PHYTFIRE WP3

Population analysis via MALDI-TOF 1D

What goes on during fire blight treatment?

m PHYTFIRE § Phytosanitary ERA-NET
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Setup (EPPO PP 1/166(3)) $. jKi

4 blocks with 10 trees each per variant

artificial inoculation of one tree/block (102 cfu/ml)

4

secondary infection of neighboring trees via natural vectors

— defined conditions
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Differences in efficiency
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ODbjective:

What happens on the flower?

Bundesforschungsinstitut fiir Kulturpflanzen

Application

— screening for specific organisms

—|evaluation of population composition

Institute for Plant Protection in Fruit Crops and Viticulture, Dossenheim/Siebeldingen
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MALDI-TOF <) Ki
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Matrix assisted laser dissorption/ionisation time of flight analysis
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Claydon et al., 1996; Holland et al., 1996;
Krishnamurthy et al., 1996; Keys et al., 2004
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Reference spectra matching: % JKi
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Example: German E. tasmaniensis isolate

rel. Int.
1.4
0.1
0.E+
0.4 Detected Species | Logl Score) |
0 Erwinia tasmaniensis Et 2_99 PaH 2,200
0.5 Q Erwinia tasmaniensis 1-99 MMG 2,088
l Q Erwinia tasmaniensis Et 1_99 PaH 2.047
ord |_I|_ | el | ill! ! ! A () Erwinia pyrifoliae 16-96 MMG 1.807
[ T I' l [ ![ T ! q I.'::'Erm.lini.zu amylovora CFBP1232 MMG 1.729
- O Enterobacter asburiae DEM 17506_0SM 1.672
' G Erwinia pyrifoliae 1-96 MMG 1.607
@ Erwinia sp EIP 562_PaH 1,595
04 @ Ervinia pyrifoliae DSM 12163 HAM 1,571
O Enterobacter cloacae 20105_2 CHE 1.570
-0E
-0.E
IIII S IES:IIEII I ISEI:JEII o I?S:IIEII o I1EEIIEIEII o I125|EIEII o Ir'l.l‘z

Wensing A, Gernold M, Geider K (2012)
J Appl Microbiol 112: 147-158

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



sample preparation:

1ml overnight culture / colony

l

harvest cells

l

wash in 70% EtOH

l

lyse in 35% formic acid with 50% acetonitrile

l

apply to target

l

apply matrix

analyze

Institute for Plant Protection in Fruit Crops and Viticulture, Dossenheim/Siebeldingen
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sample preparation:

1ml overnight culture /|colony

l

harvest cells

l

wash in 70% EtOH

l

lyse in 35% formic acid with 50% acetonitrile

l

apply to target -«

l

apply matrix

analyze
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OPEN a ACCESS Freely available online ?g:l PLoS one
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MALDI-TOF Mass Spectrometry Is a Fast and Reliable
Platform for Identification and Ecological Studies of
Species from Family Rhizobiaceae

Laura Ferreira', Fernando Sanchez-Juanes', Paula Garca-Fraile?, Raul Rivas®, Pedro F. Mateos?,
Eustoquio Martinez-Molina®, José Manuel Gonzalez-Buitrago'”, Encarna Velazquez®*

1 Unidad de Investigacidn, Hospital Universitario de Salamanca, Salamanca, Spain, 2Departamento de Microbiclogia y Genética, Universidad de Salamanca, Salamanca,
Spain, 3Departamento de Bioguimica y Biologia Molecular, Universidad de Salamanca, Salamanca, Spain

Inemational Biedeterioraton % Blodegradation 69 { 2012) 8286

Contents lists available at SciVerse ScienceDirect

International Biodeterioration & Biodegradation

EFl SEFVTER journal homepage: www.alsevier.com/locate/ibiod

Whole-cell MALDI-TOF: Rapid screening method in environmental microbiology

Jiri Koubek', Ondrej Uhlik, Katerina Jecna, Petra Junkova, Jana Vrkoslavova, Jan Lipov,
Veronika Kurzawova, Tomas Macek, Martina Mackova®
Deparmment of Biochemry and Micnebislagy, Faoulry of Feed and Biochemical Technology, nsonere of Chemical Technology Pramuee, Technicka 3, 1686 28 Pragee 6, Crech Republic

