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The USDA-Agricultural Research Service’s (ARS) National Program (NP) 301, Plant Genetic Resources, Genomics, 
and Genetic Improvement, supports research that maintains, protects, enhances, and expands the United States 
genetic resource and information base, and increases knowledge of the structure and function of plant genes, 
genomes, and biological and molecular processes. Through innovative research tools and approaches, this 
National Program manages, integrates, and delivers vast amounts of genetic, molecular, biological, and 
phenotypic information to a diverse global clientele. The ultimate goals for the preceding efforts are to improve 
the production efficiency, yield, sustainability, resilience, health, product quality, and value of U.S. crops. This 
National Program addresses the need to: 
 

• Ensure the long-term safety and integrity of our agriculturally valuable genetic resource collections and 
associated information; 

• Develop novel approaches for analyzing complex traits, identifying favorable genes underlying those traits, 
and deploying them in breeding stocks; 

• Apply biotechnological and genetic engineering methods to a broad variety of crop species, and develop 
new methods to address their potential unintended effects on production systems; 

• Genetically improve a broad spectrum of major, specialty, and new crops; 
• Produce higher yielding diverse crop plants that use water and other inputs more efficiently and contain 

genetic protection against crop production barriers, such as diseases, pests, and environmental extremes; 
• Increase our knowledge of the structure and function of crop genomes and of plant biological and 

molecular processes; and 
• Acquire, analyze, and deliver genetic and information resources to research communities and to the public. 

 
Genetic resources are the foundation of humanity’s agricultural future. ARS genebanks contain sources of 
resistance, tolerance, and adaptation to biotic and abiotic stresses and new genes to improve the quantity, 
quality, and production efficiency of our food, feed, bioenergy, fiber, and ornamental crops. To ensure those 
genes are available for research and breeding, ARS must continue to strategically acquire and conserve 
germplasm that contains them; develop new screening methods for identifying favorable traits; ensure that 
germplasm is distributed where and when it is needed; and safeguard these collections for future generations. 
 
ARS has taken a leadership role in developing and curating crop genomic and phenotypic databases, which are 
expanding now and will continue to do so in the future. New tools are needed to efficiently capture phenotypic 
data and extract useful information, via innovative data-mining strategies, from the ever-increasing flow of data 
into these databases. Methods to interconnect databases containing diverse types of information are needed to 
more efficiently, and effectively, identify important properties of genes and genomes and apply that knowledge to 
crop improvement. In addition, these interconnected databases will enable researchers to better associate 
specific genes with agriculturally important traits and build on genetic advances in one crop to accelerate genetic 
gain in others. 
 
For major, specialty, and new crops, ARS collaborates with diverse public and private sector partners to improve 
and broaden the genetic base of U.S. crops to reduce genetic vulnerability. NP 301 scientists will devise and apply 
new technologies to develop superior new crop varieties and enhanced germplasm and will accelerate the 
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deployment of high-value traits into breeding populations. New genetic sources of key crop traits will be 
identified and incorporated into crop breeding lines and gene pools. New breeding theories and strategies that 
exploit the vast amount of available genotypic data will also be developed to effectively capture the intrinsic 
genetic potential in germplasm. To do so, innovative tools will be developed for dissecting the architecture of 
complex crop traits. These tools will be applied to mapping and determining the function of underlying genes so 
that variation in them, and in linked genomic sequences, can be exploited as more precise genetic markers. This 
knowledge will also enable molecular and genetic variability to be associated with specific phenotypes to enhance 
the effectiveness of genomic selection, thereby accelerating and strengthening progress in crop genetic 
improvement. 
 
Plant breeding has a long history of improving crops through phenotypic or marker-assisted selection, usually in 
the absence of information regarding underlying genes or gene networks that control key traits, or that determine 
how plants interact with their environment. Understanding the key biochemical pathways and the underlying 
controls for plant growth, development, and metabolism has been elusive. However, recent advances in plant 
molecular biology, genetic engineering, and physiology could create opportunities for improving crops by more 
precisely and rapidly manipulating the existing variability in plant properties, or by creating new variability when 
warranted. Knowledge of how to precisely modify biological mechanisms will contribute not only to advances in 
fundamental plant biology but will also help identify potential unintended consequences of that manipulation. 
 
In addition to conducting research, ARS and its university cooperators will continue to mentor and train the next 
generation of crop breeders, geneticists, bioinformaticians, genome researchers, and genetic and genomic 
resource and information managers. Developing the next cohort of researchers is particularly important, 
considering the projected strong demands for these scientific personnel. 
 
Many of the NP 301 projects include significant domestic and international collaborations including government, 
industry, and academia. These collaborations provide opportunities to leverage funding and scientific expertise 
for USDA-ARS research and accelerate dissemination of ARS research results, thus enhancing the impact of ARS 
research programs. During FY 2022, NP 301 scientists participated in research collaborations with scientists from 
the following 65 countries: 

Argentina 
Australia 
Belgium 
Brazil 
Canada 
Central African 

Republic 
Chile 
China 
Colombia 
Costa Rica 
Czech Republic 
Denmark 
Dominican Republic 
Egypt 
El Salvador 
Ethiopia 

Finland 
France 
Georgia 
Germany 
Ghana 
Greece 
Haiti 
Honduras 
Hungary 
India 
Indonesia 
Ireland 
Israel 
Italy 
Ivory Coast 
Japan 
Kazakhstan 

Kenya 
Mexico 
Morocco 
Netherlands 
New Zealand 
Nicaragua 
Nigeria 
Norway 
Pakistan 
Panama 
Peru 
Philippines 
Poland 
Portugal 
Romania 
Saudi Arabia 
Scotland 

Senegal 
South Africa 
South Korea 
Spain 
Sri Lanka 
Sweden 
Tanzania 
Thailand 
Turkey 
Uganda 
United Kingdom 
Uruguay 
Uzbekistan 
Vietnam 
Zambia
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The quality and impact of NP 301 research was evidenced during FY 2022 by the following:  
→ 608 refereed journal articles published 
→ 131 cultivars and breeding lines released 
→ 6 new invention disclosures (patents only) submitted  
→ 4 new patent applications filed 
→ 1 new patent issued 

 
During fiscal year 2022, this National Program was composed of four Research Components (see below) 
and their constituent Problem Statements. Notably, these categories do not act as barriers or 
“stovepipes” that impede research across the National Program. Rather, many of the individual research 
projects and resources contribute to the goals of several NP 301 Research Components, or even several 
National Programs: 

Component 1. Crop Genetic Improvement, 

Component 2. Plant and Microbial Genetic Resource and Information Management,  

Component 3. Crop Biological and Molecular Processes, and 

Component 4. Information Resources and Tools for Crop Genetics, Genomics, and Genetic Improvement. 
 
