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P7  
Advances in maternal haploid inducer development in maize  
(submitted by Yu-Ru Chen <yuruchen@iastate.edu>) 
Full Author List: Chen, Yu-Ru1; Frei, Ursula K1; Lübberstedt, Thomas1 
1 Department of Agronomy, Iowa State University, Ames, IA 50011, USA 
 
Doubled haploid (DH) technology in maize, obtaining in-vivo haploids by inducers, significantly improves the genetic 
gain for traits of interest in modern maize breeding. With the wider application of DH technology worldwide and in more 
diverse genetic backgrounds of donor populations, there is a need to constantly improve available haploid inducer lines not 
only for their haploid induction rate but also for their agronomic performance in different environments. Our Objective is 
to apply DH technology in haploid inducer improvement. The typical purple color of inducer kernels expressed by the R1-

nj gene is used as the dominant phenotypic marker for selecting haploids in breeding materials. The C1-I gene inhibits R1-
nj expression epistatically in the embryo and aleurone. We confirmed that the purple embryo of inducer haploids could be 
obtained by crossing maternal haploid inducers with lines carrying the C1-I gene. A C1-I maternal haploid inducer line 
ISURF#5202 with a Haploid Induction Rate (HIR) over 10% has been developed for haploid induction and selection in 
inducer germplasm fixed for the R1-nj allele. Herein, we demonstrate that inducer DH line development is scalable in the 
field, and feasible for accelerating maternal haploid inducer breeding. 
 
Funding acknowledgement: United States Department of Agriculture (USDA), Plant Sciences Institute, R.F. Baker Center 
for Plant Breeding, K.J. Frey Chair in Agronomy, and the Doubled Haploid Facility at Iowa State University 

P8 @ravi_mural 
Assembling and curating multi-environment, multi-trait datasets from 
community association panels as a prelude to phenotypic yield prediction 
(submitted by Ravi Mural <rmural2@unl.edu>) 
Full Author List: Mural, Ravi1; Tross, Michael1; Sun, Guangchao1; Grzybowski, Marcin1; Jin, Hongyu1; Smith, 
Christine1; Newton, Linsey2; Thompson, Addie2; Sigmon, Brandi3; Schnable, James1 
1 Center for Plant Science Innovation & Department of Agronomy and Horticult ure, University of Nebraska-Lincoln, Lincoln, 
NE, USA 
2 Plant Resilience Institute & Department of Plant Soil and Microbial Sciences, Michigan State University, East Lansing, MI, 
USA 
3 Department of Plant Pathology, University of Nebraska-Lincoln, Lincoln, NE, USA 
 
Many of the relationships between non-yield plant phenotypes and yield outcomes are either unknown or poorly defined. 
The same value for a given trait can often enhance or decrease yield depending on the environment. Elucidating the 
relationships between other plant traits and yield across different environments is a necessary precondition for predicting 
how crop plants will perform in previously untested environments. Here we exploit a key feature of plant quantitative 
genetics -- the widespread adoption of community association populations -- to assemble a unified dataset by employing a 
combination of published resequencing data to generate a common set of 18M genetic markers scored across the union of 
1014 genotypes present in the SAM and/or WiDiv association panels. We assembled a set of 162 traits which have been 
scored across different subsets of these 1014 genotypes, including both previously published studies conducted across nine 
US states and new trait data collected from field trials conducted in Lincoln, Nebraska USA. Using resampling-based 
GWAS we identified 2,154 confident GWAS hits across these 162 trait datasets including signatures of pleiotropic effects 
for a number of genetic loci. To test the feasibility of cross-environment phenomic yield predictions, we predicted yields 
of Lansing, MI 2020 field site using phenotypes from Lincoln, NE 2020 field site with all yield and ear-related traits 
removed. Permutation analysis suggested the three most important traits for prediction accuracy were: 1) days to anthesis, 
2) number of branches per tassel, and 3) plant height. These three traits are all potentially scorable from UAV data, 
suggesting it may be possible to predict variation in end-season yields using high throughput phenotyping data collected 
during the growing season. Future work will be needed to assess whether similar plant traits are useful for predicting yield 
across multiple locations and potentially in future environments. 
 
Funding acknowledgement: Advanced Research Projects Agency–Energy 
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P47 @lindachidao 
Phenotyping for cold tolerance in sweet corn seedling emergence  
(submitted by Linda Dao <ldao@ufl.edu>) 
Full Author List: Dao, Linda C.1; Muller, Barbara S.F.1; Gustin, Jeff L.2; Miller, Nathan D.3; du Toit, Lindsey J.4; Resende, 
Marcio F.R.1; Hannah, L. Curt1; Settles, A. Mark1 5 
1 Horticultural Sciences Department, University of Florida, Gainesville, FL 32611  
2 Maize Genetics Cooperation - Stock Center, USDA-ARS, Urbana, IL 61801 
3 Department of Biology, University of Wisconsin, Madison, WI 53706  
4 Department of Plant Pathology, Washington State University, Mount Vernon, WA 98273  
5 Present address: NASA Ames Research Center, Moffett  Field, CA 94035 
 
Sweet corn is a warm-season crop; however, cold tolerant varieties are desired for early spring plantings. Historically, 
commercial sweet corn germplasm contained sugary1 (su1) or a double mutant of su1 with sugary enhancer1 (se1). 
Contemporary sweet corn predominantly employs shrunken2 (sh2) germplasm, which has poor emergence in cold soil 
conditions. We evaluated seedling emergence in 584 lines from a diversity panel of sweet corn germplasm. Kernels were 
treated with a Pacific Northwest blend of insecticides and fungicides. The kernels were sown in  potting mix and grown in 
a 14°C/14 hour 10°C/10 hour daily cycle for 35 days. Seedling emergence was recorded daily. Additionally, emergence at 
24°C for eight days was scored by VIGOR, a high-throughput soil-based machine vision platform. Emergence time and 
emergence frequency were measured in both conditions. Consistent with prior studies, sh2 lines showed poor emergence 
in cold conditions, while su1 lines fared better. Cold stress growth results are positively correlated (r = 0.65) to a cold 
stress field trial in central Washington using the same lines (N = 550) and seed treatment. The top ten performing sweet 
corn lines in terms of emergence frequency were su1 mutants, su1 se1 double mutants, and control field corn lines . 
Genome-wide association (GWAS) of emergence time found significant associations at three loci (after accounting for 
su1, sh2, and se backgrounds). Our results identify additional genetic variation that can be investigated for use in 
improving sh2 seedling vigor. 
 
