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1982 : 1982 : 1982 : 1982 : 1982 : 1982 : 1982 : 1982 : First studies on occurrence of First studies on occurrence of First studies on occurrence of First studies on occurrence of First studies on occurrence of First studies on occurrence of First studies on occurrence of First studies on occurrence of 

toxicogenesistoxicogenesistoxicogenesistoxicogenesistoxicogenesistoxicogenesistoxicogenesistoxicogenesis by the germ free by the germ free by the germ free by the germ free by the germ free by the germ free by the germ free by the germ free 

S. S. S. S. S. S. S. S. carpocapsaecarpocapsaecarpocapsaecarpocapsaecarpocapsaecarpocapsaecarpocapsaecarpocapsae in the germ free in the germ free in the germ free in the germ free in the germ free in the germ free in the germ free in the germ free 

insect insect insect insect insect insect insect insect Galleria Galleria Galleria Galleria Galleria Galleria Galleria Galleria mellonellamellonellamellonellamellonellamellonellamellonellamellonellamellonella

GnotobiologyGnotobiologyGnotobiologyGnotobiologyGnotobiologyGnotobiologyGnotobiologyGnotobiology ofofofofofofofof SteinernemaSteinernemaSteinernemaSteinernemaSteinernemaSteinernemaSteinernemaSteinernema

19841984198419841984198419841984 :::::::: First studies on DNA relatedness and phenotypic First studies on DNA relatedness and phenotypic First studies on DNA relatedness and phenotypic First studies on DNA relatedness and phenotypic First studies on DNA relatedness and phenotypic First studies on DNA relatedness and phenotypic First studies on DNA relatedness and phenotypic First studies on DNA relatedness and phenotypic 

characterization of the genus characterization of the genus characterization of the genus characterization of the genus characterization of the genus characterization of the genus characterization of the genus characterization of the genus XenorhabdusXenorhabdusXenorhabdusXenorhabdusXenorhabdusXenorhabdusXenorhabdusXenorhabdus

1988 : 1988 : 1988 : 1988 : 1988 : 1988 : 1988 : 1988 : Biochemical and physiological characterization of Biochemical and physiological characterization of Biochemical and physiological characterization of Biochemical and physiological characterization of Biochemical and physiological characterization of Biochemical and physiological characterization of Biochemical and physiological characterization of Biochemical and physiological characterization of 

colony form variants and numerical taxonomic colony form variants and numerical taxonomic colony form variants and numerical taxonomic colony form variants and numerical taxonomic colony form variants and numerical taxonomic colony form variants and numerical taxonomic colony form variants and numerical taxonomic colony form variants and numerical taxonomic 

studies of the genus studies of the genus studies of the genus studies of the genus studies of the genus studies of the genus studies of the genus studies of the genus XenorhabdusXenorhabdusXenorhabdusXenorhabdusXenorhabdusXenorhabdusXenorhabdusXenorhabdus

TaxonomyTaxonomyTaxonomyTaxonomyTaxonomyTaxonomyTaxonomyTaxonomy & phase variation& phase variation& phase variation& phase variation& phase variation& phase variation& phase variation& phase variation



1993 : 1993 : 1993 : 1993 : 1993 : 1993 : 1993 : 1993 : Proposal to transfer Proposal to transfer Proposal to transfer Proposal to transfer Proposal to transfer Proposal to transfer Proposal to transfer Proposal to transfer Xenorhabdus Xenorhabdus Xenorhabdus Xenorhabdus Xenorhabdus Xenorhabdus Xenorhabdus Xenorhabdus luminescensluminescensluminescensluminescensluminescensluminescensluminescensluminescens to to to to to to to to 

a new genus, a new genus, a new genus, a new genus, a new genus, a new genus, a new genus, a new genus, PhotorhabdusPhotorhabdusPhotorhabdusPhotorhabdusPhotorhabdusPhotorhabdusPhotorhabdusPhotorhabdus gen. gen. gen. gen. gen. gen. gen. gen. novnovnovnovnovnovnovnov........

19961996199619961996199619961996 :::::::: Characterization of nematode Characterization of nematode Characterization of nematode Characterization of nematode Characterization of nematode Characterization of nematode Characterization of nematode Characterization of nematode symbiontssymbiontssymbiontssymbiontssymbiontssymbiontssymbiontssymbionts and and and and and and and and 

clinical strains of the genus Photorhabdusclinical strains of the genus Photorhabdusclinical strains of the genus Photorhabdusclinical strains of the genus Photorhabdusclinical strains of the genus Photorhabdusclinical strains of the genus Photorhabdusclinical strains of the genus Photorhabdusclinical strains of the genus Photorhabdus

19981998199819981998199819981998 :::::::: PolyphasicPolyphasicPolyphasicPolyphasicPolyphasicPolyphasicPolyphasicPolyphasic classification of the genus classification of the genus classification of the genus classification of the genus classification of the genus classification of the genus classification of the genus classification of the genus 

PhotorhabdusPhotorhabdusPhotorhabdusPhotorhabdusPhotorhabdusPhotorhabdusPhotorhabdusPhotorhabdus and proposal of new and proposal of new and proposal of new and proposal of new and proposal of new and proposal of new and proposal of new and proposal of new taxataxataxataxataxataxataxataxa

