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BELGIAN CO-ORDINATED COLLECTIONS OF MICRO-ORGANISMS
BACTERIA COLLECTION

New insights in the taxonomy of plant-
pathogenic and plant-associated
bacteria in the Enterobacteriaceae

Dr. llse Cleenwerck
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® BCCM - LMG

‘ ENTEROBACTERIACEAE

* family within the Gammaproteobacteria

* contains many plant-pathogenic and plant-associated
bacteria, as well as pathogens to humans & animals

l l

» Erwinia ~ Escherichia

~ Pectobacterium ~ Salmonella

~ Pantoea ~ Klebsiella

- Brenneria ~ Enterobacter +

~ Samsonia ~ Serratia +
e . Dickeya

Policy 4+ Also plant-associated or plant-pathogenic isolates
Office
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‘ ENTEROBACTERIACEAE

* phenotypically similar — difficult to identify some
taxa using commercial ID kits

* eg. species of Pantoea, Erwinia and Enterobacter
cannot be accurately identified

* incorrect classification of numerous strains

° many taxonomic rearrangements
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‘ TAXONOMY OF PP AND PA ENTEROBACTERIACEAE

* plant pathologists — species according to disease,
not phylogenetic relationship

* eg. the genus Erwinia was created in 1920 to unite
all G-, fermentative, non-sporulating, peritrichously
flagellated plant pathogenic bacteria

* end of 1998, most species of this genus were
reclassified into new or existing genera
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. BCCM : LM G E. amylovora
E. mallitovora
E. rhapontici
E. tracheiphil
ERWINIA - endof1oss: | romoms
. psidii
E. persicinus
~ 20 species on the AL
DDH 16S rRNA
Enterobacter Pantoea Pectobacterium Brenneria
E. cloaca subsp. dissolvens P. agglomerans (Br HG XllI) P. carotovorum subsp. carotovorum B. quercina
E. cancerogenus P. dispersa (Br HG llI) P. carotovorum subsp. odoriferum B. nigrifluens
E. nimipressuralis P. ananatis (incl. Br HG VI) P. atrosepticum B. rubrifaciens
P. stewartii subsp. stewartii P. betavasculorum B. salicis
P. wasabiae B. alni
P. cacticida | | B. paradisiaca
Erwinia herbicola P. cypripedii /'/
Enterobacter agglomerans | > ¢hysantemi
species complex l
Brenner et al. (1984): 13 HG chkeya
: in 2005:
Belgian D. chrysantemi
Science D. paradisiaca

Policy
Office



® BCCM - LMG

"1 TAXONOMY

« “...one of the goals of any taxonomy is to create a
classification scheme that reflects the genealogy of
the organisms, thus circumscribing all taxa in
monophyletic groups” — Ramon Rossello-Mora (Ed.
Syst Appl Microbiol)
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‘ TAXONOMY OF PP AND PA ENTEROBACTERIACEAE

* 16S rRNA gene sequence analysis — many genera
not monophyletic

* such as:

~ Enterobacter

~ Serratia

~ Pantoea

~ Erwinia

~ Pectobacterium

» Brenneria
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‘ TAXONOMY OF PP AND PA ENTEROBACTERIACEAE

* housekeeping gene sequences — phylogenies more
compatible with the “accepted classifications”

* eg. Serratia was monophyletic based on gyrB
(Dauga, 2002)

= phylogenies should be based on sequences of
several genes encoding different functions, as
comparisons of a single housekeeping gene can
provide misleading results
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‘ BCCM/LMG — FABI/UNIV. PRETORIA

* MLSA study of plant-pathogenic and plant-
associated Enterobacteriaceae based on partial
sequences of four house keeping genes:

atpD (ATP synthase [3 subunit)
gyrB (DNA gyrase)

infB (initiation translation factor 2)
rpoB (RNA polymerase [3 subunit)
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OUR INTEREST IN ENTEROBACTERIACEAE