Research in Component 1 lead to improved plant varieties, which were the products of innovative 
exploitation of genetic resources and efficient plant breeding strategies. High throughput genotyping 
and phenotyping methods were developed for quantitative analyses of complex traits in diverse crop 
species, and high-resolution genetic maps and full or partial genome sequences enabled genetic markers 
to be identified and mapped. NP 301 scientists in Component 1 devised innovative ways to apply 
genomic information from model plants for developing superior methods that were used to identify and 
breed exotic alleles into adapted genetic backgrounds, helping to improve the efficiency of plant 
breeding.  
 
The strength of Component 2 lies in the National Plant Germplasm System (NPGS), which is comprised 
of one of the most comprehensive plant genetic resource collections in the world. Genebank curators 
and NP 301 researchers also conserved, characterized, and distributed cultures of pathogenic or 
beneficial microbes that are important to crop production, industrial processes, food safety, and human 
health. Information associated with NPGS collections were stored, curated, and made publicly available 
via GRIN-Global, a database application that enables genebanks to store and manage information 
associated with plant genetic resources and deliver that information globally. 
 
Component 3 research sought to understand the functions of crop genes and devise ways to manipulate 
gene expression. Research conducted under this component elucidated the biological processes 
underlying crop productivity and quality. This component also developed new means for assessing the 
potential effects and risks associated with plant genetic engineering.  
 
Component 4 rendered improved bioinformatic tools and services built on powerful computational 
infrastructures that are needed to handle changing data types and increased volumes and scales of 
datasets that present tremendous opportunities for more rapid crop genetic improvement. ARS led in 
developing data exchange protocols that facilitated access, analysis, and integration of these data 
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sources. Building on these principles, NP 301 research delivered bioinformatic solutions for the full 
range of crops important to U.S. agriculture. 
 
The following sections contain a few selected NP 301 accomplishments, presented according to the 
relevance to the respective NP 301 Research Components. The FY 2022 accomplishments presented 
here were selected based on impact and level of contribution to meeting the National Program goals.   
 
 
Component 1. Crop Genetic Improvement 
 
Deciphering the gene controlling the protein content locus in soybean. Seed protein content in U.S. 
commercial soybean cultivars released over the past several decades has gradually decreased to levels 
below the threshold required in the animal feed industry, which impacts competitiveness of U.S. 
soybean in the export market. ARS scientists in Beltsville, Maryland, and Columbia, Missouri, 
collaborated with university scientists to identify the location of the key gene regulating soybean seed 
protein content and found an insertion in the gene, which they named POWER1, was responsible for the 
negative relationship that reduced protein and increased seed weight/oil content in soybean during 
breeding. They also found that when the gene lacked the insertion, soybean protein content was 
consistently higher than normal. The results provide the foundation to further understand the molecular 
mechanism underlying the trait and to design new strategies for efficiently improving soybean seed 
quality through genome editing and molecular breeding approaches. These results also increase the 
chances of simultaneously improving soybean seed protein, oil, and yield without negative impacts on 
any of these economically important traits.  
 
‘Cordial’ – A new patented strawberry cultivar for hot growing conditions. Strawberries fruit for only a 
few weeks in spring, and one strategy growers use to extend their marketing season is to grow different 
cultivars with early-, mid-, and late-season production. Current cultivars available to U.S. Mid-Atlantic 
growers for the late season are very susceptible to anthracnose fruit rot and are either too soft and 
tender for consumer acceptance or produce so late that the fruits are lost to summer heat. ARS 
researchers in Beltsville, Maryland, released and patented ‘Cordial’, a late-season, “once-fruiting” 
strawberry resistant to anthracnose fruit rot, and with very high yield of large firm berries with superior 
skin integrity and outstanding shelf life. The berries can have cotton-candy aromatic overtones, and are 
not acidic, even in cool overcast and rainy growing conditions. ‘Cordial’ is expected to have greatest 
value to growers in the U.S. Mid-Atlantic and other hot growing conditions where other cultivars fail to 
perform. Plants of ‘Cordial’ were sent to two U.S. nurseries and have been requested by a nursery in 
Canada. A Canadian patent application is also in process.  
 
Overcoming the negative relationship between yield and cotton fiber quality. Future cotton 
production systems need cultivars with improved fiber quality to meet global market demands and to 
provide the textile industry with high-quality fiber. However, developing cotton cultivars with high yield 
potential and premium fiber quality has been a major bottleneck because of the negative relationship 
between yield and cotton fiber quality. ARS researchers in Florence, South Carolina, evaluated the 
relationship between yield and fiber quality in large breeding populations developed from cotton 
breeding lines with both high yield and premium fiber quality potential as breeding parents. The 
research showed that the frequency of high yield/high fiber quality offspring was more prominent in 
populations derived from parents with high yield and high fiber quality. Moreover, the research 
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demonstrated that the frequency of identifying high yield/high fiber quality offspring in these 
populations remained extremely low (generally less than 3 percent). These results provide critical 
information that can be used to design breeding methods that can simultaneously improve yield and 
cotton fiber quality.  
 
Release of new potato variety ‘Becca Rose’. ARS researchers in Aberdeen, Idaho, released a new potato 
variety to the industry named ‘Becca Rose’. It has bright red skin and white flesh that retains its red skin 
color following extended storage, unlike many other red-skin varieties. When maintained in storage with 
sprout suppressants or inhibitors, ‘Becca Rose’ has longer natural dormancy than standard industry 
varieties. It has a smaller size profile than other red potatoes, which makes it a premium size for this 
market class. Total yield and premium yield are higher for ‘Becca Rose’ both in weight and percentage of 
yield than for other industry standard red varieties, and U.S. Midwest potato producers are very 
interested in this variety.  
 
Improved blackberry and raspberry cultivars for producers and industry. The U.S. Pacific Northwest 
and broader global fresh markets need improved small fruit cultivars to support the nutritional needs of 
consumers and to meet demands for processed food products. ARS researchers in Corvallis, Oregon, and 
collaborators from Oregon State University and Washington State University released four new 
blackberry and raspberry cultivars. ‘Zodiac’ is a thornless trailing blackberry for the Pacific Northwest 
processing market that is machine harvestable and produces highly uniform and attractive berries with 
excellent shape, color, firmness, and a pleasant sweet and aromatic flavor. ‘Celestial’ is a thornless semi-
erect blackberry for the U.S. and global fresh markets and contains a combination of Pacific Northwest 
and eastern species genetics, produces tremendous fruit yields with excellent flavor and postharvest 
quality, and is expected to eventually replace current semi-erect blackberry yield standards such as 
‘Chester’. ‘Thunderhead’ is the first-ever primocane-fruiting blackberry variety released by USDA, with 
yields that easily exceed currently available primocane-fruiting blackberry varieties, as well as superior 
flavor and fruit quality with smaller seeds and reduced bitterness. ‘Finnberry’ is a primocane-fruiting 
raspberry and is a highly unique cultivar that produces tremendous yields of bright-colored fruit with 
excellent tart flavor and good firmness to support shipping to fresh markets.  
 
