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Supplementary Methods 

 

Strain Construction 
 

BDR4313 (∆gerP) was generated by direct transformation of B. subtilis 168 with an isothermal assembly 
product derived from 3 PCR products: (1) a PCR product containing an upstream region of gerPA amplified 
with oligonucleotide primers oFR217/oFR218 and B. subtilis 168 genomic DNA as template; (2) a PCR product 
containing the Erm cassette; (3) a PCR product containing a downstream region of gerPF amplified with 
oligonucleotide primers oFR219/oFR220 and B. subtilis 168 genomic DNA as template. 
 
 

BDR4376 [∆gerY::lox72, amyE::gerY (spec)] was generated by transforming BDR4328 (∆gerY) with pFR57. 
 

BDR4377 [∆yqeF::lox72, amyE::yqeF (spec)] was generated by transforming BDR4324 (∆yqeF) with pFR54. 
 

BDR4378 [∆yodN::lox72, amyE::yodN (spec)] was generated by transforming BDR4305 (∆yodN) with pFR56. 
 

BDR4381 [∆ydgB, amyE::ydgB (spec)] was generated by transforming BDR4306 (∆ydgB) with pFR58. 
 

BDR4406 [yycR::PydgB-optRBS-yfp (spec)] was generated by transforming BDR2413 (WT) with pFR60. 
 

BDR4407 [yycR::PgerY-optRBS-yfp (spec)] was generated by transforming BDR2413 WT) with pFR61. 
 

BDR4408 [yycR::PyodN-optRBS-yfp (spec)] was generated by transforming BDR2413 (WT) with pFR62. 
 

BDR4409 [yycR::PyqeF-optRBS-yfp (spec)] was generated by transforming BDR2413 (WT) with pFR63. 
 

BDR4412 [∆ydgB::lox72, ycgO::ydgB-yfp (spec)] was generated by transforming BDR4306 (∆ydgB) with 
pFR66. 
 

BDR4444 [∆gerY::lox72, ycgO::PgerY-optRBS-yfp-linker-gerY (spec)] was generated by transforming 
BDR4328 (∆gerY) with pFR73. 
 

BDR4461 [gerT W gerT-gfp (spec)] was generated by back-crossing (2x) gDNA from CF172 (PY79 bearing the 
construct gerTWgerT-gfp (1) into BDR2413 (WT). 
 

BDR4466 [gerT W gerT-gfp (spec) ∆safA::tet] and BDR4470 [gerT W gerT-gfp (spec) ∆cotE::cat] were 
generated by transforming BJA020a and BJA018 (2) with gDNA from BDR4461 (gerT W gerT-gfp (spec)], 
respectively. 

 

BDR4460 [ycgO::gerPA-yfp (spec)] was generated by transforming BDR2413 (WT) with pFR74. 
 

BDR4465 [ycgO::gerPA-yfp (spec) ∆safA::tet] and BDR4469 [ycgO::gerPA-yfp (spec) ∆cotE::cat] were 
generated by transforming BJA020a (∆safA::tet) and BJA018 (∆cotE:cat) with pFR74, respectively. 
 

BDR4467 [∆gerY + ycgO::PgerY-optRBS-yfp-linker-gerY (spec) ∆safA::tet] and BDR4471 [∆gerY + ycgO::PgerY-

optRBS-yfp-linker-gerY (spec) ∆cotE::cat] were generated by transforming BJA020a and BJA018 with pFR73, 
respectively. 
 

 

 
 



Plasmids construction 

 
pFR54 [amyE::yqeF (spec, amp)], pFR57 [amyE::gerY (spec, amp)] and pFR58 [amyE::ydgB (spec, amp)] were 
constructed in a two-way ligation with pLD30 cut with BamHI and EcoRI and BamHI-EcoRI PCR products 
containing the yqeF, gerY and ydgB genes, respectively. These PCR products were amplified with 
oligonucleotide primers oFR229/oFR230 for yqeF, oFR235/oFR236 for gerY, and oFR243/oFR244 for ydgB 
and gDNA from B. subtilis 168 as template. pLD30 is a double-crossover vector for ectopic integration at the 
amyE locus (Rudner lab stock).  
 

pFR56 [amyE::yodN (spec, amp)] was constructed in a two-way ligation with a BamHI-BamHI  PCR product 
containing the yodN gene (amplified with oligonucleotide primers oFR233/oFR234 and gDNA from B. subtilis 
168 as template) and pLD30 cut with BamHI. 
 

pFR60 [yycR::PydgB-optRBS-yfp (spec, amp)], pFR61 [yycR::PgerY-optRBS-yfp (spec, amp)], pFR62 [yycR::PyodN-
optRBS-yfp (spec, amp)] and pFR63 [yycR::PyqeF-optRBS-yfp (spec, amp)] were constructed in a two-way 
ligation with pCB138 cut with EcoRI and HindIII and EcoRI-HindIII PCR products containing the promoters of 
ydgB, gerY, yodN and yqeF, respectively. These PCR products were amplified with oligonucleotide primers 
oFR347/oFR348 for ydgB, oFR349/oFR350 for gerY, oFR351/oFR352 for yodN, and oFR353/oFR354 for yqeF 
and gDNA from B. subtilis 168 as template. pCB138 [(yycR::PsspB-optRBS-yfp spec)] is a double-crossover 
vector for ectopic integration at the yycR locus, containing the promoter of the sspB gene (which was 
removed with the EcoRI-HindIII cut) and an optRBS-yfp reporter (Barajas-Ornelas and Rudner, unpublished).  
 

pFR66 [ycgO::ydgB-yfp (spec, amp)] was constructed in a three-way ligation with an EcoRI-XhoI PCR product 
containing the ydgB gene without stop codon (amplified with oligonucleotide primers oFR345/oFR346 and 
gDNA from B. subtilis 168 as template), a BamHI-XhoI fragment containing the yfp gene cut from pFR20 
[ycgO::PspoIVF-spoIVFB∆10-yfp (erm, amp)] and pKM083 cut with BamHI-EcoRI. pKM83 is an ectopic 
integration vector for double crossover integration at the ycgO locus (Rudner lab stock)   
 

pFR73 [ycgO::PgerY-optRBS-yfp-linker-gerY (spec, amp)] was constructed in a three-way ligation with an 
EcoRI-XhoI PCR product containing the promoter of gerY fused to an optRBS-yfp reporter without stop codon 
(amplified with oligonucleotide primers oFR411/oFR349 and pFR61 as template), a XhoI-BamHI fragment 
containing the LEGSGSG linker fused to the gerY gene without start codon and pKM083 cut with EcoRI-
BamHI. 
 

pFR74 [ycgO:: gerPA-yfp (spec, amp)] was constructed in a two-way ligation with an EcoRI-XhoI PCR product 
containing the gerPA gene without stop codon (amplified with oligonucleotide primers oFR418/oFR419 and 
gDNA from B. subtilis 168 as template) and pFR66 cut with EcoRI-XhoI. 
 
 

Supplemental references 
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of the sporulation transcription factor sK in Bacillus subtilis. J Bacteriol 189: 7681-7689 
 
2. Amon JD, Yadav AK, Ramírez-Guadiana FH, Meeske AJ, Cava F, Rudner DZ. 2020. SwsB and SafA are 
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Ramírez-Guadiana et al.

Figure S1. Transposon insertion profiles from six regions of the B. subtilis chromosome. 
Red boxes highlight the gerA and gerK operons and cotH, ytpA, hpr and ytcC. (A) Transposon insertions were 
overrepresented in the gerA genes after 20min incubation with L-alanine prior to heat-kill compared to 
incubation with H2O. Transposon insertions became more overrepresented after 60 min incubation with L-
alanine and even more so after a second round of enrichment. By contrast, the transposon insertion profile of 
the gerK locus was unchanged under the same conditions. (B) Transposon insertions in the gerK genes were 
enriched when AGFK was the germinant and the incubation times were 40 and 80 min. Insertions in the gerA 
locus were also enriched in the presence of AGFK under these conditions. (C) Examples of genes in which 
transposon insertions were overrepresented after incubation with germinant but spores derived from in-frame 
deletions were only modestly (cotH and ytpA) or weakly (hpr and ytcC) impaired in germination as assessed by 
drop of optical density (Fig. S2). Transposon insertion profiles after the second round of enrichment are shown 
in panels C and D. 
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Figure S2. Germination assays for four mutants identified in the Tn-seq screen.  
Germination assays of wild-type (WT), ∆cotH, ∆ytpA, ∆scoC and ∆ytcC spores in response to L-alanine or 
AGFK as assessed by the percent reduction in OD600 over time. Purified spores from the indicated strains 
were incubated with germinant at 37 ˚C and the drop in optical density was monitored over time. 
Representative data from one of three biological replicates are shown. Error bars indicate ± SD of three 
technical replicates. 
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Figure S3. YmaF, YodN, YdgB and YqeF are required for efficient spore germination. 
Germination of wild-type (WT), ∆ymaF, ∆yodN, ∆ydgB and ∆yqeF spores in response to L-alanine (100 µM) or to 
AGFK (10 mM) was assessed by the percent reduction in OD600 over time. Purified spores from the indicated 
strains were incubated with the indicated germinant at 37 ˚C and the drop in optical density was monitored over 
time. The germination defect of all four mutants could be complemented in trans. Representative data from one 
of three biological replicates are shown. Error bars indicate ± SD of three technical replicates. 
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Figure S4. Levels of the germinant receptors in spores remain largely unchanged in the germination 
defective mutants. (A) Representative immunoblots of spore lysates. Purified spores from the indicated 
strains were mechanically lysed, normalized based on total protein, and ~10 µg were subjected to SDS-PAGE 
followed by immunoblot analysis to detect of GerAA, GerBC and GerKA. The wild-type (WT) spore lysate was 
diluted 2-fold and 4-fold into a spore lysate from a strain lacking all 5 germinant receptors (∆5) to maintain 
the same amount of total protein loaded. (B) Quantification of GerAA, GerBC, and GerKA using Fiji-ImageJ 
software is shown. In virtually all cases, the level of each germinant receptor was within ~10% of wild-type.
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Figure S5. Expression of ymaF, yodN, ydgB, and yqeF during sporulation. 
(A) Representative fluorescence and phase-contrast images of strains harboring a yfp fusion to the ymaF 
promoter (left) or a translational YFP-YmaF fusion (right) during a sporulation time-course. (B) Representative 
fluorescence and phase-contrast images of strains harboring either a yfp fusion to the ydgB promoter (left) or a 
translational YdgB-YFP fusion (right) during a sporulation time-course. (C) Representative fluorescence and 
phase-contrast images of a strain harboring a yfp fusion to the yodN promoter during a sporulation time-course. 
(D) Representative images during a full sporulation time-course of a strain harboring a yfp fusion to the yqeF 
promoter and a strain lacking a yfp reporter as control for the weak signal of the PyqeF-yfp fusion. The 
membranes (false-colored red) were stained with the fluorescent dye TMA-DPH and merged with the YFP signal 
(false-colored green). Scale bars indicate 2 μm.
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Figure S6. YmaF, YdgP and YodN are produced in the mother cell under the control of SigE, SigK, and GerE, respectively. 
Representative fluorescence and phase-contrast images of strains harboring yfp fusions to the promoters of ymaF, yodN and 
ydgB during at the indicated times in hours after the onset of sporulation. (A) Sporulating cells lacking SigE but not SigK fail to 
activate the PymaF-YFP reporter. (B) Sporulating cells lacking SigK but not GerE fail to activate the PydgB-YFP reporter. (C) 
Sporulating cells lacking SigK and GerE fail to activate the PyodN-YFP reporter. The membranes (false-colored red) were 
stained with the fluorescent dye TMA-DPH and merged with the YFP signal (false-colored green). Scale bars indicate 2 μm.
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Figure S7. Germination assays of mutants identified in the Tn-seq screen with different concentrations of L-alanine. 
Germination of wild-type (WT) and the indicated mutant spores in response to 100 µM, 1 mM, and 10 mM L-alanine 
was assessed by the percent reduction in OD600 over time. Purified spores from the indicated strains were incubated 
with germinant at 37 ˚C and the drop in optical density was monitored over time. Representative data from one of 
three biological replicates are shown. Error bars indicate ± SD of three technical replicates. 
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Figure S8. Germination response of inner and outer coat protein mutants to L-alanine and AGFK. Spores of wild-
type, ∆gerT, the inner coat mutants ∆cotP, ∆cotD, ∆cotF (A) and the outer coat mutants ∆cotS, ∆cotA, ∆cotC (B) 
were germinated with L-alanine or AGFK and the drop in optical density was monitored over time.  Representative 
data from one of three biological. Error bars indicate ± SD of three technical replicates. 
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Figure S9. Alphafold2 predicts that the proteins in the GerP operon form a complex. 
(A) Alphafold2 predicted model of the GerP complex. The chain of each subunit is colored as 
indicated. (B) Predicted alignment error (PAE) plot of the predicted structure shown in (A). The plot 
displays the alignment error predicted between each residue of the complex from N to C-terminus. 
The black lines indicate the start/end of the annotated GerP protein. PAE values for each subunit 
are the lowest (dark blue) in the region of the beta strands that make contacts in the predicted 
complex. (C) Predicted structure in (A) colored according to the predicted local distance difference 
test (pLDDT). 
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Bacillus aidingensis

