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Figures caption 
 
Supplemental figures S1 to S156. Maximum likelihood phylogenetic trees of the 
Arabidopsis thaliana enzymes involved in amino acid biosynthesis. Page numbers 
correspond to detailed descriptions in the main text and information presented in Table 
S1 (Supplementary Information). The numbers near (right side) nodes indicate RaxML 
bootstrap support values. Branch lengths are proportional to the number of substitutions 
per site (see the scale bars)  
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Supplemental Table S1.  Arabidopsis thaliana proteins involved in amino acid biosynthesis 
	  

Pathway Figure Enzyme/Protein Name EC N Pt loc Ref Pl Bra CB ORI CB HOM 

Membrane transport  Arabidopsis gene number         
  Nitrite transporter      	     
 S1 At1g68570.1   (1)  	  	    
     	           

Nitrite reduction     	           
  Nitritre reductase EC 1.6.6.1    	    
 S2 At2g15620.1   (2)    
     	           

Glutamine     	           
  Glutamine synthetase EC 6.3.1.2    	    
 S3 At5g35630.1   (3, 4)  	  	     
 S4 At5g37600.1   (5)  	  	     
 S5 At1g66200.2   (5)  	  	     
 S6 AT3G17820.1   (5)  	  	     
 S7 At5g16570.1   (5)  	  	     
 S8 At1g48470.1   	   (5)      

Glutamate     	           
  Glutamate synthase Ferredoxin-dependent 

(Fd-GOGAT) 
EC 1.4.7.1 

  
 	  

 

 S9 At5g04140.2    (6, 7)    
 S10 At2g41220.1   (6, 7)     
  Glutamate synthase NADH-dependent 

(GOGAT) 
EC 1.4.1.14 

  
 	  

 

 S11 At5g53460.1    (6, 7)       

Tryptophan     	           
  Anthranilate synthase alpha subunit EC 4.1.3.27    	    
 Fig. 3A At5g05730.1   (8)  	  	    
 S12 At2g29690.1   (8)  	  	    
 S13 At3g55870.1     	  	    
  Anthranilate synthase beta subunit     	    
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  Fig. 3B At1g25220.1   (9)    
 S14 At1g24807.1   (10)    
 S15 At1g25155.1       
 S16 At5g57890.1       
 S17 At1g24909.1       
 S18 At1g25083.1       
  Anthranilate phosphoribosyl transferase EC 2.4.2.18    	    
 S25 At5g17990.1   (8)  	  	     
  Phosphoribosyl anthranilate isomerase EC 5.3.1.24    	    

  S26 At5g05590.2   (8)  	  	    
 S27 At1g29410.1   (8)  	  	     
 S28 At1g07780.3   (8)  	  	     
  Indole-3-glycerol-phosphate synthase  EC 4.1.1.48    	    
 S19 At2g04400.1   (10, 11)    
 S20 At5g48220.1   (10-12)    
  Tryptophan synthase apha subunit EC 4.2.1.20    	    
 S21 At3g54640.1    (8)    
 S22 At4g02610.1    (8)    
  Tryptophan synthase beta subunit     	    
 S23 At5g54810.1    (8)    
 S24 At4g27070.1     (8)    

Phenyalanine and 
Tyrosine 

  

  
	           

  Chorismate mutase EC 5.4.99.5    	    
  S29 At1g69370.1   (13, 14)  	  	     

 S30 At3g29200.1   (13, 14)  	  	     
 S31 At5g10870.1   (14)  	  	     
  Glutamate/aspartate-prephenate 

aminotransferase 
EC 2.6.1.79 

  
 	  

  

 S32 At2g22250.1   (15)  	  	     
  Arogenate dehydratase/Prephenate 

Dehydratase 
EC 4.2.1.91 

  
 	  

  

  S33 At3g44720.1   (16)  	  	     
 S34 At1g11790.2   (16)  	  	     
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 S35 At3g07630.2   (16)  	  	     
 S36 At2g27820.1   (16)  	  	     
 S37 At5g22630.1   (16)  	  	     

