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Prof. Ing. Pavel Rv8anek, CSc.

Proé jsou primery dle Drier et al. (1995) oznacovdny jako komercni?

Tento termin byl pievzat od Ing. Blanky Kokoskové, CSc., kterd uvedené primery timto
zptisobem nazyva ve svych publikacich predevsim kvili zj ednoduSeni a lep$i orientaci v textu
a tabulkach.

Metoda PCR je pro detekci Cmm opakované oznacovdna jako nejcitlivéjsi. Ani v komentdFi,
ale ani v %ddné 7 relevantnich pFiloh (2, 5, 7, ptip. 4) jsem se vSak nedozvédél jeji konkrétni
detekcni limit. Jaky je?

V publikacich je &asto uvadéno, ze pomoci PCR je teoreticky mozné detekovat az jednotlivé
molekuly DNA. V publikacich zam&fenych na detekei bakterii v praxi, byva uvadén detekeni
limit v rozmezi pfiblizné 10° - 10° CFU/ml. V nasich publikacich nebyl detekéni limit PCR
zjistovan zejména kvili sloZitosti kvantifikace patogena v rostlinném materialu, ktery byl
pouZzivan. Regenim by mohlo byt pouziti real-time PCR.

Vysledky 7 odstavce komentdife 4.3. a pFiloh 2, 5 a 7 mi nesedi, pokud jde o detekci Cmm z
listir. Zatimco v piilohdch 2 a 5 se tvrdi, fe Cmm byl detekovdn v listech pouze PCR a
#ddnou jinou metodou, v priloze 7 a v komentdFi najednou PCR vychdzi ve srovadni s
imunologickymi metodami jako nejhorsi. Piitom se zdd, Ze se jednd o tytéZ vysledky s 10
tyckovymi odritdami rajcat. I kdyby tomu tak ndhodou nebylo, tim spiSe by si tento rozpor
zaslouzil diskusi. Prosim o vysvétleni. Byla vidy pouZita tatdf &dst rostliny ke vSem testiim?
Z metodiky pFiloh to jasné nevyplyvd.

V publikaci v piiloze 7 byly pouZity vzorky ziskané o 1 rok pozd&ji nez vzorky pouzité
v publikacich v pfilohdch 2 a 5. Vysledky PCR provadéné v nasi laboratofi se lidi o jeden
vzorek (2 pozitivni vzorky v ptiloze 7 a 1 pozitivni vzorek v pfilohdch 2 a 5). Zde tedy neni
ve vysledcich zasadni rozpor. V publikaci v piiloze 7 viak bylo zaznamenano mnohem vice
pozitivnich vysledkd s pouzitim imunologickych metod, nez tomu bylo v publikacich
v prilohach 2 a 5. Domnivam se, Ze pfi¢inou mohlo byt pouziti monoklonalnich protilatek
namisto polyklonalnich u nékterych metod. Pfesnd pficina je pfedmétem zkouméani laboratofe
diagnostiky a epidemiologie mikroorganismil, kde byly vSechny imunologicke testy
provadeény.

V piiloze 7 je vySe uvedend nejhorsi spolehlivost PCR pfi detekci Cmm listit vysvétlovana
jako mozny disledek prebytku hostitelské DNA. Proc by toto neplatilo u Fapiki Ci stonku?
V popisu experimentii se uvddi, Ze okraje listii uZ byly nekrotizované. Neni to spise
pFitomnosti moinych inhibitorii, pFipadné nesprdvné zvolené metody extrakce DNA ? Mame
zkuSenosti s kity Qiagen na extrakci RNA. Pro nékteré ucely funguji vyborné, nékdy viak
zcela selhdvaji. Pokud PCR byla soucasné nejcitlivéjsi, nebylo by FeSenim poufiti
ZFedénéjsiho vzorku? Tim by se zFedily i pFipadné inhibitory. Vhodné je také pouZiti interni
kontroly.

Nizk4 uspesnost detekce patogena v listech napadenych rostlin je pfedmétem naSeho dalsiho
zkoumani. MozZna piitomnost inhibitori by tento jev velmi dobfe vysvétlovala. DalSim



moznym faktorem ovliviiujicim detekovatelnost patogena v listech by mohl byt zptsob Sifeni
patogena cévnimi svazky rostliny. Nizka Gspésnost detekce patogena v listech rostliny by pak
byla nasledkem odlisné morfologické stavby listu.

