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Fusarium graminearum TRI14 Is Required for High Virulence
and DON Production on Wheat but Not for DON Synthesis in
Vitro
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Fusarium head blight (FHB) of wheat (Triticum aestivum L.), caused by the fungus Fusarium
graminearum, is a major concern worldwide. FHB grain is reduced in yield, may fail to germinate,
and is often contaminated with deoxynivalenol, a trichothecene mycotoxin linked to a variety of animal
diseases and feed refusals. Annual losses in the tens of millions of dollars due to FHB underscore
the need to develop improved methods of disease control and prevention. Previous research has
identified deoxynivalenol biosynthesis as a virulence factor on wheat. Recently, we found that the
TRI14 gene of F. sporotrichioides, closely related to F. graminearum, was not required for synthesis
of a related trichothecene, T-2 toxin. TRI14 does not share similarity with any previously described
genes in the databases. In this study, we examined the role that F. graminearum TRI14 may play in
both deoxynivalenol synthesis and in virulence on wheat. TRI/14 deletion mutants synthesize
deoxynivalenol on cracked maize kernel medium and exhibit wild-type colony morphology and growth
rate on complex and minimal agar media. However, FHB assays on greenhouse-grown wheat indicate
that FgATril4 mutants cause 50—80% less disease than wild type and do not produce a detectable
guantity of deoxynivalenol on plants. We discuss a number of possible roles that TRI/14 may play in
the disease process.
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INTRODUCTION containing 10 and 12 genes, respectively-6). Cluster gene
transcription in both species is governed BRI6, which is
located in the cluster and encodes afEys, transcription factor
(4,7, 8). Gene deletion studies have determined roles for all of
the coregulated cluster genes excCER19andTRI14(6). Roles
for TRI9 and TRI14 could not be predicted because neither
shares sequence similarity with any previously described

Fusarium graminearun{teleomorphGibberella zeag the
causal agent of Fusarium head blight (FHB) or scab, is an
international problem. Severe outbreaks in the U.S. between
1991 and 1997 led to direct losses of $1.3 billion, and epidemics
in China have resulted in grain yield losses of more than 1
million tons (1). Economic losses are exacerbated by contami- . o
nation of infected grain with toxins, especially the trichothecene, seéquences the databases anql pechsqooro_trlchlopes
deoxynivalenol. Deoxynivalenol is a protein synthesis inhibitor F9ATr14 mutants produce T-2 toxin in cultur)(Itis possible
and is associated with a variety of animal diseases. Subacute tghat TRI14is not required or involved in T-2 toxin synthesis in
acute oral toxicity is characterized by vomiting, feed refusal, culture or that its function is redundant.
weight loss, and diarrhe2). In addition to emesis, effects on The negative impact of FHB necessitate comprehensive
the central nervous system lead to anorexia, and high doses camethods for combating the problem. Applications of fungicides
cause necrosis in multiple tissues including the gastrointestinaland biocontrol agents, breeding and engineering resistant cereal
tract, bone marrow, and lymphoid tissu¢.(@ontaminated grain  lines, and molecular genetic studies aimed at elucidating new
often demands a lower price and, depending on the level of targets to limitF. graminearumgrowth or toxin synthesis are
contamination, may be rejected at grain elevators enti@ly ( all being pursued9—12). To date, five genetic loci have been

Deoxynivalenol, produced Hy. graminearumand T-2 toxin, described in the literature as required for pathogenicityrby
produced byF. sporotrichioides, are structurally related tri- graminearumon wheat (13—17). Over 10 years ago, #lI5
chothecenes that share an orthologous biosynthetic gene clustegene was found to be involved in deoxynivalenol biosynthesis

and gene deletion mutants (e.g. GZT40) unable to synthesize
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Table 1. Fusarium Graminearum Strains Used in This Study A.

