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NOTICE

This IPREFER project quarterly report was prepared by Western Illinois University and
IPREFER research colleagues from CoverCress, Inc., Illinois State University, McLean County
Soil and Water Conservation District, Southern Illinois University, The Ohio State University,
United States Department of Agriculture-Agricultural Research Service, University of Illinois,
University of Minnesota, and the University of Wisconsin-Platteville in the course of performing
academic research supported by Agriculture and Food Research Initiative Competitive Grant No.
2019-69012-29851 from the United States Department of Agriculture National Institute of Food
and Agriculture (“USDA-NIFA”).

The opinions expressed in this report do not necessarily reflect those of Western Illinois
University, USDA-NIFA, CoverCress, Inc., [llinois State University, McLean County Soil, and
Water Conservation District, Southern Illinois University, The Ohio State University, United
States Department of Agriculture-Agricultural Research Service, University of Illinois,
University of Minnesota or the University of Wisconsin-Platteville and reference to any specific
product, service, process, or method does not constitute an implied or expressed recommendation
or endorsement of it.

Further, Western Illinois University, USDA-NIFA, CoverCress, Inc., [llinois State University,
McLean County Soil and Water Conservation District, Southern Illinois University, The Ohio
State University, United States Department of Agriculture-Agricultural Research Service,
University of Illinois, University of Minnesota or the University of Wisconsin-Platteville make
no warranties or representations, expressed or implied, as to the fitness for a particular purpose
or merchantability of any product, apparatus, or service, or the usefulness, completeness, or
accuracy of any processes, methods, or other information contained, described, disclosed, or
referred to in this report.

Western Illinois University, USDA-NIFA, CoverCress, Inc., Illinois State University, McLean
County Soil, and Water Conservation District, Southern Illinois University, The Ohio State
University, United States Department of Agriculture-Agricultural Research Service, University
of Illinois, University of Minnesota or the University of Wisconsin-Platteville and the authors
make no representation that the use of any product, apparatus, process, method, or other
information will not infringe privately owned rights and will assume no liability for any loss,
injury, or damage resulting from or occurring in connection with, the use of the information
contained, described, disclosed, or referred to in this report.
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Integrated Pennycress Research Enabling Farm and Energy Resilience

(AFRI-CAP 2019-69012-29851)

Quarterly Report: February 1, 2021 — April 30, 2021

PROJECT ADMINISTRATION AND GOVERNANCE

We accomplished the following project governance and administrative tasks during the second
quarter of Year 2.

1. Planned Activities

Conduct a virtual second annual meeting on August 3-4, 2020. We will highlight Year 1
accomplishments and organize Year 2 activities.

Continue improving project website and integration with social media platforms.

Begin uploading project data to UMN GEMS web-based platform with the ultimate goal
of having the final project data reside in the MN DRUM data repository.

Discuss agreement with Purdue University to conduct land-use change assessments for
Carbon Intensity scoring for aviation fuels.

Hired an additional two undergraduate students to assist with greenhouse and laboratory
experiments.

2. Actual Accomplishments

Completed summer intern website pages, links to field days, collaborator videos, and
integrated links for other NIFA CAP projects.

Selected two interns (Ross Sousa and Tommy Wood) for the 2021 summer internship
program.

We hired four undergraduate students (Alex Shaw, Hannah Carlock, Tommy Wood, and
Lucas Unland to assist with greenhouse and research plot maintenance at the WIU
research farm.

Completed guidelines and descriptors for plant breeding and agronomy studies for
depositing data in the UMN data banks.

Continue publicizing the IPREFER project in farm-related media (See Exhibit A).

Quarterly Progress Report: February 2021 — April 2021 1
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e Purdue University has completed the land-use change assessments for Carbon Intensity
scoring for both biodiesel and renewable fuels. We are waiting on the finalized report. Jet
fuel will be added pending the final results of the first two products.

3. Explanation of Variance

Western Illinois University is beginning to loosen COVID-19 restrictions. Spring field days
are proceeding as planned as in-person events on May 4 and May 20, 2021, but we may have
to restrict attendance.