Oceanobacillus damuensis
Oceanobacillus massiliensis

Oceanobacillus senegalensis
Oceanobacillus limi

Oceanobacillus timonensis
Oceanobacillus jeddahense

Oceanobacillus picturae
Oceanobacillus oncorhynchi

Oceanobacillus rekensis
Oceanobacillus sojae

Oceanobacillus iheyensis
Oceanobacillus caeni

Virgibacillus alimentarius
Virgibacillus halodenitrificans

Virgibacillus dokdonensis
Virgibacillus subterraneus
Virgibacillus massiliensis
Virgibacillus dakarensis
Virgibacillus siamensis

Virgibacillus pantothenticusVirgibacillus proomiiVirgibacillus soli
Virgibacillus necropolis

Gracilibacillus timonensis
Gracilibacillus ureilyticus

Gracilibacillus boraciitolerans
Gracilibacillus orientalis

Gracilibacillus halophilusGracilibacillus lacisalsi
Gracilibacillus kekensis

Ureibacillus massiliensis
Ureibacillus manganicus
Lysinibacillus fusiformisLysinibacillus odysseyi

Lysinibacillus sphaericus
Lysinibacillus macroides
Ureibacillus sinduriensis

Halobacillus kuroshimensis
Halobacillus karajensisHalobacillus halophilus

Halobacillus massiliensisHalobacillus mangrovi
Halobacillus hunanensisHalobacillus salinus

Domibacillus tundraeDomibacillus enclensis
Domibacillus aminovoransDomibacillus indicusDomibacillus antriPontibacillus halophilus

Pontibacillus yanchengensis
Pontibacillus chungwhensisPontibacillus marinusPontibacillus litoralisLentibacillus jeotgaliLentibacillus halodurans

Lentibacillus amyloliquefaciensLentibacillus persicus
Fictibacillus phosphorivoransFictibacillus macauensisFictibacillus gelatiniFictibacillus enclensis
Ornithinibacillus halophilusOrnithinibacillus scapharcae

Ornithinibacillus californiensis
Ornithinibacillus contaminansAmphibacillus marinusAmphibacillus sediminisAmphibacillus jilinensisAmphibacillus xylanus

Parageobacillus caldoxylosilyticus
Parageobacillus thermoglucosidasiusParageobacillus toebiiSalimicrobium flavidumSalimicrobium halophilumSalimicrobium jeotgali

Geobacillus thermodenitrificansGeobacillus thermoleovoransGeobacillus icigianusAnaerobacillus alkalilacustrisAlkalihalobacillus macyaeAnaerobacillus arseniciselenatisAlteribacillus persepolensisAlteribacillus bidgolensisAlteribacillus iranensisAnoxybacillus tepidamansAnoxybacillus gonensisAnoxybacillus amylolyticusSediminibacillus albusSediminibacillus halophilusSalibacterium halotoleransSalibacterium qingdaonenseTerribacillus goriensisTerribacillus halophilusHalolactibacillus miurensisHalolactibacillus alkaliphilusSalipaludibacillus agaradhaerensSalipaludibacillus aurantiacusPelagirhabdus alkalitoleransAlkalibacillus haloalkaliphilusNumidum massiliensePaucisalibacillus globulusMassilibacterium senegalenseHalalkalibacillus halophilusThalassobacillus devoransTepidibacillus decaturensisParaliobacillus ryukyuensisHydrogenibacillus schlegeliiAeribacillus pallidusSalinibacillus kushneriMarinococcus halotoleransCaldalkalibacillus thermarumNatribacillus halophilusEdaphobacillus lindanitolerans
Salisediminibacterium haloalkalitoleransQuasibacillus thermotoleransSalsuginibacillus kocuriiTenuibacillus multivoransRubeoparvulum massilienseCaldibacillus debilisCalditerricola satsumensisPiscibacillus halophilusVulcanibacillus modesticaldusPaenibacillus assamensisPaenibacillus beijingensisPaenibacillus donghaensisPaenibacillus odoriferPaenibacillus piniPaenibacillus swuensisPaenibacillus daejeonensisPaenibacillus fonticolaPaenibacillus mucilaginosusPaenibacillus rhizosphaeraePaenibacillus ginsengihumiPaenibacillus tianmuensisPaenibacillus massiliensisPaenibacillus chitinolyticusPaenibacillus taiwanensisPaenibacillus maceransPaenibacillus alveiPaenibacillus wynniiPaenibacillus durus

Paenibacillus apiariusPaenibacillus polymyxaPaenibacillus senegalensisPaenibacillus naphthalenovoransPaenibacillus barengoltziiPaenibacillus alginolyticusPaenibacillus pasadenensisPaenibacillus curdlanolyticusPaenibacillus ihumii
Paenibacillus pabuliPaenibacillus popilliaePaenibacillus xerothermoduransPaenibacillus borealisPaenibacillus herberti

Paenibacillus yonginensisPaenibacillus bovis
Paenibacillus pinihumiPaenibacillus harenae
Paenibacillus stelliferPaenibacillus glucanolyticus
Paenibacillus tuaregi

Paenibacillus antarcticusPaenibacillus darwinianus
Paenibacillus algorifonticolaPaenibacillus gorillae

Paenibacillus larvaePaenibacillus sanguinis
Paenibacillus catalpae

Paenibacillus dendritiformis
Paenibacillus terrigena

Paenibacillus oryzaePaenibacillus antibioticophila
Brevibacillus borstelensisBrevibacillus massiliensis
Brevibacillus thermoruberBrevibacillus laterosporus

Brevibacillus agri
Brevibacillus brevis

Brevibacillus choshinensis
Brevibacillus panacihumi

Cohnella laeviribosi
Cohnella kolymensis

Cohnella thermotolerans
Cohnella panacarvi

Aneurinibacillus tyrosinisolvens
Aneurinibacillus thermoaerophilus

Aneurinibacillus migulanus
Aneurinibacillus terranovensis

Saccharibacillus sacchari
Saccharibacillus kuerlensis

Thermobacillus composti
Fontibacillus panacisegetis

Gorillibacterium massiliense
Staphylococcus saprophyticus

Staphylococcus aureus
Staphylococcus lugdunensis

Mammaliicoccus lentus
Staphylococcus cohnii

Staphylococcus microti
Staphylococcus simiae
Staphylococcus lutrae

Staphylococcus simulans
Staphylococcus epidermidis

Staphylococcus haemolyticus
Staphylococcus warneri

Mammaliicoccus vitulinus
Staphylococcus xylosus
Staphylococcus arlettae

Staphylococcus gallinarum
Staphylococcus equorum

Staphylococcus capitis
Staphylococcus pseudintermedius

Staphylococcus massiliensis
Staphylococcus succinus

Staphylococcus pettenkoferi
Staphylococcus auricularis

Staphylococcus hyicus
Staphylococcus hominis

Mammaliicoccus sciuri
Staphylococcus condimenti

Salinicoccus carnicancri
Salinicoccus qingdaonensis

Salinicoccus halodurans
Salinicoccus alkaliphilus

Salinicoccus luteus
Salinicoccus albus

Jeotgalicoccus psychrophilus
Jeotgalicoccus saudimassiliensis
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Jeotgalicoccus marinus

Macrococcus canis
1849491

Aliicoccus persicus

Nosocomiicoccus massiliensis
Sporosarcina koreensis

Sporosarcina ureae
Sporosarcina psychrophila

Sporosarcina newyorkensis
Planococcus sp (in: Bacteria)

