Bact Porphyromonas gingivalis ATCC 33277 gene29256567 pdb

1 AlaRS AF Euk Plasmodium berghei ANKA gene55150801 pdb

1 AlaRS AF Euk Marasmius oreades gene66078979 pdb
AlaRS AF Euk Saccharomyces cerevisiae S288C gene854513 pdb

1

0.
91

AlaRS AF Bact Lactobacillus acidophilus La-14 gene56942022 pdb
AlaRS AF Bact Treponema pallidum subsp pertenue str SamoaD gene57879528 pdb

0.
07

AlaRS AF Bact Nocardia farcinica IFM 10152 gene61134339 pdb

0.
98

AlaRS AF Bact Streptobacillus moniliformis DSM 12112 gene29672963 pdb

1 AlaRS AF Bact Prochlorococcus marinus subsp marinus str CCMP1375 gene54199407 pdb
AlaRS AF Euk Cyanidioschyzon merolae strain 10D gene16993235 pdb

0.
5

0.
64

1

1

0.
35

0.
95

PheRS-Aβ AF Arch Candidatus Nitrosopumilus koreensis AR1 gene13724457 pdb
PheRS-Aβ AF Arch Halalkalicoccus jeotgali B3 gene9420006 pdb

0.
77

PheRS-Aβ AF Arch Sulfolobus islandicus YG5714 gene7807969 pdb
PheRS-Aβ AF Arch Thermoplasma volcanium GSS1 gene1441711 pdb

0.
96

PheRS-Aβ AF Euk Plasmodium falciparum 3D7 gene810604 pdb

1 PheRS-Aβ AF Euk Saccharomyces cerevisiae S288C gene850749 pdb

1 PheRS-Aβ AF Euk Astyanax mexicanus gene103044481 pdb
PheRS-Aβ AF Euk Drosophila melanogaster gene42888 pdb

0.
99

0.
7

PheRS-Bβ AF Euk Didymosphenia geminata gene19740299 pdb

0.
74

PheRS-Bβ AF Bact Prochlorococcus marinus subsp marinus str CCMP1375 gene54200309 pdb
PheRS-Bβ AF Euk Gracilariopsis tenuifrons gene68635617 pdb

0.
43

0.
95

PheRS-Bβ AF Bact Lacticaseibacillus paracasei gene61269867 pdb

0.
82

PheRS-Bβ AF Bact Ferrimonas balearica DSM 9799 gene67181907 pdb
PheRS-Bβ AF Bact Mycobacterium intracellulare ATCC 13950 gene11909688 pdb

0.
24

0.
51

PheRS-Bβ AF Bact Brachyspira pilosicoli 95 1000 gene56440382 pdb
PheRS-Bβ AF Bact Mycoplasma hyopneumoniae 168-L gene57101148 pdb

0.
86

PheRS-Bβ AF Bact Chlamydia psittaci 6BC gene12242429 pdb
PheRS-Bβ AF Bact Porphyromonas gingivalis ATCC 33277 gene29257179 pdb

0.
95

1

1 SepRS AF Arch Methanothrix thermoacetophila PT gene4462697 pdb
SepRS AF Arch unclassified Thermoprotei proteinRLF12424 1 pdb

1 SepRS AF Arch unclassified Candidatus Bathyarchaeota proteinUCD26266 1 pdb
SepRS AF Arch unclassified Lokiarchaeota proteinTFF69421 1 pdb

1

1 PheRS-Aα AF Arch Haloterrigena turkmenica DSM 5511 gene8744248 pdb

0.
21

0.
17

PheRS-Aα AF Arch Thermoplasma volcanium GSS1 gene1441177 pdb

0.
38

PheRS-Aα AF Arch Candidatus Nitrosopumilus koreensis AR1 gene13724458 pdb
PheRS-Aα AF Arch Thermosphaera aggregans DSM 11486 gene9165306 pdb

