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Sorghum 
KANSAS 
 
Impact of the Environment on Sorghum Grain Composition and Quality Traits 
 
Grain Quality and Structure Research Unit, Manhattan, KS 
Project Number: 3020-43440-001-00-D 
Lead Scientist:  Scott Bean 
Team Members: Thomas Herald, Michael Tilley, Jeff Wilson 
 
Interactions of environment x management (E x M) on sorghum grain composition and 
quality. Many factors influence composition and end-use quality of grains. To better 
understand the interactions between environment and management practices, ARS 
scientists analyzed grain composition and end-use quality of a sorghum hybrid grown in 
three locations in Kansas under eleven different 
management conditions. There was a wide range of 
protein and starch contents found, as well as variability 
in protein digestibility and fermentable sugar levels (an 
indicator of ethanol production performance). This 
information will aid in the design of future experiments 
to include a wider range of varieties and also provide 
preliminary evidence on how management practices 
may improve sorghum grain end-use quality. 
 
Analysis of carotenoid content in diverse sorghum germplasm. 131 lines (from the 
diversity panel and from the USDA gene bank selected for yellow endosperm) that were 
grown in 2015 were screened for carotenoid content. Total carotenoids ranged from 0.7 
to 19.3 ug/g, which suggests that sorghum’s natural variation can be exploited to develop 

high carotenoid lines. 23 of the carotenoid lines with 
desirable agronomic traits were grown in three locations 
(two Kansas locations and one in Puerto Rico) and 
carotenoids were measured. Significant correlations were 
found between each location. The mean carotenoids in 
Puerto Rico were significantly higher than the Kansas 
locations. A pilot study to determine the feasibility of 
developing NIR calibrations for predicting carotenoid 
content was conducted using 79 samples. Results 

demonstrate that with a greater sample size, NIR spectroscopy has the potential to model 
carotenoid levels in sorghum grain for use in high throughput screening. 
 
Evaluation of cytotoxicity of sorghum phenolic extracts. In collaboration with scientists 
at Kansas State University, fifteen previously identified sorghum accessions possessing 



higher levels of antioxidant phenolic compounds in the bran were evaluated for their 
cytotoxic effects on HepG2, a cancer cell model. The intent was to ensure that the selected 
sorghum accessions were not toxic to the cell being studied, prior to further study. No 
cytotoxicity was observed for any of the 13 accessions measured across time and 
concentration. 
 

NEBRASKA 
 
Genetic Improvement of Sorghum for Non-Grain Energy Uses 
 
Wheat, Sorghum, and Forage Research Unit, Lincoln, NE 
Project Number: 3042-21220-032-00-D 
Lead Scientist: Scott E. Sattler 
Team Members: Deanna Funnell-Harris 
 
Discovery of a sorghum transcription factor that controls 
lignin synthesis. Lignin is the major structural component of 
plant cell walls whose presence and composition influences 
the usability of plant biomass for the production of biofuels 
and other natural products. ARS scientists discovered a Myb 
transcription factor, SbMyb60, that activates synthesis of 
lignin in sorghum. Experiments showed that overexpression 
of SbMyb60 activated nine genes in the lignin biosynthesis pathway, and led to increased 
lignin levels in sorghum biomass. SbMyb60 is the first activator of lignin synthesis to be 
identified in grasses. SbMyb60 represents a tool to modify plant cell wall composition 
and the potential to improve biomass for renewable uses in sorghum and other bioenergy 
grasses.  
 

Identification of sweet sorghum lines resistant to stalk rot diseases. 
Sweet sorghum is being evaluated for bioenergy use because it can be 
grown in several regions of the U.S. and the juice extracted from the 
stalks can be used directly to produce ethanol. However, stalk rot 
diseases pose serious problems on yield and quality of juice and 
biomass harvested from sweet sorghum. ARS scientists developed a 
greenhouse test to determine how sweet sorghum varieties respond to 
two major stalk diseases; charcoal rot and Fusarium stalk rot. They 
discovered that sweet sorghum varieties ‘Rio’ and ‘M81E’ were 
resistant to Fusarium stalk rot and charcoal rot, while ‘Colman’ was 
susceptible to both diseases. In addition, the progression of both 
diseases over time was documented in ‘Colman.’ These experiments 

provide a framework for identifying genes involved in resistance to stalk diseases and 
for breeding stalk rot resistant sweet sorghum varieties.  
 