4. Plans for Next Quarter

e Begin organization of 3rd annual meeting of IPREFER to occur in August 2021. Due to
COVID restrictions, the annual meeting will be virtual and hosted by WIU.

e Adjust IPREFER Advisory board by adding representatives for large scale producers for
both southern and northern regions

e Initiate Year 3 funding sub-awards to collaborators
5. Publications, Presentations, and Proposals Submitted
e Education Presentations

Classroom lecture in AGRN-472 Principles of Plant Breeding regarding pennycress
breeding and gene editing. Eleven undergraduate students, April 2021. Initiated and
selected EMS mutant plants for heat stress symptoms in pennycress as a classroom
laboratory.

e Outreach Presentations

o Guest speaker, Scouts of America, Pennycress basics and the IPREFER project. 17
Student participants and parents from troop 315 in West Central Illinois. Macomb, IL.
April 13, 2021 (Photo 1)

o Plant breeding student working on pennycress project (Cassidy Crow) selected for
WIU recruitment campaign. April 28, 2021 (Photo 2).

Quarterly Progress Report: February 2021 — April 2021 2
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Photo 1. Scouts of America, Pennycress Basics, and the IPREFER Project. 17 Student participants and parents from
Troop 315 in West Central Illinois. Macomb, IL. April 13, 2021.

WESTERN ILLINOIS UNIVERSITY

Sowing the Seeds
of the Future

x | Options available in Ag Education, Ag Business, and Ag Science |

« State-of-the-art greenhouse complex for teaching and learning }

* Internationally known for animal and plant research |

f * Field connections for internships and career placement ‘

| * Hands-on experience with 300+acres of University farmland,
| livestock, agriculture laboratories, and test stations, as well as
research at off-campus sites

J | Western Illinois
University

Photo 2. Plant breeding student working on pennycress project. Cassidy Crow was selected for the WIU recruitment
campaign. April 28, 2021.
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OBJECTIVE 3.1 — AGRONOMIC MANAGEMENT

1. Yield Trade-off Leveraging Corn Relative Maturity and Desiccants (“CRM”)
(Objective 3.1.1)!

Recent work suggests that corn grain yield and grain moisture at harvest are increased by 88

kg ha1 (1.4 bu ac'l) and 0.5%, respectively, per one-day increase in corn relative maturity
(CRM). Although early-maturing corn hybrids have lower yield potential than full-season
counterparts, they can be harvested earlier (e.g., late August). The application of desiccants
can further shorten the time for corn to reach harvestability. The team will assess corn and
pennycress yield trade-offs through evaluating a range of corn CRM by assessing varieties
differing in relative maturity in Ohio, Minnesota, and Illinois during Project Years 1 — 3.

Minnesota (USDA and RROC), Western Illinois University, Ohio State University and
Illinois State University

e Planned Activities
o Process corn samples for yield.

o Measure plant densities and percent green cover of pennycress before winter
freeze.

o Setup standardized spreadsheet for data recording/storing.
o Search to fill postdoc positions for agronomic studies.
o Fertilize pennycress in all treatments.
o Flag out Year 2 location and take soils samples - send to Alex Hard.
o Measure pennycress plant densities and percent cover.
o Assess pennycress growth and development.
o Plant soybean.
o Harvest pennycress.
e Actual Accomplishments

o Corn grain samples for yield have been processed and yields calculated.

! Russ Gesch (USDA-ARS) leads the CRM team.

Quarterly Progress Report: February 2021 — April 2021 4
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o Emerged pennycress plant densities and green cover were measured in all but the
95 d corn plots (very few seedlings have emerged before freezing).

o Initial soil samples have been ground and sent for chemical/physical analysis.
o We hired a Postdoc.
o All plots were fertilized.
o Samples were sent to UMN in care of Alex Hard.
o Assessed pennycress phenology and flowering.
e Explanation of Variance

o Pennycress stand densities and green cover could not be assessed in 95 d corn
plots due to plants only beginning to emerge.

o Drought has impacted the soybean and delayed pennycress maturation.
e Plans for Next Quarter
Standardize spreadsheets for data recording and storage.
e Publications, Presentations, and Proposal Submitted
o UMN/IPREFER Virtual Field Day.
o ISU Field Day
2. Corn Residue Management (""DISC") (Objective 3.1.2)2

Due to ecological and economic benefits, an increasing number of farms are now practicing
no-tillage and other conservation tillage farming. Establishing pennycress in no-till fields is a
struggle due primarily to the sheer amount of corn residue remaining after harvest. Several
corn residue treatments will test the hypothesis that the residue can be sized small enough to
not interfere with pennycress establishment. Pennycress establishment and subsequent seed
yield in high-residue environments will be compared to reduced-surface stover treatments
where its production has proven successful (e.g., silage corn removal and prepared seedbeds).

