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Summary
Magnaporthe oryzae is a hemi-biotrophic fungus with a wide host rangeluding

many members of the poaceae family (Zellerhofflgt2008, Inukai et al., 2006).
Here a study is reported were the host status déyp#@o M. oryzae isolates from
wheat and rice and its resistance to the wheaatsos investigated. All the tested
wheat and the rice isolates M. oryzae were pathogenic to the majority of barley
tested accessions, though showing a high degrpatbbtype specifity. Disease tests
with a Brazilian wheat isolate (PY67.1) revealece dme which was completely
resistance, a few partially resistant and manyeptdde lines. Inoculation of amF
population derived from a cross between the radistacession CGN02587, an East
African barley landrace, and Vada, a modern Wesbjigan barley cultivar, showed
a normal distribution of the disease severity ss@@ggesting that many genes were
responsible for the resistance of CGN02587.

Two Recombinant Inbred Lines (RILs) populatidv@da x SusPtrit and L94 x
Vada populations) in which the parental lines slodifferential response to a wheat
isolate ofM. oryzae where evaluated for disease severity at seedlagesand one of
the population (L94 x Vada) at adult stage. One itadive Trait Locus (QTL)
conferring blast resistance was mapped on chromestihnin the two populations at
seedling stage and two QTLs were mapped on chrom®&i and 7H at adult stage.
These QTLs were growth stage dependent.

To further investigate barley’s resistance toHeeat isolate, association mapping
was done on a set of 148 modern European two-rongsarley cultivars.
Associations between two markers on chromosome rigH7& were found with the
phenotypic blast resistance data of seedling sfBge.two markers did not coincide
with QTLs mapped in this study both at seedling addlt stage, however the marker
on chromosome 7H did coincide with a QTL reported lbukai et al., 2006 for
barley’s resistance to rice isolateMdf oryzae

Histologically evaluating three barley accessiowhich showed complete
resistance, partial resistance and susceptible giyyees to the wheat blast isolate
showed that in the resistant accession the pathggevth is curbed in the epidermal
cells by epidermal and mesophyll Hypersensitive dRea (HR), in susceptible
phenotypes growth of the fungus proceeds to thepisdl cell with the plant hardly
responding to the growth of the fungus and paytiedisistant phenotypes shows a

somewhat intermediate response.



This study has succeeded in demonstratingoidudey is indeed a host M. oryzae
isolate from wheat and rice, identified genomicioag associated with barley’s
resistance to an isolate BF. oryzae from wheat and elucidated the mechanism of this
resistance histologically. This report presents finst step in breeding for blast
resistance in barley, and these results are usetuéating blast resistance cultivars in

case a blast epidemic occurs in barley.
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Chapter 1

1. Introduction
Wheat blast disease is caused by ffréticum pathotype of the filamentous

ascomycete funguslagnaporthe oryzae. It is a devastating pathogen of wheat, only
important in Brazil though it poses economic thseat the global wheat production
and the food security of more than half of the warpopulation (Wilson and Talbot
2009).M. oryzae has been defined as a different species sepacsteMagnaporthe
grisea based on phylogenetic analysis where gene treesinferred using portion of
actin, beta-tubilin and calmodulin genes (Couch Kiotin 2002, ). However, these
two species cannot be distinguished morphologicalgolates of the fungus
pathogenic to wild grasses including the wild craisg of theDigitaria genus were
found to belong to thlagnaporthe grisea species whilst those isolates pathogenic on
cultivated cereals were found to belong to khagnaporthe oryzae species (Couch
and Kohn 2002). Thus isolates bfagnaporthe oryzae are able to cause the blast
disease in several species of Bmaceae family that includes cereals among others
wheat, rice and barley (Inukai et al., 2006; Z&ltdgf et al., 2008).

1.1 Distribution and economic importance
Wheat blast was first reported as a significant attdisease in 1986 in the Parana

state of Brazil (Igarashi 1990); from then on itesgal to other 27 wheat growing states
in the North and West of the Parana state. Cugréin$ present in all wheat growing
regions of Brazil continues to affect wheat productthere. It has been reported to
cause losses of up to 50% whenever susceptibletygenas cultivated in country
(Murakami et al., 2000, Oh et al., 2002). The pg#m has been shown to
significantly reduce yield, grain weight, and mmtli quality as chemical control
methods are not effective and resistant cultiveessaldomly reported in that country
(Greer and Webster, 2001). Furthermore wheat ismgortant crop in Brazil, as
staple food and an important part of the daily diemillions of people in that nation
(Prestes et al., 2007). Thus this pathogen cawsegreat impact on the economy and
social well being of nation of Brazil. However tHsease has not yet spread to other
wheat-growing regions of the world though it rensam potential threat (Greer and
Webster, 2001; Prestes, 2007).



1.2 Disease cycle
M. oryzae is a facultative fungus which can also grow on ti@gimg substrate. It

affects cereals at virtually all stages of develeptn The fungal life-cycle on its
primary host- rice is well-studied, but a little gsmparatively known about disease
progression on hosts other than rice (Skamnioti @odr 2009). Its life cycle is
completed through spore production and it can iyme sexually and asexually.
Asexual reproduction is through conidia sporesetigaated by air. Once it lands on
the leaves it adheres to it through the releasearofadhesive from an apical
compartment at the tip of the spore, the so calpede tip mucilage (STM). The spore
germinate, a germ tube grows from the spore aret velops in a dome shaped
appressorium. The appressorium develops a pemetgagig which serves to carry the
pathogen through the surface of the leaf into thdedying epidermal cells. After
penetration, the fungus develops another distitnatwire- an infection hyphae which
is also known as the secondary hyphae. This hypta@vasive and it grows
intracellularly, invading adjacent epidermal cedls well as underlying mesophyll
cells throughout the leaf. Subsequent colonizatibthe leaf cells produces disease
lesions which release thousands of new conidias@heew conidia spread to new
plants by dew splash or air and thus reinitiatimg disease cycle. Sexual reproduction
occurs when two strains of opposite mating type tnaeel form a perithecium in
which ascospores are formed. Once released, asegsspan develop appressorium
and infect host cells following the afore-mentioraale (Howard and Valent 1996,
Dean et al., 2005; Skamnioti and Gurr 2009). Trseabke is a polycyclic and is
highly dependent on the favourable conditions far tungus to grow. The fungus
overwinters as conidia or mycelium on seeds, cegdues, other winter cereals or
grass hosts. Its favourable conditions are hightike humidity about 80%, high
temperature around 24-38 and long periods of leaf wetness (Howard and iMale
1996).