ATri14 = TRI14
deoxynivalenol hyg 1% Feplaoement vector
strain genotype (ppm) SD (no.) 1.8 vt
GZ3639 wild-type 204 + 31 (4) t '
GZT40 (FgATri5) TRI5 deletion mutant NA 4 H n

FgATri1427 and 50 TRI14 deletion 115+ 87 (7) TRI14
FgT14E36 and E57 wild-type TRI14 270 £ 36 (4) 0kb ol 0 48
FgT14AB3, 6, 8, 18,30 and 33  complemented TR/14 mutant 173 + 109 (6) : :

. Mutant genome

neighboring spikelets1@). Two loci encode different MAP g Probe
kinases iMGV1andgpmk) and gene disruption mutants display

a complicated phenotype which includes significant impairments 21kb 11
to normal growth as well as reduced ability to cause FHB, Z .
15). The CPS1llocus encodes a putative adenylate-forming 9.2kb , 1
enzyme, and gene disruption mutants appear to grow normally 4
but are significantly reduced in their ability to cause FHB,

How CPS1contributes to disease is unknown. It is possible C-
that the failure of the MAP kinase arf@PS1mutants to cause Wt 27 50 38 40 57
FHB is linked to a failure to synthesis deoxynivalenol. The S .

MGV1mutant was unable to synthesis deoxynivalenol in planta 4, LB B

while the ability of theCPS1or gpmklmutants to synthesis
deoxynivalenol were not reported. Recently, it has been shown :
that a secreted lipase, encoded by the ge@el, is required &
for virulence on wheat1(7). Most infection withAfgl1 strains '
were restricted to the inoculated spikelet suggesting that this

gene is involved in fungal spread within the wheat helg) ( 40—

On the basis of the function of the FGL1, it is unlikely that the -

reduced virulence generated Wgll strains is connected to 30—

deoxynivalenol synthesis. In this study, we examined the

possibility thatTRI14plays a role in virulence if. graminearum

Wt genome

Wt fragments

T

Mutant fragments

%

MATERIALS AND METHODS

Strains, Media, and Culture Conditions. Fusariumstrains used
in this study are described Fable 1.F. graminearunstrain GZ3639
(FGSC 8630) was isolated from scabby wheat in Kand&3. (This
strain is highly virulent on wheat and synthesizes a significant amount 1.0 —
of deoxynivalenol when grown on wheat and in cracked corn cultures
(20). GZ3639 is the progenitor strain for all transformant strains
generated_in this study. GZT40 was derived from GZ3639 and contains Figure 1. TRI14 gene rep|acementl (A) Schematic diagram depwtmg
anonfunctionalRISgene (3). Cultures for DNA isolation were grown — yepjacement of TRIZ4 with hyg by a double homologous recombination
in YPG medium (0.3% yeast extract, 1% peptone, and 2% glucose) at g oy renresented by the crossed, dashed lines. Restriction site K =
28 °C with shaking at 200 rpm for-35 days. Small scale cultures of Konl, A = Ascl, X = Xba l, and H = Hind ll. (B) Representation of

F. graminearumstrains to screen for deoxynivalenol production were . ) .
grown on 10 g of cracked corn at ZZ in the dark for 3 weeks. probe used for southern analysis and predicted size of fragments expected

Macroconidia for inoculation and viability assays were collected from for the wild-type (Wt) and the mutant genome digested with Hind Ill. (C)
strains grown in mung bean medium atZBwith shaking at 200 rpm Southern analysis of genomic DNA digested with Hind Il from hygromycin
for 4 days @1). Conidia concentration was determined by counting on resistant transformants and the wild-type (Wt) parent strain. The numbers
a haemacytometer. Mung bean medium was prepared by boiling 40 g27 and 50 refer to the FgATril4 mutants FgATri1427 and -50,
of mung beansi 1 L of deoinized water for 10 min, filtering the liquid  respectively. The numbers 36, 40, and 57 refer to the nondeletion
through Miracloth (Calbiochem), and autoclaving the filtrate. Spore  transformants FgATri1436, -40, and -57, respectively, where the vector
viability assays were performed on potato dextrose agar (PDA) preparedinteqgrated via a single homologous or a nonhomologous event. Evidence
according to the manufacturer's instruction (Sigma, St. Louis, MO). o sene replacement was the loss of the 2.1 kb band and the gain of a
General fungal growth rates were examined on two complete media .
e ; 9.2 kb band. A 1.1 kb band was observed in all lanes. The bands at 3.5

(PDA and V-8 agar) and on the minimal medium Czapek agar (22). kb and 7.5 kb b d in ~20% of th ic DNA ined