Planococcus kocurii
Planococcus rifietoensis
Planococcus antarcticus

Jeotgalibacillus campisalis
Jeotgalibacillus malaysiensis

Jeotgalibacillus soli
Planococcus glaciei

Planomicrobium okeanokoites
Planomicrobium flavidum

Kurthia senegalensis
Kurthia massiliensis

Kurthia huakuii

Paenisporosarcina quisquiliarum
Paenisporosarcina indica

Caryophanon latum
Caryophanon tenue
Solibacillus silvestris

Bhargavaea cecembensis
Viridibacillus arvi

Rummeliibacillus stabekisii

Ureibacillus thermosphaericus
Alicyclobacillus mali

Alicyclobacillus acidocaldarius

Alicyclobacillus hesperidum

Alicyclobacillus contaminans

Alicyclobacillus acidoterrestris

Alicyclobacillus kakegawensis

Alicyclobacillus acidiphilus

Alicyclobacillus vulcanalis

Alicyclobacillus ferrooxydans

Alicyclobacillus pomorum

Alicyclobacillus macrosporangiidus

Alicyclobacillus herbarius
Kyrpidia tusciae

Tumebacillus flagellatus
Effusibacillus pohliae

Marininema mesophilum

Marininema halotolerans

Thermoactinomyces daqus

Thermoactinomyces vulgaris

Seinonella peptonophila

Kroppenstedtia eburnea

Thermoflavimicrobium dichotomicum

Novibacillus thermophilus

Shimazuella kribbensis

Risungbinella massiliensis

Melghirimyces thermohalophilus

Planifilum fulgidum

Lihuaxuella thermophila
Listeria aquatica

Listeria fleischmannii

Listeria weihenstephanensis

Listeria floridensis

Listeria rocourtiae

Listeria monocytogenes

Listeria booriae
Listeria grayi

Brochothrix campestris

Brochothrix thermosphacta

Sporolactobacillus terrae

Sporolactobacillus laevolacticus

Sporolactobacillus nakayamae

Sporolactobacillus vineae

[Bacillus] selenitireducens

Evansella clarkii

Tuberibacillus calidus

Caenibacillus caldisaponilyticus

Gemella sanguinis

Gemella bergeri

Gemella haemolysans

Gemella asaccharolytica

Exiguobacterium sibiricum

Exiguobacterium aurantiacum

Thermicanus aegyptius

Desulfuribacillus stibiiarsenatis

Desulfuribacillus alkaliarsenatis

Acidibacillus ferrooxidans

Latilactobacillus fuchuensis

Lentilactobacillus buchneri

Lentilactobacillus hilgardii

Apilactobacillus kunkeei

Limosilactobacillus secaliphilus

Lentilactobacillus parafarraginis

Liquorilactobacillus nagelii

Liquorilactobacillus satsumensis

Levilactobacillus senmaizukei

Lactobacillus crispatus

Holzapfelia floricola

Lactobacillus psittaci

Limosilactobacillus equigenerosi

Companilactobacillus crustorum

Lacticaseibacillus brantae

Lactobacillus acetotolerans

Loigolactobacillus coryniformis

Fructilactobacillus florum

Lapidilactobacillus concavus

Bombilactobacillus mellifer

Companilactobacillus mindensis

Secundilactobacillus similis

Ligilactobacillus aviarius

Secundilactobacillus silagei

Fructilactobacillus sanfranciscensis

Lacticaseibacillus paracasei

Limosilactobacillus vaginalis

Lactobacillus equicursoris

Schleiferilactobacillus shenzhenensis

Limosilactobacillus panis

Companilactobacillus farciminis

Lacticaseibacillus saniviri

Liquorilactobacillus uvarum

Lactobacillus delbrueckii

Lactobacillus selangorensis

Amylolactobacillus amylophilus

Companilactobacillus nodensis

Ligilactobacillus salivarius

Limosilactobacillus frumenti

Limosilactobacillus mucosae

Lactobacillus apis

Companilactobacillus kimchiensis

Lentilactobacillus parabuchneri

Companilactobacillus heilongjiangensis

Companilactobacillus versmoldensis

Paucilactobacillus vaccinostercus

Ligilactobacillus pobuzihii

Lapidilactobacillus dextrinicus

Lactobacillus acidophilus

Ligilactobacillus saerimneri

Limosilactobacillus fermentum

Apilactobacillus ozensis

Fructilactobacillus fructivorans

Lactobacillus gigeriorum

Lactobacillus kullabergensis

Liquorilactobacillus ghanensis

Lacticaseibacillus nasuensis

Lacticaseibacillus manihotivorans

Lentilactobacillus rapi

Companilactobacillus paralimentarius

Limosilactobacillus pontis

Furfurilactobacillus siliginis

Latilactobacillus curvatus

Lactiplantibacillus fabifermentans

Secundilactobacillus oryzae

Levilactobacillus koreensis

Ligilactobacillus acidipiscis

Secundilactobacillus mixtipabuli

Liquorilactobacillus vini

Companilactobacillus alimentarius

Lacticaseibacillus camelliae

Levilactobacillus parabrevis

Liquorilactobacillus capillatus

Levilactobacillus zymae

Lactobacillus bombicola

Lactobacillus helveticus

Limosilactobacillus reuteri

Secundilactobacillus odoratitofui

Lactobacillus pasteurii

Paucilactobacillus oligofermentans

Levilactobacillus spicheri

Levilactobacillus brevis

Lactobacillus kalixensis

Limosilactobacillus gastricus

Paucilactobacillus hokkaidonensis

Furfurilactobacillus rossiae

Lactiplantibacillus herbarum

Latilactobacillus sakei

Lactiplantibacillus xiangfangensis

Lentilactobacillus senioris

Ligilactobacillus ceti

Lactobacillus intestinalis

Lactobacillus hamsteri

Limosilactobacillus antri

Lactobacillus amylovorus

Lactobacillus kefiranofaciens

Lactiplantibacillus plantarum

Liquorilactobacillus oeni

Ligilactobacillus animalis

Loigolactobacillus rennini

Lactobacillus gasseri

Lactobacillus hominis

Limosilactobacillus ingluviei

Secundilactobacillus kimchicus

Paucilactobacillus suebicus

Bombilactobacillus mellis

Lacticaseibacillus rhamnosus

Fructilactobacillus lindneri

Loigolactobacillus bifermentans

Dellaglioa algida

Lentilactobacillus curieae

Lacticaseibacillus pantheris

Liquorilactobacillus sucicola

Apilactobacillus apinorum

Lentilactobacillus diolivorans

Lacticaseibacillus thailandensis

Lacticaseibacillus sharpeae

Loigolactobacillus backii

Secundilactobacillus collinoides

Secundilactobacillus malefermentans

Schleiferilactobacillus perolens

Latilactobacillus graminis

Schleiferilactobacillus harbinensis

Paucilactobacillus wasatchensis

Agrilactobacillus composti

Lactobacillus iners

Secundilactobacillus paracollinoides

Liquorilactobacillus aquaticus

Lactobacillus amylolyticus

Companilactobacillus ginsenosidimutans

Levilactobacillus paucivorans

Companilactobacillus tucceti

Ligilactobacillus hayakitensis

Liquorilactobacillus hordei

Lactobacillus jensenii

Lactobacillus gallinarum

Ligilactobacillus ruminis

Liquorilactobacillus cacaonum

Limosilactobacillus coleohominis

Lentilactobacillus farraginis

Ligilactobacillus equi

Pediococcus ethanolidurans

Pediococcus inopinatus

Pediococcus cellicola

Pediococcus stilesii

Pediococcus acidilactici

Pediococcus claussenii

Pediococcus argentinicus

Pediococcus pentosaceus

Pediococcus damnosus

Sharpea azabuensis

Streptococcus anginosus

Streptococcus intermedius

Streptococcus equi

Streptococcus dysgalactiae

Streptococcus ovis

Streptococcus sanguinis

Streptococcus gordonii

Streptococcus halotolerans

Streptococcus varani

Streptococcus iniae

Streptococcus caballi

Streptococcus agalactiae

Streptococcus criceti

Streptococcus didelphis

Streptococcus urinalis

Streptococcus phocae

Streptococcus ictaluri

Streptococcus equinus

Streptococcus marmotae

Streptococcus pneumoniae

Streptococcus pantholopis

Streptococcus mutans

Streptococcus suis

Streptococcus merionis

Streptococcus macacae

Streptococcus marimammalium

Streptococcus sobrinus

Streptococcus himalayensis

Streptococcus orisratti

Streptococcus henryi

Streptococcus uberis

Streptococcus massiliensis

Streptococcus mitis

Streptococcus cristatus

Streptococcus parasanguinis

Streptococcus gallolyticus

Streptococcus ratti

Streptococcus ferus

Streptococcus porci

Streptococcus minor

Streptococcus pyogenes

Streptococcus entericus

Streptococcus pseudoporcinus

Streptococcus salivarius

Streptococcus plurextorum

Streptococcus parauberis

Streptococcus thermophilus

Lactococcus garvieae

Lactococcus piscium

Lactococcus lactis

Enterococcus hermanniensis

Enterococcus asini

Enterococcus aquimarinus

Enterococcus devriesei

Enterococcus italicus

Enterococcus faecium

Enterococcus faecalis

Enterococcus hirae

Enterococcus gilvus

Enterococcus pallens

Enterococcus canis

Enterococcus thailandicus

Enterococcus malodoratus

Enterococcus rivorum

Enterococcus cecorum

Enterococcus mundtii

Enterococcus pseudoavium

Enterococcus sulfureus

Enterococcus columbae

Enterococcus dispar

Enterococcus phoeniculicola

Enterococcus saccharolyticus

Enterococcus casseliflavus

Enterococcus haemoperoxidus

Enterococcus massiliensis

Vagococcus fluvialis

Vagococcus teuberi

Vagococcus lutrae

Vagococcus penaei

Tetragenococcus muriaticus

Tetragenococcus solitarius

Tetragenococcus halophilus

Melissococcus plutonius

Pilibacter termitis

Bavariicoccus seileri

Catellicoccus marimammalium

Carnobacterium viridans

Carnobacterium funditum

Carnobacterium mobile

Carnobacterium alterfunditum

Carnobacterium inhibens

Carnobacterium pleistocenium

Carnobacterium iners

Carnobacterium maltaromaticum

Carnobacterium gallinarum

Carnobacterium divergens

Carnobacterium jeotgali

Trichococcus pasteurii

Trichococcus collinsii

Trichococcus palustris

Trichococcus ilyis

Granulicatella balaenopterae

Granulicatella adiacens

Granulicatella elegans

Alkalibacterium pelagium

Alkalibacterium gilvum

Alkalibacterium subtropicum

Marinilactibacillus psychrotolerans

Marinilactibacillus piezotolerans

Desemzia incerta

Alloiococcus otitis

Allofustis seminis

Lacticigenium naphthae

Dolosigranulum pigrum

Atopococcus tabaci

Atopostipes suicloacalis

Atopobacter phocae