Funding acknowledgement: United States Department of Agriculture (USDA) 

P48  
Plasticity of sorghum panicle architecture in response to nitrogen deficit stress  
(submitted by Kyle Linders <klinders@huskers.unl.edu>) 
Full Author List: Linders, Kyle2; Guo, Alice1; Finch, Alexis3; Horanituze, Jocelyne3; Smith, Christine3; Mural, Ravi2 3; Schnable, 
James C.2 3; Sigmon, Brandi1 
1 Department of Plant Pathology, University of Nebraska-Lincoln, Lincoln, NE 68588, USA 
2 Department of Agronomy and Horticulture, University of Nebraska-Lincoln, Lincoln, NE 68588, USA 
3 Center for Plant Science Innovation, University of Nebraska-Lincoln, Lincoln, NE 68588, USA 
 
Nitrogen is an essential nutrient required for growth and development in plants, and insufficient nitrogen availability can 
reduce both vegetative growth and grain yield in grain crops such as maize and sorghum.  However, nitrogen is a costly 
input for farmers, is energy intensive to manufacture, and run off of excess nitrogen fertilizer impacts water quality. 
Compared to its close relative, maize, sorghum [Sorghum bicolor L. Moench] exhibits much greater resilience to nitrogen, 
drought, and heat stress, allowing it to be grown with fewer inputs and on marginal land. Research has shown that 
variation in grain yield between sorghum accessions, as well as between nitrogen conditions, can be partially explained by 
differences in inflorescence architecture traits. Previous genome wide association studies (GWAS) of inflorescence traits 
have reported genetic markers associated with known genes controlling growth and development, but not under varying 
nitrogen conditions. To investigate the effects of nitrogen stress on inflorescence development, eight inflorescence traits, 
including six panicle architecture traits, were phenotyped on 347 diverse inbred lines of the Sorghum Association Panel 
(SAP) grown under both standard nitrogen application and no nitrogen application t reatments. Rachis length, upper and 
lower rachis diameter, primary branch number, primary branch first internode length, and magnitude of branching were all 
significantly decreased under nitrogen deficient conditions (p≤0.05), suggesting these traits are negatively impacted by 
nitrogen stress conditions. All eight traits show high broad-sense heritability for both nitrogen treatments ranging from 
0.43 to 0.86, indicating a notable portion of the variation in these traits can be attributed to genetic factors.  Currently, 
genome wide association studies are being conducted to identify genetic markers associated with these panicle architecture 
traits in order to better understand the genetic factors involved in nitrogen stress response for potential use in breeding 
improved sorghum varieties. 
 
Funding acknowledgement: Department of Energy (DOE) 

mailto:ldao@ufl.edu
mailto:klinders@huskers.unl.edu


79 
 

P49 @burnsmj7 
Predicting moisture content during maize nixtamalization using machine learning with 
NIR spectroscopy 
(submitted by Michael Burns <burns756@umn.edu>) 
Full Author List: Burns, Michael J.1; Renk, Jonathan S.1; Eickholt, David P.2; Gilbert, Amanda M.1; Hattery, Travis J.3; Holmes, 
Mark1; Anderson, Nickolas2; Waters, Amanda J.2; Kalambur, Sathya4; Flint-Garcia, Sherry A.5 6; Yandeau-Nelson, Marna D.3; 
Annor, George A.7; Hirsch, Candice N.1 
1 Department of Agronomy and Plant Genetics, University of Minnesota, St Paul, MN 55108  
2 PepsiCo R&D, St. Paul, MN 55108 
3 Department of Genetics, Development, and Cell Biology, Iowa State University, Ames, IA 50011  
4 PepsiCo R&D, Plano, TX 75024 
5 United States Department of Agriculture, Agriculture Research Service, Columbia, MO 65211  
6 Division of Plant Sciences, University of Missouri, Columbia, MO 65211 
7 Department of Food Science and Nutrition, University of Minnesota, St Paul, MN 55108  
 
Lack of high throughput phenotyping systems for determining moisture content during the maize nixtamalization cooking 
process has led to difficulty in breeding for this trait. This study provides a high throughput, quantitative measure of kernel 
moisture content during nixtamalization based on NIR scanning of uncooked maize kernels. Machine learning was utilized 
to develop models based on the combination of NIR spectra and moisture content determined from a scaled-down 
benchtop cook method. A linear support vector machine (SVM) model with a Spearman’s rank correlation coefficient of 
0.852 between wet lab and predicted values was developed from 100 diverse temperate genotypes grown in replicate 
across two environments. This model was applied to NIR spectra data from 501 diverse temperate genotypes grown in 
replicate in five environments. Analysis of variance revealed environment explained the highest percent of the variation 
(51.5%), followed by genotype (15.6%) and genotype-by-environment interaction (11.2%). A genome-wide association 
study identified 26 significant loci across five environments that explained between 5.04% and 16.01% (average = 
10.41%). However, genome-wide markers explained 10.54% to 45.99% (average = 31.68%) of the variation, indicating 
the genetic architecture of this trait is likely complex and controlled by many loci of small effect. This study provides a 
high-throughput method to evaluate moisture content during nixtamalization that is feasible at the scale of a breeding 
program and provides important information about the factors contributing to variation of this trait for breeders and food 
companies to make future strategies to improve this important processing trait. 
 
Funding acknowledgement: National Science Foundation (NSF), United States Department of Agriculture (USDA), Iowa 
Agriculture and Home Economics Research Station 

P50 
PyBrOpS – Python Breeding Optimizer and Simulator 
(submitted by Robert Shrote <shrotero@msu.edu>) 
Full Author List: Shrote, Robert Z.1; Thompson, Addie1 
1 Michigan State University; 1066 Bogue Street; East Lansing, Michigan, USA 48823  
 
Choosing a suitable breeding strategy is essential to the success of a plant breeding program. Simulations are an important 
tool that allow plant breeders to propose and assess the merits of alternative breeding strategies. The Python package 
PyBrOpS provides a highly flexible and modular framework to make optimized breeding selection decisions and perform 
stochastic simulations of plant breeding programs. PyBrOpS utilizes a customizable scripting-based approach to 
constructing breeding simulations and optimizations. Through the use of software interfaces that allow for extensibility, 
the user may implement custom PyBrOpS modules that provide additional functionality. PyBrOpS offers pre-built 
subroutines for selection strategies such as conventional genomic selection, weighted genomic selection, optimal 
contribution selection, optimal population value selection, and optimal haploid value selection. Additionally, PyBrOpS is 
capable of both single- and multi-trait selection. For multi-trait selection scenarios, PyBrOpS offers the novel capability of 
mapping trade-off frontiers through the use of multi-objective evolutionary algorithms. Here, we describe the main 
features of PyBrOpS and provide example use cases for breeding program simulation and optimization. 
 