20042004200420042004200420042004 :::::::: TaxonomyTaxonomyTaxonomyTaxonomyTaxonomyTaxonomyTaxonomyTaxonomy ofofofofofofofof AustralianAustralianAustralianAustralianAustralianAustralianAustralianAustralian clinicalclinicalclinicalclinicalclinicalclinicalclinicalclinical isolatesisolatesisolatesisolatesisolatesisolatesisolatesisolates ofofofofofofofof thethethethethethethethe

genusgenusgenusgenusgenusgenusgenusgenus PhotorhabdusPhotorhabdusPhotorhabdusPhotorhabdusPhotorhabdusPhotorhabdusPhotorhabdusPhotorhabdus and proposal of two new and proposal of two new and proposal of two new and proposal of two new and proposal of two new and proposal of two new and proposal of two new and proposal of two new 

subspeciessubspeciessubspeciessubspeciessubspeciessubspeciessubspeciessubspecies

Photorhabdus Photorhabdus Photorhabdus Photorhabdus Photorhabdus Photorhabdus Photorhabdus Photorhabdus gengengengengengengengen. nov.. nov.. nov.. nov.. nov.. nov.. nov.. nov.

P. P. P. P. P. P. P. P. temperatatemperatatemperatatemperatatemperatatemperatatemperatatemperata sp. nov.sp. nov.sp. nov.sp. nov.sp. nov.sp. nov.sp. nov.sp. nov.
P. P. P. P. P. P. P. P. luminescensluminescensluminescensluminescensluminescensluminescensluminescensluminescens
P. P. P. P. P. P. P. P. asymbioticaasymbioticaasymbioticaasymbioticaasymbioticaasymbioticaasymbioticaasymbiotica sp. nov.sp. nov.sp. nov.sp. nov.sp. nov.sp. nov.sp. nov.sp. nov.

P. P. P. P. P. P. P. P. luminescensluminescensluminescensluminescensluminescensluminescensluminescensluminescens subspsubspsubspsubspsubspsubspsubspsubsp. . . . . . . . luminescensluminescensluminescensluminescensluminescensluminescensluminescensluminescens subspsubspsubspsubspsubspsubspsubspsubsp nov.nov.nov.nov.nov.nov.nov.nov.
P. P. P. P. P. P. P. P. luminescensluminescensluminescensluminescensluminescensluminescensluminescensluminescens subspsubspsubspsubspsubspsubspsubspsubsp. . . . . . . . akhurstiiakhurstiiakhurstiiakhurstiiakhurstiiakhurstiiakhurstiiakhurstii subspsubspsubspsubspsubspsubspsubspsubsp nov.nov.nov.nov.nov.nov.nov.nov.
P. P. P. P. P. P. P. P. luminescensluminescensluminescensluminescensluminescensluminescensluminescensluminescens subspsubspsubspsubspsubspsubspsubspsubsp. . . . . . . . laumondiilaumondiilaumondiilaumondiilaumondiilaumondiilaumondiilaumondii subspsubspsubspsubspsubspsubspsubspsubsp nov.nov.nov.nov.nov.nov.nov.nov.
P. P. P. P. P. P. P. P. temperatatemperatatemperatatemperatatemperatatemperatatemperatatemperata subspsubspsubspsubspsubspsubspsubspsubsp. . . . . . . . temperatatemperatatemperatatemperatatemperatatemperatatemperatatemperata subspsubspsubspsubspsubspsubspsubspsubsp nov.nov.nov.nov.nov.nov.nov.nov.
P. P. P. P. P. P. P. P. asymbioticaasymbioticaasymbioticaasymbioticaasymbioticaasymbioticaasymbioticaasymbiotica subspsubspsubspsubspsubspsubspsubspsubsp. . . . . . . . asymbioticaasymbioticaasymbioticaasymbioticaasymbioticaasymbioticaasymbioticaasymbiotica subspsubspsubspsubspsubspsubspsubspsubsp. . . . . . . . novnovnovnovnovnovnovnov
P. P. P. P. P. P. P. P. asymbioticaasymbioticaasymbioticaasymbioticaasymbioticaasymbioticaasymbioticaasymbiotica subspsubspsubspsubspsubspsubspsubspsubsp. . . . . . . . australisaustralisaustralisaustralisaustralisaustralisaustralisaustralis subspsubspsubspsubspsubspsubspsubspsubsp. . . . . . . . novnovnovnovnovnovnovnov
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26 26 26 26 26 26 26 26 Xenorhabdus Xenorhabdus Xenorhabdus Xenorhabdus Xenorhabdus Xenorhabdus Xenorhabdus Xenorhabdus strains and 50 new isolates strains and 50 new isolates strains and 50 new isolates strains and 50 new isolates strains and 50 new isolates strains and 50 new isolates strains and 50 new isolates strains and 50 new isolates 

isolated from over 27 isolated from over 27 isolated from over 27 isolated from over 27 isolated from over 27 isolated from over 27 isolated from over 27 isolated from over 27 SteinernemaSteinernemaSteinernemaSteinernemaSteinernemaSteinernemaSteinernemaSteinernema speciesspeciesspeciesspeciesspeciesspeciesspeciesspecies

«« bicornutumbicornutum groupgroup »»

S. S. abbasiabbasi

S. S. bicornutumbicornutum

S. ceratophorumS. ceratophorum

S. S. riobraveriobrave

«« glaseriglaseri groupgroup »»