Jeotgalibaca dankookensis

Pisciglobus halotolerans

Isobaculum melis

Weissella oryzae

Weissella viridescens

Weissella halotolerans

Weissella cibaria

Weissella jogaejeotgali

Weissella kandleri

Weissella minor

Weissella koreensis

Weissella ceti

Weissella paramesenteroides

Weissella bombi

Leuconostoc pseudomesenteroides

Leuconostoc citreum

Leuconostoc kimchii

Leuconostoc carnosum

Leuconostoc mesenteroides

Leuconostoc fallax

Leuconostoc lactis

Fructobacillus fructosus

Fructobacillus ficulneus

Fructobacillus pseudoficulneus

Fructobacillus durionis

Oenococcus kitaharae

Oenococcus oeni

Aerococcus suis

Aerococcus christensenii

Aerococcus urinaehominis

Aerococcus urinae

Aerococcus viridans

Aerococcus sanguinicola

Facklamia languida

Facklamia miroungae

Facklamia ignava

Facklamia hominis

Facklamia sourekii

Globicatella sulfidifaciens

Abiotrophia defectiva

Eremococcus coleocola

Ignavigranum ruoffiae

Dolosicoccus paucivorans

Clostridium arbusti

Clostridium saccharobutylicum

Clostridium pasteurianum

Clostridium akagii

Clostridium cochlearium

Clostridium collagenovorans

Clostridium phoceensis

Clostridium tepidiprofundi

Clostridium sulfidigenes

Clostridium cadaveris

Clostridium celatum

Clostridium estertheticum

Clostridium aceticum

Clostridium tetanomorphum

Clostridium autoethanogenum

Clostridium butyricum

Clostridium acetobutylicum

Clostridium lundense

Clostridium tyrobutyricum

Clostridium fallax

Clostridium magnum

Clostridium amylolyticum

Clostridium botulinum

Clostridium acetireducens

Clostridium kluyveri

Clostridium uliginosum

Clostridium perfrin
gens

Clostridium chauvoei

Clostridium colicanis

Clostridium novyi

Clostridium acidisoli

Clostrid
ium cavendishii

Clostrid
ium senegalense

Clostrid
ium tetani

Clostrid
ium beijerinckii

Sarcina ventriculi

Clostrid
ium grantii

Clostrid
ium oryzae

Clostrid
ium neonatale

Clostrid
ium cellulovorans

Clostrid
ium polynesiense

Clostrid
ium sartagoforme

Clostrid
ium cylindrosporum

Clostrid
ium ihumii

Clostrid
ium thermobutyricum

Clostrid
ium taeniosporum

Clostrid
ium saccharoperbutylacetonicum

Clostrid
ium frig

idicarnis

Clostrid
ium argentinense

Clostrid
ium bornimense

Clostrid
ium merdae

Clostrid
ium chromiireducens

Clostrid
ium tepidum

Clostrid
ium intestinale

Clostrid
ium algidicarnis

Clostrid
ium hydrogeniformans

Clostrid
ium formicaceticum

Clostrid
ium baratii

Clostrid
ium paraputrifi

cum

Clostrid
ium disporicum

Clostrid
ium felsineum

Clostrid
ium gasigenes

Clostrid
ium homopropionicum

Clostrid
ium carboxidivorans

Clostrid
ium puniceum

Caloramator quimbayensis

Caloramator australicus

Caloramator m
itchellensis

Caloramator proteoclasticus

Alkaliphilus metallire
digens

Alkaliphilus peptidifermentans

Alkaliphilus tra
nsvaalensis

Alkaliphilus oremlandii

Natronincola peptidivorans

Natronincola ferrire
ducens

Geosporobacter fe
rrire

ducens

Paramaledivibacter caminithermalis

Butyricicoccus pullicaecorum

Caldisalinibacter kiriti
matiensis

Desnuesiella massiliensis

Caloranaerobacter fe
rrire

ducens

Maledivibacter halophilus

Oxobacter pfennigii

Beduini m
assiliensis

Thermotalea metallivorans

Lactonifactor lo
ngoviformis

Youngiibacter fra
gilis

Lutispora thermophila

Clostrid
iisalibacter paucivorans

Fervidicella metallire
ducens

Hungatella hathewayi

Proteiniclasticum ruminis

Hathewaya proteolytica

Tindallia califo
rniensis

Massilioclostrid
ium coli

Thermobrachium celere

[Clostrid
ium] hylemonae

[Clostrid
ium] symbiosum

[Clostrid
ium] populeti

Lacrim
ispora aerotolerans

Lachnoclostrid
ium phocaeense

[Clostrid
ium] fim

etarium

Mediterra
neibacter glycyrrh

izinilyticus

[Clostrid
ium] scindens

[Clostrid
ium] aminophilum

Enterocloster bolteae

Lacrim
ispora saccharolytica

Enterocloster citro
niae

[Clostri
dium] polys

accharolyti
cum

Enteroclo
ste

r asparagiformis

Lachnoclo
stri

dium phyto
fermentans

58134

Blautia hydrogenotrophica

[Ruminococcu
s] t

orques

Blautia producta

Blautia obeum

Blautia hansenii

Blautia sc
hinkii

[Ruminococcu
s] g

navus

Butyri
vib

rio fib
riso

lve
ns

Butyri
vib

rio proteocla
stic

us

Butyri
vib

rio cro
sso

tus

Butyri
vib

rio hungatei

Roseburia hominis

Roseburia inulinivo
rans

Roseburia intestin
alis

Roseburia faecis

Anaerotignum lacta
tife

rmentans

Anaerotignum propionicu
m

Anaerotignum neopropionicu
m

Anaerocolumna jejuensis

Anaerocolumna aminovalerica

Anaerocolumna xy
lanovorans

Dorea longica
tena

Dorea form
icig

enerans

Coprococcu
s c

omes

Coprococcu
s e

utactu
s

Oribacte
rium parvu

m

Oribacte
rium sin

us

[Eubacte
rium] re

cta
le

Lachnospiraceae bacte
rium

Faecalica
tena co

ntorta

Faecalica
tena fis

sic
atena

Cellulosily
ticu

m lentocellum

Cellulosily
ticu

m ru
minico

la

Anaerostip
es c

acca
e

Anaerostip
es h

adrus

Catonella morbi

Merdimonas fa
ecis

Stomatobaculum longum

Anaerobium acetethylic
um

Sellim
onas in

testin
alis

Anaerosporobacte
r m

obilis

Niameybacte
r m

assi
liensis

Fusic
atenibacte

r sa
cch

arivo
rans

Marvin
brya

ntia form
atexig

ens

Johnsonella ignava

Hespellia
 ste

rco
risu

is

Shuttle
worth

ia sa
telles

Lachnobacte
rium bovis

Robinsoniella peorie
nsis

Baria
tric

us m
assi

liensis

Pseudobutyr
ivib

rio
 ru

minis

Lachnoanaerobaculum sa
burre

um

Tyzz
erella nexili

s

Eise
nbergiella ta

yi

Lachnospira
 m

ultip
ara

Acetito
maculum ru

minis

Mediterra
neibacte

r fa
ecis

Ruminococcu
s c

hampanellensis

Ruminococcu
s b

romii

Ruminococcu
s fl

avefacie
ns

Ruminococcu
s b

icir
culans

[Ruminococcu
s] l

acta
ris

Ruminococcu
s a

lbus

Ruminococcu
s c

allid
us

Ruminococcu
s g

auvre
auii

[Clostr
idium] vi

rid
e

[Eubacte
riu

m] si
raeum

[Clostr
idium] ce

llulosi

1898205

[Clostr
idium] le

ptum

[Clostr
idium] sp

orosphaeroides

[Clostr
idium] m

ethylp
entosum

Anaerotru
ncus c

olihominis

Anaerotru
ncus r

ubiinfantis

Phocea m
assi

liensis

Ethanoligenens h
arbinense

Bitta
rella m

assi
liensis

Provencib
acte

riu
m m

assi
liense

Agathobaculum desm
olans

Hydrogenoanaerobacte
riu

m sa
cch

arovorans

Fournierella m
assi

liensis

Massi
liim

alia m
assi

liensis

Subdoligranulum va
ria

bile

Ruthenibacte
riu

m lacta
tifo

rm
ans

Acetivi
brio

 ethanolgignens

Gemmiger fo
rm

icil
is

Neglecta
 tim

onensis

Pse
udofla

vo
nifra

cto
r c

apillo
su

s

Negativi
bacill

us m
assi

liensis

Faeca
libacte

riu
m prausn

itzi
i

Papillib
acte

r c
innamivo
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Streptom
yces yeochonensis

Streptom
yces auratus

Streptom
yces alni

Streptom
yces him

astatinicus
Streptom

yces viridosporus
Streptom

yces m
obaraensis

Streptom
yces virginiae

Streptom
yces acidiscabies

Streptom
yces guanduensis

Streptom
yces sulphureus

Streptom
yces aurantiacus

Streptom
yces turgidiscabies

Streptom
yces pristinaespiralis

Streptom
yces fulvoviolaceus

Streptom
yces specialis

Em
bleya scabrispora

Streptom
yces azureus

Streptom
yces glaucescens

Streptom
yces cinnam

oneus
Streptom

yces prasinopilosus
Streptom

yces katrae
Streptom

yces clavuligerus
Streptom

yces w
uyuanensis

Streptom
yces tsukubensis

Streptom
yces sparsogenes

Streptom
yces noursei

Streptom
yces albus

Streptom
yces atratus

Streptom
yces griseoaurantiacus

Streptom
yces scopuliridis

Streptom
yces ossam

yceticus
Streptom

yces niveus
Kitasatospora purpeofusca
Kitasatospora aureofaciens
Kitasatospora setae
Kitasatospora m

ediocidica
Kitasatospora azatica
Kitasatospora cheerisanensis

Streptacidiphilus albus
Streptacidiphilus m

elanogenes
Streptacidiphilus oryzae
Streptacidiphilus rugosus
Am

ycolatopsis japonica
H

aloechinothrix halophila
Am

ycolatopsis australiensis
Am

ycolatopsis nigrescens
Am

ycolatopsis benzoatilytica
Am

ycolatopsis xylanica
Am

ycolatopsis jejuensis
Am

ycolatopsis rubida
Am

ycolatopsis m
editerranei

Am
ycolatopsis taiw

anensis
Am

ycolatopsis sacchari
Am

ycolatopsis m
ethanolica

Am
ycolatopsis m

arina
Am

ycolatopsis saalfeldensis
Am

ycolatopsis balhim
ycina

Saccharom
onospora iraqiensis subsp paurom

etabolica

Saccharom
onospora xinjiangensis

Saccharom
onospora m

arina
Saccharom

onospora viridis
Saccharom

onospora azurea
Saccharom

onospora glauca
Saccharom

onospora saliphila
Saccharom

onospora cyanea
Pseudonocardia spinosispora
Pseudonocardia dioxanivorans
Pseudonocardia acaciae
Pseudonocardia asaccharolytica
Pseudonocardia am

m
onioxydans

Pseudonocardia autotrophica
Pseudonocardia therm

ophila
Pseudonocardia oroxyli
Actinokineospora spheciospongiae
Actinokineospora inagensis

Actinokineospora terrae
Actinokineospora bangkokensis
Actinokineospora enzanensis
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Saccharopolyspora rectivirgula
Saccharopolyspora erythraea
Saccharopolyspora spinosa
Saccharopolyspora flava
Lentzea albidocapillata
Lentzea guizhouensis
Lentzea albida
Lentzea kentuckyensis
Actinoalloteichus hoggarensis
Actinoalloteichus hym

eniacidonis
Actinoalloteichus cyanogriseus
Kibdelosporangium

 aridum
Kibdelosporangium

 phytohabitans
Therm

ocrispum
 agreste

Therm
ocrispum

 m
unicipale

Prauserella m
arina

Prauserella rugosa
Saccharothrix espanaensis

Saccharothrix syringae
Actinokineospora iranica
Actinokineospora alba
Actinosynnem

