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Figure S2. Phylogenetic tree of -ketothiolase and its homologs.  

The tree was constructed based on conserved blocks (total 227 positions) from 511 sequences. 

Each protein sequence on the tree is listed under its gene identifier (gi) in the NCBI’s RefSeq 

database and the name of the source organism. Eukaryotic proteins and clades are marked by 

bold orange branches. The names of bacterial and archaeal proteins are colored according to 

their taxonomy, as follows:  

Archaea: 
Crenarchaeota 
Euryarchaeota 
Korarchaeota 
Nanoarchaeota 
Thaumarchaeota 
 
Well-sampled bacterial phyla

*
:  

Actinobacteria 
Aquificae 
Bacteroidetes/Chlorobi group 
Chlamydiae/Verrucomicrobia group 
Chloroflexi 
Cyanobacteria 
Deinococcus-Thermus 
Firmicutes 
Proteobacteria 
Thermotogae 

Poorly sampled bacterial phyla
*
: 

Chrysiogenetes 
Deferribacteres 
Dictyoglomi 
Elusimicrobia 
Fibrobacteres/Acidobacteria group 
Fusobacteria 
Gemmatimonadetes 
Nitrospirae 
Planctomycetes 
Spirochaetes 
Synergistetes 
Thermodesulfobacteria 
unclassified Bacteria 
 

* 
The terms "poorly sampled" and "well-sampled" refer to the number of full genome sequences available 

for the respective phyla. 
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Figure S4. Phylogenetic tree of the 4-hydroxybutyryl-CoA dehydratase and its homologs 
(COG2368) from bacteria and archaea.  

The tree was constructed based on conserved blocks (total 227 positions) from 511 sequences. 
Each protein sequence on the tree is listed under its gene identifier (gi) in the NCBI’s RefSeq 
database and the name of the source organism. The names of bacterial and archaeal proteins 
are colored as in Fig. S2. 

  

 



