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Presenta;on Outline

• Background and rationale

• The OMG (orthologous marker gene groups) framework 

• Other single cell tools for plant biology
• Co-expression
• Gene function prediction
• 3UTR mapping 

• Summer workshop
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GOAL: Determine cell types in scRNA-seq data for non-ATH species
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0.  Data integration (for closely related species)

1. Marker gene-based approaches
• Identify clusters 
• Find cluster markers 
• Find ATH orthologous markers

2. Correlation. scRNA-seq vs bulk RNA-seq data

3. Index of Cell Identity Method (ICIM)
• Expression level 
• Enrichment in clusters
• Selected markers

4.  Using GO functions of marker genes

Guillotin et al., 2023, Nature

Chau et al., 2025, Nature Communication



GOAL: Determine cell types in scRNA-seq data for non-ATH species
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Guillotin et al., 2023, Nature



An example of unsuccessful integration across diverse species
Root hair Xylem

Chau et al., 2025, Nature Communication



GOAL: Determine cell types in scRNA-seq data for non-ATH species
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1. Marker gene-based approaches
• Identify clusters 
• Find cluster markers 
• Find ATH orthologous markers

2. Correlation. scRNA-seq vs bulk RNA-seq data

3. Index of Cell Identity Method (ICIM)
• Expression level 
• Enrichment in clusters
• Selected markers

4.  Using GO functions of marker genes

Tomato root single cell RNA-seq

Canto et al., Nature Plant, 2024

Bulk RNA-seq from
Kajala et al., Cell, 2021, 
doi: 10.1016/j.cell.2021.04.024

Prakash Timilsena



Use machine learning to identify marker genes for cross species comparison
Arabidopsis scRNAseq Rice scRNAseq

Ryu et al.., 2019, Plant Phys. Liu et al.., 2020, Molecular Plant

Cortex

Arabidopsis Rice

Existing Markers

Machine Learning
Markers

< 5% of ATH 1-to-1 orthologous 
markers are conserved in rice

Yan et al., New Phytologist. 2022
Github: https://github.com/LiLabAtVT/SPMarker

Haidong Yan



Rice and Arabidopsis one-to-one (FDR<0.01)
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3 out of 8 significant overlaps
Using 200 markers



The OMG (Ortho Marker Groups) Pipeline
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200 markers per cluster

Tran (Nina) Chau
Graduate Student

2.5 Find 
1-to-1 orthologs 



Rice and Arabidopsis one-to-one (FDR<0.01)
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3 out of 8 significant overlaps
Using 200 markers



Rice and Arabidopsis OMG method (FDR < 0.01)
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9 out of 14 significant overlaps
200 markers



Rice and Arabidopsis: wrongly labeled cell types
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Rice and Arabidopsis: 
wrongly labeled cell types
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Rice and Arabidopsis: wrongly labeled cell types
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Meristems

Meristems

low-quality cells?

protoplast artifacts?

meristematic nonhair 
cells?



Summary
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• Assign cell identities to single cell clusters in plants using OMG

• Enables cross species comparison in plants
• Marker based method == scalable comparison across many datasets
• Use Seurat output 
• Importance of using a statistical test
• OMG websites and R package 

• Other tools:
• Co-expression analysis
• 3UTR annotation 
• GO function prediction (published)



Problem with using a few markers and the importance of 
using a statistical test
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Yan et al., 2022



Problem with using a few markers and the importance of 
using a sta;s;cal test
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Problem with using a few markers and the importance of 
using a statistical test
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Arabidopsis and tomato: new cell type
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Nina (Tran Chau)

Mapping of single cell clusters from 15 species

• Gene expression in each 
individual cell

• Root
• Shoot apex
• Leaf 
• Inflorescence
• Whole plant

• 15 species, ~1 million 
cells, and 268 clusters

• Orthologous marker 
groups enable cell type 
mapping between 
monocots and dicots.

GitHub

Chau et al., 2025. Nature Communications



A reference map (Arabidopsis) Query single cell map

• Integration free mapping 
across diverse plant 
species

• Allows statistical testing 
regarding cell identities

GitHub

Using OMG to annotate plant single cell maps



The OMG website
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Input data:  Seurat marker list file with fold change
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The OMG website
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1

2
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Output: marker name in ref/query species 
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How to use OMG? 
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• Annotate single cell clusters for plant species
• For 15 species in the current version

• Example using Arabidopsis + pathogen infection

• For species not in the current version
• BLAST2OMG
• LLM2OMG

• Connect plant single cell data with other domains of research and applications
• GWAS/GP  à Plant breeding
• Genetic engineering, synthetic biology

• Apply in non-plant systems? 
• Interested in testing this concept in other systems.



How to use OMG? Arabidopsis pathogen interaction
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Arabidopsis root + pathogen vs other roots
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Arabidopsis root + pathogen vs shoot apex/leaf
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How to use OMG? 
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• Annotate single cell clusters for plant species
• For 15 species in the current version

• Example using Arabidopsis + pathogen infection

• For species not in the current version
• BLAST2OMG
• LLM2OMG

• Connect plant single cell data with other domains of research and applications
• GWAS/GP  à Plant breeding
• Genetic engineering, synthetic biology

• Apply in non-plant systems? 
• Interested in testing this concept in other systems.