  S38 At1g08250.1   (16)  	  	     
  Arogenate dehydrogenase EC 1.3.1.43    	     
 S39 At5g34930.1   (16)  	  	     
 S40 At1g15710.1    (16)  	     

Histidine     	       	     
  ATP phosphoribosyltransferase EC 2.4.2.17    	    

  S41 At1g58080.1    (17, 18)  ?  
 S42 At1g09795.1   (18)  ?   
  Phosphoribosyl ATP 

pyrophosphohydrolase EC 3.6.1.31   
 	    

  Phosphoribosyl-AMP cyclohydrolase EC 3.5.4.19    	    
 S43 At1g31860.1    (18, 19)  	  	     
  BBMII isomerase EC 5.3.1.16    	    
 S44 At2g36230.1    (18, 20)  	  	     
  Imidazoleglycerol-phosphate synthase EC 2.4.2.-    	    
 S45 At4g26900.1    (10, 18, 20)  	  	     
  Imidazoleglycerol-phosphate dehydratase EC 4.2.1.19    	    

  S46 At3g22425.1    (18, 21)    
  Fig. 2 At4g14910.1   (18)    

  Histidinol-phosphate aminotransferase EC 2.6.1.9    	     
  S48 At5g10330.1   (18)  	  	     

 Fig. 4 At1g71920.1   (18)  	  	    
  Histidinol phosphate phosphatase EC 3.1.3.15    	    
 S50 At4g39120.1   (18)  ?  
  Histidinol dehydrogenase EC 1.1.1.23    	    
 S51 At5g63890.1     (18) 	   	    

Aspartate     	     	   	     
  Aspartate aminitrasnoferase EC 2.6.1.1    	    
 S52 At4g31990.1   (22-24)  	  	     
 S53 At2g30970.1   (24)  	  	     
 S54 At5g11520.1   (24)  	  	     
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 S55 At5g19550.1   (25)  	  	     
 S56 At1g62800.1     	  	     
 S57 At5g51690.1     	  	     
 S58 At1g62960.1      	   	     

Aspartate-derived     	     	   	     
  Aspartate kinase EC 2.7.2.4    	    

  S59 At5g13280.1   (26, 27)  	  	     
 S60 At5g14060.1   (26, 27)  	  	     
 S61 At3g02020.1   (26, 27)  	  	     
  Aspartate kinase/homoserine 

dehydrogenase 
 

  
 	  

 

 S62 At1g31230.1   (26-28)  	  	     
  S63 At4g19710.1   (26-28)  	  	     

  Aspartate semialdehyde dehydrogenase EC 1.2.1.11    	    
 S64 At1g14810.1   (29)  ?  
  Homoserine dehydrogenase EC 1.1.1.3    	    
 S65 At5g21060.1   (30)  	  	    
  Homoserine kinase  EC 2.7.1.39    	    
 S66 At2g17265.1    (27, 31) 	   	    

Lysine     	     	   	     
  Dihydrodipicolinate synthase EC 4.2.1.52    	    
 S67 At3g60880.1   (32)  	  	     
 S68 At2g45440.1   (31, 32)  	  	     
  Dihydrodipicolinate reductase EC 1.3.1.26    	    
 S69 At5g52100.1   (33)    
 S70 At3g59890.2   (33, 34)  	     
 S71 At2g44040.1   (33, 34)  	  	    
  L-diaminopimelate aminotransferase EC 2.6.1.83    	    
 S72 At4g33680.1   (33, 35)  	  	    
  Diaminopimelate epimerase EC 5.1.1.7     	    
 S73 At3g53580.1   (33)    
  Diaminopimelate decarboxylase EC 4.1.1.20    	    

  S74 At3g14390.1   (33, 34)  	  	     
 S75 At5g11880.1    (33, 34)  	  	     
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Threonine     	     	   	     
  Threonine synthase EC 4.2.99.2    	    

  S76 At4g29840.1   (27, 36)  ?  
 S77 At1g72810.1     -  ?  