 108804686 Rubrobacter xylanophilus DSM 9941

 111018781 Rhodococcus jostii RHA1

 226360869 Rhodococcus opacus B4

 154246515 Xanthobacter autotrophicus Py2

 294083826 Candidatus Puniceispirillum marinum IMCC1322 

 160898465 Delftia acidovorans SPH 1

 333915319 Delftia sp  Cs1 4

 71281564 Colwellia psychrerythraea 34H

 298292605 Starkeya novella DSM 506

 294146811 Sphingobium japonicum UT26S

 269125209 Thermomonospora curvata DSM 43183

 218781230 Desulfatibacillum alkenivorans AK 01

 15920242 Sulfolobus tokodaii str  7

 70606878 Sulfolobus acidocaldarius DSM 639

 146303989 Metallosphaera sedula DSM 5348

 229583326 Sulfolobus islandicus Y N 15 51

 284996700 Sulfolobus islandicus L D 8 5

 227829341 Sulfolobus islandicus L S 2 15

 229578114 Sulfolobus islandicus Y G 57 14

 15899242 Sulfolobus solfataricus P2

 229583865 Sulfolobus islandicus M 16 27

 227826701 Sulfolobus islandicus M 14 25

 238618788 Sulfolobus islandicus M 16 4

 325969759 Vulcanisaeta moutnovskia 768 28

 325968202 Vulcanisaeta moutnovskia 768 28

 307596316 Vulcanisaeta distributa DSM 14429

Group 4

 218778431 Desulfatibacillum alkenivorans AK 01

 218780379 Desulfatibacillum alkenivorans AK 01

 209885366 Oligotropha carboxidovorans OM5

 337741013 Oligotropha carboxidovorans OM5

 319794378 Variovorax paradoxus EPS

 337279514 Ramlibacter tataouinensis TTB310

 124267702 Methylibium petroleiphilum PM1

 257093568 Candidatus Accumulibacter phosphatis clade IIA str  UW 1 

 171059671 Leptothrix cholodnii SP 6

 145588557 Polynucleobacter necessarius subsp  asymbioticus QLW P1DMWA 1 

 89897478 Desulfitobacterium hafniense Y51

 78044808 Carboxydothermus hydrogenoformans Z 2901

 302342484 Desulfarculus baarsii DSM 2075

Group 1 11498632 Archaeoglobus fulgidus DSM 4304

 116750562 Syntrophobacter fumaroxidans MPOB

 85858564 Syntrophus aciditrophicus SB

 156937388 Ignicoccus hospitalis KIN4 I

 347523816 Pyrolobus fumarii 1A

 352682299 Thermoproteus tenax Kra 1

 18313522 Pyrobaculum aerophilum str  IM2

 327310847 Thermoproteus uzoniensis 768 20

 126460004 Pyrobaculum calidifontis JCM 11548

 171184897 Thermoproteus neutrophilus V24Sta

 119871764 Pyrobaculum islandicum DSM 4184

 229586018 Sulfolobus islandicus M 16 27

 229580497 Sulfolobus islandicus Y G 57 14

 227831544 Sulfolobus islandicus L S 2 15

 238621003 Sulfolobus islandicus M 16 4

 229580855 Sulfolobus islandicus Y N 15 51

 227828811 Sulfolobus islandicus M 14 25

 284999096 Sulfolobus islandicus L D 8 5

 15899454 Sulfolobus solfataricus P2

 332797705 Acidianus hospitalis W1

 15921962 Sulfolobus tokodaii str  7

 70607859 Sulfolobus acidocaldarius DSM 639

 146304087 Metallosphaera sedula DSM 5348

 330834749 Metallosphaera cuprina Ar 4

Group 1

 338210909 Runella slithyformis DSM 19594

 161527715 Nitrosopumilus maritimus SCM1

 118575234 Cenarchaeum symbiosum A
Group 1

 297616851 Syntrophothermus lipocalidus DSM 12680

 325280704 Odoribacter splanchnicus DSM 20712

 332299649 Porphyromonas asaccharolytica DSM 20707

 334147603 Porphyromonas gingivalis TDC60

 188994591 Porphyromonas gingivalis ATCC 33277

 34540488 Porphyromonas gingivalis W83

 260683920 Clostridium difficile CD196

 260687580 Clostridium difficile R20291

 126699959 Clostridium difficile 630

 352685394 Acidaminococcus intestini RyC MR95

 350271929 Oscillibacter valericigenes Sjm18 20

 350272469 Oscillibacter valericigenes Sjm18 20

 350271733 Oscillibacter valericigenes Sjm18 20

 350271280 Oscillibacter valericigenes Sjm18 20

 350268772 Oscillibacter valericigenes Sjm18 20

 350268508 Oscillibacter valericigenes Sjm18 20

 150016969 Clostridium beijerinckii NCIMB 8052