Funding acknowledgement: National Science Foundation (NSF), NSF Research Traineeship Program (DGE-1828149), 
MSU Plant Science Fellowship, MSU Plant Resilience Institute 
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P51  
QTL mapping of seedling tolerance to exposure to low temperature in the maize IBM 
RIL population 
(submitted by Irina Makarevitch <imakarevitch01@hamline.edu>) 
Full Author List: Makarevitch, Irina1; Goering, Raeann1 
1 Hamline University, Saint Paul, MN, US 55449 
 
Maize is a cold-sensitive crop that exhibits severe retardation of growth and development when exposed to cold spells 
during and right after germination, including the slowdown in the development of new leaves and in formation of the 
photosynthetic apparatus. Improving cold tolerance in maize would allow early sowing to improve crop yield by 
prolonging a growing season and by decreasing the negative effects of summer drought, diseases, and pests. Two maize 
inbreds widely incorporated into American maize germplasm, B73 and Mo17, exhibit different levels of tolerance to low-
temperature exposure at the seedling stage. In addition, thirty -seven diverse inbred maize lines showed large variation for 
seedling response to low-temperature exposure with lines with extremely low tolerance to seedling exposure to low 
temperatures falling into stiff stalk, non-stiff stalk, and tropical clades. We employed the maize intermated B73×Mo17 
(IBM) recombinant inbred line population (IBM Syn4 RIL) to investigate the genetic architecture of cold stress tolerance 
at a young seedling stage and to identify quantitative trait loci (QTLs) controlling this variation. A panel of 97 
recombinant inbred lines of IBM Syn4 were used to measure, and score based on several traits related to chlorophyll 
concentration, leaf color, and tissue damage. Our analysis resulted in the detection of two QTLs with high additive impact, 
one on chromosome 1 (bin 1.02) and the second on chromosome 5 (bin 5.05). Further investigation of the QTL regions 
using gene expression data provided a list of the candidate genes likely contributing to the variation in cold stress 
response. Among the genes located within QTL regions identified in this study and differentially expressed in response to 
low-temperature exposure are the genes with putative functions related to auxin and gibberellin response, as well as 
general abiotic stress response, and genes coding for proteins with broad regulatory functions. 
 
Funding acknowledgement: National Science Foundation (NSF) 
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When starchy crops with high free asparagine content are cooked in low moisture, high temperature environments such as 
baking, frying, and roasting, the Maillard reaction occurs. It is beloved in the culinary community for producing the 
flavors, aromas, and browned colors associated with delicious foods including chips and bread. However, it also produces 
the carcinogenic and neurotoxic compound acrylamide. Since this discovery in 2001, there has been a push in the plant 
breeding community to reduce the amount of acrylamide precursors in food crops. In particular, free asparagine content. 
Asparagine is vital for nitrogen transport throughout plant during growth, maintenance, and senescence. Though it can be 
greatly influenced by factors such as nutrient stress, average free asparagine content appears to be heritable in most 
species. Most of the work done thus far has been on potatoes and wheat. Despite maize being one of the most important 
staple crops worldwide, there is a lack of research conducted on it regarding this topic. We performed genome wide 
association study (GWAS) on free amino acids in the 282-association panel. We found 74 significant SNPs for free 
asparagine, corresponding to 477 candidate genes, based on a 200kb confidence window around the SNP. We also 
performed weighted protein correlation network analysis to associate protein expression with free asparagine content 
during kernel development. Here, we identified 2578 proteins/genes with a significant correlation with free asparagine. 
Comparison of the two analyses yielded an overlap of 39 genes, many of which are in amino acid synthesis pathways. 
Several of which are involved with the translational machinery such as ribosomal proteins. With this data, we hope to 
narrow down the top genes that regulate the free asparagine in maize seeds and potentially engineered it in a way that does 
not compromise flavor and quality of its products. 
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In a world with growing population and scarcity of natural resources, efficiency is vital. Sorghum, a C4 grass native from 
East Africa, has potential to meet this modern world requirement. With over 7 million acres planted in the US and about 1 
million acres planted in Eastern and Southern Africa, sorghum is a plant well adapted to high temperatures and dry 
conditions. It is largely used as feed for cattle, both as silage and grain, as a source of nutrition for humans and more 
recently, as a source of biodiesel.Leaf Area Index is defined as the total leaf area per unit of ground area; for sorghum, a 
typical range was found to be between 3 and 5 in fully developed canopies. LAI is an important indicator of canopy 
architecture development, and relates to light interception as higher LAI indicates greater capacity for light capture. This 
increased energy is then transformed into biomass and grain. The focus of this project was to relate LAI to detailed 
phenotypic data collected in 391 lines of the Sorghum Association Panel (SAP) during Summer 2020. This study seeks to 
understand how canopy phenotypic traits such as plant height, leaf number, leaf area, leaf size, stalk diameter, panicle 
number, and tiller number, etc. relate to LAI and biomass production in the diverse sorghum genotypes. Overall, we found 
that individual traits are not highly correlated with LAI directly, but may be combined to model and predict LAI. This 
work will increase our understanding of the impact of component traits that contribute to overall canopy architecture and 
therefore light capture. Future work will leverage high-throughput phenotyping tools and drone-based imagery to model 
canopy architecture and biomass production.  
 
Funding acknowledgement: Department of Energy (DOE), Michigan State University College of Agriculture and Natural 
Resources URP 
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The benefit of artificial inoculation experiments using highly aggressive isolates is the predictable severity of ear rot 
disease, which is the basis of effective resistance breeding. In 2019-2020, we examined the pathogenicity of 8 Fusarium 

verticillioides isolates on eight maize hybrids with different resistance properties based on our previous studies. There was 
a twofold difference in regards of infection severity between different F. verticillioides isolates, and a fourfold difference 
regarding ear rot coverage of the hybrids tested. There were large (3.85-21.00 mg/kg) differences between the fumonisin 
concentrations produced by the isolates and in the mycotoxin contamination of the tested hybrids (4.71-17.26 mg/kg). 
There was no significant correlation between the ear rot coverage data and the toxin determination results of the samples 
(R2= 0.1339), which confirmed the weak relationship between these two factors. To determine which experimental model 
might be suitable for resistance breeding, the extent of infection caused by the eight isolates was compared with systems, 
which consist of two, three, and four most pathogenic F. verticillioides isolates, respectively. Based on the correlation 
analysis of the mean infection values the four isolates model showed the highest correlation (r = 0.9901) with the eight 
isolates model, while the three and two isolates models had slightly lower coefficients (r = 0.9888 and r = 0.9790). The 
highest correlation was observed between the three and four isolates models, respectively (r = 0.9987). There was a 
significant difference between the pathogenicity of the isolates in each case, but the level of significance increased in 
direct proportion to the number of isolates used. There were also significant differences in regards of resistance against F. 
verticillioides isolates of the experimental hybrids in each case. Therefore, the proposed methodological recommendation 
(considering economic factors) is the use of three isolates per toxic fungal species in artificial inoculation studies. 
 