S. S. apuliaeapuliae

S. S. arenariumarenarium

S. S. cubanumcubanum

S. S. diaprepesidiaprepesi

S. S. glaseriglaseri

S. S. hermaphroditumhermaphroditum

S. S. longicaudumlongicaudum

S. S. puertoricensepuertoricense«« feltiaefeltiae group group »»

S. affineS. affine

S. S. feltiaefeltiae

S. S. intermediumintermedium

S. S. kariikarii

S. S. krausseikraussei

S. S. monticolummonticolum

S. S. sangisangi

S. S. scarabaeiscarabaei

S. S. weiseriweiseri

«« carpocapsaecarpocapsae groupgroup »»

S. S. carpocapsaecarpocapsae

S. S. kushidaikushidai

S. S. rarumrarum

S. S. scapterisciscapterisci

S. S. siamkayaisiamkayai

Groups proposed by K. B. NGUYEN

((S. S. thermophilumthermophilum))

Tailliez P., Tailliez P., Tailliez P., Tailliez P., Tailliez P., Tailliez P., Tailliez P., Tailliez P., PagPagPagPagPagPagPagPagèèèèèèèèssssssss S., S., S., S., S., S., S., S., GinibreGinibreGinibreGinibreGinibreGinibreGinibreGinibre N. & N. & N. & N. & N. & N. & N. & N. & BoemareBoemareBoemareBoemareBoemareBoemareBoemareBoemare N.N.N.N.N.N.N.N.
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Geographical origin of the nematode hosts Geographical origin of the nematode hosts Geographical origin of the nematode hosts Geographical origin of the nematode hosts Geographical origin of the nematode hosts Geographical origin of the nematode hosts Geographical origin of the nematode hosts Geographical origin of the nematode hosts 

(32 countries)(32 countries)(32 countries)(32 countries)(32 countries)(32 countries)(32 countries)(32 countries)



Xenorhabdus Xenorhabdus Xenorhabdus Xenorhabdus Xenorhabdus Xenorhabdus Xenorhabdus Xenorhabdus strainsstrainsstrainsstrainsstrainsstrainsstrainsstrains andandandandandandandand

isolatesisolatesisolatesisolatesisolatesisolatesisolatesisolates classificationclassificationclassificationclassificationclassificationclassificationclassificationclassification

All the strains and isolates displayed the All the strains and isolates displayed the All the strains and isolates displayed the All the strains and isolates displayed the All the strains and isolates displayed the All the strains and isolates displayed the All the strains and isolates displayed the All the strains and isolates displayed the 

phenotypic characters of phenotypic characters of phenotypic characters of phenotypic characters of phenotypic characters of phenotypic characters of phenotypic characters of phenotypic characters of form Iform Iform Iform Iform Iform Iform Iform I previously previously previously previously previously previously previously previously 

described for the genus described for the genus described for the genus described for the genus described for the genus described for the genus described for the genus described for the genus XenorhabdusXenorhabdusXenorhabdusXenorhabdusXenorhabdusXenorhabdusXenorhabdusXenorhabdus

Except strains :Except strains :Except strains :Except strains :Except strains :Except strains :Except strains :Except strains :

-------- X. X. X. X. X. X. X. X. ehlersiiehlersiiehlersiiehlersiiehlersiiehlersiiehlersiiehlersii DSM16337DSM16337DSM16337DSM16337DSM16337DSM16337DSM16337DSM16337TTTTTTTT

-------- X. japonica DSM16522X. japonica DSM16522X. japonica DSM16522X. japonica DSM16522X. japonica DSM16522X. japonica DSM16522X. japonica DSM16522X. japonica DSM16522TTTTTTTT



Xenorhabdus 16S Xenorhabdus 16S Xenorhabdus 16S Xenorhabdus 16S Xenorhabdus 16S Xenorhabdus 16S Xenorhabdus 16S Xenorhabdus 16S rDNArDNArDNArDNArDNArDNArDNArDNA

sequencesequencesequencesequencesequencesequencesequencesequence classificationclassificationclassificationclassificationclassificationclassificationclassificationclassification

��The differences between 2 The differences between 2 The differences between 2 The differences between 2 The differences between 2 The differences between 2 The differences between 2 The differences between 2 Xenorhabdus Xenorhabdus Xenorhabdus Xenorhabdus Xenorhabdus Xenorhabdus Xenorhabdus Xenorhabdus 

16S 16S 16S 16S 16S 16S 16S 16S rRNArRNArRNArRNArRNArRNArRNArRNA gene sequences are often less gene sequences are often less gene sequences are often less gene sequences are often less gene sequences are often less gene sequences are often less gene sequences are often less gene sequences are often less 

than 3% (and always less than 5 %)than 3% (and always less than 5 %)than 3% (and always less than 5 %)than 3% (and always less than 5 %)than 3% (and always less than 5 %)than 3% (and always less than 5 %)than 3% (and always less than 5 %)than 3% (and always less than 5 %)

