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Souhrn

Rake jedlé [Lycopersicum esculentyne dilezitd zemddélska plodina. S rozBvanim
rajcete vSak dochazi i k rox8vani patogein jejichz wasna detekce a identifikace hraje
dulezitou roli v jejich kontrole. Tato doktorska dit&ni prace je souhrnem originalnich
praci, které popisuji vysledky dosazené na poliektst a identifikace fit hlavnich
bakterialnich patogéinrajcete -Pseudomonas syringge. tomatq Xanthomonas vesicatoria
a Clavibacter michiganensisubspmichiganensis pomoci molekularabiologickych metod.

Prvni publikovana prace s nazvem ,A microarraydoreening the variability of 16S-23S
rRNA internal transcribed spacerfseudomonas syringase zabyva problematikou detekce
patovati Pseudomonas syringa¥ ramci této prace byl sestrojen DN#p, diky kterému je
mozné rozpoznatizné konfigurace ITS1 vyskytujici se v rRNA operoliky nému byla
prokazana intragenomova variabilita ITS1, vyskyufie u gkolika patovaii Pseudomonas
syringae Vysledky ziskané pomoci mikiipu zpochyliuji pouzivani analyzy rRNA pro
identifikaci bakterialnich kmena patovai.

V rédmci této diserténi prace byly vyvinuty PCR primery pro detekci katénni bakterie
Xanthomonas vesicatori®ar primelt XV1F a XV1R byl navrzen na zakladNA sekvence
genuatpD tak, aby byl specificky pouze pro detekcivesicatoria Speciftnost primed byla
testovana na rozsahlém souboru bakterii patogenpiohrage (Wetrg xanthomonad).
Dodrzenim popsaného protokolu Ize rychle a spoléhdlentifikovat bakteriiX. vesicatoria
Dle dostupnych informaci se jedna o prvni dvojicinfeni, detekujici specificky pouze
bakterialni drutX. vesicatoria

NejvysSi pdet publikovanych praci se zabyvalznymi aspekty detekce a identifikace
bakterieClavibacter michiganensisubspmichiganensisVzajemr bylo srovnavano gkolik
imunologickych a molekulagn biologickych metod detekce. Porovnavana byla také
spolehlivost detekc€. michiganensisubspmichiganensigz rniznych rostlinnychtasti. Dale
byl proveden plosny jekum vyskytu C. michiganensissubsp. michiganensisve 22
lokalitach vCeské republice a v neposledai® byla prokdzana schopnost tohoto patogena
piezivat velmi dlouhou dobu na semenechats.

Poznatky ziskanéfpreSeni problematiky této doktorské disénigprace jsou vyuzitelné v
oblasti ochrany rostlin, rowdd pak i pro kontrolu roz&ni zkoumanych patog&rspravnimi

Urady pro rostlinolékiskou péi.



Summary

Tomato (ycopersicum esculentyns an important agricultural crop. Most of theniato
pathogens are however disseminated with it. Thezedarly detection and identification of
the pathogens is vital for their control. This dwet thesis is a summary of original papers
that describe the results obtained in the fieldletfection and identification of three major
bacterial pathogens of tomatdseudomonas syringge. tomato, Xanthomonas vesicatoria
andClavibacter michiganenssubsp michiganensis using methods of molecular biology.

The work published entitled “A microarray for saneeg the variability of 16S-23S rRNA
internal transcribed spacer ifPseudomonas syringaedeals with the detection of
Pseudomonas syringgeathovars. In this work the DNA microarray thatnties various
configurations of ITS1 (within rRNA operon) was structed. Using the microarray it was
proven that intragenomic variability of ITS1 occursseveral pathovars d?Pseudomonas
syrigae The findings presented in the study challenge ubimg of rRNA analysis for
pathovar and strain determination.

As part of this thesis PCR primers for detectionqofrantine bacteriunrXanthomonas
vesicatoriawere developed. The primer pair XV1F and XV1R wasigned based on DNA
sequence ohtpD gene, in order to be specific for detectiorXofvesicatoriaonly. Specificity
of the primers was tested on a large set of bactpathogenic for tomato (including
xanthomonads). Following the described protocol Xhevesicatoriacan be rapidly and
reliably identified. According to available informnan, this is the first primer pair which
allows specific detection of. vesicatoria

The highest number of published papers dealt wahous aspects of detection and
identification of bacterium Clavibacter michiganensissubsp michiganensis Several
immunological and molecular biological detectionthogls have been mutually compared.
Reliability of detection ofC. michiganensisubsp michiganensigrom various plant parts has
also been compared. Another part of the work wa®esing of occurrence oC.
michiganensisubsp michiganensisn 22 localities of the Czech Republic and abibfythe
pathogen to survive on tomato seeds for long peidone was demonstrated.

The findings acquired during the work on this doakdhesis are useful in the field of

plant protection, or for control of the examinedhmgens by phytosanitary services.
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1. Uvod

Raie jedlé [ycopersicum esculentunMill.,, resp. Solanum lycopersicum..) je
(z botanického hlediska) ovoce pochazejici z Mnériky. Se Spatiskou kolonizaci se vSak
rajce rozsfilo po celém sd¥te¢ a Bzné se dnes §stuje i ve sklenicich v zemich mirného
klimatu.

Spolu s rozgovanim porost rajéat vSak také nezadrzitélrdochazi k roz$ovani jejich
patogeri. Krome ¢etnych onemoami houbového a virovéhaipodu, jsou rajata napadana
nékolika bakterialnimi patogeny. Mezi ¢n pati: Clavibacter michiganensissubsp.
michiganensigorrig. (Smith 1910) Davis et al. 1984 {®pbujici bakterialni vadnuti tagte),
Pseudomonas syringgav. tomato (Okabe 1933) Young, Dye & Wilkie 1978 (bakterialni
teckovitost rafete), Ralstonia solanacearurtSmith 1896) Yabuuchi et al. 1996 (baterialni
hnéda hniloba),Pseudomonas corrugaf@oberts and Scarlett 1981 emend. Sutra et al. 1997
(stonkova nekroza idrg), Pectobacterium carotovorum(Jones 1901) Waldee 1945
(Approved Lists 1980) emend. Gardan et al. 2008kké& hniloba) a #&kolik druhi rodu
Xanthomona®owson 1939 (Approved Lists 1980) emend. Vautetiml. 1995 (bakterialni
skvrnitost rajete).

Ochrana poroét napadenych bakterialni chorobou je velmi kompl&o& acasto ma
nizkou &innost a proto je zakladnimigmpokladem pro §stovani rajat zdravé osivo. Pro
kontrolu zmignych patoget je velmi dilezitd spravna adasna detekce a identifikace.
Tradiéni detekni metody jako kultivace na agaru nebo test paibgemohdy byvajicasow
narané a pracné. Je prot@asto vyhodné pouzivat molekuldrbiologické metody (nap
PCR, dot blot hybridizace, sekvenovani, microaajay

Cilem této doktorské disettai prace byl vyvoj a optimalizace molekulénmiologickych
metod pro detekci nejvyznarjBich bakteridlnich patogénrajcete — tedyClavibacter
michiganensissubsp. michiganensis, Pseudomonas syringae tomato a bakterii rodu

Xanthomonagteré zgisobuji v ramci celosstové produkce zrimeé ztraty.
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2. Hypotézy a cile prace

Na zakladé dostupnych dat byly navrzeny nasledujici hypotézy:

DNA sekvence ITS1 vyskytujici se v operonu pro worRNA se nizZe liSit v ramci
jednotlivych patovar Pseudomonas syringae.

V ramci jediného genomBseudomonas syringae mohou DNA sekvence ITS1 liSit
a zpisobovat tak negsnosti pi detekci patogena.

Genomy jednotlivych zkoumanych bakterialnich pamdgebsahuji unikatni sekvence
DNA, diky nimZ je moZné tyto patogeny spoleblidetekovat s pouzitim metod
molekulani biologie.

Razné dete&ni postupy vykazujitiznou citlivost pi detekci bakterialnich patogén
Bakterialni patogeny jsou v rostlinach dete nerovnorrné rozmistny, coz nize
ovlivnit vysledky jejich detekce.

Clavibacter michiganenisubsp.michiganensisniZze v semenech kgte ezivat po

velmi dlouhou dobu.

Cile prace:

NavrZzeni mikrgipt pro identifikaci fiznych variant ITS1 a otestovani dostupnych
patovafi Pseudomonas syringae.

Owereni vysledk mikrocipt pomoci sekvenovani.

Navrzeni a otestovani primiepro specifickou detekefanthomonas vesicatoriaiky
nimz bude mozné tuto bakterii odliSit od ostatnkanthomonad patogennich pro
rajce.

Detekce Clavibacter michiganenissubsp. michiganensisz miznych ¢asti rostliny
pomoci rkkolika molekularg biologickych a sérologickych metod.

Owefeni detekovatelnosiClavibacter michiganenisubsp.michiganensisze semen
rajcete po fizné dlouhych dobach od inokulace patogena.

Vytvoreni bakterialni sbirky z @wenych kmefi Xanthomonas vesicatoria
Xanthomonas euvesicatofiaClavibacter michiganenissubsp. michiganensis a
Pseudomonas syringaeadkovani bakterialnich kultur do mikrobanek s jejich
naslednym udrzovanintigeplot -70°C.
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3. Literarni p fehled

3.1.Bakterie rodu Xanthomonas patogenni pro raj¢e a papriku

3.1.1.Hostitelsky okruh

Hlavnimi hostiteli jsou rde (Lycopersicunmspp.) a paprikaGapsicumspp.). Bakteriélni
skvrnitost zfisobena xanthomonadami vSak byla pozorovana i maatur obecnénDatura
stramoniun), blinu Hyoscyamuspp.), kustovnicil{yciumspp.), tabaku selskénN¢otiana
rustica), liliku mochyiovitéem (Nicandra physalodgs mochyni malktké (Physalis minimpa

rostlinach rodusolanum(Hayward a Waterston, 1964; Leyns et al., 1984).

3.1.2.Rozsfeni

Bakterie patogenni pro & se vyskytuji vSude, kde se tato plodikatpje, gedevsim
pak v subtropickém a mirném podnebném pasu (Mardéovaevi¢, 2006). V studetjSich
castech Evropy se vSak nevyskytuji nacagch gstovanych ve skleniku (Gitaitis et al.,
1992). Podle Evropské a retlomdské organizace pro ochranu rostlin (EPPO) se
xanthomonady patogenni prod@jvyskytuji v nasledujicich oblastech:

Evropa: Casty vyskyt vRecku, Malarsku, Italii (&etrg Sardinie a Sicilie), Rumunsku,
Rusku (evropsk&ast), Jugoslavii. Vyskyt zaznamenan v Rakousktlpmdsku, Bulharsku,
Ceské republice, Polsku, Slovensku, Slovinsku, Sgkn, Svycarsku (nepotvrzeno) a
Turecku (evropskéast).

Asie: Cina, Indie, Izrael, Japonsko, Severni Korea, Xamea, Pakistan, Filipiny, Rusko,
Tchaj-wan, Thajsko a Turecko.

Afrika: Egypt, Etiopie, Kéa, Malawi, Maroko, Mozambik, Niger, Nigérie, Réumjo
Senegal, Seychely, JAR, Sudéan, Togo, Tunisko, Zamiimbabwe.

Severni Amerika: Bermudy, Kanada, Mexiko, USA (Ana, Kalifornie, Florida,
Georgia, Havaj, lowa, Michigan, Severni Karolinaj&) Oklahoma).

Stredni a jizni Amerika: Barbados, Kostarika, Kubantuika, Dominikanska republika,
Salvador, Guadeloupe, Guatemala, Honduras, JanMgainik, Nikaragua, Portoriko, Svaty
Krystof a Nevis, Svaty Vincenc a Grenadiny, TriddaTobago, Americké Panenské ostrovy,
Argentina, Brazilie, Chile, Kolumbie, Paraguay, iSam, Uruguay, Venezuela.

Australie a Oceéanie: Novy Jizni Wales, Queenslahdsmanie, Victoria, Zapadni
Australie, Fidzi, Mikronésie, Novy Zéland, Palatieanga (OEPP/EPPO, 1988).
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3.1.3.Morfologie

Xanthomonady jsou aerobni, mobilni, gramnegatitgéinkovité y-proteobakterie o
velikosti asi 0,6 x 1 — 1,am. Neprodukuji poly3-hydroxybutyratové inkluze, nemaji pochvy
ani prostékyc¢i klidova stadia. Maji jeden polarni dik a vyskytuji se samostamebo
v parech. Jsou obligatraerobni. Na masopeptonovém agaru s glukosou jslanik velke,
hladké, vyklenuté, mukoidni-fluidni a zluté. Na KB médiu jsou nefluorescentni. Jsou

citlivé na trifenyl tetrazolium chlorid a jsou oxtivni (Sedldek, 2007; Kidela et al., 2002).

3.1.4.Symptomy

Na povrchu plod se objevuji ovalné nebo nepravidelné korkové skurebo strupy o
praméru 2 — 10 mm s vodnatymi okraji (obr. 1). Na paprge symptomy objevuijitizika,
mohou se vSak vyskytnoutipané infekci (Goode a Sasser, 1980).

Na listech papriky a régte se objevuji nepravidelné vodnaté léze, ktevg oaatku
zelené a postugnhnédnou a nekrotizuji. Bakterialni skvrnitostigobena xanthomonadami
podobré jako bakterialni t&kovitost zgisobenaPseudomonas syringapv tomato miaze
zpasobovat trhliny ve stonku podobné rakavify ale nejsouiitomny vzdy a nelze na jejich
z&klad pritomnost xanthomonéd diagnostikovat (Stall, 1995nds et al., 1991).

3.1.5.Biologie

Xanthomonady feZivaji fedevSim na semenech (az 10 let), ale také na paskjich
zbytcich (nap stonek) (Gardner a Kendrick, 1921). Dgitér miry mohou pezivat i v fde,
tieba v rhizosfie nehostitelskych rostlin. Jako alternativni hegditmohou slouzit lilkovité
plevele(Bashan et al., 1982).

Pro rafata a papriky gstované ve skleniku Ize brat v Gvahu pouze moZpiegtivani na
semenech. Ve skleniku se pak bakterfenpSi systémem zavlah neb& mechanické
manipulaci s rostlinami (Goode a Sasser, 1980tAschopné xanthomonady byly nalezeny
i v aerosolech nad poli s kontai produkci, coz ukazuje na moznosemosu vzduchem
(Mclnnes et al., 1988; Dempsey a Chandler, 1963).liBth se bakterie dostavaji skrz
praduchy. Do plod (které ptiduchy nemaji) se bakterie dostavaji malymi pénémi nag.
odérkami nebo vpichy po hmyzu. Nakazeny mohou byt poodadé plody. Xanthomonady
se mohou mnozit i epifyth na mladych rostlinach, aniz by tgobovaly piznaky.

K rozSiovani patogena #iZe napomahat i pfedovani porostu. Dopotwje se proto
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provadt prored’ovani odpoledne, kdyz jsou rostliny suché a dodatbwygienu (Pohronezny
et al., 1990). K rozvoji chorobyfigpivaji srazky, vysoké vlihkost a teplota mezi 203&°C
(Diab et al., 1982).

3.1.6.Ekonomicky dopad

Xanthomonady patogenni pro d@j a papriku jsou Siroce rogsiny. Velké Skody
zpasobuji gredevSim na polich v oblastech teplého a tropickdintatu, zvlast pak @i horni
zélivce. Ztraty produkce jsou nepgi, kdyz je porost napaden brzy. | kdyz jsou léze
plodech ¥tSinou jen povrchové, pouzitelnost takovych plose sniZzuje jak pro dalSi
zpracovani, tak i proifmy prodej (Azaizeh a Bashan, 1984). Vyznam patbgenzvysuje i
v severijSich ¢astech Evropy, kde jsou tata a papriky gstovany ve sklenicich. Diky
omezené moznosti@zivani patoganv padé je vS8ak mozné infekci ve sklenicickegchazet
piisnou kontrolou osiva.iBdevsim kuli zamezeni $éni ve sklenicich jsoXanthomonas
vesicatoria(ex Doidge 1920) Vauterin et al. 1995<anthomonas euvesicatoriones et al.

2006 karanténnimi organismy podle legislail} i EU (Dougherty, 1979).

3.1.7 Klasifikace

Bakterialni skvrnitost répte a papriky je Zisobovana relativh riznorodou skupinou
bakterii roduXanthomonasNomenklatura a klasifikace xanthomonad infikgicirage a
papriku proSla v poslednich letech vyraznymi ¢mami. V sodasné dob jsou tyto
xanthomonadyazeny dotyrech skupin (A, B, C a D) v rdmci rodanthomonagJones et
al., 2000). Xanthomonady skupin A, B a D se vysjyta paprice i rajeti. Skupina C se je
patogenni pouze pro t@. Tyto genotypo¥ i fenotypos odliSné skupiny jsou itzre
geograficky rozmigny. Skupiny A a B se vyskytuji celageve. Xanthomonady ze skupiny
C se nachazejitpdevsim v USA, Mexiku, Brazilii, Koreji a ve stéteca pobezi Indického
oceanu a xanthomonady ze skupiny D se nachazajzemi byvalé Jugoslavie, v Kargad
Kostarice, USA, Brazilii a v oblastech u Indickétmeanu (Hamza et al., 2010; Bouzar et al.,
1999). Skupiny A, B a C bylytive klasifikovany jako @zné rasyX. campestrispv.
vesicatoria Xanthomonady skupiny D byly po mnoho let nazv&@sgudomonas gardneri
De Ley (1978) vSak dokazal jejichiiglusnost k rodiXanthomonasVSechny¢tyti skupiny
byly nasledd podle svych fyziologickych a molekul&nbiologickych charakteristik

klasifikovany jako samostatné druhy nasledovdanthomonas euvesicatori@kupina A),
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Xanthomonas vesicatorigskupina B),Xanthomonas perforan&kupina C) aXanthomonas
gardneri(skupina D).

Na zaklad analyzy 16S ribozomalni RNA tiiokmen 85-10X. euvesicatorigskupina A)
a X. perforans(skupina C) monofyletickou skupinu, zatimgo vesicatoria(skupina B) aX.
gardneri (skupina D) vytvéeji klastr s kmenem 3391X. campestrispv. campestris
V nedavné dobbyla fylogeneticka fislusnost jednotlivych skupin zkoumana pomoci MLST
(multi-locus sequence typing). Na zaklatht z MLST k sob byly pritazenyX. euvesicatoria
a X. perforansspolu s kmenem 30K. citri. X. gardneribyla podle MLST nejviceifbuzna
s X. campestrigov. campestriszatimcoX. vesicatoriatvori samostatnou étev. Rozdilnost
téchto ¢tyi skupin a jejich fizpisobeni se jednomu hostitekld ze systémXanthomonas

rajce/paprika vyborny fiklad pro studium koevoluce patogeflones et al., 2004).

3.1.8.Molekularre biologicka charakteristika

Celogenomova sekvence kmenu 85XL&ampestripv. vesicatoria(Xcy) piinesla velmi
piesné molekulamh biologické charakteristikyXcv ma jeden cirkularni chromozom o
velikosti 5178 466 bp atyii extrachromozomalni elementyii®@mnost plazmid pXCV2
(1852 bp), pXCVv38 (38116 bp) a pXCV183 (182 57R) khyla znama jiz ive
(nepublikovana data). Projekt sekvenovdov odhalil existencEtvrtého plazmidu nazvaného
pXCV19 (19 146 bp).

Obsah C a G bazi Xcv je ptimérné 64,75 % u chromozomalni DNA a od 56,59 % do
60,73 % u plazmiil Pa:atek replikace je ddab zjistitelny. Je zde lokalizovan geimaA a
jeho start kodon je charakterizovan jako nulovy lsbdomozomu. Replikai mechanismus
je oboustranny, ale chromozom neni ed na dva rovnocenné replichocv obsahuje
celkem 4 726 potencialnich kddujicich sekvenci (L DBiologickd role byla pomoci
manualni anotacefipélena 3 080 CDS. Ze zbylych 1 646 CDS je 697 hyjkgth CDS a
949 CDS s neznamou funkci.