 219856011 Clostridium kluyveri NBRC 12016

 153955634 Clostridium kluyveri DSM 555

 339442527 Clostridium sp  SY8519

 348025588 Megasphaera elsdenii DSM 20460

Clostridia

 158522602 Desulfococcus oleovorans Hxd3

 218779068 Desulfatibacillum alkenivorans AK 01

 302342063 Desulfarculus baarsii DSM 2075

 78043633 Carboxydothermus hydrogenoformans Z 2901

Group 1 11497945 Archaeoglobus fulgidus DSM 4304

 218780573 Desulfatibacillum alkenivorans AK 01

 310825906 Eubacterium limosum KIST612

 78223420 Geobacter metallireducens GS 15

 147678105 Pelotomaculum thermopropionicum SI

 116751349 Syntrophobacter fumaroxidans MPOB

 147677557 Pelotomaculum thermopropionicum SI

 11498490 Archaeoglobus fulgidus DSM 4304

 288931292 Ferroglobus placidus DSM 10642
Group 3

 219883339 Arthrobacter chlorophenolicus A6

 331696055 Pseudonocardia dioxanivorans CB1190

 331696107 Pseudonocardia dioxanivorans CB1190

 73541275 Ralstonia eutropha JMP134

 339328114 Cupriavidus necator N 1

 72384120 Ralstonia eutropha JMP134

 338737112 Hyphomicrobium sp  MC1

 120404135 Mycobacterium vanbaalenii PYR 1

 284045814 Conexibacter woesei DSM 14684

 111020839 Rhodococcus jostii RHA1

 54024055 Nocardia farcinica IFM 10152

 119961487 Arthrobacter aurescens TC1

 320332838 Deinococcus maricopensis DSM 21211

 154244334 Xanthobacter autotrophicus Py2

 158425813 Azorhizobium caulinodans ORS 571

 116694447 Ralstonia eutropha H16

 339321764 Cupriavidus necator N 1

 78063257 Burkholderia sp  383

 206562594 Burkholderia cenocepacia J2315

 170736202 Burkholderia cenocepacia MC0 3

 107027005 Burkholderia cenocepacia AU 1054

 116691798 Burkholderia cenocepacia HI2424

 37528090 Photorhabdus luminescens subsp  laumondii TTO1 

 253987960 Photorhabdus asymbiotica subsp  asymbiotica ATCC 43949 

 300721479 Xenorhabdus nematophila ATCC 19061

 300721482 Xenorhabdus nematophila ATCC 19061

 146304539 Metallosphaera sedula DSM 5348

 330834319 Metallosphaera cuprina Ar 4

 70608003 Sulfolobus acidocaldarius DSM 639

 15920956 Sulfolobus tokodaii str  7

 146303772 Metallosphaera sedula DSM 5348

 330835047 Metallosphaera cuprina Ar 4

 229578805 Sulfolobus islandicus Y G 57 14

 238619173 Sulfolobus islandicus M 16 4

 229584197 Sulfolobus islandicus M 16 27

 227827028 Sulfolobus islandicus M 14 25

 229582449 Sulfolobus islandicus Y N 15 51

 15898843 Sulfolobus solfataricus P2

 284997069 Sulfolobus islandicus L D 8 5

 227829849 Sulfolobus islandicus L S 2 15

Group 2

 337749188 Paenibacillus mucilaginosus KNP414

 218236043 Bacillus cereus B4264

 42781661 Bacillus cereus ATCC 10987

 296503120 Bacillus thuringiensis BMB171

 221636337 Thermomicrobium roseum DSM 5159

 226350021 Rhodococcus opacus B4

 251788292 Dickeya zeae Ech1591

 347520618 Lactococcus garvieae ATCC 49156

 308179249 Lactobacillus plantarum subsp  plantarum ST III 

 254555248 Lactobacillus plantarum JDM1

 28377032 Lactobacillus plantarum WCFS1

 307592343 Cyanothece sp  PCC 7822

 331694105 Pseudonocardia dioxanivorans CB1190

 226312558 Brevibacillus brevis NBRC 100599

 138896797 Geobacillus thermodenitrificans NG80 2

 294500343 Bacillus megaterium QM B1551

 295705689 Bacillus megaterium DSM 319

 42781214 Bacillus cereus ATCC 10987

 225864042 Bacillus cereus 03BB102

 118477510 Bacillus thuringiensis str  Al Hakam

 347527518 Sphingobium sp  SYK 6

 154252236 Parvibaculum lavamentivorans DS 1

 170726372 Shewanella woodyi ATCC 51908

 86741459 Frankia sp  CcI3

 317122643 Thermaerobacter marianensis DSM 12885

 229819367 Beutenbergia cavernae DSM 12333

 116671115 Arthrobacter sp  FB24

 119868694 Mycobacterium sp  KMS

 126435227 Mycobacterium sp  JLS