Nucleic Acid Manipulation and Primers. DNA analysis used an N were observed in ~ 70 of the ge.nqml(': 'examlne
standard techniques (23). DNA probes were labeled wit#P-dCTP a_nd are likely artlfac_ts due to nonspecific DNA hybridization or incomplete
(DuPont NEN, Boston MA) using the Prime-A-Gene labeling system digestion of genomic DNA.
(Promega, Madison, WI). Primers for PCR amplification were synthe-
sized on a PerSeptive Biosystems Expedite Nucleic Acid Synthesis Center for Biotechnology Information (NCBI) were performed using
System (PE Biosystems, Foster City, CA) and processed according tothe BLAST program (2425).
the manufacturers recommendations. DNA probes were prepared by Plasmid Construction and Transformation. Plasmid jATril4 was
PCR using appropriate primers and template DNA. Fungal mycelium constructed to delete the. graminearum TRI14o0ding region by a
was collected on Miracloth by filtration and dried, and genomic DNA double homologous recombination everiigure 1). The general
was extracted using the DNeasy Plant Mini Kit (Qiagen, Inc. Valencia, strategy used to construct the deletion vector has been deschped (
CA) according to the manufacturer’s instructions. Sequence similarity In brief, a 1827 bp DNA fragment upstream of the predicted start codon
searches of the nonredundant (NR) database maintained by the Nationabf the target gene and a 1,805 bp fragment downstream of the predicted
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stop codon of the target gene were amplified by PCR and cloned macroconidia/mL) into one floret in the third or fourth spikelet up from

separately into cloning vector pT7Blue-3 with the Perfectly Blunt
Cloning Kit (Novagen, WI). The upstream fragment was amplified with
primers Fg14LKpn (5'-CAggtaccAAGTGCTGGAGTGAGGATG -3')
and Fgl4LAsc (5CAggcgcgccGTGTATACTATTCAATAGC-3. The
downstream fragment was amplified with primers Fgl4RAse (5
CAggcgcgccGCTCAACTGTAAGATGATGG-31) and FgRXho'(5
CActcgagGGTGATCGGATGTAAGGG-3")Asc | sites (denoted by

the base of the wheat head. Control heads were inoculated with an
equal amount of sterile water. Following injection of 10 replica heads/
treatment, 3-4 heads from one treatment were enclosed in plastic bags
for 3 days. Disease ratings were scored-aB2lay intervals, and disease
severity (e.g. symptoms) was determined as percentage of diseased
spikelets at 18 or 21 days post inoculation (dpi). Heads were allowed
to mature prior to harvest and then were individually threshed. The

lower case letters) were engineered into both PCR products at the endnumber of seeds and seed weight per head were determined. Yield loss

proximal to the start or stop codon, respectivediol andKpn | sites

refers to the average percent yield loss/seed relative to the water control.

were engineered into the opposite end of each PCR product to enable Extraction and Analysis of Deoxynivalenol. The 3 week old
one of the products to be cloned into the plasmid containing the secondcracked corn cultures ¢f. graminearumwere extracted with 5 mL of

product such that the original orientation of the fungal-derived DNA

acetonitrile/water (86:14)/g of cracked corn. Wheat seeds from each

fragments was maintained. The final disruption vector was generated treatment protocol were pooled, chopped into small pieces in a model

by cloning theAscl Hyg/P1 fragment from pHygAsc into thascl

M-2 Stein Laboratory Mill (Steinlite Corp., Atchison, KS), ground to

site located in the plasmid containing the two PCR products. The Hyg/ a fine powder with a mortar and pestle, and extracted with 4 mL of

P1 fragment consists of a promoter fr@ochliobolus heterostrophus
(P1) and a gene encoding for resistance to hygromycin (H26).
Sequence analysis of tHe graminearumportion of the disruption
vector verified the orientation of the PCR fragments and did not identify

acetonitrile/water (86:14)/g of material. Extracts were analyzed for
deoxynivalenol by gas chromatography mass spectroscopy (GC-MS)
as described (18).

Statistical Analysis. The experimental design for four greenhouses

any nucleotide differences from the corresponding genomic sequence.tests comparing percentages of head blight for wild-type parent and

Plasmid pTril4AB was constructed to complement thATFgL450
mutant strain. pTril4AB carried a 2027 bp DNA fragment that included
the entireTRI14coding region plus 612 bp upstream of the predicted

five transformants is a random incomplete block with unequal strain
occurrence. Levene’s homogeneity of variance tests were performed
to check for transformation necessity before running analyses. All

translational start site and 242 bp downstream of the predicted stopsubsequent analyses were performed on transformed data where

codon. TheTRI14containing PCR fragment was amplified with primers
FgT14CFa (5GAggcgcgccGACAATCAGTCGAGTAAC-3 and
FgT14CR (5'-GTAACTGTGAAGTTAGGAGTCGC-3') and cloned
into pT7Blue-3 with the Perfectly Blunt Cloning Kit (Novagen). A
fragment of DNA encoding for resistance to Geneti@®)(was then
cloned in theAsc| site introduced by primer FgT14CFa. Sequence
analysis of theF. graminearumportion of the disruption vector did
not identify any nucleotide differences from the corresponding genomic
sequence.

