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Summary

Production of Anthurium andreanum a memberof the Araceae family, is an important
economicacivity in many countries with tropical and subtropical climates The spathe,
which is the mostattractive part of the plant, is sold asa flower becauseof its colour,
shapeand long-vase-life. A number of different varieties exhibit different colours, from
dark red to white, green, orangeand pink. The industry is worth aboutUS$ 20 m
annuallyand Mauritius is the third world producer.

Since early 1990's, the industry had beenbadly hit with a serious diseaseof bacterial
blight, causedby the pathogen, Xanthomonas axonopodispv diffenbachiae. Hawaii was
amongstthose countries,which had most severely suffered from this disease.As the
organismcan be propagatedhough latently infected plants tissue cultured plantlets do
not constitutea safeguard. Hence, many countries,including Mauritius, had to impose a
ban on the import of Anthurium plants. Although the diseaseis known to be presentin
Reunion idand, Mauritius hasnot so far been aff ected.

The main aim of this work was to develop moleculartools for the identifi cation and
charaderization of the pathogemandto carry out genetic studies on strains of the
organism from different geographicabrigins. In this report, the strategiesusedto do so
are describedand the resultsdiscussed Specific DNA probesand primers for PCR were
developed.These primers were tested in Turkey, where infected plants were avail able,
and they were shown to positively assayfor the presenceof the bacterial cells with a
good degree of sensitivity. DNA from a number of X axonopodis pv diffenbachiae
isolates were obtained from othercountries and used for testing the primers aswell asfor

assessinghe diversity of the isolates.



General Introduction

Tropical flowers constituteonly about3% of the world tradein fresh cut flowers. The
Anthuriumflower is a heartshapedbractwith a vaselife of 14 to 28 daysandis
perceivedasa luxury product. Anthurium andreanumis a slow growing perennialthat
requiresshadyhumid conditions The Netherlands is the leading world producerof
Anthuriumusing high technology and modernfacili ties for anoutput of about25 million
stemson only 24 ha of glasshousesThe other mgor producersare Hawaii, Mauritius and
Trinidad.

Higher production costsandthe problem of bacteria blight haveresultedin a decreasen
production since 1988. Mauritius, which hasan annualshareof aboutUS$4.4million
from the international market also experigiced a decreasdrom about 15 million stems
exportedin 1996 to about 10 million stems in 2001. High freight chargesand delicate
packagingrequirementsalso contribute to the difficulty in getting the productsto the
Europeanmarket. In orderto be on the competitive edge,some growershaveinvested in
the breedingof new varieties for more unusualand attradive colours andshapesin
doing so, resistanceagainstmaor pathogenssuchasthe bacterial blight and Ralstonia

solnaceraumis an important concern.

The causal organism, Xanthomonasaxonopodigv. dieffenbachiae

Xanthomonas axonopddis pv. dieffenbachiae is the causalagent of Anthurium bacterial
blight. It was first reportedon Anthurium in Brazil in 1960. The pathogencan survive in
field crop residuessuch as leaves, petioles and roots for as long as four months, while
retaining pathogenicity (Duffy, 2000) It is also infective on many membersof the family
Aracae but the most common hosts are Anthurium, Dieffenbachia, Syngonium,
Aglaonema, Philodendron, Xanthosoma, Caladium and Colocasia (Sathyanarayanat al.,
1997). Host specificity is observedfor some strains and in other cases,strains isdated
from one aroid can infect and multiply in another aroid without showing severe

symptoms of blight (Chaseet al. 1992).



Several detection methods are currently available for detection of X axonopodis pv
dieffenbachiae. Most are adequatein that they can detectthe presenceof the organism
when it is presentat an appropriate concentration. However, they lack the sensitivity
level required for detection of latent infection or when the number of cells is relatively
low. Enzymelinked immunosobent assays (ELISA) with monoclonal antibodies
(Norman andAlvarez, 1994b) has been optimized using an enrichment step. One
monoclonal antibody (Xcd 108) is commonly used in commercial kits (AGDIA).

Polyclonal antiseraare also availablefor Xad (Lemettre et al., 1992).

Norman and Alvarez (1989) have usedtwo media cellobiosestarch (CS) and esculinA
trehalose (ET), simultaneously to enhancerecowery and henceidentification of Xad by

inhibiting growth of nontarget organismsby the antibiotics cycloheximide (150 mg/L)

and cephalexin (50 mg/L). Modification of some essentiahutrients aso favoured the
survival of xanthomonads. The nature of the thus isolated bacteria could be confirmed
with monoclonal antibodies directed againstthe xanthomonads.(Norman and Alvarez

1994b).

