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Abstract

Pineapple plants (hybrid MD2) with bacterial heart rot were detected in a commercial plantation at Glasshouse Mountains,
Queensland, in November 2015. The bacterial strain BRIP64263 isolated from infected tissue was shown to be a Gram
negative soft-rotting bacterium capable of growth at 41 °C, and based on its culture properties was provisionally identi-
fied as Dickeya. This strain was compared with other putative Dickeya strains affecting banana (BRIP64262) and potato
(BRIP29490). Sequence analysis of the recombinase A genes of the pineapple strain placed it in phylotype I of D. zeae,
whereas the banana strain was placed in phylotype II. This was confirmed by sequence comparisons for the phosphofruc-
tose kinase, RNA polymerase and aconitase genes which showed that the pineapple strain BRIP64263 is distinct from
other strains that infect pineapples and other hosts in Australia and overseas. Furthermore, phylogenetic analysis of the
replication initiation factor gene showed that strains affecting pineapples were distributed among both phylotypes of D.
zeae, indicating multiple acquisitions or opportunistic infections of pineapple from this group of pathogens. The potato
isolate, BRIP29490, was shown to be Rahnella aquatica, and is not likely to be pathogenic. It is not known whether the
new isolate represents an incursion or whether it has long been associated with pineapples in Australia. Further study is
required to determine the epidemiological characteristics of this strain, and what threat it poses to Australian pineapple
production.
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Introduction

Pineapple (Ananas comosus) is an iconic crop for
Queensland, Australia. Originating in South America, it is
grown commercially throughout tropical and subtropical
regions of South America, the Pacific, Asia, Africa and Aus-
tralia. Australian pineapple production is centred around
Beerwah/Glasshouse mountains (southeast Queensland),
Bundaberg and Yeppoon (east-central), and Rollingstone
(northeast). Although a significant plantation was established

P4 Anthony J. Young
anthony.young@ugq.edu.au

School of Agriculture and Food Sciences, The University of
Queensland, 4343 Gatton, QLD, Australia

Centre for Tropical Agriculture, Department of Agriculture
and Fisheries, 4880 Mareeba, QLD, Australia

Department of Agriculture and Fisheries, Queensland
Government, Ecosciences Precinct, Dutton Park, QLD,
Australia

in the Northern Territory, production has now ceased. Pine-
apples constitute a relatively small but valuable commodity
for Australian horticulture, with an estimated annual value
of over $AU 50 million ($USD 38 million) (Australian Hor-
ticulture Statistics Handbook 2020). In addition to its value
as an agricultural commodity, pineapples have been identi-
fied as an iconic crop with significant value in tourism and
branding.

The Australian pineapple industry is relatively free from
pests and diseases. The major issue identified is root and/or
heart rot caused by the oomycetes Phytophthora cinnamomi
and P, nicotianae (Pegg 1977, Anderson et al. 2012). Losses
from this disease have increased with the cultivation of the
low acidity hybrids MD2 and 73 —50. These hybrids also
have greater propensity for natural flowering, and MD2 in
particular is very susceptible to bacterial heart rot and fruit
collapse. The Australian industry was previously based on
Smooth Cayenne which has resistance to bacterial heart rot
and fruit collapse. A bacterial heart rot of pineapple does
occur in Queensland if dirty water is used when applying
urea fertilizer. The urease in the water breaks urea down to
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NH,OH which damages the soft tissues of the heart allow-
ing entry for unspecified strains of the bacterium formerly
known as Erwinia chyrsanthemi (Rohrbach and Johnson
2003).

Bacterial heart rot of pineapple is caused by poorly-char-
acterised bacterial strains belonging to the genus Dickeya
(Samson et al. 2005). The causal agent was originally placed
within Erwinia chrysanthemi, before being transferred to
Pectobacterium (Brenner et al. 1977, Hauben et al. 1998).
However, it is now considered to belong to a group of strains
among Dickeya zeae (Samson et al. 2005). In addition to the
transmission pathways of other bacterial soft-rots caused by
subspecies of Pectobacterium carotovorum (that is, infected
juice, wind and rain-spatter), bacterial heart rot can be trans-
mitted by insects, such as ants, that visit the flowers (Lim
and Lowings 1979). Thus, far from being an opportunistic
infection, the bacterial strains that cause heart rot are highly
adapted to flower transmission (Lim 1974).

