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Numerical Taxonomy of Erwinia Species Using API Systems
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API 20E, API ZYM and eight other enzymic API systems were tested on 123 strains belonging
to 18 Erwinia species, six Enterobacter agglomerans strains and 22 reference strains belonging to
other phytopathogenic genera and other enterobacterial species. The data obtained, from a total
of 130 tests, were subjected to numerical analysis. Test reproducibility within the API 20E
system varied from 88 to 100%,. The numerical analysis revealed 12 phenons; in six of these
phenons two or three subphenons could be differentiated. Several of these (sub)phenons
corresponded to established Erwinia species and could be differentiated from each other by 25
characters. No clearcut distinction could be made between the ‘amylovora’, ‘carotovora’ and
‘herbicola’ groups. Seven phenons were further analysed with the API SOCHE system. The
results provided evidence for the retention of Er. quercina, Er. nigrifluens, Er. salicis, Er.
amylovora, Er. rubrifaciens, Er. mallotivora, Er. stewartii, Er. cypripedii and Er. chrysanthemi as
separate taxa and supported the synonymy within the pairs Er. ananas and Er. uredovora, Er.
dissolvens and Enterobacter cloacae, Er. carotovora subsp. atroseptica and Er. carotovora subsp.
carotovora, Er. milletiae and one of the Er. herbicola clusters. The inadequacy of the present
classification of several Erwinia species, such as Er. herbicola and Er. rhapontici, is highlighted.
The results show that API systems are a useful and rapid alternative to conventional
phenotypical testing for the classification and identification of Erwinia species.

INTRODUCTION

During the last decade miniaturized biochemical procedures have been developed for the
rapid identification of clinical Enterobacteriaceae and are now commercially available. One of
these, API 20E (API Systems SA, Montalieu-Vercieu, France) contains 23 standardized
biochemical tests and has been successfully tested in many clinical bacteriological laboratories
(Butler et al., 1975; Blazevic et al., 1976; Rutherford et al., 1977; Holmes et al., 1977, 1978;
Aldridge et al., 1978 ; Murray, 1978; Blackall, 1980; Devenish & Barnum, 1980; Freeman et al.,
1981). Non-clinical isolates of Erwinia herbicola have already been characterized using the
API 20E system (Neilson & Sparell, 1976; van Vuuren et al., 1978; De Smedt & De Ley, 1979;
De Voset al., 1980; Ingledew et al., 1980; Haahtela et al., 1981). A standardized microsystem for
the semiquantitative assay of 19 different enzymes (API ZYM) has been described by Monget
(1978) and applied to the identification of many bacteria (Humble et al., 1977; Tharagonnet et
al., 1977; Kilian, 1978; Frank & Gerber, 1981 ; Mutimer & Woolcock, 1982) and has also been
used in taxonomic studies (Gauthier, 1976 ; Guillermet, 1980; O’Donnell et a/., 1980; Holmes et
al., 1981, 1982). Another commercially available system, API SOCHE (i.e. the API 50CH
gallery used with the API SOCHE medium), is suitable for the detection of acid production from
49 carbohydrates. A similar system, API 50E, has been used for the classification and
identification of various bacteria (Imbs, 1974; Ljungh et a/., 1977; De Smedt & De Ley, 1979;
Logan et al., 1979; Schwan et al., 1979; De Vos et al., 1980; O’Donnell et al., 1980).
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The genus Erwinia includes organisms causing important diseases of plants; others constitute
a significant fraction of the nonphytopathogenic epiphytic flora of plant surfaces and some
strains are opportunistic pathogens of man and animals. Dye (1968, 19694, b, ¢) subdivided the
genus into four so-called ‘natural groups’. Strains of the ‘amylovora’ group (Dye, 1968), cause dry
necrotic or wilt diseases on plants and include Er. amylovora, Er. salicis, Er. rubrifaciens, Er.
tracheiphila, Er. nigrifluens, Er. quercina, and Er. mallotivora [assigned to the ‘amylovora’ group
by Goto (1976)]. The ‘carotovora’ group (Dye, 1969a), consists of Erwinia species with strong
pectolytic capacities, causing soft rots in a wide variety of plants. This group includes Er.
carotovora, Er. chrysanthemi, Er. rhapontici and Er. cypripedii. Some authors assign the
‘carotovora' group to the genus Pectobacterium (Waldee, 1945; Brenner et al., 1973). The
*herbicola’ group (Dye, 1969b) consists of erwinias that (usually) produce a yellow pigment; it
includes epiphytes (Er. herbicola), some phytopathogens (Er. ananas, Er. uredovora, Er. milletiae
and Er. stewartii) and yellow-pigmented and related nonpigmented clinical isolates, often
named Enterobacter agglomerans (Ewing & Fife, 1972). Dye’s fourth group (Dye, 1969¢) contains
‘atypical’ erwinias, such as Er. dissolvens.

Many rearrangements have been proposed for the genus Erwinia (Brenner et al., 1972;
Gardner & Kado, 1972; Starr & Chatterjee, 1972; Murata & Starr, 1974; Sakazaki ez al., 1976,
Young et al., 1978; Dye, 1981) but a consensus has not yet been reached. The taxonomic
uncertainty is illustrated by the inclusion of 21 Erwinia species as well as their synonyms (i.e.
Pectobacterium, Enterobacter agglomerans) in the Approved Lists of Bacterial Names (Skerman
et al., 1980). The assignment of an Erwinia culture to one of Dye’s major groups (Dye, 1968,
19694, b) is largely made on the basis of pectolytic capacity (soft-rot erwinias), yellow
pigmentation (‘herbicola’ group) and the lack of these traits in the white, non-pectolytic, wilt-
causing ‘amylovora’ group (Starr, 1981). However, Er. rhapontici and Er. cypripedii both belong
to the ‘carotovora’ group but do not degrade pectate (Lelliott, 1974) and only 709 of the strains
from the ‘Er. herbicola—En. agglomerans complex’ are yellow pigmented (Ewing & Fife, 1972).
Identification at the species level is problematical, unless it is based on a known
phytopathogenic capacity (Starr, 1981).

This paper presents the results of an extensive biochemical and enzymic characterization of
123 Erwinia strains, 6 En. agglomerans strains and 22 reference strains using API 20E and
enzymic API systems (API ZYM, OSIDASES, ESTERASES, AMINOPEPTIDASES). These
results were submitted to a numerical analysis. The production of acid from carbohydrates was
investigated with the API 50CHE system for 89 of these strains. OQur aims were (i) to study the
physiological and biochemical diversity within the genus Erwinia, (i) to compare the groupings
obtained from the numerical analysis with the current classification of Erwinia species and (iii)
to investigate the applicability of various API systems for the rapid identification of members of
the genus Erwinia and allied species.

METHODS

Strains investigated. Strains used in this study (Table 1) included the type strains of all Erwinia species, 22
reference strains belonging to other phytopathogenic genera and other enterobacterial species and 6 Enterobacter
agglomerans strains.

