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Simulations Power Analysis Benchmarking

A priori
➢ What is the best 

experimental design?
➢ Cost Calculation

A posteriori
➢ Evaluate conducted 

experiments



Observed 
Expression

Unwanted Technical Factors Unwanted Biological Factors Biological Factors

Xng Wnr Znk Yni

γkgηrg βig

Xng ~ ZINB(µg+, θg+, πg)

non-UMI Protocols

Xng ~ NB(µg, θg)

UMI Protocols

Vieth et al. 2017 
Bioinformatics

Fitting mean-variance and mean-dropout relationship:

Simulate 
expression

Vieth et al. 2019 Nat. Comm.
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Xng Wnr Znk Yni

γkgηrg βig

Apoptosis Cell Cycle HypoxiaLib Prep Doublets Background RNA Seq Depth

DE-
Testing

scDbl
Finder cellbender scran

ηrg ~ lN(µ, σ2)

µ= E[ηr]

σ2 = Var[ηr]

slalom, cNMF

q ϵ [q1,…,qk]

γkg ~ MVN(µ, Σ)

µ= ΣqkE[γk]

Σ= σ2 [γ]k*k

d ϵ [d1,…,dr]

ρn ~ Beta(ρα, ρβ)

Barcode: തχ𝑔

Ambient: χ𝑔
𝑎

zr ~ MN(π)

sfr ~ lN(µz, σz
2)

Pathway Covariance

graphsim

Feature

Estimate

Simulate
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Unwanted Technical Factors Unwanted Biological Factors Biological Factors

Xng Wnr Znk Yni

γkgηrg βig

Blood

Differentiation

βig ~ MVN(µ, Σ) 

Time

t1 t2 t3 t4

Cell Type 
Lineages

Ornstein Uhlenbeck Process:

𝑑𝑋𝑖𝑔 𝑡 = α𝑔 θ𝑖𝑔 − 𝑋𝑖𝑔 𝑡 𝑑𝑡 + σ𝑔𝑑𝐵(𝑡)

β𝑖𝑔~𝐹(𝑓𝑖𝑔 , θ0𝑔, α𝑔 , σ𝑔 , ϕ)

ϕ 𝑇𝑟𝑒𝑒 α𝑔~ Γ α, β σ𝑔~ N μ, σ2

𝑓𝑖𝑔~ Γ α, β

θ0𝑔~𝑁(𝑃𝑎𝑟 α, β ,
σ𝑔
2

2α𝑔
)
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Evaluate 
classification 
results

Cluster-wise 
error rates?

Number of 
clusters 

assigned?


