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Sample Metadata FAIR Barriers

▪ Missing, corrupt, incomplete or inaccurate data

▪ Incomprehensible metadata, unverified results

▪ Incompatibility with FAIR standards

▪ Best practices training scarce

▪ Lack of knowledge portals focusing on centralized 
annotations

▪ Requires manual curation on every step

▪ Thus, important need to curate and document 
metadata adhering to FAIR principles

AgBioData Mission: Why FAIR 
Resources?



1. Address annotation challenges of scRNAseq 
metadata in plants and animals

2. Facilitate creation of cohesive community that 
provides FAIR metadata standards, sc resources 
and tools 

3. Establish a set of recommendations for 
member databases or management of sc datasets

4. Standardize sc datasets for accurate cell type 
specific annotations and other benchmarking 
studies.

5. Create FAIR agricultural genomics 
user-friendly data ecosystem.

Mission of Single cell Biocuration Working 
Group
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Creation of cohesive community 
USDA NIFA grant was awarded 

Overall Goal - To develop a robust and sustainable network of 
researchers who are interested in developing SC genomics 
techniques and best practices to apply to agricultural systems. 

Aim 1. Create a community of researchers interested in 
applying SC genomics to elucidate genotype to phenotype 
in agricultural systems. 
Organized 4 virtual SC sessions

Aim 2. Determine community needs and potential 
resources for applying SC genomics techniques to 
agricultural systems. 
Community Survey

Aim 3. Organize and convene a conference on discussion 
and development of SC resources required for agriculture.
In person Workshop and Community Discussion

Aim 4. Broadly disseminate conference findings and 
develop resources for community infrastructure. 
Ongoing

Crops and Livestock community together 

AgBioData, AG2PI,  PCA, FAANG, 
AnGenMap, Gramene, Earlham Institute

Organizing Committee

• Chris Tuggle (Iowa State University) AG2PI
• Sunita Kumari, Doreen Ware (CSHL)
• Fiona McCarthy (Univ of Arizona) FAANG
• Jennifer Clarke (Univ of Nebarska)
• Ben Cole, Mark Libault (PCA)
• Wes Warren (Univ of Missouri) 
• Irene Papatheodorou (Earlham Institute, 

UK)

227 people for webinars
48 people for in person workshop
15 key speakers across US & Europe 
Plant and animal research community



Single-Cell Workshop held at AGBT (March 29-30), 
Orlando

Session 1: Building a transdisciplinary community in 
agricultural SC genomics

• Lessons learned from the interdisciplinary projects: core values, 
orientation and organization.

• Community Survey Report.

Session 2: Where are we in plant and animal SC genomics, as 
well as where we need to be?

• Data management and infrastructure within the Plant Cell Atlas 
Community.

• Data and metadata management for reusing and integrating cell 
atlases.

• A Single nuclei and cell perspective on the chicken immune system.

 



Single-Cell Workshop held at AGBT (March 
29-30), OrlandoSmall Group Breakout Discussions

Session 3: Identifying best practices for:
● Describing, storing and sharing FAIR data. 
● Cell type annotations
● Identifying and benchmarking relevant projects

Session 4: Achieving identified best practices for Ag 
community

● Creating FAIR Data storage/sharing
● Creating common environments for data analysis
● Organizing benchmarking and training needs for data analysis 

pipelines for agriculture. 

Community Discussions

Session 3: Identifying opportunities & mechanisms to 
generate resources for community needs

● What are additional needs for creating G2P solutions at the 
cell type level?

● Offer opportunity to govt funding agencies to indicate where 
these ideas fit within their portfolios. 

● Identify writers of white paper and topics to USDA and other 
agencies

Irene Papatheodorou (Earlham Institute)

Fiona McCarthy(Univ of Arizona); 
Chris Tuggle (Iowa State University)

Sunita Kumari (Cold Spring Harbor Lab, NY)
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Established a set of recommendations
DATA & METADATA STANDARDS

� Define and advertise minimal metadata standards
� Literature curation and meetings with repositories to define 

metadata standards across ag species
� Survey agencies or other gatekeepers to advertise

CELL TYPE ANNOTATION

� Identify/list high quality publishes SC datasets
� Document cell atlas for use in future cell annotation
� Coordination with PCA members

BENCHMARKING

� Identify datasets and pipelines for specific goals
� Identify metrics for evaluation of pipelines

OUTCOMES

• Conferences
• White Paper
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Cell Type Annotation Jamboree

Cell Type Annotation Challenge – Inconsistent cell type 
annotations

• Coordinated with Plant Cell Atlas members and worked on 
identifying high-quality published scRNA-seq datasets 

• Predicted the plant ontology (PO) annotations using several AI tools

• Held collaborative cell type annotation Jamboree with Single 
Cell experts at Plant Cell Atlas meeting where five teams manually 
reviewed and annotated around 300 cell types with PO annotations.