* FABI: Forestry and Agricultural Biotechnology
Institute, Univ. of Pretoria, SA

* Isolation campaigns/field trips in Africa, Asia
and South America

* Eucalyptus + bacterial blight and dieback

y

— Pantoea

*  Community studies of diseased vs. healthy

Eucalyptus seedlings — Enterobacter (?)
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OUR INTEREST IN ENTEROBACTERIACEAE

* Onion + centre rot — Pantoea

* Maize + stalk rot — Pantoea

* Potato + soft rot — Dickeya

* Collaboration with University of Perugia (ltaly)
Olive trees + knots — Pantoea/Erwinia

* Collaboration with Forest Research (UK)

Oak + Acute Oak Decline (AOD) — close to Serratia and Brenneria
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‘ MLSA STUDY OF PP AND PA ENTEROBACTERIACEAE

* BILA (Belgium-SA), BOF, UGent (2006-2008)
— focus on Pantoea from Eucalyptus and onion

* Post Doctoral Fellowship for non-EU researchers
(2009)

— plant pathogenic and plant-associated bacteria
in the Enterobacteriaceae and their
relationships with other representatives of the
family
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‘ MLSA STUDY OF PP AND PA ENTEROBACTERIACEAE

* included:

* genera such as Pantoea, Erwinia, Brenneria,
Pectobacterium, Dickeya, Samsonia, Serratia and
Enterobacter

* strains of closely related genera containing
(mainly) isolates from clinical origin, such as
Tatumella, Citrobacter, Klebsiella, Kluyvera,
Leclercia, Raoultella, Yokenella

* unidentified new isolates from trees/plants
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0.1

Pantoea-Erwinia

atpoD, gyrB, infB, rpoB
Br HG

> IV
> V

isolates from:

> Eucalyptus

> Onion

> Maize

> Olive tree knots

86

100r LMG 2660 | Pantoea agglomerans
LMG 1286’ | Pantoea agglomerans
LMG 24197' | Pantoea eucalypti

LMG 24198 | Pantoea eucalypti oo
LMG 24201 | Pantoea vagans o0
LMG 24199’ | Pantoea vagans

LMG 2560 IlFanloea anthophila
LMG 2558’ | Pantoea anthophila
LMG 24200' | Pantoea deleyi @
100; LMG 24532 | Pantoea brenneri ®
LMG 5343’ | Pantoea brenneri
LMG 24534 | Pantoea conspicua @
LMG 24203 l Pantoea allii ®
LMLgIG 2424|-8P; Pantoea allii
20103 | Pantoea ananatis
LMG 2665' | Pantoea ananatis o0 o0
100— LMG 2715' | Pantoea stewartii subsp. stewartii
LMG 2632’ | Pantoea stewartii subsp. indologenes @
R-43459
tmg ggg;i Pantoea rodasii sp. nov. [ ]
R-43462
100 R-43273
@12) LMG 26276
LMG 26275
R-43272
109 LMG 26278
LMG 26277
LMG 24529 | Pantoea eucrina ®
LMG 2781"| Pantoea eucrina
LMG 2604 | Pantoea dispersa
LMG 2603' | Pantoea dispersa
LMG 2654 | Pantoea cypripedii
LMG 2657" | Panioea cypripedii

1 LMG 25382’ | Pantoea gaviniae
s LMG 25383" | Pantoea calida
100 LMG 24526 | Pantoea septica
LMG 5345’ | Pantoea septica

) 1

Pantoea rwandensis sp. nov. @

Pantoea wallisii sp. nov. o

(gria) LMG 7888' | Tatumelia ptyseos

LMG 22051" | Tatumella terrea

LMG 23360' | Tatumella morbirosei
LMG 22049’ | Tatumella citrea
LMG 22050 | Tatumella punctata

<«4—— Pectobacterium cypripedii

~

«4——— Pantoea citrea
«4——— Pantoea punctata
«4——— Pantoea terrea

Int J Syst Evol Microbiol
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Enterobacteriaceae