Discovery of genetic response to high temperature in soybean. Within the next 20 years, average 
atmospheric temperatures are projected to increase by 1.5°C, which can adversely affect soybean yield 
and quality. ARS researchers in Raleigh, North Carolina, evaluated the responses of soybean genotypic 
variability during long-term elevated air temperature and identified soybeans that can be used for 
breeding soybeans with improved tolerance to heat stress. The findings revealed variation among 
genotypes for short-term elevated temperature, as well significant seed composition variation after 
long-term exposure. They also found that elevated temperature treatments increased nighttime 
respiration, which significantly reduced seed oil concentration among varieties. Soybeans also exhibited 
significant variation in seed protein concentration, photosynthetic activity, and water use responses. 
These findings indicate that soybean heat stress responses can be improved through breeding to 
mitigate the effects of climate change. Seed oil concentration should also be of major concern due to its 
high sensitivity to high temperatures and should be a high-priority trait for breeding soybeans with 
resilience to future climatic conditions.  
 
Three new patented pecan scion varieties. Pecan breeding is a long-term process, and it generally takes 
decades to release a named new cultivar to growers. This is partly due to the long juvenile period pecan 
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has before nut production, in addition to the rigorous testing required to qualify a breeding line for 
release as a new scion cultivar. ARS researchers in College Station, Texas, qualified and released three 
new scion cultivars with good to excellent leaf and nut scab disease resistance and excellent nut quality. 
These new cultivars are protected by plant patents that were pursued at the recommendation of ARS 
stakeholders. The new cultivars (‘Pueblo’, ‘Seneca’, and ‘Zuni’) represent valuable new resources for 
commercial production of high-quality disease-resistant pecans by U.S. growers.  
 
Development of lettuce varieties with resistance to leafminers, corky root, and downy mildew. 
Leafminers, corky root, and downy mildew are major pests and diseases of lettuce, and the most cost-
effective controls are achieved through resistant cultivars. ARS researchers in Salinas, California, 
developed and released two green leaf, one red leaf, and two romaine lettuce varieties with resistance 
to these pests and diseases. The varieties may be used for commercial production and can be used by 
other public and private breeders as sources of resistance in developing new lettuce cultivars.  
 
Discovery of candidate genes related to flowering time in camelina. Flowering time is an important 
trait for wide adaptation of Camelina sativa, a promising oilseed and industrial crop. In a collaborative 
study with the Donald Danforth Plant Science Center in St. Louis, Missouri, and university colleagues in 
Nebraska and Florida, ARS scientists in Maricopa, Arizona, and in Morris, Minnesota, were the first to 
use genome wide association mapping to identify significant trait-associated molecular markers that 
could be directly or indirectly associated with regulating floral transition in camelina. They also 
estimated the ability of the molecular markers to predict genomic selection for early flowering. This 
study provides a potential foundation for future molecular breeding efforts to develop early flowering 
camelina varieties with desirable characteristics such as high seed yield, high oil production, and abiotic 
stress tolerance suitable for sustainable double cropping or relay intercropping agricultural systems.  
 
New sorghum genetic stock to improve yield. Three new sorghum brown mid-rib genetic stocks were 
developed and publicly released by ARS scientists in Lubbock, Texas. The primary purpose of the 
germplasm release was to provide new sources of sorghum for the development of improved brown 
mid-rib forage sorghum. The three new brown mid-rib alleles provide public and private breeders with a 
new source of brown mid-rib sorghum, which should improve yields of forage sorghum.  
 
Pima cotton germplasm with improved resistance to Fusarium wilt race 4. For almost two decades, the 
soilborne fungal pathogen Fusarium oxysporum f. sp. vasinfectum, race 4 (FOV4) has impacted cotton 
production in California’s San Joaquin Valley, causing plant wilt and death. Recently, this pathogen was 
identified in New Mexico and Texas near the Texas High Plains, the largest Upland cotton producing 
region in the United States. ARS scientists in Lubbock, Texas, developed three Pima-like cotton 
germplasm lines with improved resistance to FOV4 by crossing cotton lines from the United States and 
Uzbekistan. The lines will increase the genetic diversity and continue to reduce the vulnerability of the 
Pima industry to this fungal pathogen by avoiding future production disruption of the sort that affected 
cotton fields in California, Texas, and New Mexico.  
 
Molecular markers for sugarcane orange rust resistance. Sugarcane orange rust appeared in the 
Western hemisphere 14 years ago and negatively affected the Florida sugarcane industry and the Canal 
Point (CP) sugarcane cultivar development programs. Scientists in Canal Point, Florida, and at the 
University of Florida used molecular approaches to develop markers that improve screening efficiency 
for rust resistance and enhance selection for rust-resistant cultivars. The phenotypic disease data 
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obtained from the segregating population have been used for marker development, quantitative trait 
loci associated with orange rust resistance has been identified, and diagnostic markers will be further 
tested for potential use in the CP sugarcane cultivar development programs. The genomic selection 
model for rust diseases resistance has been calibrated, and planning is underway to validate the model 
on additional sugarcane populations. 
 
Novel quantitative trait locus (QTL) for sugarcane aphid resistance identified in sorghum. Since its 
emergence in 2013, the sugarcane aphid has become the major insect pest of sorghum in North America 
and the Caribbean. ARS scientists in Tifton, Georgia, evaluated 104 recombinant inbred lines from the 
cross between two sorghum inbred lines in naturally infested fields in Tifton, Georgia. The Tifton 
scientists and an ARS scientist in Mayagüez, Puerto Rico, identified a major locus for sugarcane aphid 
resistance on Chromosome 6 and determined that this quantitative trait locus is different from a 
previously reported locus that confers insect resistance on the same chromosome. Markers linked to 
this quantitative trait locus will be useful for breeding robust sugarcane aphid resistance into elite 
sorghum lines. 
 
Capturing downy mildew resistance from crop wild relatives. Downy mildew is one of the most 
destructive sunflower diseases worldwide, limiting yield and reducing seed quality. The pathogen is 
genetically variable with more than 30 races known worldwide and continues to overcome multiple 
resistance genes and fungicide modes of actions, which in turn requires continued searches for new 
genes that can provide economical strategies for disease management. ARS scientists in Fargo, North 
Dakota, and North Dakota State University colleagues identified wild relatives of sunflower in the USDA 
National Plant Germplasm System with resistance to all known races of downy mildew and developed 
new resistant germplasms with resistance to all known races of downy mildew identified in North 
America and Europe. Genetic markers for the new downy mildew resistance genes were developed for 
use in marker assisted breeding. The newly released germplasms are publicly available and provide a 
broad selection of useful sources of downy mildew resistance genes that sunflower breeders are now 
using to ensure protection from yield and seed quality losses.  
 
