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ABSTRACT

Fusarium head blight (FHB) in barley and whest caused by Fusarium graminearum is a continua problem
worldwide. Primarily, FHB reduces yield and qudity and produces the toxin deoxynivaenol (DON), which
can affect food safety. Locating QTLsfor FHB severity, DON level and related traits heading date (HD) and
plant height (HT) with condstent effects acrossaset of environmentswould increase the efficiency of sdlection
for resstance. A population of seventy-five double haploid lines, developed from the three way cross Zhedar
2/IND9712//Foster, was used for genome mapping and FHB evauation. Phenotypic data were collected in
replicated fidd trails from five environments in two growing seasons. A linkage map of 214 RFLP, SSR and
AFLP markerswas congructed. The datawere anayzed usng MQTL softwareto detect QTL x environment
interaction. Because of the presence of QTL x E, the MQM in MAPQTL was applied to identify QTLsin
sngleenvironments. MQM mapping identified nine QTLsfor FHB severity and fivefor low DON. Only three
of these QTLswere consstent across environments. Five QTL s were associated with HD and two with HT.

Regions that gppear to be promising candidates for MAS and further genetic anayssincluding the two FHB
QTLson chromosome 2H and one on 6H which aso were associated with low DON and later heading date
in multiple environments. This study provides a starting point for manipulating Zhedar 2-derived resistance by
MAS in barley to develop varieties that will show effective resistance under disease pressure,
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ABSTRACT

Two large populations, segregating for either Qfhs.ndsu-3BS or Qfhs.ifa-5A were generated from single crosses
or back-crosses of CM-82036 derived lines (resistant) by Remus (susceptible). SSD linesinthe F4 or BC1F3
generation were genotyped using flanking SSR markersfor Qfhs.ndsu-3BS (Gwm1034, Gwm493) or Qfhs.ifa-
5A (Gwm293, Gwm156). Recombinant lineswere sdlected and advanced for two more generationsby SSD.
F6 or BC1F5 plants were genotyped again using SSRs for Qfhs.ndsu-3BS (Barc75, Gwm389, Gwm1034,
Gwmb33, Barc133, Barcl147, Gwm493, Barc102) or Qfhs.ifa-5A (Barc186, Gwm1057, Barc56, Gwm304,
Barc117, Gwm293, Gwm129, Barcl, Barc180, Barc40, Barc100, Gwml56, Barcl141). Marker datawere
used for linkage map congtruction and QTL mapping. Seed harvested from the same plants was used for
sowing a field experiment to evauate FHB severity in 2004. The 174 recombinant lines of the population
segregating at Qfhs.ndsu-3BS were single-spikelet inoculated, the 180 lines of the population segregating for
Qfhs.ifa-5A were spray inoculated.

The obtained linkage map at Qfhs.ndsu-3BS spanned about 25 cM. Based on the preliminary resistance data,
the QTL could be placed in the interval Xbar c133-Xbarc147-Xgwm493, spanning about 7 cM, which isin
agreement with other reports. The linkage map around Qfhs.ifa-5A showed suppressed recombination, and
severd markersweretightly linked. In order to compare genetic and physical mapsfor thisregion cytogenetic
stocks were used, especidly Chinese Spring deletion lines (Endo & Gill 1996). Our preliminary data indicete
that the most likely position of Qfhs.ifa-5A ison the short arm of chromosome 5A in aregion with suppressed
recombination. Wewill repeat res sancetesting in 2005 and plan to goply more molecular markersfor genotyping,
in order to refine the QTL maps.

ACKNOWLEDGMENTS

Wethank BS Gill and the colleagues at the Wheeat Genetics Resources Center at Kansas State University for
supplying seed of the Chinese Spring deletion lines. Thiswork was supported by the European Union funded
research project ‘Novel tools for developing Fusarium-resistant and toxin-free whest for Europe’, contract
number QLRT-2001-02044.

REFERENCES

Endo TR, Gill BS (1996) The deletion stocks of common wheat. J. Heredity 87, 295-307.

10



Host Plant Resistance and Variety Development

GENOTY PE-DEPENDENT ACCUMULATION OF TRITICUM AESTIVUM
TRANSCRIPTSIN RESPONSE TO DEOXY NIVALENOL
Khairul Ansari, Damian Egan and Fiona Doohan'

Molecular Plant Microbe Interactions Group, Department of Environmental Resource Management,
Agriculture and Food Science Building, University College Dublin, Belfield, Dublin 4, Irdland
"Corresponding Author: PH: 353-1-7167743; E-mail: fionadoohan@ucd.ie

ABSTRACT

Deoxynivaenal (DON) is a trichothecene mycotoxin produced by cered-pathogenic Fusaria and evidence
suggests that it acts as a phytotoxic disease virulence factor aiding host pathogenesis. The effect of DON (20
ppm) on gene expression in roots of Fusarium head blight (FHB) disease resistant (Frontanaand CM 82036)
and susceptible (Remus and Riband) whest (Triticum aestivum) cultivars was determined (24-h post-treat-
ment). Despiteinhibition of protein synthesis being the mode of action of thistoxin, at least 70 transcriptswere
overexpressed in thewhest roots of different cultivarsin responseto DON. We assessed the effect, over time,
of DON and Fusarium avenaceum culture filtrate on the production of specific transcriptsincluding tranda
tion dongation factor 1a (EF-1a), adenosine kinase (ADK), retrotrangposon-like homologs and genes of
unknown function. We describe the genotype and treatment-specificity of transcript accumulation over time
and consider the potentia implications on the host cell response to trichothecenes and trichothecene-produc-
ing Fusaria.
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ABSTRACT

Two-rowed barley cultivars generdly are more resstant to Fusarium head blight (FHB) infection than six-

rowed cultivars. Severa studies have found quantitative trait loci (QTLS) for FHB res stance associated with
the Vrsl or row-type locus. However, none of these studies has conclusively determined whether thisress-

tanceisdueto aQTL that istightly linked to the Vrsl locus or apleotropic effect of the Vrsl locusitsdf. The
objective of thisstudy isto determine the relationship between Vrsl and FHB resistance to assessthe potentia
for incorporating the FHB resstance QTL into a six-rowed breeding program. A population derived from a
cross between Frederickson, a FHB resistant two-rowed cultivar, and Stander a FHB susceptible six-rowed
cultivar, was developed by Mesfin et d. (2003), to map FHB resstance QTL. We identified asingle plant at
the F, . stage that was heterozygous at the Vsl locus and two other loci toward thetelomere. After sdlfing this
line, ahomozygous two-rowed plant and a homozygous six-rowed plant were selected to be used as parents
for a fine mapping population. A tota of 2406 F, individuds from a cross between these parents were
screened to identify 398 individuas showing recombination within the region of interest. A subset of 125 of
these recombinant individuas was sdlfed to the F, generation, and used to create the fine map using JoinMap
3.0. The fine map congds of four molecular and the Vrsl morphological marker. This population was
evauated as F, . linesin an unbaanced randomized design for FHB severity in two locations during the sum-

mer of 2004. We conducted smpleinterval mapping usng PLABQTL and detected asingle broad LOD pesk
in both environments. In . Paul the LOD pesgk was centered at 0.5 cM digtal to Vrsl with aLOD score of
8.87 and an R2 of 30.1. In Crookston the LOD peak was centered 0.3 cM distal Vrsl with aLOD score of
10.7 and an R of 35.2. A 1 LOD drop-off confidence interval for the position of the QTL includes Vrsi;
therefore we cannot conclusively answer the question of pleiotropy vs. linkage. Currently, the population is
awaiting analyssin China, and a second year of datawith more replicationsin St. Paul and Crookston. New
recombinant individua s with highly informative genotypes are currently under devel opment to more accurately
dissect this problem.
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ABSTRACT

Inwestern Japan, FHB affected 20 to 90% and 10 to 25% of whesat production areasin an averageyear inthe
1960's and 1990’ s, respectively. Higtorically, outbreaks of FHB occurred in 1963 and 1998 in Japan. FHB
struck dmost dl areas in Japan, covering more than 400,000 hectares (71.5% of wheat production), and
estimated yield losses reached 53.7% in 1963. This outbresk of FHB devastated the production of wheet and
barley in western Jgpan. FHB has occurred in epidemics every three to Sx years up to now. Farmers in
western Japan, particularly in the Kyushu didtrict, which is the main production regions of facultative whegt in
Japan, experienced serious epidemics of FHB in 1998, with damage equivaent to 20 to a 100% decrease in
wheat production. In the northern part of Japan, Hokkaido district where they are producing both winter and
soring wheat, FHB has caused sgnificant lossesin yied and qudity asamortd threat to the wheet and barley
production since 1990's. We have been missing any winter wheat materias with high level resstance to FHB
for Hokkaido's production. The nationd breeding system of wheat and barley has been conducting active
improvement and research for FHB resistance in Toka-Kinki National Agricultura Experiment Station snce
1952101972, andin Kyushu Nationd Agricultural snce 1972. They screened severd FHB resigant germplaams,
then released cultivars and advance lines of ‘Norin’, ‘Toka’, and ‘ Saika’ series. Repeated screening of ge-
netic resources dso led to the identification of severd locd varieties and cultivars of spring whestl, such as
Nobeokabouzu-komugi, Nyubai and Shinchunaga from the Japanese gene pool. Converson of FHB resis-
tance from a spring wheat Saikai 165 developed in Kyushu to winter ones through their crossesis progressing
the resstance level of winter wheat for Hokkaido' s production in this decade.

The genetic condtitution and diversity for FHB resstant among Japanese germplasms and improved lines,
however, have not yet been ducidated. It is essentid to identify them dong with their breeding history, so that
different genes can be combined and to improve the overdl resistance of wheat. We andyzed trangtion of
chromosoma regions for FHB-resistance QTLs using SSR haplotype in Japanese Whesat Breeding Systems.
We discuss genetic diverdty for res stance among Japanese improved whesat and trend of QTL trangtion since
1960s. It shows drategic systems for future FHB breeding.
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ABSTRACT

Fusarium heed blight (FHB) in barley isincited by Fusarium graminearum Schwab, which produces myc-
otoxins such as deoxynivaenol (DON) during pathogenesis. Anin vitro sdection study was conducted using
DON, or amixture of DON with other mycotoxins, in the anther culture system for doubled haploid produc-
tion. Severd barley genotypeswith varying levels of resistance (3 six-row and 7 two-row) were subjected to
invitro sHection (IVS) with the aim to select mycotoxin tolerant barley plants with enhanced FHB resistance.
All IVS doubled heploid lineswere evauated for FHB resistance over 3 years (2001-2003) a Brandon, MB,
in the FHB nursery inoculated with 3 isolates of F. graminearum using the grain spawn method, whilethe VS
lines produced from MNBrite were evaluated over 2 years (2002-2003). DON content was determined by
the EL1SA method at Ottawa, ON. Among the 10 genotypes subjected to IVS, the IV S lines produced from
MNBrite and CDC Kendal showed datistically significant lower levels of DON compared with the control
genotypes over 2 years and 3 years, respectively. Overdl reduction in DON level was 20% for IVS lines
produced from MNBrite and 27% for those from CDC Kendal. Although not satisticdly sgnificant, 2 IVS
lines from each of the six-row genotypes Excel and Robust (Excel 99/12-3, Excdl 99/12-4, RobustDT00-6
and RobustDT00-14) showed areduction in DON content ranging from 10 to 18%. Four IV S linesfrom the
two-row genotype Rivers (TR256DT002-1, TR256DT0016-2, TR256DT0016-4 and TR256DT0020-3)
aso showed consgtently lower DON content in dl 3 years: When evaluated in yidd trids, the agronomic
performance and madting qudity of the IVS lines were generdly smilar to the genotype for which they were
developed. Thus, IVS was effective in reducing DON content and improving FHB resstance in some geno-
types. ThelVSlineswill be evauated further a multiple locations to confirm these findings.
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ABSTRACT

Pethogen infection process may trigger the expression of an array of defense-related genes in a host plant.

Differentid expresson of defense-rdated genesin different host genotypes may result in the difference in host
responses to the pathogen infection. To gain more insight on the defense response of wheet to infection by F.

graminearum, changes in gene expression in response to the fungd stress were monitored usng cDNA
microarrays. Microarrays containing 2306 ESTs generated from Six suppression subtractive hybridization li-

braries were probed with cDNAs from fungal-inoculated Ning 7840 (resistant) and fungal-inoculated Clark
(susceptible). The abundance of funga-induced transcriptsin the two varieties was determined by direct com-

parison of gene expresson levels of the funga-inoculated resistant and susceptible varieties a various time
points after inoculation. Results show that up-regulation of defense-related genes can occur early at 3 hours
after inoculaion (ha) in Ning 7840, while mostly occur at 12 ha or later in Clark. The transcripts levels of
ESTshaving significant sequence Smilarity with cadinene synthase, proteinase inhibitors, PR-1 type pathogen-

essrelated protein and chitinase precursor were higher in Ning 7840 than in Clark a 3 hai but lower in Ning
7840 than in Clark at later time points, indicating a dower defense response in the FHB-susceptible variety
compared to the resstant variety. A selected set of differentidly expressed genes from the microarray experi-

ment was vaidated with red-time PCR (RT-PCR).
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ABSTRACT

The detached leaf assay and Fusarium head blight (FHB) have been studied to see if common components of
partia disease resistance (PDR) could be identified. A double haploid wheet population (91 lines from the
Winter x Springwheet cross‘ Arina X ‘ NK93604' ) was phenotyped and mapped to understand and characterise
the genetic bads of the PDR components and their relaionship to FHB. The magp congdruction using SSR,
AFLP and DaT markersis ill in progress and identification of linkage groupsis dill tentative (see poster by
Semagn et d.). Fusarium resistance has been assayed in detached |eaves (latent and incubation period), and
in the field for 3 years. Relaionships have been andyzed by interva mapping (IM) and the principal compo-
nent analysisderived method Partial Least Squares Regression (PLSR). In generd, the latter method identified
more QTL than IM and with higher (adjusted or calibrated) R vaues. For incubation period IM identified 2
QTL, close to markers Dup004 (4A) and gwm 161 (3DS), explaining 19.4%. For latent period only one
QTL was identified, gwm698 (7AL, 12.1%). Both were derived from the ‘Arina parent, contributing to
longer incubation/latent periods. Using PLSR the same were identified, in addition to others from both
parents, with ca. 26% R2. Interestingly aQTL in‘Arina wasidentified in both traits close to markers gwm?389
and barc75, which both map to the 3BS region known from * Sumai-3' . However, since the two traits were
only correlated weekly; the QTL only explained apart of the variance. Molecular markersfor FHB resstance
were generaly not coincident with those for incubation and latent periods, indicating that PDR components
and FHB were largely under separate genetic control. However, PLSR analyss of DON aso identified a
QTL at barc75 (3BS), indicating an overlap with incubation period and latent period.

The present research isan important step in linking and understanding the potentid utility of in vitro screening,
including the detached leaf and seed germination assays, with mgjor QTL for FHB resstance. Thisis particu-
larly rdevant to investigate the dichotomy in the relationship between incubation period and FHB resstance
(Browneet d., poster presentation at this conference) that may need to be considered to effectively combine
exotic and existing/adapted sources of FHB resistance.
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ABSTRACT

Fusarium head blight (FHB) is a serious disease of whest that is best controlled by host resstance. In the
eastern quarter of Kansas, farmer aversion to FHB has been amajor contributing factor to the observed two-
thirds decline in whegt acreage snce 1980 in that part of the sate. Additiondly, in the large whegt-producing
areain the centra part of Kansas, there are increasing amounts of corn being produced and reduced tillage is
gaining popularity. Both of these practices may increase the risk of FHB epidemics in this important whest-
growing area. Asaresult, the Kansas breeding programs began in 1998 to focus on producing cultivars with
improved levels of resstance to FHB. Part of that program was to acquire the expertise to phenotype the
reaction of breeding lines and common commercia whest cultivarsin Kansasto FHB. Datafrom fidd evau-
ation nurseries showed that severd cultivars dready possessed useful levels of resistance despite the fact that
no effort had been directed to sdlecting FHB resistant cultivars. One cultivar with resstance is Heyne which
has averaged about 15% blight compared with atypical susceptible cultivar like Tomahawk which has aver-
aged about 50%. In the quest to develop additiond cultivars with resistance to FHB, the initid breeding
Srategy has been to use resstance aready present in hard winter wheat germplasm as the foundation. This
strategy was chosen becauseit providesthe least disruption to critical agronomic, qudity, and disease charac-
terigtics that are necessary for a cultivar to be successful in eastern and centrd Kansas. The primary sources
of resstance used to initiate this effort were Heyne, Hondo, KS89180B-2-1-2, Karl 92, and Lakin, aong
with some FHB resistant parentsfrom Brazil. Because of theimportance of Heyne asasource of resstancein
the breeding program, crosseswereinitiated to determinetheinheritance of itsres stlance and whether it shared
genes with other resstant cultivars. Aninitid experiment indicated that there were differences in F1s when
Heyne was used as a femae verses when it was used asamade. As aresult, additional experiments were
conducted. Inthree of four greenhouse experiments, F1swith Heyne as afemae and crossed with a suscep-
tible cultivar (Tomahawk or Trego) had lower (P<0.05) blight scores than F1s when it wasamde. Vdues
averaged acrossall four experimentswere: susceptible=70.5% a; Heyne = 16.3% d; susceptible X Heyne F1
= 50.6% b; and Heyne X susceptible F1 = 29.6% c. Therefore, Heyne may have materna determinants for
resstance; however, further research needs to be done to confirm this hypothess.
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OBJECTIVES

To provide an overview on development of in vitro
detached leaf and seed germination assays to detect
components of partial disease resistance against
Fusarium heed blight.

INTRODUCTION

There is no complete resstance to FHB in wheet d-
though many sources of partia resistance have been
identified in adivergty of germplasm sources that fre-
quently differed with respect to the chromosoma re-
gions governing resistance (Liu and Anderson, 2003;
Liu et a., 2003; Shen et d., 2003). Partid disease
resstance is characterised by a reduced rate of epi-
demic development in a host population attributed to
various components of partid disease resstance in-
cluding lower infection frequency and longer latent
period (period from inoculation to sporulation). At
least 17 causal fungd species have been implicated in
the Fusarium head blight (FHB) disease complex in-
duding Microdochium nivale, an important causal
agent of FHB in the cooler maritime regions of north-
west Europe; however, thereisno strong evidence for
species-specific resistance (Parry et d., 1995). The
mechanismsof resstanceto FHB aregeneticaly com-
plex and poorly understood, a Stuation that has hin-
dered the incorporation of genetically diverse sources
of resstance into commercialy acceptable cultivars.
As aresult there has been greater interest in under-
standing components of partid disease resistance us-
inginvitro detached |eaf (Diamond and Cooke, 1999,
Browne and Cooke, 2004) and seed germination as-
says (Browne and Cooke, in press).

MATERIALSAND METHODS

Thismanuscript utilises datafrom anumber of studies
which describe details of materids and methods for
the detached leaf assay (Browne and Cooke, 2004)
and seed germination assay (Browne and Cooke, in
press). In summary the detached leaf assays were
conducted using detached leaf segments inoculated
with Microdochium nival e, which causes much more
distinct leaf symptomsthan other membersof the FHB
complex. The components of partid disease ress
tance (PDR) measured were incubation period (days
from inoculation to first symptom development, adull
grey-green watersoaked lesion) and latent period (see
above). The seed germination assay was conducted
by imbibing seed in a conidid suspension of four
Fusarium spp. and M. nivale var. majus and var.
nivale and assessing subsequent germination to de-
tect differences in cultivar resstance (Browne and
Cooke, in press).

RESULTSAND DISCUSSION

The detached lesf assay was successful in identifying
important componentsof FHB resistancein European
wheat which were most strongly related to the PDR
component latent period; longer latent periods were
related to greater FHB resistance (ahigh UK recom-
mended list FHB resgtance rating) (r, = 0.70; P <
0.01) (Figure 1) and to alesser extent incubation pe-
riod (r, = 0.53; P <0.05) (Browneand Cooke, 2004).
Molecular mapping of the PDR components incuba-
tion period and latent period in adouble haploid wheet
population in Norway in collaborative research with
University College Dublin, Irdland (Poster presenta-
tion at this conference; Bjornstad et a.) hasidentified
QTL coincident with incubation and latent periods,
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confirming the polygenic nature of both PDR compo-
nentslargely under separate genetic control. While map
congructionisgill in progressresultsindicate QTL a
5D and 3BS are of importance for incubation period
and a QTL at 2D for latent period. Identification of
components of FHB resstance among whest lines
entered in the 2002 Uniform Southern Fusarium Heed
Blight Nursery (USFHBN), representing diverse pedi-
grees including known Asian sources of resstance to
FHB and known US sources of moderate resistance,
identifiesthe potentid utility of the detached leaf assay
for identifying components of FHB resistance (Poster
presentation &t this conference). However there was
evidence that the effect of the PDR component incu-
bation period on FHB resstance varies with genetic
background; this may therefore need to be consid-
ered when combining exotic and existing/adapted
sources of FHB resstance. Comparative evaluation
of PDR components of whest, barley and oats sug-
gestsrelated Graminaceae could be apotentia breed-
ing source for PDR components such aslonger latent
periods (Figure 2), which were longer in barley than
whesat and longer in oats than elther wheet or barley.

While the detached leaf assay identified an important
component of moderate FHB resistance in European
wheat many other resistances to FHB are not identi-
fied, including disease avoidance and escape. An ex-
ample of thismay beresstance detected inaninvitro
seed germination assay sgnificantly correlated with
FHB resistance (r, = 0.45; P < 0.05) but not corre-
lated to PDR components detected in the detached
leaf assay, suggesting a genetically distinct resstance
(Browne and Cooke, in press). It is hypothesised
that the res stances detected in the germination assay,
common across several Fusarium species, primarily
reflect resstancesfound inthe grain (in the wheet head
and developing seedling) (Browne and Cooke, in
press).

The present work illustrates the utility of in vitro as-
says such as, but not exclusvely, the detached leaf
and seed germination assays in expanding our under-
standing of the genetics of FHB resi stance and role of
individua components of partid disease resgtance in
disease epidemic development.
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Figure 1. Latent period correlated against FHB resistance ratings for
cultivars on the UK 2003 recommended list (rs = 0.70; P < 0.01) (a higher
rating = higher resistance).
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Figure 2. Latent period of oat (O), barley (B) and wheat (W) cultivars inoculated with M.
nivale on detached leaves and incubated at 15°C. Bars represent standard error of the mean.
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Figure 3. UK 2003 recommended list FHB resistance ratings plotted against
germination of seeds expressed as a percentage of untreated controls after

inoculation with isolates of M. nivale var. majus (r; = 0.45; P < 0.05).
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COMPONENTS OF PARTIAL DISEASE RESISTANCE
IN WHEAT, BARLEY AND OATS DETECTED
USING A DETACHED LEAFASSAY
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ABSTRACT

The detached lesf assay was successful in identification of important components of resstance to FHB in
European wheat. However, it isnot known how the components of partial diseaseresistance (PDR) for barley
and oatsrelate to those observed in whest. In the present work the relative res stances of fifteen winter barley,
three winter wheat and three winter oat cultivars on the UK recommended list 2003 and two spring whesat
cultivars on the Irish 2003 recommended list were evauated in detached leaf assays to further understand
PDR components and Fusarium head blight (FHB) resistance across cered species. Barley cultivars showed
incubation periods comparable to, and latent periods longer than the most FHB resistant Irish and UK whesat
cultivars evduated. In addition, lesons on barley differed from those on wheet as they were not visbly
chlorotic when placed over alight box until sporulation occurred, in contrast to whest cultivarswhere chloross
of theinfected areaoccurred when lesonsfirst developed. The pattern of delayed chlorosisof theinfected |eaf
tissue and longer latent periods indicate that resistances are expressed in barley after incubation period is
observed, and that these temporarily arrest the devel opment of mycelium and sporulation. Incubation periods
were longer for oats than for barley or whest cultivars. However, oat cultivars differed from both wheat and
barley in that mycelia growth was observed before obvious tissue damage was detected under macroscopic
examination, indicating tolerance of infection rather than inhibition of pathogen development, and morphology
of sporodochia differed, appearing less well developed and were less abundant. Longer latent periods have
previoudy been related to greater FHB resistance in wheet. The present results suggest the longer latent
periods of barley and oat cultivars are likdly to play arolein overdl FHB resistance if under the same genetic
control as PDR components expressed in the head. However the limited range of incubation and latent
periods observed within barley cultivars and oat cultivars are in contrast to wheat where incubation and latent
periods were shorter and more varigble among genotypes. The sgnificance of the various combinations of
PDR components detected in the detached | eaf assay as components of FHB resistance in each crop requires
further investigation, particularly with regard to the gpparent tolerance of infection in oatsand necrosisin barley
after incubation period is observed, associated with retardation of mycelia growth and sporulation.
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ABSTRACT

A large environmentd influence on phenotypic estimates of disease resstance and the complex polygenic
nature of Fusarium head blight (FHB) resistance in wheat (Triticum aestivum L.) are impedimentsto devel-

oping resstant cultivars. The objective of this research was to investigate the utility of a detached leaf assay,

inoculated using isolates of Microdochium nivale var. majus, to identify components of FHB resistance
among thirty entries of United States soft red winter wheat in the 2002 Uniform Southern FHB Nursery
(USFHBN). Whole plant FHB resistance of the USFHBN entries was evaluated in replicated, migt-irrigated
fiddtridsat 10 locationsin eight states during the 2001-02 season. Incubation period (days from inoculation
to the first gppearance of a dull grey green water soaked lesion) was the only detached legf variable sgnifi-

cantly correlated across dl FHB resistance parameters accounting for 45% of the variation in FHB incidence,

27% of FHB severity, 30% of Fusarium damaged kernds and 26% of the variation in grain deoxynivaenol
(DON) concentration. The resultsfor incubation period contrasted with previous studies of moderately resis-

tant European cultivars in that longer incubation period was correlated with grester FHB susceptibility, but

agreed with previous findings for the Chinese cultivar Suma 3 and CIMMY T germplasm containing diverse
sources of FHB resistance. The results support the view that the detached leaf assay method has potentia for
use to distinguish between specific sources of FHB res stance when combined with data.on FHB reaction and

pedigreeinformation. For example, entry 28, adi-haploid linefrom the cross between the moderately resistant

US cultivar Roane and the resistant Chinese line W14, exhibited detached leaf parameters that suggested a
combination of both sources of FHB resstance. While the USFHBN represents the combination of adapted
and exatic germplasm, with the exception of Ernie, the moderately resstant US commercid cultivars (Roane,
McCormick, NC-Neuse and Pet) had long incubation and latent periods and short lesion lengths in the de-

tached |eaf assay as observed in moderately FHB resistant European cultivars. The dichotomy in therelation-

ship between incubation period and FHB res stanceindicates that this may need to be considered to effectively
combine exotic and existing/adapted sources of FHB resstance.
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RESISTANCE TO FUSARIUM SPP. IN A SEED GERMINATION
ASSAY AND INVESTIGATIONS INTO ITSRELATIONSHIP
WITH FUSARIUM HEAD BLIGHT RESISTANCE
R.A. Browne and B.M. Cooke

Department of Environmental Resource Management, Faculty of Agri-Food and the Environment,
University College Dublin, Bdfield, Dublin 4, Irdland
“Corresponding Author:  E-mail: roy.browne@ucd.ie

ABSTRACT

Resstance of wheet cultivarsfrom the UK 2003 recommended list were eva uated againg Fusariumcul morum,
F. graminearum, Microdochium nivale var. majus and var. nivale, F. avenaceum and F. poae using aseed
germination assay and related to previoudy published data on detached leaf assays, using M. nivale, and UK
recommended list Fusarium head blight (FHB) resstanceratings. Significant cultivar differences were found
after inoculation with al fungd gpecies with the exception of F. poae where the decline in the percentage of
seed germinating reativeto the controlswassmdl. Correlations of the percentage seed germinating inoculated
with the remaining Fusarium spp. and M. nivale were high (r = 0.68; P < 0.01to r = 0.94; P < 0.001).
Ovedl, isolates of F. graminearum caused the greatest reduction with a mean seed germination of 61.7 %
relative to the controls followed by F. avenaceum (65.5 %), M. nivale var. majus (67.2 %), F. culmorum
(76.6 %), M. nivale var. nivale (89.2 %) and was least for F. poae (92.5 %). The resstance detected inthe
germination assay was significantly correlated to whole plant FHB resistance ratings (r_ = 0.45; P < 0.05) but
was not correlated to partial disease resistance (PDR) components detected using the detached leaf assay,
namely, incubation period, latent period and lesion length. The results suggest that while resistances detected
in the seed germination and detached leaf assays in part share a common genetic basis to FHB resistance,
resistances detected in both in vitro assays are under separate genetic control. Resistances detected in the
seed germination assay had alower corrdation with FHB resstance ratings againgt F. culmorum, indicating
they were less effective than those detected by latent period in the detached leaf assay in European whesat
cultivars.
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ABSTRACT

A st of 96 wheat genotypes was analyzed with 96 SSR markers. Markers were chosen based on severa
criteria 1) we aimed to use SSRswhich are evenly distributed across the genome of whest. 2) markerswhich
yieddd asmple and clear amplification pattern were preferred. SSR marker datawere used to calculate genetic
amilaritiesand cluster anadyss (UPGMA) was performed. To complete thisanalys's, we are now adding SSR
markers mapping to published QTL regions 3BS, 5AS, 6BS and 3AL in order to facilitate a haplotype
comparison within the evauated germplasm.

The 96 wheat genotypes conssted of 78 cultivars and breeding lines supplied by severd European whesat
breeders. Saatzucht-Donau, Austria; Sgjet Plant Breeding, Denmark; Ceredl Research non-profit company,
Hungary; and Saaten-Union, Germany. In addition 11 winter and 7 spring whest lineswith known responseto
FHB were included.

With the 96 SSR markersatotal number of 647 alleleswere detected. Wheat genotypesgenerally clustered as
expected by thar origin. Mgor cluster branches included lines originating from Hungary and breeding lines
derived from Hungarian winter whest by spring whest crosses. Other large groups were comprised of whegt
germplasm originating from north-western Europe and ancther cluster mainly contained wheats from Germany
and Ausdtria. The remaining clusters were very heterogeneous cons sting of wheat accessions from Europe and
oversess. We included one Triticum macha accesson, which was mogt distant from al other whest lines.

Haplotype andlyss of the same sat of germplasm is ongoing but no results were reedy until submission of this
abstract.
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ABSTRACT

Severa QTL mapping studies have ether been published or arein progressin different European inditutes. So
far, no orthogona comparison of the different resistance sources used is available. We therefore agreed to
perform a series of experiments to directly compare the resistance level in the different populations.

Intotal 56 genotypeswere evaluated using Spray inoculation at five stesin Europe: Rennes (France), Norwich
(UK), Freisng (Germany), Changins (Switzerland) and Tulln (Austria).

If not stated otherwise the genotypes were comprised of both parents and the ‘best” 5 offspring from the
following crosses: Sumai-3/winter-wheet (4 lines), SVP72017/Capo (3 lines) ArinalForno, ArinalRiband,
Dream/Lynx, G16-92/Hussar, Renar/Recital, WEK0609/Hobbit-sib, and four lines as controls: F201-R
(obtained from M. Ittu, Romania), Petrus (German cultivar) and 2 lines from a cross Sgv/Nobeokabozu//
MM/Sumai-3 (obtained from A. Mesterhazy, Hungary).

At dl locations spray inoculations were gpplied on small plots usng locd Fusarium isolates and inoculation
methods. FHB severity was scored in percent infected spikelets per plot at severa time pointsafter inoculation.
We present here dataon FHB severity obtained at the end of the observation period (24-28 dpi, depending on
location) from four locations (Rennes, Norwich, Freising, Tulln). The level of FHB severity in the different
populations reflected the resistance of the parenta lines. Sdlections from Sumai-3/Capo showed the lowest
average disease severity (10% FHB) followed by SVP72017/Capo (14% FHB). The best selections from
Arina/Riband had 18 % FHB, from Arina/Frono 22% FHB, and from Renar/Recita 24% FHB. Thebest line
from each of the other crosses (Dream/Lynx, G16-92/Hussar and WEK 0609/Hobbit-sib) showed around
30% average disease severity. Control lines Sgv/NB//MM/Sumai-3 showed 14% FHB, Petrus 26% FHB
and F201-R 40% FHB, while highly susceptible parents like Lynx and Hobbit-sib had 71% and 82% FHB,

reoectively.

Results showed that winter whest lines with a high resistance level could be obtained from crosses involving
Sumai-3. However, severa cyclesof crossing and salection may be needed to devel op agronomicaly adapted
cultivars. Sdlection in crosses involving moderately resstant European winter wheet parents leads to FHB
resstant lines, with ahigher chance of suitable agronomic performance.
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ABSTRACT

In recent years, a number of reports on QTL mapping of Fusarium head blight resistance in wheat have been
published. In the meantime on amogt al wheat chromosomes putative QTL have been reported. In many
earlier sudies, populations were derived from highly resistant, non-adapted spring whest lines crossed with
regionaly adapted susceptiblelines. Resistanceto funga spread on single heads (type 2 resistance) was mostly
anadysed because it was congdered amore heritable trait than *field resstance’ . A few reports aso measured
disease severity on spray inoculated field plots, which should account for most resistance factors that contrib-
ute to reduced disease severity under heavy naturd infections.

Themgor QTL Qfhs.ndsu-3BS for type 2 resstance wasfirg identified in Sumai3 and related lines. Surpris-
ingly, other non-related Chinese lines appeared to possess a QTL in this region as well. Whether these lines
carry the same or different res stance adlees could not be determined so far. Another QTL for type 2 resstance
was placed on 6B by severd authors, most further described putative QTL have not been thoroughly validated
yet. By spray inoculation, significant QTL were mapped on 3B and 5A derived from Asian sourcesand on 3A,
derived from Frontana. Mapping studies have aso been performed using winter wheats as res stance sources,
eg. Arina (Switzerland) and Renan (France), where generdly severd QTL with moderate to smdl individua
effects and ahigh QTL x environment interaction were found.

Recently, we wereinvolved in the vaidation of three spring wheset derived QTL (3B, 5A, 3A) in independent
experiments and genetic backgrounds. A large population of 1075 F, plants based on a four-way cross was
generated: CM 82036-derivative/Nandu//Frontana-derivative/Munk. From this population 15 linesin each of
8 marker classeswere selected using athree-stage procedure with the SSR markers Gwma3389 (3B), Gwm304
(5A) and Gwm?720 (3A). All findly sdlected F, , plants were homozygous for the above-mentioned marker
combinations. They were multiplied once for seed production and the F,  lines were evauated for FHB
severity using spray inoculaions at four locationsin Germany in 2004. Comparison of the mean FHB severity
of the 8 genotype classes showed that lines with al three resstance aleles combined displayed the lowest
average FHB severity (mean FHB severity: 15.8%, range: 9.4-31.6%), and the lines having dl susceptible
marker dleles were most diseased (mean FHB severity 34.7%, range: 26.4-51.9%). The dleles on chromo-
somes 3B and 3A from CM 82036 and Frontana, respectively, both had asignificantly lower effect than the 5A
dlele from CM82036. The three combinations with each of two QTLs did not differ from each other. They
differed, however, sgnificantly from those lines harbouring the 3A or 3B QTL only. We, therefore, consider dl
three QTL asindependently validated.
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ABSTRACT

Fusarium head blight (FHB) isafungd disease of barley and other cereds, causng substantid yield and qudity
losses, mainly due to the contamination of the harvest with mycotoxins. We evaduated genetic variation for
resstance to FHB and its association with other plant characters in diverse barley germplasm in order to
identify useful lines for resistance breeding. The 143 barley lines conssted of 88 current European spring
barley lines and cultivars, 33 accessions from the genebank at IPK Gaterdeben, and 22 lines obtained from
North Americaninditutions. We conducted artificialy inocul ated fild experimentswith Fusarium graminearum
Schwabe during two seasons. FHB severity was evauated by repested assessment of visua symptoms. Ona
set of 49 lines the content of the mycotoxin deoxynivalenol (DON) was andyzed.

Variation for FHB severity was quantitative. The lines with lowest FHB severity were ‘Clho 4196 and ‘Pl
566203, both lines were obtained from North American colleagues but originate from China. Also within the
European spring barley collection variation for FHB severity was highly sgnificant. Thelineswith thereatively
lowest FHB severity were Hellana , ‘Pixd’, * Secura and‘ Thuringid . From the genebank accessons‘ Misato
Golden’ and *Lubicki’ were those with rdatively low disease severity. There was asgnificant negative corre-
lation between plant height and FHB severity (r=-0.55). FHB severity assessed in thefield and the amount of
deoxynivaenal in the harvested grains were postively corrdated (r=0.87). Severd lineswith a useful leve of
FHB resistance were found or confirmed and are recommended as crossing partners. A full paper describing
al relevant resultsin detall has been published by Buersmayr et d. (2004).
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ABSTRACT

Inoculated nurseries have been established in Canada and China to screen and evauate barley (Hordeum
vulgare L.) for resstance to fusarium head blight (FHB). A collaborative trid was desgned to investigate
deoxynivaenol (DON) content, visud assessments, and their relationshipswithin and acrossfive diverselocations;
Brandon MB, Ottawa ON, Saint-Hyacinthe QC and Charlottetown PE in Canada, and Hangzhou in China
Twenty-five cultivars, selected to represent arange of susceptible and resistant cultivars of two-row and six-
row barley, were grown in 2002 and 2003 in replicated plots and, where possible, visually rated for severity of
FHB. At maurity, dl plotswith the exception of Hangzhou 2002, were harvested and sampled for deoxynivaenol
(DON). Correations between DON and visua ratings aswell as among locations and years were examined.
The 2002 and 2003 Brandon and Ottawa, as well as the 2003 Hangzhou results, indicated that significant
correations (r>0.6, P<0.01) within locations between visua assessments and DON content are possible.
Corrdations among visud plot severity ratings and DON were dso sgnificant among the five environments
(r>0.4, P<0.05). Biplotswereused asavisud summary of the dataand proved auseful techniquetoillustrate
the correlation structure. Biplotsclearly showed aconsensus of the DON and visual assessmentsfrom severd
environments. Biplotsasoillustrated which environmentswere sources of genotype by environment interaction.
Environmenta conditions, escapes and differencesin protocol may have contributed to the lack of correlation
within and among some of the locations.
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ABSTRACT

Fusarium head blight (FHB) is aworld-wide problem in whest production aress. The objective of this study
was to enhance soring wheat FHB resistance through pyramiding of genes from two different sources Sumai
3 and Frontana. Two hundred and ninety four advanced lines (F,) were derived from three crosses: Ning
894013/Cimmyt 11/ BW 264 (L651) and Frontana/Sumai 3//N 94013/Cimmyt 11 (L662) and Frontana /
Sumal 3// Ning 894013 / Wuhan 2-37e (L664), using the pedigree method. In addition, one hundred and
seventy four doubled haploid lineswere obtained from the crossHC 467/AC Superb. After preliminary FHB
screening with two replicationsin the field (2002), twenty-one advanced or homozygous lines were selected
based on fusarium symptoms and DON leve. These twenty-one lines were further evauated in 2003 and
2004 for incidence, severity, DON content and yield with four replications in two FHB nurseries. Winnipeg
(sprayed with conidid suspension) and Ottawa (Soread with infected corn and barley kerndls). The cultivarsor
lines: Quantum, Suma 3, Roblin and HY 644 were included as checks. The results of 2003 indicated that
DON levd has a positive correlaion with FDK, severity and incidence, with coefficients of 0.77, 0.61 and
0.53, respectively and that yield had a negetive corrdation with DON level and FDK, with coefficients of -
0.60 and -0.76, respectively. The results of 2004 showed a similar trend. A combined andysis of 2003 and
2004 indicated that over 10 lines were sgnificantly more resstant than the resistant check HY 644. Lines
L662-27-9, L662-43-8, L651-48-9, L651-24-4, HC 1090, HC 933, HC1103, HC 1123 and H12637
werecloseto Suma 3intermsof FHB incidence, severity and/or FDK. Theselinesaso had abetter yield than
Suma 3 and HY 644 in 2003. Significant year by entry interactions for incidence, severity and FDK were
found in the combined andlysis. This suggests that growing environment strongly affects the development of
FHB. A preliminary quality test revealed that four lines: L651-15-5, L651-57-1, L651-57-3 and L651-7-2
had better dough strength and higher wet gluten content than resistant checks HY 644 and Sumai 3. Some of
these lines with better quality and/or higher yield, such as L651-7-2, HC 933 and HC 1123, could be used as
parents for development of FHB-resistant cultivars.
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ABSTRACT

FHB is an important disease in Latin America and worldwide. The ICARDA/CIMMYT barley breeding
program started to research in FHB in the mid 1980's. From 5000 lines tested initidly, only 23 formed the
bass for resstance for the program. This research effort resulted in the widely grown FHB Chinese 2-row
variety ‘ Gobernadora (known as Zhenmai-1) in which resistance QTLs were mapped in collaboration with
Oregon State Univerdity. All the resistance sources developed or introduced and identified in the program
were made available to North American researchers, especialy after the FHB outbreak in 1993. Data ob-
tained through different locations and years showsthat res stlance sourcesidentified and advanced linesbred in
the program have been confirmed in Canada, China, Brazil, Uruguay, US and Mexico. Molecular-based
sudiesin progresswill look a genetic diversity among sources. In addition to theclassical program, in collabo-
ration with Busch Agricultura Resources Inc., FHB resstance is being crossed into US commercid barley
varieties. Multiple disease res stance lines are now available with specid low FHB levels. Preliminary results of
protein andyss show that mating quality may be present in an advanced materid, what makes encouraging the
likelihood of identifying multiple disease resstant germplasm with enhanced madting qudity. In the program’s
continuing studies of resstance mechanisms to FHB, a germplasm pool which combines Type | and Type |
resstances is continuoudy being developed. Although Type Il resstance may not be important or needed a
the Midwest conditions, it may be crucid in other regions of the world where the period from anthesis to
maturity is longer that in the Midwest. In the search for new resistance sources, germplasm from different
regions of theworld continuesto be screened every year. Thiseffort hasidentified unique sources of resistance
that will probably add diversity to the resstance genes involved. New resistant lines from Palestina and Uru-
guay wereidentified in 2004. FNC-1, the first commercia variety rleased in 1969 that smdl Latin American
country, showed enhanced levels of resstance at Toluca and Hangzhou. If results are confirmed, this may be
the among the firs mdting barley commercid cultivars identified with enhanced levels of FHB resstance. A
further high scale effort to screen the ICARDA barley germplasm bank looking for new resistance sources has
been proposed to the USWBSI.
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ABSTRACT

QTL mapping of FHB resgtance israpidly progressing to the stage where selection of specific chromosome
fragments containing resstance QTLs can be achieved via haplotype selection based on markers flanking
resstance QTLs. Thisstudy was conducted to hapl otype unique near-isogenic linesfor res stanceto Fusarium
head blight. Near-isogenic linesof soft red winter (SRW) whest (Triticum aestivumL.) conferring resistance
to FHB derived from Chinese wheet lines W14 and Futai8944 a three quantitative trait loci (QTL) were
developed in SRW whesat backgrounds *Erni€’ and ‘Roane’ via marker-assisted backcrossng. These NILs
include al SSR dlele combinations for the three QTLs previoudy identified on chromosomes 2BS, 3BS and
5AL in W14: Six SSR loci on 3BS (Barc75 - Xgwm533A/B - Barc133 - Xgwm493 — Xgwm533C), three
SSR loci on 5AL (Barc100 - Barc186 - Xgwm156), and one SSR locus (Barc91) on 2BS. Roane has the
same dlde as W14 and Futai8944 a Xgwmd493 locus, and Ernie has the same dldles as W14 and Futai8944
at Barc75 and Barc133 loci. Haplotypes of ten NILsin the Roane background include: 1) Xgwm 533A/B -
Barc133 - Xgwmd493 - Xgwm533C; 2) Xgwm 533A/B - Barc133 - Xgwmd493; 3) Xgwm 533A - Barc133
- Xgwmd493; 4) Xgwm 533B - Barc133 - Xgwmd493; 5) Barc133 - Xgwmd493 - Xgwm 533C; 6) Barc133
- Xgwm493; 7) Xgwmd93 - Xgwm 533C; 8) Xgwm493 - Xgwm 533C and Barc9l; 9) Xgwm493 and
Barc91 and; 10) Xgwm493 done. Haplotypes of four NILsin the Ernie background include: 1) Xgwm533A/
B - Barc133; 2) Xgwm533A/B - Barc133 and Barc186; 3) Barc133 and Barc186 and; 4) Barc133 aone.
The effect of haplotype differences on FHB resistance will be presented and discussed.
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ABSTRACT

Mapping of quantitative trait loci (QTLS) associated with Fusarium head blight (FHB) resistance and applica
tion of molecular marker assisted sdection (MAS) can be used to accelerate development of FHB resistant
wheat (Triticum aestivum L.) cultivars and provide a better understanding of mechanisms governing ress-
tance. This study was conducted to identify QTLsin Chinese whest line W14 and to characterize effects and
interaction of these QTLsgoverning resstanceto initid infection (Typel), spread (Typell), DON production,
and kernel infection. Two doubled haploid (DH) line populations (DH1=Pioneer 2684 x W14, and
DH2=Madison x W14) were evauated for FHB resistance in two greenhouse experiments and the DH1
population aso was evauated in one field experiment. QTL analyss was done usng interva, composite, and
multiple interva mapping methods.

Two QTLsgoverning Type Il resstance were congstently identified on 3BS and SAL chromosomd regionsin
both DH populations eva uated twice in greenhouse experiments and in the DH1 population evaluated oncein
the field experiment. The QTLslocated on chromosomes 3BS and SAL aso were associated with resstance
to DON accumulation and kernd infection in the DH1 population on the basis of data from one greenhouse
experiment. The 3BS QTL was found to have greater effect than the 5AL QTL, and these two QTLSs have
additive by additive epistasis towards reducing disease soread, DON accumulation and kernel infection in the
greenhouse experiments. The cumulative effects and interaction of these two QTLs explained 53%, 51% and
48% of thetota phenotypic variation for disease spread, DON accumulation, and kernd infection in the DH1
population, respectively. These QTLs aso explained 56% of the total phenotypic variation for disease spread
in the DH2 population.

Inthefidd experiment, three QTL s having association with Type | and Type Il resstance wereidentified in the
DH1 population. Two of the QTLs were the same as those, 3BS and 5AL, identified in greenhouse experi-
ments. The other QTL wasaminor onelocated on chromosome 7AL. The5AL QTL had agreater effect than
the3BBSQTL inthefidd experiment, especidly on Typel resstance. Epistaasamong thethree QTLswasnot
sgnificant. The three QTLs cumulatively explained 37% and 36% of the total phenotypic variation for disease
incidence (Typel resistance) and saverity (Typell), respectively. Resultsfrom thisstudy indicate that pyramiding
3BS and 5AL QTLs will greetly facilitate development of cultivars having more effective FHB resistance
overdl viareduction of initid infection, FHB spread, DON production, and kernd infection. Haplotype selec-
tionisanided drategy for implementing MAS of thesetwo QTLS.
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DEVELOPMENT AND UTILIZATION OFALIEN TRANSLOCATION
LINES FOR WHEAT SCAB RESISTANCE IMPROVEMENT
Peidu Chen’, Wenxuan Liu, Janhua Y uan, Yigao Feng, Suling Wang,
Xiue Wang, Bo Zhou, Shouzhong Zhang, Guangxin Liu and Dgjun Liu

The National Key Laboratory of Crop Genetics and Germplasm Enhancement,
Nanjing Agricultura University, Nanjing 210095, China
“Corresponding Author: PH: 86-25-8439-6026; E-mail: pdchen@njau.edu.cn

OBJECTIVE

Develop, identify and utilise dien trandocation lines
with scab resistance.

INTRODUCTION

Scab resistanceis considered to be controlled by two
to three mgor genes and severd minor genes. Re-
combination and convergence of different resstant
components have been successfully used for scab-re-
sSstance breeding. Pedigree analysis of recent variet-
iesindicated that genetic resources of scab-resistance
were limited to only afew varieties, such as Sumai 3,
Frontanaand their derivatives. To broaden the genetic
diversity, relatives of wheat were evauated for FHB
resstance. Leymus racemosus (=Elymus gigantus
L.), Roegneria kamoji and Roegneria ciliariswere
identified with high scab resstance. Three wheat-
L.racemosus disomic addition lines, DALr.2, DALr.7
and DALr.14, one wheat-R.kamoji disomic addition
line DA1Rk and one wheat-R ciliaris disomic addi-
tion line DA2Sc#1 with good scab resstance were
selected by resistance tracing and molecular cytoge-
neticandysis(Chenet d, 1995, Wang et d, 1999 and
Wang et d, 2001). To reduce unnecessary linkage drug
of dien chromatin and utilize them more effectively in
conventional whesat breeding, attempt was made for
the development of translocation lines between
L.racemosus, R.kamoji and whegt using irradiation,
genetic control system and gametocida chromosome
effect (Liuet d, 1999, 2000, Y uan et d,2003). Inthis
paper, we will summaxrily report the development and
characterization of whest-L.racemosus and whest-
R.kamoji trandocation lines and discuss ther utiliza:
tion in whesat scab res stance improvement.

MATERIALSAND METHODS

Materids Triticum aestivum-L. racemosus
disomic addition lines DALr.2, DALr.7 and
DALr.14, T.aestivum- R.kamoji disomic addition
line DA1Rk were developed and provided by
Cytogenetics Indtitute, Nanjing Agriculturd
Univeraty. T.aestivum-Aegilops cylyndrica
disomic addition line DA2C was kindly provided by
Dr. Endo, Kyoto Univerdty, Japan.

Induce translocation by irradiation treatment.
Plants at meioss stage or spikes before flowering of
whest-L. racemosus monasomic addition lines with
scab resistance were irradiated by Co® ?-ray 500R-
1125R (75-100R/Min). Irradiated plants were self-
fertilized or used as pollen to crosswith a
susceptible variety. C-banding and genomic in situ
hybridization (GISH) were used to identify
chromosome trand ocations among their progenies.
Irradiation treatments were kindly made by Jiangsu
Academy of Agriculturd Sciences.

I nduce translocation by gametocidal
chromosome effect. Whest-L. racemosus addition
lines with scab resistance were crossed to whest-
Ae. cylindrica DA2C. Hybrid F, was crossed to
common whegt cv. Chinese Spring (CS), and plants
without chromosome 2C were identified by
chromosome C-banding and sdf-pollinated. The
progenies were used to identify trandocations and
deletions by C-banding and GISH.

Cytogenetic and molecular analysis Chromo-
some C-banding and GI SH was as described by Gill
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et d (1991) and Muka and Gill (1991). RFLP andy-
siswas as described by Sharp (1988).

Evauation of Fusarium Head Blight Scab resstance
was primarily screened under naturd or artificid se-
vere epidemic conditions. Single-floret inoculation
method was used for further identification of scab re-
ggtance usng mixed conidiospore suspenson of four
Fusarium graminearum isolates with high aggres-
sgveness.

RESULTSAND DISCUSSION
Development of trandocation linesby irradiation
Irradiation of spikes

The spikes of wheat-L.racemosus monosomic addi-
tionlinesLr.2and Lr.14 wereirradiated at early flow-
ering stage and the irradiated pollens were pollinated
to spikes emasculated of susceptible variety. Two
trand ocation lineswere identified by chromosome C-
banding and GISH. NAUG601 was composed of a
complete 4BS and two fifths of 4BL and a short arm
of chromosome Lr.2, and designated as T4ABS4BL -
Lr.2S. NAU624 wasinvolved ahdf of Lr.14, part of
6BS and whole 6BL, and designated as T6BL -6BS-
Lr.14L.

Wheat-R.kamoji addition line DA1Rk#1 with scab
resistance was used to induce trand ocation by irradi-
aing spikes a early flowering stage by ?-ray and the
irradiated pollens were pollinated to spikes emascu-
lated of variety Yangma 9. One line with a par of
trand ocation chromosomes, which consists of 1Rk#1
short arm and a wheat chromosome segment, was
identified by C-banding and GISH.

Irradiation of plants

Lines NAU611 and NAU 618 were sdected from
the progenies of MALTr.7 irradiated a meioss. C-
banding and GI SH showed that the trand ocation chro-
mosome in NAU 611 was conssted of 4AL and a
whole arm of Lr.7. It was designed as T4AL-Lr7S
(L). Thetrand ocation chromosomein NAU 618 was
congsted of five sixths (5/6) of Lr.7 (wholeLr.7Sand

apart of Lr.7L) and onethirds (1/3) of 1AS, the break
point of trand ocation chromosomewas|ocated at 1/3
of the short arm. NAU618 wasdesignated as T1IAS
Lr.7.

LineNAU621 was sdlected from M, of (P/DALYT.14)
F, irradiated by -ray. Chromosome C-banding showed
that a pair of chromosome consisted of 5BL and
Lr.14L. GISH indicated the break point of trandoca-
tion was near the centromere. This trandocetion line
was then designated as TS5BL -Lr.14L.

Irradiation is a ussful method to induce chromosome
breakage and develop chromosome structural aber-

rationincluding trand ocation and deletion. In our study,

the frequencies of trand ocation caused by irradiation
of adult plants at meiosis stage or spikes before polli-

nating were much higher than that by irradiation of dry
seeds. Monosomic addition lines were irrediated and
used as mae parentsto crossto asusceptible variety.

Theoreticaly, male gametes (n+1) with awhole dien
chromosome without trand ocation were much esser
to belost during fertilizing competition. To reduce cy-

tologica works, only those plants in M, with 2n=42
and good scab resistance were further analysed by
C-banding and GISH andysis to identify trandoca
tions.

Induce trandocation by gametocidal
chromosome effect

Line NAU 617, NAUG631 and NAU 635 were
identified from BC F, of DALr.2/DA2C//IC.S. C-
banding and GISH andys's showed a pair of
trand ocation chromosomes T6AL -Lr.2S,
T1DL-Lr.2Sand T1BL-Lr.2Sinvolved in NAU
617, NAU 631 and NAU 635 respectively.

Line NAU632, NAU6G33 and NAU634 was identi-
fied from BC F, of DALr.7/DA2C//C.S. A pair of
chromosomes consisted of an arm of Lr.7 and 3BL
(T3BL-Lr.7S) wasobserved in NAU6G32. Trandoca
tion of TADS.Lr7 and T4AL-4AS-Lr.7S was identi-
fied by C-banding and GISH in NAU633 and NAU

634 respectively.
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Gametocidal chromosomes can induce chromosome
breskage and refusion in the gameteswithout thischro-
mosome (Endo, 1988). The breakage occursin both
dien and wheat chromasomes, and resulting of many
unnecessary chromaosome aberrations. These materi-
ds are ungtable cytologicaly, and need identification
in successive generation.

Chromosome pairing analysis by test-cross of
translocation lines with double ditelosomics of
Chinese Spring

To confirm the congtitution of the trandocation chro-
mosomes, trand ocation lineswere crossed to Chinese
Spring ditedlosomics or double ditelosomics. Chromo-
some pairing involved trand ocation chromosome and
tel ocentric chromosome were analysed by C-banding
a Ml of PMCinTC,.

NAU 601 wasprimary identified as TABS4BL-Lr.2S,

This line was crossed to Chinese Spring ditelosomic
4BS. By chromosome C-banding at M1 of PMC, a
heteromorphic rod bivalent conssted of 4BS and the
trand ocation chromosomewasobserved in 79% PMC
in TC,. This indicated that chromosome 4B was in-

volved in the trand ocation.

NAUG618 (2n=44) was primary identified as
T1ASLr.7,and was crossed to Chinese Spring double
ditelosomic 1A. After chromosome C-banding a Ml
of PMC, a heteromorphic rod bivaent conssted of
1A Sand the trand ocation chromosome was observed
in70% PMCinTC,. Meanwhile, 1AL wasobserved
to par with a whole 1A from NAU 618. This con-
firmed that 1AS of wheat wasinvolved in the trando-
cation chromosome.

RFLP analysis

RFLP andyss indicated that chromosome Lr.2 and
Lr.14 belonged to wheat homoeol ogous group 7 and
5, and was designated as DA7Lr#1 and DA 5Lr#1,
respectively (Qi et a., 1997). According the C-band-
ing and GISH results, 13 probes on homoeologous

group 7 were used for RFLP anays's of the trando-
cation lines NAU 601, NAU615, NAU616 and
NAUG617, in which 7Lr#1 was involved. The probes
on corresponding homoeologous groups 1, 4 and 6
were used to determine the wheat chromosome seg-
ments involved.

NAUG601 was identified as TABS4BL-Lr.2S. RFLP
analysis using 13 probes on group 7 and 16 probes
on group 4 showed that 7Lr#1S, 4BS and a part of
4BL near the centromere was involved in NAUGOL.
The break point was located between MWGB808 and
ABGA476.1 on 7Lr #1S and between CDO541 and
PSR164 on 4BL.

NAU 615 was identified as T4BS4BL-Lr.2S. The
same probesasinthe analysis of NAU601 were used
in RFLP andyss of NAU6G15. However, the results
showed that specific bands of probes BCD349 and
MWG 808 for chromosome 7Lr#1 were absent in
line NAUG15 and present in line NAUG01, indicating
thefragment of 7L#1Sin NAU 601 was shorter than
that in NAU 615. The break point of 7Lr#1 in
NAU615 was located between CDO595 and
BCD349.

NAU 616 wasidentified asT1BL-Lr.2S. RFLPandy-
ss usng 13 probes on homoeologous group 7 indi-
cated that 7Lri#1S was involved in this trandocation,
and the break point was located between MWG808
and ABG476.1. RFLP analysis using 8 probes on
homoeologous group 1 indicated that specific bands
of the probes on 1BL were present, while the specific
bands of the probes on 1BS were absent. NAU 616
was confirmed as T1BL-Lr.2S.

NAU 617 wasidentified as T6AL -Lr.2S. RFLPandy-
sisusing 13 probeson group 7 and 7 probes on group
6 showed that the specific bands of probeson 7L#1S
and 6AL were present, while the specific bands of
probes ABG476.1, PSR690 on 7L r#1 and the bands
of probes on 6AS were absent. Therefore NAU 616
was confirmed as TGAL -7LI#1S.

Scab resistance identification
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Scab ressancewas primarily screened in severd prog-
eniesunder naturd or artificia severe epidemic condi-
tions. Single-floret inoculation method was used for
further identification of scab resstance. Mogt of the
trand ocation lines showed higher resstance than sus-
ceptible check varieties Mianyang 85-45 and parent
Chinese Spring, some trand ocation lines were Smilar
to resstant check variety Sumal 3, but less than their
resstant dien parent L. racemosus or R.kamoji.