Enterobacter,
Cronobacter &

atpD, gyrB, infB, rpoB Mangrovibacter

Pantoea, Erwinia
& Tatumella

Serratia & Gibbsiella

Pectobacterium, Brenneria,
Dickeya & Samsonia




FRBE 224

USA 52a

Serratia-Gibbsiella bonrs

USA 1T
USA 25
USA 31
. USA 34
isolates from oak | Ushs
UsA 42
USA 51
USA 24 |
LMG 255007
BW 2/28
) BH 1/65b
BER 12
LMG 25501
M78
{ LMG 25502
FRE 214 _
a5 Gibbsiella dentisursi DSM 23818"
_[ Gibbsiella papilionis JCM 18389"

GibbsieNa grefgi sp. nov,

-
=
(9

Gibbsiela guercinecans

—

100 ;“r Serrafia grimesii LMG 78837
B84 Serratia quinivorans LMG T887"
Serratia plymuthica LMG 7886"
- Borratia proteamaculans LMG 78847
Serratia ficaria LMG 78817
Serratia enfornophila LMG 8458"
Serratia marcescens ssp. marcescens LMG 2792"

94

100

o 100 Serralia marcescens ssp. sakuensis CCM 71227

_— Serralia wrellytica LMG 228607
r— — Serratia fonticola LMG 7882
\"_1) 100 L Serratia glossinae CCUG 57457

Serratia odorifera LMG 7885
Serratia rubidaea LMG 50197
Kiuyvera infermedia LMG 27857
% ﬂ-‘sm cryocrescens LMG 7859
oz Kluyvera ascorbata LMG 78717
Eﬁgquﬂ@ﬂa terrigana LMG 3222°
Raaultella planticols LMG 78707
Eschariciye viiinerls LWG 7886° Carrie L. Brady et al. Syst Appl Microbiol

0.1 2014,37:417-422



Pectobacterium-Brenneria-
Dickeya

isolates from oak

LMG 2398

100, LMG 2466"
LMG 2461
LMG 6681

LMG 2401
LMG 21370

LMG 21371"

LM
LM

2407

24047

LMG 2402

LMG 6687
100 L LMG 2388
LMG 2374
LMG 2386"

ICMP 16873
ICMP 16872
ICMP 9123
LMG 8444"

G
LMG 17566"
G

100

NCPPB 3833

NCPPB 3835
1 r NCPPB 3936

%/ NCPPB 3935
NCPPB 3934"

O

18~ EAEA

L=

Pectobacterium betavasculorum

Pectobacterium atrosepticum

Pectobacterium wasabiae

Pectobacterium carotovorum

Pectobacterium cacticida

_ —» D. dadantii subsp.

dieffenbachiae

[ —» D dadantii subsp. dadantii



Pectobacterium-Brenneria-
Dickeya-Samsonia

isolates from oak

100

98

BH 1/43f
BH 1/43d
BH 1/58
BH 1/82b
BH 1/43c
1001 FRB 227"
1d0 BH 1/40b
| USA52b
T
71 s?i FRB 223
— | Usa 32

Brenneria roseae subsp. roseae

Brenneria roseae subsp. americana

LMG 5109

o4 10| LG 2709’

LMG 2711
LMG 2700
100 | LMG 2706
| LMG 2608

NCPPB 3934"
100 [ NCPPB 3936
| NCPPE 2935
LMG 2696
100 | LMG 2694"

63

Brenneria rubrifaciens

Brennaria salicis

Brenneria afm

Brennaria nigrifiuens

&8 e StOT

| LMG 26270"
4| " FRB 135
LMG 26271
26272

Brenneria goodwinii

100 | LMG 2386"
LMG 2374
LMG 24667
LMG 2398
LMG 84447
ICMP 3123

1UO|

Pectobacterium atroseplicum
] Peclobacterium betavasculorum

] Pectobacterium wasabiae

Pectobacterium carotovorum ssp. carofovorum LMG 24047
Peclobacterium carotovorum ssp. odoriferum LMG 17566"