API systems. The commercially available AP1 20E and API S0CHE systems and nine enzymic API strips were
used. The commercially available APl ZYM and the experimental API galleries OSIDASES, ESTERASES,
AMINOPEPTIDASES AP1, AP2, AP3, AP4, AP5 and AP6 encompass 107 enzymic test substrates (Table 2),
and enable the assay of 61 aminopeptidases (arylamidases), 28 glycosidases, 13 esterases, 2 phosphatases, 2
proteinases and 1 phosphoamidase.

For API 20E tests, strains were grown on nutrient agar (Oxoid) slants at 28 °C for 24 h. Harvested cells were
suspended in 5 ml sterile distilled water at a density of approximately 108 cells ml~!' (McFarland no. 1) as
recommended by Murray (1978). The API 20E test strips were then handled as described by the manufacturer.
The galleries were incubated at 30 °C, as most Erwinia strains are not able to grow at 37 °C.

For API 50CHE tests, strains were grown on nutrient agar slants at 28 °C for 24 h. Preparations of suspensions
and inoculation were carried out as described by the manufacturer. Positive reactions after 3, 6, 24 and 48 h
incubation at 30 °C were coded as 5, 4, 3 and 2, respectively. No acid production after 48 h incubation was coded
as zero.



1895

Taxonomy of Erwinia using API systems

TTSLOOO
TTSS000
TTES000
TTSS000

TTSS000
2TSS000
TT5S000
0205000
1215000
19€5000
1915000
19€5000
19€5000
19€5000
£SSPYIS
1€LY0T0
€LLS000
€LLS000
€LLS000
1215020
1215020
900907¢
7209000
£9590€S
2005001

§0001100

§0000101

§0001001

§000£0Z1
§0001000

§0001000
9000101
L000101
9905101

3pod 18ip-L
302 1dV

0861 ‘wnidrag
0861 ‘wnidpg
0861 ‘wnid[ag
0861 ‘wni3[ag

0861 ‘wnidfpg
0861 ‘wnidjag
0861 ‘wmdpeg
6¥61 VSN

SL6I ‘SPUB[IYIN
0L61 N

LS61 N

1L61 N

TL61 N

LS61 NN

L6l N
SS61 ‘VSN
$S61 ‘VSN
$S61 ‘VSN
€961 ‘VSN
$961 ‘VSN

$961 AN

0S61 N

7961 3N
961

1861 ‘wnidog
1961 ‘Utg

LS61 N
6v61 ‘BIqQUINOD

snLnep

BI[RAISNY

ye6l VSN

zs61 ‘wnidjg
uone[ost jo

Ieaf Jo/pue 2de[d

snsodo0y "1eA
SM1jofio1Ds 4315D2U010))
‘ds sn8avp.s)
Sunuwwod snidg
Suadas 1315DaU010)
sns0200y “JeA
Sn1jofidns 1315D3U010))
-ds 4215D2U010)
‘ds snavv1)
snaopr snqny
ogv XD
‘ds xyvg
Da[n43D) “IBA DGV XUDS
Da[n4avd “IeA Dg XYyvS
pua11a "1eA DQID NLS
DaNIaVI “JBA DD X1DS
suun ‘uewny
pa4dpd x1vsg
01824 suppdng
v1824 suvidnf
01324 suvi3np
‘ds snouongy
“ds snouang)
snuodsiq snolv3y
s1p3na p3ulidg
i9em puod
wnuanIsa UodIS4adorAT
winijofiiow wnwayuosday)
“ds wnipry
winiowdlffo wnivyoong
DA3fiutudl
"JBA DIODII|O DIISSDIG
sntupdoos sndouoxy

winpuijo winioydons
-ds snunuag

‘ds snpopy

IeM Y

wolj paje[osy

JWIWOIUBA *
JwWwouEp *
JWWONUBA *
JWWoNuE A

QWWONUBA -
2WIUWIOIUBA *
SWWOUBA *
4ddON
WIH

g4ddON
d4ddON
g4ddON
4ddON
g4ddON
JOLON
gddON
dddON
d4ddON
dddON
g4ddON
a4ddON
#ddON
4ddON
D01V
g4ddON

e ededed

awwolue ‘Y
4ddON

4ddON
4ddON

4ddON
1Y VY
ynedue ‘d
sporuIag ‘W

LWOIJ PIAIOINY

va0aojdwp 4g
pioaojdwp ‘1
vioaojfwup ‘4
vaoaoj{wp 4g

paoaojfww "4
v400a0jAwip 17y
vaoaojwp "4
D40aojwp vRUMIT
syos 4

spyos 4

soios 14

spoyos 1y

s1oyos a4y

spyos 4y

1102 DYNIYISTT

S121DS DIUIMIT
suanyfiaSu “4q
suanyfisS a5q
suanyfiiiu pnamay
puraanb ug

pupdianb vnamay
1SDDjO] SDUOWIOPNIS]
ap3uds souowiopnasd
SU3ISIIIDUL DD
suaup1yo1u winia1o0qaudio))
susof '

SUDIOSDf Win1da10vqaudio)
SUDIUIIQID SDUOWOYIUDX

Ysiusadund -Ad stusadwnd x

s1podouoxv spuowoyiuny
Ywnsomospa

‘Ad suysadwpo spuowoyiupy

suarpfowny "y

SUNID[2uny wnid1vqoi8y

42190QO1pDL WNLI21IDQOLSY

(08671) 7o 12 uBWLIANS
03 3urpiodoe sweu saroadg

OLLA
9SI1A
TLIA
ILLA

SLIA

1622 4ddON
9-885 WIH
01€Z 9ddON
99v1 4ddON
7TsT dddON
¥£57 4ddON
dLvy 4ddON
41006 D1ON
1€57 4ddON
996 4ddON
§9¢ dddON
#9s 4ddON
€681 €ddON
1zs81 4ddON
42612 4ddON
4187 4ddON
1o8scl DOLV
4891 4ddON
881

6€1LA

46967 4ddON

4875 4ddON
16y 4ddON

96 9ddON
8¢ 1Y

log

1T

‘ou uieng

1WaLf500 2ouDISIP UDIPYINT Y1 Suisn ‘Suridisngd 412Y) pup PaILSSIAUI SUIDAIS [DLIIDG | JqeL

a
1a
1a
a

AaA

looLovoLoL |

| <« <nmm |

uouaydqns
pue uouayq



133941741
£S160C1
291S0C1
ELISOTI
£E1S0TI1
£E180C1
£E1LOTI
€e1L0TT
£e1S0T1
€L1S001
£e15001
€L1S001
€L15001
£L1S001
€LISOC1
£L1S001
€LILOEE
791$001
791001
291v001
7915001
7955001
TTss001
TTSS001
¢T1v000
1000
<Tov000
TTSS000
TsL000
TTSL000
TTSS000
TT55000
TTSS000
TTSS000
TT1S000
TT5L000
TT15000