1.3 M. oryzae infections on barley
Compatibility of M. oryzae isolate from rice and barley has been reportedsyago

(Thomas 1940; Sato et al., 2001), however infectbibarley fields were reported
much later in 1979 in Japan (Sato et al., 2001reR#y infection of barley by.
oryzae from rice has been reported in Japan were bareyrige are rotated in the

same fields (Sato et al., 2001), epidemics of tisease have also been reported in



California (Greer and Webster 2001) and in Thailé8dto et al., 2001). In Brazil
spike infection that's showed similarity to thodeatneat {Triticum aestivum) and rice
(Oryzae sativa) blast were reported in the barley field in 2001d 2002 cropping
season (Lima and Minella 2003). Yield losses causethe fungus on barley have
not yet been reported, however it is anticipated the fungus may poses a potential
economic threats on barley similar to those thgfisncause on wheat and rice, where
yield loss can reach 10 million tonnes per yearng@aprakhon et al., 2009). Thus
there is need for breeding for blast resistancbarey to counteract these threats.
This entails genetic analysis of the different lsimd resistances td. oryzae found in
barley. Barley is the world’s fourth most importamtreal and it is grown for fodder,

human consumption and brewing of beer.

1.4 M. Oryzae resistance in barley
The two major types of resistance (complete andigbaresistance) have been

reported in barley’s responsesNb oryzae isolates from rice; with complete, race-
specific resistance conferred to by PHR-I repotvgdYaegashi (1978) anBMol
reported by Inukai et al. (2006). Partial and gilative resistance conferred by four
QTLs reported by Sato et al. (2001), twelve QTLshree different blast isolates
reported by Chen et al. (2003) and three other Q€psrted by Inukai et al. (2006).
This shows that studies of barley’s resistandg toryzae are limited; furthermore all
these reports are based on barley’s resistanik doyzae isolate from rice. No report
so far has been presented on barley’s interactod.toryzae isolate from wheat.
With the threat the disease poses on barley,af legh importance to study the host

status of barley to the wheat isolates and thetgsnef blast resistance in barley.

1.5 Breeding for blast resistance in barley
In breeding for blast resistance in rice, idendéificn of QTLs conferring partial

resistance has been proven useful compared to etanphajor genes conferring
complete monogenic resistance. This is mainly doethe fact that complete
monogenic resistance is easily broken ddgnause of the race specificity and the
rapid change in pathogenicity of the blast fungRbdgt et al., 2007). Also complete
monogenic resistance induces high selection pressorthe pathogen population
favouring those pathogens that overcome the resisthy mutation or loss of the
corresponding avirulence factor. From the lesseasnt from rice, it is important in

breeding for blast resistance in barley to iden@fiiLs conferring partial resistance to



blast in barley compared to major genes confercoigplete monogenic resistance.
Partial resistance is more preferred as it is darhbcause it is controlled by many
genes thus not easy to overcome by the pathogehislmeport partial resistance was
analysed using two methods which are QTL mappimemsociation mapping.

QTL mapping involves using full sib mappingpptation (R, DH, RILs, and
backcross populations) to test DNA markers throughthe genome for their
likelihood of linkage with a QTL. Basically the m@pg population is analyzed in
terms of DNA marker genotype and phenotype of @gkgrand split into genotype
groups according to the marker genotype. Meansraridnces are compared between
these groups to determine whether significant difiees exist between the groups
with respect to the trait of interest. A signifitatifference indicates that there is a
relationship between the DNA marker and the QTLtialing the trait of interest
(Young 1996; Collard et al., 2005). The principle@TL mapping is based on the
underlying assumption that linkage disequilibriumorf random association of alleles)
exist between the alleles at the maker locus aedlieles at the QTL. This level of
LD between loci is influenced by inbreeding, nat@election, mutation rate, the size
of the population and physical linkage of loci iegsegating populations. Thus
segregating populations have the highest abilitymtap and characterize QTLs
(Tanksley 1993).

On the other hand association mapping is &odedf mapping quantitative trait
loci based on the strength of correlation betwéennapped genetic markers and the
trait of interest in populations without a simplengtic structure (Yu et al., 2008,
Flint-Garcia, 2003). In its simplest form, it inwvels identifying markers with
significant allele-frequency differences betweedividuals with the phenotype of
interest and a set of unrelated control individu&lsstatistical association between
genotypes at a marker locus and the phenotypaualysonsidered to be evidence of
close physical linkage between the marker and btea@type (Pritchard et al., 2000).
Association studies test weather an allele occufsgh frequency in one particular
phenotype than in the other (for example is thelalirequency high in affected than
in unaffected individuals) thus, it involves pogida correlation rather than co-
segregation within a family which linkage analysy on (Lander and Schork 1994).

Association mapping like QTL mapping relies komkage disequilibrium (LD)
which is also known as gametic phase disequilibritimwever, LD will decay in a

population and the rate is determined by genestadce, the number of generations



since it arose population structure and recomhonatin an unstructured population
(random mating populations) meiotic and recombamatevents are high, only the
genetic markers in linkage disequilibrium with tinait of interest will associate with
the trait. Thus, LD mapping offers high resolutioime mapping of markers
associated with the trait of interest. Furthermaapplication of the method to
unstructured populations, the applicability of tikeults to a wider germplasm and its
complementarity to the traditional linkage mappig the other advantages the
method offers in QTL analysis (Flint-Garcia, 2003ackay and Powell 2007, D’
Hoop et al., 2008).

1.6 Research objectives
This study was aimed at investigating the hostistahd the genetics of the resistance

of barley to wheatTriticum) infecting form of M. oryzae. This research basically
presents the first step in breeding for blast taste in barley where the host status of
barley toM. oryzae isolate from wheat is elucidated; the genomicargiin barley
associated with the resistance to the diseasedardified and the mechanism of
resistance are observed histologically. The follayvispecific objectives were
addressed:

1. Determination of the host status of barley to isafM. oryzae collected
from rice and wheat.

2. Mapping QTLs for quantitative resistance of batieylast in L94 x Vada and
in Vada x SusPtrit RILs populations.

3. Association mapping of blast resistance in modewriow spring barley
cultivars.

4. Genetic analysis of the complete resistance fonr@GN02857, using F2
population derived from CGN02857 x Vada.

5. Study the histopathology of barléfagnaporthe interaction in susceptible,
partially and completely resistance interactions.



Chapter 2

Materials and methods
2.1 Planting material
A collection of 110 accessions of barley was useevaluating the host status of
barley to wheat and rice isolates Mf oryzae. The list of the accessions included
diverse lines grown in Europe, experimental linesl dandraces collected from
different parts of the world. For the isolate sfigciexperiment, nineteen barley
accessions from the 110 accession list which shodiéfidrent responses (from
resistant to susceptible) were tested with teresffitM. oryzae isolates from wheat
and three from rice. Rice and wheat cultivars wadeed to the isolate specifity
experiments to act as controls.

For genetic analysis of blast resistant at segditage, a set of 103 Recombinant
Inbred Line populations (RILs) derived from a brguatal cross of L94 x Vada
(LnVa) (Qi et al., 1998) and a set of 152 RILs ded from Vada x SusPtrit (VaSu)
(Jafary et al., 2006) were used. At adult planyest®TL analysis was only done on
the LnVa mapping population. Molecular linkage mdpr these RILs populations
were previously generated and have been used in @&pping of leaf rustR
hordei), and powdery mildew (Qi et al., 1997, Qi et &4B98; Aghnoum et al., 2010).
L94 is an Ethiopian landrace, with black and nalse&ds, and it shows partial
resistance to several wheat isolates Mf oryzae. Vada is a commercial West
European cultivar, with white and covered seedsvipusly released by the
Department of Plant Breeding, Wageningen Univeraity Research Centre, and is
susceptible to blast. SusPtrit is an experimenta that is susceptible to several
inappropriate rust fungi (Jafary et al., 2006) angartially resistance to blast.

