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sCRNA-Seq : single cell isolation — RNA-Seq

HETEROGENEITY : complex cell populations, phenotype diversity (in response to virus), rare events
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sCRNA-Seq : single cell isolation — RNA-Seq

HETEROGENEITY : complex cell populations, phenotype diversity (in response to virus), rare events

-> single cell isolation
-> lysis

->RT

-> amplification

-> Sequencing (NGS)
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sCRNA-Seq : single cell isolation — RNA-Seq

HETEROGENEITY : complex cell populations, phenotype diversity (in response to virus), rare events

-> single cell isolation (manual, physical)
=-> Iysis Manual

-> RT @7
-> amplification

-> Sequencing (NGS) Tang et al. 2009
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sCRNA-Seq : single cell isolation — RNA-Seq

HETEROGENEITY : complex cell populations, phenotype diversity (in response to virus), rare events

-> single cell isolation (multiplexing, automated, physical)

Integrated fluidic

-> IySiS il circuits
-> amplification (IVT, PCR)
. % Brennecke et al. 2013%

-> SequenCIng (NGS) Tang et al. 2009

- 1 cell ~100 cells
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Fluidigm technology

i (R Bl uidgm &

Microfluidics

Cells flow one by oneina

serpentine pattern through e >4 i

each capture site to be R lil.‘ &y Sa
solated. s .bl & o of
If the capture site is occupied &s *.u aa ofs

then the cells travel through a2a ‘I‘ s s 8

the bypass wings to the next
chamber. 4 i as s s

10-17 um small plate

1 plate = 96 capture sites

-> |solation of up to 96 single cells

https://www.youtube.com/watch ?v=TF4NJRE4Xqg4
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https://www.youtube.com/watch?v=TF4NJRE4Xg4

Fluidigm technology

C1 Autoprep system /

5 mRNA 3
e N MAAA
TTTT T-———
Oligo(dT)
= MRNA 2
e\ \AA
COEEE TTTT T-———
%Ei 3 cDNA 5 Oligo(dT)
GGGGG
ccecc TTTT T -
3’ cDNA 5’ Oligo(dT)
GGGGG
cecee TTTTT——
3 cDNA 5 Oligo(dT)
3 3’ sequence
GGGGG AAAAA —
cccce TTTT T— -
: 3 dsDNA 5

Modified from Serra et al, Bio-Protocols 2018

https://www.youtube.com/watch ?v=TF4NJRE4Xqg4
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-> 96 library prep -> lllumina sequencing



https://www.youtube.com/watch?v=TF4NJRE4Xg4

Cell heterogeneity for permissiveness to HIV

Replication kinetics for HIV-1 in native cD4 T Cellular permissiveness to HIV

cells isolated from 128 healthy blood donors infection differs between cells from
the SAME donor
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Ciuffi et al, Journal of Virology 2004
Rato et al, PLoS Pathogens 2017
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How to identify determinants of permissiveness ?

T-cell activation
Biomarkers ?

Diversity of outcomes

Non infected

Latently infected

Productively infected
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Cell heterogeneity : determinants of HIV permissiveness

Assessing differential HIV permissiveness between two donors:

Resting CD4+T Cells

l TCR stimulation

Activated CD4+ T Cells

l Fluidigm
highly permissive
85 single cells

poorly permissive
81 single cells

Single Cell RNA-Seq:

50 bp paired-end, lllumina,

~25 + 7 mio reads/cell,

6.6 + 2.7 mio uniquely mapped reads

~640-10,000 genes/cell
_ Rato et al, PLoS Pathogens 2017
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Cell heterogeneity : determinants of HIV permissiveness

Assessing differential HIV permissiveness between two donors:

Resting CD4+T Cells Resting cells s
TCR stimulation = CD4+ T cells ] .‘ s ———
5~ S .
@ 8
@
»

Activated CD4+ T Cells

“Poorly
Permissive”

PC2 (5.4%)
50
I

Activated A 8h
_| CD4+Tcells 4a24h

highly permissive s

85 single cells T | T r | T
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0s-

l Fluidigm

-50

“Highly
Permissive”

o

poorly permissive

81 single cells Activated cells PC1 (18.5%)

Population Single cells

Single Cell RNA-Seq:
50 bp paired-end, lllumina,
~25 + 7 mio reads/cell,
6.6 + 2.7 mio uniquely mapped reads
~640-10,000 genes/cell
_ Rato et al, PLoS Pathogens 2017
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=> T cell activation is a major driver of cell heterogeneity