A. Minnesota (USDA and RROC), Western Illinois University, Ohio State University,
and Illinois State University

2 DISC is the abbreviation we use for the IPREFER corn stover management project. Nicholas Heller (University of
Minnesota) leads this IPREFER objective.
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L]
& 6#:5

REFER"S iprefercap.org

o Planned Activities
o Process corn sample for yield.
o Measure pennycress plant densities and percent green cover.
o Setup standardized spreadsheets for data recording/storage.
o Fertilize pennycress in all treatments.
o Flag out Year 2 location and take soils samples and send to Alex Hard.
o Prepare field day presentations.
e Actual Accomplishments
o Corn grain samples taken this past fall have been processed and yields calculated.

o Pennycress plant densities and % green cover could only be measured in the
silaged control plots because plants in the other treatments for this study were
only beginning to emerge prior to winter freeze-up.

o We have taken multiple plot pictures.

o Soil samples taken last summer for site characterization have been sent for
chemical/physical analysis.

o Fertilized PC in all treatments
o Flagged out Year 2 location and take soils samples - send to Alex Hard
o Measured PC plant densities and % cover
o Prepared field day presentations (See Photo 3).
o Explanation of Variance

Pennycress stand densities and green cover could not be assessed in 95 d corn plots
due to plants only beginning to emerge.

o Plans for Next Quarter
o Assess pennycress growth and development.
o Plant soybean.

o Harvest pennycress.

Quarterly Progress Report: February 2021 — April 2021 6
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o Standardize spreadsheets for data recording and storage.
o Publications, Presentations, and Proposal Submitted

None this quarter.

]
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Cash Cover Crops for
Northern Growers: A Virtual
Pennycress Field Day

www.iprefercap.org

Photo 3. IPREFER and UMN (virtual) Field Day, Apr. 21, 2021.

3. Novel Seed Treatment for Improved Pennycress Performance (‘PELLET”) (Objective
3.1.3)°

A. Minnesota (USDA and RROC), Illinois State University, and Ohio State University

o Planned Activities

o Record the residue type for this study (PREFERRED: no residue or clean till,
grain corn residue post-harvest, or soybean residue post-harvest). The number of
sites desired: three in MN, two in IL, two in WI, and three in OH.

o Collect a composite 8” soil sample to characterize the site (analyze for CEC,
percent OM, pH, soil P, K, Ca, and Mg — base soil analysis). Also include the
information related to the predominant soil series from the Web Soil Survey.

3 “PELLET” is the abbreviation we use for the “Novel Seed Treatment for Improve Pennycress Performance” part of
the project. This IPREFER objective is led by Alex Lindsey at Ohio State University.

Quarterly Progress Report: February 2021 — April 2021 7
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o Ideally, the planting date would be mid-late September. Seed envelopes should be
broadcast into plots (4 ft x 4 ft), with a 2 ft border around each plot to allow for
sampling. One envelope should be used per plot using the provided plot map.

o Assess stand around first frost (early-mid November) using a 0.25m? area in each
plot. Collect one image from a consistent height and process using Canopeo,
using a similar procedure to broadcast treatments in the Residue study.

Actual Accomplishments
o Land is earmarked at each intuition for the PELLET 2021 Fall rollout

o Conversion to Workday internally caused some challenges, but materials are
ordered and received to continue pelleting activities.

o We established a repeatable procedure for pelleting seeds.
o We quantified fall establishment in breeding trial plots.
o We quantified fall establishment in agronomic trial plots.

o We secured a land area for the PELLET trial at a new Ohio location for planting
Au2l.

o We completed the initial pelleting germination screen (See Table 1)

o We participated in conference calls with the Education objective.