 108799584 Mycobacterium sp  MCS

 269928719 Sphaerobacter thermophilus DSM 20745

 295696187 Bacillus tusciae DSM 2912

 339628722 Sulfobacillus acidophilus TPY

 258510353 Alicyclobacillus acidocaldarius subsp  acidocaldarius DSM 446 

 23100327 Oceanobacillus iheyensis HTE831

 336234007 Geobacillus thermoglucosidasius C56 YS93

 312109591 Geobacillus sp  Y4 1MC1

 297528826 Geobacillus sp  C56 T3

 138896629 Geobacillus thermodenitrificans NG80 2

 56421569 Geobacillus kaustophilus HTA426

 319768142 Geobacillus sp  Y412MC52

 261420472 Geobacillus sp  Y412MC61

 152974775 Bacillus cytotoxicus NVH 391 98

 261406523 Paenibacillus sp  Y412MC10

 154684732 Bacillus amyloliquefaciens FZB42

 308172098 Bacillus amyloliquefaciens DSM 7

 321311509 Bacillus subtilis BSn5

 255767439 Bacillus subtilis subsp  subtilis str  168 

 350266196 Bacillus subtilis subsp  spizizenii TU B 10 

 305674669 Bacillus subtilis subsp  spizizenii str  W23 

 169829323 Lysinibacillus sphaericus C3 41

 294499174 Bacillus megaterium QM B1551

 295704505 Bacillus megaterium DSM 319

 56420673 Geobacillus kaustophilus HTA426

 317128721 Bacillus cellulosilyticus DSM 2522

 56962664 Bacillus clausii KSM K16

 15616398 Bacillus halodurans C 125

 297624113 Truepera radiovictrix DSM 17093

 320334483 Deinococcus maricopensis DSM 21211

 94971886 Deinococcus geothermalis DSM 11300

 226358023 Deinococcus deserti VCD115

 325284904 Deinococcus proteolyticus MRP

 15807887 Deinococcus radiodurans R1

 328950779 Marinithermus hydrothermalis DSM 14884

 320450120 Thermus scotoductus SA 01

 46198902 Thermus thermophilus HB27

 55980929 Thermus thermophilus HB8

 297566707 Meiothermus silvanus DSM 9946

 291295716 Meiothermus ruber DSM 1279

 331696898 Pseudonocardia dioxanivorans CB1190

 336235107 Geobacillus thermoglucosidasius C56 YS93

 312110660 Geobacillus sp  Y4 1MC1

 312602309 Burkholderia rhizoxinica HKI 454

 15597452 Pseudomonas aeruginosa PAO1

 116050203 Pseudomonas aeruginosa UCBPP PA14

 152988198 Pseudomonas aeruginosa PA7

 218891770 Pseudomonas aeruginosa LESB58

 83717205 Burkholderia thailandensis E264

 124381535 Burkholderia mallei NCTC 10229

 53715965 Burkholderia mallei ATCC 23344

 126445435 Burkholderia pseudomallei 668

 126456550 Burkholderia pseudomallei 1106a

 76817901 Burkholderia pseudomallei 1710b

 53721198 Burkholderia pseudomallei K96243

 121597015 Burkholderia mallei SAVP1

 126445883 Burkholderia mallei NCTC 10247

 317122619 Thermaerobacter marianensis DSM 12885

 221633375 Thermomicrobium roseum DSM 5159

 54025025 Nocardia farcinica IFM 10152

 262200252 Gordonia bronchialis DSM 43247

 111020858 Rhodococcus jostii RHA1

 226363151 Rhodococcus opacus B4

 145595238 Salinispora tropica CNB 440

 159037701 Salinispora arenicola CNS 205

 271968221 Streptosporangium roseum DSM 43021

 37524265 Photorhabdus luminescens subsp  laumondii TTO1 

 253987672 Photorhabdus asymbiotica subsp  asymbiotica ATCC 43949 

 331699789 Pseudonocardia dioxanivorans CB1190

 116670484 Arthrobacter sp  FB24

 226308914 Rhodococcus erythropolis PR4

 54026336 Nocardia farcinica IFM 10152

 262201760 Gordonia bronchialis DSM 43247

 111024862 Rhodococcus jostii RHA1

 111019371 Rhodococcus jostii RHA1

 226361508 Rhodococcus opacus B4

 111019505 Rhodococcus jostii RHA1

 226361655 Rhodococcus opacus B4

 295696667 Bacillus tusciae DSM 2912

 221636335 Thermomicrobium roseum DSM 5159

 148656690 Roseiflexus sp  RS 1

 156742383 Roseiflexus castenholzii DSM 13941

 221632353 52 Thermomicrobium roseum DSM 5159

 55978432 Thermus thermophilus HB8

 219848921 Chloroflexus aggregans DSM 9485

 163846920 Chloroflexus aurantiacus J 10 fl