Transformation ofF. graminearumGZ3639 and FgATri1450 and

necessary, but raw data means are presented for ease of interpretation.
Single-factor, mixed model analyses of variance (ANOVAS) for each
greenhouse test were used to analyze strain differences in average
percent disease symptoms and average percent yield loss (SAS version
9.1.3, 2002—2003, SAS Institute, Inc., Cary, NE}test statistical
results were considered significant pt < 0.05. Comparisons of
significant strain means were performed using differences of least
squares means at tipe< 0.05 level if a significanf-test statistic was
obtained from an ANOVA.

selection and isolation of transformants were performed essentially aSRESULTS

described 13). Protoplasts were generated by digestion of germinating
macroconidia with Driselase (Sigma, St. Louis, MO), Chitinase (Sigma),

TRI14 Gene Deletion and ComplementationWild-type F.

and Lysing Enzyme (Sigma). Transformants were selected for by graminearunmstrain GZ3639 was transformed with the deletion

resistance to either hygromycin B (Sigma) or Geneticin (Gibco,
Invitrogen Corp. Carlsbad, CA). Confirmation ®RI14gene deletion

of transformants was performed by southern analysis. Confirmation of

transformants receiving pTril4AB was performed by PCR using primers
rp650 (B-TGCTGAAACCTCCGTATGCCTG-3 and rp654 (5CCA-
GATCATCCTGATCGACAAG-3) and template DNA with Geneticin

vector pAFgTril4 and 43 hygromycin-resistant isolates were
recovered. Genomic DNA from 33 transformants was analyzed
by Southern blot to determine if gene deletion had occurred.
The replacement ofRI14with Hyg/P1 by double homologous
integration would result in the loss oftéind 11l restriction site.

was predicted to generate a 873 bp DNA fragment. GZ3639 was Southern analysis dflind I1l digested wild-type genomic DNA
maintained on V-8 juice agar slants, hygromycin-resistant strains were probed with a 1.8 kb fragment of DNA downstream of Trel14

maintained on slants containing 3Q@/mL hygromycin B, and

stop codon hybridized to the expected 1.1 kb and 2.1 kb bands.

geneticin-resistant strains were maintained on slants containing 300Deletion of Hind IlI restriction site within theTRI14 coding

ug/mL of Geneticin.
Wheat Head Blight Assays.Five greenhouse virulence tests or

sequence would result in an altered hybridization pattern where
the 2.1 kb fragment was lost and a 9.2 kb fragment was gained.

assays were conducted on wheat cultivar Wheaton and one test wasryyg deletion mutants, designatedAi1427 and Fa\Tri1450,
condeucted on cultivar Norm essentially as follows. Four assays were had the hybridization pattern predicted for the double homolo-

conducted with two AFgTril4 mutant strains and the wild-type
GZ3639 parent strain while two assays were conducted with GZT40.
A total of 10 seeds were sown in plastic pots (18.7 cm diameter) filled

gous integration event indicating that fhRI14coding sequence
was deleted (Figure 1). Three strains, designated FgT14E36,

with pasteurized soil (Scotts Redi-Earth Plug and Seedling Mix, Scotts F9T14E40, and FgT14E57, had the hybridization pattern

Co., Marysville, OH), placed into a growth chamber (EconoAir, model
GC-16, Ecological Chambers, Inc., Winnipeg, Mb, Canada), and
incubated at 18C with a 12 h light/dark cycle. After seedlings emerged,
plants were fertilized weekly with 200 mL of an aqueous solution
containing 0.125% Peter’'s 220—20 (Spectrum Brands, St. Louis,

predicted for the wild-type plus at least one additional band
indicating that thelrRI14 coding sequence was intact and that
the deletion vector had integrated either by single homologous
integration or ectopically (or both).

