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ABSTRACT

Fusarium head blight (FHB) is a mgor disease of whest in the north central and eastern United States that
affectsboth grainyidd and end-use quality. Itisgeneraly agreed that the most cost effectiveway of preventing
this disease would be through the release of FHB resgtant cultivars. A mgor limitation to developing FHB
resgtant cultivars is the limited availability of resstant germplasm. Our project has attempted to increase
genetic resources expressing FHB resstance through whesat transformation.  Though microprojectile bom-
bardment is commonly used, wheet transformation using Agrobacteriumtumefaciensis preferred because a
higher probability of smple, low copy integration events and ease in generating ‘ marker-freg transgenic lines
by smultaneous delivery of two T-DNA dements. Currently we are using two strategies for increasng FHB
resgtance. Thefirgt strategy relies upon anti-fungal protein expression, such asbovinelactoferrin dong withits
derivative bovine lactoferricin, and the synthetic lytic peptide D4E1L. The second strategy is to develop lines
expressing inhibitors of programmed cell desth (anti-gpoptotic genes, Bcl-xL, Op-1AP, Sf-IAP, and ced9).
FHB and its toxin, deoxynivaenal, have been suggested to regulate programmed cedll death during pathogen
infection. By transforming wheat with inhibitors of programmed cell death we hope to not only increase
tolerance to FHB in wheat, but inhibit necrotrophic pathogen infection in genera. The expression of inhibitors
of programmed cdll death may result in other agronomicaly beneficid tratsaswel. Preiminary results suggest
improved toleranceto high levels of sdinity and cold stress, as transgenic plants demonstrate reduced levels of
DNA fragmentation and increased hardiness, respectively. We have also demonstrated the ability of
deoxynivaenal to induce increased levels of programmed cdll death via TUNEL staining of treated leaf sec-
tions. Findly, while our interest laysin the augmentation of FHB resistance present in whesat and itsrdatives,
the importance of wheet transformation as akey genomicstoolsisclear. Transformation technology provides
the ability to insert beneficia genes aswell as silence existing genes in order to €ucidate host-pathogen inter-
actions during necrotrophic infection. For example, a newly discovered extremely efficient gene sllencing
system caled DRIGS (direct repeat induced post transcriptiona gene silencing) is currently being tested in
whest.
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ABSTRACT

Previous barley mapping studies, using four sources of resistance (Chevron, Frederickson, Gobernadoraand
Zhedar), report four mgjor Fusarium head blight (FHB) quantitetivetrait loci (QTLS): one on chromosome 2
near the centromere, one on chromosome 2 near the Vsl locus, one on chromosome 2 near the southern
telomere and one on chromosome 6. The first objective of this study was to identify QTL for resistance to
FHB in an Atahudpax M81 (AxM81) population in hopesthat they will complement those previoudy identi-
fied. Atahuapawas chosen because it is genetically dissmilar to other sources of resstance in barley. The
second objectivewasto investigate the effect of major spike morphology traits on the detection of FHB QTLS.
To accomplish this, we created a sdlected subset of the AxM81 population that was fixed for two single gene
traits that have a phenotypic association with FHB. The nudl locus, located on chromosome 1, determines
covered v. hullesskernels. The Vsl locus, located on chromosome 2, determines two-rowed v. six-rowed
pike type. The random subset contains 102 individuals segregating at both the nudl and Vrsl lod. The
selected subset contains 67 individuals fixed a both the nudl (for covered kernels) and Vrsl (for six-rowed
spike type) loci. Phenotypic data for FHB severity was collected from four environments; deoxynivaenol
(DON) accumulation datawas collected from one environment. A smple sequence repest (SSR) linkage map
was congructed using JoinMap 3.0. The map currently covers gpproximately 60% of the barley genome.
Compositeinterva mapping QTL andysiswith PlabQTL 3.0 haslocated amgor FHB QTL using therandom
population on chromosome 2 associated with the Vrsl locus at Crookston 2003 (LOD=13.9; R=46.9%),
China 2003 (LOD=19.6; R?=59.1%) and China 2004 (LOD=9.6; R.=35.5%). A single DON QTL located
in the random population was coincident with themgjor Vrs1 QTL at Crookston 2002 (LOD=3.7; R?=15.4%).
One FHB QTL, identified in a Sngle environment, was located in the random population on chromosome 2
associated with GBM 1062 (gpproximately 15 cM digtd toVrsl ) at Crookston 2002 (LOD=3.3; R?=14.1%).
Three FHB QTLs, identified in single environments, were located using the sdected population; two are
located on chromosome 1 associated with HYCMA at China 2004 (LOD=3.2; R?=20.2%), and Bmag0321
at Crookston 2003 (LOD=3.1; R?=19.5%), and oneislocated on chromosome 2 associated with Bmac0093
at Crookston 2003 (LOD=4.0; R=23.9%). One DON QTL was located in the selected population on
chromosome 1 associated with Bmag0321 at Crookston 2002 (LOD=3.7; Re=22.9%). Prdiminary results
indicate several QTL for FHB resstance were identified using the selected subsets that were not identified
using the random subset.
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ABSTRACT

Oxylipins comprise a family of gructuraly related oxygenated long chain faity acid-derived molecules that
exhibit crucid biologica activities as Sgnas of intra- and inter-celular communication in mammas, plants and
fungi. Oxylipin production is ubiquitous among pathogenic and sgprophytic fungi and gppearsto play arolein
life cycdle contral particularly in sexud and asexud development. For ingtance, in various members of Muco-
rales, immunofluorescence microscopy showed that 3-OH oxylipins are associated with asexud reproductive
gructures (e.g. sporangium, columella and aggregating sporangiospores), and in the yeast Dipodascopsis
uninucleata with the sexud reproductive phase of the life cycle (e.g. gametangia, asci and matrix of released
aggregating ascospores). We have recently identified three fatty acid oxygenases (PpoA, PpoB and PpoC) in
the modd fungus Aspergillus nidulans. Deletion of the encoding genes were correlated with changes in the
asexua to sexud spore development, dterations in mycotoxin biosynthesis and decreased virulence as mea-
sured by spore reduction on host seed.  Phylogenetic analyses showed that ppo genes are present in both
sgprophytic and pathogenic Ascomycetes and Basidiomycetes, suggesting a conserved role for Ppo enzymes
in the life cycle of fungi. We have identified four putative Ppo proteinsin Fusarium graminearum and will
describe dtrategies in inactivating these genes.
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ABSTRACT

Fusarium head blight (FHB), a destructive disease of wheat, has posed a sgnificant threat to wheat produc-
tion, processing, and consumption. Sources of effective resstance to FHB have not been found in durum
wheat (Triticum turgidum var. durum L., 2n=4x=28, AABB). A mgor FHB resstance quantitative trait
locus (QTL) Qfhs.ndsu-3AS was identified from a wild tetraploid wheat accesson (T. dococcoides L.,
2n=4x=28, AABB) and mapped within a29.3 cM interva on chromosome 3A. A mapping population of 83
recombinant inbred chromosome lines (RICL ) derived from across between the T. turgidum var. durumov.
Langdon (LDN)-T. dicoccoides subgtitution line 3A and LDN has been used for saturation mapping of this
QTL region in the present study. To date, we have assgned 30 new molecular markers to the QTL region,
which extended the map distance from 155.2 cM to 248.4 cM. These markers, including SSR, STS, TRAP
(target region amplification polymorphism), SSCP (sngle-strand conformation polymorphism), and CAPS
(cleaved amplified polymorphic sequence), were generated from the ESTs mapped within the deletion bin
3AS-4 where the microsatellite marker closdy linked with the pesk of the QTL, Xgwm2, was assigned. We
have identified new markersflanking the QTL and placed the QTL withina9.4 cM chromosomd interval that
is over three times smaller than the previous interva (29.3 cM). Therma asymmetric interlaced PCR (TAIL-
PCR) has been employed to extend DNA sequences surrounding the loci of interest. Single or low-copy
TAIL-PCR products have been used to screen BAC libraries of LDN and T. tauschii (2n=2x=14, DD) and
generate more markersto saturate this QTL region. A large F, population (over 1,000 individuals) was devel -
oped from across between LDN and aRICL with asmaller T. dicoccoides chromasoma fragment containing
Qfhs.ndsu-3AS. This population has been used to generate more recombinants for fine mapping of the QTL
region. F, offspring of the heterozygous recombinant F, individuals were produced to generate homozygous
recombinants for FHB eva uation. Comparative mapping suggested that the FHB resistance QTL Qfhs.ndsu-
3AS and Qfhs.ndsu-3BS locdized on the short arm of chromosome 3A and 3B respectively, arenot homoeoloci.
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ABSTRACT

Sincemany Fusarium-mycotoxins are heat stable, these compounds cannot be removed through the chain of
food processing, and once present in the grains a harvest, they will dso be present in the final product. The
reduction of the origind infection of Fusarium will thus be the only way to reduce the amount of Fusarium-
produced mycotoxins in the find food products. Ceredl genes conferring resistance to Fusarium infection
have not yet been identified, but in some whest cultivars, resstance loci have been mapped. Trichoderma
genes encoding chitindegrading enzymes have been introduced into severd plant species and have been shown
to increasethe plants resstance againgt funga pathogens. At the Norwegian Crop Research Indtitute we have
produced GM-barley where afungd endochitinase gene, ech42 from T. atroviride regulated by the barley
promoter Ltp2, has been inserted resulting in increased resistance towards Fusarium infection of the seeds.
The advantage of the Ltp2 promoter is that it permits a gene to be expressed only in the deurone layer of
developing seeds, corresponding to the point of time when Fusarium infects the spikes of barley. One of the
resulting transformed plant lines, PL 9, seemed to be especialy promising. The copy number was estimated by
the red-time PCR method to be low. Study on the inheritance of the transgenesin T, progeny reveded a3:1
segregation. The expression of the chitinase gene, ech42, was studied in the T, generation using quantitetive
red-time RT-PCR assay. Some T, progenies showed very high ech42 expression while others had either very
low or no detectable expression. After inoculation with Fusarium culmorum, al ech42 containing T, prog-
enies coming from PL9 showed high res stance. The amount of F. culmorum present after point inoculation of
the spikes was quantified by red-time PCR analyss. Extremely low amounts or no F. culmorum could be
detected in seeds | ocated at the same spike close to the point inoculated grains compared to the huge amounts
found in wild type control plants. Further studies will be performed on plants from the T, generation currently
grown in the greenhouse.
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ABSTRACT