1 PheRS-Aα AF Euk Cyanidioschyzon merolae strain 10D gene16993638 pdb

0.
75

PheRS-Aα AF Euk Plasmodium falciparum 3D7 gene813233 pdb

0.
98

PheRS-Aα AF Euk Megalobrama amblycephala gene125266654 pdb
PheRS-Aα AF Euk Schizosaccharomyces pombe gene2543647 pdb

1

1 PheRS-M AF Mito Babesia bovis T2Bo gene5478469 pdb

0.
99

PheRS-M AF Mito Candida albicans SC5314 gene3638806 pdb

0.
44

PheRS-M AF Mito Arabidopsis thaliana gene824983 pdb

1 PheRS-M AF Mito Crassostrea gigas gene105329377 pdb

0.
93

PheRS-M AF Mito Drosophila melanogaster gene36547 pdb
PheRS-M AF Mito Syngnathus acus gene119139175 pdb

1

0.
55

PheRS-Bα AF Bact Ferrimonas balearica DSM 9799 gene67181906 pdb

0.
8

PheRS-Bα AF Bact Mycobacterium intracellulare ATCC 13950 gene11909689 pdb
PheRS-Bα AF Bact Prochlorococcus marinus subsp marinus str CCMP1375 gene54200681 pdb

0.
34

PheRS-Bα AF Bact Porphyromonas gingivalis ATCC 33277 gene29256875 pdb

0.
13

0.
23

PheRS-Bα AF Bact Brachyspira pilosicoli 95 1000 gene56440383 pdb
PheRS-Bα AF Bact Chlamydia psittaci 6BC gene12243227 pdb

0.
99

PheRS-Bα AF Bact Mycoplasma capricolum subsp capricolum ATCC 27343 gene23778662 pdb
PheRS-Bα AF Bact Staphylococcus argenteus gene66839332 pdb

0.
33

0.
55

0.
35

1

1 SerRS-A AF Arch Conexivisphaera calida protein1635512986 pdb
SerRS-A AF Arch Ignisphaera aggregans protein304378874 pdb

0.
98

SerRS-A AF Arch Methanosarcina barkeri protein805401349 pdb
SerRS-A AF Arch Unclassified Thermoplasmata protein1635512986 pdb

0.
76

1

0.
96

GlyRS-A AF Arch Sulfolobus islandicus YN1551 gene7810979 pdb

1 GlyRS-A AF Bact Corynebacterium ulcerans 809 gene75260805 pdb

1 GlyRS-A AF Bact Capnocytophaga ochracea DSM 7271 gene29675716 pdb
GlyRS-A AF Bact Treponema denticola ATCC 35405 gene2741635 pdb

0.
81

GlyRS-A AF Arch Thermoplasma acidophilum DSM 1728 gene1455843 pdb

0.
74

1 GlyRS-A AF Arch Candidatus Nitrosopumilus sediminis gene13697160 pdb
GlyRS-A AF Arch Candidatus Woesearchaeota archaeon proteinMBT4248212 1 pdb

0.
77

GlyRS-A AF Arch Methanosalsum zhilinae DSM 4017 gene10821854 pdb

1 GlyRS-E AF Euk Girardinichthys multiradiatus gene124858359 pdb

0.
4

GlyRS-E AF Euk Plasmodium yoelii gene3801472 pdb

0.
98

GlyRS-E AF Euk Cryptococcus neoformans var neoformans JEC21 gene3258293 pdb
GlyRS-E AF Euk Schizosaccharomyces pombe gene2543181 pdb

1

0.
94

0.
99

SerRS AF Bact Chlamydia psittaci 6BC gene12242544 pdb
SerRS AF Bact Clostridium acetobutylicum DSM 1731 gene44996495 pdb

0.
99

SerRS AF Bact Prochlorococcus marinus subsp marinus str CCMP1375 gene54200639 pdb

0.
27

SerRS AF Arch Candidatus Methanomassiliicoccus intestinalis Issoire-Mx1 gene16154337 pdb

0.
61

SerRS AF Bact Streptobacillus moniliformis DSM 12112 gene29673293 pdb

0.
99

SerRS AF Bact Brucella suis 1330 gene45051948 pdb
SerRS AF Bact Mycoplasma hyopneumoniae 168-L gene57101125 pdb

