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Linkages among species traitsLinkages among species traits
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Substrate use profilesSubstrate use profiles

• 71 organic substrates
Cyclic & non cyclic• Cyclic & non-cyclic

• 46 to 1302 g mol-1

0 t 32% N• 0 to 32% N

www.biolog.com
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Flavobacterium mizutaii (167955)

Variovorax paradoxus (106934)

Herbaspirillum seropedicae (104628)

Burkholderia phenazinium (511520)

Acidovorax avenae ss citrulli (164218)

Comamonas testosteroni (101273)

Pandoraea sputorum (139269)

Burkholderia terricola (306996)

Pseudomonas syringae pv phaseolicola (137379)

Pandoraea pnomenusa (103864)

Brachymonas denitrificans (166388)
Comamonas aquatica (139751)

Cupriavidus gilardii (111474)

Aquaspirillum putridiconchylium (64884)Chromobacterium violaceum (197704)

Pseudomonas marginalis (144114)

Sphingobacterium multivorum (108746)

Acidovorax facilis (24374)

Achromobacter denitrificans (150776)

Pedobacter heparinus (52839)

Flavobacterium columnare (101948)

Cupriavidus necator (140391)

Acidovorax konjaci (52263)

Sphingobacterium thalpophilum (2490)

Burkholderia anthina/caribensis (167754)

Alcaligenes defragrans (108771)Achromobacter insolitus (237917)

Burkholderia kururiensis (103048)

Ralstonia solanacearum (105834)

Acidovorax avenae ss avenae (204425)

Chryseobacterium gleum/indologenes (106431)

Bordetella hinzii (18218)

Sphingobacterium spiritovorum (112258)

Burkholderia pyrrocinia (134333)

Acidovorax avenae ss cattleyae (243359)

Burkholderia cepacia (100219)

Myroides odoratimimus (136974)

Collimonas fungivorans (100480)

Weeksella virosa (2256)

Burkholderia gladioli (100273)

Capnocytophaga ochracea/sputigena (2363)
Myroides odoratus (2283)

Cupriavidus campinensis (53615)
Achromobacter xylosoxidans ss xylosoxidans (100569)

Burkholderia graminis (337220)

Cupriavidus taiwanensis (111512)

Acidovorax delafieldii (106627)

Burkholderia glumae (111440)

Massilia timonae (104412)

Neisseria weaveri (51956)

Achromobacter spanius (78208)

Cupriavidus pauculus (111412)

Conchiformibius steedae (21461)

Comamonas denitrificans (167380)

Cloacibacterium normanense (428635)Chryseobacterium indoltheticum (105153)

Bordetella trematum (38214)

Pseudomonas fluorescens biotype F (37605)

Burkholderia caledonica (42224)

Francisella philomiragia (106847)

Flavobacterium flevense (152630)

Comamonas terrigena (160747)

Herbaspirillum rubrisubalbicans (404943)

Riemerella columbina (2269)

Pandoraea pulmonicola (240824)

Suttonella indologenes (7767)

Burkholderia vietnamiensis (132944)

Elizabethkingia meningoseptica (236937)
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Bergeyella zoohelcum (2275)

Herbaspirillum huttiense (152675)

Bordetella bronchiseptica (137497)

Neisseria flavescens (470720)

Bordetella petrii (137012)

Chryseobacterium balustinum (105002)

Ralstonia mannitolilytica (103925)
Achromobacter piechaudii (253191)

Herbaspirillum frisingense (267481)

Pandoraea norimbergensis (139610)
Burkholderia multivorans (130179)

Pseudomonas fluorescens (100141)

Burkholderia stabilis (110105)

Neisseria flava (6447)

Burkholderia fungorum (111993)

Neisseria elongata ss elongata (6402)

Pseudomonas straminea (106138)

Burkholderia ambifaria (137520)

Vogesella indigofera (6369)
Neisseria animaloris (6399)