The contamination of important agricultura products, such as whest, barley or maize with the trichothecene
mycatoxin, deoxynivaenol (DON) dueto infection with Fusarium graminearum or Fusariumculmorumis
aworldwide problem. Trichothecenes inhibit trandation by targeting ribosoma protein L3. We have previ-
oudy shown that pokeweed antivird protein (PAP), asingle chain ribosome inactivating protein, depurinates
ribosomes by binding to L3. Co-expression of atruncated form of yeast L3 (L3D), which contains only the
first 100 amino acids, together with wild type PAP in transgenic tobacco plants led to a dramétic increase in
PAP mRNA and protein expresson. Unlike plants expressing PAP done, transgenic plants expressng wild
type PAP and yeast L3D were phenotypicaly norma. Ribosomes from these plants were not depurinated,
even though high levels of PAP was associated with ribosomes.  Expression of the endogenous tobacco
ribosomd protein L3 was upregulated in transgenic lines containing L3D and PAP. Tranggenic lines that
showed high level of PAP and L3 protein expression were resistant to the Fusarium mycotoxins, DON and
4,15-diacetoxyscirpenol (DAS). These results demonstrate that co-expression of yeast L3D and PAP dimi-
nates ribosome depurination, MRNA destabilization and cdll desth caused by PAP and increases endogenous
L3 expresson. High levels of PAP and L3 expressed in these plants confer resistance to trichothecene myc-
otoxins.
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ABSTRACT

We are developing and testing transgenic whest for resstance to Fusarium Heed Blight (FHB). Anti-funga
proteins (AFPs) such as [3-1,3-glucanases, thionins, chitinases, thaumatin-like proteins (tlps) and ribosome-
inactivaing proteins (RIPs) are thought to inhibit fungad growth via different mechanisms. Chitinases and (3
1,3-glucanases degrade fungd cdl walls, tlps and thionins degrade fungd cell membranes and RIPsinhibit
fungd protein synthess. Transgenic wheat lines over-expressing these AFPs in the cultivar Bobwhite were
generated using micro-projectile bombardment. In transgenic lines carrying a (3-1,3-glucanase, an a -puro-
thionin and atlp-1, our previous results showed Satigticaly significant reductionsin scab severity compared
to the nontransgenic Bobwhite controlsin the greenhouse. These lineswere evauated in fidd tridsin the
summer of 2004 and five lines exhibited gatisticaly sgnificant reductions in scab severity compared to
nontransgenic Bobwhite controls. We aso developed seventeen and eight lines carrying a barley chitinase
and barley RIP, respectively. In addition, we developed four, deven and Six lines expressing a combination
of chitinase/RIP, chitinase/tlp-1 and RIP/tlp-1, respectively. These combinations each employ two of the
three different mechanisms of fungad growth inhibition. We screened these linesfor FHB resstance in the
greenhouse three to four times. Eight chitinase, one RIP, three chitinase/tlp-1, one chitinase/RIP and three
RIP/tlp-1 lines consstently show enhanced resistance towards FHB when compared to Bobwhite, the
untransformed control. Western blot analyses of these lines are discussed.
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ABSTRACT

Pant productivity and qudity is severdly limited by Fusarium Head Blight (FHB) or scab, which has re-
emerged as a devagtating disease of wheat and barley. Breeding has been &t the forefront in devel oping wheet
with improved FHB resistance. Biotechnology provides an dternative gpproach for augmenting resistance to
FHB. The NPR1 geneisakey regulator of basa and inducible defense responsesin Arabidopsisto severd
pathogens. Moreover, over expresson of NPR1 in Arabidops's and rice was found to confer resistance to
biotrophic pathogens. However, theimpact of NPR1 on resistance to necrotrophs remains to be determined.
We provide evidence that expression of NPR1 confers resstance to FHB in wheat. The Arabidopsis NPR1
gene was expressed in wheat plants from the ubiquitoudy expressed maize Ubil promoter. A strong type |
resistance to FHB was observed in two independently derived Ubil:: AtNPR1 transgenic lines. FHB ress-
tance was inherited as a dominant trait; significant correlation was observed between the FHB resstance
phenotype and the expression of the Ubi 1:AtNPR1 transgene. Expression of the transgene and FHB resis-
tance was stably maintained inthe T, and T, generations. Comparisons of grain yield between atransgenic line
and the non-transgenic control plant revealed no detrimenta effects of the Ubi1:: AINPRL transgene expres-
gonon grainyidd in hedthy green house grown plants. These two promising lines are being readied for fied
studies on yield, the durability of FHB resistance and broad-spectrum resistance to other pathogens.

Previoudy, we had cloned apartial cDNA for awheat homolog (WhNPR1) of the Arabidopsisand riceNPR1
genesfrom arugt-infected Lr21 wheat cDNA library. The predicted WhNPR1 protein exhibits 80% similarity
to the Rice NPR1 protein. We have used RACE to clone the 5 'end of the WhNPRL gene. Using this RACE
product, we are currently reconstructing the full-length WhNPR1 cDNA. Since NPRL1 function in plant de-
fenserequiresitsinteraction with other proteins, we hypothesize that increased expression of WhNPR1 will be
more effective than the Arabidopss NPR1 in conferring durable resistance to FHB in wheat. To test the
hypothesis, we will generate transgenic plants that overexpress WhNPRL1.
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ABSTRACT

Fusarium head blight (FHB), caused by Fusarium graminearum, isaserious problem for barley and wheat
cultivation. Theobjectivesof thisstudy wereto identify barley defense reponse mechanisms operating against
F. graminearum. TheBarleyl Affymetrix GeneChip providesameansfor evauating the differentia transcript
accumulation in barley from large sets of genes under defined conditions. We used the Barleyl GeneChip to
study the differentid transcript accumulation from barley genesin spikes chalenged with F. graminierum and
mock inoculation water controls. We dso examined F. graminearum infection structures and deoxyniva enol
(DON) accumulation. Four replicate experiments were conducted &t five different time points, 24h, 48h, 72h,
96h and 144h. Two cdasses of genes were identified namedly, quantitatively expressing and quditatively ex-
pressng genes. Genes exhibiting quantitative differences in transcript accumulation were defined as those
transcripts that accumulated in the FusariumHreated spikes at a datiticdly significant higher leve than the
water controls. A total of 186 such genes were found. Genes exhibiting quditative differences in transcript
accumulation are those that are exclusvely found in the water controls or the Fusarium treated samples. A
total of 389 such genes were found. Twenty genes were randomly sdected and vaidated on the northern
blots, indicating the GeneChip dataarerobust. Based on the defined patterns of differentia transcript accumu-
lation, histology and DON accumulation, we classified the disease progression into four broad classfications.
preinfection (24h), early (48h), middle (72h and 96h) and late phase (144h). Functiond classfication of the
identified genes was done based on annotation, number and mean expression values and attempts were made
to tag the biologicd dgnificance to these groups. One mgor pathway showing significant induction during
Fusarium infection was found to be tryptophan metabolism. Our results show the power of the Barleyl
GeneChip to identify patterns and pathways of genes expression during F. graminearum infection.
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OBJECTIVES

To identify precise locations of Fusarium head blight
resi stance and heading date QTL on chromosome 2H
and determineif the association between thetwo traits
isdueto linkage or pleiotropy.

INTRODUCTION

A mgor QTL for Fusarium head blight (FHB) ress-

tance, discovered in the Chevron x M69 mapping
population was located in a45 centimorgan (cM) ge-

nomic region of chromosome 2 (2H) (de la Pena et
d., 1999). Theresdant dlele at this QTL was dso
associaed with late heading. A follow-up vaidation
study comparing the Chevron x M69 mapping popu-

lation with two other Chevron derived populations
confirmed the coincidence of HD and FHB QTL in
this region (Canci et al., 2004). Subsequently, a
marker-assisted selection (MAS) study using markers
carrying the Chevron dldeat thechromosome2H QTL
region resulted in a 43% reduction in FHB severity
and a 2-day increase in heading date (HD) (Gustus et
a., 2001). In a more recent study, six backcross
(BC3) near-isogenic lines carrying the chevron dleles
for markers in the chromosome 2 FHB QTL region
were found to reduce FHB by 44% in St. Paul and
41% in Crookston (Nduulu et d., 2002). This same
QTL region dso increased HD by six days, thus cre-

ating uncertainty as to whether the association is due
to linkage or pleotropy.

In this current study, we report the congtruction of a
fine map for the chromosome 2H target QTL region
using an F2 population derived from a cross between
a BC5 line carrying the Chevron dldes in the QTL
region and the recurrent parent M69. Because these

backcross-derived F2 lines areisogenic for the entire
genome and only segregeate at the target QTL region,
eva uating therecombinant linesalows usto more pre-
cisaly estimate QTL postionsfor FHB and HD.

MATERIALSAND METHODS

Development of the parental near isogenic line
(pNIL): Todevedoptheparenta NIL, aprogeny from
the 101 F4.:7 mapping population (de LaPenaet d.,
1999) was crossed with an dlite line M69. Subse-
quently, a marker-asssted backcrossng scheme us-
ing M69 asthe recurrent parent was used to advance
lines to the BC4AF2 generation. A BCAF2 line carry-
ing the FHB-resistance Chevron aleles at the target
QTL region was selected asthe pNIL.

Development of recombinant NILs(rNILs): We
derived an F2 population of 532 plants from a cross
between the pNIL and M69. The F2swere screened
with SSR markersBmag0140 and Ebmac0521 flank-
ing the target QTL region and 40 rNILs were identi-
fied thet had arecombination event between theflanking
markers. These 40 putative recombinants were fur-
ther screened with 11 additional SSR markers previ-
oudy mapped at the Bmag0140-EBmac0521 inter-
va. Using marker datafrom the entire F2 population,
alinkage map for the target QTL region was created
using the GMendel 3.0 program (Holloway and
Knapp, 1994). The40 rNILswerefurther advanced
to the F2:4 generation and used for field testing.

Field evaluations of rNILs: The rNILs and the
parental lines Chevron, M69, and pNIL were evalu-
ated at St. Paul and Crookston, MN, in the summer
of 2003 and 2004. The experimental design at each
environment was a randomized complete block de-
sgn with 3 replications. Entrieswere plantedin 2.4 m
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long single-row plots, spaced at 30 cm apart. At St.
Paul, a macroconidia inoculation technique was used
whereas a Crookston agrain-spawn inocul ation tech-
niquewas used (Mesfin et ., 2003). Nurserieswere
migt-irrigated daily to enhance disease. Entries were
scored for % FHB severity by examining 20 random
spikesfrom each plot and the number of infected spike-
lets from each spike counted and expressed as a per-
cent of the total spikelets present. Heading date was
scored as the number of days after planting to 50%
emergence from the boot.