 Methionine     	       	     
  from Cysteine + P-Homoserine (Aspartate)     	    
  Cystathionine gamma-synthase EC 4.2.99.9    	    

  S78 At3g01120.1   (37)  	  	     
  Cystathionine beta-lyase EC 4.4.1.8    	    
 S79 At3g57050.1   (37)  	  	     
  Methionine synthase EC 2.1.1.14    	    
 S80 At5g20980.1   (38)  	  	     
 S81 At3g03780.1   (38)  	  	     
 S82 At5g17920.1    (38) 	   	     

Isoleucine     	     	   	     
  Threonine deaminase (Threonine 

dehydratase) 
EC 4.2.1.16 

  
 	  

 

 S83 At3g10050.1   (39, 40)  ?   
   Acetolactate synthase large subunit EC 4.1.3.18    	    
  Fig. 5A At3g48560.1    (10, 41)  	  	     
   Acetolactate synthase small subunit     	    
  Fig. 5B At2g31810   (10, 41)    

 S84 At5g16290.1       
  Ketolacid Reductoisomerase EC 1.1.1.86    	    

  S85 At3g58610   (10, 41)  	  	    
  Dihydroxyacid Dehydratase EC 4.2.1.9    	    
 S86 At3g23940.1   (10)  	  	    
  Branched-chain amino acid transaminases EC 2.6.1.42    	    
 S87 At1g10070.1   (41)  	  	    
 S88 At3g49680.1   (10)  	  	    
 S89 At5g65780.1   (10)  	  	    
  methionine γ-lyase  EC 4.4.1.11    	    
 S90 At1g64660.1    (42) 	   	     
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Valine     	     	   	     
  Uses the enzymes TDH1, ALS, KARI of 

isoleucine biosynthesis 
 

  
 	  

 

  Uses Branched-chain amino acid 
transaminases of isoleucine biosynthesis 

  
   	   	     

Leucine     	     	   	     
  Uses the enzymes TDH1, ALS, KARI of 

isoleucine biosynthesis 
 

  
 	  

 

  Uses Branched-chain amino acid 
transaminases of isoleucine biosynthesis 

 
  

 	  
 

  Isopropylmalate synthase EC 4.1.3.12    	    
 S91 At1g18500.1   (43) 	   	  	     
 S92 At1g74040.1   (43) 	   	  	    
  Isopropylmalate synthase 

(Methylthioalkylmalate synthase) 
 

  
	   	  

  

 S93 At5g23020.1   (44) 	   	  	    
 S94 At5g23010.1   (10, 45) 	   	  	     
  Isopropylmalate isomerase EC 4.2.1.33    	    
 S95 At4g13430.1   (46, 47)  	  	    
 S96 At2g43090.1   (46, 47)  	  	    
 S97 At2g43100.1   (46, 47)  	  	    
 S98 At3g58990.1   (46, 47)  	  	    
   Isopropylmalate dehydrogenase EC 1.1.1.85    	    
 S99 At1g80555.1       

  S100 At5g14200.1   (12, 48)    
 S101 At1g80560.1   (12, 48)    
 S102 At1g31180.1    (12, 48)    

Arginine     	           
  Ornithine pathway     	    
  N-Acetylglutamate synthase EC 2.3.1.1    	    

  S103 At4g37670.2    (49, 50)  	  	     
 S104 At2g22910.1   (49, 50)  	  	     
  N-Acetylglutamate kinase EC 2.7.2.8    	    
 S105 At3g57560.1    (50, 51)    
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  N-Acetylglutamate-5-P reductase EC 1.2.1.38    	    
  S106 At2g19940.2   (10, 52, 53)  	  	     

  2-Acetylornithine aminotransferase EC 2.6.1.11    	    
 S107 At1g80600    (10, 12, 49) 	   	  	     
  N2-Acetylornithine:glutamate 

acetyltransferase 
EC 2.3.1.35 

  
 	  