In order to develop thelineswith high scab resistance,
inter-cross between different trandocation lines or
between dien trandocaton lines and resstant whest
varieties has been used to pyramid the genesfrom dif-
ferent chromosomes or different species. To improve
the agronomic traits, backcrossing with popularized
vaieties or dite lineswith good agronomic traits was
conducted. Some lineswith both good agronomic traits
and high scab resstance have been developed and
being used in wheat breeding for scab resistance.
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ABSTRACT

Deoxynivaenol (DON), a mycotoxin produced by Fusarium graminearum during infection is a qudity-
determining factor in harvested barley grain. Our objectives were to identify genes associated with reduced
DON accumulation.  We used the Barleyl GeneChip to monitor differentid regulation of barley genes after
inoculation with F. graminearumin anear-isogenic line (NIL) pair containing aresistant and susceptible dlde
for the chromosome 3H DON accumulation QTL. Thelineswere developed viasdfing F_-derived linesfrom
the Fredrickson x Stander recombinant inbred line mapping population that were heterozygous for the chro-
mosome 3H QTL region. Stander was the donor of the resstance alele for the 3H DON accumulation QTL.
DON accumulation in the line carrying the susceptible dlele was 11-fold higher than the line carrying the
resstant dlele. Among the 22,792 transcripts tested on the chip, 70 transcripts showed qualitative differences
intranscript patterns between the lines carrying the res stant and susceptible dldes after Fusariuminoculation.
Genetic asociaion of these 70 genes with the QTL was tested by examining transcript accumulation in an-
other genotype. Twenty of the 70 genes showed dlde- specific transcript patternsin the NIL pair. In silico
comparative mapping of these genes againg the rice genome was conducted. Among the 20 genes, five
mapped to rice chromosome 1, which is synteneous to barley chromosome 3H. Further study to map al
barley genes showing differential transcript patterns between the NIL pair isrequired to vaidate their genetic
association with the DON reduction 3H QTL in barley.
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OBJECTIVES

This contribution isaimed to provide whest breeders
with information about adopted methodologicd ap-
proachesand obtained results of testing theresistance
to FHB and accumulation of mycotoxin DON.

INTRODUCTION

Fusarium head blight (FHB), predominantly caused
by Fusarium graminearum and Fusarium
culmorum, belongs to the most damaging diseases
of whesat in many parts of the world. Because fungi-

cides, which are now available, cannot guarantee suf-

ficient protection (Mesterhézy et d., 2003), breeding
for resstance to FHB is of paramount importance. It
is encouraging that genetic variation for resstance to
head blight was found to be very large and valuable
sources of resistance have been detected among both
goring and winter wheet cultivars. However, ress-
tanceto FHB hasdifferent components (Mesterhézy,

1995; Wisniewskaet d., 2002) and thereisa strong
influence of environmental conditions on response of
wheset to FHB. Evauation of disease incidence in
practice and breeding may be complicated, because
multi- environment tests and many characters are
needed to fully describe the state. Religble screening
methods are strongly requested by breeders.

It isaso necessary in practical breeding to combine
resstance to FHB with other desirable characters,
such asyidd ahility, quality, resstanceto other stress
factorsand adaptability. Besdesexploitation of highly

resstant, but genetically very distant sources, there
was given evidence (Ittu et d., 2002) that substantia
progress in FHB resistance may be reached through
cumulating of resi stance genes from different sources
that are more adapted to European conditions.

MATERIAL AND METHODS

In RICP Prague-Ruzyn response of different whesat
cultivarsand linesto artificid infectionwith Fusarium
culmorum (F. graminearum) is examined since
1992. Severd scientific studies have been performed
until now, which helped to draw conclusons in this

study:

1/ The experimentsin 1992-1999 period comprised
registered winter wheet cultivars and available sources
of FHB resstance. Type | of resstance was evadu-
ated. Attention was mainly paid to different disease
severity traitsand studies of ther interrelatedness (Sip
and Stuchlikové, 1997, Sip et d., 20024).

2/ In another experiments lasting three years (1998-

2000) at two locationsten winter wheat cultivarswith
varying levd of resstance were subjected to artificid
infection (by spraying of inoculum) with two isolates
of F. culmorum and main am of this sudy was to
determine effects of genotype, fungusisolate and en-

vironmental conditionson the severity of infection and
accumulation of DON (Sip et d., 2002b).

3/ In 2000-2003 period factorsthat influenced accu-
mulation of DON in grain were sudied in winter and
spring whest cultivars after inoculaion with four iso-
lates of Fusarium culmorum and Fusarium
graminearum. Three inoculation techniques were
compared in these experiments. & surface inocula
tions of salected spikes (type I), b/ surface inocula-
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tions of the whole plots (type I) and ¢/ single floret
inoculations (type I1)(Sip et d., 2003).

4/ Since 2002 nationd tests of resstance to Fusarium
head blight are performed each year at four locations
of Czech Republic and include appr. 100 winter and
spring wheet materias (potential sources of resistance
from international cooperation, advanced breeding
lines, selected registered cultivars and three check
cultivars). Eachyear new materidsareincluded intests.
Prospective materid swith detected resistanceto FHB
aretested repeatedly in nationd and internationa (re-
duced number of items) trids and examined for ress-
tanceto other important diseases of wheat (rusts, pow-
dery mildew, brown leaf spot diseases).

Hill plot design became prevadent in these fidd tests.
In the whole time period highly pathogenic isolate (B)
of Fusariumculmorum (Sip et a. 2002b) was used
for inoculation. The spore mixture (0.8 x 10" mi?) was
gpplied with the use of hand sprayer directly onto the
plant hill intwo terms (first at full flowering and second
oneweek later). Inoculated spikes were then kept for
24 hours in polythene bags. Recently we proceeded
to one term application of spore mixture on salected
flowering spikes.

Head blight symptomswere eva uated usudly inthree
terms (usudly 14, 21 and 28 days after inoculation)
onal-9scae wherel=100%, 3=75%, 5=50%,
7=25%, and 9 = 0% of the spikeletswith FHB symp-
toms. Fusarium damaged (scabby) kernelswerecal-
culated as percentage by total seed number (%FDK).
The content of DON was determined by ELISA on
RIDASCREENR FAST DON kitsfrom R- Biopharm
GmbH, Darmgtadt, Germany. Inclusion of uninfected,
control variant enabled to evauate aso tolerance to
the infection. It was expressed as percent reduction
from uninfected, control variant in the traits thousand
grain weight and grain weight per spike.

RESULTSAND DISCUSSION

Methodological approaches adopted in national
tests of resistanceto FHB

Choaiceof fungusisolateisbased on pathogenicity sud-

iesand since last year we proceeded to examine fre-

guency and aggressiveness of different Fusarium spe-

ciesand pathotypes on the basis of detailed survey on
theterritory of Czech Republic. The choiceof suitable
fungusisolatefor res tance tests should not only meet
therequirement for mediumto high aggressiveness(Sip
et d., 2002b), but it should aso respect economical
importance of fungus species and pathotypeswithin a
species. Surveys on occurrence and economicd im-

portance of Fusarium pathogens are substantiated by
findings that cultivar by isolate interactions cannot be
neglected. It is dso necessary to take into consider-

ation that in Central Europe F. graminearum is be-

coming the prevdent Fusarium species. Until now
predominantly highly pathogenic isolate (B) of F.

culmorum has been used in these types of tedts.

Technigue of inoculaion One term Spraying of in-
oculum (conidia sugpenson 0.8x107/ml) onto bunches
of 10flowering spikessdected withinhill plots (inthree
replicates) is gpplied. Main reasons for selection of
thistechnique were: i/ obtaining rdaively higher aver-
age disease incidence and DON content, ii/ analogy
to naturd infections and iii/ less laborious technique
(Sip et d., 2003).

Treatment of tested materia. To minimize year/loca
tion effects on results, it gppeared necessary in these
conditions to support disease development (when
needed) by mig irrigation of plots. Precautions are
as0 necessary to take to minimize contaminationswith
other diseases (protective bdts, fungicide gpplications).

Evauated characters. The following characters are
consdered as decisive in these types of experiments:
visua symptom scores, percentage of Fusarium dam-
aged kernds and DON (NIV) content. Symptom
scoring on 1-9 scale, based on estimates of percent-
age of infected spikeletes (see above, ad 4), provides
initid information about superficid disease spread.
Useful information about pathogen colonizationingrain
can be obtained by determining the percentage of
Fusarium damaged kernds. This trait was found
closdy related not only to DON content, but also to
other disease severity parameters (symptom scores
and reductions of grain yield components)(Sykorova
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et al., 2004). However, it comes from different stud-
iesthat in spite of exiging interrelaions DON (NIV)
content cannot be replaced by any other character.
Dataonreduction of grainyidd characters(TGW, grain
weight per spike) dueto infection are highly important
from economica point of view, but it is necessary to
mention that these characters are valuable when ex-
aminedin replicated, precisely conducted experiments
with sufficient amount of tested material.

Results of testing theresistance and breeding for
resistanceto FHB

Different experimentsdescribed in Materid and Meth-
ods part showed high year, location and fungusisolate
effects on examined characters measuring severity of
infection and content of DON. To determinethe culti-
var resstance to FHB we cannot avoid repeated test-
ing and multi-replication base of trids. Examinations
into resstance leve of currently grown, registered
whest cultivars generdly showed that high resstance
to this disease is lacking and deliberate breeding
programmes amed a increasing resstance to FHB
are, therefore, necessary. There is a wide choice of
highly resstant sources, but many of them are geneti-
cdly very distant from cultivated whests. Dueto poly-
genic character of resstance to FHB and necessity to
reach desirable performance in many agronomicaly
important characters, the utilization of geneticdly dis-
tant germplasm, has not yet been widdy agpplied in
Czech whest breeding programmes and has not yet
been a success. Mgor accent is laid on utilization of
different more adapted wheat cultivars and breeding
lines possessing medium resistance. Previous studies
(Sip and Stuchlikové, 1997) showed acceptable re-
ggtancein advanced breeding lines SG-U 513 (Table
1) or SG-U 466 (Bona), coming from the cross Brock/
Hana Thereishighly advantageousthat thesetwo lines
possess many other positive breeding characters.
Nowadays, egpecidly theresstant cultivars (lines) from
neighboring countries (Germany), together with ress-
tant lines of Czech origin (mentioned further) are de-
liberately used in our breeding programmes. Besides
this, resstance to FHB is sdlected for aso in other
crossesthat do not have resstant parent in their pedi-
gree. Tests of resistance to FHB in breeding
programmes of SELGEN a.s. company (Stupice,

UhY etice) usualy start in generation F6 after sdection
for suitable plant types and grain qudity characters
(F2-F4) and screening for resstance to ydlow rugt,
brown rust and stem rust (F5). Appr. 800-900 lines
areincluded infiddinfection tetsof resstanceto FHB.
Tedsin sdlected materid arerepested in thefollowing
generation. Lines are in F6 dso tested for resistance
to brown leaf spot diseases (Septoria tritici,
Stagonospora nodorum, Pyrenophora tritici-

repentis).

Table 1 brings average data (2002-2004) on symp-
tomatic reaction, % of Fusarium damaged kernels
and DON content for three groups of cultivars (lines):
1/ examined res stance sources (1-6), 2/ resstant lines
derived from crossing with highly resstant parents
(Sumai3 or Nobeoka Bozu — 7-10) and 3/the most
resistant lines obtained in breeding programs of
SEL GEN company (11-14). For making a compari-
son data on average performance of these characters
are available for resstant Suma 3, moderatdy sus-
ceptible Samanta and susceptible Corso. It is shown
that the highest resstance to accumulation of DON,
connected with favorable performancein other exam-
ined resstancetraits, wasdetected in Sumal 3and in
theline SG-V NB x MM Sum 3 from Szeged, Hun-
gary, that includes Suma 3 and Nobeoca Bozu in its
pedigree. Unfortunately this line has poor agronomic
parameters. Another examined Szeged lines derived
from the program that exploits resstance of Sumai 3
and Nobeoca Bozu (obtained from Dr. A.
Mesterhazy), which are agronomicaly more suitable
(abovedl line 222), however, showed only moderate
resstance to FHB. Combining FHB resistance with
res stance to other diseases, yielding ability and qud-
ity traits undoubtedly represents a serious problem.
Until now Czech breeders have succeeded in com-
bining different desrable traits with moderate ress-
tance to FHB, which was recently detected in winter
wheat advanced lines of SELGEN company SG-S
1800-01 (HanalEstica) and SG-U 7029 (Hubertus/
Dnstrjanka). In spring wheat the line SG-U143-4
(Greina/ Tinos) was highly resstant and the line SG-
U 947-a (NANDU/ 6182-c//NANDU/ BR-1522)
moderately res stant to accumulation of DON. These
materials are agronomicaly suitable and their obtain-
ing is another proof that the desirable resistance leve
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can bereached by cumulating res sant genesfrom dif-
ferent sources possessing lower or middle resstance
to FHB.

Breeders throughout Europe aim at reaching & least
moderate level of resistance to FHB, but it is neces-
sary to mention that variation over environments par-
ticularly for content of DON wasin moderately ress-
tant materids rather high (s= 10.15) compared to
eg. Suma 3 (s=1.57) and, therefore, risksto practi-
ca growing cannot be entirely avoided.

Present resultsindicate thet level of resstanceto FHB
may be increased with the use of both above men-
tioned gpproaches. Careful selection of crossing part-
ners is without doubt inevitable (Mesterhézy, 2002),
because it increases probakility of finding useful gene
recombinations. Programs that utilize recombination
of genesfrom adapted germplasm evidently havetime
advantage and it may be more easy to reach desirable
level of other important characters (especidly desir-
able grain qudity). However, to find advantageous
recombination of resstance genes, high amount of
materia per one cross should be included in tests of
resistance to FHB.
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Table 1. Average data (2002-2004) on symptomatic reaction (VSS), % of Fusarium damaged
kernels (FDK) and DON content from national tests of resistance to Fusarium head blight- best
performing materials.

Cultivar Origin__ VSS (1-9) FDK (%) DON (mg/kq)
1 Petrus DEU 7.0 25.2 17.5
2 Arina CHE 6.7 22.1 14.3
3 Bizel FRA 6.7 27.9 16.3
4 Kooperatorka RUS 7.3 18.1 9.8
5 F 201R ROM 7.8 19.5 14.5
6 SG-U 513 CZE 6.8 19.6 14.0
7 Szeged 219 HUN 6.3 17.6 12.2
8 Szeged 222 HUN 5.7 32.8 21.3
9 Szeged 231 HUN 6.3 19.6 11.5
10 SG-V.NB x MM SUM 3 HUN 7.3 9.2 6.1
11 SG-S 1800-01 CZE 6.0 27.5 12.2
12 SG-U 7029 CZE 6.3 19.3 12.3
13 SG-U947-a (SW) CZE 5.6 27.3 15.5
14 SG-U143-4 (SW) CZE 5.0 10.9 5.5
15 Sumai 3 - resistant (SW) CHN 8.0 3.8 2.5
16 Samanta - moderately susceptible CZE 5.3 35.3 26.9
17 Corso - susceptible (SW) DEU 5.0 79.2 66.9

SW=Spring wheat
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PROGRESS IN IMPROVEMENT OF FUSARIUM
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"Corresponding Author: PH: (306) 778-7221; E-mail: clarkej@agr.gc.ca

ABSTRACT

Durum whest is reported to be more susceptible to Fusarium head blight (FHB) than common wheet. Exten-
sve evaudions of durum germplasm found differencesin reaction to FHB but have not identified any acces-
sonswith res stance gpproaching that found in common wheet. Our objectiveisto move FHB resistancefrom
other whest relatives into durum wheat, and to exploit the available resstance within durum wheet. The
exiging variation in FHB resstance within durum may be sufficient to reduce damage under the rdaively light
and sporadic disease pressure experienced in the mgjor Canadian durum production area. Higher levels of
resistance would increase this protection, and perhaps facilitate durum production in the eastern prairieswhere
FHB is agreater risk. Sources of improved resistance include the tetrgploid wheats T. dicoccoides and T.
carthlicum, as well as hexagploid common wheet. The extengve research to identify quantitative trait loci
(QTL) for resstance in common wheet, and more limited research in T. dicoccoides, isbeing used to facilitate
transfer of the resstance to durum. Current work is transferring individual QTL from chromosomes 3AS,
3BS, 4BS, and 5ASinto adapted durum. Other work in progressincludes mapping of Typell resstanceina
T. carthlicum X durum population.
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PRACTICAL EXPERIENCES OF BREEDING FOR LOWER FUSARIUM
HEAD BLIGHTAND DON IN SPRING SIX-ROW MALT BARLEY
USING DIFFERENT BREEDING METHODS
B. Cooper®’, L. Skoglund*, S. Askelson* and J. Van Hornt

Busch Agricultural Resources Inc. (BARI)?, 3515 E. Co. Rd. 52 Ft. Callins, CO 80524, USA
*Corresponding Author: PH: (970) 472-2327; E-mail: blake.cooper @anheuser-busch.com

OBJECTIVES

Identify breeding methods suitable for developing
spring malting barleys with lower levels of Fusarium
heed blight (FHB) and Deoxynivaenol (DON) myc-
otoxin content.

INTRODUCTION

Fusarium heed blight (FHB) has becomeamgor lim-

iting factor in the production of spring mat barley in
the upper mid-western U.S. and Canadasince an ini-

tid outbresk of thediseasein 1993. Actua yield losses
dueto the disease are rdively minor when compared
to thelost income associated with reduction from malt-

ing gradeto feed grade asafunction of DON levelsin
excess buying specifications. Anheuser-Busch has a
non-detectable DON specification (defined as < 0.5
ppm DON) to qudify for mating grade.

The disease is caused by severad Fusarium species,
particularly Fusarium graminearum. Multiplesources
of resstance to both the disease itself and the associ-
ated mycotoxin production have been reported in bar-
ley. However, the known sources of resstance are
complex in inheritance (multigenic), highly influenced
by environmentd factors and frequently tend to be
pleiotropicaly linked to undesirable morphologica
traits, such as; tal sature, late heading or late maturity
and the two-row spike type. The principa source of
disease resstance in six-row spring barley isfrom the
Swiss landrace Chevron. The resistance in Chevron
has been associated with devated grain, malt and wort
protein that has effectively limited the acceptance by
the mdting and brewing indudtry of resstant varieties,
like MnBrite, derived from Chevron.

Asearly as 1995, the Anheuser-Busch barley-breed-
ing program (BARI) garted to evauate Sx-row ex-
perimenta soring mating breeding lines for Fusarium
mycotoxin (DON) content. The methodology used to
measure DON over the years has included ELISA
(Neogen™ 10-10 and 5-5 kits), HPLC and GC-Mass
Spec. Many of these DON evauations have been
conducted with the kind support of the USW&BS
and the greater cooperation of the barley breeding
community & large, which isexemplary init' sfree ex-
change of germplasm and information.

In addition to the rdaivey large environmentd and
genotype X environmenta variances associated with
DON levels, one of the most severe limitations of es-
timating the amount of DON that can be attributed to
gendtic effectsisthe high variance associated with sub-
sampleerror. The difference between advancing aline
and rgecting it for further testing is often well within
the sub-sample error of induding a sngle highly in-
fected kernd inthe sampleor not. Coefficientsof varia-
tion for DON and visud scores are typicaly well be-
yond the accepted norms (C.V. < 15) for agricultural
trids. Reliable estimates of a genotype' s ahility to re-
duce DON content can only be obtained after mul-
tiple location years of testing. Even then the lineswith
the greatest promise often are poor under certain en-
vironmental conditions.

Until recently, our program focused mostly on reduc-
ing DON as opposed to visual scores of disease se-
verity and incidence. The generd lack of strong cor-
relation between disease incidence and severity scores
and DON content are suggestive of these being indi-
vidud traits under different genetic control. Recently,
methods have been devel oped to quantify the amount
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of Fusarium mycdium in infected kernds, including
real-time PCR and EL I SA based procedures. Wedid
preliminary evauation usng the ELI SA based method
on select samples from the 2003 crop. The method
has shown itself to be highly reliable, repeatable and
much less varigble with conggently low coefficients
of variation and more closely corrdated with DON
estimates than visua scores. (Hill, et. al. see poster
in this symposium). The combined use of DON and
ELISA based Fusarium quantification offersarefreshr
ing new gpproach to breeding for resistance to FHB.

By 1999, (sx yearsinto the most recent outbreak of
FHB) we fdt we had identified severa experimenta
breeding lines with conagently, dbat only dightly,
lower levels of DON when compared to susceptible
check cultivars. Examination of the direct parents of
these experimentd linesdid not revedl much of acom-
mon background, but when the extended pedigrees
were examined a preponderance of one breeding line
(B7098) was noted. B7098 wasitself derived from a
Glenn // Hazen | Azure pedigree, which indirectly ex-
tends even farther back to Peatland and Parkland de-
rivativesthat areclosdy related to theressant landrace
Chevron.

The breeding methods used in our program sofar have
included direct selection of exigting experimentd breed-
ing lines aslisted above. Intercrossing the best linesin
a5 x 18 patid didld followed by early generation
testing and pedigreed selection and more recently the
cregtion of large random mating population between
the best breeding lines from our program and other
spring mating barley breeding programs in North
America. The relative degree of success (or lack
thereof) from each of these breeding methodsand their
practica applicationin abreeding programwill bedis-
cussed.

MATERIALSAND METHODS

All crosses were made by hand emasculation of the
femae plants with pollen from male parents gpplied
3-4 days after emasculation. Crosses were made ei-
ther in the greenhouse or for random mating popula-
tions in the fild in Ft. Callins, CO. F, generations
wereincreased in the greenhouse and subsequent gen-

erations (F, to F,) were grown in 1.5 m x 3 m plots
sown in the fidd in North Dakota, Minnesota and
Brandon, Manitoba, Canada.

Fusarium was established in each generation by one
of several methods according to the standard proto-
colsof theindividua evauators. F,’swereinoculated
in the greenhouse with conidiosporesfollowed by 24-
48 hrsin amist chamber. Fidd trids were ether ex-
posed to naturd levels of inoculum (F,, BARI Park
River, ND and F, Harvey, Brandon, MB) or natura
inoculum supplanted with Fusarium infected corn ker-
nels (F, BARI Park River, ND; F, NDSU
Osnabrock, ND and F_,and F, Brandon, MB) or spray
inoculated with conidiospores (F, University of Min-
nesotaSt. Paul, MN). A total of Sx environmentswere
evauated over the generations.

Individual evauators assessed field severity scores
according to their own standard protocols. DON and
mycelium ELISA sampleswere prepared by sub-sam-
pling ~5 grams from lightly cleaned grain, except for
the F, greenhouse test in which the F, seed werefirst
passed over a 5/64t"s dotted screen to separate the
thinnest kerndsfor the DON sample and the plumper
kernelsto plant the F, generation.

To prevent severdly infected locations from totally
overwheming the results DON data were normalized
relative to the location mean so that each location had
an equa impact on the weighted average. Data were
andyzed and graphicaly displayed with IMP Statisti-
ca Discovery Software (SAS Indtitute, Cary, NC).

RESULTSAND DISCUSSION

As early as 1999 we had identified severa experi-
menta breeding lines of Sx-row spring mating barley
that had consgtently shown dightly lower levels of
DON compared to check cultivars. Thereduced DON
content was apparently not dueto early or late escape
as shown in the figure below. Only the top 26 out of
severd hundred experimentd lines and severd check
cultivars are shown for darity.

We followed each of these top 26 lines thru subse-
guent generations of testing with selection based on
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our standard criteria for agronomic and malt quality
performance. As of 2004 only two of these top 26
experimentd linesweredill activein the breeding pro-

gram. Both of these (6B97-9170 and 6B980-9022)

advanced as far as AMBA pilot testing. The former
line had one favorable year of pilot mat evauation,

but it did not show a sgnificant enough decrease in
DON to justify release, and was rejected in the sec-

ond pilot mating for elevated wort protein. The sec-

ondlinedid retainadight but notable decreasein DON

compared to the check cultivar Legacy, but it wasre-

jected for dightly elevated wort protein and lower fine
grind extract in its first year of pilot evauation. Al-

though, none of theinitid 26 lines that were identified
in 1999 survived to released cultivar satus, most have
been used extengvely in cross combinations. Severd

of thelinesidentified in 1999 formed the basisof a5 x
18 patid didld crossng desgn. This materid was
screened as F, plants in the greenhouse and subse-

quently as F, and F, populations in the field by our

own program aswel| as severd other public breeding
programsgiven accessto the germplasm. Theweighted
mean DON response for the 82 possible combina-

tionsof the5x 18 partid didld islisted in the combin-

ing ability table below. The mean response across a
group of cross combinations provides an estimate of
the generd combining ability of the mae and femde
parents with respect to DON content. The femae
parents are sorted from top to bottom in term of low
DON across progenies and likewise the males are
sorted from left to right for low DON across prog-

enies. Highlighted cdlsin the table are the cross com-

binations with the lowest DON contents. It is appar-

ent that most of these highlighted cells sort to the up-

per left corner of the combining ability table (thisindi-

catesastrong effect dueto generd combining ability).
Thelowest DON combination was athree-way cross
between 6B97-2232 // C99-3012 = (Legacy / 6B97-

2245). C99-3012 is not the best for DON, indicating
that specific combining ability can dso contribute Sg-

nificantly to the inheritance of lower DON.

Fifteen sub-selections were advanced from the cross
combination with the lowest DON to replicated
yidd trids a three locations in 2003. One of the
locations (Cassdlton, ND) had a naturd infection of
Fusarium. We measured DON of dl active

breeding linesin our program & this location and
levels of FH infecting were measured by visud
observation of severity and by mycdia quantification
with ELISA asshowninfigure 2.

Two of thefifteen lineshad no visud levelsof infection
detected. One of the two lines without visud symp-
toms (6B03-4452 in green squares) a so had thelow-
est levd of fcmycdiaasmeasured by ELISA and theo-
reticaly represented the“ best linefrom thebest cross’
dthough severd other individud linesa the same stage
of testing had lower DON contents at Casselton.
6B03-4452 had acceptable mating qudity and high
yields across locations. 6B04-4452 was included in
the NABSEN evauation trids in 2004 where it was
roughly middle of the pack for DON and ELISA
Fusarium content, however it did not performwell in
aninoculated nursery in Osnabrock, ND in 2004. Not
surprisingly, pedigreed breeding methods with crosses
between partidly resistant parents appears to be bet-
ter than smple sdection, especidly in terms of recov-
ering lineswith mat qudity in an adapted background.
The verdict is il out if this will result in a relessed
vaiety, but judging fromthe NABSEN resultsthemat
barley breeding community does appear to bemaking
seady (if ponderoudy dow) improvements.

Mogt recently, we have initiated alarge random mat-
ing population approach to FHB / DON. 1n 2002, we
hand intermated 383 different cross combinations be-
tween alarge set of partidly resstant parentsfrom the
BARI breeding program with corresponding parents
from NDSU, the University of Minnesota and the
AAFC programin Brandon, MB. The F, plantswere
increased in the greenhouse and individud F, rows
were random mated following hand emasculation to
heads selected from the F, compositeto createaBC,
F, population. The BC, F, was grown in a counter-
season nursery inYuma, AZ andthen asalarge BC F,
population in Cassdton, ND during the 2004 growing
season. A random sub-sample of BC, F, 1,000 seeds
was screened for FHB mycelia content with ELISA.
The upper and lower quartiles (250 each) are cur-
rently growing in Single Seed Descent (SSD) in the
greenhouse and will be available asindividua BC F,
rowsin 2005 to determineif we can skew segregeting
breeding populations toward resistant types.
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The presumption that both FHB and DON content in
malting barley are under multigenic controls lends it-
f to large random mating populations desgned to
accumulateindividua genesfor partia resstance. Hav-
ing the ability to even partidly skew populations to-
ward resistance during segregeting early generation
stages should theoretically result inan improved prob-
ability of recovery of resstant types due not only to
the skewing itself, but the fact that additiona genera-
tions of selection over more environments will have
occurred prior to slection onindividua plantsor rows
at later gages. Only timewill tell the rdlative degree of
success that can be achieved with large random mat-
ing populations, and what the mating qudity of such
lines might be.

Probably some of the best current materias for FHB
resstance a the mating barley breeding community’s
disposal are lines coming from the CIMMYT /
ICARDA breeding programin Mexico. About 5years
ago, BARI began to support acooperative effort with
CIMMYT / ICARDA to incorporate resistance/ tol-

eranceto awide range of barley pathogens, including
FHB, into adapted mdting backgrounds. The ability
to achieve intense levels of diverse diseases on large
numbers of linesin the Mexican highlands near El Ba

ton permit development of multi pathogen resgant lines
on ascaethat could never be achievedinthe U.S. but
difficult to do without dso having access to adapted
madlting linesfrom the U.S. asadarting point for mat-

ing quality.

In conclusion, many different approachesto develop-
ing Sx-row malt barleysthat are moreresstant to FHB
and/ or that havelower DON content have been tried.
Progress seems to be dow but positive. The best
wespon we have in fighting this devedtating disease is
a barley community that works well together, shares
information and germplasm as it becomes available.
BARI is proud to be one member of that community
and we look forward to continued cooperation with
dl of you in thefuture.
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SCAB SCREENING OF SOFT RED WINTER WHEAT
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ABSTRACT

The 2003/2004 whest growing season presented favorable environmenta conditionsfor the development of a
scab (Fusarium graminearum) epidemic in Western Maryland.  Scab damage, however, was not as severe
or widespread asit was during the 2002/2003 season dthough it Sgnificantly reduced test weight and in some
cases, farmers ploughed under their whest. A cooperative test of winter whest advanced linesfrom three sate
programs (VA, KY, and MD) was grown under field conditions in Clarksville (MD) and the leve of scab
severity, percentage of tombstones, and Deoxynivalenol (DON) were assessed aswel| as heading date, height,
test weight, and kernel weight. Fifty-two genotypes were tested and the incidence of the disease was fairly
uniform acrossthis nursery. Average test weight (52.1 1bs/Bu) was much lower than that observed (58.1 1bs/
Bu) for the same set of genotypes a Queenstown (MD) indicating that test weight was affected by the pres-
ence of scab. There were sgnificant genotypic differences for scab incidence and severity. A smdl group of
advanced lines that included the moderately resistant genotype 25R37 showed moderate levels of resstance
to scab with low scab severity vaues. On the other hand, there was a large number of genotypes that were
very susceptible athough variation in scab severity waslarge (C.V. = 45%). Theselinesdo not have any of the
chinese or other exotic sources of resstance to scab in their pedigree. It isimportant, however, to continue to
screen adapted advanced lines of soft red winter wheset for even moderate scab resistance. This can be useful
for future breeding in combination with other maor sources of resistance to scab to reach the god of develop-
ing disease-resstant varieties in the near future that are adapted to the mid-Atlantic region of the USA.
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IN A ACCA/CHEVRON BARLEY POPULATION OF
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ABSTRACT

The development of barley (Hordeum vulgare) cultivars with resstance to Fusarium head blight is difficult
due to the complex inheritance of FHB resstance. Identification of QTLs for FHB severity and DON leve
would provide the basisfor marker-assisted selection and facilitate the selection of resstant lines. A segregat-
ing population of 293 doubled haploid lines devel oped from a cross between ACCA, areatively susceptible
elite cultivar, and Chevron, classified as*“ moderately resstant”, was tested for FHB severity and DON levels.
Doubled haploid lines and their parents were inoculated under field conditions at Lava University (Québec,
Canada). Inoculations were done by spraying heads with a conidid suspension of Fusarium graminearum
grain Fg9903. Over five years (2000-2004), arandomized complete block design with threereplicationswas
employed. In the fidd, spikes were visudly assessed for FHB infection 15 days after inoculation. In 2002,
2003 and 2004, seed harvested were tested for DON levels using an ELISA test. The same population was
genotyped using microsatellite markers devel oped by the SCRI (Scotland) and chosen to be well distributed
over the length of barley genome. A preiminary andyss dlowed us to identify one QTL for FHB severity on
chromosome 1 (near EBmac0603) that accounts for 29% of the phenotypic variation for disease resstance
observed in the segregating population.
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ESTIMATION OF FHB RESISTANCEAND DON ACCUMULATION IN
FIELD GROWN WHEAT USING GC-MSANALYSIS
Arsalan Daudi*, Martin Urban!, Bill Hollins> and Kim Hammond-K osack*
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ABSTRACT

Fusariumfungd diseasesof whest, maize and other cered cropsare ontheincreasein Europe, North America
and China and they pose a serious threat to cered yield, grain quality and consumer safety (1, 2). Fungd

targetsfor intervention are sought in an attempt to control ear blight disease elther within growing cered crops
or on infected crop resdues. Both Fusarium graminearum and F. culmorum are flower and stem base
attacking pecidigs that rardly invade lesf tissue. During infection both fungal species produce water soluble
sesquiterpenoid, group ‘B’ trichothecene mycotoxins. Inthe USA and NW Europe, the mycotoxins of grestest
concern are deoxynivalenol (DON), nivalenol (NI1V) and 15-acetyl DON. The target site for DON in plant,

microbid and animd eukaryotic cdlsisthe peptidyl trandferase catdytic unit in the ribosome. Binding resultsin
theinhibition of protein synthesis (3). Our two main research objectives are (8) to determine which Fusarium
genes are required to cause disease on cered ears and (b) to identify the plant and funga determinants that
regulate mycotoxin production during invasive plant growth. Most TRI genes encoding for trichothecene my-

cotoxin biosynthesis arelocated in asingle cluster within the Fusarium genome (4). We are carrying out GC-
MS andysis to measure DON content in the grain of wheat genotypes sdlected on the basis of their disease
resstance derived from UK field trid data collected over four years. We are aso planning to construct a
TRI5: GFP Fusarium reporter strain to track the onset and spread of mycotoxin contamination during funga
hyphal colonisation of whest tissue.
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THE FUSARIUM MY COTOXIN DEOXYNIVALENOL INHIBITS
PROGRAMMED CELL DEATH IN ARABIDOPS STHALIANA
Mark Diamond, Olga Rocha, Fiona Doohan™ and Paul F. McCabe
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ABSTRACT

Someof themost commercidly devagtating diseases of crop plantsare caused by fungi of the genusFusarium.
They not only severely reduceyield but also contaminate grain with avariety of mycotoxinsthat are poisonous
to humans and livestock dike. Two such mycotoxins are; deoxynivaenol (DON — F. graminearum and F.
culmorum) and fumonisn B1 (FB1—F. moniliforme). Both are known to trigger PCD inanimal cells. Only
FB1 hasbeen shownto cause PCD in plants. Herewe investigate the effectsof DON trestment on Arabidopsis
cdls. Although DON induces PCD inanima cells, wefound that it doesnot in plants. Infact our sudies show
that DON actually blocks PCD in Arabidopsis cdls.
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INVESTIGATING THE GENETICSAND MECHANISMS OF
FUSARIUM HEAD BLIGHT RESISTANCE IN THE
WINTER WHEAT VARIETY ARINA
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ABSTRACT

Resstance to Fusarium head blight (FHB) caused by Fusarium culmorum, was evauated in a doubled
haploid population of across between thewinter whesat varieties Arinaand Riband. A molecular marker map
was constructed with AFLP and published SSR markers, and was used to identify resistance QTL associated
with measured phenotypic traits.

There was high correlation between AUDPC and DON content of grain and more moderately with RSW
withinyears. DON accumulation was highly correlated between years and the measure of AUDPC was found
to beagood predictor of thelevel of FDNA, DON and RSW within each year. The genetic map constructed
identified atotal of 24 linkage groups covering 976 cM, with dl except onelinkage group anchored to aknown
genomic location with SSR markers. QTL for resstance traits were found on 5 different chromosomes of
Arina (1B, 2B, 2D, 4D and 6B) and 2 chromosomes of Riband (5BL/7BL and 7D). The FHB resistance
controlled by QTL on chromosomes 4D and 6B were stable over dl years. However, therewere no QTL for
FHB resstance that were coincident with those previoudy reported in Arina. Both phenotypic and genotypic
andysisindicated that in Arinathere was a strong association between AUDPC, DON and RSW.

Funga growth, toxin accumulation and expression of atrichothecene biosynthetic genewere andysed in Arina
and Riband to e ucidate the underlying mechanisms of resstanceto FHB. Anaysisof DON accumulation and
FDNA content indicated that Arina has resstance to initid fungal infection of the grain. DON accumulation
was dso shown to be lower in the chaff of Arinacompared to Riband during early infection. Fungd activity (-
tubulin) and expresson of Tri5 in the grain and chaff of Arina and Riband was shown to be tissue specific,
rather than variety specific, with no evidence for host dependent differentia regulation of trichothecene biosyn-
thess. In Arinaand Riband Tri5 activity was reduced in the grain compared to the chaff. Thisis the mogt
comprehensive analyss of spatid and tempord disease progress undertaken to date. It is hoped that the
identification of nove resstance to FHB in Arina could be used to improve resistance of winter whest to this
disease.
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ABSTRACT

Two near-isogenic lines (NILs), for aQTL demondtrated to influence deoxynivaenol (DON) accumulation on
greenhouse inoculated plants and derived from a cross between the barley cultivars Fredrickson (moderately
resstant) and Stander (susceptible), were evauated under field conditions for accumulation of DON ininocu-
lated spikes. The experiment was designed as a randomized complete block split-plot with three replicates,
main plots being near-isogenic line and sub-plots being inocul ation treetments. Inoculation treetmentsincluded
fiveisolates of Fusarium graminearum, inoculated separately, and a water-inoculated control. Inoculum
was applied a heading, with two applications of inoculum (1 x10° macrocondiamlt) applied one hour heur
apart, using a CO, powered backpack sprayer. Inoculated plots were assessed for Fusarium head blight
(FHB) incidence and FHB severity a 14 days post-inoculation. Spikes, four per plot, were arbitrarily col-
lected from each plot immediately following the second gpplication of inoculum and at 36, 48, 72, 96, 120 and
240 h pogt-inoculation. A sub-sample of the grain harvested from plots at maturity was also collected. Har-
vested spikeswere placed in plastic bags and stored at -80 °C until anayzed for trichothecenes. Trichothecenes
were extracted from sub-samples taken from the bulked spikes, ground under liquid nitrogen using a mortar
and pestle, and dso from the harvested grain, ground for 2 min with aStein Laboratories Mill. Deoxynivaenaol
and other trichothecenes were extracted using acetonitrile, derivatized as their trimethylslyl ether derivatives
and andyzed using gas chromatography-mass spectrophotometry and sdected ion monitoring. The mean
FHB severity in inoculated plots 14 days post-inoculation ranged from 1.4% to 32% while non-inocul ated
controlsweredl below 1.9%. The average mean FHB severity for the two near-isogenic lines differed dightly
across al inoculation trestments. The NIL carrying the Stander dlele at the QTL (conditioning lower DON
accumulation), had amean FHB severity of 10.8% whilethe NIL carrying the Frederickson alele (condition-
ing higher DON accumulation), averaged 12%. Of the five F. graminearum isolates tested, four generated
FHB severities averaging between 12% and 22%, and one appeared to be Sgnificantly lessaggressve with an
average FHB severity of 3%. Differencesin FHB severities were significant between the NILs for the four
more aggressve F. graminearum isolates. Deoxynivaenol and other Fusarium-produced trichothecenes
were not detected in any spike tissues sampled prior to 240 h post-inoculation. At 240 h post-inoculation
DON and 15-acetylDON were detected, however levels were low (<=1 ppm) and no sgnificant differences
among trestments were detected. In grain harvested from inoculated plots at maturity, DON ranged from 2.5
ppm to 31 ppm with sgnificant differences evident for DON accumulation among the five isolates tested
athough not among the NILs examined. In St Paul in 2004 it was an unusudly cool summer, with July
temperatures well below average. The cooler temperatures dowed disease development and likely also my-
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cotoxin production following inoculation, resulting in the observed lack of trichothecenes in spikes sampled
prior to 240 h post-inoculation. Sampling after 240 h but before grain maturity was not conducted, but may
have detected differencesin DON accumulation between the NILs, as observed in greenhouse studies. The
cool weather extended the growing season by amost two weeks and it is likely that the DON detected in
meature grain accumulated in late July and early August. We plan to repest the sudy examining these NILsin
2005.

ACKNOWLEDGEMENT

This materid is based upon work funded by the U.S. Department of Agriculture, under agreement No. 59-
0790-9-031. Thisis a cooperative project with the U.S. Wheat and Barley Scab Initiative. Any opinions,
findings, conclusions, or recommendations expressed in this publication are those of the authors and do not
necessarily reflect the view of the U.S. Department of Agriculture.

55



Host Plant Resistance and Variety Devel opment
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OBJECTIVES

To introgress FHB resistance from wild whest rela-
tives into bread whest.

INTRODUCTION

In our epiphytotic nurserieswe routinely observe about
20% floret infection on resstant accessions such as
Sumai3, Frontana, Nyu Bal etc. The progeny ob-
tained from three and four was crossesinvolving some
of the latter accessons, were dightly superior to the
access onsthemsdvesintermsof symptomsand DON
content (Cao et.al., 2003) but till showed measur-
able amounts of infection. In an atempt to enhance
the FHB resistant of bread whest we embarked on a
program of screening several whest-related wild spe-
cies, tofind sourcesof resstance, then introgressthese
into wheat germplasm (Fedak et.al., 2003 a,b). This
report will describe the lines obtained from three such
combinations.

MATERIALSAND METHODS

The Tritium timopheevi accessions that were
screened for FHB resistance were obtained from Dr.
GinaBrown Guideraof USDE, ARS Manhattan Kan-
sas while accessions of T. monococcum were ob-
tained from Dr. Maxime Trottet of INRA Le Rhen
Cedex, France and the Aegilops speltoides acces-
sions were obtained from Dr. Maria Zaharieva of
INRA Centre de Montpellier in France.

The screening methods involved growing the plant
materias in growth rooms, inoculating spikes a 50%
anthesis (point and spray) with a 50 000 spore sus-

penson of F. graminearum. Plants with inoculated
spikes were “misted” for 48 hours and symptoms
scored at 21 days. Inoculation was repeated on ac-
cessons showing minima symptoms. Resdant ac-
cessonsof T. monococcum and Aegil opsspeltoides
were crossed onto the cultivar Superb and hybrid
embryos were cultured on BS medium. The T.
monococcum hybrid was backcrossed to the cultivar
Fukuhokomugi whereas three backcrossesto Superb
were required to restore fertility of the hybrid involv-
ing Ae. speltoides.

TheT. timopheevi accession was crossed to the ex-
perimentd line Crocus, backcrossed once and then
1300 BC1 seeds were advanced to F9 by SSD.

The derived lines were seeded as one meter rowsin
the FHB nursery, inoculated with corn spawn and irri-
gated twiceaday. Symptomswerescored at 21 days
after 50% anthess. Incidence and severity scoreswere
assigned visudly and FDK was determined on threshed
samples. Samples of seed were ground and submit-
ted for DON andysis.

RESULTSAND DISCUSSION

Theincidence, saverity, FHB index and FDK values
for the interspecific derivativesand check cultivarsare
shown in Table 1. The fact that the check varieties
performed as expected, from previous experience,
indicated that a high level of FHB infection occurred
in the 2004 epiphytotic nursary. A totd of nine inter-
specific-derived lines were evaluated and compared
to threeres stant and two susceptible checks. Sumai3
gave lowest vauesfor dl four of the parameters mea:
sured. Fukuhokomugi gavealow FHB index but leve
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of FDK. Nyu Bay had a higher FHB index than
Fukuho but alower FDK vadue. TheT. monococcum
derivative had a smilar FHB index to Sumai3 but a
higher levd of FDK. The T. timopheevi derivaive
had aFDK level smilar to Nyu Bay but alower FHB
index.

Of the seven Ae. speltoides derivatives evauated, dl
except line 1 had low FHB index vaues. The FDK
levelsamong the seven linesranged from 6.3t0 14.7%.
Four of the lines had FDK levels numericdly lower
than Sumai3 and most were lower than Nyu Bay. If
the levels of resstance of the interspecific derivatives
perss through further testing they will be evauated
for their ability to enhance the leves of resstance in
accessions such as Sumai®. Studies are underway to
determine if the QTL carried by the interspecific de-

rivaives are different from those derived from resis-
tant wheat accessions.
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Table 1. FHB symptomsin progenies of interspecific crosses with bread wheat

Source of FHB
resistance Generation Incidence(%) Severity(%) index FDK (%)
Ae. Seltoides
Line 1 BC3F4 30 25 75 11.7
2 15 10 15 7.0
3 10 10 1.0 6.3
4 15 10 1.5 14.7
5 15 10 15 6.7
6 15 10 15 10.0
7 10 10 1.0 7.0
T. monococcum
Line 1 BC2F4 10 5 0.5 15.3
T. timopheevi
TC 67 F9-SSD 19.0 11.3 21 13.9
Checks
Sumai3 10 5 0.5 9.0
Nyu Bay 33 16 5.3 13.2
Fukuhokomugi 15 5 0.8 50.0
Roblin 80 80 16.0 90.0
AC Barrie 45 10 45 20.3
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ABSTRACT

Accessons and breeding lines of spring barley (Hordeum vulgare L.) must be evduated multiple times to
adequately determine their reactions to Fusarium head blight (FHB), incited commonly by Fusarium
graminearum Schwabe, and their rdative ability to accumulate deoxynivaenol (DON). Inoculated fidld nurs-
eries were established in Minnesota and North Dakota to assess FHB resistance in localy adapted cultivars
and breeding materia. Since these studies are designed to evaluate type 1 reactions, materia can be tested
only once during the year. Winter and wild barley accessions can not be evauated in the Upper Midwes.
Thus, off-season FHB screening nurseries were established in eastern Chinaat Zhgjiang University, Hangzhou
and at the Shangha Academy of Agriculture Sciences, Shanghai in 1995. FHB isendemic to thisregion and no
other confounding head diseases were observed. Barley isgrown under short-day conditionsin eastern China
and mogt accessions flower within atwo-week window of time. The FHB screening nurseries near Hangzhou
and Shanghal are used for 1) assessment of Chinese and Japanese cultivars, 2) testing of spring, winter, and
wild (H. v. subsp. spontaneum) barley accessions from world collections, 3) collection of data for QTL
mapping studies, 4) identifying morphological traits associated with FHB resistance, and 5) evaudtion of dite
breeding materias. Only the nursery a Hangzhou has been used since 1999. Disadvantages of the Chinese
nurseries include transportation costs, plants need to be staked to prevent lodging, and moderate to low
correlations between FHB and DON data from Chinaand that from the Upper Midwest. Y et, the data corre-
lations are little better among test Sites in the Upper Midwest. The FHB nurseries in China have aided in
confirming the FHB resstance of accessions previoudy reported to have resstance; identifying additiona
accessions with resistance among winter; wild, and East Asan spring barleys, mapping of mgor QTLs for
FHB resistance to chromosome 2H; verifying strong associationsin chromosome 2H between QTL for FHB
resstance and genes for spike type, spike length, maturity, and plant height; and sdecting breeding lines with
low FHB severity scores and DON accumulation. This cooperative research has aso provided information
about genes controlling photoperiod responses and plant height. The Eamb and eam9 genes for short-day
response, the Eaml gene for long-day response, and a new semi-dwarfing gene were identified in Chinese
cultivars. Continuation of the cooperative nurseries a Hangzhou is anticipated because it speedups FHB
evauations and may lead to sooner release in both countries of mating barley cultivars with FHB resistance.
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DEVELOPMENT OF WHEAT LINES NEAR-ISOGENIC FOR DIVERSE
SCAB RESISTANCE QTLS FOR COMPARATIVE GENETIC
AND GENOMICANALYSS
David F. Garvin' and Zachary Blankenheim

USDA-ARS Plant Science Research Unit, St. Paul, MN, USA
" Corresponding Author: PH: (612) 625-1975; E-mail: garviO07@umn.edu

ABSTRACT

Extensve efforts have been directed at identifying novel sources of Fusarium head blight (FHB) resstance that
may be used to develop new wheat cultivars with enhanced scab resistance. In many instances reportedly
unique FHB resistance quantitative trait loci (QTLS) have been mapped to different chromosome locations
both in adiverse range of common whegat genotypes and in related species, but have not yet been introgressed
into dite U.S. hard red spring wheat (HRSW). To continueimproving FHB resstancein HRSW, it isimpera-
tive that new FHB resstance QTL from wheat and its relaives be vaidated or ther effectivenessin HRSW
backgrounds, that the efficacy of reported markers for unique QTLs be tested, and that validated QTLs be
incorporated by breeding programs. Otherwise the fruits of FHB resistlance mapping will not befully redized
and futureimprovementsin FHB resstance will dow. 1n 2001, we initiated a program to use marker-asssted
backcrossng to individudly introgress five FHB resistance QTL from diverse germplasm sources into three
different FHB-susceptible HRSW backgrounds (Norm, Wheaton, Apogee). The initid QTLs sdected in-
clude two from Sumai 3 (on chromosome arms 3BS and 5AS) to serve asreference QTLS, one from the soft
red winter wheat Freedom (chromosome arm 2AS), onefrom the Brazilian wheat Frontana (chromosomearm
3AL), and onefrom wild emmer, (chromosomearm 3AS). Our god isto develop BC,-derived near-isogenic
lines (NILs) that are principdly HRSW in genome composition but possess one of the five different QTLs
(QTL-NILs). To date we have completed QTL-NIL development for three QTLsin Apogee, and will have
equivaent QTL-NILs completed in the Norm and Wheaton in 2005. These lineswill be subjected to com-
parative FHB resstance evauations to determine which of the new introgressed QTL confer resstance in
HRS backgrounds, and whét level of resstance each QTL confers. Thisprogramisintended to be an ongoing
endeavor to incorporate diverse new FHB resistance QTL into HRSW over time asthey are identified. The
QTL-NILsthat harbor new vaidated FHB resstance QTLswill be available to HRSW breeding programs.
Further, there are many additiond scientific benefits to be gleaned from these lines. For ingtance, the QTL-
NILswill be used to quantify the effects of gene pyramiding, to examine the molecular basis of host-pathogen
interactions, and to explore the biologica basis of differences between type | and type Il resstance.
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MOLECULAR GENETICS OF FUSARIUM HEAD BLIGHT
SUSCEPTIBILITY ASSOCIATED WITH CHROMOSOME
2A FROM THE WILD EMMER LINE “ISRAEL A”
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ABSTRACT

The LDN(DIC) st of disomic subgtitution lines, in which chromosomes of durum wheat cv. Langdon (LDN)
are replaced by corresponding ones from the wild emmer line ‘Isradl A’ (DIC), have been useful in locating
genes for resistance to Fusarium head blight (FHB). Theline LDN(DIC-2A) shows increased FHB suscep-
tibility relative to Langdon, suggesting the presence of asusceptibility factor on chromosome 2A from Isradl A.
We areinterested in understanding the underlying biology associated with thisincreased FHB susceptibility. In
previous studies we obtai ned evidence that this chromosome not only increases susceptibility, but also appears
to suppress the action of amgjor FHB resistance QTL located on chromosome 3A from Isragl A. The gene
or genesinvolved appear to act in an additivefashion. Weare now seeking to further dissect the genetics of the
FHB susceptibility through molecular mapping. A population of 95 recombinant inbred lines (RICL) from the
cross LDN (DIC-2A) x LDN was screened for FHB resstance. DNA from the parents was isolated and
screened with microsatdlite markers for chromosome 2A to identify polymorphisms that could be used for
congtruction of amolecular map of this chromosome. The FHB disease index of the RICL ranged from 18 to
95, with amean of 61. The disease index for LDN and LDN (DIC-2A) were gpproximately 45 and 80,
respectively. Molecular markers spanning over 100 cM of chromosome 2A were scored inthe RICLs. QTL
andysis reveded at least one region of chromosome 2A that was associated with increased susceptibility to
FHB. Disease index means for individuds with dternate adlees a the microsatdlite marker most strongly
associated with FHB susceptibility differed by nearly 17% (71% vs 54%). We are adding additiona molecu-
lar markersto the chromosome 2A map and are obtaining more FHB resistance data on the RICL population
to be able to describe in more detail the molecular genetics of FHB susceptibility associated with this chromo-
some.
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BACKCROSS RECIPROCAL MONOSOMICANALYSIS
OF FUSARIUM HEAD BLIGHT RESISTANCE IN
‘FRONTANA WHEAT (TRITICUM AESTIVUM L.)
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ABSTRACT

The Brazilian bread whest cultivar ‘ Frontana has resistance to Fusarium Heed Blight (FHB), and it isthought
to primarily inhibit fungal penetration (Type | resistance) and perhaps degrade the mycotoxin, deoxynivaenol
(DON). Its resstance mode of action might be different than that of the commonly used FHB resgtant
genotype, ‘Sumai-3'. We used a st of *Chris monosomic (2n-1) chromosome linesin crosses to Frontana
(2n) and followed a backcross reciproca monosomic hybridization scheme to produce disomic lines. Each
disomic line is expected to have on average a Smilar genetic background but critical chromosomes derived
from ether Frontanaor Chris. Our objective was to produce lines which might help to identify the chromo-
somes involved in the Type | FHB resistance dtributable to Frontana. We were successful in producing
disomic chromosome linesfor dl Frontana critical chromosomes except chromosomes 3B, 4A, 5A, and 7D.
In 2004, production of the reciprocaly derived disomic lines was completed, and lines were eva uated in one
greenhouse and two field experiments. Plants in greenhouse and field experiments were spray-inoculated at
anthesis with a 25,000 spore per milliliter suspension produced from a single field isolate of Fusarium
graminearum (Schwabe). There were two replicationsfor each field experiment at Fargo and Prosper, ND,
and experiments were planted according to a RCB design with a split-plot arrangement. Whole plots con-
ssted of the criticd chromosome and sub-plots were ether the chromosome of interest from Frontana or
Chris. A RCB design with three replications was employed for the greenhouse experiment. Data were
obtained for severity of FHB, incidence of FHB, grain DON-content, and number of tombstone kernels. We
will summarize results and data comparisons made based on the greenhouse and field experiments.
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DNA MARKERS LINKED TO FLOWER OPENING
AND LOW FHB INCIDENCE IN WHEAT
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ABSTRACT

Fusarium head blight (FHB) of wheet, caused by Fusarium graminearum, is an important funga diseasein
many whest growing aress of the world. The objectives of this study were to determine the relaionship
between width and duration of flower opening and incidence of FHB in wheat; and to identify DNA markers
associated with narrow flower opening and low FHB incidence. It was hypothesized that whegt lines whose
flowers open briefly and narrowly have a reduced risk of infection. To test the hypothes's, whest cultivars
Patterson and Goldfield were crossed to generate arecombinant inbred (RI) population consisting of 100 F-
derived lines. Horets of Patterson open wide; florets of Goldfield tend to stay closed. The population of RI
lines was characterized for FHB incidence and flower opening width and durationinthe F, ;and F, | .generar
tions. TheRI population was genotyped with 79 SSR markers. Three markerswere found to have significant
marker-trait association with low FHB incidence and narrow flower opening. The mgor QTL effect associ-
ated with narrow flower opening and low FHB incidence wasfound in the map interva Xbarc200-Xgwm210,
explaining 29% of the phenotypic variation for FHB incidence over three locations. This adds credenceto the
hypothesis that narrow flower opening is responsible for low FHB incidence in this population.  Breeding
whest linesfor both morphologica avoidance, such as narrow flower opening, and physiologicd resstanceto
FHB may be vauable in future breeding research to reduce crop production and grain quality losses in wheet
dueto FHB.
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QTL MAPPING OF NOVEL RESISTANCE SOURCES
IN TETRAPLOID WHEAT
C. Gladysz, M. Lemmens and H. Buerstmayr”
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ABSTRACT

A lot of efforts worldwide have been undertaken to improve Fusarium head blight resstance in durum whest.
However, the resistance level occurring naturdly in certain hexaploid whest lines (e.g. Sumai3) is not reached
in durum whest. In addition, trandfer of resstance from bread whesat into durum wheet did not yield highly
resstant tetraploid lines yet. Recently tetraploid whest lines were identified, which could be used for durum
improvement. Hence a mapping of tetrgploid resistance sources was initiated. Therefore, two moderately
FHB resstant Triticum dicoccoides lines and one T. dicoccum line were crossed with three adapted but
susceptible T. durum cultivars. To obviate agronomic difficulties and to use the advances of backcross map-
ping populations (Tankdey et a.,1996) the F, was backcrossed once with the recurrent durum parent. Using
sngle seed descent for four to five generations recombinant inbred lines were developed. For genotyping
SSRsand AFLPsare used. The polymorphism rate with SSR markers was about 65% inthe T. durum-by-T.
dicoccoides cross and about 50% in theT. durum-by- T. dicoccum cross. To phenotypethelineswe usetwo
different artificid inoculation systems: the first is single spike et inoculation and the second is spray inocultion.
Because of the high logging tendency and the partid verndisation requirement in certain T. durum-by-T.
dicoccoides lines, a fiddd experiment is not feasble. Therefore, we gpply the sngle spikelet method in this
population in the greenhouse. For spray inoculation we use a macrospore suspension of 25,000 conidia ml-?
for the single spikelet method 500,000 conidiaml-. The fidd trids are under irrigation to keep humidity high
and optimise the infection. Preliminary results of the first season of resistance testing showed that both evalu-
ated populations segregated significantly for FHB severity. The best lines were amost disease free.
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ABSTRACT

Improving Fusarium head blight (FHB) resistance in wheat isamgjor chalenge worldwide. Particularly durum
whest is known to be highly susceptible againgt FHB. As durum wheet is mainly used in direct human con-
sumption, the contamination with Fusarium mycotoxins needs strict control.

Wetried to transfer the two FHB resistance QTL Qfhs.ndsu-3BS (Anderson et a., 2002) and Qfhs.ifa-5A
(Buerstmayr et d., 2003) derived from the hexaploid cultivar Sumai3 into three regiondly adapted durum
cultivars. To restore the specific durum traits, the F, was continuously backcrossed (up to 6 times) with the
recurrent durum parent. In 2003 and 2004 inoculation experiments in the field were carried out. More than
100 lines (BC,F,, BC,F,, BCF, and BCF,) were sown in two-row plotsin spring 2003. During flowering
they were spray inoculated with a F. graminearum suspension containing 25,000 macroconidia mi-. FHB
severity was scored 5 times - 10, 14, 18, 22 and 26 days after infection (dai). To evauate disease severity an
areaunder disease progress curve (AUDPC) was ca culated. The best 30 lines showing reduced FHB sever-
ity in 2003 were tested again in 2004 using the same procedures as before. Some of the backcross lines
showed a reduced disease progress compared to their susceptible durum parents. However, 26 days after
infection most of the heads were bleached aso on the backcross lines, while the resstant parents did only
develop dight FHB symptoms. The results of the introgression of the two QTL on 3B and 5A into durum
wheat did not meet our expectations. (1) Only 5 lines out of more then 100 showed an improved resistance
levd dthough they contained the Sumai3 QTL. Just one line reached a moderate and proper level of resis-
tance. (I1) In later back-cross generations lines tended to loose FHB resistance completely. Thisfits with the
hypothesis that epidtatic factors could possibly influence FHB resistance in durum wheat (Stack et d., 2002).
The fact that the best lines were derived from the same BC, plant so confirms this hypothesis.
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INTRODUCTION

Fusarium Head Blight (FHB) or scab has become one
of themogt seriousdiseases of wheat inNorth America,
and around the world. In North Dakota done, it is
edimated that theimpact of FHB on the State economy
exceeded 6 billion US$ in the last ten years.