Introduction of a new hybrid hemlock, ‘Crossroad’. The native hemlock (Tsuga canadensis) plays an 
important role in forest ecosystems as well as in cultivated landscapes; however, it is susceptible to 
feeding damage by the hemlock woolly adelgid, which has caused widespread loss of hemlocks in wild 
and cultivated settings. ARS scientists in Washington, D.C., developed and introduced ‘Crossroad’, a new 
interspecific hybrid hemlock that is a cross between the Carolina hemlock and the Chinese hemlock. It 
was specifically bred for resistance to hemlock woolly adelgid, and was selected for its symmetrical, 
upright form, tolerance to hemlock woolly adelgid, and moderate growth rate. It is currently being 
distributed for propagation by nursery cooperators, and promises to be a valuable addition to 
residential, commercial, and possibly forest landscapes.  
 
Development of high-yielding and disease-resistant sugarcane cultivars for commercial production. 
The biggest challenges sugarcane growers in Florida are facing are orange rust and brown rust diseases, 
which recently caused considerable yield losses and an increase in input costs from fungicide 
applications. Developing new cultivars with disease resistance, high yields, and high profits using 
different approaches, such as genetics, genomics, agronomy, physiology, and molecular biology, is the 
priority of the Canal Point (CP) sugarcane breeding and cultivar development programs. ARS scientists in 
Canal Point, Florida, collaborated with other institutions and in 2022 released three new high-yielding 
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sugarcane cultivars—CP 15-1407, CP 15-2258, CP 15-2516—for muck soils with disease resistance or 
tolerance; the cultivars were released on June 1, 2022, for growers to use in Florida. The new cultivars 
will mitigate negative effects of brown and orange rusts and other stresses on sugar yield and profits in 
Florida.  
 
New insights into the accumulation of orange color in carrots. Carrots are orange because they 
accumulate alpha- and beta-carotene, which are converted to vitamin A when we eat orange carrots. 
Studies dating back to the 1960s found that the recessive allele of the Y2 gene, when introduced into 
yellow carrots that lack these carotenes, accounts for the accumulation of orange color. More recently, 
studies in the 2010s suggested that a second gene (OR) might have a similar function to Y2 in the 
accumulation of both carotenes, while the CH gene accounts for the accumulation of alpha-carotene 
only. To better understand the action and interactions of these genes, ARS researchers in Madison, 
Wisconsin, and University of Wisconsin collaborators evaluated variation in only the CH and OR genes in 
carrots that don’t vary for the Y2 gene. Results confirmed that the OR gene accumulates both carotenes. 
Interestingly, the CH gene also increased the accumulation of alpha-carotene and, to a lesser extent, 
beta-carotene. This study indicates that these genes interact positively to account for the uniquely dark 
orange color of modern carrots and suggests that the role these genes may play in color variation during 
carrot domestication is of significant interest in developing our understanding of crop history.  
 
New gene editing system for validating wheat Fusarium head blight resistance gene function. 
Fusarium head blight (FHB) is a devastating disease in wheat that reduces grain yield and quality. 
Infected grain has reduced marketability due to mycotoxin contamination. FHB-related losses to farmers 
and food processors are estimated to be in the hundreds of millions of dollars each year. Gene editing 
can provide an effective tool to create new sources of resistance, but it uses gene transformation to 
deliver CRISPR/Cas9 and guide RNA into wheat plants, which is successful in only a few cultivars. ARS 
researchers in Manhattan, Kansas, developed and optimized a new Barley stripe mosaic virus (BSMV)-
mediated guide RNA delivery system to produce transgene-free mutant plants. A major FHB-
susceptibility gene was successfully edited in two FHB-susceptible wheat cultivars and the BSMV-
mediated, gene-edited trait was heritable in different wheat genetic backgrounds. This gene editing 
system can be used to create novel mutations for a wide array of applications in wheat breeding, 
including improving resistance to FHB.  
 
Novel high-yielding wheat streak mosaic virus-resistant wheat germplasm derived from intermediate 
wheatgrass. A reduction in yield is commonly associated with the wheat streak mosaic virus (WSMV) 
resistance gene Wsm1 from intermediate wheatgrass. A new donor line with a reduced Wsm1 
translocation was used to develop breeding populations. Wheat lines were screened for WSMV 
resistance in the field, and a preliminary yield trial experiment was conducted to compare seed yields of 
the new Wsm1 translocation lines to those of high-yielding check cultivars. ARS scientists in Lincoln, 
Nebraska, and University of Nebraska-Lincoln scientists identified two promising breeding lines, 
NW13MD108-3 and NW13MD109-1, with seed yields not significantly different from high-yielding 
checks. The new Wsm1 breeding lines will serve as an improved vehicle for the deployment of high-
yielding Great Plains wheat varieties with resistance to WSMV.  
 
Discovery of new class of sclerotinia fungal effector genes discovered. Plant pathogens cause disease 
by secreting proteins called effectors, that degrade plant cells during infection, as in the case of white 
mold disease, which affects more than 400 different crop species across the world.  In response to 
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attacks by disease-causing pathogens, plants generally produce their own specific proteins to protect 
themselves.   This process is not well understood and in most cases the plant protein remains 
unidentified. In the case of white mold, ARS researchers in Pullman, Washington, discovered that the 
fungus, in turn, produces an inhibiting effector protein that inactivates the inhibiting proteins produced 
by the plants to resist the disease. The researchers verified this by producing mutant sclerotinia isolates 
without the effector genes that allow them to produce the inhibiting protein and found that Sclerotinia 
mutants with a defective effector gene, caused less disease than isolates of the pathogen with the 
normal effector gene. This is the first example of a new class of fungal effectors that can inactivate plant 
defense mechanisms. This discovery has stimulated new approaches for improving disease resistance by 
identifying plant effectors that cannot be inactivated by fungal effector proteins.   
 
Altering lignin deposition in sorghum did not impair resistance to two stalk diseases during drought. 
The lignin biosynthesis pathway has a critical role in plant defense, and the sorghum stalk diseases 
Fusarium stalk rot and charcoal rot are major impediments to biomass yield and quality, especially 
during drought. ARS scientists in Lincoln, Nebraska, developed sorghum lines that either impaired or 
increased activities of three different enzymes involved in lignin synthesis. Lines impaired in lignin 
synthesis were not more prone to these diseases under adequate water, but the brown midrib (bmr) 2 
and 12 plants were more resistant to the pathogen during drought than normal plants. Lines with 
increased activity of these three enzymes also did not have increased stalk diseases under drought 
conditions, but one line overexpressing the bmr2 gene was more resistant than normal plants under 
adequate water conditions. Information garnered from this research will be valuable for producing 
sorghum hybrids for use in bioenergy production or for production of value-added chemicals for 
pharmaceuticals or cosmetics while still maintaining resistance to stalk diseases.  
 