For association mapping studies, a collection148 modern two row spring
cultivars referred to hereafter as ‘The Kraakmanesewere analysed. These are
homozygous diploid lines created by inbreedingydbubling haploids and represent
a large part of European germplasm used for thetpasdecades. A genetic map for
this population was already established by Kraaksetaal. (2004) and this population
has been previously used in marker-trait associattadies of yield, yield stability,
heading date, plant height, disease resistancemamphological traits (Kraakman et
al., 2004, 2006).



To analyse the complete resistance found in @Z887, an fpopulation derived
from the cross between CGN02857 and Vada were geowinused in a seedling test
to determine the qualitative or quantitative natofehe resistance. CGN028% a
line from East Africa andt showed complete resistance to blast in a previmarley
screen of 110 lines.

For the study of the interaction of barley &ndoryzae at cellular level at seedling
stage, three barley lines (CGN02857, Vada and d#fgring in their response thl.
oryzae were evaluated histologically. CGN02857 is conglletresistant, L94 is

partially resistant and Vada is susceptible totblas

2.2 Pathogen isolates.
A Tritici isolate ofM. oryzae (PY67.1) collected from Londrina-Parana state 1azi3

and rice isolate GY0011 collected from Combi, Fre@uyana were used in the host
determination experiment. For the isolate speciéiperiment ten wheat isolates
(PY67.1, PY30.1, PY06001, PY0629, PY6037, PY604Y1®1 PY47.2, PY22.2,
and PY41.2) and three rice isolates (JP9, ML25, &iiil4) were used. For
histological analysis, QTL and association mappithg, wheat isolate PY67.1 was
used. These isolate were maintained on dried fiégrer and propagated on oatmeal
agar. The wheat isolates were provided by Embiil and the rice isolates were
provided by CIRAD, Montpellier, France. Full desihcluding the collection date,
country, organ, and the cultivar from which thelases were collected are shown in
the table 1.

2.3 Inoculum preparation
The M. oryzae isolates were grown for 15 days on oatmeal agabdt under a 16: 8

hour light: dark cycle. Scratching the fungus wasel after 15days and at exactly
three days before inoculation to stimulate spommni@tia) formation. Conidia were
harvested by flooding the plates with 5 ml of $éelinoculation solution which
contained 0.25% gelatine and 0.01% Tween 20. FatigpWlooding the conidia was
scraped gently from the surface using a sterileggtad and filtered through a sterile
cloth. The spore density was adjusted to 2 Xcbbidia per ml by addition of the

inoculation solution.



Table 1:Details ofM. oryzae isolates used in this study.

Organ
Collection collected
Name date Country of origin | from Host
6-05-2006| Coromandel, Triticum aestivum
PY06001 Brazil Leaves
8-3-2006 | Coromandel,
PY0629 Brazil Rachis T. aestivum
PYA47.2 2008 Christalina, Brazil Spikes T. aestivum
10-8-2008
PY 22.2 Palontina, Brazil Spikes T. aestivum
PY 41.2 2008 Burutis, Brazil Spike T. aestivum
PY 30.1 2007 PADPPF,Brazil Spikes T. aestivum
Londrina—
PY 67.1 2008 PR,Brazil Spikes T. aestivum
10/8/2008
PY19.1 Unai — MG, Brazil| Spikes T. aestivum
3-8-2006 | Goiania,GO,
PY6037 Brazil Rachis T. aestivum
3-8-2006 | Goiania,GO,
PY6047 Brazil Rachis T. aestivum
6-1-1978 | Combi,Guyana
GUY11 France Leaf Oryzae sativa
MLO025 | 9-1-1986 O. sativa
Niema ,Mali Neck
JP0009
* Japan * O. sativa
PHO0014 | 7-8-1980
IRRI, Philippines Leaf O. sativa

*- Missing data.

2.4 Inoculation and disease evaluation

2.4.1 Seedling stage

Barley plants were grown in a 40-well plastic tragasuring 7 X 7 X 6 cm. Four seeds
of each line were sown in each well and wheat @# lines were also added in each
tray to act as controls. The seedlings were grownspore-free greenhouse
compartment at 2& under artificial light. Two week old seedlings reénoculated

by spraying onto the leaves with 14 ml of conidiaspension containing 2 x °10

spores per ml per each tray. The inoculated plaete placed in clear plastic bags to
maintain a water-saturated atmosphere and placedgreenhouse at 25°C covered
with black plastic bags. After 12 hours the blatkspic bags were removed, and after



24 hours the clear plastic bags were later on reahoVhe plants were then placed in
a high humidity (80%) greenhouse at’@6 Disease severity was scored at 5 days
after inoculation based on the scoring scale sugddsy Oh et al. (2002) which is
0=no visible reaction, 1l=brown pinpoint spots, 2ma#l brown lesions, 3=
intermediate lesions, 4=large lesions covering 8% ®f the leaf, 5=large coalesced

lesions resulting in complete blighting of the |le&ides.

2.4.2 Adult plant stage
For the adult plants evaluation, the RILs of LnVapping population were grown in

14 cm pots in a spore free greenhouse to adult ptage. At anthesis, the plants were
inoculated with a wheat blast isolate (PY67.1) psaging the conidial suspension at
a spore density of 2 x 1Gpores/ml. The inoculated plants were put in avtio
chamber with temperature adjusted tdQ&inder saturated moisture for 24hours.
Thereafter the plants were put and maintained engfeen house with temperature
adjusted to 2& and relative humidity of 80% under artificial Hig Disease severity
was scored at 10 days after inoculation. The falgwscale was used: 0 = healthy,
absence of symptoms; 1 = light, limited dark lesiahthe base or along the rachis or
light-coloured elliptic lesions of the external {zaof the glumes but without spikelet
death; 2= light to moderate, death of one to seselated spikelets; 3 = moderate,
groups of dead spikelets covering 1/3 to 2/3 ofdfrea of the spike; and 4 = severe,
death of the whole spike (Cardoso et al., 2008).

2.5 QTL analysis
Wheat blast disease phenotypic data scored atisged|two mapping populations

LnVa and VaSu and at adult plant stage in LnVa wamabined with the already
available bi-parental maps and was analysed wittomputer software package
MAPQTL version 6 (Van Ooijen et al., 2004). Intdraaapping (Lander and Botstein,
1989) was done to estimate the map location, LGidesand the phenotypic effect of
the potential QTL in terms of the percentage vagarfeak markers from the interval
mapping were taken as co-factors for running mi@tiQTL mapping (MQM)
programme (Jansen and Stam 1994) until a stable |p@ilile was reached. A
significant QTL was declared at a LOD value3. The detected QTLs were taken
from the individual maps to the integrated map @id.s with LOD-2 overlapping

were declared as the same QTL.