a m
irum

Kutzneria albida
Actinom

ycetospora chiangm
aiensis

Am
ycolatopsis arida

C
rossiella equi

Sciscionella m
arina

H
aloechinothrix alba

Allokutzneria albata
Actinophytocola xanthii
Streptoalloteichus hindustanus
N

ocardiopsis sinuspersici
N

ocardiopsis salina
N

ocardiopsis halotolerans
N

ocardiopsis chrom
atogenes

N
ocardiopsis lucentensis

N
ocardiopsis kunsanensis

N
ocardiopsis xinjiangensis

N
ocardiopsis dassonvillei

N
ocardiopsis alkaliphila

N
ocardiopsis trehalosi

N
ocardiopsis baichengensis

N
ocardiopsis ganjiahuensis

N
ocardiopsis flavescens

N
ocardiopsis listeri

N
ocardiopsis alba

N
ocardiopsis potens

N
ocardiopsis gilva

Therm
obifida fusca

Therm
obifida halotolerans

Therm
obifida cellulosilytica

M
arinactinospora therm

otolerans

Streptom
onospora alba

Allosalinactinospora lopnorensis

Actinom
adura rubrobrunea

Actinom
adura atram

entaria
Actinom

adura m
adurae

Actinom
adura flavalba

Actinom
adura oligospora

Actinom
adura kijaniata

Actinom
adura m

eyerae
Actinom

adura chibensis
Actinom

adura latina
Actinom

adura rifam
ycini

Actinom
adura hibisca

Actinom
adura m

exicana
Actinom

adura form
osensis

Actinom
adura m

acra
Spirillospora albida
Therm

om
onospora curvata

Therm
ostaphylospora chrom

ogena

N
onom

uraea coxensis
N

onom
uraea jiangxiensis

N
onom

uraea pusilla
N

onom
uraea m

aritim
a

N
onom

uraea candida
Streptosporangium

 am
ethystogenes

Streptosporangium
 roseum

Streptosporangium
 subroseum

H
erbidospora sakaeratensis

H
erbidospora m

ongoliensis

Planom
onospora sphaerica

M
icrobispora rosea

M
icrotetraspora m

alaysiensis

Therm
oactinospora rubra

Planobispora rosea
Sinosporangium

 album
N

ocardioides halotolerans

N
ocardioides alkalitolerans

N
ocardioides luteus

N
ocardioides terrae

N
ocardioides lianchengensis

N
ocardioides alpinus

N
ocardioides dokdonensis

N
ocardioides szechw

anensis

N
ocardioides jensenii

N
ocardioides insulae

N
ocardioides exalbidus

N
ocardioides psychrotolerans

Aerom
icrobium

 choanae
Aerom

icrobium
 erythreum

Aerom
icrobium

 m
arinum

Aerom
icrobium

 m
assiliense

Friedm
anniella luteola

M
icrolunatus sagam

iharensis

M
icrolunatus flavus

Actinopolym
orpha cephalotaxi

Actinopolym
orpha singaporensis

Actinopolym
orpha alba

Kribbella catacum
bae

Kribbella flavida
M

arm
oricola aequoreus

M
arm

oricola scoriae
Propionicicella superfundia

Pim
elobacter sim

plex
Tessaracoccus m

assiliensis

Tessaracoccus lapidicaptus

Tessaracoccus oleiagri

Tessaracoccus flavus
Tessaracoccus bendigoensis

Tessaracoccus flavescens

C
utibacterium

 nam
netense

C
utibacterium

 acnes
C

utibacterium
 avidum
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C

utibacterium
 granulosum

Propionibacterium
 freudenreichii

Propionibacterium
 acidifaciens

Propionibacterium
 cyclohexanicum

Acidipropionibacterium
 acidipropionici

Acidipropionibacterium
 jensenii

Acidipropionibacterium
 thoenii

M
icrolunatus soli

M
icrolunatus phosphovorus

G
ranulicoccus phenolivorans

N
igerium

 m
assiliense

Propionim
icrobium

 lym
phophilum

Aestuariim
icrobium

 kw
angyangense

Arachnia propionica
Auraticoccus m

onum
enti

R
aineyella antarctica

M
icrom

onospora purpureochrom
ogenes

M
icrom

onospora pallida

M
icrom

onospora auratinigra

M
icrom

onospora inyonensis

M
icrom

onospora siam
ensis

M
icrom

onospora rhizosphaerae

M
icrom

onospora pattaloongensis

M
icrom

onospora aurantiaca

M
icrom

onospora coxensis

M
icrom

onospora narathiw
atensis

M
icrom

onospora rosaria

M
icrom

onospora nigra

M
icrom

onospora avicenniae

M
icrom

onospora sedim
inicola

M
icrom

onospora lupini

M
icrom

onospora chersina

M
icrom

onospora crem
ea

M
icrom

onospora carbonacea

M
icrom

onospora yangpuensis

M
icrom

onospora echinospora

M
icrom

onospora peucetia

M
icrom

onospora rifam
ycinica

M
icrom

onospora krabiensis

M
icrom

onospora inositola

Actinoplanes globisporus

Actinoplanes friuliensis

Actinoplanes utahensis

Actinoplanes aw
ajinensis

Actinoplanes rectilineatus

Actinoplanes philippinensis

Actinoplanes regularis

Actinoplanes derw
entensis

Actinoplanes m
issouriensis

Salinispora tropica
Salinispora arenicola

M
icrom

onospora sedim
inim

aris

M
icrom

onospora m
aris

H
am

adaea tsunoensis

C
atelliglobosispora koreensis

M
icrom

onospora phaseoli

C
atenuloplanes japonicus

C
ouchioplanes caeruleus

Longispora albida
Actinocatenispora sera

D
actylosporangium

 aurantiacum

Asanoa ishikariensis

Pauljensenia hongkongensis

Actinom
yces glycerinitolerans

Actinom
yces polynesiensis

Bow
deniella nasicola

Actinom
yces m

assiliensis

Actinom
yces dentalis

W
inkia neuii

Actinom
yces rum

inicola

Actinom
yces graevenitzii

Boudabousia liubingyangii

Actinom
yces johnsonii

Actinom
yces tim

onensis

Actinom
yces slackii

Actinom
yces radicidentis

Actinom
yces oris

Actinom
yces provencensis

Boudabousia m
arim

am
m

alium

Actinom
yces urinae

Actinom
yces vulturis

Actinom
yces israelii

G
leim

ia coleocanis

Actinom
yces gerencseriae

Actinom
yces urogenitalis

Buchananella hordeovulneris

Schaalia m
eyeri

Schaalia odontolytica

Schaalia radingae

Schaalia suim
astitidis

Schaalia cardiffensis

Schaalia vaccim
axillae

Schaalia turicensis

Arcanobacterium
 urinim

assiliense

Arcanobacterium
 phocae

Arcanobacterium
 haem

olyticum

Actinotignum
 urinale

Actinotignum
 schaalii

Actinobaculum
 suis

Actinobaculum
 m

assiliense

Varibaculum
 cam

briense

Varibaculum
 tim

onense

M
obiluncus curtisii

M
obiluncus m

ulieris

Trueperella bernardiae

Trueperella pyogenes

Flaviflexus m
assiliensis

Bifidobacterium
 bifidum

Bifidobacterium
 longum

Bifidobacterium
 lem

urum

Bifidobacterium
 asteroides

Bifidobacterium
 dentium

Bifidobacterium
 m

inim
um

Bifidobacterium
 callitrichos

Bifidobacterium
 reuteri

Bifidobacterium
 psychraerophilum

Bifidobacterium
 therm

ophilum

Bifidobacterium
 coryneform

e

Bifidobacterium
 com

m
une

Bifidobacterium
 tsurum

iense

Bifidobacterium
 m

ongoliense

Bifidobacterium
 actinocoloniiform

e

Bifidobacterium
 pseudolongum

Bifidobacterium
 saguini

Bifidobacterium
 subtile

Bifidobacterium
 cuniculi

Bifidobacterium
 scardovii

Bifidobacterium
 angulatum

Bifidobacterium
 crudilactis

Bifidobacterium
 breve

Bifidobacterium
 bohem

icum

Bifidobacterium
 pullorum

 subsp gallinarum

Bifidobacterium
 m

agnum

Bifidobacterium
 gallicum

Bifidobacterium
 biavatii

Bifidobacterium
 bom

bi

Bifidobacterium
 choerinum

Bifidobacterium
 adolescentis

Bifidobacterium
 stellenboschense

Bifidobacterium
 aesculapii

Alloscardovia criceti

Alloscardovia om
nicolens

Alloscardovia m
acacae

Scardovia inopinata

Scardovia wiggsiae

G
ardnerella vaginalis

Parascardovia denticolens

G
eoderm

atophilus am
argosae

G
eoderm

atophilus africanus

G
eoderm

atophilus telluris

G
eoderm

atophilus nigrescens

G
eoderm

atophilus siccatus

G
eoderm

atophilus ruber

G
eoderm

atophilus pulveris

G
eoderm

atophilus saharensis

G
eoderm

atophilus obscurus

Blastococcus endophyticus

Blastococcus saxobsidens

M
odestobacter caceresii

M
odestobacter m

arinus

Klenkia taihuensis

Klenkia soli
Frankia elaeagni

Frankia discariae

Frankia inefficax

Frankia casuarinae

Frankia alni
Jatrophihabitans endophyticus

Cryptosporangium
 aurantiacum

Cryptosporangium
 arvum

Sporichthya polym
orpha

G
lycom

yces sam
bucus

G
lycom

yces tenuis

G
lycom

yces harbinensis

G
lycom

yces arizonensis

Haloglycom
yces albus

Stackebrandtia nassauensis

Actinopolyspora xinjiangensis

Actinopolyspora righensis

Actinopolyspora m
ortivallis

Actinopolyspora halophila

Jiangella alkaliphila

Jiangella gansuensis

Jiangella m
uralis

Nakam
urella lactea

Nakam
urella m

ultipartita

Nakam
urella panacisegetis

Actinospica robiniae

Catenulispora acidiphila

Acidotherm
us cellulolyticus

Kineococcus radiotolerans

Therm
obispora bispora

actinobacterium
 LLX17

Collinsella stercoris

Collinsella tanakaei

Collinsella phocaeensis

Collinsella bouchesdurhonensis

Collinsella aerofaciens

Collinsella intestinalis

Collinsella ihum
ii

O
legusella m

assiliensis

Enorm
a m

assiliensis

Coriobacterium
 glom

erans

Senegalim
assilia anaerobia

Fannyhessea vaginae

Atopobium
 deltae

Atopobium
 fossor

Atopobium
 m

inutum

Lancefieldella parvula

Lancefieldella rim
ae

O
lsenella profusa

O
lsenella uli

Tractidigestivibacter scatoligenes

Parafannyhessea um
bonata

Parolsenella m
assiliensis

Slackia heliotrinireducens

Slackia exigua

Slackia piriform
is

G
ordonibacter pam

elaeae

G
ordonibacter m

assiliensis

Adlercreutzia m
ucosicola

Adlercreutzia caecim
uris

Adlercreutzia equolifaciens

Cryptobacterium
 curtum

Denitrobacterium
 detoxificans

Phoenicibacter congonensis

Arabia m
assiliensis

Eggerthella lenta

Patulibacter m
inatonensis

Patulibacter m
edicam

entivorans

Patulibacter am
ericanus

Conexibacter woesei

Solirubrobacter soli

Therm
oleophilum

 album

Ferrim
icrobium

 acidiphilum

Acidim
icrobium

 ferrooxidans

Ferrithrix therm
otolerans

Acidithrix ferrooxidans

Ilum
atobacter nonam

iensis

Rubrobacter xylanophilus

Rubrobacter radiotolerans

Rubrobacter aplysinae

Nitriliruptor alkaliphilus

M
ycoplasm

a ferirum
inatoris

M
ycoplasm

a capricolum

M
ycoplasm

a m
ycoides

M
ycoplasm

opsis pullorum

M
ycoplasm

opsis agassizii

M
ycoplasm

opsis ferm
entans

M
ycoplasm

a cloacale

M
ycoplasm

a wenyonii

M
ycoplasm

a parvum

M
ycoplasm

a yeatsii

M
ycoplasm

a m
obile

M
ycoplasm

opsis m
eleagridis

M
ycoplasm

opsis cynos

M
ycoplasm

a spum
ans

M
ycoplasm

opsis synoviae

M
ycoplasm

opsis gallinarum

M
ycoplasm

opsis anatis

M
ycoplasm

a im
itans

M
ycoplasm

a elephantis

M
ycoplasm

opsis bovigenitalium

M
ycoplasm

a leonicaptivi

M
ycoplasm

a collis

M
ycoplasm

a orale

M
ycoplasm

a hyosynoviae

M
ycoplasm

a ovis

M
ycoplasm

a salivarium

M
ycoplasm

a hyorhinis

M
ycoplasm

opsis californica

M
ycoplasm

opsis arginini

M
ycoplasm

opsis lipofaciens

M
ycoplasm

a buteonis

M
ycoplasm

opsis cricetuli

M
ycoplasm

opsis pulm
onis

M
ycoplasm

a gallisepticum

M
ycoplasm

opsis sturni

M
ycoplasm

opsis colum
boralis

M
ycoplasm

a alkalescens

M
ycoplasm

opsis verecunda

M
ycoplasm

opsis alligatoris

M
ycoplasm

opsis felifaucium

M
ycoplasm

a putrefaciens

M
ycoplasm

opsis prim
atum

M
ycoplasm

a pneum
oniae

M
ycoplasm

opsis agalactiae

M
ycoplasm

a bovoculi

M
ycoplasm

a canadense

M
ycoplasm

opsis iners

M
ycoplasm

a genitalium

M
ycoplasm

a conjunctivae

M
ycoplasm

a alvi

M
ycoplasm

a ovipneum
oniae

M
ycoplasm

a flocculare

M
ycoplasm

a sim
bae

M
ycoplasm

a crocodyli

M
ycoplasm

a penetrans

M
ycoplasm

opsis opalescens

M
ycoplasm

a arthritidis

M
ycoplasm

opsis glycophila

M
ycoplasm

opsis colum
bina

M
ycoplasm

opsis felis

M
ycoplasm

a dispar

M
ycoplasm

a pirum

M
ycoplasm

opsis canis

M
ycoplasm

a iowae

M
ycoplasm

opsis bovis

M
ycoplasm

a auris

M
ycoplasm

a m
olare

M
ycoplasm

a hom
inis

M
ycoplasm

a anseris

M
ycoplasm

a testudinis

M
ycoplasm

a suis

M
ycoplasm

a hyopneum
oniae

Ureaplasm
a parvum

Ureaplasm
a diversum

Ureaplasm
a canigenitalium

Spiroplasm
a turonicum

Spiroplasm
a dim

inutum

Spiroplasm
a syrphidicola

Spiroplasm
a cantharicola

Spiroplasm
a culicicola

Spiroplasm
a eriocheiris

Spiroplasm
a apis

Spiroplasm
a chrysopicola

Spiroplasm
a litorale

Spiroplasm
a citri

Spiroplasma taiwanense

Spiroplasma helicoides

Spiroplasma kunkelii

Spiroplasma mirum

Spiroplasma sabaudiense

Spiroplasma poulsonii

Entomoplasma lucivorax

Entomoplasma melaleucae

Entomoplasma luminosum

Entomoplasma somnilux

Mesoplasma chauliocola

Mesoplasma syrphidae

Mesoplasma florum

Mesoplasma photuris

Acholeplasma granularum

Acholeplasma multilocale

Alteracholeplasma palmae

Haploplasma modicum

Paracholeplasma brassicae

Haploplasma axanthum

Acholeplasma laidlawii

Acholeplasma oculi

Acholeplasma hippikon

Acholeplasma equifetale

Lyngbya aestuarii

Lyngbya confervoides

Phormidium ambiguum

Phormidium tenue

Oscillatoria nigro-viridis

Oscillatoria acuminata

Moorena producens

Limnoraphis robusta

Planktothrix tepida

Planktothrix agardhii

Arthrospira platensis

Kamptonema formosum

Trichodesmium erythraeum

Oscillatoriales cyanobacterium

Crinalium epipsammum

Coleofasciculus chthonoplastes

Geminocystis herdmanii

Chroogloeocystis siderophila

Crocosphaera watsonii

Rubidibacter lacunae

Cyanobacterium aponinum

Microcystis aeruginosa

Nostoc punctiforme

Nostoc piscinale

Nostoc calcicola

Cylindrospermum stagnale

Anabaena cylindrica

Richelia intracellularis

Cylindrospermopsis raciborskii

Nodularia spumigena

Aphanizomenon flos-aquae

Dolichospermum circinale

Calothrix sp

Calothrix rhizosoleniae

Fischerella thermalis

Mastigocoleus testarum

Scytonema hofmannii

Scytonema tolypothrichoides

Mastigocladopsis repens

Chlorogloeopsis fritschii

Nostocales cyanobacterium

Fortiea contorta

Tolypothrix bouteillei

Leptolyngbya boryana

Leptolyngbya valderiana

Leptolyngbya ohadii

Neosynechococcus sphagnicola

Phormidesmis priestleyi

Thermosynechococcus vestitus

Synechococcus elongatus

Cyanobium gracile

Dactylococcopsis salina

Halomicronema hongdechloris

Prochlorothrix hollandica

Nodosilinea nodulosa

Pseudanabaena biceps

Limnothrix rosea

Acaryochloris marina

Prochlorococcus marinus

Chamaesiphon minutus

Aliterella atlantica

Chroococcidiopsis thermalis

Spirulina major

Spirulina subsalsa

Gloeobacter kilaueensis

Gloeobacter violaceus

Stanieria cyanosphaera

Pleurocapsa sp

Gloeomargarita lithophora

Deinococcus murrayi

Deinococcus reticulitermitis

Deinococcus phoenicis

Deinococcus ficus

Deinococcus peraridilitoris

Deinococcus marmoris

Deinococcus gobiensis

Deinococcus geothermalis

Deinococcus misasensis

Deinococcus wulumuqiensis

Deinococcus hopiensis

Deinococcus proteolyticus

Deinococcus indicus

Deinococcus soli (ex Cha et al 2016)

Deinococcus pimensis
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Deinococcus apachensis

Deinococcus soli (ex Zhang et al 2011)