Funding acknowledgement: Ministry for Innovation and Technology (ITM); National Research, Development and 
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mailto:freitas4@msu.edu
mailto:balazs.szabo@gabonakutato.hu


82 
 

P55 @martincostamon 
Selection signatures underlying genotype by environment interaction during modern 
hybrid maize breeding 
(submitted by Martin Costa <MCCOSTA@wisc.edu>) 
Full Author List: Costa, Martin C1; Holland, James B2; de Leon, Natalia1; Kaeppler, Shawn M1 
1 Department of Agronomy, University of Wisconsin, 1575 Linden Dr. Madison , WI 53706.  
2 Department of Crop and Soil Sciences; North Carolina State University; Raleigh, NC, USA 27695 
 
Since the advent of hybrid maize, breeders have made remarkable progress in the productivity and stability of cultivars. 
However, understanding sources of “good” alleles for performance and plasticity could benefit breeders in selecting 
varieties for diverse environments. In this study, we analyzed the 2018-2019 data set released by the Genomes to Fields 
Initiative. This study used a group of three populations with PHW65 as a reference parent and PHN11, Mo44, and MoG as 
alternate parents.  The common parent, PHW65, is an ex-PVP Lancaster-type line, PHN11 is an ex-PVP line from the 
Iodent group; Mo44 is a tropical-derived inbred from the cross of Mo22 and Pioneer Mexican Synthetic 17; and MoG is 
an unimproved line derived from the variety Mastadon.  Hybrids were produced by crossing segregating progenies to Stiff 
Stalk testers PHT69 and LH195, and trials were grown across the United States. Firstly, a two-stage analysis was 
conducted to compare the hybrid performance and genotype by environment interaction (GxE) variance of the populations. 
We hypothesized that the population involving ex-PVP would have the least GxE variance, and this was confirmed across 
all eight traits analyzed.  In addition, a Finlay Wilkinson Regression Analysis of grain yield was performed, and the inter-
quantile range of the mean-squared error values was 13% more dispersed for the PHW65-MoG family. Ongoing analysis 
will determine if less-selected parents contain some useful alleles to contribute to stability despite their overall lower 
breeding value. 
 
Funding acknowledgement: United States Department of Agriculture (USDA), Iowa Corn Growers Association, United 
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Field-based phenotyping of maize is time-consuming, cumbersome, and generally requires the evaluation of predefined 
traits of interest. We aim to expand researchers’ field phenotyping “toolbox” by developing methods for collecting 
computationally tractable speech-based phenotyping useful for applications including, but not limited to, association 
genetics research. As a proof of concept, we designed an experiment that compares speech-derived trait concepts with 
traditional quantitative trait data collected by hand using the Wisconsin Diversity panel (grown in Ames, Iowa summer 
2021).  Details on methods, expectations, and current status for the project will be described. 
 
Funding acknowledgement: National Science Foundation (NSF), United States Department of Agriculture (USDA), ISU 
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Growing population and shrinking agricultural resources are one of the most important challenges facing food production. 
To meet the projected increase of global demand for food, feed, and fiber (100% by 2050), the linear progress will need to 
be increased by accelerating genetic improvement. Doubled Haploid (DH) technology can produce homozygous and 
homogeneous lines in two rather than five or more generations - a breakthrough to reduce cycle time for pure line and 
hybrid crop breeding. Large-scale production of DHs in maize has become economically viable within the last ca. 20 
years. In a traditional DH program, F1 is made between two inbred parents, which is then pollinated with a maternal 
haploid inducer to produce haploid kernels. In maize haploids, there is a decent amount of haploid female fertility, while 
haploid male fertility (HMF) is the bottleneck. This requires the haploid seedlings to be treated with colchicine (or other 
chemical treatments) for genome doubling and then transplant them, typically using a vegetable transplanter – in contrast 
to direct sowing of maize kernels. The current process is very time consuming and labor-intensive, making it a bottleneck 
for making DH technology in maize more effective. The alternative is spontaneous haploid genome doubling (SHGD) 
mechanism(s), which can restore HMF. Our group has identified one line with SHGD, and a major QTL has been mapped 
to chromosome 5. The underlying genes have not been identified yet. Our current efforts are focused in identifying gene(s) 
contributing to SHGD, which can then be used in breeding programs. 
 
Funding acknowledgement: United States Department of Agriculture (USDA), FFAR, Plant Sciences Institute (ISU) 
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Aspergillus flavus is a saprophytic and opportunistic fungus that  infect multiple crops such as maize. The fungus grows in 
the maize kernels producing high concentration of aflatoxins, potent carcinogenic toxins. Aflatoxin contamination not only 
reduces the value of grain as an animal feed and as an export commodity but also has been linked to increased mortality in 
farm animals and increased incidence of liver cancer in humans. In this contest, we consider crucial to establish a 
methodology to measure fungal resistance in new maize varieties under procedure to be registered in the Italian catalogue. 
Here we show some preliminary results on the characterization of resistance levels of maize varieties after inoculation of 
the kernels with a fungal strain belonging to Aspergillus section Flavi. The selected genotypes for the analysis are part of 
our reference collection composed by breeding varieties registered in the Italian register since 2000. Disease phenotypes 
were scored on artificially inoculated kernels using rolled towel assay in which the severity of the symptoms was 
determined using a five-point scale. We measured - after 7 days of incubation at 25°C in the dark - germination 
percentage, seedling length and weight. Our first observations showed that the tested inbred lines responded differently 
according to the fungal infection. A limited fungal colonization was found in genotypes where the seedling growth were 
reduced compared to the control and the germinability was slightly affected. Otherwise, in other inbred lines, a 
pronounced fungal infection was recorded, impacting on morphophysiological development of the plant. No resistant 
genotypes were identified so far. As maize resistance to A. flavus is a quantitative and complex trait controlled by high 
number of genes with small effect, we are interested to consider the data collected with the laboratory screening to perform 
a genome wide association study. 
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Canopy closure is an important agronomic trait influencing photosynthesis, weed suppression, biomass accumulation, and 
yield. Plants capable of maximizing early season light interception  have a competitive advantage during vegetative and 
reproductive developmental stages. Canopy closure is difficult to accurately quantify as conventional in-situ methods rely 
on time-consuming, subjective, manual ratings. Little is known about the stability of this trait across growing seasons, the 
genetic architecture of canopy closure, or how causal factors change throughout the growing season. We used unoccupied 
aerial vehicles to quantify plot-level canopy closure for a temporal analysis of the genomic landscape of this trait. Aerial 
RGB images of the maize Wisconsin Diversity Panel were acquired between 300 and 1650 growing degree days (GDD) in 
2018-2021 at the University of Minnesota, St. Paul campus experimental station. A loess curve was modeled for each plot, 
estimating closure at 50 GDD intervals to allow for equivalent comparison of canopy cover at parallel growth stages 
across years. Several traits were extracted and calculated from the images including percent closure at each GDD, rate of 
closure, and area under the growth curve at terminal GDD. An additive main-effects and multiplicative interaction 
(AMMI) model and Bayesian regression model were used to calculate multiple AMMI stability metrics and Finley -
Wilkinson coefficients for each genotype to study phenotypic plasticity of canopy cover between years. In addition, a 
temporal GWAS was performed to associate markers  across time and between trait estimators. This study explores the 
phenotypic plasticity of canopy closure in maize across years, provides a temporal dissection of the changing genomics 
influencing canopy cover throughout maize development, and highlights the extraction and extrapolation of multiple trait 
metrics from aerial images.  
 
