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Supplementary Figure S1. Phylogeny of microbial NATs. The tree shown includes 

all functionally characterized NATs from bacteria and fungi and their closest 

homologues from other prokaryotic and eukaryotic microorganisms, obtained by 

blastP (https://blast.ncbi.nlm.nih.gov). The AzgA sequences at the bottom of the tree 

are functionally characterized purine transporters of the so-called AzgA-like family, 

which includes proteins structurally similar with NATs, but show very little primary 

sequence similarity and lack NAT-specific functional motif (closest out-group). 

Multiple sequence alignments was built from the selected NAT sequences (accession 

number shown in the figure) using MUSCLE v7.0.26 

(http://www.megasoftware.net/). MEGA was also used for testing the aligned 

sequences for optimal amino acid substitution model. According to the AIC, the 

LG+G+F model (Le SQ, Gascuel O. Mol Biol Evol. 2008 Jul;25(7):1307-20) was 

selected and a tree was created using a maximum likelihood (ML), and visualized by 

FigTree v1.4.3 (http://tree.bio.ed.ac.uk/software/figtree/). Bootstrap values are shown 

in bold at the nodes of the clades. Evolutionary distances are also shown on the 

branches of the tree. The variable, four-amino acid, part of the NAT signature motif is 

shown at the right side of the tree (in bold the residues critical for specificity, see 

main text). Note that the microbial NAT sequences shown in this tree are collapsed 

and referred as “UapA-like sequences” in Figure 1 of the main text.  
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100

100

7029.ACYPI085890-PA {Acyrthosiphon pisum} 	 T Y G E N I G V L A I T RT Y G E N I G V L A I T R

27

100

1123529.Ganpr1_62609 {Gonapodya prolifera} 	 T Y A E N M G T M G A T RT Y A E N M G T M G A T R
1123529.Ganpr1_130068 {Gonapodya prolifera} 	 T Y A E N M G T M G A T RT Y A E N M G T M G A T R

68

98

78898.MVEG_06996T0 {Mortierella verticillata} 	 T Y A E N I G V M S I T KT Y A E N I G V M S I T K
44689.Q54NF0 {Dictyostelium discoideum} 	 T Y A E N I G V M S I T KT Y A E N I G V M S I T K

44689.Q54ZL0 {Dictyostelium discoideum} 	 T Y A E N I G V M S I T KT Y A E N I G V M S I T K

97

36080.Mucci2_140738 {Mucor circinelloides} 	 T Y A E N I G V L S V T QT Y A E N I G V L S V T Q
4837.Phybl2_131129 {Phycomyces blakesleeanus} 	 T Y A E N I G V V A I T RT Y A E N I G V V A I T R

100

4837.Phybl2_183117 {Phycomyces blakesleeanus} 	 T Y S E N I G V M A V T KT Y S E N I G V M A V T K
64495.RO3T_01793 {Rhizopus oryzae} 	 T Y S E N I G V M A V T QT Y S E N I G V M A V T Q
36080.Mucci2_12667 {Mucor circinelloides} 	 T Y S E N I G V M A V T QT Y S E N I G V M A V T Q

78

7175.CpipJ_CPIJ020253-RA {Culex pipiens} 	 A F A Q N V G L V A V T GA F A Q N V G L V A V T G

87

7029.ACYPI38709-PA {Acyrthosiphon pisum} 	 - - - - N N G V I Q L T G- - - - N N G V I Q L T G

98

94

145481.A9TZT0 {Physcomitrella patens} 	 T Y A Q N N G V L S L S RT Y A Q N N G V L S L S R
145481.A9S4K1 {Physcomitrella patens} 	 T Y A Q N N G V L S L S RT Y A Q N N G V L S L S R

49

100

3055.Cre10.g433200.t1.1 {Chlamydomonas reinhardtii} 	 T F A Q N N G V I S L T NT F A Q N N G V I S L T N
3055.Cre10.g442800.t1.2 {Chlamydomonas reinhardtii} 	 T F A Q N N G V I S L T NT F A Q N N G V I S L T N
3055.Cre10.g442600.t1.1 {Chlamydomonas reinhardtii} 	 T F A Q N N G V I A L T NT F A Q N N G V I A L T N

60

100

556484.001126 {Phaeodactylum tricornutum CCAP 1055/1} 	 T L S Q N N G I V A L T RT L S Q N N G I V A L T R
186039.014328 {Fragilariopsis cylindrus} 	 T L S Q N N G I L V D L ET L S Q N N G I L V D L E

186039.014520 {Fragilariopsis cylindrus} 	 T L S Q N N G I V A L T RT L S Q N N G I V A L T R

100

35128.B8CGC1 {Thalassiosira pseudonana} 	 T F S Q N N G V I G I T KT F S Q N N G V I G I T K

86

556484.007513 {Phaeodactylum tricornutum CCAP 1055/1} 	 T F S Q N N G V I A L T KT F S Q N N G V I A L T K
186039.023238 {Fragilariopsis cylindrus} 	 T Y S E N N G V V A L T KT Y S E N N G V V A L T K
186039.006432 {Fragilariopsis cylindrus} 	 T Y S E N N G V V A L T KT Y S E N N G V V A L T K

97

1123529.Ganpr1_34388 {Gonapodya prolifera} 	 T F A Q N N G V I A L T KT F A Q N N G V I A L T K

94

60

78898.MVEG_08796T0 {Mortierella verticillata} 	 C Y A Q N N G I I S L T RC Y A Q N N G I I S L T R
78898.MVEG_07135T0 {Mortierella verticillata} 	 V F A Q N N G I I A L T RV F A Q N N G I I A L T R

33

4837.Phybl2_178416 {Phycomyces blakesleeanus} 	 T F A Q N N G I I A L T RT F A Q N N G I I A L T R

87

100

64495.RO3T_09132 {Rhizopus oryzae} 	 T Y S N N N G V I A V T QT Y S N N N G V I A V T Q
36080.Mucci2_140836 {Mucor circinelloides} 	 T F S Q N N G I I A V T RT F S Q N N G I I A V T R

64495.RO3T_03420 {Rhizopus oryzae} 	 T F S Q N N G V I A V T RT F S Q N N G V I A V T R

100

4837.Phybl2_112466 {Phycomyces blakesleeanus} 	 T F A Q N N G V V A L T RT F A Q N N G V V A L T R
64495.RO3T_00118 {Rhizopus oryzae} 	 T F A Q N N G V V A M T RT F A Q N N G V V A M T R

36080.Mucci2_141147 {Mucor circinelloides} 	 T F A Q N N G V V A M T RT F A Q N N G V V A M T R

83

100

29898.Rhoba1_1_17422 {Rhodotorula graminis} 	 I F A Q N N G V I S V T RI F A Q N N G V I S V T R
5270.um00076.2 {Ustilago maydis} 	 V F A Q N N G V I A I T KV F A Q N N G V I A I T K

5306.Phchr1121582 {Phanerochaete chrysosporium} 	 I F A Q N N G V I A I T RI F A Q N N G V I A I T R
5346.CC1G_10653.1 {Coprinopsis cinerea} 	 T F A Q N N G V I A I T RT F A Q N N G V I A I T R

96

98

100

1123529.Ganpr1_158707 {Gonapodya prolifera} 	 T F S Q N T S V I A L S NT F S Q N T S V I A L S N
29898.Rhoba1_1_56176 {Rhodotorula graminis} 	 T F S Q N V S V I A L S NT F S Q N V S V I A L S N
5270.um03690 {Ustilago maydis} 	 T F S Q N S G V I S L T RT F S Q N S G V I S L T R

214684.Q5KHM2 {Cryptococcus neoformans var. neoformans JEC21} 	 T F S Q N S G V I A L T RT F S Q N S G V I A L T R

100

656061.GSTUMT200002600001 {Tuber melanosporum Mel28} 	 C F A Q N N G V I A L T GC F A Q N N G V I A L T G