��The phylogeny based on 16S The phylogeny based on 16S The phylogeny based on 16S The phylogeny based on 16S The phylogeny based on 16S The phylogeny based on 16S The phylogeny based on 16S The phylogeny based on 16S rDNArDNArDNArDNArDNArDNArDNArDNA

sequences is not robust (low bootstrap sequences is not robust (low bootstrap sequences is not robust (low bootstrap sequences is not robust (low bootstrap sequences is not robust (low bootstrap sequences is not robust (low bootstrap sequences is not robust (low bootstrap sequences is not robust (low bootstrap 

values at the nodes; different topologies values at the nodes; different topologies values at the nodes; different topologies values at the nodes; different topologies values at the nodes; different topologies values at the nodes; different topologies values at the nodes; different topologies values at the nodes; different topologies 

depending on the method of tree depending on the method of tree depending on the method of tree depending on the method of tree depending on the method of tree depending on the method of tree depending on the method of tree depending on the method of tree 

reconstruction used)reconstruction used)reconstruction used)reconstruction used)reconstruction used)reconstruction used)reconstruction used)reconstruction used)



Xenorhabdus 16S Xenorhabdus 16S Xenorhabdus 16S Xenorhabdus 16S Xenorhabdus 16S Xenorhabdus 16S Xenorhabdus 16S Xenorhabdus 16S rDNArDNArDNArDNArDNArDNArDNArDNA

sequencesequencesequencesequencesequencesequencesequencesequence classificationclassificationclassificationclassificationclassificationclassificationclassificationclassification

Data : 56 sequencesData : 56 sequencesData : 56 sequencesData : 56 sequencesData : 56 sequencesData : 56 sequencesData : 56 sequencesData : 56 sequences

Amongst Amongst Amongst Amongst Amongst Amongst Amongst Amongst X. X. X. X. X. X. X. X. bovieniibovieniibovieniibovieniibovieniibovieniibovieniibovienii, , , , , , , , X. X. X. X. X. X. X. X. nematophilanematophilanematophilanematophilanematophilanematophilanematophilanematophila and and and and and and and and X. X. X. X. X. X. X. X. 

poinariipoinariipoinariipoinariipoinariipoinariipoinariipoinarii, we selected representative isolates , we selected representative isolates , we selected representative isolates , we selected representative isolates , we selected representative isolates , we selected representative isolates , we selected representative isolates , we selected representative isolates 

and strains as a function of their 16Sand strains as a function of their 16Sand strains as a function of their 16Sand strains as a function of their 16Sand strains as a function of their 16Sand strains as a function of their 16Sand strains as a function of their 16Sand strains as a function of their 16S--------RFLP RFLP RFLP RFLP RFLP RFLP RFLP RFLP 

profiles and geographical originsprofiles and geographical originsprofiles and geographical originsprofiles and geographical originsprofiles and geographical originsprofiles and geographical originsprofiles and geographical originsprofiles and geographical origins
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0.01

DSM17382T

USNJ01 

DSM3370T / X. nematophila 
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DSM4764T / X. beddingii

DSM16337T / X. ehlersii
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DSM16522T / X. japonica

ID10

XenorhabdusXenorhabdusXenorhabdusXenorhabdusXenorhabdusXenorhabdusXenorhabdusXenorhabdus

16S 16S 16S 16S 16S 16S 16S 16S rDNArDNArDNArDNArDNArDNArDNArDNA sequencesequencesequencesequencesequencesequencesequencesequence classificationclassificationclassificationclassificationclassificationclassificationclassificationclassification G1
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��13 groups13 groups13 groups13 groups13 groups13 groups13 groups13 groups
-- USUS
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-- USUS
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��7 unique 7 unique 7 unique 7 unique 7 unique 7 unique 7 unique 7 unique sequencessequencessequencessequencessequencessequencessequencessequences



Xenorhabdus classification Xenorhabdus classification Xenorhabdus classification Xenorhabdus classification Xenorhabdus classification Xenorhabdus classification Xenorhabdus classification Xenorhabdus classification 

basedbasedbasedbasedbasedbasedbasedbased on on on on on on on on molecularmolecularmolecularmolecularmolecularmolecularmolecularmolecular typingtypingtypingtypingtypingtypingtypingtyping

profile (ERIC+RAPD) profile (ERIC+RAPD) profile (ERIC+RAPD) profile (ERIC+RAPD) profile (ERIC+RAPD) profile (ERIC+RAPD) profile (ERIC+RAPD) profile (ERIC+RAPD) 

comparisoncomparisoncomparisoncomparisoncomparisoncomparisoncomparisoncomparison

��Approach successfully used for :Approach successfully used for :Approach successfully used for :Approach successfully used for :Approach successfully used for :Approach successfully used for :Approach successfully used for :Approach successfully used for :

-- Campylobacter (Campylobacter (Campylobacter (Campylobacter (Campylobacter (Campylobacter (Campylobacter (Campylobacter (MazurierMazurierMazurierMazurierMazurierMazurierMazurierMazurier et al., 1992) et al., 1992) et al., 1992) et al., 1992) et al., 1992) et al., 1992) et al., 1992) et al., 1992) 

-- some closely related species of lactobacilli some closely related species of lactobacilli some closely related species of lactobacilli some closely related species of lactobacilli some closely related species of lactobacilli some closely related species of lactobacilli some closely related species of lactobacilli some closely related species of lactobacilli 