 

 S108 At2g37500.1   (10, 12, 49)    
  N2-Acetylornithine deacetylase EC 3.5.1.16    	    
 S109 At4g17830.1   (50, 54)  	  	     
  Arginine pathway     	    
  Carbamoyl-P synthetase Large subunit EC 6.3.5.5    	    
 S110 At1g29900.1    (10, 12, 49)    
  Carbamoyl-P synthetase Small subunit      	    
 S111 At3g27740.1   (10, 12, 49) 	   	  	     
  Ornithine carbamoyltransferase EC 2.1.3.3    	    

  S112 At1g75330.1   (10, 12, 49)  	  	     
  Argininosuccinate synthase EC 6.3.4.5    	    
 S113 At4g24830.1   (53, 55)  	  	     
  Argininosuccinate lyase   EC 4.3.2.1    	    
 S114 At5g10920.1   (10, 12)  	  	     
  P II nitrogen sensing protein GLB I     	    
 S115 At4g01900.1    (56)    

 Proline     	           
  from Glutamate     	    

   Pyrroline-5-carboxylate synthase EC 1.2.1.41    	    
 S116 At2g39800.1   (57)  	  	     
 S117 At3g55610.1   (57)  	  	    
  Pyrroline-5-carboxylate reductase EC 1.5.1.2    	    
 S118 At5g14800.1   (58, 59)  	  	     
  from Ornithine     	    
  Ornithine-δ-aminotransferase EC 2.6.1.13    	    
 S119 At5g46180.1   	   (60, 61) 	   	    

Serine     	     	   	     
  3-phosphoglycerate dehydrogenase EC 1.1.1.95    	     
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  S120 At1g17745.1   (62, 63)  	  	     
 S121 At1g72190.1     	  	     
 S122 At1g68010.1   (10)  	  	     
 S123 At3g19480.1   (10)  	  	     
  Phosphoserine aminotransferase EC 2.6.1.52    	    
 S124 At4g35630.1    (63)  	  	     
 S125 At2g17630.1    (63)  	  	     
  3-phosphoserine phosphatase EC 3.1.3.3    	    
 S126 At1g18640.1     (63) 	   	     

 Glycine     	     	   	     
  from Serine     	    
  Serine(glycine) hydroxymethyltransferase EC 2.1.2.1    	    
 S127 At4g32520.1   (64)  	    
 S128 At4g37930.1   (65)  	    
 S129 At5g26780.3     	    
 S130 At4g13890.1     	    
 S131 At4g13930.1     	    
 S132 At1g22020.1     	    
 S133 At1g36370.1     	    
  from Threonine     	    
   Threonine aldolase EC 4.1.2.5    	    
 S134 At3g04520.1   (66)  	     
 S135 At1g08630.1   (66)  	     
  from Glyoxylate     	    
  Serine(alanine):glyoxylate 

aminotransferase EC 2.6.1.45   
 	    

  Fig. 6 At2g13360.2   (53, 55)  	    
  Glutamate:glyoxylate (alanine) 

aminotransferase 
EC 2.6.1.4 

  
 	  

 

 S137 At1g23310.1   (55)  	     
 S138 At1g70580.1    (55) 	   	     

Cysteine     	     	   	     
  Serine O-acetyltransferase EC 2.3.1.30    	    
 S139 At1g55920.1   (67, 68)  	     
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 S140 At2g17640.1   (67, 69)  	    
 S141 At3g13110.1   (67, 68  	    
 S142 At4g35640.1   (67, 69)  	    
 S143 At5g56760.1   (67, 68)  	     
   Cysteine synthase/O-acetylserine thiol lyase EC 4.2.99.8    	     
 S144 At2g43750.1   (70)  	    
 S145 At3g59760.1   (70)  ?  
 S146 At4g14880.1   	   (71)  ?  