Scab is caused by different species of Fusarium. In
North America, the predominant speciesisFusarium
graminearum. Infection takes place during anthesis,
idedl conditions are warm temperatures (25-30 °C)
and high humidity. The disease reduces yidd through
floret Serility and poor seed filling. Qudlity losses are
aso important due to reductions in storage proteins,
cdlulose, and amylose (Boyacioglu and Hettiachchi,
1995). Additional economical impact is due to the
accumulaion of avomitoxin (deoxynivaenol, or DON)
in the seed, which makes it unsuitable for human and
anima consumption.

Severd typesof resistance have been described. Three
of these types are commonly accepted as Typel, re-
ggance to the initid infection, Type Il resstance to
the spread of the pathogen through the spike, and Type
[11, resstance to the accumulation of DON. Type Il
resstance is most frequently measured and used in
breeding programs.

The most predominant source of type Il resstanceis
the Chinese cultivar ‘ Sumal 3'. Severd QTLsfor type
Il resstance have been identified on the genome of
thiscultivar. A mgor QTL has beenidentified on 3BS
(Waldron et a, 1999, Anderson et a, 2001, and Ddl
Blanco et d 2001). Additional QTLshave beeniden-

tified on chromosome 5A (Buerstmayer, et d, 2002),
6B and 6A (Anderson et a, 2001) and 7D (Sneller et
al, 2001).

Other sources of typel resistanceto FHB have been
studied and severd QTL shavebeenidentified onchro-
maosome 3A of Triticum dicoccoides (Otto et al,
2001), chromosome 2D of ‘Wugham’, 3BS of
‘Maninga (Somers et a, 2003), and chromosomes
1B, 3A, 3D and 5A of ‘Fundulea 201R’ (Shen et d,
2003). Other potentia sources of resistanceto FHB
areWangshuibai (the subject of thispaper) from Ching,
citrod445 from China, PI157593 from S. Korea,
P1362463 from Y ugodavia, and citro429 from China.

Previous genetic diversity studies suggested that

Wangshuiba (a landrace from the Chinese province
of Jangsu) may have different resstance genes than
that in Sumai 3. Bai et a (2003) showed that
Wangshuibai is not closdly related to Suma 3. In a
more recent study looking at the genetic diversity of
the short arm of chromosome 3B, Liu and Anderson
(2003) found that Wangshuiba hasno dleesin com-

mon with Sumal 3 for any of the molecular markers
around the QTL found on chromosome 3BS. Given
these dataand the high leve of resstancein thissource,

itislogicd to contemplatethe possibility of Wangshuibai
carrying different res stance genes than Suma 3.

Inthisstudy our objectiveswereto 1) identify thechro-
maosomal location of genes responsible for the ress
tance to FHB of Wangshuibai, 2) estimate the effect
of these genes, both in single locus and epistatic mod-
s, and 3) identify PCR markersclosdy linked tothese
genes, o they can be used in amarker assisted selec-
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tion (M.A.S.) breeding scheme to develop resistant
cultivars.

MATERIALSAND METHODS

An F, derived population consisting of 388 recombi-

nant inbreed lines (RIL) was developed by SSD from
the cross between Wangshuiba and ND671 (an dlite
HRSW line from the NDSU-HRSW breeding pro-

gram). A random subset of 88 lines was used for a
QTL andyss The remaining lines were used to vdli-

dateresultsfromthe QTL andyds. Thisvdidation was
done by genotyping the lines with the Sgnificant mo-

lecular markersfound in the QTL andyss.

Phenotyping of these lineswas done in 3 greenhouse
replicated trials during the years 1999, 2000, and
2001. Lines were grown in 36X21 cm buckets with
two rows of five plants per bucket. At thetime of an-
thes's, heads were sngle point inoculated in afloret in
the middle of the spikewith 10l of asuspenson with
50000 spores/ml. After inoculation, the spikes were
covered with plastic bags and misted for 3 days to
ensure high humidity conditions. Temperature in the
greenhouse was kept between 25 and 30°C. Disease
scores were taken 14 and 21 days after inoculations.
The NDSU variety ‘Alsen’ (derived from Sumai 3)
was used as aresistant check.

Genotyping of these lines was done using 2 sts of
SSR PCR primers, GWMs (Rdoder et a, 1998), and
BARCs (http:/Mww.scabusa.org/pdfYBARC _SSRs
12011102.html). Amplification was done in accor-
dance to those described by the developers of both
sets. Amplified products were separated using either
6% acrylamide non denaturing gdl, or 6% acrylamide
denaturing gd visudized with slver gaining. Severd
STSmarkersdevel oped by Liuand Anderson (2003)
were dso included in the linkage map. In addition,
severd Target Region Amplified Polymorphisms
(TRAPS) were developed from wheat EST sequences.
In total, the linkage map contains 185 loci acrossthe
genome.

Thelinkage map was congructed usng MAPMAKER
v 2.0 (Lander et d 1987). The genome was scanned
for QTLs usng NQTL (Tinker and Mather 1995).

Important regionswere andyzed for epistatic interac-
tions. Anadyss of variance to estimate the effect of
epigtatic interactions was done with SAS system for
Windows v. 8.01 (SAS Inditute). Anayss of vari-
ance was dso used in the vaidation step.

RESULTSAND DISCUSSION

The population segregated for the spread of FHB both
atl14 and 21 days after infection (DALI). The range of
the scores 14 DAI were between 0% and 15%.
Wangshuibai showed an average infection of 3.8%,
and the average infection level of ND671 was 7%.
Alsen had the same level as Wangshuiba. The range
of score a 21 DAI (Fig 1) was between 2.5% and
50%. Theaverageinfectionin\Wangshuiba was 3.8%,
no changefromthe scoresat 14 DAI, for ND671, the
averagewas 22 %, athreefold increasefrom 14 DAII.
Alsen had an average infection of 10%, dmost a 3-
fold increase from 14 DAI.

After scanning the genome for Sgnificant QTL pesks,
we found a mgjor peak on chromosome 3B, directly
over Xsts138 (Fig 2). This pesk explains 17% of the
total

phenotypic variance for 14 DAI, and 31% 21 DAI.
Other smdler peakswere dso found. Theimportance
of these peaks by themselves was very limited with
the explained variance never exceeding 3% of theto-
tal phenotypic variance. After estimating the effectson
single locus and additive models, we scanned the ge-
nomefor lod interacting with locusXsts138(3B). The
results from this scanning are shown in table 1. How-
ever couldn’t be validated with the addition of the 300
RIL remaining in the populaion. This suggeststhet the
epiddtic interactions found in the initia subset of lines
were probably dueto statistica artifactsresulting from
the rdaivey smdl number of linesin each genotypic
class.
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Figure 1. Freguencies histogram for FHB 21 DAI FHB scores
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mapping (SCIM) graphs on chromosome 3B for readings 14 and 21 DAI.

Table 1. Loci found to have epistatic interactions with locus Xsts138.

Locus Phenotypic Variance explained (%)  Time of observation (DAI)
Xgwm?2 (3A) 67 21
Xgwm333 (7B) a7 21
Xgwm156 (5A) 55 21
Xbarc101 (3B) 51 21
Xtrap9.2 (3B) 59 21
Xbarc1033 (6B) 55 21
Xgwm304 (5A) 53 14
Xbarcl117 (5A) 42 14
Xgwm192 (6B) 40 14
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ABSTRACT

Fusarium heed blight in wheat (FHB) can cause devadtating reductionsin grain yield and quality and contami-

nate grain with mycotoxins such as deoxynivaenol (DON). The identification and characterisation of sources
of resgtanceisvita to prevent the emergence of resstant pathogen strains. The objectives of thisstudy wereto
characterise and map QTL for potentialy nove resistance in the FHB resistant American winter whest cultivar
WEK 0609 and establish whether germination on medium containing DON (in vitro DON tolerance (IVDT))

is associated with QTL for resstance. Symptom development, fungad DNA (FDNA) and deoxynivaenol
(DON) content of grain and VDT was assessed among doubled haploid lines (DHLS) developed from a
cross between WEK 0609 and the FHB susceptible cultivar Hobbit ‘sib’. Mgor QTL for resstance were
detected on chromosomes 3BS, 5A and 1B plus a minor effect QTL on 2D. On 3BS, reduced symptom
development was coincident with minor QTL for reduced DON and FDNA levelsin grain and increased in
vitro tolerance to DON. On 5A, reduced symptom development was coincident with a minor QTL for in-

creased RSW, amgor QTL for increased IVDT and the awning suppression gene (1B). On 1B, reduced
symptom development was coincident with a mgor QTL for increased RSW and minor QTL for reduced
DON and FDNA and associated with the 1IRS/ 1BL rye trand ocation and the high molecular weight glutenin
gene (Glu-1B). The contribution to FHB resistance made by QTL on 3B and 5A was confirmed by andysis of
inter-varietal chromosome subdgtitution lines (IVCSLs) in which WEKO0609 chromosomes were substituted
into the Hobhit *sb’ genetic background. Microsatellite dlele sze andysisindicated that the QTL on 3BS may
be dldic with that in the same interva in the Chinese variety Sumai-3 (Qfhs.nsdu-3BS) and the QTL on 5A
and 1B may be dldic with those that lie in the same intervds in the Romanian cultivar Fundulea F201R
(Qfhs.ifa-5A and Qfhs.ics-1B respectively).
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ABSRACT

Fusarium head blight (FHB) epidemics in 1998 and 2003 devastated much of the soft red winter (SRW)
wheat (Triticum aestivum L.) crop in the mid-Atlantic region. To develop high yielding, scab resstant SRW
whest lines, we have deployed a combination of top-cross, doubled haploid, backcross, and molecular-
marker asssted breeding methods. Wefirst verified Typell res stance levelsin resistant sources currently used
in breeding programs. Additionaly, we characterized currently cultivated and adapted SRW whesat genotypes
for scab resstance or susceptibility. We found and confirmed high levelsof Typell resstancein Sx whest lines
from China, three from Canada, one from France, and two from Japan. We dso identified or confirmed the
presence of tolerance to kernd infection, yield loss, and DON production in SRW whest cultivars or lines.
Initially, we developed adoubled haploid line, VAO1W-476, which expressed ahigh level of resstancein both
greenhouse and fidd trids. Thisline has been used as parent in many breeding programsin the eastern United
States. We have dso made greeat progressin the development of FHB resistance lines using top-crossing and
backcrossing methods. VAO2W-713, atop-cross ( Ning7840/Pioneer2691//Roane) derived elite FHB resis-

tant SRW whest ling, ranked 1t ingrain yidd (77 BWAC) anong 54 entriesin Virginia s Advance Wheat Test
over three locations, and will be evaluated in Virginia s Officid Variety Tridsin 2005. Typell FHB resstance
has been successfully transferred from diverse sources, such as Chinesewheat linesW14, Shaan85, Futai8944,
Futai8945, Futai8946, Ning9016, Ning7840, Yumai 7, Er-Ma 9, Wuhan 1, and French line VR95B717, into
adapted SRW wheat backgrounds Roane, Ernie, Pioneer 2684, Renwood 3260, Madison, Jackson, and a
Sison sb viabackerossng. Twenty-sx SRW whest lines possessing both high yied potentid and scab resis-

tance were sdected among 268 lines evaluated in Virginia's 2004 Scab Observation tests. These lines are
included in aregiona FHB haplotyping project and will be evaluated in 15 dtates as part of a collaborative
research initiative. In addition, aset of near isogenic linesincorporating FHB resistance QTLs from W14 and

Futai 8944 into Roane and Ernie backgrounds have been devel oped using molecular-marker assisted back-

cross breeding.
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ABSTRACT

We showed earlier that the stresses from repeated cycles of wheat stresk mosaic (WSM )or barley yellow
dwarf (BY D)-plus-WSM disease pressure gppeared to reved unexpected variation in heritabletraitsin popu-
lations of elitewheat germplasm. Thiswasexploited by co-sdecting virusand FHB resstancein early genera-
tion progeny of a cross between an FHB-resistant (HY 644) and a WSMV -resistant (CO960293-4) parent.
Following aprotocol of ‘ Stress-Directed Selection’ (SDS), progeny of the crossHY 644/C0960293-4 were
sdlected in F, and F, generations under combined BY D-plusWSM pressure and 11 WSMV-resstant F,
lines evauated in a Fusarium head blight (FHB) field nursery in summer 2002. TheF, progeny linesof asingle
F, linethat combined resistance to FHB and leaf rust were selected indoors under BY D-plus-WSM pressure,
followed by severe FHB from spray inoculation of heads at anthesis. The best progeny F, plants were again
selected indoors under severe BY D-plus-WSM pressure. Following selection of F, linesinthe summer 2003
FHB nursery and winter increase of the best resulting 49 F, head-row lines, F, lines were tested in a 2004
FHB fidd nursery; 8 of these performed better than the resstant HY 644 parent. The iterative application of
SDS to sdfing populations of HY 644 aso generated progeny lines with heritable, atered FHB resistance.
Plants grown from seed of asingle head of HY 644 collected from the 2002 FHB field nursery were subjected
indoorsto BY D-plus-WSM pressure and selected for FHB resistance, followed by a second indoor round of
selection under BY D-plus-WSM pressure. Seed from the best heads were grown as 10 head-row linesinthe
2003 FHB fidd nursery, and the best lines selected. A subsequent indoor test of one of these lines (#3785)
compared with aline of origind, ‘pre-SDS HY 644 breeder’ s seed showed that the selected SDS-generated
line sustained significantly less FHB damage than HY 644 grown from breeder’ s seed. Genomic DNA finger-
prints of the two lines were indistinguishable except for #8785 slack of adoublet band at ca. 215 bp, indicat-
ing the dtered FHB resistance could not be attributed to seed admixture or cross-pollination.
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ABSTRACT

Plants of whest cultivars Sumai3 and Roblin, highly resstant and susceptible to fusarium head blight (FHB),

respectively, were grown in greenhouse, and the four centra spikelets in spikes were inoculated at anthesis
with agpore sugpension of Fusarium graminearum. Spikeletsinoculated with sterile distilled water served as
control. Inoculated plants were incubated for 24 h, spikelets were harvested and crushed in liquid nitrogen.

Metabolites were extracted usng methanol and chloroform, derivatized usng MSTFA and andyzed using a
gas chromatograph and mass spectrometer system. A tota of 86 consistent compounds were detected, of
which 30 were specific to atreatment: Sumai 3-pathogen (SP), Sumai 3-water (SW), Roblin-pathogen (RP) or
Roblin-water inoculated (RW). The compounds specific to SP and RP can be used qudlitatively to discriminate
quantitative resstance to FHB. Some compounds, however, were common to 2, 3 or to al 4 treatments.

Compounds such as cinnamic acid, acetoacetic acid, (E, E, E)-(5-phenylsulfonylgeranyl) geraniol, butanoic
acid and 2, 3, 4, 5-tetrakisOTM S-p-Ribose were detected only in SP. 4-hydroxycinnamic acid was de-

tected in dl trestments but the abundance in SP was 6 and 8 times more than in SW and RP, respectively.

Benzeneacetic acid, 3-methoxy-apha., 4-bis [trimethylsilyl)oxyl]-, TMS ester was detected in both SP and

SW spikes, but the abundance was about 4 times higher in SP. 1, 2, 3, 4, 5, 6-hexakisOTMS-myo-inositol

abundance increased following pathogen inoculation in both the cultivars and the increase was higher in SP.

Compoundssuchas2, 3,5, 6-OTM S-ethyl 2-p-gdactofuranosde, bis TM S phenylpyruvic acid and glutamine
tris(TMS) were detected only in SP and RP, but the abundances were higher in SP. Mdonic acid (TMS), >~
pL-lyxopyranose, 1,2,3,4-tetrakissOTMS, 1,2,3,4-tetrakis-OTM S-2-p-xylopyranose, 1,2,3,5-tetrakis-

OTMS-aabinofuranose and 5-methoxy-2-[(TMS)oxy] benzoic acid TMS ester were unique to RP. For
compounds that were common to al trestments, but that varied in their abundance, data were subjected to
factor andyds to derive rdative loadings of compounds to each trestment. Thus, metabolic profiling can be
used not only to discriminate cultivars but aso to discriminate resstance levels based on pathogenesis related
metabolites (metabolites induced following pathogen inoculation). The two cultivars gppear to follow different

metabolic pathways, Suma 3 follows PAL and Roblin follows melonate pathway, to defend againgt the patho-

gen attack. The possible role of various compounds detected in this sudy in plant defense againgt pathogen
dress, especidly theantimicrobid propertiesand sgna transduction, and their potentia application for screen-

ing cultivars of wheat for quantitative FHB resstance is discussed.
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ABSTRACT

A “finished” rice genome sequence with 99.99% accuracy will come to us by the end of 2004 through the
International Rice Genome Sequencing Project (IRGSP). In addition to the sequence, the Japanese Rice
Genome Project (RGP) has provided much information, full-length cDNAS, a high-density EST map, rice
insertion mutants, micro-arrays, severd databasesincluding proteome, etc. All of thisinformationisvery ussful
and important for promoting whegt genomic research. Recently we started working on improving Fusarium
head blight (FHB) resstance in wheat usng a comparative genomics approach in collaboration with three
research inditutes (NIAS, JRCAS, and the STAFF Inditute). To date we have identified three genomic
regions on wheat chromosomes5AL, 5BS, and 2DS associated with Type | resstanceto FHB inapopulation
of doubled haploid lines (DHLs) fromthe F, cross of Sumal #3 and Gamenya The QTL on chromosome 2DS
reveded arisk factor for both Type | and Type Il resistance as a negative effect contributed by Sumai #3. In
this study, we focused on this QTL region of wheat chromosome 2DS, which has synteny with two rice
chromosomes, 4 and 7. As a first sep we have done in sillico mapping of wheat markers and ESTs on
pseudo-molecules of rice chromosomes4 and 7. About two-thirds of the markersor ESTson wheat 2D could
be assigned to the rice chromaosomes, which shows the co-linearity between wheat 2D and rice chromosomes
4 0or 7. Our in sillico mapping of wheat markers and ESTs restricted our target FHB QTL to the 6Mb region
of rice chromosome 4. Severd disease-related genes, not only classica disease resistance proteins but aso
genes for cytochrome P450s and ABC transporter-like multi-drug resistant proteins, were included in this
chromosome region. We report on our progress in developing new markers based on information on therice
genome sequencein this region.
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ABSTRACT

Theprincipa pathogens associated with FHB in Czech republic areF. culmorum, F. graminearum (Schwabe)
and itsteleomorph, Gibberella zeae (Schw.) Petch.. While other Fusarium spp. including and F. poae (Peck)
Wolenw., F. avenaceum (Corda ex Fr.) and Microdochium nivale (Ces ex Berl. & Vogl.) Sammuels &
Hallett and itsteleomorph Monographella nivalis (Schaffnit) Muller aredso present in FHB complex. Fusarium
Head Blight epidemy doesn’t gppear every year in the Czech Republic, therefore a breeding program based
on naturd infection is not possible. The occurence of FHB mostly depends on climatic conditions, crop rota-
tion and removing or ploughing in previous crop residues. After dl developing varietieswith high levelsof FHB
resi stance has become an essential component to the whest breeding program.For effective sdection in our
breeding program we use inoculation techniques. The mostly used technique at our breeding program isinocu-
lation by spraying heads with the conidid suspension (Mesterhézy). Because of screening about 1000 lines
every year we prefer to inoculate about 10-20 heads/aline in ahilll plots (about 40 seeds is sowed for one
plot), so the Size of nursery can be kept manageable. The inoculations are done once at the stage of flowering
(we are carefully looking for flowering heads and label them). After inoculation the screening nursery is under
migt irrigation for about one month. Although F. graminearum and F. culmorum do not have vertica races,
isolates differ ggnificantly in their aggressvness. Therefore, over the entire inoculation period and dl locations
we use the same inoculum. The first symptoms are observed 7-10 days after inoculation. Breeding for resis-
tance to FHB was darted at Plant breeding Station Stupice in 1988 by crossing resistant variety Nobeoca
Bozu with winter wheat Spartaand spring wheat Sandra. Nobeoca Bozu had good resistance to FHB but was
not very goodin other traits. The variety aswdl asthe new lineswere very high with low yield and suspectibility
to other diseases. That iswhy we used back-crossing in F1 generation with our highyield varieties.”. Fromthis
program we did not registred any variety but sourceswith better toleranceto FHB were obtained.Screening in
breeding program for resstence to FHB is divided into two inoculated field nurseries - for winter wheat and
soring wheat and a control without infection.Basic yield components have been mesured and contents of
mycotoxins have been anylsed at Research Indtitute of Crop Production in Prague. Thetesting for resstanceto
FHB isdonewith the Czech varieties, worldwide known sources and breeding linesfrom the F4 generation. In
cooperation (programme QD1311) with Research Ingtitute of Crop Production in Prague and other breeding
gationsin the Czech Republic and in Europe we have participated on testing sources of resstanceto FHB as
well asadvanced breeding lines at more locationssincethe year 2001. Inthelast yearswe have used the most
resistant proben cultivars (SUMAI3, FHB21, NOBEOCA BOZU, F201R, CM82036, line ST144-01, SG-
$1875) for crossing. Mogt of the resstant sources are spring wheat. So there are many crosses between
spring and winter whests, with other selection to acceptable frost resistance for winter type.
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ABSTRACT

Development of resstant hard winter wheet varieties is the main component of our integrated Strategy to
combat the increasing FHB threat in eastern South Dakota. Our main objectiveisto develop FHB resistant
hard winter wheet varieties with superior agronomic performance and resistance to biotic and abiotic stresses.
Our short term objectives are to: 1) Screen and identify elite FHB resistant lines and develop segregating
populations, and 2) enter promising resstant lines into regiond nurseries to facilitate development of varieties
with broad adaptation. In 2003 — 2004 we screened 1498 genotypesin the mist-irrigated field nursery. These
included South Dakota experimentd lines, the Northern Regiona Performance Nursery (NRPN), the South-
ern Regiona Performance Nursery (SRPN), and the Regiond Germplasm Performance Nursery (RGON).
The percentage of the South Dakota experimental lines that were superior to the FHB resistant check ‘ Expe-
dition’ (Diseaseindex = 16.8%) was 14.6%. Two experimenta lines, SD97380-2 and SD98102, with good
FHB, leaf and stem rust resistance, and superior agronomic performance, are being increased with intention to
release. Linesincluded in the South Dakota Crop Performance (CPT) Variety Trid and the Advanced Yidd
Trid were dso evduated in the greenhouse using needle inocul ation and were aso screened for the SBBS QTL
associated with the Sumai 3 type resistance. In the 2004 — 2005, we planted 36 F, and 57 F, bulks containing
Sumai 3, Ning7840, or their derivativesin three-way crosses (unadapted/adapted//adapted) with local variet-
iesand ditelines. Thiswill enable us to combine the mgor 3BS and 5AS QTLs with our loca indigenous
res stance in an adapted background. Seed from these populationswill be availablefor interested programsin
the region. Scab-resstant advanced lines from these populations will be entered into regiona nurseries to
fecilitate development of varieties with broad adaptation to the northern Great Plains.
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ADAPTIVE EVOLUTION AND PATHOGEN RESPONSIVE EXPRESSION
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ABSTRACT

TAXI-I (Triticumaestivum xylanaseinhibitor I) isawhesat grain protein that inhibits arabinoxylan fragmenta:
tion by microbia endo-13-1,4-xylanases. We have now demongtrated the presence of TAXI-I family members
withisolation of two mRNA species, Taxi-111 and Taxi-1V. At the nucleotide sequencelevel, Taxi-111 and Taxi-

IV were 91.7% and 92.0% identical, respectively, to Taxi-1, and Taxi-111 and Taxi-1V were 96.8% identical.
Notably, andyss of nucleotide subgtitutions between Taxi-1 and Taxi-I11 reveded trace of adaptive evolution.

In an attempt to understand the physiologica significance of the TAXI family members, the leve of Taxi-I1 and
Taxi-I/1V transcriptswas measured. Accumulation of Taxi-111/1V transcriptswas most evident inroots (at all

dtages investigated) and older leaves (partidly etiolated) where transcripts of Taxi-I were negligible. When
chdlenged by afungd pathogen Fusarium graminearum, the concentration of Taxi-111/1V transcripts was in-

duced by gpproximately 20-fold at 24h post-inoculation. In contrast, the increase of Taxi-l transcripts in
response to the fungal pathogen was rather limited. Furthermore, the Taxi-111/1V genes were dso strongly
expressed in wounded leaves. Recombinant TAXI-I11 protein inhibited Aspergillus niger and Trichodermasp.
xylanases and some spelt xylan-induced xylanases of F. graminearum. Thus, some, but not dl, TAXI-type
xylanase inhibitor genes may have arole in plant defense.
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OBJECTIVES

Animportant goa of wheat scientistsisto incorporate
Fusarium head blight (FHB) resistance into commer-
cid cultivars of bread wheat and durum wheet using
dl avalabletools: conventiond breeding, cytogenet-
ics, molecular genetics, and biotechnology. This ar-
ticle summarizes the progress made in this direction
and outlines some of the problems involved in ress-
tance breeding.

INTRODUCTION

Fusarium head blight (FHB) or scab, caused primarily
by the fungal pathogen Fusarium graminearum
Schwabe, is a serious disease of bread wheat (Triti-
cum aestivumL., 2n=6x =42; AABBDD) and du-
rum wheat (Triticum turgidum L. var. durumDesf.,
2n = 4x = 28; AABB). The disease grestly reduces
granyiddand qudity, dthoughits severity variesfrom
year to year depending on environmental conditions
favoring the spread of pathogen. The combined di-
rect and secondary lossesincurred to wheat and bar-
ley producers in scab-affected regions of the United
States during the period from 1998 to 2000 were es-
timated at $2.7 billion (Nganje et d., 2002); the states
of North Dakota and Minnesota suffered about 55
percent of thetota losses. Dueto accumulation of the
mycotoxin deoxynivalenol (DON), the grain is ren-
dered unfit for human or even anima consumption.
Incorporating FHB resistance into commercid whest
cultivars using all available methods of traditiona
breeding and tools of cytogenetics and biotechnology
would be necessary for controlling this ravaging dis-
ease. This article summarizes the progress made in
this direction and outlines the problems encountered
and challengesthat lie ahead.

SOURCES OF RESSTANCE AND THEIR EX-
PLOITATION

Bread Wheat Cultivars - Current cultivars of culti-
vated wheats, particularly of durum whest, have lim-
ited variability for FHB resstance. The most com-
monly used source of resistanceis the Chinese whest
cultivar ‘Sumai 3’ that has been used by whest breed-
ersworldwide. A mgor QTL (quantitative trait loci)
for type Il resstance was identified on short arm of
chromosome 3B of thiscultivar (Andersonetd., 2001,
del Blanco et d., 2003). Cytologicaly based physical
mapping showed that this QTL islocated in the digta
region of 3BS (Zhou et d., 2002). Additional QTLs
have been identified on 5A (Buerstmayr et d., 2002),
6B and 6A (Anderson et a., 2001), and 2AS and
2BL (Zhouetd., 2002). TheFHB resstanceof Sumai
3 has been successfully used in whesat breeding in the
US. Alsen, ahard red spring whest variety released
by North Dakota State University, carriesFHB ress-
tance from Sumal 3, and has accounted for about 30%
of the planted acres in North Dakota for three con-
secutiveyearssince 2002 (North DakotaWheat Com-
mission, 2004).

A Romanian winter wheet with FHB resistance has
been developed at the Agricultural Research-Deve-
opment Ingitute, Fundulea; it has QTLs located on
1B, 3D, and 5A (Alexander and Ittu, 2003). Other
potentia sourcesof FHB ressanceare Wangshuiba’,
a landrace from the Jiangsu province of China,
PI157593 from South Korea, and P1362463 from
Yugodavia Gendic diversty studies have shown that
restance genesin Wangshuiba aredifferent fromthose
in Suma 3. Liu and Anderson (2003) found that the
former has no dldesin common with Sumai 3 for any
of the molecular markers around the QTL on 3BS.
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Primary Gene Pool of Durum Wheat - Wild em-
mer wheat (Triticum turgidum L. var. dicoccoides
Korn, 2n = 4x = 28; AABB) sharesthe A and B ge-
nomes with durum whegt. It isin the primary gene
pool of durum wheat and readily crosseswithit. Sev-
era QTLs have been identified on chromosome 3A
of wild emmer (Otto et d., 2002). Other tetrgploid
whests with the genomic congtitution AABB include
Persian wheat [T. turgidum subsp. carthlicum
(Nevski inKom.) A. Léve & D. Léve], Polish wheat
[T. turgidum subsp. polonicum (L.) Thell.], orienta
whest [T. turgidum subsp. turanicum (Jekubz.) A.
Love & D. Love], Georgian emmer wheat [T.
turgidum subsp. paleocolchicum (Menabde) A.
Love & D. Love], and poulard whest (T. turgidum
subsp. turgidum). All these subspeciesbelong to the
primary gene pool of durum wheet and desirabletraits
in these tetraploid whegts can be eadly transferred
into durum wheat by conventiona breeding ap-
proaches. However, these resources have not been
adequately utilized so far.

Among the tetrgploid wheats, reaction to FHB has
been sysematicaly evduated only in T. turgidum L.

var. dicoccoides. Of the 282 accessions eva uated

for type Il resstance, Miller et a. (1998) found 10
accessons to be more resistant than the best durum

cultivar. Buerstmayr et d. (2003) evauated 151 ac-

cessonsfrom different geographicd aressinlsrad and

Turkey and identified eight accessons to be resgtant

to FHB. However, the levels of resistance shown by
these accessons were not as high asin Sumai 3. T.

turgidum var. dicoccoides is being exploited as a
source of FHB resistance for durum wheat. Durum
cultivar Langdon — dicoccoides disomic subgtitution
lines [LDN (Dic)] were evauated for type Il ress-

tance. Langdon with apair of chromosome 3A from
dicoccoides, i.e., LDN (Dic-3A) had the least FHB

infection (19.8%) compared to other LDN (Dic) dis-

omic subdtitution lines (Stack et d., 2002). A single
major QTL for resistance and amicrosatellite marker
linked with resstance have been identified (Otto et
a., 2002). The FHB resstanceof LDN (DIC-3A) is
currently used in durum whest breeding programs in
North Dakota, dthough materid showing stable FHB

resistance has not been obtained so far.

In an effort to transfer FHB resistance from T.
turgidum var. dicoccoides to durum whest, two new
sets of Langdon —T. turgidum var. dicoccoides
(LDN-Dic) disomic substitution lineswere devel oped
using two dicoccoides accessions (P1481521 and
P1478742) with FHB res stance as chromosome do-
nors. Thesesubdtitution linesare currently being evau-
ated for resstanceto FHB (J. D. Faris, perscommun).
They were molecularly characterized using the high-
throughput TRAP (target region amplification polymor-
phism) marker technique and 642 chromosome-spe-
cific TRAP markers have been developed (Xu et d.,
2003). These studies could facilitate the transfer of
FHB resstancefrom T. turgidum L. var. dicoccoides
to durum whesat using marker-asssted sdlection (Bai
and Shaner, 2004).

Other tetraploid wheat subspecies with AABB ge-
nomes have a o been evauated for resstanceto FHB,
dthough on alimited scde. Gagkaeva (2003) identi-
fied FHB resstancein some accessonsof T. turgidum
subsp. dicoccum (T. dicoccum) and T. turgidum
subsp. carthlicum (= T. persicum). Inaprdiminary
study, type Il resistance was identified in severd ac-
cessons of T. turgidum subsp. dicoccum and T.
turgidum subsp. carthlicum (Xu and Cai, unpub-
lished). Some accessions in these two subspecies
showed 5.0 — 8.0% infection in agreenhouse evdua
tion. In contrast to T. turgidum var. dicoccoides,
both T. turgidum subsp. dicoccum (T. dicoccum)
and T. turgidumsubsp. carthlicumarecultivated and
it should be easy to transfer their FHB resistance into
durum whest.

Wild Relatives of Wheat - Wheatgrassesand other
wild relativesin the secondary gene pool have agood
potential as donors of FHB resistanceto wheat. Tet-
raploid wheatgrass (Thinopyrum junceiforme(Love
& Love) Love, 2n=4x = 28; J J J,J, genomes) and
diploid whesatgrass (Lophopyrum elongatum (Host)
A. Love, 2n = 2x = 14; EE) show excellent resistance
to FHB. Thus, L. €elongatum showsamean infection
of 3.8%, compared to 60% to 90% infection in sus-
ceptible durum cultivars (Jauhar, 2001). Other whest-
grasses, e.g., Thinopyrum bessarabicum (Savul. &
Rayss) A. Léve (2n = 2x = 14; 1J), may aso be po-
tential donors of FHB resistance to wheat. Because
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of their low chromosome number, it would be desir-
able to use diploid wheatgrasses in resistance breed-
ing work. These grasses are in the secondary gene
pool of wheet. Although they can be easly crossedto
both bread wheet and durum wheat using embryo res-
cue techniques, lack of pairing between wheat and
dien chromosomes can be an obstacleto intergeneric
gene trandfers. Problems encountered in transferring
dien FHB resistance into durum whest were outlined
by Jauhar (2001).

Transfer of Alien Chromosome Segments and
Reconstruction of the Wheat Genome - Manipu-
lation of the Ph1 system (located in chromosome 5B)
that suppresses pairing among less reated chromo-
somes is the key to dien gene trandfers into durum
wheat. Thus, the use of the 5D(5B) disomic substitu-
tion line (that lacks chromosome 5B and hence the
Ph1 gene) could help promote whegt-alien chromo-
somepairing. Intriploid hybrids(2n=3x=21; ABJ)
invalving diploid Th. bessarabicumand 5D (5B) sub-
ditution line, Jauhar and Almoudem (1998) observed
more than 4-fold pairing compared to their counter-
parts with norma Phl. Another method of at least
partidly solving this problem is to use gppropriate
genotypes of wild grassesthat suppressthe activity of
Ph1, resultingin eevation of whegt-dlien chromosome
pairing (see Jauhar, 2001). Using these techniques of
cytogenetic manipulation, we have incorporated dien
chromatin in the durum genome and produced scab-
resistant germplasm (Jauhar and Peterson, 2000,
2001; Jauhar, 2003). Thirty lines from the advanced
hybrid derivativeswere evauated in 2004 inthe Fied
Scab Nursery in Prosper, North Dakota. Stability of
these dien integrations remains somewhat of a prob-
lem. However, we haveisolated severa stable durum
disomic addition lineswith apair of chromaosomesfrom
L. elongatum. Somedisomic additionshaveonly 11-
21% infection compared to 60-80% in the Langdon
checks under both greenhouse and field conditions.
We plan to use X-radiation to bresk thischromosome
and integrate its segments into the durum genome.
Unfortunately, whole dien arm or large segments are
not well accepted by durum whest that hes far less
genetic buffering than bread wheset. Introduction of
the shortest possible alien segment in the wheet ge-
nome should be a cytogeneticist’s god. Thisis par-

ticularly true of dien integrations into durum whest
where only dien segments of minima size would have
gability and consequent practicd usefulness. Intro-
duction of small chromasome segments by manipula
tion of the Phl geneis an effective Srategy.

Genetic Transformation and FHB Resistance -
As discussed above, traditionad methods involving
chromosome-mediated genetrandfershaveled to some
improvement of FHB resistance in bread whest; and
FHB-resistant germplasm has been produced in du-
rumwhegat. Thesetechniquesinvolving sexud hybrid-
ization can betedious and time-consuming (Jauhar and
Chibbar, 1999; Repdllin et d., 2001). Modern bio-
technologica approaches facilitate direct and asexud
incorporation of desirable genesinto otherwise supe-
rior wheat cultivars (see, for example, Jauhar and
Khush, 2002). Such transgenic gpproaches to com-
bat FHB in wheat and barley were described by
Dahleen et d. (2001). FHB resistance in whest was
achieved by expressng antifungal genes, including
TRI101, PDR5, and thaumatin-like protein (TLP)
genes that degrade structura components of the fun-
gus and/or interfere with biochemica and metabalic
processes in the pathogen (Okubara et a., 2002,
Anand et d., 2003). However, a mgjor obstacle to
durum whest transformation has been the lack of an
effident in vitro regeneration protocol. We standard-
ized the in vitro regeneration method as well as
transgenic technology for durum wheet (Bommineni
and Jauhar, 1996, Bommineni et d., 1997; Satyavathi
and Jauhar, 2003; Satyavethi et a., 2004). Usingthese
technologies, we areincorporating antifungd genesinto
durum cultivars and testing them for FHB resistance
(see dls0 paper by Satyavathi et d. in these proceed-

ings).
CONCLUSION

Although the gability of dien chromatin integrations
into the durum genome remains a problem, we have
produced severd stable durum disomic addition lines
withapair of chromasomesfromL. elongatum. Some
of these disomic additions have only 11% infection
compared to 60-80% infectionin the Langdon checks,
which is encouraging. However, moving genes from
the added chromosometo the durum genome remains
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achdlengethat we are currently undertaking. Wefed
that al available tools of traditiond plant breeding,
cytogenetics, molecular genetics, and biotechnology
should be used to combat this devastating disease of
whegat. We hope that with concerted, multidisciplinary
approaches, plant scientistiswill beabletowintherace

againg this funga pathogen.
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ABSTRACT

An overdl god of the breeding program is to enhance the development of Fusarium head blight (FHB) ress-
tant cultivarsfor the Southeast. During the 2003 whegt season, asevere epidemic of scab occurred in Georgia
resulting in economic losses of millionsof dollarsintheregion. Numerous producers had difficulty in marketing
their grain due to high DON concentration that was above the 2% leve established by the millersin the Sate.
Currently, theleading cultivars avail able to southeastern producers are moderately susceptibleto scab. Whesat
cultivarswith higher leve of scab resistance are needed to reduce the economic lossesfrom thisdisease. The
level of resstance within the dite lines of Georgia s program has sgnificantly increased. Three dlite breeding
lines, GA941523E21, GA941320E24, and GA941318E22, evaluated in both greenhouse and field screening
were identified with high level of Fusarium resstance smilar to Ernie. Severa dite breeding lines with good
scab resistance from both native and exotic sources are so being evauated in multi-locations for yield and
agronomic performance. Recently several new cultivars (Coker 980582, Truman (MO 980525) and IN
97395B1-4-3-8 are available as parents with good scab resistance and better resistance to other diseasesthat
should make excellent parents. Double haploid and backcross techniques are being used to facilitate the
trandfer of Fusarium resistance. Marker assisted sdlection (SSR) is being employed on backcross and double
haploid linesto identify FHB resistance derived from exotic and native sources. DNA sampleswere extracted
from 147 DH plants generated from 8 crosses. Fifty-sx plants showed postive for the QTL on 3BS with
markers, Xgwm 533 and BARC 133. The plants will aso be screened for the other QTLSs on chromosome
5AL and 2BS.
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ABSTRACT

Some effort aimed at the improvement of resi stance to Fusarium Head Blight (FHB) has been practiced within
spring wheat breeding programs for many years. With the advent of the US Wheat & Barley Scab Initiative,
however, such efforts have become mgjor resource expenditures. As such, it ssemsworthwhileto periodicaly
monitor progress from such endeavors. In our first attempt to gauge progress, the objective of this project was
to determine whether resstance to FHB in spring wheat germplasm sdected in the upper Midwest has in-
creased from 1998 to 2003. To facilitate such measurement, atest was composed which included 10 varieties
that were released to growers between 1998 and 2003, aswell as 21 breeding linesthat were sdlected within
the same time frame to continue their advancement through their repective breeding program (i.e., advanced
to datewide preliminary yield trids). Five additiond lineswereincluded in the test as checks. These artificidly
inocul ated tests were grown under migt-irrigation at Brookings, SD and Prosper, ND during the 2004 growing
season. FHB severity data were collected from each four-replication test. Data were subjected to analys's of
variance over locations. Year of release or advancement and entry means were used as independent and
dependant variables, repectively, to fit asmple regresson mode. It was found that entries were sgnificantly
different with respect to FHB severity, however, the dope of the smple regresson line was not Satigticaly
separable from zero. These results suggest that much phenotypic variation for FHB severity is present within
this germplasm. At the same time, it appears that the entries sampled from the 5-year time span are dill too
variable, with respect to FHB severity, to begin monitoring progress in the advancement of FHB resstance.
This becomes more intuitive when one consders that within the South Dakota State University spring whest
breeding program, as an example, populations formed after 2000 in the hopes of increasing FHB resstance,
have yet to reach the preiminary yidd trid stage of the program where lines used in this study were selected.
Additiona attempts to examine progress in FHB resistance breeding will likely be initiated in the future.
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ABSTRACT

Our long-term god is to clone the genes respongble for Fusarium Head Blight (FHB) tolerance conferred by
the barley chromosome 2(2H) QTL. Towardsthisend, we are saturating the region with molecular markers,
identifying BAC dones for each molecular marker, and developing isolines with minima segments of the
resstant parent (C14196) genome in the susceptible parent (Morex) genome background. We have used
three sources of molecular markers targeted to the QTL region. These are: 1) synteny with the rice chromo-
some 4 region including the BAC/PAC clones OSINBb0091E11 to OSINBa0029H02 (~365kb) and
OSINBa0014K 14 to OSINBa0010HO02 (~2.2Mbp). There is a gap of unknown distance between
OSINBaD029H02 and OSINBaD014K 14. Ninety-seven unique barley ESTs were identified from the 28
riceBACs, 2) wheat ESTsmapped to group 2 deletionlines; 3) barley ESTsmapped by Gary Muehlbauer’s
laboratory to thelong arm of chromosome 2(2H) using the Barley1 microarray (Muehlbauer et d., in prepara
tion). Additiond map saturation will be achieved usng the Diversity Arrays Technology (Wenzl et d., 2004.
Proc. Natl. Acad. Sci. USA 101:9915-9920). Each molecular marker identified to map to the target region
will be used to isolate barley BAC clones. Fingerprinting of these BAC clonesisin progressin collaboration
with Tim Close and results to date can be viewed at “ hitp://phymap.ucdavis.edu:8080/barley”. Lines with
recombination in the Bin8-11 region are being used to develop isolines using back crossing method.
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ABSTRACT

Resstance againgt FHB is becoming increasingly important for new durum whest varieties. No-tillage sowing
isincreasing and with it the infection pressure for FHB among other diseases. Therefore it isimportant for a
breeder to have knowledge about the resistance of hismaterid. This concerns breeding linesand dso varieties
that might be used as parents.

Saatzucht Donau is a private breeding company with programs for both winter and spring durum whest. The
conventiond assessment of FHB wasto scoreit when it occurred naturaly. Three years ago we started to use
artificid inoculation, amethod which had been aready established for screening winter bread wheet. To avoid
the problem of too early ydlowing of the ears hindering the scoring of FHB the trids are grown &t alocation
which is not a durum wheet region but has generdly later maturity.

For spring durum wheet we sow triple rowswhich areinocul ated by spraying with aspore solution that has half
the concentration of that used in winter whesat to prevent overkill. Inoculation is done twice to account for
differencesin flowering. Heading (days after June 1%) and the percentage of bleached ears per plot (on ascale
from 1 to 9) are scored. Usudly two to three FHB scorings are possible. Parallel natural occurrence of FHB
isscored in theyidd trids at the breeding station where the durum whest program is located.

Thefirst year didn’t give any resultsdueto bad plant establishment. To have more of amicro plot wewent from
double rowsto triple rows and try to sow with ahigh dengity. Particular attention is paid to the pH of the soil
as durum whest turned out to be alot more sengtive to acidity than bread whesat. The two following years we
could compareaset of 21 varieties/breeding linesover years and locations. Although the heading dates showed
a very good correlaion over stes and years the FHB scores did not. The only significant correlation was
between the scores under naturd infection over two years. Surprisngly in both years the scores from atificid
inoculation showed a much higher (negetive) corrdation with heading date than those from naturd infection.
Partly this might be due to the generdly lower scores under naturd infection. Our results dso did not confirm
the ratings of some of the varietiesin the French officid variety list. Overdl we are not past the judgement that
“the bad are probably susceptible and the good ones might be more resistant”.

Inwinter durum whest, 1m2 plots were sown adjacent to the winter bread whest inoculated tria but were not
Sorayed, again to prevent overkill. Even so the infection pressure was sufficient for producing up to 90%
infected heads. 2004 was the first year of winter durum whest testing and those results correlated quite well
with a very heavy naturd infection occurring at the yield trid ste. Breeding lines that performed well under
naturd infection in 2004 will be tested together with the winter bread wheat in 2005 to verify the results.
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ABSTRACT

Artificial inoculations with Fusarium spp. may require large amounts of fungal biomass. Production of inoculum
should be cheap and easy. Idedlly, the inoculum should be produced before the inoculation period, it should be
storable under stable conditions and available quickly when required. The method described here fulfills these
requirements and is suitable for the production of conidia suspensionsin very large quantities. We use mung bean
(Vignaradiata (L.) Wilczek) broth and produce fungal biomass with the bubble breeding method (Mesterhazy,
1978). Mung bean broth is produced by adding 20 g beansin one liter of boiling water. The beans are cooked for
about 21 minutes until the pericarp starts to burst. The liquid is immediately filtrated to remove the beans and
autoclaved. After seeding, theflasks (10 L) are continuously aerated with sterileair for 5 days at room temperature.
Thereafter the bottles are stored overnight at 5°C (to collect microconidia 36 hours are recommended). The
conidiawill settle at the bottom. Above the conidia layer the supernatant is present consisting of amycelia layer
and the remaining clear liquid medium. By aspirating the supernatant, the mycelium and the surplus medium can
be removed. The conidia from severa bottles can be collected and the procedure can be repeated if further
concentrating of conidiaisrequired. Conidial concentration is determined with a hemacytometer. The suspension
can be frozen (-80°C or at —20 to —30°C) in smal aiquots. The aiquots must be quickly thawed for examplein
lukewarm water (25-30°C) before use. We successfully produced inoculum with al Fusarium spp. tested including
F. graminearum, F. culmorum, F. avenaceum, F. ceredlis, F. equiseti, F. acuminatum, F. poae, F. sporotrichioides,
F. tricinctum, F. subglutinans, F. verticillioides, F. proliferatum, F. oxysporum and F. solani. Additiona remarks: 1)
conidial concentrations after bubble breeding typically varied from 5* 10° to 2* 10° conidia/ml, 2) after removal of
the supernatant the conidial concentrations routinely increased with a factor 10, 3) aggressiveness of the frozen
strains was tested with a seedling test and remained stable for at least 4 months, 4) freeze-thawing increased
aggressiveness (compared with the non-frozen inoculum), 5) different strains of a single Fusarium spp. may
produce different amounts of conidia, 6) the ratio of macro- to microconidia can vary extremely from strain to
strain within the same Fusarium spp.
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ABSTRACT

A wheat population of 96 doubled haploid (DH) lines from a cross between *CM82036" and ‘ Remus was
investigated in detail for Fusarium head blight (FHB) resistance. ‘CM82036' carries two QTLs for FHB
resstance (Qfhs.ndsu-3BS and Qfhs.ifa-5A) and dl 4 QTL classesresulting from dl possible combinations of
these QTLswere present in the nursery (24 linesin each class, including the parents). Res stance was assessed
after spray inoculation with 8 different fungd strains on separate plots. The strainsused were: F. graminearum
(2 grains), F. culmorum (2), F. avenaceum (2), F. sporotrichioides (1) and Gerlachia nivale (1). Disease
incidence (ameasure for Type | resstance) and disease severity (Typel plus|l) was assessed 4 to 5 times at
different time points after inoculation. Experiments were done over two years on two locations (Tulln, Audtria
and Szeged, Hungary). In addition the lines were tested for resstance to funga spread (Type 1) with point
inoculation (2 seasonsin Tulln, Audrid). Two Fusarium grains (F. graminearum and F. culmorum) cameto
use. Spread of the symptoms (number of diseased spikelets) was assessed 4 times at different time points after
inoculation. AUDPC was cal culated and used for further analyses. The results showed that: 1) highly significant
differences in FHB resistance were present between genotypes and QTL classes both after soray and point
inoculation, 2) drains varied highly sgnificant in aggressiveness, 3) Qfhs.ndsu-3BS did not reduce disease
incidence, 4) both Qfhs.ndsu-3BS and Qfhs.ifa-5A improved resi stanceto spread, but the effect of Qfhs.ndsu-
3BSwas sgnificantly higher than Qfhs.ifa-5A, 5) in genera additive effects of both QTLs were observed on
disease severity and resistance to spread, 6) after spray inoculation Qfhs.ifa-5A was effective agang dl
srains and this QTL decreased disease incidence and disease severity, 7) after soray inoculation Qfhs.ndsu-
3BS sgnificantly reduced disease severity of al drains except F. sporotrichioides and one strain of F.
avenaceum. It is concluded that Qfhs.ndsu-3BS improved only Type Il resstance and Qfhs.ifa-5A manly
Typel resstance. Qfhs.ifa-5A waseffective againg al tested fungd specieswhereastheresultsfor Qfhs.ndsu-
3BS were inconsistent in this respect.
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ABSTRACT

Two wheat populationswere tested for resistance to deoxynivaenol (DON) and Fusarium head blight (FHB).
Inthefirgt population 96 doubled haploid (DH) lines originating from across between CM82036' and ‘ Remus
wereinvestigated. All 4 QTL classes, depending on the presence/absence of Qfhs.ndsu-3BS and/or Qfhs.ifa-
5A, were represented (24 lines each, including the parents). In the second screening nursery (SN population)
127 genotypes were tested. Included were well-known highly resistant lines, breeding materid and negeative
checks. Both populations were tested for DON resistance (DONR) with 3 methods: electrolyte |eakage of
flag leaf disks, germination of seeds and gpplication of DON in the ear. They were investigated for FHB
resstance (FHBR) after spray inoculation (2 locations, 2 seasons). The DH and the SN population were
tested with 8 and 3 fungd dtrains, respectively. Disease incidence (Type | resistance) and disesse severity
(Type I+1) were assessed. Resistance to spread of the fungus (Type Il) was investigated using single spikelet
inoculation with 2 gtrains (2 seasons). In salected wheat lines concentrations of DON, DON-3-glucosideand
other glucoside conjugates were determined with HPLC - Tandem Mass Spectrometry. QTL anadyses were
done with the DONR data for the DH population. DONR and FHBR data were compared (correlation
analyses). The mogst important resultswere: 1) in both populations ANOV A andyses showed highly significant
differencesin DONR between the wheat lines for each DONR eva uation method, 2) DONR in the ear was
not related with DONR in other plant tissues, 3) gpplication of DON in the ear resulted in typical FHB
symptoms, 4) ‘Sumai3', * Nobeokabozu' and their derivatives expressed high DONR in the ear, 5) Qfhs.ndsu-
3BS improved DONR (AUDPC was reduced from 12.47 to 2.37 units), 6) Qfhs.ndsu-3BS was the only
QTL detected for DONR in the DH population (LOD = 47, Ré = 0.90), 7) DONR in the ear was correlated
with Type Il resstance only (r = 0.78), 8) DON-3-glucos de was detected after DON application inthe ears,
and 9) therewasahighly sgnificant postive correlation between the DON-3-glucosde/DON ratio and DONR
inthetoxin treated ears (r = 0.81). It is concluded that DONR plays an important role in the FHBR complex.
We hypothesize that Qfhs.ndsu-3BS either encodes a glucosyl-transferase or regulates expression of such an

enzyme.
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OBJECTIVES

To identify and map quantitative trait loci (QTL) for
Type Il resistance (resistance to spread) from a po-
tentialy new source of resistance.

INTRODUCTION

Fusarium head blight caused by Fusarium spp. and
Michrodochium nivale has caused mgor economic
lossesinwhegt and barley industriesworldwide. Other
than‘ Sumai 3’ and Sumai 3-derived lines, few sources
of strong resistance have been identified and verified.
The identification and mapping of QTL from new
sources of resistanceis needed to enable breedersto
prevent againg genetic uniformity and to most efficiently
deve op cultivarswith effective combinations of resis-
tance.

MATERIALSAND METHODS

A population of 130 dihaploid lines was developed
from a cross between ‘ Flycatcher’, an FHB suscep-
tible wheat, and CASS94Y 00009S-51PR-4B-0M-
1Y-OM (designated ‘CASS4’ from this point on-
ward), an FHB resistant F6 line derived from a cross
between a synthetic hexaploid (TK SN1081 / Ae.
tauschii (222)) and ‘Mayoor’. (Mujeeb-Kazi, 1995;
Mujeeb-Kazi et a., 1999).

Onehundred and eight of the 130 dihgploid (DH) lines
in addition to CASS%4, Hycatcher, ‘W14 (an FHB
resstant check, Jiang, 1997) and ‘Norm’ (an FHB
susceptible check) were planted sixteen times over a

period of seven and a haf weeks in the greenhouse,
At the seedling stage, plants were verndized for 2
weeks. Single floret inoculation was conducted just
prior or post dehiscence by pipetting 10v4 of F.
graminearum macroconidial suspension at 50,000
spores/ml [a1:1 mixtureof two isolates: PH-1 (NRRL
31084) and a second isolate from a M| whest field]
into a single floret cavity. Immediatdy following in-
oculation, plantswere misted for 72 hours. All spikes
inoculated on a single date were consdered a single
replication. Replications included plants from differ-
ent planting dates, the number of spikes inoculated
per genotype per replication varied, and not every rep-
lication included dl genotypes. In totd, 12 replica
tions of inoculation were conducted over a 10-week
period. Over the entire experiment, 21 to 42 spikes
wereinoculated per DH line(i.e. approximately 1.75-
3.5 spikes were inoculated per DH line per replica
tion).

The number and percent of visualy scabby spikelets
wasevauated at 7, 10, 14, 17(or in onereplication at
18) and 21 days post inoculation (dpi). Area Under
the Disease Progress Curve (AUDPC) was cd culated
at 10, 14, 17 and 21dpi for the number and percent-
age of scabby spikelets according to Shaner and
Finney (1977). Genotypic means and experiment-
wise LSDs were estimated in SAS® 8.2 using Proc
Mixed L Smeans.

One hundred and thirty DH lines, in addition to
CASS94 and Flycatcher, were genotyped using
microsatdlite (SSR) primer pairs. Two hundred and
twenty two microsatellite primer pairs (169 BARC,
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18 GDM, 32 GWM and 3 WM C) were polymorphic
between CASS94 and Flycatcher and were used to
genotype the population. Linkage map congruction
was performed in JoinMap® 3.0 (Van Oijen and
Voorrips, 2001). QTL andyss was performed in
Windows QTL Cartographer V. 2.0 (Wang et 4.,
2001-2004) using Single Marker Analysis (SMA,
p<0.05) and Composite Interval Mapping (p<0.01).
The LOD threshold vaue of each trait wasempirically
derived for a 0.01 experiment-wise error rate using
1000 permutations. Testsfor epistas swere conducted
using Multiple Interva Mapping function of QTL Car-
tographer V 2.0.

RESULTS

There were significant differences among progeny for
al disease scoring methodsat dl dpi. Neither CASSH4
nor Flycatcher exhibited a high leve of resstance,
reveding that the population exhibits a high levd of
transgressive segregation.

The population showed the expected 1:1 segregation
ratio for the mgjority of SSR loci. One hundred and
twenty —nineloci, amplified by 123 primer pairswere
mapped to 26 linkage groups on 16 chromosomes,
covering atotal of 700.8 cM. Overdl, the map was
congstent with other previoudy published wheat maps
(map not shown).

SingleMarker Andysis(SMA) and Composite Inter-
va Mapping (CIM) both identified amgor QTL for
FHB resstance on chromosome arm 2DL, having R
values ranging between 0.29-0.60 and LOD scores
ashighas25.1 (Fig. 1, Table1). ThisQTL wasiden-
tifiedin every dissese measureat every dpi. ThisQTL
ismos closdy linked to Xgwm539 and resistance is
from CASS24. The average phenotypic mean for 99
of the 108 DH lines (data for this locus was unavall-
able for 9 lines) with the CASS4 dlde veraus the
Flycatcher dlde a Xgwm539 isshown in Teble 2.

Other QTL and putative QTL with smdler R vaues
(between 0.04 and 0.15) were dgnificant in some
measures of disease at some dpi according to CIM
and/or SMA on chromosomes 3B (in the region of
Qfhs.ndsu-3BS), 1B, 5A, 5D and 4A. All of these

QTL, except two QTL identified on 4A, coincidewith
QTL for FHB resstance identified by other research-
ers. No epidtatic interactionswereidentified between
any of these QTL and/or between these QTL and the
QTL identified on chromosome arm 2DL.

DISCUSSION

These results strongly confirm the presence of aQTL
on chromosome arm 2DL for Type Il resstance to
FHB, asfirs reported by Somerset d., 2003. This
QTL has been named Qfhs.crc-2D. Somers et d.,
2003, investigated FHB resstancein adihgploid popu-
lation in which res sance was associated with the par-
ent ‘Wuhan-1' (aChineseaccess on of unknown pedi-
gree, D. Somers pers comm.). Wuhan-1 and
CASSH (the resstant parent in the population re-
ported here) do not have any known common parent-
age. Although the four different measurements of dis-
ease and five different dpi used in this study were not
independent of one another (i.e., different experiments
were not conducted for each measurement method
and dpi), Qfhs.crc-2D wasidentified asamagor QTL
using al disease measurements/dpi combinations, re-
flecting the importance of this QTL in resstance.