((((((((VandammeVandammeVandammeVandammeVandammeVandammeVandammeVandamme et al., 1996) et al., 1996) et al., 1996) et al., 1996) et al., 1996) et al., 1996) et al., 1996) et al., 1996) 

for which the phenotypic inertness and the for which the phenotypic inertness and the for which the phenotypic inertness and the for which the phenotypic inertness and the for which the phenotypic inertness and the for which the phenotypic inertness and the for which the phenotypic inertness and the for which the phenotypic inertness and the 

overall phenotypic similarity have overall phenotypic similarity have overall phenotypic similarity have overall phenotypic similarity have overall phenotypic similarity have overall phenotypic similarity have overall phenotypic similarity have overall phenotypic similarity have 

prevented the development of a phenotypic prevented the development of a phenotypic prevented the development of a phenotypic prevented the development of a phenotypic prevented the development of a phenotypic prevented the development of a phenotypic prevented the development of a phenotypic prevented the development of a phenotypic 

identification schemeidentification schemeidentification schemeidentification schemeidentification schemeidentification schemeidentification schemeidentification scheme

-------- Differentiating Differentiating Differentiating Differentiating Differentiating Differentiating Differentiating Differentiating SalmonellaSalmonellaSalmonellaSalmonellaSalmonellaSalmonellaSalmonellaSalmonella sppsppsppsppsppsppsppspp (Lim et (Lim et (Lim et (Lim et (Lim et (Lim et (Lim et (Lim et 

al., 2005)al., 2005)al., 2005)al., 2005)al., 2005)al., 2005)al., 2005)al., 2005)
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��12 RAPD groups12 RAPD groups12 RAPD groups12 RAPD groups12 RAPD groups12 RAPD groups12 RAPD groups12 RAPD groups

X. szentirmaii

X. ehlersii

X. innexi

X. indica
X. budapestensis

Xenorhabdus classification Xenorhabdus classification Xenorhabdus classification Xenorhabdus classification Xenorhabdus classification Xenorhabdus classification Xenorhabdus classification Xenorhabdus classification basedbasedbasedbasedbasedbasedbasedbased on ERICon ERICon ERICon ERICon ERICon ERICon ERICon ERIC--------RAPD profile RAPD profile RAPD profile RAPD profile RAPD profile RAPD profile RAPD profile RAPD profile comparisoncomparisoncomparisoncomparisoncomparisoncomparisoncomparisoncomparison

�� 10 unique profiles10 unique profiles10 unique profiles10 unique profiles10 unique profiles10 unique profiles10 unique profiles10 unique profiles

-- UPUP
55

-- UPUP
11

-- UPUP
22

-- UPUP
33

-- UPUP
77

-- UPUP
44

-- UPUP
66

-- UPUP
1010

-- UPUP
88

-- UPUP
99

X. beddingii

X. nematophila

X. poinarii

X. bovienii

X. japonica



Xenorhabdus classification Xenorhabdus classification Xenorhabdus classification Xenorhabdus classification Xenorhabdus classification Xenorhabdus classification Xenorhabdus classification Xenorhabdus classification 

basedbasedbasedbasedbasedbasedbasedbased on on on on on on on on molecularmolecularmolecularmolecularmolecularmolecularmolecularmolecular typingtypingtypingtypingtypingtypingtypingtyping

profile (ERIC+RAPD) profile (ERIC+RAPD) profile (ERIC+RAPD) profile (ERIC+RAPD) profile (ERIC+RAPD) profile (ERIC+RAPD) profile (ERIC+RAPD) profile (ERIC+RAPD) 

comparisoncomparisoncomparisoncomparisoncomparisoncomparisoncomparisoncomparison

��Results Results Results Results Results Results Results Results consistentconsistentconsistentconsistentconsistentconsistentconsistentconsistent with those based on with those based on with those based on with those based on with those based on with those based on with those based on with those based on DNADNADNADNADNADNADNADNA--------DNA DNA DNA DNA DNA DNA DNA DNA 

hybridizationshybridizationshybridizationshybridizationshybridizationshybridizationshybridizationshybridizations performed on representative strains of performed on representative strains of performed on representative strains of performed on representative strains of performed on representative strains of performed on representative strains of performed on representative strains of performed on representative strains of 

the validated species X. the validated species X. the validated species X. the validated species X. the validated species X. the validated species X. the validated species X. the validated species X. beddingiibeddingiibeddingiibeddingiibeddingiibeddingiibeddingiibeddingii, X. , X. , X. , X. , X. , X. , X. , X. bovieniibovieniibovieniibovieniibovieniibovieniibovieniibovienii, X. , X. , X. , X. , X. , X. , X. , X. 

japonica, X. japonica, X. japonica, X. japonica, X. japonica, X. japonica, X. japonica, X. japonica, X. nematophilanematophilanematophilanematophilanematophilanematophilanematophilanematophila & X. & X. & X. & X. & X. & X. & X. & X. poinariipoinariipoinariipoinariipoinariipoinariipoinariipoinarii

+ strains K77 (X. + strains K77 (X. + strains K77 (X. + strains K77 (X. + strains K77 (X. + strains K77 (X. + strains K77 (X. + strains K77 (X. szentirmaiiszentirmaiiszentirmaiiszentirmaiiszentirmaiiszentirmaiiszentirmaiiszentirmaii), ), ), ), ), ), ), ), SaVSaVSaVSaVSaVSaVSaVSaV and Q1and Q1and Q1and Q1and Q1and Q1and Q1and Q1
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F3 / S. affine

SK2 / S. kraussei
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X. mauleonii