Ao s e Al kboamarmaony, U EI0L p AEEE-4 R Yol TT, B 1%
D TEFIRTILON o B I S ARLEC ST
Crgwyrign © H1, Ameswan Seocry S Mioubsolry. A Rl Rosrmal

Matrix-Assisted Laser Desorption Ionization (MALDI)-Time of Flight
Mass Spectrometry- and MALDI Biotyper-Based Identification of
Cultured Biphenyl-Metabolizing Bacteria from Contaminated
Horseradish Rhizosphere Soil”

Omdrej Ehlik, '8 Michal "u.rr:]-_.-ﬁ: '$ Petrs Junkavs,! Mileslay Sanda® ‘n'Ellu:-. Iroodova *
Cesimir Vicek* Martina Mackova '™ and Tomas Mpoek'=
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Sampling over time Qéj'Ki
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A B o
Protocol development: LjKi
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- sampling procedure

- culture conditions for selection of isolates

Comparison of systems

Bruker: Biotyper
“AnagnosTec: —Saramis — no longer ,,send-in“ samples
Waters: MicrobelLynx

Evaluation with established methods

- specific PCR +qPCR for selected species

- sequencing approaches

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



Getting cell material to analyze: ZjKi
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g
a
g

Wash samples from flowers/young fruitlets

— prepare glycerol stock + tween lysate
— aliquot of wash sample in microwell plate

— place Syl droplets to medium

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



Getting cell material to analyze: %ﬁ
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hhl

Bu

~ — get dilution by gravity flow

\
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sample preparation: 2~ JKi
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1ml overnight culture /|colony

l

harvest cells

l

wash in 70% EtOH

l

lyse in 70% formic acid on target

l

apply matrix

l

analyze

o
<«
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What happens in the field? LjKi

Namm
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Inoculation with
- Erwinia tasmaniensis

- Bacillus amyloliquefaciens

- for half the samples with E. amylovora.
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Mixed culture mode

Spectum | [dentification

. i K i
—
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E&nr mf( Bruker Taxonomy - E ]

Bacillus subtilis s=p subtili= DEM 10T DSM
+ Erwiniz amyowora CFEP 12327 MMG

1.5 T T T T T T T T T

Lint.

rel
-
—
—
=

(=) cellular orgarisms (0/4622)

| @-duchasa [0/7)

- Bacteria [0/4283)

| - Eukayota [0/332)
Unassigned M5Ps [183/189)

05+ J
S -
-1.8 f f f } f f f
a 2 4 =3 8 10 12 14
iz [10%3)
Select spectra and | Mixed Culture | Detected Species LaglScare]
prese <Chl - G bo view o
real spectia of <Chl - Ny | (S - ; ARl L
for normalized spechra. D | i | Enwinia amylovora CFEF 12327 MMG | d
(] iy | Bacillus mojaversis DSM 9205T DSM 2410
| il | Bacillus subtiis DSM 5552 DSM - 12,385
| i | Bacillus sublilis ssp spizizenii DSM 15029T DSM | 2,360
(] i | Bacillus mojaversis DS S205T DSM | 2,351
| il | Bacillus subtii: DSM 5611 0SM 12,348
| i | Bacillus sublilis ssp subtiis DSM 10T DSM 2341
(]| i | Bacillus subtilis ssp spizizenil DSM 150297 DS M 1233
| i | Bacillus subtilis DSM 5552 DSM 12,325
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1.4

Julius Kiihn-Institut
Bruker Taxonanmy = [ rschungsmsmm fiir Kulturpflanzen

Mixed culture mode
| Spectum| Identiation | e

Ervdnia tasmaniensis 2_99 MMG = eliular organisms (0/4622)
+ Erwiniz amyowora CFEP 12327 MMG : I-Archaea [047)