Statistical Analysis. The genotype x environment
interaction effects were determined usng Proc GLM
(SASIndtitute, 2000). Theandyssreveded asgnifi-
cant G x E effect for both HD and FHB among rNILs.
Further analyses were, therefore, performed on a per
environment basis. Trait meansfor parentd linesand
rNILs were compared using protected LSD. The
ass0ci ati on between specific markersinthetarget QTL
region and measured traits was determined by smple
interval mapping (SIM) using PlabQTL (Utz and
Méelchinger, 1996).

RESULTSAND DISCUSSI ON

TherNILscarying the Chevron dldeat different seg-
mentsat the chromosome2H QTL region differed Sg-
nificantly for FHB and HD, indicating that the QTL for
HD and FHB resstance were segregating amongst
therNILs. The pNIL used to develop the fine map-
ping population did not differ from the Chevron for
FHB saverity, but was dightly earlier than Chevron
for HD (Table1). Thissuggeststhe QTL for FHB on
chromosome 2H is responsible for most of the ress-
tance from Chevron. However, additiond dleles at
loci for HD outside the chromosome 2H target region
likely contribute to the late heading of Chevron.

A totd of 13 SSR markers, 9 from the linkage map of
Canci et d., (2004), and four additional markers pre-
vioudy mapped in the same region by Ramsay et d.,
(2000) were genotyped for fine mapping (Fig. 1). Of
these, EBmac0849 mapped in the same location as
Bmac0093 and was subsequently dropped from the
andysis. For themost part, the marker order was con-
sgent with the origind map. Thetotal distance cov-

ered by the new map is 17.4 cM compared with the
44.9 cM distance covered by the updated Chevron x
M69 map of Canci et d., 2004.

A mgor QTL for HD was detected between markers
HVBKAS and Bmag0015 (1 cM gpart) a dl thefour
environments tested and explained 40-80% of the
phenotypicvariation (Fg. 1; Table2). A separate QTL
for FHB flanked by markers Bmag0140 and
Bmac0132 (3.5 cM apart) was detected 2 cM away
fromtheHD QTL. ThisFHB QTL wasdetectedin 2
of the 4 environments tested and explained 40-50%
of the variance. Falure to detect FHB QTL in dl
environmentswasmogt likely dueto poor diseaseleves
experienced in the environmentswhere QTL werenot
detected (Table 1). Inconclusion, these dataindicate
that the association between FHB and HD is due to
linkage (2 cM apart) rather than pleiotropy.
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Figure 1. SSR fine map of the chromosome 2H FHB target QTL region and LOD score scan for the
QTL associated with Fusarium head blight (FHB) severity and heading date (HD). Scans are shown
for St. Paul 2003 (Sp03), Crookston 2003 (Cr03), St. Paul 2004 (Sp04) and Crookston 2004 (Cr04).
Dark scan lineisfor FHB and dotted scan lineisfor HD.
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Table 1. Means of the parents (pNIL, Chevron and M69) and recombinant near isogenic lines
(rNILs) for percent Fusarium head blight severity (FHB) and heading date (HD).

Trait Environment pNIL  Chevron M69 rNIL
Mean Range
FHB Sp2003 1.8a 1.3a 3.7b 24 1.0-44
Cr2003 2.3a 3.8a 7.2b 55 0.7-13.1
Sp2004 11.3a 8.5a 12.3a 94 1.9-20.6
Cr2004 6.6a 1.6a 21.5b 17.6 4.6-59.7
HD Sp2003 58.5b 60.0c 55.0a 58.0 54.0-61.0
Cr2003 58.5b 61.0c 56.5a 58.1 54.0-61.0
Sp2004 55.0b 55.7b 49.3a 56.7 48.3-57.0
Cr2004 66.7b 68.7C 64.3a 56.0 52.3-68.7

Means within the same row followed by the same letter are not significantly different (P?0.05).
S$p2003 = St. Paul, MN, 2003; Cr2003 = Crookston, MN, 2003; Sp2004 = St. Paui, MN, 2004;
Cr2004 = Crookston, MN, 2004.

Table2. Significant QTL (LOD>3.0) associated with Fusarium head blight (FHB) severity and
heading date (HD) at four environmentsin the Chevron/M69 fine mapping population of recombinant
near isogenic lines.

Trait/  Marker St. Paul 2003 Crookston 2003 St. Paul 2004 Crookston 2004
Pos' interval
LOD %Exp® Add® LOD %Exp Add LOD %Exp Add LOD %Exp Add
FHB
11,13 Bmag0140- 343 432 -2.82 421 50.0 -14.37
Bmac132
HD
6 HVBKASI- 3.05 443 163
EBmMac0558
7 Bmag0518 874 76.3 259 1002 808 275 962 795 347
Bmag0015

*Pos = centimorgan position.

%% Exp = Percent phenotypic variance explained by QTL.

3Add = Additive effect of the Chevron allele on FHB severity and heading date expressed as
regression coefficient.
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ABSTRACT

Fusarium graminearum is the most serious pathogen within the Fusarium Head Blight complex of fungd
gpecies. It produces the trichothecene mycotoxin Deoxynivalenol (DON) as a mgor virulence factor in the
hogt-pathogen interaction. The TRI5 gene has akey rolein the biosynthesis of trichothecene mycotoxins. We
have developed areporter system by transformation of F. graminearum TMW 4.0122 with the eGFP gene
under control of the TRI5 promotor. A 926 bp fragment upstream of the TRI5 start codon containing the
promotor region as well as a 342 bp portion upstream from the 3'end of the TRI5 coding region of asingle
gooreisolate of F. graminearum TMW 4.0122 were cloned in E. coli DH5+. Fragments were excised and
ligated viaHindll1 restriction Stes newly introduced by modified primers. The ligation product was cloned into
the pSM2 vector via Pstl and Clal restriction sites to result in transformation vector pSM2GK 1871, which
was linearized by redriction of asingular Hindlll site. Protoplasts of F. graminearum TMW 4.0122 were
obtained by treatment of germinated conidia with drisdase (Interspex) at 30 °C for 3 h. Protoplasts were
separated and transformed with linearized pSM2GK1871. Selection on hygromycin B agar (150 pg/ml) re-
vealed 88 transformants. Cloneswere subcultured on GY EP agar plates and inspected for expression of eGFP
under the fluorescence microscope (Olympus). One clone (10/2/1) displayed intense green fluorescenceemis-
son a 510-550 nm upon excitation at 470-490 nm after 15 d of incubation a 25 °C. No such fluorescence
was seenin thewild type strain grown under the same conditions. Fluorescence in the transformant was limited
to a specific type of cdls, which showed a characteristic yellow pigmentation when inspected under the light
microscope. Such cdlls were aso present in the wild type myceium, with no green fluorescence emitted upon
excitaion a 470-490 nm. We are currently investigating whether trichothecene productionin F. graminearum
TMW 4.0122 might be restricted to specidized cells (“toxocytes’). Based on the results obtained during the
current study we are using the TRIS reporter rain to investigate the role of that gene in the barley/wheset-F.
graminearum interaction and to learn more about the factors affecting and regulating production of DON
under the conditions prevailing in the field and at processing of ceredls, e.g. during mat production.
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ABSTRACT

During the infection of amdl grain cereds and maize Fusarium graminearum produces the mycotoxins
deoxynivaenal (DON) and zearaenone (ZON). It has been demondrated that the production of thetrichothecene
DON, which acts as an inhibitor of eukaryotic protein synthes's, contributes to the virulence of Fusarium
(presumably by interfering with the expression of plant defense genes). ZON, which has very high estrogenic
activity in animas, dso seemsto play arolein plant-pathogen interaction. We have searched for Arabidopsis
genes which can inectivate these Fusarium toxins. A yeast strain highly sendtive to DON was used as a host
for an Arabidopsis thaliana expression library and a UDP-glucosyltransferase (UGT) gene conferring ress-
tanceto DON (DOGT?1) wasidentified (Poppenberger et al., 2003). Overexpression of the DOGT1 genein
Arabidopsisled to increased DON resistance of seedlings. The metabolite DON-30-glucosideisinactivein
inhibiting protein synthesis (tested with awheat germ extract in vitro trandation system). DOGT1 islocated in
acluger of 6 highly smilar genes, but surprisngly the protein with the most closely related sequence is not
protecting against DON. By making hybrid proteins and functiond testing in yeast we characterized structurd
features essentid for subdtrate gpecificity of these UGTSs. Interestingly nivaenol, which has just one additiond
hydroxyl group, escapes detoxification.

Wehave dso cloned an Arabidopsis UGT which converts ZON into ZON-40-glucoside. While ZON shows
strong binding to the estrogen receptor in vitro, thisis not observed with ZON-glucoside. Expession of this
UGT in an engineered yeast drain expressing the human estrogen receptor (hER), interferes with ZON-
induced activation of hER-dependent reporter genes. This remarkable affinity can be exploited to produce
ZON-glucoside in high yield by feeding ZON to the recombinant yeest.

We propose that the glucosides of DON and ZON produced by plants are a currently overlooked source of
“masked mycotoxin”. While the mycotoxin-glucos des escape slandard analytical procedures, thetoxic aglyca
can be easlly reactivated in the digestive tract.
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ABSTRACT

Our wheat transformation team at the Univeraty of Nebraska-Lincoln (UNL) employs an Agrobacterium-
mediated protocol to deliver transgenes to the crop. We recently completed a survey of 30 spring whesat
genotypes for enhanced transformation frequencies. From this work a hard white genotype Xin chun 9 was
identified that displayed improved transformability over Bobwhite. Current efforts are focused on evauating a
series of novel Agrobacterium tumefaciens strains in a comparative study with both Bobwhite and
Xin chun 9.