• This hands-on work is also useful in training the AI models that will 
ultimately automate this process. 

Sunita Kumari, 
CSHL Ben Cole, JGI Sharon 

Greenblum, 
JGI

Coordination with PCA experts 

Doreen Ware, 
USDA-ARS
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▪ Facilitates easy visualization and reusability across different platforms

▪ Can be used by both computational/wet-lab scientist for visualization 
purposes

▪ Reproducible with easy installation and steps to implement guide on GitHub

▪ Cell-Type Specific DGE across ag species

▪ Gene Expression Query across ag species

▪ Reference Cell type Mapping across ag species

Create FAIR agricultural genomics user-friendly 
data ecosystem – Shiny-PIGGI 



Motivation: Pigs as a valuable biomedical model
▪ Pigs (Sus Scrofa) used in variety of research areas 

including agricultural and biomedical studies

▪ Ideal animal model for human health and disease as 

genomically, physiologically and immunologically similar 

to humans

Overall goal if the study: Create a porcine  
single-cell immune cell transcriptional atlas



Shiny-PIGGI: Porcine Immune Genomics 
Gateway InterfaceHome Page for web application 

to query the single-cell 
multi-organ immune atlas



Shiny-PIGGI: Porcine Immune Genomics 
Gateway InterfaceDifferential Gene Expression 

for tissue-based cell type 
comparisons

DEG results can be downloaded!

Cut-off parameters such as FDR and logFC 

Expression in cell type 1(BM) and average expression of cell 
type 2(SP) in Mac/mono population 



Shiny-PIGGI: 
Gene Expression 

Page

Gene Expression tab access 
expression of selected genes 
across all selected tissues.

Example shown, a key marker gene 
CD163 used to annotate unique 
monocyte/macrophage populations in 
bone marrow compared to other 
tissues!



Shiny-PIGGI: 
Gene 

Expression 
Page

Gene Expression tab access 
expression of selected genes 
across all selected tissues.

Violin plots for CD163 indicate it was 
not highly expressed in lymph node. 
But splenic monocytes and other 
cycling monocytes in BM are also 
expressed



Shiny-PIGGI: Reference 
Mapping PageComparisons of cell types recovered from bone marrow 

and spleen datasets performed using reference cell type 
mapping

Bone marrow as a reference dataset 

Spleen as query dataset 

Splenic cells had higher mapping scores to bone 
marrow, indicating closely related cell types can be 
identified in bone marrow



FAIR Design to adapt to other agricultural SC 
datasets 

Sunita Kumari, CSHL

Goal:
• Violin plot by cell type in 

Seeds and Leaf Cells. 
• Differential expresion of 

genes in different cell 
types of leaf cells such 
as cell wall response 
and guard cell 



Arabidopsis Gene 
Expression

Shiny-PIGGI adopted for agricultural SC datasets 

To check expression of gene AT2G04570 
is leaf and seed cells of Arabidopsis

Expression of marker gene AT2G04570 
also known as GGL14/OSP1 has high 
expression level in guard cell in Arab-Leaf

Low/no Expression of gene AT2G04570 in 
Arab-Seed



Arabidopsis Differential Gene 
Expression

Shiny-PIGGI adopted for agricultural SC datasets 

Expression of marker gene AT2G04570 
also known as GGL14/OSP1 has high 
expression level in guard cell in Arab-Leaf

Low/no Expression of gene AT2G04570 in 
Arab-Seed

Marker gene is significantly expressed in 
guard cell type compared to cell wall 
response.



Vision for this year 
We have successfully created a cohesive community to work on standards, resources, 
tools and the benchmarked data set last year.

• We are planning to extend this work with the community on  metadata standards, cell 
type annotations and benchmarking the data sets and tools especially on identifying 
datasets and pipelines for specific research goals.

• We are also planning to work on plant and animal cell-type ontologies and mappings 
this year, exploring AI more extensively for metadata curation and cell type 
annotation.



Thanks! Join our Working Group and Chat  
with us…!  

Sunita Kumari

Doreen Ware

Chris Tuggle

AgBioData 
Booth #223

Supported by a grant from USDA NIFA AG2PI # 
2024-70412-43649 and AgBioData Consortium NSF-RCN 
Award # 2126334

Ben Cole

Sharon Greenblum Praveen KrishnaMuskan Kapoor

Crystal Loving

Jayne Wiarda

Theros Ng



Arabidopsis Cell-Type Specific Differential Gene 
Expression Differential expresion of genes in different 

cell types of leaf cells such as mesophyll 
and guard cell 



Shiny-PIGGI: Reference 
Mapping Page



Shiny-PIGGI: Reference 
Mapping Page

Bone marrow as a reference dataset 
Spleen as query dataset 

ASC shows high prediction score in spleen cells

Similarly annotated cell types were in 
consensus based on cell predictions 
including B, ASC, mac/mono and cDC



Plants and Animal single-cell researchers have 
been discussing means to develop such 

national/global resources


