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Agenda

1. Introduction

2. Evaluation of different hashing strategies on human cells and

nuclei, including PBMCs from clinical trials
3. Hashing of primary mice tissues

.. Conclusions



Sample multiplexing for scRNA-seq
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Sample multiplexing for scRNA-seq
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Sample multiplexing for scRNA-seq
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Sample multiplexing for scRNA-seq
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|

Samples  Label with & sequencing demultiplexing LM
hashtag oligos
(HTO) -/

Advantages of hashing:
* Diminishing batch effects
* Cost reduction

o) * Extra layer of data (hashes) for doublet detection
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Landscape of hashing technologies

Antibody based Direct labelling

Totalseq Biolegend, Pre-existing CellTag IEDDA MULTlseq
AbSeq BD variation indexing click chemistry lipid conjugation
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Antibody hashing of human and mouse samples
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Lipid-modified oligo hashing

anchor attachment
I I hybrid site

1. MULTI-seq LMO for cells NN L 3
5 (McGinnis et al;
Nature Methods; 2019)

N
14 H

co-anchor barcode-Aazo

2. CMO for nuclei ¥

3. Custom LMO (on basis of 10x Feature Barcoding=TotalSeq B sequences)

C18
/5S8tearyl/GTAACGATCCAGCTGTCACTCACGTCTGAACTCCAGTCAC
/3Palmitate/CATTGCTAGGTCGACAGTGA| | [ ||| ||| [II1I|]]]]]
AACGATCCTGGCCGGAATTTCGAGAATTCAACGCAGGTCTAGCCTTCTCGTGTGCAGACTTGAGGTCAGTG
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Data analysis pipeline

+ sequencing -

Experimental design of the study

Single-cell/nuclei extraction Labelling
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Analysis pipeline of the study

Feature-cell
FASTQ matrices
Sequencing CellRanger 3 [ Seurat v3 ]
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Analysis pipeline of the study

Feature-cell
FASTQ

matrices
Sequencing CellRanger 3 [ Seurat v3 ]

Gene expression data

1. Log normalisation
2. Variable genes

3. Scaling

4. PCA reduction

5. Clustering

6. UMAP reduction
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Analysis pipeline of the study

Feature-cell
FASTQ matrices
Sequencing CellRanger 3 [ Seurat v3 ]
Hashtag expression data Gene expression data
GMM.- /1 CLR normalisation\ 1. Log normalisation
Demux | 2 Scaling. | 2. Vari?dble genes
3. Demultiplexing: 3. Scaling
MULTISegDemux 4. PCA reduction
or HTODemux 5. Clustering
< V2 4 6. UMAP reduction

Cell 1| Hashtaga
Cell 2/ Hashtag3

.
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Analysis pipeline of the study

Feature-cell
FASTQ matrices
Sequencing CellRanger 3 [ Seurat v3 ]
BAM /
Hashtag expression data Gene expression data
/1 CLR normalisation\ 1. Log normalisation
GMM- - SER - =09
S e Demux | 2 Scallng. | 2. Vanrable genes
3. Demultiplexing: 3. Scaling
MULTISegDemux 4. PCA reduction
Cell1] Sample1 :
Cell2  Sample 3 \ o HTODemux ) 5. Clustering
Celln  Sample 4 V2 6. UMAP reduction

Cell 1| Hashtaga
Cell 2/ Hashtag3

.
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Analysis pipeline of the study

FASTQ
Sequencing

BAM

Freemuxlet

Cell1] Samplea
Cell 2/ Sample 3
Celln| Sample 4

Feature-cell

matrices
CellRanger 3 [ Seurat v3 ]

4

Hashtag expression data

Gene expression data

@ Overlap % =
WVIB | hashing accuracy

{1 Cell 2

GMM-
Demux

/1. CLR normalisatio
2. Scaling
3. Demultiplexing:
MULTISegDemux
K or HTODemux

>

n

4
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Cell 1

Hashtag 1

Hashtag 3

Cell n

Hashtag 4

1. Log normalisation
2. Variable genes

3. Scaling

4. PCA reduction

5. Clustering

6. UMAP reduction
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Antibody vs lipid cell hashing

Log-transformed hashtag counts

TotalSeq-A TotalSeq-C LMO (MULTI-seq)