We have been uding this trandformation system to evaduate potentia antifungd transgenes in support of a
collaborative effort targeting Fusarium Head Blight (FHB) resstance & UNL. To this end a total of 48
transgenic whest lines harboring three novel negetive regulators of programmed cell death, or a ribosoma

inactivating protein have been handed-off to our wheat breeding program. More recently transgenic wheet

lines carrying two additiond negative regulators of programmed cdll deeth and a synthetic antifungd Iytic

peptide have been produced. Field trias were conducted in the spring of 2004 on 28 transgenic lines carry
three negative regulators of programmed cell desth genes, ced9, | AP and Bcl-xl, dong with linesharboring the

ribosomd inactivating protein. Field plots were inoculated with F. garminearum just prior to anthesis. Data
has been ascertained on agronomic parameters, days to anthes's, vigor and plant height, in addition to FHB

severity and incidence.
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OBJECTIVES

To optimizean Agrobacterium-mediated transforma-
tion system for durum whest to facilitateincorporation
of antifungd genesfor ressance agang Fusarium head
blight.

INTRODUCTION

Durum whest (TriticumturgidumL., 2n = 4x = 28;
AABB genomes) isanimportant cereal crop grownin
the United States, Canada, and in some European
countries. Severd methods have been used for its
genetic improvement.  In recent years, genetic engi-
neering has opened up new avenuesfor crop improve-
ment and isauseful adjunct to conventiona breeding.
A prerequisite for gpplication of such modern tech-
niquesisan efficient and reliddlein vitro plant regen-
eration system. Gene trandfers in plants have been
achieved through direct DNA uptake, e ectroporation,
microinjection, particle bombardment and
Agrobacterium-mediated methods. We standardized
an efficient regeneration system for commercia du-
rum whesat cultivars (Bommineni and Jauhar, 1996;
Satyavathi et d., 2004) and by using particle bom-
bardment produced transgenic durum with marker
genes (Bommineni et d., 1997) and antifungd genes
(Satyavathi and Jauhar, 2003). Transgenic durum has
now been produced in other |aboratories (He et al.,
1999; Pdlegrineschi et d., 2002). In bread whedt,
partiad FHB resstance was achieved by expressng
pathogenes s-related proteins using particle bombard-
ment, but this technique was hampered by multiple
copy geneinsartionsand genesilencing (Anand et d.,
2003). Compared to direct genetransfer techniques,
Agrobacterium-mediated transformetion offersanum-
ber of advantages, including potentialy low copy num-
ber and preferentid integration into transcriptionaly

active regions of the chromosome (Hu et d., 2003).
So far, an Agrobacterium-mediated transformation
system has not been reported for durumwheet. There-
fore, we attempted to optimize the conditions for
Agrobacterium mediated transformation of the com-
mercid durum wheset cv. Maier usng marker genes.

MATERIALSAND METHODS

Plant material and preculture - An agronomicdly
superior durum cultivar, Maier was used for transfor-
mation. Spikeswere harvested 14 days post anthesis
and the spikelets were surface sterilized and cultured
as described by Bommineni and Jauhar (1996). The
cdlus induction medium was supplemented with 2.0
mg L' dicamba The cultures were incubated in the
dark at 25 + 2°C for 1-14 days depending on the
experiment performed.

Agrobacterium tumefaciensstrain, plasmid, and
culture - A disarmed Agrobacterium tumefaciens
strain AGL1 harboring pDM805 was provided by
CSIRO Plant Industry, Canberra, Audraia (Fig. 1).
The binary vector pDM805 contains the
phosphinothricin acetyltransferase (bar) gene under
the control of the promoter from the maize ubiquitin 1
(Ubil) gene and a terminator sequence from the A.
tumefaci ens nopdine synthase (nos) gene; theb -glu-
curonidase gene uidA (gus) under the control of the
promoter from therice actin 1 (Act1) geneand ater-
minator sequence from thericeribulose bis-phosphate
carboxylase/oxygenase (rbcS) gene. A full drength
Agrobacterium suspension was obtained a day be-
fore transformation as described by Tingay et al.
(1997).

Acetosyringonetreatment and particle bombard-
ment - Acetosyringone effects on trans-formation ef-
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ficiency were sudied by comparing Agrobacterium
sugpens on without the chemica to suspension treated
with 200 mM acetosyringone prior to infection. The
explants were then infected for about 1 h. To study
the effect of particle bombardment on the extent of
infection, the scutella were precultured for 14 days
and wounded by bombardment with gold particles.
About 30-50 explants were bombarded with 0.3 mg
of gold particles (1.0mM) using aBioRad PDS-1000
bioligtic device with 1,100 ps rupture disc and com-
pared to unwounded explants.

I noculation and co-cultivation - Isolated scutella
precultured for 1 day and 14 dayswere used for trans-
formation. Theexplantswereimmersedinfull srength
Agrobacterium suspension in a Petri dish for haf an
hour (1 h when acetosyringone was used in the sus-
pension) and then trandferred without ringng, with
scutellar surface placed in contact with the cdlus in-
duction medium. Co-cultivation wascarried out at 25
+ 2°C in darkness for about 2-3 days.

Selection and plant regeneration - After co-culti-
vation, the explants were washed thrice with serile
digtilled water in a Petri dish and blotted on gerile
Whatman filter paper. The explants were then plated
on selection medium, whichwas same as cdlusinduc-
tion medium but was supplemented with 150 mg L*
Timentin and 5.0 mg L* bidaphos. Explants were
maintained on selection medium for 3-4 weeks a 25
+ 2°C in darkness, after which they were transferred
to regeneration medium (selection medium without
growth regulators). The culture conditionsand regen-
eration procedure were same as described by
Satyavathi et d. (2004).

Histochemical GUS assay - T-DNA ddivery into
explant tissues was determined after 1-3 weeks of
culture on sdection medium using the hisochemicd
GUS assay according to Bommineni et d. (1997).
Explantswith blue spots and the number of blue spots
per explant were counted under a stereomicroscope.

Statistical analyses - For studying the effect of
acetosyringone and bombardment on DNA ddivery,
we compared GUS expresson among the explants.
Each treatment had three replications and at least 50

explants (4 from each Petri dish) per treatment were
sacrificed for GUS assays. Asthe dataon the number
of explants with GUS spots and the number of spots
per explant for each treatment were not normally dis-
tributed, andysis of variance was done usng PROC
CATMOD (SASversion 8.2, 2001).

RESULTS

Preliminary tests were performed to compare the re-

sponses of the scutellathat were precultured for 1 day
vs10-14 days. After 1-2 days of co-cultivation with
Agrobacterium and on transfer to salection medium,

only 10% of the scutella precultured for 1-day initi-

ated cdli. In the case of 10-14 day precultured
scutella, about 70% of them developed cdlus over
the cut surface within aweek and later devel oped cal-

lus around the periphery of the scutdlum. After 3
weeks on selection medium, 511 of 725 scutdlla co-

cultivated were resistant to biagphos sdection. GUS
assays done 7 days after co-cultivation showed GUS
spots dl over the scutdlum surface but most of the
spotswerelocalized on the areas sarting to form cal-

lus, usudly at the periphery of the scutellum (Fig. 2A
& B). Insubsequent subcultures, theproliferating cdlus
was salected and brown callus was discarded. After
4 weeks on sdlection medium, the embryogenic cdlus
wastransferred to regeneration medium supplemented
with 5.0 mg L* bidaphos. Out of 725 scutdlla in-

fected, only 3 plantletswere regenerated at the end of
3-4 weeks with a transformation frequency of 0.4%.

Varioustreatmentslikeincreasing co-culture duration,

adding acetosyringonein the Agrobacter i um suspen-

son, and bombarding the explants with gold particles
before infection, hed differentid effects on transfor-

metion efficiency asfollows

Duration of co-culture - About 82% of the scutella
that were co-cultivated for 2 days were resstant to
bid gphos sdlection. When the co-cultivation was ex-
tended to 3 days, an overgrowth of the bacteria was
observed on 50% of the scutella and the percentage
of resstant scutella decreased to 56%.

Effect of acetosyringone - GUS expresson was
detected in dl the tissues 3 wk after co-cultivation &-
ther in the presence or absence of the pretreatment.
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Thescutdlathat weretrested with acetosyringone did
not differ for GUS expresson in terms of the number
of explants with GUS spots and the number of GUS
spots per explant compared to those infected with
Agrobacterium suspenson without acetosyringone
(Table 1).

Effect of bombardment - The explantsthat werein-
jured by bombarding with gold particles showed Sig-
nificantly greater number of explants with GUS spots
(p < 0.05) and dso sgnificantly grester GUS spots
per explant (p < 0.01) than those that were not
wounded prior to infection (Table 1).

DISCUSSION

Thiswork presentsthefirgt report on Agrobacterium-
mediated trandformation of durum wheat. A prereg-
uigte for development of Agrobacterium-mediated
transformation is the establishment of optima condi-
tionsfor T-DNA delivery into tissuefromwhichwhole
plants can be regenerated. Based on our previous
findings, we sdlected durum cultivar Maier for trans-
formation with Agrobacterium. In genera, mode
genotypes amenable to tissue culture or to
microprojectile transformation have worked well for
Agrobacterium-mediated transformation in severa
cropslikewhesat, maize, barley, and sugar cane (Cheng
et d., 2004). Theisolated scutella are known to be
choiceexplantsfor many cered sinduding durum wheet
and have been successfully used for regeneration and
transformation experiments. In the present study, we
found that 10-14 days preculture of explantsincreases
trandformation efficiency. Smilar resultswereobsarved
in wheet where longer precultures resulted in efficient
T-DNA ddlivery (Chengetd., 1997; Wuet d., 2003).
We obtained atransformation frequency of 0.4%which
is comparable to that reported in other cereds. In
whest, transformation frequencies ranged from 0.3-
4.3% and were increased to 10.5% by desiccation of
precultured embryos (Cheng et d., 2004).

Chemicals such as acetosyringone for vir geneinduc-
tion are recommended in most of the monocot trans-
formation protocols. We used a 200 mv
acetosyringonetrestment prior toinfection. The pres-
ence of acetosyringone did not increase GUS expres-

son. The addition of acetosyringone a a concentra
tion of 150 to 200 M during preculture or co-culture
increased the number of transformed cdllsinrice (Hie
et a., 1994), barley (Tingay et d., 1997), and whesat
(Cheng et d., 1997). In the present study, wounding
precultured scutella with gold particles before infect-
ing the explants with Agrobacterium, increased the
GUS expresson sgnificantly. Similar results were
observed in barley (Tingay et d., 1997).