100

5016.CocheC5_1100377 {Bipolaris maydis} 	 S Q A G N N G V I V L T GS Q A G N N G V I V L T G

42

55169.Botdo1_786 {Botryosphaeria dothidea} 	 G Q A G N N G V I V L T GG Q A G N N G V I V L T G
5061.A2QBM4 {Aspergillus niger} 	 S Q A G N N G V I S L T GS Q A G N N G V I S L T G

441960.PMAA_001240.t1 {Talaromyces marneffei ATCC 18224} 	 S Q A G N N G V I S L T GS Q A G N N G V I S L T G

98

284812.SPAC1399.01c.1 {Schizosaccharomyces pombe 972h-} 	 T F A Q N N G V I S L T KT F A Q N N G V I S L T K
5606.Saico1_63482 {Saitoella complicata} 	 C F A Q N N G V I A L T RC F A Q N N G V I A L T R

98

29829.Lipst1_1_59159 {Lipomyces starkeyi} 	 T F A Q N N G V I S L T KT F A Q N N G V I S L T K

92

79

1160509.Ascim1.410280 {Ascobolus immersus RN42} 	 T F A Q N N G V I A L T RT F A Q N N G V I A L T R
656061.GSTUMT200006573001 {Tuber melanosporum Mel28} 	 T Y A Q N N G V I A L T RT Y A Q N N G V I A L T R

656061.GSTUMT200008108001 {Tuber melanosporum Mel28} 	 T Y A Q N N G V I A L T RT Y A Q N N G V I A L T R

38

95

227321.Q07307 {Aspergillus nidulans FGSC A4} 	 T F A Q N N G V I A L T RT F A Q N N G V I A L T R

97

5507.Fusox1_9759 {Fusarium oxysporum} 	 V F A Q N N G V I V L T RV F A Q N N G V I V L T R
63577.Triat142539 {Trichoderma atroviride} 	 T F A Q N N G V I A L T RT F A Q N N G V I A L T R

86

242507.MGG_08056T0 {Magnaporthe oryzae 70-15} 	 T Y A Q N N G V I A L T RT Y A Q N N G V I A L T R

73

121759.PAAG_03721T0 {Paracoccidioides brasiliensis}	 - - - - - - - - - - - - -- - - - - - - - - - - - -
5141.Q7S3D5 {Neurospora crassa} 	 T F A Q N N G V I A L T RT F A Q N N G V I A L T R
5145.Pa_5_8180 {Podospora anserina} 	 T F A Q N N G V I A L T RT F A Q N N G V I A L T R

5

91

756982.G1XCI1 {Arthrobotrys oligospora ATCC 24927} 	 T F A Q N N G V I A L T RT F A Q N N G V I A L T R

84

5016.CocheC5_1112737 {Bipolaris maydis} 	 T F A Q N C G V V A L T RT F A Q N C G V V A L T R
1043005.Aurpu_var_sub1.34666 {Aureobasidium subglaciale EXF-2481} 	 V F A Q N N G I I A L T RV F A Q N N G I I A L T R

55169.Botdo1_1794 {Botryosphaeria dothidea} 	 T F A Q N N G V I A L T RT F A Q N N G V I A L T R

94

53

40559.BC1T_11657 {Botrytis cinerea} 	 - - - - - - - - - - - - -- - - - - - - - - - - - -

100

4952.YALI0E27852g {Yarrowia lipolytica} 	 T F A Q N N G V I A L T KT F A Q N N G V I A L T K
4952.YALI0E07920g {Yarrowia lipolytica} 	 T F A Q N N G V I S L T KT F A Q N N G V I S L T K

78

28985.KLLA0D04356g {Kluyveromyces lactis} 	 T F A Q N N G V I S I T KT F A Q N N G V I S I T K
284811.AGOS_AFR622W {Eremothecium gossypii ATCC 10895} 	 T F A Q N N G V I A I T RT F A Q N N G V I A I T R

36911.CLUG_03816.1 {Clavispora lusitaniae} 	 T F A Q N N G V I S I T KT F A Q N N G V I S I T K
5476.C4_06530C_A {Candida albicans} 	 V F A Q N N G V I S I T KV F A Q N N G V I S I T K

93

5037.HCAG_07147T0 {Histoplasma capsulatum} 	 V F A Q N N G V I S L T RV F A Q N N G V I S L T R

17

78148.Oidma1_42841 {Oidiodendron maius} 	 V F A Q N N G V I A L T KV F A Q N N G V I A L T K
441960.PMAA_049310.t1 {Talaromyces marneffei ATCC 18224} 	 T F A Q N N G V I A L T RT F A Q N N G V I A L T R

100

5057.A1CDS4 {Aspergillus clavatus} 	 V F A Q N N G V I A L T KV F A Q N N G V I A L T K

9

227321.P48777 {Aspergillus nidulans FGSC A4} 	 V F A Q N N G V I A L T RV F A Q N N G V I A L T R
5061.A2QMF8 {Aspergillus niger} 	 V F A Q N N G V I A L T KV F A Q N N G V I A L T K
5076.Pc20g01420.t1 {Penicillium chrysogenum} 	 V F A Q N N G V I A L T KV F A Q N N G V I A L T K

100

100

6238.A8X8V6 {Caenorhabditis briggsae} 	 T H T E N I G V I G V T RT H T E N I G V I G V T R
6239.C51E3.6 {Caenorhabditis elegans} 	 T H T E N I G V I G V T RT H T E N I G V I G V T R

100

6239.Y59E9AL.4.2 {Caenorhabditis elegans} 	 T Y A E N I A L I H I T KT Y A E N I A L I H I T K
6238.A8XX35 {Caenorhabditis briggsae} 	 T Y A E N I A L I H I T KT Y A E N I A L I H I T K

100

6239.T07G12.2 {Caenorhabditis elegans} 	 T Y S E N I A I M Q V T KT Y S E N I A I M Q V T K
6238.A8X6C5 {Caenorhabditis briggsae} 	 T Y S E N I A I M Q V T KT Y S E N I A I M Q V T K

97

6238.A8WQX8 {Caenorhabditis briggsae} 	 T Y A E N I A I M S V T KT Y A E N I A I M S V T K
6239.R11E3.2 {Caenorhabditis elegans} 	 T Y A E N I A I M S V T KT Y A E N I A I M S V T K

99

6238.A8X6E3 {Caenorhabditis briggsae} 	 C Y A E N I A I M S V T KC Y A E N I A I M S V T K
6239.T07G12.5a {Caenorhabditis elegans} 	 T Y A E N I A I M S V T KT Y A E N I A I M S V T K
6238.A8X6E0 {Caenorhabditis briggsae} 	 T Y A E N I A I M S V T KT Y A E N I A I M S V T K

94

98

51511.ENSCSAVP00000018620 {Ciona savignyi} 	 S F S E N I G A I G I T RS F S E N I G A I G I T R
7719.ENSCINP00000007688 {Ciona intestinalis} 	 S F S E N I G A I G I T RS F S E N I G A I G I T R

99

51511.ENSCSAVP00000018432 {Ciona savignyi} 	 S F S E N I A A I G V T RS F S E N I A A I G V T R

99

7719.ENSCINP00000022582 {Ciona intestinalis} 	 - - - - - - - - - - - - -- - - - - - - - - - - - -
7719.ENSCINP00000016143 {Ciona intestinalis} 	 S F S Q N V A A I G I T RS F S Q N V A A I G I T R
7719.ENSCINP00000011752 {Ciona intestinalis} 	 S F S Q N V A A I G I T RS F S Q N V A A I G I T R