2.6 Association mapping
Association mapping studies were done using an ARidker map generated by

Kraakman et al. (2006) and the average of phenotgpta collected from the five
days after inoculation of the ‘Kraakman series’hwitheat isolate PY67.1 d¥l.
oryzae. In the association analysis, simple linear regjogsof the response of the trait
on the AFLP was done using the software GGT 2.0n(\Berloo 2007). The
corresponding correlation coefficient(r) and p-waluere used to declare significant
marker-trait associations. To control for multipdsting, False Discovery rates (FDR)
expressed as g-values were calculated. By defmRiDR is the expected proportion
of true null hypothesis in a class of rejected mytbothesis, in its simplest form it is
when marker-trait associations are declared sianfi yet no associations exist in
reality. To further assess marker-trait associati@ssociation profiles were created
by plotting p-values for marker- trait correlatiagainst chromosome position; these
graphically show the LD region around associatedkera and help in accessing the
credibility of a marker-trait association. Furthema we assessed marker-trait
association that have been reported in literatarehteck the associations that we
found.

2.7 Bulk segregrant analysis (BSA)
Bulk segregrant analysis is a rapid and cost effecprocedure for identifying

markers in specific regions of a genome (Michelmatral., 1991). AnJfpopulation

derived from a cross between CGN02857 and Vada pt@notyped to identify

individual plants which are extremely resistant amttemely susceptible. DNA was
extracted from the leaves of the plants using tleeqrure mentioned in 2.8. Two
contrasting DNA bulks were prepared one from theeexely resistance and the other
from the extremely susceptible individuals. Markealysis on these two DNA bulks
to identify polymorphic markers that distinguistemh is however still in progress and

thus not much can be mentioned in this thesis tepor

2.7.1 DNA isolation
Two leaf discs of about 3cm of each line where ésted from two weeks old F2

seedlings were pooled in a Microflideepwell tube; of a 96 deep-well plate and 2
stainless steel balls were added to each tube.l8dfediscs were grinded by the
Retsch apparatus in 300Agowa® Lysis buffer P from the AGOWAPIlant DNA
Isolation Kit and 0,pl RNAse (2 mg/ml). After grinding the plates wereubated at

10



65°C in a water bath for 30 minutes after which phtetes were centrifuged for 5
minutes at 3000 rpm. 20D of the green supernatant was pipetted out to a 96
Kingfisher deep well plate with 520 binding buffer and magnetic beads (@l).
DNA isolation proceeded following the Maxi protoaifithe Kingfishe? (Thermo lab
systems, Finland). The following steps were carovet by the Kingfishét: DNA

was bound to the beads, two successive washing st carried out, washing step
1 was with Agow&8wash buffer 1 and washing step 2 was with Agdbwash buffer

2 and finally the DNA eluted in elution AgoWalution buffer.

2.8 Histological analysis barley infection byM. oryzae at seedling stage
Disease symptoms at seedling stage on the threee-@aentioned lines were

microscopically evaluated at 14, 24 and 48 hourst pooculation (hpi) withM.
oryzae isolate PY67.1 from wheat. Plants were grow aratutated as mentioned
above in section 2.4.1. Leaf segments of aboutketleentimeters of the inoculated
plants were harvested at above mentioned post lstimu time intervals. The
harvested leaves were subjected to three diffestming method which are trypan
blue, Uvitex and 3, 3’-diaminobenzadine (DAB) stag For trypan blue staining the
harvested leaves were placed in acetic acid-etftaBulv) for at least 30 minutes and
later incubated in lacto-phenol with 0.005% trygane at 68C for one hour. The
leaves were cleared with saturated chloral hydgtew/v) for at least 24 hours after
which they were embed in glycerol and fungal stritet viewed under the light
microscope. For Uvitex staining, harvested leavesewprepared as described by
Chen et al. (2010) and viewed under epi-floureseenicroscopy. For DAB staining,
procedure was followed as described by Huckelh@teal. (1999). For each staining
procedure and time interval one leaf of each lirerenanalyzed and two biological
replications were done for the entire experimetitttfe interaction sites per genotype
were inspected and scored according to the methedribed by Tufan et al. (2009)
which is A- appressorium formation with no staining or fllsence of plant cells
beneath it,B-invasive hyphae formation with staining or autodflence of the
attacked epidermal cellsC-secondary hyphae formation with staining of regula
shaped mesophyll cell add- secondary hyphae spanning multiple cell assatiate

with staining or strong auto-florescence of collgpsesophyll cell.
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Chapter 3

Results

3.1 Host status of barley tdrritici and Oryzae isolates ofM. oryzae

The host status of barley . oryzae isolates of wheat and rice was determined by
testing a set of 110 barley accessions with oneawls®late PY67.1 and one rice
iIsolate GUY11. Of the 110 accessions tested wiehwheat isolate, 52 accessions
were susceptible (score 4 and 5), 55 lines werkafigresistant (score 2 and 3) and
only one line was completely resistant (score 1g (. With the rice isolate, 37 lines
were susceptible, 57 partially resistant and 14 petaly resistant (Fig 1). The
susceptible lines produced many green water solesezhs which later enlarged and
coalesced with time resulting in shrivelling of tiwaole leaf. The partially resistant
lines had discrete to confluent brown coloured pinplesions and the completely
resistant lines produced no visible lesions onhalsminpoint brown necrotic spots.
There was evidence of pathotype specifity of thastance of barley as two lines
showed resistance to wheat isolate and suscepailites rice isolate. Five lines were

resistant to the rice isolate and susceptibleaartheat isolate.

120 -

100 -
OSusceptible

80 -
ElPartially resistant

60 -

M Resistant

40

Number of lines

20 1

Wheat Isolate (PY67.1) Rice Isolate(GUY11)

Figure 1: Phenotypic response of barley lines to wheat isdPt67.1 and rice isolate
GUY11 of M. oryzae.

Furthermore we tested isolate specifity of barlegsistance td/. oryzae using ten

isolates collected from wheat, three from rice amkteen barley selected from 110

list initially used in the host status experimenhe pathogenic reactions of these
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barley accessions to the different isolates fraza dre presented in table 2a and from
wheat in table 2b. All the wheat and rice isolatested were pathogenic on barley,
and thirteen lines responded uniformly producingstant infection types to all the
wheat isolates. For example, Vada, Steptoe andMoeeze all susceptible to all the
isolates, L94, SuspTrit, CGN22 and Prominent wemgatigly resistant, and
CGNO02857 was completely resistant to all the testethtes. The rest of the lines
were resistant to some wheat isolates and sustefptilsome. For the response to the
rice isolate ten accessions responded uniforméllttine isolates tested and only eight
had differential response. All wheat isolates wpethogenic on wheat cultivars
Anahuac and Renan which acted as controls antiallite isolates were pathogenic
to rice accessions CO39 and Sariceltik which aldedaas controls to rice isolate
experiments. Our results showed that barley i®st ko bothTritici and Oryzae
isolatesof M. oryzae. Furthermore they indicate pathotype and isolpeziity of the

resistance of barley ffritici andOryzae isolates oM. oryzae.