X. hominickii

X. miraniensis
X. doucetiae

X. kozodoii

X. koppenhoeferi

X. cabanillasii
X. romanii

X. griffiniae
X. stockiae

� Assignation of 16 strains

& isolates to 10 new 

proposed species
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X. nematophila

X. poinarii

X. bovienii

X. szentirmaii

X. ehlersii

X. innexi

X. indica
X. budapestensis



Xenorhabdus Xenorhabdus Xenorhabdus Xenorhabdus Xenorhabdus Xenorhabdus Xenorhabdus Xenorhabdus phenotypicphenotypicphenotypicphenotypicphenotypicphenotypicphenotypicphenotypic

classification classification classification classification classification classification classification classification 

��Data : 153 variable phenotypic charactersData : 153 variable phenotypic charactersData : 153 variable phenotypic charactersData : 153 variable phenotypic charactersData : 153 variable phenotypic charactersData : 153 variable phenotypic charactersData : 153 variable phenotypic charactersData : 153 variable phenotypic characters

76 strains & isolates76 strains & isolates76 strains & isolates76 strains & isolates76 strains & isolates76 strains & isolates76 strains & isolates76 strains & isolates

�� Growth at various temperatures from 32Growth at various temperatures from 32Growth at various temperatures from 32Growth at various temperatures from 32Growth at various temperatures from 32Growth at various temperatures from 32Growth at various temperatures from 32Growth at various temperatures from 32°°°°°°°°C to 42C to 42C to 42C to 42C to 42C to 42C to 42C to 42°°°°°°°°CCCCCCCC

�� Enzymatic activities on API20E and API20NEEnzymatic activities on API20E and API20NEEnzymatic activities on API20E and API20NEEnzymatic activities on API20E and API20NEEnzymatic activities on API20E and API20NEEnzymatic activities on API20E and API20NEEnzymatic activities on API20E and API20NEEnzymatic activities on API20E and API20NE

�� Carbon source assimilation (Biotype100)Carbon source assimilation (Biotype100)Carbon source assimilation (Biotype100)Carbon source assimilation (Biotype100)Carbon source assimilation (Biotype100)Carbon source assimilation (Biotype100)Carbon source assimilation (Biotype100)Carbon source assimilation (Biotype100)

�� Fermentation on API50CHFermentation on API50CHFermentation on API50CHFermentation on API50CHFermentation on API50CHFermentation on API50CHFermentation on API50CHFermentation on API50CH

�� Phenotypic tests on agar platesPhenotypic tests on agar platesPhenotypic tests on agar platesPhenotypic tests on agar platesPhenotypic tests on agar platesPhenotypic tests on agar platesPhenotypic tests on agar platesPhenotypic tests on agar plates

5 5 5 5 5 5 5 5 similaritysimilaritysimilaritysimilaritysimilaritysimilaritysimilaritysimilarity matricesmatricesmatricesmatricesmatricesmatricesmatricesmatrices

1 1 1 1 1 1 1 1 combinedcombinedcombinedcombinedcombinedcombinedcombinedcombined similaritysimilaritysimilaritysimilaritysimilaritysimilaritysimilaritysimilarity matrixmatrixmatrixmatrixmatrixmatrixmatrixmatrix
BioNumericsBioNumericsBioNumericsBioNumericsBioNumericsBioNumericsBioNumericsBioNumerics ((((((((AppliedAppliedAppliedAppliedAppliedAppliedAppliedApplied--------MathsMathsMathsMathsMathsMathsMathsMaths, , , , , , , , BelgiumBelgiumBelgiumBelgiumBelgiumBelgiumBelgiumBelgium))))))))

1 1 1 1 1 1 1 1 combinedcombinedcombinedcombinedcombinedcombinedcombinedcombined dendrogrammedendrogrammedendrogrammedendrogrammedendrogrammedendrogrammedendrogrammedendrogramme
UPGMAUPGMAUPGMAUPGMAUPGMAUPGMAUPGMAUPGMA
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DSM16342T/ X. budapestensis / S. bicornutum

OM01 / X. indica / S. abbasi

TH01T / X. stockiae / S. siamkayai

DSM16337T / X. ehlersii / S. serratum

ID10T / X. griffiniae / S. hermaphroditum

DSM16336T / X. innexi / S. scapterisci

DSM17382T / X. indica / S. thermophilum

FRG30 / X. doucetiae / S. diaprepesi

UY61 / X. innexi / S. scapterisci

Q1T / X. miraniensis / Steinernematidae

Q58T / X. beddingii / Steinernema sp.

SaVT / X. kozodoii / S. arenarium

VC01T / X. mauleonii / Steinernema sp.

K77 / X. szentirmaii / S. rarum
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IT10 / X. kozodoii / S. apuliae
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X. bovienii

X. nematophila

X. japonica

X. hominickii

X. koppenhoeferi
X. bovienii

X. poinarii

X. poinarii

X. cabanillasii

TT°°>35>35°°CC

TT°°<35<35°°CC

PhenotypicPhenotypicPhenotypicPhenotypicPhenotypicPhenotypicPhenotypicPhenotypic

classificationclassificationclassificationclassificationclassificationclassificationclassificationclassification

Gower Gower Gower Gower similaritysimilaritysimilaritysimilarity coefficient %coefficient %coefficient %coefficient %



