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Fusarium oxysporum isolates from 
the ISS represent a novel strain with 
possible virulence in humans



Purpose:
Ø Need to improve habitability on 

long duration space missions
Ø Veggie- The Vegetable 

Production system is a 
deployable plant growth unit 
capable of producing salad-type 
crops

Ø Veggie would allow crew to be 
self-sustainable and have access 
to fresh and nutritious food

Ø Also acts as a tool to support 
relaxation and recreation 

o Are they all the same 
strain?

o Is there a contamination 
problem on the ISS?

o Are project related 
microbes, for whatever 
reason, not being  
contained from crew 
living environment 

Purpose:
Ø Characterize airborne and 

surface-associated microbes 
aboard the ISS

Ø Determine what factors change 
the composition of microbes

Ø MT-1 will provide information to 
estimate crew health and 
spacecraft performance risks 
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Enzyme Code Distribution [augustus_aaseq_BLAST2GO]
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GO Distribution by Level (2) - Top 20
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Gene F3 F4 FoZG FoYG FoXG FoXB FoQG FoTG FoMG FoIG FoCG FoWG FoVG FoPG Product

PKS2

PKS3 Fusarabin

PKS5

PKS7

PKS8

PKS16 Bikaverin

PKS17 Depudecin

PKS18 Equisetin

PKS19 Fujikurins

PKS20

PKS21 Fusaric acdi

PKS22

PKS27

PKS28

PKS50

PKS51

Presence/absence of polyketide synthases in Fusarium oxysporum
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(IPR013130) Ferric reductase transmembrane component−like domain
(IPR002048) EF−hand domain
(IPR001214) SET domain
"(IPR003661) Signal transduction histidine kinase, dimerisation/phosphoacceptor domain"
"(IPR001223) Glycoside hydrolase family 18, catalytic domain"
(IPR033121) Peptidase family A1 domain
(IPR000608) Ubiquitin−conjugating enzyme E2
"(IPR022742) Serine aminopeptidase, S33"
"(IPR020806) Polyketide synthase, phosphopantetheine−binding domain"
"(IPR000683) Oxidoreductase, N−terminal"
(IPR012951) Berberine/berberine−like
(IPR010929) CDR ABC transporter
(IPR002889) Carbohydrate−binding WSC
(IPR005467) Histidine kinase domain
(IPR001849) Pleckstrin homology domain
(IPR001466) Beta−lactamase−related
(IPR001452) SH3 domain
(IPR007111) NACHT nucleoside triphosphatase
(IPR006913) Glutathione−dependent formaldehyde−activating enzyme/centromere protein V
"(IPR014014) RNA helicase, DEAD−box type, Q motif"
"(IPR001155) NADH:flavin oxidoreductase/NADH oxidase, N−terminal"
(IPR013766) Thioredoxin domain
(IPR001433) Oxidoreductase FAD/NAD(P)−binding
"(IPR004046) Glutathione S−transferase, C−terminal"
(IPR005123) Oxoglutarate/iron−dependent dioxygenase
(IPR001623) DnaJ domain
"(IPR001789) Signal transduction response regulator, receiver domain"
(IPR003594) Histidine kinase/HSP90−like ATPase
"(IPR013057) Amino acid transporter, transmembrane domain"
"(IPR000330) SNF2−related, N−terminal domain"
(IPR002937) Amine oxidase
(IPR002575) Aminoglycoside phosphotransferase
(IPR000757) Glycoside hydrolase family 16
"(IPR025110) AMP−binding enzyme, C−terminal domain"
(IPR026891) Fibronectin type III−like domain
(IPR013525) ABC−2 type transporter
(IPR005135) Endonuclease/exonuclease/phosphatase
"(IPR004843) Calcineurin−like phosphoesterase domain, ApaH type"
"(IPR000172) Glucose−methanol−choline oxidoreductase, N−terminal"
(IPR002772) Glycoside hydrolase family 3 C−terminal domain
(IPR001279) Metallo−beta−lactamase
(IPR000845) Nucleoside phosphorylase domain
(IPR000209) Peptidase S8/S53 domain
"(IPR007889) DNA binding HTH domain, Psq−type"
"(IPR007867) Glucose−methanol−choline oxidoreductase, C−terminal"
(IPR016040) NAD(P)−binding domain
(IPR000477) Reverse transcriptase domain
(IPR000210) BTB/POZ domain
"(IPR010987) Glutathione S−transferase, C−terminal−like"