Table 2a: Disease severity scores of barley and wheat Imesulated with different

M. oryzae isolates form rice.

Name PH14 JP9 ML25 Note: Infection type 0=
Nure 2 3 4 no visible reaction,
Tremois 2 1 1 1=Brown pinpoint spots,
Susptrit 2 3 3 2= small brown lesions,
Cebada Capa 2 3 2 3= intermediate lesions,
Prisma 4 2 3 4=large lesions covering
Apex 3 5 3 50-80% of the leaf,
DOM 4 5 4 5=large coalesced lesions
REC 4 3 5 resulting in complete
L94 2 3 3 blighting of the leaf
Vada 3 * 3 blades. Inoculated
Steptoe 5 3 5 seedlings were grown in
Morex 2 2 5 the greenhouse at %5
Ab 14 KéIn * * 5 and scored for infection
Prominent 1 2 3 type 5 days post
CGNO02424 3 2 4 inoculation.

CGNO02857 1 1 1 *- Missing results.

Henni 5 2 5 & Rice cultivars as
Meltan 4 3 * control

CO3¢g * 5 4

Sariceltik? 2 2 2
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Table 2b: Disease severity scores of barley and wheat imesulated with differeni. oryzae isolates form wheat.

Name

PY06001 PY0629 PY20.2 PY22.2 PY41.2 PY30.1 PY19.1 PY6037 PY6047

Nure
Tremois
Susptrit
C. Capa
Prisma
Apex
DOM
REC

L94
Vada
Steptoe
Morex
Ab 14 Koln
Prominent
CGN 6
CGN 22
CGN 37
Henni
Meltan
Falat
Renarf
Vivant 2
Anahuacé

4

U‘U‘wabpml\)wwhbmwh#mwb#_h

GORGWAOWNR *O L aNaTTwy o wd

5

faowoNnwwn FTOGaNOT W N ww

VOCHwhroNnw e PraNATRG L wwo

VAP pNwbpp *po?®

GOPpwhromNLPs  aNAPWE LA

3

2
2
2
1
1
3
*
*
5
4
4
1

PO rsnvuonF o

4

2
2
3
2
1
4
*
1

5
4
5
*
1
1
2
0
4
2
*
1
1
*

1

2

3

3
3
3
1

Note: Infection type 0= no

visible  reaction, 1=Brown

pinpoint spots, 2= small brown
lesions, 3= intermediate lesions,
4=large lesions covering 50-
80% of the Ileaf, 5=large

coalesced lesions resulting in
complete blighting of the leaf
blades. Inoculated seedlings
were grown in the greenhouse at
25°C and scored for infection
type 5 days post inoculation.

*- Missing results.
& Wheat cultivars as control
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3.2 QTLs mapped at seedling stage
The common blast symptoms of water soaked leabrissdeveloped in the two RIL

populations and their parents. L94 (score 2) anglP8ii (score 3) showed partial
resistance reaction with a few small water soalesiohs surrounded by brown
necrotic areas around the lesions. On the confiadd was very susceptible (score 5),
it developed very large green water soaked |ledimasutscovered the entire leaf (Fig 2).
The wheat blast phenotypic scores were collectedtHe three replicates of each
population and the average was used for frequerstydition and QTL analysis. In
LnVa the disease severity score values of the Rdlldbetween those values of the
parental lines (fig 3); no transgressive segregatvas observed, suggesting that the
resistance alleles were contributed by one paredtthe susceptible alleles by the
other. However in VaSu transgressive segregatimarids resistant phenotypes were
observed suggesting that both parents carry somesder partial resistance to blast.
The phenotypic frequency distribution for the twd R population did not fall into
discrete phenotypic classes, neither was it coatisubut on the contrast it was
skewed toward the susceptible phenotypes. Usirgval mapping and multiple QTL
mapping one chromosomal region (QTL) was indemtifibat contributes to blast
resistance at seedling stage, and was mapped dogh& chromosome 7H in both
LnVa and VaSu populations. The peak markers onQfié& region were AFLP
markers E33M55-508 and E42M51-232 in LnVa and Va$spectively. The
likelihood of odds (LOD) values of the peak markeese 17.14 in LnVa and 17.29
in VaSu populations. Percentage variation the QXplaned between the RIL
populations was 54.6% in LnVa and 41.8% in VaSu.oAerview of the QTLsS is

given in table 3.

Figure 2: Phenotypesof the
barley genotypes CGN02587,
L94, SusPtrit and Vada five
days after inoculation with the
Tritici isolate of M. oryzae
(PY67.1).

W

CGNO02587 L94 SusPtrit Vada 15
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Figure 3: Histograms showing phenotypic frequency distributd blast disease severity in RILs derived fakmL94 x Vada (LnVa), B- Vada

x SusPtrit (VaSu) inoculated witht@tici isolate ofM. oryzae isolate (PY67.1). The disease severity score gabtfi¢he parents are indicated by

an arrow.
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3.3 QTLs mapped at adult plant stage
The expected blast symptoms were observed on aheofRILs of LnVa mapping

population. The symptoms were on the spikes ran@ioign light-coloured elliptic
lesions of the external parts of the glumes buheut spikelet death to severe disease
resulting in death of the whole spike. The pareliftered greatly with L94 exhibiting
light to moderate disease severity resulting deathone to seven isolated
spikelets(score 2) and Vada exhibited severe diseagerity resulting in death of the
whole spike (score 4) (fig 4). The disease seveagtyres on the adult plants exhibited
an approximate continuous variation in the LnVa KRffopulation tested indicating
guantitative inheritance of the resistance (Figf@nsgressive segregation toward the
resistance phenotype was observed indicating aesist at adult plant stage was
contributed by both parents. Two QTLs were mappecloromosome 2H and 7H.
The QTL mapped on chromosome 7H had the largesttefivith a LOD value of 3.2
explaining 16.6% of the phenotypic variation and tésistance allele was contributed
by Vada. The lesser effect QTL mapped on chromos2ifiehad a LOD value of 3.1,

it explained 13.5% of the phenotypic variation atite resistance allele was
contributed by L94. An overview of the QTLs is givén table 3. These results
indicated that different QTLs are involved Mh oryzae resistance at seedling and at
adult stage in LnVa population.

Figure 4: Response of L94 and
Vada parents of the LnVa
population to blast isolate
PY67.1 at adult plant stage. L94
showed moderate infection type
with death of one to seven
isolated spikelets and Vada
showed severe disease severity
with death of the whole spike.
Plants were inoculated at
flowering stage and were
scored two weeks after

inoculation.
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Table 3 Resistance Quantitative Loci (QTLS) to Triticbiate PY67.1 of M. oryzae.