Jako posledni cil price je uvedeno vytvoieni bakteridlni sbirky z ovéfenych kmenit. V
komentd¥i ani v zdvérech (a pravdépodobné ani v piilohdch — ty jsem vSak necetl aZ tak
ditkladné vzhledem k tomu, e uz byly i jsou recenzoviny) neni o této sbirce ani slovo. Byl
tento cil splnén?

Sbirka ovéfenych bakterialnich kmenii byla vytvafena pribézne zaoCkovanim do
kryozkumavek a zamraZenim pii -70 °C. Tato informace se v zavérech prace opravdu
nevyskytuje.

Dr. Ing. Jana Franova

Kterou ze studovanych bakteridlnich chorob povaZujete za nejzivainéisi a proc¢? Jaké jiné
bakteridlni patogeny se mohou na rostlindch rajcete vyskytnout?

wewr

Za nejzavaznéjsi ze studovanych bakterialnich chorob povazuji bakteridlni vadnuti rajcete
zpusobené Clavibacter michiganensis subsp. michiganensis. Tato bakterie je karanténni a dle
dostupnych dat zptisobuje celosvétové nejvetsi Skody.

Na rostlinach rajéete se mohou rovnéz vyskytovat nasledujici bakteridlni patogeny: Ralstonia
solanacearum, Erwinia carotovora subsp. carotovora, Pseudomonas corrugata a
Pseudomonas syringae pv. syringae

Proé byla v publikaci ,,A microarray for screening the variability of 1 6S-23S rRNA internal
transcribed spacer in Pseudomonas syringae*“ pouZita metoda DNA mikrocipu?

Jedna se o moderni molekularné biologickou metodu, diky které bylo mozné rychle ziskat
potiebna data pii relativné nizkych nakladech. Velkou vyhodou byla v tomto piipadé moznost
identifikace jednotlivych variant ITS v jednom kroku.

Pro¢ byla vybrdna pravé bakterie Xanthomonas vesicatoria pro navrieni specifickych
primeru?

Primery pro detekci této bakterie nebyly dosud publikovany. Jejich vyuzitim tak lze detekovat
dalsi z nékolika druht bakterii rodu Xanthomonas zpisobujici bakteridlni skvrnitost rajcete,
ktery dosud nebylo mozné zjistit pomoci PCR.

Je zndmo, jaké priznaky &i Skody zpiisobuje bakterie Clavibacter michiganensis subsp.
michiganensis na jinych rostlinich neZ na rajéeti? Napi. na dalSich rostlinach rodu
Lycopersicum a Solanum, ddle nap¥. u fazolu, hrachu, kukufice, pSenice, jecmene, Zita,
ovsa, slunecnice, okurky?

Hlavnim hostitelem Clavibacter michiganensis subsp. michiganensis je rajCe, kde patogen
zplsobuje bakterialni vadnuti. Na ostatnich rostlinach se patogen vyskytuje zfidka, ptipadné
po provedeni umélé infekce. Zpisobené piiznaky (pokud se projevi) vSak vétSinou
koresponduji s ptiznaky na rajceti.



Na str. 29, kap. 4.3. ,,Spolehlivost detekce Clavibacter michiganensis subsp. michiganensis*
doktorand uvddi: ,Metodami PTA-ELISA, DAS-ELISA a IIF byl patogen detekovdn jen ve
30 - 70% piipadii a pomoci PCR byl patogen detekovin pouze ve 20% pripadi.“ Zde je
pFekvapivé, Ze detekce pomoci PCR md vyrazné niZsi citlivost nez metody sérologické. Je
tato situace u bakterii bénd? Jak si ji vysvétlujete? Je béiné nebo nebylo by vhodné napf.
poufziti nested PCR pro zvySeni citlivosti detekce této karanténni bakterie?

Na tuto otazku bylo &asteéné odpovézeno ve tieti a tvrté otdzce od pana Prof. Pavla RySanka
Pouziti nested PCR je dobrym namétem pro dalsi pokusy.