1.5 - — ———— — . — . — . Bacteria (0/4283)
© [-Eukapota (0/332)
- Unassigned MSPs [1894189)
1.0 + B
0a + E
£ i
; D,D '.“!TJ1 |_.l||.l.I I} I'I JIJ' 'l
-05 + 4
1.0 4 4
-1.5 : : : : : : : '
0 2 4 g g 10 12 14 16
rnfz (10%3]
Select spectra and Mixed Culture | Detected Species Log(Scare)
=3 40l E[>< E?”V_Iiﬁ (4] Li". E rwinia tasmaniensis Et 1 93 PAH 2419
.0_DaY1415Lin Led spectra. 2 Gi
@ Li". E rwinia tazmaniensis 4 99 MMG 2284
(4] [] Erwinia tasmaniensiz 1 93 MMG 2246
[v] ] Erwinia tasmaniensis Et 1 99 PAH 2123
@ [] E rwinia tazmaniensis Et 2 99 PAH 2114
[®] ] Erwinia tasmaniensiz 2 939 MMG 1.862
o [l Erwinia tasmaniensiz 4 99 MG 1.740
[®)] [] E rwinia amylovora CFEP 12327 MMG 1,723
Il ] Erwinia pyrifoliae 16 96 MMG 1,658
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Dominant species in mixed culture?

SIKI

Julius Kiihn-Institut
Bundesforschungsinstitut fiir Kulturpflanzen

Inoculation with Erwinia tasmaniensis:

TO T1 T2
Erwinia Bacillus Erwinia
tasmaniensis mojavensis tasmaniensis
Erwinia Erwinia Erwinia
tasmaniensis tasmaniensis tasmaniensis
Bacillus Erwinia Erwinia

subtilis tasmaniensis tasmaniensis

Inoculation with Erwinia tasmaniensis + E. amylovora:

TO T1 T2
. e L Erwinia Erwinia
a no identification ; : : :
tasmaniensis tasmaniensis
b Erwinia Erwinia Erwinia
tasmaniensis tasmaniensis tasmaniensis
c Erwinia Erwinia Erwinia

tasmaniensis tasmaniensis tasmaniensis

Institute for Plant Protection in Fruit Crops and Viticulture, Dossenheim/Siebeldingen

T3 T4 T5
Bacillus Pantoea Pseudomonas
vallismortis agglomerans chlororaphis
. L Erwinia Pseudomonas
no identification : : .
tasmaniensis graminis
Pantoea no Pseudomonas
agglomerans identification  congelans
T3 T4 T5
Pseudomonas Pantoea
Pantoea agglomerans -
graminis agglomerans
Metschnikowia Erwinia

Erwinia amylovora

pulcherrima tasmaniensis

Pseudomonas

Pantoea agglomerans Bacillus subtilis
congelans

www.jki.bund.de



Comparison to direct PCR? ‘/ JKi
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Inoculation with Erwinia tasmaniensis -> PCR Et (QPCR 10%/10° cfu)

T0 T T2 T3 T4 T5
E*uia Bagiius I#nia B*.IS P3lliigca Pseygginonas
tas lensis mojavensis | tasma&niensis vallisthortis agglomerans chlororaphis
E*' E*‘ 'f*?“a . ho ide*cation E“'a : PseLﬂngnas
tas ensis tas ensis tasm@niensis tasmaniensis graminis

E*] IIF*ma ea £ Pseyggmonas
subtllls tas ensis tasm@niensis aggl erans identification  congelans

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

T0 T3 T4 T5

Ps monas ntoea
a no |den tion r* * Pantoe*lomerans ﬂ . —3
tasm nsis tas iensis graminis agglomerans
E E inia Met ikowia inia
b : L ™ ) .~ . Er\#W@amylovora
tasmanMnsis tasmaniensis tasmi@hiensis pul rrima tasr@aniensis

Erviai E nuiai inia . R omonas
c i | " : Pantoe lomerans BadlR subtilis
tasmaniensis tasmaniensis tasmihiensis ngelans

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



Comparison to direct PCR? LjKi
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Inoculation with Erwinia tasmaniensis -> PCR Ea:

T0 T1 T2 T3 T4 T5
Erwinia Bacillus I#nia Bacillus Pantoea  Pseudomonas
tasmaniensis mojavensis |tasm&niensis vallismortis agglomerans chlororaphis