Xcv obsahuje dva rRNA operony viaali 16S-23S-5S lokalizované v regiontibfizné
500 kb (mezi 4 600 000 a 5 100 000) levého rephichBylo identifikovano celkem 56 tRNA
pro vSech 20 aminokyselin. Z toho 54 tRNA se nathéz chromozomu a zbylé &wa
plazmidech pXCV19 a pXCV183 (Thieme et al., 2005).
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3.2.Clavibacter michganensis subsp.michiganensis

3.2.1. Hostitelsky okruh

Hlavnim hostitelemC. michiganensissubsp. michiganensis na kterého ma patogen
zérover nejwtsi ekonomicky dopad, je k&. V grirodnich podminkach byl vSak vyskyt
C. michiganensisubspmichiganensizaznamenan i na dalSich rostlinach rbglocopersicum
a planych rostlinach rodu lilekSplanum jako Solanum nigrum S. triflorum nebo S.
douglasii Mnoho lilkovitych rostlin je ndchylnych k usté infekci. VyskytC. michiganensis
subspmichiganensidyl dale zaznamenan na fazolu, hrachu, KigkupSenici, j€menu, Zitu,

ovsu, slunénici, okurce (Stamova a Sotirova, 1987).

3.2.2.Rozsfeni

C. michiganensissubsp. michiganensis byl poprvé popsan v Severni Americe a
pravéEpodobré odtud pochézi. Podle EPPO € michiganensissubsp. michiganensis
vyskytuje v nasledujicich oblastech:

EPPO oblast: RakouskogBrusko, Belgie, Bulharska(eska republika, Egypt, Finsko
(nepotvrzené), Francie,éhecko,Recko, Mafrarsko, Irsko, Izrael, Italie ¢etns Sardinie a
Sicilie), Libanon, Litva, Maroko, Nizozemsko, NoosKvymycena), Polsko, Portugalsko
(vymycena), Rumunsko, Rusko (evropskdist, Sibf), Slovinsko, Spatisko, Svycarsko,
Tunisko, Turecko, Velka Britanie, Ukrajina, Jugosta

Asie: Arménie, AzerbajdzanCina, Indie (Madhya Pradesh), iran, lzrael, Japonsko
Libanon, Turecko.

Afrika: Egypt, Kaia, Madagaskar, Maroko, Jizni Afrika, Tunisko, Togganda, Zambie,
Zimbabwe (OEPP/EPPO, 2005).

3.2.3.Morfologie

C. michiganensis subsp. michiganensis je aerobni, nepohybliva, gram-pozitivni,
nesporulujici, zahnuta dnka (Sedléek et al., 2007; Bradbury, 1986). Na zivnyaldach
vytvari C. michiganensisubsp.michiganensisladke, lesklé, kulaté, pomalu rostouci, Zluté
kolonie s rovnymi okraji (idela et al., 2002).
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3.2.4.Symptomy

Z kontaminovaného osiva obvykle vgtaji bezpiznaké sazenice. Ve skleniku se za
teplého poasi jako prvni objevuje nejide bkilavé, pozdji hnédé vadnuti list. Pokud vadnuti
dosdhne faze kdy je nevratné, rostlina odumira. ghymy se ¥tSinou projevuji az po
dosazeni zralosti.

V polnich podminkach byva prvnintipnakem osychani kraypredevsim spodnich) list
(obr. 2). Rostlina pomalu odumirajiggmz ¢asto nejevi znamky vadnuti. V pokilgch
stadiich se objevuji drobné&lavé puchye na listové nervate a natapiku. Na stonku a
fapiku se mohou objevit Bdé pruhy. Ty mohou iechazet ve Zlutavé afrvenohidé
rakovinné dutinky.

Plody mohou zaostavat ve vyvoji a opadavaipgré nerovnongrné dozravat. Na
povrchu plod je obvyklé mramorovani, uviipak zkEldvani tkani. Zidka se na povrchu
mohou objevit charakteristické skvrny.

V pokrctilych stadiich nemoci jefproziiznuti stonku nebsapiku patrné krémové bilé,
Zluté, nebocervenohgdé zbarveni vodivych pletiv. V ranych stadiich rdkanejsou na
vodivych pletivech patrné Zadné &my. Bakterialni vadnuti ré&gte miZze byt zaminéno za
vadnuti zfisobené houbami rodderticillium neboFusarium(OEPP/EPPO, 2005;#lela et
al., 2002)

3.2.5.Biologie

Patogen se ve skleniku i na poli régaf@ predevSsim mechanicky a srdZzkovou nebo
zavlahovou vodou. Do rostliny bakterie vnikaiguchy a jinymi pirozenymi otvory, stej&
jako pres porasni a kadeny. Renos je mozny i semeny, ale jeleinost byva do 1 % (Grogan
a Kendrick, 1953).

Mladé rostliny jsou k ndkaze vice nachylne, nicenemrirodnich podminkach je nakaza
mozna po cely Zivot rostliny (Rat et al., 1991).Zledkazou a projevem prvnictiiznalki
¢asto ulBhne dlouhd doba (2 — 3 a vice twinkdy je bakterie v latentni faziC.
michiganensissubsp. michiganensis je typicky okluzogen (kolonizuje ipdevsSim cévy).
Patogen také produkuje toxicky glykopeptid, kteryjologicky aktivni.

K rozvoji patogena iispiva gedevSim vysoka vzdusna vihkost a teploty okolo 25°C
(Kudela et al., 2002).
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3.2.6.Ekonomicky dopad

Vynosove ztraty zfisobenéC. michiganensisubspmichiganensise pohybuji mezi 10 —
30 %, v rekterych letech vSak byly zaznamenény ztraty az 70VYysoké ztraty vznikaji
zejména ve sklenicich (Rat et al., 1991).

3.2.7.Molekularre biologicka charakteristika

Presnd moleuklagh biologicka data byla ziskana na zakladelogenomového
sekvenovani kmeneC. michiganensissubsp. michiganensisNCPPB382. Ten ma jeden
cirkularni chromozom o velikosti 3 297 837 bp 662 obsahem C a G bazi. &tk
replikace neni zjistitelny a tak je za nulovou pozi chromozomu povazovan start kodon
genudnaA jak je u bakterialnich genanobvyklé.

ChromozomC. michiganensisubsp michiganensi®bsahuje celkem 2 984 potencialnich
kodujicich sekvenci (CDS). Na zaksashanudlni anotace byla 2 029 z nich (68 %)gzena
biologicka funkce.C. michiganensissubsp. michiganensisobsahuje dva rRNA operony
v paradi 16S-23S-5S lokalizované v regionu mezi 224D G0 2 870 000 bp. Bylo
identifikovano 45 geinpro tRNA pro vSech 20 aminokyselin.

GenomC. michiganensisubsp.michiganensismize obsahovat dva plazmidy. Plazmid
pCML1 je 27 357 bp dlouhy a obsahuje virdlenfaktor celA Plazmid pCM2 je dlouhy
69 989 bp a obsahuje virukeri faktor pat-1 Zadny z plazmitl neobsahuje dalsi geny, které
by bakterii poskytovaly sel€ki vyhodu. RoviZz nebyl pozorovan zadny efekt nast
bakterie, pokud byly plazmidy odstkary (Gartemann et al., 2008).

3.3. Pseudomonas syrigae pv. tomato

3.3.1.Hostitelsky okruh

Druh Pseudomonas syrigase &Zn¢ déli na tzv. patovary, coz jestkbni zastupt jednoho
druhu nebo poddruhu na zaksagatogenity k witému hostiteli nebo hostitelskému okruhu
(Louws et al., 2001). Vipozeném prosedi patogen Zjsobuje bakterialni skvrnitost tajte,
ale mize infikovat i papriku Capsicum annuujn husendek rolni @Arabidopsis thaliang
durman obecny§atura stramoniua rekteré dalsi lilkovité a brukvovité rostliny (Whalen
et al., 1991).
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3.3.2.Rozsfeni

Diky pfenosu patogena osivem Be syrigaepv. tomato vyskytuje vSude, kde se &aj
péstuje, gredevsim pak v nasledujicich oblastech:

Afrika: Egypt, Maroko, Jizni Afrika.

Asie: Indie (Tamil Nadu), Izrael, Japonsko, Jord@ng chaj-wan, Turecko.

Australie a Oceanie: Australie, Novy Zéland.

Evropa: Rakousko, Bulharsk@eska republika, Francie,&ecko, Recko, Mararsko,
ltalie, Polsko, Portugalsko, Rumunsko, Rusko, Siské republika, Spafsko, Svycarsko,
Velka Britanie, byvala Jugoslavie.

Severni Amerika: Kanada, USA.

Jizni Amerika: Brazilie, Chile, Venezuela (McCar¢ml., 1983).

3.3.3.Morfologie

Bakterie roduPseudomonagsou kratké rovné tynky o velikosti 0,5 — 1 x 1,5 — pm.
Jsou gramnegativni, nesporulujici, aerobni, majrola® respir&ni metabolismus
(Milijasevic et al., 2009). Pohybuji se pomoci jello nebo vice polarnich ddki. Kolonie
jsou wtSinou Sedobilé, ghledné a na King B médiu t¥iofluorescentni pigment (iela et
al., 2002).

3.3.4.Symptomy

Patatenimi priznaky jsou malé (1-2 mm v jonéru), vodnaté, tmay hnédé azcerné
skvrny, rozvijejici se na mladych listech (obr. Bpzdji se skvrny na starSich listech a
plodech z¥tSi a splynou¢imz zpisobi jejich seschnuti a odbarveni. Charakteristjekizyv.
chlorotické halo (Zluty dwek), které se objevuje na okraji skvrn. Podobiiénaky mohou
byt zpisobeny iP. syringaepv. syringae Na plodech se objevuji povrchové vyvySené léze
okrouhlého nebo nepravidelného tvaruid€la et al., 2002).

3.3.5.Biologie

BakterieP. syringaepv. tomatose enasi semeny a je schopna po velmi dlouhou dobu
pieZivat na rostlinnych zbytcichfipadré v padé. Patogen navic fize gezivat na povrchu
rostlin jako epifyt, aniz by vyvolal symptomy naped a pejit do infekni faze az kdyz
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k tomu m& vhodné peétrnostni podminky (McCarter et al., 1983). Pro wjzehoroby je
optimalni chladné a vihké pasi s teplotami okolo 18 — 25°C.

Do rostliny patogen pronikaigs pfiduchy, v mistech odlomenych trich@mptipadre
pies jina poraégni (Schneider a Grogan, 1977). Patogen vnika paazeelenych plodl a
pocet skvrn na plodech je v korelaci s¢pem skvrn na listech (Wilson et al., 2002).

3.3.6.Ekonomicky dopad

Od 70. let 20. stoleti se get a Skodlivost napadeni zvySuje, coz je pEépedobré
pienositelnosti patogena semeny se &asné dob P. syringaepv. tomatovyskytuje vsude,
kde se pstuji rafata. Skodlivost choroby spiva predevdim ve sniZeni fotosyntetické
aktivity napadenych rostlin a neprodejnosti glagviditelnymi giznaky. Ztraty zpisobené

P. syringaepv. tomatomohou dosahovat az 20 % (Obradovic et al., 2004).

3.3.7.Molekularre biologicka charakteristika

Prvni celogenomova sekvence DNPA syringaepv. tomatobyla publikovana jiz v roce
2003 (Buell et al.). Ta byla ziskana z kmenu DC3@0@inesla velmi pesna molekulam
biologicka data. Genonk. syringaepv. tomato obsahuje jeden cirkularni chromozom o
velikosti 6 397 126 bp aizny paet plazmidi, které Ize zgadit do f@ti velikostnich skupin.
V genomu DC3000 bylo identifikovano celkem 5 76&wenych étecich ramé (CDS),
znichz 3510 jsou dorgle geny a zbytek kéduje proteiny s neznamou funkebo
hypotetické proteiny. Vysoké procento ¢gA8 %, 2 735 geab) je v DC3000 duplikovano. V
genomuP. syringaepv. tomatobylo nalezeno ¢ rRNA operori a 63 gefi pro tRNA (Buell
et al., 2003).

3.4.Metody pouzivané pro detekci a identifikaci bakteri

3.4.1.Mikroskopické metody

Slouzi k gibliznému uteni rodu bakterie, sledovanim morfologickych zZndkvar,
velikost, seskupeni bgk, pohyblivost, péet a umisini bicika, struktura bu&iné sény,

piitomnost pouzder, endospor, inkluzi a pod9dbB®iky morfologické podobnosti vSak nelze
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pomoci této metody rozpoznat druhy a niZzSi taxookéi jednotky bakterii
(Kudela et al., 2002).

3.4.2.Kultivacni metody

Sleduji makroskopickou morfologii (velikost, tvarpigmentaci a podolgh kolonii na
pevném Zzivném mediu, fipadré v tekutém médiu. Pro ékteré druhy bakterii @etns
X. vesicatoria jsou propracované protokoly praipravu semiselektivnich a selektivnich
médii, jejichz pomoci Ize pa¥meé spolehliv identifikovat islusny bakteridlni druh. Bez
pouziti (semi)selektivnich médii je vSak identiftkapomoci této metody jen velmi orietria
(Opara a Odibo, 2009).

3.4.3.Gramovo barveni

Naprosto zakladni metoda, jejiz pomoci Ize od setkSit bakterie podle struktury
bunééné stny. Po obarveni bakteridlni kultury trifenylmethsgm barvivem (krystalovou
violeti) a mdeni roztokem jodidu draselného (Lugolovym roztokesm)bakterialni kultura
bud’ obarvi (u grampozitivnich bakterii), nebo neobdgrvigramnegativnich bakterii). Pro
identifikaci bakterii rodiXanthomonawssSak tato metoda neméil vyznam. Xanthomonady
jsou totiz, stejt jako wtSina vyznamnych fytopatogennich bakterii, gramtiegia Gramovo
barveni Ize nahradit testem rozpustnostidogich stn v 3% roztoku hydroxidu draselného
(Moaledj, 1986).

3.4.4.Biolog

Biochemicka metoda zaloZzend na schopnosti bakismiZzivat Gzné zdroje uhliku.
V jamkach mikrotitréni destéky (obvykle 96 jamek) jsou nanesena Zivha meédialoljsci
razné zdroje uhliku. Dasthto jamek je nanesena bakterialni kulturgena k identifikaci. Po
kultivaci (24 hodin) je spektrofotometricky (na s@@nim gistroji) vyhodnoceno zabarveni
jednotlivych jamek na desgtie. Vysledny profil je porovnan s databazi ptofipickych pro
jednotlivé bakterie. Biolog je jedna z méla bioclhdmich metod vyuzitelnych pro
identifikaci fytopatogennich bakterii. PouZitimaéhetody Ize #tSinou spolehli¥ detekovat
bakterialni rod, &kdy druh (Verniere et al., 1993).
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3.4.5.Sklickovéa aglutinace

Zakladni a nejjednodussi sérologicka metoda vyiiziveeakce bakterialni kultury se
specifickym antisérem na podloznim gkli. Po 3 — 5 minutach je reakce vyhodnocena
pomoci s¥telného mikroskopu. Je-li antisérum homologni kigeerim (bakterialni biice),

vytvoii se na podloznim skku shluky (aglutinace, vidkovani) (Myers et al., 1974).

3.4.6.Dvojita difuze v agaru

Antisérum a antigeny jsou naneseny do jamek \gwgch v agarézové zZivnéugs
(negastji v Petriho misce). Do jamky uprdstd misky se obvykle nanasSi antisérum a do
jamek po obvodu misky se pak nanesou antigeny welgoldakterii utenych k identifikaci.
Antisérum a antigeny difunduji v agaru proti &ol¥i stietu antiséra s homolognim
antigenem se vytid makroskopicky viditelny precipitat (tzv. precigihi linie)
(Kudela et al., 2002).

3.4.7.ELISA (Enzyme-Linked Immunosorbent Assay)

U této standardni sérologické metody se Kk vizuelizantigenu testované bakterie
s homolognim antisérem vyuZziva enzym alkalickadt@sfa (tive ¢asto Kenova peroxidaza).
Ten je chemicky vazan s imunoglobuliny separovanymaintiséra. Jamky mikrotiai
desttky se potahnou bakterialni suspenzi (antigenegndr k identifikaci. Naslednse do
jamek gida antisérum konjugované s alkalickou fosfatazmvymyti grebyte&ného antiséra
se do jamek ida substrat (roztok sodné sgb-nitrofenylfosfatu), ktery je enzymem
hydrolyzovan.Cinnosti enzymu se uvigliji chromogeny rénici zbarveni reaki snesi.
Intenzita zbarveni reakce se&itinspektrofotometricky a jefpmo Uungrna koncentraci enzymu

(tedy i antigenu) (Tsuchiya a d’Ursel, 2004).

3.4.8.IFA (Immunofluorescence Assay)

U této metody antisérum konjugované s fluoresoén barvivem (nap fluorescein
isothiokyanat — FITC) reaguje s homolognim antigene bakterialni bitkou. Ritomnost
antiséra je zkoumana fluores¢aim mikroskopem mo na povrchu bakterialnich btk
Timto zpisobem je mozné detekovat bakterie i v hostitelskpleltivech a lze zkoumat jejich
velikost, tvar, pipadré rozmistni (Nemeth a Vuurde, 2006).
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3.4.9.PCR

Zakladni a nejastji pouzivana molekula biologicka metoda umaije in vitro
amplifikaci specifického fragmentu DNA bez znalosgkvence celého fragmentuii P
klasické PCR je p#tba znat pouze sekvenci cca 20 nukleéotid z&atku a konci fragmentu,
aby bylo mozné pouzit specifické primery (Arnheltf92). Na & naseda termostabilni DNA
dependentni DNA polymeraza (tda$tji Tag polymeraza) a z volnych nukleotidtrifosfat
vytvari fettzec DNA komplementarni k templatovému. PCR sestaea série cykKl:
denaturace (teplotni denaturace dsDNA), annealiaggdani komplementarnich pririnea
elongace (prodluzovani cilové sekvence DNA polymens Tyto ti kroky se opakuji v
cyklech, az do vytvieeni dostattneho mnozstvi produktu (tj. amplifikovaného fragtuen
DNA). V praxi €mto cyklim predchazi avodni denaturace a po ddleon jsou nasledovany
zawrecnou elongaci. Pokud Gvodni denaturace neba@re&vd elongace neni specificky
vyZzadovana (jako ndjklad @i pouziti hot-start polymerazy, kdy je nutna ivodanaturace),
je mozneé tyto dva kroky vypustit. Vizualizace vydite se nejastji provadi elektroforézou
fragmenti v agar6zovém gelu a obarvenim interkalen ¢inidlem (nap. ethidium bromid,
SYBR Green, apod.) (Porcar a Juarez-Perez, 2003).

Pri detekci specifické DNA (ndap DNA specifické pro ufitou bakterii) je pozitivnim
vysledkem fragment DNA o znamé velikosti. Pokudujs@avrzené primery specifické a cela
reakce je dofe optimalizovana, lze dosahnouti pletekci pomoci PCR velmiigsnych
vysledki (White, 1996). Ze xanthomonad patogennich préera papriku, byly doposud
publikovany sekvence specifickych primgen proXanthomonas euvesicator(akupina A)
(Park et al., 2009; Obradovic et al., 2004b).

Existuje velké mnozstvi modifikaci PCR. Slozitostifotlivych modifikaci setzni od
jednoduchych (nap specialni sekvence printer Uprava teplot) az po slozitéugné
fluorescerni zna&eni, in situ PCR aj.). PCR je také nezbytnou &asti rekolika dalSich

molekularré biologickych metod, nebo jejich variant.

3.4.10.Dot-blot hybridizace

Jedna se o molekularmiologickou metodu, ktera pro detekci cilové DNAu¥iva
radioaktivré nebo neradioaktivhznatenou sondu. Sonda se spoji s komplementarni sekvenc
denaturované cilové DNA a vytkictak hybridni molekulu DNA. Tato hybridni molekuia
nasledg vizualizovana podle typu pouzitého Zeai sondy. Najklad vysledek dot-blot

hybridizace (t&kové hybridizace) se sondou zZeaou digoxigeninem je makroskopicky
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rozeznatelny a pro vizualizaci neni fgdta Zadny speciélnitigtroj. Dot-blot hybridizace je
dolre vyuZitelna pro detekci velkého mnozZstvi vZork jsou vypracovany postupy pro
detekci bakterii (Smarda et al., 2008).