Malikia spinosa (6952)Delftia tsuruhatensis (101613)Delftia acidovorans (114963)

Burkholderia andropogonis (138629)

Janthinobacterium lividum (26 C) (161470)

Burkholderia plantarii (110091)

Pandoraea apista (52177)

Alcaligenes faecalis ss faecalis (100840)

Flavobacterium johnsoniae (144140)

Pseudomonas fluorescens biotype G (37579)
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Traits for each taxonTraits for each taxon

Recalcitrant compound use:Recalcitrant compound use:
• Proportion cyclic compounds
• Avg. molar wt
• Cyclic carbohydrate genesCyclic carbohydrate genes

Nitrogen use:
• Avg. organic N concentrationg g
• Inorganic N genes

Nitrogen requirements:
• Ocean nitrate concentrations
• Latitudinal distribution in soilN
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Global ocean sampling: 29 sitesGlobal ocean sampling: 29 sites

Rusch et al. 2007
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Soil synthesis: 80 sitesSoil synthesis: 80 sites

Millet et al. unpubl. data
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Phylogeny of functional groupsPhylogeny of functional groups

Firmicutes
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Leuconostoc mesenteroides ss mesenteroides (15103)Leuconostoc mesenteroides ss dextranicum (33805)

Paenibacilus macerans (14420)
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Brochothrix thermosphacta (103099)
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Listeria monocytogenes (103289)

Streptococcus gallolyticus ss pasteurianus (180714)

Listeria ivanovii ss londoniensis (15030)
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Bacilus subtilis ss subtilis (128621)
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Streptococcus porcinus (15382)
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Streptococcus canis (15381)

Streptococcus intermedius (15500)
Streptococcus entericus (55342)
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Virgibacilus pantothenticus (14607)
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Bacilus gibsonii (113649)Bacilus pseudofirmus (112193)
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Streptococcus orisratti (248785)

Listeria welshimeri (130677)

Leuconostoc fallax (113132)
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Streptococcus dysgalactiae ss equisimilis (15426)

Brevibacilus brevis (14439)

Vagococcus fluvialis (142850)

Brevibacilus parabrevis (14442)
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Bacilus lentus (14623)

Lactococcus garvieae (111012)

Streptococcus equi ss equi (173786)

Enterococcus casseliflavus (15308)

Stenotrophomonas rhizophila (186726)
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Blue = labile users
Red = recalcitrant users Actinobacteria

Microbacterium arborescens (12217)
Microbacterium esteraromaticum (115353)

Enterococcus sulfureus (15282)
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Staphylococcus arlettae (14828)

Corynebacterium confusum (13499)

Microbacterium lacticum (12212)Microbacterium laevaniformans (12220)

Corynebacterium coyleae (13430)

Corynebacterium xerosis (13348)
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Microbacterium resistens (339665)
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Enterococcus mundtii (15320)
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Rathayibacter rathayi (12288)
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Rothia mucilaginosa (12498)
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Nocardia brasiliensis (13631)
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Staphylococcus cohnii ss cohnii (109544)
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Sphingomonas yanoikuyae (106220)

Staphylococcus capitis ss ureolyticus (563707)

Staphylococcus felis (14898)

Corynebacterium diphtheriae (13397)
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ProteobacteriaButtiauxella izardii (10054)
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Photobacterium angustum (26 C) (140494)
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Klebsiella pneumoniae ss rhinoscleromatis (32480)
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Cronobacter dublinensis ss dublinensis (217736)

Serratia entomophila (10167)

Erwinia amylovora (100254)

Pseudomonas luteola (110332)
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Acinetobacter grimontii (175588)

Aeromonas salmonicida ss salmonicida (221851)

Acinetobacter haemolyticus (109340)
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Pseudomonas tolaasii (180132)
Pseudomonas pseudoalcaligenes ss pseudoalcaligenes (102168)

Moraxella osloensis (105643)