OKLAHOMA 
 
Identification, Characterization, and Development of Insect-Resistant Wheat, Barley, 
and Sorghum Germplasm 
 
Wheat, Peanut, and Other Field Crops Research Unit, Stillwater, OK 
Project Number: 3072-21000-008-00-D 
Lead Scientist: Yinghua Huang 
Team Members: Xiangyang Xu, Dolores Mornhinweg 
 
Fine-mapping of candidate genes associated with Greenbug resistance in sorghum. 
Greenbug is a serious constraint to cereal crop production, particularly in the Midwest 
and Plains areas, and it causes significant economic loss to U.S. sorghum producers. Over 
the last few years, ARS scientists conducted a fine-mapping of the resistance quantitative 
trait locus (QTL) using near-isogenic lines (NILs) derived from a cross between a highly 
resistant variety, and a highly susceptible variety, BTx623. This allowed us to narrow 
down the target genes in a small region (59-kb) of sorghum chromosome harboring eight 
candidate genes. Putative function of these candidate genes has been assigned based on 
the genetic analysis. Thus, our results provide the baseline information for isolating 
greenbug resistance genes of sorghum, and the markers developed in this study will be 
useful for molecular breeding of greenbug resistant sorghum varieties. If greenbug 
resistance genes are successfully used to control greenbug damage on 4.955 million acres 
of the sorghum crops in this country, this technology can save the U.S. sorghum growers 
approximately $250 million annually.  
 
Management of Aphids Attacking Cereals 
 
Wheat, Peanut, and Other Field Crops Research Unit, Stillwater, OK 
Project Number: 3072-22000-016-00-D 
Lead Scientist: Gary Puterka 
Team Members: John Armstrong, Norman Elliott, Xiangyang Xu 
 
Development of Double Stranded RNA constructs for aphid control. Aphids are among 
the most serious insect pests affecting cereals and maize in the Plains Area.   Insecticides 
and the development of aphid resistant cereal germplasm are the primary means of 
controlling these pests.  Aphid resistance is typically specific to one aphid species and 
can sometimes be overcome by the appearance of new resistance breaking aphid 
biotypes.  Newer approaches to breeding aphid resistant crops are needed. ARS scientists 
have developed  two new double stranded RNA constructs, Sucrase and Chloride 
Intracellular Channel (CLIC), that have been identified and patented in 2017 (US 
9,580,709 B2) and that can be expressed in plants, and silence specific genes in aphids via 
RNA interference. These RNAi constructs were designed to target gene regions 
conserved across aphid species in order to control the broad range of aphid species that 



typically attack cereals and maize.   Feeding bioassays demonstrated that these two 
constructs were effective against aphid species including greenbug, Russian wheat aphid, 
and green peach aphid.   
 
Identification of sorghum (grain sorghum and forage sorghum) germplasm resistant 
to new invasive aphid pest of sorghum, sugarcane aphid.  ARS Research Entomologists, 
in collaboration with sorghum breeders from Texas A&M, other ARS laboratories, and 
industry sorghum breeders, identified plant resistance in both grain and forage 
sorghums. At the USDA-ARS Wheat, Peanut, and Other Field Crops Research Unit 
(WPOFC) laboratory, scientists also identified cross-resistance for greenbug resistance, 
which is commercially available in grower adapted lines. Through collaboration with 
Texas A&M sorghum breeding program, two parental lines of sugarcane aphid resistance 
grain sorghum have been released.  Additionally, two new sources of resistance have also 
been discovered in forage sorghum.  These findings will be released in the near future. 
 
Genetic diversity in sugarcane aphid shows minimal genetic divergence in the U.S. 
and world populations.  Sugarcane aphids were collected from various host plants from 
fifteen states within the United States, as well as Uganda and South Africa. The genetic 
diversity from these populations was very low, indicating that the probability of having 
different host plant divergent populations (biotypes) is also low. However, in order to 
conclusively say that no biotypes exist, more sorghum response research needs to be 
conducted by challenging a diverse sorghum background. 
 

TEXAS 
 
Innovative Genetic Approaches to Sorghum Germplasm Improvement and Analysis 
of Traits Critical to Hybrid Development 
 
Crop Germplasm Research Unit, College Station, TX 
Project Number: 3091-21000-034-00D 
Lead Scientist: Robert Klein 
 
Tropical sorghums converted to short stature, early flowering 
temperate-zone adapted germplasm. In the final year of a five-year 
project, ARS researchers, working with a retired seed company 
scientist, visually screened three hundred seventy-five BC1F3 and F3 
populations of converted germplasm, and nearly seventy individuals 
with superior breeding potential were selected for generational 
advancement and evaluation in hybrid combination for the 
development of higher-producing sorghum hybrids for farmers in the 
U.S. and worldwide.  
 