Pineapple heart rot was first identified in Malaysia in
1927 (Lim 1974). The disease is first observed on the inner
leaves as water soaked lesions that coalesce to form blisters
as the bacteria ferment plant products. Eventually these will
release infectious bacterial ooze. Infected fruit will rapidly
collapse as it approaches maturity. The fermentation of fruit
products leads to a build-up of gas. As the gas escapes it can
make an audible hissing sound, particularly in the quiet of
night. This led to its other name, ghost rot, as it frightened
many field workers as they would return to their homes at
night. In a 1976 address to the Australasian Plant Pathology
Society, Lim Wen Hee stated that he had “even heard of
farmers who had summoned witch doctors to chant prayers
to exorcise spirits which seemed to have developed a taste
for pineapples.”

Pineapple heart rot can result in significant yield losses
of up to 40%. It has been reported from Malaysia (Lim
and Lowings 1979), the Philippines, Indonesia, Costa
Rica (Chinchilla et al. 1979), Brazil (Melo et al. 1974)
and Hawaii (Kaneshiro et al. 2008). In November 2015, a
commercial pineapple grower at Glasshouse Mountains,
Queensland, noticed strange symptoms on two plants of the
variety MD2. There was concern that the new strain may be
the same that causes ghost rot in Hawaii and Malaysia (Lim
and Lowings 1979; Kaneshiro et al. 2008).

In June 2010, an Import Risk Analysis (IRA) was com-
menced for the importation of fresh, decrowned pineapple
fruit from Malaysia into Australia. At the time, the risk posed
by what was termed ‘Erwinia chrysanthemi’ was considered
‘very low’ because Australia already had E. chrysanthemi
infections of banana, potato and sugarcane. However, at
that stage it was not known whether the endemic Australian
strains of what was previously known as E. chrysanthemi
could have any impact on pineapples. However, expert
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advice provided to Biosecurity Australia explained that
nomenclature using ‘E. chrysanthmi’ was obsolete and that
the Malaysian strains were distinct from Australian strains
(Australian Senate Rural and Regional Affairs and Transport
References Committee 2014). Upon review, no pineapples
were imported. However, in November 2015, when the new
disorder was detected in commercial pineapples, there was
a requirement to identify the strain responsible in order to
better understand the implications its presence presented to
Australia’s biosecurity framework .

Materials and methods
Bacterial isolation and characterisation

Pineapple plants of the MD2 cultivar exhibiting symp-
toms of heart rot (Fig. 1) were collected in November 2015
from a commercial plantation at Glass House Mountains
in Southeast Queensland. These samples were sent to the
Centre of Tropical Agriculture, Mareeba, Queensland, for
processing. A bacterium, designated BRIP64263 (Mareeba
collection=J4236), was isolated onto nutrient agar (NA)
from symptomatic leaf and heart rot tissue. This bacterium
was subject to standard bacteriological characterisation,
including Gram stain, potassium hydroxide (3%) mucosity
test, motility, potato soft rot test, growth at 37°C and 41°C,
growth on CPG (Kelman 1954), King’s Medium B (King et
al. 1954), and M3SC medium (Young et al. 2016). Addition-
ally, a putative ‘Erwinia chrysanthemi’ BRIP64262 (Gat-
ton collection=B1B2) isolated from banana in far north
Queensland, and a putative ‘E. chrysanthemi’ BRIP29490
isolated from potatoes in Victoria, were subject to the same
screening for comparative purposes. Strains used in this
study are presented in Table 1.

