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1. INTRODUCTION

1. 1. The genu$hytophthora

Having special cytological and biochemical featurgsecies in the
genusPhytophthoradiffer from the true fungi despite the similargien
colony structures. According to similarities in DNAequences,
Phytophthoraspecies are related more closely to yellow anavbralgae
than to true fungi. Phytophthoras and their rekstjvas fungal-like
organisms along with Chrysophyta and Phaeophytaie wlerefore
classified within the Kingdom Chromista.

Phytophthoras propagate sexually by means of oespavhich are
formed either within one thallus (homothallic sgece.gPh. fragariag or
as a result of the interaction between two thdlldifferent mating type
(heterothallic species e.Bh. cambivoraor Ph. infestank

Species of the genushytophthoraas plant pathogens live in plant
tissue but are also able to survive in soil by rseah oospores or the
asexually formed chlamydospores. However, disesisesading quickly in
one growing season are due to their asexually mextitsporangia or
zoospores formed in the sporangia.

1. 2. Intraspecific diversity of Phytophthora infestans

Phytophthora infestanghe causal agent of late blight of potato and
tomato, may be one of the most devastating platitogans in history.
During the 1840s it caused serious infection onafootin Ireland,
destroying almost the whole crop in the country.

Having simple colony morphology it is difficult tase phenotypic
markers to analyse populational structure in thaugeéPhytophthora
Resistance to fungicides and virulence are the medevant features for
practical purposes such as breeding and chemio#iato

Increasing frequency of isolates which are resistarthe systemic
phenylamides like metalaxyl, makes the chemicaltrcbress effective.
Testing the response of the pathogen to this finhgis therefore practiced
worldwide.

Eleven dominant resistance genes have been idehtin wild
Solanumspecies (especially i8. demissujnwhich have been introduced



into potato during intensive breeding work. Theam @so eleven virulence
phenotypes iPh. infestansvhich are able to break through the protection
of the resistance genes. Virulence phenotype ofisoigite ofPh. infestans

is the list of R genes which are ineffective agaihs tested isolate.

Mating type, the easiest phenotypic feature tordetes, is tested by
incubating the unknown isolate along with standafdenown mating type
in the same Petri dish. Production of oospores with of the two tester
isolates determines the mating type of the unknisaiate.

Genetic markers, for example isozymes, are moreoapte for
describing the diversity of thd>h. infestanspopulations. Glucose-6-
phosphate isomerase (Gpi, E. C. 5. 3. 1. 9.) apdldkucine peptidase
(Pep, E. C. 3. 4. 11/13.) are the most appropmetes for analysis of
populations ofPh. infestans;allele frequencies of these genes can be
determined directly

In comparison with isozymes, which always requiréean,
contamination-free samples of mycelium, DNA anaysising the
polymerase chain reaction (PCR) can be carried fouh even one-
hundred-year-old herbarium samples. PCR therefae give information
on the structure of old populations. The moderatepetitive DNA probe
RG57 hybridises to at least 25 different loci ie ttenome oPh. infestans.
Southern analysis after treatment wiHtoRI restriction endonuclease
gives a multilocus genetic fingerprint of isolatdhe first worldwide
genotypic database dfh. infestanss also based on RG57 data. More
recently microsatellites (SSR: simple sequenceatsp@and mitochondrial
haplotype data improve the molecular database fescrbing the
population structure d?h. infestans

Central Mexico, where the genetic diversity of thahogen has the
highest level in the world due to the long preseoicboth mating types at
the same frequency, may be the centre of origiRlofinfestansThe first
report on the occurrence Bh. infestanutside Mexico dates from 1843
in the United States of America. Two years later plathogen occurred in
Europe and reached Hungary in the same decadepathegen colonised
its new habitat quickly, because potato cultivaseduwere susceptible to
late blight.

Isozyme data supports the hypothesis that popugdPh. infestans
consisted of only a few lines with limited varianoé the same clonal
lineage (US-1) during the last 150 years. Isolatesn these old
populations hadGpi 86/100 andPep 92/100 genotype with limited
virulence and high susceptibility to metalaxyl.



In spite of the fact that oospores were observedldh herbarium
samples, there are no data about the presencelafels with A2 mating
type outside Mexico. The first isolate of A2 matitygpe outside Mexico
was described in Switzerland in 1984. Followingstineport, profound
changes in the populations of the pathogen wemcthet worldwide. New
populations with increased aggressiveness and mamglex virulence
phenotype and containing both mating type displaited old, clonally
propagating populations. These changes were aceoeatphy an increase
of the ratio of isolates resistant to metalaxye#iening potato and tomato
production.

