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MOLECULAR DETECTION OF FIRE BLIGHT
AND DIFFERENTIATION OF ERWINIA AMYLOVORA STRAINS

K. Geider

Abstract

Recognition of fire blight is dependent on visible symptoms of the disease, in
particular necrosis and sometimes ooze on host plants such as apple and pear.
Here, I attempt to review mostly our own assays for confirmation of fire blight and
unambiguous detection of the causative agent Erwinia amylovora. We have devel-
oped semi-selective plate assays, such as formation of yellow mucoid colonies on
MM2Cu plates, lack of growth on MM1Cu agar, levan formation on LB agar with
sucrose, and no fluorescence on KB agar. Molecular tools have been based on PCR
techniques with primers derived from the common plasmid pEA29 and from the
chromosomal ams genes. Recently, real-time PCR was applied for detection and
quantification of E. amylovora with plasmid primers. Occasionally, strains have
been found in collections lacking the common plasmid pEA29. Several criteria
identified the isolates as E. amylovora.

For differentiation of strains from Europe and the Mediterranean region, PFGE
analysis was applied after digest of chromosomal DNA with the restriction enzyme
Xbal. Accordingly, four major pattern types were assigned to strains from Europe
and the Mediterranean basin. Fire blight could have been endemic for a long time
in North America, supported by the heterologous PFGE patterns of American iso-
lates. Alignments of the sequences of harpins and from other genes revealed ho-
mogeneity of E. amylovora fruit tree strains, but differs among raspberry strains and
for the Asian pear pathogen from Korea and Japan. Less constant patterns for E.
amylovora were obtained by analysis of variable short sequence DNA repeats (SSR)
located in a DNA fragment of plasmid pEA29, which can be an additional tool to
distinguish E. amylovora strains.
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Introduction

Fire blight is a destructive disease of pome fruit trees and ornamentals of
rosaceous plants (Fire blight... 2000). The causative agent is Erwinia amylovora
(Burrill) Winslow et al. originated from North America and was distributed in the
20th century first to New Zealand and later to England and Egypt, from where it
spread to the adjacent countries. At present, many countries of the Northern hemi-
sphere are affected by fire blight, but not Central and Eastern Asia. In Korea and Ja-
pan, pathogenic bacteria were isolated with similarities to E. amylovora (Rhim et al.
1999). The causative agent of Asian pear blight, E. pyrifoliae Kim et al., was classi-
fied as a separate species (Kim et al. 1999). A related pathogen was found in Japan (Kim
et al. 2001). Erwinia pyrifoliae and E. amylovora produce an acidic exopolysaccharide,
named amylovoran and pyrifolan, respectively, with galactose residues in the back-
bone of their repeating unit and glucuronic acid and a terminal galactose in the side
chain (Nimtz et al. 1996, Geider 2000). A remarkable difference is a second side
chain of glucose for 50% of the repeating units of amylovoran and its complete lack
for pyrifolan (Kim et al. 2002). Most E. amylovora strains secrete levansucrase
cleaving sucrose into glucose and fructose, which is polymerized into a polyfructan
of a molecular weight exceeding 5 MDa. Erwinia pyrifoliae and the Asian pear patho-
gen from Japan are highly related to each other, but less to E. amylovora (Kim et al.
2002). Erwinia pyrifoliae has only been isolated in the region of Chuncheon in South
Korea and the Erwinia strains from Japan at the island of Hokkaido in North Japan.

Typical disease symptoms are necrosis and occasionally ooze formation on in-
fected shoots. The mid ribs of leaves turn brown. The migration of the pathogen
can be traced after labelling with gfp as a green fluorescent zone (Bogs et al. 1998,
2004). The assay can be applied to determine virulence of strains and susceptibility
of host plants. Erwinia amylovora mutants deficient in amylovoran synthesis, in the
sorbitol metabolism, in the dsp and hrp region and even in the levansucrase gene
migrated considerably slower in apple leaves than the parent strains.

Results and discussion

Spread and general diagnosis of fire blight

“In England, search and destroy is the rule, not spray” has been a message of
Eve Billing, a pioneer for fire blight. Heavily diseased trees, especially pear trees,
carry obvious symptoms of fire blight. Young apple or pear seedlings are tools to
assay for typical wilt and necrosis after bacterial inoculation. On pear slices ooze
is formed after inoculation with samples containing E. amylovora, which can even
be used to screen for E. amylovora in samples with very low pathogen levels (Jock
et al. 2000).