Pathology testing

The pathogenicity of isolate BRIP64263 was determined
by inoculating asymptomatic pineapple tops of three cul-
tivars: MD2, Smooth Cayenne and 73 —50. Cultures used
for inoculation were grown for 48 h on NA medium, and
a water suspension water adjusted to 10® CFU mL~! was
prepared after scraping bacterial growth from the surface of
the plates. Five leaves from each cultivar were detached and
inoculated using the technique of Kaneshiro et al. (2008).
Prior to inoculation, leaves were disinfected with 70%
ethanol and were air dried at room temperature. Two sets
of five leaves of each variety were inoculated with 0.5 mL
(each leaf) of bacterial suspension. In one set a small piece
of inoculum-saturated cotton was placed over the incision
and held in place with transparent tape, however in other
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Fig. 1 Symptoms of suspected heart-rot on pineapple cultivar MD2

sets only bacterial suspensions were placed over incisions.
Similar methods were followed in the control treatments,
but sterilised distilled water was used for inoculations.
Inoculated leaves of each individual variety were placed
in separate aluminium trays lined with filter paper moist-
ened with sterile distilled water. The trays were covered
with plastic bag for 24 h and incubated in a growth chamber
at 33 +2 °C and approximately 80% relative humidity. After
24 and 48 h, inoculation sites were observed for symptom

Table 1 Bacterial strains and basic bacteriological testing of isolates

development. Isolations were made from tan coloured water
soaked lesions from selected inoculated leaves of each culti-
var following standard bacterial isolation procedures.

Molecular characterisation
The major taxonomic work for Dickeya was conducted by

Parkinson et al. (2009), and therefore the primers for the
four loci used in that work were used for PCR. These loci

Growth at:
Strain Species Host 25°C 37°C 41°C Motility Gram Potato soft rot
BRIP64263 Dickeya zeae Pineapple weak + + + - +
BRIP64262 Dickeya zeae Banana weak + + + - +
BRIP29490 Rahnella aquatilis Potato + - - + - -
Table 2 Primers used in this study
Primer Locus Sequence Target group Reference
F27 16 S rRNA AGAGTTTGATCMTGGCTCAG Bacteria Lane 1991
R1492 16 S rRNA TACGGYTACCTTGTTACGACTT Bacteria ibid.
DkaacnF aconitase (acn) CACAGCGAGGTGTTCCGTCAC Dickeya Parkinson et al. 2009
DkaacnR aconitase (acn) GATCGGCTCTTTGTTGAGCTTGATGG Dickeya ibid.
DkarpoDF RNA polymerase (rpoD) CAGATCGAAGAAGAAACCGGCCTGA  Dickeya ibid.
DkarpoDR RNA polymerase (rpoD) TCGATACCGAAACGCATACGCAGC Dickeya ibid.
DkapfkAF phosphofructokinase (ptkA) TACGAAGATCGCATGGTGCAGTTGGA  Dickeya ibid.
DkapfkAR  phosphofructokinase (pfkA) CGCTTCATGTTCTCGATGGCGTC Dickeya ibid.
DkarecAF recombinase (recA) ATCTCCACGGGCTCCCTGTC Dickeya ibid.
DkarecAR recombinase (recA) ATRCGRCGRCGRATRTCCAGACGGAC  Dickeya ibid.
DkaRIF1F replication initiation factor (dnaA) CCTATCGYTCGAACGTGAA Dickeya Schneider et al. 2011
DkaRIFIR  replication initiation factor (dnaA) CTGCTCGATTTTGCGGCAG Dickeya ibid.
DkaRIF2F replication initiation factor (dnaA) CACACYTATCGYTCCAAYGT Dickeya ibid.
DkaRIF2R  replication initiation factor (dnaA) TGTCGTGACTTTCYTCRCGC Dickeya ibid.
PctRIF1F replication initiation factor (dnaA) TACCGTTCCAATGTGAACCC Pectobacterium  ibid.
PctRIFIR replication initiation factor (dnaA) AAATCTTCTTTGATGTCGTGG Pectobacterium  ibid.
PctRIF2F replication initiation factor (dnaA) ATGTGAACCCSAAACATACGT Pectobacterium  1ibid.
PctRIF2R replication initiation factor (dnaA) ~ TTCACGCAACTGCTCAATCTT Pectobacterium  ibid.
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were aconitase (acn), RNA polymerase (rpo), phospho-
fructokinase (pfk) and recombinase A (recA). Additionally,
a search of the GenBank database of the National Center
for Biotechnology Information (NCBI) revealed that mul-
tiple pineapple Dickeya strains had been examined using the
DNA replication initiation factor locus (dnad) (Schneider et
al. 2011). Owing to technical issues described by Schnei-
der et al. (2011), a total of four primer sets were ordered to
ensure amplification and useful sequence data for this locus.
The 16 S rRNA gene was also examined using the primers
of Lane 1991. All primers used in this study are presented
in Table 2.