FgATril450 was transformed with thERI14 gene comple-

MO) and 0.008% iron sulfate. After 5 weeks, the pots were transferred ,antation vector pTril4AB, and 34 geneticin-resistant strains

to a greenhouse where temperatures ranged from 15 € 2@ night
and 23-28°C during the day. Supplemental high-pressure sodium lights

were used to maintain a 14 h day. After 1 week, the number of plants/
pot were reduced to 4. Anthesis began roughly 2 weeks later after which

the infection process was initiated.

were recovered. Genomic DNA from 22 transformants was
analyzed by PCR to determine if plasmid integration had
occurred. A total of 19 of the 22 stains examined tested positive
for the Geneticin gene with primers rp650 and rp654, and

Macroconidia prepared from mung bean medium were harvested SiX strains, designated FgT14AB3, FgT14AB6, Fng_4Al_38,
by low-speed centrifugation and washed once with water. Heads were FgT14AB18, FgT14AB30, and FgT14AB33, were arbitrarily

inoculated by injecting 1620 uL of spore suspension (k 10°

chosen for further analysis.
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Figure 2. TRI14 deletion results in significant reduction in Fusarium head B. FgﬂTm 450
i R

blight symptoms and yield loss. GZ3639 (M) is the parent strain to the
FgATril4 (A = FgATri1427, and A = FgATi1450) and FQATYS (@ =
GZT40) mutant strains and the three nondeletion transformant control
strains (O = ectopic). O = water mock infection. Not all strains were
assayed in all four assays. Standard deviations along both axis are
indicated.

Growth Characteristics and Deoxynivalenol Analysis on
Cracked Corn. Both FgATril4 strains appeared identical to
the wild-type parental strain GZ3639 with regard to growth in
liquid and on solid media. No significant differences in mycelial
morphology or growth rate were noted on complex media such C. control
as V-8 agar, PDA, liquid YPG, and cracked corn or the less -3
complex Czapek media. Sexual reproduction was unaffected as Vi
both FgATril4 mutants produced perithecia and ascospores
similar to wild-type on autoclaved corn stalks. Conidial produc-
tion in mung bean medium and germination on PDA plates was
not affected byTRI14 deletion. Conidial germination for the
FgATril4 mutants was between 67 and 87%, and that of wild
type was 71%. Chemical analysis of solvent extracts from
growth on cracked corn indicated that FgATril4 mutants :
FgTril427 and FgTril450 produced deoxynivalenol similar to 3
wild-type strain GZ3639, three nondeletion transformants, and - .
six FgTril450TRI14 add-back strains (Table 1). Figure 3. FHB wheat virulence assay. The wheat heads in each panel

Virulence Tests.We conducted five independent virulence were inoculated with F. graminearum wild-type GZ3639 (A), FgATi1450
tests of FgATril4 mutants, nondeletion transformants, and (B), or water (C), and heads were photographed at 3 days post inoculation
complemented FgATril4 mutants for virulence in the green- (dpi), 10 dpi, and 20 dpi as indicated. (1) Fungal mycelia and plant necrosis
house on wheat cultivars WheatoFaples 2and3; Figure 2). was often observed in injected florets at 3 dpi. In a majority of heads
The FHB disease symptoms measured for each treatment werénfected with FgATri1450, FHB symptoms did not progress to neighboring
the average percent symptomatic spikelets, average seed yieldpikelets. (2) FHB progresses rapidly in wild-type infected heads with
loss/head, and level of deoxynivalenol contamination in seed most spikelets becoming bleached at 20 dpi. On the occasions that FHB
extracts and are referred collectively as FHB. In the first and symptoms generated by FgATi1450 did progress, it was minimal. (3)
second tests, virulence of GZ3639 andAHgil4 mutants Water or mock infected spikelets show minimal damage, and seed
FgTril427 and FgTril450 was examined on Wheaton. In both development was not affected.
tests, heads infected with GZ3639 suffered over 90% FHB and
seeds were contaminated with significant levels of deoxyni- Table 2. FHB Results for Tril4 Deletion Strains
valenol while heads inoculated with the twoABril4 mutants
were significantly less diseased and no deoxynivalenol was

strain treatments  symptoms (%)  vield loss (%)  DON (ppm)

detected in any of the harvested seeBshle 2 andFigure 3). GZ3639 4 925aa 7522a 110.2 £ 70.7
. ; FgATri1427 4 155 be 11.3b nd?
In a second test, macrocondia from the nondeletion transfor- FgATIi1450 4 183D 174 b nd
mants FgTril4E36 and FgTril4E57 was examined and was fqri14£36 1 796 a 555a 323
found to generate FHB similar to GZ363Bable 2 andFigure FgTril4E57 1 94.9a 6l.1a 69.6
2). In the third and fourth tests, we compared FHB symptoms GZtT40 i gig 14.1b n(d‘
water . n