Assays with plants or immature pears rely in the availability of the plant mate-
rial and can only be considered for confirmation of fire blight. Serological, microbi-



Molecular detection of fire blight and differentiation... 59

ological and molecular assays have been developed and are broadly used for disease
detection. The methods can widely vary to each other for specificity, sensitivity and
labor intensity of signal production. Costs per assay and instrumental require-
ments are also import for choosing a particular assay. Depending on the impact of
correct identification for phytosanitary and quarantine measurements, the assay of
choice should give clear and reproducible results, and might often require another
assay for confirmation. In case of a novel disease occurrence for an area previously
free of fire blight, isolation of E. amylovora from infested plant tissue is a strict re-
quirement. The yield of the pathogen is often not very important, since even a few
bacteria indicate the presence of fire blight. In general, new infections carry abun-
dant viable bacteria, especially in the transition zone of healthy and necrotic bark
of shoots. The pathogen may not or hardly be isolated from tissue with old infec-
tions, especially when the plant was exposed to climatic changes as wetness and
temperature shifts or to complete dryness. Erwinia amylovora is a strictly aerial
pathogen and decays soon in soil or in case of other unfavourable environmental
exposure to other microbes (Hildebrand et al. 2001).

In short distances, fire blight is usually spread on flowers by insects, especially
bees. Hawthorn (Crataegus sp.), cotoneaster bushes in parks and home gardens, or
other barely attended host plants can be a “latent” source of the disease to move
into orchards.

Long distance spread is often caused by infected plants of nurseries exported to
far places. The proof of those events is often difficult, but some molecular proper-
ties of strains can indicate remote introduction. Fruits have been associated with a
possible spread of fire blight, an argument for severe or even complete import re-
strictions by countries without the disease. Nevertheless, in no case fruits have
been clearly connected to distribution of fire blight, although contaminated
wooden caskets were associated with the first fire blight incident in the 50ies in
England (Billing and Berrie 2002). Erwinia amylovora can survive in wood for a long
time, when kept in a protected environment (Jock et al. 2005). A latent survival of
E. amylovora in plants is difficult to document, but may occur. This could include
“yiable but non culturable bacteria” (VNCB), which are defined as cells to be re-
vived under certain environmental conditions. On the other hand, fire blight is not
extremely infectious and needs favourable conditions to be established in nature.

Diagnosis on plates and by antisera

Fastest growth of E. amylovora is just below 30°C, the bacteria still grow at 33°C,
but cease multiplication at 37°C without significant cell death. Many nutrient agar
preparations are suitable. The addition of sucrose enables levan formation, and
most strains form the typical dome-shaped colonies, a property exploited in sev-
eral diagnostic media such as NSA, CG, CTT (Jones and Geider 2001) or simply
Luria-Bertani agar with sucrose (LBsuc) (Table 1). Another type of media is based
on the sugar alcohol sorbitol in a minimal medium, an inducer of amylovoran syn-
thesis resulting in slimy colonies. An early recipe is MS medium with dyes to indi-
cate sugar metabolism. Colour changes are also caused by other plant-associated
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Table 1
Agar preparations for selection and identification of Erwinia amylovora

MM2Cu agar

4.0 g L-asparagine, 2.0 g K,HPO,, 0.2 g MgSO, X 7H,0, 3.0 g NaCl, 0.2 g nicotinic acid,
0.2 g thiamin hydrochloride and 10 g sorbitol per liter.

0.2 M CuSO, (in water) is prepared separately by autoclaving or filtration.
Nicotinic acid and thiamin are filter sterilized and added after autoclaving.

The salts should be kept separate from the agar during autoclaving, prepare 2 x
concentrated agar and 4 X concentrated salts, added to agar (final concentration 1.5%)
after cooling down below 60°C, add nicotinic acid, thiamin, and copper sulphate (2 mM
final concentration), adjust with water to 1 1 and pour plates.

MM1Cu agar

1.5 g L-asparagine, 3.5 g K,HPO,, 1.5 g KH,PO,, 1 g (NH,),SO,, 5 mg MgSO, x 7H,0,
0.25 g sodium citrate 2H,0O, 0.25 g nicotinic acid, 0.2 g thiamin hydrochloride and 10 g
sorbitol per liter; add CuSO, (from 200 mM) to 2 mM and agar (final concentration
1.5%), observe precautions of above.

