
PHYTFIRE WP3 

Population analysis via MALDI-TOF ID

What goes on during fire blight treatment?
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What goes on during fire blight treatment?



Example: Field trials for fire blight control 
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4 blocks with 10 trees each per variant

Setup (EPPO PP 1/166(3))
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3

artificial inoculation of one tree/block (108 cfu/ml)

secondary infection of neighboring trees via natural vectors

→ defined conditions



Differences in disease incidence
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Differences in efficiency
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Objective: 

What happens on the flower?

Application                                        Result?
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Application                                        Result

→ screening for specific organisms

→ evaluation of population composition

?



MALDI-TOF
Matrix assisted laser dissorption/ionisation time of flight analysis

www.jki.bund.deInstitute for Plant Protection in Fruit Crops and Viticulture, Dossenheim/Siebeldingen

Claydon et al., 1996; Holland et al., 1996;

Krishnamurthy et al., 1996; Keys et al., 2004



Reference spectra matching:

Example: German E. tasmaniensis isolate
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Wensing A, Gernold M, Geider K (2012) 

J Appl Microbiol 112: 147-158



sample preparation:

1ml overnight culture / colony

harvest cells

wash in 70% EtOH
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lyse in 35% formic acid with 50% acetonitrile 

apply to target

apply matrix 

analyze



sample preparation:

1ml overnight culture / colony

harvest cells

wash in 70% EtOH
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lyse in 35% formic acid with 50% acetonitrile 

apply to target

apply matrix 

analyze
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Sampling over time
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Protocol development:

- sampling procedure

- culture conditions for selection of isolates

Comparison of systems

Bruker: Biotyper
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AnagnosTec: Saramis → no longer „send-in“ samples

Waters: MicrobeLynx

Evaluation with established methods

- specific PCR +qPCR for selected species

- sequencing approaches



Getting cell material to analyze:

→ prepare glycerol stock + tween lysate

→ aliquot of wash sample in microwell plate

Wash samples from flowers/young fruitlets
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→ place 5µl droplets to medium



Getting cell material to analyze:

→ get dilution by gravity flow
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sample preparation:

1ml overnight culture / colony

harvest cells

wash in 70% EtOH
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lyse in 70% formic acid on target

apply matrix 

analyze



What happens in the field?

Inoculation with

- Erwinia tasmaniensis

- Bacillus amyloliquefaciens

- for half the samples with E. amylovora.
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In addition samples without artifitial inoculation. 



Mixed culture mode
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Mixed culture mode
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Dominant species in mixed culture?

Inoculation with Erwinia tasmaniensis:

T0 T1 T2 T3 T4 T5

a
Erwinia 

tasmaniensis

Bacillus 

mojavensis

Erwinia 

tasmaniensis

Bacillus 

vallismortis

Pantoea 

agglomerans

Pseudomonas

chlororaphis

b
Erwinia 

tasmaniensis

Erwinia 

tasmaniensis

Erwinia 

tasmaniensis
no identification

Erwinia 

tasmaniensis

Pseudomonas

graminis

c
Bacillus Erwinia Erwinia Pantoea no Pseudomonas
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Inoculation with Erwinia tasmaniensis + E. amylovora:

c
subtilis tasmaniensis tasmaniensis agglomerans identification congelans

T0 T1 T2 T3 T4 T5

a no identification
Erwinia 

tasmaniensis

Erwinia 

tasmaniensis
Pantoea agglomerans

Pseudomonas 

graminis

Pantoea 

agglomerans

b
Erwinia 

tasmaniensis

Erwinia 

tasmaniensis

Erwinia 

tasmaniensis

Metschnikowia

pulcherrima

Erwinia 

tasmaniensis
Erwinia amylovora

c
Erwinia 

tasmaniensis

Erwinia 

tasmaniensis

Erwinia 

tasmaniensis
Pantoea agglomerans Bacillus subtilis

Pseudomonas

congelans



T0 T1 T2 T3 T4 T5

a
Erwinia 

tasmaniensis

Bacillus 

mojavensis

Erwinia 

tasmaniensis

Bacillus 

vallismortis

Pantoea 

agglomerans

Pseudomonas

chlororaphis

b
Erwinia

tasmaniensis

Erwinia 

tasmaniensis

Erwinia 

tasmaniensis
no identification

Erwinia 

tasmaniensis

Pseudomonas

graminis

c
Bacillus Erwinia Erwinia Pantoea no Pseudomonas

Inoculation with Erwinia tasmaniensis -> PCR Et (qPCR 105/106 cfu)