Cell heterogeneity : determinants of HIV permissiveness

Assessing differential HIV permissiveness between two donors:

Resting CD4+T Cells

l TCR stimulation

Activated CD4+ T Cells

l Fluidigm
highly permissive
85 single cells

poorly permissive
81 single cells

Single Cell RNA-Seq:
50 bp paired-end, lllumina,

~25 + 7 mio reads/cell,

6.6 + 2.7 mio uniquely mapped reads
~640-10,000 genes/cell
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Transcriptional heterogeneity : Signature of HIV permissive cell

Color Key
and Histogram

Differential expression analysis : 96-gene signature
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sCRNA-Seq : single cell isolation — RNA-Seq

HETEROGENEITY : complex cell populations, phenotype diversity (in response to virus), rare events

-> single cell isolation (multiplexing, automated, oil droplets)

. Integrated fluidic Nanodroplets
-> IyS|S il circuits
A~
->RT @7 % )R
oo . N
-> amplification (IVT, PCR) Cell Indexing /
. Tang et al. 2009 Brennecke et al. 2013 G ER e prla Barcoding
-> Sequencing (NGS) gotal
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10x genomics technology
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Cell (subset) heterogeneity : determinants of HIV permissiveness

Assessing differential HIV permissiveness of cells from a single donor:

Resting CD4+T Cells

l TCR stimulation

Activated CD4+ T Cells

L8]
Non infected (1919 cells) Infected (3342 cells)

| r— |

Single Cell RNA-Seq
10 ' 00 180 total mio reads
TEEOTE ] 0000 0es &R . 00 59,000 reads/cell

U 3 200 — 10,000 genes/cell

Q
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Cell (subset) heterogeneity : determinants of HIV permissiveness

Assessing differential HIV permissiveness of cells from a single donor:

Resting CD4+T Cells
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Hao et al., 2021, Cell 184:3573, https.//doi.org/10.1016/j.cell.2021.04.048
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Combining our data with the reference dataset

Combined datasets (CD4+ T cells)

Reference single cell atlas

(CD4+ T cells only)
(Hao et al, Cell 2021)

In vitro stimulated cells

154 @ 5
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o ® CD4 Naive o o ,-
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= ' ® CD4TEM = e ST
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*Unpublished data
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Stimulation kinetcs / CD4+ dynamics

TEM:10.4%

i

umap_2

o Proliferating:0.3% CM:36.3%

TN:42.6%

TEM
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Cell (subset) heterogeneity : determinants of HIV permissiveness

HIV sample HIV+ HIV- HIV+
(3342 cells) [counts] [counts] [%] [%]

Globa”y : Proliferating 2128 97.4 Highly permissive
HIV infection success in L 2 8 20.0 800 |\
exposed cells : 86% TEM 1 1 50.0 50.0
Treg 51 111 315 68.5
TNaive 34 47 42.0 sg.0 |Cell heterogeneity
TCM 314 589 34.8 65.2
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Cell (subset) heterogeneity : determinants of HIV permissiveness

HIV sample HIV- HIV+ HIV-
(3342 cells) [counts] [counts] [%]
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Cell (subset) heterogeneity : determinants of HIV permissiveness

Permissive and resistant cells
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Cell (subset) heterogeneity : determinants of HIV permissiveness

Permissive and resistant cells
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Cell (subset) heterogeneity : determinants of HIV permissiveness

Permissive and resistant cells
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Cell heterogeneity : determinants of HIV permissiveness

MNon-/low permissive cell (naive-like) Permissive cell (memory-like)
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Signature for HIV permissiveness prediction

96 genes signature
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Signature for HIV permissiveness prediction

Diversity of outcomes
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ScRNA-Seq in the field of HIV
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Bohn-Wippert et al. (71)
Bradley et al. (72)
Cohnetal.(73)
Coindre et al. (79)
Farhadian et al. (109)
Francis & Melikyan (51)
Golumbeanu et al. (74)
Hansen et al. (98)
Martin-Gayo et al. (111)
Ukah et al. (75)

Zhang et al. (84)

Examples of investigation:

Features of the HIV permissive cells
Latent reservoir cells

Latency & reactivation features
Inducible vs non induced phenotype
Host adaptive immune response
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Next level: scRNA-Seqg-> sc multi-omics (multiple integration)
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