3.4.11.Sekvenovani

Sangerova metoda sekvenovani je zaloZzena na syDM&ea jednoviadknovém templatu
a nahodné inkorporaci dideoxynukledtid'y jsou stejné jako deoxynukleotidy, ale postjda
hydroxylovou skupinu na 3‘ konci. Dideoxynukleotldery je v malém mnoZstviripomen v
reakci, mize byt DNA polymerazou inkorporovan do prodluzijacise vidkna DNA. Diky
absenci hydroxylové skupiny vSak nedochazi k dalSipnodluZzovani vladkna. Takto je
vytvaren soubor fragmeat riznych délek. Délka fragmentu odpovidd mistierpSeni
syntézy. Starsi techniky vyZaddjiyti reakce pro kazdy templat (Sanger et al., 197@gda
obsahuje jiny dideoxynukleotid (A,C,T,G). Reakceuysnasled&é analyzovany na gelu pro
identifikaci délek jednotlivych fragmeit V devadesatych letech 20. stoleti byla metoda
zdokonalena ozranim dideoxynukleotil raiznymi fluorescetnimi barvivy (Prober et al.,
1987). Metoda tak f¥e probihat v jedné reakci. Prvni sekwemngxistroje pouzivaly tuto
techniku v kombinaci s ffstroji pro automatickécteni fragment rozclenych na
polyakrylamidovém gelu. Pozfl byla gelova elektroforéza nahrazena kapilarnim Tse
doséahlo zjednoduSeni separace a zvyseni déd#ni (Madabhushi, 1998). Za poslednich 10
let se pimerna délkasteni zvySila z cca 450 bp na asi 850 bp.

3.4.12.DNA ¢ipy

DNA c¢ipy (microarray) je moderni technologie pouzivan@&devsSim v molekularni
biologii a medicid. Metoda je zaloZena na ungisti mnoha mikroskopickych kapek DNA
oligonukleotidi na specialni povrch. Mohou to byt kratké Usekyigerbo jinécasti DNA,
kterd je pouZzita jako tzv. sonda pro hybridizaccBNA nebo cRNA vzorkem. Existuje
neékolik zpasohi vyroby DNA ¢ipi. Dvéma hlavnimi zpsoby jsou ,oligonukleotidovéipy”

a ,syntetizovanéipy” (napr. firma Affimetrix).

U ,oligonukleotidovychcipu“ muze byt sondou oligonukleotid, cDNA nebo maly PCR
produkt. Vytvaené sondy jsou pak ukotveny na sklo. To §Swmou provadno specialni
jehlou ovladanou robotickou rukou. Sondy jsou nangsv pozadovaném padi a tvai
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urcity profil. Tento zgisob je finakné mére narany acip tak mize byt gipraven pro kazdy
experiment zvl&Sza pouZiti vlastniho vybaveni.

~Syntetizovan&ipy” jsou vyralEny syntézou oligonukleotidovych prébimo na povrchu
¢ipu. DNA ¢ip tak miZe obsahovat az 2,1 milionu sond v zavislosti nesapu vyroby. Tento
zpasob je vSak velmi nékladny. Vzorek DNA je fluoresa® ozna&en (nap. Cy3, Cy5) a za
piedepsanych podminek hybridizovan na DNibu. Cip je analyzovan na microarray
scanneru, ktery laserovym paprskenditar vinové délky detekuje excitovanou fluorescenci
(Bammler et al., 2005). Detekci pomoci DN#ou Ize tedy v witém smyslu povazovat za

technicky zdokonalenou dot-blot hybridizaci.
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4. Vysledky

4.1.Variabilita ITS1 u Pseudomonas syringae

Vnittni prepisovany mezernik (ITS1) vyskytujici se v ramcemmmu pro tvorbu rRNA je
¢asto pouzivan pro rozliSovani a identifikagzmych drult i poddruhi bakterii. V minulosti
vSak byla v jediném bakterialnim genomu prokazéaitampnost gkolika riznych kopii ITS1.
Takovy druh mozaicismu @e ovlivnit spravnost identifikace mnoha bakterijeaproto
nezbytna znalost konfigurace regionu ITS1 itislpSnych genofh Za (&elem testovani
variability ITS1 u genorin P. syrigaebyl vyvinut DNA mikrctip (DNA microarray) se
sondami rozpoznavajicimitizné konfigurace ITS1. Na zékkddat ziskanych pomoci
mikrocipu bylo rozeznano sednianych variant ve 13 testovanych patovarechPa syringae
patovafi coronafacienspisi, syringaea tabaci byl odhalen mozaicismus. Vysledky ziskané
pomoci mikr@ipu poukazuji na mozné nigsnosti i pouzivani analyzy rRNA pro
identifikaci bakterialnich kmena patovai.

Kompletni informace vztahuijici se k této problemajsou shrnuty v publikaci:

LENZ O., BERAN P., FOUSEKJ.,MRAZ |. (2010): A microarray for screening the varialyilof
16S-23S rRNA internal transcribed spacer HBseudomonas syringaeJournal of
Microbiological Methods32: 90-94.

4.2.Primery pro detekci Xanthomonas vesicatoria

V ramci této disertni prace byly vyvinuty PCR primery pro detekci kaénni bakterie
X. vesicatoria Par primeit XV1F a XV1R byl navrzen na zakladdNA sekvence genatpD
(ziskané ze shirkového kmenu Xv CCM 2102) tak, bilyspecificky pouze pro detekci
X. vesicatoria Tyto nami navrzené primery poskytovaly vysledmjpéifika¢ni produkt o
velikosti 356 bp a row¥ vykazovaly vysokou speatfiost. Soubor bakterii testovanych na
specifinost primeit zahrnoval 36 (resp. 45) bakterii patogennich pjiera papriku (vetns
rodu Xanthomongs K pozitivni PCR reakci vSak dochazelo pouze yehd/la.-li pouZita
templatovd DNA vyizolovand X. vesicatoria Dodrzenim popsaného protokolu Ize rychle a
spolehliv identifikovat bakteriiX. vesicatoria Dle dostupnych informaci se jedna o prvni

dvojici primeit, detekujici specificky pouze bakterialni diihvesicatoria
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Informace vztahujici se k této problematice jsounsty v publikaci:
BERAN P, MRAZ I. (2011): Navrh a testovani specifickych prifingrro detekci karanténni
bakterieXanthomonas vesicatoriflroda — \édecka piloha 12/2011: 205-208.

RozSfené a upravené informace byly 30.1.2012 odeslartiskio v rukopisu:
BERANP., MRAZ |.: Species-specific PCR primers for detectiotxxahthomonas vesicatoria

Odeslano k opublikovani d@asopisuCrop Protection.

4.3. Spolehlivost detekceClavibacter michiganensis subsp.michiganensis

C. michiganensisubsp.michiganensidyl izolovan z éiznych ¢asti (baze, stonetapik,
list) silné napadenych rostlin deseti @dr ty¢ckovych ragat metodami PCR (dva pary
primeri), PTA-ELISA, DAS-ELISA a IIF. Nejcitli¢jSi metodou detekce se ukazala byt
optimalizovand PCR (oba pary primebyly srovnatelné). Metodami PTA-ELISA i DAS-
ELISA byl patogen detekovan dedsni 1:1G, metodou IIF byl pak patogen detekovan do
fedsni 1:1¢. Spolehlivost detekce patogena v bazi, stonkiagiku rostlin je v ramci
jednotlivych metod srovnatelnd. Schopnost detekatogena v listech rostlin vSak byla
vyrazre nizSi u vSech testovanych metod. Metodami PTA-BLISAS-ELISA a IIF byl
patogen detekovan jen ve 30 — 70 Bpadi a pomoci PCR byl patogen detekovan pouze ve
20 % gipad.

Kompletni informace vztahujici se ktéto problemmtisou shrnuty ve 2 publikacich a
jednom rukopisu odeslaném k opublikovani:

MRAZ I., KOKOSKOVA B., BERAN P, PouvovA D. (2010): Spolehlivost diagnostickych
technik pro detekci karanténni baktefavibacter michiganensisubsp.michiganensisv
rostlinach a semenech ¢aje.Uroda — wdecka piloha 12/2010: 309-312.

MRAZ |., KOKOSKOVA B., BERAN P. (2011): Detection ofClavibacter michiganensisubsp.
michiganensigrom tomato plants and seeds using ELISA, IF aB& Rvith commercial and
own primersActa Horticulturae914: 57-60.

MRAZ I., BERAN P., KOKOSKOVA B., PouvovA D.: Comparison of reliability oClavibacter
michiganensissubsp.michiganensisdetection from various tomato plant parts using th
several immunochemical and molecular techniquesst@ado k opublikovani déasopisu

African Journal of Biotechnology.
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4.4.Priazkum bakterialniho vadnuti raj éete v€CR

Prizkum bakterialniho vadnuti tate provadny v letech 2009 - 2010 v 22 lokalitaciR
prokazal vyskyt choroby celkem v 6 lokalitach jizmistedni Moravy a s$ednichCech na
tyékovych rafatech gstovanych jak ve sklenicich, tak na polich. Celkeen113 vzork
rajcat s giznaky choroby se u 68 % vzdarkostlin prokadzalo onemoéni. Pomoci IIF byIC.
michiganensisubsp michiganensispolehliv detekovan ddgedéni 1:1000, zatimco pomoci
ELISA do fedni 1:100 (nefim& ELISA a DAS-ELISA) a 1:10 (PTA-ELISA). Né&ma
ELISA pomoci monoklonalnich protilatek byla citljgi nez PTA-ELISA s polyklonalnimi
protilatkami. Optimalizovand PCR s kordeimi i nami navrzenymi primery byla

srovnatelna.

Kompletni informace vztahujici se k této problemgjsou shrnuty v publikaci:

KOKOSKOVA B., MRAZ |., POuvovA D., BERAN P. (2011): Ptizkum bakterialniho vadnuti
rajcete VCR a spolehlivost detekd®. michiganensisubsp.michiganensig ragat tiznymi
diagnostickymi technikamUroda — wdecka piloha 12/2011: 221-224.

4.5. DetekceClavibacter michiganensis subsp.michiganensis ze starych semen rajete

Semena 4 tkovych a 4 ké&ickovych odfid ragete byla unile infikovana refereimimi
kmeny C. michiganensisubsp.michiganensifBCCM/LMG 7333 a BCCM/LMG 5727).
Semena rapt byla méena 48 hodin v bakterialni suspenzi {1OFU/ml). Patogen byl
pozitivné detekovan 24 hodin, 7 tin3, 20 a 26 ®sial po inokulaci za pouziti PCR sedina
dvojicemi primeti. Vysledky byly potvrzeny pomoci dot-blot hybridceaa sekvenovani.
Bylo owéfeno, ZzeC. michigaennsissubsp. michiganensismiZze na semenech hostitelské
rostliny prezivat mésice i roky. Naslednym vystovanim rostlin zéchto semen a detekci
piitomnostiC. michigaennsisubspmichiganensigpomoci PCR s negativnimi vysledky bylo

potvrzeno, Zei@nos patogena z povrchu semen do rostliny ndlis fasty.

Casteéné informace vztahuijici se k této problematice jstaunuty v publikaci:

MRAZ |., KOKOSKOVA B., BERAN P. (2011): Detection ofClavibacter michiganensisubsp.
michiganensigrom tomato plants and seeds using ELISA, IF a@& Rvith commercial and
own primersActa Horticulturae914: 57-60.

Kompletni informace byly 16.12.2011 odeslany dkuis rukopisu:
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MRAz I., BERAN P., KoOKOSKoOVA B.: Detection of quarantine bacteriur@lavibacter
michiganend subspmichiganensisn old tomato plants and seeds by the selecteécular

techniques. Odeslano k opublikovanic@sopisuCrop Protection
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5. Zavér

Predkladdana disertai prace je souhrnem vysladkdosazenych ip vyzkumné praci
v laboratdi doc. Ing. lvana Mraze, CSc. na @tihi rostlinné virologie, Ustavu molekularni
biologie rostlin Biologického centra AkademigdCeské republiky.

SteZejni praci je publikace v Journal of MicrobiologfidMethods (IF v dob publikace =
2,427) s ndzvem ,A microarray for screening theiaklity of 16S-23S rRNA internal
transcribed spacer iRseudomonas syringaeTa se zabyva vyvojem a testovanim DNA
mikrocipu (microarray) pro zjigovani variability oblasti ITS1 v genom®seudomonas
syringaea odhaluje &olik pripadi vnitrogenomového mozaicismgkierych patovat.

Vyznamnych vysledk bylo dosazeno iip vyvoji a testovani molekuldgnbiologickych
postufi pro detekci Xanthomonas vesicatoriaa Clavibacter michiganensissubsp.
michiganensisPro X. vesicatoriabyly navrzeny prvni znamé detak primery, diky kterym
je mozné tuto bakterii odliSit od ostatnich blizaéuznych xanthomonad patogennich pro
rajce. V ramci rozsahlych praci @ michiganensissubsp.michiganensisbyla otestovana
spolehlivost a citlivost #kolika nejpouzivagSich deteknich metod (naSi laboratobyly
provadny veskeré prace souvisejici s molekutdsiologickym testovanim).

Potenciald velmi UsgsSna niize byt i prace na vyvoji DNA mikegpu pro detekci
hlavnich bakterialnich patogémajcete a papriky. V kapitole ,Vysledky" vSak neni u¢éd,
protoze rukopis pro publikaci nebyl v dopsani této disertai prace dokoten. RedkéZzné
vysledky vSak byly uvejnény na mezinarodni konferenci ,International Confieeon Plant
Pathogenic Bacteria“ konané v Saint-Denis, lleadBéunion.

Poznatky ziskané ip reSeni problematiky disettai prace jsou vyuZitelné v oblasti
ochrany rostlin a v neposledfdc i pro kontrolu roz&eni studovanych patogé&spravnimi
Gfady pro rostlinolékiskou péi.
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7. Obrazky

http://plaza.ufl.edu/jbjones/joneslab/bacterial%#1%6203.jpg

Obr. 1. Riznaky bakteridlni skvrnitosti na plodech ¢etp zpisobené Xanthomonas
vesicatoria.
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Obr. 2. Riznaky bakterialniho vadnuti na listu dele zmisobenéClavibacter michiganensis
subspmichiganensis.
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Obr. 3. Riznaky bakterialni t&kovitosti na listu rajete zgisobenéPseudomonas syringae
pv.tomato.
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The 16S-23S ribosomal internal transcribed spacer (ITS1) is often used as a subspecies or strain-specific
molecular marker for various kinds of bacteria. However, the presence of different copies of ITS1 within a
single genome has been reported. Such mosaicism may influence correct typing of many bacteria and
therefore knowledge about exact configuration of this region in a particular genome is essential. In order to
screen the variability of ITST among and within Pseudomonas syringae genomes, an oligonucleotide
microarray targeting different configurations of ITS1 was developed. The microarray revealed seven distinct

ITs1 variants in 13 pathovars tested and detected mosaicism within the genomes of P. syringae pv. coronafaciens,
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pisi, syringae and tabaci. In addition, the findings presented here challenge the using of rRNA analysis for
pathovar and strain determination.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Pseudomonas syringae is a common Gram-negative bacterium that
can be found both as a harmless commensal on leaf surfaces or as an
important plant pathogen that causes a range of blight, canker, speck
and spot diseases in many important agricultural crops (Hirano and
Upper, 2000). Approximately 50 different pathovars of this species
can be distinguished today (Kudela et al., 2002) according to their
pathogenicity on plants and phenotypic characteristics. To determine
the divergence existing at the molecular level, two methodological
approaches are routinely employed today: analysis of repetitive
elements based on rep-PCR technique (e.g. Peters et al., 2004; Vicente
and Roberts, 2007; Gilbert et al., 2009; for a general review see Ishii
and Sadowsky, 2009) and analysis of the rRNA operon (rrn).

The rrm is composed of three rRNA genes and two internal
transcribed spacers (ITS) in the order 16S rRNA-ITS1-23S rRNA-
ITS2-5S rRNA. At the subspecies level, only the ITS1 region has been
reported as a suitable strain and/or pathovar marker (Manceau and
Horvais, 1997; Sawada et al., 1997; Peters et al., 2004; Oguiza et al.,
2004; Kong et al., 2005; Olczak-Woltman et al., 2007). This region
consists of species-conserved domains containing two tRNA genes
and hypervariable DNA segments that could allow a strain's
characterization (Garcia-Martinez et al., 2002).

There are nevertheless five rrn operons within the P. syringae
genome, and strains possessing different variants of the ITS1 region
within the given genome have been described (Milyutina et al., 2004;
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E-mail address: lenz@umbr.cas.cz (O. Lenz).

0167-7012/$ - see front matter © 2010 Elsevier B.V. All rights reserved.
doi:10.1016/j.mimet.2010.05.004

Stewart and Cavanaugh, 2007). This intragenomic heterogeneity
(mosaicism) is brought about by different combinations of the entire
hypervariable segments of ITS1, possibly resulting from recombina-
tion and horizontal transfer (Milyutina et al., 2004). Similar mosaicism
has been found also within other bacteria genomes (Stewart and
Cavanaugh, 2007). This may significantly skew the diversity estimates
and phylogenetic relationships based on rrn analysis.

Although the described variability can be revealed by convention-
ally used DNA-fingerprinting methods, these have some constraints
when probing different versions of hypervariable segments (e.g. the
need for several separate enzymes and reactions, sensitivity to point
mutations). A competent method is to sequence all the ITS1 copies
per genome, but this is too laborious for routine analysis. Therefore,
a method that allows simple screening of inter- and intragenomic
variability in parallel would be helpful.

DNA microarrays were initially designed for gene expression
studies and single nucleotide polymorphism profiling, but since 2000
these have been widely used also for detecting plant pathogens,
including viruses (reviewed in Boonham et al., 2008), bacteria
(reviewed in Huyghe et al., 2009) or phytoplasmas (Nicolaisen and
Bertaccini, 2007). The principle of a microarray is to selectively
hybridize the sample sequences labeled fluorescently (targets) to the
specific capture probes printed onto a solid surface. The main
advantage of the method lies in its ability to detect many different
sequences in parallel.

The aims of the study were to a) develop an oligonucleotide
microarray for screening the variability of the ITS1 region among P.
syringae strains, b) test the ability of the microarray to detect mosaicism
present within some genomes, and c) assess the method's potential for
pathovar differentiation.
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2. Materials and methods
2.1. Bacterial strains and DNA isolation

Samples under study were well characterized strains obtained
from several type collections (Table 1). Bacterial cultures were grown
overnight on King's B (KB) medium (King et al., 1954) at 25 °C. Three
passages in combination with standard streaking method were used
to obtain the cell lineage of a single bacterial genome only. Genomic
DNA was isolated using Wizard SV Genomic DNA Purification System
(Promega, USA) while following the manufacturer's original protocol.
Genetic diversity among pathovars and genome homogeneity during
the cell subculturing process were proven using the rep-PCR method
(Louws et al.,, 1994) with the following modifications: annealing time
was increased to 2 min and the extension step was shortened from
8 to 5 min.

2.2. Target preparation, cloning and sequencing

Purified DNA (1 pl) was amplified using PPP-MasterMix (TopBio,
Czech Republic) according to the manufacturer's protocol; non-
labeled forward and Cy5-labeled reverse primers (Table 2) were used

Table 1

Isolates in the study with configurations observed. BCCM/LMG = Belgian Co-ordinated
Collections of Microorganisms, Ghent University, Belgium; RICP = Research Institute of
Crop Production (since 2007 renamed to Crop Research Institute), Prague, Czech
Republic; NCPPB = National Collection of Plant Pathogenic Bacteria, Harpenden, UK;
CCM = Czech Collection of Microorganisms, Masaryk University, Brno, Czech Republic.
If multiple accession numbers are given for one strain, their order corresponds to the
order of ITS1 versions found.