V kapitole 7 — ,,Obrizky* jsou demonstrovdny ukdzkové pFiznaky, které sledované bakterie
na rostlindch rajcete vyvoldvaji. Je zde pFesné uveden i odkaz, odkud Jednotlivé origindly
fotografii pochdzeji. Zajimalo by mne, zda md doktorand i fotodokumentaci studovanych
bakteridlnich onemocnéni pochdzejicich 7 vizemi Ceské republiky. Pokud ano, prosim o
ukdzku téchto priznakovych rostlin pfi obhajobé prdce.

Vybeér fotografii bude promitnut po piednesené obhajobé prace a je uveden v Priloze 1.

Prestoie jsou v kapitole Ostatni Cinnost vyjmenovdiny pFispévky na konferencich,
doporucuji do disertace dodatecné prilofit kopie jednotlivych abstraktii ze sbornikii
konferenci. Zde by mne zajimalo, kterd sdéleni byla prezentovina Sformou ustniho
vystoupeni a kterd jako plakdtovd sdélent, popf. zda viechny Ci které pFispévky prezentoval
na konferencich doktorand osobné.

Abstrakty z konferenci a ostatni informace jsou uvedeny v Pfiloze 2.

V divodnich, cesky psanych kapitoldch doporuéuji pFi citaci piivodnich literdrnich zdroju
pouZivat zkratku... ,,a kol.“, nikoli ,et al.“, dile misto anglické zkratky ,bp* (base pairs)
poutivat zkratku Eeskou ,pb*“ (pdrit bazi) a v celé prdci se vyhnout drobnym preklepim.
Prosim o objasnéni: Na str. 29 je pouZivina zkratka IIF i IF, ziejmé se vSak jednd o jednu
a tutés zkratku pro imunofluorescencni metodu pro detekci bakterii, kterd je v3ak na str. 24
popisovina a oznacena jako IFA (Immunofluorescence Assay). Kterd zkratka je spravnd a
pro¢ doktorand nepouZivd zkratku jednotlivé v celé prici, nebo se jednd o rozdilné metody?

wrwe

Pouzivani zkratek cizojazyéného plivodu bylo zapfi¢inéno jejich b€Znym pouzivanim ve
védeckych publikacich Eeskych i cizojazyénych a souhlasim, Ze v Cesky psané disertacni praci
by bylo lepsi pouZivat zkratky ¢eského pivodu. Zkratka IIF pouzita v textu, ktery komentuje
ziskané vysledky, oznaGuje nepiimou fluorescenci (indirect immunofluorescence), coZ je
jedna z moZnych variant imunofluorescenénich metod (immunofluorescence assay - IFA).
Zkratka IF je pak pouZita v nizvu jedné z publikaci a rovnéZ je pouzita jako obecné oznaceni
imunofluorescentni metody.



Ine. Jan Fousek, Ph.D.

Uvazovali jste vzhledem ke zmifiované vysoké homologii genu atpD u xanthomondd pFi
vpbéru vhodné oblasti pro specifickou detekci o jiném genu?

Bylo uvazovéno i o nékterych dalSich genech (napf. dnak. gyrB, rpoB, 168). Diky velkému
mnozstvi a dostupnosti informaci a DNA sekvenci byl vSak vybran gen aipD.

Co bylo podle Vis nejcastéjsi pFicinou vzniku infekce bakteridglniho vadnuti rajcete u
postifenych porostii ?

Domnivam se, Ze pii¢inou infekce mohla byt infikovana sadba, pfenos znakazenych
posklizitovych zbytki & n&aky zpusob mechanického pfenosu. Pfenos semeny byva
v literatufe uvadén jako nejéastéjsi zdroj nakazy i kdyZ napf. Prof. Kldela uvadi, Ze cetnost
nakaZenych semen zpravidla neptekraduje 1 %. Nicméné vzhledem k tomu, Ze jsem nebyl
osobné piitomen pii sbéru vzork{, nemohu tuto domnénku nijak podloZit.

Ové¥ovala se schopnost prefiti bakterie Cmm na semenech kultivacnim testem, myslena
kultivace bakterii?

Kultivaéni test provadén byl, vysledky jsou viak zatim jen velmi pfedbézné.