LB agar

(Luria-Bertani broth, LB) 10 g bactotryptone, 5 g yeast extract and 5 or 10 g NaCl,
adjusted to pH 7.5; 1.5% agar, autoclave together.

Lbsuc agar

5% sucrose in LB and 1.5% agar, autoclave together.

bacteria such as Pantoea agglomerans (Ewing & Fife) Gavini et al. (syn. Erwinia
herbicola). An observation that E. amylovora forms yellow and more or less mucoid
colonies in MM2Cu agar has produced a medium with high specificity for the
pathogen (Bereswill et al. 1998). To avoid confusion with bacteria, which form yel-
low colonies on many agar types, in particular P. agglomerans, samples should be
first plated in LB agar with cycloheximide (50 pg/ml, to avoid fungal growth). Af-
ter two days at 28°C, white colonies are transferred to MM2Cu agar (25 per stan-
dard Petri dish). The typical yellow mucoid colonies are formed within three to five
days. Copper is hlghly toxic to E. amylovora in minimal media (Geider 1999) The
presence of asparagine at an elevated level (4 g/1) reduces toxicity of the Cu”"-ions
and permits growth of E. amylovora, thereby inducing amylovoran synthesis of the
colonies. Picking cells should be preferred to plating, because dense colonies do
not form the yellow colour (Bereswill et al. 1998).

A low concentratlon of asparagine in MM1Cu medium (1.5 g/ml) preserves
toxicity of Cu”* for E. amylovora. Transfer of colonies to MM1Cu agar prevents
growth of E. amylovora in contrast to other plant-associated bacteria. This is a nega-
tive assay, but complementary to growth on MM2Cu with typical yellow, mucoid
colony morphology. Especially plant-associated bacteria from Southern countries
(Australia, South Africa), which form white colonies on LB agar, have a tendency
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White colonies on

LB agar, transfer to: l l l l

MM2Cu MM1Cu LBsuc LB~
v v v v
Typical responce: yellow no growth levan, white
mucoid dome-shaped colonies
colonies colonies
Incubate at 28°C: 3-5 days 3-5 days 2 days 2 days

*Master plate, suspend cells from positive colonies in water and apply to PCR. For transfer use
grid of 25 sections, colonies on MM2Cu should grow in some distance.

Fig. 1. Scheme for detection and isolation of Erwinia amylovora from plant tissue. Extract sample
from diseased plant: 100 mg tissue (i.e. sliced bark) in 1.5 ml H,O (for 15 min), plate 0.2 ml
(undiluted or dilutions in water) on LB agar (incubate two days at 28°C) or use aliquot after lysis
in 1% Tween 20 at 65°C directly for PCR

to grow as yellow colonies on MM2Cu and on MM1Cu agar and are thus different
from E. amylovora.

Some E. amylovora strains are low in expression of levansucrase and form there-
fore no or very little levan on LBsuc agar (Bereswill et al. 1997). Nevertheless, test-
ing for levan synthesis can often be confirmatory for the expected properties of E.
amylovora. In rare cases, the absence of fluorescence on KB agar (King’s medium B)
may be assayed to exclude fluorescent Pseudomonads. A scheme for subsequent
plating procedures is given in Figure 1.

Polyclonal antisera against E. amylovora carry the risk to contain cross-reacting
antibodies against other bacteria. This depends on common surface antigens and
an intestinal colonization of rabbits or mice by Escherichia coli (Migula) Castellani &
Chalmers. The E. amylovora-antisera should therefore be carefully checked for
background cross-reactions. Monoclonal antibodies have been reported to be too
specific not recognizing some E. amylovora strains (Lin et al. 1987), although new
selections of cell lines may detect most or even all strains. Antibodies are available
at relatively low costs, ELISA assays can be done on a large scale, and
immunofluorescence tests can be quickly evaluated in a microscope.

PCR assays for detection of Erwinia amylovora

The polymerase chain reaction (PCR) is based on characteristic amplification
patterns of DNA, here genomic DNA from E. amylovora. Several random priming
systems have been developed. Arbitrarily primed PCR (AP, RAPD) mostly relies
on a single primer, which has preferences to anneal to a limited number of sites of
the template DNA producing often an array of bands with unequal strength. In par-
ticular, weak bands may vary for different runs and after slight changes of the assay
conditions. An increase of reproducibility of AP PCR bands was achieved with
primer sets annealing to defined DNA sequences, such as BOX, ERIC or rep prim-
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ers. In all these cases, isolated bacterial DNA must be applied, and AP PCR is
mainly useful to compare a band pattern of a new isolate to that of a known strain.