J. MERGAERT AND OTHERS

apod usip-,
307 1AV

1896

$961 ‘SPUBLIOYIIN
ueder
NmﬁwNﬁm.—l

AN

oL61 ‘uedef
0L61 ‘ueder
ueder

0L61 ‘uedef
9661 ‘amqequuz
3N

m_unﬂar\v

vsn

vsn

9661 ‘uedef
8561 ‘N
vsn

vsn

£961 ‘VSN
vsn

ze61 VSN
§L61 ‘ueder
§L61 ‘uedef
SL61 ‘uedef
€961 ‘VSN
9961 ‘VSN
§961 ‘VSN
SL61 ‘VSN
LL6] ‘wniBfg
7961 3N
6561 MN
TL61 ‘epeUE)
0861 ‘wnidfag
TL61 YrrwusQg
6561 “MN
6L61 ‘wnidjag
me_ _ooﬂa._m

uoneosi jo
163k Io/pue o[

DI DLIOYIASY
od3> wniy

1o

sisuauls pusig
panps puaay
ppunqrioy vrisi MY
vpunquioy plaisiy
ppunqrioy 12151
ppunquoy prsipm
Jauy ‘uewiny
vanos vuaay
s[eard)

S[isuo) ‘uewiny
sLsaads smppy
opunquoy plaa1s1y
sujsaajds snjopy
auun ‘uewny

psodni “JeA sdow vagz

sdow vaz

nsodns ‘1ea sdow p3z

sdbw paz
snowodol smiojopy
snomodpf snioyopy
snawodo{ smojjopy
v1824 suvyng
p1824 suvydnp
01824 suvydns
sunuwwod snadg
stunwiuod snadg
S141520]4S S
DLID SNQi0S
SN0 snudyg
“ds sn3apips)
p3uojqo vruopl)
sunwwod snidq
SUnWwod snidg
‘ds sn8avip1>)

wolj parr|os]

SHQOY-sapouy ‘4 ‘W

qdION

tuiae "4
weyeld ‘5 'd
weyeln ‘D 'd
4ddON
9ddON
4ddON
4ddON
O1ON
ENEN.—O D'
4ddON
weyein ) ‘d
utAeD "4
weyeln ) g
4ddON
utaen "4
4ddON
HddON
4ddON
HddON
4ddON
HddON
d4ddON
4ddON
4ddON
4ddON
4ddON
swwoluep Y
4ddON

WIH

ddNO
swwolgep Y
[INYuaY20H "f
HddON
0EEO~GM> i
swuwroluep ¥

L HI0J] PaAIaday

(panunuod) | slqe]

Djo21quaY 1T
Djod1qIY 1T
DjoNqIY 1T
DjOd1qUdY "I
Dj021qI3Y AT
apuaju "4
L e
avu3u “4q
oy g
Sup4auo0}38p ‘uy
DjoNqUIY ‘1T
DjoNquIY 1T
Djo21qIaY "ig
0]ONqIY 4T
aouajmu prmag
D]021q43Y DMLY

SuD4w0}38p 13100q0431U7

MADMAIS 4
M4oMmals 1
WaDMS 4
1H14DMALS DM
paoanofiOw "4
D.oano)oU “ig
DI0ANOJIDW DINIMIT
suaofigna ag
suarvfqnat “ag
Sud1I0f14qnd DML
D400 wp 1g
paoaojfwn -1
paoaoidwp "1
puoaojdwip ‘17
paoaojlww ig
paoaoydup ‘iz
D40a0)ww "4
D40a0]AD "4
paoaojwp “ig
vioaojfwn 4g

(0861) /v 10 uBULISYS
01 3uipodoe dweu sadadg

0T*Had

9vL6 HION
68S¥1 DOLV
9WID

oD

46167 4ddON
1097 4ddON
656 dddON
009 §ddON
$18€6 DLON
6£1D

11267 4ddON
SS1D

6311 dAND
TNT

959 4ddON
869 1pIE[ID
15677 4ddON
€61 4ddON
6vv 4ddON
627 9ddON
11687 4ddON
€687 dddON
7$8C 4ddON
0707 9ddON
7707 4ddON
41207 4ddON
16L7 4ddON
€1A

7Ll 9ddON
$-919 WIH
1007 JAND
LSLA

-001

1£89 €4dON
1LA

LSLA

‘ou ureng

uouaydqns
pue uoudyq



1897

Taxonomy of Erwinia using API systems

£6€60T1
ELLYITS

£LSS0T1
£EIS0ET
ELLSOEE
£LSSOtE
€£L5S0T1
£€LS001
£LLS001
€LLSOTI
£LLSOTT
€LLSOTI
£LLSOT
ELLSOTT
£SLY00T
€6LS001T
£LEVOTI
ELEVOTT
ELEVOTI
£LEVOT]
€LEVOTI
€LEVOTT
(3289741
12499 74|
13139741
ELLSYTI
ELLSYTI

ELLSYTI
ELLSYTI
ELLSYTI
ELSSYTI
€LLOVTI
ELLVPTI

ELSLYTI

apod uBip-,
40 1dV

vsn

8161 ‘epeue)
Y961

TL6l ‘D¥d

Jsuelq
€L61 AN
aouelg
£L61 N
€L61 AN
8561 N
8561 AN
0561 ‘VSN
0561 ‘vSN
vsn

vsn

0561 ‘vSn
1961 ‘e1puf
8661 ‘llemey
8661 ‘llemey
LS61 ‘llemeqy
LS61 ‘lemey

1§61 ‘AIeduny
Areuny

9661 ‘A1eSuny
$961 ‘I'zeig

1961 ‘omqequirz

9661 ‘A1eBunpy
$S61 ‘VSN

uone[ost jo

Ieak 10/pue 20v[d

punoM puey ‘uewngy

wnso4aqni wnuvjos
sisuappupd smndod
ping [eulds ‘uewnp
sdvw paz

asuawddiiyd wnpipadowydod

‘ds snBavivi)
‘ds snSavipi)
WNaYSay WndLJ
wWinasap wnoiLLf
WNaISaD wWnduIL L
Wnaysan wnouldf
wnasap wnoudf
sunuuod snidq
vyupadxo snSavii>
‘ds wmpadidd)
‘ds wmpadiid{D
‘ds wmpadiidd)
“ds wnppadorydog
‘ds wmpadiud{£)
“ds wnmipadiadd)
wnonp)3 wniastuusd
Snsow0d Spuvup
snsouwiod spuvuy
$nsowiod Spupuy
Snsowod Spuvuy
o

‘ds') suuwpa8 viuoong

P

‘ds"J stunup.8 onpoong

U

"ds*} siunwwa8 pruoong

SNSOWI0D SDUDUY
SunuD48 vrdINg
e

‘dsJ siqupa8 vrgoong

o

~ds'y smnupa8 vnaoong

oIy paje[os]

iAo ‘g
0LV

4ddON
gddON
JLON
a4ddON
d4ddON
uraen g
uaen "o
4ddON
HddON
gddON
4ddON
44dDN
a4ddON
4ddON
4ddON
d4ddON
4ddON