Table 1. Germination percentage of pennycress at different Genotype and pelleting treatments under

Pelleting GA Pelleting GA Soak Control
MN 106 86.33b A 94.00a A 97.16a A 53.66¢c B
MN106NS 51.16b B 94.83a A 94.83a A 19.17cC
118 55.33cB 63.66ab B 84.5a B 72ab A
B3 40.16b B 94.50a A 96.00a A 27.33cC

Letters denote significant differences among treatments with factors at the 0.05 probability level. Capital
letters denote differences among germplasm within each seed treatment. Small letters denote differences
among seed treatment within each germplasm.

Explanation of Variance

o We have not started a staging guide for pennycress as conversations with other
team members have yet to occur.

Plans for Next Quarter

Quarterly Progress Report: February 2021 — April 2021 8
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o Assess winter survival in March-early April. Collect a spring stand count and
Canopeo image from each plot as was done in the fall.

o Apply 40 Ibs N/ac broadcast as urea prior to bolting.

o In mid-May, assess crown integrity and inspect leaves for lesions. Check five
plants and provide a percent leaf coverage for each.

o Prior to harvest, assess stem lodging on a percentage basis (percent of plants
experiencing lodging, note if lodging is light, moderate, or severe as well based
on stalk angle from erect).

o Hand harvest 0.25m? and thresh plants for assessment of seed yield, harvest
moisture, and seed quality.

o Advise graduate student.
o Order materials to facilitate activities.
o Begin seed pelleting experiments.
o Evaluate establishment in Fall 2020 breeding trial.
o Evaluate establishment in Fall 2020 agronomic trials.
o Participate in conference calls to discuss efforts.
o Oversee graduate student research projects.
o Assess pennycress winter survival.
o Continue pelleting assessments.
4. Tools for Integrated Weed Management (“WEEDS”) 3.1.44
A. Western Illinois University
o Planned Activities
o Spray and rate IR-4 herbicide studies.
o Take stand counts on herbicide carryover studies.

e Actual Accomplishments

4 Mark Bernards (Western Illinois University) leads the WEEDS Team.

Quarterly Progress Report: February 2021 — April 2021 9
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o Sprayed and rated IR-4 herbicide studies.
o Took stand counts on herbicide carryover studies.
o Explanation of Variance
None noted.
o Plans for Next Quarter
o Conduct harvest IR-4 and herbicide carryover studies.
o 2. Plant corn and spray herbicide carryover studies.
o 3. Plant corn for DISK and CRM studies.
o Publications, Presentations, and Proposals Submitted

Presented a poster summary of University of Minnesota data on pennycress injury
and yield response after pre and early post-emergence herbicide application at the
Weed Science Society of America Annual Meetings.

5. Monitor Soybean Cyst Nematode (Heterodera Glycines, SCN) in the cropping rotation
(“SCN”) (Objective 3.1.5)°

Pennycress has been reported to be a poor to moderate host for SCN in greenhouse studies.
Research is underway to determine its impact on SCN populations under field conditions in
the corn-soybean production system. Preliminary results indicate no increase in SCN
population density in pennycress compared with the no cover crop treatment. It is possible
that pennycress as a winter cover crop does not support SCN reproduction, or pennycress
may even function as a trap crop during the cool season. Currently funded research is
investigating the ability of SCN to infect pennycress in the field and is evaluating the role of
temperature in SCN reproduction. Field-scale and microplot experiments are being
conducted to evaluate the reproduction and life cycle development of SCN in the fall and
spring months. Pennycress’s role as a trap crop or alternate host will be discovered through
these experiments.

A. University of Minnesota
o Planned Activities

o Perform end of 2020 season soil sampling for SCN.