Hashtag1 Hashtag1 Hashtag1
MCF7 MCF7 DU145
pPC3 PC3 MDAMBZ31
Hashtag3 Hashtag3 Hashtag2
DU145 DU145 PC3

Hashtag4
MDAMB231

Hashtag4
MDAMBZS1

Hashtag3
MCF?7

WVIB

LMO (custom)
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Hashtag1
MCF7

Hashtag?2
PC3

Hashtag3
MDAMB231

Hashtag4
DU145
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Antibody vs lipid cell hashing

Log-transformed hashtag counts

TotalSeq-C LMO (MULTI-seq) LMO (custom)

TotalSeq-A

Hashtag1 Hashtag1 Hashtag1 Hashtag1
MCF?7 MCF7 DU145 MCF7
Hashtag?2 Hashtag?2 Hashtag4 Hashtag?2
PC3 PC3 MDAMBZ31 PC3
Hashtag3 Hashtag3 Hashtag2 Hashtag3
DU145 DU145 PC3 MDAMB231
Hashtag4 Hashtag4 Hashtag3 Hashtag4
MDAMB231 MDAM8231 MCF?7 DU145

PC3 cells
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Antibody vs lipid cell hashing

Log-transformed hashtag counts

TotalSeq-A TotalSeq-C LMO (MULTI-seq)

Hashtag1 Hashtag1 Hashtag1
MCF?7 MCF7 DU145
Hashtag?2 Hashtag?2 Hashtag4
PC3 PC3 MDAMBZ31
Hashtag3 Hashtag3 Hashtag2
DU145 DU145 PC3

Hashtag4
MDAMB231

Hashtag4
MDAMBZS1

Hashtag3
MCF?7

doublets PC3 cells

WVIB

LMO (custom)
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Antibody vs lipid cell hashing

Log-transformed hashtag counts

TotalSeq-A TotalSeq-C LMO (MULTI-seq)

Hashtag1 Hashtag1 Hashtag1
MCF7
Hashtag?2
PC3
Hashtag3 ‘

MCF?7 DU145

Hashtag?2

PC3

Hashtag4
MDAMB231

Hashtag3

DU145 DU145

Hashtag2
PC3

Hashtag4
MDAMB231

Hashtag3
MCF?7

Hashtag4
MDAMB231

Freemuxlet annotation

LMO (custom)

Hashtag1
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-5 -5
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-101 -104
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UMAP_1 UMAP_1

WVIB

Hashtag?2
PC3

Hashtag3
MDAMB231

Hashtag4
DU145

MCF7

pPC3
DU145
MDAMB231
Doublet
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Antibody vs lipid cell hashing

Log-transformed hashtag counts

TotalSeq-A

Hashtag1
MCF7

Hashtag?2
PC3

Hashtag3
DU145

Hashtag4

MDAMB231

TotalSeq-C
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Hashtag1
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Hashtag?2
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Hashtag3
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LMO (MULTI-seq)
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Antibody vs lipid cell hashing

Log-transformed hashtag counts

TotalSeq-C
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TotalSeq-A

Hashtag1
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Antibody vs lipid cell hashing - —

Log-transformed hashtag counts

TotalSeq-A

Hashtag1
MCF7

Hashtag?2
PC3

Hashtag3
DU145

Hashtag4
MDAMB231

o .
. TotalSeq A| TotalSeq A 48% increase in
. Experiment captured cells,
_ ¥ cell cell rep2 but 125% more
o » &
2 o &_ o Number of.CeIIs (CellRanger) 11869 17611 doublets and
5 3 Hashing accuracy 0.96 0.91 325% increase in
k) (MULTISegDemux) egatives

UMAP 2
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Cholesterol vs antlbody nucle| hashing

Log—-transformed hashtag c
TotalSeqg-A
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Cholesterol vs antibody nuclei hashing

o)
WVIB

UMAP_2

M } III\!II

101

(4]
M

o
L

|
[éa]
M

_10.