Funding acknowledgement: United States Department of Agriculture (USDA), Bayer Crop Science 
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Leaf initiation is an essential part of development in higher plants, yet very few genes are known to regulate this process 
directly even in model species. There are two maize mutants, however, terminal ear1 (te1), and the phytochrome B1, 
phytochrome B2 (phyB1; phyB2) double mutant that exhibit dramatic differences in total leaf number and leaf initiation 
rate. Te1 negatively regulates the initiation of new leaves, as the te1 mutant exhibits a significant increase in total leaf 
number. PhyB1, and PhyB2 act redundantly to promote leaf initiation, as phyB1; phyB2 double mutants have drastically 
fewer leaves than wild-type. We crossed these distinct mutants to test whether they interact to influence leaf initiation rate 
and total leaf number. We created an F2 population segregating for these three genes and quantified differences in leaf 
number, leaf initiation rate, plant height, leaf length, leaf width, number of juvenile leaves, stalk diameter, and dry shoot 
biomass. The total number of leaves in the triple mutant, as well as the rate of leaf initiation, fell between the extremes of 
the two parents, suggesting an additive genetic interaction between Te1 and PhyB1; PhyB2. Additionally, we found that 
the phyB1; phyB2 double mutant exhibited a dramatic environmental response between greenhouse and field trials. The 
triple mutant showed a similar environmental response as well, suggesting the regulation of leaf initiation 
by PhyB1 and PhyB2 is particularly sensitive to external cues. 
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Maize is one of the most widely distributed of the world’s food crops. To maximize breeding efficiency, accurate 
estimates of phenotypes are required at a large scale. Maize has high phenotypic plasticity, with phenotypic variance 
reflecting genetic, environment, and genetic x environment interactions. The goal of this study was to investigate high-
throughput phenotyping methods to determine their relationship to agronomic and developmental traits, as well as their 
genetic control. This study was conducted in the 2018-2019 Michigan location of the Genomes 2 Fields project. We 
collected traditional ground-based phenotypic traits and utilized an unoccupied aerial system (UAS) equipped with natural 
and multispectral cameras to capture images throughout the whole growing season. Based on these images, we extracted 
canopy cover throughout the season and calculated vegetative indices such as NDVI, GDNVI, NDRE, SAVI, EVI, BGI 
and TVI. We then established the relationship between hand measured traits and vegetative indices and attempted to 
predict the hand measured traits. Vegetative indices were also treated as novel traits, with considerably high heritability. 
Genome-wide mapping studies across both trait datasets revealed that regions associated with spectral reflectance itself 
were different from those associated with hand measured traits. Future work will compare accuracies of genomic 
prediction, phenomic prediction, and a combination of approaches. 
 
Funding acknowledgement: Corn Marketing and Promotion of Michigan, Iowa Corn Board 

P62 
The impact of structural variation on heterosis and combining ability in maize  
(submitted by Sharon Liese <sharonf2@illinois.edu>) 
Full Author List: Liese, Sharon E.1; Della Coletta, Rafael2; Fernandes, Samuel B.1; Hirsch, Candice N.2; Lipka, Alexander E.1; 
Mikel, Mark A.1; Bohn, Martin O.1 
1 Department of Crop Sciences, University of Illinois at Urbana-Champaign, Urbana, IL, 61801, USA 
2 Department of Agronomy and Plant Genetics, University of Minnesota, St. Paul, MN, 55108, USA 
 