Collection Pathovar Host Locality Version Accession
number of ITST number
found
BCCM/LMG Coronafaciens Oat UK ate HM032069,
5060 HMO032070
RICP 7001 Glycinea Soybean  Czech Republic e HM032071
BCCM/LMG Glycinea Soybean  New Zealand e HM032072
5066
BCCM/LMG Helianthi Sunflower Mexico f HMO032073
5067
BCCM/LMG Lachrymans  Cucumber USA d HMO032074
5070
BCCM/LMG Phaseolicola Bean Canada a HMO032075
2245
BCCM/LMG Pisi Pea New Zealand a HMO032076
5079
NCPPB 3496  Pisi Pea USA ate HMO032077,
HMO032078
BCCM/LMG Striafaciens  Oat Unknown a HMO032079
2330 (Elliot)
CCM 4073 Syringae Cummin  Czech Republic b+e HMO032081,
HMO032082
BCCM/LMG Syringae Lilac UK ate HM032080,
1247 +g HM032083,
HMO032084
BCCM/LMG  Tabaci Tobacco  Hungary ate HMO032085,
5393 HMO032086
BCCM/LMG  Tagetis Marigold ~ Zimbabwe f HMO032087
5090
BCCM/LMG Theae Tea plant  Japan C HM032088
5092
RICP 9921 Tomato Tomato Czech Republic d HMO032089
RICP 9932 Tomato Tomato Czech Republic d HM032090
RICP 100 Tomato Tomato Czech Republic d HM032091
RICP 101 Tomato Tomato Czech Republic d HMO032092
BCCM/LMG Tomato Tomato Guernsey - UK d HMO032093
5093
BCCM/LMG Ulmi Elm tree  Yugoslavia e HMO032094
2349

in the reaction. The PCR conditions were as follow: 95 °C for 5 min, 35
times (94 °C for 1 min, 60 °C for 20 s, 72 °C for 1 min), 72 °C for 10 min
and 4 °C for forever. Targets were then purified using GenElute
PCR CleanUp Kit (Sigma-Aldrich, USA) into 70 ul of final volume.
Targets showing mosaicism under the hybridization experiments
were 1000-times diluted, PCR reamplified with non-labeled primers
(same conditions as above), and cloned using CloneJET PCR Cloning
Kit (Fermentas, Lithuania) and NEB 10-beta competent E. coli cells
(New England BiolLabs, USA) according to the protocols supplied.
Colonies were added directly to the PCR mix and targets were prepared
as described above. Two microlitres of targets were sequenced (BigDye
Terminator Kit, v.3.1, Applied Biosystems, USA) with corresponding
non-labeled primers (Table 2). The alignment of the sequences
obtained and comparison of targets to all probes was done in ClustalW
(Thompson et al., 1994).

2.3. Probes design and microarray fabrication

The ITS1 sequences of P. syringae were retrieved from GenBank,
aligned using the POA alignment programme (Lee et al., 2002), and
then the alignment was justified manually. Required probe-to-target
similarity was >="75% homology and >= 15 nt of identity, and each
probe designed was allowed to fulfill these criteria for targeted
sequences only. The lengths of the probes were 35 to 40 nt, and the
shorter specific probes were extended by random sequences on both
ends (Table 2). The similarity between the probes themselves was
checked by ClustalW in an all-against-all comparison. The probes
were synthesized by Sigma-Aldrich and spotted (Lambda, Austria)
onto aldehyde-coated plastic slides (HTA™ Slide12, Greiner Bio-One,
Germany).

2.4. Hybridization, scanning and data analysis

The 15 pl of each target were mixed with 15 pl of preheated (42 °C)
hybridization buffer (500 pl 100% formamide, 500 pl 20 x SSC, 20 ul
10% SDS) and denatured at 95 °C for 3min. After cooling to room
temperature, targets were applied onto the microarray slide and
hybridized at 42 °C for 45min. The arrays were washed with pre-
warmed (42 °C) buffers: 2x SSC and 0.1% SDS for 1 min, 1x SSC for
1 min and 0.1 xSSC for 5 min. Air-dried slides were scanned using a
Typhoon 9410 scanner and processed with ImageQuant TL v2003.02
software (Amersham Bioscience, USA). Signal-to-noise ratio (SNR)
values were computed as the background subtracted signal of the
particular spot divided by the standard deviation of the background.
If a SNR >=3 was obtained for both spots in the double-dot, the
signal was considered to be positive.

3. Results
3.1. Probes and microarray design

Alignment of 78 sequences of P. syringae revealed three variable
blocks of ITS1, denoted here as A, B and C (Fig. 1). Outside of these
blocks, the alignment was highly conserved except for sequence
AF209771, which differed from the consensus sequence onwards
from block B. A BLAST-search found significant similarity only to
Xanthomonas species, and this part of the sequence was therefore
excluded from the alignment. Three different versions of each
hypervariable block were found, and each was represented by a
group of sequences with more than 70% nucleotide similarity. Nine
probes were designed in order to have only one probe targeting each
of the block versions found (Fig. 1, Table 2). The similarity between
C2 and C3 versions did not allow the design of a unique probe, and
16 of 29 sequences targeted by probe C3 showed 75% homology
also to probe C2. Similarity between probes did not exceed 55%
homology in all-to-all comparison and maximal length of identity
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Table 2

Probes and primers used in the study. >=15 nt of identity = proportion of sequences having at least 15 nt long region identical with probe (e.g. 51/53 =51 out of 53 targeted
sequences share >= 15 nt long region of identity to probe); >=75% homology = proportion of sequences having at least 75% homology to the probe; min. homology = minimal
homology found within targeted sequences. Upper case, bold, underlined = probe; lower case = random sequence; n.e.= not evaluated.

Probe Sequence 5’ ->3’ >=15 nt of identity >=75% homology min. homology (%)
Al TTAAGCTCCAAGCTGATAGCTCAACGCTAGCGGCTACAAG 12/12 12/12 95
A2 GAGAAGCAGCTTTTGCTTTGCACACCCGATTTTGG 13/13 13/13 100
A3 cagaatctagGAAGCAGCGCCCGAGTITCGGgatcgattga 51/53 52/53 70
B1 AGATAGCTGGTCAGAGTAGACGCCTCCACGGTATGTAGAA 49/50 50/50 83
B2 ACCTGGTGAAGTTGGTCAGAGCGCGTACGACACCCGGA 13/13 13/13 87
B3 CCACCAATTTTGTGTGGGAAACGCCTGTAGAAATA 15/15 15/15 97
Cl1 GCATTCCATTGATCCTGACGATCAGTGCCTGAATG 15/18 18/18 91
2 ctggatctAGCATTCCACCTGGATTGAAGGGagtatgcga 13/30 30/30 87
(e} ctggatctagCCCTGAGAGATTGAAGGGTGgagtatgega 17/29 23/29 70
Primer-FWD GTAAAACGACGGCCAGGTGCCAGCMGCCGCGG n.e. n.e. n.e.
Primer-REV ACCGTATGCGCTTCTTCAC n.e. n.e. n.e.

was 9nt for probes C2 and C3. Four double-dots of each probe
were printed per microarray (Fig. 2, scheme) consisting of 6x6
double-dots.

3.2. Specificity and sensitivity of microarray

An identical hybridization pattern was observed for three repli-
cate samples of each strain or clone. All targets hybridized exclu-
sively to probes sharing at least 75% homology with them.
Hybridization was indicated by SNR>5 in the case of all but probe
A3, where the average SNR was 2.3. In this case, probe-to-target
homology was 100% for each target. Nevertheless, the SNR of all
hybridized probes was at least 3 times higher than the inner
fluorescence of spots (SNR<O0.7). All ITS1-uniform genomes and
cloned targets hybridized specifically to one probe only per each
hypervariable block (Fig. 2, Table 1), with two exceptions: a) strains
of pv. lachrymans and pv. tomato hybridized occasionally to both
probes C3 and C2, and b) some cloned targets of pv. syringae did not
hybridize to any of the probes targeting hypervariable block C.
These exceptions were due to the presence of a modified variant of
block C having (in the case a) or lacking (in the case b) at least
75% homology to the particular probes (see Section 3.3).

3.3. Detection of particular ITS1 configurations
Seven configurations of ITS1 were found within the genomes of

20 strains tested (Table 1, Fig. 2), based on the following versions
of hypervariable blocks A, B, C: a (A1, B3, C1), b (A1, B3, C4), c (A2,

B2, C2),d (A2, B2, C3), e (A3, B1,C1),f(A3,B1,C2),and g (A3, B1, C4).
The ITS1-uniform genome was detected in 15 strains investigated
(Table 1). Configurations for nine of these strains were determined
directly from the observed hybridization pattern (a, c, e, or f) and
confirmed by sequencing of the targets. The other six strains
hybridized as configuration d with occasional simultaneous hybrid-
ization to probe C2 (Fig. 2). These targets were cloned and individual
clones were hybridized onto the microarray in order to elucidate
possible ITS-mosaicism. No changes in hybridization patterns were
observed and sequencing of the targets revealed a single ITS1 version
having 100% and 75% homology to probes C3 and C2, respectively.

Another five strains in the study hybridized consistently to more
than three different probes on the microarray (Fig. 2, mosaicism),
suggesting the ITS1-mosaic genome. Hybridization of cloned targets
revealed two or three different configurations of ITS1 within the
single genomes (Table 1, Fig. 2). Furthermore, a novel variant of block
C was found in configurations b and g (pv. syringae) having only 70%
homology - and thus not hybridizing - to probe C3 (Fig. 2).

For each particular configuration of ITS1 detected, sequences with
the same configuration were found in GenBank belonging either to
the same pathovar or to a sequence from an unidentified pathovar.
Moreover, configuration d was also found in pv. tagetis (AY342203),
whereas only the f configuration was found in the study. The
alignment of sequences obtained in the study with all sequences of
the targeted pathovars from GenBank showed high conservation of
ITS1 sequences for each particular configuration among different
pathovars. Only a few nucleotide changes were observed, whereas
variability between different strains of the same pathovar was higher

A (V1)
80 90 100 110 120 130
Al: TTTAAGCTCCAAGCTGATAGCTCAACGCTAGCGGCTACAAGET AATT] S
2 o S iu o
A3: .. CAGAMGORGE eTTC oy
B (V2)
200 210 220 230 240 250 260

Bl H 4 A A
B2:
B3:

360 370 380 390 400 410 420
Cl: :
c2:
C3:
C4:

Fig. 1. Different versions of hypervariable segments (A, B, C) found within ITS1 and capture probes designed (bold, underlined). C4 = derivative of C3 which did not hybridize with C3
probe. Dark gray = nucleotides conserved in all three versions; gaps are depicted as “-> symbol.
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particular configurations of ITS1, * = version of d with hybridization to both probes C3 and C2; mosaic = hybridization pattern of the ITS1-mosaic genomes (uncloned targets).
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than variability between pathovars with the same configuration
of ITS1.

4. Discussion

Variability of the bacterial ITS1 is usually connected with the
presence or absence of particular tRNA genes and/or with combina-
tions of several variants of hypervariable blocks. However, only the
latter has been described for P. syringae (Milyutina et al., 2004;
Stewart and Cavanaugh, 2007). Therefore, the microarray in the
study targeted three hypervariable blocks, A, B and C, corresponding
to regions V1, V2, and V4, respectively, as described by Milyutina
et al. (2004). Region V3 described there was highly conserved and it
did not allow for the design of discriminatory probes.

The basic task of the microarray developed was to find exact
configurations of ITS1. The study proved that configuration of the
ITS1-uniform genomes can be read directly from the hybridization
pattern of a particular target. The ITS1-mosaic genomes had to be
cloned and re-hybridized in order to reveal their exact compositions.
The only constraint is seen in the relative similarity of the C3 and C2
versions of block C. This can lead to hybridization of some sequences
to both probes C3 and C2, thereby mimicking the ITS1-mosaic genome.
Unfortunately, the length of this region does not allow for designing
more specific probes. The only solution is to hybridize a cloned target.
In order unambiguously to determine the C4 version of block C
found during microarray testing, an additional probe should be added
to the microarray targeting this variant.

All seven configurations of ITS1 found in this study coincided with
sequences already presented in GenBank. However, the microarray
also was able to indicate the diversity of ITS1 sequences within a
particular genome. Configurations b and g were found in the ITS1-
mosaic genomes only. By contrast, configurations c, d, and f were linked
to the ITS1-uniform genomes. Configuration e was presented in all the
ITS1-mosaic genomes detected, although it was detected, too, in some
of the ITS1-uniform genomes. Only two cases of ITS1-mosaicism
within the P. syringae genomes have been reported to date, both
corresponding to the configuration e + b. Milyutina et al. (2004) found
mosaicism in two strains of unidentified pathovars, while Stewart
and Cavanaugh (2007) reported mosaicism within the genome of

pv. syringae. The latter study mentioned three different versions of
ITS1, although one of them was not created by block combinations
considered here and was represented by only two nucleotide changes.
In addition to these findings, the same type of mosaicism (a+e) was
found by the developed microarray in pv. coronafaciens, pv. phaseoli-
cola, pv. pisi, and pv. tabaci, where it had not been reported before.
Two other types of mosaicism (b + e and a + e + g) were found within
the strains of pv. syringae.

The last question asked in this study regarded the determination
of pathovar by ITS1 sequence. Kong et al. (2005) reported only very
small genetic diversity of ITS1 within 24 strains of pv. tagetis
collected worldwide. All sequences in the study cited belong to the
f configuration of ITS1, and the same configuration of the pathovar
was determined in this study. This suggests a possibility of deter-
mination for at least some pathovars. Nevertheless, sequence
AY342203 of pv. tagetis found in GenBank was based on the d
configuration of ITS1, and the f configuration was found also in pv.
helianthi. A similar situation was observed for the other configura-
tions. Furthermore, a particular configuration was not specific even
for the same pathovar (pisi, syringae). The only exception was
configuration ¢, which was unique to pv. theae in the study. Only 13
pathovars out of more than 50 existing were tested, however, and
other pathovars with this configuration can be present in nature.
These findings, together with the high conservation of particular
configurations, imply that neither the ITS1 configuration nor the
nucleotide changes are characteristic for individual pathovars.

Given that ITS1 has been reported as the only suitable subspecies
marker on the rrn operon, moreover, it could be concluded that
analysis of any part of rrn cannot properly characterize the pathovars
of P. syringae. This conclusion challenges several studies reporting
successful differentiation of pathovars P. syringae (e.g. Manceau
and Horvais, 1997; Gonzalez et al., 2000; Peters et al., 2004; Olczak-
Woltman et al., 2007) or evaluating their phylogenetic relationships
(Sawada et al., 1997; Kong et al., 2005) based on the analysis of
ITS1/rmn. These results can be caused by including a few strains or a
selected group of them in the studies mentioned. Therefore, more
strains from each pathovar should be tested in future studies and
further research is needed to improve our knowledge about ITS1
variability. The microarray presented here can improve and simplify
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some parts of such research. The number of probes per microarray
can be further extended to target another versions of hypervariable
blocks found within the genomes of different bacterial species. Such
a microarray would be a useful generic tool for screening the
variability of the ITS1.
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SPOLEHLIVOST DIAGNOSTIKCYCH TECHNIK PRO DETEKCI
KARANTENNI BAKTERIE CLAVI BACTER MICHIGANENSI S SUBSP.
MICHIGANENSISV ROSTLINACH A SEMENECH RAJ CETE

Reliability of diagnostic techniques for detectiorof quarantine bacterium
Clavibacter michiganensis subsp.michiganensis in tomato plants and seeds

Mréaz 1.1, Kokogkova B?, Beran P!, Pouvova D?°

Biologické centrum AWCR
2V)’/vzkumny Ustav rostlinné vyroby, Praha
*Ceska zemdIska univerzita v Praze

Abstrakt

Clavibacter michiganensis subsp.michiganensis (Cmm) byl spolehli¥ detekovan a izolovan
z niznychcasti (baze, stonkyapiky) silre napadenych rostlin deseti ddrtyckovych ragat
diagnostickymi metodami PCR, PTA-ELISA a IIF. Néjei¢jSi metodou se ukézala byt
optimalizovana PCR s kom#rimi a vlastnimi primery. Tato metoda se takééd&la pro
detekci patogena ze suchych, dva roky starychimosdicete a pro detekoCmm z untle
infikovanych semerxtyi tyckovych a g@gti kerickovych odfid. Cmm byl metodu PCR
v semenech réat potvrzen nejen po 24 hodinach, ale i po jednginu a jednom ®sici po
inokulaci.

Kli ¢éova slova:bakterialni vadnuti ragte, detekce, ELISA, IF, PCR, rep-PCR, hybridizace

Abstract

Clavibacter michiganensis subsp.michiganensis (Cmm) was reliably detected and isolated
from various parts (base, stem and petiole) ofnglsoinfected plants of ten indeterminant
tomato varieties using diagnostic techniques PCR-BELISA and IIF. The most sensitive
technique was optimized PCR with commercial and &@mR primers. This method was also
convenient for detection of pathogen from dried) fiears old tomato plants and for detection
of Cmm from artificially infected tomato seeds of four indetémant and five determinant
varieties. Using PCRCmmwas proved in tomato seeds not only after 24 hdursalso after
one week and one month after inoculation.

Key words: tomato bacterial canker, detection, ELISA, IF, P@R-PCR, hybridization

Uvod

Jednim z nejzavaéjsich patogeh rajcete, zejména pak sklenikovych pofgge karanténni
bakterie Clavibacter michiganensis subsp.michiganensis [(Smith) Davis et al.] (déle jen
Cmm), zpisobujici bakterialni vadnuti tagte. Tato bakterie setbe vyskytovat rovéZ na
plarg rostoucich rostlinach z rodiolanum (OEPP/EPPO, 2005).

K detekci a identifikaci fytopatogennich baktergé pouZzivaji #izné diagnostické metody
zalozené na odliSnych principeckinku. V piipace Cmm to byva nejastji sklickova
aglutinace, ELISA, imunofluorescence, PCR a bialkgi testy na régti (OEPP/EPPO,
2005). Uspch sérologickych metod zavisi na typu a kéadpecifickych protilatek, které jsou
bud’ polyklonalni, monoklonalni nebo kombinované (Akar 2004). Dreier et al. (1995)
uvadji, ze PCR se jevi jako rychly test pro deteRaim v infekénim rostlinném pletivu.

Tato prace byla zathena na porovnani spolehlivosti imunochemickych alekndarns
biologickych metod pro detek@mm v ptirozere a un€le infikovanych rostlindch a semenech
rajcete.
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Material a metody

Baze, stonkyjfapiky a listy rostlin deseti tkovych odfid ragete s piznaky Cmm byly
testovany #kolika diagnostickymi metodami (PTA-ELISA, IIF, SRCR). V sérologickych
testech byly pouzity polyklonalni protilatky od ¢&ké firmy Neogen Europe Ltd. Pro PTA-
ELISA (nefima ELISA) byly rostlinné vzorky fipraveny viedsni 1:1, 1:10, 1:19 1:1G a
pro IIF (nefiima imunoflurescence) kedéni 1:10, 1:16, 1:1C, 1:10. Vzorky byly rovrez
testovany skfikovou aglutinaci (SA) s pouzitim vyizolované bakikni kultury v koncentraci
cca 18 CFU/mI. Pro PCR byla vzdy pouZita bakterialni DN#izolovana z rozdrceného
cerstvého (pop usuSeného) pletiva za pouziti kitu DNeasy PlanniNKit (Qiagen) dle
piilozeného navodu.

Metodou PCRoylo testovano § rostlinnych vzork tyckovych odfid ragete s piznakyCmm
bezprostedre po odlEru. Nasleds byly rostliny usuSeny a po dvou letechébgtejnym
zpisobem testovany.

Ctyti tyckové (Perun, Slava Poryni, Orfea F1, Pedro Fif)keickovych (Diana, Minigold,
Karla, Pavlina, Denar) rostlin tgte a semen&chto odtid byly untle infikovany bakterialni
suspenzi (1DCFU/mI) dvou sbirkovych km&nCmm (LMG 7333 a LMG 5727). Poté byl
patogen detekovan pomoci PCR.

Vlastni PCR reakce prébla na pistroji Mini Cycler (MJ Research, Watertown, MA, BB
Byly pouzity d¥ dvojice primet, a to kometni primery Cmm5/Cmm6 podle Dreier et al
(1995) s vyslednym produktem 609 bp a vilastni pym€mm1F/CmmlR, poskytujici
vysledny amplifik&ni produkt 500 bp (KokoSkova et al., 2010). Amgkfini produkt (1pl)
byl smichan s 1ul vkladaciho pufru a barvivem SybrGreen (Lonza) elethe analyzovan na
1% agarosovem gelu.

Jako dopikové metody pro osdteni vysledk PCR jsme pouZili rep -PCR s primery
BOXA1R a REP1, REP2 (Versalovic et al., 1994) aldot hybridizaci se sondou zfenou
digoxigeninem (Kessler, 1992). Amplifiai protokol byl sestaven dle Louws et @998).
Elektroforéza PCR produkfprobihala na 1,5% agarosovém gelu po déiblodin.

