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Why single cell approaches?

- Key to understanding organs/tissues is finding active genes
- Organs/tissues consist of functionally different cell types
- Characterisation of single cells has emerged as key driver to unravel tissue biology
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Haematopoiesis;
Paradigm for hierarchically organised and heterogeneous tissue

Myeloid cells Lymphoid cells

• Blood consists of >10 mature cell types

• The are all produced by Hematopoietic Stem Cells (HSC)

• The differentiation pathways remain under controversy
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GMP

CMP

MEP

Progenitor populations phenotypically defined:

CMP: Common Myeloid Progenitor
GMP: Granulocyte and Monocyte Progenitor
MEP: Megakaryocyte and Erythroid Progenitor

Classic haematopoietic hierarchy

Myeloid cells Lymphoid cells
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Adolfsson-Jacobsen, Cell 2005
Pronk-Bryder, Cell Stem Cell 2007
Perié-Schumacher, Cell 2015
Paul-Amit, Cell 2015

• LMPP: Lymphoid primed multipotent progenitor
• Phenotypic CMP consist of distinct subpopulations 

Revised haematopoietic hierarchy

Single cell culture of CMPs
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Velten-Steinmetz, Nature Cell Biology 2017 Zheng-Satija, Mol Syst Biol 2018 Tusi-Socolovsky, Nature 2018

Decipher hierarchy by single cell gene expression

• Are the correct cells sequenced?
• Is there biological proof of cell fate?
• Sub-populations need to be identifiable
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PreGM population consist of two subpopulations

Single cell gene expression of 63 preGM cells  

Drissen-Nerlov, Nature Immunology 2016

Cell surface marker
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Gata1 expression marks two preGM subpopulations

FACS

• Transgenic mouse model; Gata1 expressing cells are EGFP+

• FACS to prospectively isolate Gata1- and Gata1+ cells
• Culture cells to test biological potential

EGFP

25%

preGM
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preGM subpopulations have different lineage potential

Gata1+ preGM produce:
• mast cells and eosinophils
•

Gata1- preGM produce:
• neutrophils and monocytes
•
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B cells
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Erythrocyte/Megakaryocyte potential is restricted to Gata1+ progenitors
Lymphoid potential is restricted to Gata1- progenitors

Cells/culture:

Cells/culture:

ND ND ND ND

ND ND ND

Gata1+ preGM produce:
• mast cells and eosinophils
• erythrocytes and megakaryocytes

Gata1- preGM produce:
• neutrophils and monocytes
• lymphoid cells
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Myeloid cells are produced via separate pathways

Conventional: Proposed:
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Importance of establishing the haematopoietic hierarchy

• Being able to study the molecular mechanisms behind lineage decisions
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Importance of establishing the haematopoietic hierarchy

• Being able to study the molecular mechanisms behind lineage decisions

• Finding the Leukemic Initiating Cell (LIC) in cancers
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Other techniques

SmartSeq: Relative low amount of cell, high sequencing depth

10xChromium: High number of cell, lower sequencing depth

CITE-seq: Cellular Indexing of Transcriptomes and Epitopes by sequencing:

Barcode brought to cells via cell surface markers

ATAC-seq: Assay for Transposase-Accessible Chromatin using sequencing

Detecting open chromatin as opposed to expressed genes

CITE-seq
ATAC-seq
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Summary

- Tissues consist of functionally distinct cell types

- Single cell techniques unravel heterogeneity of tissues

- Gene expression is an indication, but not proof, for the potential of a cell

- Prospective identification and isolation of cell types is important for studying the cellular hierarchy

- Single cell technologies are rapidly improving; choose the best technique for your biological question