The growing demand for grain and increased strains on agricultural production systems necessitate the development of 
superior maize hybrids. The role of genomic structural variation (SV), specifically genic copy number and 
presence/absence variation, in the expression of heterosis in maize is poorly understood. The objective of this study was to 
determine the proportion of heterosis and specific combining ability in agronomically important maize traits caused by 
structural variation. Our hypothesis is that structural variants play a significant role in heterosis. 400 RIL-derived maize 
hybrids were produced and phenotyped in 11 environments over 2 years. Several phenotypic traits were measured, 
including yield, plant height, ear height, and kernel test weight and moisture. The amount of variation in GCA and SCA 
explained by structural variants was quantified using a 2-stage mixed linear model approach. In the first stage, BLUEs 
were calculated on a single environment basis for each trait. In the second stage, parent relationship matrices and hybrid 
dominance matrix were included in a multi-environment model. The genotypic markers used to calculate the dominance 
matrices were split into five categories: SNPs+SVs, only SNPs, only SVs, SNPs in LD with SVs, and SNPs not in LD with 
SVs. The second stage resulted in GCA and SCA variances for each trait and marker type. Except for moisture for the 
"Parent A" group and yield for the "Parent B" group, GCA variances were greatest in SV models for all traits. GCA 
variances were generally smaller than SCA variances. 
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A distinctive phenotype of homozygous sugary enhancer1 (se1) sweet corn inbreds and hybrids is a light yellow color in 
mature kernels. Carotenoid pigments contribute to yellow endosperm color in maize and are of nutritional importance in 
the human diet, along with the related tocochromanols, or the E vitamins. Tocochromanols, including both tocopherols 
and tocotrienols, are antioxidants important in human nutrition and cardiovascular health. Production of tocotrienols, like 
carotenoids, occurs in the endosperm. Identifying an interaction between se1 and carotenoid or tocochromanol synthesis 
will both generate hypotheses for future studies and inform breeders on the role of se1 in improving the nutritional quality 
of sweet corn. Using the Wisconsin Sweet Corn Diversity Panel, we evaluated the effect of the sugary enhancer1 allele on 
carotenoid and tocochromanol levels in homozygous su1, Y1 endosperm. While population structure was present in the 
panel, the majority of variation in carotenoid levels was explained by genotype at the se1 locus. se1 was associated with 
significant decreases in the amount of lutein (54%) and zeaxanthin (36%) and decreases of tocotrienols by 12-65%. There 
were no significant differences in β-carotene and tocopherol levels between the two groups. Given that the biosynthesis 
pathways for carotenoids and tocochromanols are well-defined, these differences in carotenoids and tocotrienols between 
su1Se1 and su1se1 inbreds further suggest a broader role of Se1 alleles in metabolic pathways beyond endosperm starch 
production. 
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In maize, the genetic control of root system architecture in the adult stage of the plant is largely unknown, despite its 
importance to sustain plant growth and contribute to yield potential. We used a large population of doubled-haploid (DH) 
lines derived from three European maize landraces to map quantitative trait loci (QTL) for seedling root traits evaluated in 
a high-throughput phenotyping platform.  In a subset of the DH lines, we collected additional data on root system 
architectural traits in stage R3 and observed significant genetic variation for lateral root density and length. We selected 
two DH lines differing in haplotypes associated with root traits throughout plant development but showing high molecular 
similarity in the rest of the genome. We generated a bi-parental mapping population with the objective to investigate the 
genetic control of lateral root development in adult maize plants and found four significant QTL. Currently, QTL regions 
are fine-mapped and a greenhouse assay that can represent field conditions is established for faster screening of 
recombinants.  
In the future, we will investigate the relevance of lateral root development in maize for agronomic traits such as nutrient 
and water use efficiency as well as plant anchorage and aim to transfer new favorable alleles from landraces into maize 
breeding germplasm. 
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Root-colonizing microbes have been shown to promote the growth and development of the host plant. However, it remains 
largely unknown to what extent the host genome affects root microbial communities. A set of 230 diverse maize inbred 
lines were grown under standard agronomic practices and nitrogen (N) deficient conditions in a two-year field experiment 
and the composition of rhizosphere microbial communities was assessed through 16S amp licon sequencing of 3,300 
rhizosphere samples. We constructed a core microbial community that consists of 150 highly abundant and consistently 
reproducible microbial groups at the family, genus, and species level. Distinct compositions of microbial communities 
were observed between genotypes, and between the same genotypes grown under different N treatments. Our analysis 
suggests that 79 microbial groups (i.e. “rhizobiome traits”) are heritable under either or both N treatments and that 34 traits 
are under adaptive selection. Genome-wide association studies (GWAS) using a genetic marker set of approximately 20 
million SNPs identified a set of 467 genetic loci that are strongly associated with the abundance of 115 microbial groups. 
Integration of RNA sequencing and aerial phenotyping data further revealed that genes near the microbe-associated loci 
are preferentially expressed in roots, and that the abundance of 62 genome-associated microbes correlates with plant 
performance in the field. A better understanding of these plant gene-microbe interactions may open avenues to sustainably 
improve crop performance in the agricultural industry. 
 
Funding acknowledgement: National Science Foundation (NSF) 
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Pearl millet (Cenchrus americanus) is the world’s sixth most important cereal crop and was domesticated in sub-Saharan 
Africa, in the region of eastern Mali and Western Nigeria. Studies for understanding its genetic basis of shattering has not 
been done. The wild relative, Cenchrus americanus ssp. violaceum (monodii), easily shatters by breaking at the base of 
primary branch where the pedicel of spikelet joins the rachis while domesticated accessions do not break at this point, 
making it non-shattering. A histological and SEM analysis of the shattering zone shows a unique indentation of the 
epidermis that is present from early development of the primary rachis branches in both accessions, although the diameter 
of the branches differs. To understand the genetic base of shattering in pearl millet, we crossed domesticated Cenchrus 

