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Introduction

Objectives
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Pennycress (Thlaspi arvense L.) is a winter annual oilseed species 
native to Eurasia. As part of the Forever Green Initiative at the 
University of Minnesota, a multi-disciplinary team is 
domesticating pennycress for use as a cash cover crop.
Pennycress has no breeding history and has many undesirable 
weedy traits such as uneven germination, small seed, and 
seedpod shatter prior to harvest. However,  once domesticated, 
pennycress can be planted as a cash cover crop that supplements 
the corn-soybean rotation system (Figure 1). When utilized as a 
cash cover crop, pennycress provides ecosystem services such as 
reductions in soil erosion and nutrient loss while producing an 
oilseed that will establish MN as a major producer of a new, 
healthy, food grade oil. 

Figure 1. Pennycress life cycle as a cash cover crop. Pennycress 
is planted in the fall after silage corn or other crops, overwinters 
in rosette form, flowers in early spring and is harvested in June. 
Soybean can be planted in the pennycress stand shortly after 
flowering. Once the pennycress is harvested, the soybeans grow 
as in a traditional no cover crop system.

• Identify genetic diversity and population structure in wild 
pennycress accessions.

• Identify domestication traits and causal genes in pennycress.
• Develop new genomic resources for pennycress including a 

chromosome scale assembly.

Materials

Results

Figure 2. Evaluation of genetic diversity and population structure in wild pennycress germplasm. 121 pennycress accessions were 
subjected to genotyping-by-sequencing (GBS). After filtering and QC, 3,947 SNPs were used in principal components analysis (PCA) and 
Bayesian cluster analysis (STRUCTURE). A) STRUCTURE results with K=2. Accessions were divided into Armenian (yellow) and non-
Armenian (red) populations. B) STRUCTURE results with K=4. The Armenian (yellow, blue) and non-Armenian (red, purple) accessions 
were each divided into two separate populations. C) PCA results of non-Armenian lines show some geographic grouping within the 
STRUCTURE classified populations (circles correspond to red and purple bars in Figure 2b). Average pairwise genetic distance between 
non-Armenian lines was 0.104 indicating low diversity in North American wild germplasm. No variation for domestication traits such as 
reduced pod shatter was found in this population.

• 121 wild pennycress accessions from North America and Europe
• Ethyl methanesulfonate (EMS) mutagenized pennycress 

population of 15,000 lines
• One inbred pennycress reference genotype (MN106)

Resources
• Draft pennycress genome (Dorn et al. 2015)
• Minnesota Supercomputing Institute (MSI) resources are 

utilized by three different Principal Investigators on the 
pennycress domestication team.
• Storage of sequencing data from MSI: 10 TB of combined 

data among labs
• Bioinformatics analyses are completed using MSI computing 

clusters
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Figure 3. Identification of domestication traits and causal genes in pennycress EMS mutagenesis population. A) Whole genome 
comparisons between pennycress draft genome and Arabidopsis show that over 50% of pennycress genes correspond to a single 
orthologous Arabidopsis gene. B) A custom SNP calling pipeline run on MSI computing clusters was developed to filter background 
genetic variation from EMS induced SNPs from whole genome sequencing. Causal genes for traits of interest are then identified using 
pennycress and Arabidopsis transcriptomic data. C) Reduced pod shatter pennycress lines were identified visually in field trials, and 
mutations in the IND gene were identified. Introgression of this trait will dramatically increase seed yield. D) NIR analysis of harvested 
pennycress seed identified a line low in glucosinolates, and a mutation in the AOP gene was identified. Introgression of this trait will 
increase the palatability and nutrition of pennycress meal. 

Figure 4. Development of a new pennycress reference genome. The reference line MN106 was subjected to long and short read 
sequencing technologies to develop a combined assembly. A genetic linkage map and proximity sequencing (Hi-C) will be used to 
develop scaffolds and order the genome. MSI clusters are being used for the assembly process as well as the linkage mapping process.

Conclusions
• Pennycress has the potential to increase sustainability and profitability of Minnesota cropping systems.
• Using next generation sequencing technologies, MSI computing resources, and custom bioinformatic pipelines and 

software, we can develop domesticated pennycress varieties in less than 10 years (compared to hundreds or 
thousands of years for most crop species.

• A chromosome-scale reference genome will allow us to identify more genes and the linkage between genes necessary 
for domestication, as well as to complete genetic analyses such as genome-wide linkage disequilibrium estimation and 
QTL mapping.
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