Populatio Growth Chro  Position Peak marker LOD? % Donor

n stage moso  of PM exp’

me (cM)
LnVa Seedling 7H 5.0 E33M55-508 17.14 54.6 L94
VaSu Seedling 7H 5.6 E42M51-232 17.29 41.8 SusPtrit
LnVa Adult 2H 83.9 Bmag0125 3.12 13.5 Vada
LnVa Adult 7H 81.19 E39M61-372 3.23 16.6 L94

& Log of the likelihood of ratio at the peak marlasition.
®. percentage of the phenotypic variation explaingthe QTL.

3.4 Marker-trait association

An overview of markers with their genome positiorrrelations with blast

resistance are shown in table 4. Only markers vattsignificant marker-trait

correlation (R0.01) are shown. P-values and g-values for theelaiions are also

presented. Two markers were significantly correlatéth blast resistance, and there

were positioned on chromosome 5H and 7H. The migéiyhsignificant correlated

marker for blast was the marker found on chromosbhhat position 148.1 cM. Only

one marker at position 148.1 cM on chromosome 5tH dndalse discovery rate less

than 5% (&0.05). FDR is quite useful in genome wide studié®r® many markers

are tested for association with a trait as it higé Ipower in detecting marker-trait
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association and it is stringent in declaring rearker trait associations (Kraakman et
al., 2004).

In figure 6, association profiles where thegbue of the correlation of the markers
and the trait is plotted as a function of map positof the markers on the
chromosomes. This shows whether the associatedemsatnds out alone or a rise
and fall in correlation occurs before and after tharker. A smooth rise and fall
before an associated marker might point to a resmkear-trait association. Only the
chromosomes with significant marker-trait assooisi are shown. On chromosome
5H, a distinct peak appears at position 148.1,dhdwo markers correlated with the
trait appears before the peak causing an appearahcg ragged profile. On
chromosome 7H a peak appears at position 133.2noVimarkers were correlated
with the trait before and after this peak resulimghe formation of a smooth rise and
fall profile. Considering the fact that correlatsofound between the trait and markers
located at less than 20cM to each other reflectguree of a QTL, we can suggest that
two QTLs on chromosome 5H and 7H. Furthermorecthreslated marker at the peak
of 7H coincided with one reported in literature nce blast resistance in barley
(Inukai et al 2006). The reported QTL by Inukai mpad from position 98-136.2 cM
on chromosome 7H and the marker reported in thidysbn the same chromosome
was on position 133.2cM just 3cM from the end afikai and other's QTL. The
marker on chromosome 5H was 6.8cM from a QTL regabbty Chen et al., 2003.

Table 4 Marker-trait correlation of AFLP markers with btaesistance, only markers
with significant marker-trait correlations {8.01) are shown. The position on the
chromosome is given in cM and is based on barl®gmated map of 2008 (Aghnoum
et al., 2009). Significance of correlation is shaaga p-value and are indicated by **:
P < 0.01 (significant); ***: P < 0.001 (highly sigitant). Correlation in bold had a

false discovery rate of less than 5%q(5).

Marker Chromosome  Position (cM) r P-value
E42M48-203 5H 148.1 0.3 ok
E45M55-349 7H 133.2 0.27 i
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Figure 6: Association profiles showing p-values of cortiela between markers and blast resistance plogathst chromosome positions of

the markers. Only chromosomes with significant reark  trait correlations are shown.

20



3.5 Genetic analysis of the complete resistance faiin CGN02587
In order to investigate the inheritance of the clatgresistance of CGN02587, an F

population derived from a cross between CGNO0258Y \é&ada was inoculated with

isolate PY67.1 and scored for disease severity. fldguency distribution of blast

resistance showed a continuous distribution (Figuagl did not fall into discrete

classes as expected in Mendelian inheritance. Weusoncluded that the inheritance
of the resistance in CGN02587 is polygenic. DNA vsa¢ated from the Fpopulation

for further analysis.
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Figure 7: Histogram of the frequency distribution of blastserity in |z population
derived from a cross between CGN02857 and Vada.

3.6 Histological analysis of the interaction of bdey with M. oryzae at seedling
stage
The interaction of CGN02587, L94 and Vada was eaeld at cellular level. Leaf

samples were stained with Trypan blue, DAB or Uvigé¢ 14 hpi, 24 hpi and 48 hpi
time intervals. Using bright field and fluorescemairoscope, four different kinds of
interaction phenotypes were distinguished and thefected the success or failure of
fungal invasion. The first phenotype was formatidrappressorium with no staining
or fluorescence of plant cells beneath(4), the second was invasive hyphae
formation with staining or autoflourence of theaated epidermal cell8], the third

was secondary hyphae formation with staining ofilgshaped mesophyll celC)
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and the last one was secondary hyphae spanningplawdell associated with staining
or strong autoflourescence of collapsed mesophsill ). The first interaction
phenotype represents the early stages of fungatlal@went, the second shows
epidermal hypersensitive reaction (HR), the thirdsophyll HR to stop the fungus
from spreading into the mesophyll cells and thertfolshows successful fungus
spread into the mesophyll cells.

A quantitative evaluation of the leaf samplésaxch line per each time interval was
done and the observed frequencies for the linegeaehn time point after inoculation
are presented in Figure 9. There were no signifid#ferences between the staining
methods at the three time intervals. At 14 hpi teategories were observed,
appressorium formation with no associated respoiee and invasive hyphae
associated with death of the epidermal cBl). (The latter being only observed in
CGNO02587 and was significantly different to the esthwo lines. For categors,
there were no significant differences between ithes|

At 24 hpi, most of the interaction sites evéddashowed a high number of
unpenetrated cells as shown by high level of catego However there was
significant number of stained epidermal cells in ND2587 and L94 compared to
Vada, stained mesophyll cells were present inhallines with L94 and Vada being
significantly different form CGNO02587. Only Vadadaollapsed mesophyll cells.
Another striking issue about Vada is that the fusngias able to establish secondary
hyphae in the epidermal cells without the planpoesling anyhow to arrest its spread.

At 48 hpi, accumulation of hydrogen peroxidaaskhs an indicator of programmed
cell death was monitored by DAB staining. There wwasignificant decrease in the
level of category A over time with all the accessiohaving only 18-20% of
interaction sites still in category A. In the redtthe interaction sites penetration of
the fungus into the cells was observed. Hyperseasieaction (HR) of epidermal
cells was significantly high in CGN02587 than in4L&nd was absent in Vada. L94
showed a high level of mesophyll cell HR which wagnificantly different from
Vada only. In contrast high levels of stained quiked mesophyll cells were observed
in Vada in comparison to L94 and CGNO02587, thoug# as significantly different
from CGNO02587. These results are consistent wighaibserved blast symptoms of
the three lines, CGN02587 show only small browmgpint spots; this is because of
the high epidermal and mesophyll cells HR whichribpathogen invasion into the

mesophyll cells thus no lesions visible to the mhkge. L94 shows an intermediate
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response, with some epidermal and mesophyll staceds as well as stained

collapsed mesophyll cells, hence symptoms on #sdg appear as small necrotic
spots and small brown lesion. On the contrast fethno epidermal cells staining,
only staining of regular shaped and collapsed nmtedbmells. This shows the

susceptibility of Vada as staining of collapsed opdwyll cell represent successful
growth of the fungus in these cells. It is the ssstul spread of the fungus into the
mesophyll cells which results in cellular disorgaation and cell collapse and this is a
prerequisite for the formation of water soakeddasivisible to the naked eye. The
contrasting responses of these three lines athitee ttime intervals are shown in

figure 8.