Vysledky a diskuse

Patogen byl spolehlévdetekovan olima imunochemickymi testy ve vSech desetitddch
rajcete (Tab 1). Pomoci PTA-ELISA byCmm zjis€n viednich 1:1 a 1:10 (100 %
pozitivnich vzork - baze, stonekiapik), viedsni 1:1F byl patogen detekovan ve stoncich
v8ech deseti odd (Tab 1). V IIF testech byCmm zjistsn viedsnich 1:10 a 1:19(100 %
pozitivnich vzork - baze, stonekiapik), viedsni 1:1G byl patogen detekovan v bazich a
stoncich vSech deseti d&dr (Tab 1). Vlistech patogen detekovan nebyl Zadnou
z imunochemickych metod. Podle naSich vystedilyla citlivost IIF testu 10x vysSi nez
citivost PTA-ELISA, cozZ je v souladu s Udaji uéagmi Schaad et al. (1990). Ze vSech
vzorka byly ziskany izolatyCmm owiené v SA a ve zmémych tech diagnostickych
metodach (PTA-ELISA, IIF, PCR) vyjma vzorku3, z ©hoZz izolat ziskan nebyl (Tab 1).
NejcitlivéjSi metodou se ukazala optimalizovana PCR s kémii (Dreier et al1995) i
vlastnimi primery odvozenymi z genu pro tomatin§kiokoSkova et al., 2010VSechny
vzorky odebrané z baze, stonkuagiku testovanych rostlin deseti ddrtyckovych ragat
vykazovaly v PCR pozitivni reakci s &ha dvojicemi primet, ale vzorky odebrané z list
byly az na jednu vyjimku negativni (Tab 1). Okraowekrozy na listech, které byly
analyzovany, nemusely byt patogennilizquu ¢i rostlinné pletivo bylo odutelé, a proto
patogen v listech nebyl detekovan.

Metodou PCRs olEma dvojicemi primear bylo prokdzandCmm v péti ¢erstvych vzorcich
tyckovych odfid ragete s piznaky patogenagstovanych ve sklenikuPo dvou letech byla
z ususenych rostlinnych vzdrkyizolovana bakterialni DNA a opakovan PCR test.¥&ech
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prowiovanych vzorcich byCmm opstovré prokadzan. S¥dci to o schopnosti dlouhodobého
piezivani patogena v rostlinnych zbytcich.

V semenech byl patogen (vyizolovana bakteridlni DNigtekovan pomoci PCR s&ba
vySe uvedenymi dvojicemi primiipo 24 hodinach, jednom tydnu a jednorésini ve vSech
piipadech s pozitivnim vysledkem. Toédvi o snadné schopnosti patogen@zivat na
semenech. V utte infikovanych rostlinach ragte se zadnou z dvojic prinienepodélo
detekovat patogena ani v jednom z testovanych vzdétledpokladame, Zze¢hem gstovani
ve skleniku mohlo dojit k ozdraveni rostin koncentrace patogena v rostlinach byla pod
deteknim limitem PCR. Citlivost PCR v naSich testech dgpondovala s vysledkyiip
detekci fytopatogennich bakterii ud@gmi nag. Luo et al. (2008).

Lze konstatovat, Ze vysledky ziskané v rep - PGRtablot hybridizaci byly az na drobné
vyjimky shodné s klasickym PCR.

Tato prace potvrdila naSiig¢jSi zkuSenost, Ze pro detekci patogena z rostlimméhterialu
pomoci PCR je nezbytné pouzit vhodny izalakit (Kokoskova et al., 2007§imz se PCR

e viv s

analyza stava sice pragsi i casow a finartné narangéjsi, ale mnohemiesrgjsi.

Tabulka 1: Detekce a izolac€lavibacter michiganensis subspmichiganensis z napadenych
rostlin deseti odid tyckovych ragat

Detekce Izolace
Vzorek PTA-ELISA IIF PCR Celk.
¢. 1:10/1:100 1:100/1:1000 konieri/vlastni primery SA | Izolat| wvysl.
b S Iy | b S Iy | b S T |
1 +/- +/+ +/+ -/- +/+ +/+ +/+ -/- +/+ +/+ +/+ -[-| #+| ano +
2 +/- +/+ +/+ -/- +/+ +/+ +/+ -/- +/+ +/+ +/+ -[-| #+| ano +
3 +/+ +/+ +/+ -/- +/+ +/+ +/+ -/~ +/+ +/+ +/+ -/- ne +
4 +/+ +/+ +/+ -/- +/+ +/+ +/+ -/- +/+ +/+ +/+ -[-| 4#+| ano +
5 +/+ +/+ +/+ -/- +/+ +/+ +/+ -/- +/+ +/+ +/+ -[-| 4#+| ano +
6 +/+ +/+ +/- -/- +/+ +/+ +/+ -/- +/+ +/+ +/+ -[-| #+| ano +
7 +/+ +/+ +/+ -/- +/+ +/+ +/+ -/~ +/+ +/+ +/+ +/+ +# | ano +
8 +/+ +/+ +/+ -/- +/+ +/+ +/+ -/~ +/+ +/+ +/+ -[-| #+| ano +
9 +/+ +/+ +/+ -/- +/+ +/+ +/+ -/- +/+ +/+ +/+ -[-| 4#+| ano +
10 +/+ +/+ +/- -/- +/+ +/+ +/- -/ +//+ +/+ +/+ -~ + ano +
Poz.
vz. 100/80( 100/100| 100/80| 0/0 | 100/100| 100/100| 100/90| O/0 | 100/100| 100/100| 100/100| 10/10| 90 90 100
(%)

PTA-ELISA: Absorbancgs: (-) negativni € 20); (+) pozitivni £ 0.21); prvni sloupec -
vysledkyredni 1:10 (shodné s vysledkyredeni 1:1), druhy sloupec - vysledkgdni 1:100
lIF: Patet fluorescentnich bék v jamce: (-) negativni (zadna); (+) pozitivid { buika);
prvni sloupec -vysledkyedni 1:100 (shodné s vysledkyigdni 1:10), druhy sloupec -
vysledkyredni 1:1000

SA: intenzita aglutinace (+) slaba, (+H)esini, (+++) silna

PCR: Prvni sloupec: vysledky s kor&@imi primery (Cmmb5,6); druhy sloupec: vysledky
s vlastnimi primery (Cmm1F,R)

Zavér

Karanténni fytopatogenni bakteri@lavibacter michiganensis subsp. michiganensis byla
spolehli¥ detekovana dma na sobé nezavislymi metodami, a to nd@mou
imunofluorescenci (lIF) za pouziti polyklonalnictoplatek od skotské firmy Neogen Europe
Ltd. a metodou optimalizovaného PCR s kafnéni (Dreier et al1995) i vlastnimi primery
odvozenymi z genu pro tomatindzu (Kokoskova et 2010). Na zaklatl naSich vysledk
byla citlivost IIF testu 10x vy3Si nez citlivost RELISA, coz je v souladu s udaji
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uvadtnymi nekterymi autory (Schaad et al.,, 1990). Nebéppst patogenatpdevsim pro
rajcata @stovana ve skleniku byla potvrzena jeho pozitivetellci pomoci PCR ve dva roky
starych suchych vzorcich sklenikovych ¢edj coz sedéi o schopnosti dlouhodobého
piezivani Cmm v rostlinnych zbytcich. Citlivost PCR v naSich &gt korespondovala
s vysledky pi detekci fytopatogennich bakterii ugymi nag. Luo et al. (2008). Rowz

v umele infikovanych semenech tajte byl patogen detekovan pomoci PCR nejen po jedno
tydnu, ale i po jednom é&sici od data inokulace a je realniegpoklad, Ze tato doba bude
jeS€ mnohem delSi. Toto zji&ti swdci o snadné schopnodimm pieZivat na semenech.
Délka doby pezivani patogena na semenechatpude dale sledovana v naSi dalSi praci.

Tato prace byla podporovana grantemé. QH71229 Ministerstva zenddélstvi CR a
grantem ¢. AV0Z50510513 Grantové agentury AVCR.
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NAVRH A TEsToyANi SPECIFICKYCH PRIMERU PRO DETEKCI
KARANTENNI BAKTERIE XANTHOMONAS VESICATORIA

Design and testing of primers specific for detection of quarantine bacterium
Xanthomonas vesicatoria

Beran P.l’z, Mraz 1.!

'Biologické centrum AV (;R, Ceské Budéjovice
?Jihoceskd univerzita v Ceskych Budéjovicych

Abstrakt

V této studii popisujeme vyvoj metody PCR pro detekci karanténni bakterie Xanthomonas vesicatoria,
ktera je patogenni pro raje a papriku. Par primerit XVI1F a XVIR byl navrzen na zadkladé DNA
sekvence genu atpD (ziskané ze sbirkového kmenu Xv CCM 2102) tak, aby byl specificky pouze pro
detekci Xanthomonas vesicatoria. Tyto nami navrzené primery poskytovaly (vysledny) amplifikacni
produkt o velikosti 356 bp a rovnéz vykazovaly vysokou specifi¢nost. Pfi testovani primerti na
specifi¢nost soubor testovanych bakterii zahrnoval mnoho bakterii patogennich pro raj¢e a papriku
(véetné rodu Xanthomonas) a nékteré dalsi bakterie. K pozitivni PCR reakci vSak dochazelo pouze
tehdy, byla.-li pouzita templatova DNA vyizolovana z Xanthomonas vesicatoria. Dodrzenim
protokolu popsaném v tomto clanku Ize rychle a spolehlivé identifikovat bakterii Xanthomonas
vesicatoria. Dle dostupnych informaci se jedna o prvni dvojici primeri, detekujici specificky pouze
bakterialni druh Xanthomonas vesicatoria.

Klicova slova: Xanthomonas vesicatoria, PCR, primery, detekce

Abstract

In this study we present development of PCR method for detection of Xanthomonas vesicatoria, the
bacteria pathogenic for tomato and pepper. Primer pair XV1F and XVI1R was designed based on DNA
sequence of atpD gene (obtained from Xv CCM 2102 collection strain) in order to be specific for
detection of Xanthomonas vesicatoria. PCR product of 326 bp was observed only if DNA isolated
from Xanthomonas vesicatoria was used as a template. Collection of bacteria tested contained a lot of
bacteria pathogenic for tomato and pepper (including Xanthomonas genus) and some other bacteria.
Following the protocol described in this article Xanthomonas vesicatoria can be identified rapidly and
reliably. To date, there is no report of such primers for specific detection of Xanthomonas vesicatoria.
Keywords: Xanthomonas vesicatoria, PCR, primers, detection

Uvod

Bakteridlni skvrnitost papriky a rajcete se vyskytuje v mnoha zemich po celém svété. Nejveétsi
ekonomicky vyznam ma v oblastech teplého a vlhkého klimatu (Jones et al., 1998). Hlavnim
pfiznakem tohoto onemocnéni jsou nekrotické léze, vyskytujici se na listech, stoncich,
plodech a kvétech (Pohronezny, Volin, 1983).

Bakterialni skvrnitost papriky a rajcete zplsobuje pomérné raznorodd skupina
fytopatogennich bakterii rodu Xanthomonas. Taxonomickd nomenklatura a klasifikace
bakterii rodu Xanthomonas, které infikuji rajcata a papriky, proSla v minulych letech
zna¢nymi zménami. V soucasné dob¢ jsou tyto patogeny fazeny do Ctyt skupin (A, B, C a D)
vramci rodu Xanthomonas. Zatimco skupiny A a B jsou celosvétové rozSifeny,
xanthomonddy ze skupiny C se nachazeji ptfedevsim v USA, Mexiku, Brazilii, Koreji a ve
statech na pobtezi Indického oceanu a xanthomonady ze skupiny D se nachazeji na uzemi
byvalé Jugoslavie, v Kanad¢, Kostarice, USA, Brazilii a v oblastech u Indického oceéanu.
Uvedené ctyfi skupiny byly na zékladé fyziologickych a molekularné biologickych
charakteristik klasifikovany jako jednotlivé druhy Xanhomonas néasledovné: Xanthomonas
euvesicatoria Jones et al. 2006 (skupina A), Xanthomonas vesicatoria (ex Doidge 1920)
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Vauterin et al. 1995 (skupina B), Xanthomonas perforans Jones et al. 2006 (skupina C), a
Xanthomonas gardneri (ex Sutic 1957) Jones et al. 2006 (skupina D) (Jones et al., 2004).
Vzhledem k potencidlnim ekonomickym ztratdm pii propuknuti bakteridlni skvrnitosti, je
dilezitd vcasnd a spolehlivda detekce patogena. Metody jako sklickova aglutinace,
biochemické testy, analyza mastnych kyselin, metabolické analyzy, ELISA nebo pritokova
cytometrie jsou pro detekci patogena pouzitelné, ale jsou ¢asoveé narocné a pracné (Doorn et
al., 1999; Chase et al., 1992; Chitarra et al., 2002). Polymerazova fetézova reakce (PCR) vSak
nabizi moznost rychlé, specifické a citlivé detekce urcité sekvence DNA a je proto velice
vhodna pro detekci patogena v rostliné (Hartung et al., 1993).

V tomto c¢lanku prezentujeme analyzu zaloZenou na PCR, kterou lze pomoci specifickych
primert detekovat DNA sekvenci typickou pro Xanthomonas vesicatoria (skupina B). Tato
sekvence se nachdzi uvnitt genu atpD, ktery je nezbytny pro produkci energie.

Material a metody

Bakterialni kmeny a jejich kultivace

Bakteridlni kmeny (Tab. 1.) byly ziskdny z Belgian Co-ordinated Collections of Micro-
organisms (BCCM/LMG), National Collection of Plant Pathogenic Bacteria (NCPPB), Gent,
Collection Francaise de Bactéries Phytopathogénes (CFBP), Beaucouze, Ceské sbirky
mikroorganismt v Brné¢ (CCM) a sbirky Vyzkumného tstavu rostlinné vyroby (CRI) v Praze.
Vsechny kmeny byly kultivovany na MPAg (masopeptonovém agaru s glukosou: 40g zivného
agaru ¢.2, 5,2 g kvasni¢ného autolyzatu, 10 g glukozy, 20 g agaru, doplnéno dH,0O do 1 litru)
pii 28°C po dobu 1 az 3 dnt.

Izolace DNA

DNA z cCerstvé narostlych bakteridlnich kultur byla izolovana pomoci komeréné dostupného
kitu Wizard® SV Genomic DNA Purification System (Promega, USA). Bylo postupovano
podle protokolu ptiloZzeného vyrobcem.

Navrh primerd a PCR

Oligonukleotidové primery nazvané XVI1F (5° — CAGTCCTCCAGCACCGAAC — 3) a
XVIR (5°- TCTCGTCGCGGAAGTACTCA - 3°) byly navrZeny (syntetyzovano Generi-
Biotech, CR) do oblasti genu atpD podle sekvence DNA nami ziskané z Xanthomonas
vesicatoria (Xv CCM 2102). Ocekavany PCR produkt vykazoval velikost 326 bp. Reakéni
smés PCR byla pfipravovana do celkového objemu 15 pl v nasledujicim sloZeni: 7,5 pl 2x
PPP MasterMix Combi (Top-Bio, CR), 4,5 ul sterilni destilované H,0, 1 pl templatové DNA
a 1 pl kazdého z primert (10 pmol). Program PCR se skladal z Gvodni denaturace pti 94°C
trvajici 5 minut nasledované 25 cykly, z nichz kazdy sestaval ze 3 fazi: 45 s pi1 94°C, 45 s pti
69°C a 40 s pti 72°C. Cely program byl zakoncen zavére¢nou elongaci pti 72°C po dobu 10
minut. Po dokonc¢eni programu byly vzorky zchlazeny a udrzovany pii 4°C.

Elektroforéza

Po PCR byla kazda z reakci smichdna s interkalacnim ¢inidlem SYBR Green I (Lonza, USA)
a nanesena na 1% agarézovy gel. Elektroforéza probihala 70 minut pti 90 V (4 V / cm).
Agar6zovy gel byl vizualizovan pomoci UV prosvécovaci lampy a dokumentacniho zatizeni
od firmy Kodak.
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Poradi | Nazev bakterialniho izolatu uvadény ve sbirce Sbirka a Cislo Ge:grva:;cky De;ﬁ';?:;no
1. Xanthomonas vesicatoria BCCM/LMG 916 | Novy Zéland ANO
2. Xanthomonas vesicatoria BCCM/LMG 919 | Zimbabwe ANO
3. Xanthomonas vesicatoria BCCM/LMG 920 Italie ANO
4. Xanthomonas vesicatoria BCCM/LMG 925 | Madarsko ANO
5. Xanthomonas vesicatoria CCM 2101 Madarsko ANO
6. Xanthomonas vesicatoria CFBP 2537 Novy Zéland ANO
7. Xanthomonas vesicatoria NCPPB 2595 Brazilie ANO
8. Xanthomonas axonopodis pv. vesicatoria BCCM/LMG 667 | Novy Zéland NE
9. Xanthomonas axonopodis pv. vesicatoria BCCM/LMG 668 | Cookovy ostrovy NE
10. Xanthomonas axonopodis pv. vesicatoria BCCM/LMG 909 | Pobrezi slonoviny NE
11. Xanthomonas axonopodis pv. vesicatoria BCCM/LMG 922 Florida, USA NE
12. Xanthomonas axonopodis pv. vesicatoria BCCM/LMG 931 USA NE
13. Xanthomonas axonopodis pv. vesicatoria BCCM/LMG 933 Brazilie NE
14. Xanthomonas axonopodis pv. vesicatoria CCM 2101 Madarsko NE
15. Xanthomonas axonopodis pv. vesicatoria CFBP 1604 Guadeloupe NE
16. Xanthomonas axonopodis pv. vesicatoria CFBP 3274 Guadeloupe NE
17. Xanthomonas campestris pv. vesicatoria BCCM/LMG 918 | Indie NE
18. Xanthomonas campestris pv. vesicatoria BCCM/LMG 921 Long Islond, USA NE
19. Xanthomonas campestris pv. vesicatoria BCCM/LMG 927 | Zambie NE
20. Xanthomonas campestris pv. vesicatoria BCCM/LMG 928 USA NE
21. Clavibacter michiganensis subsp. michiganensis BCCM/LMG 5727 | Bulharsko NE
22. Clavibacter michiganensis subsp. michiganensis BCCM/LMG 7333 | Madarsko NE
23. Dickeya sp. CCM 989 NE
24. Erwinia amylovora CCM 1133 NE
25. Pantoea agglomerans CCM 2406 Ceska republika NE
26. Pantoea dispersa CCM 4414 Ceska republika NE
27. Pectobacterium atrosepticum CCM 322 Francie NE
28. Pectobacterium carotovorum subsp. carotovorum | CCM 1008 Dansko NE
29. Pseudomonas corrugata CRI 8892-85Re Ceska republika NE
30. Pseudomonas fluorescens CCM 2115 Velka Britanie NE
31. Pseudomonas marginalis pv. marginalis BCCM/LMG 2210 [ USA NE
32. Pseudomonas syringae pv. phaseolicola CRI 186/2 Ceska republika NE
33. Pseudomonas syringae pv. pisi NCPPB 3496 USA NE
34. Pseudomonas syringae pv. tomato CRI 2/1/99Re Ceska republika NE
35. Pseudomonas viridiflava BCCM/LMG 2352 | Svycarsko NE
36. Rahnella aquatilis CCM 4086 Ceska republika NE
Vysledky a diskuse

Primery XVIF (19-mer) a XVIR (20-mer) byly testovany s DNA vyizolovanou
z Xanthomonas vesicatoria. Podle ocekavani se v PCR tvoftil produkt o velikosti 326 bp u
vSech 7 testovanych kmenti Xanthomonas vesicatoria. K otestovani specificity primert byl
pouzit soubor bakterii dal§ich druhii i roda (Tab. 1). Z nich vétSina je patogennich pro rajce
nebo papriku, nicméné otestovany byly i dalSi bakterie, které se na rajceti nebo paprice
nenachdzeji. U zadné z necilovych bakterii vS§ak nebyl vysledek pozitivni.
Vyvoj specifickych detekénich primert byl jiz publikovdn pro mnoho fytopatogennich
bakterii vCetné Xanthomonas campestris pv. vesicatoria a Xanthomonas axonopodis pv.
vesicatoria (Xanthomonas euvesicatoria, skupina A) (Park et al., 2009). Pomoci dosud
publikovanych primerti vSak nelze spolehlivé detekovat bakterii Xanthomonas vesicatoria
(skupina B), ktera se podobné jako Xanthomonas euvesicatoria vyskytuje celosvétove.
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Dvojice primerdt XV1F a XVI1R byla navrzena do oblasti genu atpD podle sekevnce DNA
ziskané z Xanthomonas vesicatoria (sbirkovy kmen Xv CCM 2102). Sekvence toho genu je
hojné vyuzivéana pro fylogenetické analyzy mnoha bakterii véetné bakterii rodu Xanthomonas
(Young et al., 2008). Odlisnost sekvenci DNA tohoto genu je u riznych bakteridlnich kment
dostate¢na k navrzeni specifickych primert.