Erwinia Erwinia inia . e L Erwinia Pseudomonas
no identification

tasmaniensis tasmaniensis tasmeniensis tasmaniensis graminis
Bacillus Erwinia I*nia Pallkoea no Pseudomonas
subtilis tasmaniensis tasm@®niensis aggldinerans identification  congelans

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

T1 T2 T4 T5

TO T3

) L Erwinia Erv@inia Pse onas Pantoea

a no id ation . . . Pantoea merans A

tasmaniensis tas nsis graMinis agglomerans
Enminia ini

Erwinia E ia MetscHillikowia E a i
b . . . ) . Erwini lovora
tas nsis tasmaniensis tas nsis pul ima tasmaliensis
E ia Erwinia E ia . - Pseudomonas
c . .. : Pantoea merans Bacill btilis
tas nsis tasmaniensis tas nsis congelans

Institute for Plant Protection in Fruit Crops and Viticulture, Dossenheim/Siebeldingen www.jki.bund.de
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Short GCommunication Open Access

BIOSPEAN: A Freeware Tool for Processing Spectra from MALDI Intact
Cell/Spore Mass Spectrometry

Martin Raus and Marek Sebela*

Department of Protein Biochemistry and Protemics, Centre of the Region Hana for Biotechnological and Agricultural Research, Faculty of Science, Palacky University,
Slechtitelt 11, CZ-783 71 Olomouc, Czech Republic

Abstract

Here we introduce the software BIOSPEAN, which is applicable for processing of peptide/protein profiles
obtained from MALDI intact cell/spore mass spectrometry. It has been developed as a web application using common
technology. The BIOSPEAN automatically finds peaks in a mass spectrum. The peak detection principle involves a
local scanning of intensity values around individual m/z positions. To cope with the level of noise, a threshold signal-
to-noise ratio is adjusted for filtering relevant results. Based on the detected peak pattern, a similarity search in a
custom spectral database can subsequently be performed for sample identification. When a spectrum is analyzed
by comparison with a database entry, a percentage score value is calculated from the number of identical peak
positions found (they are assigned with an adjustable mass tolerance) divided by the number of all detected peaks
in the analyzed spectrum. Each two spectra may also be compared in the opposite way and both score values
averaged. The database search results are finally sorted in a table.

About input file format - its possikle leocad only TET files (1OME
max. 3ize), input values are pairs [m/z, intensity], each pair
i3 one row, values are separated by Space cor Tabk character.
example:

100.207 &2

100.217 &2

10a.226 70

100.235 55

100.245 &6
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Online database and analysis

BIOSPEAN

Main | SFECTRA LIST | SPECTRA | ADD WEW | COMPARE ALL | CoMpARE TWo | FINDER | GROUPS | PROFILE/FRIENDS | ManuaL | LOGOUT WENSING.A

Peak Spectrum compare

First spectrum | - select spectrum -
Second spectrum | - Select spectrum -
1Da (A+0.5Da) v @

Sesitivi : ; "
ty Effective range from |0 to | 22000 or use intersect of spectra effective range Q

<~ j Ki

¥ Julius Kiihn-Institut
Bundesforschungsinstitut fiir Kulturpflanzen

Clan O fult & full mirrer [ peaks ¥ peaks mirror [ lines [ clear lines mark peaks ¥ show intersect | Show .

BIOSPEAN

Main | SPECTRA LI1ST | SpECTRA | ADD NEW | COMPARE ALL | CoOMPARE TWO | FINDER | GRoOUPS | PROFILE/FRIENDS | MANUAL | LOGOUT WENSING.A

Spectrum selection

- select spectrum - v || sort by average similarity v || Find

Tip: Do not search in all spectra simultaneously. If you select only some groups (a subset of the groups) and use filfters, the search becomes faster.