Novel dwarf sorghum gene identified. Dwarf genes in the signaling and biosynthetic pathways of the 
plant hormone gibberellic acid are the genetic mechanisms producing higher yields in many crops. Such 
dwarf genes have never been found in sorghum. Instead, breeding semi-dwarf sorghum hybrids requires 
the combination of several alternative dwarf genes, which limits the full expression of hybrid vigor. The 
use of alternative dwarf genes helps explain limited yield improvement in sorghum over time. ARS 
scientists from Lubbock, Texas, discovered new dwarf mutants and their causal mutation in a gene in the 
gibberellic acid signaling pathway, and these novel dwarf mutants may have potential to significantly 
improve grain yield in sorghum.  
 
Release of three new climate resilient abiotic stress-tolerant dry bean cultivars.  ARS researchers in 
Prosser, Washington, released pinto bean ‘USDA Cody’, small red bean ‘USDA Lava’, and pink bean 
‘USDA Sunrise’. These new cultivars were developed for superior seed quality, high yields under both 
low and high input production systems, and resistance to various viruses and/or rust diseases. Yield 
potential of the three cultivars range from 96 to 121 percent of well-known check varieties under 
various growing conditions. They are tolerant to both drought and low soil fertility, which allows them 
to be grown with less water and/or less fertilizer. USDA Lava is early maturing, which benefits delayed 
plantings. Cody has broad adaptation across the Pacific Northwest and Intermountain Region, while 
Sunrise and Lava are more regionally adapted in Pacific Northwest regions. All three cultivars possess 
seed size, seed color, and appearance traits that favor excellent marketability. The three cultivars have 
acceptable plant architecture and resistance to lodging, both of which promote machine harvestability.  
Agronomic and production information was shared with producers, and seed companies have expressed 
high interest in licensing these versatile dry bean cultivars.  
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Seed transmission of Xylella fastidiosa in pecan. X. fastidiosa (Xf) is a pathogenic, xylem-limited 
bacterium known to colonize and infect pecan with or without the expression of Pecan Bacterial Leaf 
Scorch disease symptoms. Xf can be transmitted by xylem-feeding insects, including pecan spittlebug 
and sharpshooters, and through the grafting of clonal scions onto genetically diverse rootstocks. ARS 
researchers in College Station, Texas, and New Mexico State University collaborators discovered that Xf 
can also be transmitted from pecan seed to seedling progeny. This research has trade implications for 
pecan seed used for growing new rootstock trees but has no effects on pecan nuts used for human 
consumption. Continued research is being performed to better understand the seasonal patterns of Xf in 
pecan and to develop mitigation strategies.  
 
Two new male hop genomes assembled. The hop genome is large and highly heterozygous, and this 
complexity is compounded by hop having both X and Y sex chromosomes in male lines and only X 
chromosomes in females. Most crops do not have sex chromosomes and possess flowers that are both 
male and female on the same plant. Previously, a draft genome sequence was only available for the 
female USDA ‘Cascade’ cultivar, and no genome sequences for male hops were available. ARS and 
Oregon State University scientists in Corvallis, Oregon, completed the first sequencing of two male 
genomes (USDA 19058M and USDA 21375M). Together, these genomes form a three-part genome 
resource of related hop plants, as USDA 21375M is the offspring from USDA lines ‘Cascade’ and 
‘19058M’. These new genomes will provide genomic researchers with valuable information on the 
genetics of hop as well as provide sequence data for Y chromosomes and contribute towards our 
understanding of evolution of plants in the Cannabaceae family.  
 
Genetic analysis of a gene governing disease susceptibility in wheat. Tan spot is a devastating disease 
of wheat and causes significant losses in yield and revenue in most wheat-growing regions of the world. 
ARS researchers in Fargo, North Dakota, conducted a genetic analysis of wheat plants with a range of 
tan spot resistance and susceptibility to identify a gene governing tan spot susceptibility. The 
researchers determined the position of the gene in the genome and developed molecular markers for 
the gene that can be used to determine if other wheat lines contain the gene. Wheat breeders and 
geneticists will now be able to efficiently characterize their wheat lines for tan spot susceptibility and 
use the markers to eliminate the susceptibility gene from high-performing wheat varieties; this will help 
farmers reduce crop losses due to tan spot.  
 
Novel approach to understanding wheat yield variation across environments. Grain yield is a 
genetically complex trait that varies across environment, and in wheat, one approach to understanding 
the genetics of yield is to investigate its component traits, such as grain number per plant or grain size. 
However, it is difficult to understand the relationships between genes that alter each component, as 
increases in some traits may lead to compensatory reductions in other traits. Using molecular marker 
data, ARS scientists in Raleigh, North Carolina, proposed and implemented a unified modeling 
framework that first identifies genes affecting plant development and yield components and then 
enables investigating the effects of these loci all at once. They demonstrated that the importance of a 
gene’s effect on grain yield results from a combination of effects on different yield components and on 
the different relationships between these components in each environment. Modeling the complicated 
effects of individual genes on many traits will allow wheat breeders to better understand which genes 
are useful in improving yield in a target environment. These results can inform strategies to better make 
predictions of yield potential for unobserved varieties using molecular marker data.  
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Screening of wild potatoes identifies new sources of late blight resistance. While most cultivated 
potato varieties are susceptible to the potato late blight, wild relatives of potato are an excellent source 
of resistance. Late blight, caused by the oomycete pathogen Phytophthora infestans, remains the most 
destructive disease of potato worldwide, causing annual losses estimated at up to $6 billion. To 
incorporate resistance to late blight into new potato varieties most efficiently, sources of resistance 
must first be identified that confer single-gene resistance and have sexual compatibility with cultivated 
potato. ARS researchers in Madison, Wisconsin, received 384 accessions of 68 wild potato species from 
the U.S. Potato Genebank and screened them for resistance to Phytophthora infestans. From this 
screen, 39 accessions were identified with strong disease resistance and another 33 accessions were 
identified that contained a mixture of resistant and susceptible individuals. This was the first time that 
resistance to late blight was reported in several wild potato species. These species will be a valuable 
source of novel late blight resistance for potato breeding. 
  
 
Component 2. Plant and Microbial Genetic Resource and Information Management 
 
Cryotherapy eradicates pathogens from apple genetic resources. Apple stem grooving virus and apple 
chlorotic leaf spot virus are serious, prevalent, difficult to eradicate, and threaten the $3+ billion (annual 
farmgate value) U.S. apple industry. ARS scientists at the National Plant Germplasm System (NPGS) 
genebank in Fort Collins, Colorado, and NPGS genebank in Geneva, New York, collaborated with the 
Animal Plant Health Inspection Service (APHIS) and University of California-Davis on ways to eliminate 
these viruses and the apple hammerhead viroid. They applied a combination of thermotherapy and 
cryotherapy to eliminate the viruses and viroid from shoot tips of four apple cultivars in the ARS-Cornell-
Geneva apple rootstock breeding program. Those methods now serve to eliminate pathogens from 
commercial apple rootstocks as well as apple genetic resources introduced into the United States. The 
results of this research have enabled the expansion of the apple genetic resource collection, the 
evaluation of traits in disease-free apple germplasm, and most importantly, large-scale nursery 
propagation of apple trees in regions where these viruses are found. Those methods produced virus-
cleaned apple rootstocks that have been transferred to micropropagation nurseries to support the U.S. 
apple industry.  
 