Deinococcus radiodurans

Deinococcus maricopensis

Deinococcus deserti

Deinococcus frigens

Deinococcus puniceus

Truepera radiovictrix

Thermus aquaticus

Thermus filiformis

Thermus caliditerrae

Thermus igniterrae

Thermus islandicus

Thermus oshimai

Thermus amyloliquefaciens

Thermus antranikianii

Thermus thermophilus

Thermus arciformis

Thermus brockianus

Thermus scotoductus

Meiothermus rufus

Meiothermus cerbereus

Calidithermus chliarophilus

Meiothermus ruber

Calidithermus timidus

Meiothermus silvanus

Oceanithermus profundus

Marinithermus hydrothermalis

Anaerolinea thermophila

Anaerolinea thermolimosa

Longilinea arvoryzae

Thermanaerothrix daxensis

Leptolinea tardivitalis

Brevefilum fermentans

Bellilinea caldifistulae

Ornatilinea apprima

Levilinea saccharolytica

Flexilinea flocculi

Chloroflexus aggregans

Chloroflexus aurantiacus

Chloroflexus islandicus

Oscillochloris trichoides

Roseiflexus castenholzii

Herpetosiphon geysericola

Sphaerobacter thermophilus

Nitrolancea hollandica

Thermorudis peleae

Thermomicrobium roseum

Dehalogenimonas alkenigignens

Dehalogenimonas lykanthroporepellens

Dehalogenimonas formicexedens

Dehalococcoides mccartyi

Thermogemmatispora carboxidivorans

Thermogemmatispora onikobensis

Ktedonobacter racemifer

Caldilinea aerophila

Ardenticatena maritima

Thermoflexus hugenholtzii

Fimbriimonas ginsengisoli

Chthonomonas calidirosea

Thermobaculum terrenum

Thiopseudomonas caeni

Pseudomonas mendocina

Pseudomonas anguilliseptica

Pseudomonas jinjuensis

Pseudomonas alcaligenes

Pseudomonas citronellolis

Pseudomonas aeruginosa

Pseudomonas resinovorans

Pseudomonas nitroreducens

Pseudomonas fulva

Pseudomonas putida

Pseudomonas monteilii

Pseudomonas stutzeri

Pseudomonas balearica

Pseudomonas fluorescens

Pseudomonas protegens

Pseudomonas syringae

Pseudomonas fuscovaginae

Pseudomonas indica

Pseudomonas taeanensis

Pseudomonas lutea

Halopseudomonas aestusnigri

Halopseudomonas pelagia

Pseudomonas kuykendallii

Halopseudomonas formosensis

Pseudomonas oryzae

Halopseudomonas litoralis

Pseudomonas saudimassiliensis

Pseudomonas guangdongensis

Pseudomonas zeshuii

Halopseudomonas xinjiangensis

Pseudomonas psychrotolerans

Pseudomonas flexibilis

Pseudomonas rhizosphaerae

Halopseudomonas pachastrellae

Atopomonas hussainii

Pseudomonas yangmingensis

Pseudomonas guineae

Pseudomonas otitidis

Pseudomonas borbori

Pseudomonas sagittaria

Pseudomonas marincola

Pseudomonas pohangensis

Pseudomonas massiliensis

Pseudomonas benzenivorans

Pseudomonas azotifigens

Halopseudomonas sabulinigri

Pseudomonas thermotolerans

Pseudomonas saudiphocaensis

Halopseudomonas salegens

Azotobacter chroococcum

Azotobacter vinelandii

Rugamonas rubra

Thiopseudomonas alkaliphila

Acinetobacter pittii

Acinetobacter baumannii

Acinetobacter towneri

Acinetobacter equi

Acinetobacter qingfengensis

Acinetobacter brisouii

Acinetobacter beijerinckii

Acinetobacter junii

Acinetobacter kookii

Acinetobacter marinus

Acinetobacter tandoii

Acinetobacter schindleri

Acinetobacter bouvetii

Acinetobacter bohemicus

Acinetobacter gyllenbergii

Acinetobacter nectaris

Acinetobacter guillouiae

Acinetobacter boissieri

Acinetobacter parvus

Acinetobacter harbinensis

Acinetobacter defluvii

Acinetobacter rudis

Acinetobacter populi

Acinetobacter celticus

Acinetobacter radioresistens

Acinetobacter soli

Acinetobacter apis

Acinetobacter gerneri

Acinetobacter johnsonii

Acinetobacter larvae

Acinetobacter indicus

Acinetobacter ursingii

Moraxella caprae

Moraxella atlantae

Moraxella lincolnii

Moraxella oblonga

Moraxella osloensis

Moraxella caviae

Moraxella ovis

Moraxella porci

Moraxella nonliquefaciens

Moraxella macacae

Moraxella cuniculi

Moraxella catarrhalis

Moraxella boevrei

Psychrobacter pacificensis

Psychrobacter arcticus

Psychrobacter phenylpyruvicus

Psychrobacter urativorans

Psychrobacter alimentarius

Perlucidibaca piscinae

Perlucidibaca aquatica

Alkanindiges illinoisensis

Ventosimonas gracilis

Marinobacter nauticus

Marinobacter excellens

Marinobacter lutaoensis

Marinobacter subterrani

Marinobacter nitratireducens

Marinobacter persicus

Marinobacter psychrophilus

Marinobacter mobilis

Marinobacter santoriniensis

Marinobacter segnicrescens

Marinobacter salinus

Marinobacter antarcticus

Marinobacter daepoensis

Marinobacter nanhaiticus

Marinobacter zhejiangensis

Marinobacter daqiaonensis

Marinobacter salarius

Marinobacter lipolyticus

Alteromonas australica

Alteromonas stellipolaris

Alteromonas confluentis

Alteromonas lipolytica

Alteromonas macleodii

Paraglaciecola psychrophila

Paraglaciecola polaris

Paraglaciecola arctica

Glaciecola pallidula

Glaciecola punicea

Glaciecola nitratireducens

Aestuariibacter salexigens

Marisediminitalea aggregata

Agarivorans gilvus

Agarivorans albus

Catenovulum maritimum

Catenovulum agarivorans

Salinimonas chungwhensis

Aliiglaciecola lipolytica

Alishewanella agri

Gayadomonas joobiniege

Lacimicrobium alkaliphilum

Aliagarivorans marinus

Shewanella baltica

Shewanella pealeana

Shewanella violacea

Shewanella benthica

Shewanella psychrophila

Shewanella algae

Shewanella denitrificans

Shewanella sediminis

Shewanella oneidensis

Shewanella piezotolerans

Shewanella frigidimarina

Shewanella loihica

Shewanella waksmanii

Shewanella amazonensis

Shewanella marina

Shewanella japonica

Shewanella mangrovi

Shewanella colwelliana

Pseudoalteromonas atlantica

Pseudoalteromonas ruthenica

Pseudoalteromonas phenolica

Pseudoalteromonas denitrificans

Pseudoalteromonas tunicata

Pseudoalteromonas rubra

Pseudoalteromonas shioyasakiensis

Pseudoalteromonas espejiana

Pseudoalteromonas prydzensis

Pseudoalteromonas translucida

Pseudoalteromonas piscicida

Pseudoalteromonas citrea

Pseudoalteromonas luteoviolacea

Pseudoalteromonas ulvae

Pseudoalteromonas spongiae

Pseudoalteromonas byunsanensis

Algicola sagamiensis

Idiomarina piscisalsi

Pseudidiomarina salinarum

Idiomarina baltica

Pseudidiomarina indica

Pseudidiomarina woesei

Idiomarina loihiensis

Pseudidiomarina sediminum

Pseudidiomarina atlantica

Pseudidiomarina planktonica

Idiomarina xiamenensis

Colwellia psychrerythraea

Pseudocolwellia agarivorans

Colwellia piezophila

Colwellia marinimaniae

Cognaticolwellia mytili

Cognaticolwellia aestuarii

Colwellia chukchiensis

Thalassotalea agarivorans

Thalassotalea crassostreae

Thalassomonas actiniarum

Ferrimonas marina

Ferrimonas senticii

Ferrimonas futtsuensis

Ferrimonas kyonanensis

Ferrimonas balearica

Psychromonas ingrahamii

Psychromonas hadalis

Psychromonas arctica

Psychromonas ossibalaenae

Moritella dasanensis

Moritella viscosa

Halomonas ilicicola

Halomonas salina

Halomonas subglaciescola

Halomonas halocynthiae

Halomonas jeotgali

Halomonas pantelleriensis

Halomonas muralis

Halomonas zincidurans

Halomonas aestuarii

Halomonas subterranea

Halomonas elongata

Halomonas daqiaonensis

Halomonas xinjiangensis

Halomonas gudaonensis

Halomonas lutea

Halomonas anticariensis

Halomonas boliviensis

Halomonas shengliensis

Halomonas utahensis

Halomonas desiderata

Halomonas taeanensis

Halomonas huangheensis

Halomonas saccharevitans

Halomonas korlensis

Halomonas campaniensis

Halomonas cupida

Halomonas halodenitrificans

Halomonas chromatireducens

Halomonas smyrnensis

Kushneria marisflavi

Kushneria aurantia

Kushneria avicenniae

Chromohalobacter salexigens

Chromohalobacter japonicus

Cobetia marina

Cobetia crustatorum

Halotalea alkalilenta

Carnimonas nigrificans

Zymobacter palmae

Aidingimonas halophila

Salinicola socius

Marinomonas spartinae

Marinomonas mediterranea

Marinomonas profundimaris

Marinomonas aquimarina

Marinomonas atlantica

Marinomonas posidonica

Marinomonas polaris

Marinomonas ushuaiensis

Marinomonas fungiae

Marinobacterium stanieri

Marinobacterium profundum

Marinobacterium georgiense

Marinobacterium rhizophilum

Marinobacterium litorale

Marinobacterium jannaschii

Oceanospirillum beijerinckii

Oceanospirillum maris

Oceanospirillum multiglobuliferum

Oceanospirillum linum

Neptunomonas japonica

Neptunomonas antarctica

Neptunomonas phycophila

Neptunomonas qingdaonensis

Marinospirillum minutulum

Marinospirillum insulare

Marinospirillum alkaliphilum

Marinospirillum celere

Nitrincola lacisaponensis

Nitrincola nitratireducens

Amphritea japonica

Amphritea atlantica

Oceanobacter kriegii

Bermanella marisrubri

Oleibacter marinus

Neptuniibacter marinus

Pseudospirillum japonicum

Thalassolituus oleivorans

Oleispira antarctica

Alcanivorax jadensis

Alcanivorax hongdengensis

Alcanivorax borkumensis

Alcanivorax pacificus

Alcanivorax dieselolei

Alcanivorax nanhaiticus

Endozoicomonas atrinae

Endozoicomonas numazuensis

Endozoicomonas montiporae

Endozoicomonas elysicola

Saccharospirillum impatiens

Gynuella sunshinyii

Reinekea blandensis

Kangiella koreensis

Kangiella geojedonensis

Kangiella sediminilitoris

Hahella chejuensis

Hahella ganghwensis

Oleiphilus messinensis

Balneatrix alpica

Terasakiispira papahanaumokuakeensis

Enterobacter hormaechei

Enterobacter kobei

Enterobacter cloacae

Klebsiella aerogenes

Klebsiella pneumoniae

Klebsiella oxytoca

Kosakonia cowanii

Kosakonia sacchari

Kluyvera cryocrescens

Kluyvera ascorbata

Shigella flexneri

Shigella dysenteriae

Pluralibacter gergoviae

[Enterobacter] lignolyticus

Citrobacter freundii

Cedecea neteri

Pseudescherichia vulneris

Atlantibacter hermannii

Rosenbergiella nectarea

Siccibacter turicensis

Shimwellia blattae

Trabulsiella odontotermitis

Salmonella enterica

Yokenella regensburgei

Cronobacter sakazakii

Izhakiella capsodis

Buttiauxella ferragutiae

[Erwinia] teleogrylli

Franconibacter pulveris

Escherichia coli

Mangrovibacter phragmitis

Erwinia gerundensis

Erwinia mallotivora

Erwinia tracheiphila

Erwinia iniecta

Erwinia billingiae

Erwinia oleae

Erwinia toletana

Erwinia amylovora

Erwinia persicina

Pantoea septica

Pantoea alhagi

Pantoea agglomerans

Pantoea rwandensis

Pantoea dispersa

Pantoea ananatis

Tatumella citrea

Tatumella saanichensis

Wigglesworthia glossinidia

Phaseolibacter flectens

Buchnera aphidicola

Xenorhabdus doucetiae

Xenorhabdus nematophila

Xenorhabdus japonica

Xenorhabdus koppenhoeferi

Xenorhabdus cabanillasii

Xenorhabdus bovienii

Xenorhabdus hominickii

Xenorhabdus innexi

Providencia alcalifaciens

Providencia stuartii

Providencia sneebia

Providencia heimbachae

Morganella psychrotolerans

Morganella morganii

Moellerella wisconsensis

Photorhabdus thracensis

Proteus mirabilis

Serratia marcescens

Serratia liquefaciens

Serratia rubidaea

Serratia symbiotica

Serratia fonticola

Yersinia pestis

Yersinia enterocolitica

Yersinia ruckeri

Nissabacter archeti

Rouxiella chamberiensis

Rahnella aquatilis

Musicola paradisiaca

Dickeya zeae

Dickeya solani

Pectobacterium carotovorum

Sodalis praecaptivus

Lonsdalea quercina

Brenneria goodwinii

Budvicia aquatica

Pragia fontium

Leminorella grimontii

Obesumbacterium proteus

Edwardsiella anguillarum

Thorsellia anophelis

Plesiomonas shigelloides

Stenotrophomonas daejeonensis

Stenotrophomonas maltophilia

Stenotrophomonas ginsengisoli

Stenotrophomonas acidaminiphila

Stenotrophomonas koreensis

Stenotrophomonas pictorum

Stenotrophomonas chelatiphaga

Stenotrophomonas panacihumi

Stenotrophomonas nitritireducens

Stenotrophomonas rhizophila

Lysobacter arseniciresistens

Lysobacter concretionis

Lysobacter tolerans

Lysobacter enzymogenes

Lysobacter defluvii

Lysobacter antibioticus

Lysobacter spongiicola

Lysobacter capsici

Lysobacter daejeonensis

Lysobacter dokdonensis

Xanthomonas fragariae

Xanthomonas maliensis

Xanthomonas sacchari
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Xanthomonas translucens