americanus (Tift 23DB) and wild; monodii (Tift 5120) and created 387 F2 lines. Qualitative phenotyping of F2 and F2:3 
population through a simple hand-grasping method suggested that it followed a 15:1 segregation ratio implying that two 
loci might be responsible for the shattering trait in pearl millet. A QTL analysis of the qualitative data using a high-density 
SNP map identified two QTL regions, on chromosomes 3 and 5. The F2 population was phenotyped using force gauge 
measurements 27 days after heading, and the same two QTLs were identified. The chromosome 3 and chromosome 5 
QTLs from the quantitative analysis explained ~22% and ~6% phenotypic variance respectively. Comparative genome 
analysis of major QTL region with the closely related C4 model grass, Setaria, revealed no conserved QTL shattering 
regions. Comparison with Oryza sativa revealed that the major QTL in pearl millet has a conserved QTL region on rice 4, 
containing the candidate gene, Sh4, a myb domain transcription factor, previously characterized as major shattering gene 
in rice. Genotypic analyses of descendant  populations will help narrow the QTL regions in pearl millet, helping us 
understand better this unique shattering mechanism. 
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Due to the current low sequencing costs, breeders can predict the performance of untested lines more efficiently by using 
genetic rather than phenotypic information. SNPs are the most commonly used genetic information in genomic prediction, 
but other types of markers (e.g., transcriptomic and metabolomic data) can provide additional information to the model. 
Structural variants (SVs) - large deletions, insertions, inversions, duplications, and translocations - can also be used in 
genomic prediction models, but little is known about how they impact prediction accuracy. Given that not all SVs are in 
linkage disequilibrium to SNPs and that they are associated with environmental adaptation, SVs have the potential to bring 
additional information to multi-environment models that are not captured by SNPs alone. We evaluated different marker 
types (SNPs, SVs, or SNPs with varying degrees of linkage disequilibrium to SVs) on prediction accuracy across a wide 
range of genetic architectures (variable numbers and types of quantitative trait loci, heritability, and effect sizes) using 
simulations across multiple environments. After performing a two-stage analysis with GBLUP prediction model for each 
marker type and genetic architecture, we obtained prediction accuracies using two types of cross-validation (CV1 and 
CV2). Our results show that SVs can improve prediction accuracy, but it is highly dependent on the genetic architecture of 
the trait and the type of cross-validation. For example, when predicting performance of untested genotypes (CV1) from a 
trait that has high heritability and a high number of SVs as causative variants, SVs increase prediction accuracy up to 20% 
compared to SNPs. However, no difference was observed when the trait had low heritability and low number of SVs as 
causative variants. Our findings demonstrate the importance of knowing the genetic architecture of a trait in deciding what 
marker types to use in large scale genetic prediction modeling in a breeding program. 
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The experimental model in this project is maize pollen, representing the haploid male gametophyte, a crucial element of 
sexual reproduction and seed production. The impact of a mutation on pollen function can be measured indirectly by 
analyzing ratios of progeny seeds resulting from an outcross from a heterozygous pollen parent. If a mutation alters pollen 
function, the outcome will deviate from the expected 1:1 ratio (mutant:wild type). The goal of the overall project is to 
predict the genetic functions of a set of maize mutations (>400) via analysis of a large dataset of kernel counts. A 
Generalized Linear Model (GLM) method was used to analyze an initial dataset of 72 different mutat ions with multiple 
data points for each mutation (a total of >750 data points, each representing the counts of two kernel phenotypes on a 
single ear, corresponding to mutant and wild-type alleles). The GLM approach is advantageous compared to a traditional 
chi-square analysis, as the model incorporates overdispersion to account for potential ear-to-ear variation in ratios. The 
analysis has identified nine alleles with p-values below α = .05, with those alleles having an estimated transmission rate 
ranging between 30% and 46%. Confidence intervals for transmission rate of statistically significant alleles were about 2-
3% difference from the estimate.  To help ascertain the sensitivity of this method, a post hoc power analysis has also been 
completed. The power analysis was developed with the intention of guiding the assessment of new mutations in the future, 
determining  statistical power with respect to sample size, effect size, alpha level, and overdispersion. The results indicate 
that five independent outcrosses per mutation provide ~80% power, if the transmission rate is 9% (effect size) or more 
away from the expected. 
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Tar spot of maize is caused by the fungal pathogen Phyllachora maydis. The signs of P. maydis manifest as small, raised, 
black stromata. Symptoms include the development of lesions on the foliar tissue of maize plants, in small regions around 
the stromata. Under significant tar spot pressure leaf blighting can occur. In-season management of tar spot is challenging, 
as once it is established it can spread rapidly in conducive environments and cause significant damage, reducing stalk 
integrity, grain yield, and forage quality. The most cost-effective management option in the long term will be to plant 
resistant hybrids; for this, alleles from resistant genotypes must be identified and incorporated into breeding programs. 
Previously, genome-wide association mapping was conducted in a subset of the Wisconsin Diversity Panel, and candidate 
loci were identified. In this study, a stiff-stalk multiparent advanced-generation intercross (MAGIC) population of 500 
maize lines was assessed in three different trial locations - Indiana, Michigan, and Wisconsin - to validate previously 
observed marker-trait associations and enable identification of new quantitative trait loci (QTL) in the parental genotypes. 
The stiff-stalk MAGIC population of maize lines contains a balanced mix of the six founder genotypes: B73, B84, LH145, 
NKH8431, PHB47, and PHJ40. Performing stromatal severity ratings on the ear leaves of this population in the different 
locations coupled with the marker data for the population and sequence data for the founders allowed for QTL analysis to 
validate and discover new resistant loci conferring tar spot disease resistance. Identifying markers linked to validated 
QTLs for tar spot resistance will enable plant breeders to leverage these discoveries, breed for resistant varieties, and 
minimize the devastating impact of this fungal disease.  
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Paramutation describes specific meiotically heritable changes in gene regulation dependent on trans-homolog interactions. 
A highly expressed state (termed Pl-Rh) of the purple plant 1 (pl1) Pl1-Rhoades allele can be heritably suppressed in trans 
by a transcriptionally and post-transcriptionally repressed state (termed Pl'). This leads to heritable reduction in plant 
pigmentation in such heterozygotes and the persistence of weak pigmentation in subsequent progeny. Although the 
molecular mechanism remains largely unknown, forward genetic screens identify required to maintain repression (rmr) 
and mediator of paramutation (mop) loci affecting the paramutation process. Because most of the currently known RMR 
and MOP proteins are likely orthologs of Arabidopsis RNA-directed DNA methylation (RdDM) pathway components, it’s 
hypothesized that a similar pathway contributes to paramutation behaviors through 24-nucleotide (24nt) RNA-based 
recruitment of chromatin modifications like 5-methylcytosines (5mC). In day 8 seedlings, we found Pl' states have 
significant enrichment of 24nt RNAs at a small region of a penta-repeat ~12kb 3' of the pl1 coding region – coincident 
with 5mC in primarily CG and CHG contexts. Identical profiles were also seen in Pl-Rh / Pl' and Pl' / Pl-Rh seedlings 
indicating that Pl'-specific 5mC patterns are adopted by Pl-Rh during early development. Similar comparisons with 15 and 
21 days after pollination (DAP) Pl-Rh / Pl' and Pl' / Pl-Rh developing embryos show a progressive reestablishment of Pl' 
like 5mC patterns with parent-of-origin differences that appear independent of 24nt sRNA levels. At 21 DAP in particular, 
5mC in both CG and CHG contexts remained sparse in Pl-Rh / Pl' relative to Pl' / Pl-Rh. While the nature of these parent-
of-origin differences remains speculative, our results point to the mid stages of embryogeny where 5mC patterns specified 
by meiotically-heritable information are elaborated. 
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Demethylation of transposons can activate expression of nearby genes and cause imprinted gene expression in endosperm. 
It is also hypothesized to function in genome defense by activating expression of mobile transposon siRNAs that reinforce 
silencing in the embryo. In maize, wild-type function of maternal derepression of r1 (mdr1) is required for maternal 
expression of the imprinted gene R1. We found that mdr1 encodes one of two endosperm DNA glycosylases in maize with 
homology to Arabidopsis DEMETER. Similar to DEMETER, mdr1 is partially responsible for demethylation of thousands 
of small genomic regions in endosperm. Surprisingly, however, these demethylated regions are depleted from the majority 
of repetitive elements in the genome and produce few siRNAs. Consistent with the essential role of maternally imprinted 
gene expression in other plants, a functional maternal allele of at least one of the two maize endosperm glycosylases is 
required for fertility. Our results, however, suggest an unidentified role for DNA demethylation in endosperm, as the 
majority of genes that overlap the demethylated regions are not imprinted. 
 