generated by GZT40, a strain that is unable to synthesis
deoxynivalenol and is reduced in virulencé&3], to FHB
symptoms generated by F@i14 mutants on Wheaton. In these
tests, heads infected with GZ3639 and both FgATril4 mutants
had levels of FHB comparable to similarly infected heads in
tests 1 and 2. It is important to note that although the level of disease progression differed significantly. ForAHgi14 mu-

FHB in heads inoculated with GZT40 were not statistically tants, disease progressed to neighboring spikelets in 36% of the
different than the F4Tril4 mutants Table 2 andFigure 2), infected heads (29 of 80) while disease progressed in only 10%

@ Average percent disease or yield loss for strains followed by the same letter
is not statistically different on the basis of differences of least-squares means at
the p < 0.05 level. b nd indicates none detected.
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DISCUSSION

A ¢ é TRI14is located adjacent to the trichothecene biosynthetic
' gene cluster irF. graminearumand F. sporotrichioidesand
was considered part of the cluster because its transcription was
coregulated with the cluster genés).(Despite these observa-
tions, we found that th&. sporotrichioides TRI14FSTRI14)

is not required for T-2 toxin synthesis (5). In this report, we
further explore TRI14 function and have shown thdt.
graminearum TRI14FgTRI14 is required for wild-type levels

of virulence on wheatKigure 1) and that it is not required for
deoxynivalenol synthesis in cracked corn culturatfle 1). The
TRI14mutant strains were different from tA&RI5mutant strain
(FgATri5) GZT40 with regard to virulence and ability to
produce deoxynivalenollRI5 encodes a trichodiene synthase
which catalyzes the first step in trichothecene biosynthesis, and
thusTRISmutants cannot synthesize deoxynivalenol on cracked
corn or wheat13). FHB symptoms generated BiRI5 mutants

on wheat are significantly reduced as compared to wild-type
and were only rarely observed in spikelets adjacent to the

Figure 4. Representative seeds harvested from one wheat head with inoculated spikelet. In contrast, although FHB symptoms
40% FHB at 20 dpi. (A) Seeds from the injected spikelet were significant generated by FATril4 mutants on wheat are significantly
reduced in size. (B) Seeds from spikelets showing disease symptoms reduce_d compared to W|Id-t_ype, symptoms were three times
ranged in disease severity. Note the shriveled appearance often referred more likely to be observed in neighboring spikelets. Despite
to as “tombstones”. (C) Seeds from healthy looking spikelets appear apparently significant levels of disease on occasion, we never
normal. observed any deoxynivalenol fRI14mutant-inoculated wheat.
Two possible explanations for these results are TRitl4 is
Table 3. Virulence Test of Tril4 Complemented Strains required for deoxynivalenol production in planta but not in
culture or that there is not sufficient fungus present in TRI14
treatment symptorns (%) yield loss (%) DON (ppm) mutant-inoculated heads to produce detectable levels of deox-
GZ3639 100 835 251.3 ynivalenol.
Eg?ﬁgggo gé:; 5421:3 fggs What role does-gTRI14play in the wheat disease process?
FQT14AB6 956 731 3481 One possibility is thafTRI14 acts as a positive regulator of
FgT14AB8 100 76.7 374.0 deoxynivalenol synthesis. For examplERI14 could affect
FgT14AB18 96.0 755 2485 transcription or translation of deoxynivalenol biosynthetic genes
FgT14AB30 8.1 7.0 149.4 or interact with the DNA binding transcriptional regulator TRI6.
FgT14AB33 771 55.5 130.7 o o ; : .
Water 0 0 nd TheA. parasiticusAflJ is involved in the expression of aflatoxin
biosynthetic genes in conjunction with a DNA binding protein
and indicates none detected. encoded byAfIR (28, 29). Detection ofTRI4 expression (a