Detection and identification of fire blight has been mainly done with specific
two primer systems after the cells were lysed in Tween 20. Early and still widely
used PCR primers were derived from the common E. amylovora plasmid pEA29
(Bereswill et al. 1992). This plasmid and related plasmids of E. pyrifoliae and the
Erwinia strains from Japan have been recently sequenced (McGhee et al. 2002,
Maxson-Stein et al. 2003). Genes apparently involved in the bacterial thiamin me-
tabolism could be selective against a loss of the plasmid by E. amylovora. Neverthe-
less, a few natural E. amylovora without pEA29 have been recently described
(Lopez, personal communication, Mohammadi and Geider, unpublished), which
may occasionally occur in orchards. On the other hand, apart from these excep-
tions, PCR primers to amplify plasmid DNA are still a specific and sensitive tool to
detect E. amylovora by a 1.0 kb DNA fragment. The plasmid is maintained in the
cells at intermediate copy numbers exceeding the number of chromosomes possi-
ble about fivefold. Lysis of cells releases the plasmid more efficiently than the large
chromosome. Also primers from the chromosomal ams region were applied to de-
tect E. amylovora by creating a 1.6 kb DNA fragment (Bereswill et al. 1995). Several
additional primer pairs from chromosomal regions have been described (see Jones
and Geider 2001). Nested primers have also been proposed (Llop et al. 2000), al-
though the approach did not increase sensitivity of detection in our hands.

In a recent approach, primers from plasmid pEA29 were designed for use in
real-time PCR (Salm and Geider 2004). They amplify a 120 bp DNA fragment,
which is detected with the intercalating dye SYBR Green or with a TagMan probe,
annealing a few nucleotide upstream of primer 1 (Table 2). The advantage of
real-time PCR is a fast quantitative detection of E. amylovora, its possibility of mass
screening without visualization of bands on a gel.

Table 2
PCR primers applied for detection of Erwinia amylovora

Name Sequence Fragment size (Reference)

P29B/A GGGCAAATACTCGGATT/CGGTTTTTAACGCTGGG 1.0 kb
(Bereswill et al. 1992)

RS1/RS2c¢ |ACCTCAGTGCGATTACAG/GTCCCATTCTGTGTTAAG |~150 bp
(Kim and Geider 1999)

AMSL/Rc |GCTACCAGCAGGGRGAG/TCATCACGATGGTGTAG 1.6 kb
(Bereswill et al. 1995)

TF/TR CACTGATGGTGCCGTTG/CGCCAGGATAGTCGCATA 112 bp
(Salm and Geider 2004)

™ FAM-TACCTCCGCAGCCGTCATGG-TAMRA TagMan probe

Others primers proposed for detection of E. amylovora can be found in Jones and Geider
(2001).
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Strain differentiation of Erwinia amylovora strains by PFGE analysis

With many criteria, E. amylovora is a homogeneous species in contrast to soft rot
Erwinias. Strains isolated in Europe and the Mediterranean region have a highly
conserved PFGE pattern (Jock et al. 2002). Nevertheless, the comparison of Xbal
digests, reveal small differences in one or two bands, which have been found con-
served for large regions. Consequently, the main pattern types Ptl to Pt4 were as-
sociated with Central Europe, Egypt and the Mediterranean basin, Greece and the
Balkans, Northern France, Western France and Northern Spain, respectively. In
Photograph 1, strains from Northern Spain (Pt4), Central Spain (Pt3), Poland
(Pt1) and Northern Italy (Pt3) were analyzed by PFGE after digest with restriction
enzyme Xbal. The pattern Pt4 was also found for the English strain Ea775. Besides
a band lacking at 120 kb for Pt3, another typical signal is visible by the slightly
smaller distance of bands compared to Pt1/Pt3 between the positions of the A
DNA multimers at 194/242 MDa.