0.
92

0.
98

SerRS AF Bact Treponema pallidum subsp pertenue str SamoaD gene57879171 pdb

0.
97

SerRS AF Mito Cervus elaphus gene122688911 pdb
SerRS AF Mito Drechmeria coniospora gene63718051 pdb

0.
05

7

SerRS AF Bact Bifidobacterium longum subsp longum JCM 1217 gene69578844 pdb

1

0.
9

SerRS AF Arch Methanospirillum hungatei JF-1 gene3924775 pdb
SerRS AF Arch Thermoproteus uzoniensis 768-20 gene10361450 pdb

0.
99

SerRS AF Arch Nitrosopumilus maritimus SCM1 gene5773574 pdb

1 SerRS AF Euk Thunnus albacares gene122982782 pdb

0.
99

SerRS AF Euk Cyanidioschyzon merolae strain 10D gene16995416 pdb

1 SerRS AF Euk Trichomonas vaginalis G3 gene4762654 pdb
SerRS AF Euk Vitis vinifera gene100261399 pdb

0.
95

1

1 ThrRS AF Arch Candidatus Nitrosopumilus koreensis AR1 gene13725077 pdb
ThrRS AF Arch Pyrococcus furiosus DSM 3638 gene1469226 pdb

0.
99

1 ThrRS AF Bact Lactobacillus acidophilus La-14 gene56943112 pdb
ThrRS AF Bact Mycoplasma hyopneumoniae 168-L gene57101460 pdb

0.
73

0.
93

ThrRS AF Bact Bifidobacterium longum subsp longum JCM 1217 gene69578309 pdb

0.
43

ThrRS AF Bact Porphyromonas gingivalis ATCC 33277 gene29256174 pdb

0.
75

ThrRS AF Arch Sulfolobus islandicus M164 gene7940156 pdb
ThrRS AF Mito Cyanidioschyzon merolae strain 10D gene16995590 pdb

0.
98

0.
79

0.
93

ThrRS AF Arch Candidatus Methanomethylophilus alvus Mx1201 gene15140074 pdb
ThrRS AF Bact Streptobacillus moniliformis DSM 12112 gene29674242 pdb

0.
31

ThrRS AF Bact Brachyspira pilosicoli 95 1000 gene56439092 pdb

1 ThrRS AF Bact Brucella abortus 2308 gene3787745 pdb
ThrRS AF Bact Prochlorococcus marinus subsp marinus str CCMP1375 gene54200406 pdb

1 ThrRS AF Euk Cryptococcus gattii WM276 gene10188143 pdb

0.
81

ThrRS AF Euk Cercospora beticola gene35433465 pdb

0.
99

ThrRS AF Euk Cyanidioschyzon merolae strain 10D gene16997242 pdb

1 ThrRS AF Euk Arabidopsis thaliana gene832741 pdb
ThrRS AF Mito Oryza sativa Japonica Group gene4345200 pdb

0.
99

1

0.
99

0.
97

ProRS-M AF Euk Candida albicans SC5314 gene3640100 pdb
ProRS-M AF Mito Schizosaccharomyces pombe gene2540642 pdb

1 ProRS-M AF Mito Drosophila melanogaster gene38331 pdb
ProRS-M AF Mito Mauremys reevesii gene120369760 pdb

0.
95

ProRS-B AF Bact Chlamydia psittaci 6BC gene12242703 pdb

0.
8

0.
65

ProRS-B AF Bact Prochlorococcus marinus subsp marinus str CCMP1375 gene54199876 pdb

0.
86

ProRS-B AF Bact Acinetobacter baylyi ADP1 gene45233245 pdb
ProRS-B AF Bact Streptobacillus moniliformis DSM 12112 gene29673723 pdb

0.
2

ProRS-B AF Bact Corynebacterium ulcerans 809 gene75260584 pdb

0.
35

ProRS-B AF Bact Brachyspira pilosicoli 95 1000 gene56438966 pdb
ProRS-B AF Bact Clostridium acetobutylicum DSM 1731 gene44999665 pdb

1

1 ProRS-A AF Arch Picrophilus torridus DSM 9790 gene2845069 pdb
ProRS-A AF Arch Sulfurisphaera tokodaii str 7 gene1459472 pdb

1
0.

