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Trajectories Inference

C. Fournié (Idea from Shiebinger et al. 2019) (biorender.com)



Trajectories Inference - Schrodinger Problem
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Schrodinger Problem — Diffusive Process
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Gene Regulatory Network

toggle-switch
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Gene Regulatory Network
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Mechanistic Stochastic Gene Expression Model
Bursty model
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Bursty Model
toggle-switch
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Methods: Approximation of the reference process
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Methods: Approximation of the reference process
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Methods: Approximation of the reference process
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Methods: Approximation of the reference process
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Methods: Schrodinger Problem

argmin {H(Q|B.cr); Q(t1) = u, Q(t2) = v}

QEP(XXY)
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Results: Toggle-switch
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Gene Regulatory Network
Repressilator

Distribution in gene space
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Results: Repressilator

Bursty model vs Diffusion
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Discussion
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M(t) = —dg M (t),

P(t) = s, M(t) — dy P(t).
_ ko,i + ki exp(B; + E?:l 0;iP;)
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Thank you for your attention

Contact: clemence.fournie@math.cnrs.fr
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Gene Regulatory Network

ScRNA-seq of a retinoic acid-induced
differentiation of mouse embryonic stem cells

(Semrau, 2017)

== Pluripotency
== Post-implantation epiblast

== Extraembryonic endoderm
== Neuroectoderm

(Ventre et al, 2023)
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Interpolation

Gene 2
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== Pluripotency
= Post-implantation epiblast

= Extraembryonic endoderm
= Neuroectoderm
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Bursty Model

M(t) =
P(t) =
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ko,i + k1, exp(B; + Ele 0;:P;)
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Bich := argmin {H(Q|B.,c); Q(t1) = u, Q(t2) = v}
QREP(XXY)
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Sch(BM,ef; u, v) = {H(Q|BM,sf); Q(t1) = u, Q(t2) = v}

min
QREP(XXY)

We denote by BMs.y, its solution, BMs, := Sch(BM,s; u, v).
With u € P(X) and v € P(Y) two uniform vectors of size N.
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Cell Trajectory Inference based on Schrödinger problem and a mechanistic stochastic gene expression model
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Trajectories Inference
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(Idea from Shiebinger et al. 2019)
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Trajectories Inference - Schrödinger Problem
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Schrödinger Problem – Diffusive Process
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Gene Regulatory Network

toggle-switch
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Mechanistic Stochastic Gene Expression Model

Bursty model











(Herbach et al. 2022)
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Sign of theta represneted the activation if positif or inhinbiton if neg









Bursty Model

toggle-switch



RNA 1

RNA 2

Protein 1

Protein 2





Gene 1



Gene 2



s1,1



s1,2



			θ1,2< 0

θ2,1 < 0    



θ1,1 > 0



θ2,2 > 0



d1,1

Ø



 

Ø



Ø



Ø



d0,1  

 d0,2



d1,2

kon,1(P1,P2)



kon,2(P1,P2)







C. Fournié





Sign of theta represneted the activation if positif or inhinbiton if neg









Methods: Approximation of the reference process
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Methods: Approximation of the reference process
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Methods: Approximation of the reference process
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Methods: Approximation of the reference process
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Methods: Schrödinger Problem
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Results: Toggle-switch





Bursty model vs Diffusion

Bursty model vs “ground truth”

The smaller the entropy, the better the Bursty model 
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Results: Repressilator







The smaller the entropy, the better the Bursty model 



Bursty model vs Diffusion

Bursty model vs “ground truth”
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(Ventre et al, 2023) 
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 scRNA-seq of a retinoic acid-induced differentiation of mouse embryonic stem cells 

(Semrau, 2017) 
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Interpolation 
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41 genes 

hundreds of cells

Small dataset, well known, lot of time points 
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Results: Interpolation









