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Project 1 and 2: Contribution of Fusarium diversity to variability of FHB resistance in barley 
(BAR-CP: BA-016 and PBG:PB-006) 

1. What are the major goals and objectives of the research project?
The goal of this project is to determine the contribution of Fusarium genome diversity on variation in 

disease severity and mycotoxin contamination observed in barley genotype screening nurseries and 

facilitate incorporation of pathogen genotype data in variety screening programs to enhance the resilience 

of FHB resistance. 

The specific objectives of this proposal are the following, Objective 1: Characterize genomic differences 

in FHB isolates within and among barley screening programs. Objective 2: Determine if standard 

susceptible and resistant barley cultivars exhibit the same level of disease and mycotoxin contamination 

in response to FHB isolates from different screening programs under controlled conditions. Objective 3: 

Determine if barley cultivars exhibit a differential metabolic response to genetically diverse FHB isolates. 

2. What was accomplished under these goals or objectives? (For each major goal/objective,
address these three items below.)

a) What were the major activities?
This is the third report for this project since receipt of 

FY22 funding in May 2022. We have assembled a 

collection of 97 FHB isolates from barley screening 

programs in six states to evaluate viability of strains 

within and among screening programs (Fig.1). 

To accomplish the Objective 1, each isolate has been 

reisolated from a single conidium and then all single- 

conidium isolates were subjected to trichothecene 

production analysis by growing them in laboratory 

cultures, extracting the cultures with solvents, and 

determining the content of trichothecenes by gas 

chromatography-mass spectroscopy. Of the 97 isolates 

tested, only 1 isolate failed to produce any 

trichothecenes in liquid media or on solid rice substrate. However, the 96 isolates produced either the 

3ADON or 15ADON analog of trichothecenes in liquid culture (Table 1). We have selected a subset of 70 

isolates of the 97 FHB isolates that represent different states, isolation years, and host origins for genomic 

DNA extraction using Qiagen DNeasy Plant Mini Kit. The 66 isolates that passed the DNA quality check 

were then submitted for whole genome sequencing with an Illumina MiSeq platform. To date, whole 

genome sequences of 52 isolates have been assembled using CLC Genomics Workbench 23.0.4 (Table 1). 

Adapter sequences were trimmed, the trimmed data was then referenced to 73 bacteria contaminants 

which were removed. The unmapped sequences were then used for de novo assembly and then, the 

consensus of each isolate was then extracted and annotated using Augustus gene prediction tool. To 

confirm species identity and evaluate phylogenetic diversity of isolates, we have retrieved full-length 

sequences of three housekeeping genes (TEF1, RPB1 and RPB2) from a subset of 42 genome sequences. 

We aligned the gene sequences from these three marker loci using MEGA and performed maximum 

likelihood bootstrapping phylogenetic analyses using IQ-TREE (Fig. 2). 

Table 1. Number of FHB isolates that we have conducted for DNA extraction, toxin analysis in vitro, whole genome 
sequencing, and infection assay. 
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To address the Objective 2, we planted the check barley 

varieties, AAC Synergy (susceptible) and Pinnacle (resistant) 

for seed propagation. A total of 12 isolates representing 6 

different states were tested for their ability to cause FHB on 

two barley varieties (Table 1). Depending on the availability 

of plant growth rooms in space, we have conducted infection 

assays with different number of isolates, respectively (1st 

infection: 4 isolates, 2nd infection: 3 isolates and control with 

tween, 3rd infection: 5 isolates). Spores of each isolate were 

obtained from 4-day old mung bean liquid cultures. The 

macroconidia were collected and suspended in a 0.04% Tween 

solution with 105 conidia per milliliter. About sixty days after 

emergence, five barley heads from 3-4 pots (a total of 15 

heads) were each inoculated with one isolate by dipping the 

heads into a spore suspension of the isolate (1  105 spores/ml 

in 0.04% tween solution). Inoculated barley heads were 

covered with plastic bags for high humidity, bags were 

removed after three days. FHB disease was scored at 4-, 7-, 

and 10-days post-inoculation. Disease severity scoring has 

been completed and calculated for the twelve isolates used 

(Figs. 3A-C). 