WIH

J30adad
4ddON
4ddON
weyeln D g
weyeln ‘°H ‘A
weyeln D ‘g
weyerd 5 d

4ddON
4ddON
g4ddON
dddON
a4ddON
d4ddON

4401

LUI01] PIAIOY

supiowo)88 ‘ug
otuowinaud pjjaisqary
0404010403

‘dsqus v.40a01040> DIUIMAT

DPU2Z0433UD> DMLY
202D0]> 4319DqOIIUT
SUIAJOSSIp DIUIMLTY
npaduddo ag
Djo21QIdY "4
D]021q4dY 47T
1nuodoys 1
111u0d0YL "4
pyuodoys “1g
1nuodoys a3
1ouodoys pramag
DjoNqLY "4
pjonqaay “ig
npadiadqo g
npadiadq> 4
npadudqo i
npadiddo g
npaduddqo uq
npadidqo prsmay
DjONGIIY "4
spupup "1y
souvup ‘43
souvup g
Spupup "1

pioaopaun ‘i
poaopaan ‘i
DIOAOPN "4
Spuvup prIMIg
pioaopain “ig

paoaopain "Ly

DI0aOpaIn pramig

(0861) ‘v 12 ueULIdYS
03} Suipiosse dweu satdadg

1801 PIE|ID
4€88€1 DOLV

$791 4ddON
19217 4ddON
450001 DLON
40$81 4ddON
9£97 €ddON
€-8€7 wned
L-0vT ulrned
6+ST 4ddON
9097 €ddON
8$ST €ddON
6$ST ddON
0957 dddON
§$9 §ddON
LS9 dddON
ZsL 4ddON
0SL 9ddON
00¢ dddON
1-6LS WIH
L9S1 2DAdAd
ISL 4ddON
SL7T 4ddON
8TAW

1A

109

(49

208 4ddON

I6£ 4ddON
9lv1 4ddON
19v81 4ddON
01 4ddON
61v1 dddON
1z01NX 4dO1

‘ou ureng

[$8)
D
§9)
£
D
1D
1D

:oco:a:nsm
pue uouayd



J. MERGAERT AND OTHERS

1898

1228944
EEISYTI
tE1SPTI
£L0SYTI
ELILYT]
ELILYTL
ELELYTI]
ELELVTI]
eLILYT]
ELILYTI
ELILYTI
ELISYTI
ELISYTL
[ ¥AL474
€LESOTT
£LSSOTT
£L1S001
£LISOTI
£L1SOTI
€L1LOTL
ELISOTI
€L1LOTT
€L1S0TI
£L150T1
£L1S0TI1
£L160T1
EL1LOTI
£L1S0T1
€L150T1
€LILOTI
£L55001
£E1S001
£€15001
€€15001
1€£150T1
€L1¥001
€SP0l

2poo Bip-,
407 1dV

8561 “Elensny
6961 ‘Are1x
1861 ‘wnid[g
€L61 ‘eIqUIOj0)
0L61 ‘VSN
1961 “1dA3g
9561 “YrewuaQg
LS61 ‘VSN
S¥61 ‘VSN
6961 ‘SPUBIdYION
vsn

6961 ‘Afe1l
9661 “MN

LS61 “Yiewuaq
AN

mot.—( :.-:om
vsn

1L61 AN
ueder

ylewuaQq

6£61 N

vluezuej,

7961 ‘elquez

1961 ‘PUBIdI] WIAYLON
$$61 ‘amqequiiz
[orIs]

§561 “Yiewusq

Ls61 3N

£961 ‘edrewref

yL61 ‘VSN
vsn
vSn
6561 ‘VSN

vsn

uonejost jo
183K JO/pue 20v}d

WnipuLfo wnipysIDg 4ddON
pusow *Ad p1id pryooquafiaiq d4ddON
pIDMIDW DIYIDQUALAIT YOUopIsA 1
vovisipvand vsnpy 9ddON

sdow paz a4ddON

sdow paz 4ddON

wWNIDIUaZID WNIUBYIIDJ HddON

“ds uoupuapopyg d4ddON
wnIpjuasp wmuayliv g 4ddON
1un43q vuo8ag g4ddON

wnijofiiouw wnwdyiupsLay) a4ddON
WNUIX DU WnWdYIuDsAiy ) 4ddON
snjjdydodivd snytuoiq dddON
smyjdydodivy snyuniq 8ddON
winonuodpys wnayy a4ddON
K39ma1q ‘JJom SunuowIa UdINNA UeA [ [ 'H
DayDs "1BA DJOLDI SNoNo(] dddON
winyofiiow winwayupsAay) 4ddON
pda> wniy g4ddON

winso4aqn; wnupjog g4ddON

aonp "1eA Suajoaavis wndy 4ddON
‘ds snyuvz1yog 9ddON

SANUUD SNYJUDIaE] 4ddON
winso4agny winupjog 9ddON
winso1agn} wnupjog HddON

sdow vaz 4ddON

vordonyiav viyosapaunz 4ddON
winso4agn} winupjos 4ddON

s1o0fv wnaydjaq 4ddON
WnapudYfo wnipyrovs 4ddON
wnsoiagny winuvjog 4ddON
supdna p1ag 9ddON

sup3ma vlag g4d4dOonN

sup8na viag 4d4don

va1up$8 vardauivy) 4ddON

Jatem Bunyuu( wraen

piny s9uy ‘uewiny taaen '

wo1y pore[os] «WOIJ PaAIIIY

(panunuod) | s|qel

DA0A0I04DI
D4000104D2
D1010}104DD
D400304D
poNdasodip
40101040
D40a0}0400
pondasoap
pondasodip
04000104D)
D400104D2
vondasoaip
pondasodp
D4030J04DI
poydasono
pondasoaip
pondasodsv
pvondasoip
40001042

nuayrupsdays 1y
nuaypunsdayo ag
nudyupsdiyd 4y
popisipoavd "4
nuayunsAayy “ag
nuayIupsAyd g
nuayupsAyd g
1nudyupsaays “ig
nuayuvsAayd g
nudyunsAays “ug
nuayupsLayo 1y
nusyupsdiyo “1g
1udyuosAayo -4y
1Y IuDS1y> Dmag
1yuodoys “4g
suviawo0133v "ug
“dsqns pi0ao1040 "1y
‘dsqns p40a0104p5 ‘47
-dsqns pi0ao104v3 “17
‘dsqns p40a0104v3 “47
‘dsqns p40a010400 47
‘dsqns psoaoj04po 17
-dsqns p40a0104v> “47
‘dsqns p10a0104p2 “4q
‘dsqns pi0a0104v3 ‘i
‘dsqns p40a010403 “47
‘dsqns p40a010403 47
‘dsqns p401010402 "4
‘dsqns vsoaojo1vd iy
‘dsqns p10a0104p7 "4z
‘dsqns 040a01040) ‘47
-dsqns p40a0104v> ‘47
-dsqns vuoaojouvs u7g
‘dsqns pi0a010402 ‘17
‘dsqns p40a03040) ‘4