Piiloha 1 — Fotografie piiznakt bakterialniho vadnuti rajcete pofizené v nasi laboratori

. ﬂ¢

Rostlina rajéete napadena bakterii Clavibacter michiganensis subsp. michiganensis (vlevo) a
zdrava kontrola (vpravo).

-

nensis subsp. michiganensis.



List raj¢ete napadeny Clavibacter michiganensis subsp. michiganensis



Priloha 2 — Abstrakty z konferenci

BERAN P., FOUSEK J., MRAZ 1., KOKOSKOVA B.: Determination of genetic
variability among Pseudomonas syringae pathovars by rep - PCR and PFGE. Proceedings of
the XVIITth Czech and Slovak Plant Protection Conference, Brno, September 2 - 4, 2009: 44.
(ustni prezentace, osobné)

We analyzed 15 different pathovars of Pseudomionas syringae to determine genetic vari-
ability through this taxon. Two molecular methods were selected for their ability to dis-
criminate even closely related specimen.

Repetitive sequence based PCR method (further rep-PCR) generates genelic pattern
by amplification of region between adjacent dispersed repetitive sequences vccurring in
prokaryotic genomes. Three sets of primers BOX, ERIC and REP primers were used for
amplification of genomic DNA and produced pathovar specific profiles,

Macrorestriction of genomic DNA and pulse-field gel electrophoresis (further PFGE)
tests perform restriction analysis of intact bacterial DNA. Chromosome is imprisoned
during purification and cleaving in agarose plug to avoid mechanical shearing. Subse-
quent electrophoretic separation runs under specific conditions. We used Mssl restric-
tion enzyme (Fermentas) to produce fingerprints from all used pathovars.

Rep-PCR patterns and PFGE fingerprints were transtormed into Gene Jools suftware
(Syngene), where image processing and cluster analysis using UPGMA aigorthm were
done. Ali results were presented as a dendrogram. Vanability rate depended op both, the
used genotyping methed and the primer pair in rep-PCR.

The work was supported by the Grant Agency of the Uzech Republic. grant no, 52200
P338, Grant Agency of the Academy of Sciences of the Czech Republic, granis no.
1 Q8500510558 and no. AVOZ50510513 and by the Minustry of Agriculture of the Czech
Republic, grant no, 0002700604,

BERAN P., MRAZ 1., LENZ O., FOUSEK J.: Screening of variability in 16S-23S rRNA
spacer among pathovars of Pseudomonas syringae using microarray technique. Proceedings
of the 12th International Conference on Plant Pathogenic Bacteria, Saint-Denis, Ile de la
Réunion, France, June 7-11, 2010: 39. (Gstni prezentace, osobn¢)

Pseudomonas syringae is common grammnegative bacterium that can be found both as a
harmless commensal on leaf surfaces and as an important plant pathogen that causes a variety
of blights, cankers, speck, and spot diseases in many important agricultural crops.
Aproximatelly 50 different pathovars of this species can be distinguished today according to
pathogenicity on plants and phenotypic characteristic (Ktdela et al., 2002).

The rRNA operon (rrn) is composed of 3 rRNA genes and two internal transcribed spacers
(ITS), usually in the order 16S rRNA — ITS1 — 23S rRNA — ITS2 — 5S rRNA. At the
subspecies level, only ITS1 region has been reported as a suitable strain or pathovar marker.



This region consists of species conserved domains, usually containing two tRNA genes, and
hypervariable DNA segments, which could allow the strain characterisation. Nevertheless,
there are multiple rrn operons within P. syringae genome, and strains possessing different
copies of the ITS1 region per genome have been described. This intragenomic heterogenity
(mosaicism) is brought about by different combinations of hypervariable segments, possibly
resulting from recombination and horizontal transfer (Milyutina et al., 2004). Similar
mosaicism within ITS1 has been found in the other bacteria and may significantly skew the
diversity estimates and phylogenetic relationships inferred using rrn operon sequences. This
may influence correct typing of many substantial pathogenes and knowledge about its exact
configuration in particular genome is therefore essential.

In order to have a simple method revealing such a variability in P. syringae, an
oligonucleotide microarray targeting different configurations of ITS was developed. The
principle of microarrays is the selective hybridization of sequences from the sample (targets),
to the specific capture probes printed onto a solid support (microarray). The main advantage
of the method is the possibility to detect different sequences in parallel. Fluorescent-based
microarrays were chosen as the platform with the highest sensitivity (Lenz et al., 2008).