Characterization and Identification of Resistance in Sorghum to Fungal Pathogens 



 
Crop Germplasm Research Unit, College Station, TX 
Project Number: 3091-22000-030-00-D 
Lead Scientist: Louis Prom 
 
New sources of anthracnose and downy mildew resistance in sorghum.  Due to 
reductions in yield and seed quality, fungal pathogens causing anthracnose and downy 
mildew, cause losses to sorghum amounting to millions of dollars annually.  In addition, 
the hypervariable nature of these fungal pathogens requires continuous evaluation of 
sorghum germplasm to identify resistance sources.  ARS scientists worked with 
collaborators from Texas A&M University and Kansas State University, to evaluate 
numerous converted sorghum lines for resistance to these two foliar fungal diseases.  
Several lines were found to exhibit anthracnose resistance response and moderate 
resistance to sorghum downy mildew.  Two lines exhibited resistance to anthracnose and 
downy mildew diseases and hold promise for utilization in breeding programs 
worldwide. 
 
New sources of grain mold resistance in sorghum.  Globally, grain mold is a major 
hurdle affecting sorghum productivity and quality. This disease is caused by complex 
fungal pathogens, among them Fusarium thapsinum and Curvularia lunata which are the 
major fungi prevalent in many sorghum growing regions.  In order to combat these 
issues, ARS researchers worked with collaborators from Texas A&M University and 
Kansas State University to examine the effect of inoculating a mixture of F. thapsinum and 
C. lunata on sorghum converted lines.  Four lines and Sureno exhibited grain mold 

severity lower than the scores exhibited by the two 
resistant checks used in the evaluations.  The study 
also showed a significant negative correlation 
between germination and daily maximum 
temperature during the evaluation period, 
indicating that planting of sorghum 
cultivars/hybrids that mature during periods of 

dry/moderate weather will avoid problem of grain mold infection. This work provides 
sorghum breeders and other researchers new resistant sources that will be critical in 
developing new, grain mold resistant sorghum germplasm for use worldwide. 
 
Genetic Enhancement of Sorghum as a Versatile Crop 
 
Plant Stress and Germplasm Development Research Unit, Lubbock, TX 
Project Number: 3096-21000-020-00-D 
Lead Scientist: Zhanguo Xin 
Team Members: Gloria Burow, John Burke 
 



Completed analysis for whole genome sequencing of 256 mutant sorghum lines. In 
collaboration with the ARS lab in Cold Spring Harbor, researchers in the Plant Stress and 
Germplasm Development Research Unit completed the data analysis of whole genome 
sequencing for 256 randomly selected mutant sorghum lines. The mutation data 
produced 1.8 million high quality ethyl methane sulfonate-induced mutations affecting 
95% of the genes in sorghum genome. These data provide a genomic resource for 
sorghum and other C4 grain and bioenergy crops. The results are published in Plant Cell 
(available online).  
 
Identified the MSD3 gene that has the potential to increase grain number and enhance 
grain yield in sorghum. ARS researchers isolated a collection of sorghum mutants that 
have the potential to triple the seed number and double the seed weight per panicle. After 
identification of two of the msd1 and msd2 genes previously, they identified another 
gene, msd3, in 2016. These genes provided new tools to improve sorghum grain yield.  
 
Formal release and deposit of “Cool” sorghums-- diverse mapping populations' 
improvements with cold tolerance traits and its public availability through the 
Germplasm Resources Information Network (www.ars-grin.gov/npgs). The United 
States is the leading sorghum producer in the world, but early season planting and stand 
establishment is hampered by cool soil and ambient temperature in the U.S. sorghum belt 
from early March to early April.  Farmers need to plant in the early season in order to 
adapt to climatic changes, utilize spring moisture, and aid in realizing higher yield using 
longer growing season cultivars. ARS researchers developed, released, and characterized 
two recombinant inbred populations that exhibit an overall increased germinability at 
cooler soil and ambient temperatures between 55-58F (14-16C). The populations offer 
ample diversity for improvement of cold tolerance, seed quality, and desirable agronomic 
qualities. The population was distributed to university breeding programs for evaluation 
and use as a parental resource for breeding for early season cold tolerance. 
  
Development and validation of allele-specific markers for thermal stress response in 
sorghum through combined approach of genome-wide association mapping and 
validation of gene-based variation. Translational genomics is a new field that aims to 
pinpoint and utilize nucleotide variation between sorghum germplasm through 
validation of variation, and convert this information into easy access DNA markers for 
application in molecular and marker assisted breeding. ARS researchers integrated 
transcriptome profiling with the development of a catalog of validated nucleotide 
variation to identify differences in responsive genes among sorghum germplasm under 
cold stress. The results provide insight into the mechanisms involved in cold response of 
sorghum that can be applied for development of cold tolerant cultivars of cereal crops. 
The DNA variation identified between the tolerant and sensitive lines are needed, and 
will greatly aid in precise selection of recombinant inbred lines or germplasm for 
breeding early-season cold tolerant cultivars.  
 