Filter

Groups
all groups [Inot specified []References

Similarity imit 50 |9 @
Sensitivity | 1 Da (A £0.5 Da) v e
Effective range from |0 to (22000 or use intersect of spectra effective range 0

Matrix
all [not specified CI1TrA [lsa Clenca Clpa Clone Clra Clra/sa

Institute for Plant Protection in Fruit Crops and Viticulture, Dossenheim/Siebeldingen
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nline database and analysis

BIoSPEAN

Mazn | SpecTra LisT | SpecTrA | ApD new | CoMpaARE ALL | ComparRE Two | FinpeErR | GrRoups | PrRorILE/FRIENDS | ManusL | LOGOUT WENSING.A

AVERAGE SIMILARITY

) Ki

¥ Julius Kiihn-Institut
Bundesforschungsinstitut fiir Kulturpflanzen

Etl_B5
Et1_B5_sqrt
Et1_B5_smooth
Et1_B5_baseline
Et2-99_BS

Ref Etl_99-ohne calibrate
E. piri IVIA2055_2a_C5

SIMILARITY ROW-COLUMN

Et1_BS

Et1_B5_sqrt

Et1_B5_smooth

Et1_B5_baseline

Et2-99 B8

Ref_Et1_99-ohne calibrate

E. piri IVIA2055_2a_C5

show 100.00 50.04 80.47 78.47 75.74 58.92 55.96
show 50.04 100.00 79.66 77.43 74.85 59.74 56.10
show 50.47 79.66 100.00 93.22 ¥2.15 57.89 52.65
show 78.47 77.43 93.22 100.00 71.37 58.30 53.23
show 73.74 74.85 12,15 F1.37 100.00 65.75 57.20
show 58.92 55.74 57.8¢ 58.30 65.75 100.00 54.50
show 55.596 56.10 52.65 53.23 57.20 64.50 100.00

Etl_B5
Etl_B5_sqgrt
Et1_B5_smooth
Etl1_B5_baseline
Et2-99_BS

Ref_Etl_99-ohne calibrate
E. piri IVIA2055_2a_C5

Et1_BS

Et1_B5_sqrt

Etl1_B5_smooth

Et1_B5_baseline

Et2-99_BS8

Ref_Etl_99-ohne calibrate

E. piri IVIA2055_2a_C5

show 100.00 100.00 71.83 67.30 72.37 59.36 64.15
show 80.07 100.00 62.49 58.14 63.29 53.57 58.14
show 89.11 96.82 100.00 89.91 76.71 64.53 65.80
show 89.64 96.71 96.53 100.00 78.39 67.02 68.28
show 79.10 86.40 67.59 64.34 100.00 69.16 68.04
show 58.47 65.90 S5l.24 49.57 62.33 100.00 73.47
show 47.768 54.08 35.49 38.17 46.35 55.53 100.00

Institute for Plant Protection in Fruit Crops and Viticulture, Dossenheim/Siebeldingen
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Online database and analysis

Ref-E piriflorinigrans
SVS3967

Up Down Remove

Ref-E piriflorinigrans
IVIA2056

Up Cown Remove
I Ref Et1 99-ohne calibrate
I Up Down Remove

Julius Kiihn-Institut
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- .LL -

[o 1’5000 1 | 10000 1 [ | 1'150001 | 1 | 120000 |
oAb IAL Al b

[a 15000 1 ] | 10000 | [ 1 1150001 i ] | 120000 |
--‘._._ il

[ 1’5000 1 ] | 10000 | [ | 1'15000 1 | ] | 120000 |
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Online database and analysis LjKi
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Line spectrum

Show as | peak spectrum - no noise ¥
virtual intersect spectrum, txt, download)

Ref-E piriflorinigrans
IVIA2055
Up Down Remove ‘ ‘
i ||I|‘ L I“ III|| Iy o0
[ T [ T i 15000 1 ] i [ 10000 T [ T 1150001 i 1 i 120000 |
Ref-E piriflorinigrans
SV53958
I Up Down Remaove
I 1 1y Ih ...|| 1.
[ T [ T i 15000 1 ] i [ 10000 T [ 1 115000 1 i 1 i 120000 |
Ref-E piriflorinigrans
SVS3967
Up Down Remove | l | V
{SLAFA Jl‘ il g, Ij| il
[@ T [ T [ 5000 1 ] i [ 10000 T [ 1 1150001 i 1 0 T20000 1
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How to “free” your spectra???

-> open source in R

MALDIquant and MALDIquantForeign

APPLICATIONS NOTE * 5.5 oesomimommtiaeiei?