Xgwmb539, the marker most closdly associated with
Qfhs.crc-2D, is highly polymorphic across diverse
collections of germplasm (McCartney et d., 2004;
Quarrieet d., 2003) and amplifies only asngle locus
(Quarrie et a., 2003). These characteristics of
Xgwmb539 make it ided for marker-assisted selec-
tion. Although Qfhs.crc-2D appears to be closely
linked to Xgwmb539, the density of the genetic map in
theregion of Qfhs.crc-2D should be increased. Ei-
ther the Qfhs.crc-2D QTL has an even greeter effect
than indicated here, or Xgwmb39 isextremey cosdly
linked to the QTL.
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DPI |#SS [%SS |AUDPC |AUDPC
#SS %SS

7 0.54 |0.49 [n/a n/a

10 ]0.60 [0.56 |0.58 0.54

14 10.54 (0.59 |0.53 0.53

17 (0.42 |0.55 (0.48 0.49

21 [0.29 |0.39 [0.34 0.45

Allele at Xawm539

Measure of Disease JCASS94 Flycatcher
#SS 7 dpi 1.6 3.6

#SS 10 dpi 3.4 8.5

#SS 14 dpi 6.0 12.3

#SS 17 dpi 8.5 13.7

#SS 21 dpi 11.0 14.5
%SS 7 dpi 9.9 22.3
%SS 10 dpi 20.7 51.9
%SS 14 dpi 36.3 74.4
%SS 17 dpi 50.2 82.3
%SS 21 dpi 64.7 87.5
AUDPC #SS 10 dpi 8.3 20.1
AUDPC #SS 14 dpi 13.6 27.6
AUDPC #SS 17 dpi 17.0 29.5
AUDPC #SS 21 dpi 22.0 31.1
AUDPC %SS 10 dpi |51.3 122.9
AUDPC %SS 14 dpi |83.5 168.5
AUDPC %SS 17 dpi |103.1 179.4
AUDPC %SS 21 dpi |132.0 189.0
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RESISTANCE REACTION OF BRAZILIAN WHEAT
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ABSTRACT

Fusarium Head Blight (FHB) or scab, induced by Gibberella zeae (anamorph: Fusarium graminearum), is
consdered one of the most important wheat diseases in the southern region of Brazil and a chalenge to
researchers because of the conducive environment to the pathogen during plant anthesis. Control measures,
such as crop rotation and fungicide control and resi stance, have not been completely efficient. The more recent
endemic occurrence took place in 1997, 1998, 2000, and 2001, years of high rainfal. The objective of this
work isto gather information on resistance reaction of 25 whest cultivars of Embrapa Trigo recommended in
the State of Rio Grande do Sul. Thewhest cultivarswere exposed artificidly to disease favorable conditionsin
the field. One hundred spikes were collected for evauation a two growth stages: milk and ripening. The
incidence, the severity, and the percentage of grain with symptoms of FHB were evaluated. The resstance
reaction of the cultivars was based on the percent of scaby-infected grains. Embrapa Trigo rel eased anumber
of Brazilian cultivars, suchasBRS 177 (1999), BRS 179 (1999), BRS Timbalva (2002), BRS Louro (2003),
BRS Umbu (2003), BRS Camboim (2004), and BRS Taruma (2004), that were considered moderately
resstant to FHB in the field test.

93



Host Plant Resistance and Variety Devel opment
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OBJECTIVE

To survey SSR markers Xgwm389, Xgwn493 and
Xgwmb533 within a collection of conventionaly bred
Spring experimental whest lines, documenting result-
ant marker-phenotype relationships.

INTRODUCTION

Marker-asssted selection (MAS) is a promising yet
unproven technology for breeding better scab ress-
tance in wheat. Res stance derived from Sumai 3 has
been utilized widdy in North American whest breed-
ing efforts. A mgjor resstance QTL, Qfhs.ndsu-3BS,
was discovered within Sumal 3 (Waldron et a, 1999).
SSR markers for this BBSQTL have been identified,
and their usefulness confirmed, in numMerous Mapping
populations (Anderson et a, 2001; Angerer et d.

2002; Bourdoncleand Ohm 2002; Bowen et a. 2002;
Buerstmayr et a. 2002; Chen et d. 2002; Gonzalez-

Hernandez et al. 2002; Waldron et d. 1999; Xu et dl.

2002; Zhou et d. 2002, 2003). Zhou et d. (2003)
discussad the promises and limitations of using theses
SSR markersin MAS. An interest in gauging the im-

pact on agronomic and resistance characters associ-

ated with using these markers for sdlection led to the
initiation of this study.

METHODSAND MATERIALS

Plant materials and field trials: Sixty-four ex-
perimentd lineswere sdected for inclusonin thissudy
from within the South Dakota State University spring
wheat breeding programin 2002. Twenty-two of these
lines(F, ,, F,,, or F, ) were sdlected from our ad-
vanced yid trid, (AYT) while 42 lines (F, , or F, )
originated fromwithin our prdiminary yiddtrid (PYT).

Nineteen of the 42 entries were known to include
Sumal 3inthar pedigrees (Table1). ‘Briggs, ' Sumal
3 and ‘Wheaton' were included as checks in each
fidd season. This 67-entry trid was conducted in a
mist-irrigated nursery in Brookings, SD during the
2002, 2003, and 2004 growing seasons. Tedts in-

cluded two replications in a randomized complete
block design. Plotswereasingle 1.67 mlong ~ 0.33
m wide row. Disease was introduced by inoculating
20 to 25 heads / plot after emergence of anthers on
spikeswithin the plot. Diseaseincidence (percent dis-

eased heads within a plot) and severity (percent dis-

eased spikelets/ head) datawere recorded for calcu-

lating disease index vaues (incidence ™ severity) each
year. Type |l FHB resistance was rated according to
Hu et d. (2000). Grain yied (g/n?), test weight (¢/
dl), and kernd tombstone ratings were collected on a
sngle-plot basis after harvest in 2002 and 2003.

SSR assay: DNA wasextracted from 0.25 g of young
leaves from each entry usng DNAzol ES solution
(Molecular Research Center, Inc) according to the
manufacturer’s protocol. SSR primer sets gwma389,
gwmd493 and gwmb533 were synthesized on the basis
of sequence information (Roder et a. 1998). PCR
amplification was carried out with dight modification
according to Roder et d. (1998) and Anderson et d.
(2001). PCR products were separated on 6% poly-
acrylamide sequencing gdls and visudized with Slver
ganing, following a protocol described by Yen et d.
(2000). The size of an SSR dlde was estimated by
comparing the gel position of abands dengity pesk to
agtandard curve caculated using a 10-bp DNA lad-
der. Atleast threereplicationsper PCR reaction were
carried out to verify band size estimation. Where the
esimated polymorphic aleles differed by fewer than
10 bp, the questionable PCR products were loaded
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sSdeby sideon additiond gelsfor more accurate com-
parisons.

Data analyses. ANOVA was carried out on disease
incidence, severity, and index, as wdl as yidd, test
weight, and percent tombstone kernd ratings over
years using the GLM procedure in SAS (SAS Indti-

tute, Cary, NC). Single-marker analyss was per-

formed using the GLM procedure in SAS to test the
sgnificance of phenotypic differences associated with
SSR genotypes. F-testswere carried out to compare
lineswith different SSR genotypes. Single-degree-of-

freedom contrastswere a0 performed to test the sig-

nificance of phenotypic trait differences between lines
with and without Suma 3 in ther pedigree. Pheno-
typic differenceswere consdered assgnificant, highly
sgnificant or very highly sgnificant where P < 0.05,
0.01 or 0.001, respectively.

RESULTSAND DISCUSSI ON

The SSR dlde patterns and mean performance of
phenotypic traitsfor each entry were summarized over
years and are presented in Table 1. Mean differences
were ether highly or very highly sgnificantly between
yearsfor al traits. None of thelineswereranked asR
intermsof FHB resistance, while 11 lineswereranked
asMR, 41 asMS, and 12 as S. No entry possessed
the same SSR genotype as Suma 3. Only SD3776,
(moderate FHB resistance) had dl three Sumai 3dle-
les associated with the 3BSQTL, and it was the only
linethat shared the Xgwm389-135bp dldewith Suma
3, suggesting a high recombination rate between the
3BSQTL and Xgwm389-135bp. Two lines, SD3777
and SD3784, had the same Xgwm533-145bp dlde
that Sumai 3 had, and were ranked as MS and MR,
respectively. Thirty-three lines shared the Xgwm493-
190bp dldes with Sumai 3. Generdly, no sgnificant
differences were observed for any of the phenotypic
traits among Xgwnm493 genotypes. However, lines
with the Xgwm493-190bp dlde differed sgnificantly
from thosewithout thisaldein termsof diseaseindex,
suggesting that this SSR marker may have somevaue
in MAS for improving FHB resistance. Entries pos-
ng different Xgwm389 or Xgwmb33 dldes dif-
fered very sgnificantly in terms of disease incidence.
Entries with different Xgwm533 dldes dso differed

ggnificantly intest weight and yield. A dear digtinction
was not observed between the SSR genotypes and
FHB resstance within lines having Sumai 3 as a part
of their pedigree, nor among lineswith and without an
SSRdldecommonto Suma 3. Highly sgnificant dif-
ferences existed for percent tombstone kernels be-
tween entries with and without Sumai 3 in their pedi-
gree. Differences among these contrasting groups of
entrieswere not daidicaly sgnificant for the remain-
ing traits, dthough differences among the meanswere
noted. Specificadly, entrieswith Sumai 3 in their pedi-
gree had lower incidence, severity and thus disease
index vaues (P = 0.07, 0.1 and 0.09, respectively)
than those without.

The following conclusons may be drawn from this
study. Firdt, environment had a very strong impact on
the performance of al the traits studied as evidenced
by very sgnificant year to year difference for dl phe-
notypic traits. Second, differences in performance
among entrieswere generdly very sgnificant for each
trait. Third, Suma 3 dleles made alarge contribution
to the improvement of percent tombstone kernd rat-
ing. They adso dightly aided with the improvement of
other resstance parameters, dbeit sgnificant differ-
enceswere nonidentifiable. Lastly, MAS based soldly
on the SSR markers associated with the 3BSQTL
might not be asrdliable as desired for improving FHB
resstance. It did, however, appear that line selection
based on SSR genotypes seemed to have no detri-
mentdl effect on yidd.
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TOWARDS MAP-BASED CLONING OF THE QFHSNDSU-3BS
QTL THAT CONFERS RESISTANCE TO FUSARIUM
HEAD BLIGHT IN WHEAT
S. Liut, M.O. Pumphrey?, X. Zhang', RW. Stack?,

B.S. Gill>and JA. Anderson”

Dept. of Agronomy & Plant Genetics, University of Minnesota, St. Paul, MN, USA;
2Dept. of Plant Pathology, Kansas State University, Manhattan, KS, USA; and
3Pant Pathology Dept., North Dakota State Univ., Fargo, ND, USA
*Corresponding Author: PH: (612) 625-9763; E-mail: ander319@umn.edu

ABSTRACT

One objective of our research isthe map-based cloning of amgor QTL (Qfhs.ndsu-3BS) for Fusarium head
blight (FHB) resistance in wheat. Two SSR markers (Xgwm533 and Xgwm493) that flank Qfhs.ndsu-3BS
were used to screen amapping population of 3,155 plants derived from asingle F, plant heterozygousfor the
Qfhs.ndsu-3BSregion. A tota of 382 recombinants wereidentified. To increasethe DNA marker dengty of
thisQTL region, STS (sequence-tagged Site) markers were devel oped from wheat ESTsthat are homologous
to rice genes on the sub-distal region of rice chromosome 1S. The STS markers and two more SSR markers
were used to genotype the 382 recombinants. A high-resolution map was congtructed that contains 16 mark-
ers covering adistance of 6.4 cM. The high-resolution map revealed a complex microsynteny among whest,
rice and barley at this QTL region. Homozygous recombinants were screened for FHB resistance and
Qfhs.ndsu-3BS was placed to alessthan 1 cM interva containing five DNA markers. We are phenotyping
additiond homozygous recombinantsto further narrow down the marker interva containingthisQTL. Thefive
DNA markers were used to screen a Chinese Spring chromosome 3B BAC library. Each marker detected 5
to 6 positive BAC clones. Two BAC clones were detected by the same two DNA markersthat are 0.3 cM
gpart. New DNA markers developed from the positive BAC clones are being used to close the physica gaps
of the QTL region.
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CHARACTERIZATION OF THE RPL3 GENE FAMILY OF WHEAT
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ABSTRACT

The production of trichothecenes is an important virulence factor of Fusarium graminearum on whest.
Trichothecenes bind to ribosomes and act as inhibitors of eukaryotic protein biosynthesis, thereby most likely
suppressing induced defense responses of the host plant. Mutants of S cerevisiae showing semidominant
resstance to the trichothecene trichodermin alowed the cloning of TCM1 (trichodermin resistance), which
wasfound to encode ribosomal protein L3 (RPL3) (Fried and Warner, 1981). Our group hasrecently identified
severad mutationsin yeast RPL3 which confer DON resistance (Mitterbauer et al., 2004).

We have sarted the characterization of the RPL3 gene family of whest in order to find out whether aldes of
RPL3 exig in nature which cause different resstance properties againgt deoxynivaenol (DON). The RPL3
gene family of wheet congsts of Sx genes, three homeologs of the paralogous loci RPL3A and RPL3B. We
developed gene specific primers and cloned and sequenced the genomic fragments and cDNAs from three
different wheat cultivars with different Fusarium resistance (Frontana, the Sumai 3 derivative CM 82036, and
the susceptible dite cultivar Remus). Sequence analyss reveded very high smilarity between homeol ogs, and
none of the amino-acid aterations leading to increased resistance in yeast were found in any of the cultivars.
Three SNP-based markers could be devel oped which alowed the mapping of theseRPL3 genesby using two
double haploid mapping populations. One of the genes maps close to a previoudy identified resistance QTL,
fine mapping with a high resolution mapping population is ongoing.

In pardld aso cDNAs of dl homeologs from the resistant cultivar Frontana were cloned and expressed in
toxin sengtive bakers yeast. All wheat cDNASs can complement the yeast rpl 3 gene disruption mutant. Smal
differencesin the susceptibility againgt DON between the homeol ogswas observed. Despitethelack of mutations
conferring high leve resigance, we hypothesize that differentid utilization of TaRPL3 isoforms with different
properties could lead to differencesin basa DON resistance.
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ABSTRACT

Fusarium head blight (FHB), caused by Fusarium graminearum Schwabe [telomorph=Gibberella zeae
(Schw.)], isanimportant wheat disease worldwide. Production of deoxynivaenol (DON) by F. graminearum
in infected wheat grain isamgor safety concern for anima production and human hedlth. To data, a mgor
QTL on 3BS has been identified across various genetic backgrounds. Many other QTL have been reported,
but their chromosome locations are incong stent among different studies. Chinese Spring isa Chinese landrace
with moderate resstance to FHB. A set of aneuploid genetic stocks have been developed and widely used in
different genetic gudies. Inthisstudy, aset of 34 ditelosomic lines derived from Chinese Spring was eva uated
for Type Il FHB resstance to determine effect of missng a chromosome arm on FHB resgtance. All 34
ditelosomic lines derived from Chinese Spring were repestedly evaluated for percentage of scabbed spikelets
(PSS) inthe greenhouse. Cultivars Sumal 3 and Clark were used as resistant and susceptible controls, respec-
tively. Significant variation in amount of FHB infection was observed among the ditelosomic lines tested. PSS
ranged from 17.6% to 94.6% for ditelosomic lines dthough PSS was 48.0% for Chinese Spring, suggesting
that missing onechromosome arm can Sgnificantly dter theleve of FHB resstancein Chinese Soring. Ditdosomic
linesDT3BS, DTEDS, DT7AL and DT7BL demonstrated a significant decrease in PSS compared to that in
Chinese Spring, while, DT1AL, DT1BL, DT1DL, DT1DS, DT3AL, DT3AS, DT3BL and DT6BL had Sg-
nificant higher PSS than that for Chinese Spring. The results suggest that severd genes on different chromo-
some arms may involve in FHB resstance in Chinese Spring and they may elther enhance or suppress FHB
infection in Chinese Spring.
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ABSTRACT

Fusarium head blight (FHB), caused by Fusarium graminearum, isamgor biotic constraint of whesat pro-
ductionin South Dakota. Breeding res stant varietiesisthe most efficient approach for combating this problem.
Six genotypes congisting of susceptible winter wheat ‘Nekota and ‘2137, moderately susceptible winter
wheat ‘Harding’, moderately resistant spring wheat ‘ND2710" and ‘BacUp’ and resistant spring wheat
‘Ning7840 were crossed in apartia diadlel mating design to determine combining ability of FHB resistance. F,
crosseswere eva uated in the greenhouse, and F,, crosseswere screened in both greenhouse and migt-irrigated
field conditions. One parent * Nekota was excluded from dialel mating design at the field condition because of
few F, seed and poor plant stand. In the greenhouse, both F, and F, were atificidly point inoculated at
anthesis, whereas F, crosses in field condition were atificialy inoculated by a combination of corn spawn
Spread at jointing stage and inoculum suspension spray at anthesis. Disease index percentage (incidence % *
severity%/ 100) of the crosseswas andyzed using Griffing’s method 4 and modd 1. Generd combining ability
was highly sgnificant (P<0.01) in both greenhouse and field conditions, but specific combining ability was
sgnificant (P<0.05) only in F,, crossesin greenhouse condition. The results showed that both additive and non-
additive gene effects are involved in the inheritance of FHB resistance. Theratio of combining ability variance
components [(28° .. /28 .., tSs.»)] ranged from 0.66 to 0.89 indicating that additive gene effects are more
important than non-additive gene effects.
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ABSTRACT

GrainGenes (http://wheat.pw.usdagov/GG2), the internationd database for genetic and genomic data about
Triticeae species (e.g. whest, barley, and rye) and Avena sativa (oat), was updated and extensvely rede-
sggnedin 2004. The underlying database is now built on the MySQL relaionda database platform, and isfully
integrated with the GrainGenes website into one resource. The new architecture provides marked improve-
ments in data delivery with respect to speed, query power and user-friendliness. Pre-formatted “Quick Que-
ries’ from the traditiond GrainGenes have been updated to interface with the new database, and additiona
advanced SQL and Batch Queries have been added. Over 1,100 chromosome maps from over 120 map
Sudies can now be viewed viaCMap, acomparative map display to identify and highlight common loci among
multiple physica and genetic maps. The GrainGenes CMap server includes dl mapsin the GrainGenes collec-
tion, plus a separate database with Rudi Appes Wheat Composite map compared to its component maps. A
BLAST sarver offers custom databases such as mapped wheat ESTs, EST-SSRs, Barley1l GeneChip exem-
plars, and Triticeae repeat sequences. Other improvements include extended report pages, such as a new
“marker” page that combines locus and probe data. Many of the improvementsin GrainGenes 2.0 have been
guided by comments and suggestions from our users, and we welcome further feedback as we continue to
enhance its vaue as a resource for the grains research community. GranGenes is a product of the USDA
Agriculturd Research Service (ARS).
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INTRODUCED THROUGH THE USWBSI/
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OBJECTIVES

This paper reportson resistance level sin spring wheat
germplasm introduced into the U.S. through a.collabo-
rative agreement between the U.S. Wheat and Barley
ScabInitiative(USWBS) and TheInternational Maize
and Wheat Improvement Center (CIMMYT) in
Mexico. Specificaly it reports on resistance in
germplasm from Brazil, Argentina, Japan and
CIMMYT.

INTRODUCTION

Fusarium graminearum Schwabe (teleomorph
Gibberella zeae (Schwein.), dso known as scab is
an increasingly important problem in the north-centra
region of the United States because of the emphas's
on consarvation tillage, (Wilcoxson et d., 1988; Ba
and Shaner, 1994), rotations with corn (Windels and
Kommedahl, 1984), thelack of effective cultura and/
or fungicide control (McMullen et d., 1997) and the
lack of effective sources of genetic resstance. Host
resstance has long been considered the most eco-
nomica and effective meansof control (Schroeder and
Christensen, 1963; Martin and Johnston, 1982), but
breeding has been hindered by alack of effectivere-
sstance genes and by the complexity of theresistance
in identified sources (Mesterhazy, 1997). No source
of complete resstance is known, and current sources
provide only partia resistance, often in genetic back-
grounds with inferior agronomic type. The identifica-
tion of different sources of resistance and their incor-
poration into adapted wheat varidtiesis critical to the
continued improvement of Fusarium head blight ress-
tance in whest.

In 2000, a collaborative agreement was initiated be-
tween the USWBSI and CIMMYT to promote the
exchange of scab resistant germplasm among research
programs globaly. The overadl goaswereto acquire
new sources of scab resstancein an effort to diversify
the gene pool and facilitate the utilization of resistant
germplasm in whest. The collaboration dso has en-
abled closer collaboration and exchange between the
U.S. and CIMMYT. It was proposed that where
CIMMYT lines combined scab resistance with other
disease res stance genes necessary for economic pro-
duction of wheet in the U.S. this collaboration would
greatly accelerate the release of scab resistant cullti-
varsfor U.S. production.

Todate, 313 lineshave been introduced, quarantined,
screened and distributed to interested scientistswithin
the USWBSI. These lines have included lines from
CIMMYT (117), Brazil (19), Argentina (107), Uru-
guay (5), Japan (15), China (30), Romania (7), and
Hungary (13). Anadditiona 186 spring wheets from
CIMMYT are currently under quarantine. Thispaper
reports on resistance levels of lines from South
America, Japan and CIMMY T introduced in 2001.

MATERIALSAND METHODS

In 2001, 173 spring wheet lines including lines from
Brazil, Argentina, and Japan were introduced into
Missouri dong with 32 spring wheatsfrom CIMMYT.
Lineswere quarantined, increased, screened, and veri-
fied for typell resstanceto Fusariumgraminearum.
Resistant (‘Ernie’) and susceptible (MO 94-317)
check varietieswere included in al screens.
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Disease Evaluation: Type |l disease evauation was
conducted inthegreenhouse. At first anthesis, 8 plants
per linewereinoculated with 10uL of amacroconidia
suspension of Fusarium graminearum concentrated
to 50,000 macroconidia/mL. Inoculumwasplacedin
asngle centrd floret using an Oxford 8100™ repeat
digpensing syringe. For dl inoculations, asngle iso-
late was used which had been previoudy determined
to bethemost aggressive Missouri isolateon Missouri’s
mogt resstant cultivar, Ernie. Plantswereincubated in
amigt chamber (100% relative humidity) for 72 h post-
inoculation to promote disease devel opment and then
returned to the greenhouse bench where disease de-
velopment continued. Plantswererated at 21 d post-
inoculation. Data collected included the number of
spikelets on the inoculated head and disease spread
defined as the number of diseased spikelets on the
inoculated head. The Fusarium head blight index
(FHBI) was determined as disease pread/tota spike-
lets on the inoculated head. In addition to disease
gpreed the rachis adjacent to the inocul ated floret was
inspected for disease symptoms and scored as either
0 (nodisease) or 1 (disease symptoms). Lineshaving
a mean disease spread of less than or equa to 2.5
spikeetsintheinoculated heed were retained for veri-
fication of disease resstance scores. Verification was
conducted using smilar protocols.

RESULTSAND DISCUSSION

Mean FHBI in the preliminary screen of 173 lines
ranged from 3.6% to 79.4% compared with theress-
tant (18.0%) and susceptible (62.5%) check varieties
while mean disease spread in the inoculated head
ranged from 0.06 to 11.8 spikelets screened com-
paredto 2.1 and 6.3 spikeletsin the resistant and sus-
ceptible checks, respectively. Of dl lines screened,
one line from Argentina (Argentina 94) had no rachis
involvement in any of the plants screened while an
additional 10 lines had 6 or 7 of the eight plants
screened with norachisinvolvement. Lineswithamesan

disease spread of less than or equa to 2.5 spikelets
were re-screened to verify disease resstance levels.
Following verification, 65 lines had resstance levels
better than the res stant check Ernie(Table1 and Table
2). Although these sources of res stance gppear to have
high levels of type Il resstance, evauation of type |
resstance is necessary to fully determinefidd perfor-
mance. In addition, molecular genetic analysisinclud-
ing analysis with SSRs associated with known resis-
tancedldeswould hel p breeders make moreinformed
decisonsabout which of theselinesto includein cross-
ing programsamed at pyramiding different sources of
resstance in U.S. winter and spring whegts. All lines
areavailableto scientists within the USWBS for fur-
ther screening and/or inclusion in wheet research ef-
forts.
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Table 1. Evaluation of type Il resistance in spring wheat linesfrom Argentina that were introduced into
the U.S. through the USWBSI/CIMMY T germplasm collaborationin 2001. Lines presented were
screened using point-inoculations with Fusarium graminearum in 2002 and verified in 2003 at the Univ.
of Missouri and represent lines with resistance levels better than ‘Ernie’, the soft red winter resistant
check.

Designation  Cross Diseasespread  FHBI*

No. of spikelets %
Argentina 1 NING 8647 1.0 56
Argentina 3 WEAVER/3/CMH75A.66/CMH76.217//PVN 0.9 47
Argentina 5 COOPERACION MILLAN 14 9.0
Argentina 7 NANJNG 8049/KAUZ 0.7 44
Argentina 8 F7 BULK PY NO.5 0.6 36
Argentina14  SHA8/GEN 09 54
Argentina30  SHANGHAI 4 19 12.7
Argentina3l  PEKING 8 13 114
Argentina35  WUHAN #3 0.8 4.6
Argentina36  SHANGHAI 5 18 11.8
Argentina38  NING 8611 11 6.2
Argentina43  SUZHOE 1 0.7 4.6
Argentina50  Cl14227/TRM/MAD/3/FAN1 0.8 44
Argentina52  H855/3/CC//JUSTIN/JAR 09 5.6
Argentina55  PEL 73007 11 6.7
Argentina56  YMI #6 16 9.8
Argentina58  LAJ1409/LPI//PF7815/LAJ2079 11 74
Argentina59  PF7815 13 83
Argentina61  TP/NOBEOKA BOZU 14 7.6
Argentina64  PEL 73081 19 105
Argentina67  |AS53*2/TOKAI 66 13 8.8
Argentina74  TP/NOBEOKA BOZzZU 0.9 6.1
Argentina80  CEP8837 09 59
Argentina82  LFN/1158.57//PRL/3/HAHN 11 52
Argentina83  LAJ1409/LAJ2231/KLAT/PEL73001/3/LAJ1409/..... 0.7 44
Argentina89  SUZHOE #9 1.0 5.8
Argentina90  LAJ1409 0.9 6.4
Argentina93  P8L/TZPP*4//P68.16359 0.8 49
Argentina94  TP/INOBEOKA BOZU 0.8 49
Argentina101 V81608/3/CMH75A.66/CMH76.217//PVN 0.8 48
Argentina103 LAJ1409//KLAT/SOREN/3/LRI/NOBEOKA BOzZU 18 11.3
Argentina104 KLAT/PEL74142/LRI/NYUBAY /3/KLAT/CEP75203//... ... 15 9.2
Ernie RESISTANT CHECK 22 18.0
MO 94-317 SUSCEPTIBLE CHECK 6.3 62.5

T No. of spikelets showing disease symptoms 21 d following point-inoculation with Fusarium graminearum.
¥ Fusarium head blight index determined as the number of diseased spikelets/total spikelets on the inoculated head,
expressed as a percentage.
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Table 2. Evaluation of type Il resistance in spring wheat lines from Brazil, Japan and CIMMYT that were
introduced into the U.S. through the USWBSI/CIMMY T germplasm collaboration in 2001. Lines
presented were screened using point-inoculations with Fusarium graminearum in 2002 and verified in
2003 at the Univ. of Missouri and represent lines with resistance levels better than *Erni€’, the soft red
winter resistant check.

Designation Cross

Disease spread’  FHBI

No. of spikelets %
Brazil 1 PF87512/CATBIRD 0.7 6.5
Brazil 2 PF87512/CATBIRD 0.7 5.7
Brazil 3 VEE'S/JUN’'S//[BOW’ S'/3/BR23/EMB27 14 104
Brazil 5 OR1' S /IBR23/[EMB27 0.9 9.6
Brazil 7 PR8722/3/TJB368.251/BUC'S//BAU’ S'/4/OR1 1.6 16.7
Brazil 8 PF87509//PF87512/B.BAGUAL 0.6 4.6
Brazil 9 OR1//CEP8749/0R1'S 1.7 12.3
Brazil 10 CMH75A.270/5*MRNG//BAU’ S'/3/BR32/0R1 0.9 59
Brazil 11 PF87509//PF87512/B.BAGUAL 0.6 4.4
Brazil 12 EMB27/M1029-89/BR23/EMB27 14 16.9
Brazil 15 CMH75A.270/5* MRNG//BAU’ S /3/BR32/0R1 0.6 4.6
Brazil 19 EMB27/KLEIN H3450 C3131 1.4 115
CIMMYT 4 DESC/3/ALD/PVN/IYMI #6 14 8.0
CIMMYT5 CBRD/KAUZ 1.6 8.8
CIMMYT 6 WUHL/VEE#5//MUNIA 15 8.3
CIMMYT 7 WUH1/V EE#5//CBRD 1.0 51
CIMMYT 8 WUH1/VEE#5//CBRD 1.8 104
CIMMYT 10 WUHAN #2 1.3 7.1
CIMMYT 11 SABUF 0.9 53
CIMMYT 13  SHA3/SERI//PSN/BOW 1.3 74
CIMMYT 17 BAU/MILAN 1.9 10.2
CIMMYT20 XIANG82.2661/2*KAUZ 1.3 6.8
CIMMYT?21 ALD/PVN//YMI #6 1.7 9.7
CIMMYT?22 TINAMOU 1.1 6.2
CIMMYT?24 XIANG82.2661/2*KAUZ 14 6.5
CIMMYT26 JUP73R/PVN 1.6 9.3
CIMMYT 30 WUHL/VEE#5//CBRD 0.8 4.7
Japan 1 SHIRO KOMUGI 11 8.0
Japan 5 OKINAWA ZAIRAI YUUBOU 1.7 18.2
Japan 8 ASO ZAIRAI (MUBOU) 0.8 44
Japan 9 OOITA KOMUGI 2.0 9.8
Japan 13 CHIKUZEN 1.0 5.6
Japan 15 SUMAI 3 1.0 5.9
Ernie RESISTANT CHECK 2.2 18.0
MO 94-317 SUSCEPTIBLE CHECK 6.3 62.5

T No. of spikelets showing disease symptoms 21 d following point-inoculation with Fusarium graminearum.

¥ Fusarium head blight index determined as the number of diseased spikelets/total spikelets on the inoculated head,

expressed as a percentage.
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OBJECTIVES

Thisresearch was designed to confirm priminary re-
aults of the inheritance of scab resstancein Ernie that
were presented at the 2003 US Wheat and Barley
Scab Initiative Forum. The objectives of this paper
areto (1) update QTL associated with type Il resis-
tance in Ernie and (2) report on gene action associ-
ated with this source of resstance.

INTRODUCTION

Fusarium heed blight (FHB), also cdlled scab, caused
by Fusarium graminearum Schwabe [telomorph:
Gibberella zeae Schw. (Petch)], isan important dis-
ease of (Triticumaestivum, and T. durum) and bar-
ley (Hordeum vulgare L.) in warm, humid areas of
theworld. Host plant res stance is considered the most
economical solution to this disease; however, sources
of resstance are limited asis knowledge of the genet-
ics of resstance in many sourcesthat are widely used
in breeding programs. Research to date has primarily
been focused on resistance in the Chinese cultivar
Sumai 3(Waldronet d., 1999; Anderson et a. 2001),
its derivatives (Ba et a., 1999; Buerstmayr et d.
2002), the Brazilian cultivar Frontana (Steiner et dl.,
2003), as well as cultivars from Europe such as
Fundulea 201R (Shen et d., 2003).

The soft red winter wheet Ernie, released in 1995 by
the Universty of Missouri (McKendry et d., 1995)
has a moderatdy high leve of type Il scab resstance
and based on pedigree andysis, differs from Chinese
and other know sources of resistance. It isan impor-
tant source of resstance for US whest breeding pro-
grams because it is adapted and has end-use quality
essentid to the US soft wheat market. The genetics of

this source of res stance, however, have not been well
sudied.

MATERIALSAND METHODS

A set of 243 F, recombinant inbred lines (RILS) were
developed for QTL andysis from the cross Ernie /
MO 94-317. The experiment wasarranged asaran-
domized complete block design replicated 3timesand
grown in both 2002 and 2004. Eight plants per RIL
per replication were phenotyped for resistance. For
conventional analys's, 5 generations including the F,
(Ernie/MO 94-317), reciprocal F, (MO 94-317/
Emie), BC, (F,/Emie), BC,(F,/MO 94-317), and the
F, were developed. Plants were arranged in a com-
pletely randomized design and eva uated for resstance
in 2003. The experiment was repeated twice.

Greenhouse evaluation of disease reactions to F.
graminearum was done according to McKendry et
a. (2002). Phenotypic data collected included the
number of spikelets on the inoculated head and dis-
ease spread defined as the number of diseased spike-
lets on the inocul ated head. The Fusarium heed blight
index (FHBI) was determined as disease spread/total
Spikelets on the inocul ated head.

AFLP procedures followed manufacturer’s recom-
mendations from the AFLP System | Kit from
Invitrogen (Carlsbad, CA). Sixty-four EcoRI/Msel
primer pairsand 420 SSR primerswere used to screen
parents for polymorphisms. Sequence information of
SSRs was from Roder et d. (1998) and Q. J. Song
and P. Cregan USDA-ARS, Bdtsvile, MD (persond
communication). The chromosome |ocations of these
SSR markers were from Roder et d. (1998) and J.
Shi and R. Ward, Michigan State University (persond
communication). Analyses of variance and QTL mul-
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tiple regressons were done usng SAS Version 8.0.
MapMaker 3.0 was used to construct the linkage
maps. Composite intervad mapping was done using
QTL Cartographer 1.16 modd 6. Generation means
analyses were conducted according to Mather and
Jinks (1977).

RESULTSAND DISCUSSION

A totd of 139 markersincluding 94 SSRand 45 AFLP
markers were mapped on 19 chromosomes. Two
chromosomes, 4D and 6D had only one marker. The
order and distance of most mapped markers were
consistent with the reference map (Roder et d., 1998;
Shi and Ward, persond communication). Based on
composite interval mapping a LOD =3.0, four QTL
on chromosomes 2B, 3B, 4B and 5A were conss-
tently identified in both years of the study (Table 1,
Figure 1). A fifth QTL on 5DL associaed with the
SSR marker Xgwm182 identified in 2002 was not
present in 2004. All dleleswere from Ernie and were
associated with increased resistance. Ongoing research
isamed a saturating QTL regions on chromosomes
3B, 5A and 5D, and re-phenotyping recombinantsin
those regionsin order to resolve differencesin QTLS
over the two years of study and to identify markers
with closer linkagesto QTL pesk positions.

Conventiond genetic analysis agreed closdly with the
results of the QTL andyds. The minimum number of
effective genes conferring resstance to FHB was cdl-
culated from RIL variances for both disease spread
and FHBI using the Cockerham’s modification
(Cockerham, 1983) of Wright's formula (Wright,
1968) in which the F, and F, generations are consid-
ered homozygous. Gene numbers conditioning dis-
ease spread were 4.3 and 4.2 for 2002 and 2004,
repectively while gene numbers conditioning FHBI
were 3.8 in both years. Results of generation means
anaysis (Table 2) indicated that both disease spread
and FHBI, agenetic modd containing additive, domi-
nance and additive x dominance epidatic effects fit
theobserved data. Additive effectsfor reduced spread
accounted for 95.7% of the observed variation while
dominance effects accounted for 3.4% of the varia
tion. Similar results were obtained for FHBI where
additive effects accounted for 95.2% and dominance

effects accounted for 4.2% of the variation. In both
cases, the additive x dominance effect accounted for
lessthan 1% of the variation and was not Sgnificant at
P=0.05.

Generation variances provided estimates of the addi-
tive (D), dominance (H) and environmentd (E) com-
ponents of the F, phenotypic variance. Broad-sense
heritabilitiesfor disease oread and FHBI were 78.2%
and 78.3% respectively while narrow-sense herita:
bilitieswere 51.3% and 55.4% for di sease spread and
FHBI, respectively. Broad-sense heritabilities deter-
mined from the combined andyses of variance of dis-
ease ressance in RILs were in good agreement with
those determined from generation means analyses.
Heritability for disease spread was 0.70 £ 0.06 while
that for FHBI was 0.87+0.025.

Results of the inheritance study indicate that type |1
resstance in Ernie is heritable, has moderately high
narrow-sense heritability and isconditioned by 4 genes
that act in aprimarily additive fashion. Results suggest
that it should be possibleto develop varigtieswith high
levelsof FHB resstance by selecting for transgressive
segregatesin crossesthat combine resstancein Ernie
with other complementary sources of resstance.
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Table 1. Quantitative trait loci (QTL) associated with Fusarium head blight index (disease
spread/total spikeletsin the inoculated head) in recombinant inbred lines from the soft red winter
wheat cross Ernie/MO 93-317 from experiments conducted in 2002 and 2004.

Chromosome QTL peak Additive  Source of
location' Marker® position® LOD R (%)  effect dleles
2002
2B Xgwm 319 118.5 4.0 5.4 -5.6 Ernie
3B XgwmO77 98.8 3.0 5.1 -5.0 Ernie
4BL Xgwm49s 0.0 6.7 9.7 -6.7 Ernie
BA Xbarc165 40.7 8.7 235 -10.1 Ernie
2004
2B Xgwm271 115.5 4.0 6.0 -5.3 Ernie
3B E8M1 1 121.7 4.1 11.2 -6.4 Ernie
4BL Xgwm495 0.0 35 5.7 -4.6 Ernie
5A Xbarc165 447 3.1 7.5 -5.2 Ernie

T Locations determined based on linked SR markers.

¥ The closest marker to the QTL can be either Ieft or right flanking.
§ Distance measured in centiMorgans (cM) from the terminal marker on the short arm of the

chromosome.

1 Percentage of the phenotypic variation explained by the QTL as determined by QTL

cartographer.
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Figure 1. QTL associated with type |1 scab resistance in the soft red winter wheat cross Ernie
X MO 94-317. Abbreviations are defined as follows. FHBIWW and FHBI = Fusarium head
blight resistance index with and without wilted spikelets; SpreadWW and Spread = number of
diseased spikelets with and without wilted spikelets, in the inoculated head

Table 2. Estimates (+ SE) of genetic effects for disease spread and the Fusarium head blight
index (FHBI) from 6 generations of the soft red winter wheat cross Ernie/MO 94-317 following
greenhouse inoculation with Fusarium graminearum.

Parameter’ Disease spread FHBI
m 6.78+ 0.17 52.17 + 1.00
[d] 513+ 0.18 37.70+1.01
[h] -2.71+0.39 2148+ 2.41
[i] -3.15+1.02 -21.80 + 6.52
re 4.32 2.52
P 0.120 0.280

"' m = mid-parent value, [d] = the additive genetic effect, [h] = the dominance genetic effect, [j] =
the additive by dominance interaction effect, ?is chi-squared val ue testing the goodness-of -fit of
the genetic model to thedata, and P is the probability associated with the 7 statistic.
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OBJECTIVES

To develop new improved hard red spring wheat
(HRSW) cultivar that combines novel source of resis-
tance to Fusarium heed blight (FHB) disease and su-
perior grain yidd and bread-making qudlity.

INTRODUCTION

Fusarium head blight, commonly known as scab, has
been a serious threat to whesat production throughout
theworld (Schroeder and Christenson, 1963; Bai and
Shaner, 1994; McMullen et al., 1997; Stack, 2003).
InNorth America, FHB iscaused mainly by Fusarium
graminearum Schwabe [telomorph Gibberella zeae
(Schwein.)] (Ba and Shaner, 1994; McMullen et dl.,
1997). Regiondlly, whest scab hasbeen amgjor dis-
ease for hard red spring wheat (HRSW) produced in
North Dakota and neighboring states since 1993.
Recent reports (Nganje et d., 2004) estimate com-
bined direct and secondary economic losses caused
by FHB for dl cropswere a $7.7 billion. Two States,
ND and MN, account for about 68% ($5.2 billion) of
thetota dollar osses. Direct economic lossesfor wheeat
only were estimated to $2.492 hillion from 1993 trough
2001 (Nganjeet ., 2004). The use of genetically re-
gdant cultivars is the most efficient and economica
method of controlling this disease in HRSW. Asa
matter of fact, in 2002, 2003, and 2004, “Alsen”, a
moderate FHB resistance cultivar derived from the
Chinese source® Sumai 37, released in 2000 by NDSU
(with the support of the scab initiative funds) was
planted on more than 2.1, 2.4, and 1.9 million acres
representing 30.8, 37.4, and 28.9% of ND wheat
acreages, respectively (N.D. Agricultural Statistics
Service, USDA. 2002; 2003; 2004). The rapid in-
creasein acreage planted to ‘ Alsen’ indicates the de-
sre of ND wheat growers to produce such HRSW
cultivars. However, the use of Chinese materid as

source of resstance to FHB aso brings with it the
problem of genetic vulnerability risks that may be
caused by thelack of genetic diversity for FHB ress
tance. Therefore, any new HRSW cultivar with FHB
resstance different from Sumai 3 is warranted.

MATERIALSAND METHODS

Stedle-ND was sdlected from the cross * Parshall’ /5/
"Grandin’ /3/1AS20*4/H567.71// Amidon’ /4/
Grandin*2/’Glupro' that was made in 1996. The F,
was grownin thegreenhouseand F, growninthefield
at Cassdlton, ND in spring and summer of 1997. Two
hundred spikes were selected from F, and advanced
to F, in the greenhouse in fal of 1997 usng sngle
seed descent. Selection of spikesin the F, generation
was based on agronomic appearance and reactions
to FHB and foliar diseases. One spike from each F,
plant was selected, harvested, threshed, and planted
inoneF, ,row plot in 1998 at the Casselton Experi-
mental Station, ND. The selected F_ , plot of Steele-
ND was harvested, threshed in bulk, and included in
the Prliminary Yied trid (PYT) asanF, ; at two lo-
cationsinthe Summer of 1999. TenF,, sdlected spikes
fromthe Cassdlton, ND PY T were harvested, threshed
in bulk, and sent to Christchurch, New Zedand (NZ)
in 1999-2000 for seed increase and generation ad-
vancement (F, ) inafour row5mlong plot. F, , seed
from the NZ increase was used to establish the Ad-
vanced Yidd Trid (AYT) a four locationsin ND in
2000. Subsequently, the line was tested as ND 741
(F,,) intheND Variety Trids(NDVT) in seven locar
tionsin ND from 2001 to 2003. Steele-ND was aso
tested inthe HRSW Uniform Regiond Nursery (URN)
and Uniform Regiond Scab Nursery (URSN) from
2001 to 2003 in North Dakota, Minnesota, South
Dakota, Nebraska, Montana, WWyoming, Washington,
and Manitoba, Canada. Whilethe PY T were planted
intworeplicatesat twolocations, theAYT andNDVT
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were planted in four replicates at four locations. The
plot szesof the PYT and AYT were 7 rows, 17 cm
goart, and 3m long. The plot Sze of NDVT however,
islarger than used PYT and AYT’s but variable de-
pending on the Ste.

RESULTSAND DISCUSSIONS

Reaction to FHB and leaf diseases - Based on 12
field Ste-yearsin ND mig-irrigated and artificidly in-
oculated FHB, URN, and URSN nurseries conducted
between 2001 and 2003 on Steele-ND ismoderately
resstant to FHB. Average FHB severity for Stede-
ND was 35.5% comparable to Alsen (34.7%) but
ggnificantly (p<0.01) lower than the susceptible check
2398 (72.6%). Visual scabby kernels of Stedle -
ND (26%) was aso very low (p<0.01) compared to
the susceptible check 2398 (69%), but smilar to Alsen
(25%). Stecle-ND does not include ‘Sumai 3’ in its
pedigree and the source of resstanceisbeing investi-
gated. A population of 212 F, , recombinant inbred
lines(RIL) derived from the cross of FHB susceptible
line, ND 735 with Stedle-ND was developed for the
purpose of mapping the FHB genesinvolvedin Stede-
ND. Preliminary results (Mergoum, unpublished data,
2004) on molecular marker Xgwm533, which maps
to 3B, the location of QTL for genes for resstance
coming from Sumai 3 (Anderson et d., 2001), showed
that resstance in Stede-ND is different from Sumai3.

The seedling and adult plant screening tests conducted
under greenhouse conditionsfrom 2001-2003 showed
that Steele-ND posses high level of resistance to
pathotype THBL, the predominant race of leaf rust
(caused by Puccinia triticina Eriks) in the region.
Stedle-ND was eva uated from 2000 to 2003 &t the
USDA-ARS, Cered Crop Research Unit, Fargo, ND
for resistance to stem rust (caused by Puccinia
graminis Per..Pers. f. gp. tritici Eriks. & E. Henn)
and was found to be highly resstant to pathotypes
Pgt-QCCJ, -QTHJ, -RTQQ, -TMLK, -TPMK, and
-HPHJ. Steele-ND was a0 screened in the green-
housefor Septorianodorum [caused by Stagonospora
nodorum (Berk.) Cagtdlani & E.G. Germano] and
tan spot [caused by Pyrenophora tritici-repentis
(Died.) Drechs]. Onascaleof 1to5wherelisress
tant and 5 susceptible, Stedle-ND had average scores

of 4 and 3 In reaction to Septoria nodorum and tan
spot compared to 5 and 5 for the susceptible cultivar
Alsen and 1 and 1 for the resstant check ‘Erik’, re-

Spectively.

Agronomic performance and quality parameters
- Gran yidd of Stedle-ND (3958 kg hat) over 23
gte-yearsof testingintheNDVT and AYT wasSmi-
lar to ‘Reeder’ (3951 kg ha't) and Parshall (3843 kg
hat), but Sgnificantly (p<0.05) higher than Alsen (3716
kg ha'). In the URN trials conducted from 2001 to
2003 (47 site-years), Steele-ND yielded 3682 kg ha
! compared to 3507, 3562, and 2647 kg ha? for
‘Keene, ‘Verde, and * Chris , respectively (LSDO0.05,
163 kg ha). Mean grain volume weight of Stede-
ND (770 kg m?®) over 16 ste-years in NDVT was
similar to Reeder (769 kg m®) and Alsen (765 kg m
%), but sgnificantly (p<0.05) lower than * Dapps (799
kg m®) and Parshdl (780 kg m?). Inthe URN trids
however, Stedle-ND averaged significantly (p<0.01)
higher grain volume weight (768 kg m®) than Chris
(731 kg nr?), Verde (754 kgm®), and Keene (754 kg
m3). Smilarly, grain protein of Steele-ND (158 g kg
1) was comparableto Reeder (157 g kg*) and Parshal
(160 g kg?), but lower (p<0.05) than Alsen (163 g

kg?) and Dapps (162 g kg?).

Flour yield for Stedle-ND from 19 tridlsaveraged 703
g kg* comparedto 692, 691, and 681 g kg* for Alsen,
Parshdl, and Reeder, respectively (LSDO0.05, 15 g
kg?). Water absorption was 66.6%, significantly
p<0.05) higher than Reeder (64.3%) and Parshal
(64.7%), but not different from Alsen (65.3%).
Mixogram mix time (after 3 hrsfermentation) was 2.25
min, greater (p<0.05) than Reeder (2.00 min), Smilar
to Parshall (2.30 min) and lessthan Alsen (2.40 min).
The mixing tolerance of Stedle-ND (18.2 min) was
longer (p<0.05) than Reeder (16.4 min) and compa-
rableto Alsen (19.5 min) and less than Parshall (20.1
min). Loaf volume was 1126 mL, comparable to
Parshal (1126 mL) and Alsen (1110 mL), but supe-
rior (p<0.05) to Reeder (1084 mL).

Pant height of Stede-ND (82 cm) issmilar to
‘Gunner’, 5 cm taler than ‘ Alsen’, and 3 cm shorter
than Parshdl in 19 ste-years of NDVT. Stedle-ND
heads on average (60 d after planting) 1 d later than
Alsen and 1 d earlier than Gunner. Stede-ND has
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moderate resistance to grain shattering, comparable
to Alsen, and has medium straw strength that is
gmilar to Gunner.
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Table 1. Fusarium head blight (FHB) severity and Visua scabby kernels (V SK); leaf
rust (LR), stem rust (SR), tan spot (TS), and Septoria nodorum (SN) reactions of hard red
spring wheat Steele-ND, Alsen and 2398 grown under filed and greenhouse conditions,
Fargo, ND 2001-2003.

FHB FHB LR* SR* TS SN
Genotype  Severity VSK

(%0) (%0) (1-5 (1-5)
StedleeND 355 26 R R 4 3
Alsen 34.7 25 MS R 5 5
2398 72.6 69 R R - -

*R=Resstant and M S=M oderate susceptible

Table2. Agronomic and quality performances of hard red spring wheat Steele-ND,
Alsen, Reeder, and Parshall grown in North Dakota during the period of 2000-2003.

Agronomic traits* Quality parameters**
Cultivar GY PH DH GYW GP FE WA MT MT LV
Kgha om d Kgm® gkg gk % mn L m
g min
StedleND 3958 82 60 770 158 703 666 225 182 1126
Reeder 39%1 78 58 769 167 681 643 200 164 1084
Alsen 3716 77 59 765 163 692 653 240 195 1110
Parshall 381 85 61 780 160 691 647 230 201 1126

*GY=CGran yield; PH=Plant height; DH=Days to heading.
** GVW=Grain volume weight; GP=Grain protein; FE= Flour extraction; WA=Water
absorption; MT=Mixing time; MTL=Mixing tolerance; LV =Loaf volume.
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OBJECTIVE

Comparethe ussfulness of different genetic approaches
and evauate effective sdlection methods to increase
FHB resstance in wheat.

INTRODUCTION

The curiogty of the FHB is that genetic background
and symptom development can be very far because
disease development is strongly influenced by mor-
phological factors (Mesterhdzy 1987), aggressiveness
of inoculum (Mesterhézy 1983, 1995), duration of wet
period of the head, the complicated genetic back-
ground and the long flowering period of the wheet
genotypes. During the disease development different
res slance componentsinfluence symptom severity and
other traits like FDK, yidld loss, toxin contamination
and others (Mesterhdzy 1995). They often overlap
eech other. Theresult isfar diverging resultsin resis-
tance tests between years, locations and other condi-
tions. The phenotyping of DH populaionsfor medium
and lower effective QTLs shows clearly this
(Megterhdzy and Buerstmayr, unpublished, Chen et
a. 2003). For this reason the determination of ress-
tance needs careful work. For this severa methodical
rulesshould be applied (Mesterhézy 1997). Ashigher
resstance results mostly in lower toxin vaues (mostly
DON content, Mesterhazy et d. 2002), to increase
food and feed safety meansfirdt of dl to increase re-
sstance,

Actualy we can use different genetic Srategiesto in-
creeseresstance: A/ Thespring wheat Sumey-3QTLS
from different crosses is extensvely used and gener-
aly securesrather high resstancelevel. The3BSQTL
can beidentified now in MAS asaservice for breed-

ers of US. The problem is here that DH lines with
3BSshow highly significant differences. Therefore not
every plant with 3BS QTL will have high resstance.
Adapted Nobeoka Bozu lines are only in Hungary
(Mesterhdzy et d. 1999) and their resstance is com-
parableto that of the Sumey-3, but QTLsfor thiscul-
tivar have not been identified until now. Evauationsof
DH populations are in progress. B/ We can use more
adapted plant materid with known lesseffective QTLS
like from Frontana or Arina. C/ based on our long
year’ s observations we can use genotype with supe-
rior genotypes in crossing programs like cvs Renan,
Bence, etc. D/ We should check the FHB resistance
of genotypes from crosses made not for FHB ress-
tance as the experience shows that aso here superior
genotypes might be identified.

MATERIALSAND METHODS

In this paper the results of the 2002 and 2003 years
will be summarized. All inoculations were made with
two Fusarium graminearum and two F. culmorum
isolates as described by Mesterhazy (1995). Herethe
mean reactions to the isolates will be listed.

RESULTSAND DISCUSSION

In the past 30 years we had tested dl possibilities.
The mogt intengve work was made with Sumey3 and
NobeokaBozu (A). Frontanaand Arinawerenot used
as the spring wheset cvsin group A provided a much
higher resstance so their domestication did not seem
to be necessary (B). Case C was represented by
severd crosses, but D was searched moreintensvely
asthewhole advanced materid of theinditute together
with candidatesfor cultivar and released cultivarswere
screened since 20 years with about 1500 advanced
lines. Depending of the year 20 30 % of the geno-
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typestested had superior resistance to the check cvs.
Table 1 and 2 presents the group of genotypes bred
for FHB resistance. In Table 2 only the group means
will be presented. All Nobeoka Bozu progenies are
winter wheatswith good agronomic properties. Among
Sumey-3 progenies adso spring whests are present
mogtly from the cross Sgv/NB//MM/Sum3, but the
lines from the other crosses are winter whegts. The
resstance is highest in this group. However, the very
low FHB vaues are not aways accompanied by ex-
cellent FDK or DON data. The entries 163 and 210
have high FDK and DON ratios. Thisisthe phenom-
enon late blighting. All resstance sources have DON
content at about 10 ppm.

From the winter wheat crosses we have lines with
higher susceptibility. FDK and DON means are four

fold higher. The next group, wherethrough large scde
screening tests plus variants were found, has the same
performance than the lines from the winter whesat
crossesfor FHB except the DON datathat arelower.

The susceptible control cultivars have the worst data
in al respect. The Stuation is Smilar dso for 2003.

Fig. 1 shows the FHB-FDK regression form 2002.
Numerous genotypes with low or lower FHB have
high FDK values. At about 20 % FHB FDK dataare
between 13 and 70 %. Similar data are present for
FHB-DON (Fig.2) whereat 30 % FHB DON varied
between 6,2 and 101 ppm; and for FDK-DON (not
shown). So we sdlect firgt to low FHB severity; than
FDK should be checked and discard the highly in-
fected ones. At last, aDON test can discard the en-
trieswith higher DON contamination.

The data show that drategicaly the highly resstant
soring wheatsgivethehighest resstanceleved. Theuse
of Nobeoka Bozu results in a smilar resstance as
Sumey-3, therefore to decrease possible disadvan-
tages of only use of Sumey-3, could be highly impor-
tant worldwide. We have these lines. By their usein
winter wheet winter hardiness problems might arise.
Except saverd genotypes the yidding ability of such
genotypesislower than that of the control cultivars. It

means that the third generation materids will be most
useful for cultivar breeding. When superior winter
wheats are used for crossing, the resistance achieved
issmilar wefind a screening large scde materia sfrom
non FHB programs. Their best genotypes have smi-
lar FHB resstance than the more susceptible geno-
types of the first group. We think that this resstance
leve is sufficient to combat medium level epidemics
mosily present in Hungary with additiona fungicide
trestment when necessary. For higher leved of epidem-
icshighly effective QTLsare necessary to securegood
or excdlent food safety. Such genotypes are needed
for organic farming. It isimportant that thewinter wheat
in Europe contains consderable resstance to FHB
and can decrease infection severity by two third com-
pared to the susceptible popular cultivars. Variety of-
fices have the task to ban the way of the susceptible
cultivarsinto the commercia production and withdraw
the highly susceptible ones as soon as possible.

Screening experience teaches us that for large scale
screening a vaiant of the soraying inoculum or de-
ployment of infected corn supplied with migt irrigation
isthemogt effective. For thisreason res stance sources
for Type | are as important as Type Il. The use of
other resistance types like resstance to kernel infec-
tion and DON are highly important and helpful. It is
suggested to use different genetic gpproaches at the
same time to increase efficacy of the breeding work.

We have to evaluate or adapt breeding technologies
that dlow effective screening of segregeting popula
tions They differ in efficacy, exactness, but al make
possiblelarge scale screening in these populaions. This
is even more important as effect of smaler and me-
dium effective QTLs cannot be forecasted exactly.
Therefore the res stance differences can be identified
only inthe nursery. As breeding isa continuouswork,
misidentification of the resstance can be improved in
the next generation when susceptible plants have lower
infection value (escape or other reasons). When the
case is the opposite, e. g. moderate resistant plants
with high FHB vaues (for example longer mist irrige-
tion for early genotypes) can be discarded and lost.
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Table 1. FHB resistance of genotypes originating from different breeding approaches, 2002.

Plot FHB FDK DON Rel yield
No. Genotype % % ppm %
Resistance sources and their progeni es
454 Sgv/NB//MM/Sum3 0.00 0.67 5.20 75.68
276 Sgv / NB /I MM / Sum3 000 1.00 1.90 -
278 Sgv / NB /[ MM / Sum3 0.00 167 230 -
277 Sgv / NB /I MM / Sum3 0.00 350 340 -
150 Wuhan 6B 0.03 1256 6.60 92.16
156 Sumey3 054 1122 7.40 104.12
317 Zu/l Ré/ NB 055 283 810 76.81
292 Sgv / NB /I MM / Sum3 0.72 533 7.90 -
195 Zu/l Ré/ NB 099 311 390 95.49
286 Sgv / NB /I MM / Sum3 203 333 390 -
183 Sum3/81.61//Ko 3.06 16.67 8.20 56.90
289 Sgv / NB /[ MM / Sum3 311 167 1160 -
179 Sum3/81.61//Ko 315 761 530 64.23
163 Sgv/NB//MM/Sum3 318 26.00 13.50 68.90
210 St 902 /3/ Sgv /INB // MM / Sum 3 322 3833 2140 -
209 St 902 /3/ Sgv /INB /I MM / Sum 3 336 1233 8.70 -
176 RST/NB 412 9.67 830 69.73
159 Nobeoka Bozu 468 1156 4.50 66.78
172 RSt//MM/NB 540 16.50 6.00 60.58
169 Sgv/NB//MM/Sum3 550 21.78 13.40 74.67
175 RST/NB 6.86 9.17 5.20 67.33
282 Sgv/NB//IMM/Sum3 853 7.67 570 76.62
239 Frontana 700 2356 7.00 57.04
Mean 287 10.77 7.36 73.80
Genotypes from WW crosses
301 84.42 / 85.50 11.32 26.33 13.20 69.75
143 85.92// Ko/ In 12.63 25.00 13.30 -
189 BeSK48.21 16.20 55.00 35.10 -
196 Ttj/F379 1755 43.67 28.80 52.92
177 RSt 1835 2756 2890  44.53
53 80.1.61// Rst/ NB 21.11 35.00 20.40 55.32
52 Ke/ SO 89.807 21.33 38.67 20.20 49.34
442 Ttj / RC 103 25.95 53.00 17.40 55.80
299 Zu/ 85.50 30.21 62.11 23.10 49.38
115 Varkony 27.74 44.44 36.00 57.37
2249 45.64 26.27 62.06
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Table 1. cont.
Cultivars from non FHB programs

306 B 1201 18.08 47.72 2231  57.15
99 Tiszatg 2347 7167 1900 60.19
123 Smaragd 2542 4500 16.00 -

91 Attila 2553 39.89 10.10 68.49
82 Tenger 3043 44.17 2740 5823
90 Héa 38.19 48.67 19.10 51.37

26.85 49.52 1899  59.09
Popular susceptible control varieties

13 Zugoly 4457 80.00 5120  32.88
77 Ee 4591 7222 4560 4826
107 Miska 4789 7750 6860 4356
104  Favorit 4807 80.83 5300  44.21
78 Kaés 4842 7000 8230 3587
85  Verecke 59.14 80.00 75.00  37.70

Mean 4900 76.76 62.63  40.41

LSD 5% 313 699 2034 720

Table 2. FHB resistance of genotypes originating from different breeding approaches, 2003.
Group means

Plot Genotypes FHB FDK DON Rel.yield
No. % % ppm %
Resistance sources and their 1200 1940 910 6400
progenies
Genotypes from WW crosses 26.50 48.80 26.90 44.60

Cultivars from non FHB programs 35.80 48.10 34.60 31.00
ropular Susceptible control 5523 6578 7528  29.67

cultiviare
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Fig. 1. Relationship between FHB and FDK at 237 wheat
genotypes, 2002
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ObJECTIVES

Objectivesof the current study wereto describe FHB
reaction of the nursery againgt two-two isolates of F.
graminearum and F. culmorum. Additiona task was
to characterize the genotypes by different fidd traits
like yield, resstance to other diseases and qudlity.