42

ProRS-A AF Arch Candidatus Nitrosopumilus sediminis gene13697692 pdb

0.
91

ProRS-A AF Arch Halogeometricum borinquense DSM 11551 gene9994169 pdb

1 ProRS-A AF Euk Plasmodium yoelii gene3807174 pdb
0.

99
ProRS-A AF Euk Cryptococcus gattii WM276 gene10188341 pdb
ProRS-A AF Euk Scheffersomyces stipitis CBS 6054 gene4840393 pdb

1 ProRS-A AF Bact Thermus thermophilus HB8 gene3169620 pdb

0.
54

1 ProRS-A AF Euk Ostreococcus tauri gene9837972 pdb
ProRS-A AF Mito Oryza sativa Japonica Group gene4342480 pdb

0.
34

ProRS-A AF Bact Porphyromonas gingivalis ATCC 33277 gene29256199 pdb
0.

98
ProRS-A AF Bact Bacillus anthracis str Ames Ancestor gene45020455 pdb
ProRS-A AF Bact Mycoplasma hyopneumoniae 168-L gene57101275 pdb

0.
73

1

0.
85

HisRS AF Euk Arabidopsis thaliana gene823753 pdb

0.
35

HisRS AF Arch Candidatus Nitrosopumilus koreensis AR1 gene13725657 pdb

1 HisRS AF Bact Paracoccus denitrificans PD1222 gene75501415 pdb

0.
11

HisRS AF Bact Treponema denticola ATCC 35405 gene2741405 pdb

1 HisRS AF Euk Cryptococcus gattii WM276 gene10186972 pdb
HisRS AF Euk Plasmodium falciparum 3D7 gene812010 pdb

1

1 HisRS AF Arch Desulfurococcus amylolyticus 1221n gene7171287 pdb
0.

74
HisRS AF Arch Candidatus Methanomassiliicoccus intestinalis Issoire-Mx1 gene16154026 pdb
HisRS AF Arch Methanoregula formicica SMSP gene14310605 pdb

1 HisRS AF Bact Chlamydia muridarum str Nigg gene1246198 pdb

0.
63

0.
98

HisRS AF Bact Streptomyces albidoflavus gene15149169 pdb
HisRS AF Bact Thermus thermophilus HB8 gene3168691 pdb

1 HisRS AF Bact Streptobacillus moniliformis DSM 12112 gene29674169 pdb

0.
41

HisRS AF Bact Lacticaseibacillus paracasei gene61269730 pdb

0.
91

HisRS AF Bact Prochlorococcus marinus subsp marinus str CCMP1375 gene54200127 pdb
HisRS AF Euk Platysiphonia delicata gene33353157 pdb

0.
63

1 PylRS AF Arch Methanosalsum zhilinae DSM 4017 gene10822650 pdb

0.
91

1 PylRS AF Arch Unclassified Candidatus Bathyarchaeota proteinUCH69683 1 pdb

0.
49

PylRS AF Arch Candidatus Methanomassiliicoccus intestinalis Issoire-Mx1 gene16153983 pdb
PylRS AF Bact Unclassified Actinobacteria proteinMBU2601214 1 pdb

0.
89

PylRS AF Bact Unclassified Aerophobetes proteinMCD6471581 1 pdb

1 PylRS AF Bact unclassified Desulfosarcina proteinMBC2741817 pdb
PylRS AF Bact unclassified Lachnospiraceae proteinHCE77498 1 pdb

1

0.
33

1

1 AsxRS AF Euk Cryptococcus neoformans var neoformans JEC21 gene3258977 pdb

0.
97

AsxRS AF Euk Caenorhabditis elegans gene176334 pdb

0.
89

AsxRS AF Euk Thalassiosira pseudonana CCMP1335 gene7443135 pdb
AsxRS AF Euk Theileria orientalis strain Shintoku gene20715543 pdb