trichothecene gene encoding an enzyme involved early in the
pathway) in planta byTRI5 mutants but not by FgATril4
mutants would support the involvementDRI14in transcrip-
tion. Alternatively, TRI14may increase overall fungal metabo-
lism leading indirectly to more deoxynivalenol synthesis. It does
not appear thaffRI14 is a transcription factor as no DNA
binding domains were found in th€RI14 predicted protein
ariest (Figue 4. Seeds colected fom spkeltsdsplayng (1112203010 5 ST OUr bt Bessar To!
.S'gr?'f'ca”t symptoms up to 20 dpi were S|gn|f_|cant|y re_duqed synthesis via proteiaprotein interactions mediated though one
in size or yield as compared to seeds from spikelets with little multiple phosphorylation sites. Analysis of potential Tril4p
disease symptoms. phosphorylation sites with the program NetPhos 2.0 identified
We combined the results from the first four tests and found 5 out of 22 serine residues, 4 of 26 threonine residues, and 3 of
that the FgATri14 mutants caused significantly less disease than 19 tyrosine residues with scores well abowed(7) the cutoff

(2 of 20) of heads infected with GZT40. Concomitant with the
fourth test on Wheaton, we assayed FHB on cultivar Norm by
wild-type, FgATri14 mutants and GZT40. Similar reduction in
virulence was observed (data not shown), indicating the reduc-
tion of virulence in the F4Tril4 mutants is not host dependent.

the wild-type or nondeletion transformants (Table Bjgure at 0.5 B2). Experiments are underway to determine if Tril4p
2 depicts the average percent symptomatic spikelets and percenis a phosphoprotein and to identify proteins that may interact
yield loss for the nondeletion transformants AHgi14 mutants, with it.

wild-type, and deoxynivalenol deficient strain from the first four Another possible role thafRI14may play is in the export
tests. The FgATril4 mutants caused significantly less diseaseof deoxynivalenol outside of the mycelia. The detection of
than the wild-type or nondeletion transformants. In the fifth test, deoxynivalenol on cracked corn after growth of theAFgi14
virulence of GZ3639, FgTri1450, and shRil4complemented  strains may reflect an inefficient transport mechanism or even
strains were examined on Wheaton. In this test, heads inoculatedsimple diffusion out of the mycelia. The minimal and delayed
with GZ3639 and all sixRI14complemented strains exhibited disease symptoms generated byAFFgi14 strains on wheat could
substantial FHB while heads inoculated with FgTri1450, the be due to a limited quantity of deoxynivalenol that is sufficient
parent strain of the complemented strains, exhibited significantly to partially overcome plant defenses and cause disease and is
less FHB (Table 3). below our limit to detect in seed extracts. It should be noted
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that if TRI14is involved in trichothecene transport, it could be
either independent or function in consort wilRRI12, a major
facilitator superfamily (MFS) type chemical transporter that is
located in the cluster (33).

The quantity of deoxynivalenol found in extracts after growth
on cracked corn could reflect the large quantity of fungal
mycelia produced in culture. Cracked corn cultures typically
include significant fungal growth while there was little physical
evidence of fungal growth on infected wheat. But fungal growth
may not be tightly coordinated with production of secondary
metabolitesNeotyphodium lolii, an endophyte of ryegrass, is
able to maintain a high metabolic rate without new hyphal
growthin planta(34). Experiments measuring fungal levels in
planta via ergosterol or by a real-time quantitative PCR method
could provide insights to help understand the connection
between fungal growth or fitness and pathogenicity in planta.
It is possible that the failure of protein kinase mutaMk3V/1
andgpmk1) to cause disease could be linked to their reduced
ability to grow (14, 15). In the case of the Pglril4 strains,
since we did not observe any growth defects in culture, it is
unlikely that the reduced pathogenicity is due to a defect in
growth. Experiments with the wild-type, BJril4 strains and
various mutants in the deoxynivalenol pathway measuring
deoxynivalenol levels in relation to fungal DNA load in plant
material may lead to a better idea of how such levels influence
pathogenesis in wheat. Another possibility that should be
mentioned is the possible involvementidRI14in the synthesis
of another pathogenicity factor. PerhafRl14serves to bridge
or coordinate deoxynivalenol synthesis with other factors that
contributes to virulence. Experiments are underway to character-
ized the function ofTRI14in the wheat disease process.

ABBREVIATIONS USED

PCR, polymerase chain reaction; EST, expressed sequence

tag; Hyg, hygromycin B phosphotransferase gene; NR, nonre-
dundant database; NCBI, National Center for Biotechnology
Information; BLAST, basic local alignment sequence tool; YPG,
yeast extract peptone-glucose medium; PDA, potato dextrose
agar.
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