Limitations
• Number of clusters  
• Number of markers
• Inconsistent naming
• Reproduce the same published UMAP clusters

32
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Summary
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• Assign cell identities to single cell clusters in plants using OMG

• Enables cross species comparison in plants
• Marker based method == scalable comparison across many datasets
• Use Seurat output 
• Importance of using a statistical test
• OMG websites and R package 

• Other tools:
• Co-expression analysis
• 3UTR annotation 
• GO function prediction (published)
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ZMA Leaf Leaf subsidiary cell
ZMA Leaf Pavement cell−A
ATH Inflorescence Flower meristem
OSA Pistil Ovule
ZMA Leaf Leaf primordium
ATH Hypocotyl callus Middle cell layer
OSA Inflorescence Flag leaf
OSA Pistil S−Ovule
PAP Stem Cortex/Endodermis
ATH Pollen Sperm nuclei
GMA Root; Root nodule Infected cell
MTR Root Non−hair
GMA Root; Root nodule Inner cortex
GMA Root; Root nodule Uninfected cell
ATH Pollen Generative nuclei
OSA Pistil Integument
OSA Pistil Nucellus
ATH Leaf Leaf guard cell
OSA Pistil Inner ovary wall/Outer integument
GBI Seed Leaf guard cell
NAT Corolla Epidermis
GMA Root; Root nodule Root epidermis
MTR Root Root cap
MTR Root Root endodermis
GMA Root; Root nodule Outer cortex
MTR Root Root cortex
ATH Root Columella root cap
ATH Root Lateral root cap
SLY Root Atrichoblast
SLY Shoot axis apex Leaf marginal meristem
ZMA Ear inflorescence Pith
ZMA Leaf Pavement cell−N
OSA Pistil Outer ovary wall
OSA Pistil Ovary wall
OSA Pistil Stigma
OSA Pistil Style
OSA Pistil Vascular tissue
OSA Root;Leaf Mestome sheath
OSA Root Root epidermis
OSA Leaf Leaf epidermis
OSA Root Root cap
ZMA Root Root epidermis
ATH Root Root hair
MTR Root Root hair
SLY Root Trichoblast
OSA Root Root hair
ZMA Root Root hair
MES Tuberous root Root epidermis
NAT Corolla Vascular tissue
GBI Seed Companion cell
OSA Root Phloem
FVE Leaf Phloem
MES Tuberous root Root cortex
ATH Leaf Companion cell
ATH Shoot axis apex Companion cell
OSA Root;Leaf Phloem
ZMA Ear inflorescence Bundle sheath
PAP Stem Companion cell
MTR Root Phloem
ATH Inflorescence Phloem
ATH Root Companion cell
ZMA Ear inflorescence Phloem
BRA Leaf Phloem
ATH Leaf Sieve element
ATH Root Sieve element
ATH Root Phloem
ATH Leaf Bundle sheath
ATH Leaf Phloem parenchyma
ATH Root Pericycle
ATH Root Phloem/Pericycle
ZMA Root Root exodermis
ATH Root Root endodermis
OSA Root Exodermis
SLY Root Exodermis
OSA Root Sclerenchyma
OSA Root;Leaf Root exodermis/Sclerenchym
PAP Stem Sieve element
populus_alba_x_populus_glandulosa Stem Xylem
PAP Stem Xylem
PAP Stem Cork cambium
populus_alba_x_populus_glandulosa Stem Fiber cell
ATH Root Xylem
OSA Root Metaxylem
ATH Root Metaxylem
MTR Root Xylem
OSA Root;Leaf Epidermis
ZMA Root Xylem
SLY Root Xylem
OSA Root Protoxylem
OSA Root;Leaf Xylem
GHI Ovule outer integument Outer pigment layer
FVE Leaf Xylem parenchyma
MES Tuberous root Xylem
ATH Leaf Phloem
CRO Leaf Vascular tissue
GBI Seed Xylem
ATH Hypocotyl callus Explant vasculature and callus founder cell
ATH Root Root procambium
ATH Root Root stele
FVE Leaf Xylem
SLY Root Phloem_Procamb
ATH Leaf Stress response
ATH Leaf Vascular tissue
ATH Shoot axis apex Vascular tissue
ATH Shoot axis apex Shoot apical meristem
BRA Leaf Bundle sheath
ATH Leaf Xylem
BRA Leaf Vascular tissue
ATH Root Phloem parenchyma
ATH Root Phloem pole pericycle
OSA Root;Leaf Parenchyma
GBI Seed Procambium
OSA Inflorescence Inflorescence meristem
MES Tuberous root Phloem
ZMA Ear inflorescence Meristem base
ZMA Root Meristematic cell
OSA Leaf Mesophyll
OSA Root Root stele
OSA Leaf Vascular tissue
OSA Root;Leaf Vascular tissue
ATH Hypocotyl callus Inner cell layer
ATH Root Protoxylem
ATH Root Non−hair
MES Tuberous root Root exodermis
ATH Root Stem cell niche
PAP Stem Xylem parenchyma
GHI Ovule outer integument Epidermis
populus_alba_x_populus_glandulosa Stem Xylem precursor cell
ATH Shoot axis apex Guard cell
ATH Hypocotyl callus Outer cell layer
ATH Leaf Leaf epidermis
ZMA Root Root cap
OSA Root;Leaf Procambium
OSA Root;Leaf Root stele
OSA Inflorescence Inflorescence axis
ZMA Ear inflorescence Adaxial meristem periphery
ZMA Root Companion cell
ZMA Ear inflorescence Xylem
ZMA Shoot axis apex Vascular tissue
ZMA Ear inflorescence Meristem boundary
ZMA Shoot axis apex Shoot apical meristem
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Plant single-cell atlas: 
v15 species
v268 cell clusters
v~1 million cells
v53,600 marker genes 
v200 highly specific marker per 

cluster
v14 “functional” clusters

vNSF funded summer training camp 
for single cell analysis at Virginia 
Tech (email songli@vt.edu)

Summer camp for incorporating your data to the OMG framework

Chau et al., 2025, Nature Communications

Quesmons?