Molecular diseasediagnostic methods

Nucleic acidbasedmethodshave greatly contributed in assaysfor microbiological agents
at a sendtivity, which cannot be attained by other methods.The mostcommonly used
techniguesare those basedupon amplification of the microbial genome using primers
specifcally designedto do so. The specificity of the primers is assessedon related
species to testtheir ability to clearly diff erentiate the targetorganism.

In addition todetection, such methodsare very useful for genetic analysisto determine
relatednessof strains of the same or different species. Hence they have been widely
applied to study phylogenetic relationships amongsta large number of organisms Some
regions of the genomeare more likely to provide information on diversity than othersand
have been identified. The intergenic ribosana sequences are a good example and are

usedroutinely for organismsof diff ering complexities.



PCRbased methods have largely supercededhose based on hybridizaion for their
convenienceof application. Their successdepends primarily on the choice of primers
which have to be selected on the basis of how they are to be used For example for
detection purposes,the criteria for choosingthe primers are that they are expected to
amplify only the target organism and its variants If however, the aim is to find
polymorphism within a group, then the primers are chosen on their ability to target

regions within the genome where the sequencevariation is found.

Strategy adopted in this study

The general objective of the work was to identify regions of the Xanthomonas
axonopodispv dieffenbachae genome which would be specific to the species.This was
performed by using primers alreadyavailable in the literature aswell asthosethat can

randomlyamplify the genome. The primers used were those that target the following:

1. ISsequencesave beenfound in Xanthomonaspp. (Berthieret al., 1994)

2. The hypersensitivityand pathogenicitygenes(hrp) (Leite et al., 1994)

3. The intergenic transcribed spacersequence$lTS) of 165/23S ribosomalgenes
The intergenic transcribed sequenceg§lTS) of tRNA genes

Random amplification of polymorphicDNA (RAPD)

Screeningfor fragments spedfic for the species Xa pv dieffenbachiae
Testing specifi city by hybridisation Cloning

and sequencingof the fragments Analysis of
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sequencesnddesignof primers

10. Testing of primers



ME HODOLOGY

Study of local strains of Xad using new setsof ribosomalprimers for 165/23S rRNA

intergenic spacer regions (ITS)
Preliminary resultsrevealedthat threelocal strains (HK.56, DK02 & DKO04) that were
isdated from aroid hods hadidentical profiles asotherXanthomonas campestris
pathovar including pv. dieffenbachiae. To verify the validity of this relationship four
other setsof primers were testedin PCR amplifications in addition to the two setsof
ribosomal primers [T3A/T5A (Pan etal. (1997) & 1493f /23r (Brosiuset al,, 1980,
Woeseet al., 1983)] usedinitially. The new primers were LI/G! (Jensen et al., 1993),
16Sunil330/23S uni322anti (Honeycutt etal,, 1995), O12/23Sl-rev (Jagoueixet al.,
1997), and FGPS6/FGPS1509" (Nesme,1995). The PCR productsof loca Xad suspects

were comparedwith thoseof reference Xad strainsand control bacteria

Southern analysisof ribosomalPCR products exhibiting polymorphism
When polymorphic patternswere producedby PCR amplification, DNA fragments,
observedto be commonto Xad strainsbut absentin control lares after ethidium bromide
staining, were isdated from the gel by the Freezeand Squeezecolumns(Biorad), labelled
using the Dig-High Prime Labelling kit (Boehringer Mannheim) andusedin Southern
hybridisation analysisof the PCR productsusing conventional techniques
25 mM disodium 3-(4-methoxyspiro{l, 2-dioxetare-3,2'- (5'-chloro) tricyclo[3.3.1.13, 7]
decan}-4 yl) phenyl phosphate (CSPD) was usedas substrate for chemiluminescent
detections The dephoghorylation of CSPD yields a chemiluminescenproduct thatcan be
detected usingan X-ray film exposedto the membrane for different periods of time
dependingon the intensity of the signals After stringentwashes blocking andtreatmentwith
antidig antibody, the membrane was soaked in detection buffer for 10 min. The CSFD
(Boehringer Mannheim) was evenly spreadon its surface and the membranewas exposedto
an X-ray film. The film was soakedin a developersolution (AGFA) for 2 min with constant
agitation for developmentbefore being placed in a fixing bath for a further 2 min. The film

was left underrunning water for 30 min andhungto dry.