5 Cody Hoerning and Senyu Chen (University of Minnesota) lead the SCN Team.

Quarterly Progress Report: February 2021 — April 2021 10
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o Complete germplasm evaluation of pennycress lines.
o Acquire soybean seed for susceptible and resistant spring planting treatments.
o Prepare experimental protocol for 2021-2022 field season.
o Submit protocols are stations where experiments are established.
o Contact research managers on labor needs and expectations.
o Organize and review agronomic and nematode data collected in Fall 2020.
e Actual Accomplishments
o All the planned activities for the period were accomplished.
o Completed the end of 2020 season soil sampling for SCN.
o Completed germplasm evaluation of pennycress lines.
o Acquire soybean seed for susceptible and resistant spring planting treatments.
o Prepare experimental protocol for 2021-2022 field season
o Submit protocols are stations where experiments are established.
o Contact research managers on labor needs and expectations.
o Organize and review agronomic and nematode data collected in Fall 2020.
o Explanation of Variance

o All planned activities were accomplished. The Illinois sites were delayed one
year, as was previously described. The sites will be prepared this spring, and the
pennycress will be planted in Fall 2021.

o Plans for Next Quarter
o Collect agronomic measurements.
o Collect pennycress biomass and yield data.
o Soil sample for SCN.
o Process SCN samples for egg counts.

o Apply fertilizer.

Quarterly Progress Report: February 2021 — April 2021 11
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o No-till drill soybean into pennycress at the appropriate physiological level.
o Publications, Presentations, and Proposals Submitted

Hoerning, C. (2020). Evaluating Winter Annual Oilseeds as Alternative Hosts to
Heterodera Glycines. Unpublished manuscript, University of Minnesota.

6. Contribute to the identification and development of soybean varieties specifically
adapted to pennycress inter-cropping systems (“SELECT”) (Objective 3.1.6)°

Minimizing yield trade-offs between pennycress and soybean in a relay cropping system is
paramount. Recent research detected sizeable differences in light transmittance-related
properties between pennycress crop canopies. This indicates that both canopies represent
different stress environments for the relay-planted soybean, potentially requiring different
soybean cultivars to be relay-planted. Further, the good performance of the relay-planted
soybean cultivars suggests a stronger competitive ability that might decrease the yield
potential of the cover crop. Taken together, those findings highlight the possibility of
optimizing the cover crop-cash crop associations by identifying summer crop-cover crop
cultivar combinations that maximize yields. To address the yield gap, a soybean selection
(i.e., SELECT) was initiated fall of 2019 with the bulk planting of pennycress ‘MN106°. A
large number of soybean cultivars are slated for relay cropping into the pennycress spring of
2020 with the expressed goal of revealing large variations in soybean yield response to relay-
planting. A large number of cultivars will, therefore, increase chances to identify uniquely
superior cultivars. In addition, such group size will maximize the chances of identifying
superior cultivars.

A. Minnesota (RROC and USDA)
o Planned Activities
o Monitor growth and development of pennycress
o Apply POAST to control for wheat volunteers.
o Apply N fertilizer based on BMP.
e Actual Accomplishments

o Checked in on SOYSELECT Pennycress (4/21/2021). Mostly fall emerged
pennycress, and relatively uniform. Some weeds are still in the rosette stage.

o Applied POAST to site to control grass weeds and volunteer spring wheat

¢ Aaron Lorenz (University of Minnesota) leads the SELECT Team.

Quarterly Progress Report: February 2021 — April 2021 12
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o Applied Nitrogen fertilizer.
o Explanation of Variance
o Nothing to report.
o Plans for Next Quarter
o Monitor flowing timing and pennycress maturation.
o Relay plant soybean panel.

o Harvest pennycress.

OBJECTIVE 3.2 - BREEDING AND GENOMICS — PENNYCRESS IMPROVEMENT
1. Illinois State University

Through multi-state testing, our research teams have generated high-yielding pennycress
breeding lines and identified/validated trait-improving mutations and natural variants. These
were our planned activities for the third quarter.

A. Planned Activities

e Utilize marker-assisted selection and CRISPR gene editing to complete the
introgression of these traits into elite breeding lines.

e Extend our replicated yield testing program to a cooperative regional program and
rapidly identify the best lines for each Midwest location (IL, MN, OH, WI) in
conjunction with a commercial launch.

e Perform field evaluations and seed increases of lines with commercial potential.

e Develop additional genetic/genomic resources for long-term breeding program
success.