CMO

Hashtag1
MCF7

Hashtag?2
PC3

Hashtag3
DU145

Hashtag4
MDAMB231
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Cholesterol vs antibody nuclei hashing

Log—-transformed hashtag counts (nuclei)

W

WVIB

TotalSeqg-A

Freemuxlet annotation

TotalSeq—-A rep2

Hashtag1
MCF7

Hashtag2
PC3

Hashtag3
DU145

Hashtag4
MDAMB231

\h WI

| w

104

-104

Hashtag1
MCF7
Hashtag?2
PC3
Hashtag3
DU145
Hashtag4
MDAMB231
10 ? 104
5 -
X : W o Eh
T o X 2
= . = 01
- -]
. X
aiy 51
-10 ’
_10.
-10 -5 0 5
UMAP_1

MULTISeqgDemux annoctation and

UMAP_1

UMAP_1

classification accuracy

109

-104

Hashtag1
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Cholesterol vs antibody nuclei hashing

MULTISegDemux (autoTresh=T)

Finetuned
demultiplexing

HTODemux (pos.quantile=0.9)

.o'.
oo

MULTISeqgDemux annoctation and

o>
Finetuned
demultiplexing
TotalSeq
Experiment A TotaISeq A
: nuclei
nuclei
Number of Cells (CellRanger) | 23451 23451
Hashing accuracy
(MULTISeqDemux) 0-51 0.65

classification accuracy
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Human PBMC hashmg

TotalSeq-A TtISqA(SARSCVZ)
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Additional CITE-seq panel of 277 TotalSeq A antibodies
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Human PBMC hashing

TotalSeq-A

Log-transformed hashtag counts
TotalSeq—-A (SARS-CoV-2)

\ l“ “

MULTISegDemux annotation and classification accuracy

0.92 +/240.03

5 0.03

® 0.8,
54 s N
) )
£ o0 o
= =
o o
_5-
| PBMC1 0.82 PEMC1 0.79
PBMC2 0.84 =101 pEMC2 0.86
PEMC3 0.85 PBMC3 0.81
-0 -5 0 10 -5 0 5 10
UMAP_1 UMAP_1

Classification accuracy per cell type

0.8¢ghis0.04
% 2011

0 -5 0 5

UMAP_1

PBMC1
PBMC2
PBMC3
Doublet

Negative

B/Plasma cells
Monocytes/DCs
Other

T/NK cells
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Human PBMC hashing

TotalSeq-A

| PBMC1 0.82
PBMC2 0.84
PBMC3 0.85
=10 -5 0 5 10
UMAP_1

0.92 +/240.03
% mitc; 0.03

10

GENOMICS'
CellPlex pre—sort label.

I W

Log-transformed hashtag counts
TotalSeq—-A (SARS-CoV-2) TotalSeq-B pre—sort label.

MULTISegDemux annotation and classification accuracy

Hashtag
PBMCA

Hashtag2
PBMC2

Hashtag3
PBMC3

™ 0.84
e w
o @ ravCT
é ® revc2
5 @ rewvcs
. Doublet
PEMC1 0.79 -
~101 PeMC2 0.86 @ Negative
PBMC3 0.81
-5 0 5 10
UMAP_1

Classification accuracy per cell type
0.8%ghls0.04
% il 0.11

B/Plasma cells
Monocytes/DCs
Other

T/NK cells
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Human PBMC hashing

Log-transformed hashtag counts

TotalSeq-A

10
5.
NI
& o
=
o
_5-
|PEMC1 0.82
PEMC2 0.84 -10
PEMC3 0.85
-0 -5 0 5 10
UMAP 1

0.92 +/240.03
5 0.03

TotalSeq—-A (SARS-CoV-2) TotalSeq-B pre—sort label.