94

0

100

7955.F1R0M3 {Danio rerio} 	 S Y S Q N I A A L G I T RS Y S Q N I A A L G I T R

71

8090.ENSORLP00000024692 {Oryzias latipes} 	 S Y S Q N I A A L G I T KS Y S Q N I A A L G I T K
69293.ENSGACP00000012349 {Gasterosteus aculeatus} 	 S Y S Q N I A A L G I T KS Y S Q N I A A L G I T K
99883.ENSTNIP00000016716 {Tetraodon nigroviridis} 	 S Y S Q N I A A L G I T KS Y S Q N I A A L G I T K
31033.ENSTRUP00000008413 {Takifugu rubripes} 	 S Y S Q N I A A L G I T KS Y S Q N I A A L G I T K

100

96

99

7955.B8JIT8 {Danio rerio} 	 S Y S E N V G A L G I T KS Y S E N V G A L G I T K

99

69293.ENSGACP00000018026 {Gasterosteus aculeatus} 	 S Y S E N V G A L G I T KS Y S E N V G A L G I T K

93

8090.ENSORLP00000020015 {Oryzias latipes} 	 S Y S E N V G A L G I T KS Y S E N V G A L G I T K
99883.ENSTNIP00000011637 {Tetraodon nigroviridis} 	 S Y S E N V G A L G I T KS Y S E N V G A L G I T K
31033.ENSTRUP00000015116 {Takifugu rubripes} 	 S Y S E N V G A L G I T KS Y S E N V G A L G I T K

100

8090.ENSORLP00000012438 {Oryzias latipes} 	 S F S E N V A A L G I T KS F S E N V A A L G I T K

63

69293.ENSGACP00000016471 {Gasterosteus aculeatus} 	 S F S E N V A A L G I T KS F S E N V A A L G I T K

98

99

99883.ENSTNIP00000000671 {Tetraodon nigroviridis} 	 - - - - - - - - - - - - -- - - - - - - - - - - - -
99883.ENSTNIP00000002317 {Tetraodon nigroviridis} 	 S F S E N V A I L G I T KS F S E N V A I L G I T K

31033.ENSTRUP00000016667 {Takifugu rubripes} 	 S F S E N V A V L G I T KS F S E N V A V L G I T K

100

99883.ENSTNIP00000013643 {Tetraodon nigroviridis} 	 S F S E N V A V L G I T KS F S E N V A V L G I T K
31033.ENSTRUP00000017126 {Takifugu rubripes} 	 S F S E N V A V L G I T KS F S E N V A V L G I T K
31033.ENSTRUP00000004545 {Takifugu rubripes} 	 S F S E N V A V L G I T KS F S E N V A V L G I T K

100

8364.F6UZZ5 {Xenopus tropicalis} 	 S Y S E N V G A L G I T RS Y S E N V G A L G I T R

96

95

28377.ENSACAP00000010914 {Anolis carolinensis} 	 S Y S E N V G A L G I T RS Y S E N V G A L G I T R
9031.GALT00000019146 {Gallus gallus} 	 S Y S E N V G A L G I T KS Y S E N V G A L G I T K

59729.ENSTGUT00000009558 {Taeniopygia guttata} 	 S Y S E N V G A L G I T KS Y S E N V G A L G I T K

100

13616.ENSMODP00000017601 {Monodelphis domestica} 	 S Y S E N V G A L G I T RS Y S E N V G A L G I T R

99

99

9796.ENSECAP00000013629 {Equus caballus} 	 S F S Q N I A A L S I T KS F S Q N I A A L S I T K
9796.ENSECAP00000015216 {Equus caballus} 	 S Y S Q N I A A L S I T RS Y S Q N I A A L S I T R
9796.ENSECAP00000015385 {Equus caballus} 	 - - - - - - - - - - - - -- - - - - - - - - - - - -
9796.ENSECAP00000015764 {Equus caballus} 	 S Y S E N V G A L G I T KS Y S E N V G A L G I T K

73

59463.ENSMLUP00000017132 {Myotis lucifugus} 	 S Y S E N V G A L G I T KS Y S E N V G A L G I T K

82

86

9685.ENSFCAP00000021447 {Felis catus} 	 S S V P H V G A E G G H QS S V P H V G A E G G H Q
9823.ENSSSCP00000020987 {Sus scrofa} 	 S Y S E N V G A L S I T RS Y S E N V G A L S I T R
9615.ENSCAFP00000033991 {Canis lupus familiaris} 	 - - - - - - - - - - - - -- - - - - - - - - - - - -

93

9785.ENSLAFP00000019397 {Loxodonta africana} 	 S Y S E N V G V L G I T QS Y S E N V G V L G I T Q

82

65

9823.ENSSSCP00000026550 {Sus scrofa} 	 - - - - - - - - - - - - -- - - - - - - - - - - - -

92

9913.ENSBTAP00000042194 {Bos taurus} 	 - - - - - - - - - - - - -- - - - - - - - - - - - -
9913.ENSBTAP00000055979 {Bos taurus} 	 S Y S E N V G A L G I T RS Y S E N V G A L G I T R

9913.ENSBTAP00000051345 {Bos taurus} 	 S Y S E N V G A L G I T RS Y S E N V G A L G I T R

87

10090.ENSMUSP00000041436 {Mus musculus} 	 S Y S E N V G A L G I T RS Y S E N V G A L G I T R
10116.ENSRNOP00000030381 {Rattus norvegicus} 	 S Y S E N V G A L G I T RS Y S E N V G A L G I T R

10141.ENSCPOP00000015281 {Cavia porcellus} 	 S Y S E N I G A L G I T RS Y S E N I G A L G I T R
9986.ENSOCUP00000020059 {Oryctolagus cuniculus} 	 - - - - - - - - - - - - -- - - - - - - - - - - - -

73

100

99

99

7955.F6NS11 {Danio rerio} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K

100

99883.ENSTNIP00000010473 {Tetraodon nigroviridis} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K
31033.ENSTRUP00000023691 {Takifugu rubripes} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K
8090.ENSORLP00000015916 {Oryzias latipes} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K
69293.ENSGACP00000027658 {Gasterosteus aculeatus} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K

62

8364.F7DHZ9 {Xenopus tropicalis} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K

98

83

28377.ENSACAP00000016106 {Anolis carolinensis} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K
59729.ENSTGUT00000015224 {Taeniopygia guttata} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K

9031.ENSGALT00000003962 {Gallus gallus} 	 - - - - - - - - - - - - -- - - - - - - - - - - - -

100

13616.ENSMODP00000014899 {Monodelphis domestica} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K
9315.ENSMEUP00000006800 {Macropus eugenii} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K

97

9365.ENSEEUP00000011385 {Erinaceus europaeus} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K

83

9823.ENSSSCP00000021850 {Sus scrofa} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K

96

74

30538.ENSVPAP00000005882 {Vicugna pacos} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K

94

9615.ENSCAFP00000008511 {Canis lupus familiaris} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K
9685.ENSFCAP00000024774 {Felis catus} 	 - - - - - - - - - - - - -- - - - - - - - - - - - -

9685.ENSFCAP00000001597 {Felis catus} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K

24

9739.ENSTTRP00000003519 {Tursiops truncatus} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K
9913.ENSBTAP00000010823 {Bos taurus} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K

83

79

132908.ENSPVAP00000014553 {Pteropus vampyrus} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K
9796.ENSECAP00000018844 {Equus caballus} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K
59463.ENSMLUP00000002735 {Myotis lucifugus} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K

72

9813.ENSPCAP00000006505 {Procavia capensis} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K
9785.ENSLAFP00000008338 {Loxodonta africana} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K

76

37347.ENSTBEP00000003859 {Tupaia belangeri} 	 X X X X X X X X X X X X XX X X X X X X X X X X X X

78

87

9361.ENSDNOP00000004166 {Dasypus novemcinctus} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K

98

9483.ENSCJAT00000013785 {Callithrix jacchus} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K

0

9544.ENSMMUT00000001429 {Macaca mulatta} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K

0

9600.ENSPPYP00000017709 {Pongo pygmaeus} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K

80

9598.ENSPTRP00000046760 {Pan troglodytes} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K
9606.ENSP00000302851 {Homo sapiens} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K
9595.ENSGGOT00000010736 {Gorilla gorilla gorilla} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K

