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Motivation: Usually, gene expression is not
measured in "absolute" units
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Motivation: Usually, gene expression is not
measured in "absolute” units
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Motivation: Usually, gene expression is not
measured in "absolute” units
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Importance of transcription factors dosage for cell fate decisions
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Transcription factors stoichiometries in cell fate decisions
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Outline

Blood cell hierarchy
Experiment design

High-throughput absolute quantitative proteomics
approach

Immediate observations
Gene regulatory network modeling



Blood Cell Hierarchy



Blood cell hierarchy
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CMP

MEPAME Pu\mMp

Changes in the relative levels of transcription factors drive erythropoiesis
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Network model of cell fate choice in MEP based on lineage-specifying
TFs cross-antagonism

e ¢
N

Fate

3 B

SR

/

Fate

Erythroid CM r— @: Megakaryocytic
/ ~\\\"‘«;\

Yy

Iy

1 | ey
FLIL )

T

¥

v
LY I FOG-1 ,

L.C. Doré, and J. D. Crispino, Blood 118:231-239, 2011



Experimental design



ex vivo human erythropoiesis

STEP 1 Positive Isolation of CD34+ human hematopoietic stem and progenitor cells (HSPCs)
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Cell morphology during human ex vivo erythropoiesis

May-Grunwald Giemsa Stain Original Magnification x40
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Data acquisition
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guantitative proteomics approach



Mass Spectrometry is not inherently quantitative

Peptides A

. . Signal
. . 9 Intensity

For quantification:

-> the “proteomic ruler” method to estimate copy number of proteins per cells (Wisniewski,
J.R., Hein, M.Y., Cox, J., and Mann, M. (2014). Mol Cell Proteomics 13, 3497-3506.

-> uses MS signals from histones as an internal standard to estimate total protein amounts
and total MS signal to estimate the abundance of individual proteins



Selected Reaction Monitoring (SRM) coupled with spiking of
isotopically-labeled AQUA peptides provides absolute quantification of proteins
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For absolute guantification:

-> spike-in of known amount of isotopically labelled peptides to be used as internal controls

-> each peptide is quantified using an isotopically labelled version of itself (SIL peptide)



Absolute quantification of erythroid TFs using SRM
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data + immmediate observations

Interact with data at: https://hoodlab.shinyapps.io/tf-srm-rna/
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protein data
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protein data
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MRNA-protein correlation across genes at each timepoint
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correlation between mRNA and protein across time

Correlation over time
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"unfair" competition in regulatory switches
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"unfair" competition in regulatory switches
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"unfair" competition in regulatory switches
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"unfair" competition in regulatory switches
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"unfair" competition in regulatory switches
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"unfair" competition in regulatory switches
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The stoichiometry between TFs and cofactors is unknown




Co-activators are limiting compared to co-repressors
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Gillespie, Palii, Sanchez-Taltavull et al. (2020) Mol. Cell 78: 960-974

- Restricting the abundance of co-activators in a highly repressive nuclear environment may be
an important mechanism for concerted gene regulation

- Important for the cell fate decision process by ensuring that only a limited number of genes can
be expressed thereby preventing high level co-expression of genes from different lineages in
multipotent progenitors



How do the numbers of active enhancers and co-activator molecules
compare?

9,092 6,234 4,825 5,454 8,027

10 5,143 7,478 7,084 6,505 7,683

12 6,000 1,953 7,717 1,091 1,103

- the formation of active enhancers in the nucleus may depend on the
availability of co-activators molecules



- Major discrepancies between mRNA and protein
abundances for master regulators of erythropoiesis suggest
that gene regulatory networks should not be limited to mRNA

but should integrate proteins



Building a dynamic network model of erythroid commitment that
incorporates quantitative changes in TFs protein levels over time
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Building a dynamic network model of erythroid commitment that
incorporates quantitative changes in TFs protein levels over time

d RGATAl — KGATAZ PGATA2 + KTALl PTALl
- )\ RGATAl

GATA2
dt — 1+ KSPIlPSPIl

protein

Rcata1 = mRNA abundance of GATA1
TALL GATAl P P Pe— tein abund
proteln mRNA GATA2, TAL1, SPI1— pro eln apundance
of GATA2, TAL1, SPI1

Kearaz, Krat1, Kspii = regulatory parameters

SPI1 A = mRNA decay parameter
protein

Model parameters optimized so simulated R matches observed R




network model? correlations (as usual) abound!
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network model? prior knowledge + a few
correlations

« We focused on "core" erythropoiesis TFs where

regulatory links were known: ELF1, ERG, FLI1, GATAT,
GATA2, GFI1B, KLF1, NFE2, RUNX1, TAL1, SPI1

« Added E2F4, HXB4, KLF3 with links to top 3 positive

correlated and top 1 negative correlated genes
(correlated means regulator protein to regulatee mRNA)



network model, with regulatory influence as
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network model, with regulatory influence as
function of time
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network model, with regulatory influence as
function of time
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Relative
expression
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decomposing regulatory contributions
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decomposing regulatory contributions

GATA1 activation
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decomposing regulatory contributions
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decomposing regulatory contributions
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Conclusions

* Most gene expression measurements are not absolute,
but we can make them absolute.
« TF abundances differ by orders of magnitude
» Co-activators and co-repressors even more so.

« mMRNA and protein levels not always correlated across
genes and across time

* We can focus on transcriptional regulation by modeling
RNA as function of protein

« Can "decompose" regulation into abundance and regulatory strength
per molecule

« Computationally efficient, because each gene modeled separately
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Abbreviation cheat sheet

HSC = hematopoietic stem cell

LT-HSC = long-term HSC

ST-HSC = short-term HSC = MPP = multi-potent progenitor
CMP = common myeloid progenitor

MEP = megakaryocyte/erythrocyte progenitor
BFU-E = burst-forming unit-erythroid

CFU-E = colony-forming unit-erythroid

Pro EB = proerythroblast

Base EB = basophilic erythroblast

Poly EB = polychromatophilic

Ortho EB = orthochromatic erythroblast

Ret = reticulocytes

RBC = red blood cell