CGNO02587 L94 Vada

Figure 8: Microscopic interaction phenotypes of three batiegs (CGN02587, L94
and Vada) withM. oryzae observed under bright field microscope at threeeti
intervals (14, 24 and 48hpipA, B and C-Appressorium formation with no associated
plant responsd), E andG —Invasive or secondary hyphae associated with dfath
the epidermal celll -Secondary hyphae associated with death of the phglaells,

F secondary hyphae with no associated plant respandd- Secondary hyphae
growing in multiple cells associated with the cp#ia of adjacent mesophyll cells.
APP- appressoriumCO- conidia,sec hyp secondary hyphae, and scale bagxb0
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Trypan blue staining 24hpi

Uvitex staining 14hpi DAB staining 48hpi
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Figure 9: Microscopic evaluation of Uvitex, trypan blue an@&mB staining of cellular interaction of three barlkyes (CGN02587, L94 and
Vada) inoculated with blastM. oryzae) isolate PY67.1 at three time intervals (14hpih@4and 48hpi).For each staining method, one leaf
segment was analysed per genotype, approximatelintgraction sites were evaluated. The bars reptegercentage mean of the two
replicates for each barley line per scoring catggord the error bars represents the standard elmnberaction sites were classified into four
categoriesA-Appresorium formation with no associated plant oese,B-Invasive hyphae associated with staining or aatméiscence of the
epidermal cell (epidermal HRE-Secondary hyphae associated with staining or luiescence of regular shaped mesophyll cells (pigdlo
HR) andD- Secondary hyphae growing in multiple cells assteci with the collapse of adjacent mesophyll cells.
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Chapter 4
Discussion

4.1 Host status of barley tdM. oryzae isolates form wheat and rice
In this study it is shown that barley is a hoskooryzae isolates from wheat and rice.

However this is not a completely new phenomenomurldy infection byM. oryzae
isolates from wheat and rice have been reporteddyr by Thomas 1940; Narita et al.
1956, Urashima et al. (1993), Greer and Websted 200na and minella (2003),
Inukai et al., (2006), and Zellerhoff et al. (200B)may be expected that pathotypes
that are specific to wheat are compatible with dyads these two crops are closely
related phylogenetically. However is interestingtta pathogen that is specific to rice
also infect barley as rice and barley are fromadily related taxa though they shared
some common ancestor millions of year ago (Kelldfipl). Three plausible
explanations arise to why barley is a host to tiesepathotypes. The first one is host
shifts may have occurred in tMagnaporthe pathogen. Host shift is when a pathogen
starts infecting a new host that is not geneticttyfrom its old host and this mainly
happens in closely related crops that are co-aiéiy, grown together in rotations or
grown in close proximity (Stukenbrock and McDonak®)8). Rice and barley, wheat
and barley have a long history of being grown thgetn rotations in Thailand, Japan,
Brazil and in Americas thus, it is most likely thliae pathogen shifted to barley. Also,
the pathogen’s nature of high production capacian (produce up to 6000 conidia per
day up to fourteen days with multiple cycles) ahd fact that the initial stages of
infection are non specific; these could contribiatéhigh level of infection on novel
host species (Couch et al., 2005). However a csimiucan only be reached when
evolutionary relationship oM. oryzae haplotypes from rice, wheat and barley is
analysed. The second and third explanations doelthat barley maybe an alternate
host for the two pathotypes, and that it is a st facilitates genetic recombination
among different pathotypes in nature thus makindelgaa universal host plant to
many other forms of blast (Couch et al., 2005). Tatter has been previously
reported in Italian ryegrass, tall fescue (Kat@alet2000), and species of tAgeneae
and Festuceae which are host to many pathotypesMégnaporthe playing a role of
facilitating recombination of different pathotypiesnature (Kato et al., 1980; 1983 in
Kato et al., 2000).
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Of the nineteen barley accessions tested inidblate specifity experiment, six
showed isolate specific resistance to the whedates® and eight to the rice blast
isolates tested. This suggests that occurrencédfefaht physiological races of wheat
and rice blast pathogen which corresponds to thleygenotypes. Sato et al. (2001)
showed that three barley lines (C651, 1656 and )@l isolate specific resistance to
the rice blast isolates they had tested. Howevepey differentiation of the virulence
spectrum of the isolates using differential bartaytivars will further entail the
different races in thé&ritici and theOryzae isolates oMagnaporthe oryzae.

4.2 Genetics of blast resistance in barley
Resistance of barley to blast was investigatechis $tudy in three ways; (a) QTL

mapping in two RILs populations, (b) associationppiag in a collection of spring
barley cultivars and (c) studying of the completsistance of CGN02587 in & F
segregating population of a cross between CGNO288A/ada. For QTL mapping, it
is demonstrated that one QTL confer partial resctao afritici isolate of blast in
barley at seedling stage in two RILs population¥&rand VaSu and that two QTLs
are responsible for the same trait at adult stadenVa. To our knowledge these are
the first QTLs for wheat blast resistandei{icum pathotype oM. oryzae) in barley

It is interesting to note that at seedling stages QTL was responsible for the trait in
both populations (LnVa and VaSu); this shows latkligersity for QTLs for wheat
blast resistance in these two populations. Sineerésistant alleles of the QTL in
LnVa and VaSu are contributed by L94 and SusRispectively, and L94 was one of
the lines used to develop SusPtrit (Atienza et28104) it can be reasoned that blast
resistance allele in SusPtrit are from L94. Furtadies are however needed to make
concrete conclusions.

The QTLs mapped at seedling stage were diffdrem the QTLs mapped at adult
stage none of them was effective at both growthgestasuggesting that these QTLs
for blast resistance are growth stage dependepiviGrstage dependent QTLs have
been reported in barley’s interaction with othethpgen like powdery mildew
(Aghnoum et al., 2010) and leaf rust (Qi et al. 999n comparison to the QTLs
mapped forM. oryzae pathotypeoryzae (rice blast) resistance in other barley
populations (Inukai et al. 2006, Chen et al. 20B&0 et al. 2001), none of the QTLs
mapped in this study co-localised with the QTLs pwpfor rice blast resistance in
barley other studies. It is quite interesting thath theTriticum and theOryzae
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pathotypes are able to infect barley yet diffensgions of the barley genome are
responsible for wheat and rice blast resistances flinther confirms that, though the
Triticum and theOryzae pathotypes are in the same lineage, they arespeeies
genetically isolated from each other and hence, ithey different resistance regions
of the genome of the same plant specie. It willhbgever interesting to test this
hypothesis on the same populations used in thi Blady withM. oryzae isolates
from rice.