The aim of the study was a) to develop an oligonucleotide microarray targeting hypervariable
regions of ITS1 of P. syringae, b) to test its usability for screening multiple variants presented
in some strains, and ¢) to assess its potential in differentiation of the genomovars or pathovars
of P. syringae. The results presented contribute also to the generall knowledge about
intragenomic heterogenity in P. syringae and implies constraints for the other methods
analysing ITS1.

Testing of the microarray revealed five distinct sequence variants and presence of at least two
different copies of ITS within some of the genomes of P. syringae. The resulting constraints
in determination of pathotype phylogenetic relatedness of pathogen are discussed.

1. Kudela V., et al. 2002. Roslinolékafska bakteriologie. 347p
2. Milyutina I. A., et al. 2004. FEMS Microbiol. Lett. 239: 17-23
3. Lenz O., et al. 2008. J. Virol. Methods. 148: 96-105

BERAN P., MRAZ I, LENZ O., KOKOSKOVA B.: Detection of important pathogenic
bacteria on tomato and pepper using microarray technique. Proceedings of the 12th
International Conference on Plant Pathogenic Bacteria, Saint-Denis, Ile de la Réunion,
France, June 7-11, 2010: 55. (poster, osobn¢)

Plant diseases caused by bacteria are factors in tomato (Solanum lycopersicum L.) production
throughout the world. To the most important pathogenes belong Xanthomonas vesicatoria, X.
campestris pv. vesicatoria, Pseudomonas syringae pv. tomato, Clavibacter michiganensis
subsp. michiganensis and Ralstonia solanacearum causing various bacterial spots, specks,
wilts and cankers of tomato plants. Mentioned pathogens except P. syringae pv. tomato can
also infect pepper (Capsicum annuum L.). Traditional detection methods like agar plating and
pathogenicity tests are time-consuming and labour-intensive (1), and the method for the fast
and reliable detection of these pathgenes is helpful, therefore.

The aim of the study presented is to develop an oligonucleotide microarray for identification
of mentioned pathogens. The principle of microarrays is hybridization of sequences from the
sample labelled fluorescently (targets) to the specific capture anchored to a solid support. The
main advantage of the method is the possibility to detect many different sequences in parallel.
Based on alignment of sequences retrieved from GeneBank (NCBI), oligonucleotide probes
targeting variable 16S ribosomal RNA and adjacent internal transcribed spacer (ITS1) of



above mentioned pathogens were designed and spotted onto microarray. Selected bacterial
regions were amplified in PCR using universal primers, hybridized onto microarray and the
first results of the study are presented.

This work was supported by the Ministry of Agriculture of the Czech Republic, grant No.
QH71229, by the Grant Agency of the Academy of Sciences of the Czech Republic, grant No.
AV0Z750510513 and by the Czech Science Foundation, grant No. 521/08/H042.

1. Veena M. S. and van Vuurde J. W. L. 2002. J. Microbiol. Meth. 49: 11-17

FOUSEK J., BERAN P., MRAZ 1., KOKOSKOVA B: Coronatin, syringomycin and
tabtoxin gene distribution in bacterial population and pathovars of Pseudomonas syringae.
Proceedings of the XVIIIth Czech and Slovak Plant Protection Conference, Brno, September
2 - 4,2009: 47. (poster, osobng)

We tested 15 different pathovars (further pv.) and 29 field isolates of Pseudomonas sy-
ringae for presence of three bacterial toxin genes. Standard PCR technique, dot-blot hy-
bridization, $-blot hybridization and sequencing were used. PCR was performed with
several primer pairs to produce amplicons for each toxin gene. Amplification products
of appropriate size were purified sequenced and than non-radioactively labelled probe
for subsequent hybridization screening was done. To discover detaited focalization on
genomic fragment we used s-bloting applied on fingerprints from mactorestriction of
intact genome DNA separated by pulse field gel electrophoresis (PFGE}.