Xanthomonas campestris

Xanthomonas massiliensis

Xanthomonas oryzae

Xanthomonas citri

Pseudoxanthomonas indica

Pseudoxanthomonas dokdonensis

Pseudoxanthomonas mexicana

Pseudoxanthomonas suwonensis

Pseudoxanthomonas spadix

Arenimonas malthae

Arenimonas donghaensis

Arenimonas oryziterrae

Arenimonas composti

Arenimonas metalli

Luteimonas abyssi

Luteimonas mephitis

Luteimonas huabeiensis

Thermomonas fusca

Thermomonas hydrothermalis

Xylella taiwanensis

Xylella fastidiosa

Silanimonas lenta

Rhodanobacter spathiphylli

Rhodanobacter glycinis

Rhodanobacter fulvus

Rhodanobacter denitrificans

Dyella thiooxydans

Dyella japonica

Luteibacter yeojuensis

Luteibacter rhizovicinus

Dokdonella koreensis

Dokdonella immobilis

Frateuria aurantia

Frateuria terrea

Oleiagrimonas soli

Mizugakiibacter sediminis

Metallibacterium scheffleri

Aquimonas voraii

Rudaea cellulosilytica

Vibrio alginolyticus

Vibrio parahaemolyticus

Vibrio campbellii

Vibrio coralliilyticus

Vibrio tasmaniensis

Vibrio panuliri

Vibrio breoganii

Vibrio sonorensis

Vibrio gazogenes

Vibrio tritonius

Vibrio scophthalmi

Vibrio xiamenensis

Vibrio ezurae

Vibrio proteolyticus

Vibrio pacinii

Vibrio cholerae

Vibrio mexicanus

Vibrio nigripulchritudo

Vibrio aerogenes

Vibrio mangrovi

Vibrio navarrensis

Vibrio metschnikovii

Vibrio ostreicida

Vibrio mediterranei

Vibrio tubiashii

Vibrio fluvialis

Vibrio litoralis

Vibrio anguillarum

Vibrio toranzoniae

Vibrio diazotrophicus

Vibrio vulnificus

Photobacterium profundum

Photobacterium damselae

Photobacterium halotolerans

Photobacterium swingsii

Photobacterium ganghwense

Photobacterium aquae

Photobacterium galatheae

Photobacterium leiognathi

Photobacterium marinum

Photobacterium kishitanii

Photobacterium gaetbulicola

Photobacterium proteolyticum

Photobacterium sanctipauli

Photobacterium jeanii

Enterovibrio calviensis

Enterovibrio coralii

Enterovibrio nigricans

Enterovibrio norvegicus

Enterovibrio pacificus

Aliivibrio salmonicida

Aliivibrio wodanis

Aliivibrio fischeri

Thaumasiovibrio occultus

Thaumasiovibrio subtropicus

Grimontia hollisae

Grimontia indica

Salinivibrio proteolyticus

Salinivibrio costicola

Thioalkalivibrio nitratireducens

Thioalkalivibrio versutus

Thioalkalivibrio thiocyanodenitrificans

Thioalkalivibrio sulfidiphilus

Thioalkalivibrio thiocyanoxidans

Thioalkalivibrio denitrificans

Thioalkalivibrio paradoxus

Thioalkalivibrio halophilus

Ectothiorhodospira haloalkaliphila

Ectothiorhodospira magna

Ectothiorhodospira mobilis

Ectothiorhodospira marina

Spiribacter curvatus

Spiribacter salinus

Acidihalobacter ferrooxydans

Acidihalobacter prosperus

Thiohalomonas denitrificans

Aquisalimonas asiatica

Thiorhodospira sibirica

Nitrococcus mobilis

Ectothiorhodosinus mongolicus

Thiohalospira halophila

Arhodomonas aquaeolei

Halofilum ochraceum

Halorhodospira halophila

Alkalilimnicola ehrlichii

Oceanococcus atlanticus

Rheinheimera salexigens

Rheinheimera baltica

Rheinheimera nanhaiensis

Rheinheimera perlucida

Nitrosococcus oceani

Nitrosococcus watsonii

Nitrosococcus halophilus

Allochromatium vinosum

Allochromatium warmingii

Thiocapsa marina

Lamprocystis purpurea

Pararheinheimera texasensis

Thiocystis violascens

Marichromatium purpuratum

Thiorhodococcus drewsii

Thioflavicoccus mobilis

Imhoffiella purpurea

Woeseia oceani

Wenzhouxiangella marina

Halothiobacillus neapolitanus

Granulosicoccus antarcticus

Legionella waltersii

Legionella longbeachae

Legionella norrlandica

Legionella spiritensis

Legionella nautarum

Legionella londiniensis

Legionella birminghamensis

Legionella tucsonensis

Legionella drozanskii

Legionella moravica

Legionella pneumophila

Legionella anisa

Legionella clemsonensis

Legionella brunensis

Legionella oakridgensis

Legionella geestiana
Legionella saoudiensis

Legionella shakespearei

Legionella quinlivanii

Legionella israelensis

Legionella hackeliae

Legionella feeleii

Legionella tunisiensis
Legionella worsleiensis

Legionella fairfieldensis

Legionella fallonii
Legionella cherrii

Legionella steelei
Legionella wadsworthii

Legionella adelaidensis

Legionella gratiana
Legionella jordanis
Legionella lansingensis

Legionella massiliensis
Legionella drancourtii

Legionella rubrilucens

Legionella maceachernii
Tatlockia micdadei

Fluoribacter dumoffii
Diplorickettsia massiliensis

Rickettsiella grylli
Coxiella burnetii
Methylophaga aminisulfidivorans

Methylophaga thiooxydans

Methylophaga nitratireducenticrescens

Methylophaga lonarensis
Methylophaga frappieri

Methylophaga muralis
Hydrogenovibrio marinus

Hydrogenovibrio halophilus
Hydrogenovibrio kuenenii

Hydrogenovibrio crunogenus

Thiomicrospira cyclica
Thiomicrospira aerophila
Thiomicrospira pelophila
Thiomicrospira microaerophila
Piscirickettsia salmonis
Piscirickettsia litoralis
Thiomicrorhabdus chilensis
Thiomicrorhabdus arctica
Cycloclasticus pugetii
Sulfurivirga caldicuralii
Thiothrix caldifontis
Thiothrix lacustris
Thiothrix eikelboomii
Beggiatoa leptomitoformis
Beggiatoa alba
Leucothrix mucor
Thioploca ingrica
Francisella tularensis
Francisella philomiragia
Francisella halioticida
Francisella persica
Allofrancisella guangzhouensis
Thioflexothrix psekupsii
Thiofilum flexile
Fangia hongkongensis
Thiolinea disciformis
Gilvimarinus agarilyticus
Gilvimarinus polysaccharolyticus
Gilvimarinus chinensis
Cellvibrio mixtus
Cellvibrio japonicus
Teredinibacter turnerae
Simiduia agarivorans
Marinimicrobium agarilyticum
Marinagarivorans algicola
Saccharophagus degradans
Microbulbifer yueqingensis
Microbulbifer marinus
Microbulbifer donghaiensis
Microbulbifer thermotolerans
Microbulbifer mangrovi
Microbulbifer agarilyticus
Microbulbifer variabilis
Halioglobus japonicus
Halioglobus pacificus
Luminiphilus syltensis
Pseudohaliea rubra
Congregibacter litoralis
Haliea salexigens
Spongiibacter marinus
Spongiibacter tropicus
Zhongshania aliphaticivorans
Dasania marina
Oceanicoccus sagamiensis
Porticoccus hydrocarbonoclasticus
[Haemophilus] ducreyi
Haemophilus influenzae
Haemophilus paracuniculus
Canicola haemoglobinophilus
Haemophilus sputorum
Pasteurella bettyae
Pasteurella multocida
Pasteurella skyensis
Actinobacillus succinogenes
Actinobacillus suis
Rodentibacter pneumotropicus
Rodentibacter heylii
[Mannheimia] succiniciproducensMuribacter muris
Mannheimia haemolytica
Gallibacterium anatisChelonobacter oris
Bibersteinia trehalosi
Glaesserella parasuis
[Haemophilus] felis
Histophilus somni
Aggregatibacter actinomycetemcomitansAvibacterium paragallinarum
Necropsobacter massiliensis
Methylomonas methanicaMethylomonas lenta
Methylomonas denitrificansMethylomonas koyamae
Methylobacter tundripaludumMethylobacter marinus
Methylobacter luteus
Methylotuvimicrobium alcaliphilumMethylomicrobium agile
Methylotuvimicrobium buryatenseMethylosarcina fibrata
Methylomicrobium lacusMethylovulum miyakonense
Methylovulum psychrotoleransMethylogaea oryzae
Methylomarinum vadiMethylococcus capsulatus
Methyloglobulus morosusMethylocaldum szegedienseMethyloprofundus sedimentiMethylohalobius crimeensisCrenothrix polysporaAeromonas salmonicidaAeromonas eucrenophilaAeromonas hydrophilaAeromonas molluscorumAeromonas fluvialisAeromonas simiae

Aeromonas schubertiiOceanisphaera psychrotoleransOceanisphaera profundaTolumonas auensis
Oceanimonas smirnoviiRuminobacter amylophilusSuccinimonas amylolyticaSuccinatimonas hippeiAnaerobiospirillum succiniciproducensSuccinivibrio dextrinosolvensSedimenticola thiotauriniSedimenticola selenatireducensWohlfahrtiimonas chitiniclasticaWohlfahrtiimonas larvaePseudohongiella spirulinaePseudohongiella acticolaIgnatzschineria larvaeGallaecimonas xiamenensisAlkalimonas amylolyticaThiolapillus brandeumThiohalorhabdus denitrificansNeiella marinaSolimonas aquaticaSolimonas soli

Solimonas flavaNevskia soli
Nevskia ramosaHydrocarboniphaga daqingensisHydrocarboniphaga effusaPolycyclovorans algicolaSteroidobacter denitrificansFontimonas thermophilaAlgiphilus aromaticivoransCardiobacterium valvarumCardiobacterium hominisSuttonella ornithocolaDichelobacter nodosusRappaport israeliGilliamella apicolaFrischella perraraSalinisphaera shabanensisSalinisphaera hydrothermalisImmundisolibacter cernigliaeAcidiferrobacter thiooxydansParacoccus solventivoransParacoccus aminophilusParacoccus contaminansParacoccus sediminisParacoccus halophilusParacoccus saliphilusParacoccus alcaliphilusParacoccus denitrificansParacoccus sanguinisParacoccus chinensisParacoccus versutusParacoccus yeeiParacoccus tibetensisParacoccus isoporaeParacoccus zeaxanthinifaciens

Paracoccus sphaerophysaeParacoccus alkeniferParacoccus homiensisParacoccus seriniphilusParacoccus aminovoransRoseovarius albusRoseovarius atlanticusRoseovarius mucosusRoseovarius nanhaiticusRoseovarius azorensisRoseovarius aestuariiRoseovarius indicusRoseovarius nubinhibensRoseovarius toleransRoseovarius halotoleransRoseovarius lutimarisRoseovarius pacificusSulfitobacter guttiformisSulfitobacter indolifexSulfitobacter geojensisSulfitobacter noctilucicola
Sulfitobacter noctilucaeSulfitobacter mediterraneus

Sulfitobacter brevisSulfitobacter marinusSulfitobacter pontiacusSulfitobacter donghicolaSulfitobacter pseudonitzschiae
Ruegeria lacuscaerulensisRuegeria litoreaRuegeria marinaRuegeria atlanticaRuegeria meonggeiRuegeria pomeroyiRuegeria conchaeRuegeria halocynthiaeJannaschia helgolandensis

Jannaschia faecimarisJannaschia pohangensis
Jannaschia seosinensisJannaschia aquimarina
Jannaschia rubraJannaschia donghaensis

Roseivivax isoporaeRoseivivax lentusRoseivivax halotolerans
Roseivivax jejudonensisRoseivivax marinusTranquillimonas rosea

Roseivivax haloduransCeleribacter ethanolicus
Celeribacter halophilusCeleribacter indicusCeleribacter neptunius