72

9371.ENSETEP00000004937 {Echinops telfairi} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K

35

30611.ENSOGAT00000010618 {Otolemur garnettii} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K
30608.ENSMICT00000012460 {Microcebus murinus} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K

90

10020.ENSDORP00000002131 {Dipodomys ordii} 	 X X X X X X X X X X X X XX X X X X X X X X X X X X

77

10090.ENSMUSP00000025212 {Mus musculus} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K
10116.ENSRNOP00000027048 {Rattus norvegicus} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K

53

10141.ENSCPOP00000012685 {Cavia porcellus} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K

87

43179.ENSSTOP00000013225 {Ictidomys tridecemlineatus} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K
9986.ENSOCUP00000005997 {Oryctolagus cuniculus} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K
9978.ENSOPRP00000000239 {Ochotona princeps} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K

100

99

99883.ENSTNIP00000019816 {Tetraodon nigroviridis} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K
31033.ENSTRUP00000042628 {Takifugu rubripes} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K
69293.ENSGACP00000007508 {Gasterosteus aculeatus} 	 S S S P N I G V M G I T KS S S P N I G V M G I T K
8090.ENSORLP00000003610 {Oryzias latipes} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K

98

8364.G1K3I1 {Xenopus tropicalis} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K

95

47

28377.ENSACAP00000005939 {Anolis carolinensis} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K

92

59729.ENSTGUT00000004263 {Taeniopygia guttata} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K
59729.ENSTGUT00000017337 {Taeniopygia guttata} 	 - - - - - - - - - - - - -- - - - - - - - - - - - -
9031.GALT00000000261 {Gallus gallus} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K

91

88

9315.ENSMEUP00000003547 {Macropus eugenii} 	 X X X X X X X X X X X X XX X X X X X X X X X X X X
9258.ENSOANP00000021803 {Ornithorhynchus anatinus} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K

13616.ENSMODP00000014568 {Monodelphis domestica} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K

100

9685.ENSFCAP00000025290 {Felis catus} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K

0

9739.ENSTTRP00000000501 {Tursiops truncatus} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K

0

9823.ENSSSCP00000027996 {Sus scrofa} 	 - - - - - - - - - - - - -- - - - - - - - - - - - -

0

87

9615.ENSCAFP00000039483 {Canis lupus familiaris} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K
59463.ENSMLUP00000009631 {Myotis lucifugus} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K
132908.ENSPVAP00000005076 {Pteropus vampyrus} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K

0

77

9913.ENSBTAP00000039151 {Bos taurus} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K
30538.ENSVPAP00000001359 {Vicugna pacos} 	 S S C P N I G V L G I T KS S C P N I G V L G I T K
9823.ENSSSCP00000026762 {Sus scrofa} 	 - - - - - - - - - - - - -- - - - - - - - - - - - -

89

9796.ENSECAP00000012781 {Equus caballus} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K

33

9365.ENSEEUP00000012857 {Erinaceus europaeus} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K

74

42254.ENSSARP00000003866 {Sorex araneus} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K

91

43179.ENSSTOP00000013935 {Ictidomys tridecemlineatus} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K

0

0

10141.ENSCPOP00000008946 {Cavia porcellus} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K
10116.ENSRNOP00000028885 {Rattus norvegicus} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K
10090.ENSMUSP00000028815 {Mus musculus} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K

77

10020.ENSDORP00000014356 {Dipodomys ordii} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K

37

9978.ENSOPRP00000001567 {Ochotona princeps} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K
9986.ENSOCUP00000005737 {Oryctolagus cuniculus} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K

0

9361.ENSDNOP00000017189 {Dasypus novemcinctus} 	 - - - - - - - - - - - - -- - - - - - - - - - - - -
37347.ENSTBEP00000013370 {Tupaia belangeri} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K

82

77

9478.ENSTSYT00000001461 {Tarsius syrichta} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K

90

9358.ENSCHOP00000001890 {Choloepus hoffmanni} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K

76

9813.ENSPCAP00000004866 {Procavia capensis} 	 X X X X X X X X X X X X XX X X X X X X X X X X X X
9371.ENSETEP00000013014 {Echinops telfairi} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K

9785.ENSLAFP00000011767 {Loxodonta africana} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K

0

30608.ENSMICT00000014355 {Microcebus murinus} 	 X X X X X X X X X X X X XX X X X X X X X X X X X X
9823.ENSSSCP00000025549 {Sus scrofa} 	 - - - - - - - - - - - - -- - - - - - - - - - - - -

0

9544.ENSMMUT00000044526 {Macaca mulatta} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K

0

9606.ENSP00000344322 {Homo sapiens} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K

0

9595.ENSGGOT00000007897 {Gorilla gorilla gorilla} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K

0

9598.ENSPTRP00000022669 {Pan troglodytes} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K

0

9600.ENSPPYP00000012062 {Pongo pygmaeus} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K
30611.ENSOGAT00000002079 {Otolemur garnettii} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K
9483.ENSCJAT00000057849 {Callithrix jacchus} 	 S S S P N I G V L G I T KS S S P N I G V L G I T K

78

97

7029.ACYPI000239-PA {Acyrthosiphon pisum} 	 S S S E N V G N I G I T RS S S E N V G N I G I T R
121224.PHUM433690-PA {Pediculus humanus corporis} 	 S F S E N I G A I G V T RS F S E N I G A I G V T R

6

100

6669.EFX82319 {Daphnia pulex} 	 S Y S E N I G A I G V T KS Y S E N I G A I G V T K
6669.EFX73564 {Daphnia pulex} 	 - - - - - - - - - - - - -- - - - - - - - - - - - -

6669.EFX82255 {Daphnia pulex} 	 S Y S E N I G A I G V T KS Y S E N I G A I G V T K
6669.EFX61892 {Daphnia pulex} 	 - - - - - - - - - - - - -- - - - - - - - - - - - -

100

7029.ACYPI007077-PA {Acyrthosiphon pisum} 	 T F G E N V G A I G V T KT F G E N V G A I G V T K

0

7029.ACYPI008179-PA {Acyrthosiphon pisum} 	 - - - - - - - - - - - - -- - - - - - - - - - - - -

81

7425.NV11256-PA {Nasonia vitripennis} 	 T F G E N V G T I G V T KT F G E N V G T I G V T K

75

7091.BGIBMGA003950-TA {Bombyx mori} 	 T F G E N V G A I G V T KT F G E N V G A I G V T K

100

9

7175.CpipJ_CPIJ003298-RA {Culex pipiens} 	 T F G E N V G A I G V T KT F G E N V G A I G V T K

36

7165.AGAP003176-PA {Anopheles gambiae} 	 T F G E N V G A I G V T KT F G E N V G A I G V T K
7159.AAEL016967-PA {Aedes aegypti} 	 T F G E N V G A I G V T KT F G E N V G A I G V T K
7175.CpipJ_CPIJ004614-RA {Culex pipiens} 	 T F G E N V G A I G V T KT F G E N V G A I G V T K

100

7260.FBtr0082240.2.homologue {Drosophila willistoni} 	 T F G E N V G A I G V T KT F G E N V G A I G V T K

57

24

7234.FBtr0082240.1.homologue {Drosophila persimilis} 	 T F G E N V G A I G V T KT F G E N V G A I G V T K
46245.FBpp0297011 {Drosophila pseudoobscura pseudoobscura} 	 T F G E N V G A I G V T KT F G E N V G A I G V T K

100

7222.FBtr0082240.1.homologue {Drosophila grimshawi} 	 T F G E N V G A I G V T KT F G E N V G A I G V T K
7244.FBtr0082240.2.homologue {Drosophila virilis} 	 T F G E N V G A I G V T KT F G E N V G A I G V T K
7230.FBtr0082240.2.homologue {Drosophila mojavensis} 	 T F G E N V G A I G V T KT F G E N V G A I G V T K