B. Actual Accomplishments

e New CRISPR-edited transgene-free mutants designed to reduce seed glucosinolate
levels, increase oil content, or increase seed size were transplanted into the field in
early April and are growing well. We should get relevant in-field growth and
compositional data next quarter. We also have, growing in the field, triple-stack
CRISPR mutants having reduced erucic acid, reduced seed glucosinolate content, and
reduced seed coat fiber (two triple-stack genotypes along with single and double

Quarterly Progress Report: February 2021 — April 2021 13
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mutants). The plants are growing well, so we should obtain quality data. These data
are slated for inclusion in a high-profile manuscript to be submitted this fall.

e We purchased a new Licor LI-6800F Portable Photosynthesis and Fluorescence
System and used it on field growing pennycress plants of different genotypes to
acquire data on photosynthetic efficiencies, carbon assimilation, and water use
efficiency at various temperatures from near freezing to near 33 degrees C. These
data showed meaningful differences between genotypes and identified the optimal
temperature for pennycress photosynthetic efficiency.

e A visiting Fulbright Scholar from Egypt joined our lab in March and will be
conducting research on this project through December of 2021.

C. Explanation of Variance

Laboratory work remains somewhat reduced due to COVID-19 impacts. Everyone in the
lab has gotten vaccinated near the end of this reporting period, so hopefully, productivity
will return to normal or near normal.

D. Plans for Next Quarter
We will continue to work on the aims stated above.

E. Publications, Presentations and Proposals Submitted
e Publications

o Jarvis, B.A., T.B. Romsdahl, M. McGinn, T.J. Nazarenus, E.B. Cahoon, K.D.
Chapman & J.C. Sedbrook. (2021). “CRISPR/Cas9-induced fad2 and rod1
mutations stacked with fael confer high oleic acid seed oil in pennycress (Thlaspi
arvense L.).” Frontiers Plant Sci. 12:652319.
https://doi.org/10.3389/fpls.2021.652319.

o Marks, M.D., R. Chopra, & J.C. Sedbrook. (2021). “Technologies enabling rapid
crop improvements for sustainable agriculture: Example pennycress (Thlaspi
arvense L.).” Emerg. Topics Life Sci. ETLS20200330.
https://doi.org/10.1042/ETL.S20200330.

e Patent Awarded

Patent No. US 2021/0084936 A1l. Mar. 25, 2021. Low Glucosinolate Pennycress
Meal and Methods of Making. Tim Ulmasov, John C. Sedbrook, Michael David
Marks, Michaela G. McGinn, Cristine Handel, Ratan Chopra, Brice Allen Jarvis.
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https://patentimages.storage.googleapis.com/05/45/0b/tb62b6616883d4/US20210084
936A1.pdf’

e Presentation

Illinois State University Lexington Farm, April 16, 2021. Speakers: Nicholas Heller
(Organizer and speaker), John Sedbrook, Bill Perry, Chris Aulbach & L. C. Yang
(See Exhibit B).®

e News Media

lllinois Farmer Today. Phyllis Coulter. April 30, 2021. “Agronomist: Creating new
crop like flying plane while building it.”
https://www.agupdate.com/illinoisfarmertoday/news/crop/agronomist-creating-new-
crop-like-flying-plane-while-building-it/article 9389b3e8-a860-11eb-bdle-
c735fd4156a8.html.

2. University of Minnesota
A. Planned Activities

Through multi-state testing, our research teams have generated high-yielding pennycress
breeding lines and identified/validated trait-improving mutations and natural variants.
These were our planned activities for Year 2-Q2:

e Utilize marker-assisted selection and CRISPR gene editing to complete the
introgression of these traits into elite breeding lines.

e Extend our replicated yield testing program to a cooperative regional program and
rapidly identify the best lines for each Midwest location (IL, MN, OH, WI) in
conjunction with a commercial launch.

e Perform field evaluations and seed increases of lines with commercial potential.

e Develop additional genetic/genomic resources for long-term breeding program
success.

B. Actual Accomplishments

7 Tim Ulmasov, John C. Sedbrook, Michael David Marks, Michaela G. McGinn, Cristine Handel, Ratan Chopra,
and Brice Allen Jarvis are part of the IPREFER project.