PCR was conducted in 25 pL volumes and included 12.5
pL of 2x Amplitaq Gold 360 (Thermo Fisher Scientific),
0.5 puL of 10 uM of the forward and reverse primers for
each respective locus, 10.5 pL of ddH,O and 1 pL of tem-
plate. Bacterial templates were made by thoroughly mixing
a small loop-full of bacterial colony growth into 1 mL of
ddH,O. Initially, the following thermocycle was used: 95°C
for 5 min, 35 cycles of 95°C for 30 s, 60°C for 30 s and 72°C
for 30 s, followed by a final extension at 72°C for 7 min.
PCR products (5 pL) were visualised using GelRed stain
incorporated in 1.5% agarose gels poured and run in 0.5x
TAE buffer.

The putative Dickeya strains produced good products for
the rpoD and pfk loci, but only weak products for the oth-
ers. Therefore, for the remaining primer sets, the annealing
temperature was amended to 51°C, which facilitated ampli-
fication from all loci for BRIP64263. Products (20 pL) were
purified and Sanger sequencing reactions were performed
by Macrogen Inc, South Korea.

Results
Bacterial isolation and characterisation

Several basic tests were conducted as these can be useful
in discriminating soft-rotting bacteria (Table 1). All strains
were Gram negative, based on standard Gram staining and
the potassium hydroxide mucosity test, and all were motile,
as determined by observation of directional swimming of
cells using phase contrast microscopy with 1,000x magnifi-
cation. The pineapple and banana strains were both positive
for the potato soft-rot test, although they produced distinct
rotting properties, and both grew strongly at 41°C. These
properties are consistent with the group of bacteria formerly
classified as E. chrysanthemi but now described as Dick-
eya. In contrast, the potato isolate did not cause soft rotting,
and grew very weakly at 37°C and failed to grow at 41°C.
These properties suggest that BRIP29490 is not a member
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of the soft-rotting group of bacteria, and as such has been
mis-identified.

Pathology testing

Inoculation of BRIP64263 bacterial isolate on leaves of
three commercial varieties of pineapple, MD2, Smooth
Cayenne and 73 - 50, confirmed that the isolate is capable
of inducing light tan to brown coloured water soaked symp-
toms after 48 h. These symptoms closely resembled those on
affected MD2 plants from Glasshouse Mountains (Fig. 2).
BRIP64263 was found to affect all three varieties and pro-
duced tan to brown coloured water soaked lesions on inocu-
lated leaves, however they did not form a gas filled blister as
has been reported for other pineapple heart rots. No symp-
toms were observed in control treatments. Reisolation of the
same bacterium from inoculated leaves completed Koch’s
postulates and confirmed it was the causal agent.

Molecular characterisation

Sequences were generated for all 5 loci for each of the
putative Dickeya strains, BRIP64263 and BRIP64262.
Two loci, RNA polymerase and replication initiation fac-
tor, were obtained for BRIP29490. BLAST results indicated
that BRIP64263 and BRIP64262 belonged to the Dickeya
group of pathogens, while BRIP29490 gave high matches
to Rahnella aquatilis, a non-pathogenic plant associ-
ate. Maximum Likelihood phylogenetic trees for the recA
(Fig. 3) and dnaA (Fig. 4) loci were prepared by download-
ing relevant reference sequences and aligning them using
MUSCLE in MEGAX (Kumar et al. 2018). Phylogenetic
trees for the other loci could not be prepared owing to a
lack of available reference sequences on GenBank. A Gen-
eral Time Reversible model was used with 1,000 bootstrap
replications. The Subtree-Pruning-Regrafting ML heuristic
method was employed after the initial tree was constructed
using the Neighbour-Joining method. These loci were
selected because of the availability of reference sequences
of Dickeya strains known or suspected to cause ghost rot
of pineapple. The pineapple pathogen, BRIP64263 could be
assigned to Phylotype II in relation to classification studies
conducted by Parkinson et al. (2009).