"(IPR001878) Zinc finger, CCHC−type"
"(IPR001764) Glycoside hydrolase, family 3, N−terminal"
(IPR004827) Basic−leucine zipper domain
(IPR001509) NAD−dependent epimerase/dehydratase
(IPR023753) FAD/NAD(P)−binding domain
(IPR001199) Cytochrome b5−like heme/steroid binding domain
(IPR009081) Phosphopantetheine binding ACP domain
"(IPR004839) Aminotransferase, class I/classII"
(IPR023210) NADP−dependent oxidoreductase domain
(IPR006680) Amidohydrolase−related
(IPR005225) Small GTP−binding protein domain
"(IPR004045) Glutathione S−transferase, N−terminal"
(IPR004841) Amino acid permease/ SLC12A domain
(IPR023631) Amidase signature domain
"(IPR011527) ABC transporter type 1, transmembrane domain"
(IPR011545) DEAD/DEAH box helicase domain
"(IPR002018) Carboxylesterase, type B"
(IPR017927) Ferredoxin reductase−type FAD−binding domain
(IPR013026) Tetratricopeptide repeat−containing domain
"(IPR001841) Zinc finger, RING−type"
"(IPR008906) HAT, C−terminal dimerisation domain"
(IPR006076) FAD dependent oxidoreductase
"(IPR003959) ATPase, AAA−type, core"
(IPR015590) Aldehyde dehydrogenase domain
(IPR013094) Alpha/beta hydrolase fold−3
"(IPR006094) FAD linked oxidase, N−terminal"
(IPR000504) RNA recognition motif domain
"(IPR016166) FAD−binding, type 2"
(IPR000182) GNAT domain
(IPR000873) AMP−dependent synthetase/ligase
(IPR001810) F−box domain
(IPR002938) FAD−binding domain
"(IPR001650) Helicase, C−terminal"
(IPR003439) ABC transporter−like
(IPR006600) HTH CenpB−type DNA−binding domain
"(IPR014001) Helicase superfamily 1/2, ATP−binding domain"
(IPR004875) DDE superfamily endonuclease domain
(IPR000073) Alpha/beta hydrolase fold−1
(IPR008030) NmrA−like domain
(IPR013087) Zinc finger C2H2−type
"(IPR013154) Alcohol dehydrogenase, N−terminal"
"(IPR013149) Alcohol dehydrogenase, C−terminal"
(IPR017986) WD40−repeat−containing domain
"(IPR020843) Polyketide synthase, enoylreductase domain"
(IPR010730) Heterokaryon incompatibility
(IPR003593) AAA+ ATPase domain
(IPR000719) Protein kinase domain
(IPR020683) Ankyrin repeat−containing domain
"(IPR007219) Transcription factor domain, fungi"
(IPR001138) Zn(2)−C6 fungal−type DNA−binding domain
(IPR020846) Major facilitator superfamily domain
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(IPR013130) Ferric reductase transmembrane component−like domain
(IPR002048) EF−hand domain
(IPR001214) SET domain
"(IPR003661) Signal transduction histidine kinase, dimerisation/phosphoacceptor domain"
"(IPR001223) Glycoside hydrolase family 18, catalytic domain"
(IPR033121) Peptidase family A1 domain
(IPR000608) Ubiquitin−conjugating enzyme E2
"(IPR022742) Serine aminopeptidase, S33"
"(IPR020806) Polyketide synthase, phosphopantetheine−binding domain"
"(IPR000683) Oxidoreductase, N−terminal"
(IPR012951) Berberine/berberine−like
(IPR010929) CDR ABC transporter
(IPR002889) Carbohydrate−binding WSC
(IPR005467) Histidine kinase domain
(IPR001849) Pleckstrin homology domain
(IPR001466) Beta−lactamase−related
(IPR001452) SH3 domain
(IPR007111) NACHT nucleoside triphosphatase
(IPR006913) Glutathione−dependent formaldehyde−activating enzyme/centromere protein V
"(IPR014014) RNA helicase, DEAD−box type, Q motif"
"(IPR001155) NADH:flavin oxidoreductase/NADH oxidase, N−terminal"
(IPR013766) Thioredoxin domain
(IPR001433) Oxidoreductase FAD/NAD(P)−binding
"(IPR004046) Glutathione S−transferase, C−terminal"
(IPR005123) Oxoglutarate/iron−dependent dioxygenase
(IPR001623) DnaJ domain
"(IPR001789) Signal transduction response regulator, receiver domain"
(IPR003594) Histidine kinase/HSP90−like ATPase
"(IPR013057) Amino acid transporter, transmembrane domain"
"(IPR000330) SNF2−related, N−terminal domain"
(IPR002937) Amine oxidase
(IPR002575) Aminoglycoside phosphotransferase
(IPR000757) Glycoside hydrolase family 16
"(IPR025110) AMP−binding enzyme, C−terminal domain"
(IPR026891) Fibronectin type III−like domain