Celeribacter marinusCeleribacter baekdonensis
Pseudooceanicola marinus

Pseudooceanicola atlanticus
Pseudooceanicola nitratireducens

Pseudooceanicola batsensis
Pseudooceanicola flagellatus
Pseudooceanicola nanhaiensis
Thioclava atlanticaThioclava marinaThioclava nitratireducens

Thioclava indicaThioclava dalianensisSalipiger profundus
Salipiger mucosusSalipiger marinusSalipiger thiooxidans

Salipiger bermudensis
Pseudorhodobacter ferrugineus

Pseudorhodobacter antarcticus
Pseudorhodobacter aquimaris

Cypionkella psychrotolerans
Pseudorhodobacter wandonensis

Limimaricola hongkongensis
Limimaricola soesokkakensis

Limimaricola cinnabarinus
Limimaricola pyoseonensis

Aliiruegeria sabulilitoris
Aliiruegeria lutimarisPseudoruegeria aquimaris

Pseudoruegeria marinistellae
Pseudovibrio axinellae

Pseudovibrio stylochi
Pseudovibrio hongkongensis

Pseudovibrio ascidiaceicola
Rhodobacter capsulatus
Cereibacter sphaeroides
Bieblia vinaykumarii

Rhodobacter aestuarii
Litoreibacter arenae

Litoreibacter janthinus
Litoreibacter ascidiaceicola

Litoreibacter albidus
Yoonia vestfoldensis
Yoonia litoreaYoonia roseaYoonia tamlensis

Marivita hallyeonensis
Marivita cryptomonadis
Marivita geojedonensis

Tritonibacter multivorans
Epibacterium ulvae
Tritonibacter mobilis
Roseibium suaedae

Roseibium albumRoseibium aggregatum
Gemmobacter megaterium
Gemmobacter nectariphilus

Gemmobacter aquatilis
Shimia haliotisShimia aestuariiShimia marinaPhaeobacter italicus

Phaeobacter gallaeciensis
Phaeobacter porticola

Loktanella salsilacus
Loktanella fryxellensis

Loktanella atrilutea
Rubellimicrobium thermophilum

Rubellimicrobium mesophilum

Albimonas donghaensis

Albimonas pacifica
Actibacterium atlanticum

Actibacterium mucosum
Cognatiyoonia koreensis

Cognatiyoonia sediminum

Roseobacter litoralis
Roseobacter denitrificans

Nioella nitratireducens
Nioella sediminis

Oceanicola granulosus

Vannielia litorea
Allgaiera indica

Frigidibacter mobilis
Wenxinia saemankumensis

Wenxinia marina
Halocynthiibacter namhaensis

Halocynthiibacter arcticus

Aliiroseovarius sediminilitoris

Aliiroseovarius crassostreae

Stappia stellulata
Stappia indica
Tropicimonas isoalkanivorans
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Figure S10. GerY is conserved among Bacilli and Clostridia
Phylogenetic tree showing the co-occurrence of GerY and GerP in a diverse set of 5,767 bacterial taxa. The 
amino acid sequences of B. subtilis GerY and the GerP proteins and the C-terminal domain of Spo0A (amino acids 
127-247) served as queries in a PSI-BLAST search against the NCBI ‘RefSeq’ database with 6 iterations and an e-
value cutoff of 1x10-5. GerT was not included in the analysis because its a-crystallin/Hps20 domain is extremely 
well conserved in prokaryotic and eukaryotic organisms. This analysis was performed through the Harvard 
Medical School Research Computing Orchestra cluster. The phylogenetic tree was constructed in PhyloT 
(http://phylot.biobyte.de/) and the PSI-BLAST search results were plotted against the tree. The tree was 
visualized and annotated using the Interactive Tree Of Life web-based tool (iTOL, v3; http://itol.embl.de).



Table S2. Bacillus subtilis strains used in this study.     
    

Strain Genotype Source Figures 

BDR2413 Wild-type 168 (trpC2) Zeigler et al. 2008 
2, 4A, 4C, 5, S2, S3, S4, S5D, 
S7, and S8 

BDR4328 ∆gerY::lox72 This work 1A, 2, 4A, 5, S3, S4, and S7 

BDR4376 ∆gerY::lox72 amyE::gerY (spec) This work 2 and S3 

BDR4306 ∆ydgB::lox72 This work 1A, S3, S4, and S7 

BDR4381 ∆ydgB amyE::ydgB (spec) This work 2 and S3 

BDR4305 ∆yodN::lox72 This work 1A, 2, S3, S4, and S7 

BDR4378 ∆yodN amyE::yodN (spec) This work 2 and S3 

BDR4324 ∆yqeF::lox72 This work 1A, S3, S4, and S7 

BDR4377 ∆yqeF::lox72 amyE::yqeF (spec) This work 2 and S3 

BDR4307 ∆cotH::lox72 This work S2 and S7 

BDR4323 ∆ytpA::lox72 This work S2, S4, and S7 

BDR4327 ∆scoC::lox72 This work S2 and S7 

BDR4329 ∆ytcC::lox72 This work S2 and S7 

BDR4347 ∆yqhR::lox72 This work S4 and S7 

BDR4330 ∆yqfQ::lox72 This work S4 and S7 

BDR4326 ∆lonB::lox72 This work S4 

BDR4406 yycR::PydgB-optRBS-yfp (spec) This work 3A and S5B 

BDR4407 yycR::PgerY-optRBS-yfp (spec) This work 3A and S5A 

BDR4408 yycR::PyodN-optRBS-yfp (spec) This work 3A and S5C 

BDR4409 yycR::PyqeF-optRBS-yfp (spec) This work 3A and S5D 

BDR4444 ∆gerY::lox72 ycgO::PgerY-optRBS-yfp-linker-gerY (spec) This work 3B, 4B and S5A 

BDR4412 ∆ydgB ycgO::ydgB-yfp (spec) This work 3B and S5B 

BDR4486 yycR::PgerY-optRBS-yfp (spec) ∆sigE::erm This work S6 

BDR4487 yycR::PgerY-optRBS-yfp (spec) ∆sigK::erm This work S6 

BDR4488 yycR::PydgB-optRBS-yfp (spec) ∆sigK::erm This work S6 

BDR4489 yycR::PydgB-optRBS-yfp (spec) ∆gerE::erm This work S6 

BDR4490 yycR::PyodN-optRBS-yfp (spec) ∆sigK::erm This work S6 

BDR4491 yycR::PyodN-optRBS-yfp (spec) ∆gerE::erm This work S6 

BDR4313 ∆gerP::lox72 This work 4A, 5, and S7 

BDR4310 ∆gerT::lox72 This work 4A, 4C, 5, S7, and S8 

BDR4332  ∆gerD::lox72 This work 1A and S7 

BDR4325 ∆yhcN::lox72 This work S7 

BDR4343 ∆ykoY::lox72 This work S7 

BDR4461 gerTWgerT-gfp (spec) This work 4B 

BDR4466 gerTWgerT-gfp (spec) ∆safA::tet This work 4B 

BDR4470 gerT W gerT-gfp (spec) ∆cotE::cat This work 4B 

BDR4460 ycgO::gerPA-yfp (spec) This work 4B 

BDR4465 ycgO::gerPA-yfp (spec) ∆safA::tet This work 4B 

BDR4469 ycgO::gerPA-yfp (spec) ∆cotE::cat This work 4B 

BDR4467 
∆gerY::lox72 ycgO::PgerY-optRBS-yfp-linker-gerY (spec) 
∆safA::tet This work 4B 



BDR4471 
∆gerY::lox72 ycgO::PgerY-optRBS-yfp-linker-gerY (spec) 
∆cotE::cat This work 4B 

BDR4423 ∆cotP::lox72 This work 4C and S8 

BDR4435 ∆cotD::lox72 This work 4C and S8 

BDR4424 ∆cotF::lox72 This work 4C and S8 

BDR4440 ∆cotP::lox72 ∆cotD::lox72 ∆cotF::lox72 This work 4C and S8 

BDR4427 ∆cotS::lox72 This work 4C and S8 

BDR4426 ∆cotA::lox72 This work 4C and S8 

BDR4436 ∆cotC::lox72 This work 4C and S8 

BDR4439 ∆cotS::lox72 ∆cotA::lox72 ∆cotC::lox72 This work 4C and S8 

BDR4449 ∆gerY::lox72 ∆gerT::erm This work 5A 

BDR4450 ∆gerY::lox72 ∆gerP::lox72 This work 5A 

BDR4477 ∆cotB::lox72 This work 5B 

BDR4479 ∆cotB::lox72 ∆gerT::lox72 This work 5B 

BDR4480 ∆cotB::lox72 ∆gerP::lox72 This work 5B 

BDR4478 ∆cotB::lox72 ∆gerY::erm This work 5B 

 
All erm(R) deletion mutants are derived from the Bacillus subtilis knock-out collection. 
All unmarked mutants are in-frame deletions generated by Cre-mediated recombination and contain a lox72 scar.  

	



Table S3. Plasmids used in this study.      
Plasmid  Description  Source 
pFR54 amyE::yqeF (spec, amp) This work 
pFR56 amyE::yodN (spec, amp) This work 
pFR57 amyE::gerY (spec, amp) This work 
pFR58 amyE::ydgB (spec, amp) This work 
pFR60 yycR::PydgB-optRBS-yfp (spec, amp) This work 
pFR61 yycR::PgerY-optRBS-yfp (spec, amp) This work 
pFR62 yycR::PyodN-optRBS-yfp (spec, amp) This work 
pFR63 yycR::PyqeF-optRBS-yfp (spec, amp) This work 
pFR66 ycgO::ydgB-yfp (spec, amp) This work 
pFR73 ycgO::PgerY-optRBS-yfp-linker-gerY (spec, amp) This work 
pFR74 ycgO::gerPA-yfp (spec, amp) This work 
  
 



Table S4. List of oligonucleotide primers used in this study. 
      

Primer Sequence Use / gene 
oDR1049 gagggaggaaaggcagga Erm cassette containing lox71 and lox66 

sites (for isothermal assembly) oDR1050 cgccgtatctgtgctctc 
oFR217 ggagacaagatcgcttgccgt To build ∆gerP operon (upstream fragment 

for Gibson assembly) oFR218 tcctgcctttcctccctcggccggcatacgagcacatc 
oFR219 gagagcacagatacggcgggaaacggataaaagcagccgct To build ∆gerP operon (downstream 

fragment for Gibson assembly) oFR220 gccggcagagcattatcagag 
oFR229 gccGGATCCcggataacctgtttccagtgc 

To build pFR54 (yqeF gene)  
oFR230 gccGAATTCtatatcactttggctgcgcgc 

oFR233 gccGGATCCgtgcacggcagataatagctg 
To build pFR56 (yodN gene) 

oFR234 gccGGATCCtgatggaagcactggacgga 

oFR235 gccGGATCCgtaaccgaacccgaacggtc 
To build pFR57 (gerY gene) 

oFR236 gccGAATTCgccgtcggtccgactaaaat 

oFR243 gccGGATCCctgatcctgtttgccagcttc 
To build pFR58 (ydgB gene) 

oFR244 gccGAATTCtaggcgaaagatcccctaagg 
oFR347 gccGAATTCccacgagtaatgttactca 

To build pFR60 (ydgB promoter) 
oFR348 gccAAGCTTccatctttctgtacagtac 
oFR349 gccGAATTCgtaaccgaacccgaacggt 

To build pFR61 (gerY promoter) 
oFR350 gccAAGCTTgattcgcccaatcaaatcc 
oFR351 gccGAATTCcttgggatcaatacgagtctg 

To build pFR62 (yodN promoter) 
oFR352 gccAAGCTTccgcaacatttctcatacg 

oFR353 gccGAATTCgataacctgtttccagtgc 
To build pFR63 (yqeF promoter) 

oFR354 gccAAGCTTgcctcactttaatgttatacc 

oFR345 gccGAATTCaattgagcatcactccggggc To build pFR66 (ydgB gene without stop 
codon) oFR346 cggCTCGAGatctaaaattggcggtggtgc 

oFR349 gccGAATTCgtaaccgaacccgaacggt To build pFR73 (gerY promoter + optRBS-
yfp without stop codon) oFR411 cggCTCGAGgtatagttcatccatgccatg 

oFR412 cggCTCGAGggaagcggaagcggaaacacattgggcctgtatcag To build pFR73 (linker + gerY without start 
codon) oFR413 gccGGATCCCgccgtcggtccgactaaaat 

oFR418 gccGAATTCggcggatagcggcatccttcg To build pFR74 (gerPA gene without stop 
codon) oFR419 cggCTCGAGcgcattggccacgatcggctg 

	
Homology regions for isothermal assembly are indicated in italics.  
Restriction endonuclease recognition sites are indicated in capital letters.  
The linker in oligonucleotide primer oFR412 is in bold. 
	