Genome analysis

Advance Access publication July 12, 2012

MALDIquant: a versatile R package for the analysis of mass

spectrometry data
Sebastian Gibb™ and Korbinian Strimmer

Institute for Medical Informatics, Statistics and Epidemioclogy (IMISE), University of Leipzig, Hartelstr. 16-18, 04107

Leipzig, Gemrmany

Associate Editor: Alex Bateman

ABSTRACT

Summary: MALDIquant is an R package providing a complete and
modular analysis pipeline for quantitative analysis of mass spectro-
metry data. MALDIquant is specifically designed with application in
clinical diagnostics in mind and implements sophisticated routines for
importing raw data, preprocessing, non-linear peak alignment and
calibration. It also handles technical replicates as well as spectra
with uneqgual resolution.

Availability: MALDIguant and its associated R packages
readBrukerFlexData and readMz¥mlData are freely available
from the R archive CRAN (http://cran.r-project.org). The software is
distributed under the GNU General Public License (version 3 or later)
and is accompanied by example files and data. Additional documen-
tation is available from http://strimmerlab.org/software/maldiguant/.
Contact: mail@sebastiangibb.de

Received on June 6, 2012; revised on July 5, 2012; accepted on
July 9, 2012

In particular, it implements a sophisticated non-linear peak
alignment algorithm (He er al., 2011: Wang er al, 2010) as
well as a calibration procedure for normalization of peak inten-
sities across spectra that are modeled on a related method for
sequence count data (Anders and Huber. 2010). In addition.
MAIDIquant allows to analyze technical replicates and spectra
with unequal resolution. a crucial feature in clinical mass spec-
trometry where spectra from multiple sources need to be
compared.

3 DETAILS ON ALGORITHMS

An example workflow for mass spectrometry analysis using
MaIDIguant is depicted in Fig. 1. starting with a raw unpro-
cessed MALDI spectrum (A), followed by smoothing, baseline
correction and peak detection (B). local alignment of peaks
across spectra by warping (C—-E) and merging and visualization
(F). In the following, we briefly provide some background on the
respective algorithms.

Institute for Plant Protection in Fruit Crops and Viticulture, Dossenheim/Siebeldingen
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How to “free” your spectra???

@
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Datei Bearbeiten Ansehen Verschiedenes Pakete Windows Hilfe
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R wersion 3.0.3

(2014-03-06) -- "Warm Puppy"™
Copyright (C) 2014 The R Foundation for Statistical Computing
PFlatform: i386-we4-mingw32/i386 (32-bit)

R ist freie Software und kommt OHNE JEGLICHE GARAMTIE.
Sie sind eingeladen, es unter bestimmten Bedingungen weiter zu verbreiten.
Tippen Sie 'license() ' or "licence ()" fir Details dazu.

R ist ein Gemeinschaftsprojekt mit vielen Beitragenden.

Tippen Sie 'contributors ()" fir mehr Information und 'citation()',

um zu erfahren, wie R oder R packages in Publikationen zitiert werden k&nnen.
Tippen Sie 'demo()' fiir einige Demns, '"help()' fir on-line Hilfe, oder
'help.=start ()" fiir eine HTML Erowserschnittstelle zur Hilfe.

Tippen Sie 'g()', um R zu wverlassen.

[Vorher gesicherter Workspace wiederhergestellt]
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Freeware for analysis:
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1: raw 2: variance stabilization 3: smoothing
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4: baseline correction 5: peak detection 6: peak plot
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Freeware for analysis:

unwarped spectra (mass 4180:4240 Da)
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warped spectra (mass 4180:4240 Da)
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Export to *.csv:
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A B
mass "intensity"
2000.05830711451 733
2000.38189048151 665
2000.7054999718 728
2001.02913558491 727
2001.35279732128 746
2001.67648518132 717
2002.00019916415 759
2002.3239392702 760
2002.64770549945 715
2002.97149785189 737
2003.29531632751 676
2003.61916092629 671
2003.94303164823 689
2004.26692849288 709
2004.59085146108 646
2004.91480055197 701
2005.2387757664 687
2005.56277710349 702
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PHYTFIRE user group and database?
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