Restriction endonucleasanalysis (REA) of conservedibosomalPCR products



A screeningwas performed using enzymesRsal,ndell, Tagl andcfuol to identify
restriction endonucleasesut the respectiveribosomal PCR productsto yield visible bands
to comparethe different isolates and assessheir relatednesdy the conservation and/or
deletion ofrestriction sites. Ten microliters of PCR products,0.2 pl of bovine serum
albumin (BSA), and0.5 pl of enzyme(5U/ul) were mixed andtoppedupto 20 pl with
sterile distilled water. The tubeswere centrifuged briefly andincubated in awater bath
for 4 hat 37 °C for all enzymesexceptTaqgl (60°C). Productswere visualized on aUVA

transilluminatorafter agarosegel electrophoresisand ethidium bromide staining.

Cloning of probes and transfor mation of E coli

PCR fragments that were specific to all Xad strains or to thoseXad strains known to cause

blight on Anthurium were clonedin apGEM®-T Easy plasmid vector (Promega).

Ligation of PCR product in plasmid vedor
A pGEM®-T Easy plasmid vector (Promega) was usedto clone PCR productsdirectly after
their isolation from agarosegels The reaction was setup asin Table 2 andthe ligation was

doneovernight at 4°C.

Study of genetic diversity using RAPD markers

One hundredand eleventenmers of 60-80% GC (Proligo) were screenedfor their ability to
differentiate betweendifferent isolates of Xanthomonas axonopodis pv. dieffenbachiae. The
optima conditions for PCR parameters obtained from the first fingerprinting study, were
usedto producereproducible DNA fingerprints for 25 available Xad isolates. All the selected
primers were individually tested underthe same conditions Amplifications were performed
in athermal cycler, programmedasfollows. one cycle of 2 min at 94°C, 40 cyclesof | min
at94°C, 1 min at35°C and2 min at 72°C, andafina extensionof 10 min at 72°C.

Details of methodsusedhavebeenprovidedin the previousreportssubmittedto MRC.



Immunocapture PCR (IC-PCR)

PCRtubeswere coatedwith monoclonalantibodyMAb Xl (Agdia) which is specific to
Xanthomonas campestis pathovars(Alvarez etal., 1985). A 1. 400 dilution of the
antibody in coatingbuffer (20 mM NaCQg, 35mM NaHCO3) wasdoneand25 pl were
loaded in eachtube. Tubeswere left at 37°C for 3 h. Threewasheswere performed with
100 plI of phosphatebuffer saline containing tween 20 (PBST) About | cnt of leef
sample was maceratedn 250 pl of PBST buffer and 25 pl of the supernatantvere loaded
in the coatedPCR tubesand incubated at 37°C for 3 h. Five washeswere performed with
PBST buffer before adding aliquots of the appropriatePCR mix (singleplex or

multiplex).



RESULT S

Following identification of specific DNA fragments by PCR andhybridization, these
werethen clonedand sequenced. The sequences were checkedmanually andthe primers
designedusingthe known criteria for optima annealingfeatures. They were obtained
from acommercial oligonucleotide synthesizerandfirst testedon DNA from
Xanthomonas axonopadis pv digj fenbachiae isolates, both virulent and non-virulent
strains, and on DNA of othercontrol bacteria (Table 1). Thosewhich were specific for

the amplification of the X a. pv dieffenbachiae isolates were selected and further tested.

PCR amplification using primers KIJMII and KIM12

Figure 1.1 shows the resultsof this reaction. A band of 805 bp was obtained from the
anthurium isdates but no amplification was seen from isolates from Dieffenbachia,
Philodendron and non-pathogenicstrains from Mauritius (figure. 1.1 lanes 1-19). Up to

11 polymorphic bands (100 bp to 2.1 kb) were amplified from control bacteria (figure.