Translational genomics leads to identification of robust and stable single nucleotide 
polymorphic (SNP) markers for use in selection and breeding of brown midrib trait in 
forage and bioenergy sorghums. There is a need to transform nucleotide variation data 
of sorghum germplasm into easy access genetic markers for molecular and marker-
assisted breeding, which can be used by seed companies and public researchers. ARS 
scientists from Lubbock, TX, and Lincoln, NE, joined together to utilize genomic data for 
genes in monolignol pathways in order to identify robust and stable SNP markers for the 
brown midrib phenotype.  This is an important trait, which is associated with reduced 
lignin content and greater ethanol conversion efficiency. Development and testing of 
functional assays resulted in an efficient, highly penetrant, and stable variant DNA 
marker for bmr6 and bmr12.   These results provided a platform to screen for the variation 
in brown midrib trait present in diverse lines and contributed to an opportunity to 
identify new alleles for improvement of biomass crops.  
 
Genetic analysis of profuse bloom wax leads to identification of genes and alleles 
specific markers for wax production in sorghum. An important feature of sorghum that 
is associated with drought tolerance is that of wax compounds that cover and protect the 
stem and underside of leaves. However, there is lack of genetic information regarding 
genes that determine important wax production in sorghum. ARS researchers, in 
cooperation with Cold Spring Harbor scientists, identified two genes that underpin 
profuse wax or bloom of sorghum. This discovery is highlighted in the high impact 
manuscript published in “The Plant Cell”. Discovery of genes for bloom/wax will allow 
the manipulation of the trait to improve drought and heat tolerance in sorghum with 
implications to other cereal crops.  
 
Deployment of genetic markers for marker assisted rapid trait introgression (MARTI) 
of novel multi-seeded trait to enhance grain yield in sorghum. Seed number is a major 
determinant of grain yield in sorghum and other cereal crops. ARS researchers, in 
collaboration with researchers from Cold Spring Harbor Laboratory, NY, developed 
novel and precise genetic markers that are easy to use for swift and precise detection of 
the multi-seeded trait at seedling stage and recently were demonstrated as a useful tool 
for molecular breeding of the trait to elite lines. The markers are being deployed thru the 
MARTI pipeline and swift development of near isogeneic line versions of elite sorghum 
with the msd trait will be delivered.  
 
Discovery of a dhurrin quantitative trait loci (QTL) as a novel stay-green QTL. Dhurrin 
is a cyanogenic glucoside produced by sorghum and is generally considered a natural 
defense compound capable of producing the toxin, Hydrogen Cyanide (HCN), to deter 
animal herbivory. Recently, ARS scientists reported that high levels of leaf dhurrin in 
grain sorghum genotypes was correlated with post-flowering drought tolerance (stay-
green). Post-flowering drought tolerance is associated with reduced lodging, charcoal rot 
resistance, increased grain fill, and increased grain yield. ARS scientists recently 
discovered a dhurrin QTL (Dhu1) on SBI01 using a recombinant inbred line (RIL) 



mapping population derived from BTx642/Tx7000. Leaf dhurrin was highly heritable 
and Dhu1 explained a large percentage of the variation of leaf dhurrin in the population. 
Dhu1 is aligned with genes involved in dhurrin biosynthesis (CYP79A1, CYP71E1, 
UGT85B1). Protein sequence variants found in CYP71E1 and UGT85B1 appear to be the 
cause of the observed differences in leaf dhurrin levels in many sorghum lines that vary 
in leaf dhurrin content. Dhu1 is also aligned with a novel stay-green QTL (Stg5) on SBI01, 
consistent with prior studies showing an association between high leaf dhurrin levels, 
this region of SBI01, and expression of the stay-green trait.  
 
Population studies identified genes for range of thermal stress. Climate variability, due 
to fluctuation in temperature, is a worldwide concern that endangers crop production. 
ARS scientists from analyzed the genetic variations associated with responses to thermal 
stresses in a sorghum association panel (SAP) representing major races and working 
groups to identify single nucleotide polymorphisms (SNPs) that are associated with 
resilience to temperature stress in a major cereal crop. Genome-wide analyses identified 
thirty SNPs that were strongly associated with traits measured at seedling stage under 
cold stress, and tagged genes that act as regulators of anthocyanin expression and soluble 
carbohydrate metabolism. Meanwhile, 12 SNPs were found significantly associated with 
seedling traits under heat stress, as well as these SNPs tagged genes that function also in 
sugar metabolism, and ion transport pathways. These findings could provide foundation 
for use of haplotypes for development of temperature resilient sorghum cultivars and 
further characterization of genes and their networks responsible for adaptation to 
thermal stresses.  
 