8 Nicholas Heller (Organizer and speaker), John Sedbrook, Bill Perry, Chris Aulbach are part of the IPREFER
project
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We continue to evaluate new EMS-induced mutations conferring high-priority traits,
including the core domestication traits and value-added traits of higher total seed oil
content, larger seed size, and high-oleic seed oil.

We have submitted genomic DNA for 500 new EMS lines to build a mutation library
for pennycress.

We have coordinated the collections of 500 natural accessions across different parts
of the globe and are growing them for developing a resequencing resource for
pennycress improvement.

Backcrossing of core-domestication traits is on track, and we should have BC3 or
BC4 for low erucic, reduced pod shatter, early flowering, and reduced glucosinolates
by the end of the 2021 summer.

IPREFER variety trials were evaluated for their establishment in spring 2021 and
their flowering time, and we anticipate harvesting these trials in middle of June.

We have isolated 10 good lines with high oleic, reduced shatter, and reduced
glucosinolates for testing in fall 2021.

We have also started genotyping and purifying seeds with the high oleic reduced
shatter trait for future release as a cultivar.

C. Explanation of Variance

Laboratory work remains reduced to about 50% of pre-COVID levels due to the need
for social distancing. Students in the lab work in shifts.

Our lead breeder left the program, and we had some challenges with IPREFER strip
trials because of winter annual weeds.

D. Plans for Next Quarter

We will continue working on the aims stated above. One manuscript was submitted and
is currently being revised. We will submit an additional manuscript in the second half of
2021.

E. Publications, Presentations and Proposals Submitted

Presentations

Development of gene mutation index in field pennycress (Thlaspi arvense L.), ICAR
2021 (June 2021).
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e Publications
None this quarter.
e Professional Conferences /Meetings
None this quarter.
3. Western Illinois University
A. Planned Activities
e Transplant winter and spring type advanced breeding lines to the WIU greenhouse.

¢ Initiate fertilization experiment investigating nitrogen and phosphorus effects on
pennycress plant structure, flowering time, overall seed yield, and seed oil traits.

e [Initiate large EMS mutant screen for heat stress-tolerant pennycress lines.
e Organize in-person field days at WIU farms pending COVID-19 restrictions.

e Begin spring assessment of WIU research plots for winter survival and flowering
dates.

e Maintain research plots with hand weeding and plot labeling.
B. Actual Accomplishments

e Completed initial winter survival and flowering notes for all field experiments in
Macomb. Stand establishment of all plots was excellent. (Photo 4)
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Pennycress °
Research Plots |

‘esearch supported by:

Photo 4. WIU research plots in Macomb, lllinois. April 20, 2021. The plots are in full bloom and looking great.

e Completed growouts in the WIU greenhouses of select ISU gene-edited breeding
lines containing traits of interest, including early flowering, low erucic acid, low
glucosinolates, low fiber, high oil, large seed size, and thick stems (Photo 5).

Photo 5. ISU gene-edited breeding lines of pennycress in the WIU greenhouse, April 2, 2021.
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Advanced winter-type breeding lines with traits of interest including compact flower
stem, early flowering, improved germination, reduced seed coat fibers, and large seed
size were increased in the greenhouse.

Completed large undergraduate research experiment investigating fertilizer treatments
with combinations of nitrogen and phosphorus on four different breeding lines of
pennycress in the WIU greenhouses. We are waiting to complete the seed and seed oil
analyzes.

Completed EMS mutant screen for heat tolerance in the greenhouse in collaboration
with the IPReP pennycress project.

C. Explanation of Variance

Western Illinois University is beginning to loosen COVID-19 restrictions. Spring field
days are proceeding as planned as in-person events on May 4 and May 20, 2021, but may
be restricted to a limited number of attendees per day.

D. Plans for Next Quarter

Complete harvesting of winter and spring type advanced breeding lines at the WIU
greenhouse.

Complete harvesting fertilization experiment investigating nitrogen and phosphorus
effects on pennycress plant structure, flowering time, overall seed yield, and seed oil
traits at the WIU greenhouse.

Harvest large EMS mutant screen for heat stress-tolerant pennycress lines.