Theadvantage of Agrobacterium-mediated transfor-
mation over particle bombardment isthat this method
iIssmple and codt effective. We optimized conditions
for Agrobacterium-mediated transformation using
scutella of the cultivar Maier and aso studied the ef-
fects of various pretrestments that could enhance in-
fection and T-DNA ddivery. Further experimentsare
needed to increase regeneration from transformed
cdlus
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Table 1. Effect of different pretreatments on GUS expression in 14-day precultured durum
wheat scutellainfected with Agrobacterium tumefaciens strain AGL 1 harboring pDM805.

Treatment Number Proportion of explants GUS spots /explant
of explants with GUS spots (%)

Acetosyringone

Untreated 52 26/52 (50.00) 3.35
Treated 52 34/52 (65.38) 4.20
Bombardment

Untreated 72 17/72 (23.61) 1.47
Bombarded 72 31/72 (43.05)* 2.54 **

:*Chi-square value of 0.0194 was significant at p = 0.05 level
Chi-square value of 0.0037 was significant at p = 0.01 level
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DEVELOPMENT OF TISSUE-SPECIFIC PROMOTERS FOR
TARGETING ANTI-FUSARIUM GENE EXPRESSION
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of Wisconsin, Plant Pathology Degpt., 1630 Linden Dr., Madison, WI 53706-1589, USA
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ABSTRACT

We identified lemma and pericarp epithelium tissues as rgpidly infected by Fusarium graminearum. Genes
specificaly expressed in these tissues were identified and cloned so that promoters of selected genes could be
used to express antifungal protein genes. These included a lipid transfer protein homologue (Ltp6), highly
expressed in the pericarp epithelium but not in vegetative leaves, and ajacaline-like gene, Lem2, preferentialy
expressed in the lemmalpaea, compared with the flag leaf. Ltp6 isaso expressed in coleoptiles and embryas,
MRNA levelsincrease in response to salt, cold, abscisic acid and sdicylic acid in a pattern distinct from other
barley Ltps. Trandent expression andyss of the promoter showed that 192 bp of upstream sequence confers
tissue-gpecific expresson and retains most promoter activity. Stable barley transformants have been pro-
duced with a 247 bp promoter fused to agfp reporter gene. Inthese, gfp expression is strong in the epicarp,
embryo and coleoptile, but it isnot found in other tissues. Gfp expression was detected during spike devel op-
ment, from early ovary differentiation through its find expression in the epicarp and during embyogenesis and
germination in the coleoptile, reproducing the expresson pattern of the naive gene. Lem?2 is spedificdly
expressed in the lemmalpalea and coleoptile. SA induces Lem2 within 4 h, suggesting thét it is a defensve
gene. Promoter deletion studies showed that the tissue-pecificity and promoter activity are conferred by a
ghort 5 proximal region from-75to +70. Stable transformants were produced with the “full-length” 1414 bp
promoter and 5’ promoter deletionsfused togfp. Gfp expression occurred in thelemmalpaeaand coleoptile,
but it dso unexpectedly occurred inthe epicarp and ligules. Lack of methylation in the epicarp may account for
expresson in the epicarp.
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ABSTRACT

We identified lemma and pericarp epithelium (epicarp) tissues as rapidly infected by a srain of Fusarium
graminearum transformed with the green fluorescent protein gene (gfp). The fungus colonized the lemmain
48 h, but it colonized the brush hairs a the seed tip within 7 h and repidly grew downward along the epicarp
and more dowly inward through the cross cells (Skadsen and Hohn, PMPP 64:45-53, 2004). Genes specifi-
caly expressed in the lemma (Abebe et al., Crop Sci. 44:942-950, 2004) and epicarp were identified and
cloned so that promoters of selected genes could be used to express antifungal protein genesin these suscep-
tible tissues. Tissue-pecific genesincluded alipid transfer protein homologue (Ltp6), highly expressed in the
pericarp epithelium but not in vegetative leaves, and ajacdine-like gene, Lem?2, preferentialy expressed inthe
lemmalpaea, compared with the flag leaf. Ltp6 is dso expressed in coleoptiles and embryos, mRNA levels
increase in response to sAt, cold, abscisc acid and sdlicylic acid (SA) in a pattern distinct from other barley
Ltps Transent expresson andysis of the promoter showed that 192 bp of upstream sequence conferstissue-
gpecific expression and retains most promoter activity. Stable barley transformants have been produced with a
247 bp promoter fused to a gfp reporter gene (Federico et d., PMB, in press). In these, gfp expresson is
strong in the epicarp, embryo and coleoptile, but it isnot found in other tissues. Gfp expression was detected
during spike development, from early ovary differentiation through its find expresson in the epicarp, and
during embyogenesis and germination in the coleoptile, reproducing the expression paitern of the native gene.
Lem2 isspecificaly expressed in the lemmalpaleaand coleoptile. SA inducesLem? within 4 h, suggesting that
itisadefensve gene. Deletion studies showed that tissue-specificity isconferred by ashort 5 proxima region
from -75to +70 (Abebe et al., Planta, in press) . Stable transformants were produced with the “full-length”
1414 bp promoter and 5’ promoter deletions fused to gfp. Gfp expression occurred in the lemmal/pdeaand
coleoptile, but it dso unexpectedly occurred in the epicarp, perhaps due to a lack of methylation. In the
lemmeas, a developmentd trangtion occurred wherein gfp was first expressed in the mesophyll cells, thiswas
gradudly replaced by expresson in speciaized cork cells of the epidermis. An additiond promoter, Leml,
was produced by Sathish Puthigae and showed lemmalpal ea-specific expression in trandent assays (Skadsen
et a., PMB, 49:545-555, 2002).
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ABSTRACT

Changes in agriculturd practices (e.g., minimd tilling) during the past two decades combined with changing
climate conditions have dramatically adtered crop susceptibility to Fusarium head blight (FHB) or scab. FHB
may lead to direct yield losses of 5-20% worldwide in average epidemic years, but losses as high as 60-70%
have aso been reported. Host plant resistance, the most cost-effective way to fight the disease, in availadle
wheat germplasmisonly partid and has been difficult to incorporate into cultivars adapted for regiona growth
in the U.S. Our god is to achieve FHB resstance by employing plant genetic transformation, a potentidly
powerful tool for transgenic control of fungd diseasesin cereds. We sdlected three candidate anti- Fusarium
(AF) genes Aspergillus glucose oxidase (GO) and barley peroxidases (Prx7 and Prx8) based on their
asociation with an array of naturdly occurring plant defense mechanisms. Glucose oxidase is an gpoplagtic
enzymethat catalyzes oxidation of b-D-glucose, generating H,O,, acompound with multiplefunctionsin plant
defense. Induction of the peroxidases Prx7 and Prx8 has been correated with the gppearance of antifungal
compounds and papillae structures, respectively, in barley leaves exposed to powdery mildew. We inserted
the coding regions of these genes into our vector that contains the barley Lem1 promoter, which we have
previoudy shown is active in the outer organs of transgenic whest florets from anthesis to the soft dough stage
of kerndl development. Thisactivity pattern makesit an excellent candidatefor targeting AF gene expresson to
the path of Fusariuminvasion. We have generated 100 transgenic wheet lines carrying the Lem1::PRX and/or
Lem1::GO condructs. Thein situ methods used for expression analyses of the primary transformantsreveded
that the transgene-encoded proteins are accumulated either in the extrace lular space (GO and Prx8) or inthe
cdls (Prx7) of the spike tissues and were not present in developing grain. The possible synergistic effect of
these enzymes on improving host resstance to initid fungd infection and pathogen soread will be discussed. If
our strategy is successful, the lack of recombinant proteinsin the grain will minimize concerns about the safety
of foods derived from these wheats and facilitate their gpprova by regulators and acceptance by consumers.
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CHARACTERIZATION OF ORGAN SPECIFIC
PROMOTERS IN TRANSGENIC WHEAT
M. Somleva’ and A. Blechl
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OBJECTIVE

To identify promoters suitable for targeting anti-
Fusarium gene express on to whest tissues surround-
ing the developing seed.

INTRODUCTION

Genetic engineering is the most promising approach
to increase plant resistance to fungd pathogens, in-
duding Fusarium. The effectiveness of an antifungd
genein plantais determined by its expression levels
in the crucid hogt tissues and by the timing of its ex-
pression such that suitable levels of the encoded pro-
tein accumulate before the infection (Dahleen e 4d.,
2001). At present, congtitutive promoters are widely
used to achieve high expression level sthroughout most
tissues of the plant. If only specific tissues need to be
protected or antifungal compounds need to be ex-
pressed at certain targeted Sites, the use of specific
promoters is recommended (Punja, 2001). Expres-
gon of anti- Fusarium (AF) genes in the glume and
lemmaisdesirablefor both wheat and barley, because
these organs comprise the outer most protective bar-
rier encasing the reproductive organs. In thisstudy we
present the organ- and developmentd specificity of
the promoter of amaize glutamine synthase gene, GS,
and the promoter of a barley floret-expressed gene,
Leml, in stable hexaploid whest transformants.

MATERIALSAND METHODS

Vector and plasmid congtructs: Thefollowing plas-
mids were used for wheet transformation: pGS176
and pGS177 carrying a664-bp fragment of the pro-
moter of themaize GS , gene fused to the uidA cod-
ing region (GUS) and the fird introns of the native
gene and of the maize dcohol dehydrogenase (ADH)

gene, respectively (Muhitch et al., 2002); and
pBSD5sGFP carrying a 1400-bp fragment containing
the Lem1 promoter and a partid N-termind coding
region fused to the coding sequencefor the green fluo-
rescent protein (Leml1::GFP, Skadsen et d., 2002).
For comparative studies of the promoter activity pat-
terns, the plasmid pAHC15 carrying the uidA gene
driven by the maize Ubil promoter and firgt intron
(UBI::GUS) was dso used (Christensen and Quall,
1996).

Generation of primary transformants and moni-
toring of the reporter gene expression: Trandent
express on assays and whest transformation were per-
formed by particle bombardment of immeature embryos
of cv. Bobwhite. Stably transformed plantswereiden-
tified asdescribed (Okubaraet d., 2002). GFPfluores-
cence in various tissues of tranggenic plants and in
vitro cultures was monitored using an Olympus SZX
stereomi croscope equipped with an SZX-RFL fluo-
rescence atachment and aDP11 digitd camera GUS
activity was detected according to Hansch et al.
(1995).

