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Reconstructing temporal cellular processes 
using single-cell data

Pseudotime/Trajectory RNA Velocity Lineage Barcode

Fang et al. Cell. 2022 185(24):4604-4620.e32Trapnell et al., Nat Biotechnol. 2014, 32:381-6 La Manno et al. Nature. 2018 560(7719):494-498
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Pseudotime (trajectory) analysis of single-cell 
genomic data

Trapnell et al., Nat Biotechnol. 2014, 32:381-6
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A long list of trajectory analysis methods
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However, few of the existing methods tackle 
trajectory differential analysis across 
conditions with multiple samples per 
condition, while such studies become 
increasingly common.
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Example 1: COVID-19 Single-cell RNA-seq 
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Example 2: Tumor infiltrating lymphocytes in 
immunotherapy treated lung cancer patients

Caushi et al. Nature, 596:126-132 (2021)
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Limitations of existing methods

• Monocle, TSCAN, Slingshot, tradeSeq, etc.: Do not analyze DE across 
conditions.

• Phenopath (Campbell & Yau Nat. communications 9:2442, 2018):  Linear expression 
change along pseudotime, cannot handle arbitrary DE as non-linear 
functions of pseudotime, no separation of cell and sample variance

• Condiments (Hector Roux de Bézieux et al. bioRxiv 2021.03.09.433671): One sample 
per condition, not optimal for multiple-sample analyses
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Limitations of existing methods
• Ignoring sample-level variability will create false positives (sometimes a 

lot) in a null dataset without differential signals.
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Limitations of existing methods
• Few methods account for uncertainty and variability of the trajectory 

topology 
• PseudotimeDE (Song & Li, Genome Biology, 2021 22:124) – do not 

consider multiple samples

• Changes may occur in gene expression or cell abundance, but not all 
methods consider both
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Lamian

A statistical framework for 
differential pseudotime
analysis with multiple single-
cell RNA-seq samples (under 
revision)

Hou et al. bioRxiv 
2021.07.10.451910; doi: 
https://doi.org/10.1101/2021.
07.10.451910

Software: 
https://github.com/Winnie09/
Lamian

https://doi.org/10.1101/2021.07.10.451910
https://github.com/Winnie09/Lamian
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Lamian model

G
en

e 
g

Pseudotime t

Sample s Cell c



© 2014, Johns Hopkins University. All rights reserved.©2019, Johns Hopkins University. All rights reserved.

Lamian
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Lamian supports assessment of uncertainty and 
changes of topology of pseudotemporal trajectories
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Lamian supports differential gene expression 
analysis along pseudotime (TDE)
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Lamian supports differential gene expression 
analysis across conditions (XDE)
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Lamian classifies XDE genes
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Lamian supports differential cell abundance analysis
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Benchmark simulation
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Benchmark simulation
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Method comparisons - XDE
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Method comparisons – sex difference in bone 
marrow samples
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Example 1: COVID-19 scRNA-seq analysis
31 cell clusters from 5 meta-cell categories:
• T and natural killer (NK) cells (c1-c12)
• Monocytes (c13-c23)
• B cells (c24-c28)
• Neutrophils (c29-c30)
• Megakaryocytes (c31)
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Lamian analysis of CD8+ T cell activation in 
COVID-19 patients
• How does disease severity change the cellular programs?

66 mild vs. 48 moderate COVID samples, 55,953 cells
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Lamian analysis of CD8+ T cell activation in 
COVID-19 patients
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Example 2: Sex difference in tuberculosis(TB) 
337,191 memory T cells from 184
donors (100 females and 84 males) 
in a tuberculosis (TB) cohort
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Computational efficiency
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Summary
• Lamian provides a solution to differential trajectory analysis with 

multi-sample single-cell RNA-seq data
Open source software: https://github.com/Winnie09/Lamian

• It provides a comprehensive pipeline for assessing topology 
uncertainty, differential topology, differential gene expression 
and cell abundance along pseudotime and across covariates

• By accounting for sample-level variability, Lamian properly 
controls false discovery rate and offers higher sensitivity

• Future extensions
• Multi-sample trajectory analysis for other single-cell data types such as single-

cell ATAC-seq

• Reconstruct gene regulatory programs through multi-omic trajectory analysis

https://github.com/Winnie09/Lamian
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Questions?

Thank You!
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