DID}AX0QIDIIPD DIYINIIYIST

sup1awo)38p uy

(0861) Jv 72 UBULIANS
01 3uipiodoe swreu saidadg

696 9ddON
807 4ddON
9A1

111$Z 4ddON
8¢ST 4ddON
$901 €ddON
91§ 4ddDN
¥Sv dddON
1981 4ddON
17v2 4ddON
1zov 9ddON
60€7 ddON
€Sy dddON
815 dddON
48451 4ddON
L11 Uuainnp uea
0T 4ddON
817 ddON
LPL1 9ddON
It1€ 4ddDN
1€ 4ddON
7S€ 9ddON
9€Z1 9ddON
LLZ1 4ddON
¢y dddON
75S 94ddON
0L §ddON
i6¥S 4ddON
6.6 9ddON
091 9ddON
¥L7 4ddON
6L 9ddON
881 4ddON
161 €ddON
1L9 9ddON
1g8L1 21910977
£2v€ €40l

‘ou ureng

U e md e e e o ] T

|

uoudydqns
pue uouayq



1899

Taxonomy of Erwinia using API systems

‘sis[eue [BoUaWINU dY) Ul papnpout J0N |
(1861 “v 12 uoswoy ]) wniomaspapiaq ‘dsqns pi0ao0104v) 47 jo urens adKy pasodoid |
‘D, OE Y& uoneqnNdul Y g 193je paulelqo Jaquinu yoid udip-usasg §

(9L61) v 12 Bunox 01 Buipioose uoneudisop seaoyed §

(0861) ‘Jv 12 ueuLIaxS 01 Surpioooe surens adA 1 4

“BOMJV YINoS

Jo orqnday ‘ursruojuraolg ‘arerg 9914 afueiQ ayl Jo Als1aatu) ‘AFojorqoidty jo yusunteda “r ‘[ ‘H ‘ueinnp uea ‘wnidjag ‘Juan ‘pansioarunsyiy ‘edanousn
3[R1qoJoTW ud J1F0[OIqOISIN JOOA WNLIOIRIOQET ‘Y ‘dWWOUBA M ‘YhmisA1aqy Jo Ausioatup) ‘A30[o1qoIdtpy pue Auejog Jjo jusunuedaq “g ‘W ‘sueqoy
-sopoyy {9duel] ‘stieq ‘Inaysed syl “d ‘yneSiuepy (elensny ‘puoOWISQ UID) “ApIejIpy Jo Ausidatuf) ‘ASojoyred jueld Jo yuswaeda 'y ‘L0 YsewudQg
‘uafequado)) ‘Aysivarun) ermnoudy pue A1eunIioA [eAoy ay ], ‘A3ojoyied 1ueid Jo jusunyedad “  ‘[INYuao0H ¢ ] ‘Y3InquIpy ‘SoOIAIG YNUIIOG [eIM[noudy
‘PUR[I00§ 10] SILIBYSI] pue AMNoUBY jo rowneda( D " ‘wreyeln) (2ouesg ‘bosy,p-aAnaud[iA ‘9p U] ‘A[RIIPI 2Y2ISYI9Y ©] 3P 12 IUES B] IP [BUONEN
MIsU] o ‘ruiAeD) fwnid[ag ‘S[essnig ‘usyeZ SYOSIWIOUODT UBA SLIASIUIN ‘WIntIojeIoqe] [BENU) W ‘sUaeulag ¢ yS() ‘elulojie)) ‘Aojaxieg ‘A3ojoyieq yuejd
Jo yusunuedaq ‘eruwrojife) jo A)siaAlun) ‘gJdJON PUL[EdSZ MON ‘PUBDIONY ‘YoIeasday [eLNISNPU] PUB SYRULISS Jo Juswnueda(q pue[esZ MIN ‘UOISIAI( Saseasiq
JuB[d JO UOnOR[[0) AIMIND ‘DDA ‘N ‘wopuo] ‘saanyn)) odA] jo uonoayo) feuoneN ‘DIDN NN ‘uspuadiel ‘eldoeg diuadoyied 1Ue[d JO UONIIIIOD)
[euoneN ‘dddON ‘M) ‘U9IPIaqY ‘elIddRg [RLIISNPU] JO UOTDI[[0D [eUonEN ‘GIDN VSN ‘Bluiojie) ‘siaeq ‘eualoeq ostusdoyiedoifyd jo uonssfjo)) [euon
-BWIU] ‘4dD]I ‘DY ‘Finqrepy 1BMSIAIU[) JuresFunyonsiau()-[euIZIPIIA pun ImMNsUI-suadAH ‘WIH ‘2ouel] ‘s1o8uy ‘onbrwouoiBy ays1ayd3y ] 3p JeUoneN
usyy ‘saudloyredoifyg satiioeg sop o[eUOREN UONSSJ[0D ‘dJEND VSN ‘PUBRlAIRN ‘S[[IAX20Y ‘Uondsfjo) aimyn) adA] uesudwy ‘DOLY :$edInog ,

0TS000
0TS¥000
0TS¥000

§9z0L020

€T1L0ZI

£LTSOEE
§$001120
§v001020

§000£000
000vvLY

2p0od N31p-L
20T 1dV

TL61 VSN

1561 ‘VSN

£L61 ‘PUBPIZIMS
2061

vsn

§S61 ‘snnunepy
vsn

9961 VS

uone[os! Jo
1e3k Jo/pue d0eld

ojau SNy
Snayws sunon)

viviawo)3 syl
sndaoq

"TeA DIIDI3]0 DANSSDIG

ysniq pueHy

winpuIdIffo wnioyoong

wingu3nosa uons4adoody
DSSpuDUD

"IRA SISUIONYD DIIDEDL]

sa09e] uBWINY

wolj payejos]

20add
20ddad
20dad

9ddON
4ddON
e
8ddON
gddON

d4ddON
J.LON

LWIO1] PaAIeOSY

opydiayovar g Iy 4Sy8s DOAAd

opydidayovdy "4
vpydiayovay prumasy
Isunupid

‘Ad spsadud souowoyuvy

D40a00409 .Qmﬁnm 0402010400 "4

Sup4awo]33p ‘uy
SUDAUILIGNI SDUOWIOPNIS ]