M 1 23 45 6 7 8 9 101 1213 14 15 16 17 M

- —291 kb
m——
-~
- —194 kb
—
8-
—
—97kb

Phot. 1. Analysis (by S. Jock) of Erwinia amylovora strains from Central and South-Western
Europe by PFGE after an Xbal digest. For details of the assays and further information see
Jock et al. (2002). M — marker: phage » DNA ladder (multimers of the viral genome — 48.5
kb), lane 1 — Eal/79 (Germany, lab standard strain) —> Pt1, lane 2 - Eal614.2 (Spain,
Segovia) —> Pt3, lane 3 — Eal731.1 (Spain, Guipuzcoa) —> Pt4, lane 4 - Eal626.6 (Spain,
Navarra) —> Pt4, lane 5 - Eal603 (Spain, Segovia) —> Pt3, lane 6 — Eal1525.6 (Spain,
Guipuzcoa) —> Pt4, lane 7 - Eal509 (Spain, Guipuzcoa) —> Pt4, lane 8 — EaP394 (Poland)
—> Ptl, lane 9 - EaP632 (Poland) —> Ptl, lane 10 — EaP659 (Poland) —> Pt1, lane 11 -
Ea630 (Poland) —> Ptl, lane 12 — Ea404VR (Italy, Verona) —> Pt3, lane 13 -
OMPBO1194/97 (Italy, Ferrara) —> Pt3, lane 14 - OMPBO1792/97 (Italy, Modena) —>
Pt3, lane 15 - OMPBO1610/97 (Italy, Ravenna) —> Pt3, lane 16 - OMPBO1150/97 (Italy,
Reggio Emilia) —> Pt3, lane 17 - OMPBO1129/97 (Italy, Mantova) —> Pt3. Erwinia
amylovora strains from Spain were kindly provided by M. Lopez, from Poland - by
P. Sobiczewski, from Italy — by C. Bazzi (photo by S. Jock)
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Table 3

Differentiation of Erwinia amylovora strains from various countries by PFGE
and SSR (data from Jock et al. 2002, 2003, Kim and Geider 1999)

Country PFGE SSR
Austria Ptl 14, 15
Belgium Pt3, Ptl 5-7
England Ptl, Pt4 (3), 5-7, (9-11)
France Ptl, Pt3, Pt4 4-6, (8)
Germany Ptl (4), 5, 6, (7-10)
Hungary Pt2 7-12
Italy Pt3 (Ptl, Pt6) 5-7,(8,9)
New Zealand Ptl 5-7, (8)
Poland Ptl 4,5
Spain Pt4, Ptl 5-7
Switzerland Ptl (5-8)
The Netherlands Ptl, Pt3 (4), 5-9, (12)

() — minor SSR number.

More details for strains from several countries and the Mediterranean region
are given in Table 3.

The origin of fire blight is localized in the North-East of North America. When
strains from the US or Canada were assayed by PFGE analysis, quite heteroge-
neous pattern were found (Jock and Geider 2004). Even within narrow areas such
as Nova Scotia or South Ontario, PFGE pattern of various isolates were not match-
ing. Consequently, a long persistence of fire blight in these regions can be as-
sumed. Interestingly, E. pyrifoliae strains from the area of Chuncheon in South
Korea or pear pathogenic Erwinia strains from Japan also displayed divergent PFGE
patterns within these groups. It can therefore be also assumed that Asian pear
blight could have persisted in these countries for long times. An evolutionary scale
for divergence is difficult to define. It is a matter of speculation about introduction
of E. amylovora to England and to Egypt. Remarkably, all isolates from New Zealand
had the pattern type Ptl. English strains often belong to Ptl or Pt4. Strains with
these patterns were also found in Canada. An introduction of fire blight from
North America or even from New Zealand can be postulated. American strains
matching Pt2 were rarely found. A strain from California had a matching pattern,
but no details became available about its isolation (Zhang and Geider 1997).

The pattern in Europe and the Mediterranean region are well ordered despite of
essentially free trade of fire blight host plants and a large movement of apple and
pears. From these and other data, distribution of fire blight with fruits is not realis-
tic. This is in contrast to trade with fire blight host plants, to which a rare far dis-
tance spread of the disease can be attributed. Two incidences, the establishment of
E. amylovora strains with Pt3 in Northern Italy and in Central Spain (Phot. 1) is ap-
parently linked to plant imports from Belgium to local nurseries.
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Strains isolated in a narrow area with fire blight are mostly homogeneous and
cannot be differentiated by PFGE analysis. An exception are Pt1 isolates in the area
of Bolzano, Northern Italy, where the pattern type Pt3 is dominating. Plant im-
ports from adjacent Austria can be an explanation.