99

7217.FBtr0082240.1.homologue {Drosophila ananassae} 	 T F G E N V G A I G V T KT F G E N V G A I G V T K

81

7245.FBtr0082240.1.homologue {Drosophila yakuba} 	 T F G E N V G A I G V T KT F G E N V G A I G V T K

80

7220.FBpp0135836 {Drosophila erecta} 	 T F G E N V G A I G V T KT F G E N V G A I G V T K

79

7240.FBpp0219126 {Drosophila simulans} 	 T F G E N V G A I G V T KT F G E N V G A I G V T K
7238.FBpp0207652 {Drosophila sechellia} 	 T F G E N V G A I G V T KT F G E N V G A I G V T K
7227.FBpp0081718 {Drosophila melanogaster} 	 T F G E N V G A I G V T KT F G E N V G A I G V T K

94

100

7719.ENSCINP00000012358 {Ciona intestinalis} 	 S Y S E N I G A I G I T KS Y S E N I G A I G I T K
51511.ENSCSAVP00000004204 {Ciona savignyi} 	 S Y S E N I G A I G I T KS Y S E N I G A I G I T K
7719.ENSCINP00000012369 {Ciona intestinalis} 	 S Y S E N I G A I G I T KS Y S E N I G A I G I T K

80

92

45351.A7RY77 {Nematostella vectensis} 	 S Y S E N I G A I G I T KS Y S E N I G A I G I T K

98

45351.A7RXI6 {Nematostella vectensis} 	 S Y S E N I G A I G I T KS Y S E N I G A I G I T K
45351.A7SXJ6 {Nematostella vectensis} 	 - - - - - - - - - - - - -- - - - - - - - - - - - -

100

100

45351.A7RHH1 {Nematostella vectensis} 	 S Y S E N I G A I G I T KS Y S E N I G A I G I T K
45351.A7RHH2 {Nematostella vectensis} 	 S Y S E N I G A I G I T KS Y S E N I G A I G I T K

45351.A7T1W9 {Nematostella vectensis} 	 - - - - - - - - - - - - -- - - - - - - - - - - - -

100

45351.A7RGN3 {Nematostella vectensis} 	 S Y S E N I G A L G I T KS Y S E N I G A L G I T K
45351.A7RIC4 {Nematostella vectensis} 	 S Y S Q N I G A L G I T KS Y S Q N I G A L G I T K

98

45351.A7RGN5 {Nematostella vectensis} 	 S Y S E N I G A L G I T KS Y S E N I G A L G I T K
45351.A7SRV0 {Nematostella vectensis} 	 S Y S Q N I G A I G I T KS Y S Q N I G A I G I T K

45351.A7RGN4 {Nematostella vectensis} 	 S Y S Q N I G A I G I T KS Y S Q N I G A I G I T K

94

100

7955.E7FEY0 {Danio rerio} 	 S S A S N A C V I G L S QS S A S N A C V I G L S Q

94

74

8364.F6WZA7 {Xenopus tropicalis} 	 S S I P N A G L A G L T QS S I P N A G L A G L T Q

59

28377.ENSACAP00000003065 {Anolis carolinensis} 	 S S M S N T C A A H L T KS S M S N T C A A H L T K
9031.GALT00000018510 {Gallus gallus} 	 A S I A N A C A G G L T QA S I A N A C A G G L T Q

59729.ENSTGUT00000005937 {Taeniopygia guttata} 	 S S I A N T C A T G F T QS S I A N T C A T G F T Q

100

9315.ENSMEUP00000002506 {Macropus eugenii} 	 - - - - - - - - - - L T Q- - - - - - - - - - L T Q
13616.ENSMODP00000019148 {Monodelphis domestica} 	 S S F P N V A T T S L T QS S F P N V A T T S L T Q

95

9785.ENSLAFP00000006893 {Loxodonta africana} 	 S S F P N V G T L S L T QS S F P N V G T L S L T Q

86

100

9739.ENSTTRP00000009504 {Tursiops truncatus} 	 - - - - - - - - - - L T Q- - - - - - - - - - L T Q
30538.ENSVPAP00000006639 {Vicugna pacos} 	 - - - - - - - - - - L T R- - - - - - - - - - L T R

83

9813.ENSPCAP00000000348 {Procavia capensis} 	 - - - - - - - - - - L T Q- - - - - - - - - - L T Q
9371.ENSETEP00000008337 {Echinops telfairi} 	 - - - - - - - - - - L T P- - - - - - - - - - L T P

86

76

132908.ENSPVAP00000010163 {Pteropus vampyrus} 	 - - - - - - - - - - L T Q- - - - - - - - - - L T Q
9365.ENSEEUP00000007599 {Erinaceus europaeus} 	 - - - - - - - - - - L T R- - - - - - - - - - L T R

42254.ENSSARP00000006352 {Sorex araneus} 	 - - - - - - - - - - L I Q- - - - - - - - - - L I Q

95

30611.ENSOGAT00000015540 {Otolemur garnettii} 	 - - - - - - - - - - L T Q- - - - - - - - - - L T Q
30608.ENSMICT00000000765 {Microcebus murinus} 	 - - - - - - - - - - L T Q- - - - - - - - - - L T Q

47

9478.ENSTSYT00000008134 {Tarsius syrichta} 	 - - - - - - - - - - L T Q- - - - - - - - - - L T Q
43179.ENSSTOP00000008419 {Ictidomys tridecemlineatus} 	 - - - - - - - - - - L T Q- - - - - - - - - - L T Q
10020.ENSDORP00000008332 {Dipodomys ordii} 	 - - - - - - - - - - L T R- - - - - - - - - - L T R

62

88

9913.ENSBTAP00000016751 {Bos taurus} 	 S S F P N V G T V G L L QS S F P N V G T V G L L Q
9823.ENSSSCP00000021632 {Sus scrofa} 	 S S F P N V G T M S L F QS S F P N V G T M S L F Q

77

59463.ENSMLUP00000010490 {Myotis lucifugus} 	 S S F P N V G T V S L I QS S F P N V G T V S L I Q

28

9796.ENSECAP00000005309 {Equus caballus} 	 S S F P N V G T V S L V QS S F P N V G T V S L V Q
9615.ENSCAFP00000022144 {Canis lupus familiaris} 	 S S F P N V G T V S L I QS S F P N V G T V S L I Q
9685.ENSFCAP00000006939 {Felis catus} 	 S S F P N V G T V S L I QS S F P N V G T V S L I Q

98

99

10141.ENSCPOP00000008638 {Cavia porcellus} 	 S S F P N V G T V S L F QS S F P N V G T V S L F Q
10090.ENSMUSP00000027405 {Mus musculus} 	 S S F P N V G T V S L F QS S F P N V G T V S L F Q
10116.ENSRNOP00000024667 {Rattus norvegicus} 	 S S F P N V G T V S L F QS S F P N V G T V S L F Q

100

9483.ENSCJAT00000022320 {Callithrix jacchus} 	 S S F P N V G K V G L I QS S F P N V G K V G L I Q

93

9600.ENSPPYP00000014743 {Pongo pygmaeus} 	 - - - - - - - - - - L T Q- - - - - - - - - - L T Q
9544.ENSMMUT00000001137 {Macaca mulatta} 	 - - - - - - - - - - L T Q- - - - - - - - - - L T Q

76

9598.ENSPTRP00000022108 {Pan troglodytes} 	 S S F P N V G K V G L I QS S F P N V G K V G L I Q
9595.ENSGGOT00000010869 {Gorilla gorilla gorilla} 	 S S F P N V G K V G L I QS S F P N V G K V G L I Q
9606.ENSP00000406546 {Homo sapiens} 	 S S F P N V G K V G L I QS S F P N V G K V G L I Q