Organize and conduct in-person field days at WIU farms on May 4, 2021, and May
20, 2021. Participated in Illinois State University Pennycress Field Day (4/16/21).

Maintain research plots with hand weeding and plot labeling.

Prepare plot combine for harvesting research plots at WIU, OSU, ISU, CoverCress,
and UW in May and June.

Receive optical seed sorter for cleaning yellow seeded pennycress lines. Complete
calibration and establish protocols for operation.

Host summer interns Ross Sousa and Tommy Wood to complete studies on GA seed
treatments and nitrogen fertilization experiments.

E. Publications, Presentations and Proposals Submitted
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OBJECTIVE 3.3 - CHARACTERIZATION OF PENNYCRESS ECOSYSTEM SERVICES

The goal of the water quality component of the Ecosystem Services group is to assess
pennycress's potential to function as a cover crop.’

1. Planned Activities

The spring objectives are still ongoing, and our specific objectives were to:

Sample pennycress and weed biomass over the growing season.

Sample soil porewater near the root zone of the cover crops (30cm) compared to

reference plots.

iprefercap.org

Finish installation of ISCO automated samplers and data loggers and sample tile water

leaving the reference and pennycress plots while working on getting funding to
instrument the fertilized pennycress plot tile drainages.

Sample soil fertility.

Sample soybean cyst nematodes.

Complete soil analyses for time 0 carbon sequestration with depth experiment and sample

spring cover crops on carbon sequestration (Rob Rhykerd, Illinois State University).

Assist Frank Forcella (Minnesota) in collecting native pollinators on pennycress.

Estimate pennycress seed yield at the end of the growing season.

Hire a new graduate student to study nutrient losses in tiles and hire field assistants.

Complete analysis of fall/winter data for:

@)

@)

@)

@)

Soybean yields.
Soybean Cyst Nematodes.
Soil Fertility.

Soil porewater.

2. Actual Accomplishments

? Bill Perry (Illinois State University) leads the Characterization of Pennycress Ecosystem Services Objective.

Quarterly Progress Report: February 2021 — April 2021
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e We managed to establish a robust stand of pennycress last fall, even during the dry
conditions that affected germination and stand uniformity compared to 2019. In addition,
the frequent light spring rains promoted spring germination (Figure 1 and 2).

e We sampled pennycress and weed biomass four times this spring and will sample one
more time prior to harvest, the first week of June 2021, when we will also estimate
pennycress seed yield. Pennycress biomass in the nitrogen amended plots germinated and
grew faster in the early spring than unfertilized plots, but by May 10, 2021, the
pennycress biomass in the unfertilized plots was similar.

e We sampled soil pore water after each rain event with greater than 0.5” of rain using soil
lysimeters, PVC tubes with porous ceramic cups on the ends. The lysimeters were put in
place in October after soybean harvest and have been in all winter. The spring rains did
not have enough rain to reach the root zone, 30 cm, and limited soil pore water data
collection. While sampling plant biomass, we observed numerous bird nests not seen in
previous years and which were absent in rye cover crops (Figure 3).

e We installed ISCO automated samplers and data loggers, and everything is working well.
We, however, did not receive enough rain in the fall or winter of 2020 and the spring of
2021 was dry until 2.7 inches of rain on May 8, 2021, when the stream flooded (Figure
4).

e We collected weekly pollinator samples for Frank Forcella, but honeybees in St. Louis,
MO, were seen by Cris Handel (CoverCress) (Figure 5).

e Matt Nugent has completed the analysis of the time 0 soil analysis in the carbon
sequestration project. He graduated in May, and a new student will replace him this
summer (Figure 6A).

e We have had a graduate student, Ryan Meyer from Drake University, join our team (not
pictured).

e We have one intern, Alex Hafner, join the team as of May 17, 2021 (Figure 6B).

e We have hired two part-time undergraduate assistants, Ben Bugno and Tom Harvolic
(Figure 6C).
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! | 1 m2sampling area with paper
plate for locating with drone

Figure 1. A) Low resolution aerial view of north pennycress plots on April 14th. B) Magnified view
showing white squares of paper where manual biomass estimates have been taken. These photos
have a corresponding image that can estimate biomass and nitrogen content in the plant biomass.
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