Discussion

This study identified a novel soft-rotting member of Dickeya
zeae was responsible for heart rot symptoms of pineapple
in Glass House Mountain, Queensland, Australia. Phylo-
genetic analysis of the recombinase A (recA) gene identi-
fied it as belonging to the Phylotype I group of soft-rotting
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Fig. 2 Pathology testing of three different pineapple cultivars with strain BRIP64263. Tan to brown water soaked symptoms on inoculated pine-
apple leaves. Cultivars (A) MD2; (B) Smooth Cayenne; (C) 73 —50; and (D) Negative control MD2

bacteria identified by Parkinson et al. (2009) (Fig. 3). In
addition to the rec4 analysis, BLAST analysis of the phos-
phofructose kinase, RNA polymerase and aconitase genes
demonstrated it to be distinct from all other characterised
strains (Table 3). These strains all belong to Dickeya, con-
firming the genus of the Australian isolate, but none gave
a complete match for any of the loci sequenced. Further-
more, it is distinct from the banana corm rot organism, strain
BRIP64262, that was previously identified as Erwinia chry-
santhemi, but is placed in Phylotype II based on the recA
results. A third strain (BRIP29490) isolated from potatoes
and supplied as ‘E. chrysanthemi’ was actually shown to be
a plant associate called Rahnella aquatilis. This strain tested
negative for pectolytic activity in potato and is not believed
to be pathogenic.

The extent to which the novel infection identified here is
present through Australia’s pineapple industry is unknown.
While the pathogen responsible is closely related to strains
that cause pineapple heart rot in Malaysia, it is clearly dif-
ferent as the Malaysian pineapple strains belong to Phylo-
type II (Fig. 3). Interestingly, using the Australian pineapple
(BRIP64263) and banana (BRIP64262) isolates as represen-
tatives of the different phylotypes, it is possible to further
characterise a broader suite of pineapple-associated strains
using the additional dnaAd sequence data that is available
for this group. This reveals that Dickeya zeae strains that
infect pineapple are distributed among the two phylotypes

(Fig. 4).

It is not known whether this strain represents an incur-
sion or if it has been present for a long period of time. While
BRIP64263 is clearly highly pathogenic on a range of pine-
apple cultivars (Fig. 2), there have been very few officially
reported instances of the disease. It has been observed in
Rollingstone, where incidence appeared to be associated
with feeding wounds from a heavy infestation of red mite,
and Yeppoon (Col Scott, pers. comm. 2017). The indus-
try was previously based on Smooth Cayenne which was
considered resistant to bacterial soft rots and rarely pro-
duces out-of-cycle flowers. However, the move into low
acid hybrids has problems associated with their propensity
for natural flowering and greater susceptibility to bacterial
heart rot. It is possible that growers may not recognise or
be hesitant to report the disease, or it could be that aspects
of pineapple agronomy in Australia help mitigate transmis-
sion. For example, it is known that Malaysian strains of the
pineapple heart rot pathogen can be transmitted by insects
visiting the flower (Lim and Lowings 1979). As Australian
growers force flowering with ethylene, most flowers appear
and then disappear within a relatively short time period. In
contrast, with natural flowering, an infected insect could
seek out new flowers as they progressively appear, facilitat-
ing broader field-wide transmission.

It should be noted that bacterial heart rot is unlikely to
be a natural disease of pineapple. The pineapple evolved in
South America, but the disease originated in Malaysia, sug-
gesting that this represents a new encounter disease. There
must have been an original host in Malaysia from which the
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Dickeya zeae NCPPB 2339. Chrysanthemum: UK (KC844659)
Dickeya zeae NCPPB 3532. Potato: Australia (FJ216991)
Dickeya zeae SUPP 1158, Calanthe: Japan (AB713681)
Dickeya zeae |PO 648. Potato: Australia (FJ217026)
Dickeya zeae NCPPB 2538. Maize: USA (FJ216967)
Dickeya sp. MS1. Banana: China (KC793203)

o | Dickeya zeae NCPPB 1851. Maize: USA (FJ217016)
Dickeya zeae CFBP 6466. Pineapple: Martinique OR Malaysia (KC844660)
Dickeya zeae SR171. Maize: Colombia (AB713703)
Dickeya zeae NCPPB 2539. Maize: USA (FJ217043)
Dickeya zeae EC1. Rice: China (CP006929)
Dickeya zeae BRIP64263. Pineapple: Australia (MF143419)
Dickeya zeae NCPPB 3144. Maize: Brazil (FJ216986)
Dickeya zeae SR261. Maize: Costa Rica (AB713704)
Dickeya zeae NCPPB 2541. Maize: USA (FJ217042)
Dickeya zeae NCPPB 3731. Maize: France (FJ217051)