wWniDIIDUDIOS SDUOUWLOPNISd

IDLUDZDLf SPUOWOYIUD X
DpID] DYIASPIOMPT

(0861) "Iv 12 ueWIANS
0] 8uipiodor awieu saIdadg

lbogs1 oOaad
lsgst O0aad

00LT §ddON
966 4ddON
¥99 1pIE[lD
165€ §ddON
457¢ €ddON

7781 4ddON
496£01 DION

‘ou ureng

uousydqns
pue uoudyd



1900 J. MERGAERT AND OTHERS

For the enzymic API tests, strains were grown in Roux flasks containing approximately 120 ml nutrient agar
and incubated at 28 °C for 24 h. Cells were washed off the agar surface with sterile distilled water, harvested by
centrifugation (15 min at 12000 r.p.m. and 4 °C in a Sorvall RC 2B centrifuge, type SS34 rotor), and washed with
20 ml sterile distilled water. The pellet was resuspended in approximately 1 mli sterile distilled water and from this
dense suspension two dilutions, each containing approximately 1-8 x 102 cells ml~! (McFarland no. 6), were
prepared: (i) in 2 ml of normal saline and (ii) in 10 ml of a 0-01 M-phosphate buffer pH 7. The test strips were
placed in their moistened plastic incubation trays and inoculation was carried out as follows: two drops of
suspension (i) were added to each cupule of the API ZYM strip, and two drops of suspension (ii) were added to the
cupules of the OSIDASES, ESTERASES and AMINOPEPTIDASES APl to AP6 strips. All the enzymic
galleries were incubated at 30 °C for 4 h. One drop of a -1 M-NaOH solution was then added to each cupule of the
OSIDASES strips and positive reactions (denoted by the appearance of a yellow colour) were recorded
immediately. One drop of reagent A [containing 109 (w/v) SDS in a 2 M-Tris/HC] buffer pH 7-6 to 7-8] and one
drop of reagent B [containing 0-3% (w/v) Fast Blue B in 2-methoxyethanol] were added to each cupule of the other
test strips, which were then exposed to a 600 W light source for 5 min to destroy excess reagent B. Positive
reactions were denoted by a colour change. The results were graded 0 to 5 by comparison with the colour chart
provided by the manufacturer. Codes0, 1, 2, 3, 4 and 5 correspond to approximately 0, 5, 10, 20, 30 and over 40 nM,
respectively, of hydrolysed substrate.

Data analysis. Numerical analysis was carried out on the data obtained from all strains (except for Er.
tracheiphila; see below) listed in Table 1 with API20E, APIZYM, OSIDASES, ESTERASES and
AMINOPEPTIDASES AP1 to AP6 systems. The results obtained in the API ZYM, ESTERASES and
AMINOPEPTIDASES AP1 to AP6 systems were coded as semiquantitative characters using the original record
scores of 0 (negative), 1, 2, 3, 4 and 5 (weakly to strongly positive). The mean value of the positive reactions
obtained in these systems was approximately 3 for this data set. Consequently, the results of the API 20E and
OSIDASES tests were coded 3 (positive), 1 (weakly positive) and 0 (negative). The Euclidian distance and
Canberra metric coefficients were used to compute dissimilarities and clustering was achieved by the unweighted
average pair group method (UPGMA) (Sneath & Sokal, 1973) using the CLUSTAN program (Wishart, 1978) on
the Siemens 7541 (BS 2000) computer of the Centraal Digitaal Rekencentrum of the Rijksuniversiteit Gent. The
results of the API 20E tests were also recorded as seven-digit profile numbers as described by the manufacturer
and the profiles obtained were identified using the API 20E Analytical Profile Index (1983 edition, no. 2019) and
the API computer service.

RESULTS AND DISCUSSION
Test reproducibility

Seventeen strains were tested twice in the API 20E, API ZYM, OSIDASES, ESTERASES
and AMINOPEPTIDASES strips. The Euclidian distance coefficients calculated between the
replicates had a mean and standard deviation of 0-48 + 0-19. Five tests, the hydrolysis of 2-
naphthyl butyrate, L-leucyl-2-naphthylamide, 2-naphthyl-#-D-galactopyranoside, p-nitro-
phenyl- -D-galactopyranoside-6-phosphate, and L-histidyl-L-phenylalanine-2-naphthylamide,
showed considerable disagreement in more than 3 of 17 duplicated strains. Test reproducibility
within the API 20E system varied from 88 to 100%;. Highest reproducibility was obtained for the
tests contained in the API SOCHE system, where only 3 tests showed a slight disagreement in
one of the 7 duplicated strains.

Numerical analyses of the data obtained from the API 20E, API ZYM, OSIDASES,
ESTERASES and AMINOPEPTIDASES APl to APG6 systems, applied to 151 strains

Numerical analysis, using the Euclidian distance coefficient, revealed 12 phenons at the
distance level of d = 0-95. In six of the phenons, definite subphenons could be distinguished
(Fig. 1). Several of these (sub)phenons (A, B, C, D1, D2, E1, E2, H1, H3, K and L) corresponded
to established Erwinia species (Table 1, Fig. 1). All Erwinia strains were separated from the non-
enterobacterial strains at d = 1-83, except for the two Er. quercina strains (phenon A) and Er.
carotovora subsp. carotovora NCPPB 956 (unclustered). The numerical analysis using the
Canberra metric coefficient gave similar results.

Biochemical and enzymic characteristics of Erwinia

The resuits of API 20E, API ZYM, OSIDASES, ESTERASES and AMINOPEPTIDASES
AP1 to AP6 systems are listed in Table 2.
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All strains classified in phenons F, G, H, I, J, K and L as well as the ungrouped strains
classified between phenons F and L in the dendrogram (Fig. 1; Table 1) were submitted to
further analysis with the API SOCHE system in order to examine the discriminative potential of
this system, and to trace additional tests for the differentiation of phenons and subphenons F1,
F2, F3, G1, G2, H1, H2, H3, 1, J, K1, K2 and L. All the strains investigated with this system
produced acid within 48 h from D-ribose, D-galactose, D-glucose, D-fructose, D-mannose,
mannitol and N-acetylglucosamine, but not from L-xylose, f-methylxyloside or glycogen. None
of the Erwinia or En. agglomerans strains studied with this system produced acid from L-sorbose,
starch, D-tagatose and L-arabitol, and fewer than 59 produced acid from erythritol, adonitol,
inulin, melezitose, xylitol, D-turanose, D-lyxose and D- and L-fucose. More than 959 of these
Erwinia and En. agglomerans strains produced acid from L-arabinose, L-thamnose, arbutin and
salicin. The remaining tests were positive for at least 59, and at most 959, of these Erwinia and
En. agglomerans strains. The API SOCHE system provided additional differential tests for
separating the subphenons and phenons F1, F2, F3, G1, G2, H1, H2, H3, I, J, K1, K2 and L
(Table 3).

Comments on the taxonomy of Erwinia as revealed by API systems

It is evident from the numerical analysis (Fig. 1) that no sharp distinction can be made
between the ‘amylovora’, ‘herbicola’ and ‘carotovora’ groups. For example Er. quercina (phenon
A) and Er. nigrifluens (phenon B) are remote from each other and from the other species of the
‘amylovora’ group (Er. salicis, Er. amylovora, Er. rubrifaciens and Er. mallotivora). Erwinia
stewartii is phenotypically closer to the latter four species of the ‘amylovora’ group than to any
species of the ‘herbicola’ group, and Er. cypripedii, considered as a member of the ‘carotovora’
group, is more related to some Er. herbicola strains than to Er. carotovora or Er. chrysanthemi.
Both numerical analyses of phenotypic characteristics (Dye, 1981) and DNA:DNA
hybridization studies (Murata & Starr, 1974; Azad & Kado, 1980) have failed to support these
‘natural’ groups. Dye (1981) compared four different clustering methods, but none provided a
definite division into the three groups. Consequently these three groups have recently been
abandoned (Lelliott & Dickey, 1984).