INTRODUCTION

The USSRWW is an important ring test to evauate
FHB resistance of new breeding lines. In 2004 38
lines were evaluated and we added five good ARGE
lines from the last year nursery. As results show, the
epidemicinthisyear wasstronger thaninthelast yeer.

MATERIALSAND METHODS

The experimental design corresponds to Mesterhazy
etd. (1999). Ineach cultivar a5 m? plot wassown, in
each plot 4 (2+2) isolates were used for F.
graminearum and F. culmorum in three replicates.
A replicate meant 15-20 heads sprayed by theinocu-

lum and covered 48 hrs by polyethylene bags. Addi-

tiond migt irrigation has not been given. Following har-
vest 10 heads’head of group were separated, threshed
caefully. Thegranwasmeasured and FDK wasevau-

ated as most important resistance trait for FHB be-
sides DON response. Also plots were harvested and
NIR quality test was made. During vegetation period
powdery mildew, leef rugt, yellow rust and leaf spots
were evaluated. The data are comparable except the
severd genotypesinoculated at 01.06.2004 (480, 482,
489, 504) as herethe bag coverage lasted three days,
we received on Thursday 100 mm rain and we could
not remove bags only one day later.

RESULTSAND CONCLUSION

Table 1 presents the FDK vaues as most important
parameter.

The genotypes provide a wide range from 4.92 to
67.50. It seems that the materids with good ress-
tance increased from 2003. It is important to com-
pare F. graminearum isolates with the F. culmorum
isolates. In this case isolate 3 and 4 caused very low
symptom severity and only the most susceptible geno-
types provided significant FDK vaues. 1 with

InTable 2, theother FHB and field datawill be shown.
The ANOVA shows highly significant genotype effect
and the difference between isolatesis dso sgnificant.
Interaction islow, but sgnificant; the sourceisthe dif-
ferent aggressiveness behavior.

The tendency is smilar for the other FHB traits we
have seen for FDK. The corrdations are very close
between reactions to the different traits meaning that
low FHB vaues normdly mean low yield lossand low
FDK vaues. There are severd diverging genotypes
like the entry 503 and 481 with higher FDK vaues
than usud at this FHB vaue. At 490 we have the op-
posite Stuation, less FDK was found than accepted.
The corrdation between yield an FHB traits are a
0.12-0.15, not significant. For this reason, when fur-
ther test will bring smilar results, the higher resstance
should not mean automaticaly low yidding ahility.
Severd lineshave excdlent overal resstance, but oth-
ers are highly susceptible to ydlow rust ((Cooker),
leaf rust or powdery mildew. Wet gluten isexcept sev-
erd is over 28 %, but gluten quality was not mea
sured. It seems that resstance of the lines tested is
much better than in 2003 (Murphy et a. 2003).
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Table 1. FDK evaluation (%) of the harvested plant material, 2004.

Plot No. Genotype Isolates Mean
12377 Fg 40 FG 12375 Fc 12551 Fc
487 ARGE 97-1033-10-2 16.67 2.67 0.00 0.33 4.92
486 ARGE 97-1043-6a-5 18.33 4.00 0.00 0.00 5.58
511 NCO1-27308 11.67 4.67 0.00 6.67 5.75
492 VAO3W -646 23.33 5.67 2.67 1.00 8.17
512 NCO1-27809 7.67 11.00 0.00 16.67 8.83
278 ARGE 97-1047-4-2 22.50 17.50 0.00 0.00  10.00
477 B 011117 25.00 20.00 0.33 000 11.33
502 BERETTA 30.00 21.67 0.33 0.33  13.08
279 ARGE 97-1048-3-6 27.50 27.50 0.00 1.00 14.00
491 VAO3W -647 36.67 15.00 3.33 167 1417
493 VAO3W -671 33.33 25.00 0.00 100 1483
49 VAO3W -672 40.00 21.67 0.33 0.00 1550
483 ARGE 971064-13-5 43.33 18.33 1.33 000 15.75
490 VAOOQOW -526 30.00 31.67 2.33 200 16.50
501 MD 27-37 36.67 31.67 0.33 133 1750
276 ARGE 97-1033-3-5 50.00 17.50 3.50 350 18.63
507 F 96035G11-2 40.00 36.67 1.00 1.33 19.75
485 ARGE 97-1022-5-1 36.67 43.33 1.00 0.00 20.25
509 F 98198G2-1 60.00 30.33 0.00 000 2258
499 GA 951216-2E26 46.67 40.00 3.33 333 2333
506 D 99-5528 56.67 38.33 0.00 200 2425
277 ARGE 97-1042-4-5 55.00 40.00 3.00 250 25.13
483 AR 857-1-2 53.33 46.67 0.00 0.67  25.17
505 DOO*6874 56.67 45.00 3.33 200 26.75
275 AR 857-1-1 70.00 35.00 0.00 3.00 27.00
496 GA 951079-2E31 63.33 43.33 1.33 200 2750
508 F 96502G4-104 50.00 56.67 2.67 167 27.75
503 DOO 6383 76.67 38.33 0.00 0.33 2883
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Table 1 cont.
Plot No. Genotype Isolates Mean
12377 Fg 40 FG 12375 Fc 12551 Fc

503 DOO 6383 76.67 38.33 0.00 0.33 28.83
481 B 010098 53.33 56.67 3.00 3.67 29.17
500 GA 951079-2A25 65.00 50.00 1.67 1.33 29.50
478 B 990081 60.00 46.67 9.00 3.33 29.75
484 AR 93019-2-1 60.00 56.67 1.33 4.67 30.67
497 GA 95652-2E56 73.33 53.33 4.67 4.00 33.83
479 B 006624 70.00 36.67 17.33 16.00 35.00
475 ERNIE 70.00 70.00 1.67 4.00 36.42
510 NCO1-26765 68.33 60.00 20.00 6.67 38.75
495 VAO3W -652 60.00 65.00 1.00 33.33 39.83
489 ARGE 97-1008-3-3 60.00 46.67 21.67 43.33 42.92
498 GA 951216-2E14 83.33 56.67 31.67 25.00 49.17
504 DOO* 6847 83.33 70.00 36.67 60.00 62.50
476 COKER 9835 95.00 88.33 21.67 53.33 64.58
480 B006693 83.33 73.33 30.00 83.33 67.50
482 PAT 90.00 80.00 43.33 56.67 67.50
Mean 50.99 39.05 6.39 10.53 26.74

LSD 5% 1.04

ANOVA

Source of var. SS df MS F F crit.

Genotype A 134410.26 42 3200.24*** 50.51 1.42

|solates B 182713.73 3 60904.57*** 961.33 2.63

AXxB 49230.73 126 390.72*** 6.17 1.26

Within 21794.00 344 63.35

Total 388148.72 515

*** pP= (0,001
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Table 2. FHB performance and other traits at the Uniform Southern Soft
Red Winter Wheat FHB Nursery, 2004 (Data:means for four issolates)

Plot No. Genotype Traits
Yield
FHB% FDK % Ydloss% kg/plot
487 ARGE 97-1033-10-2 1.97 492 11.81 2.35
486  ARGE 97-1043-6a-5 2.05 5.58 22.31 2.76
507 F96035G11-2 3.38 19.75 21.34 2.51
511  NCO1-27308 3.57 5.75 20.30 3.70
485 ARGE 97-1022-5-1 4.38 20.25 20.80 3.10
477 B 011117 4.40 11.33 17.93 3.70
493 VAO3W -671 4.61 14.83 20.20 3.07
279  ARGE 97-1048-3-6 4.92 14.00 21.24 341
502 BERETTA 6.72 13.08 16.15 4.13
492  VAO3W -646 7.73 8.17 10.84 3.13
508 F96502G4-104 8.37 27.75 24.49 3.38
481 B 010098 8.60 29.17 37.11 1.71
488 ARGE 971064-13-5 8.75 15.75 19.04 3.00
503 DOO 6383 9.08 28.83 24.27 351
491  VAO3W -647 9.82 14.17 21.95 3.9
512  NCO1-27809 10.32 8.83 17.16 4.08
506 D 99-5528 10.82 24.25 28.47 3.07
509 F 98198G2-1 1094 22,58 25.71 2.93
497  GA 95652-2E56 11.03 33.83 27.67 3.83
501 MD 27-37 11.69  17.50 19.10 3.16
483 AR857-1-2 12.13 2517 32.29 2.98
505 DOO*6874 1219 26.75 30.78 3.61
494  VAO3W -672 1294  15.50 29.43 3.22
278 ARGE 97-1047-4-2 13.35 10.00 23.37 3.66
499  GA 951216-2E26 13.88 23.33 35.16 3.87
276  ARGE 97-1033-3-5 14.06  18.63 28.30 2.83
484 AR 93019-2-1 1538  30.67 37.08 3.48
490 VAOOW -526 1541  16.50 31.13 4.23
275 AR 857-1-1 15.81 27.00 28.23 3.16
496  GA 951079-2E31 16.82  27.50 18.23 3.46
478 B 990081 17.22 29.75 42.21 4.56
475 ERNIE 17.49 36.42 46.77 3.48
500 GA 951079-2A25 19.13  29.50 11.13 3.40
510 NCO1-26765 21.19 38.75 28.08 3.19
479 B 006624 24.11  35.00 46.00 3.54
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Table 2. cont.
Plot No. Genotype Traits
Yield
FHB % FDK % Ydloss% kg/plot

277 ARGE 97-1042-4-5 24.58 25.13 23.00 2.66
498  GA 951216-2E14 2515  49.17 38.59 3.96
495 VAO3W -652 2533 39.83 39.02 3.55
476  COKER 9835 40.57 64.58 66.60 3.90
489  ARGE 97-1008-3-3 4371 4292 53.28 2.46
482  PAT 61.56 67.50 63.29 3.59
504  DOO*6847 62.05 6250 62.42 3.64
480 B006693 65.28 67.50 56.49 3.19
Mean 17.03 26.74 30.20 3.35

LSD 5% 1.04 6.36 6.89 ‘-

Correlations between responses to traits

Yied

Traits FHB % FDK %  loss%

FDK % 0.8915***

Yieldloss% 0.8348*** 0. 8717***

*** p=0.001
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QUANTITATIVE-GENETIC ANALY SISOF FUSARIUM HEAD BLIGHT
RESISTANCE AND DON CONTENT IN EUROPEAN WINTER WHEAT
T. Miedaner” and B. Schneider

State Plant Breeding Institute, University of Hohenheim, Stuttgart, Germany
"Corresponding Author: PH: 49-711-4 59 26 90; E-mail: miedaner@uni-hohenheim.de

ABSTRACT

Fusarium head blight (FHB) is caused in Germany by Fusarium graminearum, F. culmorum and some
minor important species. Winter whest isthe most important crop grown on 3.2 Million hectar. For deoxynivaenal
(DON) an advisory level of 0.5 mg kg* in cleaned cereds has been passed by the German Government in
2004. Severd European winter wheet varieties have been described as resstant to FHB. For estimating
selection gain, we want to anayse (1) genotypic variation in five populations of European winter whests for
FHB rating, (2) heritability inlarge-scdetesting, (3) covariation between FHB rating and DON content in one
population. Five F,, (1* year) and F, ; (2™ year) populations derived from single crosses among resistant
(Piko, Arina), moderately resistant (Ambras, Pegassos) and highly susceptible (Ronos, Kontrast) parents
were tested a threeto five environments (=location X year combinations). Ninety-five progeny per population
were grown in drilled two-row microplots in three replicates and inoculated by F. culmorum. Werated FHB
severity on a1-9 scale (1 = no symptoms, 9 = >95%, respectively) and analysed DON by an immunoassay.

Mean disease severity across populations was medium to high. The parental means generdly resembled the
means of their respective progeny. Significant (P<0.01) genotypic and genotype x environment interaction
variances of amilar Sze were detected. Heritability was medium to high. All populations showed aquantitative
digtribution for FHB rating. Significant transgressive segregants in both directions were found in the Arina x
Piko and Pegassos x Ambras populations, athough the parents were quite smilar. Mean DON content in the
Arinax Kontrast population ranged from 22 to 87 mg kg, heritability was 0.81. High coefficients of pheno-
typic and genotypic correations (r=0.85 and 1.0, resp.) were observed between FHB rating and DON
content with the parents representing the extremes of the digtributions for both traits. In conclusion, high entry-

mean heritabilities and large genetic variaion within populations, even when crossing parents were rather
amilar, should lead to a high expected sdection response for FHB rating in multi-environmentd tests. Similar
parental and progeny means indicate an oligo-/polygenic inheritance with mainly additive gene action. A
cconsiderable indirect sdection gain should be redized for low DON content by sdlecting for lessFHB symp-
toms. Based on these results it should be feasible to reduce DON content in the grain and to increase FHB
resstance leve by recurrent selection within European genotypes as apromising dternative for the use of non-
adapted germplasm.
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CONTRIBUTIONS OF THE ARKANSASWHEAT PROGRAM
TOWARD THE DEVELOPMENT OF FHB-RESISTANT
SOFT RED WINTER WHEATS
Eugene Milus”, Robert Bacor?, Peter Rohmant,

Samuel Markell* and John Kelly?

!Dept. of Plant Pathology; and 2Dept. of Crop, Soil, and Environmenta Sciences,
University of Arkansas, Fayetteville, AR, USA
“Corresponding Author: PH: 479 575-2676; E-mail: gmilus@uark.edu

OBJECTIVES

To develop FHB-res stant soft red winter whest culti-
vars adapted to the Midsouth, to develop FHB-resis-
tant lines suitable for use as parents in breeding pro-
grams, and to assist other winter whest breeding pro-
grams with sdecting lines for resstance to FHB and
other diseases.

INTRODUCTION

Wheet cultivarsresstant to Fusarium heed blight (FHB)
are likely to be an important component of any inte-
grated management Strategy for FHB. Before FHB-
resstant cultivars will be accepted by growers in the
Midsouth, FHB resistance will need to be incorpo-
rated into agronomicaly suitable, hightyidding culti-
varswith adequate resstanceto other limiting diseases.
The Arkansas program has taken a short-term ap-
proach of crossing sources of resistance to adapted
cultivars in order to develop FHB-resstant cultivars
for the Midsouth as quickly as possible and a long-
term gpproach of parent building, that is, pyramiding
resistance genes in agronomically suitable back-
grounds. Tofadilitatethe deve opment of winter wheet
cultivarsresistant to FHB, the Arkansas program also
eva uates advanced breeding linesfrom al winter wheet
programs involved in developing FHB-resistant culti-

vars, early-generation populations and lines from
breeding programsin the Midsouth, and likely sources
of resstance in both winter and spring backgrounds.

MATERIALSAND METHODS

The Arkansas breeding program has been actively in-
volved in developing wheat using scab-resistant
sources since the 1991 FHB epidemic in Arkansas.
Originaly, the resstance geneswere from CIMMY T
(derived from Chinese and South American lines) and
Eagtern Europe (Romania and Yugodavia). Localy
adapted linesfrom those crosses have now been used
as parents for currently segregating populations. In
2000, a mgjor effort to pyramid resstance using F3
Arkansas breeding lines was undertaken. About 250
crosses were made using F3 Arkansas lines derived
from P88288C1 (type I); P92823A1 (type Il resis-
tance from Ning 7840); Ernie (type 1), Roane (types
IV & V), and Patton (typell). These popul ations have
been advanced using a bulk breeding procedure un-
der inoculated field conditions.

The Arkansas Germplasm Enhancement Program be-
gan making crosses for developing parentd lineswith
resstance to FHB, leaf rust, stripe rust, and Septoria
leaf blotchin 1997. Segregeating populationswerefirst
selected for adaptation, yield potentid, resistance to
foliar diseases, and visud grain qudity. Selected lines
from the most promising popul ations were further se-

lected for FHB resistance under high disease pressure
ininoculated, misted nurseries at two locations during
each season. Lineswith low levels of FHB based on
visud ratings were harvested and further selected for
low levelsof scabby seed and high visud grain qudlity.
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Sdected lines eventualy were evauated for type Il
resstancein the greenhouse, but these greenhousetests
were not part of the salection process. A recurrent
selection project for FHB resistance was begun in
2000 to provide a continuous source of lineswith im-
proved agronomic and resstancetraits. A mae-ster-
ile population is being used to facilitate annua inter-
crossng among themos resistant linesfrom the North-
ern and Southern Uniform Winter Wheat FHB nurs-
eries. Potential sources of FHB resistance are evalu-
ated in FHB fidd nurserieseach year toidentify FHB-
resstant lines in good agronomic backgrounds. To
assist winter whest breeding programswith the devel -
opment of FHB-resstant cultivars, the Northern and
Southern Uniform Winter Wheet FHB Nurseries and
the FHB nursery from the Arkansas breeding program
are evauated for FHB resistance in two inoculated,
misted field tests and in the greenhouse for type Il
resistance.

RESULTSAND DISCUSSI ON

In 2004, eight lines were identified in an inoculated
yidd trid a Stuttgart, AR, that had higher yields and
lower FHB scoresthanthecheck ‘Pat’ (Table1). Six
of these lines were entered in the Uniform Southern
Scab Nursery. These entries have resstance derived
from Ning 8026 and P88288C1-6-1-2. AR93027-
3-2 wastested in the Uniform Eastern Soft Red Win-
ter Wheat Nursery in anticipation of possible release.
It will be tested for a second year in the Arkansas
State Variety Test in 2004-05. It will dsobetestedin
theofficid sate variety testsin Wisconsn, where seed
was requested due to its scab resistance and yield.

Thirteen advanced lines from 11 sources of FHB re-
gstance (Table 2) have been sdected for distribution
to breedersfor use as parentsto develop FHB-ress-

tant cultivars. Ten of these lines have been evauated
in the Southern Uniform Winter Wheat FHB Nursery
in 2003 or 2004, and most ranked among thetop five
entriesfor severd measures of FHB resistance. These
lines dso have reasonably good yied and test weight
and adequate resistance to contemporary races of
sriperugt, leaf rust, and leaf blotch. Mot of thelines
a0 have resistance to spindle streak mosaic and/or
soilbornemosaic. Theres stant and susceptible check
cultivars used in 2004 had lower than expected rat-
ingsfor FHB severity, scabby seed, and DON (Table
2). These abnorma results may have been caused by
planting the checksassingle-row plots (to save space)
bordered by rows of tal triticae (for markers) while
lines for evauation were planted in 2-row and 3-row
plots at Fayetteville and Kibler, respectively. Evaua:
tionsin Arkansas of entriesinthe Northern and South-
ern Uniform Winter Wheat FHB Nurseriesfor ress
tance to FHB and other diseases has contributed to
the development of FHB-res stant winter wheet culti-
vars.
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Tablel. Performance of checks and experimental lines at Stuttgart and Kibler, AR, in 2004.

Yidd Test wt Lodging FHB
Entry (bu/A) (Ib/bu) (%) severity? Diseased |eaves?
AR97124-4-1 87.3 59.1 25 26 35
AR97124-4-2 80.6 59.7 5 0 40
AR97002-10-1 76.3 580 25 40 45
AR97007-8-1 74.5 56.6 5 0 68
AR93095-4-1 74.2 57.4 10 31 55
AR97070-7-1 73.2 584 35 45 40
AR97007-12-1 72.9 56.3 0 0 60
AR97124-4-3 72.2 59.3 5 0 45
AR93035-4-1 72.0 57.8 10 26 58
AR97007-7-2 71.9 57.1 5 45 60
Pat 71.4 58.3 0 42 55
AR97078-2-1 70.7 60.5 0 40 74
AR97007-16-1 70.7 56.0 5 40 76
AR97048-1-1 69.9 58.6 15 26 78
AR97002-2-1 69.7 586 15 2 45
AR922-5-1 69.5 584 5 0 89
AR97048-2-1 68.9 584 25 31 71
AR97070-8-1 68.3 594 30 3] 50
AR97079-9-1 68.1 594 50 55 94
AR97007-8-2 67.8 56.6 5 3 65
AR97048-8-1 67.6 581 10 0 55
AR93108-3-2 67.5 587 5 35 83
AR93035-4-2 67.5 59.1 5 2 45
AR97007-8-3 67.5 56.7 5 45 74
AR97048-4-1 67.3 59.1 15 26 69
AR97002-10-2 67.1 587 0 35 35
AR97079-7-1 66.9 60.8 20 3 94
AR910 66.4 59.0 3 28 52
AR97002-3-2 66.2 56.9 30 40 55
Sabbe 66.1 571 5 48 37
AR97048-7-2 66.0 56.7 10 0 50
AR97147-4-3 65.9 610 5 0 55
AR97007-4-1 65.2 57.9 10 0 78
AR97079-6-1 64.4 60.4 5 2 45
AR97007-7-1 64.2 56.4 5 0 78
AR97002-3-3 63.4 57.0 30 35 45
AR97147-4-1 63.3 585 5 0 55
AR97147-4-2 63.2 594 10 0 50
AR97124-7-1 62.8 58.0 5 0 45
AR97002-2-2 62.8 580 15 2 55

1Percentage of diseased florets a Kibler. Mean of 4 reps.
Percentage of foliage diseased a Kibler. Diseases were Septorialeaf blotch, sriperugt, and leaf rustin
thisorder. Mean of 4 reps.
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Plant Production Biotechnology, Tulln, Austria
"Corresponding Author: PH: 43-1-36006-6380; E-mail: rudolf.mitterbauer@boku.ac.at

ABSTRACT

In the yeast Saccharomyces cerevisiae basal resstance to trichothecenes like deoxynivaenol (DON) is me-
diated by PDR-type ABC transporters (Mitterbauer & Adam, 2002). These plasma membrane-locaized
proteins confer pleiotropic drug resistance (PDR) by removing toxic substances (“molecular efflux pumps’)
using theenergy of ATP hydrolys's. Using aseed germination assay we obtained evidence that pleiotropic drug
resistance could aso be a relevant mechanism of trichothecene resistance in wheat. PDR-type ABC trans-
porter genes are present in plant genomes as large gene families. According to our annotation the number of
rice PDR genes is about 25 (including possible pseudogenes). Consequently, hexaploid wheat (AABBDD)
may contain dozens of PDR genes. We et out for the development of molecular markers for this large gene
family for use in marker-assisted plant breeding programs. Since we expect the highest degree of polymor-
phism within non-coding regions (introns), we first had a closer look at the gene structue of the predicted
transporter genesof A. thaliana and O. sativa. The pogtion of intronsiswel conserved, which should also
be truefor wheat. Based on Triticum aestivum ESTswith homology to PDR-type ABC transporter genes 70
primer pairs were designed which dlowed us to amplify the corresponding intron spanning regions from ge-
nomic DNA of whegt. Primers were used to obtain amplicons from parental wheet cultivars Remus (highly
Fusarium susceptible), Frontana and CM-82036, for which phenotypicaly characterized doubled haploid
populaionsexist. Polymorphic ampliconswerereveded by SSCP andyss(sngle-strand conformationd poly-
morphism), digestion with redtiction enzymes (CAPS, cleaved amplified polymorphic sequence) or by se-
quencing (SNP, sngle nucleotide polymorphism). Firgt results of marker development and technicd difficulties
caused by the large size of the PDR-type ABC transporter gene family of wheat are discussed.
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2003-04 UNIFORM SOUTHERN SOFT RED WINTER WHEAT
FUSARIUM HEAD BLIGHT SCREENING NURSERY
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ABSTRACT

The 2003-04 Uniform Southern Soft Red Winter Wheat Fusarium Head Blight (FHB) Screening Nursery
comprised 39 advanced generation breeding lines and two check cultivars. Cooperatorsin the United States
submitting entries included six public (Univ. of Arkansas, Univ. of Georgia, Louisana State Univ., Univ. of
Maryland, N.C. State Univ., and Virginia Tech) and two private (Syngenta Seeds and AgriPro) ingtitutions.
Three entries were submitted from the Agriculturad Research Development Indtitute, Fundulea, Romania. Ten
cooperators in the United States, Hungary and Romania returned field and/or greenhouse data for the annua
report. Copiesof the nursery report will be available at the Internationa Forum and subsequently on line a the
USWBS web ste: http:/mww.scabusa.org.
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OBJECTIVES

Mapping of QTL for FHB resgtancetypell ina
mapping population from a cross between
Wangshuibai (resstant)/Fala (susceptible) using
SSR markers

INTRODUCTION

Molecular markers have been used to estimate num-

ber and location of genesinvolved in FHB resistance
and could complement classical plant breeding.

Wadron et d. (1999) identified five QTLs for FHB
resstance by andyzing RFLPsin a Suma 3/Stoare-

combinant inbred lines population (112 F- derived
RILs). Two magor QTL were identified on 3BS of
Sumai 3and 2AL of Stoa. The best RFLF markersin
3BSregion explained 15.4% of the phenotypic varia

tion. Zhou et al. (2003) verified the effects of 3BS
QTL and the predictive vaue of SSR markers linked
to the QTL in aF, mapping population (Ning 7840/
Wheaton) and aF, , population of Ning 7840/1L89-

7978. Our objective was mapping of QTLsfor FHB
resstance Typell in aF, maopping populaion from a
cross between Wangshuibal (resistant)/Faat (suscep-

tible) usng SSR markers.

MATERIALSAND METHODS

Plant material - Wangshuiba is a FHB resstant
soring wheat cultivar from China It has high ress-
tance to spread of scab within an inoculated spike.
Faat isan Iranian spring wheet and highly susceptible
to spread of scab within the spike. Two hundred fifty
random F, kernels were planted in large plastic con-

tainers. The containers were arranged randomly on
benchesin the greenhouse. The soil texture was sandy
loam. The plants were grown with a 16 h photope-
riod, watered as needed and fertilized twice. 196 F,
plants were used for marker analysis.

FHB evaluation - Thirty plants of each parent
(Wangshuiba and Faat) and 213 F, plantsweretested
for spread of FHB within a spike in greenhouse. The
inoculum of F. graminearum contained a mixture of
five isolates. At anthesis 3 spikes from each F, plant
were inoculated with a 10 microlitre droplet (20,000
conidia/ml) of conidia suspension placed directly into
asnglefloret of agpikelet near the center of the spike,
following procedures described by Anderson et al
(2001). This method bypasses primary infection and
targets Type Il resstance (Wadron et d. 1999). A
gentle overhead mist was gpplied and plants were
covered with ahumid plastic bag for three days after
inoculation. Three weeks after inoculation, percent-
age of scabbed spikeets (PSS) on inoculated spikes
was determined asdisease severity. Average PSSfrom
3 inoculated spikes per plant was recorded for each
F, plant.

Genotyping with SSR markers - Parents and two
res stant and susceptible bulkswere screened for poly-
morphism with 341 SSR markers, 166 from Roder et
a. (1998) and 175 from Cregan et a. (2001). Prim-
ersthat showed polymorphism between two parents,
aswel| as between the two bulkswere used to screen
individuas of the two bulks. If there was a Sgnificant
difference in alde frequency between the individud
linesin the R and S bulks, the whole populetion was
screened for the marker.
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Statistical analysis - Simple regresson was used
to identify markers sgnificantly associated with FHB
in the population. A Linkage map was constructed
using Map Manager QTX (Manly et d. 1999) using
Kosambi mapping function (Kosambi 1944).
Multiple regresson and interval anadlyss were
conducted using the computer program QGENE
(Nelson 1997). A LOD threshold of 3 was selected
for interval mapping andyss.

RESULTSAND DISCUSSION

FHB evaluation - TheF, linesdisplayed a
continuous variation for FHB infection severity. FHB
severity inthe F, lines ranged from 4.5% to 100%,
showing large phenotypic variation in the population.
Disease severity of the two parents was 14.2% for
‘“Wangshuiba’ and 88.5% for ‘Faat’ (datanot
shown). In this study we provided favorable
moisture and temperature conditionsin a controlled
greenhouse to minimize environmenta variation.

QTL analysis- Smple regresson anays's detected
10 markers sgnificantly associated with FHB ress
tance a a = 0.05. A multiple regresson mode was
used which included dl of the markers Sgnificantly (a
< 0.001) associated with FHB resistance (table 1).
This modd explained 25% of the phenotypic varia-
tion. The andysis showed that the QTLs associated
with the closest markers Gwm 533 on 3BS, Barc 15
on 2AL and Gwm 369 on 3AS decreased FHB se-
verity by 7.3%, 7% and 4.7%, respectively (table 1).
Basad on intervd andyds, we identified three QTL
regionson these chromosomesthat accounted for 33%
of the phenotypic variation (Fig. 2). The most likely
QTL pogition on chromosome 2AL wasin the Xbarc
15 — Xbarc 353.2 intervd with a high LOD score
(7.85). Thismaor QTL explained 15% of the pheno-
typic variaion for FHB resstance. A QTL of smilar
chromosoma location was reported by Wadron et
a. (1999), Anderson et al. (2001) and Gervais et al.
(2003). The location of the QTL on chromosome
3BS was a the interva of Xgwm 533 and Xgwm
389 (LOD = 5.22). Our results concerning the 3BS
QTL are in agreement with Anderson et a (2001),
Gonzadez-Hernandez et d. (2002). Thethird QTL was
identified on 3AS in the Xgwm 369 — Xgwm 2 inter-

va withaLOD of 5.42. A QTL on chromosome 3A
with smdl effect wasreported by Gervaiset d. (2003)
onresstant variety Renan. The QTLson chromosomes
3BSand 3AS explained 12% and 6% of the variation

repectively.

Zhou et a. (2003) reported that marker assisted se-
lectioninthe F, can be as effective asthat in homozy-
gous generations when codominant markersare used.
Therefore marker assisted selection for the major
QTLsin F, or other early generations and selecting
homozygous individuas can accelerate the breeding
practice and sgnificantly increase sdection accuracy.
Providing DH lines to verify the identified QTLs in
different environments is currently underway.
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Table 1. Multiple regression model of three markers for estimating phenotypic effects in the F,
mapping population of Wangshuibai/Faat (R* = 0.25)

Marker Chromosome Estimate* Standard error P
Gwm 533 3BS 7.3 24 <0.001
Barc 15 2AL 7 29 <0.001
Gwm 369 3AS 47 25 0.01

* Regression coefficientsin the multiple regression model.
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Figure 1. Interval analysis of QTLs for Fusarium head blight resistance on linkage group
corresponding to chromosomes 2A (A), 3B (B) and 3A (C). The map distances (units shown
between marker loci) were derived using Map Manager QTX.
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ABSTRACT

Triticale (X Triticosecale Wittmack) is an important crop in the winter season in southern Brazil. The area
sown to triticale has stabilized near 130,000 ha for the last three years. The grain yield average ranged from
1,600 to 2,100 kg ha* over the last decade. Notwithstanding, yield potentid of triticae cultivars obtained in
research trialswas higher than 6,000 kg ha* & severd locations. These results are mainly dueto the selection
of superior genotypes, adapted to the specific environment of production, and the development of better
management practices, such as the use of adequate amounts of fertilizers, crop rotation, and pest and weed
control. One of the greatest limitations to triticale production in Brazil is associated to heavy rains during
flowering and maturation, which induce the occurrence of foliage and pike diseases, mainly Fusarium Heed
Blight (FHB) or scab, induced by Gibberella zeae (anamorph: Fusarium graminearum). Thisfungus causes
yield reduction, lower grain qudity, and can limit grain feed utilization for monogastric animals, such as poultry
and swine, due to the synthes's of mycotoxinsin the grains. The objective of this study wasto identify suscep-
tibility to FHB inftriticale cultivarsin Brazil. To evauate such susceptibility, 13 genotypes were sown at two or
more seeding times during the recommended period in Passo Fundo, RS, between 1999 and 2003. At full
flowering, the centrd floret of 30 spikes in each plot was inoculated with 0.02 mL of a solution containing
5x10° propagules of F. graminearum. The maturing spikes were evauated using the following scae 10=
disease did not spread beyond the infected spikelet; 30= disease spreaded to no more than three spikelets;
50= disease spreaded to less than half of the spike; 70= disease spreaded to less than three quarters of the
spike; and 90= disease spreaded dl over the spike and to the peduncle. The disease indices were represented
by the average scores over sowing times and were analyzed. Observing the highest disease index, dl the
genotypes could be classified as susceptible or very susceptible to scab.
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ABSTRACT

Sources of resstance to Fusarium head blight (FHB) have been identified and utilized in breeding for FHB
resstance in common whest (Triticum aestivumL., 2n = 6x =42, AABBDD). However, sources of effec-
tive FHB resgtance arelimited in durumwhest (T. turgidum L. ssp. durum, 2n =4x =28, AABB). Attempts
to transfer resistance from hexaploid wheat to durum wheat have met with minima success. The objective of
this study is to identify novel sources of FHB resistance usable for enhancing resstance of durum whegt to
FHB. We systematicaly evaluated 185 accessions of five subspecies under T. turgidum for resistance to
spread of FHB infection (Type Il resistance) in one greenhouse season. These subspecies include Persian
wheat (T. turgidum L. ssp. carthlicum), cultivated emmer wheat (T. turgidum L. ssp. dicoccum), Polish
wheat (T. turgidum L. ssp. polonicum), oriental wheat (T. turgidum L. ssp. turanicum), and poulard wheat
(T. turgidumL. ssp. turgidum). Preliminary resultsfrom this study indicated that four accessons of cultivated
emmer wheat and Sx accessions of Persan whegt had a Smilar level of resstance as *Alsen’, a“*Sumal 3
derived hard red spring wheet cultivar in North Dakota. Further evauations are being conducted to confirm
FHB resstance of these cultivated tetraploid wheat accessonsin the greenhouse and field. These accessons
could serve as novel sources of resistance to develop durum whest cultivars resistant to FHB.
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ABSTRACT

Fusarium head blight (FHB), caused mainly by Fusarium graminearum Schwabe, is a destructive disease of
wheat (Triticum L.) in humid growth conditions throughout the world. Genetic resstance of the hogt plant is
consdered the most effective and sustainable means of defense against FHB; however, only limited sources of
resstance are available in wheat. Relatives of wheat have proven to be an invauable gene pool for wheet
improvement. The objective of this study wasto explore relatives of wheet for FHB resstance. We evauated
293 lines derived from the crosses of whesat with its relatives for resstance to spread of FHB infection over
two greenhouse seasons. Of these 293 derivatives, 66 were susceptible, 153 appeared moderately resistant,
and 74 lines exhibited a leve of resstance comparable to T. aestivum cv. Suma 3, the most widdy used
source of resstance to FHB. Alien speciesinvolved in development of these derivatives include T. tauschii
(Coss.) Schmal., Roegneria kamoji C. Koch, R. ciliaris (Trin.) Nevski, Leymus racemosus Lam.,
Thinopyrum ponticum (Podp.) Barkworth & D.R. Dewey, Th. elongatum (Host) D.R. Dewey, Th. junceum
(L.) Love, Th. intermedium (Host) Barkworth & D.R. Dewey, Dasypyrumvillosa L., Secale cereale L.,
and oat (Avena sativa L.). The wheet-dien species derivatives identified as resstant to FHB include whest-
dien species amphiploids, synthetic hexaploid whest lines, and wheat-alien species subgtitution and trandoca-
tion lines. These derivatives could serve as nove sources to enhance resistance of whest to FHB.
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ABSTRACT

Using a combination of genomic and proteomic approaches, we are investigating the response of wheat and
maize reproductive tissues to infection by Fusarium graminearum (Fg). In the first phase of the research
program, cDNA librarieswere constructed from Fg-challenged reproductivetissues (s1k and kernd for maize,
heads for whest) of tolerant and susceptible wheat and maize varieties. Thousands of clones were randomly
sequenced from those libraries to build a database of sequences from genes specifically expressed during the
early phase of Fg infection. Along with contributions from other genomics projects a our Centre, CDNA
cloneswere used to design and produce a6.6K unigenemaizeand a5 K unigenesmdl grain cered (wheat and
rye) cDNA microarray.

Time-course microarray hybridization experiments (6, 24 and 48 hrsinmaize; 0, 24, 48, 96 hrsin whest) have
been conducted with the cDNA arrays, comparing mock-inoculated and Fg-inoculated tissues from the sus-
ceptible varieties B73 (maize, Slk and kernd) and Roblin (wheet, florets). Many differences could be ob-
served in the response of wheat and maize to Fg infection. For example, the RNA leve of many genes
belonging to isoprenoid biosynthetic pathways were strongly induced or up regulated in both infected-maize
glk and kernd tissues (observed with array, Northern, DD-RT-PCR and cDNA library abundance). In con-
tradt, in wheet, homologs of those genes either showed no change in expression level following infection, or
could not be found in our EST collection (suggesting low abundance). Some isoprenoids, known as phytoal-
exins, can act as antimicrobia compounds synthesized in response to pathogen attack and have been associ-
ated with disease resstance in many plant species. There were d'so many quantitative and quditative differ-
encesinthe PR (pathogenes s-rel ated) genes affected by Fg infectionin maize vswheet, especidly for the PR2
(1,3 B-glucanases) and PR3 (chitinases) families. PR genesare consdered indicators of the defense response
mounted by the plant and many have been shown to exhibit antifunga activity. As expected, the expresson
level of many genesinvolved in photosynthesis (eg CAB, RUBISCO SS, Oxygen-evolving enhancer protein,
carbonic anhydrase) was dragtically reduced in infected wheat tissues while no mgjor change was observed in
the non-phytosynthetic maize tissues.

Proteomic analyses are being conducted on the same maize tissue samples used for gene expression profiling
viamicroarrays. The complex mixture of proteinsisolated from kernel and silk tissues of susceptible (B73) and
resstant (CO441) maizeinbredswere separated by high-resol ution two-dimensiona gel electrophoresis(2D).
Differentid andysisof the 2D gels provided information on protein expression profiles of resistant and suscep-
tible plants, and aso how the protein expression patterns were dtered by Fg infection. Selected up regulated
and nove proteins were in-gd digested with trypsin and andyzed by MALDI-TOF/MS or by QTOF-MS.
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The resulting peptide ion mass lists were searched againgt proteins predicted from proteomic and genomic
databasesresulting in theidentification of severd Fg-induced proteins. Theidentified proteinsinclude zeamétin,
endochitinase and severd other pathogenesis-related (PR) proteins, as well as carbonyl reductase and a
protein smilar to profilin (G-actin binding protein). We are dso usng ICAT (isotope-coded affinity tag) to
quantitatively compare cysteine-containing protein expresson between mock and Fg-inoculated maize and
have identified at least 20 proteins up regulated in the resistant CO441 inbred upon Fg infection.
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OBJECTIVES

Theam of contribution wastofind thewhest cvswhich
smultaneoudy express the same type resistance or
susceptibility in both stages senditive to blight (seed-
ling and spike) caused by main pathogen Fusarium
culmorum.

INTRODUCTION

Fifteen Fusarium speciesweidentified in Sovakiain/
on wheat. The main species included in head (FHB)
and seedling blight (FSB) are F. culmorum (W. G.
Smith) Sacc ad F. graminearum Schwabe. Recently,
using manua Nelson et d. (1983) F. cerealisand F.
sambucinum we isolated from diseased caryopss.
Others Fusarium (oxysporum, avenaceum,
moniliforme and nivale) are sporadically present in
s0il and ears of diseased plants. The additiond spe-
cies we recorded on spikes stem, leaves, (solani,
equiseti, sambucinum, poae, acuminatum,
sporotrichioides, tricinctum, sulphureum) namdy in
years none appropriate for disease.

The most of mentioned species are seed transmitted
and areableto producetoxic metabolites, which prob-
ably play arolein the aggressveness of the pathogen
and promote disease development and colonization
(Chelkowski 1994) in next vegetation period through
the seed. The best solution of this problemisto select
cultivars with genotypes resstant to the both diseases
and athogenes metabolites.

MATERIALSAND METHODS

The susceptibility of 23 winter whest cultivars autho-
rized in Sovakiato thefungusF. culmorum. Weevadu-

ated in field (FHB) and in greenhouse (FSB) experi-
ment during vegetative period of 1997-1999, based
on methodologica investigations (Perkowski et al.
1996) in spike. In the evauation of whest resistance
in FSB after seeds infection the production param-
eters together with the visud symptoms. The average
of three years of experiment we present as a percent-
age of damage to the control as a 100 %. Represen-
tative cultivars after one year evauation (Pavliovaand
Srobérova 1997) resistant genotype (Hana) or mod-
erately res stant with the same one ancestor (Samanta)
we infected (Perkowski et a.2002) with three iso-
lates of F. culmorum different in pathogenicity in ex-
perimentsfor relationship to the toxic metabolites (111.
type of resstance).

Design of the greenhause experiment.Pots with
40 cm diameter were filled up to 2/3 by a mixture of
Serile peat and garden soil in 1.1 proportion and wa:
tered. On the soil surface 20 g of wheat inoculum was
added, covered by 2 cm layer of soil and moistured.
Later into each pot 25 seeds were sowed and cov-
ered by 1cm layer of soil. Seeds were sawed after
derilization by 1% NaOCI. Plants were evaduated in
the phase of threeleavesby 5-point scae (Wildermuth
and McNamara 1994) and production parameters.

Design of the field experiment For multiplication
of fungi, drains of F.culmorum were grown for 21
dayson Potato-Dextrose-Broth from Sgma(St.Louis,
USA), used at 20g per L, at 25 °C with a 12 hours
light period. Conidia and the ard mycdium were
sca ped by razor blade from 50 Petri dishes (diameter
100 mm), homogenized with 2500 mL of digtilled water
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using ETA grinder. Theaverage number of conidiawas
5x10° per mL, established by Burker chamber.

The cultivars of winter wheet were sown on experi-
mentd fields of the inditute in Sovakia in 4 variants
(control and inoculated) in 3 replicates each. Seeds of
cultivars were sown on the end of September or be-
ginning of October, 1996 — 1998 and had grown sepa-
rately on 6 n¥ (2x3 n?) experimenta plots bordered
with rows and paths.

I noculation. Each wheat head (500 per replicate)
was inoculated 4 days after anthesis (stage 10.5 on
the Feekes scale), with 1 mL of mycedlium and spores
suspension mixture — in anthess on second part of
June 1997-1999. The inoculation was done early in
the morning with amanua (100 mL) sprayer. Control
variants were treated the same way but instead of in-
oculation sugpenson 1 mL of didtilled water was ap-
plied. The treated spikes were covered for 24 hours

with plastic bags.

Evaluation. Ten heads per replicate were collected
and infestation was evaduated visudly by: VSS — vi-

sua symptoms score (5-point scale) according to
CheBkowski (1994) including percentage of bleaches
pikes (PBS). Heads were trashed manudly and the
following yidd factors were estimated: grain number
per spike (GNS), number of scabby kernels per spike
(GNS-D); weight of kernds per spike (GWYS); thou-

sand-kerne weight (TKW).

Chemical analysis Whesat kernels were analysed
for presence of the group B trichothecenes:
deoxynivaenol (DON), nivaenol (NI1V) according to
Perkowski (1993).

Sampleswere extracted with acetonitrile/weater (82:18)
and cleaned — up on a charcoa column [Celite 545/
charcod Darco G/60/activated dumina neutral 3:9:5
(w/wiw)].Trichothecene toxins were detected and
quantified by gas chromatography — mass spectrom-
etry witha GC/M S apparatus HP 6890 in a Selected
lon Mode (SIM) after derivatization with trimethylslyl
derivatives. Thedetection limit of the complete method
was 5-10 mg.kg? with recovery rates 78-91 %.

Statistical analysis Thevaiahility of yiddtraitswas
evauated by andyss of variance. The dependence
among the observed parameterswas checked by cor-
relation analysis. Computer software Statistica for
Windows was used in gatisticad caculations.

RESULTSAND DISCUSSION

Resistance to pathogen. No cvswaswithout infec-
tion, the most resstant in spikes were cultivars Hana,
Blava, llonawith 0- 40 % TKW reduction and other
parameters, namely AUDPC (thel. and Il type of re-
sistance sensu Schroeder and Christensen 1963).
Cultivars Butin, Regina, Barbararepresent (Tab.1) the
most susceptible cvs (TKW depression up to 80 %).
Moderately resistant cultivars (represented by cv
Samanta) lost their productivity up to 60%. In the set
of tested cultivars, we have identified genotypes
resistat (Teh 2) tothe culmorum in the phase of
germination (Tab.2) as well as in heads (Hana,
Samanta, Blava) and the susceptible oneswereButin,
Barbara, moderately resstant Samanta. The resistant
CvS. posses the stem rust resistance genes (BartoS et
a., 1994) and common ancestor ,, Mironovska“or
other Russian breeding source.

Resistance to the toxic metabolites. Samanta—a
cultivar more susceptible to scab than Hana - exhib-
ited, tendency of DON concentration decrease with
smultaneousincreaseof NIV levd after 21 days, what
was caused by 11 F.culmorum isolate used in inocu-
lation. No such results were considering in Hana
cultivar.When 12 and 13 F. culmorum isolates were
used the process of trichothecenesformation wassSmi-
lar to that reported by Miller and Y oung (1985). Hana
posse’ s ability to degrade DON (Fig.1inkernels- 111
type of resstance (Mesterhazy, 1995) and tolerance
to high concentration of DON with lower loosing yields
parameters as Samanta(TKW) in spite of visua symp-
toms. It meansHana posses no res stanceto the patho-
gen penetration and its spreading in first phase after
inoculation, but tolerance to DON. Samantaiisin the
same podtion in NIV synthesis, but posses no toler-
ance to DON, because of high decreasing of yied
parameters (Tab.2) -TKW compareto control, but it
posses a resistance to the pathogen penetration and
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goreading. It means according to the Schroeder and
Christensen (1963) Samanta posses some degree
|.and 11.type of resistance.

Profile and concentration of analysed toxins depended
on the F. culmorumisolate used ininoculaion and on
the term of harvest (Tab.3., Fig.1).The higher leved of
the toxic metabolites accumul ation was found for less
res stant genotype Samanta. . Severd authors (Miller
and Young, 1985) have demondtrated a close linear
rel ationship between seed infection and toxin concen-
tration levels, recent data (Mesterhazy, 1995,
Lemmenset d. 1997; Perkowski et a., 1996) proved
asgnificant correlaion among DON content andyield
traits.

REFERENCES

Bartos, P., Stuchlikovd, E.and HanuSova, R. 1994. Genetic of
most resistance of Czech and Slovak wheat cultivars.Genetica
Polonica 35B: 237-240.

Chelkowski, J. 1994. Significance of Fusariummetabolitesin
interaction between a cereal plant and pathogen. Genetica
Polonica 35B: 137-142.

Lemmens, M., Joseph, R., Schuhmacher, R., Grausgruber, H.,
Buerstmayr, H., Ruckenbauer, P., Neuhold, G., Fidesser, M.
and Krska, R., 1997. Head blight (Fusarium spp.) on wheat:
investigation on the rel ati onship between disease symptoms
and mycotoxin content. Cereal Res. Comm. 25:; 459-465.

Mesterhazy, A. 1995. Types and component of resistanceto
Fusarium head blight of wheat. Plant Breeding 114: 377-386.

Miller, J. D. and Young, J. C. 1985. Deoxynivalenol in an ex-
perimental Fusarium graminearuminfection of wheat. Can.
J. Plant Path. 7: 132-134.

Nelson, P., Toussoun, T A. and Marasas, W. F. 1983. Fusarium
species. An illustrated manual for identification. The Penn-
sylvania State University Press, Pennsylvania: 172 pp.

Perkowski, J. 1993. The quantitativelevel of fusariotoxinsre-
ceived using different methods of analysis. Journal of Acad-
emy of Agriculturein Poznan, 256: 3-15.

Perkowski, J., Stachowiak, J., Kiecana, |., GoliDski, P. and
CheBkowski, J. 1996. Natural 12

. Cered Res. Comm. 25: 449-451.

Wildermuth, G.B. and Mc Namara, R.B.1994. Testing wheat
seedling for resistance to crown rot caused by Fusarium
graminearumgroup 1, Plant Dis. 78: 949-953.

144



Host Plant Resistance and Variety Development

Table 1. Theresponse of winter wheat cultivars after spike inoculation by F. culmorum:
Parameters- average of three years of experiments.

cultivar |Areaunder disease

disease severity |Reduction in % from control (100 %)

progress curve

TKW number of seeds (weight of seeds from
per head one head

Barbara |420,10 3,46 22,17 83,07 35,50
Blava |300,79 3,00 67,46 98,46 68,82
Bruta |355,29 3,22 40,30 70,26 28,47
Danubia|377,90 3,48 34,74 68,74 23,52
Hana |288,58 2,54 64,66 82,23 45,42
llona  |336,29 2,96 41,30 74,24 30,76
Iris 325,47 3,06 26,47 52,97 14,01
K o3utka |289,85 2,78 68,74 74,50 42,01
Livia [331,20 3,18 37,75 65,15 24,66
Regia (280,36 2,82 47,81 68,16 31,34
Regina |348,84 3,28 25,73 49,81 12,80
Samanta|368,21 3,02 44,43 60,24 26,97
Selekta |380,37 3,50 30,66 65,45 20,68
Senta |385,65 3,78 31,20 60,30 18,66
Simona |395,04 3,32 36,85 56,49 19,41
Sofia  |395,70 3,46 51,56 88,99 44,27
Sparta |397,49 3,66 32,26 60,08 19,31
Torysa |350,00 2,80 60,00 72,59 36,68
Vega 405,17 3,08 45,21 51,34 23,64
Viginta (384,71 3,54 32,77 64,30 21,03
Vlada (338,40 3,64 41,71 77,05 31,85
Zdar 407,52 3,24 37,92 64,55 24,61
Butin 432,34 3,98 25,46 54,52 15,03
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Table 2. Theresponse of winter wheat cultivars after inoculation of seedlings by F. culmorun
average of three years of investigation.

Reduction in % from control (100)

cultivar |Areaunder |disease seedlings  |fresh seedlings |dry seedlings

disease severity length weight weight

progress

curve
Barbara |287,5 2,87 88,74 78,92 80,55
Blava |170,0 1,60 92,26 0,17 96,24
Bruta |285,0 2,85 88,42 81,72 89,47
Danubia |265,0 2,65 89,73 85,78 91,68
Hana 107,5 1,07 96,40 98,42 96,57

llona [230,0 2,47 94,20 95,91 95,11
Iris 235,0 2,15 99,55 90,10 95,31

Kodutka |127,5 1,30 84,31 76,61 95,02
Livia 245,0 3,05 83,54 71,91 88,72
Regia |310,0 3,10 75,00 60,18 71,20
Regina |265,5 2,62 89,23 84,70 84,80
Samanta [252,5 2,52 85,74 73,68 84,38
Selekta (97,5 0,97 97,20 94,10 97,77
Senta (2225 2,22 90,43 93,54 93,75
Simona [197,5 1,97 82,94 65,07 94,42
Sofia 180,0 1,77 80,52 72,22 93,60
Sparta  [130,0 1,30 86,02 77,43 95,63
Torysa |135,0 1,35 85,41 83,98 97,50
Vega 2125 2,05 96,58 92,98 95,80
Viginta |255,0 2,40 92,67 92,70 90,63
Vliada |1655 1,65 79,00 71,86 93,64
Zdar 290,0 2,90 82,12 63,81 71,62
Butin 195,0 1,90 93,78 83,37 93,42
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Table 3. Correlation coefficients between mean values of all observed criteriain selected winter

wheat cultivars infected by three isolates of Fusarium culmorum.

Hana/ Hana Hana Hana Samanta | Samanta | Samanta
Samanta 11 / o I¢ /[ I3l [ I 11/ Ix(ly [ I3[l / I3
VSS 0,337 0,187 0,519 |0,183 0,169 0,400 0,480
PBS 0,417 0,184 0,553 0,108 0,678 0,360 0,736"
GNS |0,271 0,107 0,180 |0,086 0,231 0,191 0,452
GNS-D [0,600" 0,752"°  0,442° |0,747" 0,891 (0,971 [0,932""
GWS |[0,748" 0,964  0,989"" [0,983"" 0,921"" 0,842 |0,829"
TKW {0,753 0,903 0,959 |0,978™ 0,917 (0,913 [0,842""
DON 0,138 0,070 0,532° |0,424 0,111 0,120 0,781""
NIV 0,167 0,043 0,159° |0,174 0,058
VSS - visual symptom score, TKW - thousand kernels weight,
PBS - percentage of bleached spikes, GNS - grain number per spike,

GNS-D - grain number per spike diseased GWS
- deoxynivalenol

DON

NIV

- grain weight per spike
- nivalenol
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OBJECTIVES

This study was initiated with the objective of measur-

ing test-to-test smilarities associated with three FHB
resistance parameters collected by the South Dakota
State University spring whest breeding program. An
additional objectivewasto exploretheimpact of vari-

ous test year and replications within year combina

tions on the standard deviation of disease index val-

ues.

INTRODUCTION

Where increased resistance to FHB, caused by
Fusariumgraminearum, isamgor god, field-based
screening testsare vitaly important endeavors. Accu-
rate assessments of resistance dlow for the most gain
to be made from sdlection. Reproducible disease as-
sessmentslikey provide the most accurate assessment
of agenotypestrueressancevaue. Groth et d (1999)
performed a study to measure test-to-test smilarities
associated with FHB screening endeavors. They re-
ported that coefficients of determination (r?) associ-
ated with disease index vaues ranged from 0.59 to
0.78. Their conclusion wasthat 59— 78% of thevaria-
tion observed in one year could be reproduced in sub-
sequent testing years. Campbdll and Lipps(1999) usd
variance component estimates to evauate the effect
of various numbers of test environments, replications,
and heads evaluated per entry on the standard error
of an entry mean. Along with concluding that FHB
resstance was as environmentaly senstive as grain
yield, they reported that the mogt practical and eco-
nomicaly feasble gains in sdection efficency would
be made through increasing the number of replications
within a screening program. Additiond testing envi-
ronments also provide an excd lent means of reducing
gandard errors, however, thisisnot economicaly fea
gble within our program where we operate a Sngle

migt-irrigated field screening nursery each summe.
Preliminary and advanced breeding lines are currently
screened for FHB resistance, aong with check en-
tries, in three replication testswhere 20 heads per en-
try per replication are evauated. Although additiona
testing environments within years are not feasble in
our program, severa evaluation years can be used to
reduce the standard deviation of disease index values
for an entry by combining entries that are common
over yearsinto asingle multi-year analyss. This sudy
was initiated with the objective of measuring test-to-
test smilarities associated with three FHB resstance
parameters collected by the South Dakota State Uni-
versty spring whest breeding program. An additiona
objective was to explore the impact of various test
year and replications within year combinations on the
standard deviation of disease index vaues

MATERIALSAND METHODS
Field Screening

An explanation of germplasm, field screening proce-
dures, and methods of resistance data collection are
presented by Liu et d (2004).

DataAnalysis

Resistance Parameter Estimation and Correlation
Over Years - Although disease severity ratings were
collected in order to obtain index scores, they were
excluded from our current andyses. Mean disease in-
cidence, index, and percent tombstone kernd ratings
were analyzed within yearsusing the GLM procedure
in SAS (SAS Indtitute, Cary, NC). In addition to
means, Sgnificancelevdsassodiated with ANOVA and
phenotypic ranges were caculated. Pearson’s prod-
uct-moment, as well as Spearman’s rank-order cor-
relation coefficients were calculated to compare the
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gmilarity of res stance parameter means obtained over
years using the CORR procedure in SAS.

Expected Standard Deviation of an Entry Mean -
The expected variance of anentry meen (Var,,,, ) from

aseries of replicated tests over yearsis expressed as
follows

Va

entry =S 2EY/Y + Sze/RY

where the variance componentsin the numerator were
derived from expected mean squares of afixed-effect
andyss of variance conducted over years (Liang et
al, 1966). Y earsand replications were represented by
Y and R respectively. Expected variance of an entry
mean was predicted by substituting observed vaues
for the variance components into the above equation.

Severd vaues representing various numbers of test
years and replications were subgtituted into the de-

nominator asameans of predicting the effect of addi-

tiond test yearsand replicationswithintests Thesguare
root of resultant expected values from these calcula

tionswere then plotted asthe standard deviation of an

entry.
RESULTS

Means and phenotypic ranges, as well as within-test
sgnificance levels, for the three resistance parameters
are presented in Table 1. The leve of disease inci-

dence was sgnificantly different among entriesonly in
2004. Likewise, sgnificantly different percent tomb-

stone kerndl ratingswere observed in 2003 and 2004.
Disease index vaues were, however, Sgnificantly dif-

ferent within each of the three test years.

Both Pearson’s and Spearman’ s year-to-year corre-
lation coefficients for disease incidence hovered near
zero, and were non sgnificant except for the compari-
son of incidence levels collected in 2003 and 2004
(Table2). Inthisinstance, both coefficientswere pos-
tive and sgnificantly different than zero (Table 2).

Pearson’s and Spearman’s year-to-year correlation
coefficients for disease index vaues were again most
sgnificant for the comparison of 2003 with 2004 (Table
3). Large changesinindex rank prevented Spearman’s

year-to-year correlation coefficients from being Sg-
nificant in dl but the 2003 to 2004 comparison.

Correlation coefficients for percent tombstone kernel
ratingswere only sgnificant for the 2003 to 2004 com-
parison (Table 4).

Standard deviations for disease index vaues were
derived from the expected variance of an entry mean.
These values were plotted and are presented visudly
in Fgure 1.

DISCUSSION

Our reaults indicate that disease index vaues appear
as the most repeatable parameter from year to year
(Table2). Additiondly, index scoreswere significantly
different (P<0.001) within each test year. Unfortu-

nately, changesin entry rank order from 2002 to 2004,
prevented our rank order corrdationsfrom being Sg-

nificant among al three comparisons. Interestingly,

coefficients of corrdation for al three resstance pa
rameterswere most Sgnificant with the comparison of
2003 to 2004. It seemsthat comparable environmen-

tal conditionswithinthesetest yearsmay havedevated
the smilarity between tests. Additiond test years will
help to further address thisissue, however, it gppears
that our collection and usage of disease index scores
is repestable within the program. During the first few
years of testing, expected standard deviations associ-

ated with disease index scores appear to be reduced
most dramaticaly with the addition of repswithin test
years. In the case where aprdiminary yield trid entry
iseventudly released asavariety, wewill possess6to
7 years worth of resstance data. Our anays's sug-

geststhat by combining dataof thefully-advanced entry
with that from other common test entriesinto asingle
multi-year analys's, the sandard deviation of disease
index values should be less than five.
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Table 1. Means, phenotypic ranges, and within-test significance levels for
three FHB resistance parameters collected over three test years.