Optimum temperature for growth and development Optimum temperature for growth and development Optimum temperature for growth and development Optimum temperature for growth and development Optimum temperature for growth and development Optimum temperature for growth and development Optimum temperature for growth and development Optimum temperature for growth and development 

of the nematodeof the nematodeof the nematodeof the nematodeof the nematodeof the nematodeof the nematodeof the nematode

S. S. S. S. S. S. S. S. carpocapsaecarpocapsaecarpocapsaecarpocapsaecarpocapsaecarpocapsaecarpocapsaecarpocapsae ((((((((X. X. X. X. X. X. X. X. nematophilanematophilanematophilanematophilanematophilanematophilanematophilanematophila))))))))

S. S. S. S. S. S. S. S. monticolummonticolummonticolummonticolummonticolummonticolummonticolummonticolum ((((((((X. X. X. X. X. X. X. X. hominickiihominickiihominickiihominickiihominickiihominickiihominickiihominickii))))))))

S. S. S. S. S. S. S. S. scarabaeiscarabaeiscarabaeiscarabaeiscarabaeiscarabaeiscarabaeiscarabaei ((((((((X. X. X. X. X. X. X. X. koppenhoeferikoppenhoeferikoppenhoeferikoppenhoeferikoppenhoeferikoppenhoeferikoppenhoeferikoppenhoeferi))))))))

S. S. S. S. S. S. S. S. weiseriweiseriweiseriweiseriweiseriweiseriweiseriweiseri ((((((((X. X. X. X. X. X. X. X. bovieniibovieniibovieniibovieniibovieniibovieniibovieniibovienii))))))))

2020202020202020--------2525252525252525°°°°°°°°CCCCCCCC

S. S. S. S. S. S. S. S. abbasiabbasiabbasiabbasiabbasiabbasiabbasiabbasi ((((((((X. X. X. X. X. X. X. X. indicaindicaindicaindicaindicaindicaindicaindica))))))))

S. S. S. S. S. S. S. S. riobraveriobraveriobraveriobraveriobraveriobraveriobraveriobrave ((((((((X. X. X. X. X. X. X. X. cabanillasiicabanillasiicabanillasiicabanillasiicabanillasiicabanillasiicabanillasiicabanillasii))))))))
3030303030303030--------3535353535353535°°°°°°°°CCCCCCCC

Cabanillas et al., 1994; Elawad et al., 1997; Mráček et al., 2003; 

Saunders & Webster, 1999; Stock & Koppenhöfer, 2003; Stock et 

al., 1997)



Xenorhabdus Xenorhabdus Xenorhabdus Xenorhabdus Xenorhabdus Xenorhabdus Xenorhabdus Xenorhabdus numbernumbernumbernumbernumbernumbernumbernumber ofofofofofofofof host host host host host host host host speciesspeciesspeciesspeciesspeciesspeciesspeciesspecies

speciesspeciesspeciesspeciesspeciesspeciesspeciesspecies strainsstrainsstrainsstrainsstrainsstrainsstrainsstrains

X. X. X. X. X. X. X. X. bovieniibovieniibovieniibovieniibovieniibovieniibovieniibovienii 24 (+TB20 ?)24 (+TB20 ?)24 (+TB20 ?)24 (+TB20 ?)24 (+TB20 ?)24 (+TB20 ?)24 (+TB20 ?)24 (+TB20 ?) S. S. S. S. S. S. S. S. feltiaefeltiaefeltiaefeltiaefeltiaefeltiaefeltiaefeltiae / S. / S. / S. / S. / S. / S. / S. / S. krausseikrausseikrausseikrausseikrausseikrausseikrausseikraussei / / / / / / / / 

S. S. S. S. S. S. S. S. weiseriweiseriweiseriweiseriweiseriweiseriweiseriweiseri / S. affine / / S. affine / / S. affine / / S. affine / / S. affine / / S. affine / / S. affine / / S. affine / 

S. S. S. S. S. S. S. S. intermediumintermediumintermediumintermediumintermediumintermediumintermediumintermedium / (S. / (S. / (S. / (S. / (S. / (S. / (S. / (S. sichuanensesichuanensesichuanensesichuanensesichuanensesichuanensesichuanensesichuanense))))))))

X. X. X. X. X. X. X. X. nematophilanematophilanematophilanematophilanematophilanematophilanematophilanematophila 1313131313131313 S. S. S. S. S. S. S. S. carpocapsaecarpocapsaecarpocapsaecarpocapsaecarpocapsaecarpocapsaecarpocapsaecarpocapsae

X. X. X. X. X. X. X. X. poinariipoinariipoinariipoinariipoinariipoinariipoinariipoinarii 55555555 S. S. S. S. S. S. S. S. glaseriglaseriglaseriglaseriglaseriglaseriglaseriglaseri / S. / S. / S. / S. / S. / S. / S. / S. cubanumcubanumcubanumcubanumcubanumcubanumcubanumcubanum

X. X. X. X. X. X. X. X. ehlersiiehlersiiehlersiiehlersiiehlersiiehlersiiehlersiiehlersii 55555555 S. S. S. S. S. S. S. S. longicaudumlongicaudumlongicaudumlongicaudumlongicaudumlongicaudumlongicaudumlongicaudum

X. X. X. X. X. X. X. X. szentimaiiszentimaiiszentimaiiszentimaiiszentimaiiszentimaiiszentimaiiszentimaii 33333333 S. S. S. S. S. S. S. S. rarumrarumrarumrarumrarumrarumrarumrarum