Alanine     	       	     
  From cysteine     	    
  Cysteine desulfurase EC 2.8.1.7    	    
 S147 At1g08490.1   (72, 73)    
 S148 At5g65720.1   (74)  	  	     
  Alanine aminotransferase EC 2.6.1.2    	    
 S149 At1g72330.1   (75)  	  	     
 S150 At1g17290.1   (75, 76)  	  	     
  Alanine (tryptophan) aminotransferase     	    
 S151 At1g70560.1   (77)  	  	     
 S152 At1g23320.1   	   (77) 	   	     

Asparagine     	     	   	     
  From Aspartate     	    
  Asparagine synthetase (glutamine 

dependent) 
EC 6.3.5.4  

  
 	  

 

 S153 At3g47340.2    (78)  	  	    
  Asparagine synthetase      	    
 S154 At5g65010.1     (78)  	  	    
 S155 At5g10240.1    (78)  	  	    
  cyanide detoxification     	    
  β-cyano-L-alanine hydratase/nitrilase EC 3.5.5.4    	  	   	  	    
 S156 At5g22300.1   	   (79) 	   	    

 
EC N: Enzyme commission numbers  
Pt loc: Plastid localized enzymes (see Methods)  
Ref: Reference to experimental data regarding sub-cellular localization of the corresponding protein  
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Pl Bra: Al least two members of the three different lineages of the Plantae supergroup (sensu Cavalier-Smith, 2981) branch in the same clade. 
CB ORI: the query protein is of putative cyanobacterial origin 
CB HOM: cyanobacterial homologous sequences are present in the ML tree when a non-cyanobacterial origin is presumed in the Plantae homolog  
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Supplemental Table S2.  Protein-coding genes from Plantae plastid genomes of putative non- cyanobacterial 
origin 
 

Taxa Cyanophora 
paradoxa 

Arabidopsis 
thaliana 

Chlamydomonas 
reinhardtii 

Mesostigma 
viride 

Pyropia 
yezoensis 

Cyanidisochyzon 
merolae 

Cyanidium 
caldarium 

GenBank accession NC 001675 NC 000932 NC 005353 NC 005353 NC 007932 NC 004799 NC 001840 
Protein-coding genes  149  85  69 105   209 207  203  

 11467418 126022795 195976152 11466449 90994553 30468108 126165876 
 11467417 7525097 41179071 11466448 90994541 30468247 11465407 
 11467409 7525092 41179064 11466447 90994535 30468166 11465514 
 11467404 7525076 41179058 11466445 90994512 30468102 11465461 
 11467394 7525075 41179042 11466438 90994505 30468200 11465496 
 11467388 7525066 41179035 11466434 90994485 30468103 11465440 
 11467353 7525056 41179008 11466422 90994472 30468226 11465403 
 11467313   11466421 90994461 30468219 11465578 
 11467289   11466408 90994424 30468133 11465480 
 11467286   11466359 90994419 30468105 11465409 
     90994418 30468104 11465581 

     90994417 30468190 11465404 
     90994414 30468169 11465481 
     90994404 30468165 11465586 
      30468147 11465437 
	   	   	   	   	   	   30468090 11465551 
      30468097 11465424 
      30468106 11465410 
      30468123 11465441 
      30468228 11465447 
      30468191 11465442 
      30468155 11465506 
      30468187 11465429 
      30468204 11465519 
      30468071 11465435 
      30468197 11465448 
      30468180 11465555 
      30468170 11465523 
      30468192 11465502 
      30468205 11465503 
      30468202 11465548 
      30468201 11465504 
      30468144 11465501 
      30468059 11465505 
      30468156 11465500 
      30468251 11465556 
      30468196 11465462 
      30468074 11465495 
      30468110 11465478 
      30468063 11465475 
      30468129 11465473 
      30468185 11465470 
      30468049 11465465 
      30468055  
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      30468137  
      30468140  
      30468141  
      30468060  
      30468142  
      30468250  
      30468138  
      30468066  
      30468053  
      30468058  
      30468253  
      30468139  
      30468107  
      30468230  
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