1.2)

With primers KIM73 andKJM74, asingle productof 1250 bp wasamplified from all
reference strains of X axonopodis pv. digj fenbachiae that were isolated from Anthurium
(figure. 1.3, lanes 1, 4, 6-9, 10-23, 26-37). No bandwas obtainedfrom the nonA
pathogenicstrains(lanes23-25) or from strains that were isd ated from other aroid hosts,
namely Phil odendron, Dieffenbachia andAglaorema (lanes 2, 3, 5, 23, 25).
Dieffenbachia strain ICMP576 (lane 9) showeda different profile with four bands(250,
280, 400 and 700 bp respectively). The non-pathogenicstrain DKO2 (lane 24) shareda
bandof350 bp with strain D99 (lane 21). Up to 12 polymorphic bandsranging from 100
bpto 2.2 kb in sizewere amplified from the control bactera (figure. 30,). The profile
comprising only the bandof 1250 bp was obtainedin the positive control lane (Xad strain
T60) only.



Table | Bacterial isdates usedin this study

ISOLATE/ STRAIN HOST LOCATION
X axonopodispv. dieffenbachiae virulent strains
V502 Anthurium Venezuela
V505 Anthurium Hawaii
JV51 | Anthurium PuertoRico
Jv589 Anthurium Reunion
JR579 (type strain LM G695) Anthurium Brazil
015-3, 093, 0108, 0147, 0194, XI, 099 Anthurium Hawaii
ICMP 9564, ICMP 9565 Anthurium USA
ICMP 9841 Anthurium Tahti
ICMP 7461, ICMP 4656 Anthurium Braal
ICMP 9569, ICMP 576 Oieffenbachia USA
ICMP 9570 Epipremnum USA
ICMP 9566 ICMP 9586 PHlodendron USA
T60, X210, X201, X204, X261, X263, X271 Anthurium Turkey

Reference strains used as controls

X axonopods pv. allii BS6 Onion Mauritius
X axonopodispv. begoniaeHK40 Begonia Mauritius
X axonopodigv. carotaeHK 46 Carrot Mauritius
X axonopodis pv. perlargonii Sardunya Geranium Turkey
X axonopodigpv. poingttico/a HK38 Poinsettia Mauritius
X axonopodigv. phaseoliHK50, Bean Mauritius
405 Bean Turkey
X axonopodispv. phaseoli fuscan266 Bean Turkey
X axonopodispv. vasculorumRl, Sugarcane Mauritius
3301 Broom bamboo  Mauritius
X axonopodispv. malvacearuns3s, Cotton

397 Cotton Turkey
X axonopods pv. vesicatoriaHK06, Tomato Mauritius
Kuyucu 3R Pepper Turkey
X axonopodigpv. vignicola GSPB 6Al Cowpea Turkey
X axonopodis pv. vitians 700 Lettuce Turkey
X campestrigpv. campestrisHK Ol Cabbage Mauritius
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X. campestrispv. raphani DC91-1
X campestris pv. syngonii HK6 |

X hortorum pv. pelargonii 406

X. translucenspv. translucens 1943

X. vasicola pv. holcicola 1060

X. albilineans 3303

Senotrophamonas maltophilia 418
PseudomonaerubrisubalbicansPrub
Pseudomonashichorii MRX
Pseudomonasorrugata Pcorr
Pseudomonasyringae pv. Tomato  AAD-Ib
Pseudomonasiridiflava Karun|

Erwinia carotovora pv. carotovora Dieff2b
Erwinia chrysanthemR835

Erwinia amylovora459
RalstoniasolanacearumHK 36

Pantoea agglomeransd4l

Agrobacteriumtumefaciens 27At2

Clavibactermichiganens subs Michiganensisl/2c

ISOLATE/ STRAIN

Strains isolated from aroids in Mauritius

HKO03, HK04, HKO05, HKO07, HKO08, HK09, HKIO,

HK57, DK02

HK17, HK23, HK58

HK20

HK56

DKO04
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R sativus

Syngonium
Perlargonium

Whea
Sorghum

Sugarcane

Sugarcane
Tomato
Tomato
Tomato
Melon
Dieffenbachia

Potato

Tomato
Raose

Tomato

HOST

Anthurium

Caladium

Colocasia

Dieffenbachia

Aglaonema

Turkey
Mauritius

Turkey

Mauritius

Turkey

Turkey
Turkey
Turkey
Turkey
Turkey

Turkey
Mauritius
Turkey
Turkey
Turkey
LOCATION

Mauritius
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Figure I.1 PCRamplification of strainsof Xanthomonas axonopodis pv. diejfenbachiae with
primers KIMI | andKIMI2. Lanesarelabelled with strain numbersandhostsof origins: A,