The six species of the ‘amylovora’ group, (Er. quercina, Er. nigrifluens, Er. salicis, Er.
amylovora, Er. rubrifaciens and Er. mallotivora) were recovered as separate (sub)phenons A, B,
C, D1, D2, and El, respectively (Fig. 1). However, it should be noted that only very few strains
of Er. quercina, Er. nigrifluens, Er. rubrifaciens and Er. mallotivora were available for inclusion in
our study. Erwinia tracheiphila strains were not included in the numerical analyses because they
grew poorly on nutrient agar and growth on this medium was a prerequisite for the standardized
testing in the enzymic API systems. Indeed, it has been stressed that a strict control of medium
and growth time is necessary in order to obtain comparable enzymic profiles (Westley et al.,
1967). In each of the four dendrograms presented by Dye (1981), the following species were
recovered as well-separated clusters: Er. nigrifluens, Er. salicis, Er. tracheiphila and Er.
amylovora. The strains of Er. quercina and Er. rubrifaciens consistently formed one phenon and
segregated only at high similarity levels. Dye (1981) considered them as two pathovars of one
species: Er. quercina pv. quercina and Er. quercina pv. rubrifaciens. However, our results and the
data from DNA :DNA hybridizations (Brenner et al., 1974; Murata & Starr, 1974; Azad &
Kado, 1980) showed that Er. amylovora, Er. nigrifluens, Er. salicis, Er. mallotivora, Er.
tracheiphila, Er. quercina and Er. rubrifaciens each form well-separated clusters, strongly
suggesting that all should be retained as separate species. The API 20E system allows an easy
differentiation between them. The specific and unique seven-digit profile numbers are given for
each in Table 1. Within the genus Erwinia, the hydrolysis of L-hydroxyproline-2-naphthylamide
is restricted to cultures of Er. quercina. Hydrolysis of this substrate seems to occur more
frequently in other enterobacterial genera, e.g. Serratia (Godsey et al., 1981).

The four strains of Er. stewartii, including the type strain NCPPB 2295, clustered togetherina
homogeneous subphenon E2 and showed higher similarity to members of the ‘amylovora’ group
[Er. mallotivora (subphenon E1), Er. rubrifaciens (subphenon D2), Er. amylovora (subphenon D1)
and Er. salicis (phenon C)] than to any species of the ‘herbicola’ group. In all four numerical
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Fig. 1. Simplified dendrogram derived from the unweighted, average pair group clustering of
Euclidian distance coefficients. For each of the 151 strains, 23 API 20E and 107 enzymic tests from the
AP] ZYM, OSIDASES, ESTERASES and AMINOPEPTIDASES systems were determined. All
strains are in the same sequence as in Table 1.

analyses prepared by Dye (1981), Er. stewartii constituted a homogeneous cluster close to Er.
amylovora. It is clear that the current classification of Er. stewartii in the ‘herbicola’ group is no
longer justified. Er. stewartii formed a distinct species that could be recognized by a specific
API 20E profile (Table 1).

The strains labelled Er. herbicola were heterogeneous and were recovered in five (sub)phenons
(F1, F2, F3, G2 and H2 in Fig. 1). Indeed some strains formed single-member clusters. This
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Fig. 1 (continued)

confirms earlier findings (Murata & Starr, 1974 ; Sakazaki et al., 1976; Brenner, 1981 ; Gavini et
al., 1983; Mergaert et al., 1983a; Brenner et al., 1984). The type strains of Er. herbicola
(NCPPB 2971) and En. agglomerans (NCTC 9381) and all five Er. milletiae strains investigated,
including the type strain NCPPB 2519, were recovered together in subphenon F2. A partial
overlap of Er. herbicola, Er. milletiae and En. agglomerans has been demonstrated by Murata &
Starr (1974), Gavini et al. (1983) and Mergaert et al. (19835). In the API 20E Analytical Profile
Index, Er. herbicola has been named En. agglomerans and hundreds of different seven-digit
profile numbers are used for this organism. Definite conclusions concerning the subdivisions
within the ‘Er. herbicola-En. agglomerans complex’, and their relationships to other
Enterobacteriaceae are not yet possible but certainly a taxonomic problem arises when the type
strains of En. agglomerans (NCTC 9381), Er. herbicola (NCPPB2971) and Er. milletiae
(NCPPB 2519) fall within the same subphenon F2. The high phenotypic and protein
electrophoretic similarities of these type strains have already been stressed by Mergaert et al.
(19835) and in this study it was impossible to differentiate them from each other by the API
systems used. This is further evidence for the synonymy of the three taxa as already proposed by
Ewing & Fife (1972) and Lelliott (1974). As the phenotypic features of subphenon F2 fit Er.

—~———— Er. carotovora subsp. carotovora NCPPB 1625

== Er. carotovora subsp. carotovora NCPPB 671

- Er. carotovora subsp. atroseptica NCPPB 274

— —— Er. carotovora subsp. carotovora NCPPB 2042

S = ———— Er. carotovora subsp. carotovora NCPPB 956
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Taxonomy of Erwinia using API systems
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Table 3. Differential tests from the API SO0CHE system for the separation of the phenons and
subphenons Fl1, F2, F3, G1, G2, Hl, H2, H3,1,J, K1, K2 and L

Key: +, 90 or more of strains positive within 6 h; (+) 90%, or more of strains positive within 48 h;
-, 90%, or more of strains negative after 48 h; d, 11-89% of strains positive within 48 h.

(Sub)phenon... F1 F2 F3 GI G2 Hl H2 H3 1 J Kl K2 L
Character No. of strains ... 2 12 3 9 3 6 2 5 3 2 3 13 13
Acid from:
L-Rhamnose ) ) B ) - H)EH )+ ) )W
a-Methylmannoside - - - (+) d - - - - - - - -
a-Methylglucoside - - - - - - - - (4 - (+) 4 -
Aesculin + (+) d d d (+) (+) + d + + + +
p-Cellobiose (+) - d (B @ - )+ o+ d ()
D-Maltose (#) () d ) () d )+ + + d - -
Lactose +) d D H ) - - d B+ d (+) d
Melibiose (+) d (#) (+) (+) d - () d + - (+) d
Sucrose + + d #) + o+ -+ 4+ () O+ () o+
Inulin - - - - - - - - - - (+) - -
Raffinose - - d (+H) (+) - - (+) d d d (+) d
D-Arabitol (+) d d (+) (+) - () - -+ - - -

herbicola (Lelliott, 1974) as well as En. agglomerans (Ewing & Fife, 1972) it is not clear which
name should be retained for the strains of this subphenon. Different views concerning this
subject have been developed by Dye (1964) and Ewing & Fife (1972), but the situation is still
more obscured by the fact that within the ‘Er. herbicola—En. agglomerans complex’ over [0 DNA
homology groups (Brenner et al., 1984), 14 phenons (Gavini et al., 1983), 21 phenons (Murata &
Starr, 1974) and 25 protein electrophoretic groups (Mergaert et al., 1983a) have been revealed.