Zavér

Primery XV1F a XVIR byly navrZzeny do oblasti genu atpD tak, aby byly specifické pro
detekci Xanthomonas vesicatoria. Jedna se o prvni primery detekujici pouze Xanthomonas
vesicatoria.
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PRUZKUM BAKTERIALNIHO VADNUTI RAJCETE V CR A
SPOLEHLIVOST DETEKCE CLAVIBACTER MICHIGANENSIS SUBSP.
MICHIGANENSIS Z. RAJCAT RUZNYMI DIAGNOSTICKYMI
TECHNIKAMI

The survey of bacterial canker of tomato in CR and detection reliability of
Clavibacter michicganensis subsp. michiganensis from tomato plants using
various diagnostic techniques

Kokoskova B.l, Mraz 1.2, Pouvova D.} , Beran p.

"Vzkumny distav rostlinné vyroby, v.v.i., Praha - Ruzyné
’Biologické centrum AV CR, Ceské Budéjovice
34 ’ N 2 ’ . .
Ceskd zemédelska univerzita v Praze

Abstrakt

Priizkum bakteridlniho vadnuti rajéete provadény v letech 2009-2010 v 22 lokalitach CR
prokazal vyskyt choroby celkem v 6 lokalitich Jizni a Stfedni Moravy a Stfednich Cech na
indeterminantnich raj¢atech péstovanych jak ve sklenicich, tak na polich. Celkem ze 113
vzorkl rajcat s pfiznaky choroby se u 68 % vzorki rostlin prok4dzalo onemocnéni. Pomoci IIF
byl C. m. subsp. michiganensis spolehlivé detekovan do tfedéni 1:1000, zatimco pomoci
ELISA do tedéni 1:100 (nepiiméd ELISA a DAS-ELISA) a 1:10 (PTA-ELISA). Nepiima
ELISA pomoci MAbs byla citlivéjsi nez PTA-ELISA s PAbs. Optimalizovand PCR s
komer¢nimi 1 naSimi vlastnimi primery byly srovnatelné. Patogen byl spolehlivéji detekovan z
bazi, stonki a fapikii nez z listh nemocnych rostlin rajcat.

Kli¢ova slova: bakterialni vadnuti rajcete, detekce, ELISA, IF, PCR

Abstract

Based on the surveys of disease in 22 localities over 2009-2010 vegetation seasons, C. m.
subsp. michiganensis was found in 6 localities of the South and the Central Moravia and the
Central Bohemia in total on indeterminate tomatoes planted in greenhouses and fields. In
total, 113 symptomatic tomato samples were tested, from which 68 % were positive samples.
Using IIF Cmm was reliably detected to dilution 1:1000, but using ELISA to dilution 1:100
(Indirect ELISA and DAS-ELISA) and 1:10 (PTA-ELISA). Indirect ELISA using MAbs was
more sensitive than PTA-ELISA using PAbs. Optimized PCR with commercial and our
laboratory-generated primers were comparable. The pathogen was more reliably detected
from bases, stems and petioles than from leaves of diseased tomato plants.

Key words: bacterial canker of tomato, detection, ELISA, IF, PCR

Uvod

Bakterialni vadnuti rajcete, jehoz plivodcem je karanténni bakterie Clavibacter michiganensis
subsp. michiganensis (Cmm) je vyznamnou chorobou zpusobujici vazné hospodaiské skody v
oblastech produkéniho péstovani rajéat v celém regionu EPPO véetnd Ceské republiky
(Gleason et al. 1993; EPPO/CABI 1997).

Patogen se specializuje na kolonizaci cévnich svazkli rajcete. Prvotnim pifiznakem
onemocnéni je unilaterdlni vadnuti jednotlivych listkii zpefenych listil, které je zpocatku
reverzibilni, pozdé&ji ireverzibilni. Nésledn¢ dochézi k vadnuti, usychani a hnédnuti celych
listd, stonktli a nakonec celé rostliny. Pfi napadeni starSich rostlin zptisobuje bakterie nekrozy
list a skvrnitost ploda (Kokoskova 2008).

Bakterie Cmm pteziva dlouhodobé na infikovanych rostlinnych zbytcich v ptidé a Siii se i
kontaminovanym nafadim a nddobami (Gleason et al. 1993). Za hlavni zdroj ndkazy je vSak
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povazovano infikované osivo a sazenice (OEPP/EPPO 2005). Proto semena a sazenice
podléhaji fytosanitarni kontrole a jejich zasilky musi obsahovat osvéd¢eni o zdravotnim stavu.
Inspekéni metody zahrnujici detekci patogena z rostlin a semen jsou vétSinou zaloZeny na
imunochemickych, molekuldrnich a biologickych testech (OEPP/EPPO 2005; Dreier et al.,
1995; Kokoskova et al., 2010).

Cilem prace byl prizkum bakteridlniho vadnuti rajéete v Ceské republice a posouzeni
spolehlivosti detekénich metod pouzivanych pro uréeni ptivodee choroby.

Materal a metody

Sledovéni choroby bylo provadéno v hlavnich produkénich oblastech indetermintnich rajcat
péstovanych ve sklenikovych i polnich podminkach v celé CR. Ptiznaky napadeni byly
hodnoceny podle ¢tytbodové stupnice (viz mapa). Vzorky byly pfipraveny z rliznych casti
piiznakovych rostlin jako baze, stonek, fapik (pficné fezy) a list (okrajové nekrdzy)
v fedénich 1:10 az 1:10.000 (viz graf). Detekce Cmm byla provadéna riznymi diagnostickymi
technikami podle diagnostickych protokolli uvedenych firem.

Prvni z pouzitych technik byla optimalizovand PCR (polymeradzova ftetézova reakce) s
komerénimi (Dreier et al. 1995) a vlastnimi primery (Kokoskova et al. 2010). Druhou
technikou byla neptima imunofluorescence (IIF) s polyklondlnimi protilatkami (PAbs) od
firmy Neogen Europe Ltd. (UK). DalSimi metodami byly PTA-ELISA (nepfima enzymaticka
imunosorpéni analyza) s PAbs od firmy Neogen Europe Ltd. (UK), neptfima ELISA s
monoklonalnimi protildtkami (MAbs) a DAS-ELISA (dvojitd sendvicova ELISA) s PAbs od
firmy Agdia Inc. (USA).

Vysledky a diskuse

Priizkum bakteridlniho vadnuti rajéete provadény v letech 2009-2010 v 22 lokalitach CR
prokézal vyskyt choroby celkem v 6 lokalitach Jizni a Stiedni Moravy a Stfednich Cech na
indeterminantnich raj¢atech péstovanych jak ve sklenicich, tak na polich. Celkem bylo
testovano 113 podezielych vzorki rajéat, z nichZ 68 % se prokéazalo jako vzorky pozitivni.
Pomoci IIF bylo Cmm spolehlivé detekovano do fedéni 1:1000 a pomoci ELISA do fedéni
1:100 (nepiima ELISA a DAS-ELISA) a 1:10 (PTA-ELISA). VSechny tfi typy ELISA technik
jsou doporucovany pro provéteni piiznakovych vzorki rajéat na pritomnost Cmm. Na zakladé
naSich vysledki vSak nepfima ELISA pomoci MAD byla citlivéjsi neZ PTA-ELISA s PAb. IIF
byla cca 10x citlivéjsi nez ELISA techniky, coz odpovida literarnim udajim (Alvarez 2004).
Optimalizovana PCR s komer¢nimi (Dreier et al. 1995) i nasimi vlastnimi primery pro PCR z
genu tomatindzy bakterie Cmm (Kokoskova et al. 2010) byly srovnatelné.

Patogen byl spolehlivéji detekovan z bazi, stonkii a tapikd nez z listh nemocnych rostlin
raj¢at. Mohlo to byt zplisobeno tim, ze analyzy infikovanych rostlin byly provadény na konci
vegetacni sezony a u nékterych rostlin byly k dispozici uz jen seschlé listy. Bakterie Cmm se
nachazely jest¢ v hojné mife ve vaskularnich svazcich, ale nikoliv v listovych pletivech.

Zavér
Bez ohledu na detekéni techniku pro rutinni rozbory rostlinnych vzorkt rajéat podezielych na

pfitomnost Cmm, které se provad&ji v laboratofich Statni rostlinolékarské spravy,
doporucujeme analyzovat cévni svazky, v nichz patogen piezivda mnohem déle nez v listech.
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Mapa: Rozsiteni bakteridlniho vadnuti rajéete v Ceské republice v letech 2009-2010

2010 —slabé © stredni @ silné @ napadeni
2009 - slabé () stiedni & silné @ napadeni

| Zdravé porosty -O|

Prdce byla podporovina MZE CR, projektem QH71229.
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- Abstract
o Bacterial canker of tomato, caused by bacterium Clavibacter mtchiganensis
subsp. michiganensis (Cmim) 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
_mdetermmate 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 I1IF 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.

. INTRODUCTION

_ Clavibacter michiganensis subsp. michiganensis (Cmm), the causal agent of
 bacterial canker of tomato, is a quarantine bacterium causing economically significant
losses to both greenhouse and field tomato crops. The pathogen is present in all main
-'_cultivatlon areas of tomato, including the EPPO region (EPPO/CABI, 1997).

.+ Cmm can survive for several months on various greenhouse structures and
mplements, but survival of Cmm in soil for long periods of time is possible only when
he bacteria are associated with plant debris (Gleason et al., 1993). Seed transmission
_appears to be very low, but latently infected young plants are considered very important
for spread of Crmm (OEPP/EPPO 2005). A lot of control measures are used to avoid the
isease, but the most reliable of these is using certified seed or transplants that have been
ested to be free from pathogen (Jahr et al., 1999).

7 Detection methods for Cmm include disease diagnosis and identification of the
'athogen usually based on a combination of SA (slide agglutination), ELISA (enzyme-
"_nkecf immunosorbent assay), IF (immunofluorescence), PCR (polymerase chain
- reaction) and bioassay on tomato (OEPP/EPPO, 2005). The PCR assay provides a rapid
est for detection of Cmim in infected plant tissue (Dreier et al., 1995; Santos et al., 1997,
'okoskova et al., 2010).

o The study was focused on comparison of the reliability of immunochemical and
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molecular techniques for detection of Cmim from infected plants of indeterminate tomato
cultivars and from artificially infected tomato seeds.

MATERIALS AND METHODS

All plant samples originated from symptomatic plants of 10 indeterminate tomato
cultivars analysed at the end of vegetation season (Table 1). Using selected diagnostic
methods, the bases, stems, petioles (cross sections) and leaves (marginal necroses) of
diseased tomato piants were tested according to the manufacturer’s protocol F01 ELISA
and IF tests plant sam Eles were prepared in ditution 1:1, 1:10, 1:10% and 1:10°, and 1:10,
1:10%, 1:10° and 1:10" respectively. Isolation of bacterial DNA for PCR from crushed
fresh tissues of plants and from seeds was performed by DNeasy Plant Mini Kit (Qiagen)
according to the manufacturer’s protocol. Detection of Cmm was conducted by PTA-
ELISA (plate-trapped antigen ELISA) and IIF (indirect IF). Commercial PAbs from
Neogen Europe Ltd. (UK) were used for both immunochemical tests according to the
manufacturer’s instructions. Positive/negative reactions in PTA-ELISA were recorded
with an ELISA reader. The ELISA absorbance threshold level was 0.2 at A4ps. IF slides
were observed under a light microscope fitted for epifluorescence at 1000 magnification
using a mercury lamp and a suitable filter system (Kokogkova et al., 2010).

PCR was performed with a Mini Cycler (MJ Research, Watertown, MA, USA).
Primer sets Cmm1F/CmmIR designed in our laboratory which give a 500 bp long product
and primer pairs Cmm5/Cmmé6 (Dreier et al., 1995) which give a 609 bp long product,
were used in PCR. The reaction mix and the PCR protocol were performed according to
Kokoskovi et al. (2010). Amplified PCR products (1 pl) were mixed with 1 pl of loading
buffer with the SybrGreen stain (Lonza) and run on 1% agarose gel.

Detection of Cmm from seeds was carried out just by means of PCR. Seeds of four
indeterminate (‘Perun’, ‘Slava Poryni’, ‘Orfea F1°, ‘Pedro F1°) and four determinate
(*Diana’, ‘Minigold’, ‘Karla’, ‘Denarg) tomato cultivars were artificially infected by
soaking for 48 h in inoculum (10" cfu/ml) of the two reference Cmm strains
(BCCM/LMG 7333 and BCCM/LMG 5727). After periods of 24 h, one week and one
month Cpmmn detection was attempted.

RESULTS AND DISCUSSION

Detection of Crmm from Plants

Detection of Cmm was conducted from strongly infected plants of 10
indeterminate tomato cultivars, two plants were tested from each cultivar, Altogether 120
analyses were carried out by molecular (PCR) and immunochemical (PTA-ELISA and
IIF) tests including screening of bases, stems, petioles and leaves of infected plants,

Pathogen was reliably detected by both immunochemical tests in all 10 tested
cultlvars Using PTA-ELISA and IIF, Cmm was reliably detected to dilution 1:10% and
1:10°, respectively (Fig. 1). Sensumty of PTA-ELISA reached 1:10° (53. 3% of positive
samples) however sensitivity of IIF was 10-fold higher, and reached 1: 10* (56.6% of
positive samples) (Fig. 1). Pathogen was also detected in all tomato samples by means of
PTA-ELISA and IIF in dilution of 1:1 and 1:10, respectively (not shown).

In our experiments, the most sensitive technique was optimized PCR with Dreier’s
et al. (1995) and our laboratory-generated PCR primers (Kokoskova et al.,, 2010). All
samples taken from base, stem and petiole of tomato plants were posmve in PCR
comparably with both primer pairs (Table 1).

Using all three diagnostic tests, Crmm was reliably detected from bases, stems and
petioles of infected tomato plants, but the bacterium was not detected in leaves, except in
one case (10% of positive samples), when usmg PCR. Marginal necroses of 1eaﬂets that
were analysed might not be of pathogenic origin or Cmm was not present there or its low
concentration was under detection limit of used methods and hence the bacterium from
leaves was not detected. i
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. Detection of Cimm from Seed

o Pathogen was detected in infected seeds of all 8 tomato cultivars after 24 hours,
 one week and one month from the date of inoculation using PCR with both primer sets,
~ optimized commercial (Dreier et al., 1995) and our laboratory-generated PCR primers
from the Crm tomatinase gene (Kokoskova et al. 2010) (data not shown).

When PCR was performed with seeds crushed in crushing plate and with distilled
. water added, results were negative in all cases. This confirmed our previous experience,

~ thata DNA isolation kit is necessary for well prepared samples.
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Tables

Table 1. Detection of Clavibacter michiganensis subsp. michiganensis in strongly
infected indeterminate tomato cultivars using PCR by own and commercial primers.

Plant part

Base Stem Petiole Leaf

Sample no./cultivar :
Chnn primers

1F,R* 56 1F,R 5,6 1F,R 5,6 IF,R 5,6

1 Radana + + o+ + ++ +(+) - -
2 PedroF1 + + ++ +(+) ++ +(+) - -
3  Rop -+ +++ ++ +++ +++ +++ - -
4 Brutus +++ +++ ++ ++) + + - -
5  Citrina -+ A+ +++ +++ 4+ 4+ - -
6  Robs ++ ++) +++ - - ++t - -
7  Dathe +++ -+ +++ +++ -+ +++ + +
8  Akron -+ +++ +++ SRR +++ +4++ - -
9 Duo +++ +4++ +++ +++ -+ +++ - -
10 Zlatava + + + + + + - -

Positive samples (%) 100 100 100 100 100 100 10 10

“own primers (Kokoskova et al., 2010).

commercial primers (Dreier ef al., 1995).
Intensity of band: - negative (no band), + weakly positive band, ++ moderately intensive band, +++ strongly
intensive band.

Figures
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Fig. 1. Detection of Clavibacter michiganensis subsp. michiganensis in different parts of
strongly infected indeterminate tomato' cultivars using PTA-ELISA and IIF
techniques. - .
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Abstract

Development of the PCR method for specific detectibXanthomonas vesicatoria,
causal agent of bacterial spot of tomato and pegpperesented in this study. Primer pair
XV1F and XV1R was designed based on DNA sequeneagbf gene and tested using
collection of various bacteria pathogens mainlytéonato and pepper. After optimization of
the PCR conditions, the 365 bp long fragment wag mmduced forXanthomonas
vesicatoria samples. Therefore, described primers and protitmw rapid and species-

specific detection akanthomonas vesicatoria, which has not been reported so far.

Keywords: bacterial spot, tomato, pepper, atpD, xanthomsnad



1. Introduction

Gram-negative bacteriudanthomonas vesicatoria (ex Doidge 1920) Vauterin, Hoste,
Kersters and Swings 1995 VP is the causal agdmaaegrial spot of tomatd.ycopersicon
esculentum Mill.) and pepperCapsicum annuum L.). The disease causes considerable losses
in productivity and fruit quality especially in @® of warmer and humid climate (Al-
Dahmani et al. 2003; Jones et al. 1998). Theréoarephenotypically and genotypically
distinct Xanthomonas species causing the bacterial spot of tomato ap@gr -Xanthomonas
euvesicatoria Jones et al. 2006 (group A, which contains mosghefstrains previously known
asXanthomonas campestris pv. vesicatoria or Xanthomonas axonopodis pv. vesicatoria),
Xanthomonas vesicatoria (group B),Xanthomonas perforans Jones et al. 2006 (group C) and
Xanthomonas gardneri (ex Sutic 1957) Jones et al. 2006 (group D). Wiititains belonging
to groups A, B and D are pathogenic for tomato @eygper, group C strains are pathogenic
for tomato only. Also geographic distribution vari@mong the groups. Groups A and B are
distributed worldwide, whereas distribution (anduléng economical importance) of groups
C and D seems to be limited (Jones et al. 2004).

Considering the economical losses of tomato anggrgproduction caused by
Xanthomonas vesicatoria and limited options of the pathogen suppressidater stages of
the disease, rapid and accurate detection of tt@gen is vital for the tomato and pepper
production (Al-Dahmani et al. 2003). Biochemicaltie serological assays, metabolic
profiling, immunological techniques and flow cytoimyeare all used for identification of the
pathogen. These methods are however laborious;domguming and results are sometimes
inaccurate (Park et al. 2009). Although some PGRa@rsequences for detection of the
bacterial spot on tomato and pepper have beenghédi(Leite et al. 1994; Moretti et al.
2009; Obradovic et al. 2004; Park et al. 2009) enisrcapable of accuraXanthomonas

vesicatoria (group B) detection. In this study we present segas of a new primer pair for



specific detection okKanthomonas vesicatoria (group B) designed from partial DNA
sequences of the catalytic subunit of the ATP s3getétpD) gene AtpD is a well

characterized housekeeping gene with high degreemqfence conservation (Christensen and
Olsen, 1998) which makes it suitable for desigsp#cific primers. Also this gene is

frequently used for MLSA — the multilocus sequeanalysis (Fargier et al. 2011).

2. Material and Methods
2.1 Bacterial strains

A total of 45 strains (Table 1) used in this stwdre obtained from Belgian Co-ordinated
Collections of Micro-organisms — Bacteria Colleati@Gent (BCCM/LMG), French
Collection of Plant Pathogenic Bacteria, Beaucdbedex (Collection Francaise de Bacteries
Phytopathogenes - CFBP), Czech Collection of Migganisms, Brno (CCM), Crop
Research Institute Collection, Czech Republic, BeagRuzyne (CRI) and National
Collection of Plant Pathogenic Bacteria (NCPPB).siains were cultured on MPAg
medium (meat-peptone agar with glucose: 40 g afenttagar no. 2, 5.2 g of yeast extract,
10 g of glucose, 20 g of agarose, added to 1 istilldd H,O, pH adjusted to 7.2) at 27°C for

24 — 48 h.