Anthurium; AG, Aglaonema; D, Digjfenbachia; E, Epipremnum; P, Philodendron

12



IS

,

o) < &

Q SFLSE e
m I 2 10 11 1 16 17 18 m
3 et 11 g T, 'l T = o O ".

aic " ERINE

1500,

805 - @
600 e

300

N
eI N ) N
> g;’\\\b\%."q.\“aQEQ 2\

28 29 30 31 32 33 3435 m

L]
1500 st

-

600

300

Figure 1.2. PCR amplification of control strains with primers KIMI 1 and KIM12. Lanes are
labelled with strain numbergTable 3, p33). m, 100 bp ladder; lane I, positive control; lanes 2-

10: X hortorum, X axonopdalis pv. raphani, phaseoli-fuscans, vitians, phaseoli, malvacearum,
vesicatoria, vignicola, perlargonii; lanes 11-20: Stenotrophomonasaltophiia, Erwinia amylovora,
E carotovora, Pantoea agglomerans, Pssudomonas syringae, P. corrugata, P.chichorii, P.
viridiflava, Agrobacteriumtumefaciens, Clavibactermichiganensis, lanes 21-34: X campestris pv.
campestris, X axonopodis pv. vesicatoria, X campestris pv. syngonii, X axonopdis pv.
poinsetticola, begoniae, carotag phaseoli, allii, malvacearum,X vascola pv. holcicola, X
translucens pv. translucens,X axonopadis pv. vasculorum (sugar cane), X axonopdis pv.

vasculorum(broom bamboo) X albilineans
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Figure 1.3 PCR amplification of strains of Xanthomonas axonopadis pv. dieffenbachiae with
primers KIM73 and KIJM74. Lanes are labelled with strain numbers and hosts of origins A,
Anthurium; AG, Aglaonema; D, Dieffenbachia; E, Epipremnum; P, Philodendron.
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Diagnostic testing on infected plant material

This part of the work was carried by M. R. Khoodoo in Turkey, where a batchof in-vitro
cultured plants had developedsymptomsof the diseaseandwere availablefor testing.
Extractswere madefrom the plantsandwere testedby direct PCR and by immunoA

capturePCR. The sensitivity of the assaywas measured.

Figure 2 showsthe amplification of DNA from extractsof planttissueswith primers
KIM73 andKIM74. The expectedbandof 1250 bp was obtainedin mostof the samples.

Figure 3 shows the amplification of DNA samplesagain from planttissueextracts,with a
combination of primers KIMI I/KIM12, KIM34/KIM36 and KIM73/KIM74. This was
an attemptto obtain an assaythat would amplify a maximum numberof strains in one

reaction. The expectedsize of fragments were obtained.

15
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Fig. 2. Detedion of the blight pathogenfrom DNA sample S30to S77 extracted from infected
leaves, in singleplex PCR with primers KIM73 andKJM74. m= 100 bp DNA ladder. Lanes are

labelled with sample designations.Lanes 19 and 34, positive control.
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Fig. 3. Detection of the blight pathogenfrom DNA samplesS61to S99, extracted from infected
leaves, in multiplex PCR with primers KIMI [/KIM12, KIM34/KIM36 and KIM73/KIM74. m= |
00 bp DNA ladder. Lanes are labelled with sample designations.Lanes |, 19 and 37, positive

control.
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Fig. 4 Resultsof sensitivity tests for (A) Immunocapture-PCR with primers KIMI | and KIMI2
and (B) Immunocapture Multiplex PCR with the six primers Lanesare labelled with the number

of CFU perreaction m= DNA size marker.
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Sensitivity of detedion

The assayswvere donewith known numberof CFU after a dilution of bacterial cells.

The sensitivity limit of the indirect ELISA was estimated to be 1 x 10° CFU in the 100 pl
used (1 0° CFU/ml). However, when the MAb XII was used for immunocpature prior to
an amplification by primers KIM 11 and KIJM 12, the band of 805 bp, was obtained with
the sample diluted to2 CFU per reaction (80 CFU/mI). In the caseof immunocapture A
multiplex PCR, two bands (805 and 1250 bp) were visible in lanes 1-5 only (fig. 4B)),
representing250 CFU per reaction (I 0° CFU/mI). The band of 805 bp only was detected

in lane 6 (125 CFU perreactionor 5000 CFU/ml).
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