0.
97

0.
87

AsxRS AF Arch Candidatus Methanomassiliicoccus intestinalis Issoire-Mx1 gene16154831 pdb

0.
32

AsxRS AF Arch Candidatus Nitrosopumilus koreensis AR1 gene13725312 pdb
AsxRS AF Arch Methanobacterium lacus gene10277817 pdb

0.
67

AsxRS AF Arch Candidatus Korarchaeum cryptofilum OPF8 gene6094477 pdb

0.
93

AsxRS AF Bact Tropheryma whipplei TW08 27 gene67388547 pdb

1 AsxRS AF Bact Clostridium acetobutylicum DSM 1731 gene45000055 pdb
AsxRS AF Bact Spirochaetes bacterium GWE1 32 154 proteinOHD39701 1 pdb

1

1 AsnRS AF Euk Encephalitozoon intestinalis ATCC 50506 gene9698489 pdb

1 AsnRS AF Euk Candida albicans SC5314 gene3646227 pdb
AsnRS AF Euk Cryptococcus gattii WM276 gene10190222 pdb

0.
37

0.
99

0.
72

AsnRS AF Arch Candidatus Korarchaeum cryptofilum OPF8 gene6094562 pdb
AsnRS AF Arch Ferroplasma acidarmanus Fer1 gene16025664 pdb

1 AsnRS AF Arch Candidatus Nitrososphaera gargensis Ga92 gene13796664 pdb
AsnRS AF Arch Pyrococcus sp ST04 gene13021535 pdb

0.
99

1 AsnRS AF Bact Thermus thermophilus HB8 gene3168522 pdb
AsnRS AF Bact unclassified Blastocatellia proteinRPI49177 1 pdb

1

1 AsnRS AF Mito Homo sapiens gene79731 pdb
AsnRS AF Mito Zeugodacus cucurbitae gene105213230 pdb

0.
99

AsnRS AF Bact Mycoplasma hyopneumoniae 168-L gene57101291 pdb

0.
82

1 AsnRS AF Bact Clostridium acetobutylicum DSM 1731 gene44999755 pdb
AsnRS AF Bact Streptobacillus moniliformis DSM 12112 gene29673200 pdb

0.
99

AsnRS AF Bact Treponema pallidum subsp pertenue str SamoaD gene57879132 pdb

0.
75

AsnRS AF Bact Porphyromonas gingivalis ATCC 33277 gene29256423 pdb
AsnRS AF Euk Vitis vinifera gene100257593 pdb

0.
35

1 AspRS AF Bact Chlamydia muridarum str Nigg gene1246197 pdb

0.
33

0.
84

AspRS AF Mito Oryzias melastigma gene112147132 pdb

1 AspRS AF Arch Candidatus Methanomassiliicoccus intestinalis Issoire-Mx1 gene16154434 pdb
AspRS AF Arch unclassified Euryarchaeota proteinHHT76046 1 pdb

0.
44

AspRS AF Bact Mycoplasma hyopneumoniae 168-L gene57101115 pdb

0.
4

0.
63

AspRS AF Bact Brachyspira pilosicoli 95 1000 gene56440011 pdb

0.
58

AspRS AF Bact Bacillus anthracis str Ames Ancestor gene45024275 pdb
AspRS AF Bact Prochlorococcus marinus subsp marinus str CCMP1375 gene54201182 pdb

0.
34

AspRS AF Mito Oryza sativa Japonica Group gene4324505 pdb

0.
11

AspRS AF Bact Nocardia cyriacigeorgica GUH-2 gene45501717 pdb

0.
12

AspRS AF Bact Porphyromonas gingivalis ATCC 33277 gene29255515 pdb
AspRS AF Bact Xylella fastidiosa Temecula1 gene58016479 pdb

1 LysRS-II AF Arch Archaeoglobus sulfaticallidus PM70-1 gene15393615 pdb

0.
77

1 LysRS-II AF Arch Aciduliprofundum boonei T469 gene8827564 pdb
LysRS-II AF Arch Thermogladius calderae 1633 gene13013549 pdb