The first study on a regional population in Hungamgs published in
1965, revealing four races with simple virulencejt wecent studies
identified more complex races having isolates wiaghto eight virulence
factors. The discovery of A2 mating type in 199@gested that the
worldwide changes in the structureRif. infestangopulations were also
taking place in Hungary.

1. 3. Alder Phytophthora, a naturally formed species-hybrid

Production of species-hybrids in the nature is ;ranereover it is
difficult to prove the origin of the progeny usiraply morphological
features. An analysis of the progeny originatingnfr an artificial
crossbreeding of potential parents can explain tngin but this
experiment is difficult to carry out with plant paigens. Artificial creation
of species hybrids may overcome the problem andridightion of
Phytophthoraspecies were carried ourt vitro with induced zoospore
fusion or sexual interactions.

Some species were suspected to have a hybrid @ugin as the elm
disease pathoge®phiostomaspecies orMelampsoraspecies causing
poplar rust. There is evidence of formation of spebiybrids under natural
conditions in the genuBhytophthoraas well. An unknowrPhytophthora
species was isolated in a hydroponic culturBrinula andSpathiphyllum
Isozyme and RAPD analysis together with Southerorilisation of the
PCR products proved the hybrid origin of this spscfrom genetic
interaction ofPh. nicotianaeandPh. cactorum This new hybrid was able
to infect Cyclamenon which neither parental species had been known
before. According to chromosomal cytologyh. meadiimay also be a
species hybrid rather than an independently evadpedies.

The first publication of aldePhytophthorain 1993-94 reported
seriously damaged riparian ald¢Alnus glutinosa)trees in southern



Britain. Necrotic lesions with tarry exudations weybserved on the root
collar of the trees. The canopy of these treesfreagiently less dense than
that of the healthy plants. The pathogen isolatethfthe necrotic lesions
was aPhytophthorabut it did not matched any other known speciess Th
was the first report oPhytophthoradisease on alder. The pathogen had
some of the common featuresd. warty oogonial wall) oPh. cambivora
which causes diseases on many different tree Spdmie¢ not alder.
However, this new pathogen was homothallic and hederothallic like
Ph. cambivora Following the first report in Great Britain, thmathogen
was observed in several European countries inaudumngary in 1999. A
nationwide survey in Hungary revealed that 80% aihe alder stands
exhibited the typical symptoms of aldenytophthoraalthough isolation of
the pathogen was not always successful.

According to the results of ITS sequence analysd AFLP data,
British scientists concluded that this pathogen avapecies hybrid formed
naturally betweerPh. cambivoraand a species similar #®h fragariae
The species hybrid had a wide range of differentiamés. The
chromosome number éth. cambivoraandPh. fragariaewas n=5-6, but
the hybrids had many more chomosomes; some hybats were near
tetraploid while others had lesser numbers of clwsomes. Due to the
aneuploidy meiosis would rarely be completed swsfodlg and the
majority of the oospores were unable to germinate.

The pathogen has just recently been described aswa species,
Phytophthora alnBrasier & S. A. Kirk, with subspecies accordingtie
different variants. The standard type of the hylwidich was the most
aggressive and genetically most homogenous of #weral different
variants, was namefh. alni ssp.alni; and it had warty oogonia. The
Swedish variant, which forms smooth walled oogomi&as named as
Ph. alni ssp.uniformis The less aggressive variants (German and Dutch
variant together with a rare UK one) have wartymtg and is various in
colony morphology. On the basis of identical IT§snce these variants
were classified aBh. alnissp.multiformis

1. 4. Objectives

Species in the genuwhytophthoracause serious economical losses.
Moreover the genus exhibits great genetic diverditye source of their
diversity besides mutation originates from intecsfpe and intraspecific
interactions. Our aim, therefore, was to assessi@hand genotypic



diversity of populations of two species which existHungary causing
significant economical losses.

In analysing the Hungarian populationRif. infestanspur aim was to
reveal the genetic structure and the probabilitys@tual interactions in
comparison with the results from other countries.