Pectobacterium carotovorum ssp. brasiliensis LMG 213717

LMG 17936 "
100 [
LM 2720 Pectobacterium cacticida

] Lonsdalea quercina ssp. quercina

100 LMG 27247
LMG 5277

100

100

100[— Lonsdalea quercina ssp. britannica LMG 262677
Lonsdalea quercina ssp. iberica LMG 262647

100; LMG 258827
LMG 2475

LMG 258917 ] Dickeya dadantii ssp. dadantii
sal PRI 2122 -

Carrie L. Brady et al. Syst Appl Microbiol

hea s

100 - L;ﬁig‘?'s ] Dickeya zoae
= Lihh::?zazt:? ] Dickeya chrysanthemi
0 G 2547 | Dikera paracisica

Cronobacter sakazakil ATCC BAABSY

2014;37:396-401 0.1

] Dickeya dadanti ssp. dieffenbachiae



Dickeya

isolates from potato

BCC1035|Dickeyadadantii —
R46553|Dickeyadadantii
BCC1036|Dickeyadadantii
76 LMG25991T|Dickeyadadantii
PRI2122|Dickeyadadantii
R45447|Dickeyadadantii
LMG2477|Dickeyadieffenbachiae
LMG2479|Dickeyadieffenbachiae
1 00LMGZd'/SlDicke;,'adieffenbachiae
LMG25992T|Dickeyadieffenbachiae
R46549|Dickeyadieffenbachiae _
LMG25993T
R46551
LMG25990
LMG25615
PRI3337
100 R46555
LMG2485T|Dickeyadianthicola
NCPPB1385|Dickeyadianthicola
NCPPB3344|Dickeyadianthicola
R46556|Dickevadianthicola

Dickeya solani




Enterobacter

.: previously classified as Enterobacter

isolates from
eucalyptus

osyyr| %
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Enterobacter mori @
Enterobacter ashuriae @
Enterobacler cancerogenus

Enterobacter soli @ MLSA group A
Enterobacter cloacae

Enterobacter hormaechei
Enterobacter ludwigii

Lelliottia amnigenus MLSA group B

Lelliottia nimipressuralis |

Klebsiella mobilis  Enterobacter aerogenes
Pluralibacter pyrinus

) MLSAgroup C
Pluralibacter gergoviae

Cronobacter malonaticus
Cronobacter sakazakii

Cronobacter turicensis
Cronobacter dublinensis MLSA group E

Cronobacter muytjensii

Cronobacter pulveris
Cronabacter helveticus

P IR0 PSS Y N

Enterobacter

Lelliottia

Pluralibacter

Cronobacter

Franconibacter helveticus
Franconibacter pulveris
Siccibacter turicensis

Kosakonia
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‘ MLSA STUDY OF PP AND PA ENTEROBACTERIACEAE

* successfully constructed an MLSA scheme that included all
plant-pathogenic and plant-associated genera of the family
Enterobacteriaceae

* MLSA phylogeny was partially congruent with 16S rRNA
phylogeny
* using MLSA data, several genera were less polyphyletic

* MLSA data suggested the reclassification of some established
species into existing or new genera

* the proposed taxonomic rearrangements were supported by
DDH data, FAMES and phenotypic data
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‘ MLSA STUDY OF PP AND PA ENTEROBACTERIACEAE
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MLSA is more reliable than 16S rRNA gene sequences for
classification of new Enterobacteriaceae isolates at the genus
and species level

MLSA of the isolates enabled to identify them at the species
level or suggested the existence of new species

closely related plant-associated and clinical bacteria should
not be studied separately
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‘ MLSA STUDY OF PP AND PA ENTEROBACTERIACEAE

* distinction between PA and clinical bacteria is becoming
more vague

>

>
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Erwinia
Pectobacterium
Enterobacter +
Serratia +
Rahnella +
Tatumella +
Pantoea +
Saccharobacter
Brenneria
Samsonia
Raoultella

Dickeya
Mangrovibacter
Lonsdalea
Phaseolibacter
Gibbsiella +
Rosenbergiella
Kosakonia +
Lelliottia
Pluralibacter +
Franconibacter

. Siccibacter

4+ Also isolates from human/clinical samples
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