Elucidating the origin and diversity of fungi causing tar spot disease of corn. The fungal pathogen 
Phyllachora maydis causes the disease tar spot on corn, which has recently emerged as a major threat to 
U.S. corn production’s $53 billion annual farmgate value. The origin of this disease is still unclear, and 
there might be multiple pathogens causing the disease. An ARS researcher in Peoria, Illinois, 
collaborated with researchers at the University of Illinois and several other U.S. universities to sample 
tar spot disease from across Central America, North America, and South America (including the 
Caribbean) to understand the origin and diversity of the pathogen causing tar spot disease. DNA data 
analyses determined there are three species of Phyllachora that cause tar spot of corn in the United 
States. It is likely these three species originated in Mexico, Central America, and the Caribbean. These 
results indicate the pathogens are native to North America and the emergence of the disease is likely 
due to a combination of climate changes that favored the spread of the fungus in U.S. corn production 
regions and a shift in corn genetics that resulted in a lack of resistance to the three Phyllachora species 
that cause this disease. These results can assist corn breeders, pathologists, agronomists, and corn 
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growers as they try to better understand the biology of this fungus and develop resistant varieties and 
crop management strategies to reduce yield losses.  
 
New sugar beet genome sequence provides breeders with toolbox for pest resistance. Pests and 
pathogens are major causes of losses in U.S. sugar beet production and are responsible for outbreaks 
that result in losses of up to 80 percent. ARS researchers in Fort Collins, Colorado, and collaborators 
used cutting-edge genome sequencing technologies to develop the most complete genomic maps for 
sugar beets and their wild relatives. The team identified a group of sugar beet lines and wild relatives 
that resist Rhizoctonia Crown and Root Rot and sugar beet cyst nematode. These plants can now serve 
as the basis for using genetic markers to breed this resistance into commercial sugar beet lines. 
Although the findings are specific to sugar beet, the approach is transferable to breeding objectives in 
many important agricultural crops in the United States and worldwide.  
 
Discovering previously unknown hop varieties. Hops are an economically important U.S. specialty crop, 
with an annual farmgate value of $600+ million, including substantial earnings from exports. Access to a 
diversity of high-quality hop varieties underpins the $100 billion U.S. beer industry. But hop varieties are 
often difficult to identify from their vegetative traits, which can complicate incorporating them into hop 
breeding programs and managing hop germplasm at the ARS National Plant Germplasm System (NPGS) 
genebank in Corvallis, Oregon. ARS researchers at the Corvallis genebank developed and implemented 
two types of DNA-based identification tests for hops and used them to genetically “fingerprint” more 
than 600 different samples from the NPGS hop collection. Consulting this database of fingerprinting or 
“genetic profile” information, researchers determined that most of the germplasm samples were 
correctly identified, but some were not, leading to their correct re-identification. Furthermore, genetic 
profiling of a collection of local hop breeding stocks from Lincoln, Nebraska, identified 24 samples with 
unique genetic profiles. Thus, comparing genetic profiles of unknown hop plants to those in this 
database can confirm their varietal identities and guide their deployment as valuable sources of novel 
disease resistance genes for breeders, and as experimental material for researchers across many 
disciplines.  
 
GRIN-U launched as an open access site for plant genetic resources (PGR) education and training. A 
new member of the ARS National Plant Germplasm System (NPGS) Germplasm Resources Information 
Network (GRIN) family of applications was launched by researchers and information technologists at the 
ARS NPGS location in Beltsville, Maryland. The new site, GRIN-U for GRIN-University or GRIN-You, is 
freely available online. GRIN-U supports a USDA/NIFA-funded project to enhance educational and 
training opportunities in the broad areas of genebank operations and plant germplasm conservation and 
utilization. This project provides a WordPress software framework that can be used by project 
collaborators, primarily at Colorado State University and Iowa State University, to publish visual (videos, 
virtual tours, podcasts) and printed educational materials (e-books, infographics, manuals) about 
numerous topics related to PGR management and plant genebank operations. GRIN-U will help train a 
new generation of plant scientists and genebank technical staff, as well as educate the broader 
university student and general public communities about the importance of PGR for global food 
production and security.  
 
A new method for tapping the genetic diversity of wild plants for crop improvement. Genebank 
accessions from wild relatives of crop species are often highly diverse mixtures, containing much genetic 
variation not found in uniform crop cultivars. To support effective exploration of diverse wild accessions 
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for novel, agriculturally important genes, many individual plants must be characterized, which could be 
cost prohibitive. Consequently, important genetic variation within crop wild relatives is often 
undetected and unused in crop breeding and research. ARS researchers at the ARS National Plant 
Germplasm System genebank in Fort Collins, Colorado, developed a more cost-effective analytical 
approach that sequences the DNA of many individual plants simultaneously to characterize the variation 
in the whole genomes of crop wild relative accessions. The resulting data will enable breeders to explore 
the gene pool of crop wild relatives for potentially valuable genetic variation at any gene known in the 
crop, greatly increasing the utility of heterogeneous NPGS gene bank accessions for crop improvement 
and food security.  
 
Successfully preserving seeds that formerly did not survive cold storage in genebanks. Some 
USDA/ARS National Plant Germplasm System (NPGS) germplasm collections (e.g., papaya, willow, and 
many tree nuts) are not backed up in facilities for long-term preservation because the seeds do not 
survive conventional freezer storage. ARS scientists at the ARS NPGS genebank in Fort Collins, Colorado, 
developed methods to cryopreserve these types of seeds successfully in liquid nitrogen at much lower 
temperatures for 15 years and likely much longer. Seeds are processed quickly to avoid rapid aging, 
water content is carefully adjusted, and cooling and warming rates are optimized to prevent 
crystallization of the oils. Research indicates this method is generally applicable to several thousand 
NPGS accessions and potentially could double the proportion of backed-up samples for some of the 
most vulnerable NPGS germplasm collections during the next few years, especially for collections of 
tropical and subtropical tree fruit and nut crops. This will provide assurance to breeders, researchers, 
and industry that these previously difficult-to-preserve seeds are backed up and available for use for 
many decades. 
 
Novel genome sequence for a valuable tropical tree fruit.  Cherimoya (Annona cherimola), also known 
as custard apple, is a valuable tree fruit crop in tropical Asia and Latin America. It has become 
increasingly popular in the U.S. market, and the fruit is now produced in Puerto Rico and California. 
Detailed genetic information is often lacking for economically important tropical fruit crops such as 
cherimoya. ARS researchers in Beltsville, Maryland, collaborated with University of Nebraska-Lincoln 
scientists to develop the first draft genome sequence of cherimoya and identified 45,702 different 
genes. This draft genome is a highly valuable information resource for molecular marker development, 
genetic diversity analysis, and genetic mapping for cherimoya and other species in the Annonaceae plant 
family. This information will enable researchers, plant breeders, and germplasm collection curators 
around the world to study and genetically improve this valuable tree fruit crop and advance its 
utilization and production.  
 