0.
55

LysRS-II AF Bact Chlamydia muridarum str Nigg gene1245697 pdb

0.
34

0.
67

LysRS-II AF Bact Mycobacterium intracellulare ATCC 13950 gene11907187 pdb

0.
61

0.
79

LysRS-II AF Arch Candidatus Woesearchaeota archaeon proteinMBS3172198 1 pdb
LysRS-II AF Bact Streptobacillus moniliformis DSM 12112 gene29673899 pdb

0.
74

LysRS-II AF Bact Cupriavidus taiwanensis LMG 19424 gene29762375 pdb
LysRS-II AF Bact Porphyromonas gingivalis ATCC 33277 gene29256363 pdb

0.
65

1

0.
99

LysRS-II AF Bact Leuconostoc gelidum JB7 gene61037106 pdb
LysRS-II AF Bact Mycoplasma hyopneumoniae 168-L gene57101062 pdb

1 LysRS-II AF Bact Prochlorococcus marinus subsp marinus str CCMP1375 gene54201108 pdb
LysRS-II AF Mito Malus domestica gene103446975 pdb

0.
99

LysRS-II AF Mito Scheffersomyces stipitis CBS 6054 gene4837999 pdb

0.
82

LysRS-II AF Euk Theileria annulata gene3864794 pdb

1 LysRS-II AF Euk Solanum lycopersicum gene778357 pdb

0.
41

LysRS-II AF Euk Ostreococcus tauri gene9837657 pdb
LysRS-II AF Euk Zootoca vivipara gene118086243 pdb

0.
46
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Fig. S3: Distances were calculated from alignments between experimentally solved structures,
between AlphaFold structures, or across the two groups, using DeepAlign [4] on pairs of mem-
bers from the same AARS catalytic domain family. P-values are from two-sided Student t-tests
which compares the pairwise distances of each group with those of within-experimental. These
results suggest that the AlphaFold structures are generally quite similar to the experimentally
determined structures, and that the variation among experimentally determined structures is not
significantly different to the variation among AlphaFold structures, or between the two groups.
We performed this test on all AARS families with at least 2 experimentally solved structures
from at least 2 species. These PDB structures are: ArgRS: 2zuf, 1iq0, 1bs2; CysRS: 1li5, 3c8z;
IleRS: 1qu2, 1ile, 7d5c; MetRS: 1rqg, 1pfv, 1woy; TrpRS :3jxe, 3kt3, 1i6m, 3n9i; TyrRS:
1u7d, 1wq4, 2j5b; AsnRS: 1x54, 6pqh, 1asz; AsxRS: 1b8a, 1n9w, 1eov; GluRS-B: 5f5w, 3ufg,
1j5w; HisRS: 1wu7, 4e51, 1htt; PheRS-B :3pco, 1pys; ProRS-B: 5znj,2j3m; PylRS: 2q7e, 2znj;
SepRS: 2odr, 2du4; SerRS: 6h9x, 1ser, 1wle; ThrRS: 1evk, 1nyr.
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Fig. S4: Distance between each AARS and the protozyme, according to Fig. 4 of the main
article. Left: the distance is equal to the number of modules which were inserted or deleted
to assemble the extant AARS from the protozyme. For example, LeuRS-A has a distance of
8. Right: the N30 distance is the same but it discounts any insertion modules which have an
average length less than 30 amino acids (i.e., the zinc finger, the small interface, and the 2a
hairpin). The N30 distance of LeuRS-A is 7. p-values are the result of a one sided Student t-test
with a null hypothesis that the phase I and II amino acids are activated by AARS which are
equally close to the protozyme (i.e., the same degree of structural primitivity). Both distance
metrics suggest that the more recently occurring AARS are indeed more primitive.
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Class Subclass Family (PDB structure) PS PSM