Dickeya zeae MAFF 311098. Maize: Japan (AB713664)
Dickeya zeae SUPP 27. Maize: Japan (AB713705)
Dickeya zeae SR120. Maize: Hawaii (AB713701)
Dickeya zeae SUPP 3076. Rice: Japan (LC011452)
Dickeya zeae NCPPB 1490. Dieffenbachia: Puerto Rico (FJ217034)
Dickeya sp. CO1. Maize: Iran (HM854829)
—t— Dickeya zeae NCPPB 2547, Maize: India (FJ217091)
— Dickeya zeae |PO 647. Potato: Australia (FJ216998)
—— Dickeya zeae NCPPB 3478. Musa: PNG (FJ217100)
— Dickeya zeae BRIP64262. Banana: Australia (MF143424)
L Dickeya zeae NCPPB 377. Maiza: Zimbabwe (FJ217031) Phylotype Il
Dickeya zeae NCPPB 2348. Maize: Italy (FJ216985)
t— Dickeya zeae NCPPB 3531. Potato: Australia (KC844668)
L Dickeya zeae NCPPB 3477. Potato: PNG (FJ217045)
Dickeya zeae NCPPB 1120. Pineapple: Malaysia (FJ217110)
Dickeya zeae NCPPB 1121, Pineapple: Malaysia (FJ217111)
Dickeya zeae NCPPB 1125, Pineapple: Malaysia (FJ217112)
Dickeya zeae NCPPB 2543. Maize: India (FJ216996)
Dickeya zeae SR90. Maize: India (AB713700)

Phylotype |

Dickeya sp. SR149. Sugarcane: Australia (AB713702)

Fig. 3 Maximum Likelihood phylogenetic tree (1,000 replications) inferred through 415 bp of DNA sequence from the recombinase A (recA4) gene
used by Parkinson et al. (2009) to review the genus. Statistics for topologies supported by 50% or more shown. Scale shows number of substitu-

tions per 100 bp. Strains sequenced in this study are indicated in bold

virulent strain jumped across to pineapple. Thus, while it is
possible that the current D. zeae strain BRIP64263 arrived
with pineapple germplasm during an unidentified period,
it is also possible that it is an indigenous strain that has
emerged in association with highly susceptible MD2 plants
with their tendency to flower naturally.
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The identification of a new and potentially damaging
strain of D. zeae affecting pineapples has relevance to the
broader interests of plant health in Australia and worldwide.
Taxonomy is fluid, but decisions need to be based on the
most current information available, and not rely on assump-
tions based on older nomenclatural arrangements (Young
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73 | Dickeya sp. CFPB1278. Pineapple: Malaysia (HM181315)
87 || Dickeya sp. 16-6-2l. Pineapple: Hawaii (HM181314)
Dickeya sp. 14-8-2B. Pineapple: Hawaii (HM181310)

99 Dickeya sp. 16-12-3AA. Pineapple: Hawaii (HM181339)

Dickeya sp. A5392. Pineapple: Hawaii (JX434873)
Dickeya sp. 40245. Pineapple: Hawaii (HM181326)

93 Dickeya sp. A1042-2. Philodendron: Hawaii (HM181289)

99 | Dickeya sp. 40361. Pineapple: Hawaii (HM181297)
Dickeya sp. 40240. Pineapple: Hawaii (HM181324)
Dickeya sp. 40360. Pineapple: Hawaii (HM181322)
82

Dickeya sp. 1-9C. Pineapple: Hawaii (HM181302)

— Dickeya zeae BRIP64262. Banana: Australia (MF143425)

' Dickeya dadantii XJ5-1. Banana: China (KT444593)