The new pathogen of alder trees seriously thredtenalder stands in
Hungary. Our second objective was to isolate teisw pathogen, evaluate
the structure of its populations in Hungary usingrpmological and
molecular markers and identify genetic markersistircuish the different
variants of aldePhytophthora

This dissertation concentrates on the changesanptpulations of
Ph. infestansn Hungary and on analysis of this newly formeeses
hybrid aldePhytophthora



2. MATERIALS AND METHODS

2. 1. Isolates used

Isolatations ofPh. infestanswvere made from randomly chosen leaves of potatb an
tomato plants having disease symptoms. Four isolatginating from potato were also
included as a reference by kind permission of WFg. (Cornell University, Ithaca, NY,
USA) and G. A. Forbes (International Potato Cer@eito, Ecuador).

Isolations of the pathogen were made from aldesstia an alder forest in Hansag and
another forest at Héviz. Reference isolateBrofcambivoraandPh. fragariaevar.rubi along
with isolates of aldePhytophthoraincluded in this study were kindly provided by Ka.
Brasier (Forest Research Agency, Farnham, Surrd§).U

2. 2. Culture media

Cultures were maintained on three different medsalenfrom pea or carrot broth. The
third medium was prepared using commercially abéela/8 juice. For isolation, however,
the same media amended with antibiotics such asarpim, ampicillin, rifampicin,
hymexazol or pentachloronitrobenzene were usednallsube of plant tissue or mycelium
growing from plant material was surface sterilisieeh placed on the selective media.

2. 3. Phenotypic characteristics oPhytophthora infestans

The mating type of isolates &h. infestansvas determined by means of incubating
them in the same Petri dish along with standaries of known mating type. For testing the
sensitivity to metalaxyin vitro isolates were cultured on pea broth agar amendt&dSsand
100 ppm metalaxyl. All metalaxyl sensitivity testere replicated at least two times.

2. 4. ldentification and physiological features o&lder Phytophthora

Identification of an isolate of @&hytophthoraspecies requires an analysis of its
reproductive organs. Cultures were incubated in stamile soil extract so as to induce
formation of sporangia. Development, structure sizé of sporangia and the shape and size
of oogonia and antheridia along with their modejadhing were assessed using the light
microscope. Additionally, ultrastructural studies the surface of the oogonia were carried
out with a scanning electron microscope.

Colony morphology was assessed on different mexdia broth, carrot- and V8-agar) in
9-cm-wide Petri dishes at the optimal temperatuoe ¢olony growth. The optimal
temperature was determined by measuring daily gajpowth rate at different temperatures.



2. 5. Isozyme and DNA analysis

Mycelium was lyophilised and ground for molecularabsis. Native enzymes for
isozyme analysis were then extracted into buffemfrmycelial powder, whereas DNA was
extracted with the phenol-chloroform method. Isoggnwvere separated by cellulose acetate
gel electrophoresis and stained with an agar oyenksthod.

The RG57 genotype ofPh. infestansisolates were determined by Southern
hybridisation of the 1.2-kb-long RG57 probe to th&al genomic DNA treated witkcoRlI
restriction endonuclease. The probe was randorbbllied with DIG-11-dUTP (DIG).

The ITS region in alddPhytophthorawas amplified by PCR using the universal primer
pair ITS1-ITS4. Following the digestion with restron endonucleases, restriction fragments
were separated by agarose gel electrophoresis. RAPIR was used for the analysis of the
whole genome of the ald&hytophthora One of the RAPD-PCR products was DIG-labelled
and then Southern hybridised to the PCR produads) fthe same reaction to assess the
relationship betweeRh. cambivoraand aldePhytophthora

2. 6. Data analysis

The whole population d?h. infestansvas divided into subdivisions on the basis of host
and mating type.

For assessing genotypic diversity within and betwiée subgroups d?h. infestansn
Hungary, allele frequency at the two isozyme loerevused in Nei's gene diversity analysis.
Nei's unbiased genetic distance was also computédden these subgroups of the isolates.
Shannon diversity indices of each subgroups wengpated from multilocus genotypes after
combining mating type and isozyme data with RG&gdrprints.



3. RESULTS AND DISCUSSION

3. 1. Pheno- and genotypic features of isolates &hytophthora
infestans

During the growing season in 2001 and 2002, a witdl18 isolates
were collected from Hungary. The majority of thelades was collected in
2002 and represented two main potato producingnsgiTwenty isolates
originated from Northern Hungary (Ludanyhalaszi)endas 39 isolates
represented Northern Transdanubia (Borzavar, Por@aszfalu,
Tldndérmajor).

