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Benchmark on existing
trajectory inference methods

For single cell RNA-Seq data

BIDSYL

16/03/18

FFFFFF
RRRRRRRR



ingle-cell RNA-Seq data:

Naan AR
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Sequencing

Pre-processing

100-10 000 of
cells

AAACATACAACCAC AAACATTGAGCTAC AAACATTGATCAGC AAACCGTGCTTCCG AAACGCACTGGTAC AAACGCTGACCAGT AAACGCTGGTTCTT AAACGCTGTAGCCA AAACGCTGTTTCTG

AL627309.1 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
AP006222.2 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
RP11-206L10.2 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
RP11-206L10.9 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
LINC@Q115 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
NOC2L 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
KLHL17 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
PLEKHN1 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
RP11-5407.17 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
HES4 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
RP11-5407.11 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
ISG15 0.000000 0.000000 1.429744 3.558310 1.726902 0.000000 0.000000 0.000000 3.339271
AGRN 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Clorf159 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
TNFRSF18 0.000000 1.625141 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
TNFRSF4 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 2.179642 0.000000
SDF4 0.000000 0.000000 1.429744 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
B3GALT6 0.000000 0.000000 0.000000 0.000000 0.000000 1.722356 0.000000 0.000000 0.000000
FAM132A 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
UBE2J2 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 2.179642 0.000000
ACAP3 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
PUSL1 0.000000 0.000000 0.000000 0.000000 0.000000 1.722356 0.000000 0.000000 0.000000
CPSF3L 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
GLTPD1 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
DvL1 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
MXRA8 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
AURKAIP1 0.000000 1.111715 0.000000 1.566387 0.000000 0.000000 1.690977 0.000000 0.000000
CCNL2 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
RP4-758]18.2 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
MRPL20 1.635873 0.000000 1.429744 0.000000 0.000000 0.000000 1.690977 0.000000 0.000000

Thousands of

genes
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Visualisation:

tSNE_2

-40

AO®

VIB-UGENT CENTER
FOR INFLAMMATION
RESEARCH

UNIVERSITEIT
GENT

. B cells

@ cpaTcells

@ cos Tcells

. CD14+ Monocytes
. Dendritic cells

. FCGR3A+ Monocytes
. Megakaryocytes

@ NK cells

Alveolar macrophages:

Hard to define populations

SCIENCE MEETS LIFE



Trajectory
inference
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How does it work ?
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Trajectory inference: powerful, popular
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Topology
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b
Q0 O O O

HSC progenitor  pre pro B pro B pre B | pre B Immature
naive B

Wanderlust — Bendall & al, 2014

VIB-UGENT CENTER ij
FOR INFLAMMATION UNIVERSITEIT
RESEARCH GENT

Bifurcation
>
Erythroid
Granulocyte-macrophage
progenitors
DCs «,/

Common myeloid
progenitors

Monocle 2 —Qiu & al, 2017

SCIENCE MEETS LIFE



O/ kP
11/Lymph

TOPOIOQY 14/GMP &y

4/Mk \
/\/;/ 10/Ery
15/GMP
|3/Neu 8<
More complex .}L%E 9/Ery
SNEU aso

3/kry
2/Bos 1/BC
e
AGA - Wolf & al, Preprint 2017
Y
L‘VIB-UGENT CENTER J
"N GSEREEANRATION 9 SCIENCE MEETS LIFE



Different tools, different outputs:
ctvem

TSCAN

milesjone_4
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SCIENCE MEETS LIFE

Which method should be used?

Which one returns the right trajectory?

How to compare them?

—> Benchmark of trajectory inference methods
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Common trajectory
data structure

"f"’x.f“' Cell positions

O
___— Transitions

-~ P / \
. - ‘ \
. 3 / \
. e J |
" *ressssssnnn ;lllll‘llllllll'“ lllllllllllllll
: . } ¢
3 / | \
> !
*
B
a
. y .
k .
f .
) -
! .

4
lllllllllllllllllllllllllllllllllllllll
Kl

~___ Milestones

Delayed
/ ~__-commitment .

. Potential cell
-~ space

A
-
llllllllllllllllllllllllllllllllllllll

A®

VIB-UGENT CENTER m
FOR INFLAMMATION UNIVERSITEIT
RESEARCH GENT

12

SCIENCE MEETS LIFE



Common structure for all tools:

TSCAN milesjone_4
‘s ctvem
DPT
wishbone
h
A®

VIB-UGENT CENTER

T
‘ FOR INFLAMMATION UNIVERSITEIT
RESEARCH

GENT

13

SCIENCE MEETS LIFE



Metrics for trajectory comparison:

1) Cell ordering :
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Metrics for trajectory comparison:

2) Neighbourhood:

Gold Standard
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Metrics for trajectory comparison:

3) Topology: ® ~
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Some methods / or ™ complexity of trajectory:
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Guidelines

Performance
User friendly - |

Disconnected
graph AGA §
or less complex

Graph Waddington-OT §
It's possible or less complex /E\I%'AG§ h.R§
Do you expect — P irapn.
Do YOLllt@iPECt ves /| cyclesinthe T cinochot
muitiple B ? ingsho ++ |++
disconnected No topology? [\ Tree TSCAN + |+
~ Not —
trajectories? No J No . f = eogalo o] Monocle DDRTree ++ &
: Do you expect \ Do you expect | Necessarily cellTree Gibbs + |=
\> a particular a complex " e DDRT
2 ?2 onocle ree ++ ++
topology? Yes tree topology? Yes - Slingshot H M
TSCAN + |+
cellTree Gibbs + |-
Multifurcation,
tree, EIPiGraph.R §
or more complex
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Avalilability:
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New Results

A comparison of single-cell trajectory inference methods:
towards more accurate and robust tools

Wouter Saelens, (27 Robrecht Cannoodt, "= Helena Todorov, “2/ Yvan Saeys
doi: https://doi.org/10.1101/276907

VIB-UGENT CENTER @
FOR INFLAMMATION UNIVERSITEIT
RESEARCH

GENT

. SCIENCE MEETS LIFE



Acknowledgements:

Yvan Saeys
Robrecht Cannoodt
Wouter Saelens

Sofie Van Gassen L e LT 1
Quentin Rouchon Ber MBI e . 3

_ @& _
Daniel Perralta h ML -
Liesbet Martens e b

JesPEL vt e Jacqueline Marvel

A.rne Soete Team Marvel
Pieter De Bleser
Annelies Emmaneel Y O

. B
Robin Browaeys :

Sarah Vluymans
Niels Vandamme
Jonathan Peckv

ENS DE LYON




Supplementary content

VIB-UGENT CENTER I
FOR INFLAMMATION  uNIVERSITEIT
RESEARCH



Real networks Real expression data

State , Regulatory ),  Simulationof ), scRNA-seq p Expression
network network thermodynamics experiment dataset
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