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! Convolution on regular grids, separable kernels.





! Parallelizable on GPUs.




Matrix/vector multiplications: ! O(n2
/"2) complexity.
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cells

2 Rd
Understanding cell diversity: many types, many states for each type.
Applications: cancer mutations, dynamic of adaptation, development, …
Tissue Dissociation
isolation RNA
Amplification Sequencing
…
RNA: expression of the DNA. 
d ⇠ 104
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ATAC: chromatine accessibility
Methylation: presence of methyl groups
Proteome: presence of proteins
geometry of DNA
cause of differential expression
result of expression
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cells

2 Rd
Understanding cell diversity: many types, many states for each type.
Applications: cancer mutations, dynamic of adaptation, development, …
Tissue Dissociation
isolation RNA
Amplification Sequencing
…
10X Multiome (RNA + ATAC)
CITE-seq (RNA + proteines)
Paired multi-omics:
Un-paired multi-omics: next frontier …
RNA: expression of the DNA. 
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ATAC: chromatine accessibility
Methylation: presence of methyl groups
Proteome: presence of proteins
geometry of DNA
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result of expression
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• Today, we can measure omics at the single cell level1.
2
1Mincarelli et al. 2018 2Lähnemann et al. 2020
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2
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Bulk 
Single cell

?

Cluster cells from a single biopsy.

“Distance” between cells? 
OT on genes’ space.

?
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Single-cell profiling uncovers cellular heterogeneity
• Until recently, samples contained many cells (bulk omics)
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Bulk 
Single cell

?

Cluster cells from a single biopsy.

“Distance” between cells? 
OT on genes’ space.

Match cells between two biopsies.

OT on cells’ space.

?
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Comparing Two Cells with OT


b





a





cell profiling uncovers cellular heterogeneity
Until recently, samples contained many cells (bulk omics)
Today, we can measure omics at the single cell level1.
2
et al. 2018 2Lähnemann et al. 2020
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                  Paired Multi-omics Integration
> pip install mowgli
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day 1

day 18

[Schiebinger et al 2019]

[Waddington, 1936]
Conrad


Waddington
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4. Gromov Wasserstein

3. Single cell genomics
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                  Gromov-Wasserstein
↵ 2 M1
+
(X) and dX distance on X.
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! non-convex, NP-hard . . .
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up to isometries.

Theorem: GW is a distance
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                  Examples of Applications

Shape registration:
Source Targets
Figure 1: Entropic GW can ﬁnd correspondences between a source
surface (left) and a surface with similar structure, a surface with
shared semantic structure, a noisy 3D point cloud, an icon, and a
hand drawing. Each fuzzy map was computed using the same code.
In this paper, we propose a new correspondence algorithm that
minimizes distortion of long- and short-range distances alike. We
study an entropically-regularized version of the Gromov-Wasserstein
(GW) mapping objective function from [M´
emoli 2011] measuring
of cor-
ds that
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Figure 1: Entropic GW can ﬁnd correspondences between a source
surface (left) and a surface with similar structure, a surface with
shared semantic structure, a noisy 3D point cloud, an icon, and a
hand drawing. Each fuzzy map was computed using the same code.
In this paper, we propose a new correspondence algorithm that
minimizes distortion of long- and short-range distances alike. We
study an entropically-regularized version of the Gromov-Wasserstein
(GW) mapping objective function from [M´
emoli 2011] measuring
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Figure 1: Entropic GW can ﬁnd correspondences between a source
surface (left) and a surface with similar structure, a surface with
shared semantic structure, a noisy 3D point cloud, an icon, and a
hand drawing. Each fuzzy map was computed using the same code.
In this paper, we propose a new correspondence algorithm that
minimizes distortion of long- and short-range distances alike. We
study an entropically-regularized version of the Gromov-Wasserstein
(GW) mapping objective function from [M´
emoli 2011] measuring
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[Demetci et al 2020]

Single-cell 
multi-omics:

ATAC-seq

RNA-seq

X 
Y

dim ⇠ 103(genes) 
dim ⇠ 102(peaks)
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                  Schrodinger GW
566 Extensions of Optimal Transport
566 Extensions of Optimal Transport
Iterations






DC-programming / Konno’s relaxation / Frank-Wolfe / . . .

min
P1=a,P>1=b
hQP, Pi + "H(P)

C def.
= QP

min
P1=a,P>1=b
hC, Pi + "H(P)

P

(Sinkhorn)
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                  Better modeling the dynamics:


use gradient flows
Luigi
Ambrosio
Nicola
Gigli
Giuseppe
Savare
αt+1
= argmin
β
W(αt
, β) + τf(β)

↵0

↵1
Conclusion: gradient flows for genomics
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use gradient flows
Luigi
Ambrosio
Nicola
Gigli
Giuseppe
Savare
αt+1
= argmin
β
W(αt
, β) + τf(β)

↵0

↵1

ATAC

RNA 
Space

Cost c

RNA$RNA
sha1_base64="vyS0pY8dnG7eij7tBr2nJIGP9Xs=">
Space$ATAC

Time t 
Time t + 1

Potential f
Key issues: learning the potential f(β)
Integrate several omics
Conclusion: gradient flows for genomics
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