Erwina uredovora and Er. ananas clustered together in phenon G. Their close relationship was
also revealed by Dye (1981) and Brenner et al. (1984), and both Young et al. (1978) and Dye
(1981) proposed to unite them as separate pathovars in Er. ananas Serrano 1928, as Er. ananas
pVv. ananas and Er. ananas pv. uredovora. The probable synonymy of these two taxa is supported
here as no differential features between Er. ananas and Er. uredovora were highlighted with the
API systems. However, phenon G was slightly heterogeneous, comprising two subphenons G1
and G2 which could only be differentiated by acid production from L-rhamnose.

Six of the seven Er. cypripedii strains, including the type strain NCPPB 3004, constituted the
homogeneous subphenon H1. Erwinia cypripedii NCPPB 2636 was a member of phenon I (see
below). In each of Dye’s (1981) numerical analyses, Er. cypripedii formed a well-delineated
cluster. Erwinia cypripedii should be regarded as a species separate from other species of Erwinia.
The API 20E seven-digit profile numbers were specific for this species, although they were
identified as En. agglomerans, Klebsiella ozaenae or possible Erwinia species in the API 20E
Analytical Profile Index.

Five strains labelled Er. rhapontici, isolated from Triticum aestivum, clustered in subphenon
H3, whereas the type strain NCPPB 1578, which had been isolated from Rheum rhaponticum,
was ungrouped. From Dye’s (1981) dendrograms, it was apparent that the type strain
NCPPB 1578 of Er. rhapontici is very similar to three other Rheum isolates of this species. From
the present results it is questionable whether the Triticum isolates belong to the species Er.
rhapontici. They were assigned to Klebsiella pneumoniae in the API 20E Analytical Profile Index,
while the type strain of Er. rhapontici NCPPB 1578) was assigned to En. agglomerans or possible
Erwinia sp. In the API systems, the type strain differed in 15 out of 179 features from the Triticum
isolates. Our data do not support Roberts’ (1974) view that Triticum isolates are identical or very
similar to Rheum isolates.

The type strains Er. dissolvens NCPPB 1850 and En. cloacae NCTC 10005 clustered in
phenon I, together with strain NCPPB 2636, an apparently misnamed Er. cypripedii strain,
although this strain was credited to be pathogenic in the NCPPB catalogue (Anonymous, 1977).
Brenner et al. (1973) asserted that Er. dissolvens is more closely related to En. cloacae than to any
Erwinia species.
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Enterobacter agglomerans strain ICPB 3423 and the type strain Leclerc 1783 (= ATCC 23216)
of Escherichia adecarboxylata formed phenon J. This agrees with the findings of Gavini et al.
(1983) and conflicts with Ewing & Fife’s (1972) proposal to incorporate Es. adecarboxylata in En.
agglomerans.

Subphenon K2 contained strains labelled Er. carotovora subsp. carotovora and subsp.
atroseptica together with their type strains, NCPPB 312 and NCPPB 549, respectively. These
two subspecies could not be differentiated from each other by means of API systems. Others
have also pointed to the high relatedness between Er. carotovora subsp. carotovora and subsp.
atroseptica (Dye 1969a, 1981 ; Brenner et al., 1973 ; Murata & Starr, 1974). We recommend that
the use of both subspecies carotovora and atroseptica be discontinued. The three strains
UCPPB 188, UCPPB 193 and NCPPB 2792 isolated from sugarbeets and labelled Er.
carotovora subsp. atroseptica formed the separate subphenon K 1. For these strains the name Er.
carotovora subsp. betavasculorum has been proposed and UCPPB 193 (= NCPPB 2795) was
designated as type strain (Thomson et al., 1981). We adopt the view of Thomson et al. (1981) that
the sugarbeet isolates should constitute a separate taxon.

Phenon L contained 12 Er. chrysanthemi strains, including the type strain NCPPB 402. Er.
chrysanthemi has also been recognized as a separate taxon by DNA:DNA hybridization
(Murata & Starr, 1974) and numerical taxonomy (Dye, 1981). The type strain of Er. paradisiaca,
NCPPB 2511, was also included in phenon L, confirming the findings of Dickey & Victoria
(1980).

Our numerical analyses give further support for the retention of the following species as
separate taxa: Er. quercina, Er. nigrifluens, Er. salicis, Er. amylovora, Er. rubrifaciens, Er.
mallotivora, Er. stewartii, Er. cypripedii and Er. chrysanthemi. On the other hand the results
support the synonymy of the following pairs of taxa: Er. ananas and Er. uredovora, Er. dissolvens
and En. cloacae, Er. carotovora subsp. atroseptica and Er. carotovora subsp. carotovora, Er.
milletiae and one of the Er. herbicola clusters (subphenon F2). The heterogeneity of the ‘Er.
herbicola—En. agglomerans complex’ is confirmed.

Applicability of API systems for the classification and identification of Erwinia strains

The API systems constitute a fast alternative to conventional phenotypical testing procedures
in classificatory surveys. The API 20E and API S0CHE systems were found to have the highest
discriminatory potential and reproducibility within Erwinia. In the API 20E Analytical Profile
Index, strains labelled Er. cypripedii, Er. stewartii, Er. rhapontici, Er. herbicola, Er. milletiae, Er.
uredovora, Er. ananas, Er. chrysanthemi, Er. carotovora and Es. adecarboxylata were assigned on
the basis of their API 20E seven-digit profile numbers to En. agglomerans or possible Erwinia
species, thus reflecting the inadequacy of the present classification of the ‘Er. herbicola~En.
agglomerans complex’. Other strains labelled Er. ananas, Er. carotovora, Er. herbicola, Er.
rhapontici or Er. uredovora were assigned in the API 20E Analytical Profile Index to Klebsiella
species or Serratia species. The seven-digit profile numbers of Er. amylovora, Er. quercina, Er.
nigrifluens, Er. salicis, Er. rubrifaciens, Er. mallotivora and Er. tracheiphila are specific but were
not listed in the API 20E Analytical Profile Index, which is mainly based on data obtained from
clinical enterobacteria. They also remained unidentified after consultation of the API computer
service. From the enzymic API systems, the ‘OSIDASES’ appeared to be the most promising for
identification. Of the 58 substrates contained in the AMINOPEPTIDASES systems, 5 proved
to be useful within Erwinia (see Table 2). Both the API ZYM and ESTERASES systems seemed
to be of negligible discriminatory value within Erwinia. In general, our data agree well with those
obtained by Godsey et al. (1981) and support the discriminative value of the following substrates
for Enterobacteriaceae: L-prolyl-2-naphthylamide, L-hydroxyprolyl-2-naphthylamide, L-pyrroli-
donyl-2-naphthylamide, p-nitrophenyl- f-D-xylopyranoside, p-nitrophenyl-f-D-glucopyranoside
and p-nitrophenyl-a-L-arabinofuranoside.

J.D.L. is indebted to the Instituut tot Aanmoediging van het Wetenschappelijk Onderzoek in Nijverheid en
Landbouw (IWONL, Belgium) and the Fonds voor Kollektief Fundamenteel Onderzoek (FKFO, Belgium) for
research and personnel grants. J. M. and L. V. are indebted to the IWONL for scholarships, and J.S. and K.K. to
the Nationaal Fonds voor Wetenschappelijk Onderzoek (NFWO, Belgium) for equipment grants.
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