 222524742 Chloroflexus sp  Y 400 fl

 110634806 Chelativorans sp  BNC1

 209546507 Rhizobium leguminosarum bv  trifolii WSM2304 

 227820238 Sinorhizobium fredii NGR234

 319780419 Mesorhizobium ciceri biovar biserrulae WSM1271 

 337265221 Mesorhizobium opportunistum WSM2075

 70730720 Pseudomonas fluorescens Pf 5

 152983981 Pseudomonas aeruginosa PA7

 218889629 Pseudomonas aeruginosa LESB58

 15599286 Pseudomonas aeruginosa PAO1

 116052127 Pseudomonas aeruginosa UCBPP PA14

 15603388 Pasteurella multocida subsp  multocida str  Pm70 

 157368879 Serratia proteamaculans 568

 333930408 Serratia sp  AS9

 333925455 Serratia sp  AS12

 170024678 Yersinia pseudotuberculosis YPIII

 218928891 Yersinia pestis CO92

 186895081 Yersinia pseudotuberculosis PB1  

 51595981 Yersinia pseudotuberculosis IP 32953

 294504059 Yersinia pestis Z176003

 22126421 Yersinia pestis KIM 10

 162419695 Yersinia pestis Angola

 108812515 Yersinia pestis Nepal516

 108807137 Yersinia pestis Antiqua

 145598642 Yersinia pestis Pestoides F

 45441441 Yersinia pestis biovar Microtus str  91001 

 153948091 Yersinia pseudotuberculosis IP 31758

 37524965 Photorhabdus luminescens subsp  laumondii TTO1 

 253988391 Photorhabdus asymbiotica subsp  asymbiotica ATCC 43949 

 290476577 Xenorhabdus bovienii SS 2004

 37527879 Photorhabdus luminescens subsp  laumondii TTO1 

 300721826 Xenorhabdus nematophila ATCC 19061

 24115574 73 Shigella flexneri 2a str  301

 209921812 Escherichia coli SE11

 253775023 Escherichia coli BL21 Gold DE3 pLysS AG 

 260871070 Escherichia coli O111 H  str  11128

 260858518 Escherichia coli O26 H11 str  11368

 254164273 Escherichia coli B str  REL606

 187730067 Shigella boydii CDC 3083 94

 82546699 Shigella boydii Sb227

 170021694 Escherichia coli ATCC 8739

 157163792 Escherichia coli HS

 218556881 Escherichia coli IAI1

 218550378 Escherichia fergusonii ATCC 35469

 218708024 Escherichia coli UMN026

 74314781 Shigella sonnei Ss046

 260847163 Escherichia coli O103 H2 str  12009

 311281098 Enterobacter cloacae SCF1

 296101117 Enterobacter cloacae subsp  cloacae ATCC 13047 

 345297707 Enterobacter asburiae LF7a

 288937321 Klebsiella variicola At 22

 238892911 Klebsiella pneumoniae subsp  pneumoniae NTUH K2044 

 152973247 Klebsiella pneumoniae subsp  pneumoniae MGH 78578 

 336248548 Enterobacter aerogenes KCTC 2190

 207856442 Salmonella enterica subsp  enterica serovar Enteritidis str  

 197251723 Salmonella enterica subsp  enterica serovar Agona str  SL483 

 16764457 Salmonella enterica subsp  enterica serovar Typhimurium str  LT2 

 161614703 Salmonella enterica subsp  enterica serovar Paratyphi B str  SPB7 

 198245049 Salmonella enterica subsp  enterica serovar Dublin str  CT 02021853 

 62179619 Salmonella enterica subsp  enterica serovar Choleraesuis str  

 205352252 Salmonella enterica subsp  enterica serovar Gallinarum str  287 91 

 224584395 Salmonella enterica subsp  enterica serovar Paratyphi C strain 

 194734102 Salmonella enterica subsp  enterica serovar Schwarzengrund str  

 161503817 Salmonella enterica subsp  arizonae serovar 62 z4 z23    str  

 339998945 Salmonella bongori NCTC 12419

 16759979 Salmonella enterica subsp  enterica serovar Typhi str  CT18 

 197362830 Salmonella enterica subsp  enterica serovar Paratyphi A str  

 29142250 Salmonella enterica subsp  enterica serovar Typhi str  Ty2 

 56413907 Salmonella enterica subsp  enterica serovar Paratyphi A str  ATCC 

 194450127 Salmonella enterica subsp  enterica serovar Heidelberg str  SL476 

 194444049 Salmonella enterica subsp  enterica serovar Newport str  SL254 
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