100

3055.Cre17.g716800.t1.1 {Chlamydomonas reinhardtii} 	 S Y A E N I G A I G L T GS Y A E N I G A I G L T G
556484.001947 {Phaeodactylum tricornutum CCAP 1055/1} 	 S Y S E N I G A I S L T RS Y S E N I G A I S L T R

94

100

100

100

15368.BRADI1G27197.1 {Brachypodium distachyon} 	 T L T E N I H T L D I T KT L T E N I H T L D I T K

42

39947.OS07T0490500-01 {Oryza sativa Japonica Group} 	 T L T E N I H T L E N T KT L T E N I H T L E N T K

92

4577.GRMZM2G171880_P01 {Zea mays} 	 T L T E N I H T L E T T KT L T E N I H T L E T T K

80

4558.Sb02g033650.1 {Sorghum bicolor} 	 T L T E N I H T L E T T KT L T E N I H T L E T T K

84

4577.GRMZM5G802881_P01 {Zea mays} 	 T L T E N I H T L E T T KT L T E N I H T L E T T K
4577.GRMZM2G136872_P01 {Zea mays} 	 - - - - - - - - - - - - -- - - - - - - - - - - - -

4577.GRMZM2G085420_P03 {Zea mays} 	 - - - - - - - - - - - - -- - - - - - - - - - - - -

98

29760.VIT_00s0813g00010.t01 {Vitis vinifera} 	 T L T E N V H T I N I T KT L T E N V H T I N I T K

87

3702.AT4G38050.1 {Arabidopsis thaliana} 	 T L T E N I H T I N I T KT L T E N I H T I N I T K
59689.944034 {Arabidopsis lyrata} 	 T L T E N I H T I N I T KT L T E N I H T I N I T K

59

3694.POPTR_0007s14230.1 {Populus trichocarpa} 	 T L T E N V H T V N I T KT L T E N V H T V N I T K

16

29760.VIT_00s0483g00010.t01 {Vitis vinifera} 	 - - - - - - - - - - - - -- - - - - - - - - - - - -

99

3847.GLYMA08G38201.1 {Glycine max} 	 T L T E N V Q T I D T T KT L T E N V Q T I D T T K
3847.GLYMA18G29440.1 {Glycine max} 	 T L T E N V H T I D T T KT L T E N V H T I D T T K

3847.GLYMA01G02790.1 {Glycine max} 	 T L T E N M H T I D V T KT L T E N M H T I D V T K
3847.GLYMA09G33220.1 {Glycine max} 	 T L T E N T H T I D I T KT L T E N T H T I D I T K

58

83

88036.81830 {Selaginella moellendorffii} 	 T L T E N V H T I A V T RT L T E N V H T I A V T R
88036.268297 {Selaginella moellendorffii} 	 T L T E N V H T I A V T KT L T E N V H T I A V T K

100

145481.A9S4J9 {Physcomitrella patens} 	 T L T E N V H T I A V T KT L T E N V H T I A V T K
145481.A9SZ42 {Physcomitrella patens} 	 T L T E N V H T I A V T KT L T E N V H T I A V T K
145481.A9RF10 {Physcomitrella patens} 	 T L T E N V H T I A V T KT L T E N V H T I A V T K

100

100

39947.OS01T0857500-01 {Oryza sativa Japonica Group} 	 T I T E N V H T I A V T KT I T E N V H T I A V T K

9

15368.BRADI2G55440.1 {Brachypodium distachyon} 	 T I T E N V H T I A V T KT I T E N V H T I A V T K
4577.GRMZM2G095611_P03 {Zea mays} 	 T I T E N V H T I A V T KT I T E N V H T I A V T K
4558.Sb03g040390.1 {Sorghum bicolor} 	 T I T E N V H T I A V T KT I T E N V H T I A V T K

95

3702.AT2G27810.1 {Arabidopsis thaliana} 	 T L T E N V H T I A V T KT L T E N V H T I A V T K
59689.481725 {Arabidopsis lyrata} 	 T L T E N V H T I A V T KT L T E N V H T I A V T K

87

3694.POPTR_0009s15080.1 {Populus trichocarpa} 	 T I T E N V H T I A V T KT I T E N V H T I A V T K
3694.POPTR_0004s19940.1 {Populus trichocarpa} 	 T L T E N V H T I A V T KT L T E N V H T I A V T K

73

29760.VIT_06s0061g01310.t01 {Vitis vinifera} 	 T L T E N V H T I A V T KT L T E N V H T I A V T K

100

3847.GLYMA11G19420.1 {Glycine max} 	 T L T E N V H T I A V T KT L T E N V H T I A V T K
3847.GLYMA12G09060.1 {Glycine max} 	 T L T E N V H T I A V T KT L T E N V H T I A V T K

3847.GLYMA17G05280.1 {Glycine max} 	 T L T E N V H T I A V T KT L T E N V H T I A V T K
3847.GLYMA12G30670.1 {Glycine max} 	 T L T E N V H T I A V T KT L T E N V H T I A V T K

100

145481.A9SKP0 {Physcomitrella patens} 	 T S A E T I G L I G L T KT S A E T I G L I G L T K

91

100

145481.A9TGX2 {Physcomitrella patens} 	 V A P E N A G L I G L T RV A P E N A G L I G L T R

100

145481.A9TRH9 {Physcomitrella patens} 	 V A P E N V G L V G L T RV A P E N V G L V G L T R

100

145481.A9T018 {Physcomitrella patens} 	 V A P E N V G L V G L T RV A P E N V G L V G L T R
145481.A9T017 {Physcomitrella patens} 	 V A P E N V G L V G L T RV A P E N V G L V G L T R
145481.A9T020 {Physcomitrella patens} 	 V A P E N V G L V G L T RV A P E N V G L V G L T R

83

96

4

88036.133065 {Selaginella moellendorffii} 	 A L V E N A G L I G L T RA L V E N A G L I G L T R
88036.76475 {Selaginella moellendorffii} 	 I S V E N A G L V G I T RI S V E N A G L V G I T R

88036.445027 {Selaginella moellendorffii} 	 I S V E N P G L V G T S QI S V E N P G L V G T S Q

100

88036.150195 {Selaginella moellendorffii} 	 I S P E N A G L V G I T RI S P E N A G L V G I T R
88036.73581 {Selaginella moellendorffii} 	 V S V E N A G L V G L T RV S V E N A G L V G L T R
88036.185282 {Selaginella moellendorffii} 	 V S V E N A G L V G L T RV S V E N A G L V G L T R

98

100

100

100

39947.OS12T0583900-02 {Oryza sativa Japonica Group} 	 V S V E N I G L L G L T KV S V E N I G L L G L T K

64

15368.BRADI4G03420.1 {Brachypodium distachyon} 	 V S V E N I G L L G L T KV S V E N I G L L G L T K
4558.Sb08g019580.2 {Sorghum bicolor} 	 V S V E N I G L L G L T KV S V E N I G L L G L T K
4577.GRMZM2G041050_P01 {Zea mays} 	 V S V E N I G L L G L T KV S V E N I G L L G L T K

100

3702.AT2G26510.1 {Arabidopsis thaliana} 	 A S V E N V G L L G L T RA S V E N V G L L G L T R
59689.481510 {Arabidopsis lyrata} 	 A S V E N V G L L G L T RA S V E N V G L L G L T R

94

3694.POPTR_0002s13080.1 {Populus trichocarpa} 	 A S V E N V G L L G L T HA S V E N V G L L G L T H
3694.POPTR_0014s03510.1 {Populus trichocarpa} 	 A S V E N V G L L G L T HA S V E N V G L L G L T H

13

29760.VIT_18s0001g11260.t01 {Vitis vinifera} 	 A S V E N V G L L G L T HA S V E N V G L L G L T H
3847.GLYMA14G08690.1 {Glycine max} 	 V S V E N V G L L G L T HV S V E N V G L L G L T H
3847.GLYMA17G36440.1 {Glycine max} 	 V S V E N V G L L G L T HV S V E N V G L L G L T H