Revealing the genetic content of watermelon’s wild relative. Watermelon, an important crop in the 
United States (annual farmgate value of $650+ million) and abroad, is attacked by many diseases and 
pests, and suffers from environmental extremes such as drought. Wild relatives of watermelon possess 
traits that might contribute to overcoming some of these challenges to watermelon production. ARS 
researchers at the National Plant Germplasm System genebank in Griffin, Georgia, and collaborators 
sequenced the DNA of Citrullus naudinianus, a desert-dwelling species related to today’s cultivated 
watermelon. Comparisons of the DNA sequence of Citrullus naudinianus with the DNA sequences of 
other wild and cultivated watermelons can elucidate how horticulturally important traits, such as 
disease, drought, or pest resistance, first developed, changed over time, or were lost. This knowledge, in 
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turn, provides the basis for genetically improving the cultivated watermelon with traits found in its wild 
relatives to support more efficient and secure crop production.  
 
 
Component 3. Crop Biological and Molecular Processes 
 
Natural chemical defenses of corn against fungal diseases. Corn can actively protect itself from 
pathogens using a variety of natural chemical defenses. Among these defenses are antimicrobial 
chemicals called zealexins that protect against diseases such as southern leaf blight and stalk rot. ARS 
scientists in Gainesville, Florida, identified members of one gene family in corn that produce the 
chemical ingredients needed for zealexin production, while other members produce the same 
ingredients for growth and development. This separation of function allows the plants to produce high 
levels of defense chemicals while maintaining their growth and yield. These findings reveal how crops 
can effectively utilize defense chemicals and can be used to guide the breeding of optimized natural pest 
resistance.  
 
Identification of fungal antimetabolites and their metabolic genes associated with tomato fruit 
resistance. Anthracnose caused by Colletotrichum species is a serious disease of Solanaceous crops 
worldwide where precipitation during the growing season creates conditions that are favorable to 
infection. Genetic resistance to anthracnose is desirable because cultural techniques, including fungicide 
application, provide incomplete protection. High levels of genetic resistance to anthracnose exist in wild 
or non-adapted tomato, but this resistance has been difficult to transfer using traditional breeding. ARS 
scientists in Beltsville, Maryland, identified Glycoalkaloid Metabolic Enzyme (GAME) genes in tomato 
and determined that their expression is associated with fungal antimetabolite accumulation and 
anthracnose fruit rot resistance. The antimetabolites accumulated at levels sufficient to inhibit fungal 
fruit rot without detrimental effects on fruit safety. This fundamental discovery validates an association 
of fungal antimetabolites and their metabolic genes with fruit rot resistance and provides new metabolic 
genes that breeders and biotechnologists can use to speed development of elite cultivars resistant to 
anthracnose fruit rot.  
 
New fungicide resistance assays for improved management of sugarbeet Cercospora leaf spot disease. 
Fungicide resistance in the fungal pathogen Cercospora beticola (Cb) is a major obstacle in managing 
Cercospora leaf spot (CLS) disease of sugarbeet and has been associated with significant yield loss and 
severe CLS epidemics. Methods for detecting fungicide resistance are presently limited to postseason 
assays that do not provide timely information necessary to guide CLS management decisions in the 
current growing season. ARS researchers in Fargo, North Dakota, identified genetic mutations associated 
with fungicide resistance and used this information to develop new diagnostic assays that detect 
mutations associated with fungicide resistance. Because these assays can identify fungicide-resistant Cb 
strains during the growing season, they provide sugarbeet agronomists and growers a new tool to tailor 
management practices to the specific Cb isolates present in their fields and reduce the development of 
fungicide resistance.  
 
Improved soybean germplasm with tolerance to mature seed damage. Mature soybean seed damage 
occurs when ripe seed remains unharvested and is subjected to seed pathogens and insects under hot, 
humid conditions. Farmers must sell damaged seed at a discount, which results in immediate financial 
losses; the seed also is unfit for sowing, and is less desirable to grain processors, resulting in further 
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domestic and international financial losses. There are currently no cultivars that are tolerant to mature 
seed damage. ARS scientists in Stoneville, Mississippi; Jackson, Tennessee; and West Lafayette, Indiana, 
developed an improved MG IV soybean germplasm line that manifests tolerance to seed damage, 
Phomopsis seed decay, and toxins from fungi, all traits that translate into significantly higher seed 
germination than currently grown commercial cultivars. The new line, DS31-243, was competitive for 
seed yield in southern U.S. early soybean production systems and was released by ARS in April 2022. 
This is the first improved U.S. soybean germplasm release that addresses the problem of mature seed 
damage. Seeds of DS31-243 were provided to southern U.S. soybean breeders through MTAs for 
developing new cultivars and were deposited in the USDA soybean germplasm collection for use by 
scientists worldwide. 
 
Higher amounts of health promoting phenylpropanoids in potato do not necessarily cause increased 
tuber discoloration. With consumers increasingly prioritizing the healthfulness of food in purchasing 
decisions, the nutritional value of potato is of growing importance. Phenylpropanoids are highly 
desirable in the diet because of their numerous health-promoting effects; however, there is concern 
that cultivars and breeding lines with higher amounts might be more prone to discoloration that would 
reduce their marketability. ARS and Washington State University scientists in Prosser, Washington, 
showed that tuber phenylpropanoid amounts do not correlate with the propensity for bruising or 
browning, indicating that other components are the factor(s) for such discoloration. Potatoes are 
already one of the major sources of phenylpropanoids in the human diet and this work shows that 
cultivars with even higher amounts can be developed without increasing the potential for discoloration. 
Moreover, phenylpropanoids increase a plant’s abiotic and biotic stress resistance, which can result in 
enhanced crop sustainability.  
 
Discovery of a genomic region that confers immunity to tobacco rattle virus (TRV). Corky ringspot 
disease is a soilborne syndrome caused by tobacco rattle virus (TRV) and vectored by stubby root 
nematodes. Currently, the only management strategies are fumigating affected potato fields to control 
the nematodes or cultivating TRV-resistant cultivars. ARS researchers in Prosser, Washington, mapped a 
quantitative trait locus (QTL) linked to TRV resistance in a genetic potato mapping population generated 
by crossing a TRV resistant (Castle Russet) and TRV susceptible clone (A06084-1TE). A single, large effect 
QTL linked to TRV resistance was mapped. This finding will significantly improve the ability to identify, 
select, and develop TRV-resistant potato cultivars; reduce the need to fumigate fields affected by corky 
ringspot disease; and reduce the amount of virus present in infested fields.  
 