The barley heads, immediately after excision from plants, 

were weighed, frozen in liquid nitrogen, lyophilized and 

pulverized (GenoGrinder 2010). Five biological replicates 

were used, each containing 0.5g of pulverized tissue. The 

tissue was extracted with acetonitrile water (86:14). Extracts 

were purified with Romer columns. Deoxynivalenol (DON) 

concentrations in ground tissue were determined using GC- 

MS. DON was detected in all twelve isolates that were used 

for virulence assays (Table 2). We also estimated pathogen 

biomass in the barley head by using Fluidigm, a nanofluidic 

automated real-time PCR system. Quantification of fungal 

DNA in the barley heads at 10 days post inoculation were 

submitted, using DNA extracted from 40-60mg of pulverized 

tissue. Fusarium specific primers and barley GAPDH primers 

were used to obtain relative biomass of Fusarium in infected 

tissue by qPCR. 

Fig. 3. (A) Area Under the Disease Progress Curve (AUDPC) of four isolates used in 1st infection assay. (B) AUDPC of 
three isolates and a control used in 2nd infection assay (C) AUDPC of five isolates used in 3rd infection assay. 
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Table 2. FHB isolates that conducted for infection assay and level of DON production in infected barley tissue. 
 

 

To achieve the Objective 3, subsamples of pulverized tissues (45-55mg) from barley plant mentioned 

above were subjected to metabolomics analysis using HPLC-MS. Interpretation of raw metabolomic data 

was aided by processing with metabolomics software, Compound Discoverer 3.3. The metabolomic data 

analysis for the 1st infection assay with strains FHK16 (MN), FHK31 (NY), FHK42 (NC), FHK63 (ID) 

was completed (Figs. 4A and 4B). 
 

Fig. 4. (A) The Principal Component Analysis (PCA) scores plot for 1st infection assay with 4 isolates (FHK16, FHK31, 
FHK42, FHK63) produced by metabolomic studies. (B) PCA scores plot grouped by cultivars (Synergy and Pinnacle). 

b) What were the significant results? 

Genome assembly, phylogenetic analysis, and toxin analysis (Objective 1) 
We generated whole-genome sequence data for 66 of the 97 FHB isolates that we acquired for this 

project. Data for 52 of the isolates have been fully assembled and annotated. Phylogenetic analysis of 

three housekeeping genes retrieved from a subset of 42 of the genome sequences confirmed that all 42 of 

the corresponding isolates are F. graminearum (Fig. 2). That is, in the phylogenetic tree inferred from the 

gene sequences, all 42 isolates and the reference F. graminearum strain (PH-1) formed a well-supported 

clade (bootstrap value 96) that excluded closely related species, such as F. gerlachii and F. louisianense, 

from the Graminearum clade of the Fusarium sambucinum species complex (FSAMC). Interestingly, 

even though it did not produce trichothecenes in liquid or solid rice culture, isolate FHK28 (MN) was 

nested within the F. graminearum clade along with reference strain PH-1 and other FHK isolates from 

this project. 
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Infection assay (Objective 2) 
In the 1st and 3rd assays, barley varieties AAC Synergy and Pinnacle had similar levels of disease when 

inoculated with three isolates, but Pinnacle was more resistant when inoculated with six other isolates. In 

the 2nd assay, by contrast, Synergy was more resistant than Pinnacle to all three isolates examined. This 

is opposite of what we expected. In Fig. 3B, AAC synergy was more susceptible to FHB isolates, FHK36 

(NC), FHK82 (ID), FHK91(MD) than Pinnacle for all three strains that we used in 2nd infection assay. 

The inoculated barley heads were then harvested and processed for toxin analysis, fungal biomass, and 

metabolomics. We are currently working on DNA extractions to submit for fungal biomass quantification 

and processing metabolomics data for 8 of the twelve isolates that were used in 2nd and 3rd infection 

assay. 

Toxin analysis from infection assay (Objective 2) 
As noted above, DON was detected in all twelve strains that were used for 1st – 3rd infection assay. A 

strain from Idaho (FHK63) produced the lowest amounts of DON in both varieties of barley (Table 2). 