(IPR013525) ABC−2 type transporter
(IPR005135) Endonuclease/exonuclease/phosphatase
"(IPR004843) Calcineurin−like phosphoesterase domain, ApaH type"
"(IPR000172) Glucose−methanol−choline oxidoreductase, N−terminal"
(IPR002772) Glycoside hydrolase family 3 C−terminal domain
(IPR001279) Metallo−beta−lactamase
(IPR000845) Nucleoside phosphorylase domain
(IPR000209) Peptidase S8/S53 domain
"(IPR007889) DNA binding HTH domain, Psq−type"
"(IPR007867) Glucose−methanol−choline oxidoreductase, C−terminal"
(IPR016040) NAD(P)−binding domain
(IPR000477) Reverse transcriptase domain
(IPR000210) BTB/POZ domain
"(IPR010987) Glutathione S−transferase, C−terminal−like"
"(IPR001878) Zinc finger, CCHC−type"
"(IPR001764) Glycoside hydrolase, family 3, N−terminal"
(IPR004827) Basic−leucine zipper domain
(IPR001509) NAD−dependent epimerase/dehydratase
(IPR023753) FAD/NAD(P)−binding domain
(IPR001199) Cytochrome b5−like heme/steroid binding domain
(IPR009081) Phosphopantetheine binding ACP domain
"(IPR004839) Aminotransferase, class I/classII"
(IPR023210) NADP−dependent oxidoreductase domain
(IPR006680) Amidohydrolase−related
(IPR005225) Small GTP−binding protein domain
"(IPR004045) Glutathione S−transferase, N−terminal"
(IPR004841) Amino acid permease/ SLC12A domain
(IPR023631) Amidase signature domain
"(IPR011527) ABC transporter type 1, transmembrane domain"
(IPR011545) DEAD/DEAH box helicase domain
"(IPR002018) Carboxylesterase, type B"
(IPR017927) Ferredoxin reductase−type FAD−binding domain
(IPR013026) Tetratricopeptide repeat−containing domain
"(IPR001841) Zinc finger, RING−type"
"(IPR008906) HAT, C−terminal dimerisation domain"
(IPR006076) FAD dependent oxidoreductase
"(IPR003959) ATPase, AAA−type, core"
(IPR015590) Aldehyde dehydrogenase domain
(IPR013094) Alpha/beta hydrolase fold−3
"(IPR006094) FAD linked oxidase, N−terminal"
(IPR000504) RNA recognition motif domain
"(IPR016166) FAD−binding, type 2"
(IPR000182) GNAT domain
(IPR000873) AMP−dependent synthetase/ligase
(IPR001810) F−box domain
(IPR002938) FAD−binding domain
"(IPR001650) Helicase, C−terminal"
(IPR003439) ABC transporter−like
(IPR006600) HTH CenpB−type DNA−binding domain
"(IPR014001) Helicase superfamily 1/2, ATP−binding domain"
(IPR004875) DDE superfamily endonuclease domain
(IPR000073) Alpha/beta hydrolase fold−1
(IPR008030) NmrA−like domain
(IPR013087) Zinc finger C2H2−type
"(IPR013154) Alcohol dehydrogenase, N−terminal"
"(IPR013149) Alcohol dehydrogenase, C−terminal"
(IPR017986) WD40−repeat−containing domain
"(IPR020843) Polyketide synthase, enoylreductase domain"
(IPR010730) Heterokaryon incompatibility
(IPR003593) AAA+ ATPase domain
(IPR000719) Protein kinase domain
(IPR020683) Ankyrin repeat−containing domain
"(IPR007219) Transcription factor domain, fungi"
(IPR001138) Zn(2)−C6 fungal−type DNA−binding domain
(IPR020846) Major facilitator superfamily domain
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"(IPR006856) Mating−type protein MAT alpha 1, HMG−box"
"(IPR029489) O−GlcNAc transferase, C−terminal"
"(IPR031872) Ndc10, domain 2"
(IPR034753) hSac2 domain
(IPR014770) Munc13 homology 1
(IPR014010) REJ domain
"(IPR014772) Mammalian uncoordinated homology 13, domain 2"
(IPR020839) Stromalin conservative domain
(IPR029228) Alkyl sulfatase dimerisation domain
(IPR028144) Cysteine−rich transmembrane CYSTM domain
(IPR026000) Anaphase−promoting complex subunit 5
(IPR025959) Winged helix−turn helix domain
(IPR025951) GXWXG domain
(IPR025568) Domain of unknown function DUF4334
(IPR024370) PBP domain
(IPR022783) GC−rich sequence DNA−binding factor domain
(IPR020864) Membrane attack complex component/perforin (MACPF) domain
(IPR019533) Peptidase S26
(IPR013653) FR47−like
(IPR010655) Pre−mRNA cleavage complex subunit Clp1
(IPR010376) Domain of unknown function DUF971
(IPR007308) Protein of unknown function DUF408