Construction of cloning vectors: To make
pBGSOLeml, a 1067-bp fragment containing the
Lem1 promoter was PCR-amplified from the plasmid
pBSD5sGFP (Skadsen et d., 2002) using Pfu Poly-
merase (Stratagene) and primers 5'-
GATAAGCTTGGGATGTC-3 and 5-
ACGGATATCTGCGGTTGAAG-3 with 5 exten-
sonsto add Hindlll and EcoRV redtriction Sites, re-
spectively. After complete digestion with Hindl I, the
resulting fragment was ligated with a3935-bp redtric-
tion fragment containing pBGS9 (Spratt et d., 1986)
and the NOS 3’ transcriptiona terminator sequence.
The latter piece of DNA had been prepared from the
monocot transformation vector pUBK (Okubara et
a., 2002). To make pBGSOLem1ADHi1, thefirst in-
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tron of the maize acohol dehydrogenase gene, ADH,
was PCR-amplified using the plasmid pGS177
(Muhitchet d., 2002) asatemplate. Theresulting 601-
bp fragment was inserted into the EcoRV site of
pBGS9Leml. A uniqueSmal redtriction Ste separates
the ADH intron and the NOS 3' region.

RESULTSAND DISCUSSION

In wheet, the period of susceptibility to head infection
by Fusariumlasts from anthesis (the time point when
the anthers extrude from the spikes) through the dough
dage of kernd development. To identify a promoter
suitable for expresson of anti- Fusarium genes, the
activitiesof reporter genes GUS and GFP fused to the
maize GS and barley Lem1 promoters, respectively,
were monitored during growth and development of
primary whesat transformants and their progeny. The
GS promoter is only expressed in the pericarp and in
the scutdlum of mature embryos (Fig. 1). Thus, it is
not suitable for use in anti- Fusarium congtructs. In
transgenic plants carrying both Lem1::GFP and
UBI::GUS, we compared the activity patterns of the
two promoters by monitoring the expression of both
reporter genes during plant development (Fig. 2). We
observed no GFP fluorescence in vegetative organs,
indicating that the Lem1 promoter was not active in
these tissues. Thisis in accordance with the data for
its organ- and developmenta specificity in barley
(Skadsen et al., 2002). In floret tissues, we detected
no GFP fluorescence before anthesis, demongtrating
that the Lem1 promoter did not function before this
stage (datanot shown). In contrast, strong UBI-driven
GUS activity was detected in the young ovary and
anthers (datanot shown). At anthesis, UBI isactivein
the reproductive organs (Fig. 2A), while the Leml
promoter drove high levels of gfp expresson only in
the organssurrounding the developing floret (Fig. 2A).
(The autofluorescence of the antherswas dso seenin
control plants)) These findingsindicate that the Lem1
promoter is active during the same period in spike
development in transgenic wheet as it is in its native
context in barley. No GFP fluorescence was seen in
developing seeds (Fig. 2B and C). In contrast, GUS
activity driven by the UBI promoter was detected in
the seed coat during the earliest stages of grain devel-

opment —watery ripe and soft dough stages (Fig. 2B
and C, respectively).

Thereative strength of the barley Lem1 promoter was
asessed in atrandent assay (Fig. 3). Trangent gfp
expresson wasfirst observed in wheat embryos 10 h
after bombardment (Fig. 3B), while uidA expression
driven by maize UBI was detected within 2 h (Fig.
3A). Thisfinding indicates thet that Leml isless ac-
tive than UBI, which is one of the strongest of cered
promoters characterized to date. Approximately the
samedifferencein gfp trangent expression under the
control of Lem1 and UBI promoters was shown by
Skadsen et d. (2002) in bombarded spikes of wheat
and barley.

Results from these comparative studies suggest that,
dueto its organ specificity and moderate strength, the
barley Lem1 promoter would be an excellent choice
to target anti- Fusarium gene expresson to whest tis-
suessurrounding the devel oping seed a anthesis while
excluding transgene-encoded foreign proteinsfrom the
ediblegrain. Tofacilitateits use for thisand other pur-
poses, we constructed the cloning vectors
pBGSOLeml carrying the Leml promoter and the
NOS 3’ terminator sequence (Fig. 4A) and
pPBGOLem1ADHi1, in which the fird intron of the
maize ADH gene was fused to the Leml promoter
(Fig. 4B). Both vectors have unique blunt-end restric-
tion Stesthat can be used for insertion of any coding
sequence. Recently, we have successfully employed
pBGSOLeml to express candidate anti- Fusarium
genes in tranggenic whest.
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Figure 1. Activity of the GS promoter in developing florets and seeds in transgenic
wheat. (GUS activity visible in color photographsisindicated by arrows.) A No GUS
activity was observed in ayoung ovary and anthers. B GUS activity in a maturing ovary
in aspikelet after pollination. There was no staining in the outer floral organs. C GUS
activity in the pericarp. D and E No uidA expression was detected in immature embryos.
F GUS activity in the scutellum of a mature embryo.

Figure 2. Activity patterns of the barley Lem1 and maize UBI promoters during
development of wheat florets and grain. Reporter gene expression was monitored in
stable wheat transformants carrying Lem1::GFP and UBI::GUS, either by direct
fluorescence (GFP) or by histochemical staining (GUS). Each panel shows developing
florets and seeds from non-transformed plants under UV light (left) and GFP
fluorescence (center) and GUS activity (right) in the same type of specimens from
transgenic plants. (GFP fluorescenceisvisible as very light areas. GUS activity visible
in color photographsisindicated by arrows.) A Florets at anthesis. Note the lack of GFP
fluorescence in the outer floret organs of the control. B Developing kernels at awatery
ripe stage. C Whest grain at a soft dough stage. Note that the mature anthers and hairs of
the caryopsis brush show strong autofluorescence under these conditions.
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Figure 3. Activity of Leml and UBI promoters during callusinitiation and culture.

I solated zygotic wheat embryos 21 DAA were co-bombarded with Lem1::GFP and
UBI::GUS. A GUS activity in an embryo 2 h after bombardment (dark spots). B
Expression of gfpl0 h after bombardment (lighter spots). C GFP fluorescencein a
callus after one week of culture on the recovery medium. D The callus shownin Fig. 3C
after staining for GUS activity.
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Figure 4. Linear diagrams of the cloning vectors. A The plasmid pPBGS9Lem1 features
the barley Lem1 promoter and nopaline synthase terminator (NOS). B The plasmid
pBGS6Lem1ADH1 contains the ADH first intron inserted between the promoter and
NOS. The unique EcoRV (A) and Smal (B) sites were created to facilitate insertion of
any coding region as a blunt-ended fragment. The locations of some other restriction
sites are shown. The pBGS9 portion is not to scale.
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ABSTRACT

Fusarium head blight (FHB) or scab is one of the most destructive diseases of whest, causing significant
reductions in grain yield and qudity. Although partid resstance has been identified in whegt varieties, no
sources of immunity to Fusarium have yet been found. Genetic engineering is a promising method to creete
new sources of wheat germplasm with host plant resistance to scab. Expression of genes conferring resstance
to FHB in whest is desired in the glume and lemma, because these organs comprise the outer most protective
barrier encasing the reproductive organs. Our objectives were to 1) introduce genes encoding recombinant
antifungd proteinsinto bread wheat, cv. Bobwhite and 2) characterize their expressoninin vitro culturesand
gable transformants. A cloning vector carrying the barley Lem1 gene promoter was constructed. We have
previoudy shown that the Lem1 promoter is active in wheet florets from anthesis to the soft dough stage of
kernd development, making it an excdlent candidate for targeting antifungal gene expression to the path of
Fusarium invasion. Coding regions of genes selected for their ability to induce an array of naturaly occurring
plant defense mechanisms—the Asper gillus glucose oxidase gene and two barley peroxidase genes, Prx7 and
Prx8 - were fused to Lem1 and introduced into wheat immature embryos by particle bombardment. Func-
tional analyses of the expression cassettes were performed by transent assays. The activities of the transgene-
encoded proteins were studied in spike tissues of primary transformants and their progeny using enzyme
assays. The employed in situ methods reveded that the recombinant peroxidases were present in the organs
surrounding the developing floret at anthesis, but not in the developing grain.
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OBJECTIVE

To andyze the protein expresson patterns in barley
transformed with two antifungd genes.

INTRODUCTION

Fusarium head blight (FHB), predominantly caused
by Fusariumgraminearum, isadevastating disease
in cered grains including barley. Resstant sources
available to plant breeders are multigenic and provide
only partid protection from FHB. Resstanceto FHB
might be achieved by overexpressing pathogeness-
related (PR) proteins that degrade structural compo-
nents of the fungd pathogen. Currently, there are no
reports of barley genotypesthat are highly resstant to
FHB. Combinations of antifungd and antitoxin genes
are likely to offer a greater degree of resstance than
transgenic plantscontaining snglegenes. Delayed FHB
development has been reported in transformed spring
whegt overexpressing tlp (Chen et d. 1999), and in
plants co-expressing chitinase and glucanase genes
(Zhu et al. 1994, Jongedijk et al. 1995, Anand et dl.
2003), demongrating the potentia role of antifunga
proteins against FHB. The tlp is a membrane
permegbilizing protein while chi catalyzes the degra-
dation of chitin, a cdll wall component of mogt fila-
mentous fungi. Previoudy, the barley mdting cultivar
Conlon was trandformed with two antifunga genes,
chi and tlp by particle bombardment (Dahleen and
Manoharan 2003) and 58 plants from three transfor-
mation events were obtained and analyzed for
tranggene integration and expression. In the the present
report, T, progenies from the three transformation
events were further andyzed for chitinase (chi) and
thaumatin-like protein lp) expresson in both leaf
and spike tissues.

MATERIALSAND METHODS

Transformation and regeneration - Immatureem-
bryos from the mdting cultivar Conlon (two-rowed
barley) were cultured on calus induction medium
(Dahleen and Bregitzer 2001) and transformed with
the antifunga genes, chi andtlp, by particle bombard-
ment (Lemaux et a. 1996). Plasmidsused for co-bom-
bardment, pAHRC-tlp harboring the tlp gene and
PAHGL1 containing the chi gene, were provided by
Dr. S. Muthukrishnan (Kansas State Univ.). Both plas-
mids containthebar genefor biagphos sdlection. The
tlp and chi genes are under the control of the maize
ubil promoter and terminated by nos. Transgenic plants
were regenerated as described by Manoharan and
Dahleen (2002).