95

100

3694.POPTR_0014s15610.1 {Populus trichocarpa} 	 V S V E N V G L L G L T RV S V E N V G L L G L T R

74

69

29760.VIT_12s0059g01280.t01 {Vitis vinifera} 	 V S V E N V G L L G L T RV S V E N V G L L G L T R
3702.AT2G05760.1 {Arabidopsis thaliana} 	 V L V E N V G L L G L T RV L V E N V G L L G L T R
59689.480192 {Arabidopsis lyrata} 	 V L V E N V G L L G L T RV L V E N V G L L G L T R

95

3847.GLYMA13G13550.1 {Glycine max} 	 V S V E N V G L L G L T RV S V E N V G L L G L T R
3847.GLYMA20G13540.1 {Glycine max} 	 V S V E N A G L L G L T RV S V E N A G L L G L T R

3847.GLYMA02G43660.2 {Glycine max} 	 V S V E N V G L L G L T RV S V E N V G L L G L T R
3847.GLYMA14G05220.1 {Glycine max} 	 I S V E N V G L L G L T RI S V E N V G L L G L T R

98

100

59689.482362 {Arabidopsis lyrata} 	 V S V E N I G L L G S T RV S V E N I G L L G S T R
3702.AT2G34190.1 {Arabidopsis thaliana} 	 V S V E N I G L L G S T RV S V E N I G L L G S T R

89

3847.GLYMA08G12360.1 {Glycine max} 	 V S V E N V G L L G S N RV S V E N V G L L G S N R

42

3847.GLYMA04G06750.1 {Glycine max} 	 V S V E N V G L L G S T RV S V E N V G L L G S T R
3847.GLYMA06G06840.1 {Glycine max} 	 V S V E N V G L L G S T RV S V E N V G L L G S T R

96

29760.VIT_10s0003g01460.t01 {Vitis vinifera} 	 V S V E N V G L L G S T RV S V E N V G L L G S T R
3694.POPTR_0004s05750.1 {Populus trichocarpa} 	 V S V E N I G L L G S T RV S V E N I G L L G S T R
3694.POPTR_0011s07170.1 {Populus trichocarpa} 	 V S V E N I G L L G S T RV S V E N I G L L G S T R

84

100

39947.OS01T0759900-01 {Oryza sativa Japonica Group} 	 V S V E N V G L L G S T RV S V E N V G L L G S T R

38

15368.BRADI2G50460.1 {Brachypodium distachyon} 	 V S V E N V G L L G S T RV S V E N V G L L G S T R
4558.Sb03g035190.1 {Sorghum bicolor} 	 V S V E N V G L L G S T RV S V E N V G L L G S T R
4577.GRMZM2G437859_P04 {Zea mays} 	 V S V E N V G L L G S T RV S V E N V G L L G S T R

100

94

15368.BRADI4G27960.1 {Brachypodium distachyon} 	 V S V E N V G L L G S T RV S V E N V G L L G S T R
4558.Sb02g021450.2 {Sorghum bicolor} 	 V S V E N V G L L G S T RV S V E N V G L L G S T R
4577.GRMZM2G100484_P01 {Zea mays} 	 V S V E N V G L L G S T RV S V E N V G L L G S T R

100

15368.BRADI3G34660.1 {Brachypodium distachyon} 	 V S V E N V G F L G S T RV S V E N V G F L G S T R

40

39947.OS08T0369000-01 {Oryza sativa Japonica Group} 	 V S V E N I G L L G S T RV S V E N I G L L G S T R

100

4558.Sb08g001650.1 {Sorghum bicolor} 	 V S V E N V G L L G S T RV S V E N V G L L G S T R
4558.Sb07g014930.1 {Sorghum bicolor} 	 V S V E N V G L L G S T RV S V E N V G L L G S T R
4577.GRMZM2G080387_P01 {Zea mays} 	 V S V E N V G L L G S T RV S V E N V G L L G S T R

100

97

100

4577.GRMZM5G858417_P01 {Zea mays} 	 A S V E N A G L L A V T RA S V E N A G L L A V T R
4558.Sb01g011360.1 {Sorghum bicolor} 	 A S V E N A G L L A V T RA S V E N A G L L A V T R

15368.BRADI1G11910.1 {Brachypodium distachyon} 	 A S V E N S G L L A I T RA S V E N S G L L A I T R
39947.OS03T0694500-01 {Oryza sativa Japonica Group} 	 A S V E N A G L L A L T RA S V E N A G L L A L T R

94

96

29760.VIT_03s0091g01050.t01 {Vitis vinifera} 	 A S V E N T G L L G L T RA S V E N T G L L G L T R

92

59689.474126 {Arabidopsis lyrata} 	 A L V E N T G L L G L T KA L V E N T G L L G L T K
3702.AT1G49960.1 {Arabidopsis thaliana} 	 A L V E N T G L L G L T KA L V E N T G L L G L T K

8

3847.GLYMA10G40240.2 {Glycine max} 	 A S V E N A G L L G L K RA S V E N A G L L G L K R
3847.GLYMA20G27170.1 {Glycine max} 	 A S V E N A G L L G L T RA S V E N A G L L G L T R

3694.POPTR_0001s29990.1 {Populus trichocarpa} 	 - - L E N S G L - - - - -- - L E N S G L - - - - -
3694.POPTR_0009s09000.1 {Populus trichocarpa} 	 A S V E N A G L V G L T RA S V E N A G L V G L T R

100

29760.VIT_18s0001g08930.t01 {Vitis vinifera} 	 I S V E N V G L L A V T RI S V E N V G L L A V T R

100

97

3847.GLYMA14G09920.1 {Glycine max} 	 A S V E N A G L L A L T KA S V E N A G L L A L T K
3847.GLYMA17G35241.1 {Glycine max} 	 A S V E N A G L L A L T KA S V E N A G L L A L T K

3847.GLYMA04G04890.1 {Glycine max} 	 A S V E N A G L L A L T KA S V E N A G L L A L T K
3847.GLYMA06G04990.1 {Glycine max} 	 A S V E N A G L L A L T KA S V E N A G L L A L T K

63

3694.POPTR_0014s01540.1 {Populus trichocarpa} 	 A S V E N A G L L A L T KA S V E N A G L L A L T K

100

3702.AT5G25420.1 {Arabidopsis thaliana} 	 - - - K N V G L L A M T K- - - K N V G L L A M T K

93

59689.475654 {Arabidopsis lyrata} 	 T S T E N V G L L A M T KT S T E N V G L L A M T K
59689.894454 {Arabidopsis lyrata} 	 T S T E N V G L L A M T KT S T E N V G L L A M T K
3702.AT1G65550.1 {Arabidopsis thaliana} 	 T S T E N V G L L A M T KT S T E N V G L L A M T K

100

100

100

39947.OS09T0381100-01 {Oryza sativa Japonica Group} 	 V S V E N V G L L A L T HV S V E N V G L L A L T H

14

15368.BRADI4G29440.1 {Brachypodium distachyon} 	 V S V E N V G L L A V T HV S V E N V G L L A V T H
4558.Sb02g023720.1 {Sorghum bicolor} 	 V S V E N I G L L A L T RV S V E N I G L L A L T R
4577.GRMZM2G414813_P02 {Zea mays} 	 V S V E N I G L L A L T RV S V E N I G L L A L T R

100

15368.BRADI3G36010.1 {Brachypodium distachyon} 	 V S V E N A G L L A L T HV S V E N A G L L A L T H

88

39947.OS08T0420600-01 {Oryza sativa Japonica Group} 	 V S V E N A G L L A L T HV S V E N A G L L A L T H
4558.Sb07g020510.1 {Sorghum bicolor} 	 I C S E N A G L L A L T HI C S E N A G L L A L T H
4577.GRMZM2G115635_P01 {Zea mays} 	 V S V E N A G L L A L T HV S V E N A G L L A L T H