I a IleRS (7d5c), LeuRS-A (1wkb), LeuRS-B (2v0c), 0.70 0.72
MetRS (1pfv), ValRS (1gax)

b GlnRS (1qtq), GluRS (1j09), GlxRS (3aii) 0.80 0.82
c TrpRS (1i6m), TyrRS (1wq4) 0.98 0.97
d ArgRS (1bs2)
e LysRS-I (1irx)
f CysRS (1li5)

II a GlyRS-A (1ati), GlyRS-E (2q5h), ProRS-A (1nj8), 0.97 0.80
ProRS-B (2j3m), ProRS-M, SerRS (1wle),
SerRS-A (2cjb), ThrRS (1nyr)

b AsnRS (1asz), AspRS (1c0a), AsxRS (1eov), 0.99 0.99
LysRS-II (3e9h)

c PheRS-M (3cmq) , PheRS-Aα (3l4g), 0.37 0.78
PheRS-Bα (3pco), SepRS (2odr), HisRS (1htt)

d AlaRS (3hxv), GlyRS-B (1j5w) 0.94 0.98
e PylRS (2q7e)

Table S1: AARS catalytic domain families and an example of an experimentally solved struc-
ture. There are no solved structures for ProRS-M. The estimated clade supports P are shown
for subclasses with more than 1 member, where PS was calculated using only sequence infor-
mation, and PSM using both sequences and insertion modules. The inclusion of singletons (such
as ArgRS and LysRS-I) into other subclasses was found to significantly reduce their supports
and therefore they are best identified as singletons.
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Class I Insertion Module Phylogenies

Fig. S5: Phylogeny of the three structural modules common to Class I and their estimated
relative amino acid substitution rates (and 95% credible interval). Family tree internal nodes
are labelled by posterior support. All of the consequent Class I modules are assumed to have a
phylogeny which is a clade of the coloured phylogeny above.
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Fig. S6: Phylogeny of the Z insertion module. The root of the coloured tree is the last common
ancestor of CP2 after its origin.

Fig. S7: Phylogeny of CP2 and the zinc finger insertion modules.
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Fig. S8: Phylogeny of the Ia editing domain.

Fig. S9: Phylogeny of CP3.
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Fig. S10: Phylogeny of the two insertion modules unique to LeuRS-A.

Fig. S11: Phylogeny of the LeuRS-B IM. The two lineages in red are lacking the insertion mod-
ule, due to deletion events. These two bacterial taxa are Clostridium botulinum and Mycoplasma
hyopneumonia.
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Fig. S12: Phylogeny of the ArgRS IM.

Fig. S13: Phylogeny of the Ib IM.
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Fig. S14: Phylogeny of the LysRS-I IM.

Fig. S15: Phylogeny of the CysRS IM.
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Class II Insertion Module Phylogenies

Fig. S16: Phylogeny of the three structural modules common to Class II and their estimated
relative amino acid substitution rates (and 95% credible interval). Family tree internal nodes
are labelled by posterior support. All of the consequent Class II modules are assumed to have a
phylogeny which is a clade of the coloured phylogeny above.
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Fig. S17: Phylogeny of the small interface.

Fig. S18: Phylogeny of the IIa IM.
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Fig. S19: Phylogeny of the ProRS editing domain. The lineages in red are lacking the inser-
tion module, due to a deletion event. These mitochondrial taxa are Drosophila melanogaster,
Mauremys reevesii, and Schizosaccharomyces pombe.

Fig. S20: Phylogeny of the ProRS IM, N-terminal of the ProRS editing domain.
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Fig. S21: Phylogeny of GlyRS IM 1 and 2.

Fig. S22: Phylogeny of the GlyRS-E IM.
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Fig. S23: Phylogeny of the ThrRS IM.

Fig. S24: Phylogeny of the SerRS-A IM.
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Fig. S25: Phylogeny of the AlaRS IM.

Fig. S26: Phylogeny of AspRS IM 1 and 2.
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Fig. S27: Phylogeny of IIb IM 1 and 2.

Fig. S28: Phylogeny of the HisRS IM.
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Fig. S29: Phylogeny of the PheRS-A IM.

Fig. S30: Phylogeny of the SepRS IM.
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