MULTISegDemux annotation and classification accuracy

™ 0.84

| PBMC1 079

PBMC2 0.86
PBMC3 0.81
-5 0 5 10
UMAP_1

10

| 0.96

]
—1g]PBMCT 0.96“
PBMC2 0.94

PBMC3 0.98 v
-0 -5 0 5
UMAP_1

Classification accuracy per cell type
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UMAP_2

104

o
M

.85 +/~ 0.0
% mito%'.

]
~104 0.95‘0_01
% mi® 0.04
Ld

10

GENOMICS®

CellPlex pre—sort label.

0.93

PBMC2 0.90

2

| PBMC1 0.83

PEMC3 0.94
-10 -5 0
UMAP_1

0 -5 0 5 10
UMAP_1

10 -5 0 5
UMAP_1

Hashtag
PBMCA

Hashtag2
PBMC2

Hashtag3
PBMC3

”

PBMC1
PBMC2
PBMC3
Doublet
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B/Plasma cells
Monocytes/DCs
Other

T/NK cells
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Classification accuracy

Overview of human cell and nuclel hashing

1.00 T
_ . ) _ _
0.75+ -
Demultiplexing
0.50+ -
B GMMDemux
B HTODemux
MULTISegDemux
0.25+
0.00+ , 3
WAV A WA TN GV, MWAVA AV AV AN A A VTV MAGVIN A /\
TotaISeq—A TotaISeq—A rep2 TotalSeq—C LMO(MULTI—seq) LMO(éustom) CMO TotaISeq—A TotaISed—A rep2 Totaléeq—A TotaISeq—A TotaISeq—B CellPlex

11869 cells 17611 cells 9229 cells 16827 cells 21813 cells 15345 nuclei 23319 nuclei 9868 nuclei 14635 PBMCs 11372 PBMCs 18291 PBMCs 19432 PBMCs
(healthy) (SARS-CoV-2) pre—sort label. pre-sort label.

Conditions

©® ©®
4x : @@@@@ 1390 HTO reads per cell [4)( o .o:. 860 HTO reads per nuclei ] 3x @@@@@ 1210 HTO reads per cell

|
.®
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Mice tissue hashing

Log—-transformed hashtag counts

TotalSeq—-B pre—sort label. LMO (MULTISeq) pre—sort label. LMO (custom) pre—sort label.

Hashtag1 Hashtag1
Brain Brain

C57BL6J

Hashtag2
Lung

@ saLsi 1
&)

Hashtag3
Spleen

| Hashtag2

C57BL6N

3@} 129SVEvsy

|

o)
WVIB

SCIENCE MEETS LIFE



Mice tissue hashing

Log—-transformed hashtag counts
LMO (MULTISeq) pre-sort label. LMO (custom) pre—sort label.

O BALB/c
2

C57BL6J
C57BL6N

3@} 129SVEvsy

o)
WVIB

TotalSeq—-B pre—sort label.

UMAP_2

204

101

_10.

|

Hashtag1

Brain

Hashtag2

Lung

Hashtag3

Spleen

Hashtag4

Skin

10

Hashtag1
Brain

Hashtag2
Lung

Hashtag3
Spleen

Hashtag4

Skin

s
X A
-10 0 10
UMAP 1

Hashtag1
Brain

Hashtag?2
Lung

Hashtag3
Spleen

Hashtag4
Skin

. Brain

. Lung/Spleen
® skn

. Doublet
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Mice tissue hashing
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BALB/c
C57BL6J

C57BL6N
129SVEvsy

TotalSeq—-B pre—sort label.

UMAP_2

UMAP_2

’H \

Log—-transformed hashtag counts
LMO (MULTISeq) pre—sort label.