91

74

100

39947.OS02T0741800-01 {Oryza sativa Japonica Group} 	 V S V E N A G L L A L T RV S V E N A G L L A L T R

38

15368.BRADI3G59600.1 {Brachypodium distachyon} 	 V S I E N A G L L A L T RV S I E N A G L L A L T R
4577.GRMZM5G812555_P01 {Zea mays} 	 V S V E N A G L L A L T RV S V E N A G L L A L T R
4558.Sb04g028300.1 {Sorghum bicolor} 	 V S V E N A G L L A L T RV S V E N A G L L A L T R

100

39947.OS03T0823800-01 {Oryza sativa Japonica Group} 	 V S V E N A G L L G L T RV S V E N A G L L G L T R

41

15368.BRADI1G03480.1 {Brachypodium distachyon} 	 V S V E N A G L L G L T RV S V E N A G L L G L T R

99

4577.GRMZM2G045781_P02 {Zea mays} 	 V S V E N A G L L A L T RV S V E N A G L L A L T R

84

4577.GRMZM2G420823_P02 {Zea mays} 	 V S V E N A G L L G L T RV S V E N A G L L G L T R
4577.GRMZM2G085460_P01 {Zea mays} 	 V H D R W K Y I W G S D KV H D R W K Y I W G S D K

4558.Sb01g002960.1 {Sorghum bicolor} 	 V S V E N A G L L G L S RV S V E N A G L L G L S R

100

99

100

59689.910785 {Arabidopsis lyrata} 	 V S V E N A G L L A V T RV S V E N A G L L A V T R
3702.AT1G10540.1 {Arabidopsis thaliana} 	 V S V E N A G L L A V T RV S V E N A G L L A V T R

59689.925053 {Arabidopsis lyrata} 	 V S V E N A G L L A L T RV S V E N A G L L A L T R
3702.AT1G60030.1 {Arabidopsis thaliana} 	 V S V E N A G L L A L T RV S V E N A G L L A L T R

10

98

29760.VIT_01s0026g00740.t01 {Vitis vinifera} 	 V S V E N A G L L A L T RV S V E N A G L L A L T R
3694.POPTR_0008s14580.1 {Populus trichocarpa} 	 V S V E N A G L L A L T RV S V E N A G L L A L T R
3694.POPTR_0010s10550.1 {Populus trichocarpa} 	 V S V E N A G L L A L T RV S V E N A G L L A L T R

98

3847.GLYMA18G18060.2 {Glycine max} 	 V S V E N A G L L A L T RV S V E N A G L L A L T R
3847.GLYMA08G40100.2 {Glycine max} 	 V S V E N A G L L A L T RV S V E N A G L L A L T R
3847.GLYMA02G03550.5 {Glycine max} 	 V S V E N A G L L A L T QV S V E N A G L L A L T Q
3847.GLYMA01G04160.2 {Glycine max} 	 V S V E N A G L L A L T RV S V E N A G L L A L T R

100

99

3847.GLYMA04G35080.3 {Glycine max} 	 V S V E N A G L L A L T RV S V E N A G L L A L T R
3847.GLYMA06G19660.4 {Glycine max} 	 V S V E N A G L L A L T RV S V E N A G L L A L T R
3847.GLYMA17G10000.1 {Glycine max} 	 V S V E N A G L L A L T RV S V E N A G L L A L T R
3847.GLYMA05G01900.1 {Glycine max} 	 V S V E N A G L L A L T RV S V E N A G L L A L T R

33

90

29760.VIT_17s0000g07850.t01 {Vitis vinifera} 	 V S V E N A G L L A L T RV S V E N A G L L A L T R
3694.POPTR_0015s08380.1 {Populus trichocarpa} 	 V S V E N A G L L A L T RV S V E N A G L L A L T R

3694.POPTR_0012s07890.1 {Populus trichocarpa} 	 V S V E N A G L L A L T RV S V E N A G L L A L T R

97

59689.496474 {Arabidopsis lyrata} 	 V S V E N A G L L A L T RV S V E N A G L L A L T R
3702.AT5G62890.1 {Arabidopsis thaliana} 	 V S V E N A G L L A L T RV S V E N A G L L A L T R

3702.AT5G49990.1 {Arabidopsis thaliana} 	 V S V E N A G L L A L T KV S V E N A G L L A L T K
59689.495055 {Arabidopsis lyrata} 	 V S V E N A G L L A L T KV S V E N A G L L A L T K

0.50



Supplementary Figure S2. Phylogenetic tree of the SVCT clade and the NAT 

signature motif 

 

The same ML phylogenetic tree as in Figure 1a is shown, here extended and with the 

sequence - followed by the species - names shown. The protein names correspond to 

the sequence ids as of Ensembl genomes, or the Uniprot name, for those cases that 

mapping was successful. Red “spheres” indicate duplication nodes (according to the 

species overlap algorithm), and the numbers next to the nodes correspond to aLRT 

support values. On the right, the NAT signature motif is shown for each protein 

sequence. The ETE toolkit was used for tree visualization [66]. 

 

 



Supplementary Table S1. List of strain used in this study 

 

 Strain Genotype  

 wt pabaA1  

 uapA
-
 uapAΔ uapCΔ::AfpyrG azgAΔ pabaA1 

 

 UapA
 

uapA-GFP-argB uapAΔ uapCΔ::AfpyrG azgAΔ pabaA1 
 

 UapA-Q408P 
uapA-GFP

-Q408P
-argB uapAΔ uapCΔ::AfpyrG azgAΔ argB2 

pabaA1 

 

 UapA-A407S/Q408P 
uapA-GFP

-A407S/Q408P
-argB uapAΔ uapCΔ::AfpyrG azgAΔ argB2 

pabaA1 

 

 
UapA- 

F406S/A407S/Q408P 

uapA-GFP
-F406S/A407S/Q408P

-argB uapAΔ uapCΔ::AfpyrG azgAΔ 

argB2 pabaA1 

 

 
UapA-

A405S/F406S/A407S 

uapA-GFP
-T405S/F406S/A407S

-argB uapAΔ uapCΔ::AfpyrG azgAΔ 

argB2 pabaA1 

 

 FurA 
gpdAp-FurA-GFP-panΒ uapAΔ uapCΔ::pyrG azgAΔ 

fcyBΔ::argB furDΔ::riboB FurAΔ::riboBΔ cntAΔ::riboB pabaA1  

 

 

All strains shown possess the veA1 mutation which promotes conidiation. pabaA1 and argB2 are 

loss of function mutations leading to auxotrophic requirement of para-aminobenzoic acid and 

arginine respectively. AfpyrG is the Aspergillus fumigatus wild type pyrG gene(pyrimidine 

biosynthesis) used as a standard selection marker in A. nidulans transformation. panB and riboB 

are genes involved in pantothenic acid and riboflavin biosynthesis, used as selection markers for 

targeted gene knock out. All other genes, encoding transporters, are explained in the text. 

 

Supplementary Table S2. Oligonucleotides used for the construction of uapA mutants. 

 Name Sequence 

1 UapA A407S/Q408P F 5’-CCCCCATGACGACCTTTTCGCCGAACAACGGCGTG-3’ 

2 UapA A407S/Q408P R 5’-CACGCCGTTGTTCGGCGAAAAGGTCGTCATGGGG-3’ 

3 UapA F406S/A407S/Q408P F 5’-GACCCCCATGACGACCTCTTCGCCGAACAACGGCGTG-3’ 

4 UapA F406S/A407S/Q408P R 5’-CACGCCGTTGTTCGGCGAAGAGGTCGTCATGGGGGTC-3’ 

5 UapA T405S/F406S/A407S F 5’-CAATGACCCCCATGACGTCGTCGTCGCAGAACAACGGCGTG-3’ 

6 UapA T405S/F406S/A407S R 5’-CACGCCGTTGTTCTGCGACGACGACGTCATGGGGGTCATTG-3’ 

 