Pseudomonas corrugata (184271)
Pseudomonas cichorii (179854)

Acinetobacter baylyi (194118)

Serratia proteamaculans (10173)

Trabulsiella guamensis (105259)

Enterobacter asburiae (10064)
Escherichia vulneris (91515)

Cedecea davisae (540798)

Hafnia alvei (10302)
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Enterobacter cloacae ss dissolvens (188838)

Pseudomonas lundensis (102069)
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Aeromonas encheleia (56530)

Citrobacter werkmanii (533455)
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Pseudomonas syringae pv phaseolicola (137379)
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Cupriavidus gilardii (111474)

Aquaspirillum putridiconchylium (64884)Chromobacterium violaceum (197704)
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Pedobacter heparinus (52839)

Flavobacterium columnare (101948)
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Chryseobacterium gleum/indologenes (106431)

Bordetella hinzii (18218)

Sphingobacterium spiritovorum (112258)

Burkholderia pyrrocinia (134333)

Acidovorax avenae ss cattleyae (243359)

Burkholderia cepacia (100219)

Myroides odoratimimus (136974)

Collimonas fungivorans (100480)

Weeksella virosa (2256)

Burkholderia gladioli (100273)

Capnocytophaga ochracea/sputigena (2363)
Myroides odoratus (2283)

Cupriavidus campinensis (53615)
Achromobacter xylosoxidans ss xylosoxidans (100569)

Burkholderia graminis (337220)

Cupriavidus taiwanensis (111512)

Acidovorax delafieldii (106627)
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Neisseria weaveri (51956)
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Cupriavidus pauculus (111412)
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Cloacibacterium normanense (428635)Chryseobacterium indoltheticum (105153)

Bordetella trematum (38214)
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Neisseria elongata ss elongata (6402)
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Vogesella indigofera (6369)
Neisseria animaloris (6399)

Malikia spinosa (6952)Delftia tsuruhatensis (101613)
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Phylogeny of functional groupsPhylogeny of functional groups

Streptococcus equi ss zooepidemicus (105978)

Enterococcus saccharolyticus (15301)Enterococcus villorum (74276)

Bacilus clausii (111530)
Listeria innocua (128459)

Paenibacilus thiaminolyticus (14388)

Aerococcus viridans (129562)

Enterococcus columbae (15296)

Sporolactobacilus laevolacticus (237484)

Paenibacilus azotofixans (14424)

Bacilus humi (101827)

Bacilus atrophaeus (145345)

Bacilus oleronius (123511)

Enterococcus durans (140065)

Streptococcus uberis (15366)

Kurthia zopfi (145755)

Paenibacilus peoriae (136698)Paenibacilus glucanolyticus (14364)

Enterococcus gallinarum (15309)

Vagococcus lutrae (154506)
Vagococcus salmoninarum (143718)

Carnobacterium maltaromaticum (15265)

Streptococcus criceti (258256)

Leuconostoc mesenteroides ss mesenteroides (15103)Leuconostoc mesenteroides ss dextranicum (33805)

Paenibacilus macerans (14420)

Virgibacilus proomii (307101)

Brochothrix thermosphacta (103099)

Paenibacilus validus (14354)

Listeria monocytogenes (103289)
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Pseudomonas tolerates lower 
ocean nitrate

Pseudomonas tolerates lower 
ocean nitrateocean nitrateocean nitrate
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Pseudomonas at mid-latitudes in soilPseudomonas at mid-latitudes in soil
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Organic N useOrganic N use
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Relationships among traitsRelationships among traits
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Summary of traitsSummary of traits

Recalcitrant users:Labile users:
•Cyclic compounds
•Larger substrates
•Lower organic [N]

•Non-cyclic compounds
•Smaller substrates
•Higher organic [N]

•Higher ocean nitrate
•Lower soil latitudes

•Lower ocean nitrate
•Higher soil latitudes
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PredictionPrediction

N 
availability

Recalcitrant 
users
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