2.2 Isolation of total DNA
Freshly grown bacterial strains were harvested witlacteriological loop. Extraction of
total DNA was performed by Wizard SV Genomic DNAriRaation System (Promega,

USA) according to the manufacturer protocol.

2.3 DNA sequences



Partial sequences afpD gene were obtained froXanthomonas vesicatoria type strain
BCCM/LMG 911 (GenBank ID: JQ359021) aXdnthomonas euvesicatoria strains
BCCM/LMG 667 (GenBank ID: JQ359022), BCCM/LMG 922€4nBank ID: JQ359023),
BCCM/LMG 926 (GenBank ID: JQ359024) according todier et al. (2011). Sequencing of
the gene was performed on ABI PRISM 3130x| Gengtialyzer (Life Technologies, USA).
Additional 37 partial sequencesapD gene were obtained from GenBank (IDs: AB622347,
EF673145, EU015130, EU015149, EU015160, EU01511W015180, EU015190,
EU015194, EU015199, EU015200, EU015201, EUO01520®15211, EU015212,
EU015213, EU015214, EU015215, GU322722, GU3227418322752, GU322766,
GU322767, GU322768, GU322779, GU322788, GU32273822799, GU322800,
GU322801, GU322802, GU322803, GU322804, GU322808048893, HM048895,

HMO048896).

2.4 Primer design

Partial DNA sequences afpD gene were used fom silico (Oligo 7 software, Molecular
Biology Insights, Inc., USA) primer design. Thedeat specificity of primers was assessed
by nucleotide BLAST (NCBI) analysis. Primers wittettheoretically best specificity, and
also with the lowest possible presence of seconstangtures, were synthesized by Generi

Biotech s.r.o0. (Czech Republic).

2.5 PCR and primer optimization

The composition of reaction was following: j0of PPP MasterMix Combi (Top-Bio
s.r.o., Czech Republic),d of PCR water, 1ul of each primer (10 pmol), Al of template
DNA. Annealing temperature was optimized using gmadPCR. Adequate number of cycles

was determined manually. All reactions were perfaron MJ Mini — Personal Thermal



Cycler (BioRad, USA), GeneQ Thermal Cycler (Bicgng PTC-100 Thermal Cycler (MJ
Research). The amplified PCR products were analyzad 1% agarose gel (Promega, USA)
electrophoresis in 1x TBE buffer at 90 V (4 V nfor 1 h and visualized using SYBR Green

| (Lonza, Switzerland) staining under UV illuminai

3. Results and discussion

The primers XV1F (5 — CAGTCCTCCAGCACCGAAC - 3)@XV1R (5' -
TCTCGTCGCGGAAGTACTCA — 3') were designed based lignanent ofatpD gene
sequences. Their theoretical specificity was teBteBLAST analysis, which showed 100%
homology of primers t&Xanthomonas vesicatoria sequences. Similarity to the other relative
sequences even frokanthomonas genus was below 95%. Actual specificity of thevmis
was tested by PCR with bacterial samples from var@mllections of microorganisms (Table
1). Standard PCR conditions (30 cycles, each ctimgisf 45 s at 94°C, 45 s at 58°C, and 40
s at 72°C, with initial 5 minutes denaturation 4t© and final extension of 10 minutes at
72°C) were not discriminatory enough and 365 b livtagment was produced in most of the
tested samples. After optimization of PCR condgidmowever, onlyXanthomonas
vesicatoria samples were identified as positives (365 bp petgjuAll other, even closely
related bacteria includinganthomonas euvesicatoria (targeted DNA sequence differs in one
nucleotide on 3’ end of each primer) were negative.

Best specificity of the primers was achieved wité tollowing PCR program: 25 cycles,
each consisting of 45 s at 94°C, 45 s at 69°C dénslat 72°C, with initial 5 minutes
denaturation at 94°C and final extension of 10 naswt 72°C. To infer reproducibility of the
PCR (Park et al. 2009) three different PCR cydiens three different manufacturers were

used with consistent results.



Several publications reporting sequences of PCReps for identification of
Xanthomonas pathogenic for tomato and pepper are availabléglet al. 1994; Moretti et al.
2009; Obradovic et al. 2004; Park et al. 2009).0Allhese primers are however used for
detection ofXanthomonas euvesicatoria. Primers presented in this article are the first
Xanthomonas vesicatoria specific primers published. Furthermore, the preradso enable
previously difficult (Stall et al. 1994) differeation betweerXanthomonas euvesicatoria and
Xanthomonas vesicatoria species.

In conclusion, the primers XV1F and XV1R preserntethis study are useful for simple,

inexpensive, rapid and species-specific detectfofaathomonas vesicatoria.
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Table 1 List of bacterial strains used to test specifiaofy<V1F and XV1R primers

Detected by

Name of bacteria listed in collection Collection and number .
primers
Xanthomonas vesicatoria BCCM/LMG 911 YES
Xanthomonas vesicatoria BCCM/LMG 916 YES
Xanthomonas vesicatoria BCCM/LMG 919 YES
Xanthomonas vesicatoria BCCM/LMG 920 YES
Xanthomonas vesicatoria BCCM/LMG 923 YES
Xanthomonas vesicatoria BCCM/LMG 925 YES
Xanthomonas vesicatoria BCCM/LMG 934 YES
Agrobacterium tumefaciens CCM 2835 NO
Clavibacter michiganensis subsp. insidiosus CRI 12/5/98 NO
Clavibacter michiganensis subsp. michiganensis BCCM/LMG 5727 NO
Clavibacter michiganensis subsp. michiganensis BCCM/LMG 7333 NO
Clavibacter michiganensis subsp. nebraskensis BCCM/LMG 3697 NO
Clavibacter michiganensis subsp. sepedonicus NCPPB 3467 NO
Curtobacterium albidum CCM 2296 NO
Curtobacterium flaccumfaciens BCCM/LMG 3651 NO
Dickeya sp. CCM 989 NO
Erwinia amylovora NCPPB 696 NO
Pantoea agglomerans CCM 2406 NO
Pantoea dispersa CCM 4414 NO
Pectobacterium atrosepticum BCCM/LMG 2396 NO
Pectobacterium carotovorum subsp. carotovorum  BCCM/LMG 2404 NO
Pseudomonas corrugata CRI 8892-85Re NO
Pseudomonas fluorescens CCM 2115 NO
Pseudomonas marginalis pv. marginalis BCCM/LMG 2210 NO
Pseudomonas syringae pv. phaseolicola CRI 186/2 NO
Pseudomonas syringae pv. pisi NCPPB 3496 NO
Pseudomonas syringae pv. syringae BCCM/LMG 1247 NO
Pseudomonas syringae pv. tomato CRI 2/1/99Re NO
Pseudomonas viridiflava BCCM/LMG 2352 NO
Rahnella aquatilis CCM 4086 NO
Ralstonia solanacearum NCPPB 2505 NO
Xanthomonas axonopodis pv. vesicatoria BCCM/LMG 667 NO
Xanthomonas axonopodis pv. vesicatoria BCCM/LMG 668 NO
Xanthomonas axonopodis pv. vesicatoria BCCM/LMG 909 NO
Xanthomonas axonopodis pv. vesicatoria BCCM/LMG 922 NO
Xanthomonas axonopodis pv. vesicatoria BCCM/LMG 926 NO
Xanthomonas axonopodis pv. vesicatoria BCCM/LMG 931 NO
Xanthomonas axonopodis pv. vesicatoria BCCM/LMG 933 NO
Xanthomonas axonopodis pv. vesicatoria CFBP 1604 NO
Xanthomonas axonopodis pv. vesicatoria CFBP 3274 NO
Xanthomonas campestris pv. vesicatoria BCCM/LMG 918 NO
Xanthomonas campestris pv. vesicatoria BCCM/LMG 921 NO
Xanthomonas campestris pv. vesicatoria BCCM/LMG 927 NO
Xanthomonas campestris pv. vesicatoria BCCM/LMG 928 NO
Xanthomonas hortorum pv. pelargonii BCCM/LMG 7192 NO
BCCMILMG = Belgian Co-ordinated Conections of MEbrganisms — Bacteria Conection; CrBp = Frenchacaon of Plant Pathogenic

Bacteria; CCM = Czech Collection of Microorganisr@&I = Crop Research Institute Collection; NCPPRational Collection of Plant

Pathogenic Bacteria
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Clavibacter michiganensis subsp. michiganensis was detected and isolated from
various plant parts of 10 strongly infected indeter minate tomato varieties grown in
field crops. The pathogen was more reliably detecte d from bases, stems and
petioles than from leaves of the diseased tomato pl  ants. Using IIF with PAbs Cmm

was detected in dilutions up to 1:10 * while using ELISA (Indirect ELISA with MAbs



and DAS-ELISA with PAbs) Cmm was detected in dilutions up to 1:10 3. Both ELISA
techniques were comparable. The most sensitive tech nique was the optimized PCR
with Dreier’'s and laboratory-generated PCR primers from the Cmm tomatinase
gene. Using PCR with both primer pairs, Cmm was reliably detected from bases,
stems and petioles, while using ELISA and IIF patho  gen was reliably detected only
from bases and stems of the diseased tomato plants. In PCR with DNA isolated from
leaves Cmm was detected in 20 % samples only, while using ELIS A and IF in 70-30
% leaf samples corresponding to dilutions 1:10 — 1: 10% and 50-30 % leaf samples

corresponding to dilutions 1:10 % — 1:10* respectively.

Key words: DNA isolation, PCR, ELISA, immunofluorescence, sequencing.

INTRODUCTION

The phytopathogenic bacterium Clavibacter michiganensis subsp. michiganensis (Smith)
Davis et al. (1984) (Cmm), causing bacterial canker of tomato (Lycopersicon esculentum
Mill.), is the most serious bacterial tomato pathogen in all main cultivation areas worldwide.
The European Plant Protection Organisation even considers it a quarantine organism
(EPPO/CABI, 1997). Plant diseases caused by bacteria such as Ralstonia solanacearum
(Smith 1896) Yabuuchi et al. (1995), Clavibacter michiganensis subsp. michiganensis and
Xanthomonas campestris pv. vesicatoria (Doidge 1920) Dye (1978) represent important
agricultural constraints in tropical and subtropical regions (Moguel-Salazar et al., 2011).
The pathogen can survive for several months on various greenhouse structures and
implements, in contaminated plant debris in soil or on the soil surface (Gleason et al.,
1991) as well as in seeds (Ftayeh et al., 2004) causing serious losses to both greenhouse

and field tomato crops (EPPO/CABI, 1997).



Infection of the host plant (Figures 1 and 2) usually occurs via wounds, followed by
invasion of the xylem vessels causing a systemic vascular disease (Wallis, 1977; Dreier et
al., 1995). Seed transmission appears to be limited, but the pathogen can be present as a
contaminant on the seed surface (OEPP/EPPO, 2005). Latently infected transplants are
considered very important for transmission of the Cmm infection (Chang et al., 1991).

Despite the importance of Cmm as a debilitating crop pathogen with a significant
economic impact on agricultural production, little is known about its ecology in/on tomato
plants in modern propagation and production practices. This lack of knowledge is partly
attributable to the difficulty to genetically manipulate this Gram-positive bacterium (Xu et
al., 2010).

An important step in controlling the disease depends on the fast and exact detection of
the pathogen. Rapid and accurate methods are continually sought capable to
simultaneously identify and differentiate the pathogen (Kaneshiro et al., 2006).

Nucleic acid based tests offer greater sensitivity, specificity, reliability and may be
quicker than many of the conventional methods used for detection of plant-pathogenic
bacteria in different plant hosts and environments. With the development of polymerase
chain reaction (PCR), and especially real-time PCR much higher sensitivity is achieved,
improving the accuracy of pathogen detection and identification (Vincelli, Tisserat, 2008).
The PCR assay thus provides a rapid test for identification of Cmm in infected plant tissue
(Dreier et al., 1995).

In general, this study was intended to monitor the occurrence of quarantine bacterium
Cmm in some promising indeterminate tomato varieties grown in the Czech Republic.
Particular focus was aimed upon the comparison of detection reliability of the pathogen
from various plant parts of symptomatic tomato plants using several immunochemical

(double-antibody-sandwich enzyme-linked immunosorbent assay - DAS-ELISA, Indirect



ELISA and indirect immunofluorescence - IIF) and molecular (PCR, DNA sequencing)

techniques.

MATERIALS AND METHODS

Plant samples

All plant samples originated from symptomatic plants of 10 indeterminate tomato varieties
(Table 1) grown in field conditions from which two plants with typical symptoms of bacterial
wilt per one variety were analysed. Selected diagnostic methods were used for detection
of Cmm from the bases, stems, petioles (cross sections) and leaves (marginal necroses)

of the diseased tomato plants.

Bacterial strains

Suspected Cmm isolates obtained from plant tissue samples were grown on nutrient beef
extract agar and incubated at 25°C (Schaad et al., 2001). The identity of all isolates
suspected as Cmm was confirmed using immunochemical (ELISA and IF) and molecular

(PCR) tests.

ELISA and IF tests

For ELISA and IF tests plant samples were prepared in dilutions from 1:10 to 1:10° and
from 1:10%to 1:10 respectively. Detection of Cmm was conducted by DAS-ELISA, Indirect
ELISA and IIF (indirect IF). Commercial MAbs (monoclonal antibodies, Indirect ELISA) and
PAbs (polyclonal antibodies, DAS-ELISA) from Agdia Inc. (USA) and PAbs (IIF) from
NeogenEurope Ltd. (UK) were used for immunochemical tests according to the
manufacturer’s instructions. Positive/negative reactions in ELISA were recorded with an

ELISA reader. The ELISA absorbance threshold level was 0.2 at A4 |IF slides were
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observed under a light microscope fitted for epifluorescence at 1000x magnification using

a mercury lamp and a suitable filter system (KokoSkova et al., 2010).

Isolation of bacterial DNA with subsequent PCR
Isolation of bacterial DNA for PCR from plant tissue was performed by DNeasy Plant Mini
Kit (Qiagen) according to the manufacturer’s protocol.

PCR was performed with a Mini Cycler (MJ Research, Watertown, MA, USA). Primer
set Cmm1F/Cmm1R (CmmlF- 5" GAC AAG CAC CTC TAC ACC TGG 3" and Cmm1R —
5 TTG ATC CCT GAC TTC AGC GT 3") designed in our laboratory (GenBank accession
no. AM711867) which give a 500 bp long product and primer pair Cmm5/Cmm6 (Dreier et
al., 1995) which give a 614 bp long product, were used in PCR. Both primer sets were
synthesized by Generi Biotech (Czech Republic). The PCR reaction was performed
according to Kokoskova et al. (2010). Amplified PCR products (1 ul) were mixed with 1 pl

of loading buffer with the SYBR Green | stain (Lonza) and run on 1 % agarose gel.

Sequencing

Consequently DNA samples isolated from the base of all ten tomato plant varieties (Table
1) were sequenced. Sequencing was performed on the ABI PRISM 3130xl automatic
sequencing machine using DNA Sequencing Kit (Big Dye Terminator Cycle Sequencing
Ready Reaction, Version 3.1.) from Applied Biosystem, Warrington, UK according to the
manufacturer’s protocol. The acquired sequences were compared with the mentioned

Cmm sequences in GeneBank (NCBI) database.

RESULTS AND DISCUSSION

The detection of Cmm was conducted from symptomatic plants of 10 varieties of

indeterminate tomatoes (Table 1), where tests were performed on two plants from each
5



variety. A total of 200 analyses were carried out by immunochemical (DAS-ELISA, Indirect
ELISA and IIF) (Tables 1-3) and molecular (PCR) (Table 4) tests including screening of

bases, stems, petioles and leaves of the investigated plants.

Bacteriological analyses of plant tissue samples

Performing bacteriological analyses of plant tissue samples from different parts of
symptomatic tomato plants, Cmm suspicious isolates were obtained from all 10 tomato
varieties. The identity of all isolates was confirmed using immunochemical (ELISA and IF)

and molecular (PCR) tests (results not shown).

Immunochemical methods

The pathogen was reliably detected in at least one analysed plant part (from base, stem,
petiole, leaf) in all 10 tested varieties using any of the three immunochemical tests (DAS-
ELISA, Indirect ELISA and IIF). In general, Cmm was more reliably detected from bases
and stems (100 % positive samples) of the infected tomato plants than from petioles (90 %
positive samples) and leaves (70-50 %). In bases and stems, Cmm was reliably detected
in dilution 1:10 (100 % positive samples) using DAS-ELISA and Indirect ELISA, which
were comparable (Tables 1 and 2). However, using IIF, Cmm was reliably detected in
dilutions up to 1:10° (100 % positive samples) in bases and stems (Table 3). Regardless of
the plant organ, sensitivity of ELISA techniques reached value 1:10° (30-40 % positive
samples in DAS-ELISA and 30-50 % positive samples in Indirect ELISA), while the
sensitivity of IIF reached the value of 1:10* (10-70 % positive samples) (Figure 3). IF
techniques are commonly sensitive up to concentrations of 10° - 10* CFU/ml, which is 10-
100-fold more sensitive than ELISA (Janse and KokoSkova, 2009) and our results were in

accordance with literature data.



Gleason et al. (1993) stated that sensitivity of commercial antibodies (Agdia, Inc.,
Elkhart, IN) for ELISA reached a detection limit of 10% - 10* CFU/mI. Nario et al. (2001)
reported results where DAS-ELISA using the biotin - avidin system showed a detection

limit of 20® CFU/mI for Cmm from tomato field samples.

PCR
In our experiments, except for the detection of Cmm from leaves, the most sensitive
technique was PCR with Dreier’s (Dreier et al., 1995) and laboratory-generated PCR
primers targeting the Cmm tomatinase gene (Kokoskova et al., 2010). All samples taken
from bases, stems and petioles of the symptomatic tomato plants were positive when
compared by PCR with both primer pairs (Table 4, Figure 3). Sensitivity of the PCR
method used in our tests corresponds to other studies focused on detection of
phytopathogenic bacteria (Luo et al., 2008).

A number of specific PCR primers for the detection of Cmm has been described in the
literature (Dreier et al., 1995; Santos et al., 1997). Unfortunately, false positives and false
negatives are still to be anticipated when using immunodiagnostic tests as well as PCR

assays (Kaneshiro and Alvarez, 2001).

Comparison of immunochemical and PCR methods

In PCR with DNA isolated from leaves, Cmm was detected in variety 1 (Ateron) and 9 (SU
86/08) only (Table 4). Of all the ten tested varieties, using DAS-ELISA and Indirect ELISA,
Cmm was detected in leaves of 7 varieties in dilution 1:10, 6 varieties in dilution 1:10 and
also in 4 varieties in dilutions 1:10%, and in leaves of 7 varieties in dilution 1:10, 5 varieties
in dilution 1:10% and also 3 varieties in dilution 1:10°, respectively (Tables 1 and 2). Using
IIF, Cmm was detected in leaves of 5 varieties in dilutions 1:10? and 1:10° and also in 1

variety in dilution 1:10* (Table 3).



Reliability of Cmm detection from different parts of symptomatic tomat o plants
The pathogen was more reliably detected from bases, stems and petioles than from leaves
of the diseased tomato plants (Figure 3). This could be caused by the fact that the
bacteriological analysis of the diseased tomato plants were carried out at the end of the
vegetation period and some tomato plants had already partially or totally shrivelled leaves.
Cmm bacteria were still abundant in vascular bundles of the analysed plant samples, but
not longer in the leaf tissues. Another possibility is that the concentration of pathogen in
leaves was too low for detection by the used techniques.

The lower number of Cmm positive samples from leaves using PCR in contrast to the
immunochemical methods (Figure 3) could be caused by an inhibition of PCR by an

excess amount of host DNA isolated along with the Cmm DNA (Opel et al., 2010).

Sequencing

No differences were found among DNA sequences of the ten Cmm samples isolated from
bases of the tomato plants. The DNA sequences were queried in the GenBank database
(BLAST, NCBI) where only Cmm sequences were found as a result. These results
confirmed the presence of Cmm bacteria in all ten tested tomato plant varieties (results not
shown).

Based on our results from routine analyses of plant tomato samples with suspected
infection of the causal agent of bacterial canker of tomato in diagnostic laboratories, we
recommend that the tissue samples from vascular bundles be used rather than leaves as
Cmm bacteria seem to be capable of surviving longer there and the detection of the

pathogen is therefore more probable as compared to samples from other plant parts.
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Table 1. Detection of Clavibacter michiganensis subsp. michiganensis in different parts of symptomatic plants of indeterminate

tomato varieties using DAS-ELISA.