Hashtag1 Hashtag1
Brain Brain
Hashtag2 Hashtag2
Lung Lung
Hashtag3 Hashtag3
Spleen Spleen
Hashtag4 Hashtag4
Skin Skin

Freemuxlet annotation

201
204 . i . 20 P
’ 3 L o] -* e 10
101 A
ﬁ-'- s NI (\1 . » "“‘ ’
kY o n_
> < 0 < :
1 P 3 :{i = .‘ﬁ £
L ] - *
- O
101 10 x" L X A
‘ _20. -
-10 0 10 -10 0 10 -10 0 10
UMAP_1 UMAP_1 UMAP_1
8 MULTISegDemux annotation and classification accuracy
) 201
] 0-03 I, 078 7 ® 074
? t 101 -ﬂ e 104
104 . A
O . o o P
o o = ’
E < < 0A 3 .
! P 5 g 2 By *
£5 5 . .- '
_10-
-104 -101 e ~
Brain 0.38 EJﬁér;sop?:e 0.75 Brain §.67
I_éjl?lg/g%zen 0.88 é ino5s d olg Lung/SpIeen 0.68
-10 0 10 -10 0 10 —1'0 0 10
UMAP_1 UMAP_1 UMAP_1

LMO (custom) pre—sort label.

Hashtag1
Brain

Hashtag?2
Lung

Hashtag3
Spleen

Hashtag4
Skin

Brain

Lung/Spleen

Skin

Doublet

Brain
Lung
Spleen
Skin
Doublet

Negative
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Mice brain cell hashing

Log-transformed hashtag counts
LMO (custom) pre—sort label.

&
&)
&

o)
WVIB

BALB/c
C57BL6N

DBA2J

TotalSeq—B pre—sort label.

H ht ag1

H ht ag2

H ht ag3

Hashtag1
Brain1

Hashtag?2
Brain2

Hashtag3
Brain3
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Mice brain cell hashing

Log-transformed hashtag counts
LMO (custom) pre—sort label.

o)
WVIB

BALB/c
C57BL6N

DBA2J

TotalSeq—B pre—sort label.

Hashtag2
Brain2

107

101

UMAP_2

-5 4

Hashtag1
Brain1

Hashtag3
Brain3

Freemuxlet annotation

-5

-5 0 5 10

UMAP_1

MULTISegDemux annotation and classification accuracy

by 4

Brain1 0.67 "4 &, 104 Brain1 0.83 ™ S
Brain2 0.33 4 Brain2 0.73 F o L.
Brain3 0.6,2 Brain3 0.64

N .

a! ° O " 73

<

=

=]

04
-5

Hashtag1
Brain1

Hashtag2
Brain2

Hashtag3
Brain3

Brain
Brain2
Brain3
Doublet

Brain1
Brain2
Brain3
Doublet

Negative
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Mice brain cell hashing

o)
WVIB

Log-transformed hashtag counts
TotalSeq—B pre—sort label. LMO (custom) pre—sort label.

BA L B Hashtag1 Hashtag
C Brain1 Brain1
C B L6 N Hashtag2 Hashtag2
57 Brain2 Brain2
Hashtag3 Hashtag3
DBA2J H ‘ ‘ Brain3 Brain3
Freemuxlet annotation
101
\\‘H‘, 10 ’*‘(:‘: -
5 '
o~ " o~
51 i
&I { %I . Brain
% 92" % . Brain2
o “? _: o 4-'&“-{ -4, . @ erain3
:."..‘" 7.‘,:%- f&"k @ Doublet
Sl , . : sl . : . .
-5 0 5 10 -10 -5 0 5 10
UMAP_1 UMAP_1
MULTISegDemux annotation and classification accuracy
107
by 4
Brain1 0.67 "4 &, 104 Brain1 0.83 ™ S
Brain20.33 ¥ Brain2 0.73 )
Brain3 0.6,2 Brain3 0.64
54
b . Brain1
o~ - o~
I 0. 8 1 5 0.
é 4 é 73 . Brain2
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Comparison of demultiplexing functions
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Hashing strategies: which one to use?
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Conclusions

1. Antibody-based hashing is the most efficient protocol on human cell
lines, PBMCs, mice lung and spleen.

2. Lipid hashing delivers the best results on immune mice brain cells and
nuclei from human cell lines

3. Hashing can be applied on PBMCs from healthy individuals and SARS-
CoV-2 patients

.. MULTISegDemux (autoTresh=T) is the preferred demultiplexing function
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