T, progeny analyses - DNA from leaf and spiketis-
sues was prepared using a modified CTAB method.
PCR was carried out to determine the presence of chi
and tlp genesin homozygoustransgenic maerias. PCR
products were separated by agarose gel (1%) elec-
trophoresis. Southern hybridization was carried out to
confirm the chi or tlp transgene integration pettern in
the three events. Genomic DNA was digested with
Hindlll, electrophoresed on a 1% agarose gel and
transferred onto Hybond N+ membrane. Probesused
werefull length inserts (both 1.1 kb) released from the
plasmids by BamHI/Hindlll (chi) or Pstl (tlp) di-
gestsand labeled with 32PdCTPusing the Redi-Prime
Labding Kit (Amersham Pharmacia, Buckinghamshire,
England). Total soluble protein was prepared from
young leaf and spike tissues of transgenic and control
plants. Western analyses were conducted using the
Immun-Blot Colorimetric Assay (Bio-Rad, Hercules,
CA). Antibodiesfor tlp and chi were provided by Dr.
R. Skadsen (USDA-ARS, Madison, WI) and Dr. S.
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Muthukrishnan (Kansas State Univ.), respectively.
Reverse-transcriptase (RT)-PCR was conducted us-
ing the One Step RT-PCR System with Platinum Tag
DNA polymerase (Invitrogen).

RESULTSAND DISCUSSION

PCR andysisfortip onthe T, progenies of threetrans-
formation events (Events 1, 2 and 3) was in agree-
ment with the previous report of Dahleen and
Manoharan (2003). All transgenic events showed the
presence of the tlp. While chi was detected in Event
2, PCR detection of chi in Events 1 and 3 was not
consgent (data not shown). Southern hybridization
was carried out to confirm the transgene integration
paitern in the three events. All transgenic lines tested
from each event were found positive for tlp but only
Event 2 showed stableintegration of thechi transgene

(Fig. 1).

PreviousWegternandysisof T, plantsfromthreetrans-
formation events (Dahleen and Mancharan 2003) sug-
gested that both transgeneswere slenced in two events
(Events 1 and 3). Our present results confirmed the
presence of a 26 kD rice chi in Event 2 leaves ad
gpikes that was not detected in transgenic lines from
the other two events (Fig. 2a). Aside from a 35-kD
putative barley chi found in leavesfrom dl transgenic
plants and the wildtype, other chitinase bands of 25
and 31 kD were detected. Although the 35-kD chi
band found in leaves was also detected in Event 2
spikes, a smdler band (ca. 34 kD) was present in
Events 1 and 3 spikes (Fig. 2b). In dl three events
including the non-transgenic Conlon spikes, a least
one band of chi closeto 25 kD was present.

The expected 23-kD protein of thericetlp washighly
expressed in Event 2 leaves but had lower levesin
spikes of the other two events (Fig. 2c). In spikes
(Fig. 2d), anative tlp of goproximatdy 23 kD is ex-
pressed in wildtype Conlon and transgenics, which co-
migrates with the rice tlp, making transgene expres-
gon levels difficult to determine. A putative 24-kD
protein native to barley as well as samdler proteins
ranging from 13to 18 kD were detected in leavesand
spikes of dl transgenic events and the wildtype.

Itispossiblethat the bands detected in leaves or spikes
other than the 26 kD rice chi or 23 kD rice tlp could
be ether isoforms that are native to barley or could
have been derived by proteolytic processing. To fur-
ther andyze the differentid protein expresson and
isoforms in leaf and spike tissues of tranggenic and
wildtype Conlon, isodectric focusing gel eectrophore-
ssis currently underway. Northern blot analyses are
being used to confirm the MRNA expression leve of
chi andtlp indl trandformation eventsusing gene oe-
cific probes. Initiad RT-PCR showed chi transcriptsin
leavesfor dl events (data not shown) which could be
dueto the presence of another chitinase endogenous
to barley since the primer pairs amplify a short (372
bp) region of the gene that contains 240 bases having
84% sequence similarity with abarley (cv. NK1558)
chitinase gene. RT-PCR andyses are being conducted
using pertinent primer pairs to discriminate rice chi
and tl p transcriptsfrom corresponding transcriptsthat
are endogenousto barley. Work isunderway to opti-
mize conditions for isoeectric focusing and RT-PCR.
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Figure 1. Southern analysis confirming the integration of (a) chi gene only in Event 2
(b) tlp in all three transformation events. Thirty ng of genomic DNA was loaded per |:
chi = wildtype Conlon DNA plus 250 pg chi (1.1 kb); tlp = wildtype Conlon DNA plus
pg tip (1.1 kb); + = positive control DNA; C = wildtype Conlon DNA.
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Figure 2. Western blots showing the 26-kD rice chi proteinin (a) leaves and (b) spikes of Ever
(E2) plants which was not present in Events 1 and 3 (E1, E3) transgenic and in wildtype Conlor
23-kD rice tlp protein was highly expressed in (c) leaves and (d) spikes of all Event 2 plants but
similar band was detected in Events 1 and 3 plants. Fifteen ng of total soluble protein was loade
per lane. +L = leaf, positive control; Cl = wildtype Conlon leaf; Cs = wildtype Conlon spike.
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OBJECTIVES

To enhance resol ution of two-dimensiond gdl eectro-
phoress (2-D GE) and to improve detection of low
abundant proteinsin whest spikes.

INTRODUCTION

Identification of proteins reated to different pheno-

types has been carried out in an extensve range of
biologicd tissuessncethemid 1970s with the deve-

opment of gel dectrophoresis. Proteomicsisthesys

tematic andyss of the protein expresson in atissue,

cell, or subcellular compartment. Ultimately, a
proteome andyss should incdlude mogt if not al the
proteins from a biologicd sample. Two-dimensiond

gd eectrophoresis (2-D GE) is the backbone tech-

nique of current proteomics because it endbles to S-

multaneoudy separate complex mixturesof thousands
of proteins that can be found in common biologica

samples. 2-D GE of proteinswith broad rangeimmo-

bilized pH gradient (IPG) gd strips such as pH4-7
and pH3-10iscommonly used for displaying proteins
A maor setback of widerange IPGsisther limitation
in visudizing less abundant proteins and in resolving
proteins with either smilar pl or molecular weight

(Hoving et d., 2002). To enhance resolution and im-

prove detection of low abundant proteins in wheat
gpikes, proteins extracted from wheat spikes were
fractionated with a Zoom Fractionator prior to 2-D
GE and then narrow range IPG gd strips with pH
ranges maiching that of each fraction of proteinswere
used for isodectric focusing (IEF) before Sze separa

tion.

MATERIALSAND METHODS

Plant materials - Wangshuibal, aFusarium head blight
resstant landrace from Jangsu, P. R. China, was used
in this sudy. Growth and inoculation of plants are
described in the accompanying manuscript.

Protein extraction - Wheat spikeletsinoculated with
either H,O or Fusarium graminearumwereremoved
from spikes with a pair of forceps. About 15 treated
spikelets from different spikes (5-8) were mixed as
one sample and were ground in pre-chilled mortar with
liquid nitrogen. Findly ground powder was collected
into 2 ml microcentrifuge tubes and weighed. Oneml

of 10% (wi/v) trichloroacetic acid, 0.05% (v/v) 2-

mercaptoethanal in cold (-20°C) acetone was added
to 0.3g of ground tissue. The sampleswere incubated
for 2 h at -20°C to precipitate proteins and then cen-

trifuged for 20 min at 16,000 g. The pellet of precipi-

tated proteins was washed with 1 ml cold acetone
containing 0.05% v/v 2-mercaptoethanol severd times
until the pellet was colorless. A 10 min centrifugetion
at 16,0009 was used to pellet the proteins after each
wash. Pdlets were dried under vacuum for 10 min,

and the proteins were resuspended with 1 ml of rehy-

dration buffer (5 M urea, 2 M thiourea, 2% CHAPS,
20 mM DTT, and 0.5% carrier ampholytes pH3-10
(Invitrogen, Carlsbad, CA 92008, USA) for 1 h. Af-

ter centrifugation at 16,000g for 10 min, the superna-
tant was collected, and a 10ml sample was removed
for protein assay. Theremaining supernatant wasstored
at -80°C until protein fractionation. Protein concen-

tration of sampleswas determined using bovine serum
dbumin with the Bradford method (Bradford, 1976).
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Protein fractionation - A Zoont® |EF Fractionator
from Invitrogen (Carlsbad, CA 92008, USA) wasused
to fractionate isolated protein samples into different
pH range fractions on the basis of isoelectric points
(Zuoand Speicher, 2000). Six Zoont polyacrylamide
disks with pH vaues of 3.0, 4.6, 5.4, 6.2, 7.0, and
10.0 were used to form five chambers with succes-
sve pH ranges within the fractionation unit. A total of
2 mg protein of was loaded in the five chambers and
Separation was conducted as described in the users
manud. After fractionation, thefiveindividud protein
samples were removed from the individua chambers
and stored to -80°C until loaded on IPGs gels

Protein Isoelectric Focusing and SDS-PAGE -
Fractionated samples were loaded on IPGs gdl strips
on 11 cm pH3-10 or pH 4-7 IPGs gd strips accord-
ingtothe users manud (Bio-Rad Ltd.), ectrofocused
and separated on small format polyacrylamide gels
(10X12cm) for separation of samples based on their
molecular size. On occasion, two 7 cm narrow pH
range |PGswere run on large format gd (20X20 cm)
to permit Side by side comparison of samples. Alter-
natively when fractionation was omitted, 50 g of solu-
bilized proteins was mixed with 2 vol of rehydration
buffer (6M urea, 2M thiourea, 206CHAPS, 1% DTT
and 0.5% ampholytes) and loaded on IEF gl strips
according to the user’s manud of the supplier. 1EF
was carried out according to the supplier’s instruc-
tion. After IEF, the stripswere either kept at -20°C or
directly used in SDS-PAGE. The grips were equili-
brated in equilibration buffer | (6M Ureg, 2% SDS,
0.05M Tris-HCI, (pH 8.8), 20% (w/v) glyceral, 2%
(wiv) dithiothreitol) at ambient temperaturefor 15min,
andtheninequilibration buffer 11 (6M Urea, 2% SDS,
0.05M Tris-HCI, (pH 8.8), 20% (w/v) glycerol, 2.5%
(w/v) iodoacetamide) for another 15 min. After equili-
bration, the strips were positioned on top of the sec-
ond-dimension gel and seded with 1% agarose. SDS-
PAGE was performed on 15% polyacrylamide gels.
The smdl format gels were run for 1h & 200 V. The
large format gdls were run for 30 min a 30 mA fol-
lowed by 60 mA for 6 h.

