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Gene regulatory network (GRN)



GRN of E. coli



GRN inference from bulk expression data



Inference principles

- Connect “similar” genes
- Co-expression, correlation, mutual information...

- Causal inference
- Bayesian network, causal networks...

- Sparse regression
- Random forests, lasso..



Example: co-expression inference



Steady-state hypothesis



GRN inference by sparse regression
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From bulk to single-cell



Steady-state?



Pseudo-time

Trapnell (2015)



From steady-state to dynamical model

- Given cells (X_i, t_i) for i=1,...,N
- X_i vector of expression
- t_i inferred pseudo-time

- How to infer a sparse model A?

dX/dt = A*X



SCODE (Matsumoto et al 2017)

- Hard to solve (nonconvex…)
- Sensitive to noise for large pseudo-time



GRISLI (Aubin and V., 2018)

- Solve instead

- Pro: 
- easy to solve (convex, sparse regression)
- Not sensitive to outliers for large t

- Cons
- Need to infer velocity v_i=X’_ti of each cell



Velocity inference



Validation (AUC)

Murine: 373 cells, 
direct reprogramming of 
murine embryonic 
fibroblasts to myocytes 
at days 0, 2, 5, 22 
(Treutlein et al 2016)

Human: 758 cells, 
differentiation of human 
ES cells to definitive 
endoderm cells at 0, 
12, 24, 36, 72, 96h 
(Chu et al 2016)
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Velocity inference



Data integration



Integration of single-cell data is challenging



Learning a shared “representation”



MMD-MA 



Alignment of single cell expression and methylation

Parallel single-cell sequencing links transcriptional and epigenetic heterogeneity. Angermueller et al., Nature 
Methods (2016)



Conclusion: many opportunities and challenges!