More than two thirds of the isolates tolerated (laigrmediate or
resistant response to) metalaxyl. The majorityhafse isolates originated
from potato. Due to the high proportion of isolatesistant to metalaxyl,
chemical control of the pathogen should be basedcambination of
chemicals with different mode of action.

Distribution of mating types were close to 50-5(Rftesence of both
mating types in one field provides the potential dexual recombination
and the production of oospores which allows théd@gén long survival in
the soil even if the host is not present. Also g¢ieneecombination
increases the diversity in the population.

All the isolates exhibited 100/100 genotype at & locus. At the
Pep locus, however, four genotypes 100/100 (34%) 9¢&8%) 96/100
(27%) and 83/96 (7%) were resolved. The last ggreoty rare throughout
Europe and is associated with the A1 mating type.

Analysis of RG57 fingerprints uncovered great genéitversity with
75 different genotypes; even the most frequent typeooccurred only 9
times. A high diversity has been detected in pdpra from other
European countries but within these, the same fiewat lineages have
been found to predominate at many sites and in nyaays. The high
genetic diversity itself is not exceptional to Hang but there is no
dominant genotypes which is always accompanied thi¢éhgreat genetic
diversity in other countries. All the RG57 genotydaut twelve had not
been reported from other countries before.

On the basis of combined traits of mating typezysoe genotypes
and RG57 fingerprint, the population had even higheersity. The most
frequent multilocus genotypes occurred only sixesmin the whole
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population; the genotypic diversity &h. infestanseems almost as high
as in Central Mexico, wheteh. infestangs thought to have originated.

Nei's genetic distance was small between subgrofipth. infestans
on the basis of the host or mating type. Gene dityeanalysis also did not
exhibit significant differences, therefore thesdéogoups could not be
distinguised by using these markers. The lack gfsagnificant difference
between any subdivisions of the population desdribg the Shannon
indices indicates that the population is not sufastired. These results
imply an important role of the sexual recombinatiorthe population of
Ph. infestansn Hungary.

The role of the oospore in the renewal and vaiitgbaf populations
of Ph. infestanss not yet well understood. Oospore formation dejseon
many factors but both solanaceous weeds or rengairsaue of the host
can be a significant source of inoculum. If oospaee a significant source
for the next generation of the pathogen, the newegdion may be
different from the previous one due to genetic neismation.

The great genetic diversity in the populations Rif. infestansin
Hungary are due to many factors, but sexual recoatibn has a
significant role in it. If asexual propagation hgeeat influence in a life
cycle of the pathogen, the genetic diversity withire growing season and
at one site should be limited. If there were stromgration between the
Hungarian and the neighbouring populations of tag@gen, the isozyme
allelePep96 should appear at the same frequencies in othetiges as in
Hungary. If the propagation in the population isimhaasexual the same
genotypes should be present in both areas. Newth#rese options were
observed in Hungary, therefore our results sugdiest,the populations of
Ph. infestansin Hungary are separated from their neighbourhdidie
great genetic diversity observed indicates thatiglerecombination has a
significant role to play in the life cycle &h. infestansn Hungary.

3. 2. Morphological and molecular characterisation of alder
Phytophthora (Ph. alni)

The pathogen, isolated from roots or the rhizosphadralder trees
showing symptoms of alder decline, conformed tcalaler Phytophthora
according to preliminary morphological results. Adlolates had non-
caducous, non-papillate sporangia. (These feataresalso typical of
Ph. cambivoraas well asPh. fragariae) The optimal temperature for
mycelial growth was 25 °C.
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The Hungarian isolates belonged to two differepes; Three isolates
from Hansag were similar to the Swedish type of fathogenRh. alni
ssp.uniformig and formed smooth walled oogonia with a diamefe24—
64 um under optimal conditions. The majority of the dmgynous
antheridia were two celled. Artificial inoculatioof two-year-old alder
seedlings proved their pathogenicity. On the othand, isolates from
Héviz had ornamented, warty-walled oogonia, varymdiameter from 23
to 54 um. Antheridia were more often bicellular comparedthe the
isolates from Hansag. These features of isolaten fiéviz were identical
to those of the standard type reference isolate &lni ssp.alni) and the
heterothallid®h. cambivora

This evidence for two types of aldBhytophthorain Hungary was
supported by molecular data. Isozymes with goodgrabatic value
(glucose-6-phosphate isomerase, malate dehydrog@maksleucil-tyrosine
peptidase) enabled distinction between the two hwggically based
groups, the standard isolates and the isolatesesepting the Swedish
variant. There was no evidence of recombinatiopavéntal alleles in any
of the hybrid types.