90| Dickeya zeae A5511. Irrigation water: Hawaii (JX434878)
Dickeya zeae K0550. Maize: USA (HM181334)
Dickeya zeae K0551. Pineapple: Malaysia (HM181335)
Dickeya zeae BRIP64263. Pineapple: Australia (MF143420)
59 98 | Dickeya zeae CFBP6466. Pineapple: Martinique (JX434869)
Dickeya sp. CFPB1272. Pineapple: Malaysia (HM181329)
Dickeya zeae AS507. Irrigation water: Hawaii (JX434877)
o Dickeya zeae CFBP2052. Maize: USA (JX434868)

Dickeya dianthicola KO546. Dianthus: UK (HM181333)

P

0.020

Phylotype Il

Phylotype |

Dickeya sp. 16-6-2D. Pineapple: Hawaii (HM180950)
Dickeya sp. 1-8B. Pineapple: Hawaii (HM180949)
Dickeya sp. KO505. Maize: USA (HM469708)
98 ! Dickeya dieffenbachiae K0547. Dieffenbachia: USA (HM469710)

Pectobacterium carotovorum subsp. odoriferum BC S7. Brassica: China (CP009678)

Fig. 4 Maximum Likelihood phylogenetic tree inferred through 700 bp of DNA sequence from the replication initiation factor locus, (dnad) gene
used by Schneider et al. (2011). Statistics for topologies supported by 50% or more shown. Scale shows number of substitutions per 100 bp. Dick-
eya strains associated with pineapple are highlighted, and strains sequenced in this study are indicated in bold

2018). In the data presented here, the bacteria isolated from
pineapple and banana belong to different phylotypes, and
are likely to have significant differences in their epidemiol-
ogy. The data highlight the importance of using the most
current and accepted taxonomic nomenclature; old and
defunct species identifications can result in poor import risk
analyses. As shown in this study, strains whose microbial
properties initially led them to be classified as E. chrysan-
themi were clearly distinct from each other, and thus repre-
sented individual risks.

International trade is an important agency to improve
world living standards. Within the International Plant Pro-
tection Convention (IPPC) and World Trade Organisation
(WTO) framework, countries must make trade decisions
based on scientifically sound advice. If a pathogen or pest is

already present in the importing country, the commodity can
no longer be subject to considerations involving that patho-
gen or pest unless it can be demonstrated to be an epide-
miologically distinct strain. For example, wheat stem rust,
caused by Puccinia graminis f. sp. tritici is already present
in Australia, but the epidemiological distinct Ug99 strain
poses a significant threat to Australia’s wheat crop. With the
advent of rapid and cost-effective genome sequencing tech-
nologies, there is significant scope to screen strains from the
importing and exporting countries where the nomenclature
indicates the species is present in both regions. In time, this
might involve identification of specific virulence factors that
are responsible for different epidemiologies. With increas-
ing pressures on global food supply, it is necessary to have
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Table 3 DNA sequencing results for strains obtained in this study

Strain Host Locus  Hits % id.  Top match Host GenBank
BRIP64263  Pineapple acn 708/733 97 D. dadantii Ech586 Philodendron, USA CP001836
rpoD  629/640 98 D. zeae EC1 Rice, China(?) CP006929
pfkA  739/761 97 D. zeae Ech586 Philodendron, USA CP001836
recA 423/425 99 D. zeae CFBP 6466 Pineapple, Malaysia OR Martinique ~ KC844660
dnaA  718/722 99 D. zeae K0550 Maize, USA HM181334
dnaA  718/722 99 D. zeae K0550 Maize, USA HM181334
dnaA  718/722 99 D. zeae K0550 Maize, USA HM181334
BRIP64262 Banana acn 723/733 99 D. zeae EC1 Rice, China(?) CP006929
rpoD  634/642 99 D. zeae EC1 Rice, China(?) CP006929
pfkA  747/764 98 D. zeae EC1 Rice, China(?) CP006929
recA 476/481 99 D. zeae NCPPB 2348 Zea, Italy FJ216985
dnaA  720/722 99 Dickeya sp. 40,239 Pineapple, Hawaii HM181323
BRIP29490  Potato rpoD  636/641 99 Rahnella aquatilis HX2 Soil, China CP003403
dnaA  908/935 97 Rahnella aquatilis ATCC 33,071 Drinking water, France CP003244

an adaptive and consultative framework in order to mitigate
against the spread of plant pathogens between regions.
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