In association mapping studies misinterpi@tabf marker-trait associations is a
major source of error; all marker trait associagi@inould be carefully checked to
avoid this error. Three main criteria used in dgtishing real marker trait-
associations from false ones are the significanicehe marker-trait correlation,
chromosomal LD profiles, and marker trait assocratand QTLs reported in other
studies (Kraakman et al., 2006). However the ldtget limitations in this as no QTLs
have been so far reported for wheat blast resistamdarley, we considered those
QTLs mapped for rice blast in barley. All thesdeania were employed in this study to
declare real marker trait associations. Two markarshromosome 5H and 7H were
associated with wheat blast resistance; it is @st#mg that the marker on chromosome
7H coincided with a QTL reported for rice blastiseance and this QTL maps to the
same region as the powdery mildew resistance @g&lieThis coincidence further
confirms the association of blast resistance watgery mildew resistance reported
earlier by Jarosch et al 1999, Sato et al. 200&nGtt al. 2003 and Inukai et al 2006.
This may be attributed to the findings that monscshare certain pathways in
resistance response thus genes underlying ress@nkts or markers are commonly
involved in defense response against pathogens(€tred., 2003).

The resistance of CGN02587 is probably quaitdaas suggested by the lack of
classical Mendelian segregation ratios and the altyndistributed disease severity
scores. According to the histological analysis ussed below, the resistance is
hypersensitive based and according to the isofseifty experiment (section 3.1) it
is race non-specific as it was equally effectiveatbthe pathogen isolate tested.
Summing it all up, it can be suggested that CGN@2B8ws a high level of partial
resistance to wheat blast is as it fits most ofrattaristics of this category. This
however is inconclusive as the resistance has &lumédated genetically at the DNA
level. The segregating population can be genotymed the loci regulating this

resistance can be mapped. Bulk segregrant analifsis a rapid and cost effective
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procedure for identifying markers in specific reggoof a genome (Michelmore et al.,

1991) and is ideal in analysis of the resistand@ ®N02587 genetically.

4.3 Histological analysis of barleyM. oryzae interaction at seedling stage
Insights in to the infection processif oryzae on barley were gained by microscopic

analyses of three barley accession which were falystant, partially resistant and
susceptible to the pathogen. The infection prooédd. oryzae isolate PY67.1 from
wheat on barley resembled that which has been qushi reported for different M.
oryzae isolates from rice on barley (Jarosch et al., 2@@Herhoff et al., 2006, 2008).
Germination of the spores and appresorium formaimurred within 14hpi, in all the
three barley accessions analysed, this fits in greviously published results of
different isolates oM. oryzae interaction with wheat (Tufan et al. 2009), riceil{ipi,
2004) and barley (Zellerhoff et al., 2006) thatrgeyation and appresorium formation
of M. oryzae occur between 2-20 hpi. This is mainly becauseegmium formation
of M. oryzae is generally the same and appears to be indepentiéme host specie
(Howard and Valent 1996). Penetration occurred betw24 and 48 hpi and this was
in contrast to an interval of 22 -28 hpi previoustported for other pathotypes of the
fungus with different hosts suggesting that pemnietnatakes longer in barley than in
other hosts.

In CGNO02857 the pathogen could successfubiyefrate the epidermal cell,
followed by establishment of the secondary hyphma¢he epidermal cells and this
resulted in high rate of staining or autofloureseenf epidermal and regular shaped
mesophyll cells. Time course study showed thatetlvegre no collapsed mesophyll
cells in CGNO2587 indicating that the pathogen dawt successfully spread to the
mesophyll cell but was halted in the epidermis. Sthe resistance of CGN02587 was
based on epidermal and mesophyll HR. Similarlyg #ffective defense was shown to
be crucial for R gene triggered response in K@gnaporthe interactions (Koga
1994), and for non host barlé&fagnaporthe interactions (Zellerhoff et al., 2006).
Furthermore it was reported for goose grass, weepowe grass and rice with
intermediate compatibility to different strains Mfagnaporthe (Heath et al., 1990).
However, the above mentioned result is contrarythie previously published
conclusion of Jarosch et al., 1999, 2005 that hesistance of barley to adaptst
oryzae isolates correlates to the formation of papillaghe sites were penetration
failed and that epidermal HR in barlejagnaporthe interaction does not arrest
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fungal growth but only slows down its spread inbe tmesophyll cells. From this
study, it is demonstrated that these conclusionsildhbe revised as no papillae was
formed and fungus spread was arrested in the episidry epidermal and mesophyll
HR in the completely resistant accession CGN02587.

In contrast, in the interaction of L94 with Magnape, the epidermal HR in L94
could not completely arrest the fungus from spnegdnto the mesophyll cells, the
invaded mesophyll cell collapsed and underwent Rnlikk cell death. In this case it
can be reasoned that the HR cell death in the rhgHopdvocated for the
development of the fungus. This is typical of thle oryzae fungus which is a
facultative biotroph and exhibits a nectrotrophebih at later stages of infection
(Jarosch et al., 2005, Zellerhoff et al., 2006)isTik also applicable for Vada as HR
cell death in the mesophyll cells was the only dicgnt responses observed and yet it
was susceptible to wheat blast. These results tdsetmose reported for the
interaction of, barley (Zellerhoff et al., 2006)he&at (Tufan et al., 2009), Lovegrass
(Eragrostis) and rice (Heath et al., 1990) witlagnaporthe in highly compatible

interactions.

4.4 Conclusions and recommendations
In conclusion, this research demonstrated thateiddarley is a host of blasiticum

and theoryzae pathotypes ofNl. oryzae) though. It went on further to identify QTLs
and markers that confer resistance to ttiiecum pathotype of 1. oryzae). As this
research was done under controlled conditions rtoisknown whether at the field
conditions barley infection could occur with thaselates, whether the infection can
originate from rice or wheat infections and moref ehether the same QTLs and
markers can be responsible for the resistance. Sibdy also added new insight of
barley-Magnaporthe interactions at cellular level that host resiseammé barley to
adaptedM. oryzae isolates is not necessarily correlated to the &vion of papillae at
the sites were penetration failed and that epideti may succeed in arresting
fungal growth into the mesophyll cells. The resulifs this study are however
preliminary as agronomic utility of these QTLs, kens and mechanism of resistance
still merits further investigations for it to beafzed.

| highly recommend that in future studies otltemponents of wheat blast
resistance at seedling stage should be incorpoiatéde study. Components like
infection frequency, lesion growth rate, lesionoesland lesion size (Tabayashi et al.,
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2002). These have been described as importantédviagnaporthe (Castano et al.
1989) and in whedWdagnaporthe interactions and can be useful in dissection
Magnaporthe resistance in barley. In addition precision imterof disease scoring

scale, scoring method and the people doing theabstoring is highly recommended.
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