DAS-ELISA
Sample/Variety Base Stem Petiole Leaf
1:10  1:10°  1:10° | 1:10 1:10° 1:10° | 110 1:10°  1:10° | 1:10 1:10°  1:10°

1 Ateron + + + + + - + + - + + +
2 Spencer + - - + + - + + - - - -
3 Rooz + + + + + + + + + + + -
4 Tastier + + - + + - + + - + + +
5 Stupické + + - + + - + + - + - -
6 Corfu F1 + + - + + - + - - - + -
7 Perun + + + + + + + + - + - -
8 Herodes + - - + - - - - - - - -
9 SU 86/08 + + + + + + + + + + + +
10 Radana + + - + + + + + + + + +
Positive samples

%) 100 80 40 100 90 40 90 80 30 70 60 40

DAS-ELISA: Absorbance,os level: (-) negative (< 20); (+) positive (= 0.21); polyclonal antibody from Agdia Inc. (USA).
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Table 2. Detection of Clavibacter michiganensis subsp. michiganensis in different parts of symptomatic plants of indeterminate

tomato varieties using indirect ELISA.

Indirect ELISA
Sample/Variety Base Stem Petiole Leaf
1:10  1:10° 1:10° | 1:10 1:10° 1:10° | 1:10 1:10° 1:10° | 1:10 1:10° 1:10°

1 Ateron + + + + + - + + - + + +
2 Spencer + + - + + - + + - - - -
3 Rooz + + + + + + + + + + + -
4 Tastier + + - + + + + + + + + +
5 Stupicke + + - + + - + + - + - -
6 Corfu F1 + - - + + + + + - + + -
7 Perun + + + + + + + + + - - -
8 Herodes + - - + - - - - - - - -
9 SU 86/08 + + . + + ; + + + + + +
10 Radana + + - + + + + + - + - -
Positive samples

%) 100 80 30 100 90 50 90 90 40 70 50 30

Indirect ELISA: Absorbanceyos level: (-) negative (< 20); (+) positive (= 0.21); monoclonal antibody from Agdia Inc. (USA).
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Table 3. Detection of Clavibacter michiganensis subsp. michiganensis in different parts of symptomatic plants of indeterminate

tomato varieties using indirect IF.

Indirect IF
Sample/Variety Base Stem Petiole Leaf
1:10° 1:10° 1:10* | 1:10° 1:10° 1:10* | 1:10° 1:10°  1:10% | 1:10° 1:10°  1:10°

1 Ateron + + + + + + + + + + + -
2 Spencer + + - + + - + + - - - -
3 Rooz + + - + + + + + + - - -
4 Tastier + + + + + - + + + + + -
5 Stupicke + + + + + - + + + + + -
6 Corfu F1 + + + + + + + + + - - -
7 Perun + + - + + - + + - - - -
8 Herodes + + - + + - - - - - - -
9 SU 86/08 + + + + + + + + + + + +
10 Radana + + + + + + + + + + + -
Positive samples

%) 100 100 60 100 100 50 90 90 70 50 50 10

Indirect IF: Number of fluorescent cells in socket: (-) negative (none); (+) positive (= 1 cell); polyclonal antibody (FLUORISCAN)

from NeogenEurope Ltd. (UK).
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Table 4. Detection of Clavibacter michiganensis subsp. michiganensis from
symptomatic plants of indeterminate tomato varieties using PCR by own (Cmm1F,R)

and commercial (Cmm 5,6) primers.

Plant part
Sample No./ base stem petiole leaf
Variety Cmm primers
1FR*| 56° | IFR | 56 | 1IFR | 56 | 1IFR | 56
1 | Ateron + + + + + * - *
2 | Spencer | + + + + + + - )
3 | Rooz + + + + * * ; )
4 | Tastier + + + + + * " )
5 | Stupické | + + + * * * ] ]
6 | CorfuFl| + + + + + + - "
7 Perun + + + + + * - ]
8 Herodes + + + + + + - -
9 | suse/08| + + + + * * * *
10 | Radana + + + + + * ) )
Positive samples
o) 100 100 100 100 100 100 20 20

%own primers (Kokoskova et al., 2010)
Pcommercial primers (Dreier et al., 1995)

- : negative reaction (no band); + : positive reaction
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Figure 1. Tomato plants in glasshouse infected with

Clavibacter michiganensis subsp. michiganensis.

(Middle Moravia, photo J. Fousek).

17



Figure 2. Longitudal section of tomato plant stem infected
by Clavibacter michiganensis  subsp. michiganensis.

(Photo J. Fousek).
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Figure 3. Detection of Clavibacter michiganensis subsp. michiganensis in various
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Abstract

PCR with twoCmm primer sets (own and Dreier’s primers) was useddétection of
Clavibacter michiganensissubsp. michiganensis (Cmm) from dried, four years old
indeterminate tomato plants from glasshouse (wamzirbados, Central Moravia) and for
detection ofCmmin 26 months oldomato seeds artificially infected (four indeterat® and
five determinate varieties) bl@mm_LMG 7333 and 5727 strains. Five dried, four yealds
tomato plants were positive in PCR with both prireets. Infected tomato seeds were tested
by PCR with two primer sets after 24 hours, 7 d8y20 and 26 months after inoculation. In
tomato seeds, the pathogen was detected with mi@em 5,6 (Dreier’s primers) in tomato
varieties artificially infected by more virulel@mm LMG 7333 strain, but not in seeds

infected by less virulent stralmmLMG 5727. Using primer pair Cmm1F, R (own primers)



Cmmwas detected regardless the strain of pathogesh fosenfection of the tomato seeds.
This artificially infected tomato seeds and seefilsrariety Admiro (glasshouse, Central
Bohemia) naturally infected l@mmwere grown in greenhouse. About 25 these threemsont
old tomato plants of one variety (isolated DNA) wégested by PCR with both primer sets for
the presence o€mm All samples of these tomato plants gave negatgeilts. Dot blot
hybridization with probes labeled with digoxigenwas used as an additional method for
confirmation of PCR results. Obtained results wiaraccordance with results from PCR for
both primer sets. Presence @mm in naturally infected seeds of tomato plants wgrie
Admiro was confirmed by sequencing. We verifiedt tbausal agent of the bacterial tomato
canker can survive for several months or yearafected dry tomato plants and tomato seeds.

Our results confirmed th&mmtransmission from seeds into tomato plant is ootftequent.

Keywords: Clavibacter michiganensis subsp. michégesis;polymerase chain reaction; dot

blot hybridization; sequencing; tomato seed; drngdto plant

1. Introduction

Clavibacter michiganensisubsp. michiganensis(Smith) Davis et al. @mn) causes
bacterial canker of tomato (Strider, 1969; Davisakt 1984) which is one of the most
frequent bacterial disease of tomato causing sotiskaconomic losses to both greenhouse
and field crops worldwide. This quarantine bacteriis present in most tomato production
areas, including the EPPO region (Gleason et 893, 1EPPO/CABI, 1997). Bacterial canker
of tomato is a vascular disease, so bacteria sgheadghout the plant via the xylem vessels
and gradually infect the whole plant (Rothwell, 826

In generalCmmis transmitted by contaminated seeds (Fatmi am&&t 1988; Tsiantos,

1987) or transplants (Gitaitis, 1990; Gitaitis kbt #991), and therefore, there is great demand



for a sensitive and specific diagnostic method tbatld reliably detect this important
pathogen. Seed transmission appears to be linitedthe pathogen can be present as a
contaminant on the seed surface (OEPP/EPPO, 20@%ntly infected transplants are
considered very important for transmission of @meminfection.

Cmmcan survive for several months on various greenh@igictures and implements
and/or in contaminated plant debris in soil andfothe soil surface (Gleason et al., 1991). A
lot of control measures are used to avoid the deseaut the most reliable of them is to use
certified seed or transplants that have been temtedare pathogen free (Jahr et al., 1999).
Chang et al. (1991) and Mansfeld-Giese (1997) aieationed that it is necessary to certify
that seed and cuttings of tomato are free fmm

An important step in control of the diseaspead&ls on the fast and specific detection of the
pathogen. The methods employed in the bio-contrgdathogens have to be fast, sensitive
and specific. In contrast to classical microbiotadidetection oCmmbased on the use of
selective or semi-selective media (Fatmi and Schh888; Gitaitis et al., 1991; Gleason et
al., 1993) or on species determination and plasayasfor virulence, using immunological
assays with monoclonal antibodies and ELISA is nfasker (Gartemann et al., 2003).

Nucleic acid hybridization and polymerase ohesaction (PCR) offer alternatives for
rapid, highly sensitive, and specific identificatiof pathogenic bacteria (Henson and French,
1993; Schneider et al., 1993; Firrao and Locci,2)9%he PCR assay provides a rapid test for
identification of Cmm strains in infected plant tissue (Dreier et ab93). A number of
specific PCR primers for the detection@ihmhave been described in the literature (Dreier et
al., 1995; Santos et al., 1997). Unfortunatelysdgbositives and false negatives are still to be
anticipated when using immunodiagnostic tests al a& PCR assays (Kaneshiro and

Alvarez, 2001).



New molecular methods as real-time PCR (Saich Geider, 2004) and PFGE (Pulsed-
Field Gel Electrophoresis) (Jock et al.,, 2002) e#so be used. Real-time PCR has many
important advantages over classical PCR, the namglthe ability to quantify the amount of
target organism and the second is the increaspegificity when internal fluorescent probes
are used (Schaad and Frederick, 2002).

This study was focused on PCR detectio@mimin dry, four years old naturally infected
indeterminate tomato varieties from glassho@®amadetection in 26 months old artificially
and naturally infected seeds of some tomato vasetnd on PCR detection©mmin tomato

plants growing from this infected tomato seed.

2. Materialsand methods

2.1. Dried, four years old naturally infected tomaplant samples and 26 months old
artificially infected tomato seed by Cmm
PCR method with tw&€mm primer sets was used for detection of pathogem ffiwe

dried, four years old indeterminate naturally inéectomato plants of variety Barbados from
glasshouse (Central Moravia) and for detectio@@imin 26 months old artificially infected
tomato seeds originating from four indeterminater(in, Slava Poryni, Orfea F1, Pedro F1)
and five determinate (Diana, Minigold, Karla, Hagl Denar) varieties soaked for 48 hours
in CmmLMG 7333 andCmmLMG 5727 strains inoculum (2&CFU/mI). Infected tomato
seeds were tested by PCR with two primer sets afteénours, 7 days, 3, 20 and 26 months
after inoculation. This tomato seed artificiallyfaoted by Cmm positive control) and
naturally infected seed of tomato variety Admir¢agghouse, Central Bohemia) were used
also for the cultivation of tomato plants in greenbe. These tomato varieties were when
three months old tested (isolated DNA) by PCR viatth primer sets for the presence of

Cmm



2.2. Bacteria

Bacterial strainCmmLMG 7333 andCmmLMG 5727 (BCCM/LMG Bacteria Collection,
Laboratorium voor Microbiologie, Universiteit Gedglgium) used for artificial inoculation
of tomato seed were grown on nutrient meat-peptoedium (Schaad et al., 2001) and

incubated in thermostat at 25°C.

2.3. Isolation of bacterial DNA with subsequent PCR

Isolation of genomic DNA from bacterial cukksrwas performed by Wizard SV Genomic
DNA Purification System (Promega), DNA isolatiorodn dry tomato plant tissue and
artificially infected tomato seeds was performediyeasy Plant Mini Kit (Qiagen) with
subsequent purifying by Wizard SV Gel and PCR CldanSystem (Promega) according to
the manufacturer’s protocol.

PCR was performed with a Mini Cycler (MJ ReshaWatertown, MA, USA). Primer set
Cmm1lF/CmmlR (CmmlF- 5" GAC AAG CAC CTC TAC ACC T@Gand CmmilR - 5
TTG ATC CCT GAC TTC AGC GT 3") designed in our |lahitmry which give a 500 bp long
product (KokoSkova et al. 2010) and primer pair Gfomme6 (Dreier et al. 1995) which
give a 614 bp long product, were used in PCR. Boitmer sets were synthesized by Generi
Biotech (Czech Republic). The reaction mix contdid®.0ul of 2x PPP Master Mix (75
mmol/l TrisHCI, pH 8.8; 20 mmol/l (NE.SOy; 0.01% Tween 20; 2.5 mmol/l Mg€IdNTP
200 pmol/l each; 2.5 U Taq Purple DNA Polymerasd siabilization additives) obtained
from TopBio (Czech Republic); 04 of each primer (20 pmall); 1.0 ul of DNA template
and 8.0ul double-distilled HO. PCR reaction with primers Cmm1F, R started \th#thn DNA
denaturation step (95°C, 5 min) and continued ircy&es (30 cycles with primers Cmmb5
and Cmm6) consisting of 94°C for 60 s, 63°C fors1(35°C for 90 s with primers Cmmb5 and

Cmm6) and extension 72°C, 9 s (72°C, 60 s with epranCmm5 and Cmme6). The final



extension proceeded for 15 min at 72°C. Amplifi€RPproducts (1ul) were mixed with ul

of loading buffer with the SYBR Green | stain (Lapzand run on 1 % agarose gel.

2.4. Dot blot hybridization

Dot blot hybridization was used as an addalanethod for confirmation of PCR results.
Four non-radioactive hybridization probes (Kessl#992) of the PCR products of 500
respective 614 bp (DNA from more viruleBmmLMG 7333 and DNA from more weakly
virulent CmmLMG 5727 strain amplified by own and Dreier’s pens) were prepared by
labeling these amplicons using Klenow enzyme aedltboxigenin (DIG) DNA Labeling Kit
(Roche) with dUTP-DIG according to the manufacturer’s protocol. Bttt hybridization
was performed on positively charged nylon membr@eche) and a Biospot blotter DB-
1000 (BIOS Corporation, New Haven, CT) was usedian blot following the standard
protocol from Roche. DNA isolated from four artiily infected indeterminate (Perun, Slava
Poryni, Orfea F1, Pedro F1) and five determinatear{® Minigold, Karla, Pavlina, Denar)

varieties by DNeasy Plant Mini Kit (Qiagen) wastéesin dot blot using these four probes.

2.5. Sequencing

Consequently, to verifgmmpresence in naturally infected seed of tomatcetadmiro
used as positive control, the isolated DNA was eaged. Sequencing was performed on the
ABI PRISM 3130 xI automatic sequencing machine giddNA Sequencing Kit (Big Dye
Terminator Cycle Sequencing Ready Reaction, Versdah) from Applied Biosystem,
Warrington, UK according to the manufacturer's poat. The acquired sequences were

compared to publishe€mmsequences in GeneBank (NCBI) database (Fig.4).

3. Resultsand discussion

3.1. Dried, four years old naturally infected tomaamples



PCR method with primer set Cmm1F/Cmm1R designeour laboratory (KokoSkova et
al., 2010) and primer pair Cmm5/Cmmé6 (Dreier et H195) was used for detection @mm
in five dried, four years old tomato varieties Baalbs from glasshouse (Central Moravia). All
tomato samples tested by PCR gave positive reaitiisCmm1F, R and Cmmb5, 6 primers
(Fig. 2). We have therefore verified that the chagpent of bacterial canker of tomatan

survive for several months or even years in drunadiy infected tomato plants.

3.2. Detection of Cmm in tomato seed

PCR method with both primer sets was also ueedletection ofCmmin artificially
infected tomato seed with strongly virulent ref@e@€mmLMG 7333 and weakly virulent
CmmLMG 5727 strains (Fig. 1) of four varieties of atdrminate (Perun, Slava Poryni, Orfea
F1, Pedro F1) and five varieties of determinatea(ai Minigold, Karla, Pavlina, Denar)
tomato plants after 24 hours, 7 days, 3, 20 anch@bths after inoculation.

Pathogen was detected with primé&sm 5, 6 (Fig. 3A) in seed of tomato varieties
artificially infected by more virulenCmm LMG 7333 strain in contrast to tomato seed
varieties infected by less virulel@mm LMG 5727 strain (Fig. 1). These results are in
accordance with published data showing that PCRgs distinguish between virulent and
avirulent Cmm strains (Dreier et al., 1995). Primer pair CmmI¥, detectedCmm
indiscriminately onCmm strain used for infection of tomato seed (Fig..38)k have thus
proved thatCmm can survive not only for several months but disi0several years in
artificially infected tomato seed.

If infected seeds or plant samples were onlgleed in crushing plate after which distilled
water was added and this mixture was subsequesgly for PCR, results were negative in all
cases which confirms our previous experience thiaPfCR the isolate mini kit is necessary

for proper preparation of the plant material sanfiekosSkova et al., 2007).



3.3. PCR of plants growing from artificially infect tomato seeds

Atrtificially infected tomato seeds were alsed for planting tomato plants in greenhouse.
Plant samples (DNA isolated by DNeasy Plant Mint, Kpiagen) from these then three
months old tomatoes were tested by PCR with boimegsr sets forCmm detection. All
samples of these tomato plants gave negative sedllt suppose that the planted tomatoes
can be restored to health during the growing iregiheuse, or the concentration of pathogen
in plants was too low for detection by PCR. Oumhssconfirmed thaCmmtransmission
from seed into tomato plant is not too frequentolitis in contrast to the opinion of Tsiantos
(1987) who mentioned th&mminfected seeds the major source for outbreaks of pathogen
infections in agriculture. Sensitivity of PCR methim our tests corresponds to other studies
focused on detection of phytopathogenic bactenie (&t al., 2008).

A number of specific PCR primers for the détet of Cmmhave been described in the
literature (Dreier et al.1995; Santos et al1997). Unfortunately, false positives and false
negatives are still to be anticipated when usingiimodiagnostic tests as well as PCR assays

(Kaneshiro and Alvarez, 2001).

3.4. Dot blot hybridization
Results obtained in dot blot hybridization lwjirobes labeled by digoxigenin (Kessler,
1992) usedhs additional method for the confirmation of PCRutts were in accordance with

the PCR results for both primer sets @nmdetection.

3.5. Sequencing
Sequencing was used as an additional meth&LC#® and dot blot for verification of the
presence of th€mmpathogen in case of naturally infected tomato swedhriety Admiro.

DNA obtained from this variety was sequenced on Aild PRISM 3130 x| automatic



sequencing machine. The acquired DNA sequences gquezged in the GenBank database
(BLAST, NCBI) where onlyCmmsequences were found as a result, which confirthed

presence o€mmbacteria in seed of this tomato variety (Fig. 4).

3.6. Conclusions

We verified that the causal agent of bacteratker of tomata@an survive for several
months and years in naturally infected dry tomdém{s and tomato seed. We also confirmed
that transmission of thémmpathogen from seed into tomato plant is not tegudent. For
well prepared sample from plant material for PCRi#wolate mini kit is necessary. Sensitivity
of the PCR method in our tests corresponds to ositedies focused on detection of
phytopathogenic bacteria (Luo et al., 2008). Prs@emm 5,6 detected pathogen in seed of
tomato varieties infected by more virule@mm LMG 7333 strain in contrast to seed of
varieties infected by less virulent stradmmLMG 5727. Primer pair CmmlF, R detected

Cmmpathogen indiscriminately ddmmstrain used for infection of tomato seed.
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Figures

Figurel. Tomato variety Duo infected by strongly virul&€mmLMG 7333 (A) and
weakly virulentCmmLMG 5727 (B) bacterial strains.

112 2 3 3 4 455PNM

Figure2. Detection oCmmpathogen in four years old dried five tomato pdavariety
Barbados) by PCR with Cmmb5,6 primers in two indejesrt repetition. P - positive control;
N - negative control; M - 100 bp DNA Ladder (Proragg
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Figure3. PCR detection oCmmpathogen with primers Cmm5,6 (A) and primers
Cmm1F,R (B) in tomato seed of varieties Perun%1dya Poryni (2), Diana (5), Pavlina (8)
and Denar (9) artificially infected by strongly wvientCmmLMG 7333 strain and in tomato
seed of varieties Orfea F1 (3), Pedro F1 (4), yohd (6) and Karla (7) artificially infected
by weakly virulentCmmLMG 5727 strain before 26 months. C - positivetodDNA Cmm

LMG 7333). M - 100 bp DNA Ladder (Promega).
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Figure4. Comparison of DNA sequences obtained from nlyurdected tomato seed by
Cmmof variety Admiro and from collection stra@mmNCPPB 382 presented in the
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