Year Disease Incidence  Disease Index Tombstone Kernels
2002  Mean 99.92 43.08%** 17.36
Range 95.00 - 100.00 26.75 -175.50 5.00 —45.00
2003 Mean 99.52 43 22%%* 8.56***
Range 89.40 — 100.00 14.95 -75.00 1.00 — 65.00
2004  Mean 95.00** 35.97%*** 21.23%***
Range 60.00 — 100.00 5.40 —77.00 4.00 - 75.00

*kE ek Significant at 0.05, 0.01, and 0.001 levels respectively.

Table 2. Pearson’s product-moment (above the diagonal) and Spearman’s rank-order
(below the diagonal) correlation coefficients associated with yearly disease incidence
ratings

2002 Incidence 2003 Incidence 2004 Incidence
2002 Incidence - -0.027 0.006
2003 Incidence -0.031 - 0.264*
2004 Incidence 0.073 0.297* -

* ok kEk Significant at 0.05, 0.01, and 0.001 levels respectively.
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Table 3. Pearson’ s product-moment (above the diagond) and Spearman’ s rank-order
(beow thediagond) corrdation coefficients associaied with yearly disease index ratings

2002 Index 2003 Index 2004 Index
2002 Index - 0.271* 0.302*
2003 Index 0.242* - 0671**
2004 Index 0.229 0.643*** -

* xR Gonificant a 0.05, 0.01, and 0.001 levels regpectively.

Table 4. Pearson's product-moment (above the diagond) and Spearman’ s rank-order
(below the diagond) corrdation coefficients associated with yearly percent tombstone
kernd ratings

2002 Tombstone 2003 Tombstone 2004 Tombstone

2002 Tombstone - 0.069 0.063
2003 Tombstone 0.045 - 0.569***
2004 Tombstone 0.086 0.565*** -

*, xx xxx Ggnificant at 0.05, 0.01, and 0.001 levels respectively.
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Figure 1. Expected standard deviation of an entry mean for FHB
disease index ratings when tested over various year and replications
within year combinations.
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ABSTRACT

Barley grain yidd losses caused by Fusarium head blight (FHB) in Uruguay during the epidemic years 2001
and 2002 have been estimated in 58% and 23%, respectively. FHB is dso considered important because of
the production of mycotoxins of which deoxynivaenol (DON) isthe most prevaent and responsible for reduc-
ing thetrading vaue of the grain which is basicaly an export commodity. Emphasis has been placed on breed-
ing for FHB resistance as this remains the most desirable management option for this disease. Since 1996,
INIA has been screening barley genotypes for FHB resistance. In 2003, 28 barley genotypes were screened
for resstance in La Edanzudain three trids. Two trids, planted on July 24 and August 14 were conducted
under greenhouse conditions to assess types of resstance | and 1. Spikes were inoculated at heading with a
solution of F. graminearum macroconidia (5 x 10™4 spores per ml) from abulk of isolates by spray or point
inoculation. FHB incidence and severity were evaluated at 7, 14, and 21 days after inoculation (dai). Area
under disease progress curves (AUDPC) were cdculated from the percentage of infected spikelets of each
spike in point inoculated plants in order to assess resistance type 1. One field trid was conducted where
genotypes were planted in plots with two replicates, inoculated with F. graminearum colonized corn grans
two weeks prior to heading and maintained under migt-irrigation. Each genotype was evauated at Zadoks
growth stage 80-83 for FHB incidence and severity on 10 spikes, spike morphology (absence/presence and
szeof Serilespikelets, spike nodding, and spike dendity), and after harvest for the percentage of scabby grains
and deoxynivaenol (DON) content. Early maturity genotypes (early heading) had greater levels of resistance
types | and Il than intermediate and late maturity genotypes. Influence of spike morphologica traits for the
genotypestested was not clear. Best genotypesfor dl determinationsin al trialswere resistance source Zau 2,
Uruguayan line CLE 231, and ICARDA/CIMMYT line Gob/Humai 10/3/Mpyt169.1Y /L aurd/Olmo/4/Canda.
Genotypeslike Imperid and Zhedar 1 that have been reported as res stance sourcesin other parts of theworld
performed poorly. Results from this study are encouraging and raised the need to include Uruguayan F.
graminearum isolaesin globa sudies of the pathogen varidbility.
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ABSTRACT

Fusarium heed blight (FHB) is a widespread and destructive disease of wheat and other smdl grain cereds.
Especidly the contamination of grains with the mycotoxin deoxynivaenol (DON) is harmful for animas and
man. The best way to prevent whest or barley from being affected by FHB is to develop resgstant cultivars.
Theresstanceis quantitatively inherited and alarge number of samples haveto been evauated. For quantifica-
tion of the disease severity of FHB in breeding materid afast, economica and rdligble method is essentia for
resstance evauation and sdection. Immunological methods appear to be particularly suitable for such an
gpproach. Altogether 12 polyclona antisera prepared to antigens from Fusarium-species were tested in
various immunologica detection systems. In Western blotting experiments, specific glycoprotein bands with
molecular weights of the two immunodominant antigens above 63 kD were detected in artificiadly Fusarium
infested whest, rye, triticale and barley grains. The antiserum assessment resulted in one antiserum that was
appropriate for the detection of Fusarium-exoantigens (ExAg) in cered grains by an indirect ELISA-format,
the plate trapped antigen (PTA-ELISA), though discrimination between various Fusarium-species was not
possible. The polyclona antibody detection system was optimized for different test parameters and astandard
protocol was eaborated. The examination of whest grain samples originating from field experimentslocated in
Bohnshausen reveded ahigh coefficient of corrdation (r = 0.94) between visua FHB rating and ExAg amount
expressed asoptical dengity units(OD a E, ., ). The PTA-ELISA was aso applied for the detection of EXAg
in barley grains. The correlation between number of infected grains and OD vaues ranged betweenr =0,8t0
0,91 in two experiments. A moderate disease severity resulted in an ExAg vaue of 0.87 OD in wheat samples
from 113 genotypes, which were andysed for their symptoms, ExAg and DON content in the grain after
atifica inoculation with ahighly aggressive isolate of F. culmorum in three location-by-year combinations.
DON content ranged from 12.0 to 105.2 mg/kgand genotypic and genotype-by-environment interaction
variances were significant (P=0.01). Coefficient of phenotypic correlation between DON content (analysed
by a commercidly available immunoassay) and ExAg content was r=0.86. The corrdation between DON
content and symptom rating in wheat wasr=0.77. It has been shown, that an increase of FHB disease severity
is associated with an increase in fungus colonization expressed as higher amounts of ExAg and higher DON

contentsin artificidly infected ceredls. Firgt results showed that under naturd infection conditions, however, a
lower correlation between FHB rating and ExAg content was observed and widdy differing amounts of DON

were detected. To increasethetest sengitivity and specificity, monoclond antibodies (MAbs) have been devd -

oped to F. culmorum surface washings. At present two salected MAbs are being evauated for their usability
to detect EXAg in wheet grains in amore sengtive test format by biotin labelled MAbs.
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ABSTRACT

Quantitative trait loci (QTL) for Fusarium head blight (FHB) resistance have been located on chromosome
5AS of ‘Wuhan 3 and 5BL of ‘Fujian 5114'. The 5AS QTL has been found in * Sumai 3 -derived materids.
In order to confirm and characterize the resistance produced by these QTL, near-isogenic lines (NIL) from
severd genetic backgrounds were developed. Additiondly, 35 molecular markers in these genomic regions
were screened in order to develop more precise molecular maps of these areas. Microsatdl lite markers flank-
ing the QTL regionswere sdlected to develop four QTL-NIL pairsfrom two different genetic backgroundsfor
the 5AS QTL region and seven QTL-NIL pairs from two different genetic backgrounds for the 5AS QTL
region. Each pair was tested in one point-inoculation experiment and at two field FHB screening Sites during
2004. Overdl, sgnificant disease reduction effects (P<0.05) were observed following field screening among
the SAS NIL for visudly scabby kernels (VSK), 30-spike seed weight, disease severity, and DON. Signifi-
cant disease reduction was observed only for VSK for the 5BL NIL pairs. Individudly, one out of four pairs
for 5AS displayed sgnificant reduction (36%) in disease severity a both Stes, while an additiond pair dis-
played a 34% reduction in disease severity a one Site. One out of seven pairs for 5BL displayed significant
reduction (24%) in disease severity a one Ste. No pairsdisplayed sgnificant differences at both stes, although
one Site was affected by root rot. There was no significant difference in FHB resistance in the greenhouse
point-inoculation experiment for either SAS or 5BL. Previous research indicates that the 5SAS QTL isrdated
to resgtanceto initid infection; therefore, we did not expect to see Sgnificant effects.
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ABSTRACT

Marker asssted-selection (MAS) seems a promising tool to develop regiondly adapted and FHB resistant
whest cultivars. Two mgor QTL were previoudy found on chromosomes 3B and 5A in the highly resstant
spring wheet line CM-82036 (Buerstmayr et d. 2002, 2003) and these regions are well covered with SSR
markers. The objectives of thiswork are: 1) quantifying the effectiveness of MAS by using linked SSR mark-
ers, 2) evduating the effects of two QTL: Qfhs.ndsu-3BS and Qfhs.ifa-5A in near-isogenic lines in different
genetic backgrounds (highly susceptible to moderately resstant), and 3) developing adapted winter wheet
lines with al possible combinations of two QTL for FHB resistance derived from CM-82036. To achieve
these god's CM-82036 as donor plant was crossed with 15 winter whest lines or cultivars (recurrent parents)
differing in their genetic background. F1 plants were back-crossed with their recurrent parents and gpproxi-
mately 30 BC1 plants per cross were genotyped with flanking SSR markers. Gwm389, Gwm493, and
Gwmb33 for the 3B QTL and Gwm156, Gwm?293 for the 5A QTL. Lineswhich had both QTLsin heterozy-
gous condition were back-crossed to the BC,. Selected BC,F, plantswere selfed and screened again with the
same SSR markers to select BC,F, plants homozygous for al four possible combinations of the two QTL
(resgtant dleleson 3B and on 5A from CM-82036, only the 3B resstant dlele, only the 5A resistant dlele, no
ressant dlele). The progeny of these plants (BC2F2:3) will be evauated in replicated and artificidly inocu-
lated experiments for FHB resistance in 2004/05.
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ABSTRACT

Although FHB isaperiodic disease in Nebraska, there are years when we estimate that high moisture can lead
to infection of approximately 1,000,000 wheet acresby FHB. As humans consume virtualy al of this whesat
and over one hdf is exported, safe, hedthy grainiscritical. The primary objective of this project isto identify
and develop dlite winter wheset varieties that are tolerant to FHB, using conventiona breeding methods. The
second objective is to screen dite hard winter whest lines including the Regiond Germplasm Observation
Nursery (RGON) s0 that this information can be shared with breeders and growers in the southern Grest
Plains. Currently, 41 F, populations, 34 F, populations,1000 head rows, 34 F, lines, and 2 F, lines, with
diverse sources of FHB tolerance some including Sumal 3 derivatives, are being advanced in the breeding
program. Among these an FHB tolerant line, NE01643 is being consdered for possible releasein two years,
and an additiond 6 lines with high FHB tolerance are dso being consdered for possible release. Thirty four
new crosses using germplasm from the RGON nursery, with above average level of Fusarium head blight
tolerance have been made.
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ABSTRACT

Objective of thisinvestigation was the identification of quantitetivetrait loci (QTL) associated with FHB ress-
tance in two winter wheet recombinant inbred line (RIL) populations. The mapping populaions were deve-
oped by crossing 1) the resstant German cultivar Dream with the susceptible British cultivar Lynx and 2) the
resgtant line G16-92 with the susceptible British cultivar Hussar.

The145F, , and 136 F, , RILsof the Dream/Lynx and the G16-92/Hussar popul ation were genotyped using
AFLP and SSR markers to construct genetic maps and evauated in the field for reaction to pray inoculation
with a Fusarium culmorum spore suspension. Fied trids were performed at four environmentsin two repli-
cations in Germany. For the detection of resstance QTLs composite interval mapping (CIM) with a LOD
threshold of 3.7 was applied for the FHB severity means across the environments.

Three FHB resstance QTLswereidentified in the population DreanvLynx on the chromosomes 6AL, 1B and
7BS explaining 17%, 15% and 17% of the phenotypic variance. In the G16-92/Hussar population two QTLS
associated with FHB resistance were located on the chromosomes 1AS and 2BL explaining 144%, and 17%
of the phenotypic variance.

The QTL dldesconferring resstance on 6AL and 7BS originated from Dream and on 2BL from G16-92. The
resstance QTL on chromosome 1B is probably associated with the T1BL.1RS ryetrand ocation of Lynx. For
the QTL on 1A Sthe susceptible parent Hussar contributed the res stance dlele. The res stance QTLson 6AL
and 1AS partly overlapped with QTLsfor plant height and the resstance QTL on 7BS coincided witha QTL
for heading date.

The resstance QTLs on 6AL and 7BS identified in the Dreanm/Lynx population and the QTL on 2BL of the
G16-92/Husssar population are linked with the SSR markers GWM82, GWM46 and GWM47. In order to
verify the association of the three SSR markers with FHB resistlance a popul ation with an independent genetic
background was developed by a four-fold crossing approach. Resistant lines of both mapping populations
were crossed with two highly susceptible winter wheet cultivars. The F-progeny of about 600 lines was
classfied with the three SSR markers and disease severity of the lines was evauated in field trids after spray
inoculaion with a sugpension of Fusarium culmorum spores in four environments. Examining the marker
classes and the phenotypic data reved ed a shift towards resstance of lines carrying al three markerslinked to
the corresponding resistance QTLs compared to lines without these markers.
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ABSTRACT

Malting and feed barley are affected by different Fusarium species, which might produce toxins and may
result in rgjection or discount at the elevator. Based on previous studiesin which thousands of barley lineswere
screened, the worldwide distribution of resistance sources in barley were identified. Over 550 barley acces-

sons were selected from regions known to be sources of resistant germplasm and evauated for resstance to
FHB caused by F. graminearum. Seeds were obtained from IPK gene bank in Gaterd eben, Germany and

Austrian and Swiss gene banks. Resistant (Chevron, Clho 4196) and susceptible (Stander, ICB 111809)

checks were included in dl experiments. The experiments were carried out in field plots and arranged in a
randomized complete block design with threereplicates. At the late-milk to early-dough stage, the spikeswere
Spray-inoculated at dusk with a macroconidial suspension of F. graminearum, (20.000 macroconidia/ml in
2003 and 10.000 macroconidia/ml in 2004), which was repeated two days later. For disease evauation, the
average percentage of infected kernels/spike (on 5-10 randomly chosen spikes) was assessed on each acces-

son 14 and 21 days after inoculation. In addition, several morphologica criteriawere determined in 2003. In
2003, the resistant checks Chevron and Clho 4196 had severities between 7% and 27%, while both suscep-

tible checks had infection values up to 34% and the local checks Barke and Fontana reached up to 36%. In
2004 the disease development was enhanced due to long rainfall periods compared to 2003, which is indi-

cated by dightly higher FHB severities for the res stant checks (18 — 24%) and clearly demonstrated by FHB

severities on susceptible checks (43 — 57%) despite 50% reduced inoculum concentration. Five winter and

four soring barley accessons exhibited resstance againg F. graminearum. The most resstant two-and Six-

rowed spring barley accessions originated from Switzerland, Germany, Austriaand Denmark, while the most
resistant winter barley accessions are of Austrian, Hungarian, Romanian, Swissand Japanese origin and aredl

two-rowed. The six-rowed spring barley accessions showed resistance level comparableto Chevronin 2004.

The screening of 26 accessions from Austrian collections and 22 accessions from Swiss collection yielded in
addition three two-rowed accessons after fild screening in 2003 and 2004 and verification under controlled
conditions. The spring and winter barley accessons exhibiting res stance and moderate res stance were char-

acterized by rough awns, white to yelow lemma and deuron color, intermediate spike dengty, long rachilla
hair, smal tendency to neck breskage and to lodging, except for winter barley. Although these criteriaare not
suitable asreliable sdection criteria, they do provide hintsfor potentia passve resstance mechanism, linkage
or co-founding factors for resstance and susceptibility. However, before these resstance sources can be
utilized confidently in breeding programs, multi-location and multi-season verification is required. Due to the
high varigbility of this plant-pathogen-system between years and locations, confirmation of resistance under
controlled conditions is asolutely necessary.
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ABSTRACT

Whest is Europe s most important ceredl crop, cultivated on 16 Million ha, yidding 88 Million metric tons per
year. The wheat quality and consumer safety is threatened by Fusarium Head Blight (FHB) caused i.e. by
Fusarium culmorum, F. graminearum and F. avenaceum. Mot of the wheat varieties grown in the EU
today are susceptible to this disease. Crop management and chemica control measuresto prevent the disease
and associated mycotoxin contamination are either not available or not feasible. The development and cultiva
tion of resstant varietiesis the most reliable and environmentally sound means to combat this diseese.

The project amsto reduce mycotoxin contamination in whest at the start of the production chain by means of
improved FHB resstance. To improve the efficiency of selection for resstant lines, artificid infection in mist
irrigated fieldsand under controlled conditions are performed [ (Workpackage 1 (WP1)]. By QTL mapping of
Segregating populations, high resolution mapping popul ations and sdlective genotyping of resistant germplasm
will enable us to develop molecular markers for FHB resistance (WP 2). In WP3 the search for candidate
resstance genesis undertaken.

Breeding companies within the consortium are dready profiting from advancements in nursery establishment,
phenotyping and genotyping. Some examples of promising results are given below.

In WP1 the genotypes having two mgor QTL on chromosome 5B and 3A are more resistant then the group
having asingle QTL or the group containing no mgor QTL. In the traits where the differences are significant
between groupswe found that the mgor QTL influence very amilar traits. Regarding DON accumulation, data
show good correspondence with FHB and Fusarium damaged kernds. Field and greenhouse data from Hun-

gary and UK, respectively, reveded minor QTL with smaler effects towards FHB resstance on chromo-

somes 7A, 2A, 2B, 3B and 6B, but might be influenced by different environments. Therefore, an increased
uniformity in field experiments and phenotyping is mandetory.

In WP2 asgnificant amount of the mapping work has aready been achieved in mapping populations and for
screening nursery lines AFL P and SSR markerswere successtully applied. Progressis made in high-resolution
mapping after sufficient recombinant lines were identified.
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In WP3 progressis being made in analyzing the role of specific genesin wheat and in the devel opment of PCR-
based markersto differentiate forms of these genes. We have also made progressinidentifying novel candidate
genesfor marker development. Primers based on EST sequences are being used to amplify fragmentsthat are
checked for cultivar specific differences.

More details are presented at the Project website (http://www.boku.ac.at/fucomyr). Further, several projects
receive and will receive funding from Nationa Science Foundations by following up on findings generated by
our project. Severd peer-review publications are generated by the project and more are under preparation.
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ABSTRACT

Fusarium heed blight (FHB) of wheat (Triticum aestivum L.) is a devastating disease in whest production
worldwide. Breeding for FHB resistant spring whesat adapted to the Norwegian climatic conditions is one of
the top prioritiesin the country. This study is undertaken to map and characterize quantitative traitsloci (QTL)
for resstance to FHB in promising sources of resstance. The investigation was performed on 93 double
haploid (DH) lines derived from a cross between the cv. ‘Arina (a Swiss winter wheat) and NK93604
(Norwegian spring wheet breeding line). Both parents have moderate levels of Type | and Il resstance for
FHB. The DH population and parentd lines were examined for disease reaction by spraying amacroconidia
suspension of Fusarium culmorum in field for 3 years (2001-2003) using the plastic bag method of Mesterhazy
(1995). Seed samples from 2002 experiments were used for deoxynivalenol (DON) determination (the
fluoroquant method) in CIMMYT. The parents and DH lines were genotyped using fluorescent amplified
fragment length polymorphsm (FAFLP) and smple sequence repesat (SSR) markers usng ABI 377 DNA
Sequencer. A totd of 471 markers (290 fAFLP and 181 SSRs) were used for mapping and QTL analyss.

The DH lines segregated transgressively for FHB, with highly significant differences. A number of linesconss
tently superior or inferior to the parent(s) were identified. Correlaions for FHB scores between years were
around 0.75. There was a0 highly sgnificant variation for DON content, the correlation with FHB in 2002
and the means of years ranging between 0.64-0.75. A tota of 316 loci were mapped and the preliminary map
gpans 2,598 cM in 38 linkage groups. We were able to assgn 22 groups into their respective chromosomes
but the others remain to be defined. QTL andyses were done in two ways. using the smple interval mapping
(SIM) from PLAB-QTL programme, and Partial Least Squares Regression (PLSR), a method devel oped
from Principal Component Anadyss by Bjarnstad et d. From SIM, there appeared to be three mgjor QTL
associated with FHB resistance: on chromosomes 2D, 1B (both from *Arina) and 7A (from ‘NK93604'),
that explained 30.7% (adjusted R?) of the mean phenotypic variation for disease severity over threeyears. This
degree of explained variance for FHB is comparable to other studies in this disease. An examination of the 7
most resstant and 7 most susceptible lines showed cong stent results, whereas intermediate phenotypes were
less consgtent. The QTL on 1B and 7A were congstent in al the three years, the 2D oneonly in 2001 and in
the three year mean and are different from other studiesthat used Arinaas aparent. For DON, three QTL (on
2B, 4D and undesignated, dl from *Arina’) were detected that together accounted for 21.8% of the pheno-
typic variation. PLSreveded the same QTL for FHB as aove, but in addition aclear QTL on 4B. Theleve
of variance explained after cross validation was 38%. The QTL for both FHB and DON, however, remain to
be confirmed by determining the unassigned linkages groups by incorporating more SSR and restriction frag-
ment length polymorphism (RFLP) anchoring markers. In order to increase accuracy of the maps and linkage
groups, the DH lines are currently being genotyped using Diversty Array Technology (DArT). The QTLs
mapped in thiscrosswill be compared and discussed with other studiesin‘ Arina and other resi stance sources.
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ABSTRACT

Effective resstance to Fusarium head blight will probably require both type 1l and type | resstance. The
objectives of this study were to determine the best conditions for evauation of type | resstance and to deter-
mine if the two types of resstance are corrdated. \We measured both types of resistance in a group of lines
previoudy sdlected for type I resstance. The experiments were conducted in the greenhouse, using conidid
inoculum produced in Mung bean extract medium. To measure type | resistance we sprayed fully flowering
heads with awater sugpension of conidia. To measure type |1 resstance, we inoculated a single, well-devel-
oped floret near the top of the head with 10 mAL of spore suspension. After inoculaion by either method,
heads were covered with a clear polyethylene bag for 48 h to provide moisture for infection. We assessed for
type | resstance 5 d after inoculation, so that any type Il resstance a line possessed would not confound
measurement of type resistance. We assessed type || resistlance asthe number of blighted spikelets 20 d after
inoculation. Therewere highly sgnificant differencesin type Il resstance among lines. The correation for type
[ resi stance between repested experimentswas 0.72. Therewere likewise highly significant differencesamong
lines for type | resistance, with about a 4-fold difference in the percentage of blighted spikelets 5 d after
inoculation. However, expression of type | resistance was not as repestable astype |l resistance. The corre-
lation between repeated experiments was only 0.44. In neither experiment was there a correlation between
typel andtypell resstance. A marker andysis conducted by Dr. G Bai reveaed that most of theselinesdo not
carry the mgjor resstance QTL on 3BS. To invedtigate the effect of inoculation variables on the expression of
type | resstance, we inoculated a subset of lines from the experiment described above by spraying them with
either 20,000 or 40,000 spores'ml, on one or both sides of the head, at early flowering (GS 10.51) or full
flowering (GS 10.53). The effect of each varidble was highly sgnificant. There were sgnificant interactions
between line and each of theinoculation variables, indicating that the rel ative degree of type | resistance shown
by aline depended on the conditions of the test. For the variablestested, an inoculum concentration of 20,000
spores/ml applied at GS 10.53 to both sides of the head was the most reliable means to evauate type |
resstance. We also compared type | with type Il resistance in arecombinant inbred population derived from
Clark (susceptible) ~ Chokwang (moderately resistant). The population was tested twice for type I resstance
and 3 times for type | resstance. Family means for type Il resstance ranged from 3 blighted spikdets to all
pikelets blighted. The correlation between the repegated type 11 tests was 0.51. Among the 3 evauations of
type| resstance, line means ranged from 3% to 58%, 86%, or 50% of the spikelets blighted. The correlations
of type | resistance between experiments were low. There was no correlation between type | and type Il
resstance in this population. The 3 RILs with a consstently high degree of type | resistance had little type I
resstance. Chokwang has a minor gene for resstance a 3BS, but marker andyss indicates more of its
resstanceisat alocus on 5D.

162



Host Plant Resistance and Variety Development

MARKER-ASSISTED CHARACTERIZATION OF FUSARIUM
HEAD BLIGHT RESISTANCE IN A LOPHOPYRUM-
DERIVED WHEAT LINE
X. Shen, L. Kong, H. Sharmaand H. Ohm’

Department of Agronomy, Purdue University, West Lafayette, IN, USA
" Corresponding Author: PH: (765) 494-8072; E-mail: hohm@purdue.edu

ABSTRACT

The closdly-related, by backcrossing to ‘Thatcher’, wheat substitution lines K2620 (7D/7€l,) resistant to
Fusarium head blight (FHB) and K11463 (7D/7€l,) susceptible to FHB, were crossed to produce an F,
mapping population segregating for FHB resistance. The F, plants were evauated for type Il resistanceina
greenhouse. Significant genetic variation for FHB resistance was observed in the population and between the
two parent lines. DNA markers, including SSR, EST, and EST-CAPS were screened with the parents and
four trandocation lines. Markers polymorphic between the two parents and a so present in the correspondent
trand ocation lines were considered as markers located on chromosome 7€l. A preliminary map, based on the
genotyping and phenotyping of 277 F, plants, was congtructed with 12 markers with atota distance of 105
cM. A mgor QTL associated with FHB resistance was detected in the distal part of chromosome 7el,. The
most closely linked markers for the QTL are psr121-Dpn Il and Cfa2240. Ps121-Dpn Il is a dominant
marker and Cfa2240 is co-dominant. They respectively account for 13% and 25% of the phenotypic variation
in this population. We aso suggest that line KS10-2, atrandocation line previoudy reported as containing the
whole short arm and proxima part of the long arm of 7€, by RFL P andysis, may actudly have thewholelong
arm because dl the 12 markers on the long arm have the same genotype in KS10-2 as in K2620, its donor

parent.

163



Host Plant Resistance and Variety Devel opment

A HIGH DENSITY LINKAGE MAP OF WHEAT
JianRong Shit and Richard W. Warc?

tJangsu Academy of Agricultura Sciences, Nanjing 210014, China; and
2Wheat breeding and genetics, Michigan State University, M| 48824, USA
"Corresponding Author: PH: 517-285-9725; E-mail: wardri@msu.edu

ABSTRACT

We display a preliminary high dendty linkage map of wheat with 1728 AFLP, RFLP, SSR, and other loci
congtructed from published and unpublished (new Xbarc loci) data for the ITMI (Opata/\W7984) mapping
population. Framework maps of al 21 chromosomes with 586 loci and combined genome length of 3956.9
cM were generated with Mapmaker. The framework maps were then used to inform an iterative processin
which Joinmap was used to generate afind map of 1728 loci with atota length of 2640 cM. Of particular

interest isthe increased resolution of the identity and order of loci at the distal ends of one or morearms of 11
chromosomes.
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ABSTRACT

The Ohio State University whesat breeding program has evauated severd thousand soft red winter whesat
(SRWW) breeding lines for scab resistance in an inoculated and listed disease nursery from 2002 to 2004.
Mogt lines are derived from crosses between adapted parents that are not necessarily designed to improve
scab resistance. Each year multiple lines per cross are compared to a moderately resistant (Freedom) and
susceptible (Pioneer 2545) check. We have summarized FHB index (% scabby florets) datafrom linesintheir
firgt year of testing (YR1) and those in the second year of testing (YR2). Resstanceto FHB in the YR1 test
is often a primary criteria for selecting entries for the YR2 tests. Data from consecutive years was used to
assess the FHB resstance of Y R2 entries while one year of data was used for the YR1 entries. Lines were
consdered to have moderate resstance if their index value was deFreedom’s while lines were consdered
susceptible if their index vaue was esPioneer 2545's.

When summed over years, moderately resistant lines were common as 58.4% of the 320 YR2 entries and
43.7% of the 1366 Y R1 entries had index values deFreedom. In contrast, only 0.6% of the Y R2 entries and
4.3% of the YR1 entrieswere as susceptible as Pioneer 2545. Strong resistance wasrare asonly 2.8% of the
YR2 and 11.6% of the Y R2 entries were significantly more resi stance than Freedom. The percentages varied
by test (YR1 vs YR2) and years perhaps due sdlection pressure, and variation for pedigree and disease
pressure between years. Moderate resistance was derived from many crosses. Across years, moderately
resstant lines were derived from 61.8% of the 144 YR2 crosses and from 65.7% of the 271 YR1 crosses.
Susceptibility was noted in just 1.4% of the Y R2 pedigrees and only 11.8% of the YR1 pedigrees.

The main conclusions are 1) there is consderable genetic variaion for scab resstance in adagpted SRWW
germplasm, 2) moderate resstance in common, though resistance or susceptibility is not, 3) recombination
within SRWW can generate improved resstance, 4) recurrent selection should improve scab resistance of
adapted SRWW as moderate resistance appears to come from many sources, and 5) recurrent selection is
needed to increase the probability of resistance.
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ABSTRACT

There is consderable resstance to Fusarium Head Blight in soft red winter wheat (SRWW) adapted to the
eagtern USA. Little is know of the genetics of this resstance. One source of resstance in SRWW is the
moderately resstant cultivar “Freedom”. A mapping study in the cross Freedom x Ning 7840 suggested that
Freedom has an dlele for FHB resistance on chromosome 2AS, an dlele with an effect smilar to the well
known dleleon 3BSfrom Suma 3 and Ning 7840. We haveinitiated sudiesto confirmthisfinding. Inastudy
of continua selection for FHB resistancein aRIL population from the cross ZM 10782/Freedom//30584-37-
2/VA91-54-219, 19 lineswere selected for excellent FHB resistance. Theselines had an average FHB index
of 6.1, vs20.7 for Freedom. Of the 19 lines, 83% had Freedom marker aldesat the 2AS marker (Xgwm296)
originaly used to map the Freedom dlele for FHB resstance. A smilar skewing was noted for 3BS markers
from the Chinese line ZM10782. The results indicate that 2AS from Freedom and 3BS from ZM 10782
where sdect for during the phenotypic evauation and selection. The 3BS marker haplotype of ZM 10782
matches that of Ning 7840. We have dso investigated the 2AS region in a RIL population from the cross of
Freedom x OH546 (moderately susceptible). RILs from this population have been screened in the green-
house and field for FHB resistance. Cons derable segregation and transgressive segregants have been noted.
Reaults from this mapping will be presented.
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OBJECTIVE

Evduate soft winter whesat linesfor resstanceto FHB
in amulti-gte uniform nursary.

INTRODUCTION

Each year the USWBSI funds coordination of a uni-
form nursery to assess FHB resstance in soft winter
what lines adapted to the northern US.

MATERIALSAND METHODS

The 2003-04 NUWWSN eval uated 50 breeding lines
and six checksfrom 12 breeding programs (Table 1).
Data was collected from 15 field trids in the US and
Canadaand four greenhousetests. Thefiddtriasused
various methods of inoculation and rating, though most
use mig irrigation and Fusarium infected corn kernds
as inoculum. Most cooperators reported incidence
(INC as %) and severity (SEV as %) collected on 20
heads per replication. INC and SEV were used to
caculate index (IND=INC*SEV/100). Some aso
collected dataon kernel rating (KR, visud estimate of
% FDK) percent scabby seed (PSS) based on seed
weight and DON in ppm. An ISK rating was cacu-

lated as ISK = (0.3xINC)+(0.3xSEV)+(0.4x%SS)
and ranges from 0-100. The greenhouse tests were
conducted using single floret inoculation and dl re-
ported severity (GHSEV as%). For thisreport, data
is averaged over dl locations and the genotype x lo-
cation interaction was used astheerror to caculatean
LSD (0.05). For each trait, each entry was com-
pared to the entry with the lowest mean, and the entry
with the highest mean using the LSD, ...

RESULTSAND DISCUSSION

A brief summary of the NUWWSN trid is presented
here. The full verson of the 2003-04 NUWWSN
report will be available a the 2004 USWBSI forum
and a the USWBS web site (http://mww.scabusa.org/
). Based on proportion of total sum of squares (TSS)
accounted for by genotype by environment interac-
tion (GEI) effects, GEI was an important source of
variationfor SEV (21.3%of TSS), IND (16.5%), and
GHSEV (43.5%). The data summarized over dl lo-
cations the data for al lines is presented in Table 2.
The datafor the best and worgt linesis summarized in
Table 3.
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Table 2. Average FHB trait values for entries in the 2003-2004 NUWWSN. The
number of times an entry was not significantly different from the lowest meanin a
column is shown in the “#1” column, while the “#h” column shows the number of times
an entry was not significantly different from the highest mean in the column. Heading
date (HD, julian days) and height (HGT, inches) were not included in the # or #h
statistics.

ENTRY NAME INC SEV IND GHSEV KR PSS ISK DON # #hHD  HGT
1 PIONEER 2545 80.7 h 53.9 h 435 h 32.7 509 h 482 h 420 h 11.3 h 0 7 [141 33
2 ERNIE 60.2 330 244 139 | 294 | 186 | 1861 84 | 5 0139 | 30 |
3 FREEDOM 62.9 394 263 122 | 419 359 322 58 | 20|42 35
4 IL97-6755 47.01 2111 1821 9.8 | 2441 179 1 1201 37 | 8 0[140 38
5 PATTERSON 69.7 44.4 h 373 h 447 h 381 1 229 | 26,6 64 | 3 3[|140 35
6 TRUMAN 48.3 | 20.4 1 130 | 8.2 | 286 1 226 1 1401 51 | 8 0145 35
7 97397J1-4-1-4-7 50.1 2861 215 103 | 3311 246 1 1881 59 | 6 0139 | 32
8 081238A1-1-44-1  [63.4 36.6 273 226 | 456 250 | 245 49 | 3 0[139 | 32
0 981312A1-6-2-2 62.3 328 241 176 | 3751 278 2131 51 | 4 0|142 31 |
10 981517A1-1-5-2 56.51 29.0 1 206 | 108 | 382 1 2191 1851 7.6 | 8 0 |142 32
11 992128A2-4-1 79.0 h 46.9 h 389 h 24.9 523 h 309 352h 65 | 1 5(139 | 32
12 VAN9BW-342 76.6 h 47.5 h 354 251 489 h 404 h 416 h 87 | 1 5 (141 29 |
13 VAO3W-630 74.0 h 51.0 h 402 h 492 h 472 h 361 359 h 121 h 0 7 [143 32
14 VAO3W-633 71.7 h 43.2 h 320 26.8 403 | 346 33.7 105 h 1 3|141 30 |
15 VAO3W-644 66.5 356 253 152 | 397 1 229 1 2271 68 | 5 0[140 30 |
16 VAO3W-674 67.7 45.7 h 337  34.2 436 304 29.6 118 h 0 2 (139 | 30 |
17 IL96-24851-1 60.8 28.9 | 212 9.9 | 408 1 258 | 19.91 46 | 6 0[142 32
18 IL99-27048 60.0 327 267 191 | 3191 193 | 2281 58 | 5 0138 | 34
19 IL00-8061 5451 2551 183 1 181 | 333 1 170 1 1521 69 | 8 0141 36
20 IL00-1665 61.2 347 240 233 | 427 2711 249 68 | 3 0[141 33
21 IL99-20756 50.2 3141 250 119 | 264 | 138 1 17.21 73 | 6 0138 | 34
22 KY97C-0151-1 72.1 h 46.4 h 36.7 h 32.3 46,7 h 327 324 75 | 1 4|141 35
23 KY96C-0895-1 58.5 347 242 279 365 1 271 1 23.81 82 | 4 0 (144 37
24 KSOOHW175-4 63.7 39.9 281 226 | 429 371 305 99 | 2 0[143 35
25 KS950409-P-4 70.2 428 325 188 | 493 h 435 h 342 118 h 1 3 [142 34
26 MD27-37 66.3 41.4 340 250 379 | 253 1 285 55 | 3 0(139 | 32
27 MO010925 61.3 37.7 276 295 409 | 307 26.1 49 | 2 0|142 35
28 MO010789 58.1 381 260 375 h 3491 282 292 103 1 1143 37
29 MO010574 67.1 372 278 194 | 389 | 288 255 104 h 2 1|142 37
30 MO010719 58.4 31.0 1 232 145 | 406 | 290 21.81 104 h 4 1|141 40
31 MO011130 73.4 h 454 h 37.6 h 32.6 493 h 387 37.8h 129 h 0 6 |142 38
32 NY88046-8138 67.2 36.3 266 31.9 53.9 h 515 h 30.7 135 h 0 3 147 h 36
33 Caledonia Resel-T  [72.1 h 37.2 258 32.6 495 h 463 h 34.0 152 h 0 4 |147 h 36
34 NY91028-9073 60.1 28.6 | 2011 237 | 544 h 506 h 28.4 169 h 3 3 [148 h 35
35 NY91028SP-9245W [59.4 27.8 | 19.4 | 356 h 47.6 h 41.0 h 22.0 1 168 h 3 4 [148 h 35
36 NY890259111W  [62.2 326 232 354 h 513 h 43.6 h 27.7 151 h 0 4 [148 h 37
AVERAGE 63.7 367 271 252 428 320 27.0 90 142 34
MINIMUM 47.0 204 130 8.2 244 138 12.0 3.7 138 29
MAXIMUM 80.7 53.9 435 510 56.7 515 42.0 16.9 148 41
LSD (0.05) 10.1 112 7.6 16.6 166 13.4 11.8 6.5 2 2
# LOCATIONS 11 11 14 4 3 5 5 3 9 4

I, h indicate means that are not significantly different from the lowest or highest mean in that column,
respectively.
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Table 2. (continued)

ENTRY NAME INC SEV IND GHSEV |[KR PSS ISK DON | #h HD HGT
37 OH743 64.5 401 306 24.1 | [443 348 201 75 120 143 36
38 OH751 70.5 399 298 251 416 285 296 82 I|L 0 142 35
39 OH776 68.6 434 h 340 351 hl4as 319 260 101 I[1 2 141 34
40 OH788 64.9 456 h 357 50.1 hljs26 h388 339 94 I[13 140 34
41 OH790 71.5 h 432 h 354 437 h(50.1 h381 359 h75 |15 141 34
42 X00-1051 57.7 341 220 180 {362 1231 1230149 150 142 33
43 X00-1058 65.7 425 278 12.0 | [448 340 308 94 120 144 33
44 Y00-3044 65.9 491 h29.2 300 567 h458 h387 h103 [0 4 145 33
45 E2057 56.4 | 29.0 | 19.7 | 22.4 | [39.1 1 405 h225 | 115 hle 2 146 h 32
46 E2038 58.3 292 | 18.8 | 134 | {421 274 208 1 122 hls 1 147 h34
a7 E2048 57.4 290 | 19.7 | 26.7 476 h39.7 238 | 102 |1}4 1 146 h38
48 E2037 59.4 342 216 230 | [53.8 h384 296 116 h[L 2 147 h35
49 E0009 55.0 | 26.4 | 189 | 27.8 458 304 203 187 1[50 148 h38
50 RCATL33 57.0 | 307 | 23.0 510 h(53.1 h285 250 74 132 140 41
51 RCATL10 67.5 365 265 312 527 h430 h327 98 Il 2 145 39
52 RCATL24 49.7 1 22.8 | 16.2 | 33.9 416 305 164 | 11.8 hld 1 147 h42
53 RCATL12 58.3 352 245 26.1 482 h445 h275 90 |1 2 144 40
54 RCAT L2 62.7 390 285 236 {303 1251 1240 87 1l40 140 40
55 WESLEY 77.2 h 541 h 417 h34.2 631 h532 h466 h66 |1 6 143 33
56 NE98466 69.4 443 h 334 310 478 h365 356 h55 |1 3 142 37
AVERAGE 63.7 367 271 252 428 320 270 90 142 34
MINIMUM 47.0 204 130 8.2 244 138 120 3.7 138 29
MAXIMUM 80.7 539 435 510 56.7 515 42.0 16.9 148 41
LSD (0.05) 10.1 112 76  16.6 166 134 118 65 2 2
#LOCATIONS |11 11 14 4 3 5 5 3 9 4

[, hindicate means that are not significantly different from the lowest or highest mean in that column,

respectively
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MOLECULAR BREEDING OF WHEAT AND INTROGRESSION
OF FHB RESISTANCE QTL
D.J. Somers’, J. Thomas', S. Fox!, G. Fedak?, R. DePauws,
G. Humphreys', J. Gilbert' and C. McCartney*

tAgriculture and Agri-Food Canada-Cereal Research Centre, Winnipeg, MB, Canada; and 2Agriculture and
Agri-Food Canada-Eastern Cereals and Oilseeds Research Centre, Ottawa, ON, Canada; and *Agriculture
and Agri-Food Canada-Semi-Arid Prairie Agricultural Research Centre, Swift Current, SK, Canada
“Corresponding Author: PH: (204) 984-4503; E-mail: SomersD@agr.gc.ca

ABSTRACT

During the last 6-7 years, severd publications have reported on the map location of QTL associated with
Fusarium heed blight (FHB) resistance. Many of these findings have been vdidated in smilar mapping studies
conducted a Agriculture and Agri-Food Canada which lead to the development of a large-scale molecular
breeding effort to introgress FHB resistance QTL into Canadian wheet. Beginning in 2002, resstant and dlite
susceptible parent lines were identified and characterized genotypicdly. This established which QTL werein
each donor line and which crosses were most gppropriate to track the QTL introgresson. The project in-
cluded three sources of FHB resistance (Sumai 3, Wuhan, Nyubai) used in four initid crosses (streams) to
different elite susceptible wheat. Each stream went through two cycles of backcrossing then sdlfing to derive
BC,F, plants. Molecular breeding selected for FHB resstance QTL and approximately 70 background
geneticloci to accelerate genomerestoration. Intota, >12,300 half seedswere genotyped generating >64,000
microsatellite alele datapoints which resulted in salection of 48 homozygous BC,F, plants for stream inter-
crossing. The intercrossng assembled novel FHB resistance gene pyramids from the different sources of
resstance. Doubled haploid (DH) linesfrom the intercross F1's have been produced and seed increases are
planned for the winter of 2004/05. Our expectation isto test >4,000 DH linesin replicated FHB nurseriesin
2005. In 2004, asingle FHB nursery with three replications was planted in Ottawa, ON with 127 entries of
BC,F, lines derived from the project carrying 0-3 FHB resstant QTL. Heavy infection levels were estab-
lished and dl entrieswere evaluated for 1) FHB index, 2) % Fusarium damaged kerndsand 3) DON analysis.
A comparison between siter (BC,F,) linescarrying zero FHB resistance QTL and 1-3 FHB resistance QTL
showed significantly lower infection and FDK in lines carrying FHB resstant QTL. The DON andysis will
also be presented when completed. Genetic background was aso noted to affect the expresson of FHB
resstance QTL. A detailed description of the molecular breeding and genetic aspects of the project will be
presented aong with the prdiminary findings from the 2004 FHB nursery.
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THE RESPONSE OF WHEAT SEEDLINGTO THE
METABOLITES OF FUSARIUM CULMORUM
A. Srobarova

Institute of Botany, Slovak Academy of Sciences, Dubravska cesta 14, SK-845 23 Bratidava, Slovak Republic
Corresponding Author: PH: 421- 2- 5942 6147; E-mall: antonia.srobarova@savba.sk

OBJECTIVES

The am of this contribution wasto relate the possible
response of wheat seedlings to the crude metabolites
and trichothecene of F. culmorum with their ress-
tance to root rot caused by pathogen.

INTRODUCTION

The most frequent species F. culmorum and
F.graminearum have so far been identified in plant
and soil on wheat in Sovakia. Because certain fungdl
drains are able to synthesize a number of toxic me-
tabolites (Jacobdllis and Bottalico, 1981), it is pos-
shlethat severd different mycotoxins will be present
in a single plant. In Slovakia zearalenone,
deoxynivalenol, only trace of T-toxin and
diacetoxyscirpenol, were identified in wheat kernels
(Srobérovaand Bachan 1994, Perkowski et ., 2002)
and through the seed may be transmitted into seed-
ling. However, to thistimether impact and rolein plant
is not fully understood. Eudes et d. (1997) demon-
drated that plant toxicity of severd trichothecene was
veay different to their toxicity in animas. Then con-
comitantly Eudes et al., (2000), Pavlova and
Srobérova (2001) proved the relationship between
resistance of cvs and toxins There is dso a question,
how the structure of plant organs, respectively there-
gstance mechanism of the hogt plant will be reveded
when mixture of the main mycotoxinsare accumulated
in infected seed and may be transmitted to the seed-

ling.
MATERIALSAND METHODS

Preparation of culture filtrate The isolate of
F.culmorum was cultured in potato-glucose extract
(200 g of potatoes, 10 g glucose per 1 litter of ex-

tract) in Erlenmeyer flasks for 3 weeks. The cultures
were then autoclaved at 120 °C, pressure 1, 8 MPa,
for 20 min and filtered. The filtrates were autoclaved
again at the same temperature and pressure.

Set-up of experiment. From the whest cultivars of
preiminary tests we selected the cvs. Hana—+resistant,
Barbara-susceptible one. Seeds of the cultivars were
disnfected in a0, 6 % solution of NaOCl for 1 min,
rinsed severd timesin didtilled water, and then kept in
double digtilled water for 36 h to swell. Two layers of
filter paper moistened by sterilised digtilled water were
put into glassjars (serilised by hot air), and 25 seeds
of each cultivar were placed on it. The vessels were
covered with Petri dishesand placed in agrowth cham-
ber with atemperature of 20-25 °C and a 12 h light
period. After 4 days, at which the coleoptilesand three
roots had developed, we added 10 ml of the culture
filtrate of F. culmorum and mixture of its mycotoxins
(SIGMA): deoxynivalenol (DON), T-2 toxin and
diacetoxyscirpenol (DAS), eachin concentration 30ug/
mi, into thevessdls. After ten daysof cultivation phy-
totoxicity was evauated according to biomass pro-
duction and ultrastructure of root and leaves cdlls. To
the control plants 10 ml of digtilled water was added.

Ultrastructural evaluation. For eectron micros
copy, ssgmentsfrom centra part of 3 leavesand 5mm
long root apices were fixed with 3% glutaradehyde
and 1% OsO,, dehydrated in ethanol and embedded
in Spur’ smedium. Ultrathin sectionswere stained with
uranyl acetate and Po-citrate and investigated with the
EM TedaBS 500.

Statistical analysis All gatistical caculaions were
performed by computer software STATGRAPHICS
Verson 2, 1, Satigtica Graphics Corporation.
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RESULTSAND DISCUSSION

Biomass. Trestment with the culturefiltrate resulted in
anincrease of biomass production, especidly of roots
(length, fresh and dry matter) of seedlings of the cv-s
Hana (resstant), in the susceptible cv. Barbara there
was generdly adecrease of root biomass. The culture
filtrate simulated the growth of leaves of this cultiver,
data with Stetistic importance of the observed param-
eters are shown in Tab. 1 and 2.and Fig. 1.). The
growth inhibitive effect of both the culture filtrate and
thetoxinswasmore pronounced inrootsthan inleaves.

Ultrastructure. The incubation of roots of suscep-
tible cv. Barbara with toxins rdated in a variety of
morphologica dterations, vesculation and loss of ri-
bosomesisextremdy. Cellsof mesophyll had adisturb
gructure of chloroplasts, while in resstant one only
disturbed thylakoids arrangement (Fig.2) as usudly
under stress condition (iamporova and TrgiHova
1999). In the cytoplasm of root the cisternae and long
tubular dements of endoplasmatic reticulum (ER) dis-
integrate into short ER tubules, fragmentation, dilata-
tion and vesiculaion of cisernae is extremely deve-
oped.

This dteration is accompanied by loss of ribosomes
from the surface of the cisternae. The large dark cen-
tral vacuoles and many smal vacuolar compartments
with membrane-bound e ectrolucent are present inthe
cytoplasm (Fig.3). The formation of vacuoles can be
important for creating acompartment for protein stor-

age.

Ultrastructurd modifications were seen mainly in the
main structures participating in protein metabolism.In
the root cdls of susceptible cv. the chromatin clamp-
ing and margination in the nucleus is acharacterigtic
feature. Disaggregating of cytoplasmic organdlles or
fragmentation of the nucleus was observed (Fig. 4).
The highly condensed chromatin masses do not alow
differentiation of the nucleolusor part of it. Clear iden-
tification of ribosomeisredtricted to some areas of the
outer nuclear membrane. For the resstant cv (Hana)
to the pathogen, toxins didn't destroyed cells thor-
oughly. After ten days of incubation, about 80 % of
root cdll show cdlular dteration. In both cultivarsthe

inhibitive effect was higher of the culture filtrate then
thetoxins.The efficacy was more pronounced in roots
than in leaves. Root cdlls after trestment by crude me-
tabolites were destroyed to the higher degree than by
toxins. compartmetation (“like structural apoptosis”)
of nucleus was observed.

Structure of tissue observed under transmission eec-
tron microscope (TEM) proved the same response of
cvs as to the pathogen.

The cv. Hana, which is resstant both to the pathogen
and to the accumulation of zearalenone (Srobédrova
and Bachan 1994; Pavlova and Srobarova 1997), or
to single DON (Srobérova and Pavliova 2001) it has
the same response to mixture of trichothecene. While
susceptible cv had the cell thoroughly destroyed, the
resstant one has just some membrane disoorded;.

The used fusariotoxins are trichothecene, the most &f-
fective specific inhibitors of protein synthesis known
and free amino acidsf.efree proline are accumul ated
in tissue Bandurska et a.1994). These changes are
accompanied with structura modifications or destruc-
tionmainly of the cdlular organdles and compartments
which areinvolved in transnasiond protein processng
aswdl asinits trangport. In this connection we sup-
pose a possible mechanism of resstance in this level
for the pathogen and its toxins: A high leve of free
prolinein tissues can suppres (Jacobelisand Botdicco
1981) the leakage of el ectrolytesfrom cells caused by
a pathogen and its toxins (Wang and Miller 1988).
The accumulation of free prolineis dso stimulated by
abscisc acid which is produced in wheat seedlings
infected by F. culmorum (Michniewicz et d., 1990).
This mechanism can stabilise the consequences of the
attack on the host and renew the function of mem-
branes (Bandurska et d., 1994). From this point of
view, susceptibility or resstance, better sengtivity is
characterized by the speed of this protective mecha:
nism.
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Table 1. Analysisof variance for the production criteria of cvstreated by secondary

metabolites.

variable root |eaf root |esf root |eaf root leaf
length [growth number |number ([fwght (fwght |dwght |dwght

cultivar 21,97"" 121,25 1,39 6,30 3,77 7,78" 13,977 (41,31

treatment 543 (846" 15,12" 453 3,5 4,50 14,04 6,70

sum of squares |38,67 (3759 7 0,52 0,47 1,36 0,01 (0,03

Standard 2,4 0,51 0,93 0,1 0,107 0,192 |0,001 {0,002

error

'PE£0,05 TP£0,01

by fusariotoxins.

Figurel. Different level of growth inhibition of wheat seedlings
treated by metabolites of F. culmorum, compareto control (left), then
to the right direction: two seedlings by crude metabolite, and last ones
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Table2. Correlation coefficients between mean values of all production criteriain winter

wheat cultivars treated with secondary metabolites.

total Hana/ control/ control/
biomass |Barbara |filtrate toxins
length roots 0,89 |0,87" 0,89 0,94
leaves [0,847 [0,92° [0,947 0,89"
number |roots  [0,97°F |0,99" 0,44 0,98"
leaves 0,54 0,89 |0,91" 0,98"
fresh roots (0,93 [0,96 (0,94 0,99
weight leaves |0,88"" |0,87" 0,90 0,99"
dry roots |0,95° |0,73" 0,50 0,89""
weight leaves |0,90™ (0,96 |0,97"" 0,61

"PE£005 P£0,01

Figure 2. The ultrastructure of mesophyll cells: right) vacuolated chloroplast, white stroma
(arrow) of susceptible cv.Barbara and |eft) resistant cv.Hana.
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T

Figure 3. Theroot cell of resistant cv.: plasmolysis of cell, dark central vacuole and
electron transparent vacuoles in cytoplasm.

Figure 4. Root cell of susceptible wheat cv.Barbaratreated by metabolites: rest of cell
cytoplasm Mand fragmentation of the nucleus (arrows) is observed.
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A QTL ON TRITICUM DICOCCOIDESCHROMOSOME 6B
ASSOCIATED WITH RESISTANCE TO FHB
Robert W. Stack™ and Justin D. Faris’

Department of Plant Pathology, North Dakota State Univ., Fargo, ND, USA; and
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*Corresponding Author: PH: (701) 231-8362; E-mail: robert.stack@ndsu.nodak.edu

ABSTRACT

Fusarium head blight (FHB), caused by Fusarium graminearum Schwabe, is a serious disease problem on
durum wheat (Triticum turgidum L. var. durum) in the USA. To date, the resstance to FHB available in
hexaploid wheat (T. aestivum L.) sources has not successfully been transferred to tetrgploid durum. Inthe
1980's, USDA geneticist L.R. Joppa produced a set of disomic chromosome substitution lines in the back-
ground of “Langdon” durum using thetetraploid wild emmer (T. turgidum L. var. dicoccoides) line FA-15-
3(="lgad A”). Each LDN-DIClinehad adifferent pair of chromosomesfrom wild emmer substituted for the
corresponding Langdon durum chromosomes (Joppaand Williams. 1988. Genome 30:222-228).  1n 2002,
Stack et a. (Crop Sci. 42:642-647) reported that severd of the LDN-DIC substitution lines showed resis-
tanceto FHB. One of these, the LDN(DIC-3A), has been studied in some detail (Otto et d. 2002. Plant
Mol. Bial. 48:625-632). Inthetridsof Stack et d., the LDN(DIC-6B) line dso showed significantly reduced
FHB. The6B lineisof interest becausethe 6B chromosomeisthe Ste of agenefor high grain protein content
which has been extensively studied and mapped (Joppaet d. 1997. Crop Sci. 37:1586-1589). Weevduated
a population of 85 recombinant inbred chromosome lines (RICLS) derived from LDN x LDN(DIC-6B) for
reaction to FHB. Markers aong the map of 6B, previoudy constructed by Du and Hart (1998. Theor. Appl.
Genet. 96:645-653) and Olmoset al. (2003. Theor. Appl. Genet. 107:1243-1251), were surveyed for asso-
ciations with FHB resstance. Simple linear regresson and composite interva regresson andys's mapping
indicated the presence of a quantitative trait locus (QTL) on the short arm of 6B. This QTL accounted for
about 20 percent of the phenotypic variation for resstance to FHB. 1t will be beneficid to combine this QTL
with others to increase the levels of FHB resstance in durum cultivars. It remains to be determined whether
this resstance locus is comparable to the one identified on 6BS in hexaploid wheat (Anderson et d. 2001.
Theor.Appl.Genet.102:1164-1168).
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ASSESSING TYPE 1 RESISTANCE IN WHEAT TO FUSARIUM HEAD
BLIGHT IN HIGH DISEASE PRESSURE SCREENING NURSERIES
Robert W. Stack” and JanaM. Hansen

Department of Plant Pathology, North Dakota State University, Fargo, ND 58105, USA
"Corresponding Author: PH: (701) 231-8362; E-mail: robert.stack@ndsu.nodak.edu

ABSTRACT

Phenotypic expresson of resistance in wheet to Fusarium head blight (FHB) is of three principa types. @
reduced initid infection (A.K.A. “type 1’ resstance); b) reduced lesion expansion beyond primary infections
(A.K.A.“type 2’ resstance); c) reduced kernel damage beyond that accounted for by (a) or (b). Expression
of strong type 2 resstance, found in some Chinese whests, has largely been the basis for recent breeding
efforts in soring wheet in North America. Attempts to develop commercid wheats with strong type 1 ress-
tance have been less successful. Resistance to primary infection is often estimated by disease incidence,
Inoculated, irrigated nurseries are widely used in breeding whest for resstance to FHB, but these often give
very high leves of disease incidence, good for limiting escapes and comparing FHB severity, but such high
disease makes comparisons for incidence difficult. For example, in severd recent years the FHB incidence
across dl locations in the uniform regiond spring wheat FHB nursery has been above 80%, and has often
exceeded 90%. A practica consequence of such high disease pressure is that identifying and incorporating
strong type 1 resstance into cultivars has lagged behind the use of type 2 resstance.  We propose that
counting of individud primary infections (“hits’) per infected spike, will dlow better esimation of type 1
resstance in high disease pressure nurseries.  The rdationship between the number of hits per soike and the
incidence of infected spikesisthe same onethat P.H. Gregory worked out some 60 years ago when he applied
the “multiple infection transformation” to plant disease.  Hits can be counted when symptomatic spikelets
appear after the latent period is past but before vegetative spread within the head has proceeded.  In spring
whest, hits can be easily identified at ten days postanthesis even in very susceptible lines.  Between 1998 and
2003 we sampled 583 plots of spring wheat in the NDSU spring whest breeding nursery at Prosper, ND.
Inoculaion in thisnursery isby G. zeae ascospores produced in perithecia on colonized grain spread on the
ground. Inthisnursery many wheat heads show symptoms of multiple hits. By counting hitswe haveidentified
lines with reduced incidence of FHB, independent of FHB severity. Acknowledgement: The authors thank
NDSU spring wheat and durum breeders for use of this nursery.  (This poster was presented at the 2004
Annua mesting of the American Phytopathological Society in Anaheim, CA. The abstract gppeared in Phyto-
pathology 94:6(suppl.):S98.)

178



Host Plant Resistance and Variety Development
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OBJECTIVE

To assess disease spread in barley spikes after angle
floret inoculation with Fusarium graminearum.

INTRODUCTION

Inwheat, Schroeder and Christensen (1963) described
two typesof resistanceto Fusarium head blight (FHB):
“type I” resstance operates againg initid pathogen
infection, and “type 11" resstance operates againgt
goread of the pathogen in the spike after an initid in-
fection dteis established. In prectice, “typel” ress
tance is usualy measured by spray-inoculating spikes
with a suspension of Fusarium graminearum
macroconidia or ascospores and then ng the
number of infected spikelets. In contrast, “type 11"
resstance is usudly measured by inoculating asingle
floret within the center of a spike and then assessing
the spread of infection from that initid Site (Schroeder
and Christensen 1963). Resistanceto spread inwhesat
isvery important, and much effort has been expended
to identify accessions with this type of resistance.
Suma 3 is a wheat accession that possesses a high
leve of resistance to spread and has been used exten-
svely in breeding for resstance to FHB (Ba and
Shaner 2003; Mesterhazy 2003). Sources of ress-
tancetoinitid infection areaso being sought in whest.