Banding patterns of amplification products of RAPOR were in
agreement with the results of the isozyme elecwogdis and
distinguished the two groups of aldehytophthora;that is, the Swedish
variant and the standard type. Nevertheless pridiB-02 amplified &a.
1.5 kb sequence iRh. cambivorahat was also present in all tested alder
Phytophthoraisolates but not ifPh. fragariae This Ph. cambivoraband
was homologous with the co-migrating bands of thees size in the
isolates of aldePhytophthoraproving that these hybrids may contain
sequences frorRh. cambivoran their genome. Some faint PCR products
with the same size were presentFh. fragariaeand the hybrids as well
but the amount of DNA were too low to test theigesence homology.

PCR with the universal primer pair ITS1 and ITS4péfied the
expected 0.9 kb long products. Following the digestith restriction
endonucleases, the banding pattern of the digd3téd was identical
within each hybrid group but different between treups. It is worth
noting that the summarised length of digested Dkayrinents was longer
than the original PCR product indicating the presenf both parental
sequences in the hybrids, as was observed in &mgiophthoraspecies
hybrids. Digesting the whole ITS region wittMsp restriction
endonuclease there were no significant qualitadifierence between the
two hybrid groups but the banding pattern exhibitgdantitative
differences and the Swedish variants were ratimeitagi to Ph. cambivora
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Isolates of the standard hybrid type, however, wamailar to Ph. fra-
gariae

The evidence that there are no detectable gendtarethces within
the two groups is consistent with the evidence #laxtuual propagation of
this new pathogen is not succesful. The majoritythed oospores were
unable to germinate under the conditions testecbthee the main way of
propagation of aldePhytophthorais asexual. If we were able to clarify
how species can interact in the nature we wouldldbde to understand how
the hybrids were originally generated. An incregsmimber of succesful
hybrid species could result in immense changesentaim ecosystems.
Species hybrids may be able to survive if they geattneir host range or
settle down in new, unoccuppied niches. Speciesidg/have a good
chance of spreading and the human activity alontp whvironmental
changes may accelerate these otherwise slow ecalqgbcesseses.

*

Finally the genusPhytophthoraas one of the most devastating group of
plant pathogens causing serious economical losse# s still able to
raise new challenges to the human race in the fware. Increasing
pathogenicity in some of its populations owing méra- and interspecific
interactions demands new control strategies. thésefore vital to know
the state and the changes of the genetic structuhee populations of any
pathogen. New molecular biological methods may giyeowerful tool to
the scientists, though it is almost impossible émtml perfectly such a
genetically diverse pathogen. According to the easing number of
isolates resistant to metalaxyl it is risky to wbemical control with only
one compound. But a mixture of chemicals with ddfé mechanisms
promises better results and decreases the riskewef resistance to
chemicals. On the other hand it is impossible ® alsemical control over
pathogens in a fragile ecosystem as in the caa&lefPhytophthoraThe
only way to control pathogens in these ecosystesndreeding for
resistance which can also be applicable in tratifi@groecosystems. First
and foremost the seed must be free of pathogenseisdng the seed stocks
needs efficient and quick methods to detect passibhtamination. Our
aim is therefore to design new molecular methodsd&tect alder
Phytophthoran symptomless plant materials.
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4. NEW SCIENTIFIC RESULTS

This work is part of those researches going onnticen the Plant
Protection Intitute of the Hungarian Academy of eébces which
concentrate on changes in the populations as dt refuintra- and
interspecific interactions caused by the late lljggthogenPh. infestans)
and the species hybrid causing a new alder dis@@ke alni) New
scientific results are as follows:

We provided further evidence that the old popufeiof Ph. infestans
were completely displaced in Hungary. The new patoouhs of
Ph. infestans however, are different from the populations obsdr
recently in Europe, because the diversity is mueatgr than anywhere
else in Europe.

Two types of a new pathogen causing alder dise&se wentified in
two habitats in Hungary. These have recently bescribed a®h. alni
ssp. uniformis (Swedish variant) anéh. alni ssp.alni (the standard
type).

Isozyme and DNA markers were identified for chagasation of the
two subspecies oPh. alni The two subspecies can be distinguished
with isozyme and RAPD markers as well but isolaté#hin one type
(subspecies) were genetically homogenous.

The presence of DNA froRh. cambivoravere detected in the isolates
of the species hybrigh. alniby means of DNA-DNA hybridisation.
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