Additional criteria for strain differentiation

In attempts of local strain differentiation, mostly marginal criteria can be used.
One example is an almost complete lack of levan synthesis of a series of Dutch
strains (Bereswill et al. 1997). Also isolates from other countries can be low in
levan synthesis. Amylovoran synthesis can also differ in its extent and was con-
nected to virulence (Maes et al. 2001) confirming similar observation of my lab.

Nucleotide sequence analysis is a powerful tool to characterize bacteria and
other organisms. Several genes or regulatory elements have been investigated for
bacterial differentiation. The upstream regions of the EPS-encoding gene cluster of
E. amylovora, E. pyrifoliae and the Erwinia strains from Japan were aligned and
showed a relationship of the two Asian pear pathogens and some distance to the
fire blight pathogen (Kim et al. 2001). Nucleotide sequence comparisons were also
done with the hrpN genes of these bacterial species (Jock and Geider 2004). Identi-
cal hrpN sequences were found for the investigated “fruit tree strains” of E.
amylovora, differing from raspberry strains. The latter strains were highly related
for HrpN, but could still be distinguished. Major differences were observed in E.
pyrifoliae and the Erwinia strains from Japan, species closely related to each other.

Besides rRNA genes, several protein encoding genes were investigated for dif-
ferentiation of Erwinia species. Amplicons of recA sequences were digested with re-
striction enzymes and band patterns compared (Waleron et al. 2002). The soft-rot
Erwinias were most divergent within the species, whereas the patterns of E.
amylovora strains were matching. A similar approach for differentiation of species
was attempted on the nucleotide level with gapDH sequences (Brown et al. 2000).
Primers from recA and gapDH were also applied by us (Jakovljevic and Geider, un-
published) for differentiation of epiphytic Erwinias from E. amylovora and the
Asian pear pathogens. Attempts to distinguish individual E. amylovora fruit tree
strains by nucleotide sequences have not been successful including DNA frag-
ments from the ompA gene of many European and American strains (Mohammadi
and Geider, unpublished).

Short sequence DNA repeats to distinguish strains

When E. amylovora from Austria and France were analyzed by PCR with the
plasmid primers P29B and P29A, a visible difference in the size of the amplified
DNA fragment was observed. Subsequent nucleotide sequence analysis of strains
revealed a reiterated 8 bp-sequence of “ATTACAGA” to occur three to 15 times in
the amplified DNA (Kim and Geider 1999). An example for different SSRs of E.
amylovora strains is given in Photograph 2. The biological reason for changes of SSR
numbers is still unknown. Since an E. amylovora population of a plant seems to be



66 K. Geider

uniform, bacteria should have growth
advantages after a change of the SSR
number under certain conditions. In
samples from two hawthorn bushes
obtained from the home of Eve Billing,
Kent, England, isolates from one plant
had an SSR number of 7, isolates from

Phot. 2. Determination of the SSR numbers the other plant — the unusual low num-
(by S. Jock) from various Erwinia amylovora ber of 3. Changes of SSR numbers are
strains. M — marker WIFh 100 bp ladder, lane rare, but can also be found for lab con-

1 — E. amylovora strain Ea296 (14 SSRs, diti all .
Austria), lane 2 ~ EaU8/96 (4 SSRs, Utah, itions. Especially stress may increase
USA), lane 3 — EaTp9/00 (4 SSRs, Ontario, changes. Amplification of the plasmid
Canada), lane 4 - Ea-UK2/98 (7 SSRs, Kent, fragment of single strains revealed a
UK), lane 5 - EaKa8/00 (8 SSRs, Nova continuous change of SSR at mostly a

Scotia, Canada) (Bogs et al. 2004) 1 1 1 K 1. 2003). O h

(photo by S. Jock) ow level (Jock et al. ). On the

other hand, a passage of a strain by in-

oculation of a plant does not result in a
change of SSR when analyzed on a gel. Therefore, SSR numbers are an indication to
distinguish strains with the risk that steps in isolation may favour an SSR change.
Possibly, a novel establishment of fire blight can result in high SSR numbers (Hun-
gary, Austria), often above 6, in countries with fire blight for several decades (Ger-
many, Poland) the SSR numbers are mostly 6 or less. It may be valid to use SSRs as
a tool for differentiation of strains from a narrow area, but it is a fast changing
property in terms of evolution, in contrast to the quite conserved PFGE patterns.
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