Comparison to direct PCR?
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c
subtilis tasmaniensis tasmaniensis agglomerans identification congelans

Inoculation with Erwinia tasmaniensis + E. amylovora -> PCR Et:

T0 T1 T2 T3 T4 T5

a no identification
Erwinia 

tasmaniensis

Erwinia 

tasmaniensis
Pantoea agglomerans

Pseudomonas 

graminis

Pantoea 

agglomerans

b
Erwinia 

tasmaniensis

Erwinia 

tasmaniensis

Erwinia 

tasmaniensis

Metschnikowia

pulcherrima

Erwinia 

tasmaniensis
Erwinia amylovora

c
Erwinia 

tasmaniensis

Erwinia 

tasmaniensis

Erwinia

tasmaniensis
Pantoea agglomerans Bacillus subtilis

Pseudomonas

congelans



Inoculation with Erwinia tasmaniensis -> PCR Ea:

T0 T1 T2 T3 T4 T5

a
Erwinia 

tasmaniensis

Bacillus 

mojavensis

Erwinia 

tasmaniensis

Bacillus 

vallismortis

Pantoea 

agglomerans

Pseudomonas

chlororaphis

b
Erwinia

tasmaniensis

Erwinia 

tasmaniensis

Erwinia 

tasmaniensis
no identification

Erwinia 

tasmaniensis

Pseudomonas

graminis

c
Bacillus Erwinia Erwinia Pantoea no Pseudomonas

Comparison to direct PCR?
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Inoculation with Erwinia tasmaniensis + E. amylovora -> PCR Ea:

c
subtilis tasmaniensis tasmaniensis agglomerans identification congelans

T0 T1 T2 T3 T4 T5

a no identification
Erwinia 

tasmaniensis

Erwinia 

tasmaniensis
Pantoea agglomerans

Pseudomonas 

graminis

Pantoea 

agglomerans

b
Erwinia 

tasmaniensis

Erwinia 

tasmaniensis

Erwinia 

tasmaniensis

Metschnikowia

pulcherrima

Erwinia 

tasmaniensis
Erwinia amylovora

c
Erwinia

tasmaniensis

Erwinia 

tasmaniensis

Erwinia

tasmaniensis
Pantoea agglomerans Bacillus subtilis

Pseudomonas

congelans



More teamwork friendly options???
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Online database and analysis
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Online database and analysis
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Online database and analysis
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Online database and analysis
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How to “free” your spectra???

MALDIquant and MALDIquantForeign

-> open source in R
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How to “free” your spectra???
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Freeware for analysis:
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Freeware for analysis:

4180 4190 4200 4210 4220 4230 4240

0
.0
0
0
0

0
.0
0
0
5

0
.0
0
1
0

0
.0
0
1
5

0
.0
0
2
0

unwarped spectra (mass 4180:4240 Da)

mass

in
te
n
s
it
y

4180 4190 4200 4210 4220 4230 4240

0
.0
0
0
0

0
.0
0
0
5

0
.0
0
1
0

0
.0
0
1
5

0
.0
0
2
0

warped spectra (mass 4180:4240 Da)

mass

in
te
n
s
it
y

www.jki.bund.deInstitute for Plant Protection in Fruit Crops and Viticulture, Dossenheim/Siebeldingen

/data/set A - discovery  leipzig/control/Pankreas_HB_L_061019_G10/0_m19/1/1SLin/f id
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Export to *.csv:
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PHYTFIRE user group and database?
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PHYTFIRE user group and database?



Thank you!
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Thank you!