Based on studies conducted in wheat, several re-
searchers began screening barley for smilar types of
FHB resstance. In the ICARDA/CIMMYT barley
improvement program in Mexico, barley accessons
are screened for resstance to initia infection and to
goread in the fidd. Resgtance to initid infection is
assessed after spraying spikeswith aconidia suspen-
gonaf F. graminearum. Resistanceto spreadisas-

sessed after placing a cotton ball soaked in a suspen-
sonaf F. graminearum macroconidiawithin a cen-
tra floret of spikes. Inoculated spikes are then cov-
ered with glassine bags to prevent dlo-infection and
eva uated for disease spread about 30 dayslater (Vivar
et a. 1997). These screening tests are conducted at
the experiment gationin Tolucawhererainfdlsnearly
every day during the incubation period and evening
temperatures are cool. From this screening program,
severd cultivars (eg. Shyri and Atahudpa) and lines
(e.g. DH-52, aline derived from the Gobernadora x
CMB643 population) were reported to carry resis
tanceto spread (Vivar et d. 1997). Lineswith differ-
ent levels of resstance to initia infection and spread
were aso described. For example, DH-98, also de-
rived from the Gobernadora x CMB643 population,
exhibited a high level of resstance to initid infection
and alow leve of resistance to spread.

In another study, Capettini (1999) assessed resistance
to spread in barley in the greenhouse by inoculating
plants with the single floret technique and then incu-

bating them a 100% RH for 72 hours. Significant

differences were observed for the amount of spread
in the spike (this included mostly laterd spread from
the centrd to laterd spikeletsand not vertical spread)

among six-rowed cultivars, suggesting that genetic
vaiability exigsfor thistype of ressance. However,

the overal mean number of kernd sinfected by spread
after inoculation was only 7.3 (12% of kerndsin a
spike); thus, disease spread was not extensive.

Capettini (1999) dated that his results should be in-

terpreted with caution dueto the extremelevd of vari-

ability observed in the experiments.

Numerous observations have been made on thousands
of barley accessonsgrowing in FHB nurseries estab-
lished in the Upper Midwest region of the United
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States. From these observations, it appearsthat ver-
tical soread of FHB in barley spikesisextremely rare,
if it occurs a dl (B. Seffenson, unpublished). In the
cases Where verticaly adjacent spikelets were found
infected, one could not rule out the possibility of S-
multaneousinfection of adjacent kernelsby propagules
of F. graminearum or mycdlid infections. It is cer-
tain, however, that FHB spread in barley does not
occur to anywhere near the same degree asit doesin
susceptiblewhesat. Latera disease spreadinbarley is
fairly common and occurs among the three spikelets
at arachisnodein six-rowed types (Steffenson 2003).
Theissue of whether barley possessesidentifiably dis-
tinct resstance mechaniams (i.e. resstance to initid
infection and to spread) againgt F. graminearum has
important implications in resstance screening and
breeding. In this study, we investigated whether bar-
ley exhibits variation for resstance to spread in the
spike as was reported in whest.

MATERIALSAND METHODS

To obtain rigorous control over theinoculation proce-
dure and incubation conditions, al experiments were
conducted in a controlled growth room and green-
house. Six barley accessons, known to vary widdy
for their reaction to FHB in the fidd, were evaluated
for resstance to spread in the spike. Chevron and
Clho 4196 are resistant six-rowed and two-rowed
cultivars, respectively. Pl 383933 is six-rowed and
one of the most susceptible barley accessons known
(B. Seffenson, unpublished). It hasavery dense spike,
an atribute likely to favor disease spread in the spike
due to the close vertica proximity of nodes. In the
fidd, Pl 383933 often exhibits FHB severities ap-
proaching 100%. ICB 111809 is one of the most
susceptible two-rowed accessions we have observed
in evauations of barley germplasm over the past eight
years. DH-52 and DH-98 are double haploid lines
from the Gobernadorax CMB643 population (Vivar
et al. 1997). DH-52 was reported to possess a high
leve of resstance to spread and alow levd of ress
tance to initia infection. In contrast, DH-98 was re-
ported to possess a high level of resstance to initid
infection and alow leve of resstanceto soread. Two
whest accessons (Roblin and Sumai 3) wereincluded
in the experiment to assess the vdidity and conss

tency of the inoculation method. Roblin is a highly
susceptiblewhest cultivar. Disease spreed after sngle
floret inoculation is often extensvein Roblin. 1n con-
trast, Sumal 3 possesses a high leve of resstance to
spread.

Assessments for resistance to spread were made ac-

cording to sandard methods. A single centraly lo-

cated floret within each spike was inoculated using a
Hamilton PB600-1 repeeting dispenser with 500ml
luer glass syringe (modd 750). Inoculum (10 ml of a
40,000 conidia/lml solution) was placed into the floret
without wounding it. For the infection period, plants
were placed in mist chambers where ultrasonic hu-

midifiers operated continuoudy for 40 minutes to es-

tablish alayer of free moisture on the spikes. There-

after, the humidifiers were st to come on for 10 min-

utes every 60 minutes so as to maintain a saturated
environment. During the 40-hour infection period in
thedark, thetemperaturewas maintained at 18-24°C.

After the infection period, the chamber doors were
opened to facilitate the dow drying of plant surfaces.
Then, plants were then placed in agreenhouse at 18-

23°C. Inpreiminary experiments, wevaried thelength
of the infection period from 48-72 hours. We found

that inoculated plants incubated for 48 hours or more
in the migt chambers usudly had mycdium growing
out from the inoculated floret. The mycelid growth
was often extensive and completely covered other
adjacent spikeets. Thus, amisting period of 40 hours
was selected because it resulted in ahigh rate of suc-

cessful infection of the inoculated floret, but reduced
ggnificantly the incidence of mycdia growth. In this
way, we could favor vertica disease spread occurring
via the vascular system—not by externd mycedlid

growth across adjacent spikelets. To further verify
whether mycdlid infectionsoccurred, wetook detailed
notes on the presence of mycdid growing from in-

oculated spikelets immediately after the 40-hour in-

fection period.

RESULTSAND DISCUSSION

The single floret inoculations were highly successul
as over 95% infection was achieved in dl accessons
and in dl experiments. Vertical soread occurred in
every inoculated spike of Roblin, thereby confirming
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thevaidity and consstency of our methods. InRoblin,
vertica spread was extengve often reaching 100%
(mean=66%). In contrast, vertical spread in Sumai 3
was|less common occurring in only 10% of inoculated
gikes. FHB saverity resulting from vertica soreadin
Sumai 3 ranged from 0 to 25% with amean of 11%.
Our results with these whegt accessions are conss-
tent with many previous reports by other investiga-
tors. Instart contrast to the susceptible whest cultivar
Roblin, verticd spread from inoculated floretsin bar-
ley was extremdy rare. Just two of 25 inoculated
spikes (8%) of the highly susceptible accession Pl
383933 showed any vertica spread. Vertica spread
in PI 383933 was minima and occurred only in the
adjacent spikelets above the inoculated floret. We
cannot rule out completely the possbility thet these
two cases of vertica spread were due to mycdid in-
fection. Mycdid growth can be sparseand difficult to
detect on florets. Moreover, it can disappear com-
pletdy after only afew hoursof drying conditions. DH-
52 exhibited vertical spread to the adjacent spikeletin
two of 20 inoculated spikes (10%), but in these cases
mycdlia growth was detected on the infected spike-
lets. DH-98 wasreported to have avery low level of
resstance to spread by Vivar et d. (1997), but no
spread whatsoever was observed in our study. The
sameresult was a so observed in the res stant controls
of Chevron and Clho 4196 and the susceptible two-
rowed control of ICB 111809. Our results clearly
indicate that vertical spread (via vascular tissue) in
barley isvery rarg, if it occursat dl. Thisconclusonis
in agreement with previoudy unpublished research by
R. Dill-Macky (persond communication), who con-
ducted smilar sngle floret inoculaions with various
barley accessions. Our results are dso corroborated
by numerous anecdotal observations from the field
wheremost spikes show verticaly discontinuous spike-
letinfection. Insurveysof naturdly infected Sx-rowed
spikes from the field, no visble FHB infections were
observed to extend across verticaly adjacent nodes
within the rachis, again suggesting the lack of spreed
via the vascular tissue (S. Lewandowski and W.
Bushndl). In caseswhere verticdly adjacent spikelets
are found infected, one must consider the possibility
that they occurred due to mycdlid infection or smul-
taneous (or near-s multaneous) infection episodes. We
conducted al of our experiments under the carefully

controlled conditions of the growth room and green-
house to eliminate these factors as much as possible.

Based on the results presented here and of numerous
observationsin the fied, it is apparent that Midwest-
ern barley germplasm possesses a very high leve of
resstance to spread in the spike. Therefore, screen-
ing nurseries for assessing thistype of resstance (e.g.
by theICARDA/CIMMY T program in Mexico) may
not be appropriate for Midwestern germplasm under
the northern Great Plains environment. Instead, em-
phasis should (and is being) be placed on identifying
and breeding for the highest levels of resstanceto ini-
tid infection (i.e. “typel” resstancesensuwhest). This
typeof resstanceisof paramount importance because
ardétivdy low incidence of infected spikdetswithina
field can contain sufficient quantities of deoxynivaenol
to render the crop unsuitable for malting. Discounts
due to mycotoxin contamination in barley have been
economicaly disastrous for growers in the Midwest
region.

In contrast to the lack of vertica spread reported
above, laterd spread from spikelet to spikelet withina
node of six-rowed spikes is common in barley
(Steffenson 2003). From many large-scalegermplasm
evauation sudies, Sx-rowed accessonswere gener-
adly found to exhibit higher FHB severities than two-
rowed accessions(reviewed in Steffenson 2003). The
higher saveritiesobserved in six-rowed access onsmay
largely be due to the frequency of laterd infection
spread—something that does not occur in two-rowed
typesbecausethey possess only one spikelet per node.
This aspect, as it relates to overdl disease severity
between the two row types, should be investigated
further.
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OBJECTIVE

To develop digitd disease images for assessing the
severity of Fusarium head blight (FHB) in two-rowed
and sx-rowed barley.

INTRODUCTION

Accuracy, precison, reproducibility, and efficiency are
important aspects for disease assessment of plants
(Campbell and Madden 1990). Rating scales (i.e.
descriptive categories of different disease levels) and
disease diagrams (i.e. illustrations of different disease
levels) are often developed to facilitate disease as-
sessment in various pathosystems. Severd different
rating scales have been used to assess FHB severity
in barley. Takeda and Heta (1989) used afive class
scae for assessing the percentage of infected spike-
lets on barley accessonsin their res stance screening
efforts where 0=0% severity, 2=1-5% severity, 4=6-
20% severity, 6=21-40% severity, and 8=41-100%
sverity. A five dass scaeis dso routingy used for
asessing FHB severity in barley by severd research
groupsin the United States. The severity intervals of
this scale are 1=0-20%, 2=21-40%, 3=41-60%,
4=61-80%, and 5=81-100%. The five class scales
work well for selecting accessons that possess FHB
resistance in general screening tests of barley
germplasm, but may not provide adequate resolution
for differentiating among accessons with more nar-
row severity differences. Another method for assess-
ing the levd of FHB infection is to actudly count the
number of infected spikelets (Prom et d. 1996). This
number is then divided by the total number of spike-
letsin the spiketo derive aFHB severity. The* spike-
let count” method provides a measure of the true or
actua FHB severity and aso dlows for direct com-
parisons to be made of the resistance level between
two-rowed and six-rowed barley accessions because

the severity is standardized based on the total number
of spikeletsin the spike. However, the spikelet count
method is extremely |aborious and time-consuming to
use (Steffenson 2003). Disease diagrams have been
devel oped for anumber of diseases and have proven
useful for estimating disease severities (James 1971;
Madden and Campbell 1990). Comprehensive dis-
ease diagrams or images have not, however, been
developed for FHB of barley to our knowledge. Thus,
the objective of this study wasto develop acompre-
hensve st of digital diseaseimeagesfor etimating FHB
Severity in both six-rowed and two-rowed barley.

MATERIALSAND METHODS

Digital color imageswere taken of FHB-infected bar-
ley spikes collected from the field usng a Nikon D-
100 digitd cameraand Nikkor 105mm lens. Arche-
typa heslthy and diseased spike etswere sdlected and
digitdly cut from the spike images. The hedthy and
diseased spikeletswerethen used as* building blocks’
to create idedlized two-rowed and six-rowed spikes
exhibiting various disease severities. All image ma
nipulations were done using Adobe Photoshop.

RESULTSAND DISCUSSION

Fourteen standard digital spike images exhibiting dis-
ease severitiesfrom 1-100% were devel oped for both
two-rowed (Figure 1) and six-rowed barley (Figure
2). Toincreaserater accuracy under low disease Stu-
ations, four low severity classes of 1%, 2%, 3%, and
5% wereincluded in the diseaseimage scde. There-
after, severity classes ranging from 10-100% were
edtablished inintervals of 10%. The represented pat-
terns of diseased spikdetsin each image were based
on numerous observations of naturaly infected spikes
from the fidld. Standard spikelet numbers of 26 and
60 were chosen for two-rowed and Six-rowed spikes,
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respectively, becausethey represent the average pike-
let number in midwestern cultivars. Correction fac-
tors for spikes having greater or fewer spikelets can
be applied if needed.

For ease of use in the field, the images were repro-
duced at 100% the size of actua spikesand arranged
sequentidly from lowest to highest severity on astan-
dard letter size paper with the two-rowed images on
one Sde and the six-rowed images on the opposite
gde. Unlike disease diagrams, which are often line
drawing representations of the disease (see James
1971), our scale congsts of actua color images of
FHB-infected spikelets assembled into a composite
gike. Theredidtic nature of the images should facili-
tate disease severity assessments, especidly by nov-
iceraters.

Inthe barley-FHB pathosystem, variation for disease
Severity can beextremdy high. Moreover, itissome-
times important to resolve smdl differences among
treatments for FHB severity—a god best achieved
using the spikelet count method. The standard error
for disease severity assessments can be reduced add-
ing more replications or environments, however, this
will result in additional costs for labor and time. Dis-
ease images can help to reduce these extra costs, but
should not sacrifice accuracy and efficiency. Theac-
curacy, reproducibility, and efficiency of usng these
disease images for assessng FHB severity will be
tested in 2005 and subsequent years. The accuracy
of usng the disease images will be made in compari-
son with the spikelet count method, which is consd-
ered the true or actual FHB severity. Reproducibility
aso will be tested with severd experienced and nov-

iceraters. Efficiency isanimportant consderation in
disease assessment; thus, we will consider the quan-
tity and qudlity of data obtained within a given unit of
time. We are soliciting cooperators to assist in vai-
dating the utility of these disease images in different
types of studies including disease resstance evaua-
tions of germplasm, fungicide efficacy trids, and vari-
ous epidemiologicd invedigations. If you are inter-
ested participating in this project, please contact us.
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IDENTIFICATION AND CHARACTERIZATION OF EXPRESSED GENES
INVOLVED IN FUSARIUM HEAD BLIGHT RESISTANCE OF WHEAT
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ABSTRACT

Although severd chromosoma regions with quantitative effects on Fusarium head blight (FHB) resstance
have been identified, the actud function of the resstance genes is gill unknown. In this project we am to
identify expressed genes involved in the resistance reaction of wheat againgt FHB and to contribute to the
functiond clarification of the resstance reaction.

Near isogeniclines(NILs) differingin themgor FHB resstance QTL , Qfhs.ndsu-3BS and Qfhs.ifa-5A, were
developed. The spring wheat lines CM-82036 (FHB resistant) and Remus (FHB susceptible) were crossed,
and NILs were developed by repeated backcrossing with the susceptible Remus. In each cycle plants were
selected for the next backcross generation which possessed Qfhs.ndsu-3BS and Qfhs.ifa-5A in heterozygous
condition. Selection was done by genotyping with SSR markersflanking Qfhs.ndsu-3BS (GWM 389, GWM533,
GWM493) and Qfhs.ifa-5A (GWM 129, GWM 156, GWM293). Inthe BC,F, generation homozygouslines
for al QTL classes, class 1 with both resstance QTL (Qfhs.ndsu-3BS and Qfhs.ifa-5A), class 2 and 3 with
one resistance QTL (either Qfhs.ndsu-3BS or Qfhs.ifa-5A) and class 4 with the susceptible dldes at both
QTL postionswere sdlected.

In fall 2004 these NILs were chdlenged by inoculating with Fusarium graminearum. At anthesis either a
Fusarium graminearum suspension or water were pipetted between the palea and lemma of the two basa

florets of four centra spikelets per spike. Inoculations were carried out in the greenhouse under controlled
conditions. After inoculation the heads were kept at 80 % humidity to ensure infectious conditions. 4h, 24h,

48h, 72h and 96h after inocul ation spikel etswere harvested, separated into compartments and shock frozen in
liquid nitrogen. RNA extraction of these samplesisin progress. Initialy, wewill usethe cDNA-AFLP method,

a gel-based transcript profiling system, to andyze differentia gene expression between the NILs at severd

time points after Fusarium inoculation. Differentidly expressed transcripts will be recovered, sequenced and

further characterized.
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ABSTRACT

The Brazilian spring whest cultivar Frontanaiis awiddy used Fusarium head blight (FHB) resistance source.
Molecular mapping of a Frontana/lRemus doubled haploid population led to the identification of severd FHB
resstance QTLs. Effects on chromosomes 3A and 5A showed consistent association with FHB severity over
three years and accounted for 16% and 9% of the phenotypic variation, respectively. The study indicated that
FHB resstance of Frontana primarily inhibits fungd penetration, but has minor effect on funga soread after
infection.

To vdidate the two mgor FHB resistance QTL of Frontana on chromosomes 3A and 5A apopulation of 110
F, recombinant inbred lines from a cross of Frontana/lniaé6 (FHB susceptible) was eval uated for FHB resis-
tance. In 2004 the population was sown in three replications in the fidd and spray inoculated at anthess. The
severity and incidence of the disease were assessed by visua scoring. The population was genotyped with 320
SSR markers. Prdliminary resultsfor QTL mapping reved ed no association of the 3A and 5A genomic regions
with FHB resgtance in the Frontana/lniabé population. The most prominent QTL in the Frontana/lniab6
population for FHB resistance mapped to chromosome 6D, explaining 17% of the phenotypic variation in
2004.
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ABSTRACT

Kentucky’ s 2004 wheet crop was hit with a severe FHB epidemic. Ided temperatures and abundant rainfal
combined with migt irrigation led to idedl conditions for FHB development in our nursery. Extreme disease
pressure prevented accurate assessment of breeding lines. Severity and incidence were recorded in the 2004
scab nursery a 21 days after anthesis (DAA). Symptoms were dow to develop but after June 1 symptoms
gppeared and developed very rapidly. The data collected at 21 days after anthesis had dmost no predictive
vaue, a 28 DAA, many lines rated moderatdly resstant at 21 DAA had been obliterated by FHB. Given
these circumstances we were interested to learn what, if any, vaue could be assigned to the data we collected.
Because the spike symptoms from the FHB nursery were not informative, we hoped that Fusarium damaged
kernds (FDK) and DON would be reasonable indicators of resistance. Unfortunately, the frequency of
tombstone kernels was S0 high that genotypic differences were masked, and there was often insufficient seed
to submit for DON andyss. We adso point-inocul ated bagged heads outsde of the irrigated nursery in 2004.
The point inoculation study was evauated at two locations (Lexington and Woodford County, KY), which
were not irrigated. Approximately 120 heads per location of Clark were point inoculated a anthesis. Water
was injected into 120 heads per location asthe control. Both sets were bagged with glassine bags and stapled
closed for 48 hours before removing. Datawere collected a 7-day intervas after inoculation, except for Day
21 a Woodford County. At this location, the plants had senesced, masking visud symptoms of FHB. The
plantsinjected with water were only read once. Theresults collected in 2004 field injections demonstrated that
bagged heads could be auseful tool. The most representative data collected in 2004 was from non-irrigated
plots. Seed damage was more variable and susceptibility levelswere more prominent without irrigation, sowe
were able to infer genotypic differences. Results from point-inoculated bagged heads were promising. This
technique dlowed disease severity to be read and andyzed from an off-gte station without irrigation. This
could be ussful in testing advanced breeding lines in different locations in Kentucky. In 2005, testing will
involve usng asmal air sorayer to deliver sporesingead of point inoculations.
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OBJECTIVES

To examine rdaionship between accumultion of my-
cotoxin DON, pathogen DNA content and disease
Seveity traits in winter wheat cultivars after infection
with Fusarium culmoruminfield conditionsand fun-
gicide trestment.

INTRODUCTION

Fusarium head blight (FHB) predominantly caused in
the examined conditionsby Fusariumgraminearum
(Schwabe) and Fusarium culmorum (W.G. Smith)
Sacc. belongs to the most damaging diseases of ce-
red crops. Mycotoxin contamination of human food
and animal feed became amoreimportant featurethan
thedirect yield lossesthat often occur irregularly. Both
species were reported to produce deoxynivalenol
(DON), but also ability to produce other DON —de-
rivativesand zeara enone has been recognized in some
isolates of both species (Mirocha et al., 1994;
Sykorovéet d., 2003). Different Sudiesreveded Sig-
nificant relations between DON content and charac-
tersmeasuring severity of FHB infection (Miedaner et
a., 2001; Sip et d., 2002, Sip et d., 2004), but rela-
tionship between disease symptoms and DON con-
tent is not yet well understood. The analyses on mo-
lecular level, able to determine the quantity of patho-
gen DNA, are expected to contribute sgnificantly to
better identification of res stancelevel and understand-
ing factors that influence FHB, which isimportant for
diminating therisk of mycotoxin contamination of grains
and foodstuffs (Nicholson et al., 2003).

MATERIALSAND METHODS

Plant material: Response to atificid infection with
Fusarium culmorum and fungicide treatment was
dudied in nine winter wheat cultivars. Bona, Sarka
(early), Nela, Sepstra (medium early), Petrus, Siria,
Arinaand Ebi (late in heading) and eight spring barley
cultivars. Jersey, Scarlett, Olbram, Akcent, Tolar,
Kompakt (cultivars registered in the Czech Repub-
lic), Cl 4196 (resstant Chinese landrace) and Chev-
ron (resstant Swiss landrace), with varying levd of
resistance to FHB and accumulation of DON.

Description of field experiments: Resultsare based
on three year (2001-2003) experiments with wheat
and two year (2002-2003) experiments with barley
at the location Prague — Ruzyne. Each cultivar was
grown on 2.5 n? plotsin three replicates of four vari-
ants 1/ Infection variant (1), 2/ Infection variant trested
with fungicide (IF) 3/ Control uninfected variant (C)
and 4/ uninfected variant trested with fungicide (CF).
Highly pathogenicisolate (B) of Fusarium culmorum
(Sip et . 2002) was used for inoculation. The spore
mixturewas sprayed directly onto theplot intwo terms:
at full flowering (>50% of flowering spikes) and one
week later. Fungd infection was promoted by mist
irrigation of plots. In 2001 the fungicide Caramba
(Metconazole) and in the years 2002 and 2003 Hori-
zon 250 EW (Tebuconazole) were applied in IF and
CF variants. Inoculation with Fusarium conidia sus-
penson followed in IF variant after 24 hours, when
positive occurrence of fungicide in plant tissue was
assured.

Examined FHB resistance traits: Head blight
symptoms (VSS) of wheat were evaluated usualy 28
days after inoculation on ascdeof 0to 9, where 0 =
0 %, and 9= 100% of the spikelets with FHB symp-
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toms. Fusarium damaged kernelswere calculated as
percentage by total seed number (%FDK). From seed
samples (of randomly sdected 50 spikes) the traits
GNS (number of grains per spike) TGW (thousand
granweight), and GWS (grain weight per spike) were
determined in al variants. Tolerance to FHB was ex-
pressed both in wheat and barley as percent reduc-
tion (R) from control variant C in these traits. In bar-
ley, the analysis of extent of infection penetration into
grain conssted in determination of percentage of
Fusarium colonies and percentage of non-germinat-
ing seeds from samples that contained 100 randomly
selected seeds. The content of DON was determined
by ELISA on RIDASCREEN- FAST DON kitsfrom
R- Biopharm GmbH, Darmstadt, Germany (Sipetd.,
2002). DNA content of the pathogen in analyzed
seed samples was estimated by transformed C
(threshold cycle) values obtained in 2002 and 2003
from red time quantitative PCR andysis (Sip et d.,
2004).

Statistical analyses. The UNISTAT 5.0 package
(UNISTAT Ltd., London W9 3DY, UK) was used
for satistica andyses of the data.

RESULTSAND DISCUSSION

Relationship between DON content and other
examined traits. It comes from Tables 1 and 2 that
the associations between the traits were highly influ-
enced by experimenta years and fungicide trestment.
Table 1 for wheat shows prevaence of sgnificant re-
lationsbetweentraits, but different traitswere evidently
needed to explain FHB effects. FDK (% of Fusarium
damaged kernds), which was possible to determine
only in wheat, appeared to be the best predictor of
DON content and examined disease severity traits.
All traits were interrelated on a genotypic base (G-I:
correlations between cultivar meansover environments
ininfection variant) and, therefore, it can be expected
that high resstanceto DON accumulation in acultivar
will be accompanied with resistance to other resis-
tance components (Mesterhézy et a. 1999).

Other trait relations were @ther inagnificant or sgnifi-
cant at P=0.1. Asindicated by correlation coefficients
G (IF), cultivars differently responded to fungicide

trestment in Singletraits. After gpplication of fungicide
alow DON content in a genotype was sgnificantly
related only to alow percentage of FDK.

In barley, corrdation studies (Table 2) support in gen-
erd the conclusons of Jones and Mirocha (1999) who
found that DON concentration could not be effectively
estimated by yidd traits, visua index or discolorations
of grain. Dueto often unclear FHB symptoms (Sip et
a., 2004), there wasin this crop restricted choice of
characters. Therefore, it is highly stressed the impor-
tance of determination of pathogen DNA content to
explain cultivar differencesin responseto FHB. DON
content was closely related (r=0.92) only to pathogen
DNA content (CT vaues).

Exploitation of real time PCR assaysfor quanti-
fication of FHB causal agents. It isfirdly to note
that present resultsin molecular field are based ontwo
year sudiesin wheat and one year sudiesin barley. It
is planned to complete the analysis of this experimen-
tal series.

Figures 1 and 2 clearly demondtrate different pictures
in wheat and barley. While in barley (Fig. 2) DON
content in a genotype was closaly related pathogen
DNA content and fungicide effect on reduction of
DON was closdly related to reduction of DNA con-
tent, inwhest it wasfound that DON production need
not be proportionate to quantity of pathogen DNA in
grain. Fig. 1 givesevidence of high differencesin rda
tions between accumulation of DON and pathogen
DNA content between years 2002 and 2003. Similar
average DON content in both years (2002: 26.6 mg/
kg; 2003: 26.3 mg/kg) wasreached at highly different
DNA content (CT: 2002- 0.175; 2003- 0.072). Effi-
cacy of fungicide trestment for DON content was
highly different in both years (2002: 29.1%; 2003:
70%), but percent reduction of DNA content wasin
these years smilar (2002: 23.4%; 2003: 23.3%).

Mesterhazy et d. (2003) reported that efficacy of fun-
gicides in contralling FHB in whesat was highly vari-
ableand often unsatisfactory. Alsoin these experiments
data can be supplemented showing high cultivar by
year by fungicide trestment interaction effects. At suf-
fident moisture content, particularly differencesinsums
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of average day temperaturesin period of disease de-
velopment played an important role. Fungicide treet-
ment was little effective in rdatively colder conditions
that promoted dow, long lasting disease devel opment
(2001 with high DON content) or conditions that
caused high disease incidence (2002 with high patho-
gen quantity and yield reduction). Percent reductions
of DON content due to fungicide trestment were in
years 2001-3 markedly different for early (38%, 56%,
47%) and late (5%, 15%, 89%) genotype groupsin-
oculated in different terms. Differentid control of the
disease (choice of appropriate fungicide, its dosage
and timing, repested gpplications) based on progno-
gsof disease development in particular year (region)
for certain cultivar types and respectful of other fac-
tors (pathogen popul ations aggressiveness, preceding
crops, etc.) appears to be highly desirable. 1t is ex-
pected that red time PCR anadysis that would enable
to quantify the relaive amounts of causa agent could
ggnificantly contribute to increase of effectiveness of
disease control both by genetic meansand chemicals.
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Table 1. Phenotypic (2001, 2002 and 2003) and genotypic (G) coefficients of correlation
between six traitsin variants | and IF at wheat.

Combination 2001 2002 2003 G() G(IF
of traits | IF | IF | IF

CT/DON 0.62*** 0.80** 041* 058** 069* 0.67*
CT/FDK 061+ 041+ 065*=* 023  076* 052
CT/VSS 067+ 023 025 044+ 086* 069+
CT/TGWR 045* 025 016  067** 073* 014
CT/GWSR 041* 010  058** 023 067* 026

DON/FDK 041+ 0.87** 083** 041+ 056* 0.75*** 0.88*** 0.87 **
DON/VSS 045+ 048* 0.74*=* 0.19 0.23 0.72*+ 0.70*  0.36
DON/TGWR  0.19 0.71** 0.69** 049* 034* 059** 084* 058
DON/GWSR  0.34 0.79 *** 0.61 *** 0.28 0.29 054 0.77* 055
FDK/VSS 0.64 == 0.44 0.78 *** 0.03 039+ 0.63** 0.86* 0.51
FDK/TGWR  048* 0.82** 0.70*** 038* 053* 0.11 0.92 *** 0.45
FDK/GWSR 043* 0.88** 0.76 *** -0.11 056 ** 0.61** 0.85* 049
VSSITGWR 0.64 *** 0.70 **+ 0.73** 051 * 0.62** 043* 085* 0.25
VSS/IGWSR 054* 044 0.77** 052* 080*** 0.86*** 087* 0.27
TGWR/GWSR 0.75*** 0.89*** 0.71*** 0.61*+* 042* 0.26 0.91 =** 0.49

Table 2. Phenotypic coefficients of correlation between examined traits in 2002 (below
diagonal) and 2003 (above diagonal).
DON FUC NGS GNSR TGWR GWSR

C; 0.92 =** 0.32 0.25 0.32 048+ 042+
DON --- 038* 0.29 0.33 0.50* 043~
FUC 0.50 ** --- 0.68 *** -0.34 -0.26 -0.33
NGS 0.04 0.82 *** - -0.27 -0.32 -0.16
GNSR -0.07 -0.30 -0.12 --- 0.81 ***  (0.95 **=*
TGWR -0.07 0.00 -0.02 0.33 --- 0.95 ***
GWSR -0.15 -0.22 -0.14 0.84 *** 0.78 *** = ---

Explanation of trait symbols used in Tables 1 and 2:

CT = CT Fustransformed, DON= DON content, FDK = percentage of Fusarium damaged
kernels, VSS= visual scoring of symptoms on 0.9 scale, FUC= percentage of Fusarium
colonies, NGS=percentage of non-germinating seeds, GNSR= reduction of grain number
per spike, TGWR= reduction of thousand grain weight, GWSR= reduction of grain weight
per spike

*** P<0.001, **P<0.01, *P<0.05
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Figure 1. Relation between pathogen DNA content (CT) and content of DON for 9
wheat cultivars (1-Arina,2-Petrus,3-Nela,4-Bona,5 Saskia,6- Ebi, 7-Sepstra, 8- Sarka, 9-
Siria) in 2 years (2002, 2003) after infection (1) and fungicide treatment (IF).
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ABSTRACT

The European Union of 25 Statesis climaticaly very
diverse and the importance of Fusarium pathogens
ranges from dmost negligiblein some countriesto ex-

tremely high in others. The risk of an epidemic ranges
from about one year in twenty in the United Kingdom
to dmost every year in Hungary. The aress a highest
risk are those with a continental climate, a high pro-

portion of maize in the rotation and a tradition of di-

rect drilling and minimd cultivation. Anincressein cul-

tivation of maize and winter wheset, together with nar-

rower crop rotations, changed cultivation practicesand
cdlimate change (globa warming) hasincreased thearea
under threet in the last 15 years. Surveys have shown
arddiveincreaseintheproportion of F. graminearum
and decreasein F. culmorum over the same period
Even traditiondly low-risk areas such as Denmark
and Sweden are beginning to take the threet serioudly.

As yet there has been no dramatic change in the Situ-

ation in Europe comparable to that which occurred in
the US and Canadain the early 1990's.

The European Union has acted to set limits for the
primary toxins, DON and ZEA. At present theleve is
to be sat at 1250ug/kg DON for uncleaned bread
whest and 1750pg/kg DON for durum whegt. Ger-
many has dready introduced dricter nationd limitsin
2004. The DON levd has been set at 500ug/kg for
roughly cleaned bread wheat. The problems of
standardised EL1SA testing and lot sampling have not
yet been adequatdly solved in Europe.

Most cered breeding in the European Unionisin the
hands of private breeders. The former state breeding
programmes of central and eastern Europe aredso at
various stages of privatisation. Bought seed rates for
winter wheet in the European Union are around 50 %

and vary from around 8 % in Poland to 85 % in Den-
mark and Sweden. Variety testing for Fusarium re-
sstanceisanationa responsbility and there has been
no attempt at harmonisation between the member
dates. It is very difficult to obtain direct comparisons
of varieties between different countries.

Most wheat crops in the old EU 15 member states
receive a |least one fungicide oray —on average two.
The lower economic leve of the 10 new EU member
gtates has higtoricaly meant alower use of fungicides,
but this is rapidly changing with economic progress.
High yield potentia under fungicide trested regimes
remains the highest priority in wheat breeding
programmes. The breeder can only go so far inincor-
porating Fusariumresigancethat theyiddisnot (Sg-
nificantly) reduced. Many highly resgtant varigties in
thelast few years have not been taken up becausethe
yield potentia has not been able to match that of more
susceptiblevarieties A combination of variety choice,
fungicide trestment and cultivation practice hasto be
used to reduce the danger of infection to a minimum.
At present the contact fungicides Folicur and Caramba
offer the best protection.

Ratingsfor variety Fusarium resistance are included
inthe nationd descriptiveligts of the United Kingdom,
France, Germany and the Netherlands. Officid test-
ing proceduresvary widdly between countries. Where
gpecific nurseries have been used, these have gener-
dly involved inoculaion with spore suspensions fol-
lowed by acombined frequency/intensity score. Ger-
many has now moved on from this to usng nurseries
with maize stubbles as the only infection source. So
far only ratings for visud infection have been used.
Only France has considered introducing direct mea:
surements of DON for variety ratings.
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Breeders use arange of testing procedures for selec-
tion and screening. Spore suspenson sprays have been
used widdly, ether in specific nurseries, or inyield plot
cross ways, or on the edge 0,5 m of yield plots. The
use of maize-stubble nurseriesis becoming popular in
Germany. Breeding for Fusariumresistance has been
given anew impulse on a European leve by theintro-
duction of the toxin limits and further specificdly in
Germany by the refusal, since 2001, of the Regiond
Agriculturd Chambers to test susceptible varigtiesin
post-registration trias.

In Germany and other continental regions, breeders
have been able to use morphologica components -
plant height; lax, hanging head type - as a basis for
resistance breeding inthe past. In maritime areas, with
high lodging pressure, tal varieties are not an option.
In these areas other forms of resistance need to be
found.

Fowering biology may offer an opportunity to pro-
duce short strawed varietieswith acceptable Fusarium
resistance. Reports from the US and Canadaindicate
that the open-flowering character may play arolein
primary infection. It is dso known that non-extruded
or partidly-extruded anthersoffer aprimary entry point
for Fusarium spores to the grain ste. Although it is
too early to say how useful these characters could be
on awider scae, the use of anther extrusion data has
dready proved of vauein our own programmein pre-
section of earlier generation materid in years with
low Fusarium pressure. It must aso be clear that flow-
ering biology isonly having an effect on primary infec-
tion.

There are noticegble differences in West-European
germplasm to Type Il - spreading in the ear - ress
tance, though these are a amuch lower leve in com-

parison to Sumai 3. The need to incorporate specific
Typell resstances dependsontheregiona Fusarium
pressure. Countries such as Rumania and Hungary,
with high Fusarium pressure, are certainly more ad-
vanced than in the West. Most breeders in Germany
and Audriaareincorporating Sumal 3, Rumanian and
Hungarian sources of resstance. The development and
use of markersfor seection in thisrespect isvery im-
portant. Without the use of specific markers in early
generations the Type |l resstanceisamost certain to
belogt during field sdlection.

Although markersfor Type Il resstance are now well
described, their use is only just leaving the research
project stagein West-European breeding progranmes.
Markers are generally only accepted by breeders
where fidld screening is not effective.

While bio-technology and the use of markersto sup-
port breeding work are widely accepted, the use of
green gene-technology in Europe is not. It is unlikely
that any gene-tech solution to the Fusarium problem
would be acceptable in the foreseeable future. The
current costs for registration and also regtrictions on
the freedom to operate with gene-technologies make
it unlikdly thet private breeders will be looking to this
route.

In summary, changesin climate and agriculturd prac-
tice areincreasng therisk of Fusarium epidemicsin
Europe, but as yet there have been no catastrophic
epidemics as seen in the US and Canada. It isto be
hoped that private-breeding supported by an effec-
tive sysem of royaty incomein co-operation with basic
research from Ingtitutesand Universtiescan avoid such
a catastrophe on the * Old-Continent” .

196



Host Plant Resistance and Variety Development
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ABSTRACT

Fusarium head blight (FHB) damages cered crops by reducing yidlds and qudity, and by contaminating the
grain with deoxynivalenol (DON) or other mycotoxins. Researchersneed to quantify levelsof FHB damageto
identify and compare resistant sources, and to assess the outcomes of breeding programs striving to develop
adapted cultivars with enhanced resstance profiles. Industry must quantify disease damage (primarily myc-
otoxin levels) to ensure that both raw and end-products are suitable and safe for human or anima consump-
tion. During the past eight years, we havelooked at the responses of wheet, barley and oat genotypesto FHB,
to inform producers and others, of any differentid levels of resstance (or susceptibility) in currently registered
cultivars. Such ‘cultivar selection’ can be agtrategic tool for integrated disease management. By quantifying
the levels of FHB using various measurable components, we have aso been able to assess how these are
correlated within each crop. Thislatter information isnecessary to clarify which of the disease components can
provide the key information desired. Wheat, barley and oat genotypes were tested in replicated fidd tridsin
southern Manitobafrom 1997 to 2004, under natural conditions or supplemented by the addition of Fusarium
graminearum+infested corn kernel inoculum. Components of FHB measured included di sease severity (FHB-
Index), and in harvested plots, the level of fusarium damaged kernels (FDK) (>scabby= kernels), levd and
identity of Fusarium spp., and grain contamination by DON. Corrdations, relativeto final DON levels, were
strongest (mainly between 0.80 and 0.90) between DON and F. graminearum for dl three crop species,
DON and total Fusarium spp. aso were highly corrdlated. In whest, DON was highly correlated to both
FHB-I and FDK. Inbarley, these correlations wereless strong and results varied among tests (year, location);
weak or non-significant correlations sometimes occurred. In oat, DON and FHB-I were not correlated, and
DON and FDK either not or only weakly so. Assuch, in the absence of DON data (or the means to assess
these) various other components of FHB could provide critical information, depending on the crop species.
Ultimately, determining actua DON levels (and/or those of other mycotoxins) provides the best assurance,
and comfort, that putatively FHB-affected grain is suitable for its designated use(s). Thisis particularly true if
harvesting of mature cropsis delayed due to wet conditions, and Fusarium and DON continue to accumulate
(asoccurred in 1993 in the eastern Canadian prairies and the upper American mid-west, and likely occurred
in 2004 in Manitoba), without attendant changes to the visible components of FHB.
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ABSTRACT

Although sources of genetic res stance to Fusarium head blight (FHB) are availablefor barley (H. vulgarel..),
al show some degree of deoxynivaenol (DON) accumulation when disease pressure is high.  Exceptionally
low limits for acceptable DON levels have been set by the various end-use barley indudtries, therefore new
sources of resstance are desired. Aninitiative was undertaken to identify new sources of FHB resistance that
might carry novel genesthat could be pyramided with those currently being used by barley breeders. To avoid
duplication of effort, a database (provided by B. J. Steffenson) was used to diminate accessions that had
aready been screened for FHB resistance in the United States. In contrast to American efforts which have
focused more on 6-row barley, al barley types (2-row, 6-row, covered, hulless) were included in the current
sudy. Since 2001, over 1,500 barley accessions from Plant Gene Resources of Canada, Saskatoon, SK
have been evaluated for low DON accumulation. Accessions were grown in the FHB nursery at Brandon,
MB, where short rows of the materid were artificiadly inoculated with 3 isolates of Fusarium graminearum
using the grain spawn method. Disease symptoms were rated visudly on a 0-5 scae, with resigtant lines
harvested for DON content analysis at Ottawa using the ELISA technique. Accessions with low DON con-

tent were reevauated in the FHB nursery in each subsequent year. Among the most promising accessons
were: Azul (CN 35781; 6-row, covered); Doneckij 6 (CN 32593; 2-row, covered); CN 5317 (2-row,

covered); CN 60364 (2-row, hulless); CN 89138 (2-row, hulless); CN 91465 (2-row, covered); and CN
91521 (2-row, covered). These accessions originating from various countries, including Russian Federation,

Georgia, Ethiopiaand China, may be useful as parenta germplasm in development of varieties with improved
FHB resistance.
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FUSARIUM HEAD BLIGHT REACTIONSAND ACCUMULATION OF
DEOXYNIVALENOL (DON) AND EFFECT ON QUALITY OF WHEAT
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ABSTRACT

Sixty-one commercid cultivars and germplasm lines of wheet were inoculated at middle of the anthesis with
spore suspension of Fusarium graminearum and Fusarium culmorum. Wheset spikeswereinoculated using
asyringe with conidiaof Fusarium graminearum and Fusarium culmorum. Head blight incidence, thou-
sand kernd weight, visudly scabby kerndsand Deoxynivalenol content was determined from harvested samples
during 2002 and 2004. Sampleswere andyzed using high performance liquid chromatography (HPLC). Lines
BVD 6, BVD 7 and cultivars Osmangazi, Acar and Martar were the best resistance sources and had small
amounts of DON during 2002. Deoxynivalenol was detected range 0.01 to 22.34 ug/g. A totd of 28 of
commercid cultivars and lines (%70) contained DON concentration excess of the 2.0ug/g that isU.S,, FDA
toxin limit for human consumptions. 32 commercid cultivars and lines dso (%80) contained DON concentra-
tion excess of the 1.0ug/g.

Samples of four Chinese commercid cultivars and 16 germ plasm lines andyzed in 2004 to determine the
effects on FHB. 16 lines were highly resstant to crown rot( F. pseudograminearum and F.culmorum) and
common root-rot(Bipolaris sorokiniana) diseases They were from Turkish germ plasm lines of whest.

Additiond key words. whest, deoxynivaenol, Fusarium graminearum, Fusarium culmorum, cultivars,
lines
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CIMMYT' SFHB FIELD RESEARCH APPROACH, EVIDENCE FOR
HOST-BY-LOCATION INTERACTION AND POTENTIALLY NEW
GENETIC DIVERSITY IN RESISTANCE IN WHEAT
Maarten van Ginke", Manila William and Morten Lillemo
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INTRODUCTION

Inthe mid-1980s, the Internationa Maize and Wheat
Improvement Center (CIMMY T) recognized the se-
riousness of the threat posed by Fusarium head blight
(FHB) and made the search for resistancef/tolerance
a high priority. Since then, the redization of the im-
portance of this disease has grown for a number of
reasons. Frgly, following increased globd interac-
tion, it became apparent that FHB was one of the
major whest diseases in China, but that unique FHB
resstance had aready been identified in Chinese va
rieties. Secondly, zero- or minimum tillage practices
were more widdy being adopted, dlowing intensfi-
cation of cropping and afaster turnover of rotations.
Crop resdues left on the soil surface alowed the
Fusarium fungus to survive, ready to spreed to the
next wheet crop. In addition, the increase in maize
rotation acreage in severa parts of the world pro-
vided an dternate host for the fungus. Findly, FHB
gained further notoriety as it was associated with the
presence of mycotoxins in the grain that are hazard-
ous to humans and certain animals. Soon, severa
strong research groups began investigating the FHB
disease and today a vigorous globa community of
FHB scientisgss maintains active ties and regular com-
munication. When the USA and Canada experienced
magjor epidemicsinthe past decade, CIMMY T shared
germplasm with them under the umbrdlaof the United
States Whesat and Barley Scab Initiative.

MATERIALSAND METHODS
Field Activitiesin Mexico
In our field research station in Toluca, Mexico (2640

med; >800 mm rainfal per crop cycle), we plant just
over 1 hafor FHB screening of bread whest, durum

whedt, triticde and barley, enhancing humidity with
sprinklers. Between six and ten spikes per entry are
hand-inoculated with Fusarium graminearum and
the plants evaluated for the five well-known Types of
resstance (infection, Soread, toxinlevd, yiddloss and
grain appearance). About 10,000 spring habit types
are evauated annudly and winter habit typesonanad
hoc bags, including globd introductions (e.g., from
Argenting, Audtria, Brazil, Bulgaria, Canada, Chile,
China, France, Germany, Japan, Hungary, Romania,
South Africa, Turkey, UK, Uruguay, and USA).

International Testing

Resstant spring habit entries are made available glo-
bally through theinternationa Scab Resistance Screen-
ing Nursery (SRSN). A Winter Wheat Scab Ress
tance Screening Nursery (WWSRSN) is being dis-
tributed on an ad hoc basis. Data on these nurseries
hasbeen returned by: Argenting, Brazil, Canada, Ching,
France, Germany, Guatemala, India, Iran, Korea,
Pakistan, Paraguay, Peru, Poland, Tanzania, Ukraine,
and Uruguay. The most resstant (Type 1) lines over
years are presented in Table 1.

Genetic Diversity for Resistance

We have shown that high levds of resstance can be
achieved with only afew genes, and that the genesin
the Chinese variety Ning7840 and the Brazilian vari-
ety Frontana are different (Singh et a., 1995; van
Ginkd et d., 1996). Recently, we determined that
among the 500 very diverse FHB resstant bread wheat
lines, lessthan 10% carry the 3BS|ocusfrom Sumai#3
using two flanking molecular markers (Xgwm493 and
Xgwmb533) (see Figure 1; unpublished). Thismay in-
dicate that a great amount of nove resstance could
be present in these materials. Our current breeding
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drategy isto combine diverse res stance mechanisms
and diverse genes (Singh and van Ginkel, 1997).

Host-By-L ocation Interaction: An Issueof Great
Concern

Some hogt-by-location interaction was observed when
the same wheat genotypes were exposed to FHB in
different countries (see Figure 2). Thismay be driven
by differencesin the Fusarium species present, envi-
ronmental effectson thedefensemechaniams, trueviru-
lence, interactionsamong thesefactors or other causes.

Thework by Kerry O’ Donnell and colleagues (2004)
identifies FHB as a pathogen with numerous subspe-
cies and clades. At the locdl level, smple screening
will adequatdly identify locally effectiveressance. But
a problem arises the moment one aims to extrapolate
from one loca Stuation to a more globa one. Past
international testing has identified some resistance
sources that do have wide effectiveness over space
and time. For an internationd center like CIMMYT,
these unresolved interactions issues are top priority.
But dso nationd breeding programs targeting diverse
environments need to consder the potentid implica
tions. Additional research should center on the effect
on resistance of the presence of distinct species/clades,
and differentid variation in pathogenicity, aggressve-
ness and possibly even the expression of actud viru-
lence. We need to know what we are redly fighting
againg, in order to develop an effectiveressance drat-
egy expected to provide long-term protection.

CONCLUSIONS

The three main gods before usworking in the area of
genetics of resistance are:

1. To better understand the host-by-location interac-
tions and implications for resstance.

2. To broaden the genetic base of res stlance by study-
ing various genetic resources.

3. To expand the emphasis from plant to the end-
product, the grain and its qudity including above dl
the issue of mycotoxins.
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Table 1. Top Type Il resistant wheat entriesin global testing of Scab Resistance Screening
Nursery (equal or better than Sumai#3 and Frontana) (van Ginkel et al., 2003).
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Figure 2. Bi-plot analysis (SREG model)
of wheat genotype responseto FHB in

the 6™ SRSN, indicating some genotype-
by-location interaction (van Ginkel et al.,

2004).
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ABSTRACT

No single strain of whest, barley, or related species completely withstands Fusarium head blight (FHB), a
disease that is making increasing inroads on hedth and harvestsworldwide. In fact, it isnot clear if immunity to
FHB exigsin the cereds. In addition, the genetic congtitution and chromosomd location of FHB resistance
genesare not fully known, athough current research suggeststhat severa quantitativetrait loci (QTL) or minor
genes control resstance. It is encouraging that severa DNA markers linked to FHB resstance QTLSs have
been identified and evauated since the 1 International Symposium on FHB in 2000 (Suzhou and Nanjing,
2000). Progress aso continues to be made in developing more resstant or tolerant varieties, however, the
level of resstance to FHB in these varieties to date is consdered by many not adequate for the long-term
sugtainability, especialy on agloba abasisand under conditions optimal for the pathogen. Theresstanceinthe
best lines often bresks down under particular conditions such as high-inoculum pressure or high-humidity
conditions. Our presentation will provide updated information on the globa progressin identifying FHB ress-
tance genes in previoudy untgpped sources and deploying them in wheat and barley. Findly, we will present
our ideas on the need and options for further internationd collaboration to combat FHB as aglobd problem.
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INTRODUCTION

Fusarium head blight (FHB) caused by Fusarium
graminearum (Schwabe) causes significant lossesin
the SRW wheat crop in Kentucky and in smdl grain
crops worldwide. FHB epidemics result in sgnificant
yield losses, and the toxin deoxynivaenol (DON) can
cause serious problems with grain quality and food
safety. Genetic variation in FHB resstance is present
in wheat (Buerstmayer et d., 1996, Bai et d., 2001,
Mesterhazy et d., 1999). Theamount of genetic varia-
tion among and within segregating popul ationsand the
generation in which sdlection is practiced is very im-
portant for optimizing selection progress. Breeding
FHB-res stant whest cultivarsisagoa of the Univer-
gty of Kentucky breeding program. With this objec-
tivein mind two different selection schemeswere con-
ducted for three winter wheet populations.

MATERIALSAND METHODS

Three F, . populations of 40 lines each were evalu-
ated during 2004 at two locations (Lexington and
Princeton, KY). The populationswere devel oped from
the following crosses:

Population1: Ning7840/2691//2684/3/Elkhart
Popul ation2: Purdueb/Foster//Foster
Population3: Ning7840/2691//2684/3/25R57

In 2003 two sdlection schemes were conducted and
are described below.

Within-family selection: Five spikes with low se-
verity and five unsdl ected spikes were harvested from
each plot in 2003. Approximately 10 seedsof theforty
F, . familieswere planted in three replications a Lex-
ington and two at Princeton in 2004. The experimen-

tal desgn was a split-plot desgn with the lines as the
main plot and the sdlection treatment (salected vs.
unselected) as the subplot.

Among-family selection: The8F, , familiesineach
population in 2003 with the lowest FHB index were
planted as F, . seed in arandomized complete block
designin4row plotswith threereplicationsat Lexing-
ton and two at Princeton.

Field inoculation: Thefiedinoculation protocol was
modeled after the method of Fauzi and Paulitz (1994)
with some modification. F. graminearum colonized
corn was spread in wheat plots prior to heading (GS
7). Plots were mig irrigated daily beginning just prior
to heading for five minutes every ten minutes between
6 and 8 AM and between 10 PM and 12 AM.

Field disease evaluations: Disease evauationswere
initiated when scab symptoms were detected on sev-

erd of the susceptible cultivars, approximately 3 weeks
post anthesis. Thoselinesthat flowered first wereread
first. Average head severity was determined by count-

ing the number of infected spikelets divided by the
total number of pikelets per head on 10 infected heads
per plot. Also the percentage of Fusarium damaged
kernds (FDK) was estimated and a DON test was
done on grain samples.

Heritability Estimates: Anayss of variance was
computed for FHB severity in each experiment. Broad
sense and narrow sense heritability estimates were
ca culated on an entry-mean basisfrom variance com-
ponents.

Actual Selection Gain: Redized heritabilites were
ca culated based on the 2003-04 data following the
formula h=R/S
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For each population, the selection differentid (S) was
cdculaed as the difference in the mean head blight
severity of theorigind F, , populations (x,) and that of
the selected sample of resstant plants. The response
to sdection (R) was cadculated as the difference be-
tween the mean head blight severity of the unsdected
plantsin 2004 (x,) and the mean head blight severity
of the progeny of the selected plants (x ).

RESULTS

At Lexington (Tablel), one cycle of recurrent selec-
tion for FHB res stance reduced the percentage of dis-
eased spikelets from 50.8 to 40.3% in Population 1,
from 38.9 t0 29.5% in Population 2 and from 41.6 to
39.3% in Population 3. Smilar results were found by
Jang et d., (1994) who obtained an average reduc-
tion of diseased spikelets of 9 % after two cycles of
recurrent selection in three populations.

At the second location, Princeton (Table 2), onecycle
of recurrent selection for FHB res stance reduced the
percentage of diseased spikdetsfrom 32.2 to 27.8%
in Population 1, from 34.7 to 27.1% in population 2
and from 39.4 to 37.1% in population 3. The sdec-
tion reponsewashigher a Lexington than & Princeton.
If we compare the redlized heritabilities caculated in
2004 with the BSH egtimated from the components
of variancein 2003 (VergesV, unpublished, 2004), in
two of the three populations the I¥, was higher than
theh? . Thismeansthat for thesefamiliesthe obtained
increase in resistance was higher than the expected
from the estimates of variance componentsintheF,,
generation.

One cyde of among-family sdlection for low FHB in-
dex reduced the mean severity in some families com-
pared to the population mean (Table 4). FDK and
DON dso showed significant progress. Thetop fami-
lies in Population 2 showed the highest progress in
sdection: 6 of 8 families showed lower mean saverity
and FDK than the population mean, and the 8 families
showed lower DON than the mean DON concentra-
tion. Population 1 and 3 also showed progress with
one cycle of sdlection.

DISCUSION

One cycle of recurrent selection was successful in the
three populations, especidly in Population 1 and 2,
where mean severity had a reduction of 10 %. The
success of recurrent selection was not so evident in
Princeton. Asthe selection was conducted in Lexing-
ton, we suggest that the selection environment could
have influenced these results; if thistrend is confirmed
it might be adisadvantage when sdecting in early gen-
erations.

One cydle of anong family sdlection for low FHB in-
dex showed that good progress could be achieved
through sdecting the top families on each population.
Not only was mean severity reduced on the selected
families; but many top families had alower FDK and
DON concentration than the population mean.

In 2003, these three populations were genotyped for
the presence of the Sumal 3 resstance aleles (Verges
et d., 2003). Only population 2 had the resistance
alleles, which might explain its superior
performance Many of thesefamilieshave been planted
in 2004 in priminary tralls of the Univerdity of Ken-
tucky breeding program.
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Table 1. Mean FHB severity (%) of the original three F,.4 winter wheat families in 2003
(Ko), the proportion (P) of selected plants out of the F,.4 families, the selection differential
S, the mean FHB severity (%) of the progeny produced by the selected plants based on
F4.5 line means (u;) , the mean FHB severity (%) of the progeny produced by the non
selected plants based on F,.5s line means (o), the mean selection response R, the realized
heritability h,”>. Lexington, KY,2004.

2003 2004
Ko P S u Lo R h?,
Population 1 29.5 2.5 -14.4 40.2 50.8 -10.6 0.73
Population 2 30.1 2.5 -15.1 29.5 38.9 -9.4 0.62
Population 3 31.2 2.5 -16.2 390.3 41.6 -2.3 0.14

Table 2. Mean FHB severity (%) of the original three F,.4 winter wheat families in 2003
(Ko), the proportion (P) of selected plants out of the F,.4 families, the selection differential
S, the mean FHB severity (%) of the progeny produced by the selected plants based on
F4.5 line means (n;) , the mean FHB severity (%) of the progeny produced by the non

selected plants based on F;.5 line means (L), the mean selection response R, the realized
heritability hrz, Princeton, KY, 2004.

2003 2004

Lo P S Th Lo R h?,
Population 1 29.5 2.5 -14.4 27.8 32.2 -4.4 0.30
Population 2 | 30.1 2.5 -15.1 27.1 34.7 -7.6 0.62
Population 3 31.2 2.5 -16.2 37.1 39.4 -2.3 0.14

Table 3. Effect of one cycles of among-family selection for low FHB index on severity
of infection, Fusarium damaged kernels (FDK) and DON concentration in three winter
wheat populations, Lexington, KY. 2004.

Population 1

Population 2

Population 3

Entry

Co
Ci-1
Ci-2
C,-3
C-4
C,-5
C\-6
C.-7
C,-8
LSD
(0.05)

Severity FDK

(%) (%)
50.8 658
574 384
61.8 552
540  75.0
449  51.1
52.8  80.0
544 402
41.0 335
37.7 435
9.2 10.1

DON
(ppm)
13.2
15.2
9.3
11.7
11.1
13.4
11.6
12.4
16.2
4.6

Severity FDK DON

(%) (%) (ppm)
389 426 1838
293 28.1 58
31.6 375 165
383 331 109
404 17175
36.6 328  12.1
363 692 109
364 504 122
225 479 102
8.0 9.1 3.4

Severity FDK
(%) (%)
41.6 57.2
36.2 533
32.8  38.6
39.4 754
44.9 61.1
335 61.4
33.0 25.8
30.0 42.6
42.0 75.2
7.8 8.5

DON
(ppm)

13.6
7.8
94

15.8
9.2

10.6

12.4

16.5

11.5
4.3
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ABSTRACT

Various traits of barley can influence the level of Fusarium heed blight (FHB) infection and deoxynivalenol
(DON) accumulation in barley. The objective of this sudy was to determine if deoxynivaenol and FHB inci-
dence are correl ated with kernel weight and test-weight of adoubled haploid (DH) progeny of atwo- and Six-
row cross of Leger/Cl9831. Doubled haploid lines were equaly divided between two-row spikes (Vrsl.t)
and six-row (vrsl.a) ones. These lines were tested in natura conditions a Charlottetown (Prince Edward
Idand) and Ottawa (Ontario). In 1993, they were also tested in FHB nursery in 2001 and 2002 at Ottawa.
Kerne weight and test-weight were measured in each environment. Kernel weight was found to be geneticaly
correlated with FHB incidence and DON content. Barley lineswith better res stanceto FHB had larger kerndl
weight even in natural conditions compared to susceptible ones. Test-weight was more variable across envi-
ronments and is less genetically associated with FHB resstance compared to kernd weight. It gppears that
kernel weight is a better selection criterion compared to test-weight for FHB resistance in barley.