X. X. X. X. X. X. X. X. hominickiihominickiihominickiihominickiihominickiihominickiihominickiihominickii 33333333 S. S. S. S. S. S. S. S. monticolummonticolummonticolummonticolummonticolummonticolummonticolummonticolum / S. / S. / S. / S. / S. / S. / S. / S. kariikariikariikariikariikariikariikarii

X. X. X. X. X. X. X. X. kozodoiikozodoiikozodoiikozodoiikozodoiikozodoiikozodoiikozodoii 33333333 S. S. S. S. S. S. S. S. arenariumarenariumarenariumarenariumarenariumarenariumarenariumarenarium / / / / / / / / S.apuliaeS.apuliaeS.apuliaeS.apuliaeS.apuliaeS.apuliaeS.apuliaeS.apuliae / S. sp./ S. sp./ S. sp./ S. sp./ S. sp./ S. sp./ S. sp./ S. sp.

X. X. X. X. X. X. X. X. budapestensisbudapestensisbudapestensisbudapestensisbudapestensisbudapestensisbudapestensisbudapestensis 22222222 S. S. S. S. S. S. S. S. bicornutumbicornutumbicornutumbicornutumbicornutumbicornutumbicornutumbicornutum / S. ceratophorum/ S. ceratophorum/ S. ceratophorum/ S. ceratophorum/ S. ceratophorum/ S. ceratophorum/ S. ceratophorum/ S. ceratophorum

X. X. X. X. X. X. X. X. cabanillasiicabanillasiicabanillasiicabanillasiicabanillasiicabanillasiicabanillasiicabanillasii 22222222 S. S. S. S. S. S. S. S. riobraveriobraveriobraveriobraveriobraveriobraveriobraveriobrave

X. X. X. X. X. X. X. X. doucetiaedoucetiaedoucetiaedoucetiaedoucetiaedoucetiaedoucetiaedoucetiae 22222222 S. S. S. S. S. S. S. S. diaprepesidiaprepesidiaprepesidiaprepesidiaprepesidiaprepesidiaprepesidiaprepesi

X. X. X. X. X. X. X. X. indicaindicaindicaindicaindicaindicaindicaindica 22222222 S. S. S. S. S. S. S. S. thermophilumthermophilumthermophilumthermophilumthermophilumthermophilumthermophilumthermophilum / S. / S. / S. / S. / S. / S. / S. / S. abbasiabbasiabbasiabbasiabbasiabbasiabbasiabbasi

X. X. X. X. X. X. X. X. innexiinnexiinnexiinnexiinnexiinnexiinnexiinnexi 22222222 S. S. S. S. S. S. S. S. scapterisciscapterisciscapterisciscapterisciscapterisciscapterisciscapterisciscapterisci

X. X. X. X. X. X. X. X. beddingiibeddingiibeddingiibeddingiibeddingiibeddingiibeddingiibeddingii 11111111 unknownunknownunknownunknownunknownunknownunknownunknown

X. X. X. X. X. X. X. X. japonicajaponicajaponicajaponicajaponicajaponicajaponicajaponica 1 (VN01 ?)1 (VN01 ?)1 (VN01 ?)1 (VN01 ?)1 (VN01 ?)1 (VN01 ?)1 (VN01 ?)1 (VN01 ?) S. S. S. S. S. S. S. S. kushidaikushidaikushidaikushidaikushidaikushidaikushidaikushidai (S. (S. (S. (S. (S. (S. (S. (S. sangisangisangisangisangisangisangisangi))))))))

X. X. X. X. X. X. X. X. griffiniaegriffiniaegriffiniaegriffiniaegriffiniaegriffiniaegriffiniaegriffiniae 11111111 S. S. S. S. S. S. S. S. hermaphroditumhermaphroditumhermaphroditumhermaphroditumhermaphroditumhermaphroditumhermaphroditumhermaphroditum

X. X. X. X. X. X. X. X. koppenhoeferikoppenhoeferikoppenhoeferikoppenhoeferikoppenhoeferikoppenhoeferikoppenhoeferikoppenhoeferi 11111111 S. S. S. S. S. S. S. S. scarabaeiscarabaeiscarabaeiscarabaeiscarabaeiscarabaeiscarabaeiscarabaei

X. X. X. X. X. X. X. X. mauleoniimauleoniimauleoniimauleoniimauleoniimauleoniimauleoniimauleonii 11111111 unknownunknownunknownunknownunknownunknownunknownunknown

X. X. X. X. X. X. X. X. miraniensismiraniensismiraniensismiraniensismiraniensismiraniensismiraniensismiraniensis 11111111 SteinernematidaeSteinernematidaeSteinernematidaeSteinernematidaeSteinernematidaeSteinernematidaeSteinernematidaeSteinernematidae

X. X. X. X. X. X. X. X. romaniiromaniiromaniiromaniiromaniiromaniiromaniiromanii 11111111 S. S. S. S. S. S. S. S. puertoricensepuertoricensepuertoricensepuertoricensepuertoricensepuertoricensepuertoricensepuertoricense

X. X. X. X. X. X. X. X. stockiaestockiaestockiaestockiaestockiaestockiaestockiaestockiae 11111111 S. S. S. S. S. S. S. S. siamkayaisiamkayaisiamkayaisiamkayaisiamkayaisiamkayaisiamkayaisiamkayai
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