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1.) PROJECT ACTIVITIES COMPLETED DURING THE REPORTING PERIOD.

Identify genes controlling stability/plasticity in composition across environments: This objective proposed
to use existing data on a panel of ~500 corn inbred lines grown over five environments to understand the
genetic basis of stability for compositional traits to compliment previous work evaluating the genetics of
mean performance across environments. We have conducted initial analyses of stability metrics on a
univariate basis and are in the process of conducting the genome-wide association studies. We are also
working on multivariate analysis on the extracted traits as well as the normalized spectral data to increase
our power in identifying regions of the genome that are associated with overall compositional stability. We
anticipate a publication describing this work to be submitted in early Summer 2023.

Conduct a state-wide multi-environment on-farm trial to determine genetic and environmental factors that
contribute to variability in composition and durability in current commercial corn hybrids: A request for
grower participation was sent out by Maciej Kazula, Research Director of the Minnesota Corn Research
and Promotion Council, through the weekly leader update that goes to the whole membership. However,
due to the timing of the request there was a limited number of growers that replied expressing interest in
participating. The number was insufficient to conduct any meaningful statistical analyses and as such we
did not move forward with those growers this Fall. We will be working with Maciej in the winter months
to get word out to growers earlier and hopefully have better participation for the 2023 growing season.

To insure we are still able to meet the goals of this objective we
conducted a replicated trial consisting of 10 commercial hybrids
grown in replicate at three locations around southern Minnesota
including St. Paul, Waseca, and Lamberton. These trials were
successfully grown and subsequently harvested in November.
Yield, moisture, and test weight information were all collected
during harvest, and a subsample from each plot was retained for
compositional, morphological, and durability analyses. The
compositional and morphological analyses are moving forward
using standard protocols we have in our group. We have been
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Figure 1. Example of stained kernels. The stain

. . C. . is used to enhance the ability to detect damage to
working to develop different staining protocols (Figure 1) that the kernel following the paint shaker damage

will allow us to maximize detection of damage following the paint assay.



shaker assay to get the percent damage rating for each plot for which all other compositional and
morphological traits will be related.

Assess historical changes to in-season environmental responsiveness that contribute to increased variability
in composition and durability of corn grain: As proposed we developed a panel of hybrids that had high
commercial acreage on our maturity zone over the past ~70 years. Two hybrids from each decade were
included as experimental entries into replicated trials that were conducted in St. Paul and Waseca, MN in
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summer and images from those flights have been stitched and are
currently in the process of having plant height and canopy closure
traits extracted on a per plot bases. These values will be used to fit
individual growth curves for each plot (Figure 2). As with the
previously described trial, these trial plots were harvested in
November 2022. Grain yield, moisture, and test weight data were e ‘
collected, and a subsample of grain from the plot was retained and is Curmiats BrowingDaso DS
moving fqrward through a series of comp0§1t10nal, morphological, Figure 2. Extracted data from a single plot
and durability assays. These values along with the growth rate data ;= o« growing enviromments that is
will be used as input into a series of univariate and multivariate being used to fit a growth curve for the
regression analyses in Spring 2023 to conduct preliminary plot.

assessments of changes over time that have impacted grain yield.
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2.) IDENTIFY ANY SIGNIFICANT FINDINGS AND RESULTS OF THE PROJECT TO DATE.
As we are primarily in the data collection and initial analysis phase of this project we do not have significant
results yet to report.

3.) CHALLENGES ENCOUNTERED.

During the Spring 2022 graduate student recruitment period we were able to identify a very talented
individual to work on this project. However, the graduation date for their M.S. degree was not scheduled
until the end of August. On September 1 they began their PhD program at the University of Minnesota and
started work on this project on that same day. We were able to complete the proposed field experiments in
the absence of dedicated project personnel. However, much of the data analysis has only just begun in the
last few months.

Unfortunately, we were unable to get sufficient grower participation this year to provide a sufficient number
of data points from which to make inferences. We are going to be working with Maciej Kazula, Research
Director of the Minnesota Corn Research and Promotion Council, to get information out to growers earlier
and more broadly in hopes that we will be able to get broader grower participation in Summer 2023. As
described above we are still able to move forward with our project goals using the various replicated trails
that we planted in Summer 2022 at multiple locations in the state.

4.) FINANCIAL INFORMATION

Due to challenges in identifying staffing for this project (please see above) there was limited spending in
Year 1. As such, we request to carry forward unspent Year 1 funds into project Year 2. Per the award
contract there is no reversion of funds, and it is unclear what, if any process, needs to be completed to
request this carry forward of funds. If there is a formal process that NCGA would like completed with
regards to the carry forward, please let me know.



5.) EDUCATION AND OUTREACH ACTIVITES.
Our project hosted 3 undergrad interns from Macalester College in St. Paul and 2 high school students

through the Eureka! Program at the YWCA of Minneapolis in the Summer of 2022. For all 5 of our interns,
the first time they entered into one of our fields this summer was their first experience stepping into a corn
field. They were given the opportunity to participate in experiments associated with this project as well as
many of our other ongoing projects to get exposure to a range of research areas related to agriculture and
crop improvement. A poster that was prepared by the Macalester College Interns at the end of the summer

describing their internship experience (Figure 3).

Field Work
We performed a series of duties in
the experimental plots including
stand counts, plant height
measurement, and recording the
time at which corn plants
flowered. These methods gathered

a variety of phenotypic data, which

are later used to assess
information such as germination

rate and average height in orderto. _ =

produce more desirable crops.
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Figure 3. Poster prepared
period.

Translational Genomics Research:
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Exploring Maize
Kristy Ma, Jamie Bolan, Devon Jonaus, Dr. Candice Hirsch
Department of Agronomy and Plant Genetics, University of Minnesota, Saint Paul, MN

Introduction
Maize is an essential crop worldwide in terms of human consumption, animal consumption, and fuel
production. Our work in the Hirsch lab mainly focused on gathering phenotypic data, which will be used to
determine the most desirable lines for breeding. We also engaged with other graduates’ research in aspects of|
molecular biology, food grade research, etc.

We also attended the Plant
Breeding Summer Institute!
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/ / We practiced GWAS analysis
- using R (GAPIT package) and
/ \ - 1 learned data wrangling and
germ' \ ~  Dpipeline design processes
tip cap = | using programming languages
including Python, R, and Unix
Cooking Maize: Shell.
Nixtamalization 1
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During nixtamalization, kernels absorb water
and lose their pericarp. We cooked possible
commercial hybrids in a hot (93.3°C), basic
(pH=12) environment for 25 minutes before

steeping the kernels at 49°C for 16 hours.

Moisture content was then recorded for each

sample to further validate a machine learning

model’s prediction of moisture content.

The photos below show nixtamalized
kernels before and after drying for a
week in a 103°C oven. Kernels lose
their moisture in this process, burn to
a reddish color, and shrink, causing the
kernels to crack.

Wet Lab

'We worked with molecular biology
techniques including DNA
extraction, gel electrophoresis,
PCR, plasmid transformation (E.
Coli), DNA cloning via Gibson
approach, and protoplast
observation.

NIR & Hyper Spectroscopy
Near-Infrared Spectroscopy (NIR) measures reflected wavelengths in
order to identify organic bonds that occur in ground corn samples.
We also collected hyperspectral data from leaf tissue samples using
similar methodology.
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by 2022 Macalester Summer Interns describing the many experiences they had during their internship

As detailed above, we did not have grower participation in Summer 2022 and as such did not prepare and
disseminate individual reports to participating growers following the Summer 2022 field season as was

initially proposed.