RESULTSAND DISCUSSION

Efficient protein fractionation by ZOOM® | EF
Fractionator

About 2 mg protein extracted from spikes of
Wangshuiba was gpplied on the ZOOM® |EF Frac-

tionator. The 2D separdtion of fractionated samples
on broad 1PGs showed that whesat spikes contain a
complex combination of polypeptides (Fig. 1A). Re-

sults showed that the ZOOM® | EF Fractionator was
ableto effectively separate this very complex mixture
of proteins into severa pH ranges as showed in Fg.

1B-E. Reproducible separation of complex protein
samplesinto digtinct liquid fractionswasredized usng
this insrument. One disadvantage of ZOOM® IEF
Fractionator apparent in our experiments was a pro-

tein loss of 40% during fractionation. This was likey
dueto an entangling of proteinsin the polyacrylamide
disks separating the different chambers.

Enrichment of low abundant proteins on narrow
pH IPGsgd srips

The fractionated protein samples from Wangshuiba
spikeswereloaded on 7 cm IPGs gel strips with nar-
row pH ranges that were 0.1 unit wider than the pH
ranges of each fraction at both ends. For example, 7
cm 1PGs with pH range of 6.1 to 7.1 were used to
load proteinsin the fraction of pH 6.2 to 7.0, and two
7 cm IPGs were run on 20x20 cm PAGE in the sec-
ond dimension (Fig.1F-G). Fractionation of protein
samples usng the ZOOM® | EF Fractionator enables
enrichment for less abundant polypeptides (eg. spot
#2in Hg. 1F) thereby making them visualy detect-
able. Spot 2 was not visble when 200 pg of whole
protein sample was directly loaded on the same 11
cm PG gd drips during the 15t dimension separation
(Fig. 1A). The fractionation protocol permitted the
identification of differentidly expressed proteins be-
tween FHB infected and H,O inocul ated spikes such
asgpots#1 and 2 in Fig.1F-G.
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In conclusion, theZOOM® | EF Fractionator can sepa-
rate wheet spike proteinsinto severd fractions of dif-
ferent pH ranges. Narrow pH ranges IPGs matched
with dl fractions were available for 2D-GE anayss.
Higher resolution of protein profiling, enrichment for
less abundant proteins and identification of differen-
tidly regulated proteins were achieved in this experi-
ment.
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Figure1l: Two dimensional electrophoregrams of wheat spike protein samples. A: a
whole protein extract (200 pg) separated directly on a1l cm pH4-7 IPG gdl strip in the
first dimension; B: fractionated sample (10 ug) from pH3-4.6 range separated on a1l
cm pH3-10 IPG gd strips; C: fractionated sample (50 pg) from pH4.6-5.4 range
separated on all cm pH3-10 IPG gel strips; D: fractionated sample (50 pg) from pH5.4-
6.2 range separated on a 11 cm pH4-7 1PG gel strips; E: fractionated sample (50 pg)
from pH6.2-7.0 range separated on a 11 cm pH4-7 1PG gel strips; F: fractionated protein
(50 pg) from Wangshuibai spikes 3 days after control inoculation from pH6.2-7.0 range
separated on a 7 cm pH6.1-7.1 IPG gd strip. G: fractionated protein (50 ug) from
Wangshuibai spikes 3 days after inoculation with FHB pH6.2-7.0 range separated on a 7
cm pH 6.1-7.1 IPG gdl strip. Arrow 1 indicatesa protein only present on FHB infected
spikes. Arrow 2 indicates one protein present only in H,O inoculated spikes. Gels A to E
were stained with SY PRO-Ruby while gels F and G were stained with silver

276



Genetic Engi neering_
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OBJECTIVES

To identify proteins responsive to FHB infection from
spikesof Wangshuibal, aFHB resstant landracefrom
China

INTRODUCTION

Fusarium head blight (FHB) or scab, caused by
Fusarium graminearum Schwabe, and sometimes
by other Fusarium species, is a severe disease of
Triticum spp. and Hordeum vulgare, causng Sgnifi-
cant reductionsinyield and quality in many wheset pro-
duction regions around the world (McMullen et d.,
1997). Although the genetics of FHB resistance have
been well documented and resstant cered cultivars
have been developed to minimize FHB impact, there
isalimited undergtanding of themolecular mechanisms
involved in plant resstance againg the infection and
gpread of Fusarium graminearum.

Proteomics techniques provide an important tool to
study mechanismsof plant res tanceagaing bicticand
abiotic stress. Using two-dimensiond electrophoresis
(2D-GE) and proteomicstechniques, specific proteins
have been shownto be differentially expressed in dt-
and heat-stressed wheat (Mgoul et a., 2000, 2003;
Ouerghi et d., 2000). One of the mgjor advantages of
this technique is that differentidly expressed proteins
can clearly and reproducibly be detected between
sengitive vs. tolerant lines, or between infected
(stressed) vs. uninfected (non-stressed) conditions.
Proteins that are quditatively or quantitatively differ-
entin their expresson levels among treatments have a
high likelihood of playing an important role in the re-
gponse of the plant to agiven stress. Further identifi-
cation of these differentially expressed proteinsby LC-
MS/MS can provide powerful ingght into the molecular

mechaniams of resistance and underlying functions of
these proteinsin determining resstance or tolerancein
plants.

MATERIALSAND METHODS

Plant materials - Wangshuiba, a Fusarium head
blight resstant landracefrom Jangsu, P. R. China, was
used in thisstudy. Seeds of Wangshuibal were germi-
nated in plastic traysfilled with vermiculite. After seed-
lings emerged, plants were trandferred to averndiza:
tion chamber for 8 weeks at 4°C with a 16 hr photo-
period. Verndized plants were transplanted into 15
cm pots and grown in a greenhouse. About 30 pots
were placed randomly on a bench in a greenhouse
maintained at 24°C with a 16 hr photoperiod (artificia
lights were used to maintain light intengity over 300
watts/n? when it is necessary). The same water and
fertilizer management were used for dl materials dur-
ing the entire growing period.

Whest spikeletswereinoculated with F. graminarium
conidiospores or deionized water using two syringes
on the morning when they were a the mid-anthess
developmental stage. About 1000 conidiosporesin a
volume of 10 pl were injected into two flowering flo-
rets of aspikelet. The same volume of deionized wa
ter wasinjected into flowering spikelets on adifferent
plant to serve as a control. The inoculated spikelets
were marked and the time and date of inoculation re-
corded. Inoculated plantswere placed into amist room
immediatdly after inoculaion. The humidity inthemist
room was maintained at 90% using a computer con-
trolled high-pressure mist system. The temperaturein
the mist room was 24 °C and with the same light in-
tendty as in the growth room. Following inoculetion,
Spikes were harvested by cutting with a pair of scis-
sors 24 h, 48h and 72 h after inoculation Harvested
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Fikeswereimmediately placed onice, and weretrans-
ferred into a -80°C freezer for storage until protein
extraction.

Protein extraction and quantitation - Standard
protein extraction and quantification methods de-
scribed in the accompanying manuscript in these Pro-
ceedings were employed.

Isoelectric focusing and SDS-PAGE - A solubilised
protein sample (150 -500ug) was mixed with rehy-
dration buffer from Bio-Rad (Hercules, CA, USA) to
atota volume of 350 ul was loaded and focused on
17 cm Bio-Rad Ready Gel Strips as described by the
manufacturer’s manud. For the second dimension
Separation, the strips were positioned on top of the
second-dimension gel and seded with 1% agarose.
SDS-PAGE was performed on 15% polyacrylamide
gels. The gelswererunfor 30 min a 30 mA followed
by 60 mA for 6 h. Sample separation was repeated
three times.

Staining of PAGE gels - Three staining methods
were used in this experiment. The slver stainning
method was used for andytical purpose. The SY PRO
Ruby stain method was used for quantitative analyss.
For preparative gd's, Colloida Coomassie Blue (CBB)
G-250 was used. Induced and differentidly regulated
protein spotswere excised from CBB stained gelsfor
LC-MSMS andyss.

RESULTSAND DISCUSSION
2-DE display of proteinsfrom spikes -

The separation of protein samples from the spikes of
Wangshuibai that were harvested 1-, 2-, and 3-days
after inoculation with F. graminearum or water are
shown on Fig. 1. Acidic proteins were displayed on
immobilized pH gradient (IPG) gel strips pH range 4-
7, whilebasc protensweredisplayed on 1PG gd srips
pH range 7-10. Collectively, theseresults represented
proteinswithin pH range 4-10 that were extracted from
wheat spikes. Anadyses of results showed that under
our conditions the 2-DE technique used was highly
reproducible for proteins isolated from both FHB in-
fected and healthy spikes.

Proteinsdisplayed differentially between healthy
and FHB infected spikes - Both quditative and
quantitative differences of protein expresson were
observed between hedlthy and FHB infected spikes
on 3 time courses. Intotd, twelve protein spots rang-
ing from 6 to 120 kilodatons were detected only in
proteinsfrom FHB infected spikes. For example, two
different protein spots from isolated spikes sampled
2- and 3-days after inoculation with FHB are shown
inFg. 2. More than twenty spotsranging in molecular
Szefrom 6 to 120 kilodaltons were a so detected -
ther as being up- or down-regulated following inocu-
lation with FHB infection. These protein spots have
been excised and we are waiting for the LC-MS/MS
resultsto identify al these proteins with dtered levels
of expresson caused by FHB infection.

The utilization of 2D-GE has enabled the reproduc-
ible identification of differentialy regulated polypep-
tides and mass spectrophotometry results will permit
protein identification whether these proteins originate
from whest or the pathogen and provide an indication
of which biochemicd pathwaysareinvolved following
infection of the FHB wheat land race Wangshuibai.
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1- (A, B), 2-(C, D) and 3-day (E, F) after inoculation with Fusariumgraminearum(B, D,
F)or water (A, C, E). The small dashed box on 3-day after inoculation indicates the close-up

region shown in Figure 2.
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Figure 1. Two dimensional electrophoregrams of protein samplesisolated from

Wangshuiba wheat spike harvested
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Figure 2. A close-up comparison of expression of some basic proteinsin FHB inoculated
and control spikes. Arrows point at spots that were only shown in protein samples
isolated from spikes harvested 2- and 3-day after inoculation with Fusarium

graminearum.

280