Gene / Gene Models described: mdr1, dng101, dng102, r1; GRMZM2G123587, GRMZM2G422464, Zm00004b040676 
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The maize genomic sequence presents an incredible abundance and diversity of transposable elements (TEs). It is often 
noted that 85% of the maize genome consists of TEs, and TE alleles have been linked to major phenotypic changes in 
plant architecture, flowering time, and day length adaptation. Across maize individuals, the proportion of the genome 
derived from TEs is broadly consistent, yet there is extensive variation in the abundance of TE families and the position of 
individual TE copies – only about 20% of all TE copies are found at the same position. Despite this great variation, it is 
unclear the degree to which these differences in TE content affect plant phenotypes and fitness. We project TE copy 
number inferred from genome assemblies of NAM parents to genotyped recombinant inbred lines, and associate TE copy 
number to phenotypes. After correcting for parental ancestry, we find that total TE copy number is negatively associated 
with fitness-related traits like yield. This association is stronger for TEs closer to genes, consistent with mechanisms of 
local epigenetic and genetic disruption. Altogether, while the maize genome can tolerate a large TE load, TEs continue to 
contribute to quantitative variation in agriculturally relevant phenotypes. 
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Endosperm is a complex tissue with distinct methylome and transcriptome dynamics. While DNA methylation is generally 
stable across tissues and across generations, endosperm is a major exception to this pattern. DNA demethylation by 
specific glycosylases occurs in the central cell prior to fertilization, establishing differentially methylated regions (DMRs) 
and imprinted (parent-of-origin biased) expression of genes and transposable elements(TEs). Though specific glycosylases 
involved in imprinted expression have been identified as key regulators, we are still working to understand how they are 
targeted and what genes they regulate. One of the glycosylases found to be involved in genomic imprinting in arabidopsis 
is demeter. Recently, the maize gene mdr1 , a homolog of demeter, was cloned and confirmed to play a role in 
demethylation of genes in the endosperm. Thousands of DMRs were identified between wild type and mdr1 mutant 
endosperm, 91% of which were hypermethyated in the mutant. To understand the impact of these DMRs on expression, 
RNA-seq was performed to identify differential expression (DE) between the mutant and wild-type. We then compared 
this information to imprinting calls in wild-type to better understand the role of mdr1 in endosperm development and 
imprinting control. 98% of DE genes were down-regulated in the mutant, consistent with the role of DNA methylation in 
gene silencing. We found that 45% of  DE genetic elements overlap DMRs, 51% genes and 49% transposable elements. 
An additional 8% of DE genes are within 2 kb of a DMR, suggesting that proximal changes to DNA methy lation is a 
major contributor to differential expression. Finally,  we discovered that around 40% of the DE genetic elements were also 
imprinted, including 39 maternally-expressed genes and 33 maternally-expressed transposable elements. This new 
information can help us determine how mdr1, and DNA methylation, regulates expression in endosperm and contributes to 
genomic imprinting. 
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DNA methylation contributes to inaccessible chromatin structure of repetitive DNA and represses transcription initiation 
in genes and transposable elements (TEs). It is depleted from promoters and other cis regulatory elements of expressed 
genes. However, exons of many expressed genes are methylated in the CG context specifically. This form of methylation, 
called gene body methylation (gbM), does not have a clear function but is widespread and is conserved in homologous 
genes across species. Exons of many genes are also methylated in both CG and non-CG contexts in a form called TE-like 
methylation (teM). We are using the resource provided by recent developments of high-quality maize NAM founder 
genome assemblies, gene and TE annotations, and transcriptomes and methylomes to study gene methylation. Here we 
present our findings on the expression and structural features of methylated genes, both gbM and teM, as well as the 
stability of gene methylation across the NAM founders. 
 
Funding acknowledgement: National Science Foundation (NSF) 

  

mailto:km.higgins26@gmail.com
mailto:yz77862@uga.edu


92 
 

P75 
Genome-wide analysis of maize hybrids and their progeny to understand the initiation 
and maintenance of epigenetic silencing in maize  
(submitted by Beibei Liu <liub32@miamioh.edu>) 
Full Author List: Liu, Beibei1; Lisch, Damon2; Zhao, Meixia1 
1 Department of Biology, Miami University, Oxford, OH, 45056 USA 
2 Department of Botany and Plant Pathology, Purdue University, West Lafayette, IN, 47907 USA 
 
In plants, the initiation of DNA methylation at CG, CHG (H = A, C, or T), and CHH can be triggered by small interfering 
RNAs (siRNAs), known as RNA-directed DNA methylation (RdDM). Recently, it was reported that in hybrids, siRNAs 
produced by RdDM can interact with homologous sequences from either parent and result in significant changes in the 
DNA methylome of F1 derived from the two progenitors, including trans-chromosomal methylation (TCM) and trans-
chromosomal demethylation (TCDM). While a great deal is known about the role of RdDM in the initiation and 
maintenance of the overall DNA methylation at all cytosines, relatively little is known at specific sequence context, 
especially at CHH sequence context, which is generally methylated at a relatively lower level. To understand the initiation 
of DNA methylation, we performed high-throughput sequencing of DNA methylome, small RNA, and mRNA of the F1 
hybrid plants of two mutants including mop1 (mediator of paramutation1) and lbl1 (leafbladeless1) as well as of F1 wild 
type siblings. We found that at both CG and CHG TCM sites, the changes in the DNA methylome of F1 hybrids are 
mainly caused by the increased methylation of the lower alleles. In contrast, the methylation levels of both higher and 
lower alleles are increased at CHH TCM sites. Furthermore, the methylation of these CHH TCM sites is largely removed 
by the mop1 mutation that reduces 24 nt siRNAs in these regions. Our next step is to examine the methylation levels of 
these CHH TCM sites in the F2 progeny that are derived from the F1 hybrid mutants and the wild-type plants to 
understand the maintenance of DNA methylation in maize.  
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Centromeres are the structures required for the faithful segregation of chromosomes during cell division. They are defined 
epigenetically by the histone variant cenH3 which forms the foundation of the kinetochore. Centromeres typically contain 
long stretches of tandem repeat (centC in Zea mays). During domestication many maize centromeres lost centC resulting 
in cenH3 either expanding into formerly pericentromeric regions or jumping to a new location entirely. In CEN5 of Zea 

mays we observe transcribed genes flanking the ancestral CEN5M which prevented cenH3 expansion and resulted in the 
centromere jumping to either the pericentromeric CEN5L or CEN5R locus. Both CEN5L and CEN5R are suboptimal 
neocentromere loci containing both transcribed sequence and H2A.Z which are shown to be disruptive to cenH3. 
However, comparisons of H2A.Z peaks among the diverse NAM founder lines suggest that H2A.Z is reduced in active 
centromere regions, and that H2A.Z can be suppressed by cenH3, stabilizing the neocentromere. Furthermore, two 
deletions were uncovered in CEN5L that resulted in the loss of H2A.Z loci which may have also had a stabiliz ing effect on 
the neocentromere. These mechanisms coupled with the insertion of centromere targeting CR2 retrotransposons, further 
stabilize the neocentromeres by pushing H2A.Z/genes out of the neocentromere and increasing repeat content. CEN5L and 
CEN5R are not ideal centromere loci but through suppression/loss of H2A.Z/transcription, and the accumulation of 
repeats, the loci are stabilized. 
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