1. Objectives/aims. This project seeks to develop an information hub for training/ teaching
agricultural researchers with an aim to facilitate application of single-cell functional genomics in
quantitative trait loci (QTLs) mapping of agriculturally important traits. Integration of genetic
variation data with cellular and molecular data has been used to map expression QTL (eQTL) or
methylation QTL (mQTL) or chromatin accessible QTL (caQTL) linked to diverse phenotypes
(Kumasaka et al., 2016; Volkov et al., 2016; Ciuculete et al., 2017; Benaglio et al., 2020a; Keele
et al., 2020; Zhao et al., 2020). Such approaches have also been applied to map QTLs linked to
traits of agricultural importance (Long et al., 2011; Liu et al., 2020; Kushanov et al., 2021; Yuan
et al., 2021). However, these studies have been performed with functional genomics data derived
from bulk tissues that cannot determine if the phenotype is influenced by specific cell types in
the tissue. Recent spur in single-cell RNA sequencing (scRNA-seq) and single-cell Assay for
Transposase-Accessible Chromatin sequencing (scATAC-seq) have generated new opportunities
to integrate genetic variation with changes in gene expression and open chromatin profiles to
identify single-cell eQTLs and caQTLs (Benaglio et al., 2020b; van der Wijst et al., 2020;
Neavin et al., 2021). These methods have great capabilities to untangle cellular and molecular
links to major phenotypic traits such as crop yield, animal production and plant resistance to
insect pests to sustain agricultural productivity (Cole et al., 2021; Tripathi and Wilkins, 2021;
Zhang et al., 2021; Zhu et al., 2021; Nyyssölä et al., 2022).
Towards an objective to promote single-cell QTL mapping in agriculture research, our current
proposal has two specific aims. Specific aim 1. A. Develop an online resource to provide
knowledge on cost-effective methods of QTL mapping and standards and best practices of
single-cell eQTL and caQTL data analysis. B. Develop a computational workflow by
implementing published methods for integrated analysis of genetic variants and scRNA-seq and
scATAC-seq data. Specific aim 2. Collaborate with animal, plant, and entomology scientists,
and the AG2PI community members, to help A) generate preliminary data, and B) acquire skills
to perform integrated analysis of genetic variation and single-cell genomics data in QTL
mapping studies.
We have performed preliminary work that will help achieve these specific aims. They include
survey of literature on single-cell QTL mapping, standardization of protocol to prepare single
nuclei from frozen samples, generation of single-cell functional genomics data, and data
analysis. Earlier, we developed a computational workflow by implementing methods described
by Butler and colleagues (Butler et al., 2018) to identify cells and marker genes of self-renewal
capacity of uterine organoids and uterine influence on fetoplacental communication (Fitzgerald
et al., 2019; Dhakal et al., 2021). We have standardized a lab
protocol to isolate high-quality single nuclei from frozen tissues
(Figure 1). This method is suitable for processing large number of
samples in single-cell QTL mapping projects in a fast and costeffective manner. We have shown that the method can also be
applied to insects (Cui et al., 2022). Currently, the P.I. lab has been
routinely performing single-cell RNA-seq and ATAC-seq in mice
and pigs (Figure 2). An ongoing project in the lab focuses on
Figure 1. Single
mapping single-cell QTLs linked to litter size in pig. We have
nuclei prepared from
collected phenotype data and uterine samples from pigs producing
frozen fetal brain of
either small or large litter size. Currently, we are generating scRNAmouse by using our
seq data from those samples. The lab of co-PI Decker has developed
lab protocol.

innovative analytical methods to map signatures of polygenic
selection. He has broad experience in mapping QTLs via
genome-wide association studies (GWAS) in livestock
animals. In addition, two collaborative labs have been
identified with whom we will work towards developing QTL
mapping studies of specific agronomic traits in rice plant and
insect pest by leveraging single-cell genomics (letters
attached).
Plans for specific aim 1: We will start this project by creating
an information hub that will provide comprehensive
Figure 2. A representative
knowledge to agricultural researchers about cost-effective
tSNE plot of single-cell gene
methods of mapping single-cell QTLs. Cost of generating
expression of mouse fetal
single-cell genomics data is a major limitation in large-scale
brain recently generated in
mapping studies. Our plan in this project is to provide
our lab. Expression clusters
information on emerging strategies that employ cost-effective
are color coded. The cluster
methods of Bulk-Segregant Analysis and pooled-GWAS
numbers are shown in the
(Craig et al., 2009; Gaj et al., 2012; Riaz et al., 2016;
legends.
Navarro-Escalante et al., 2020; Xu et al., 2020; Zhang and
Panthee, 2020; Huang et al., 2021). The information hub will
provide educational resources relating to methods and principles of single-cell QTL mapping and
other key aspects such as power analysis to determine sample size as well as the standards and
best practices of analysis of single-cell QTL data. Within this specific aim, we will also make
available a computational workflow to the research community for integrative analysis of
genotype data and singe-cell functional genomics data. The workflow will implement published
methods of single-cell eQTL (Cuomo et al., 2021) and single-cell caQTL (Kumasaka et al.,
2016) to develop a user-friendly pipeline using Python Snakemake framework. We will test the
pipeline using the data described in Kumasaka et al. (Kumasaka et al., 2016), and make it
available for free download (upon registration with no cost) in the proposed website.
Plans for specific aim 2: In this specific aim, our plan is to assist agricultural researchers working
on plants, animals or insect pests to promote single-cell QTL mapping projects of important
economic traits. Our efforts will include i) help design project, and assist in generating
preliminary data via single-cell genomics assays, and ii) provide bioinformatics training to
integrate genetic variation data with single-cell genomics data. We will use zoom meetings for
interactive sessions as well as YouTube videos for self-spaced learning of the step-by-step
methods of data analysis. The training will target researchers at all levels including graduate
students, postdocs, scientists, and principal investigators. The ultimate aim of these
collaborations is to provide researchers the knowledge and skills required to apply single-cell
genomics in QTL mapping. We will demonstrate the feasibility of this specific aim by working
with two collaborators who have shown interest to participate in the project to develop singlecell QTL mapping projects (see letters). Collaborator Dr. Nair will work towards mapping plant
resistance to brown plant hopper in rice whereas collaborator Dr. Kang is interested to map host
response to lipid transporter in fruit fly Drosophila suzuki. We will provide them necessary
training and informational resources to help develop these projects in their respective labs.