207



Host Plant Resistance and Variety Devel opment

QUANTITATIVE ASSAY OF THE EXPRESSION OF GENE G12 IN SCAB
RESISTANT AND SUSCEPTIBLE WHEAT VARIETIES
YuginWengand Yang Yen'
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ABSTRACT

Wheset gene G12 isolated from* Sumai 3' was previoudy found to be up-regulated by Fusariumgraminearum
infection usng mRNA Difference Display technology. The am of this sudy was usng Red-Time PCR to
quantitatively assay its expression patternsin both scab res stant and susceptible wheet varietiesin response to
F. graminearum infection. Spikes of scab-resstant *Sumai 3', ‘Tokal 66 and ‘ Abura’ and scab-susceptible
‘“Wheaton' and ‘' Y-1193 were inoculated in a growth chamber by injecting F. graminearum microconidia
suspengoninto thefirst flowering spike ets. Water was used in mock inoculations as anegative control. mRNA
samples were collected in 24 and 32 hours &fter inoculation and used for Real-Time PCR assays with G12
primers, the Applied Biosyssem SYBR Green DNA Core Reagent Kit and a Cepheld’'s SmartCycler I1.
Genedly, threshold cycdles (Ct) appeared at the 20th to the 36rd cycles (Met Deriv 76—77) for dl the
samples. Differentid expresson of gene G12 between scab-resistant and scab-susceptible entries was ob-
served in both 24 and 32 hours before and after inoculation. Our data suggested that F. graminearuminfec-
tion down-regulated the expression of gene G12 in both the resistant and susceptible entriesin 24 hours after
infection. However, in 32 hours after inoculation, the expression in susceptible entries seemed rebounding
back over the negative controls, while the expresson in the res stant entries remaining down-regul ated.
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ABSTRACT

Phenotypic selection isacurrent method to improve Fusarium head blight (FHB) resistancein wheat breeding.
Markers for severd QTL have been published that may be useful for the development of FHB resstant
cultivars in the future. The am of this sudy is to compare the redlized sdection gain from phenotypic and
marker-based sdlection for FHB resistance in spring wheeat. Res stance sources were taken from two recent
mapping populations. Derivatives of the resistant cultivars CM 82036 (Sumai 3/Thornbird) and Frontanawere
crossed with the two susceptible German spring whesat cultivars Munk and Nandu to establish the source
population in the year 2000. Phenotypic evauation and selection of the experimentd lines was performed in
soray-inoculated field experiments. Within a sdlection program starting with evauation of 1,075 F  lines the
300 best genotypes were selected for low FHB severity at two locationsin 2001. In the following year, these
genotypes were re-tested at four locations and the 20 best lines were sdlected and recombined in a factoria
design. Theresulting 1,100 F, plantswere selfed and tested asF, , linesin 2003 at two locations. Thereof, 135
F, , genotypes were selected and re-tested in 2004. Marker-based selection was done for QTL on chromo-
somes 3B and 5A (CM82036) and 3A (Frontana) with SSR markersin three subsequent selfing generations.
In the origind mapping populations these QTL accounted for 32, 23, and 16% of phenotypic variation, re-
spectively. Findly, 30 F, , lineswere selected that harbored the three QTL for the respective resstance dleles
homozygoudy and sdfed. All plants per line were bulked a harvest to produce enough seed for testing. The
resulting F, ; bulks were tested adong with the phenotypically sdlected F, ,bulks at four locations in 2004.
Mean di sease severity (% infected spikelets per plot) of the unsel ected source population was 22.7%. Pheno-
typically sdlected progeny had amean FHB severity of 9%, marker-selected genotypes of 12.4%. Phenotypic
selection, however, took twice as long as marker-based selection, but has the advantage of selecting towards
severd traits smultaneoudy. In conclusion, use of molecular markers for FHB resstance is vaduable for the
breeder, especidly when thetime frameisnarrow. A combination of both saection methods seemsto be most
favorable: (1) marker-based sdlection to include genotypes with the rlevant QTL and (2) phenotypic evalua-
tionin thefidd to exploit the full selection gain and to condder additiond agronomic traits, like flowering dete,
plant height, and other disease resstances.
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ABSTRACT

Fusarium head blight (FHB), aso called head scab, infection resultsin significant economic lossesto wheat and
barley producers and the wheat and barley industries. Economic |osses are associated with reduced yield and
qudity aswell as mycotoxin (DON) accumulation in infected kernels. Significant research effort has focused
on theidentification of microsatellites (SSRs) associated with resstance quantitativetrait loci (QTL), for usein
marker-assisted sdection (MAYS) within wheat and barley breeding programs. MAS has proven to be an
effectiveway of predicting host resstance, which isthe most economicd and effective way of controlling FHB
in whest. Information comparing the FHB resistance QTL haplotype data of adapted parentd breeding lines
would be useful in implementing a MAS program.  In this study we compared the haplotype of 41 breeding
linesfrom the University of Illinois soft red winter wheet breeding program (al with moderate to high resstance
to FHB) with known sources of FHB resistancethat had previoudy been characterized with SSR dleleslinked
to FHB resstance QTL. The SSRseva uated were associated with the following seven chromosome regions.
2DL, 3A, 3BS(digtd to the centromere), 3BSc (proxima to the centromere), 4B, 5AS, and 6BS. Of the 41
lines evaluated, 9 lines had Ning7840, a Sumai 3 derived source of FHB resistance, in the pedigree. For the
remaining 32 lines the FHB res stance was derived from so-called “ native’ sources of resstance present inthe
soft red winter wheat gene pool. Our objective wasto determineif the QTL conferring FHB resstance in the
Universty of Illinois breeding program lineswas associ ated with known resistance sources, Frontana, Maringa,
Suma 3, Wangshuibal and Wuhanl. Based on marker analyss the 9 breeding lines with Ning7840 in the
pedigree appear to carry some SSR dldessmilar to thosein Sumai 3, but thelines vary in the number of SSR
dlelesthat arethe sameas Sumai 3, and none of the lines gppear to carry al of the Sumal 3QTL. Based onthe
46 SSRs evauated, the 32 breeding lines that do not have a Sumai 3 derived source of resstance in the
pedigree carry some SSR dldesthat are similar to SSR dlees associated with known FHB resistance QTL,
but in most casesthe SSR dldesare different from those found in well-known FHB resstance varieties. Thus,
thereisextensve deviation of thelllinois breeding linesfrom the SSR dldesin known FHB resistance sources.
Severd possible explanationsinclude: some of the breeding lines may not be as FHB resistant as Sumai 3; the
breeding lines may not carry the QTL studied; the linkage phase between the SSR markers and the FHB
resstance QTL may not be the same asin the FHB resistance sources; or the breeding lines may derive FHB
resstance from other QTL not included in this study.
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ABSTRACT

The QTL for Fusarium head blight (FHB) resistance on whest chromosome 3BS has often been reported.
Recent studies have reveded another FHB resistance QTL on wheat chromosome 2DS. In two doubled
haploid mapping populations derived from Sumal #3 (R)xGamenya (S) and Suma #3 (R)xNobeokabouzu-
komugi (VR), QTLsfor Typel resstance (toinitid penetration) and Type Il resistance (to fungal soread within
plant tissues) were detected on chromosome 2DS by using AFLP and SSR markers, but further studies of
QTLson chromosome 2DSin different popul ationswere needed. We devel oped an “ extenson-AFLP’” method
to efficiently convert AFLP markers into STS markers in wheat. When an AFLP marker of interest was
detected with an EcoRI+3/Msel +4-selective primer combination, the PCR product was used as a template
for additiona sdlective amplification with four primer pairsin which one additiona sdective base (A, C, G, or
T) was added to the 3'-end of one of the two primers. The extended primer pair that produced the targeted
band was further extended by adding each of the four selective nucleotide basesin the next round of selective
amplification. Extension sdlective amplification was performed until the targeted bands became clear enough
for subsequent cloning and sequencing. In our previous study (Genome 47: 660-665, 2004), we successfully
used the extenson-AFLP method to convert two AFLP markers located on chromosome 3BS into STS
markers. Inthis study, we further converted adominant AFLP marker (AGT/CAAC396) located on chromo-
some 2DS into STS marker. Using the extenson-AFL P method, we obtained DNA sequence of the AFLP
band and then designed ST S primer based on the obtained sequence. However, when the STS primer (STS396)
was gpplied to amplification of total genomic DNA of the parents of the mapping populations, it did not show
polymorphism asitsorigina AFLP markersdid. When the PCR productswere subjected to digestion with five
restriction enzymes (Haelll, Msp |, Hinf I, Rsa |, andHha 1), STS396 showed polymorphism upon digestion
with Msp I, Hinf I, Rsa I, and Hha |. Mapping result showed that the STS marker co-segregate with its
corresponding AFLP marker. These results again suggest that the extenson-AFLP method is an efficient
gpproach for converting AFLPs into STS markers. The resulting STS markers might be useful to improve
FHB resistance in whest.
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ABSTRACT

The influence of inoculum source (conidid suspension, infested barley/corn grains, and infested wheet debris)
and inoculation frequency on development of Fusarium head blight (FHB) and deoxynivaenol (DON) content
was examined using three spring wheset genotypesin a disease nursery in Ottawa, Ontario from 2001-2003.
The development of FHB was monitored by visualy estimating disease severity on a0-9 scae six timesduring
each growing season. Severity of FHB over time was summarized as area under the disease progress curve
(AUDPC). Symptoms of FHB were aso rated as critical-time disease severity (DS), percentage of infected
spikdets(1S), and FHB index at the soft dough stage. Percentage of fusarium-damaged kernels (FDK) and
DON content in the whesat grains were assessed after harvesting. The disease parameters for the inoculation
trestments with conidid suspension sprayed two and three times and infested grains twice were sgnificantly
greater than the uninoculated control.  Trestment with infested grains spread three times had sgnificantly
greater AUDPC, DS, FHB index, FDK, and DON, but did not differ in IS from the control. Treatments
inoculated with debris two or three times were not dgnificantly different from the uninoculated control in al
parameters except for FDK, in which, 2-gpplications of debris gave sgnificantly higher percentage of FDK.
Regardless of the inoculum source, two inoculations produced as much FHB, FDK, and DON as three
inoculations. Correations among the assessment parameters were sgnificant (P < 0.05) for dl inoculum
sourcesin 2001 and 2002 and for infested grains only in 2003. Under high disease pressure in 2003, corre-
lation between DS and IS was not significant when inoculated with debris, nor between FDK and other
parameters following conidia suspension or debris as the inoculum source. Gregter correations among the
assessment parameters using infested grains than conidia suspension and debris suggest that infested grains
may be a more effective source of inoculum for FHB nurseries.
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ABSRACT

Fusarium Heed Blight (FHB) isthe most destructive disease in whegt. One of the most effective Strategies for
controlling this diseaseisto grow FHB resigtant cultivars. The mgjor resistance QTLsfrom Sumai 3 have been
used extengvely in breeding programs worldwide. Identification new sources of resstance will enhance ge-
netic diversty of FHB resistance sources in breeding programs. Chokwang, a Korean whest cultivar, con-
tained different QTL from these in Suma 3 and its derivatives. To identify the new QTL and closdly linked
markers, 678 smple sequence repesats (SSRS) and 275 target region amplified polymorphism (TRAP) mark-
erswereandyzed in apopulation of recombinant inbred lines (RILS) derived from the cross Chokwang/Clark.
Three new QTLs were identified. Two of them tentatively were located on chromosome 5DL (Qfhb.usda
5DL-1 and Qfhb.usda5DL-2). Two SSR markers (XBarc239 and Xcfd3) linked to the two QTL were
identified, which explained 30.1% and 26.1% of phenotypic variance respectively. Another QTL Qfhb.usda-
7BL was identified by SSR Xbarc1096 and tentatively mapped on 7BL, which explained 19.1% of pheno-
typic variance. The QTL on 3BS was a0 detected by SSR Xgwmb533 in this population, which explained
24.1% of phenotypic variance. In addition, Qfhb.usda5DL-1, a mgor QTL with the largest effect, was
physicaly mapped to bin of 5DL-0.60-0.74 using Chinese Spring deletion lines. These results suggested that
Chokwang contains new QTL for FHB resstance that are different from these in Suma 3. Pyramiding ress-
tance QTL from Sumai 3 and Chokwang may enhance FHB resistance in whest cultivars.
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OBJECTIVES

The objective of this sudy is to identify barley (Hor-
deum vulgare L.) introductions with better Fusarium
head blight (FHB) resistance by screening East Asian
cultivarsfor FHB severity and deoxynivaenol (DON)
leve.

INTRODUCTION

Fusarium head blight, incited principaly by Fusarium
graminearum Schwabe, in recent yearshas beenthe
most destructive disease of barley in North America
(McMullen et d., 1997; Steffenson, 1998). The ma:
jor loss in barley from FHB is a reduction in grain
quality caused by the presence of the mycotoxin DON.
Barley that has more than 0.5 ¥g/g of DON is not
acceptable to many mdting and brewing companies
and is often not purchased or is heavily discounted.

Success of developing barley cultivars with FHB re-
ggtance has been limited due to low levels of FHB
resistance and asociationswith undesirable agronomic
traits (Rudd et a., 2001). Unlike Sumal 3 in whest
(Triticum aestivum L.), no single barley cultivar or
accession is being used widdy as a source of FHB
resstance. The resstance sources currently used in
barley, Clho 4196 (two-rowed) and Chevron (Six-
rowed), are associated with undesrabletraitssuch late
heading date and tall plants (de la Pena et d., 1999;
Urreaet d., 2002).

For decades, development of FHB-resstant barley
cultivars has been amgor god in parts of East Asa
Most sources of resistance currently used in barley
and wheat breeding programsin North Americacame
from this region. Mot East Adan cultivars are fdl-
sown and head under short-day conditions. The ob-

jective of this study is to identify introductions with
better FHB resistance by screening East Asian culti-
varsfor FHB severity and DON leve.

MATERIALSAND METHODS

The experiments were conducted at Zhejiang Univer-
sty in Hangzhou, Chinain 2002 and in 2003, and a
Langdon and Osnabrock, North Dakota (ND) in
2003. Forty-eight cultivarsfrom Chinaand Jgpan and
checkswere tested using randomized complete block
design with three replicates. Nurseries were inocu-
lated by spreading maize (Zea mays L.) and barley
kernelscolonized by locdl isolatesof F. graminearum.
The FHB severity was measured as the percentage of
infected kernesdivided by tota number of kerndson
10 spikes. Deoxynivalenol was tested on harvested
grains from China 2002, China 2003, and Langdon
ND 2003 with gas chromatography method (ASBC,
1999) in the barley malting and brewing lab a North
Dakota State Univerdty. In addition, data on heading
date as days from January 1 until 50% of the pikes
were haf emerged from the boot and plant height as
cm from the ground to the tip of the spike excluding
the awns were collected.

RESULTSAND DISCUSSION

The evduation of barley cultivars for FHB resstance
produced varigble results because many East Asan
introductions are highly photoperiod sendtive. Varia
tionsin heading date and plant height were observed
over locations. The late heading date of Clho 4196,
theresistant check (Urreaet d., 2002), made evaua-
tion of its FHB response difficult.
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Fusarium head blight severity - Theaverage FHB
severity of the 48 cultivars across four environments
ranged from 11.0to 42.6% with an average of 27.4%.
The interactions between cultivars and environments
weredgnificant; thus, datafromindividud nursery Stes
are presented. In Hangzhou, China 2002 and
Osnabrock, ND 2003, Shenmai 3 (acultivar released
by the Shangha Academy of Agriculturd Sciencesand
selected from a Gobernadora/lHumai 10 cross made
by the ICARDA/CIMMY T barley breeding program
in Mexico), Zhaori 19 (from Japan), and Guan 78-01
were sgnificantly lower in severity than Clho 4196
(Table 1). Compared to Conlon, a Midwest two-
rowed madting barley cultivar, the FHB severities of
Shenmal 3, Zhaori 19, and Guan 78-01 were signifi-
cantly lower in Hangzhou, China 2002 and 2003, and
Osnabrock, ND 2003. The severity of Clho 4196
was significantly lower than those of Conlon in
Hangzhou, China in 2002 and 2003, and those of
Lacey, a Midwest six-rowed mdting barley cultivar,
in dl four environments. Asahi 5 and Zaoshu 3 from
Japan and Supi 1 and ZAU 7 from Chinaareexamples
of cultivars with moderate FHB resistance (Table 1).

Deoxynivalenol accumulation - The DON con-
centrations of the 48 barley cultivars across three en-
vironments ranged from 7.2 to 48.4 ug/g. The aver-
age DON level was 18.9 ug/g. Since the error vari-
ances in three environments were not homogeneous,
the results from individud environment andyses are
presented. The DON levels of Shenmai 3, Zhaori 19,
and Guan 78-01 were sgnificantly lower than those
of Clho 4196 in Hangzhou, China in 2002 and
Langdon, ND in 2003 (Table 2). Compared to Conlon,
the DON levelsfor these three cultivars were not sig-
nificantly lower. Thedifferencesin DON leve between
Clho 4196 and Lacey were not condstent across the
three environments.

Heading date and plant height - In the Langdon
and Osnabrock trials, Shenmal 3 had heading dates
close to those of Conlon and Lacey and the plants
were shorter than those of Conlon and Lacey. Zhaori
19 was smilar in plant height to Conlon, but headed
about four days earlier (Table 3). Guan 78-01 was
close to Conlon in plant height, but dmaost one week
later than Conlon (Tables 3 and 4). Clho 4196 was

later and taller than the other cultivarstested in China
and ND. Shenmai 3 gpparently lacks the Eam1 gene
of Zheori 19 for earliness under long days and the
eam6 geneof Clho 4196 for latenessunder long days.
Shenma 3 likely has the Eamb and eam9 genes for
earlinessunder short days (Franckowiak et a., 2003).

Correlations - Within an environment, thesmplelin-
ear correlationsbetween FHB severity and DON were
sgnificant in Hangzhou, Chinaiin 2002 and 2003, but
not sgnificant in Langdon, ND in 2003 (Table 5).
Among environments, the corrdation for FHB sever-
ity was sgnificant between Hangzhou, Chinaiin 2003
and Langdon, ND in 2003. For DON concentration,
the correlations between Hangzhou, China in 2002
and Langdon, ND in 2003 and between Hangzhou,
Chinain 2003 and Langdon ND in 2003 were Sgnifi-
cant. Thisindicated the effects of environmentson FHB
severity and DON level were not consstent or highly
repeatable for the 48 barley cultivars tested.

CONCLUSIONS

Shenmai 3, Zheori 19, and Guan 78-01 had signifi-
cant lower vaues for both FHB severity and DON
level in two out of four and two out of three environ-
ments, respectively. These East Asan cultivars may
have better FHB resistance than Clho 4196. Clho
4196 is tdl and late in China and ND, Zheori 19 is
very early in ND, and Guan 78-01 is late and naked.
Shenmai 3 appears better adapted to ND in terms of
heading date and plant height; therefore, Shenmal 3
may be abetter source of FHB resistance than acces-
sonscurrently used in barley improvement programs.
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Table 1. Fusarium head blight severities for selected barley cultivars grown in China

and North Dakota (ND).

Cultivar  Origin Spike Hangzhou  Hangzhou Langdon  Osnabrock
type China2002 China2003 ND 2003 ND 2003
------------------- % infected kernels-----------------
Shenmai 3 China 2 9.0 1.9 10.7 22.3
Zhaori 19 Japan 2 9.9 5.0 23.8 21.3
Guan 78-01  China 2 6.2 7.3 175 271.7
Asahi 5 Japan 2 10.2 8.8 24.6 34.7
Zaoshu 3 Japan 2 16.3 24.1 254 317
Supi 1 China 2 23.0 15.7 231 21.7
ZAU7 China 2 14.1 21.9 42.0 36.3
Clho 4196 China 2 19.6 0.9 17.3 39.0
Conlon ND 2 43.3 24.5 17.0 39.0
Lacey Minn 6 55.9 17.8 289 50.3
LSDoos e 9.4 oo
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Table 2. Deoxynivaenol (DON) levelsin grain samples from selected barley
cultivars grown in China and North Dakota (ND).

Cultivar Oriain Spike Hangzhou Hangzhou  Langdon
9 type China2002 China2003 ND 2003
--------- Ho/g-
Shenmai 3 China 2 0.2 12.5 9.1
Zhaori 19 Japan 2 0.9 25.2 4.3
Guan 78-01  China 2 0.1 314 59
Asahi 5 Japan 2 0.7 49.2 10.1
Zaoshu 3 Japan 2 0.6 224 17.2
Supi 1 China 2 2.1 76.5 294
ZAU 7 China 2 1.3 47.8 12.8
Clho 4196 China 2 15.6 11.6 20.6
Conlon ND 2 5.7 25.4 3.3
Lacey Minn 6 4.1 56.5 23.3
LSD 005 7.6 17.1 10.8
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ABSTRACT

Fusarium head blight (FHB), caused by Fusarium graminearum, can sgnificantly reduce both grainyiedd and
qudity. Growing FHB resgtant varieties is an effective means to reduce losses caused by the disease. How-
ever, currently used FHB resistance sources are mainly Sumai 3 and its derivatives. Utilization of FHB ress
tance sources different from Suma 3 may enrich the genetic pool of FHB res stance sources. Wangshuibai isa
FHB resstant Chinese landrace unrelated to Sumai 3. To map QTL for Typell FHB resstance and for alow
level of deoxynivalenol (DON), amycotoxin produced by the pathogen, 139 F, derived recombinant inbred
lines (RILSs) was developed from a crass Wangshuibai/Wheaton. Totdly 1259 smple sequence repest (SSR)
and amplified fragment length polymorphism (AFLP) markers were andlyzed in this population, and seven
QTL for Type Il resstance and four for low DON accumulation were detected. Two QTL for Type II
resstance located on 3BS were detected which explained 37.5% and 9.4% of the phenotypic variation,
respectively. Five additiond QTL for Typell resistance on chromosomes 3A, 3D, 2A, 6B and 1B explained
7.4% to 11.9% of the phenotypic variation. Themgor QTL on 3BS aso explained 12% phenotypic variation
for low DON accumulation. Three additional QTL for low DON accumulation explained 7.2% to 8.9% of
phenotypic variation. New QTL for FHB resstance identified in Wangshuiba have potentia to be used in
devel oping cultivarswith enhanced FHB res stance by pyramiding FHB resistance QTL from different sources.
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OBJECTIVES

To identify wheet germplaam thet expressesahigh leve
of Typell resstance and accumulates|ow DON con-
tent in harvested grain.

INTRODUCTION

Fusarium head blight or scab is an economicaly im-

portant disease of cered crops worldwide. Severe
infection can draméticaly reducegrain yield and qua-

ity. In addition, infected grain is often contaminated
with deoxynivalenol (DON), which has become a
major concern for animal production and human hedlth
(Bai et a. 2004). FHB resistant cultivars have been
identified from different countries. However, only the
Chinese cultivar ‘Sumal 3 and its derivatives show
consstent Type Il resistance across different environ-

ments and have been extensvely used as the mgor
source of resistance in breeding programs (Bai and

Shaner 2004). Therefore, new sources of resistance
are needed to prevent the potentia breakdown of re-

gstance from Suma 3 and diversfy FHB resstance
sources in breeding programs.

MATERIALSAND METHODS

One hundred and ten whest accessons were evau-
ated for Type Il FHB resistance and DON contents.
Among them, 79 originated from China, 23 from Ja-
pan, one from Korea and seven from the USA and
other countries (Table 2). The disease evauation was
conducted in the greenhouse of Kansas State Univer-
sty, Manhattan, KSin 2003 asdescribed by Bai et al.
(2001). In brief, the Typell FHB resstancewaseva u-

ated by injecting 1000 conidia spores of F.
graminearuminto acentra floret of aspike at anthe-
gs TheinoculumwasaKansasfiddisolae (GZ 3639).
The experiment was repeated twice with three repli-
cations (pots). Four to six plantsin each pot, depend-
ing on uniformity of flowering time, were inoculated.
Theinoculated plantswereincubated inamoist cham-
ber for three days a 25 °C to initiate infection. In-
fected and total spikeetsin a spike were counted a
21 days after inoculation and proportion of scabbed
spikelets (PSS) in agpike was caculated asfind dis-
ease severity. The seeds from inoculated spikes were
evaluated for DON content by usng combination of
gas chromatography/mass spectrometry (GC/MS,
Mirochaet d, 1998) and DON content was expressed
asmg/kg. Statistica anadysswas conducted by using
SAS software package (SAS Indtitute, Inc., Cary, NC)

RESULTSAND DISCUSSI ON

All inoculated wheat accessions showed FHB symp-
toms after anglefloret inoculation. Differencesin PSS
and DON content were significant among accessions.
The mean PSS of FHB over two experiments ranged
from 7% (F60096) to 100% (ChanjiBaiDongMai,
CheJianZi and LingShuiSanY uehHwang) and showed
continuous variation across the ons evauated.
All accessons could be classified into four categories
based on their average PSS: resi stant (0-30%), mod-
erate resistant (31-50%), moderate susceptible (51-
70%) and susceptible lines (71-100%). About 60%
of the ons were resstant or moderately ress-
tant to FHB (Table 1). Only 20% of accessonswere
highly susceptible. The DON contentsin the harvested
grain of inoculated spikes ranged from 0.4 mg/kg
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(Fu5114) to 188.9 mg/kg (ChanjiBaiDongMal) (Table
2). Thirty-five resstant accessions (PSS < 30%) mainly
originated from China and Japan, 15 of them had a
DON content less than 2 mg/kg. Most of theseress-

tant accessons do not relate to Sumal 3 in their pedi-

gree, suggesting that they may carry genes (QTL) for
FHB resistance and low DON content different from
thosein Sumai 3.

The whesat accessons with alow DON content usu-
dly had alow PSSvaue (Table 1 and Table 2). Sig-
nificant pogitive correlations were observed between
PSS and DON contents (Fig. 2) in both experiments.
The correlation for spring experiment (r = 0.73, p <
0.0001) was higher than that of fal experiment (r =
0.32, p = 0.002), this may be due to removal of sev-
erd highly susceptible accessions in the fal experi-
ment. Thirty-five resstant wheet accessons with less
than 20% PSS had an averagelow DON of 3.19 mg/
kg. Among them, two Chinese landraces
(Huangcandou and Baisanyuehuang) and two Japa
nese landrace (Minamikyushu 69 and AsoZaira) had
smilar Typell resstance and DON content asthat in
Ning 7840 (Table 1). These landraces may have po-
tential to be new FHB resistance sources for molecu-
lar mapping and breeding.

In an average, moderatdly resstant and moderately
susceptible access onshad ahigher DON content than
that for resstant accessons, but with some excep-
tions(Table2). Among these access onswith lessthan
2 mg/kg DON, seven were moderately resistant and
three are moderately susceptible (Table 1). Moder-
ately susceptible Chinese landrace ‘HongMongBa'’
had 70% PSS, but showed alow DON content (0.83
mg/kg); while, another Chineselandrace‘ MeQianWu'
showed low infected spikelets (19%), but accumu-
lated arddtively higher level of DON in the harvested
grain (9.52 mg/kg, Table 2). Inconsstent relaionship
between PSS and DON content may be due to ge-

netic difference among the accessons, but non-genetic

factor may aso affect DON measurement in harvested
grans (Ba and Shaner 2004). These observations
suggested that sdlection for Type |1 resistance based

on the visud FHB symptoms on the infected spikes
could be anticipated to get wheat genotypes with a
low DON content. However, a high level of DON

accumulation in harvested grains may not dways be
expected for those accessions with moderate Type |

resistance.
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Table 1. Number of lines, minimum, maximum and mean deoxynivalenol (DON) content
in mg/kg for wheat accession with different levels of FHB resistance based on proportion
of scabbed spikelets (PSS).

FHB Rating R* MR MS S
Minimum DON 0.39 0.71 0.83 2.60
Maximum DON  10.50 28.13 41.18 188.89
Mean DON 3.19 5.81 12.00 22.81
Number of lines 35 (31.8%) 30 (27.3%) 23 (20.9%) 22 (20%)

*R stands for resistant with PSS ranging from 0 to 30%; MR stands for moderately
resistant with PSS ranging from 31% to 50%; M S stands for moderately susceptible with
PSS ranging from 51% to 70%; S stands for susceptible with PSS ranging from 71% to
100%.

Table 2. Fusarium head blight ratings and deoxynivalenol (DON) levels for selected
wheat lines from different origins based on 2003 experiments.
Average PSS Average DON'

Al

Name Country  Source (%) (ppm)
F60096 China JAAS 7.0 3.16
Fu5114 China JAAS 7.4 0.39
Minamikyushu 69 Japan PI1382152 75 2.37
Su49 China JAAS 8.2 2.74
Linghaimao Yang Mo China PI1435124 8.2 6.98
WangShuiBai China JAAS 8.8 0.68
Asozairaiii Japan JRCAS 9.3 197
Huangcandou China JAAS 11.0 1.10
Baisanyuehuang China JAAS 11.7 1.30
Ning 7840 China JAAS 131 0.61
Taiwan Wheat China JAAS 133 0.92
Asozairai (Y uuboukapp

u) Japan JRCAS 13.3 1.63
Huang Fang Zhu China JAAS 13.7 2.10
Hai'Y anZhong China JAAS 141 3.23
Nyubal Japan PI1382154 14.7 1.68
Huoshaomai China JAAS 175 2.58
MeiQianWu China PI525071 19.2 9.52
Fumai3 China JAAS 19.6 5.49
Yangmail China JAAS 19.8 1.76
CaiZiHuang China JAAS 20.6 9.21
Ernie USA PI592001 21.6 2.34
ShirasayaNol Japan PI197129 22.9 4.17
WZHHS China JAAS 23.5 3.14
Huoshaobairimai China JAAS 23.9 1.59
Yangmai 5 China JAAS 24.0 6.54
Sobakomugi 1C Japan JRCAS 24.8 10.5
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Table?2. cont’'s

Name Country  Source Average PSS ﬁ)\;)er:]?ge DON
Sumai 3 China JAAS 251 304
Shoukomugi 11 Japan JRCAS 254 1.70
Qiaomaixiaomai Japan JRCAS 25.7 1.03
Tokai66 Brazil PI1382161 274 2.60
Nobeokabozu Japan P1382153 277 150
Freedom USA PI1592002 29.1 204
[toukomugi Japan JRCAS 295 0.93
Qiangshuihuang China P1502931 29.6 8.01
Asotomea Japan JRCAS 30.1 3.83
Chokwang Korea Purdue 30.8 3.10
Nobeokabouzukomugi  Japan JRCAS 314 1.96
Nyuubai Japan JRCAS 315 1.60
FSW China JAAS 318 1.36
Yangmai 158 China JAAS 31.8 0.71
Hongjianzi China JAAS 319 301
Sobakomugi 1B Japan JRCAS 32.6 381
Kagoshima Japan JRCAS 330 104
Can Lao Mai China JAAS 339 9.80
ShuiLiZhan China PI502930 35.0 5.68
HuiShanY angMai China P1462154 350 4.68
XingHuaBai Y uHua China P1462150 36.9 21.12
MuTanChiang China Cltr9018(PI70675) 37.8 8
YouBaoMai China PI1524980 381 28.13
Sotome Japan JRCAS 38.3 2.63
Yangmai 4 China JAAS 391 577
YangLaZi China PI502932 39.3 5.96
Shinchunaga Japan P1197128 39.7 1.66
JangDongMen China P1462135 422 11.15
Aburakomugi Japan JRCAS 42.3 324
Abura Brazil PI1382140 424 8.50
Wannin 2 China JAAS 451 3.69
Sapporoharukomugijugo Japan PI81791 455 2.17
Xueliging China JAAS 46.1 7.40
Kikuchi Japan JRCAS 46.4 7.62
Sanshukomugi Japan PI197130 48.0 5.94
DaHuangPi China PI502939 48.7 5.52
LiangGuangTou China PI435109 49.0 0.92
Fusuihuang China JAAS 50.0 6.63
SanChaHo China Cltr9017(PI70674) 51.0 15.36
YouZiMai China PI435110 51.1 13.30
Funo China JAAS 51.2 5.22
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Table 2. cont’s

Average DON

Name Country Source Average PSS (ppm)
Clark USA Pl 512337 53.5 30.47
Dafanliuzhu China JAAS 53.6 5.22
Dahongpao China JAAS 53.6 20.16
ChuShanBao China P1524973 54.6 5.19
Shanhai CaiZiHuang China P1462140 56.0 3.27
Zhen 7495 China JAAS 56.1 8.25
HongHuawu China P1502949 56.5 10.46
KuangTuErShiaoMai China Cltr7158 (P157347) 58.1 1.97
Chile Chili JRCAS 58.2 12.9
FangTouHongMang China P1502938 61.4 12.50
Shironankin Japan JIRCAS 61.5 5.79
Zalraiyuubou Japan JRCAS 61.7 11.95
Heshangmai China JAAS 63.4 1.36
PaiMaiTze China P164285 (8349) 65.8 8.45
HungGuangTou China P1447389 66.1 41.18
NTDHP China JAAS 66.4 6.61
Jingzhou 1 China JAAS 68.2 11.09
Taiwan Shiaomai China Cltr7171(PI157360) 68.7 -
Avrora (Abpopa) Russia JAAS 69.5 32.48
HongMongBai China P1518598 69.9 0.83
FangTouBaiMang China P1502935 70.9 2.95
Chinese Spring China JAAS 73.0 3.25
YuLinBai China P1591997 74.2 31.15
HongMangMai China P1525072 74.6 -
SanY ueHuang China P1518834 77.8 10.53
ChangShuTongZhuTou China P1452263 81.2 13.27
MeiXiuHuang China P1525070 81.6 3.90
Nanda 2419 China JAAS 82.6 4.35
JuRongHuoShanTian China P1462138 83.3 9.42
DaBaiPao China P1525074 83.7 9.58
YaZuiZi China P1524987 84.7 15.48
HongTouZi China P1502946 87.0 10.11
PaHuaiMai China P1430506 88.5 14.86
SanBaiMai China P1524979 89.1 25.00
Sanyuehuang China JAAS 90.8 17.85
TaFangShen China CItro009 91.3 26.87
ChingChowWhite China Cltr5086 93.4 2.60
BaiMang China P1502943 96.0 4.63
BaiChaoYu China P1502947 99.1 14.55
CheldianZi China P1524983 100 11.63
LingShuiSanYuehHwang  China P1445867 100 16.07
ChanjiBaiDongMai China P1445868 100 188.89

TDON isthe average value in mg/kg; PSS is the proportion of scabbed spikelets in a spike
TIAAS - Jiangsu Academy of Agricultural Science, P.R. China; JIRCAS - Japan International
Research Center for Agricultural Sciences

$Datamissing
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OBJECTIVES

Thissudy amsto investigatethegeneticsof grain shat-
tering and its rdationship with Fusarium head blight
(FHB) resistance in spring wheat.

INTRODUCTION

Grain shattering can cause subgtantia loss in spring
wheat (Ball and French, 1985; Harrington and
Waywell, 1950; Vogd, 1938). Therefore, resstance
to shattering is an important trait to consder when
devel oping new adapted spring wheet cultivars. Much
progress has been achieved in thisareaand most mod-
ern cultivars possessed good resistance to shattering
(Kadkol et d., 1989). Recently, the grain shattering
problem has resurfaced with the introduction of FHB
resstant germplasm, Sumai3, which is susceptible to
shattering (Rudd et a., 2001). Prdiminary observa
tionsindicatethat FHB-res stant derivetivesof Sumai3
have atendency to shatter more. There are a number
of studies addressing the genetics of shattering during
1930’'s to 1950's (Lewicki, 1929; Hughes, 1940;
Porter, 1959). Depending on the genetic materials
used, a Sngle gene, two genes, or multi-gene model
for shattering resistance was proposed. Grain shatter-
ing inheritance, however, is ill not clear. Therefore,
studying the genetics of shattering for Sumai3 and the
relationship between FHB resistance and shattering
susceptibility, which has not been done previoudy, is
warranted. Thisinformation is crucia for breedersin
order to develop new whest cultivars with FHB and
shattering resistance.

MATERIALSAND METHODS

Plant materials- A population of 107 F-derived

recombinant inbred lines(RILS), developed by NDSU
HRSW breeding program using single seed descent

method, was used in this study. The population was
derived from the “Sumai3/Stoa” cross. Sumai3, a
chinese genotype used as the main source of resis-

tance to FHB disease by many breeding programsis
susceptibleto shattering. Stoa, ahard red spring wheeat
cultivar released by NDSU, is resstant to shattering
and susceptible to FHB.

Methods- In 2004, the 107 RILs of the population
and their parents were grown at Casselton and Pros-
per, ND. At Cassdlton, each RIL was sown in atwo-
row plot, 2.4 m long and 17 cm apart. Thelineswere
arranged in arandomized complete block design with
two replicates. The experiment was sprayed with
Folicur fungicide to minimize the confounding of FHB
on shattering results, as described by Hofman et dl.
(2000). Shattering was determined by two methods.
Thefirs method conssted of assigning visua scoreon
alto5scadewith 1 being the most resistant and 5 the
most susceptible. The shattering score were taken
about 20 days after Feekes stage 11.4 when suscep-
tible genotypes showed a lot of shattering. The sec-
ond method cons sted of randomly sampling 20 spikes
per plot three weeks after Feekes stage 11.4 and
counting the shattered grain number to determine the
shattering percentage averages. At Prosper, the ex-
periment was planted in ahill-plot in the FHB nursery.
Grain spawn inoculation method, as described by
Stack and Frohberg (1997), was used to inoculate
the RILs and their parents by FHB. Three weeks af-
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ter inoculation, 20 to 30 spikes per RIL were scored
for FHB severity on a 0-100% scale (Stack and
McMullen,1995).

RESULTSAND DISCUSSIONS

Genetic analysisof grain shattering- Daafor grain
shattering are presented in Table 1. The parentd cullti-
var Sumai3 was significantly higher for both shettering
percentage and visud score than the parent cultivar
Stoa. There was a wide range of shattering reaction
among the 107 RILs. The correlaion between shat-
tering percentages and visud scores was highly g-
nificant (Table 3). The shattering percentage for the
population showed a skewed continuous distribution
(Figure 1). Among the RILS, 27 lineshad | ess shatter-
ing percentage than the resistant parent and only one
line had more shattering percentage than the suscep-
tible parent. Thissuggeststhat shettering restancewas
dominant and mgor genes may control shattering re-
gdance in this cross. Based on the mean shattering
percentage vaues of resistant, susceptible parents, and
the standard deviation of the population, the RILswere
grouped into three classesi.e. resstant (R), moderate
(M), and susceptible (S). The segregation of the popu-
lation fitted the 4: 3: 1 rdtio for R: M: S. This result
suggeststhat three magjor genesmay control shattering
resstance in the resstant parent Stoa. The environ-
mental effect and/or minor genes however, may be
involved resulting in the continuous digtribution.

Correlation between grain shattering and FHB-
The FHB severity scores showed that there weresig-
nificant differences between the RILs (Table 1). The
FHB severity ranged from 2.45-81.35%. The shat-
tering resstant parent Stoashowed high FHB severity
(57.38%) while shattering susceptible parent Sumai3
had low FHB severity (6.25%). Correlation coeffi-
cients between grain shattering and FHB severity of
al RILswithther parentswereaso cdculated (Table
3). A ggnificantly negative correlation between thetwo
traits was obtained. Thisindicates that FHB resistant
lines are more susceptible to shattering. However, the
relationship was not high, dthough, it was sgnificant.
Thisis due, probably to the environmenta conditions
prevalent in the fidld and to some agronomic traits of
the genotypessuch asplant height, kernd weight, glume

pair angle, and lodging. In another sudy we have con-
ducted in 2003 and 2004 (unpublished data), these
traits were shown to affect dgnificantly grain shetter-
ing in severd HRSW genotypes. Therefore, further
investigation of agronomic traits and shattering reac-
tion at different environments are needed in order to
explain thisreaionship. Based onthe preiminary data
obtained from this study, we can conclude that the
genescontrolling thesetwo traitsarenot closdly linked.
Hence, deveoping new varietieswith res sanceto both
shattering and FHB with Sumai3 as FHB resigtant

parent is possible.
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Table1l. Means and ranges of shattering percentage, visual score, and FHB severity of
RILs and their parental genotypes, Casselton, ND, 2004.

Shatter percentage Visual score FHB severity
(%) (1-5) (%)
Sumai3 93.8 5 6.25
Stoa 7.0 2 57.38
Populati on mean 36.61 3.04 19.66
Population range 0-97.22 1-5 245 -81.38
C.V. (%) 29.10 14.93 55.37
Standard Deviation (SD) 10.66 0.45 10.88
LSD (0.05) 21.32 0.90 21.76

Table 2. Frequency distribution and probability (X?) of segregation ratio of RILsfor
shattering percentage, Casselton, ND, 2004.

LineNo. X* (4R: 3M: 1S) P
R (Resistant parental line mean + SD) 44
M (Intermediate level between R and S) 49 3.68 0.16
S (Susceptible parental line mean + SD) 14

Table 3. Correlation coefficients between shattering percentage, visual score for
shattering, and FHB severity of the RILs and parental lines, Casselton, 2004.

Visual scorefor shattering FHB severity
Shattering percentage 0.95*** -0.30**
Visual score for shattering -0.29**

**: Significant at P<0.01. ***: Significant at P<0.001.
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Figure 1. Frequenciesdistribution of RILs for shattering percentages, Casselton, ND,
2004.
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ABSTRACT

The use of resstant cultivarsin whegt will be one of the mgor componentsin managing Fusarium Heed Blight
(FHB or scab). Systemétic screening of spring wheat germplasm in the USDA National Smdl Grain Collec-
tion was initiated in 1998. Diverse sources of resistance have been identified in the spring wheat germplasm
(Zhang and Jin, 2003). Continued efforts are being made to identify additiona sources of resstance, and to
characterize and introgress resstance into adapted germplasm.  This report summarizes the research ap-
proaches and progressin the 2004 spring whegt germplasm screening project. In 2004 materias a different
stages of FHB screening were planted in multiple and inter-related nurseries (field and greenhouse) following
Zhang et d. (2000) with some modification. The newly introduced materias were planted in non-replicated
sngle-row plots and evauated for FHB reaction in the Preliminary Screening Nursery (PSN). Materias
selected from 2003 FHB nursery were planted in the Elite Germplasm Nurseries (EGN). The EGN entries
were planted in Single row plotswith two replicates/location. The EGN materialswere blocked based on year
of sdection and maturity groups within year of sdlection. The primary FHB screening nursery wasin &. Paull,
MN. Materids entering third year EGN were also planted in a FHB screening nursery in Crookston, MN.
The St. Paul nursery wasinoculated with amacroconidia suspension twice sarting at anthes's. The Crookston
nursery wasinoculated with Fusarium-colonized corn kernels. The nurserieswere mist irrigated until disease
assessment. In 2004, atotal of 384 accessons of spring whest, originated primarily from Russia, eastern
Europe, and Hellongjiang and Sichuan provinces of Chinawere planted in the PSN nursery. The EGN con-
Ssted of 254 entries, with 105 accessions selected from the 2001 PSN, 64 accesson selected from the 2002
PSN, 85 accessions from the 2003 PSN. Thirty accessions were selected as putative sources of resistance
from the PSN. Severelodging occurred inthe St. Paul nursery and it was not harvested, thus the usefulness of
the data from the 2004 St. Paul field nursery will be limited. The Crookston nursery was hand-harvested.
Diseaseindex and VSK of thethird year screening materiadswill be presented. Field selectionswere screened
in the greenhouse by sngle floret inoculaion. Similar to our previous findings, many of the lines exhibiting
moderate resistance in the field were highly susceptible to point-inoculation in the greenhouse.

ACKNOWLEDGEMENT AND DISCLAIMER

This materid is based upon work supported by the U.S. Department of Agriculture, under Agreement Nos.
59-0790-4-091 and 59-0790-9-045. This is a cooperative project with the U.S. Wheat & Barley Scab
Initiative. “Any opinions, findings, conclusions, or recommendations expressed in this publication are those of
the authors and do not necessarily reflect the view of the U.S. Department of Agriculture.

REFERENCES

227



Host Plant Resistance and Variety Devel opment

Zhang X, and Y. Jin, 2003. Diversity of resistanceto Fusarium head blight in the US spring wheat germplasm collection. Page
204 In: 8th International Congress Plant Pathology, Val. 2, February 2-7, 2003, Christchurch, New Zealand.

Zhang, X., Y. Jin, R. Rudd, T. Hall, J. Rudd, and H. Bockelman. 2000. Fusarium head blight resistant sources of spring wheat
identified from the USDA collection. Pages 228-233 In: 2000 National Fusarium Head Blight Forum, The U.S. Whesat and
Barley Scab Initiative. Dec. 10-12, 2000. Erlanger, KY.

228



Host Plant Resistance and Variety Development

QUANTITATIVE TRAIT LOCI OF FUSARIUM HEAD BLIGHT
RESISTANCE IN TWO WHEAT POPULATIONS
Xu Zhang'?, Miaoping Zhout, Li Gao?, Y uhui Zang?, Hongxiang M&’,
Junchuan Qir?, Guihua Bai® and Weizhong Lu*

Ingtitute of Agrobiological Genetics and Physiology, Jiangsu Academy of Agriculture Sciences, Nanjing
210014, 2State Key Laboratory of Pharmaceutical Biotechnology, Life Science Schoal, Nanjing University,
Nanjing 210093; and *Department of Plant and Soil Sciences, Oklahoma State University, OK, 74078, USA

“Corresponding Author: PH: 1-25-8439-0298 E-mail: wzlu@publicl.ptt.js.cn

OBJECTIVES

To characterize QTL for FHB resistance in
Wangshuiba in two genetic populaions and identify
markers closdly linked to FHB resistance for marker-
assisted selection.

INTRODUCTION

In China, Fusarium heed blight (FHB) was fird re-
ported in the late 1930's (Dai, 1941) and isbecoming
more frequent, severe and widespread (Chen et d.,
2000). Breeding whest cultivars resstant to FHB is
the preferable gpproach to minimize FHB damage.
However, progress in breeding FHB resstant culti-
vars has been hindered by the lack of effective ress-
tance sources and by the complex nature of whesat
resistance. Furthermore, selection based on visual
symptoms may not be effective because of confound-
ing environment effects such as temperature and hu-
midity at flowering on expresson of resistance genes.

Resigtance genesfrom Sumai 3 and related lines such
as Ning 7840 have been well characterized through
molecular mapping (Bai et d., 1999; Wadron et d.,
1999; Zhou et d., 2002). The quantitative trait locus
(QTL) on chromasome 3B of Sumai 3 demonstrated
amgor effect on FHB resstance and has been vali-
dated in severd other populations (Buerstmayr et d.,
2002; Anderson et ., 2001). Exploration of new ge-
netic sources other than Sumal 3 is dill necessary to
enhance genetic diversity of FHB resistance.
Wangshuiba isaChineselandrace and repeaied evau-
ations of FHB type Il resistance under multi-environ-
ments in China have shown that FHB resstance in

Wangshuibai ismore stable than that of Sumai3 (Lu et
a., 2001). Thus, exploration of FHB resistance in
Wangshuibai may provide breeders with dternative
resstance genes for the improvement of FHB resis
tance in wheset. The objectives of this Sudy were to
characterize QTL for FHB resstance in Wangshuibai
with molecular markers and identify markers closdly
linked to FHB resistance for marker-asssted selec-
tion.

MATERIALSAND METHODS

Plant materials - By single-seed-descent from the

cross Wangshuibai/Alondra’s and Wangshuibai/
Annong8455, 104 and 118 F7-derived RILs was

developed, respectively.

Evaluation of FHB resistance - Wangshuibai/
Alondra's RILswere evauated for type Il FHB re-
sstance with angle floret inoculation method (Lu et
al., 2000) in Nanjing and Wuhan in 2000. Percentage
of scabbed spikelets was caculated as FHB severity
at the 21t day after inoculation. The same materids
weredso evauated in agreenhouse at OklahomaState
Univerdaty, USA, in 2001 and 2002. Wangshuibai/
Annong8455 RIL swere evauated for FHB resstance
in Nanjing in 2003.

Molecular Marker Analysis - AFLP andyss was
conducted according to Bai et a. (1999). Whest SSR
primers were synthes zed according to the sequences
described by Roder et d. (1998) and the United States
Wheat and Barley Scab Initiative (website:
Www.scabusa.org).
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Linkage analysis - An integrated SSR-AFLP map
was congructed with JoinMap® 3.0 Program (van
Ooaijen & Voorips, 2001). Intervd mapping andysis
was carried out for further QTL andysis a LOD
threshold of 2.5with cofactor selectionusing MapQTL
4.0 (van Ooijen et d., 2002).

RESULTSAND DISCUSSION

FHB resistance - The corrdation of FHB severity
of RILs among experiments was not as high as we
expected athough appropriate moisture was provided
for fungd initid infection. However, thefrequency dis-
tributionsof FHB severity for the popul ationweresimi-
lar among different years and locations.

Chromosomal location of QTL for FHB ress
tance -Interval mapping based on the data from
USA2001 and USA 2002 of Wangshuibai/Alondra’ s
RILsreveaed one mgor QTL ison chromosome 3B
located between Xbarc147 and Xgwm493 and ex-
plained 13.7% and 23.8% of the phenotypic varia-
tion, respectively (Table 1). The other QTL on chro-
mosome 3BS was mapped between Xgwm285 and
XEtcgMctcll with LOD vaues of 1.69 and 3.43,
respectively. Interva mapping based on the datafrom
WH2000 aso reveded a putative QTL for FHB re-
gstance on chromosome 1BS (Table 1).

Interval mapping of Wangshuiba/Annong 8455 RILs
indicated the mgjor QTL was aso mapped on chro-
maosome 3B with LOD vaueof 5.57 explaining 21.9%
of the phenotypic variaion. Another QTL was mapped
on chromosome 2A with LOD value of 2.5. It was
| ocated between Xgwm425-Xgwm372 and was con-
tributed by Annong8455. The other two QTLs with
minor effect in Wangshuibai/Alondra popul ation were
not detected. Comparison of QTLsin thesetwo popu-
lationsindicated that Wangshuibal possessed one ma:
jor resstance QTL on chromosome 3BS in spite of
the different genetic interval location. SSR markers
Xbarcl47 and Xgwmb533. 1 tightly ated with this
QTL could be used for marker-assisted selection.
QTLs with minor effect were different in these two
populations because of the susceptible parents.

The mgor QTL in Suma 3 was placed in the map
interva Xgwmb33.1 to Xgwm493 and was designated
Qfhs.indsu-3BS (Anderson et al., 2001). Shen et d.
(2003) found that amgjor QTL in Ning 894037, an-
other Chinese FHB resistance resource, was aso in
the same genomic region on 3BS. Reaults from the
present study indicated that FHB resistance QTL with
ggnificant effect from Wangshuibal was located on
chromosome 3B S flanked by markers Xbarc147 and
Xgwmd93. It ispossblethat ares stance gene cluster
exigson chromosome 3B with different dldesat linked
loci. It isaso possible that these 3BS QTL from dif-
ferent sources are indeed the same QTL. The differ-
encein QTL effects reported in the different resstant
varieties and mapping sudies may be due to the Sze
of the mapping populations, the accuracy and meth-
ods of the res stance evauations used in the different
studies and the interaction of the 3BS QTL with dif-
ferent genetic backgrounds. Further researchisneeded
to clarify the relationship between FHB-resstance
QTL on 3BS mapped in different FHB resistant
SOUrces.

In this study, mgor FHB resistance QTL in the Chi-

nese landrace Wangshuiba wasidentified, whichwould
provide more FHB resistance resources to improve
wheset resstance to FHB by using gene pyramiding.
Marker-asssted selection (MAS) for FHB resistance
genotypes can be performed with some of the closely
linked markers, especidly breeder-friendly SSR mark-
ers. Furthermore, markers associated with agronomic
traits such as plant height and heading date can dso
be identified in the AFLP-SSR integrated map and
can be used for MAS to break undesired association
between FHB resistance and other agronomic traits.

ACKNOWLEDGEMENTS

This work was financialy supported by EU-INCO
program (Grant No. ERBIC18 CT98 0312), National
Hi-tech Research and Devel opment Program of China
(Grant No. 2001AA211021) to W. Lu, Naturd Sci-
ence Foundation of Jangsu Province (Grant No.
BK2002124) to X. Zhang, and US Whesat and Bar-
ley Scab Initiative to G.H. Bai. We thank Dr. H.JM.

230



Host Plant Resistance and Variety Development

Loffler, Dr. O.E. Scholten (Plant Breeding Interna-
tional, the Netherlands) for QTL analysis training, Prof.
Y. Wang for providing the isolate of F. graminearum,
Dr. X. Shen and Mrs. M. Ge for assistance in popula-
tion construction, Dr. K. Xiao, Dr. X. Xu, Dr. Guo
and Dr. A. Bernardo for help with FHB evaluation in
the greenhouse experiment.

REFERENCES

Anderson, J.A., R.W. Stack, S. Liu, B.L. Waldron, A.D. Field,
C. Coyne, B. Moreno-Sevilla, J. Mitchell Fetch, Q.J. Song,
P.B. Cregan & R.C. Frohberg, 2001. DNA markers for Fusarium
head blight resistance QTLs in two wheat populations. Theor
Appl Genet 102: 1164-1168.

Bai, GH., F.L. Kolb, GE. Shaner & L.L. Domier, 1999. Ampli-
fied fragment length polymorphism markers linked to a major
quantitative trait locus controlling scab resistance in wheat.
Phytopath 89: 343-348.

Buerstmayr, H., M. Lemmens, L. Hart, L. Doldi, B. Steiner, M.
Stierschneider & P. Ruckenbauer, 2002. Molecular mapping
of QTLs for Fusarium head blight resistance in spring wheat.
I. Resistance to fungal spread (Type Il resistance). Theor Appl
Genet 104: 84-91.

Chen, L.F., GH. Bai & A.E. Desjardins, 2000. Recent advances
in wheat head scab research in China. An abridged version
of a paper prepared for National Agricultural Library. In: W.J.
Raupp et al. (Ed.) Proceedings of the International Sympo-
sium on Wheat Improvement for Scab Resistance. Suzhou
and Nanjing, P.R. China, pp. 258-273. Kansas State Univer-
sity, Manhattan, KS.

Dai, S.E., 1941. Problems related to breeding for scab resis-
tance of wheat varieties. Agricultural Report 6: 616-625.

Lu, W.Z., M.P. Zhou & X. Zhang, 2000. Studies and improve-
ment of wheat breeding for scab resistance using biotech-
nology. In: W.J. Raupp et al. (Ed.) Proceedings of the Inter-
national Symposium on Wheat Improvement for Scab Resis-
tance. Suzhou and Nanjing, P.R. China, pp. 151-156. Kansas
State University, Manhattan, KS.

Lu, W.Z., S.H. Cheng & Y.Z. Wang, 2001. Study on wheat
Fusarium Head Blight. Science Press, Beijing, P.R. China.

Réder, M.S., V. Korzun, K. Wendehake, J. Plaschke, M.H.
Tixier, P. Leroy & M.W. Ganal, 1998. A microsatellite map of
wheat. Genetics 149: 2007-2023.

Shen, X.R., M.P. Zhou, W.Z. Lu & H. Ohm, 2003. Detection of
Fusarium head blight resistance QTL in a wheat population
using bulked segregant analysis. Theor Appl Genet 106:1041-
1047.

van Ooijen J.W & R.E. Voorips, 2001. JoinMap™ ver-

sion3.0: software for the caculation of genetic linkage
maps. Plant Research International, Wageningen, The
Netherlands.

van Ooijen J.W., M.P. Boer, R.C. Jansen & C. Maliepaard, 2002.
MapQTL™ 4.0: software for the caculation of QTL positions
on genetic maps. Plant Research International, Wageningen,
The Netherlands.

Waldron, B.L., B. Moreno-Sevila, J.A. Anderson, R.W. Stack
& R.C. Frohberg, 1999. RFLP mapping of QTL for Fusarium
head blight resistance in wheat. Crop Sci 39: 805-811.

Zhou, W.C., F.L. Kolb, GH. Bai, G..E. Shaner & L.L. Domier,
2002. Genetic analysis of scab resistance QTL in wheat with
microsatellite and AFLP markers. Genome 45: 719-727.

231



Host Plant Resistance and Variety Devel opment

Table 1. QTL for FHB resistance by interval mapping (W: Wangshuibai, Al: Alondra’'s',
An: Annong8455).
Population Map interval Location Origin Dataset LOD R?x100

Xbarc147-Xgwm493 3B w USA2001282 - 13.7

USA20024.58 23.8
Wangshuibai/ USA2001169 7.1
Alomiae | XgVm285-XEtcgMcte 1138 W Usnoonp 343 167

XEtcg.Magc-7-

X Eaccg.Mctc-7 1B Al WH2000 2.71 15.6
Wangshuibai/ Xgwm389-Xgwm533.1 3B w NJ2003 557 219
Annong8455

Xgwm425-Xgwm372 2A An  NJ2003 280 110
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ABSTRACT

Fusarium head blight (FHB), also called head scab, isavery destructive disease of wheat and barley. It causes
economic losses due to reduction both in yield and qudity. Although FHB resstance has been well docu-

mented and resstant cultivars have been developed to manage FHB, there is a limited understanding of the
molecular mechanismsinvolved in plant res tance againg theinfection and spread of Fusariumgraminearum.

Inthe current sudy, two-dimengond displaysof proteinsextracted from spikeletsinfected with F. graminearum
were compared with those from spikelets inoculated with sterile H,O. Fifteen protein spots were detected
whichwereinduced (quditatively different) or up-regulated (quantitatively increased) following F. graminearum
infection of spikelets of Ning7840, aresgtant cultivar. These proteins were further identified by LC-MSMS
anadysis. Proteinswith antioxidant function such as superoxide dismutase (SOD), dehydroascorbate reductase
(DHAR), and glutathione Stransferases (GST's) were up-regulated or induced 5 days after inocul ation with F.
graminearum, indicating an oxidative burst of HO, insde the tissues infected by FHB. An ascorbate-

glutathione cycleis likely involved in reduction of H,0,. DHAR and TaGSTF5 (a glutathione Stransferase)
responses to FHB infection differed between resstant and susceptible cultivars. A 14-3-3 protein homolog
was aso identified in FHB-infected spikelets. The function of 14-3-3 protein homologs during the interaction
between plants and other pathogens indicates that they might be involved in the wheet defense response to
FHB, and may be rdlated to initid infection and mycotoxin accumulation in wheet grains. A PR-2 protein (b-1,
3 glucanase) was up-regulated in the FHB-infected spikes, which isin accord with a previous study usng a
cDNA approach.
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