Coronatine gene was amplified by PCR in pv. glycinea. pv. tomate and pv. ulmi, sv-
ringomycin gene was found n pv.coronafaciens, pv. syringae and in one of neld 1solates
Tabtoxin gene was detected only in pv. tabaci. These results confirmed previous works
except of occurrence of coronatine in pv. ulmi and syringomycin in pv. coronafaciens.

Hybridization tests are in accordance with above mentioned PCR analysis. The only
one exception is positive signal with pv. atrofaciens when probe against coronatine genc
was used. Localization of genes on chromosome is still in process.

Sequencing did not discover any differences in the same genes between pathovass,

The work was supported by the Grant Agency of the Czech Republic, grant no. 522/07/
P338, Grant Agency of the Academy of Sciences of the Czech Republic, grants nc
1Q5500510558 and no. AVOZ50510513 and by the Ministry of Agriculture of the Czech
Republic, grant no. 6002700604.



KOKOSKOVA B., MRAZ 1., POUVOVA D., BERAN P.: The survey of bacterial canker
of tomato in Czech Republic and detection reliability of Clavibacter michiganensis subsp.
michiganensis from tomato plants using various diagnostic techniques. Eucarpia Tomato
2011. Abstracts of the XVII Eucarpia Meeting, Section Vegetables, Working Group Tomato.
Malaga, Spain, 11-14 April, 2011: 29. (poster, Ing. Blanka Kokogkova, CSc.)

Clavibacter michiganensis subsp. michiganensis [[SMITH) DAVIS et al] [{mm
the causal agent of bacterial canker of tomato, is a quarantine bacterium
causing serious losses to both greenhouse and field tomato crops [1]. The
pathogen is present in most tomato production areas, including the EPPO
region {2]. Based on the surveys of disease in 22 locaiities over 2010
vegetation season, Cmm was found in & localities of the South and the
Central Moravia and the Central Bohemia in total on indeterminate
tomatoes planted in greenhouse and field conditions. Altogether 113
symptomatic tomato samples (bases, stems peticles and leaves) weare
tested using immunochemical (ELISA, IF} and molecular (PCR} techniues
2010, from which 68 % were positive samples. in immunochemical tests, we
used commercial polyclonal {PAbs) and monoclonal (MAbs} antibodies of
Agdia, Inc. {USA) and PAbs of Neogen Europe Ltd. (UK) companies for DAS
FLISA, Indirect ELISA, PTA-ELISA and UF. Using UF and ELISA, we reliably
detected Cmm to dilution 1:1000 and 1:100 respectively. In general, all
three types of ELISA techniques are considered to be suitable for screening
tomato tests. However, based on our results, Indirect ELISA using MAD was
more sensitive than PTA-ELISA using PAb. The most sensitive technique was
optimized PCR with published [3] and also laboratory-generated PCR
primers from the Cmm tomatinase gene [4]. The pathogen was more
reliably detected from bases, stems and petioles than ieaves of infected
tomato plants. The results obtained from PCR with both commercial and our
own primer sets were comparable,
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Bacterial canker of tomato, caused by bacterium Clavibacter michiganensis subsp.
michiganensis (Cmm) is a well-known disease resulting in serious losses to both greenhouse
and field tomato crops in areas where tomatoes are planted. Cmm was detected and isolated
from various parts of strongly infected plants of 10 indeterminate tomato cultivars. The most
sensitive technique was optimized PCR with Dreier’s and laboratory-generated PCR primers
from the Cmm tomatinase gene. All samples taken from base, stem and petiole of tomato
plants were positive in PCR with both primer pairs, and also using 1IF and PTA-ELISA in
contrast to the samples taken from leaves. Using IIF and PTA-ELISA with PAbs of Neogen



Europe Ltd. (UK), Cmm was reliably detected to dilution 1:1000 and 1:100 respectively.
Seeds of 4 indeterminate and 4 determinate cultivars were consecutively artificially infected
by the mixture of the two reference Cmm strains (BCCM/LMG 7333 and 5727) soaking 48
hours in inoculum (10 CFU/ml). Isolation of bacterial DNA from crushed seeds was
performed by DNeasy Plant Mini Kit (Qiagen) according to the manufacturer’s protocol with
subsequent PCR with two primer sets (Dreier’s and own pairs) about 24 hours, one week and
one month after inoculation. Detection of Cmm by PCR with both commercial and our own
primer sets was comparable.