While two strains from North Carolina (FHK36) and Minnesota (FHK27) produced the highest amounts 

of DON in AAC synergy and Pinnacle respectively (Table 2). The data showing the lowest amounts of 

DON produced in strain FHK63 (ID) is consistent with disease severity scoring data. The two strains 

producing the highest amounts of DON in both varieties do not align with the strains exhibiting the most 

FHB, meaning the severity of disease cannot be correlated with amount of DON production. 

Fungal biomass results only from 1st infection assay (Objective 2) 
Quantification of fungal biomass data for 1st infection assay with strains FHK16 (MN), FHK31 (NY), 

FHK42 (NC), FHK63 (ID) was generated. Higher fungal biomass was seen in FHK16 for both varieties, 

which also had higher disease severity scoring and higher production of DON. The lowest fungal biomass 

was seen in FHK63 of the four strains in both AAC synergy and Pinnacle. This strain was also the lowest 

producer of DON and caused minimal disease compared to other strains. 

Metabolomic results only from 1st infection assay (Objective 3) 
Although more metabolomic data from 2nd and 3rd infection assay needs to be gathered before we can 

consider the importance of the different compounds found in this analysis, we see some promising data 

(Figs. 4A and B) from the 1st infection assay with strains FHK16 (MN), FHK31 (NY), FHK42 (NC), 

FHK63 (ID), This analysis detected 778 total compounds, although we show only the top 50 compound 

list that may have some metabolomic significance (Tables 3 and 4). 

 
Table 3. The first part of top 50 metabolomic compound list (1-25) 
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Table 4. The second part of top 50 metabolomic compound list (26-50) 

c) List key outcomes or other achievements.
In December 2022, we hired an Oak Ridge Institute for Science and Education (ORISE) fellow who helps 

us conduct all the labor-intensive works including DNA extraction, genome assembly and infection assay. 

Less than year now from December, we have been successfully generated all the results by team’s hard 

work (Please see the above significant result section). This result brought us a biggest accomplishments 

and achievements to meet all the milestones this year for each objective. We continue to finish up rest of 

the project to meet multiple objectives and milestones for following year. 

3. What opportunities for training and professional development has the project provided?
I have trained the ORISE fellow on CLC Genomics Workbench for genome assembly, submit batch job 

scrips to SCINet (high performance cluster, Ceres) to annotate genomes by using AUGUSTUS and run 

python script for adding locus tag feature into genome annotation GenBank file. The ORISE fellow also 

learned how to generate phylogenetic tree for evolutionary aspect, conduct infection assay, and analyze 

the fungal biomass and metabolomic data. 

4. How have the results been disseminated to communities of interest?
Not yet but we have a lot of result to present this year so I am attending 2023 National FHB Forum that 

will be held in Cincinnati, Ohio (December 3-5, 2023) and will present this work in the scab meeting. 
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Publications, Conference Papers, and Presentations 

Please include a listing of all your publications/presentations about your FHB work that were a result of funding 
from your FY22 grant award. Only citations for publications published (submitted or accepted) or presentations 
presented during the award period should be included. 

Did you publish/submit or present anything during this award period May 1, 2022 – April 30, 2023? 

☐ Yes, I’ve included the citation reference in listing(s) below.
X No, I have nothing to report.

Journal publications as a result of FY22 award 
List peer-reviewed articles or papers appearing in scientific, technical, or professional journals. Include any peer-reviewed publication in the 
periodically published proceedings of a scientific society, a conference, or the like. 

Books or other non-periodical, one-time publications as a result of FY22 award 
Report any book, monograph, dissertation, abstract, or the like published as or in a separate publication, rather than a periodical or series. 
Include any significant publication in the proceedings of a one-time conference or in the report of a one-time study, commission, or the like. 

Other publications, conference papers and presentations as a result of FY22 award 
Identify any other publications, conference papers and/or presentations not reported above. Specify the status of the publication. 

Identify for each publication: Author(s); title; journal; volume: year; page numbers; status of publication (published [include DOI#]; 
accepted, awaiting publication; submitted, under review; other); acknowledgement of federal support (yes/no). 

Identify for each one-time publication: Author(s); title; editor; title of collection, if applicable; bibliographic information; year; type of 
publication (book, thesis, or dissertation, other); status of publication (published; accepted, awaiting publication; submitted, under review; 
other); acknowledgement of federal support (yes/no). 