2. Furthering the aims of the AG2PI. This project is expected to contribute to ongoing efforts
to map agriculturally important traits in animals, plants, and insects. A great deal of advance has
been made in QTL mapping in livestock animals as evident from the list of mapped QTLs
curated in the Animal QTLdb (Hu et al., 2022). Similar efforts have also been made in crop
plants to map important agronomic traits (Zeng et al., 2007; Ni et al., 2009; Kim et al., 2014;
Singh et al., 2021). However, efforts to map QTLs in agricultural insect pests are limited
(Behura et al., 2000, 2004; Zhao et al., 2016). Our current effort will advance the goals of
AG2PI to foster initiation steps that can help develop research needs and opportunities in the
emerging areas of single-cell integration in QTL mapping. As outlined in our research plans, we
will work in collaboration with national and international scientists to help advance this area of
research. We have set three specific evaluation criteria to measure success of the proposed
project: 1) Participation. We will evaluate success of our project based on interest and
participation of agricultural researchers and AG2PI research community in our project, 2)
Training. A key component of this project is to train researchers in performing single-cell data
analysis. Number of participants (based on free registration) to our zoom sessions and YouTube
learning materials will also be assessed to evaluate success of this project. 3) Collaboration. We
will also use the number of labs that will benefit from this project to develop single-cell QTL
mapping studies for evaluating success of our project.
3. Expected outcomes & deliverables. This project is expected to produce two major outcomes:
1) Disseminating information to facilitate application of single-cell genomics in QTL mapping in
agricultural research, and 2) enabling national and international collaboration among animal,
plant, and insect scientists to use single-cell genomics in trait mapping studies. The specific
deliverables of this project will include- 1) launching a website to provide comprehensive
informational resources relating to strategies and approaches of integrating single-cell data in
BSA-seq and pool-GWAS methods, 2) developing a pipeline to perform bioinformatics data
analysis of single-cell QTL mapping, 3) establishing collaboration with animal, plant and insect
scientists to help develop preliminary data for single-cell QTL mapping, 4) providing online
(zoom and YouTube) training to graduate students, postdocs and faculties interested to learn
about single-cell genomics data analysis, and 5) facilitating collaborative efforts to help develop
single-cell QTL mapping projects in agriculture. We have identified two collaborators within this
project. We will assist them in study design, generating preliminary data and acquiring skills in
bioinformatics analyses. Throughput this project, we will communicate with other researchers
including the community members of AG2PI and the members of Functional Annotation of
Farm Animal Genomes (FAANG) to join our efforts to expand this emerging area of genomics
in agricultural research.
4. Qualifications of the project team. The P.I. is an Assistant Professor in Bioinformatics and
Computational Biology in the Division of Animal Sciences. He obtained education in
Mathematics, Biotechnology and Life Sciences. He has research experiences in gene and genome
mapping, functional genomics and animal genomics. His research combines both experimental
and computational work. He has published more than 90 papers. Besides research, he teaches a
graduate level (4 credit hours) course on ‘Functional Genomics of Mammals’ that include a
module on single-cell genomics. He is a Core Faculty member of the University of Missouri
Institute of Data Science and Informatics (MUIDSI), and also a member of FAANG community.

The Co-P.I. is Wurdack Chair in Animal Genomics and Associate Professor in the Division of
Animal Sciences. He is a faculty within the Genetics Area Program and also a Core Faculty
member in the Institute of Data Science and Informatics. Decker’s Computational Genomics
Group combines population genomics and quantitative genomics to improve the sustainability of
cattle and swine populations. Decker has been P.I. on over $4 millions of competitive federal
grant funding.
5. Proposal timeline (June 1, 2022 – May 31, 2023). This project requires 12-months’ time to
achieve the proposed specific aims. The tentative timelines to achieve the proposed specific aims
are as follows:
Months 0-3: Development of resource material and launching of the website. The website will be
launched by the end of the third month.
Months 3:6: Development and testing of computational pipeline. The pipeline will be available
on the website for free downloads by the end of the sixth month.
Months 6:9: Development of collaboration. Within this period, we will assist two identified
collaborators to help develop single-cell QTL mapping projects of their interest. In addition, we
will also seek and work with other agricultural researchers interested in developing such mapping
projects.
Months 9:12: Providing training. Within this period, we will provide online bioinformatics
training in interactive and self-spaced learning formats to students, postdocs or investigators
interested to learn data analysis in single-cell QTL mapping.
6. Engaging AG2P scientific communities & underrepresented groups. This project will
provide necessary informational resources as well as data analytics training to any member with
the AG2P scientific community, and others, to learn about single-cell QTL mapping. In addition,
this project will be a great opportunity for the University of Missouri initiatives on Maximize
Student Diversity (IMSD) and Maximizing Access to Research Careers (MARC) to engage
underrepresented students in research activities.
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