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Single-cell sequencing reveals cellular heterogeneity
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Cellular biology is multimodal
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Unpaired multimodal data are more frequent but challenging
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Common and complementary information across modalities
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Using Optimal Transport to compare cell populations
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OT for genomics: Waddington-OT
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Waddington et al., 1936; Schiebinger et al., 2019 7
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OT for genomics: Waddington-OT

@@
S o o @
% ' ------------- _'_ --------------
o -
2 o a—
Qo | T ©.. T 10
% : ------------------- .""'~~-: ......... @
o | YT -. .................. @

"""" ©

Waddington et al., 1936; Schiebinger et al., 2019 7



Inverse Optimal Transport
ococe

Inverse Optimal Transport as a metric learning problem

Given a transport plan P, can we find a cost C for which P is the

optimal transport plan?
iOT(P) 2 ming gnine KL(P|P(C)) + R(C)

with P(C) = argmingery,, ) Zi,j Q;;C;,; —eH(Q)

Galichon et al., 2015; Ma et al., 2021 8
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Unpaired data are challenging
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Finding a shared low dimensional latent space
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Prior biological knowledge: related features bridge modalities
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Prior biological knowledge: related features bridge modalities
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= proteins are related to their corresponding coding gene

= chromatin peaks are related to genes they're close to
12
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Prior biological knowledge: related features bridge modalities

20| x@ v

Y®

> >
Y

We can use these connections to translate modalities to "common”
features
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Prior biological knowledge: related features bridge modalities

CD56 (bright) NK cells
CD56 (dim) NK cells
MAIT T cells

effector CD8 T cells
memory CD4 T cells
naive CD4 T cells

naive CD8 T cells
classical monocytes
intermediate monocytes
non-classical monocytes
myeloid DC
plasmacytoid DC
memory B cells

naive B cells

E EEEEEE

& & o RO
NN S PP F PSS S S S
S SR IRSIRSISRSE IR & &P
& (,,b\ e“'@ < o"’\Q Q’O\A eé’\@ 5\& fo'}@ Q\,b', <
& & & (&
(o) ¢ K
SRS

13



Optimal Transport Diagonal integration
000008000000

Using autoencoders for dimension reduction
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Using autoencoders for dimension reduction
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Using autoencoders for dimension reduction
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Using autoencoders for dimension reduction
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Distinguishing spurious alignments
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Matching cells using OT on the prior cost
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Matching cells using OT on the prior cost
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Matching cells using OT on the prior cost
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Using iOT to align embeddings
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Using iOT to align embeddings

Goal: Enforcing the similarity between CY" and
1 2
¢ =12" - 27115

Approach:

L ion = KL(PY|P?) + R(C%)

= (PY,C%) + A, W.(C?)

align
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Integrating scRNA-seq with neuronal morphologies
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Integrating scRNA-seq with neuronal morphologies
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Morphological heterogeneity in SST neurons across depths

Cortical layer

o1
©23
e5
®6

Cell type

CT

olIT
Lamp5
Pvalb
Sst
Vip

19



Optimal Transport Diagonal integration
000000000080

Morphological heterogeneity in SST neurons across depths
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scConfluence is now available

Article | Open access | Published: 05 September 2024

scConfluence: single-cell diagonal integration with
regularized Inverse Optimal Transport on weakly
connected features

Jules Samaran, Gabriel Peyré & Laura Cantini &

Nature Communications 15, Article number: 7762 (2024) | Cite this article

cantinilab/scconfluence 0
ip install scconfluence
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Conclusion

Take home messages

= Massive unpaired datasets could be leveraged by integration

= Single-cell data present extremely diverse challenges

= Prior biological knowledge is essential to tackle these issues
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Thanks!
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