(IPR007021) Domain of unknown function DUF659
(IPR007011) Seed maturation protein
(IPR005613) Actin interacting protein 3
(IPR001975) Ribosomal protein L40e
"(IPR029229) Alkyl sulfatase, C−terminal"
"(IPR022782) Actin interacting protein 3, C−terminal"
"(IPR020803) Polyketide synthase, methyltransferase domain"
"(IPR019079) Capsule synthesis protein, CapA"
"(IPR015155) PLAA family ubiquitin binding, PFU"
"(IPR013866) Sphingolipid delta4−desaturase, N−terminal"
"(IPR013257) SRI, Set2 Rpb1 interacting"
"(IPR010502) Carbohydrate−binding domain, family 9"
"(IPR007472) Arginine−tRNA−protein transferase, C−terminal"
"(IPR007471) Arginine−tRNA−protein transferase, N−terminal"
"(IPR006619) Peptidoglycan recognition protein family domain, metazoa/bacteria"
"(IPR003228) Transcription initiation factor TFIID, subunit 12"
(IPR013029) Domain of unknown function DUF933
(IPR009040) Ferritin−like diiron domain
(IPR001721) ACT−like domain
"(IPR015882) Beta−hexosaminidase, bacteial type, N−terminal"
"(IPR002492) Transposase, Tc1−like"
(IPR027795) GATS−like  ACT domain
(IPR001936) Ras GTPase−activating protein
(IPR025724) GAG−pre−integrase domain
"(IPR001584) Integrase, catalytic core"
"(IPR013103) Reverse transcriptase, RNA−dependent DNA polymerase"
(IPR032549) Domain of unknown function DUF4939
(IPR026000) Anaphase−promoting complex subunit 5 domain
(IPR025836) Zinc knuckle CX2CX4HX4C
(IPR025509) Domain of unknown function DUF4396
(IPR025178) Domain of unknown function DUF4105
(IPR024975) Domain of unknown function DUF3883
(IPR022783) GC−rich sequence DNA−binding factor−like domain
(IPR021084) Het−s prion−forming domain
(IPR019948) Gram−positive LPXTG cell wall anchor
(IPR016201) PSI domain
(IPR015155) PLAA family ubiquitin binding domain
(IPR013257) Set2 Rpb1 interacting domain
(IPR011089) Domain of unknown function DUF1524
(IPR011017) TRASH domain
(IPR010791) AttH domain
(IPR010658) Nodulin−like
(IPR010506) DMAP1−binding domain
(IPR008704) Zinc−binding loop region of homing endonuclease
(IPR007308) Rtr1/RPAP2 domain
(IPR005159) WCCH motif
(IPR005089) Carbohydrate−binding module family 19
(IPR003228) Transcription initiation factor TFIID subunit 12 domain
(IPR002928) Myosin tail
(IPR001936) Ras GTPase−activating domain
(IPR001164) Arf GTPase activating protein
(IPR000241) Putative RNA methylase domain
"(IPR031351) NWD2, HET−s N−terminal domain"
"(IPR031319) Alpha−amylase, C−terminal domain"
"(IPR028005) N−acetyltransferase ESCO, zinc−finger"
"(IPR027795) CASTOR,  ACT domain"
"(IPR024679) Pre−rRNA−processing protein Ipi1, N−terminal"
"(IPR024259) Alkylmercury lyase, helix−turn−helix domain"
"(IPR022782) Actin interacting protein 3−like, C−terminal"
"(IPR021863) Fatty acid desaturase, N−terminal"
"(IPR019752) Pyruvate/ketoisovalerate oxidoreductase, catalytic domain"
"(IPR019490) Bifunctional glucose−6−phosphate/mannose−6−phosphate isomerase, C−terminal"
"(IPR019084) Stm1−like, N−terminal"
"(IPR018620) Ubiquitin 3 binding protein But2, C−terminal"
"(IPR015882) Beta−hexosaminidase, bacterial type, N−terminal"
"(IPR015131) Killer toxin, Kp4"
"(IPR013029) YchF, C−terminal domain"
"(IPR010655) Pre−mRNA cleavage complex subunit Clp1, C−terminal"
"(IPR010376) Gamma−butyrobetaine hydroxylase−like, N−terminal"
"(IPR007472) N−end rule aminoacyl transferase, C−terminal"
"(IPR007471) N−end aminoacyl transferase, N−terminal"
"(IPR006955) Uso1/p115−like vesicle tethering protein, C−terminal"
"(IPR005613) Actin interacting protein 3, C−terminal"
"(IPR005494) Glutathionylspermidine synthase, pre−ATP−grasp−like domain"
"(IPR004192) Cytochrome b−c1 complex subunit Rieske, transmembrane domain"
"(IPR003093) Apoptosis regulator, Bcl−2 protein, BH4"
"(IPR001750) NADH:quinone oxidoreductase/Mrp antiporter, membrane subunit"
"(IPR001721) Threonine dehydratase, ACT−like domain"
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