New method of promoting sugarbeet seed germination using hydrogen peroxide. Poor seed 
germination prevents plant breeders from utilizing the genetic potential that resides in dormant seeds 
or seeds that have deteriorated during storage. ARS researchers in Fargo, North Dakota, developed a 
seed treatment protocol using hydrogen peroxide that improves sugarbeet seed germination by as 
much as 70 percent. They found that hydrogen peroxide promotes germination by accelerating the 
degradation of expressed genes that inhibit germination and stimulates the expression of genes 
involved in cell growth and proliferation. The new seed treatment provides breeders a method to 
improve germination of sugarbeet lines and wild sugarbeet relatives that otherwise had little or no 
germination, thereby making these germplasms available for use in breeding programs. The research 
also provides new insight into the role of hydrogen peroxide as a signaling molecule that regulates gene 
activities during germination.  
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New tools to study respiration in stored sugarbeet roots. Respiration is responsible for 60-80 percent 
of the sucrose loss that occurs during sugarbeet root postharvest storage. Although reducing sucrose 
loss to respiration is a major goal for the sugarbeet industry, progress is stymied by a lack of knowledge 
of the genetic elements and metabolic processes that control root respiration rate. ARS researchers in 
Fargo, North Dakota, generated two new breeding lines with genetic differences in storage respiration 
rates and characterized the genes that differ in expression between these two lines. The new lines are 
potentially useful for elucidating the genetic and physiological processes that control storage respiration 
rate and the effect of variations in respiration rate on root metabolism during storage. The research also 
identifies genes that potentially contribute to, regulate, or are influenced by sugarbeet storage 
respiration rates. The new lines and identified genes are the first available genetic tools the sugarbeet 
research community can use in investigating the heritable elements and metabolic processes that 
influence sugarbeet root respiration rate and sucrose loss during storage  
 
 
Component 4. 
Information Resources and Tools for Crop Genetics, Genomics, and Genetic Improvement 
 
Development of a gold-standard, chromosome-scale reference genome of an octoploid strawberry. 
Molecular breeding and genetics research in strawberry (Fragaria x ananassa) was historically 
hampered by its complex genome, which contains eight complete sets of chromosomes within a single 
cell (humans have only two complete sets). This prevented the accurate design and development of 
subgenome-targeting molecular markers, analysis of underlying gene content and functions, and 
assessment of haplotype structure, all of which are core aspects of modern plant genetics. An ARS 
researcher in Corvallis, Oregon, collaborated with the public strawberry breeding program at the 
University of California, Davis, in using cutting-edge sequencing and assembly tools to develop a new 
genome assembly of the strawberry cultivar, ‘UCD Royal Royce’, called FaRR1. The FaRR1 assembly is 
greatly superior to previous octoploid genomes and represents the closest approximation of octoploid 
strawberry chromosomes as they exist in an actual plant cell nucleus to date. It has been made publicly 
available and has already been used for development of new molecular marker platforms to support 
public strawberry research.  
 
Environomic prediction for spring wheat performance. Changing climate conditions have profound 
impacts on crop performance from natural fields, but machine learning algorithms specifically designed 
to capture such impacts are scarce. ARS researchers in Pullman, Washington, collaborated with 
researchers at Washington State University, University of Idaho, and Iowa State University to develop a 
novel machine learning algorithm called environomic prediction (EP) that enables the accurate 
prediction of forecast performance trends based on daily weather conditions. The potential of EP was 
demonstrated by six important traits (including yield and quality traits) from the Idaho variety testing 
trials spanning 16 years at five locations. This EP model can be used to forecast crop performance so 
growers will be able to adjust the management practices based on the prediction.  
 
New diagnostic assay to detect the pathogen responsible for rhizomania in sugarbeet. Rhizomania is a 
viral disease that threatens the viability of the sugarbeet industry worldwide. Although traditionally 
managed by genetic resistance, rhizomania re-emerged as a major concern due to the evolution of viral 
strains that overcome genetic resistance. ARS scientists in Fargo, North Dakota, developed a genome 
editing-based assay for detecting the virus causing rhizomania. The method utilizes clustered regularly 
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interspaced short palindromic repeats (CRISPR)-associated technology and enables the virus to be 
detected with high sensitivity, specificity, and accuracy without the need for sophisticated laboratory 
instruments. The CRISPR-based detection method is a new tool for the sugarbeet industry for assessing 
the presence of the beet necrotic yellow vein virus and will assist agronomists in formulating rhizomania 
disease management strategies and breeders in selecting varieties with rhizomania resistance.  
 
Best software tools for soybean genotyping data imputation. Modern plant breeding programs use 
genotyping to track and identify genomic regions associated with traits of interest for effective marker-
assisted breeding. Although sequencing approaches are cheaper than ever before, this approach 
remains costly for large scale studies. “Genotype imputation” is a strategy to increase marker density of 
existing datasets without additional genotyping, but more information is needed about the best 
software packages and their imputation accuracy for self-pollinated crops like soybean. ARS scientists in 
Beltsville, Maryland, and university collaborators compared imputation performance of three 
imputation software packages commonly used for imputation of genotyping data from soybean 
breeding populations. They identified the most efficient software and optimized parameters for 
imputation of soybean and demonstrated that imputed datasets could significantly reduce the interval 
of genomic regions controlling seed quality traits, thus improving the efficiency of candidate gene 
identification. The information will help breeders and geneticists improve genotyping imputation 
accuracy in soybean and other self-pollinated crops as well. Results will facilitate fine-mapping genes 
controlling different traits and downstream utilization by soybean breeders.  
 
Web-based tool to compute genomic alignments based on user-selected web browser regions. 
GrainGenes (https://wheat.pw.usda.gov) is an ARS-flagship repository that provides a centralized 
location for global wheat, barley, rye, and oat data. This repository curates genomic sequence 
information and genomic features for several genome assemblies through its genome browsers. ARS 
scientists and programmers in Albany, California, designed a computational module that enables users 
to select genomic regions on GrainGenes genome browsers by simply highlighting them. This module is 
the first of its kind and allows users to directly run alignment computations of highlighted regions to 
identify similar regions in other genomes. Such alignments facilitate the functional identification of 
genes that may control important agronomic traits. ARS scientists and programmers are currently 
working on generalizing this module to enable other biological databases to customize and implement it 
for their genome browsers more easily.  
 
World’s largest outdoor plant phenotyping facility. Field-based experimental crop measurements are 
burdened by their inability to accurately, precisely, and frequently measure important growth and 
physiological variables over multiple experimental plots. ARS researchers and university colleagues in 
Urbana, Illinois, developed a cable-based aerial phenotyping system with instruments to monitor the 
growth and physiology of up to 10 acres of field planted crops, which is an order of magnitude larger 
than any other existing field phenotyping system. This system enables plants to respond to variable 
growing conditions, providing more realistic data for plant selection. The system will benefit breeders by 
advancing understanding of how research data can translate into improved crop varieties while allowing 
for high temporal resolution measurements that can help understand how different crops and crop 
genotypes respond to variable growing conditions within and between growing seasons.  
 


